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FOURMILE/SEVENMILE RESTORATION ASSESSMENT 
 
1.0 INTRODUCTION 
 
The Wood River Valley within the Upper Klamath Lake area once contained over 60,000 
acres of wetlands; however, throughout the last century most of its lakefront marshes 
have been eliminated and many of its stream systems substantially modified as a result of 
diking, draining, channelization, irrigation diversion and other activities primarily 
associated with a suite of agricultural practices associated with cattle grazing.  By 1989 
the wetland area had been reduced to about 44,000 acres (Carlson 1991).  In addition to 
the reduction of wetland habitat, the hydrology and channel form within the Fourmile-
Sevenmile study area have been significantly impacted and modified by these 
management actions.  Channelization of Fourmile and Sevenmile Creeks eliminated 
natural stream channel and wetland function, including critical spawning and rearing 
habitat for endangered Lost River and Shortnose Suckers as well as sensitive Redband 
trout.  Irrigation return water currently flows down these dredged channels directly into 
Agency Lake with little opportunity for treatment by wetland vegetation.  Channelization 
has eliminated the form and function of the historic Fourmile/Thomason/Sevenmile 
Creek delta and adjacent wetlands, which further contributed to decreasing water quality 
in Upper Klamath Lake.     
 
The Fourmile-Sevenmile Restoration Assessment Project was developed to both collect new and 
compile existing hydrologic and geomorphic data, and to present various restoration alternatives 
for stream channels within the assessment area.  The project focuses on the location shown in 
Figure 1, with the following geographical boundaries: 
 

• Western:  West Side Road 
• Eastern:  Wood River 
• Northern:  Sevenmile Road 
• Southern:  Current lake level or Refuge Lands      

 
The project area includes approximately; a 2 mile reach of Sevenmile Creek above the main 
diversion structure and its confluence with West Canal, 6 miles of Sevenmile Canal, 2 miles of 
West Canal, 5.5 miles of Fourmile Canal, and 2 miles of Fourmile Creek above the canal.   
 
 
2.0 BACKGROUND, SCOPE, AND OBJECTIVES 
 
Channel and wetland restoration has been identified as an important component of the 
long range plan for fishery restoration in the Klamath River basin.   This project was 
developed by Oregon Trout and Graham Matthews & Associates and funded by U.S. Fish 
and Wildlife Service as a logical extension of previous restoration efforts in the area and 
in particular given recent land ownership changes that make large scale restoration 
actions more likely in the near future.  The assessment is intended to provide a technical 
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assessment of various strategies and opportunities for aquatic restoration within the 
project area.  
 
The overall objective of restoration in the Fourmile/Sevenmile Creek area is to restore 
form and function to the historic Fourmile and Sevenmile Creek channels and their 
deltas.  The goal of this Fourmile-Sevenmile Restoration Assessment is to develop 
channel and wetland restoration alternatives and make recommendations for future 
management actions.   
 
Benefits of restoring form and function to the lower reaches of Fourmile/Sevenmile 
Creeks include: 
 

(a)  improvement of spawning, rearing, and refugial habitat for endangered Lost 
River and Shortnose suckers; 

(b) improvement of rearing and refugial habitat for the sensitive Redband trout; 
 

(c) improvement of water quality (reduction in nutrients and cooler water 
temperatures) by restoring function to the historic Fourmile/Sevenmile 
wetland complex; 

 
(d) reduction in evapotranspiration losses associated with the channelized sections 

of Fourmile and Sevenmile Creeks (the natural channels despite being over 
twice as long, have a surface area only about one-third that of the channelized 
reaches; 

 
(e) reduction in maintenance costs for existing pumps, levees and associated 

infrastructure. 
 
Planning phases of the Fourmile and Sevenmile Restoration Assessment Project began in 
the spring of 2007 with the compilation of GIS data, historic aerial photos, and historic 
hydrologic and water quality data. Based on our findings, data gaps were identified and 
the field based phase was planned.  Extensive field data collection took place in the fall 
of 2007.  A technical advisory committee (TAC) was convened and meetings occurred in 
May 2006, February 2007, and June 2008.   
 
The TAC developed the following vision statement:   
 

A technical assessment of obstacles and opportunities for aquatic restoration 
within the project area that can provide scientifically relevant information to 
future management actions aimed at achieving water quality benefits, viable fish 
and wildlife habitat, and compatibility with traditional agricultural and 
recreational economies and interests. 

 
The TAC considered and agreed on the following goals and assumptions for the 
assessment: 
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• This is not a decision document, nor is it a decision-making process.  Private 
landowners, agency land managers, recreational or other public users will not 
“give up” or be bound by anything as part of this assessment process.   

• This is a science-based assessment of past, present, and future potential 
conditions based on an underlying recognition of existing property rights and 
the need to ensure compatibility with landowner and public user interests.  
Any future restoration activities will be dependant upon voluntary landowner 
engagement, agency coordination, and collaborative development of trust, 
project designs, and funding.   

• An assessment that has landowner as well as agency support and engagement, 
including the provision of information to landowners and incorporation of 
input from landowners.  Willingness on the part of landowners and agencies 
to allow or assist in data collection is necessary for assessment integrity.   

• An assessment that provides scientific background and prioritization 
information to future restoration management decisions made by relevant 
decision-makers, including NEPA documentation and relevant stakeholder 
planning process.   

• Assumption is that levee breaching will occur on Agency and Barnes Ranches 
(as well as possibly other areas) at some point in the future.  Thus, the 
assessment would consider what steps could be taken in advance in order to 
best achieve water quality, hydrologic function, and fish and wildlife benefits, 
based on the expectation of a future landscape that includes breached levees.   

• Cost is a limiting factor, however, this assessment will first consider what 
restoration options may be possible from a physical perspective, leaving the 
question of what is feasible from a cost perspective for later.   

 
 
The TAC developed the following objectives for the assessment at their 2007 meeting. 
 

• Engage relevant science interests in a technical assessment aimed at informing 
the restoration of form and function within areas of priority natural value and 
human consensus, with intended primary benefits to fish habitat and water 
quality.   

• Identify voluntary options that meet landowner interests in restoration action, 
property value improvement, and protection of existing land uses. 

• Identify historic function and potential ecological function, framed generally 
by what is practical and feasible given landowner and other public interest.   

• Consider what actions need to be taken across land ownerships in order to 
restore form and function, as well as impacts to water levels, water quality, 
and habitat.   

• Examine existing data and scientific knowledge regarding hydrology, habitat 
condition, vegetation, and water quality; evaluate this data; and incorporate 
into an assessment. 

• Gather additional data through field work, with landowner permission, to fill 
gaps in existing knowledge. 
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• Identify potential restoration scenarios that amount to conceptual designs of 
restoration options.  This would include identification of infrastructure 
constraints on restoration and opportunities to address them. 

 
The alternatives presented are aimed at re-establishing ecological form, function, and 
composition, in order to enhance habitat for native fish and wildlife species and improve 
water quality, while remaining compatible with existing agricultural and private land 
owner interests.  To achieve such goals, project actions involved the following analyses 
performed within the project area, in less disturbed upstream channels, and in similar 
adjacent watersheds;  
 

1) characterization of historic or pre-disturbance channel characteristics through 
field surveys of remnant channels and planform analysis of historic aerial 
photos,   

 
2) comparison of historic and current channel characteristics,  
 
3) analysis of hydrologic records from the USFS and GMA gages within the 

study area to establish flow distributions and evaluate how they have been 
affected by agricultural practices,  

 
4) mapping of levees and canals,  
 
5) mapping of existing irrigation and drainage structures, and finally,  
 
6) use all of the data provided by steps 1-5 to develop an assessment of 

restoration opportunities and alternatives, which will benefit fish habitat and 
water quality. 

 
This report will present our findings and develop conceptual restoration design 
alternatives for the study area that are intended to re-establish ecologically sound form, 
function, and structure to portions of Fourmile and Sevenmile Creek channels and the 
adjoining wetlands. 
 
 
3.0  CHANNEL AND WETLAND RESTORATION 
 
Wetland restoration and in particular, wetland restoration associated with river channel 
restoration, is a relatively new field, though one that has experienced dramatic growth in 
the last two decades.  The recent literature documents a large number of projects, almost 
all completed since the early 1980s, regarding environmental channel and wetland 
restoration.  A number of projects, particularly those in Europe, but also in the United 
States in the past decade, have involved restoration of natural meanders in a channelized 
reach (Binder et al 1983, Brookes 1987, Jungwirth et al 1995, Brookes and Shields 1996, 
Olsen 1996).   Most of these projects have been undertaken in lowland areas with low 
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stream gradients, where historical information indicated that a sinuous, meandering 
channel has existed prior to straightening and channelization.   
 
The guiding principles for the design of river channel restoration projects have been 
considered for several decades (Brookes 1988, Hey 1995, Brookes and Shields 1996 for 
example).  Although a long-term record for evaluating the success of such projects has 
not yet been fully developed, due to the relatively short life of many of these projects, 
early evaluations have reported significant improvements, particularly in aquatic habitat.   
 
The basic requirement is to define the natural characteristics of the river both within the 
engineered or channelized reach and in adjacent reaches that may be less disturbed and 
could serve as a reference reach for a functioning system.  This process is frequently 
referred to as a geomorphic assessment, which involves characterizing the streams 
stability, morphology, hydraulic and sediment characteristics, and vegetation elements.  It 
provides the necessary information for designing a project by defining the relationship 
between channel form and hydraulic processes, which control erosion and deposition.  
Projects that will mimic natural forms to the extent feasible given changes to the 
independent variables of sediment and flow and allow for evolution by the natural 
dynamic processes have been found to maximize habitat value and have the best 
opportunity for long-term success (Brookes and Shields 1996). 
 
Several such projects have been completed in the vicinity in recent years within the 
Upper Klamath Basin, such as the nearby Wood River Channel and Wetland Restoration 
Project (Phases 1-3 completed in 2001 and Phases 4 and 5 initiated in 2009) , and more 
recently the Crane Creek Channel Restoration Project (Phases 1-3 completed in 2007-
2009).  They both involved channel reconstruction of various types (introduction of 
woody debris, and riparian and wetland restoration).  Other smaller scale projects in the 
Wood River Valley have been constructed along Wood River upstream, along Crooked 
Creek, along Fort Creek, and on Agency Creek. 
 
Substantial delta restoration involving large scale grading and levee breaching occurred 
in the Nature Conservancy’s Williamson River Delta Preserve between 2000 and 2007.  
The final breaching via explosives occurred in October 2007. 
 
 
4.0 EXISTING CONDITIONS 

4.1 Project Area Overview 

4.1.1  Site Description 
The project area is located in Klamath County, Oregon and is approximately 35 miles 
NW of Klamath Falls.  Cold, snowy winters and warm, dry summers characterize the 
climate of the watershed area.  Precipitation is greatest during December to January and 
falls primarily as snow.  At higher elevations, deep snowpacks can accumulate, which 
influences the timing and duration of peak runoffs that typically occurs in the spring. 
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The project area includes the drainages of several mountainous streams, such as 
Sevenmile and Cherry Creek, which flow southeast and drain onto the valley floor.  
There are also several spring fed systems, which originate on the valley floor, such as, 
Crane Creek, Fourmile Creek, Blue Springs, and Mares Egg Springs.  The majority of the 
creeks are single thread meandering channels bordered by historic wetlands converted to 
rangelands. Most of the water in the system is diverted for agricultural use and passes 
through a series of irrigation ditches/canals before flowing into Agency/UpperKlamath 
Lake. All creeks in the project area are influenced by water diversions, which are 
typically used for flood irrigation of cattle grazed meadow grasses.   Most reaches have 
historically been further affected by ranching activities, such as dredging, channel 
straightening, or bank trampling by livestock. In recent years, a substantial amount of 
Sevenmile Creek has been fenced to exclude livestock, and a number of restoration 
projects have been undertaken by KBRT and local property owners to restore form and 
function in stream channels (Crane Creek) and improve fish passage (Sevenmile Creek). 
 
The existing system of channels and canals is quite complex and is briefly described here 
from Sevenmile Road to Agency Lake with the aid of oblique aerial photographs taken in 
2007 by KBRT.  Sevenmile Creek crosses under Sevenmile Road just below a large 
structure which is the upstream extent of a headcut that has migrated through the 
downstream reach.  Two small irrigation diversions exit from either side of the structure.  
A streamflow monitoring station is maintained by KBRT at the bridge.  The reach of 
Sevenmile Creek below Sevenmile Road (Photo 1) has a moderately sinuous channel that 
is mostly fenced off from grazing.  The channel is incised through this reach compared to 
upstream reaches and a headcut is believed to have migrated through this reach that is 
likely related to downstream canal construction.  Several cut-off meander bends are 
visible in aerial photographs of this reach.  A portion of Crane Creek enters in this reach 
in a recently restored channel.  Other modifications may have been made to this reach of 
channel, however, there are not any levees present.  The next major irrigation feature 
ends the natural channel of Sevenmile Creek and two canals are all that remains of a 
complex series of channels that once existed.  Upper West Canal enters Sevenmile Creek 
at this point, as it follows McQuiston Road in a north-south alignment.  West Canal 
departs below Sevenmile Creek through a headgate structure and proceeds directly south 
(Photo 2).  From this point on, the east bank of the canal has a levee present, which 
increases in size in the downstream direction.  Remnants of a braid of the combined flow 
of Crane/Threemile Creek enter in this reach (Photo 3), which is followed by the 
confluence of Fourmile Creek (visible in the background of Photo 3).  Below the 
confluence with Fourmile Creek, the canal is now referred to as Fourmile Canal.  The 
Fourmile Canal widens substantially as it reaches the Barnes Ranch and Upper Klamath 
Lake Wildlife Refuge.  Here, levees needed to be much larger to survive more 
challenging ice and wind conditions and thus larger volumes of material were needed and 
larger canals were dredged.  The canal makes a 90o bend upon reaching the Refuge lands 
and heads due east towards Agency Lake (Photo 6) 
 
From the end of Sevenmile Creek at the end of McQuiston Road, Sevenmile Canal heads 
southeast for several miles and then turns to head almost directly south.  Central Canal 
joins from the east in this reach (Photo 4).  Sevenmile canal gets progressively wider until 
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along the Agency Lake Ranch-Wood River Ranch section it is almost 300 feet wide 
(background of Photo 4).  Sevenmile Canal does not directly follow any historic channel 
of Sevenmile Creek.  Historically, Sevenmile Creek had two distinct braids; one (the 
western braid) joined Fourmile Creek just east of where Fourmile Creek currently joins 
West Canal, while a second (the eastern braid) followed a more direct course than the 
canal towards Agency Lake (Photo 5) and then split again and some flowed back into 
Fourmile Creek. A portion of Sevenmile Creek also appears to have flowed east and 
joined with a Wood River distributary channel. 
 
Ground level views of West/Fourmile Canal (Photo 8) and Sevenmile Canal (Figure 9) 
are also provided. 
 

4.1.2 History and the Effect of Recent Management Changes 
Lands in the valley have been used for agrigulture, primarily cattle grazing, since they 
were first settled in the early 1900s.  An extensive system of irrigation and drainage 
canals was begun in the 1920's to improve fields and pasture lands and mitigate the 
effects of installation of the Linkville Dam on Upper Klamath Lake, which raised water 
levels 3.3 feet (USFS, 1995a).  Both Sevenmile and Fourmile Creeks were dredged 
during this time, which diverted Fourmile Creek directly south through Fourmile Canal 
and into Agency Lake (Figure 3).  Figure 3 shows comparisons of aerial photos from 
1940 and 2005.  While West Canal, Fourmile Canal, and Sevenmile Canal were present 
in the 1940 aerial, further dredging was completed after that time which widened the 
main canals, built levees, and constructed a series of internal smaller drains running 
between canals.  Shortly after the creation of the Sevenmile and Fourmile Canals, the 
main branch of Cherry Creek was directed north into the Fourmile Canal, providing a 
permanent conduit to the lake (USFS, 1995b).   
 
Beginning in 2002, the Klamath Basin Rangeland Trust (KBRT) has undertaken 
restoration activities intended to restore and conserve the quality and quantity of water in 
Oregon’s Upper Klamath Basin. KBRT’s restoration activities are expected to enhance 
the natural ecosystem and supply needed water for downstream agriculture, ranching, 
native fish and wildlife populations. KBRT conducted an initial pilot project during the 
2002 irrigation season to assess the feasibility and effectiveness of a new land and water 
management plan on almost 3200 acres of ranch land in the Wood River Valley.  In 2003, 
this program was expanded to over 8800 acres.  Monitoring of streamflow and habitat 
between 2003 and 2008 has shown that changes in irrigation and grazing management 
through the KBRT program have had several positive effects on the channel morphology 
and fish habitat for Sevenmile Creek.  On Sevenmile Creek, Reach 6, the uppermost 
section studied, showed the most improvement in fish habitat with increases in pool 
numbers, depth, large woody debris, and a decrease in deleterious fine sediment.  
Reaches 5 and 6 both have more stable banks and narrower, deeper channels. 
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4.1.3 Ownership 
The project area and the surrounding valley are sparsely populated and most of the area is 
made up of large ranches which seasonally graze substantial cattle herds.  Ranchers 
typically sell or move their cattle to other areas during winter months.  
 
There are both privately and federally owned lands within the project area (Figure 3).  
There are approximately 17,000 acres of privately owned land within the study area.  The 
land on the west end of the project area is part of a large USFS holding, which surrounds 
a portion of Fourmile Creek.  The Bureau of Reclamation holds or will hold 
approximately 9,796 acres of the lower valley just north of Agency Lake and adjacent to 
the Upper Klamath National Wildlife Refuge.  This region is broken into two parcels; the 
Agency Lake Ranch (7,125 acres), which was purchased by BOR in 1998 and the Barnes 
Ranch which in 2006 was acquired by the combined efforts of BOR, US Fish and 
Wildlife Service, and The Nature Conservancy.  This acquisition expanded the land 
available for restoration by 2,671 acres.  Apparently, it is planned that these lands will be 
transferred to the Upper Klamath National Wildlife Refuge, though as of the date of this 
report such a transfer had not yet occurred. 

4.1.4 Bureau of Reclamation (BOR) Proposed Restoration 
The acquisition of the Agency Lake and Barnes Ranches by BOR has allowed for the 
implementation of restoration actions on a large scale.  BOR intends to restore both 
ranches to Upper Klamath Lake by breaching levees surrounding the southern edge of the 
parcels. Levees will be raised and protected on the north side of the ranches to prevent 
flooding of private land holdings. Figure 4 shows the proposed inundation area, and 
displays depths of inundation at varying lake levels, as derived by Watershed Sciences 
for the Lake Fringe Wetland Restoration Report (Watershed Sciences, 2007).  
 

4.2  Irrigation Infrastructure 
 
As previously stated , the project area has an extensive system of irrigation canals and 
drainage ditches used to diverted water and return flow to maximize water usage and 
minimize waste before emptying into Agency Lake.  In order to adequately produce 
various restoration and management scenarios, a critical piece of necessary information is 
a detailed map of existing irrigation and drainage structures (diversions, siphons, pumps, 
weirs, culverts, head gates, etc.).  Elevations at these structures must be determined to 
assess the potential impact of various restoration scenarios.   
 
In the fall of 2007, GMA conducted thorough field survey of West, Fourmile, and 
Sevenmile Canals.  Canoes were used to navigate the canals, and when a water structure 
was encountered, photographs were taken and various survey shots were recorded.  For 
full channel weirs (or dams), the water surface was surveyed immediately upstream and 
downstream to represent the drop over the dam and a shot was taken on the feature 
controlling the water elevation, usually the top of the lowest point on the weir.   
Diversion culverts were photographed and a survey point taken at the invert of the canal 
side along with various other points, such as top of culvert, etc.  Figure 5 shows the 
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location of all the structures recorded during the field surveys.   Figure 6 shows 
photographs of typical irrigation infrastructure found along West, Fourmile, and 
Sevenmile Canals. 
    

