
 

 

 
 
 

TECHNICAL MEMORANDUM  
 
To:  Jason Smith – Teichert Aggregates 
 
From:  Steve Greenfield, PE 
 
Date:  December 23, 2019 
  Updated October 30, 2020 
 
Subject: Shifler Off-Channel Mining and Reclamation Application 

Cache Creek Channel Stability Analysis  
             
             
Introduction  
 
Based upon the request of Yolo County, Natural Resources Department, more specifically the 
request from the Cache Creek Technical Advisory Committee (TAC), Cunningham Engineering 
Corporation (CEC) has prepared this Technical Memorandum focused on the stability of the 
embankment of Cache Creek adjacent to the subject mining and reclamation application. The 
current Yolo County Off-Channel Mining Ordinance (OSCMO) requires a 700-foot setback to the 
creek bank. The setback may be reduced to 200 feet if the applicant can demonstrate that:  
 

 The lesser setback will not adversely affect channel stability;  
 The existing bank configuration or proposed bank stabilization measures will provide 

protection from lateral erosion and pit capture equivalent to a 700-foot setback, and; 
 Channel maintenance and reshaping activities along the proposed mining reach are 

consistent with the Channel Form Template (CFT)1  
 
The project that is proposed within the reduced setback is the Shifler aggregate mine. The mine is 
planned to be located immediately east of CR 94B and south of Cache Creek. The proposed mine 
will encompass approximately 277 acres. The existing property is relatively flat with a frontage 
along Cache Creek of approximately 3,070 linear feet. The Moore Canal, an irrigation canal owned 
and operated by the Yolo County Flood and Water Control District traverses the central portion of 
the proposed mining area in a general west to east direction. As Cache Creek flows eastward the 
southern creek embankment traverses away from the property toward the northeast.  

 
1 Prior to 2018 the CFT was referred to as the Test 3 Line. The CFT replaced the Test 3 Line with the update of the Cache Creek Improvement 
Program and related documents. Although not coincident the intent of the Test 3 Line and the CFT are similar, both providing similar guidance 
for smoothing abrupt channel width transitions. References to the Test 3 Line in this technical memo are either for comparison purposes or 
references from documents predating the 2018 update 
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The Shifler Mining and Reclamation Plans submitted to Yolo County, propose to relocate the 
Moore Canal to approximately 250 feet from the top of the channel bank with the edge of the 
active mining pit approximately 350 feet from the bank. CEC prepared the Teichert Aggregates 
Off-Channel Mining and Reclamation Application, Cache Creek Hydraulic Study dated January 
26, 2016 to demonstrate that the 100- and 500-year storm event flows for Cache Creek will stay 
within the south bank of the creek along the Shifler reach between County Road 96 and Country 
Road 94B. Additionally, when modeled in 2016, assuming Test 3 implementation throughout the 
study area, the 100-year water surface elevation was slightly lower by approximately 1 foot on 
average.  
 
In addition to demonstrating that Cache Creek flows do not exceed the south top of bank in the 
100-year event condition, the TAC requested additional information regarding the erodibility 
potential of the south embankment and a risk assessment for southward creek migration and 
potential pit capture. 
 
To address the potential erodibility CEC completed the following tasks: 
 

 Reviewed historical topographic maps and aerial photographs.  
 Reviewed Stream Migration and Sediment Movement on Lower Cache Creek from Capay 

Dam to Interstate 5 at Yolo, CA, Masters of Science thesis prepared by Tami Leathers, 
Summer 2010. 

 Reviewed flow velocity data based on the 2D HEC-RAS model of Cache Creek prepared 
by FlowWest from 2018. 

 Updated flow velocity data in HEC-RAS based on updated 2019 digital terrain model 
provided by FlowWest. 

 Conducted a site visit on November 1, 2019 with the Applicant’s geotechnical engineer 
and fluvial geomorphologist to observe the condition of the south bank.  

 Reviewed the current stream bank alignment in conjunction with the CFT. 
 Reviewed a meander width analysis prepared by Teichert along the reach of Cache Creek 

for years 1937, 1957, and 2018.  
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Historical Data on Cache Creek 
 
