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CLEAR CREEK FLOODPLAIN REHABILITATION PROJECT 

WY2004 Phase 3A Geomorphic Monitoring Report 
 

 
CHAPTER 1.0 INTRODUCTION  
 
 
1.1   PROJECT OVERVIEW 
 
The Lower Clear Creek Floodway Rehabilitation Project is designed to restore 1.7 miles of 
stream impacted by instream gravel mining and 0.5 miles of stream impacted by gold dredging. 
The project is designed to reconstruct a natural channel and floodplain morphology to: (1) 
eliminate juvenile stranding mortality in off-channel mining pits, (2) improve adult migration 
through the mining reach, and (3) improve spawning and rearing habitat quantity and quality. 
 
The primary objective of the Lower Clear Creek Floodway Rehabilitation Project is to initiate 
rehabilitation by restoring a natural channel and floodplain morphology, and native riparian 
vegetation.  Restoration of a natural channel and floodplain in combination with appropriate flow 
releases will initiate and sustain natural sediment transport processes and channel migration; 
restore aquatic, wetland, and riparian habitats; improve floodplain connectivity and riparian 
regenerative processes; and ecological function to the riverine ecosystem. 
 
To evaluate project success relative to anticipated ecological benefits, a monitoring plan was 
developed and specific monitoring objectives were defined and logically divided into three 
categories for evaluation (BOR et. al. 2000).  The three categories developed include: fishery 
resources, geomorphology, and riparian communities.  This report describes geomorphic 
monitoring activities undertaken in Water Year 2004, the second consecutive year of the 
geomorphic monitoring component of the project.  Where appropriate, elements of the WY 2003 
Geomorphic Monitoring Report (GMA 2003) are included, and WY2004 results are compared to 
the previous year. 
 
The purpose of this geomorphic monitoring report is to:  
 

1. Describe the methods and approach used to monitor geomorphic parameters of the Phase 
3A and Reading Bar elements of the Lower Clear Creek Floodplain Rehabilitation 
Project. 

2. Present and evaluate results of: 
a. sediment transport analyses for WY2004 
b. accretion analyses of the Clear Creek system 
c. hydraulic modeling at Phase 3A 
d. bed composition, mobility and scour experiments 

3. Compare WY2004 data to previous data, when available. 
4. Evaluate the function of the restoration elements in WY2004 relative to their designed 

and intended function. 
5. Make recommendations for future monitoring. 
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1.2   PROJECT SETTING  
 
Clear Creek originates on the eastern slope of the Trinity Mountains, and flows into 
Whiskeytown Lake (Elevation 1,210 ft), 11 miles west of Redding (Figure 2-1).  The lower 
section of Clear Creek flows south from Whiskeytown Lake for approximately 8 miles, and then 
flows east for 8 miles before joining the Sacramento River five miles south of Redding.  The  
drainage area of Clear Creek upstream of the gaging station near Igo, CA is 228 mi2, most of 
which is regulated by Whiskeytown Dam.  This report focuses on restoration project areas in the 
“Lower Clear Creek”, the 8 mile long regulated section from Clear Creek Road Bridge to the 
confluence with the Sacramento River.  Clear Creek is part of the Trinity River Division of the 
Central Valley Project, and Whiskeytown Dam has regulated streamflows since May 1963.  The 
majority of natural inflow into Whiskeytown Reservoir from the upper Clear Creek watershed is 
diverted through the Spring Creek tunnel into the Sacramento River to generate power. Only a 
small percentage of the annual runoff (~38%) is released into Clear Creek downstream of 
Whiskeytown Dam (McBain & Trush 2001). 
 