4.3  Levee and Canal Configuration 
 
Since the acquisition of LiDAR throughout the Wood River Valley in 2004 by KBRT, 
very detailed surface topography is available for much of the project area.  Information 
which had not been collected prior to the start of this project included bathymetry in the 
major drainage canals.  In 2007, GMA completed field surveys which were combined 
with the Wood River Valley LiDAR to form an approximate topographic map of the 
entire project area; and serve as a base for developing earthwork volume estimates.  Field 
surveys were limited to the major Fourmile and Sevenmile Canals and levees; however 
the entire project area is covered with smaller drain and levee systems (Figures 7 and 8). 
 
Several bathymetric and ground topography surveys were conducted by GMA on 
Fourmile Canal in 2000 and 2006.  Fourmile Canal bathymetry and ground topography in 
the southwest corner of the USBR Agency Lake Ranch property was surveyed by GMA 
in 2000.  In 2006, GMA and USFWS surveyed several bathymetric cross sections in 
Fourmile Canal extending approximately 1.5 miles north of the 90 degree bend using real 
time kinematic GPS (RTK) survey techniques.  The area that remained to be surveyed in 
2007 was the underwater portion of the remaining 6.5 miles of Fourmile/West Canal and 
the entire 6 miles of Sevenmile Canal.  
 
In the fall of 2007, cross sections were surveyed every 1000-2000 feet using canoes and 
RTK survey techniques.  Because of private property constraints, most cross sections 
were limited to the wetted channel.  On the lower portions of Sevenmile Canal, which is 
surrounded by federally owned lands; several cross sections were extended over levees 
and across toe drains on either side of the channel in order to verify LiDAR data.  
AutoCAD LDD 2008 software was used to create the digital terrain model (DTM) 
surface of the entire project area by combining GMA’s field survey data from 2000, 
2006, and 2007 with the 2004 Wood River Valley LiDAR. 
 
Figure 9 shows the location of the cross sections, while Figures 10 through 13 show canal 
profiles and representative cross sections, which were developed using the final DTM for 
the study area.  The DTM was used to estimate both the volume of material in existing 
levees and the volume of material that would be needed to completely fill the existing 
canals simply as a planning tool for what might be considered feasible restoration 
approaches.  These volume estimates are raw volumes only, and do not take into account 
losses that will likely occur during placement. 
 
Table 1 shows the estimated volume of material in existing levees and that necessary to 
fill the West, Fourmile, and Sevenmile Canals from the location where West Canal enters 
and exits Sevenmile Creek and Sevenmile Canal begins to Agency Lake.  All volumes 
were calculated based on surfaces produced to fill the main canals and flatten the 
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surrounding levees to the prevailing elevation of the valley floor.  Sevenmile Canal 
showed a net cut of 89,940 cubic yards from its diversion with West Canal to the lake 
(Table 1).  A sub-volume was computed for the portion Sevenmile Canal that flows 
through the northeast end of Agency Lake Ranch, which showed a net fill of 8,600 cubic 
yards (Table 1).  The canal in this sub-reach is significantly wider than the remainder of 
Sevenmile Canal (Figures 9 and 11).  Fourmile/West Canal was surveyed from its 
confluence with Sevenmile Canal to approximately 2 miles west of the lake.  The 
earthwork volume for this reach shows a net fill of 834,700 cubic yards.  The remaining 2 
miles of volume was calculated using a ratio of cubic yards of fill per foot, which added 
an additional net fill of 361,080 cubic yards; for a total of 1,195,780 cubic yards of fill of 
the entire Fourmile/West Canal (Table 1).   
 
Table 1.  Estimated Fourmile and Sevenmile Levee and Canal Volumes 

Canal Reach Cut Fill Net
(cubic yds) (cubic yds) (cubic yds)

Fourmile/West Canal Sevenmile Confluence to Survey end 412,800 1,047,500 834,700 fill
Survey end to lake 361,080 fill

Sevenmile Confluence to lake 1,195,780 fill

Sevenmile Canal West Canal Confluence to lake 773,580 683,630 89,940 cut
USBR Agency Lake Property 520,080 528,690 8,600 fill

 
 

4.4  Fisheries 
 
Fish resources that are reported from the Wood River, Fourmile Canal, and Sevenmile 
Canal/Creek are shown in Table 2 (Craven, 2004).  Species reported from Klamath Lake 
also are shown since the backwater from the Klamath/Agency Lakes enters Sevenmile 
Canal (Craven, 2004).   Three species of fish present within the study area are protected 
under the Federal Endangered Species Act; the Lost River and Shortnose suckers and the 
Bull Trout.  While the Lost River and Shortnose sucker are not reported in Sevenmile 
Canal, they are likely present in the lowest sections of the canal when backwatering 
occurs, although water quality issues may often exclude them.  This study did not collect 
any new fisheries data.   
 
Table 2.  Fish Species Reported from the Sevenmile/Canal Drainage and Upper Klamath Lake.  

  Klamath Wood Sevenmile 
Species Common Name Lake River* Creek/Canal

Perca flavescens yellow perch x x  
Pimephales promelas fathead minnow x x  
Lepomis gibbosus pumpkinseed x x  
Ameiurus nebulosus brown bullhead x x  
Rhinichthys osculus 
klamathensis speckled dace x x  
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Gila coerulea blue chub x x  
Gila bicolor tui chub x x  
Deltistes luxatus  Lost River sucker (E) x x  
Chasmistes brevirostris shortnose sucker (E) x x  
Catostomus snyderi Klamath largescale sucker x   
 unidentified sucker    
Oncorhynchus mykiss redband trout  x x 
Salmo trutta brown trout  x x 
Salvelinus fontinalis brook trout   x 
Salvelinus confluentus bull trout (T)    
Lampetra spp unidentified lamprey x x  
Lampetra lethophaga lamprey  x  
Cottus spp unidentified sculpin  x  
Cottus tenuis slender sculpin x   
Cottus princeps Klamath Lake sculpin x   
Acipenser transmontanus sturgeon x   

  *Note:   The species reported from Klamath Lake also can be found in Wood River to the flooded 
confluence of Crooked Creek.  

          E:   Species protected as Endangered under the Federal Endangered Species  
                 Act (ESA); T = Species protected as Threatened under the ESA. 
 Source:   Information provided by William Tinniswood, Assistant District Fish Biologist,  
                ODFW, Klamath Falls, Oregon. July 12, 2004. 
*Table modified from Klamath Basin Fish Screen Inventory, Wood River Subbasin, Craven Consulting 
Group, November 2004 
 

4.5  Hydrology 

This section summarizes a far more thorough treatment of project area hydrology that is 
attached as Appendix A. 

4.5.1  Sevenmile Creek Watershed 
Sevenmile Creek drains off the east side of the Cascades south of the Annie Creek 
Watershed and north of the Threemile Creek Watershed.  Sevenmile Creek drains 
approximately 23,545 acres by the time it enters Upper Klamath/Agency Lake.  A 
simplified flow chart of the Sevenmile Creek streamflow and diversion network is shown 
in Figure 14.  The flow chart provides the schematic location of tributaries (blue) and 
diversion (red), as well as currently operated surface water sites (cyan), and historical 
operated (black) surface water sites. 
 
Various stream gages have been operated for different periods of record on Sevenmile 
Creek and its tributaries since the USFS first installed a gage near the Forest Boundary in 
1993.  More detailed gaging began in 2003 through the KBRT monitoring program.  As a 
result, the hydrology entering the project area at Sevenmile Road is fairly well 
understood.  Several large diversions seasonally remove substantial flow from Sevenmile 
Creek upstream of the project area, though far less than in years preceding the KBRT 
program.  Several large springs (Blue Springs and Short Creek) add substantial flow to 
the channel.  Flows at Sevenmile Road are currently are 40-60 cfs during the summer and 
60-90 cfs during the winter.  Peaks over 120 cfs occur frequently either due to snowmelt 
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in wet years or due to fall/winter rainstorms.  The largest known flow is nearly 1,400 cfs 
during an unusual rain-on-snow event in 1996.  Still, Sevenmile Creek has the lowest 
peak flow per drainage area in the local area, which is attributed to the role of the 
Sevenmile Marsh and a drainage density which indicates that rapid infiltration occurs.  
Since very little if any surface water return flow enters in the reach above Sevenmile 
Road, water quality in the creek is excellent entering the project area.   
 
The lower portions of the Sevenmile System are hydrologically complex.  Below West 
Canal there are numerous pumps and diversion points that no data have been collected 
on, as well as the confluence with Central Canal.  Although several continuous gages 
have been operated in the past in this reach, only West Canal above Sevenmile Canal is 
currently being operated (and only during the irrigation season).   
 

4.5.2 West Canal/Fourmile System 
A simplified flow chart of the Fourmile Creek streamflow and diversion network is 
shown in Figure 15.  The flow chart provides the schematic location of tributaries (blue) 
and diversion (red), as well as currently operated surface water sites (cyan), and historical 
operated (black) surface water sites. 
 
In mid-summer, the tailwater flow down West Canal above Sevenmile Creek is roughly 
equivalent to, but somewhat less than the flow down Sevenmile Creek above West Canal.  
Periodic measurements showed that on average, 42 cfs continued down West Canal 
below Sevenmile Creek.   
 
Fourmile Creek begins as Fourmile Springs on the east side of the Cascades South of 
Mares Egg Spring and North of Cherry Creek.  Historically, several springs and 
tributaries entered Fourmile Creek below the springs.  These include Threemile Creek, 
Mares Egg Spring, Crane Creek and Cherry Creek.  In the 1920’s Fourmile Creek was 
dredged and diverted south into Agency Lake.  Measurements on Fourmile Creek below 
the springs from 2003-2005 indicate that the average discharge of Fourmile Springs is 13 
cfs.  Historically, the lower Cherry Creek exited its U-shaped valley and split into three 
channels that meandered across the alluvial fan during large infrequent floods.  Flow 
division in these channel likely varied over time as the channel migrated on the fan.  
Beginning in the 1900’s the lower reaches of Cherry Creek were diverted and 
channelized for agricultural uses. Currently water that is not needed for irrigation is 
diverted north to Fourmile Springs (USFS, 1995b). 
 
A continuous streamflow station was operated by GMA on Fourmile Canal in WY2004 
and 2005.  The two years of data indicate that flows are highly variable, due to the 
numerous diversions and return flow points as well as occasionally variable inflow from 
Fourmile Creek.  In general, it appears that flows in the fall and early winter range from 
40-50 cfs but can become as low 18 cfs.  In the winter there is a response to storms, 
however, ice at the site makes computation of records difficult.  During the spring 
snowmelt period flows on average are in the 80 cfs to over 100 cfs range.   
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4.5.3  Comparison of Flows  
Figure 16 compares mean daily discharge for three sites in the project area (Sevenmile at 
Sevenmile Road, West Canal above Sevenmile Creek, and Sevenmile Canal at Dike Road 
for the WY2004-2006 period.  Mean daily discharge for Sevenmile Canal at Dike Road is 
generally higher than at the upstream Sevenmile Creek at Sevenmile Road gage, 
reflecting significant return flows (West Canal and Central Canal) and local inflow 
(storm runoff during winter months along with substantial pump down water from 
various properties along Sevenmile Canal.  While this is typically the case, there are 
irrigation diversions upstream of the site that can reduce flows below the levels of 
upstream gages and can cause flow reversals.   
 

4.6  Water Quality 

The following section briefly summarizes water quality data collected and reported by 
KBRT from 2002 to 2006.  The interested reader is directed to the annual monitoring 
reports (GMA 2003, 2004, 2005, and 2006) for more detailed information.  Previously 
unreported data from WY2007 and 2008 are also included to allow for a longer view of 
water quality trends. 

4.6.1  Sevenmile Creek System 
A suite of basic water quality parameters have been collected at various points in the 
Sevenmile System from 2002 to present.  The Sevenmile System stations show 
significant seasonal and longitudinal variability in total phosphorus (TP) concentration 
(Figure 17) and total nitrogen (TN) concentration (Figure 18).  Sevenmile Creek at 
Sevenmile Road shows little seasonal response in TP or TN, and the concentrations were 
generally low, indicating relatively high quality water entering the project area.  There is 
often a dramatic increase in TP and TN downstream from Sevenmile Road, as nutrient-
laden return flows (West Canal) and pump-down water dominate the water quality budget 
of these parameters. There is a 2-3 fold increase in TP concentrations between upstream 
sites and downstream sites in the summer months. West Canal often has the highest TP 
concentrations for most of the water year, although Dike Road may be higher at times, 
either due to storm runoff, Central Canal contributions, or by inflow pumping that occurs 
just upstream of the site.  The increase in TN at these downstream sites is even more 
dramatic, with at least 5-10 fold increases in concentration apparent.  Most of the time, 
TN is not even detectable at the Sevenmile Creek at Sevenmile Road monitoring site.  
The TN concentrations are clearly related to the effects of upstream agricultural 
operations.   
 
Computations of monthly nutrient loading for the TP and TN parameters for Sevenmile 
System sites are shown in Table 3.  Large differences occur between sites and between 
years.  Just as previously noted in concentrations, loading increases substantially in West 
Canal and at Dike Road.  Wet years can double or more than double (2006 compared to 
2005) loads in dry years. 
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4.6.2  Fourmile Creek System 
Only one site has been sampled in the Fourmile System for water quality, Fourmile Canal 
at the Lower Weir (FCLW).  As a result, concentration plots are not presented, only the 
monthly loading summary.  The gage was only operated in WY 2004 and 2005, so 
loading computations are limited to this period for this site.  Table 4 shows the computed 
T and TN loads.  In 2004, FCLW TP and TN loads were similar to West Canal, but 
considerably lower in 2005.  In 2005, TP loads at FCLW were similar to Sevenmile 
Creek at Sevenmile Road (SMSR), while TN loads were 3-4 times SMSR.    

4.6.3 Comparison of WY2004, 2005, and 2006 Nutrient Loading during Irrigation Season 
Table 5 compares volume-weighted mean concentrations, nutrient loads, and runoff 
volumes for all five sites in the project area for both WY2004 and WY2005 during the 
irrigation season.  For the Sevenmile system, TP volume-weighted mean concentrations 
were higher in 2005 compared to 2004 for SMFS, SMSR, and WCAS, while SMDR 
values were lower.  The TN volume-weighted mean concentrations at SMFS all were 
both very similar.  SMSR was lower in 2005.  WCAS values were about 5% higher in 
2005 than 2004.  SMDR values were about 80% higher in 2005 than 2004.  In terms of 
loading,  
 
 

4.7  Channel Morphology and Geomorphology 

This section summarizes a far more thorough treatment of project area channel 
morphology that is attached as Appendix B. 

4.7.1  Introduction/Overview 
Several stream reaches on Fourmile and Sevenmile were surveyed in the fall of 2007.  
Additional morphologic data were available from previous surveys of three separate 
reaches on Sevenmile Creek and four continuous reaches on Crooked Creek (Aquatic 
Ecosystems Sciences et al, 2004; Graham Matthews & Associates, 2008).  These creeks 
flow across the broad flats of the Wood River Valley and are composed of relatively 
homogenous alluvium.  The majority of the creek beds are volcanic sands, silts and clays 
with occasional groupings of pumice pebbles.  Thick mats of aquatic vegetation 
intersperse the bed and collect large quantities of silts and clays.  The streambanks are 
principally comprised of silts and clays with some sand.  The majority of the creeks are 
single thread meandering channels bordered by historic wetlands converted to 
rangelands.  Virtually all creeks in the historic Klamath Lake area are influenced by 
water diversions and most reaches are affected by ranching activities, such as dredging, 
channel straightening, or bank trampling by livestock.  Therefore, the morphologic 
measurements collected within the historic Klamath Lake area simply provide a baseline 
for potential restoration designs, as few, if any, of these channels (including channel 
remnants) are in an undisturbed condition.   
 
Several channel parameters were measured to develop relationships or curves 
representing the general channel morphology and planform.  The relationships provide a 
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starting point for the restoration design process, and describe the range of shape and form 
of the various channel morphologies currently found in the Upper Klamath Lake area.   
Therefore, the morphologic measurements collected within the historic Klamath Lake 
area simply provide a baseline for potential restoration designs.   
 
Several channel parameters were measured to develop relationships or curves 
representing the general channel morphology and planform.  The relationships provide a 
starting point for the restoration design process, and describe the range of shape and form 
of the various channel morphologies currently found in the Upper Klamath Lake area.   

4.7.2  Channel Morphology 
Of the four most common hydraulic geometry parameters, width provides the most robust 
measure, because it is the easiest to accurately define in the field or on aerial photos.  The 
relatively vertical streambanks that characterize the spring-fed creeks of the Upper 
Klamath Lake area produce little change in width with an increase in discharge.  This 
supplies the only clear line for delineating streambanks.  In fact, channel width may be 
better defined using a lower flow because of the streambank alteration (often trampling 
by cows, but also other types of modifications) found along the bank top during field 
stream surveys.   

4.7.3  Planform Geometry 
Channel restoration designs also require a planform pattern.  Although many of the Upper 
Klamath Lake area streams are completely diverted, the historic meandering patterns are 
visible on aerial photos and on the Wood River Valley LiDAR dataset, and long sections 
of some streams still flow in some form of their historic channels.  When possible, most 
channel restoration designs attempt to follow historic channels; however where this 
approach is not viable, a description of the existing meandering patterns can provide 
valuable design guidance.  Channel planform parameters, such as the radius of curvature, 
meander wavelength, and sinuosity describe the meandering path that the various creeks 
follow as they flow toward the lake.  The aerial photos show a diversity of meanders with 
numerous sections of nearly constant curvature tangent with adjacent curved sections or 
connected to short straight sections.  Radius of curvature measurements on each meander 
combined with a meander loop classification provide the analysis tools for constructing 
new meanders that mimic the sample reaches.  The relatively straight-forward meander 
loop classification by Brice (1973, 1984) uses four basic forms; simple symmetrical, 
simple asymmetrical, compound asymmetrical, and compound symmetrical to describe 
most forms.  Channel sinuosity, the channel centerline length divided by the valley 
length, provides a simple but useful measure for comparing sample reaches.  
 

4.7.4  Results and Discussion 
 
Channel Widths 
Overall, the channel width measurements appear to provide reasonable estimates for 
designing channels.  First, all three creek’s measurements increase in the downstream 
direction (i.e. increasing flows) as defined by each reaches’ width distributions (Figure 
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19).  Second, the channels have steep, cohesive banks producing very low slope (small 
exponent) width versus discharge hydraulic geometry relationships.  These width 
distributions allow room for error even if the width is slightly over estimated by using 
these relationships.  Lastly, the individual station hydraulic geometry relationships of 
channel width, cross sectional area, average depth, and average velocity provide feedback 
for determining whether the estimated width is reasonable. 

Channel Planform 
Channel sinuosity measurements for the sampled reaches are listed in Table 6.  The 
sample reaches cover a wide range of meandering channels, from the mildly meandering 
Fourmile Creek (sinuosity 1.29) to the highly meandering Crooked Creek (sinuosity 2.00) 
with its complex, compound meanders.   
 
Sinuosity provides a gross comparison between channels while the radius of curvature 
measurements coupled with a meander description supply specific details regarding 
channel planform.  For example, the differences in both parameters were clearly visible 
when comparing the channel centerlines overlapping the aerial photos (Figure 31).  The 
reasons for these differences are beyond the scope of this project but are at least partially 
a function of bed and bank sediment composition, slope, and vegetation.  The wide range 
of curvature measured in the different reaches provides specific information for 
constructing channels.   
 