USGS historical topographic maps dating back to 1907 were reviewed for this area of Cache Creek. 
The maps indicate that the bank to bank geometry hasn’t changed significantly in the last century. 
The maps indicate gravel pits within the reach of Cache Creek near the Shifler property from 
sometime in the 1950’s to mid-1990’s. Interior to the banks the geometry of the main channel does 
tend to meander and shift after high flow seasons. Channel migration and sediment transport is 
apparent based on a review of aerial imagery available on Google Maps dating back to 1993. High 
flow events during the 2016 storm season removed in-channel sediment and vegetation 
immediately downstream of the CR94B bridge. From a review of topographic data from 2010, 
2015, and 2019 provided by Yolo County, CEC has determined that approximately 4-5 vertical 
feet of sediment removal occurred in the central portion of the active channel during the 2016 
winter flows in this vegetated area. However, based on aerial photo review, negligible evidence of 
erosion of the south bank was noted resulting from the 2016 event, even though high volumes of 
water were documented to have flowed across said bank. Furthermore, the alignment of the 
southern bank has not changed significantly between the 2010 and 2019 topography suggesting 
little erosion has occurred there. See Attachment A for historical maps and aerial imagery 
referenced. 
 
 
Summary of Leathers 2010 Master of Science Thesis Report 
 
The 2010 Master’s thesis, Stream Migration and Sediment Movement on Lower Cache Creek from 
Capay Dam to Interstate 5 at Yolo, CA, by Tami Leathers is a desktop analysis that assessed 
historical datasets to determine trends in aggradation and degradation of sediment on Lower Cache 
Creek, and lateral and vertical channel movements related to high flow events and projects 
performed on the creek. Our review focused on the conditions before and after a bridge failure in 
1978 at County Road 89 and subsequent bank erosion in proximity of the former road crossing. 
The intent of reviewing the CR 89 area erosion was to compare it with conditions at County Road 
94B to evaluate the relative risk of similar bank erosion occurring beyond the proposed 200-ft 
setback area of the planned Shifler mine. Summarized below are some general conclusions in the 
report followed by our comparison of the reaches in the vicinity of CR 89/94B. 
 
General Conclusions 
 
The following are conclusions of the Leathers 2010 Thesis Report: 
 

 Areas that had higher flows and steeper creek banks historically have experienced more 
significant erosion. 

 Flood duration seems to have a stronger relationship to erosion than shorter, larger events. 
 Adjacent riparian vegetated slopes and upland areas fare better than areas cleared for 

agricultural use. 
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CR 89 Reach Summary 
 
Aerial photos from 1937, 1953, 1971, 1985, 1998, and 2006 were included in the study. The CR 
89 bridge failed in 1978. Both the 1937 and 1953 photos depict a dense riparian area along the 
north embankment. Sediment deposition indicates substantial aggradation along the north bank 
between 1937 and 1953, shifting the channel approximately 70 feet to the south. The riparian 
vegetation in the area was cleared for agricultural use sometime between 1953 and 1971.  
 
The CR 89 bridge failed in 1978. The Leathers 2010 Thesis states: 

 “Although this bridge failure was not directly related to stream migration, it is speculated 
that stream migration was an indirect cause to its failure” and, 

 “Stream migration was not the direct cause of the bridge failure…” (Note the rest of the 
sentence had to do with the cost of repairs and was not related to the cause of failure). 

 
To date the bridge has not been reconstructed. Since its failure streambank migration to the north 
has been significant, migrating at least 480 feet since 1985. 
Site Visit Observations 
 
A site visit was completed on November 1, 2019 to assess conditions of the southern bank of Cache 
Creek. The visual inspection revealed little to no evidence of erosion along the southern bank in 
the area of the proposed project. The bank is 90-95% vegetated with mature trees, willows, shrubs, 
and grasses present. These features increase the roughness coefficient of the stream in the flood 
stage and assists with additional bank reinforcement and stabilization. Throughout the entire reach 
along the Shifler property the southern bank has a mid-slope terrace. The portion above the terrace 
is armored with what appears to an asphalt-like material that is likely part of fill material placed 
sometime in the past. This resistant bank material provides additional protection against erosion. 
Recent fine sediment deposition noted upon the mid-slope terrace bench is evidence that flow 
velocities decrease once it reaches the bench. This further reduces the erosion potential on the 
southern bank. See Attachment B for photographs from the site visit illustrating the highly 
vegetated, terraced, and partially armored southern bank along the Shifler property.  
 
According to the Geology Memo2 completed by Geocon dated November 27, 2019, the floodplain 
near-surface soil consists of “predominately fine sand and silt, which is indicative of lower-energy 
alluvial deposition.” The upper bank is predominately a clay-rich “overburden material” with some 
slope armoring material. The active stream channel is underlain with a coarse granular material of 
sand and gravel which is associated with active stream channels.  
 