 
1.3   HISTORIC ACTIVITIES AND IMPACTS IN THE PROJECT AREA 
 
Alteration of the natural channel morphology in alluvial reaches of the project area has been 
extensive and is outlined in the following section based on previous work (McBain & Trush 
2001).  Downstream of Clear Creek Bridge, alluvial features were first placer mined, then 
dredged for gold.  Mining destroyed most of the morphological features of the natural channel 
and floodplains.  Flow and sediment regulation followed, beginning in 1903 with construction of 
Saeltzer Dam (removed in 2001), and continued with completion of Whiskeytown Dam in 1963.  
McBain & Trush (2001) summarized the effects of flow regulation on channel morphology, as 
follows:  
 

• loss of alluvial sediment storage (gravel/cobble) in the canyon below Whiskeytown 
Dam; 

• riparian encroachment along the low flow channel, and partial or complete fossilization 
of alluvial deposits downstream of Clear Creek bridge; 

• reduced very fine sediment supply and high flows to suspend them, reducing silt 
deposition on floodplains and reduced natural riparian floodplain regeneration, and 
floodplain formation processes; 

• reduced high flow regime that decreased the ability of the Clear Creek channel 
downstream of Clear Creek Bridge to migrate or avulse, transport bedload, form 
floodplains, and keep riparian vegetation from maturing along the low flow water edge; 

• channel incision to clay hardpan in many locations, general bed coarsening, and loss of 
alluvial storage in the reach downstream of Clear Creek Bridge, resulting from riparian 
confinement, lost coarse sediment supply from the upper watershed, and downstream 
aggregate mining. 

 
 
1.4   PROJECT HISTORY 
 
The Lower Clear Creek Floodway Rehabilitation Project was developed to restore a severely 
degraded reach of lower Clear Creek impacted by extensive gold and gravel mining activities.   
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The project was logically divided into four phases and includes restoration of floodplains and  
upland habitats upstream of the project where borrow activities are planned.  Phase 1 of the 
project was completed in 1998 with funds provided through the Central Valley Project 
Improvement Act (CVPIA) and included construction of a natural bar (plug) to reduce stranding 
of juvenile salmon and improve passage conditions for adult salmon migrating upstream.   Phase 
 2, completed in 2000 and 2001, initiated restoration of floodplains by filling aggregate 
extraction pits within the stream channel and floodplain.  Phase 3A, completed in 2002, was the 
first portion of the project to involve active stream channel rehabilitation, improving floodplain 
connectivity, and revegetation of natural riparian communities.   Later Phases of the project are 
planned to continue moving downstream from Phase 3A, completing channel rehabilitation, 
floodplain construction, and finally, restoring flow into a section of historic stream channel 
diverted by aggregate extraction.    
 
WY2004 represents the second winter flow season after the construction of the initial channel 
rehabilitation element.   
 
 
1.5   PROJECT GOALS AND OBJECTIVES 
 
Construction of  Whiskeytown Dam, Saeltzer Dam and gravel extraction have significantly 
reduced the magnitude and frequency of natural fluvial geomorphic processes that are necessary 
to maintain healthy ecological functions in lower Clear Creek.  Gravel excavation removed point 
bars, floodplains, and riparian vegetation, leaving an unconfined stream channel with multiple 
channels and numerous open extraction pits.  In addition, gold dredging at the Reading Bar 
borrow site eliminated the floodplain and confined the low flow channel between dredger 
tailings (BOR et al 2000). 
 
The overall geomorphic objective at both the project site and borrow site is to create a single 
thread channel morphology that is properly sized to the anticipated future sediment transport and 
flow release regimes.  To achieve this desired condition, the Restoration Team developed two 
basic questions to be addressed by geomorphic monitoring: (1) Are natural geomorphic 
processes being restored by the project (Restoration of Processes), and (2) how is the channel 
location and morphology adjusting during high flow events (Project Performance)?  The first 
question addresses project performance as it relates to ecological and geomorphic restoration 
objectives, while the second addresses how well the channel was built by targeting critical 
channel locations most susceptible to undesired channel adjustment.  These two basic 
geomorphic questions were further broken down into more specific process-related objectives 
that could be readily quantified and evaluated.     
 
Specific geomorphic restoration objectives include: 
 
G1.  Riffle matrix particles (D84) are mobilized by design bankfull discharge (3,000 cfs) 
 
G2.  Bankfull channel migrates across floodway 
 
G3.  Bankfull channel capacity is 3,000 cfs; as flow exceeds 3,000 cfs, flow begins to spread 

across constructed floodplains 
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G4.  Flows inundating floodplain to a depth > 1 ft causes fine sediments to deposit on 

floodplain. 
 
G5.  Introducing gravel via the restoration project will reduce bedrock exposure in the channel 

and upstream gravel augmentation will help maintain this condition. 
 