Table 6.  Upper Klamath Lake Tributaries Channel Sinuosity Measurements  

Tributary Reach Name Sinuosity

Four Mile Creek below Four Mile Springs 1.27
Historic Reach below Canal 1.55

Seven Mile Creek Reach 6 1.61
Reach 5 1.73
Reach 2 1.28

Historic Reach 1.69

Crane Creek Reach 1 1.77
Reach 3 1.68

Crooked Creek Reaches 1-4 2.00
 

 
Radius of curvature measurements were made at the Sevenmile, Crooked Creek, and 
Fourmile Study sites.  Although the extreme values span a considerable range, the bulk of 
the measurements for all sites fall within a fairly narrow band (Appendix B, Figure B-
27).  In most cases the radius of curvature falls between 50 and 100 feet, with the mean 
typically in the 80-85 feet range. 
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Summary of Recommended Design Parameters 
Based on the analyses conducted for this project, a series of basic design parameters have 
been developed for specific reaches identified in this assessment for restoration activities 
(Table 7).  The suite of parameters includes both morphologic ones:  width, depth, and 
width/depth ratio, and planform ones: sinuosity and radius of curvature.  Each parameter 
value is intended to represent the mean of a range of possible values, rather than a single 
value that any channel would be designed to.  Complexity is achieved by varying channel 
dimensions and planform attributes.  Not every one of these parameters can be rigorously 
defended by numeric analysis, and some represent a reasonable approximation based on 
the authors’ experience in stream restoration design and construction in the Upper 
Klamath Basin.  In general, we believe that channel function is improved by narrower 
channels with smaller width/depth ratios.  Further, smaller channels will overflow their 
banks more often leading to more nutrient retention in floodplains and overbank wetland 
areas.  Since this is an important goal of restoration in the project area, designing 
channels narrower and with smaller capacity than might otherwise be used in truly 
alluvial systems, is considered to be a reasonable accommodation.   
 
Table 7.  Conceptual Design Parameters for Channel Segments in Assessment Area  

(cfs) (feet) (feet) (ft/ft) (feet)

Design Fourmile Creek below Sevenmile Creek 40 20 1.7 10-12 1.50 70
below confl w/Fourmile Creek 55 27 2.3 10-12 1.60 75

Existing Fourmile Creek below Four Mile Springs 15 12 1.1 6-8 1.27 50

Sevenmile Creek below Sevenmile Road 60 28 2.4 10-12 1.40 80
below West Canal 80 35 3.1 10-12 1.30 85

Lower Historic Reach 90 38 3.4 10-12 1.60 85

Crane Creek above Fourmile Creek 10 7 1.1 6 1.70 30

Reach NameTributary

Recommended 
Meander Radius 

of Curvature

Design 
Discharge

Recommended 
Sinuosity

Recommended 
Riffle Width 

Recommended 
Riffle Depth

Recommended 
Width/Depth 

Ratio
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5.0   ASSESSMENT OF POTENTIAL RESTORATION ALTERNATIVES 
 
There are a variety of potential restoration actions and/or alternatives that could be 
undertaken in the project area working towards an overall restoration program.  It should 
be readily apparent from the scope of the modifications that have occurred in the past 100 
years, that any program to restore form and function to these substantially altered areas 
will be both costly and take a considerable length of time.  Although this assessment has 
developed certain design parameters, primarily geomorphic in nature (i.e. channel 
dimensions and sinuosity), it should not in any way be viewed as a design document 
rather it develops various elements and alternative strategies that could form the basis for 
future designs.   
 
 
5.1   Overview of Existing Constraints or Management Assumptions 
 
The objectives of restoration alternatives are primarily focused on restoring as much form 
and function to the Fourmile and Sevenmile Systems within the study area as is feasible, 
given existing constraints.  Such restoration of form and function is primarily intended to 
involve geomorphic restoration of stream channels, by adding sinuosity and constructing 
substantially narrower channels.  In addition, there are several assumptions based on 
reasonably foreseeable or already planned activities by agencies/landowners and are, 
therefore, not examined in the alternatives in any detail.  These assumptions are discussed 
below, prior to the consideration of alternatives. 
 
Breaching 
The presumption is that breaching of the lakefront levees on Agency Lake Ranch and 
perhaps Wood River Ranch will occur at some point within a reasonable management 
timeframe.  Various previous studies (e.g. Watershed Sciences 2007) have examined 
inundation areas and depths resulting from breaching of these levees.  The water supply 
benefits of such additional water storage in Upper Klamath Lake have also been 
considered by USBR and are not addressed here. Timing of breaching is critical to any 
possibility of extensive geomorphic channel restoration; if breaching occurs before such 
channel construction, it is likely that this would make restoration of channels in the 
subsided areas not feasible.  Unfortunately, this restoration would require breaching to be 
put off for at least several years after funding and permits are obtained to implement 
restoration to allow construction and establishment of vegetation.  Upstream, non-
subsided, portions of the Fourmile and Sevenmile systems do not have the same timing 
constraints, and could be constructed after breaching. 
 
Subsidence 
Substantial subsidence has occurred within the assessment area, primarily on the lake 
front properties of Agency Lake Ranch and Wood River Ranch, as a result of diking, 
draining, and land management activities, including tilling and cattle grazing.  Oxidation 
and compaction of peat soils that formerly remained saturated and undisturbed has 
resulted in 3-8 feet of subsidence.  There is no mechanism to replace the vast majority of 
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this loss, and, as a result, most of the subsided area will remain unvegetated, deep water 
habitat for the foreseeable future once breaching occurs. 
 
Private Lands 
There are extensive private lands up-gradient from the publicly owned lake margin 
properties of Agency Lake Ranch, the former Barnes Ranch, and Wood River Ranch.  
Without structural modifications to the existing internal levees or, in some cases, the 
construction of new levees, breaching the lakefront levees would cause significant 
impacts to private properties (at least seasonal inundation, depending on location).  As a 
result, for the purposes of this Assessment, it is assumed that the required levee 
improvements or construction occur to protect existing private lands. 
 
Existing Infrastructure 
Just as breaching could affect private lands, various other restoration activities, such as 
new channel construction or modification of existing channels, could affect existing 
infrastructure that primarily serves these private parcels.  This infrastructure is primarily 
related to irrigation and/or drainage needs of the various parcels.  Depending on physical 
location, irrigation method and timing, land capability, and season, infrastructure 
operations include drainage, always undertaken by pumping, or irrigation, which occurs 
through gravity (diversions or siphons from canals) or by pumping from canals.  For the 
purposes of this Assessment, it is assumed that all existing infrastructure that serves 
private lands would be maintained in a generally unaltered or unaffected condition.  
However, modification or construction of new levees to prevent inundation of private 
properties will change the existing drainage pattern.  Currently, the most downstream 
private parcel along either Fourmile or Sevenmile Canal has to pump down interior 
drainage channels in the spring and at various times during the irrigation season to dry 
out the interior to allow grazing and process seepage and irrigation run-off.  With new 
levees, the next parcel upstream of the new levees will now need to deal with drainage 
issues as opposed to simply allowing tailwater to drain onto the next downstream parcel.    
 
 
5.2   Restoration Elements 
   
Prior to the discussion of the alternatives that have been developed for this Assessment, it 
is useful to describe the design elements that have been evaluated over the course of this 
study to achieve the various project objectives.  These elements are based on the 
historical, hydrologic, and geomorphic analyses previously described and generally 
reflect information on the form, functional, and compositional characteristics found along 
the channels of the Fourmile and Sevenmile Creeks in the project area in a less disturbed 
condition. They are also based to some degree on restoration elements that have been 
successfully used in other large scale restoration projects in the basin and in other 
restoration projects in similar geomorphic settings.  
 
These elements are combined in a variety of ways in the various alternatives, and are also 
separated out in discussions of near-term (2010-2012 actions) and longer-term restoration 
efforts. 
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5.2.1   Restore Geomorphically Appropriate Channel Geometry 
 
Channelization has reduced the channel length of the lower Fourmile and Sevenmile 
Creeks by a substantial amount and limited the habitat available in the irrigation/drainage 
canals.  Basic biological research over the last 30 years has shown a high correlation 
between fish habitat and channel sinuosity, although clearly other factors (e.g. flow 
magnitude and water quality) are also important.  Restoration of channel form must have 
the highest priority in order to provide complex and diverse habitat, which are critical to 
restore fisheries resources.  This design element would include creation (mostly by 
excavation, but in some areas by filling) of a new channel with much greater sinuosity 
and diversity of channel geometry than the current canals.  This element would be 
combined with creation of natural levees and associated elevational gradients.  Although   
the existing canals would be partially filled with adjacent levee material so as to not 
create a large potential trap for migrating fish at either the larval or adult stages.  The 
channel would incorporate occasional woody debris for instream cover and channel 
stability along the outside of meander bends.  This design element consists of adding 
channel length where feasible in order to recreate the channel length and sinuosity that 
existed prior to channelization.  This element would be created in the same geomorphic 
zone that contained the majority of the channel sinuosity prior to disturbance.  A new 
channel would be excavated or created to develop this additional channel length.   
 
5.2.2   Create natural levee and elevational gradients to define channels in subsided 
areas 
 
A particular challenge lies in creating a functional channel in areas where historical land 
use has caused subsidence, a situation that is common on the peaty soils in the former 
lake margin wetlands that were converted to agricultural land following levee 
construction.  One approach is to create natural levees, or channel banks defining the 
channel that are elevated relative to the land surface further away from the channel.  
These features are common in deltaic environments and in systems with higher sediment 
loads.  For example, historical analysis (GMA 1997, 1999) has shown that natural levees 
were a very important element of the historic Williamson River channel in its delta and to 
a lesser degree in the lower Wood River and its delta.  They provided a landform 
(substrate and elevation) which contained a wide diversity of elevational gradients that 
led to a complex interweaving of micro-habitat areas.  In most cases, these deposits 
contained a sandier texture and supported willow growth, as was described along the 
Williamson delta and as is visible in the earliest aerial photographs of the Wood River 
delta.  Patchy natural vegetation in the form of mixtures of emergent macrophytes and 
woody willow species would be typical of this feature.   
 
Historically, along the Williamson and Wood Rivers, natural levees contained a dense 
willow corridor with patches of various sizes of emergent vegetation.  They acted to 
constrain flow into the main channel, providing a well-defined flow path to the lake 
during most time periods.  It appears that these natural levees would have had maximum 
elevations of 4140-4141.5 feet (USBR).  Even during periods of lake level above the top 
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of the levees, the dense vegetation would have allowed relatively low velocity flow into 
the adjacent wetlands, thus maintaining a defined flow path of higher velocities to the 
lake for emigration of various fish species.   
 
Along the Fourmile and Sevenmile Creek channels, however, natural levees most likely 
played a less significant role, primarily due to lower sediment loads in these spring 
dominated systems (the Wood River would behave similarly except for sediment delivery 
from Annie Creek). 
 
There are several important aspects of creating this form element:  (1) sandy soil must be 
provided as the substrate for effective willow growth, although this is probably limited in 
the Fourmile-Sevenmile system and willows can also be established in finer grained 
substrates, (2) a variety of elevational gradients should be provided to maximize potential 
habitat areas, which can be accomplished in varying the fill wedge that must be created in 
the subsided area with grading plans developed to shape the materials into a somewhat 
random variety of elevational features, and (3) given that having to construct these 
natural levee features with on-site borrow (materials obtained from cleaning, and most 
likely enlarging the historic channel) will produce less stable banks, it would be 
beneficial to allow the new channel banks several establishment seasons before 
introducing flow into the design channel.   
 
A substantial advantage of developing such a channel system in or across subsided areas 
lies in creating a feature and vegetation assemblage that will act as a barrier to the wind 
waves that would otherwise travel across Agency Lake Ranch when it is opened to the 
lake.  Vegetated islands are clearly linked to the stability of the lake margin land, whether 
levees or natural delta features.  Notable examples are the north end of Agency Lake, in 
the vicinity (generally west of) of the Williamson delta mouth, and Hanks Marsh.  At 
each of these locations, where no historic wetland remained as a buffer, riprap was 
needed to control the levee erosion from wind waves.  Thus, instead of being required to 
reinforce levees with riprap, natural features could be constructed to achieve the same 
function at likely far lower cost. 
 
  
5.2.3   Develop Benched Channels in Constrained Areas 
  
This design element consists of recreation of historic channel form which included a 
frequent overbank flow component.  Creation of a benched channel by removal of the 
existing levee adjacent to the channel will allow for restoration of the riparian corridor 
which contained a dense willow corridor with fringes of various emergent vegetation 
species.  The undisturbed corridor also contained natural levees, low berms of naturally 
deposited sandy substrate, which were particularly conducive to willow growth.  The 
benched channel does not involve modification of the existing main channel form, but 
rather creates functional wetland/floodplain areas adjacent to one or both banks of the 
channel.  The benches can have a variety of widths depending on land availability, other 
than on the one bank where the existing levee would be relocated to provide a bench of 
100-200 feet wide.  Grading on the bench would result in a diversity of elevational 
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niches, with relatively few linear elements, to maximize the edge effect, and restore 
heterogeneity and complexity to this area. 
 
  
5.2.4   Construct Set-Back Levees 
 
This design element would be used where new levees must be created to protect existing 
structures or land use or to segregate the parcel into separate management areas.  The 
concept is to eliminate the linear nature of typical levee construction and replace with a 
sinuous levee type feature that contains a variety of elevations and side slopes.  
Depending upon the hydrologic location, such a feature may provide emergent vegetation 
habitat at lower levels with various tiers of riparian species at the elevation rises.  With 
the significant protection afforded by a dense riparian and emergent corridor, the levee 
does not need to be engineered to withstand such severe forces, thus reducing compaction 
requirements, which could impact vegetation success, and overall height requirements.  
Instead, a somewhat greater volume of material is spread out over a wider area, but to a 
lower elevation.  Generally, these features would not be designed to have access roads on 
the crown, but to function as a continuous habitat element which also provides water 
level control.  
 
 
5.2.5   Install In-Channel Structures 
 
Channelization has eliminated any natural channel form throughout the lower 10 miles of 
the Fourmile system and the lower Sevenmile system.  Where restoration options are 
generally restricted due to existing constraints, it is important to consider minor in-
channel structural changes that would promote small bench development where emergent 
vegetation could become established and widen the existing thin strip of critical habitat.  
For those portions of the channel which are not being created to add length, actions are 
needed to restore former channel geometry within feasible limits or to simply create 
additional habitat within a simplified channel form.  This design element would consist of 
created structures to add more diversity of channel width and to create low areas that will 
be suitable for revegetation by both riparian and emergent species.  These in-channel 
structures could be constructed from a variety of materials and using a variety of 
techniques.  It is envisioned that these structures would appear to be a variation of the 
common deflector design, also referred to as dikes, jetties, groins, or barbs, protruding 
from the existing east bank at a variety of shapes and locations, to recreate additional 
channel complexity, narrow the channel in places, and create suitable form for vegetation 
establishment.  Stability of these features will be an important consideration.  There are 
several concepts for these structures:  
 

(1) create backwater areas by constructing dikes/barbs/jetties and allow sediment 
deposition to occur.  Once sediment is in place, natural germination of vegetation will 
occur to colonize this niche.  It is unknown how long this process would take, as 
geomorphic analysis suggests that sediment loads were quite low in this system.   
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(2) construct the entire feature including vegetation at one time.  This method 
would be considerably more expensive but would yield greater amounts of habitat in a 
shorter period of time.  One method would be to anchor large woody debris into the 
channel bed and bank and use this material as a starting place for sediment deposition and 
ultimately revegetation.  Other techniques could include riprap and sheetpiling to protect 
and/or stabilize the newly created features.   
 
 
5.2.6   Grade Lakefront Levees to Create Margin Wetlands and Riparian Islands 
 
The lack of emergent vegetation along the lake margin has been identified as a significant 
factor in the decline of fisheries resources.  Actions could be undertaken to create 
additional wetland habitat along the lake shore of the Agency Lake Ranch as part of the 
breaching process.  This could involve grading of the existing lakeshore levee to create 
low gradient areas of appropriate elevation suitable for colonization by various wetlands 
species.  The former lakeshore configuration was been greatly modified by the dredging 
programs, leaving a wide, relatively deep “channel” around the property margin that 
provides little habitat.  Existing remnant fringe wetlands could be reconnected with the 
former shoreline, which would create a buffer for wave action despite deeper water in the 
interior once reconnected.  Simply allowing the existing levees to slowly disintegrate 
from lack of maintenance would probably take too much time to create such habitat.  The 
levee should be lowered creating elevational gradients from 4137 to 4141 (USBR).   
 
 
5.3   Restoration Alternatives 
 
The alternatives described in the following sections are centered on very different 
approaches to restoration or habitat improvements.  The first approach is geomorphically 
based in that it focuses on re-creating the form of the channels that existed prior to 
modification.  The second involves a combination of scaled back channel restoration 
combined with flow modifications that seeks to improve habitat in a more pragmatic and 
less costly manner.  Each of these alternatives includes many elements, not all of which 
would necessarily be undertaken even if that general approach was selected.   
 
 
5.3.1   Alternative 1:  Maximum Restoration 
 
This alternative would involve complete restoration of both the Fourmile and Sevenmile 
channels to their historic form and function, removal of lakefront and interior levees, 
filling of the canals, and removal of existing infrastructure.  While implementation of this 
alternative would have significant benefits, it is not considered feasible given existing 
constraints, including cost and potential impacts to private property.  It is not feasible to 
recover, at least within the management timeframe envisioned by this document, the land 
subsided in the project area.  The majority of these lands will remain as open lake, too 
deep to support vegetation, for many years. In addition, the oxidation of the peat soils 
used to construct the levees has resulted in a large volume loss so that even if it were 
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feasible to fill the dredged canals, the material simply is not there, and a substantial 
portion of the canals would need to remain as open water.  As a result of these findings, 
this alternative was not given further consideration. 
 
 
5.3.2   Alternative 2:  Fourmile Channel Restoration and Sevenmile Canal 
Modifications 
 
This alternative would involve the following major elements: 
 

• Construct a new Fourmile Creek channel to replace much or all of the existing 
canal 

 
• Re-route Lower Sevenmile Canal into Agency Lake Ranch  

 
• Improve Sevenmile upstream of Agency Lake Ranch though narrowing and 

benched channel wetlands creation 
 

• Plug remaining abandoned sections of the canals 
 

• Reshape lake margin levees and internal levees to create wetland islands/wave 
barriers 

 
There are a variety of ways that these elements can be accomplished, with alternative 
variations discussed within each section. 
 
 
Construct New Fourmile Creek Channel 
 
The basic concept is to replace much of the existing West Canal/Fourmile Canal with a 
new Fourmile Creek channel that would be a combination of historic and newly 
constructed channel alignments.  Portions of the lower West Canal (from Sevenmile 
Creek to north end of former Barnes Ranch, may need to be retained to provide irrigation 
water to remaining private ranches along the east side of the canal, although in-channel 
diversion structures could be developed to replace the existing structures in the canal.  
 
Generally speaking, it is common in the stream restoration field to construct a new 
channel, often excavated in the dry, to replace the channelized, incised, or otherwise 
degraded one.  This approach would be followed in the upper portions of the Fourmile 
reach. The new channel would follow along the west side of existing canal below 
Wamplers, through BLM, through Grimes (Figure 20), and then cross over the existing 
canal to the east side to public land (formerly the Barnes Ranch) and continue through 
Agency Lake Ranch along a combination of historic and new channel alignments (Figure 
21).  The channel would enter Agency Lake at the historic location.  Although historic 
remnants of Fourmile Creek are present on private lands along the east side of Fourmile 
Canal (north of the Barnes Property), as is evident on the aerial photographs (Figure 2), it 
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was assumed that access to these channels would not be provided by the current 
landowners. 
 
The design channel would be sized to contain existing Fourmile Canal flows (a 
combination of Crane, Threemile, Fourmile, and Cherry Creeks, depending on location).  
This alternative would restore the pre-disturbance sinuosity which ranged from 1.5 to 1.7 
versus the current value of essentially 1.00 due to the straightened canals.  As defined, the 
Fourmile design channel length in this reach would be 65,500 feet, compared to 51,600 
feet of existing canal, which has very little habitat except for non-native species.  The 
design would add almost 3 miles of channel length compared to existing conditions.  This 
comparison is misleading, however, because the design would replace almost 10 miles of 
existing canal (with very little habitat for native species) with about 13 miles of high 
quality, complex stream channel habitat.  The gain in habitat would dwarf virtually all 
other stream restoration projects that have been previously completed in the basin.   
 
From the north edge of Agency Lake Ranch, the design channel would need to be 
constructed as an elevated delta channel in the subsided portions of Agency Lake Ranch.  
By constructing the new Fourmile Creek channel in this manner, a barrier, portions of 
which are roughly 1/3 of the way from the existing Fourmile Canal to Sevenmile Canal 
would be created to reduce the fetch for wind wave generation.  Excavation within 
Agency Lake Ranch or from the backside of the Fourmile Canal Levee would be the 
primary source of material to construct the elevated design channel.  We estimate that 
within the subsided area, an average of at least 75 CY fill would be needed to construct 
each lineal foot of design channel.  Upstream of Agency Lake Ranch, subsidence has 
been minimal and excavation volumes would be greatly reduced.  In these reaches, 
excavation on the order of 6-8 CY per foot would be required. 
 