 
  

 
2 TECHNICAL MEMORANDUM – LOCAL GEOLOGY, SHIFLER MINING AND RECLAMATION PROJECT, YOLO COUNTY, 
CALIFORNIA 
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2D HEC-RAS Model Results and Analysis 
 
The roughness coefficients within the 2018 HEC-RAS 2D model created by FlowWest along the 
bank are indicative of the dense vegetation that occurs there. A portion of the southern bank land 
cover is listed as riparian forest with a Manning’s n value of 0.08 and the remainder of the bank is 
classified as herbaceous vegetation with a Manning’s n value of 0.04. 
 
The 2018 model was run with data from both the 2017 and 2019 Digital Terrain Models. The 100-
year storm flows for both years indicates the highest velocities and shear stresses occur closest to 
the CR 94B bridge upstream of the Shifler property. There is a section about 900 feet immediately 
downstream (east) of the CR 94B bridge where the model indicates the maximum velocities and 
shear stresses occur along the proposed project where the reduced setback is requested. The 
maximum shear stress along this reach was reduced from 2017 to 2019 from 0.7 lbs/ft2 (33.5 N/m2) 
to 0.5 lbs/ft2 (23.9 N/m2).  The velocities in this area generally range from 2 to 3 ft/s for both years. 
Maximum velocity increased from 2017 to 2019 from 4.3 ft/s to 4.6 ft/s. See Attachment C for a 
map of these results. The maximum shear stress and velocity values from the 100-year storm 
models were used as the most conservative approach to determine the risk for erosion. The 
threshold of whether sediment deposition or erosion will occur is typically a factor of the flow 
characteristics of the stream, the sediment regimes (i.e. the size and distribution of sediment), and 
the resistance of channel bank materials to erosion. There are several equations and schools of 
thought for determining whether a channel boundary is stable, but generally these equations use 
shear stress, velocity, and bed/bank material in the channel to assess erosion potential. It should 
be noted that these variables do not predict absolutely whether erosion will occur. 
 
The critical shear stress determines at what shear stress particle motion is initiated and is based 
on the dimensionless Shields parameter and the bed grain size and density. There are many tables 
and graphs available that show the critical shear stress based on grain size. One table of critical 
shear stress from the U.S. Geological Survey Scientific Investigations Report is shown in 
Attachment D. This table indicates the critical shear stress based on particle classification. The 
maximum shear stress from the HEC-RAS model using the 2019 Terrain (23.9 N/m2) is within 
the critical shear stress range of coarse gravel. However, according to the publication: “This 
analysis determines whether or not a given grain size is mobile, but does not calculate potential 
for erosion or deposition, which is determined by the divergence or convergence in the sediment 
transport rate”. Furthermore, the analysis does not account for consolidation of the particles in 
the stream bed. Therefore, this method is not an adequate representation of potential for erosion 
in the channel or the bank.  
 
  



Memo to Jason Smith – Teichert Aggregates  
30 October 2020 
Page 6 
 

 
 

The Hjulström-Sundborg Diagram is another approach to determine sediment movement and 
uses the flow velocity and particle size to determine whether a particle is eroded, deposited, or in 
transit. This relationship (see Attachment D) indicates the velocity threshold for erosion of a 
10mm gravel is about 100 cm/s (3.2 ft/s), which is greater than most of the maximum velocities 
found in the HEC-RAS model along the southern bank of the Shifler reach. However, the surface 
material discussed in the Geology Memo from Geocon describes more of a clay, sand and silt 
along the floodplain which could be eroded at these velocities. Of these three particle types, silt 
is the most erosive, followed by sand, then clay. Clay particles are very cohesive and resistant to 
erosion. That said, the presence of significant vegetation and asphalt armoring eliminates the 
ability to make a direct correlation for velocity and grain size in terms of erosion susceptibility. 
The Lower American River - Erosion Susceptibility Analysis for Infrequent Flood Events 
completed by Ayers Associates in 2004 cited the following references as velocity thresholds for 
the initiation of erosion with varying vegetation covers: 
 

1. Erosion of Bare, Fine Grained Sandy Soils:  Velocity exceeding 2 fps (SCS, 1977) and 
(Corps, 1970)  

2. Erosion with Annual Grass Cover:  Velocity exceeding 3.5 fps (SCS, 1954)  
3. Erosion with Grass-Lined Earth, Kentucky Blue Grass:  Velocity exceeding 5 fps (Corps, 

1970)  
4. Erosion of Dense Vegetation:  Velocity exceeding 5 fps (FHWA, 1988) 

 
The maximum velocity along the southern bank through the project frontage based on the HEC-
RAS 2D model is 4.6 ft/s with the majority of the velocities in the 2 to 3 ft/s range. All the modeled 
velocities along the southern bank of the Shifler reach are below the threshold of 5 ft/s referenced 
above in the FHWA study for erosion of dense vegetation. 
 