G6.  As bankfull channel migrates across floodway, point bars and new floodplains are formed 

as it migrates 
 
All six geomorphic process objectives were adopted for evaluation of the gravel mining reach 
project site (Phase 3A); however, because the Reading Bar site is strictly a floodplain and bank 
rehabilitation project, only Objectives 2, 3, 4, and 6 apply. 
 
 
1.6   DISCUSSION OF GEOMORPHIC OBJECTIVES 
 
The following paragraphs discuss the purpose of and methods used to monitor and evaluate the 
geomorphic objectives and are based on the Project Monitoring Plan (BOR et al 2000).  These 
sections are repeated from the Monitoring Plan to allow those reading this document to consider 
the background information on the objectives without necessarily having access to the original 
document.  The sections have been modified slightly to reflect changes from (1) having only 
implemented one phase of the planned channel reconstruction, (2) that only the second water 
year of such monitoring has been implemented, and (3) that four years have occurred since the 
original monitoring document was prepared. 
 
Objective G1-Riffle matrix particles (D84) is mobilized by design bankfull discharge  
(3,000 cfs). The bankfull channel morphology was designed so that the D84 particle size in riffles 
would be just mobilized by the design bankfull discharge (3,000 cfs).  Bed mobility models were 
used in project design (McBain & Trush et al 2000) to predict the channel dimensions necessary 
for a 3,000 cfs flow to mobilize the D84 particle size.  At appropriate locations (pool tails and 
thalweg crossovers), tracer rocks representing the local D84 particle size (and other particle sizes) 
are used to evaluate whether bed mobility objectives are being met in the design channel.  Cross 
sections have been established through an alternate bar sequence and marked rocks may be 
placed on other geomorphic features (point bars, pool tails, and riffle crests) to document bed 
mobility on these features.  Tracer rocks were also set in areas outside the reconstructed channel 
to allow mobility comparison with adjacent, native geomorphic features.  Surface pebble counts 
have been collected, and marked rocks inserted at selected cross sections.   After each peak flow 
larger than 2,000 cfs, the marked rocks are monitored.  Based on WY 2003 observations, 
changes in particle size as the (one-year adjusted) bed surface adjusts during high flows are 
expected to be minimal, and the initial particle size distribution has been carried through the 
water year.  The objective is to determine if D84 tracer particles are being mobilized by flows up 
to and exceeding the design bankfull discharge (3,000 cfs). 
 
Objective G2-Bankfull channel migrates across floodway. 
As-built topographical surveys were conducted as part of construction implementation 
verification and cross section pins were established as part of this study shortly after the end of 
construction to serve as long-term cross section monitoring endpoints.  Ground level  
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photographs were taken of each cross section and aerial photographs were flown after 
construction to document as-built conditions at both the project site and Reading Bar borrow site.  
Using the tracer rocks as an indicator of bed movement and potential for channel migration,  
cross sections were resurveyed after flows that mobilized the tracer rocks.  Subtle channel 
migration in future years will be documented by these repeat cross sections, while repeat aerial 
photographs will be used to document more dramatic shifts in channel location.  Twenty-six 
photo points were repeated before and after WY 2003 and WY 2004.  Ground level photographs 
and aerial photographs will be re-taken every three years or after a high flow that causes 
dramatic changes to channel morphology.   
 
Objective G3-Bankfull channel capacity is 3,000 cfs; as flow exceeds 3,000 cfs, flow begins to 
spread across constructed floodplains. 
The bankfull channel morphology was also designed to convey the design bankfull discharge 
(3,000 cfs); flows larger than 3,000 cfs should begin to spill onto the floodplains.  A HEC-2 
hydraulic model was used to develop the channel dimensions at the gravel mining reach project 
site to achieve this objective, while at the Reading Bar site, the project designers were fortunate 
to have monitored water surface profiles during a 2,900 cfs flow, so design floodplain elevations 
should have been very accurate.  Monitoring water surface elevations with peak crest-stage 
recorders on cross sections through both the project reach and Reading Bar reach during flows 
approximating 3,000 cfs magnitude is being used to evaluate whether this conveyance objective 
is being met.  At the Reading Bar borrow site, eleven cross sections were established in 1998 to 
monitor Phase 1 reclamation.  These cross sections were re-located and will continue to be 
monitored to evaluate final reclamation of the Reading Bar site.  Ground level photographs will 
be re-taken every three years or after a high flow that causes dramatic changes to channel 
morphology. 
 