There are several alternatives to construction of the elevated Fourmile Creek channel in 
Agency Lake Ranch: (1) the channel could simply end at the south end of the former 
Barnes Ranch, emptying into the deep water of Agency Lake Ranch (once the levees are 
breached), and (2) the design channel could cross back over the existing canal from 
Barnes and follow a new alignment in the existing Refuge lands until some point where 
the design channel would cross back across Fourmile Canal and empty into the deep 
water of Agency Lake Ranch (Figure 22).   
 
The purpose of both of these alternatives would be to reduce cost and risk associated with 
the design channel previously proposed.  To be clear, construction of an elevated channel 
through the subsided area is both costly and comes with an uncertain amount of risk.  If 
the design channel avulses from the constructed elevated channel as some future time due 
to a large flood event or some other natural cause, the design channel would likely be 
abandoned in the deep water area and would lose much of its function.  In short, the 
design channel could look like much of the Wood River delta channel (prior to 
restoration) which was abandoned when the shortcut to the west side of the delta was 
dredged. The elevation difference between flows within the elevated design channel and 
water levels in the lake that would be adjacent would be substantial, perhaps as much as 2 
feet, thus making the head difference a powerful force of change, should the vegetation 
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stabilizing the elevated channel not be strong enough to resist the forces.  The counter 
argument also lies in the historical development and stability of the Wood River delta 
which based on geomorphic analysis was created by the Wood River entering Agency 
Lake with a substantial load following the Mt. Mazama eruption.  This extensive deltaic 
(elevated) channel developed and continued to prograde lakeward where new deposits 
became stabilized with vegetation over thousands of years.  The Wood River basin has a 
much larger drainage area than Fourmile Creek basin and has the potential for 
considerably higher peak flows during unusual flood events.  Thus, although avulsion 
appeared to be a significant risk in the Wood Delta, it had not occurred over an extended 
period, because the geomorphic signature of such a change would be readily apparent.  
Of course, prior to 1921, lake level did not fluctuate nearly to the degree that it currently 
does, which would tend to reduce the risk of channel avulsion somewhat due to decreased 
head between the elevated channel and the lake elevation.  Fall or early winter rain on 
snow events when (under current management) lake level is relatively close to its annual 
minimum would generate the greatest risk.  However, since the Fourmile basin is 
relatively small and many of the sources are springs (except Cherry Creek and Threemile 
Creek), it is less likely that such an event would occur.  In addition, by sizing the channel 
upstream of the elevated channel reach to begin to overtop when flows are only slightly 
above baseline springflow, higher flood events would be dispersed across a larger heavily 
vegetated lake margin zone, reducing the risk even further. 
 
The advantage of using existing Refuge land west of Fourmile Canal for the design 
channel alignment is simple, the refuge land was never converted to agriculture and has 
not subsided, and a channel could be dredged there with little risk of any avulsion.  It 
would be expensive to dredge a channel though the Refuge land, but far less than to 
create an elevated channel.  If an elevated channel were constructed at the end of the 
channel alignment through Refuge lands, there would be much less elevated channel and 
thus risk would be reduced. 
 
The argument for ending a design channel at the north end of Agency Lake Ranch is also 
similar, no elevated channel would need to be constructed and the design channel would 
end at the edge of the new lake, as most of Agency Lake Ranch would be deep water 
with depths not much different from existing depths in Agency Lake.   
 
Arguments in support of the original design channel proposed in this alternative include 
restoration of historic form, creation of substantial additional channel length and thus 
channel habitat, creation of wave barriers in the subsided area, and having the restored 
channel enter Agency Lake in a similar location to its historical one.   
 
 
Re-route Lower Sevenmile Canal into Agency Lake Ranch  
 
The lower reaches of Sevenmile Canal present a significant challenge for any type of 
restoration action.  The canal is a completely straight artificial channel up to 300 feet 
wide, with the downstream end controlled by the bridge/weir at Dike Road.  Remnants of 
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the historic channel are present at various locations within Agency Ranch and further 
upstream on private parcels.   
 
Under this Alternative, a new, sinuous, design channel for Sevenmile Creek would be 
constructed along the eastern edge of Agency Lake Ranch (Figure 23), using historic 
remnants where feasible.  The channel would enter Agency Lake Ranch at its upstream 
end and exit back through the existing bridge, if this structure is deemed necessary to 
remain or is too expensive to remove.  The lower 2 miles of Sevenmile Canal would be 
partially backfilled with the levee material while completely plugging the main canal at 
its upstream and downstream ends.  By developing a new elevated design channel and by 
lowering the Agency Lake Ranch levee along Sevenmile Canal, a relatively wide area, 
capable of supporting emergent vegetation, would be created that would act as a buffer to 
wind wave erosion on the BLM levee across Sevenmile Canal protecting Wood River 
Ranch.  If the buffer is substantial enough, there may not be any requirements to improve 
or armor the BLM levee (assuming it needs to remain in place for at least some time, 
prior to the breaching of Wood River Ranch levees).  The existing toe drain along the 
western edge of the Agency Lake Ranch Sevenmile Canal levee would be completely 
filled.  Excavation within Agency Lake Ranch would be the primary source of material to 
construct the elevated deltaic channel within the subsided area.  A short portion of the 
design channel would follow the historic channel of Sevenmile Creek, while the majority 
would follow a new alignment.  This alternative element would restore a pre-disturbance 
sinuosity which ranged from 1.5 to 1.7 versus the current value of essentially 1.0 due to 
the straight canal.  As defined, the design channel length in this reach would be 15,700 
feet, compared to about 10,500 feet of existing canal, which has very little habitat except 
for non-native species.  The design would create about three miles of channel length to 
replace two miles of canal, a substantial increase in habitat. 
 
Once levee breaching occurs there will not be any need for the existing access and 
infrastructure on Agency Lake Ranch.  As a result, underground electrical lines, the pump 
stations, all structures, and the bridge at the mouth of Sevenmile Canal could all be 
removed and all maintenance of these infrastructure elements eliminated. 
 
 
Improve Sevenmile upstream of Agency Lake Ranch though Narrowing and Benched 
Channel Wetlands Creation 
 
Sevenmile Canal upstream of Agency Lake Ranch presents considerable challenges to 
implement almost any form of restoration due to private land and irrigation/drainage 
infrastructure that must be maintained.  Even so, if access could be obtained from 
landowners, it is suggested that some improvements to the channel/canal could be 
developed that would contribute to an overall restoration plan.  To simply say that 
nothing can be done in this area due to its constraints, would be an easy way of 
maintaining the status quo, which it not likely to be an acceptable course of action by the 
various stakeholders.  It is likely, however, that this reach may have lower priority for 
restoration actions due to the cost/benefit ratio.  In addition, restoration of Sevenmile 
Creek between McQuiston Road and Sevenmile Road should be considered under this 
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element, however, since all of that reach is private property, any such work would need to 
be undertaken only at the request of the property owners.   
 
The overly wide dredged and straightened channel could be modified by creating a 
slightly more sinuous channel flanked by benched wetlands (Figure 24), while Sevenmile 
Creek upstream of McQuiston Road would be enhanced by instream structures, 
revegetation, and perhaps reestablishment of selected meanders cut-off due to channel 
incision (Figure 25).  The primary challenge lies in placing and stabilizing fill within the 
dredged channel, ideally on alternating sides.  Vinyl sheetpiling could provide the means 
of containing and temporarily stabilizing fill while the wetland vegetation becomes 
established.  Sufficient sheetpiling could be obtained to construct a portion of these 
features, which could then be reused in future segments of the work. The source of the fill 
has not been established but would either come from adjacent lands or have to be 
imported.  An alternative approach would involve creation of setback levees and 
generating fill from lowering the land surface on the channel side of the new levees.  This 
approach would cost less but would obviously require land acquisition from the private 
properties. 
 
There are numerous irrigation/drainage infrastructure features along this reach that have a 
substantial impact on potential restoration actions.  Water levels, flow volumes, and even 
flow direction are routinely altered during the annual cycle to either divert water onto the 
various properties for irrigation purposes or assist in the removal of water for drainage 
purposes following winter accumulation.  It might be possible to modify the canal 
geometry to allow for screened diversions to operate at the normal stream flow levels in a 
natural channel, rather than the current situation where weirs are operated to raise water 
levels in the canal sufficiently to irrigate.  This approach has been used at the diversion 
structure on Sevenmile Creek just upstream of Sevenmile Road, which was retrofitted by 
KBRT in 2008 to provide for improved fish passage and essentially eliminate the weir 
function.  Water levels are now maintained at a height that allows the diversions on either 
bank to be operated at any time without having to raise the water levels as occurred with 
the old weir structure.  The disadvantage of this approach is that water levels are 
increased during high flows (which could lead to localized flooding issues) and the 
higher water levels in the channel may reduce the efficiency of the drainage network.  If 
the most aggressive approach to restoration along Sevenmile Canal were to be 
undertaken, this type of structure would be evaluated for the existing structures. 
 
 
Plug Remaining Abandoned Sections of the Canals 
 
In order to direct flows out of the existing canals into the design channels, existing canals 
would need to be fully plugged as part of the channel construction.  It is recommended 
that these plugs be at least several canal widths in length and elevated slightly compared 
to channel bank elevations to reduce risk of recapture.  Structural measures, that could 
include habitat features such as rootwads, could be warranted on the exposed face of the 
plugs and extensive revegetation of the plug would also be needed.  A similar concern 
would exist between the design channel and an abandoned stretch of canal to that 
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discussed for the elevated channel with the subsided area.  In certain cases, there could be 
a considerable head difference between the design channel and a canal that is still 
connected to the lake and avulsion would also be possible at these locations.  It is 
suggested that several other plugs be periodically graded across the canals to elevations 
that would support emergent wetland vegetation to further reduce the risk of headcutting. 
 
Although it would be ecologically beneficial to fill as much of the canals as possible, this 
is not likely to be the strategy that would have the greatest benefit in a cost/benefit 
analysis.  Instead, much of the levee material would be used to create the elevated 
channels (in advance of the lakefront levee breaching) and the remainder would be 
graded into island/wave barrier features. 
 
 
Reshape Lake Margin Levees and Internal Levees to Create Emergent/Riparian 
Islands/Wave barriers 
 
Remaining lake margin levees between breach areas should be reshaped into islands that 
would support complex mixtures of emergent and riparian vegetation, both to create 
habitat and to create wave barriers.  Elevations of these features should be 4138-4141 feet 
(USBR).  Once established, wetland vegetation will rise 4-8 feet higher than these 
constructed surfaces, providing the elevation necessary to act as wave barriers, similar to 
the existing features at various locations around the lake. Wave barriers or levee armoring 
would need to be undertaken to protect any levees that are intended to protect lands 
(public or private) from inundation.  It is suggested that the minimum width of any wave 
barrier be about 50 feet.  However, in areas with existing lakefront levees which are often 
about 100 feet wide at elevation 4140-4141 (USBR datum), grading would likely produce 
features that are more on order of 150 feet wide. 
 
Any internal levees could be raised to these same elevations by excavating nearby 
materials and grading them into features that would support emergent vegetation.  In 
Agency Lake Ranch and the former Barnes Ranch, there is one set of internal north-south 
levees adjacent to the main north-south interior canal.  All of the other interior levees are 
laid out in an east-west alignment.  In terms of wave barrier function, the north-south 
interior levee would have the highest priority to be raised to a level that would support 
wetland vegetation.  Raising the east-west interior levees would not provide nearly as 
much benefit in efforts to attenuate wind waves as the dominant direction of wind waves 
is west to east.  This is not to say that other directions do generate such waves, but in a 
prioritization scheme for restoration actions, the dominant direction would be treated 
first.   
 
Whether creation of vegetated wave barriers would be cost effective would depend on the 
grading volumes necessary to construct the features versus the cost to acquire, transport, 
and place more conventional armoring approaches such as riprap.  For example, if the 
wave barrier had a top width of 50 feet, plus another 30 feet of slope down to existing 
ground, and needed to be constructed in 4 feet of water, each foot of this size structure 
would require about 12 cubic yards of earthmoving.  Assuming grading materials are 
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available in the vicinity (which is likely); a conservative estimate for soil placement of 
this structure would be about $60/ft, using a rate of $5/CY.  This is considerably less 
expensive than an equivalent amount of riprap armor.  Where lakefront levees only need 
to be graded to a lower elevation, which likely could be done with a dozer, unit costs 
would almost certainly be lower. 
 
There is also the potential to salvage a significant amount of riprap that has been placed 
along lakefront levees in the past, which should be able to be accomplished at lower cost 
than importing new riprap.  This assessment did not inventory existing riprap, so at 
present, estimates of potential volumes of such material are not available. 
 
 
Construction Sequencing 
 
Construction on the scale suggested in this restoration alternative presents a daunting 
task.  Any approach will involve potentially years of construction, some of which must be 
prioritized and sequenced to have the most benefit and, in some cases, to even be 
feasible.  As has already been briefly discussed in earlier sections, the primary constraints 
for any restoration program lie in completing restoration actions in subsided areas prior to 
lake front levee breaching.  Such actions would involve elevated channel construction 
along both the Fourmile and Sevenmile design channels, construction of internal wave 
barrier features, and new levee construction to protect private lands from inundation.  In 
the conceptual planform drawings for this alternative, elevated channels are shown as 
Phase 1, while upslope, mostly un-subsided areas are shown as Phase 2, as these areas 
could be constructed in any normal construction season based on normal drawdown of 
the lake.  An additional wrinkle lies in having to drawdown and dry out the subsided area 
to allow for more efficient construction activities.  Without drying out this area, 
equipment options will be quite limited.  It is uncertain given the recent management of 
the subsided area for pump storage on an annual basis, how long it may take to 
accomplish such drying of the soils. 
 
In addition to the need to construct these features prior to breaching, the timeframe 
becomes extended to meet requirements for vegetation establishment that most of these 
features would require prior to function.  Based on experience developed from wetland 
re-establishment as part of other restoration projects in the vicinity (along the lower 
Wood River, Wood River Ranch, and in the Williamson River Delta), a minimum of 2 to 
3 growing seasons are needed to establish a robust vegetation cover on surfaces in the 
4139-4141 (USBR datum) elevation range.  Beyond simply establishment time, effective 
management of water levels may be critical to rapid and dense vegetation at certain 
elevation ranges.  Since interior areas are not connected to the lake, managing water 
levels for effective germination and growth is very important for overall success.  This 
has been demonstrated most clearly in Wood River Ranch, where over the first 10 years 
of management by BLM significantly lower vegetation establishment occurred until 
water management strategies were modified in 2007 and dramatic increases in vegetation 
establishment occurred (A. Hamilton, BLM, pers. comm. 2009).  
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Upstream channel construction would most likely occur during the seasons while 
awaiting vegetation establishment on construction elements in the subsided areas.  
Vegetation establishment along these channels would only require 1-2 seasons, primatrily 
because they are being created by excavation into existing ground or using historic 
channel alignments, rather than being constructed with fill. 
 
Breaching itself should occur over a single construction season.  Although it may be 
possible to continue levee modification after breaching (i.e. by working backwards from 
the unaltered levee, finishing grading as the equipment works towards high ground), it is 
thought that this would be more expensive and present a greater risk to equipment 
working on these intrinsically unstable, peaty soils and design elevations may not be able 
to be reached under near saturated conditions.  Instead, the approach used for the 
Williamson River Delta, as the only large scale breaching program undertaken to date in 
the area is the suggested mechanism.  That program involved grading to narrow the 
proposed breach locations with the excavated materials used to fill toe drains and other 
drainage channels, and then breaching via explosives.  The Nature Conservancy and their 
contractor felt that use of explosives presented far less risk to equipment and personnel 
than a breaching program using conventional excavation.  This is particularly true for 
areas that are deeply subsided, where breaching by conventional means could result in a 
rapid widening of the initial breach (due to the head difference) that could engulf 
equipment.  The disadvantage of the explosive breaching lies in (at least for the 
Williamson) not achieving a sufficiently large breach that the inrushing water assists in 
the moving of material.  Instead, the Williamson Delta breaches had to rely on several 
seasons of wave action to move material from the breach area.  The verdict is still out 
whether the design grades for those breaches have been obtained.  Breach orientation, 
dominant wave direction, and patterns of sediment movement in the lake are also 
important considerations in whether breaches will remain completely open.   
 
If no restoration actions were to be constructed in the subsided areas, then a delay in 
lakefront levee breaching would not be necessary.  At least two seasons would still be 
needed, to prepare the breach locations for blasting and as much shaping of the levees as 
could be accomplished prior to breaching. 
 
 
Alternative 2 Conceptual Cost Estimate 
 
This section presents a conceptual cost estimate for the elements proposed in Alternative 
2.  Elements not included in this cost estimate are: (1) costs associated with raising the 
northern levees along the Agency Lake-Barnes Ranch to protect upslope private lands 
from inundation, (2) costs associated with actual breaching via explosives,(3) costs 
associated with any potential land acquisition, and (4) costs associated with design, 
environmental analysis and permitting, and construction management. 
 
Volumes are approximate and based on either average cross sectional area or on a lineal 
footage basis.  Thus, this conceptual cost estimate should be viewed as a rough 
approximation of potential costs involved with restoration on the scale proposed for this 
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alternative.  It is clear that eliminating the elevated channels would reduce the potential 
cost of restoration by almost 50%, but would also reduce the quality of habitat created by 
a similar amount and would not address levee stability issues without the wave barrier 
function provided by the elevated channels. 
 
Table 8.  Conceptual Cost Estimate for Alternative 2  

Element Quantity Units Unit Cost Cost

Construct Elevated Fourmile Channel (Phase 1) 36,300 feet 200$        7,260,000$         
Construct Elevated Sevenmile Channel (Phase 1) 15,700 feet 150$        2,355,000$         
Construct Phase 2 Fourmile Channel 29,200 feet 40$          1,168,000$         
Construct Fourmile Control Structures 2 structure 40,000$   80,000$              
Construct Phase 2 Sevenmile Channel Improvements 22,000 feet 100$        2,200,000$         
Plug Fourmile Canal x4 120,000 CY 5$            600,000$            
Plug Sevenmile Canal x2 130,000 CY 5$            650,000$            
Construct Wave Barrier along N/S  Interior Levee 22,000 feet 60$          1,320,000$         
Regrade 4M Levees for Emergent/Riparian Islands 34,000 feet 50$          1,700,000$         
Regrade 7M Levees for Emergent/Riparian Islands 10,000 feet 80$          800,000$            
Regrade Lakefront Levees for Emergent/Riparian Islands 24,000 feet 100$        2,400,000$         
Remove Infrastructure from Agency Lake Ranch 1 job 50,000$   50,000$              
Revegetation 100 acres 10,000$  1,000,000$         

Total: 21,583,000$       

CONCEPTUAL COST ESTIMATE FOR ALTERNATIVE 2

 
 
 
 
5.3.3   Alternative 3:  Cleanest water to Lake Alternative with little land 
modification: 
 
Generally speaking, almost all upper West Canal flow goes down Sevenmile Canal, 
where it dominates the nutrient budget for the canal.  A small portion of the West Canal 
flow does go to lower West Canal and then into Fourmile Canal during irrigation cycles 
when water levels are raised in Sevenmile and additional flow diverted through the 
headgate into Fourmile Canal.  As a result, nutrient loading from upper West Canal, 
which essentially drains the vast majority of the irrigated Wood River Valley, dominates 
the nutrient budget for Sevenmile Canal.  Given the restoration challenges in the 
Sevenmile Canal and that habitat improvements in this reach may be limited by both 
geomorphic channel constraints (that lead to higher water temperatures and lack of 
complex habitat) and water quality constraints (lack of dissolved oxygen, high nutrient 
load which leads to algal development, a pragmatic approach to near term restoration 
could involve manipulating flows to take the relatively high quality Sevenmile Creek 
water above West Canal and routing this flow through a restored Phase 2 Fourmile 
channel.  This would provide high quality water to the lake (assuming breaching occurred 
and the new lake margin being at approximately the south end of the former Barnes 
Ranch) and allow for cold, excellent quality water to attract fish into a restored Fourmile 
system, but still have access to the entire Sevenmile Creek watershed and the improving 
habitat therein.   
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Constraints on this approach could involve water rights, as Sevenmile Creek water is 
used by various property owners along Sevenmile Canal.  It is possible that a structure 
could be built that would allow for a more controlled distribution of water at the junction 
of Sevenmile Creek and West Canal, with only Sevenmile Creek water moving along the 
restored Fourmile channel, and upper West Canal flow only flowing down Sevenmile 
Canal, while some Sevenmile Creek water could also be diverted down Sevenmile Canal, 
when needed to meet irrigation demand.  Once restoration of Sevenmile Canal had 
occurred and nutrient loading from West Canal reduced, additional flow could be 
diverted down Sevenmile Canal.   
 
