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WATER QUALITY 
Caltrans Construction General Permit for Stormwater requires all disturbed areas to be stabilized by Oct. 15 and 
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GEOTECHNICAL DESIGN REPORT 

 

Lee Vining Rockfall Safety Project in Mono County near Lee Vining from 0.4 mile north of 
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M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 

To: CEDRICK ZEMITIS       Date:  June 25, 2012
 Project Manager         
 District 9 - Design       File:  09-Mno-395  
                  PM 52.3/53.7
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          Project ID. 09 0002 0002 
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From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 

GEOTECHNICAL SERVICES – MS 5 
 

Subject: Geotechnical Design Report 

 
As requested, the Office of Geotechnical Design North (OGDN) is providing a District 
Geotechnical Design Report for the proposed Lee Vining Rockfall Safety Project on Highway 
395 in Mono County, between postmiles 52.3 and 53.7, north the town of Lee Vining.  

If you have any questions or comments, please call me, Brandon Badeker, at (916) 227-1046 or 
my supervisor, John Huang, at (916) 227-1037. 
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1. Introduction 
 
As requested, the Office of Geotechnical Design North (OGDN) is providing a District 
Preliminary Geotechnical Report for the proposed project on Highway 395 in Mono County, 
between postmiles 52.3 and 53 .7, near the town of Lee Vining. The project is located adjacent to 
the westerly shore of Mono Lake. There is recurring rock fall at six locations along the 
alignment. It is proposed to grade slopes 1 through 3 at 2: 1 (h:v) or flatter. It is recommended 
that Slope 4 be draped with a double twisted wire mesh (DTWM) drapery. Attenuator systems 
consisting of DTWM over cable net drapery is anticipated for Slopes 5 and 6.  No shoulder 
widening is anticipated.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Vicinity Map showing the location of the Lee Vining Rockfall Safey Project, 
adapted from Google Maps, 2012. 

2. Existing Facilities and Proposed Improvements 

Highway 395 in this area trends north south, is constructed of two, twelve-foot lanes and one to 
four-foot paved shoulders and four to six-foot unpaved shoulders. The highway was constructed 
on a cut/fill in this section with the existing cut slopes graded at with a maximum vertical height 
of 70-feet. The fill slopes were graded at with a maximum vertical height of 20-feet. The cut 
slopes arc covered with about 20 to 30% vegetative cover. Loose, fine material consistently 
erodes from the slope, undermining larger blocks of intact rock.  

Project Location 



 

  

 

Figure 3: Photograph looking to the northwest showing Slope 2. 

Slope 1 is located at PM 52.39, and begins at Station 114+90 and extends to Station 117+40. The 
slope lies at an angle of 1:1 (h:v) with a vertical height of about 25-feet to the hinge line. The 
slope then continues at 1.5: 1 to 2:1 (h:v).  The length of the slope is about 250-feet parallel to 
the roadway. The rocks at this location are typically about 8-inches to 2-feet in diameter.   

 

 

 

 

 

 

 

 

 

 

Slope 2 is located at PM 52.50. It begins at Station 120+60 and extends to Station 123+ 10 The 
slope lies at an angle of 1:1 with a maximum height of 25-feet and a length of about 215-feet 
along the roadway. The slope then continues at 1.5:1 to 2:1 (h:v) further west. The rocks at this 
location are typically 6-inches to l.5-feet in diameter.  

 

 

 

  

 

 

 

 

 

 

Figure 2: Photograph looking to the northwest showing Slope 1. 



 

  

 

Slope 3 is located at postmile 52.93 and extends from Station 143+05 to 145+80. The slope lies 
at an angle of 0.75 :1 to 1:1 (h:v) with a maximum height of about 33-feet and a length of 260- 
feet. The slope then continues at 1.5:1 to 2:1. The rocks at this location are typically 8-inches to 
less than two-feet in diameter.  