Objective G4-Flows inundating floodplain to a depth > 1 ft causes fine sediments to deposit on 
floodplain. 
Streams typically transport most of their sediment load (up to 95 percent) as finer sediments 
suspended in the water column during high flows.  Under natural conditions, a large proportion 
of this fine sediment may deposit on floodplain surfaces, which creates seed-beds for riparian 
regeneration and reduces fine sediment deposition within the bankfull channel.  Stream reaches 
downstream of a large storage reservoir (e.g., Whiskeytown Dam) often have very little fine 
sediment transported in suspension because the reservoir traps sediments derived from the 
upstream watershed. Project designers were concerned that the finer components of the 
suspended sediment load (< 0.1 mm) in Clear Creek is lessened due to Whiskeytown Dam, 
which will reduce fine sediment deposition on floodplain surfaces.  The project is monitoring 
fine sediment deposition on floodplains by taking detailed elevation measurements and 
photographs at a subset of the cross sections installed.  Surveys have been conducted before and 
after high flow events that inundate the floodplains, and water surface elevations have been 
monitored to evaluate whether there is a depth threshold for fine sediment deposition.  
Representative floodplain depositional features have been sub-sampled and analyzed to assess 
particle size composition. 
 
Objective G5-Introducing gravel via the restoration project will reduce bedrock exposure in 
the channel and upstream gravel augmentation will help maintain this condition. 
Gravel mining and the impact of upstream dams in reducing coarse sediment supply have 
cumulatively caused channel downcutting in the reach, and increased exposure of clay hardpan  
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bedrock in the low flow channel.  Because salmon cannot spawn in bedrock, and aquatic insect 
production in bedrock is low, raising the channel bed above the bedrock by massive gravel 
introduction will greatly improve aquatic habitat conditions.  A primary concern of project 
designers was, because Whiskeytown Dam will continue to trap coarse sediment from the 
upstream watershed into the future, that the restoration site will begin downcutting a short time 
after project completion.  Removal of Saeltzer Dam and continuing the gravel introduction 
program will reduce the risk or degree of downcutting, but it still may occur:  WY 2003 
monitoring revealed an apparent sediment budget deficit in the reach, with gravel depletion and 
net scour at the upstream end, and deposition at the downstream end.  The primary methods of 
monitoring channel grade through the reach are collective cross sections, thalweg  
profiles through the entire reach, and substrate mapping at the alternate bar monitoring sites 
supported with photographs of each site.  Monitoring has been triggered by flows that exceed 
bed mobility thresholds, as described under other objectives.  In addition, coarse sediment 
transport has been measured in Lower Clear Creek.  The sampling site is located in a reach 
immediately upstream of the gravel mining reach project site.  This sampling provides empirical 
sediment transport input for ultimately applying a bedload transport model for predicting scour 
and fill at the project site, and evaluating how well the model predicts scour and fill compared to 
actual channel response.  
 
Objective G6-As bankfull channel migrates across floodway, point bars and new floodplains 
are formed as it migrates. 
As a stream migrates across the floodway, it builds bars and floodplains on the inside of the 
migrating meander bend.  This floodplain formation is not solely dependent on the channel 
migrating; an upstream sediment supply is needed to physically construct the point bar and 
floodplain on the inside of the bend.  Restoration efforts on lower Clear Creek will continue to 
add coarse sediment to the stream corridor to help create and maintain point bars and floodplains. 
Cross sections are the foundation for monitoring whether this objective is being met.  At the 
channel restoration site and Reading Bar borrow site, cross sections have been monitored at 
certain locations where migration is expected to occur: at the outside of meander bends. In 
addition, photo monitoring sites have been established at each cross section.  This monitoring 
will repeat the methods used to evaluate Objective 3, except that it has focused on the inside of 
the bend (in the depositional area) rather than the outside of the bend (erosional area). 
 