The primary challenge in this approach would be constructing the new Fourmile channel 
to handle a variety of flows while still providing the maximum habitat.  Perhaps if a 
constant 30 cfs came from Sevenmile Creek, to which Fourmile Springs, Threemile and 
Cherry Creek flows would be added, a consistent baseflow regime could be developed.  
Increased flows would occur during winter storm events and snowmelt runoff, but these 
would be handled by overbank conveyance.  It seems entirely possible that a structure 
could be constructed and operated in this way.  It would require knowledge of irrigation 
demand on both Sevenmile and lower West Canal, so that these demands could be added 
to the creek baseflow to ensure the appropriate distribution of water. 
 
 
 
5.3.4  Conclusions 
 
In this chapter, various alternatives have been developed involving large-scale restoration 
actions in the Fourmile-Sevenmile Assessment area.  To achieve the objectives of 
restoration in the project area, substantial geomorphic channel restoration is required.  
The major difference between potential alternatives lies in whether elevated channels are 
constructed in the subsided areas.  Such channels would be both very expensive and have 
some risk of failure; however, they would nearly double the critical channel habitat 
provided.  The decision on whether to implement elevated channels must be made at the 
beginning of any restoration program as several seasons of drying, construction, and 
vegetation establishment would need to occur to develop these elements prior to 
breaching. 
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GROUND PHOTOGRAPHS OF WEST CANAL  

AND FOURMILE CANAL  

 
View Downstream along West Canal below Sevenmile Creek 

 
View downstream of Fourmile Canal at Lower Weir 
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GROUND PHOTOGRAPHS OF SEVENMILE CANAL  

 
View Downstream along Sevenmile Canal below McQuiston Road 

 
View upstream of Sevenmile Canal from the Dike Road bridge 
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SEVENMILE SYSTEM LOADING CALCULATIONS, Water Years 2004-2006 

Total Phosphorus (TP) and Total Nitrogen (TN) 
 
 

    

SMFS SMSR WCAS SMDR

DATE
Oct-04
Nov-04
Dec-04
Jan-05
Feb-05
Mar-05
Apr-05
May-05 139 233 722 933
Jun-05 95 150 748 575
Jul-05 92 174 737 1,005
Aug-05 96 146 673 1,573
Sep-05 93 226 540 552

Total Load 
WY2004 516 928 3,420 4,637

SMFS SMSR WCAS SMDR

DATE
Oct-04
Nov-04
Dec-04
Jan-05
Feb-05
Mar-05
Apr-05
May-05 160 219 2,878 3,434
Jun-05 146 136 2,744 1,876
Jul-05 73 215 2,066 2,833
Aug-05 100 107 2,322 4,163
Sep-05 67 308 1,730 1,569

Total Load 
WY2004 547 986 11,740 13,875

incomplete data

SEVENMILE SYSTEM LOADING CALCS
WATER YEAR 2004

Monthly TP Load (kg)

Monthly TN Load (kg)

incomplete data

      

SMFS SMSR WCAS SMDR

DATE
Oct-04 -nd- 287 316 379
Nov-04 -nd- 298 335 350
Dec-04 -nd- 491 1,622 2,018
Jan-05 -nd- 409 314 571
Feb-05 -nd- 323 321 476
Mar-05 -nd- 507 1,300 1,205
Apr-05 89 387 533 1,513
May-05 121 351 1,017 975
Jun-05 91 269 674 679
Jul-05 96 241 553 1,198
Aug-05 93 340 374 541
Sep-05 89 217 332 250

Total Load 
WY2005 579 4,120 7,691 10,155

SMFS SMSR WCAS SMDR

DATE
Oct-04 -nd- 227 1,128 894
Nov-04 -nd- 234 844 460
Dec-04 -nd- 609 3,846 7,485
Jan-05 -nd- 255 611 1,050
Feb-05 -nd- 282 701 1,234
Mar-05 -nd- 670 3,892 7,976
Apr-05 83 272 1,508 5,950
May-05 121 489 2,697 4,978
Jun-05 83 225 2,563 3,697
Jul-05 69 198 1,825 8,148
Aug-05 67 167 1,507 1,720
Sep-05 63 160 1,320 2,366

Total Load 
WY2005 486 3,789 22,441 45,958

Monthly TN Load kg)

Monthly TP Load (kg)

SEVENMILE SYSTEM LOADING CALCS
WATER YEAR 2005

      

SMFS SMSR WCAS SMDR

DATE
Oct-05 -nd- 345 288 357
Nov-05 -nd- 454 1,409 1,531
Dec-05 -nd- 481 2,240 1,618
Jan-06 -nd- 575 1,458 2,344
Feb-06 -nd- 410 897 1,914
Mar-06 -nd- 477 1,161 2,600
Apr-06 -nd- 615 2,424 3,432
May-06 188 419 732 2,518
Jun-06 128 360 783 5,704
Jul-06 85 255 679 1,559
Aug-06 92 217 558 1,392
Sep-06 101 279 545 959

Total Load WY 
2006 594 4,886 13,172 25,926

* SMFS does not have data for the entire WY due to site changes

SMFS SMSR WCAS SMDR

DATE
Oct-05 -nd- 270 715 996
Nov-05 -nd- 734 6,103 7,539
Dec-05 -nd- 1,093 8,161 8,192
Jan-06 -nd- 1,297 6,763 13,314
Feb-06 -nd- 779 3,244 8,941
Mar-06 -nd- 1,186 3,749 9,803
Apr-06 -nd- 1,381 8,851 14,975
May-06 200 490 2,604 8,952
Jun-06 135 292 2,491 9,022
Jul-06 73 182 1,955 4,049
Aug-06 92 160 1,690 3,781
Sep-06 149 203 1,922 3,250

Total Load WY 
2006 649 8,066 48,247 92,812

* SMFS does not have data for the entire WY due to site changes

Monthly TN Load (kg)

Monthly TP Load (kg)

SEVENMILE SYSTEM LOADING CALCS
WATER YEAR 2006

 
 
 

Data from GMA Streamflow and Water Quality Reports to KBRT, 2005, 2006, and 2007 
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FOURMILE CANAL AT LOWER WEIR 

Monthly TP and TN Loads, WY 2004 and 2005 
 

TP TN TP TN
DATE DATE
Oct-03 256 272 Oct-04 192 333
Nov-03 271 382 Nov-04 193 173
Dec-03 363 1,940 Dec-04 850 2,984
Jan-04 338 2,532 Jan-05 192 941
Feb-04 457 3,319 Feb-05 151 729
Mar-04 734 4,978 Mar-05 518 2,712
Apr-04 651 3,211 Apr-05 240 1,011
May-04 555 2,383 May-05 449 2,045
Jun-04 777 2,783 Jun-05 346 1,366
Jul-04 865 2,843 Jul-05 313 1,004
Aug-04 413 1,281 Aug-05 214 529
Sep-04 342 1,280 Sep-05 193 417

Total Load 
WY2004 6,021 27,205

Total Load 
WY2005 3,850 14,244

FOURMILE SYSTEM LOADING CALCS
WATER YEAR 2004

FCLW

Monthly Load (kg)

FOURMILE SYSTEM LOADING CALCS
WATER YEAR 2005

Monthly Load (kg)

FCLW
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SITE 
ACRONYM

WATER 
YIELD May 1-
Sep 30, 2004

TP (mg/l) TN (mg/l) TP (%) TN (%) TP (kg) TN (kg) TP (%) TN (%) (ac-ft)

SEVENMILE SYSTEM

Sevenmile Creek at USFS Gage SMFS 0.055 0.059 516          547       7,580            
Sevenmile Creek at Sevenmile Road SSMR 0.068 0.073 24% 24% 928          986       80% 80% 11,000          
West Canal above Sevenmile Creek WCAS 0.150 0.513 172% 776% 3,420       11,700  563% 2039% 18,500          
Sevenmile Canal at Dike Road SMDR 0.188 0.563 241% 863% 4,640       13,900  799% 2441% 20,000          

FOURMILE SYSTEM

Fourmile Canal at Lower Weir FMLW 0.100 0.361 82% 517% 2,950       10,600  472% 1838% 23,800          

SITE 
ACRONYM

WATER 
YIELD May 1-
Sep 30, 2005

TP (mg/l) TN (mg/l) TP (%) TN (%) TP (kg) TN (kg) TP (%) TN (%) (ac-ft)

SEVENMILE SYSTEM

Sevenmile Creek at USFS Gage SMFS 0.061 0.050 491          403       6,510            
Sevenmile Creek at Sevenmile Road SMSR 0.075 0.066 23% 31% 1,420       1,240    189% 208% 15,300          
West Canal above Sevenmile Creek WCAS 0.161 0.539 163% 974% 2,950       9,910    501% 2359% 14,900          
Sevenmile Canal at Dike Road SMDR 0.178 1.021 191% 1934% 3,640       20,900  641% 5086% 16,600          

FOURMILE SYSTEM

Fourmile Canal at Lower Weir FCLW 0.082 0.292 34% 481% 1,510       5,360    208% 1230% 14,900          

Notes:  In the Fourmile System, assumed that "headwaters" concentrations and loads similar to SMFS
All values rounded to 3 significant figures

Volume-Weighted Mean Concentration (May 1-Sep 30, 2005), Nutrient Loading, Percent Increase over Headwaters, and Water Yield

VOLUME WEIGHTED 
MEAN CONCENTRATION, 

May 1-Sep 30, 2005

PERCENT INCREASE 
OVER HEADWATERS 
VOLUME WEIGHTED 

MEAN CONCENTRATION

NUTRIENT 
LOADING, May 1-

Sep 30, 2005

PERCENT 
INCREASE OVER 

HEADWATERS

SUMMARY OF WATER QUALITY LOADING COMPUTATIONS, 2004-2005
Volume-Weighted Mean Concentration (May 1-Sep 30, 2004), Nutrient Loading, Percent Increase over Headwaters, and Water Yield

NUTRIENT 
LOADING, May 1-

Sep 30, 2004

PERCENT 
INCREASE OVER 

HEADWATERS

VOLUME WEIGHTED 
MEAN CONCENTRATION, 

May 1-Sep 30, 2004

PERCENT INCREASE 
OVER HEADWATERS 
VOLUME WEIGHTED 

MEAN CONCENTRATION
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 PH0TOGRAPHS OF EXISTING INFRASTRUCTURE ALONG FOURMILE AND SEVENMILE CANALS  

                                                               FOURMILE STRUCTURES                  SEVENMILE STRUCTURES 

                            
     Upper Weir on Fourmile Canal                                        Typical Pump Discharge Structure            Large Weir on Upper Sevenmile Canal     Triple Inlet Headgates on Lower Sevenmile Canal 

                            
     Middle Weir on Fourmile Canal                                        Inlet Structure Lower Canal                       Large Diversion Structure for Wood River Ranch            Single Headgate Structure, Upper Sevenmile Canal 

                                              
     Lower Weir on Fourmile Canal                                         Inlet Structure Upper Canal             Pump Discharge in Operation, Lower Sevenmile    Single Headgate, Lower Sevenmile 
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FIGURE 11.  SEVENMILE CANAL CROSS SECTIONS 
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Figure 12.  FOURMILE CANAL LONGITUDINAL PROFILE 
Thalweg, Water Surface, Right and Left Bank Profiles

Agency Lake to North Canal
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FIGURE 13.  FOURMILE CANAL CROSS SECTIONS 
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SEVENMILE SYSTEM
Comparison of Mean Daily Discharge, Sevenmile Creek at Sevenmile Road, West Canal above Sevenmile Creek, and 

Sevenmile Canal at Dike Road, Wy2004-2006 
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SEVENMILE SYSTEM
Bi-Weekly Total Phosphorus -- WY 2003-2008
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SEVENMILE SYSTEM
Bi-Weekly Total Nitrogen -- WY 2003-2008
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APPENDIX A     
HYDROLOGY OF THE ASSESSMENT AREA 

 

1.0   SEVENMILE CREEK WATERSHED 
 
Sevenmile Creek drains off the east side of the Cascades south of the Annie Creek 
Watershed and north of the Threemile Creek Watershed.  The Watershed is located 
entirely within the Cascade Mountain physiographic province.  The Cascade crest marks 
the headwaters of Sevenmile Creek.  Sevenmile Creek drains approximately 23,550 acres 
by the time it enters Upper Klamath/Agency Lake.  Sevenmile Creek is entirely perennial 
from Sevenmile Marsh and remains connected to Upper Klamath Lake via Sevenmile 
Canal (USFS WRT report, 2007).  For the purposes of the hydrology appendix of this 
report, Sevenmile Creek was broken up into three hydrologic reaches; (1) Sevenmile 
Creek above USFS gage, (2) Sevenmile Creek between Sevenmile Road and the USFS 
gage, and (3) Sevenmile Canal between Dike Road and Sevenmile Road.  Reach 2, 
Sevenmile Road to the USFS gage, contains two (2) sub-reaches; (A) USFS Gage to Blue 
Springs and (B) Blue Springs to Sevenmile Road.  Although much of upper Sevenmile 
Creek is not in the Assessment area, an understanding of the hydrology of this area, 
which is the source for most of the downstream streamflow, is critical for developing 
restoration actions.  A simplified flow chart of the Sevenmile Creek streamflow and 
diversion network is shown in Figure A-1.  The flow chart provides the schematic 
location of tributaries (blue) and diversions (red), as well as currently operated surface 
water sites (cyan), and historically operated (black) surface water sites. 

1.1   Hydrologic Reach 1:  Sevenmile Creek at USFS Gage to Watershed Boundary 
This reach drains roughly 16,300 acres and is contained entirely on USFS property.  
According to the USFS, the creek is a third order channel and entirely perennial below 
the Sevenmile Marsh (USFS, 1995a). 
 
The USFS installed and operated a stream gage upstream of the Guard Station between 
Water Years 1994 and 2004.  After the USFS study was complete, an agreement was 
reached between the USFS, the Bureau of Reclamation, and Graham Matthews and 
Associates (GMA) to keep the gage operational.  The USFS left equipment installed at 
the site and provided access to the equipment, GMA collected the field data and 
computed the streamflow records, and BOR funded the data collection and computations.  
The gage was operated in such a manner through Water Year 2007 with minor gaps due 
to winter access issues.  The gage was discontinued after WY07 due to funding 
constraints. 
 
Peak flows in this reach range between 40 cfs in extremely dry years (WY 1994) to 
nearly 1,400 cfs is extremely wet years (WY 1996).  According to the USFS, the 
Sevenmile Creek Watershed in this reach, has the lowest peak flow per drainage area in 
the local area.  This is attributed to the fact that Sevenmile Marsh intercepts and 
attenuates peak flows upstream of the gaging station.  Further, the drainage density 
indicates that rapid infiltration occurs in this reach helping to further mute peak flows.  A 
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flood frequency analysis, using PeakFQ, was performed on the 14 years of data the 
results of which are summarized in Table 1. 
 
Table 1.  Sevenmile Creek at USFS Gage (SMFS) Peak Flows at Selected Return Intervals 
Return Interval 
(yrs) 1.5 2 5 10 25 50 100 

Peak Streamflow 
(cfs) 
No Outlier Analysis 
or Record Extension 

64.5 92.4 205 327 561 813 1,150 

Peak Streamflow 
Adjusted (cfs) 
With Outlier 
Analysis and Record 
Extension 

62.8 80.6 144 206 314 423 561 

 
The flood frequency analysis was performed according to the procedures outlined in 
Guidelines for Determining Flood Flow Frequency, Bulletin 17-B of the Hydrology 
Subcommittee.  The peak of record (POR), Water Year 1996, was identified as a high 
outlier during the first run.  A second run was performed with the Water Year 1996 peak 
identified as a high outlier.  In addition to the Water Year 1996 event being identified as a 
high outlier, the Williamson River below Sprague River nr Chiloquin, OR gage 
(11502500) was used to determine that the Water Year 1996 event was the largest peak 
flow since the Water Year 1964 event.  This extends the systematic record to a length of 
43 years thereby modifying the statistics used in the flood frequency analysis.  Figure A-
2 shows the flood frequency curves developed from the PeakFQ results. 
 
Due to the short length of the systematic record the analysis is very sensitive to outliers.  
In all likelihood the true flood frequency curve lies between the two curves presented in 
Figure A-2.   
 
Baseflow for Sevenmile Creek in Reach 1 ranged between 15 and 19 cfs during the 14 
year period of record.  Typically, baseflow conditions were achieved by the end of July 
and continued until the onset of the winter storm season.  However, during years with a 
heavy snow pack baseflow conditions might not have been achieved until September.  
According to the USFS Watershed Analysis Report for the Threemile, Sevenmile and 
Dry Creek Watersheds, Sevenmile Creek has the highest baseflow per drainage area in 
the local area.  The report goes on to say that this is due to the ability of Sevenmile Marsh 
wetland to store large amounts of water that are then released later in the year during low 
flow months to boost baseflow (USFS, 1995a). 
 
Mean monthly flows for Sevenmile Creek in Reach 1 generally range between 15 cfs and 
20 cfs during the baseflow months (July – October), between 16 cfs and 47 cfs during the 
winter months (November – March), and between 18 cfs and 52 cfs during spring runoff 
(April-June).  December has the highest variability of any of month and also contains the 
peak of record.  Averaging all the years together, the April – June period has the highest 
monthly flows.  Table 2 lists the mean monthly flow by water year along with the 
maximum, minimum, and average for each month over the period of record. 
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Table 2.  Summary of Mean Monthly Flows at SMFS 
Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept.

Water Year
1994 16.4 16.0 16.9 17.1 16.4 18.6 21.7 24.8 17.4 15.9 15.2 15.6
1995 15.6 16.6 16.5 17.6 23.4 22.5 24.5 39.6 31.1 18.5 16.4 16.5
1996 16.4 22.2 68.6 30.5 28.4 24.8 32.9 46.2 28.7 20.3 18.5 20.7
1997 19.7 37.0 46.4 46.9 24.7 24.2 36.6 44.6 26.6 21.4 20.6 20.9
1998 19.7 19.1 17.9 22.9 23.3 27.0 30.8 43.3 35.3 22.4 19.7 17.1
1999 17.4 18.1 13.4 16.9 15.4 18.3 23.6 41.5 45.5 23.2 17.7 17.5
2000 19.0 21.2 19.9 19.9 21.4 23.7 40.6 39.5 27.3 19.4 18.3 18.0
2001 17.9 17.2 17.0 16.4 16.5 18.4 20.2 27.4 18.8 18.4 16.3 15.9
2002 16.2 16.9 17.5 18.6 18.3 20.4 33.1 32.7 26.4 19.7 17.3 15.8
2003 15.0 15.7 16.0 18.8 24.3 26.6 27.0 28.3 24.5 16.7 15.9 18.5
2004 20.3 21.8 22.8 21.3 19.7 21.8 27.7 42.2 28.0 18.3 18.2 18.2
2005 17.7 17.8 27.0 20.1 20.2 22.8 22.5 31.9 22.6 18.1 17.6 17.2
2006 16.2 19.0 24.5 34.6 24.3 21.5 26.4 52.7 36.6 19.2 17.4 17.6
2007 17.8 21.2 32.5 22.9 21.0 23.7 29.3 34.4  ---  --- 15.8 16.3
Max 20.3 37 68.6 46.9 28.4 27 40.6 52.7 45.5 23.2 20.6 20.9
Min 15.0 15.7 13.4 16.4 15.4 18.3 20.2 24.8 17.4 15.9 15.2 15.6

Average 17.5 20.0 25.5 23.2 21.2 22.5 28.4 37.8 28.4 19.3 17.5 17.6
 
This reach contains no diversions and according to the USFS Watershed Analysis Report 
(1995a), land management activities in the reach have done little to affect hydrograph. 
 