 

 

 

 

 

 

 

 

 

Slope 4 is located at postmile 53.05, north of the marina tum off. The slope extends from Station 
149+90 to Station 159+95. The slope is currently at a ratio of 1:1 with a maximum height of 40-
feet and a length of about 1000-feet. The slope then continues at 1.5:1 to 2:1 further west. The 
rocks at this location are typically 8-inches to 2-feet in diameter.  

 

 

 

 

 

 

 

 

 

 

Figure 4: Photograph looking to the northwest showing Slope 3. 

Figure 5: Photograph looking to the southwest showing Slope 4. 



 

  

 

Slope 5 is located at postmile 53.30 and extends from Station 163+20 to 171+20. The slope lies 
at an angle of about 0.5: I to 0.75: I (h:v) with a maximum height of about 70-feet and a length of 
about 800-feet. The slope then continues at 1.5:1 to 2:1. The rock observed at the ground surface 
at this location is typically 8-inches to over 2-feet in diameter.  

 

 

 

 

 

 

 

 

 

 

Slope 6 is located at postmile 53.59 and lies between Stations 175+60 and 179+00. The slope 
lies at an angle of 1:1 with a maximum height of 60-feet and a length of about 340-feet. The 
slope then continues at 2: 1(h:v).  The rocks at this location are typically 18- inches to greater 
than four-feet in diameter.  

 

 

 

 

 

 

 

 

 

 

Figure 6: Photograph looking to the southwest showing Slope 5. 

Figure 7: Photograph looking to the north showing Slope 6. 



 

  

 

3. Pertinent Reports and Investigations 

In preparing of this report, following documents were reviewed: 
 

 Bailey, R.A., 1989, Geologic map of Long Valley Caldera, Mono-Inyo Craters Volcanic 
Chain and Vicinity, Eastern California: U.S. Geological Survey, Miscellaneous 
Investigations Series Map I-1933, scale 1:62500.  

 Western Regional Climate Center for 1988-2010 

 USGS Topographic Map of the Mount Dana  7.5' quadrangle, 1 :24,000,1994 

 USGS Topographic Map of the Lee Vining  7.5' quadrangle, 1 :24,000,1994 

 Web Soil Survey, http://websoilsurvey.nrcs.usda.gov , United States Department of 
Agriculture 

 Department of Water Resources, Water Data Library, 
http://www.water.ca.gov/waterdatalibrary/ 

4. Physical Setting 

The physical setting of the project site and the surrounding area was reviewed to provide climate, 
topography and drainage, geology and seismicity characteristics to aid in preliminary project 
design and construction planning. The following is a discussion of our review:  

4.1 Climate 

According to the Western Regional Climate Center for the time period between 1988 and 
2010, the average annual precipitation at the Lee Vining Station is about 14.50 inches. 
The majority of this precipitation (over 60 percent) falls between November and May. 
The average annual snowfall is 70.5 inches with the majority of the snowfall occurring 
between November and March.  Average annual snow depth is one-inch. A maximum 
average for snow depth of 7-inches occurs during January. The annual maximum 
temperature is approximately 61.50 F and the average annual minimum temperature is 
35.30 F. The station recorded the highest average daily maximum of 84.30 F in July and 
the lowest average daily minimum of 19.6° F in January.  

 4.2 Topography & Drainage 
 

According to the USGS topographic map of the Mount Dana and Lee Vining 7.5 minute 
quadrangles (1994), the project site lies at an elevation of about 6500 feet above mean sea 
level as indicated by a bench mark to the east of the site. The overall topography is 
relatively flat-lying around Mono Lake but became moderately to very steep towards the 
west in the Sierra Nevada. The map indicates that Mono Lake lies to the east of the 
project site, and the town of Lee Vining is to the south of the project location. The 
National Forest Scenic Area Boundary lies to the south of the project. A copy of the 
topographic map is included as Figure 8.  Regional drainage is to the east, towards Mono 
Lake.  