Meander Width Analysis 

An assessment of the meander width on Cache Creek was performed by Teichert’s fluvial 
geomorphologist (Attachment F). The assessment analyzed the meander width on Cache Creek 
using air photos from 1937, 1957, and 2018. Results of the meander width assessment indicate that 
Cache Creek had a relatively narrow meander width corridor of 1,539 feet in 1937, which was 
prior to widespread in-stream gravel mining. By 1957 in-stream gravel mining was in full swing 
and resulted in a much larger meander width of 2,169 feet. Following prohibition of in-stream 
gravel mining activities in 1996 the meander width on Cache Creek narrowed to 1,404 feet, which 
is similar to the 1,539-foot meander width in 1937.  

The meander width assessment also noted the presence of the Gordon Slough (aka. West Adams 
Canal) distributary bar on the north bank of Cache Creek immediately west of the 94B bridge. The 
distributary bar redirects flow in Cache Creek to the central part of the channel and prevents the 
formation of a meander bend on the north side of Cache Creek. The presence of the distributary 
bar and the 94B bridge fix the location of Cache Creek and establish a west-to-east flow pattern 
along the Shifler property and therein concentrating flow in the central portion of the channel, 
away from the southern bank. 
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The analysis concludes that the creek has historically meandered during the study time period; 
however, its time period of greatest meander coincides with in-channel mining activities and 
disruption that has been prohibited since 1996. The current post in-channel mining creek stability 
along the Shifler Reach is similar to that in 1937, prior to the onset of in-channel mining  
 
Comparison of Current Bank Alignment with the Channel Form Template 
 
A map of the current location of the Cache Creek bank and the approximate location of the CFT 
along the Shifler reach is shown in Attachment E. The approximate location of the CFT very 
closely follows the current bank alignment. Therefore, mitigation measures to modify the bank to 
match the CFT along the project frontage are unnecessary. As described above, this bank is well-
vegetated and partially armored with an asphalt-like material that would help protect against 
erosion and migration of the bank beyond the CFT. 
 
Conclusion 
 
The likelihood that future channel erosion will occur can be estimated based on the known history 
of creek bank migration and floodplain morphology, the presence of vegetation, the resistance of 
the bank material to shear stress and stream power, and the flow and sediment regimes. 
 
From the historical topographic maps and aerial images, it can be determined that historic 
excessive bank erosion has not occurred within this reach of Cache Creek. Periods of low flow 
channel migration and in-channel sand and gravel bar transport and deposition are noted, but they 
did not result in bank erosion. Based on visual observations during our site visit, there is no 
evidence of any bank erosion even though the 2016/17 winter storms resulted in above average 
flows of 20,500 cfs (max daily mean flow) 3, which represents the third highest flow recorded in 
the last 20 years). Moreover, the well-vegetated bank, terraced slope configuration, and asphalt-
like bank material within the upper terrace will all provide additional bank reinforcement and 
stabilization.  
 
The maximum velocity and shear stress values shown in the HEC-RAS model along the bank do 
not exceed those estimated to cause erosion of a well-vegetated stream bank based on the FHWA 
reference. In addition, the bank alignment within the reduced setback area very closely follows the 
Channel Form Template (CFT) indicating the current bank location is situated at the proper 
location as modeled and approved by the Cache Creek TAC. 
 
  

 
3 From Cache Creek stream gauge in Town of Yolo. 
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Based on the research and analysis summarized above, it is our professional opinion that the risk 
of significant erosion of the southern stream bank in this reach is low. Therefore, no additional 
bank stabilization measures are required to ensure equivalent protection to a 700-foot setback from 
the channel bank. As required in the OCSMO, the channel must be annually monitored once 
mining begins and if minor lateral migration does begin to occur, additional plantings, armoring 
and/or a geotextile fabric may be incorporated along the southern stream bank within the reduced 
setback if necessary. If the lateral migration became significant, the embankment would require 
complete reconstruction that incorporates erosion protection along the embankment face.  
 
Please contact us if you have any questions. 
 
Sincerely, 
 
 
 
Steve Greenfield, P.E., G.E,  
Vice President 
Cunningham Engineering Corporation 
 
Attachments 
 
A. Historical Topographic Maps and Aerial Imagery 
B. Site Visit Photographs 
C. HEC-RAS 2D model results 
D. Literature References on Erosion 
E. Map of Project Site with CFT 
F. Meander Width Analysis, prepared by Teichert Aggregates, dated October 28, 2020 
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