1.2   Hydrologic Reach 2: Sevenmile Creek at Sevenmile Road to USFS Gage 
This reach drains roughly 20,800 acres and is comprised of USFS and private property.  
Significant diversion points as well as spring inflow are contained within this reach.  
Figure A-1 is a simplified schematic representation of each of the diversion points as well 
as the location of spring inflow.  For ease of discussion this reach is broken up into two 
sub-reaches; sub-reach A, which is from the USFS gage to Blue Springs and sub-reach B, 
which is from Blue Springs to Sevenmile Road. 
 
Sub-Reach A:  USFS Gage to Blue Springs 
Sub-Reach A contains two irrigation diversions which affect the hydrograph of 
Sevenmile Creek.  The first of these diversion points, Upper Sevenmile Ditch, is located 
on USFS property.  In Water Year 2003 the Klamath Basin Rangeland Trust (KBRT) 
along with GMA operated a continuous streamflow station and made eight discharge 
measurements between June and September.  The data gathered indicated that over 90% 
of the flow in Sevenmile Creek (during the irrigation season) was being diverted into 
Upper Sevenmile Ditch.  This diversion typically influences the recessional limb of the 
snowmelt hydrograph; although in dry years diversion operations tend to begin earlier, 
which can affect peak flows in this reach.  Beginning in Water Year 2005, diversion 
operations were altered as some lands previously using diversion water for flood 
irrigation of pastures began to participate in the KBRT irrigation forbearance program.  
Currently, it appears that diversions range between 18% and 80% with several periods 
during the irrigation season when only 20% of the creek is being diverted. 
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Downstream of the Upper Sevenmile Diversion Ditch, Sevenmile Creek flows through a 
complex reach of pools and glides formed by a series of beaver dams.  Several small 
seeps and springs exist in this area that help to increase flows during dry periods.  Before 
reaching Blue Springs there is an unnamed diversion point on private property.  No data 
are available for this diversion point. 
 
Sub-Reach B:  Blue Springs to Sevenmile Road 
Sub-reach B contains significant spring inflow, Blue Springs and Short Creek, as well as 
two diversion points, Lower Sevenmile Diversion Ditch and the East Side/West Side 
Diversions just above Sevenmile Road.  No data have been collected on the diversion 
points. 
 
Discharge measurements and continuous gage records indicate that total Blue Springs 
flow varies between 22.7 and 27.5 cfs depending on Water Year type, based on several 
years of streamflow records collected by GMA for KBRT.  Previous to Water Year 2006, 
Blue Springs was highly manipulated and anywhere from 30% to 90% of the total 
springflow was diverted for irrigation.  Alterations were made on a regular basis that 
greatly affected flows in Sevenmile Creek below Blue Springs Bypass.  Beginning in 
Water Year 2006, total Blue Springs flow has been split nearly equally between Blues 
Springs Ditch and Blue Springs Bypass. 
 
Short Creek enters Sevenmile Creek below the Lower Sevenmile Diversion Ditch and 
just a short distance upstream of Sevenmile Road. Discharge measurements made 
between Water Years 2003 and 2008 indicate that Short Creek flows varied between 24.8 
cfs and 35.5 cfs.  Small diversions near the spring exist but have never been directly 
measured.  During Water Years 2003 and 2004, these diversions were in operation and 
discharge measurements indicate that on average 5 cfs was diverted out of the system for 
irrigation.  Discharge measurements made in Water Year 2005 and 2006 indicate that 
these diversions have not been in operation.  Currently Short Creek adds on average 32 
cfs to the flows in Sevenmile Creek. 
 
Beginning late in Water Year 2002, KBRT and GMA installed and operated a continuous 
streamflow gaging station on Sevenmile Creek at Sevenmile Road.  The gage has been 
kept in operation through the present and data are available through WY2008. 
 
 During the 5 year period of record peak flows have ranged between 116 cfs and 217 cfs.  
All of the peak flows with the exception of the Water Year 2004 peak occurred during 
rain or rain on snow events.  The Water Year 2004 peak occurred during spring snow 
melt.  When peaks at Sevenmile Road are compared to peaks at the Old USFS gage, there 
appears to be a fairly strong relationship even when timing of the peaks is quite different. 
On average peak flows at Sevenmile Road are 1.60 times greater than peak flows at the 
USFS gage.  Table 5 below compares the peaks of record at Sevenmile Road to those at 
the USFS Gage. One outlier, Water Year 2003, was identified in this analysis.   
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Table 3.  SMSR and SMFS Peak Flows Comparison 

  
Sevenmile Creek at Sevenmile 

Road 
Sevenmile Creek at USFS 

Gage   

Water 
Year Date Time 

Peak 
Flow 
(cfs) Date Time 

Peak Flow
(cfs) 

Ratio 
Between 

Peaks 
2003 01/30/03 16:00 217 03/25/03 03:30 47.1 4.6 
2004 03/23/04 17:00 116 05/27/04 11:00 72.5 1.6 
2005 12/09/04 16:00 215 12/09/04 13:30 154 1.4 
2006 11/06/05 09:30 168 05/16/06 19:30 110 1.5 
2007 12/14/06 00:00 190 12/15/06 02:00 101 1.9 

  Considered outlier in peak comparison analysis  Average 1.6 
                

 
 
The relationship between the peak flows at the Sevenmile Road gage and the USFS gage 
was used to estimate peak flows at Sevenmile Road using the peaks of record from the 
USFS Gage.  The estimated peaks along with the peaks of record at the Sevenmile Road 
gage were used in a flood frequency analysis.  Procedures were the same as those 
described for the flood frequency analysis performed for the upstream USFS gage.   The 
results of the flood frequency analysis, performed using 9 years of estimated peaks and 5 
years of measured peaks, are summarized in Table 4.  
 
Table 4.  SMSR Peak Flows at Selected Return Intervals 
Return Interval 
(yrs) 1.5 2 5 10 25 50 100 

Peak Streamflow 
(cfs) 
No Outlier Analysis 
or Record Extension 

112 160 346 544 916 1,310 1,840 

Peak Streamflow 
Adjusted (cfs) 
With Outlier 
Analysis and Record 
Extension 

110 140 245 346 520 692 909 

 
Figure A-3 shows the flood frequency curves developed from the PeakFQ results.  
Because the flood frequency analysis was performed using estimated data and due to the 
short length of the systematic record, the flood frequency curves for Sevenmile Creek at 
Sevenmile Road should be considered estimated.  
 
Mean monthly flows for Sevenmile Creek in Reach 2 range between 24 cfs and 65 cfs 
during the baseflow months (July – October), between 64 cfs and 99 cfs during the winter 
months (November – March), and between 31 cfs and 108 cfs during spring runoff 
(April-June).  The irrigation period (June – September) has the highest monthly 
variability.  Averaging all the years together, the December to April period has the 
highest monthly flows.  Table 5 lists the mean monthly flow by water year along with the 
maximum, minimum, and average for each month over the period of record through 
2007. 
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Table 5.  Summary of Mean Monthly Flows at SMSR 

Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. 
Water 
Year              
2003 59.7 67.1 74.4 85.4 82.5 80.4 85.3 52.7 31.0 24.4 27.2 50.9
2004 57.1 64.2 78.6 76.1 80.7 86.6 63.3 49.0 31.9 29.5 26.5 44.6
2005 59.9 63.6 81.5 67.2 66.1 82.3 73.2 71.9 54.6 38.0 43.5 43.7
2006 59.2 72.8 81.0 98.6 85.0 80.6 108.0 96.0 79.4 48.0 42.0 53.6
2007 62.2 64.8 87.3 82.1 71.2 77.1 80.6 61.6 51.9 58.7 64.6 64.0
Max 62.2 72.8 87.3 98.6 85.0 86.6 108.0 96.0 79.4 58.7 64.6 64.0 
Min 57.1 63.6 74.4 67.2 66.1 77.1 63.3 49.0 31.0 24.4 26.5 43.7 

Average 59.6 66.5 80.6 81.9 77.1 81.4 82.1 66.2 49.8 39.7 40.8 51.4 
 
Figure A-4 plots the mean daily discharge for this gage for the period of record 
(September 2002 through WY2008, but beginning in WY2008 data are only collected 
between April 1 and October 31).  Data are still currently being collected in April-Oct of 
each year but have not yet been computed beyond WY2008.  The graphic helps provide 
visual clues for trends in summer baseflow. 
 
Baseflow for Sevenmile Creek in Reach 2 is strongly affected by upstream diversion 
operations.  During the irrigation season in Water Years 2003 and 2004, baseflow 
fluctuated between 21 cfs and 27 cfs.  During Water Year 2005 the baseflow increased 
and ranged from 28cfs to 43 cfs.  Water Year 2006 saw another increase in baseflow with 
flows being between 37cfs and 48 cfs.  Water Year 2007 had the highest to date irrigation 
season baseflow with flows ranging between 49 cfs and 67 cfs.  While some of the 
variation in baseflow may be attributed to water year type there is little doubt that the 
reduction of flood irrigation in the local area has boosted summertime baseflow.  In 
addition to the increase in baseflow in Reach 2, variability in summer flows has gradually 
been declining, which can be directly attributed to changes in irrigation withdrawal 
practices.  If all irrigation withdrawals were halted, baseflow in Reach 2 would be around 
65 cfs.  Figure A-5 is a flow duration curve for the available data at this gage.  The 
analysis computes the probability of exceedance for a given mean daily discharge.  The 
entire period of record was first analyzed, and then the records were broken into two sub-
periods, WY2002-2004 and WY2005-2008.  This analysis makes it readily apparent of 
the changes in flow duration beginning at about 65 cfs.  For example, flows exceed 60 cfs 
53% of the time in the 02-04 period, but 65% of the time in the 05-08 period.  At 40 cfs 
the change is more dramatic, being exceeded 66% of the time in the 02-04 period, but 
96% of the time in the 05-08 period.  
 
Water quality data have been collected in Reach 2 since Water Year 2003.  Water quality 
parameters measured included Total Phosphorus, SRP, Total Nitrogen, Nitrate/Nitrites, 
and Ammonia.  A small amount of turbidity and suspended sediment data have also been 
collected.  Hydrologic Reach 2 provides high quality water. Very little if any surface 
water return flow enters in Reach 2 and water quality as measured by these parameters is 
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only slightly affected by management compared to similar data  collected at the upstream 
USFS gage. 

1.3   Hydrologic Reach 3:  Sevenmile Canal at Dike Road to Sevenmile Creek at 
Sevenmile Road 
Reach 3 is the most hydrologically complex reach in the Sevenmile System.  Below West 
Canal there are numerous diversion and return flow points for which no data have been 
collected.  Two continuous gages have been operated in Reach 3, one at Dike Road, 
where Sevenmile Canal enters Agency Lake, and one on West Canal above Sevenmile 
Canal.  The West Canal station is still being operated on a seasonal basis (April-October), 
but the Sevenmile Canal station was discontinued after WY2007.  Both of these stations 
are index velocity stations due to the fact that both sites see backwater effects.  Sevenmile 
Canal at Dike Road has been a particularly challenging site due reverse flows and eddy 
circulations. 

Crane Creek and Mares Egg Spring 
Crane Creek historically flowed south toward Mares Egg Spring.  After reaching Mares 
Egg Spring the creek turned south east and then south again joining up with Threemile 
Creek.  Eventually, the creek turned back south and joined Fourmile Creek below the 
springs.  The hydrology of Crane Creek has been significantly modified as a result of 
management action during the 20th Century.  Currently Crane Creek joins with Mares Egg 
Spring and then flows through a recently restored historical channel.  A portion of the 
flow enters Sevenmile Creek via a restored channel and the rest continues south to a 
confluence with either West Canal or Fourmile Creek.  At this time it is not known how 
the water is proportioned between the Sevenmile and Fourmile systems. 
 
In Water Year 2002, GMA began collecting streamflow data on Crane Creek at 
Sevenmile Road.  A total of 15 flow measurements were collected from September of 
2002 through August of 2005.  The average discharge for the measurements taken over 
the four year span was 10.4 cfs.  The minimum discharge recorded during this period was 
9.45 on 9/16/2002, and a maximum flow of 11.2 cfs was recorded on 3/8/2005 and 
3/25/2005.  Thus, flows are quite constant, with seasonal variations of up to 2 cfs 
depending on water year type.   
 
In Water Year 2003, GMA also began collecting discharge measurements at Mares Egg 
Spring.  From April 2003 until August 2005, 18 flow measurements were collected with 
an average flow of 2.9 cfs.  During this period, the minimum flow recorded was 2.05 cfs 
on 8/24/2005, and a maximum flow of 3.51 cfs was measured on 6/27/2005. 
 
Combined total flow for Crane Creek and Mares Egg Spring is approximately 13-15 cfs. 

West Canal/Sevenmile Canal Junction 
Beginning in Water Year 2003, three manual sites were established in the vicinity of 
West Canal, primarily to assist in the evaluation of nutrient loads from West Canal. The 
sites also helped to establish the volume of irrigation water return flows coming down 
West Canal as compared to flow in Sevenmile Creek.  As these sites have variable stage-
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discharge relationships due to the operation of diversion structures used to move water, 
almost bi-weekly discharge measurements were made to quantify the flow and nutrient 
load at this confluence.  As a result of these instantaneous measurements, a much clearer 
picture of the complexity of the water movement at this location was developed.  
Accretion between Sevenmile Creek at Sevenmile Road and Sevenmile Creek above 
West Canal averaged 10 cfs for 11 measurements, with a range of -0.8 to 14 cfs (mostly 
due to inflow from a portion of the Crane Creek flow).  A small ditch leaves Sevenmile 
Creek above West Canal and measurements were also taken in this ditch when flow was 
present (1-2 cfs).  In mid-summer, the flow down West Canal is roughly equivalent to, 
but somewhat less than the flow down Sevenmile Creek above West Canal.  Flows in 
West Canal appeared to increase substantially in September and October, as did 
Sevenmile when upstream diversions were curtailed.  Measurements were also made on 
Sevenmile Canal below West Canal, which occasionally had negative flows as the gate 
allowing water to continue down West Canal was opened sufficiently.  On average, 42 
cfs continued down West Canal, while a similar amount (43 cfs on average) continued 
down Sevenmile Canal.  However, there is a considerable variation in these results, 
indicating just how complex the movement of irrigation water is in the lower Sevenmile 
area. 
 
In June of 2004 the continuous gage on West Canal (acronym WCAS) became 
operational, providing a much more detailed look at the flows in West Canal.  West 
Canal provides a conduit for return flows from various upstream diversions and drains 
much of the irrigated pastures in the Wood River Valley.  Winter records are estimated at 
the site since the water surface freezes affecting Doppler measurements and the depth 
often becomes too shallow to take Doppler readings.  Due to the short duration of the 
record, flood frequency analysis is not possible. 
 
Table 6.  Summary of Mean Monthly Flows at WCAS 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept.
2004 70.7 50.4 53.4 49.7
2005 42.0 40.9 87.0 29.1 27.2 93.7 51.6 91.5 57.9 37.0 27.8 32.0
2006 33.7 76.2 114.8 122.1 74.5 71.3 187.0 54.0 53.3 40.3 42.6 52.4
2007 42.6
Max 42.6 76.2 114.8 122.1 74.5 93.7 187.0 91.5 70.7 50.4 53.4 52.4
Min 33.7 40.9 87.0 29.1 27.2 71.3 51.6 54.0 53.3 37.0 27.8 32.0

Average 39.4 58.5 100.9 75.6 50.9 82.5 119.3 72.8 60.7 42.6 41.3 44.7

MonthWater 
Year

 
 
During the irrigation season, flows may fluctuate rapidly and are dependent on irrigation 
configurations upstream.  Mean daily flows are usually between 25 cfs and 60 cfs with 
rapid increases being quite common.  During rain, rain on snow, and snowmelt, West 
Canal conveys large amounts of water.  Peaks are higher than the peaks at Sevenmile 
Road.  Several peaks between 200 cfs and 400 cfs have been observed along with 2 peaks 
over 400 cfs.  Mean monthly flows (Table 6) for the limited period of record show higher 
means in Dec and Jan (due to storms) and Mar-May (snowmelt runoff).  Minimum 
monthly flows are either in Jan-Feb during dry winters or in August. 
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Sevenmile Canal at Dike Road 
Beginning in Water Year 2004 continuous streamflow records have been computed at 
Sevenmile Canal at Dike Road (SMDR).  This site has the greatest measurement and 
computational challenges of any of the gages operated within the Sevenmile Creek 
System.  Mean daily discharge for Sevenmile Canal at Dike Road is generally higher than 
at the upstream Sevenmile Creek at Sevenmile Road gage, reflecting significant return 
flows (West Canal and Central Canal) and local inflow (storm runoff during winter 
months along with substantial pump down water from various properties along 
Sevenmile Canal.  While this is typically the case, there are irrigation diversions and 
pump storage diversion structures upstream of the site that can reduce flows below the 
levels of upstream gages and can cause flow reversals.  Large circulating currents from 
the lake also appear to be able to cause short term flow reversals at the site.  Because of 
the complex plumbing in Sevenmile Canal it is virtually impossible to do any 
hydrographic comparisons with upstream stations.  There is no typical baseflow for this 
site and flows are highly variable, though in the summer mean monthly flows are 
generally between 40 and 100 cfs.  In general, the streamflow record at Dike Road 
follows, but is generally higher than, the West Canal streamflow record. 
 
Table 7.  Summary of Mean Monthly Flows at SMDR 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept.
2003 60.7 90.0 135.5 56.5 112.7 246.3 154.4 94.6 46.1 57.6 83.3 53.2
2004 59.4 63.0 171.7 83.3 73.0 185.3 175.8 91.3 60.3 60.7 36.9 24.5
2005 42.0 104.9 148.8 219.8 198.4 229.5 302.4 127.9 124.4 90.1 101.2 95.3
2006 79.5
Max 79.5 104.9 171.7 219.8 198.4 246.3 302.4 127.9 124.4 90.1 101.2 95.3
Min 42.0 63.0 135.5 56.5 73.0 185.3 154.4 91.3 46.1 57.6 36.9 24.5

Average 60.4 86.0 152.0 119.9 128.1 220.4 210.9 104.6 76.9 69.4 73.8 57.7

Water 
Year

Month

 
 
Mean monthly flows (Table 7) for the limited period of record show higher means in Dec 
(due to storms) and Mar-Apr (snowmelt runoff).  Minimum monthly flows occur in Aug-
Oct. 

Comparison of Sevenmile Discharge Records, WY2004-2006 
Figure A-6 compares mean daily discharge for the lower three gages in the Sevenmile 
system, SMSR, WCAS, and SMDR for portions of three water years, 2004-2006, when 
data are available for all of them.  Discharge records at SMSR are considered good and 
are, therefore quite accurate, those at WCAS and SMDR are generally considered poor at 
least in the winter.  SMDR is often close to the sum of SMSR and WCAS, though other 
sources of water (Crane Creek, Central Canal, and pump down water) often change the 
relationship.  SMDR generally has the highest flows of the three sites, but is sometimes 
lower during the irrigation season. 
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2.0   FOURMILE CREEK/CHERRY CREEK WATERSHED 
 
2.1   Overview 
Fourmile Creek begins as Fourmile Springs on the east side of the Cascades south of 
Mares Egg Spring and north of Cherry Creek.  The area is located entirely within the 
Cascade Mountain physiographic province (USFS WRT report, 2007).  Historically, 
several springs and tributaries entered Fourmile Creek below the springs.  These include 
Threemile Creek, Mares Egg Spring, Crane Creek and Cherry Creek.  In the 1920’s 
Fourmile Creek was dredged and diverted south into Agency Lake.    Crane Creek and 
Mares Egg Spring were channelized and diverted in the 1960s and 1970s.  Currently 
some of the Crane Creek water flows into Sevenmile Creek just upstream of West Canal.  
Similar to the Sevenmile system, a series of tributary inflows, irrigation diversions, and 
tailwater inflows make the system fairly complicated hydrologically.  A simplified flow 
chart of the Fourmile Creek streamflow and diversion network is shown in Figure A-7.  
The flow chart provides the schematic location of tributaries (blue) and diversions (red), 
as well as currently operated surface water sites (cyan), and historically operated (black) 
surface water sites.  Each of the tributaries is discussed separately in the following 
sections. 
 