 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 4.3 Man-made and Natural Features of Engineering and Construction Significance 
 

Mono Lake and its associated tufa towers are considered a natural resource that cannot be 
disturbed. 
 

 4.4 Regional Geology and Seismicity 
 

The project site lies at the interface between the Sierra Nevada Geomorphic province and 
the Basin and Range Geomorphic province.  The Sierra Nevada Geomorphic Province is 
dominated by granitic rocks of Mesozoic age that intruded the overlying sedimentary 
deposits, and pushed up the existing Sierra Nevada Mountain Range through a series of 
orogenic mountain building events.  The area is tectonically in a compressional regime. 

 
The Basin and Range Geomorphic Province is typified by tectonic extension, creating a 
topography of linear, parallel, ridges and valleys, termed horsts and grabens. 

  
According to the Geologic map of the Long Valley Caldera, Mono-Inyo Craters Volcanic 
Chain and Vicinity, Eastern California (USGS, 1989) the site is underlain by Quaternary 

Figure 8: A portion of the Topographic Maps of the Mount Dana and Lee Vining 
Quadrangles, USGS, 1994. 



 

  

 

lake deposits (Qlt).  A section from this map showing the project location is attached as 
Figure 9. 

 
The map shows the Lee Vining Fault trends parallel to the Highway.  According to 
Caltrans ARS online, the fault has been renamed to the Mono Lake Fault.  The Mono 
Lake Fault is a normal fault with a maximum moment magnitude (MMax) of 6.6. 

 

Figure 9: A portion of the “Geologic Map of Long Valley Caldera, Mono-Inyo Craters 
Volcanic Chain and Vicinity, Eastern California”. 

 

 

 

 

 

Project Limits 

Lee Vining Fault 



 

  

 

 

Figure 10: A portion of the legend from the “Geologic Map of Long Valley Caldera, Mono-
Inyo Craters Volcanic Chain and Vicinity, Eastern California”. 

  
 
 
 
 
 
 



 

  

 

 4.5 Soil Survey 
 

The online Web Soil Survey, http://websoilsurvey.nrcs.usda.gov, was utilized to provide 
a soil and erodability of the soils located at the Lee Vining rock fall project locations.  
The following Table and Figure describe the soil units observed at the site.  There were 
two soil surveys utilized to provide soil classifications at the site, one, the “Soil Survey of 
Benton-Owens Valley Area, Parts of Inyo and Mono Counties” and two, the “Soil Survey 
of the Inyo National Forest, Western Part, California”. 

 

 
Figure 11: Map denoting the soil units described in the online Web Soil Survey 

http://websoilsurvey.nrcs.usda.gov. 
 
 
 
 
 
 
 
 
 



 

  

 

Map Unit Symbol Map Unit Name Erodability USC soil 
classification 

108 Alamedawell-Orecart complex Slight SM 
175 Cryoborolls bouldery- Cryoborolls-

Rock outcrop complex 
Moderate SM 

181 Dechambeau very gravelly-
Dechambeau complex 

Slight GC-GM 

240 Lithic Xeric Torriorthents- Xeric 
Torriorthents-Rock outcrop 

complex 

moderate SC-SM 

350 Watterson gravelly loamy sand Slight GM 
146 Lakash-Brantel families complex Slight SM 

175bo Cryoborolls boulder-Cryoborolls-
Rock outcrop complex 

Moderate SM 

240bo Lithic Xeric Torriorthents- Xeric 
Torriorthents-Rock outcrop 

complex 

Moderate SC-SM 

347 Nanamkin family-Rock outcrop 
complex 

Severe SM 

380 Vitrandic Torriothents, ashy-
Vitrandic-Haplodurids 

Slight SP-SM 

W Water N/A N/A 
 

Table 1: Summary of the map units described in the Web Soil Survey. 
 
5. Exploration 
 
 
 5.1 Drilling and Sampling 
 

Due to limited access for drilling equipment and presumed rippability of the rock, no 
drilling or subsurface sampling was performed. 