 
Project Performance Objectives 
 
There are two primary project performance objectives for Phase 3A: 
 
1. Provide ongoing stability at a critical meander bend to prevent channel recapture into old 

location. 
 
2. Design channel should convey bankfull discharge (3,000) cfs before spilling onto floodplain. 
 
Evaluating these two objectives and the six geomorphic process objectives requires an accurate 
measure of streamflow to establish cause and effect relationships between stream response and 
discharge.  Therefore, streamflow monitoring is also described below. 
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Short-Term Stable Meander Bends 
 
The overarching geomorphic objective of the project is to restore the ability of the channel to 
move sediment, adjust its dimensions, and migrate across the floodway.  However, it would be 
preferred, at least for the first five years while the riparian vegetation grows, that the Phase 3A 
channel remain relatively stable in one location within the project reach where the stream is 
susceptible to re-occupy its pre-restoration channel. This vulnerable location is at the upstream 
bend of Phase 3A.  In this location, cross sections were established through the apex of the 
meanders to monitor lateral migration, bank undercutting, and adjustments in channel 
morphology. 
 
Hydraulic Conveyance 
 
Channel geometry to convey the design bankfull discharge is a primary design objective.  
As flows begin to exceed 3,000 cfs, flow should begin to inundate floodplain surfaces and 
deposit fine sediments being transported in suspension.  If flows exceeding 3,000 cfs are still 
contained within the bankfull channel, then shear stresses may exceed those for which the 
channel was designed, leading to higher bedload transport rates, increased risk of channel 
downcutting, and increased risk of habitat loss.  A HEC-RAS water surface profile model was 
used to help design the bankfull channel dimensions to convey the design bankfull discharge; it 
will also be used to evaluate hydraulic conveyance performance.  At all cross sections in Phase 
3A, water surface elevations for distinct high flow events will be monitored and compared to 
floodplain elevations.  These cross sections will also be included in the hydraulic model, and the 
roughness values in the hydraulic model can be calibrated to improve the predictive capability of 
future designs. 
 
Streamflow Gaging 
 
In order to evaluate observed channel change within the larger context of the hydrologic regime, 
peak flow magnitude and flood frequency must be assessed.  For example, the channel would not 
be expected to avulse across the floodway during a 1.5 year flood, but the bed surface would be 
expected to be mobilized.  Long-term streamflow gaging has been conducted by USGS at the Igo 
gaging station about ten miles upstream, and this gage will provide the primary flow 
measurement point for evaluating the project.  A second continuous recording gaging station was 
established in WY 2003 at a site upstream of the project site to provide more local flow data, to 
aid in assessment of accretion and to serve as a backup to the USGS gaging station.  In addition, 
designers installed and will continue to monitor four staff plates installed throughout both the 
gravel mining restoration site and Reading Bar borrow site to document local water surface 
elevations for a given discharge.  Additionally, four USFWS gaging stations were maintained 
throughout both water years. 
 
 
1.7   PREVIOUS WORK  
 
The first phase of the channel rehabilitation work was completed in August 2002, this study 
covering WY2004 represents the second evaluation of channel implementation actions.  Previous 
geomorphic work along lower Clear Creek is limited to investigations performed during project  
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development and design (McBain & Trush et al 2000), during monitoring for the removal of 
Saeltzer Dam (Stillwater Sciences 2001), preparation of an overall Geomorphic Evalution of 
Lower Clear Creek downstream of Whiskeytown Dam (McBain & Trush 2001), and low-flow 
monitoring of the project reach (unpublished data, USFWS 2003).  Since channel reconstruction 
in the gravel mined reach had not yet been undertaken, little data from these previous 
investigations has direct relevance to this study.  This is not the case for the borrow site at 
Reading Bar, however, as various elements used for design purposes (such as cross sections, 
tracer gravel observations, water surface observations, and hydraulic modeling) could be 
reoccupied and used for comparative purposes.  A portion of the Reading Bar project site was 
completed in 2000, while the remaining upstream portion was completed in 2003.  However, no 
channel manipulation was undertaken at this site, so former channel surveys are still 
representative.  As previously mentioned, the WY 2003 Geomorphic Monitoring Report (GMA 
2003) will provide the primary reference, as well as the template, for this report. 
 