2.2   Fourmile Creek/Springs 
Beginning in June 2003, GMA began collecting discharge measurements on Fourmile 
Creek just below the springs.  Between June 20, 2003 and December 14, 2005, 23 
discharge measurements were made.  These measurements indicate that the average 
discharge of Fourmile Springs is 13 cfs.  Four measurements made on May 8, 2003, 
March 22, 2004, May 26, 2004 and October 22, 2004 had discharge values that were on 
average 11.9 cfs higher than any of the other measurements.  This additional flow is the 
water that bypassed the Cherry Creek diversion structure.  Unfortunately, no continuous 
records are available at this site that would document the frequency and magnitude of 
Cherry Creek flows joining Fourmile Creek. 
 
No information has been gathered on Fourmile Creek below this location; however, it is 
believed that little inflow occurs in reach, except perhaps from high storm runoff from 
Cherry Creek that would flow across the Cherry Creek fan. 

2.3   Threemile Creek 
The Threemile Creek drains roughly 8,165 acres.  Threemile Creek is perennial below 
Forest Road 3449 and other than a small spring-fed tributary, flows are generated only 
during the spring snowmelt.  Historically, Threemile Creek was connected seasonally to 
Agency Lake via Crane Creek to Fourmile Creek. Currently it appears that Threemile 
Creek is connected year round due to increased baseflows caused by the downcutting of 
the channel during the 1964 flood (USFS, 1995a). 
 
GMA installed and operated a continuous streamflow station on Threemile Creek 
between March and October of 2003.  Seven discharge measurements were made during 
this time period.  Flows ranged from 0.22 cfs, during summer baseflow, to 25.6 cfs 
during the peak of snow melt.  According to the USFS peak flows are on average 
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between 40 cfs and 50 cfs (USFS, 1995a).  In the 1997 flood, runoff was much greater, 
causing damage at the crossing of Westside Road due to the large volumes of sediment 
being transported by the flood flows.  Following the storm event, the channel upstream of 
Westside Road was regarded and effectively channelized.  

2.4   Cherry and Nannie Creeks 
Historically, lower Cherry Creek exited its U-shaped valley and split into three channels 
that meandered across the alluvial fan during large infrequent floods.  Flow division in 
these channels likely varied over time as the channels migrated on the fan.  Beginning in 
the 1900’s the lower reaches of Cherry Creek were diverted and channelized for 
agricultural uses. Currently water that is not needed for irrigation is diverted north to 
Fourmile Springs (USFS, 1995a). 
 
The USFS installed and operated a stream gage here between Water Years 1993 and 
2004.  After the USFS study was complete, GMA began operation of the gage (acronym 
CHFS) and this operation continued through Water Year 2007 with minor gaps due to 
winter access issues. 
 
Peak flows in this reach range between 85 cfs in extremely dry years (WY 1994) to over 
400 cfs is wet years (WY 2002).  According to the USFS Watershed Analysis Report, 
peaks below the diversion are cut in half.  A flood frequency analysis, using PeakFQ, was 
performed on the 12-yrs of data, and the results are summarized in Table 8. 
 
Table 8.  CHFS Selected Return Intervals and Peak Flows 
Return Interval 
(yrs) 1.5 2 5 10 25 50 100 
Peak Streamflow 
(cfs) 
No Outliers, WY 96 
and WY 97 Missing 

53.5 210 330 417 535 628 727 

 
It should be noted that there were no peak values for Water Years 1996 and 1997.  Water 
Year 1996 contained the peak flow for Sevenmile Creek while Water Year 1997 
contained the Peak flow for Annie Creek.  It is probable that one of these years would 
have contained in the Peak of Record for Cherry Creek.  Because this data is missing one 
must be careful when interpretating the flood frequency results.  Figure A-8 shows the 
flood frequency curves developed from the PeakFQ results. 
 
Baseflow for Cherry Creek above the diversion is between 5 cfs and 9 cfs.  Typically, 
baseflow conditions were achieved by September and continued until the onset of the 
winter storm season.  According to the USFS Watershed Analysis (1995b), base flows 
below the diversion range from 5 cfs to 0 cfs depending on irrigation demand. 
 
Mean monthly flows for Cherry Creek above the diversion generally range between 8 cfs 
and 9 cfs during the baseflow months (August – October), between 16 cfs and 28 cfs 
during the winter months (November – March), and between 12 cfs and 66 cfs during 
spring runoff (April-July).  December and May have the highest variability of any of the 
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months and Table 9 below lists the mean monthly flow by water year along with the 
maximum, minimum, and average for each month over the period of record. 
 
With the exception of a few observations made by the USFS no information is available 
about the timing or extent of flows below the Cherry Creek diversion structure. 
 
Table 9.  CHFS Summary of Mean Monthly Flows 

Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. 
Water 
Year                         
1993 --- 17.1 12.3 12.4 11.0 47.7 44.9 109.0 59.1 18.5 12.4 9.9 
1994 11.6 12.2 12.6 10.3 10.2 16.0 28.5 37.1 12.5 8.7 7.7 7.4 
1995 8.09 8.64 10.3 17.5 52.7 33.9 34.9 78.6 54.5 16.9 10.0  --- 
1996 9.50 20.9 91.5 39.6 40.4 36.1 58.9 84.1 37.0 15.4 11.4 10.8 
1997 12.4 46.6 45.5 44.7 29.2 27.1 55.8 79.0 26.6 12.7 10.5 10.7 
1998 13.8 15.5 13 39.4 20.8 34.9 33 56.6 48.7 13.1 9.87 9.02 
1999 10.7 18.6 22.9 30.8 18.1 17.1 32.6 90.4 94.8 22.8 12.9 10.7 
2000 11.1 12.9 14.4 16.1 17.5 22.2 57.5 59.6 24.3 10.9 8.96 8.8 
2001 9.39 10.0 9.77 8.98  ---  ---  --- 15.0 10.7 7.78 6.16 5.95 
2002 7.02 9.2 41.9 55.8 14.4 22.0 81.0 60.3 28.1 8.46 7.26 7.07 
2003 7.20 8.32 9.01 13.5 29.2 46.7 44.9 39.0 21.2 9.36 6.74 6.22 
2004 6.04 9.06 14.3 11.6 13.9 29.4 48.2 75.2 36.8 10.2 7.64 7.59 
2005 8.29 8.57 30.6 10.5 9.55 12.3 21.3 51.2 14.8 7.99 6.03 6.11 
2006 6.66 23.2 44.8 53.2 27.3 14.4 29.7 106 58.8 12.1 8.93 8.61 
2007 8.87 19.7 58.8 24.4 23.7 31.0 41.3 57.5  --- 9.35 8.69 8.56 
Max 13.8 46.6 91.5 55.8 52.7 46.7 81.0 106.0 94.8 22.8 12.9 10.8 
Min 6.04 8.32 9.01 8.98 9.55 12.3 21.3 15.0 10.7 7.78 6.03 5.95 

Average 9.16 16.2 31.3 28.2 24.7 27.3 44.9 65.6 38.0 12.1 8.85 8.34 
 

2.5   West Canal below Sevenmile Canal 
West Canal below Sevenmile Creek has been called several different names depending 
on the source.  The 1985 Mares Egg and Crystal Creek USGS 7.5” quad sheets label this 
entire ditch as West Canal from the point were it flows south of Sevenmile Creek to the 
time it enters Agency Lake.  The USFS in the Rock, Cherry and Nannie Creek Watershed 
Analysis refer to Fourmile Canal but don’t specify a distinction between Fourmile Canal 
and Fourmile Creek.  For the purposes of this discussion West Canal flows out of 
Sevenmile Creek to its confluence with Fourmile Creek.  From the confluence of West 
Canal and Fourmile Creek the canal will be referred to as Fourmile Canal. 
 
Between February and March 15, 2004 GMA collected three discharge measurements on 
West Canal immediately below Sevenmile Creek.  The first two measurements, made on 
February 16 and March 2, 2004 indicated the flow was 35.5 cfs, while the last 
measurement, made on March 15, 2004 indicated the flow was 62.9 cfs.  A series of 
measurements made on March 23, 2004 provided an estimate of the flow in West Canal 
below Sevenmile Creek that equaled 88 cfs.  Flows are undoubtedly quite variable, as the 
position of the headgate may be altered, the head in Sevenmile Creek changes depending 
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on stage, and raising a weir downstream on Sevenmile Canal can also change the head at 
the West Canal headgate. 
 
Numerous potential diversion points and return flow points exist between the head gate 
on West Canal below Sevenmile Canal and the confluence of Fourmile Creek.  No 
streamflow data has been collected in this reach 

2.6   Fourmile Canal at the Lower Weir 
In Water Year 2000, between August and October, Graham Matthews and Associates 
collected a limited number (4) of discharge measurements on Fourmile Canal at the 
Lower Weir (acronym FCLW).  The flows ranged from 13 cfs to 82 cfs.  Beginning in 
Water Year 2004 GMA installed and operated a continuous streamflow station at this 
site.  The gage was operated between from Oct 2003 through Sep 2005.  Due to the 
numerous diversion and return flow points and the limited amount of data available it is 
not possible to make hydrographic comparisons with the reach upstream of the Fourmile 
Creek confluence.  In general, it appears that flows in the fall and early winter range from 
40-50 cfs but can become as low 18 cfs.  In the winter there is a response to storms, 
however, ice at the site makes computation of records difficult.  During the spring 
snowmelt period flows on average are in the 80 cfs to over 100 cfs range.  Irrigation 
diversions upstream of the lower weir can cause flow reversal. 
 
Two years of data collected on FCLW indicate that flows are often highly variable 
(Figure A-9).  In WY2004, no winter storms that generated runoff occurred, but a 
prolonged snowmelt hydrograph was evident.  Flows began increasing in January and the 
peak of snowmelt occurred in March, but flows remained high well into July.  In contrast, 
WY2005 had a series of warmer storms that generated substantial runoff, with the largest 
occurring on December 8, when a mean daily discharge of 583 cfs was computed.  Four 
peaks over 100 cfs occurred in the March through May period, with the May event 
apparently coinciding with the peak of snowmelt.  Flows declined much more rapidly in 
2005 compared to 2004 and flows were in the 50 cfs range by early June. 
 
 
3.0   SUMMARY 
 
Streamflow records from USFS and KBRT have been analyzed to provide guidance for 
channel design in future restoration projects in the Fourmile-Sevenmile Assessment area.   
Available data are limited at many sites and in some cases non-existent.  In addition, the 
hydrology of the middle and lower reaches is quite complex due to a series of seasonally 
operated irrigation diversions, spring inflows, and tailwater inflows.  Alterations in the 
drainage patterns of Wood River Valley by management activities result in a large 
proportion of the storm runoff entering the system through West Canal, which can have 
peaks over 500 cfs during rain or rain-on-snow events. 
  
Despite such challenges, we believe data are sufficient to estimate channel capacity flow 
magnitudes for virtually all potential restoration reaches. 
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Flood  Frequency Curves for Sevenmile Creek at Sevenmile Road, OR - 00592100 
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Flood  Frequency Curves for Cherry Creek at Forest Service Gage, OR 
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APPENDIX B  
CHANNEL MORPHOLOGY AND GEOMORPHIC ANALYSIS 

 

1.0   INTRODUCTION AND BACKGROUND 

1.1   Introduction/Overview 
Regional field measurements of channel morphology and planform may provide valuable 
information for stream channel restoration.  Measurements from multiple reaches of 
Sevenmile, Fourmile, and Crooked Creeks were examined to determine if local 
relationships could be developed for potential restoration designs within the Upper 
Klamath Lake area; specifically, Fourmile Creek and the lower portions of Sevenmile 
Creek.   
 
Several stream reaches on Fourmile and Sevenmile were surveyed in the fall of 2007.  
Additional morphologic data were available from previous surveys of three separate 
reaches on Sevenmile Creek and four continuous reaches on Crooked Creek (Aquatic 
Ecosystems Sciences et al, 2004; Graham Matthews & Associates, 2008).  These creeks 
flow across the broad flats of the Wood River Valley and are composed of relatively 
homogenous alluvium.  The majority of the creek beds are volcanic sands, silts and clays 
with occasional groupings of pumice pebbles.  Thick mats of aquatic vegetation 
intersperse the bed and collect large quantities of silts and clays.  The streambanks are 
principally comprised of silts and clays with some sand.  The majority of the creeks are 
single thread meandering channels bordered by historic wetlands converted to 
rangelands.  Virtually all creeks in the historic Klamath Lake area are influenced by 
water diversions and most reaches are affected by ranching activities, such as dredging, 
channel straightening, or bank trampling by livestock.  Therefore, the morphologic 
measurements collected within the historic Klamath Lake area simply provide a baseline 
for potential restoration designs, as few, if any, of these channels (including channel 
remnants) are in an undisturbed condition.   
 
Several channel parameters were measured to develop relationships or curves 
representing the general channel morphology and planform.  The relationships provide a 
starting point for the restoration design process, and describe the range of shape and form 
of the various channel morphologies currently found in the Upper Klamath Lake area.   

1.2    Channel Morphology 
Channel morphology is typically described using hydraulic geometry (e.g. Dunne and 
Leopold, 1978); measurements of the channel width, mean depth, cross sectional area, 
and average flow velocity calculated for various discharges.  Relationships developed at 
specific cross sections are termed at-a-station hydraulic geometry.  Regional relationships 
are developed using hydraulic geometry from a theoretical single channel-forming flow 
(e.g. bankfull, effective discharge, or dominant discharge).  Typically, regional hydraulic 
geometry measurements are linked to the drainage area above the sampled cross section 
to allow prediction of bankfull channel dimensions at other locations (Bakke, 2000).  
Most of the stream channels in the Upper Klamath Lake area are spring-fed with 
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numerous water diversions; therefore channel morphology cannot be meaningfully 
related to drainage area.  Upper Klamath Lake area relationships are instead based on the 
discharge which fills the existing channel to the edge of the floodplain.  This streamflow 
is typically called bankfull if the channel is bound by a floodplain constructed of 
sediments transported by the stream channel under the current climate regime (Leopold 
and Wolman, 1964).  This follows the classic definition of bankfull described by Leopold 
et al. (1964) that was developed for free flowing, single thread meandering streams of the 
western U.S.  However, most stream channels flowing across the Upper Klamath Lake 
area originate from springs, which create very different flow regimes than the typical 
snowmelt or rainfall dominated alluvial streams or rivers where the bankfull concept was 
developed and is typically applied.  Even though we believe “bankfull” is a meaningful 
measurement for comparison and scaling in certain situations, no further meaning beyond 
the definition used in this study should be attached to our usage of the term.   
 
Of the four most common hydraulic geometry parameters, width provides the most robust 
measure, because it is the easiest to accurately define in the field or on aerial photos.  The 
relatively vertical streambanks that characterize the spring-fed creeks of the Upper 
Klamath Lake area produce little change in width with an increase in discharge.  This 
supplies the only clear line for delineating streambanks.  In fact, channel width may be 
better defined using a lower flow because of the streambank alteration (often trampling 
by cows, but also other types of modifications) found along the bank top during field 
stream surveys.   
 
There are two sampling approaches for collecting channel width data.  The most common 
approach involves measuring a series of channel widths at regular intervals along a 
stream channel, usually about one bankfull width apart.  This sample distribution 
provides a measure of the variation in width along the entire sample reach.  However, if 
the objective is to develop specific channel restoration designs or monitor change then 
channel measurements should be collected at specific morphologic features, such as 
crossovers (riffles) or the maximum depth of pools in meander bends.  Because both 
approaches provide important data for relative comparisons and restoration design 
purposes, channel width estimates were generated using both methods.   

1.3   Planform Geometry 
Channel restoration designs also require a planform pattern.  Although many of the Upper 
Klamath Lake area streams are completely diverted, the historic meandering patterns are 
visible on aerial photos and on the Wood River Valley LiDAR dataset, and long sections 
of some streams still flow in some form of their historic channels.  When possible, most 
channel restoration designs attempt to follow historic channels; however where this 
approach is not viable, a description of the existing meandering patterns can provide 
valuable design guidance.  Channel planform parameters, such as the radius of curvature, 
meander wavelength, and sinuosity describe the meandering path that the various creeks 
follow as they flow toward the lake.  The aerial photos show a diversity of meanders with 
numerous sections of nearly constant curvature tangent with adjacent curved sections or 
connected to short straight sections.  Radius of curvature measurements on each meander 
combined with a meander loop classification provide the analysis tools for constructing 
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new meanders that mimic the sample reaches.  The relatively straight-forward meander 
loop classification by Brice (1973, 1984) uses four basic forms; simple symmetrical, 
simple asymmetrical, compound asymmetrical, and compound symmetrical to describe 
most forms.  Channel sinuosity, the channel centerline length divided by the valley 
length, provides a simple but useful measure for comparing sample reaches.  
 

2.0   METHODS 

2.1   Study Sites 
Graham Matthews & Associates (GMA) surveyed several reaches of Sevenmile Creek 
above the West and Sevenmile Canals and Crooked Creek from Highway 62 to its 
confluence with the lake.  The work was completed for the Klamath Basin Rangeland 
Trust (KBRT) 2003 Pilot Project Monitoring and was redone in 2008 for USDA Natural 
Resources Conservation Service to evaluate trends in channel parameters as a result of 
management activities.  For this project, additional channel morphology surveys were 
conducted in the fall of 2007 on sections of the historic Sevenmile and Fourmile Creeks 
and on Fourmile Creek below the springs.  The locations of all of the surveyed study sites 
and channel geometry sites used in the geomorphic analysis are displayed on the map in 
Figure B-1. 
 
A channel reach is a section of stream with sufficient variation to be appropriate for 
documenting existing stream conditions (Frissell, 1986). Reaches were selected to: (1) 
contain multiple meanders sequences, (2) be over 20 channel widths in length, and (3) 
show conditions representative of the overall segment. 
 

2.2   Upper Sevenmile Creek Survey (2003, 2008)  
Reach 2, 5, and 6 
Four reaches of Sevenmile Creek were surveyed during 2002 and re-surveyed in 2008.  
The thalweg, or deepest part of the stream channel at any given cross-section, the 
streambank top and toe features, as well as water surface elevation along both banks were 
surveyed in reaches 2, 5, and 6 (Figures B-2, B-3, and B-4).  Survey crews used a total 
station (Topcon APL-1A) to measure points, and established initial control using known 
control points and GPS (Trimble 4700/4800 RTK) to tie in the survey. 
 
Channel Widths 
The survey data were downloaded into AutoCAD where breaklines were drawn across 
the streambank tops, toes, thalweg and edge of water points.   A digital terrain model 
(DTM) surface was generated from the breaklines.  Points were created at one foot 
intervals along the breaklines to allow the estimation of channel widths at various 
intervals.  Channel width was computed from the water surface width perpendicular to 
the channel alignment at 100’ stations along the thalweg.  The water’s edge was not 
surveyed frequently enough in Reach 6 to allow continuous breaklines, so width was 
measured at locations where enough data existed.  Channel widths in reach 4 were 
extracted from cross sections surveyed using an auto-level.  Average water surface slope 
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was calculated using mid-channel water surface points in AutoCAD.  Plan maps and 
cross-sections for these reaches are shown in Figures B-2 through B-7. 

2.3   Crooked Creek Surveys (1997-2008) 
Channel surveys of Crooked Creek were conducted periodically from 1997-2008 from 
the Crooked Creek above Agency streamgage to the confluence with the Wood River, 
although not all reaches were surveyed at the same time.  The 3.9 mile long reach was 
delineated into four continuous reaches (Figure B-09).  A brief review of the methods and 
results of those surveys are presented.  For greater detail regarding the channel and 
habitat surveys see the Klamath Basin Rangeland Trust 2003 Pilot Project Monitoring 
Report (Aquatic Ecosystem Sciences, LLC et al, 2003) or the 2008 Monitoring Report 
(Graham Matthews & Associates, 2008).  The channel surveys measured various 
morphologic features, such as the thalweg and the streambank top and toe. 
 