 
 
 5.2 Geologic Mapping  
 

The local geology consist of Quaternary lake terrace deposits (Qlt) as depicted on  the 
“Geologic Map of Long Valley Caldera, Mono-Inyo Craters Volcanic Chain and 
Vicinity, eastern California (USGS, 1989, Figures 9 and 10).  The fine-grained deposits 
are interfacied with talus on the western side of the lake.  The facies are mixed in this 
area due to the juxtaposition of the Sierra Nevada mountains with Mono Lake. 

 
 
 5.3 Geophysical Studies 
 

No geophysical surveys were performed. 
 



 

  

 

 5.4 Instrumentation 
 
 No instrumentation was installed at the site. 
 
 
6. Geotechnical Testing 
 
 
 6.1 In Situ Testing 
 

No in-situ testing was performed. 
 
 
 6.2 Laboratory Testing 
 

No laboratory testing was performed. 
 
 
 6.3 Corrosion 
 

The web soil survey indicates the embankment and cut slope materials adjacent to Mono 
Lake are highly corrosive.  It also indicates the embankment and cut slope materials 
along the project alignment south of Mono Lake have a low corrosivity.  

 
 
7. Geotechnical Conditions 
 
 
 7.1 Site Geology 
 
 
  7.1.1 Lithology 
 

According to the “Geologic Map of the Long Valley Caldera, Mono-Inyo Craters 
Volcanic Chain and Vicinity, Eastern California” (USGS, 1989), the primary 
geologic lithology encountered at the site consists of Quaternary Lake Terrace 
Deposits (Qlt).  These deposits are Pleistocene in age and consist of lake terrace 
gravels, deltaic deposits and interbedded stream and lake deposits surrounding Mono 
Lake.   

  
Travertine and calcareous tufa (Qct) is situated in localized areas in the project 
alignment.  The tufa is coincident in age with the lake deposits (Pleistocene) and were 
created by bacteria precipitating calcium carbonate through their life processes.  The 
tufa is considered an environmental and educational resource. 

 
Paleozoic metasedimentary rocks (Pzms) are present in the hills to the west of Mono 
Lake.  These were originally sedimentary deposits that have been metamorphosed 



 

  

 

through high heat and pressure from the intrusion of the underlying granitic rocks. 
 

Cretaceous granodiorite is locally present in the hills to the west of Mono Lake. 
 
  7.1.2 Structure 
 

Due to the interbedding of the lake and stream deposits, there is very little structure to 
the deposits contained in the cut slopes. 

 
 
  7.1.3 Natural Slope Stability 
 

All of the slopes along the project alignment appeared globally stable.  The natural 
slopes above the cut slopes have had rock fall. The rock fall from the natural slopes 
appears to be a small contributor compared to the rock fall generated from the cut 
slopes. 

 
The cut slopes appear globally stable.  The cut slopes within the project alignment are 
locally unstable, generating rock fall. 

 
 
 7.2 Soil and Ground Water Conditions 
 

According to the online Web Soil Survey (Section 4.5), the soils at the site are primarily 
sands, silty sands and gravels. 

 
 
 7.3 Water 
 
 
  7.3.1 Surface Water 
 

According to the climate information presented in Section 4, average annual rainfall 
is about 14 inches. The average annual snow depth is 1-inch.   The average maximum 
snow depth is 7-inches in January.  Mono Lake is situated to the east of the project 
alignment. 

 
 
   7.3.1.1 Scour 
 
   Scour is not applicable. 
 
 
   7.3.1.2 Erosion 
 

Based on the Web Soil Survey and site reconnaissance, the materials at the site 
vary from slightly erodible to severely erodible. 



 

  

 

 
  7.3.2 Ground Water 
 

According to the Department of Water resources well 01S26E03C001M south of the 
Town of Lee Vining, the groundwater has fluctuated between 33-feet and 119-feet 
below ground surface.  The last groundwater reading of 100.6-feet below ground 
surface was performed in 1984. 

 
The groundwater surface at the project site can be presumed to be that of the surface 
elevation of Mono Lake. 
 
 

 7.4 Project Site Seismicity 
 
 
   7.4.1 Ground Motions 
 
   Ground motion was not evaluated based on the scope of the project. 
 
 
   7.4.2 Ground Rupture 
 
   Ground rupture was not evaluated based on the scope of the project. 
 
 
8.Geotechnical Analysis and Design 
 
 
  8.1 Dynamic Analysis 
 
  Dynamic Analysis was not performed due to the scope of the project. 
 
 
 8.2 Cuts and Excavations 
 
 
  8.2.1 Stability 

Slopes 1 through 3 are recommended to be cut at 1.5:1 (h:v)or flatter.  These new cuts 
will be globally and locally stable.  
 
The “Rockfall Hazard Rating System” (RHRS) was employed on this project to rate 
the potential for rock fall for the six slopes relative to each other. The following table 
summarizes the results of the evaluation. As anticipated, Slope 6 has the highest 
rating, primarily due to the lack of site distance. 
 
 
 



 

  

 

Location Postmile Slope Length Vertical Slope 
Height 

RHRS Rating 

1 52.39/52.43 212 37 92 
2 52.50/52.54 211 36 87 
3 52.93/52.98 264 35 69 
4 53.05/53.23 1000 22-85 190 
5 53.30/53.49 750 116 262 
6 53.59/53.66 370 58 567 

Table 2: Summary of the Rockfall Hazard Rating System (RHRS) for slopes 1 through 6. 
 
 
8.2.2 Rippability 

  All of the material encountered should be rippable with conventional equipment. 
 
 
  8.2.3 Grading Factors 

For excavation purposes on slopes 1 through 3, the excavation factor should be 1.1 to 
1.2. 

  
 
 8.3 Embankments   
 
 New embankments are not proposed for this project. 
 
 
 8.4 Earth Retaining Systems 
 
 No retaining walls are proposed for this project. 
 
 
  8.4.1 Rock Fall Mitigation 
 

Slope 4 is recommended to be draped with Double Twisted Wire Mesh (DTWM) 
secured to the slope with a cable infrastructure anchored to the slope with grouted 
cable anchors.   

 
Slope 5 is recommended to have a rock fall attenuator system installed with 
approximate ten-foot steel posts, placed approximately twenty-feet on center, 
suspending a drapery consisting of cable net under DTWM. 

 
Slope 6 is also recommended to have a rock fall attenuator system installed with 
approximate ten-foot steel posts, placed approximately twenty-feet on center, 
suspending a drapery consisting of cable net under DTWM. 

 
Details of the DTWM and attenuator systems are contained in the Recommendations, 
Section 12. 

 



 

  

 

 
8.5 Minor Structure Foundations 
 
It is anticipated that the DTWM drapery on Slope 4 will be held in place by a perimeter 
cable anchor system consisting of grouted steel cables in a three-inch diameter hole.   
 
The steel posts for the attenuator systems on Slopes 5 and 6 will need concrete 
foundations consisting of 2-foot by 2-foot by 2-foot spread footings.  The top of the 
footing will remain exposed. 

  
It is anticipated that boulder lashing may be needed on up to ten boulders in Slope 6.  The 
cable lashing will be held in place by cable anchors similar to the perimeter anchor 
system for Slope 4. 

 
 
9. Material Sources 
 
It is our understanding that fill will not be needed for this project; any fill that is not structural 
backfill may be utilized from cutting Slopes 1 through 3. 
 
 
10. Material Disposal 
 
If the material cut from Slopes 1 through 3 is not utilized for the project it must be disposed of.  
Excess material generated from the project will need to be disposed of by the contractor at a 
commercial disposal facility. 
 
 
11. Construction Considerations 
 
1. All earthworks shall follow Section 19 of Caltrans Standard Specifications.   
2. Difficult drilling conditions and caving are expected while drilling the cable anchors and 

excavation of the spread footings for the steel posts. 
 