Reaches 1-3 Surveys 
In 2002, a survey crew used a total station (Topcon APL-1A) set up on control points 
established by GPS (Trimble 4700/4800 RTK) to survey thalweg and water surface 
points from the upstream end of Reach 1  to the downstream end of Reach 3 (Figure B-9).  
Then in 2003, GMA mapped top and toe breaks along these upstream 3 reaches to 
determine channel widths.  Reaches 1-2 (Figure B-10) were surveyed using the RTK and 
Reach 3 (Figure B-11) was surveyed with a total station. The data were downloaded into 
AutoCAD and top of bank, toe of bank, and thalweg breaklines were constructed. 
 
Reach 4 Surveys 
Reach 4 (Figure B-11) was surveyed several times using different methods during the 
1997 to 2008 period.  58 cross sections were established and surveyed at least twice 
during this time period, and the thalweg, water surface edges, and streambank features 
were surveyed and processed following the previously described methods.  In 2002, a 
bathymetric survey employed a 10’ cataraft with an ADP depth sounder (Sontek) and 
rover mounted unit to map the thalweg. The data was post-processed using Trimble 
Geomatics and imported into AutoCAD.  All topographic data was imported into 
AutoCAD where channel widths and topographic maps were constructed.  In 2008 
channel banks were surveyed with RTK GPS equipment. 
 
Channel Widths 
In 2003, channel width was measured every 100 feet along the thalweg.  A line was 
drawn in AutoCAD connecting the left top of bank to the right top perpendicular to the 
channel at these locations.  For Reaches 1-3, these were deemed accurate representations 
of channel width.  Channel widths were sampled again in AutoCAD for comparison with 
field data collected on surrounding creeks in 2007.  25 width measurements were 
collected in each reach every 50 feet along the channel.  For reach 4, the streambank data 
lacked sufficient detail to delineate the streambank tops.  Fortunately, numerous cross 
sections had been surveyed in Reach 4, providing an accurate and comparable width 
measurement. In 2008, new surveys accurately delineated the streambank tops.  Plan 
maps and cross-sections for these reaches are presented in Figures B-10 to B-12. 
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2.4   Fourmile and Lower Sevenmile Surveys (2007) 
Two reaches were surveyed on Fourmile Creek and one on Sevenmile Creek during the 
fall of 2007 (Figure B-1).  A reach on Fourmile Creek was surveyed below Fourmile 
Springs where it was believed that the current channel had been altered the least.  One 
reach of historic channel (i.e. abandoned dry channel) along Fourmile Creek and one 
along Sevenmile Creek were surveyed to supplement the lack of natural channel 
examples.  These channels have likely experienced significant changes due to 
management activities over the past 100 years; therefore data obtained from them only 
provide a starting point for determining channel morphology and planform metrics for 
restoration. 
 
Channel Width 
Channel morphology measurements were calculated from topographic and cross sectional 
field surveys.  Cross section surveys were imported into Excel and all morphologic 
measurements were calculated directly from the plots.  Channel width was measured 
using the water surface width at the time of survey and the bankfull width as defined by 
the top of bank field delineations.  Bankfull was measured at each cross section as well as 
at equal distances along the stream channel, i.e. every bankfull width.  Several field 
measurements of bankfull were made to determine the incremental length between each 
width measurement.   
 

2.5   At-a-Station Hydraulic Geometry 
At-a-station hydraulic geometry measurements were computed for several gaging station 
cross sections: Fourmile Creek below Fourmile Springs (FMSP), Sevenmile at the USFS 
Gaging Station (SMFS), Sevenmile above Blue Springs Bypass (SMABSB), Crooked 
Creek above the Highway 62 Bridge (CC62), and Crooked Creek above Agency Creek 
(CCAA) (Figure B-1).  Cross sectional area, water surface width, average depth, and 
average flow velocity were extracted from the discharge measurement records, the 
standard 9-207 forms.  In an attempt to provide the best comparison, the discharge 
measurement field notes were reviewed to delineate the measurements collected at the 
gaging cross section.  In one case, it was possible to use the discharge values collected at 
nearby sections and the gage height records to calculate hydraulic geometry values at the 
gaging cross section.  However, bed elevations at most of the gaging cross sections 
changed frequently enough that it was not possible to use this method.   
 

2.6   Planform Measurements 
In ArcGIS, the channel centerline, radius of curvature, meander wavelength, and 
sinuosity were calculated from planform drawings made using the Wood River Valley 
2005 Lidar coverage and 2005 aerial photos.  The channel centerline forms the basis for 
measuring most channel planform parameters, and was drawn at equal distances from the 
streambanks at any point along the channel.  The channel centerline was based on the 
water surface at the time of the aerial photography; therefore the centerline could shift 
depending on the streamflow at the time of photography.  This could be more 
problematic in creeks with highly variable hydrographs, however, the spring creeks in the 
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Upper Klamath Lake area, if not diverted, maintain flows that fill the channel bed most of 
the year.  In addition, the width to depth ratio is low; therefore the summer flow outline 
approximates the bankfull channel when viewed from above.  The centerline was 
digitized in ArcGIS 9.2.  The poor resolution of the aerial photos and the Lidar images at 
the magnification needed to visualize the channels made discerning streambanks difficult.  
Field surveys greatly increased the ability to construct centerlines because the water 
edges and top of the streambanks were surveyed at cross sections and at equal intervals 
along some sections of the channel.     
 
Following methods used by Brice (1964, 1973) to examine a river’s meandering pattern, 
the radius of curvature was calculated for all meanders within the surveyed reaches.  The 
streams of the Upper Klamath Lake area follow a key hypothesis tested by Brice (1973).  
Meanders of the surveyed reaches “consist dominantly of segments of nearly constant 
curvature that are either tangent with adjacent curved segments or connected to them with 
relatively straight lines (Brice, 1973).”   Measuring the radius of curvature for each 
meander involved drawing continuously connected cords along the channel whose 
asymptotes intersect the centerline at inflection points of curvature reversal.  Segments of 
channel where the cord length and centerline length were nearly equal and parallel were 
considered straight.  Between all other cord end points, circles were drawn to 
approximate the individual curves of the centerline that made up each meander.  The 
center of each circle was placed along a line perpendicular to the cord, halfway along 
each cord.  Meander length, as defined by Leopold et al. (1964), was measured as twice 
the length of any loop as measured along the centerline from one cord asymptote to 
another.  Radius of curvature was less subjective to operator variance than either the 
centerline or cord delineations (Brice, 1973).  This was sometimes an iterative process 
between the selection of circles and the placement of cord endpoints.   
 
Sinuosity was measured as the centerline distance along each reach divided by the valley 
length.  The line used to measure valley length followed the general downstream 
direction and attempted to maintain nearly equal number of meander loops on both sides 
of the line.    
 

3.0   RESULTS AND DISCUSSION 

3.1   Channel Widths 
 
Sevenmile Creek  
Figure B-1 shows the locations of the Sevenmile Creek reaches 2, 4, 5, and 6 and the 
historic reach near the current outlet of the Sevenmile Canal.  Reach 4 is backwatered by 
a road crossing with two culverts and is characterized by a highly sinuous channel that is 
occasionally deep (>6’) with considerable large woody debris and thick aquatic 
vegetation in the channel (Aquatic Ecosystems Sciences et al, 2004).  Observations 
indicate that this section should be viewed with caution as it is not likely to be 
representative.  Reaches 2, 5, and 6 characterize the free-flowing, open valley segments 
characteristic of Sevenmile Creek (Aquatic Ecosystems Sciences et al, 2004).   
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Stream channel width is related to streamflow; therefore a general explanation is 
necessary to interpret width measurements along Sevenmile Creek.  Streamflow increases 
from Reach 6 to Reach 5 when Blue Springs is not entirely diverted. Streamflow 
substantially increases from Reach 5 to Reach 2, but the magnitude of the increase is 
affected by the setting of at least two diversions (Aquatic Ecosystems Sciences et al, 
2004).  For example, during the surveys Blue Springs was partially diverted and 
discharge in Reach 6 was ~12.5 cfs, increasing to ~27 cfs below the diversion in Reach 5, 
and ~ 60 cfs in Reach 2.   
 
The width distributions plots (Figure B-13) describe the increasing width with discharge 
relationship for Sevenmile Creek.  The historic channel surveyed in 2007 has a 
significantly wider channel than the four upstream reaches (Figure B-13).  This was 
expected given the downstream distance and the likely increased streamflow from 
tributaries.  
 
The USFS gage (SMFS) and the Sevenmile Creek stream gage above Blue Springs 
Bypass (SMABSB) produced reasonable hydraulic geometry relationships (Figure B-14 
and Figure B-15).  Interestingly, the USFS gage produced a much lower slope width 
versus discharge curve yet had consistently larger widths for respective discharges. 
 
Crooked Creek 
The Crooked Creek Reaches 1-4 are displayed in Figure B-1 as are several gaging 
stations including Crooked Creek above Highway 62 (CC62), above Agency Creek 
(CCAA), and at Root Ranch (CCRR).  The latter site is regularly backwatered by the 
Wood River and provides inconsistent relationships; therefore the CCRR was not 
included in the At-a-Station Hydraulic Geometry investigation.   
 
The KBRT 2003 Pilot Project Monitoring Report found measurable differences in the 
width distributions between Reaches 1 and 2 and Reaches 3 and 4.  Reach 1 and 2 had 
very similar distributions while Reach 3 showed slightly larger widths, and Reach 4 had 
the widest channel (Figure B-16).  “Specifically, 25% of measured widths in Reach 3 are 
less than 40 feet compared to only 5% in Reach 4. By comparison ~50% of widths are 
<40 feet in Reaches 1 and 2 (Aquatic Ecosystems Sciences et al, 2004).”  However, when 
the widths in Reaches 1-3 were sampled using a smaller interval, 50 feet, for 25 
measurements the differences were less discernable.  The wider channels were likely 
produced by the increased flows from Agency and Ranch Creeks, vegetation differences, 
and backwater effects from fluctuations in the Wood River and Upper Klamath Lake.  
GMA (2008) found that most of these reaches narrowed as a result of changed 
management practices combined with restoration activities in the 2003-2008 period.   
 
The Crooked Creek stream gage above Highway 62 (CC62) and Crooked Creek above 
Agency Creek (CCAA) produced reasonable hydraulic geometry relationships (Figure B-
17 and Figure B-18).  All CC62 measurement data were used in the analysis, however, 
data collected at the bridge produced much steeper curves.  This was because the bridge 
is a relatively artificial channel.  The hydraulic geometry relationships are similar at both 
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sites and hydraulic geometry parameters increase very gradually with increasing 
discharge. 
   
Fourmile Creek 
Width distribution measurements from the cross section surveys at the reach below 
Fourmile Springs and the historic reach are relatively similar (Figure B-19).  The 
upstream site average is 58.2 feet and the downstream historic average width is 56.9 feet.  
The greater spread in the width data in the historic reach is partially due to the trampled 
condition of the historic channel and that only a small number of cross sections were 
surveyed.  The upstream reach water surface widths are significantly shorter than the 
bankfull estimates made at the cross sections.  The upper half of the reach below 
Fourmile Springs has slightly sloped streambanks and a wider channel.  The equal-
interval bankfull measurements were collected in the lower half of this reach and 
therefore approximate the water surface width distribution collected at the cross sections.  
The average equal-interval width is 45.7 feet and the average water surface width is 47.4 
feet.   
 
Hydraulic geometry relationships at the Fourmile Creek below Fourmile Springs 
(FMFMS) stream gage showed a shifting streambed (Figure B-20).  This is likely the 
cause of the slightly downward sloping velocity data.  However, the width data appears 
reasonable for use in channel design.  Even if velocity increased slightly with discharge it 
is likely that the depth would increase and not the width given the channel cross section.   
 
Regional Hydraulic Geometry Data 
Bakke et.al. (2000) developed regional hydraulic geometry relationships for creeks and 
rivers of the Upper Klamath Basin using several of the steeper gradient mountain creeks 
within USFS lands in the Upper Klamath Lake watershed.  They examined 21 sites 
established and maintained by the U.S. Forest Service to derive relationships of channel 
width, cross sectional area, average depth, and average velocity at the bankfull flow.  
Bankfull channel dimensions were measured and identified in the field using standard 
techniques (Harrelson et. al., 1994), and bankfull discharge was derived from rating 
curves with discharge measurements collected within 15% of bankfull.  These 
measurements were combined with 15 long-term regional streamflow gages operated by 
the U.S. Geological Survey.  These data provide a basis for comparison but are limited in 
nature due to the differences in hydrology, since almost none of the sites were spring-fed. 
The regional relationships are shown in Figure B-21. 
 
Summary 
Overall, the channel width measurements appear to provide reasonable estimates for 
designing channels.  First, all three creek’s measurements increase in the downstream 
direction (i.e. increasing flows) as defined by each reaches’ width distributions (Figure B-
22).  Second, the channels have steep, cohesive banks producing very low slope (small 
exponent) width versus discharge hydraulic geometry relationships (Figure B-23).  These 
width distributions allow room for error even if the width is slightly over estimated by 
using these relationships.  Finally, the individual station hydraulic geometry relationships 
of channel width, cross sectional area, average depth, and average velocity (Figures 14, 
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15, 17, 18, 20) provide feedback for determining whether the estimated width is 
reasonable. 
 

3.2   Channel Planform 
 
Sinuosity 
Channel sinuosity measurements for the sampled reaches are listed in Table 1.  The 
sample reaches cover a wide range of meandering channels, from the mildly meandering 
Fourmile Creek (sinuosity 1.29) to the highly meandering Crooked Creek (sinuosity 2.00) 
with its complex, compound meanders.   
 
Table 1.  Upper Klamath Lake Tributaries Channel Sinuosity Measurements  

Tributary Reach Name Sinuosity

Four Mile Creek below Four Mile Springs 1.27
Historic Reach below Canal 1.55

Seven Mile Creek Reach 6 1.61
Reach 5 1.73
Reach 2 1.28

Historic Reach 1.69

Crane Creek Reach 1 1.77
Reach 3 1.68

Crooked Creek Reaches 1-4 2.00
 

 
Sinuosity provides a gross comparison between channels while the radius of curvature 
measurements coupled with a meander description supply specific details regarding 
channel planform.  For example, the differences in both parameters were clearly visible 
when comparing the channel centerlines overlaid on aerial photos.  The reasons for these 
differences are beyond the scope of this project but are at least partially a function of bed 
and bank sediment composition, slope, and vegetation.  The wide range of curvature 
measured in the different reaches provides specific information for constructing channels.   
 
Radius of Curvature 
Radius of curvature measurements were made at the Sevenmile (Figure B-24), Crooked 
Creek (Figure B-25), and Fourmile Study sites (Figure B-26).  Although the extreme 
values span a considerable range, the bulk of the measurements for all sites fall within a 
fairly narrow band (Figure B-27).  In most cases the radius of curvature falls between 50 
and 100 feet, with the mean typically in the 80-85 feet range. 
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3.3   Summary of Recommended Parameters 
 

Based on the analyses conducted for this project, a series of basic design parameters have 
been developed for specific reaches identified in this assessment for restoration activities.  
The suite of parameters includes both morphologic ones:  width, depth, and width/depth 
ratio, and planform ones: sinuosity and radius of curvature.  Each parameter value is 
intended to represent the mean of a range of possible values, rather than a single value 
that any channel would be designed to.  Complexity is achieved by varying channel 
dimensions and planform attributes.  Not every one of these parameters can be rigorously 
defended by numeric analysis, and some represent a reasonable approximation based on 
the authors experience in stream restoration design and construction in the Upper 
Klamath Basin. 
 
Table 2.  Conceptual Design Parameters for Channel Segments in Assessment Area  

(cfs) (feet) (feet) (ft/ft) (feet)

Design Fourmile Creek below Sevenmile Creek 40 20 1.7 10-12 1.50 70
below confl w/Fourmile Creek 55 27 2.3 10-12 1.60 75

Existing Fourmile Creek below Four Mile Springs 15 12 1.1 6-8 1.27 50

Sevenmile Creek below Sevenmile Road 60 28 2.4 10-12 1.40 80
below West Canal 80 35 3.1 10-12 1.30 85

Lower Historic Reach 90 38 3.4 10-12 1.60 85

Crane Creek above Fourmile Creek 10 7 1.1 6 1.70 30

Reach NameTributary

Recommended 
Meander Radius 

of Curvature

Design 
Discharge

Recommended 
Sinuosity

Recommended 
Riffle Width 

Recommended 
Riffle Depth

Recommended 
Width/Depth 

Ratio
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SEVENMILE CREEK, REACH 6 CROSS SECTIONS, 2003 AND 2008 
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SEVENMILE CREEK 
Cross Section 2, 2003 and 2008
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SEVENMILE CREEK 
Cross Section 3, 2003 and 2008
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SEVENMILE CREEK, REACH 5 CROSS SECTIONS, 2003 AND 2008 

                       

Cross Section 4 (Reach 5), 2003 and 2008
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Cross Section 5 (Reach 5), 2003 and 2008
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Cross Section 6 (Reach 5), 2003 and 2008
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Cross Section 7 (Reach 5), 2003 and 2008
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SEVENMILE CREEK, REACH 2 CROSS SECTIONS, 2003 AND 2008 
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Cross Section 9 (Reach 2), 2003 and 2008
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Cross Section 10 (Reach 2), 2003 and 2008
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CROOKED CREEK CROSS SECTIONS, 2003 AND 2008 
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CROOKED CREEK 
Cross Section 2, 2003 and 2008
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CROOKED CREEK 
Cross Section 3, 2003 and 2008
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CROOKED CREEK 
Cross Section 4, 2003 and 2008
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CROOKED CREEK 
Cross Section 5, 2003 and 2008

4143

4145

4147

4149

4151

0 25 50 75 100 125 150 175

DISTANCE FROM LEFT BANK ENDPOINT (ft)

EL
EV

A
TI

O
N

 (f
t, 

N
A

VD
, 1

98
8)

2003

2008

 

CROOKED CREEK 
Cross Section 6, 2003 and 2008
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Sevenmile Creek Study Sites
Box-Whisker Plots of Width Measurements
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Sevenmile Creek at the USFS Gage 
Hydraulic Geometry
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Seven Mile above Blue Springs Bypass
Hydraulic Geometry
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Crooked Creek Study Sites
Box-Whisker Plots of Width Measurements
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Crooked Creek above the Highway 62 Bridge 
Hydraulic Geometry
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Crooked Creek above Agency Creek 
Hydraulic Geometry
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Fourmile Creek Study Sites
Box-Whisker Plots of Width Measurements
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Fourmile Creek below Fourmile Springs
Hydraulic Geometry
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U.S. Forest Service Regional Hydraulic Geometry for the 
Upper Klamath Lake Basin 
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WIDTH vs. DISCHARGE AT-a-STATION HYDRAULIC GEOMETRY RELATIONSHIPS
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Sevenmile Creek Study Sites
Box-Whisker Plot of Radius of Curvature Measurements
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Channel width distributions expressed as box 
and whisker plots.  The small diamond marks the
mean value, the horizontal white line marks the 
median value, the upper and lower box 
boundaries mark the 25 and 75 percentiles, and 
the whisker ends mark the maximum and 
minimum values.
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Crooked Creek Study Sites
Box-Whisker Plot of Radius of Curvature Measurements
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Fourmile Creek Study Sites
Box-Whisker Plot of Radius of Curvature Measurements
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Channel width distributions expressed as box 
and whisker plots.  The small diamond marks 
the mean value, the horizontal white line marks 
the median value, the upper and lower box 
boundaries mark the 25 and 75 percentiles, and 
the whisker ends mark the maximum and 
minimum values.
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All Study Sites
Box-Whisker Plot of Radius of Curvature Measurements
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the whisker ends mark the maximum and 
minimum values.
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WIDTH vs. DISCHARGE AT-a-STATION HYDRAULIC GEOMETRY RELATIONSHIPS
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