 
12. Recommendations and Specifications  
 
Slope 1 

Due to the relatively low generation of rock fall on this slope corresponding to the low RHRS 
number of 92, as well as a reasonable upslope catchment area, we feel that the proposed 1.5:1 
(h:v) cut slopes are constructible. Excavation should be performed according to the 2006 Cal 
Ttrans Standard Specifications.  

 

 



 

  

 

Slope 2 

Due to the presence of an avalanche shoot at the top of the cut slope, it is not recommended to 
construct a structure at this location.  The most feasible alternative for rock fall mitigation would 
be to grade the slope at a new ratio of 1.5:1 (h:v) or flatter.  Excavation should be performed 
according to the 2006 Cal Ttrans Standard Specifications.  

Slope 3 

Slope 3 had the lowest RHRS number for all of the slopes analyzed.  Due to the presence of a 
fifteen-foot unpaved shoulder and a close upslope catchment area, we recommend to grade the 
slope at a new ratio of 1.5:1 (h:v) or flatter.  Excavation should be performed according to the 
2006 Cal Ttrans Standard Specifications.  

Slope 4 

The average size of the rocks falling from this location is typically less than 3-feet in diameter. 
The use of Double Twisted Wire Mesh (DTWM) drapery would be applicable at this location. 
Hand scaling and light grading can be performed prior to the mesh being draped on the slope to 
provide a more uniform surface especially the block of soil and rock at the southerly portion of 
the slope. The DTWM is anchored along the top.  A seed bearing mat and erosion control fabric 
can be placed beneath the DTWM.  If such a system is anticipated Geotechincal Design can aid 
in the design. 

Figure 12: Depiction of the DTWM drapery for Slope 4 which can provide an 
indication of the vegetation that will need to be removed and/or trimmed. 



 

  

 

 

Slope 5 

Slope 5 has a relatively high RHRS rating, no upslope catchment area, and narrow shoulder 
widths.  A drapery system is the most feasible option for mitigating rock fall generated from the 
slope.  Due to the presence of large (greater than 4-foot) boulders in the cut slope material, and 
the potential for material to be released above the existing cut slope,  the recommended system is 
an attenuator style system  with cable net underlying DTWM (Figure 14).  The system would 
span the large debris shoot in order to contain the material.  The steel posts would be 
approximately ten-feet in height and spaced approximately twenty-feet on center. 

Figure 13: Cross Section of the drapery for Slope 4. 

Figure 14: Depiction of the attenuator system for Slope 5 which can provide an 
indication of the vegetation that will need to be removed and/or trimmed. 



 

  

 

 

Slope 6 

Slope 6 has the highest RHRS rating of 567, primarily due to the lack of decision sight distance.  
There is very little shoulder (4-foot on either side).    Due to the presence of large (greater than 4-
foot) boulders in the cut slope material, and the potential for material to be released above the 
existing cut slope, the recommended system is an attenuator style system  with cable net 
underlying DTWM (Figure 16). The upper posts should be approximately ten-feet in height and 
spaced approximately twenty-feet on center. 

 
 

Figure 15: Cross section of the attenuator system for Slope 5. 

Figure 16: Depiction of the attenuator system for Slope 6 which can provide an 
indication of the vegetation that will need to be removed and/or trimmed. 



 

  

 

 

 
 
 

Alternatively, to aid in the revegetation effort for slopes 5 and 6, an anchored mesh consisting of 
cable net backed by DTWM may be utilized.  A seed bearing mat and erosion control fabric can 
be placed beneath the anchored cable net.  If such a system is anticipated Geotechincal Design 
can aid in the design.  Light hand scaling and grading may be necessary to bring the anchored 
mesh in conformance with the slope face.  Likewise, Caltrans personnel will need to maintain 
close working conditions with the contractor to maintain tolerances that allow for revegetation. 

 

 

 

 

 

 

 

 

 

Figure 17: Cross section of the attenuator system for Slope 6. 



 

  

 

Project Information 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 
list of pertinent information available for their inspection prior to bid opening.  The following is 
an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  
Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 
to the addressee(s) of this report via electronic mail. 

 

Data and information attached with the project plans are: 

None 

 

Data and information included in the Information Handout provided to the bidders and 
contractors are: 

Geotechnical Design Report for EA 09-33501, dated March 15, 2012. 

 

Data and information available for inspection at the District Office: 

None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 
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Water Source Information 

Water is available from the Caltrans Lee Vining Maintenance Station.  Contact Randy Walker 
at (760) 937-0782.  Water may also be available from Mr. Bill Banta from Lee Vining.  He can 
be contacted at (760) 647-6543. 
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Location 4 Slope Zone Pictures 

The following pictures depict the approximate slope zones for Location 4 starting at the south 
end of Location 4 and progressing north. 
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1 Location 5 Existing Utility Poles 

Existing Utility Poles 
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Pictures of Existing Utility Poles  

Existing utility poles exist at Location 5. 
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Lee Vining Test Plot Project As-Builts 

As-built information from the adjacent test plot project. 
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Lee Vining Test Plot Project 1st Report 

1st report with recommendations. 
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INTRODUCTION 

The Lee Vining Rockfall Project is using an ‘outcome-based’ or ‘adaptive’ 

management process to determine which vegetative and soil treatments actually 

produce desired results1. In order to fully implement an outcome-based program, 

field tests were undertaken to determine which treatments would produce desired 

results and to help develop monitoring techniques and success criteria that will be 

used on the larger Lee Vining Rockfall Project. In order for a project to be able to 

claim success, clear goals and methods to assess progress toward those goals must 

be developed2.  

GOALS 

The revegetation and soil stabilization goals for the Lee Vining Rockfall Project are: 

1) To produce a self-sustaining plant community dominated by indigenous 

native species.  

2) To produce a soil medium which is stable (erosion resistant) and provides 

primary support to the self-sustaining native plant community (see Goal 1). 

3) To minimize or eliminate ongoing, long-term maintenance of the treated 

areas. 

SUCCESS 

Success criteria are designed to be linked directly to the project goals. The main 

measures or metrics of success are based on ‘state’ or physical manifestations of site 

conditions. I propose two elements of “Success” for the Lee Vining Rockfall 

revegetation work: 

1) The persistent presence of native plants in defined treatment areas of the 

rockfall project area  

2)  Stable (non-eroding) soil, specifically in identified treatment areas. 

These elements are based on: 

1) Discussions with Caltrans staff. 

2) Discussions with Mono Lake Committee staff. 

                                                                    
1 Most highway roadside and other erosion control projects depend on assumed or 

projected outcomes. However, those outcomes are seldom met and are almost never 

checked.  
2 Typically, project goals, if they are stated at all, are to ‘revegetate’ and/or implement 

erosion control BMPs. However, these goals are so vague as to be useless or in fact counter 

productive. Here, we attempt to define outcome goals: how the project will function upon 

completion and into the future. 



3) Outcomes of test elements of the Lee Vining Rockfall project (grow out pots, 

field trials). 

4) Practicability of achieving success. 

5) The heterogeneous nature of the finished site. 

 

These criteria and foundational elements seem relatively straightforward. They are. 

However, ‘the devil is in the details’ as is so often said, and the rest of this document 

is devoted to describing some of the details involved in creating a defensible and 

cost effective program for assessing, identifying and assisting success.  

CONTEXT 

Monitoring of the Lee Vining Rockfall project is challenging from the standpoint of a 

standard ‘goals-success criteria-numerical monitoring’ point of view, given the 

heterogeneous nature of the proposed finished site. While this situation makes 

normal transect-type monitoring impractical, (Hogan and Drake, 2007) success 

criteria, monitoring and follow-on treatment can be developed for this site. This 

statement is based on information, data and monitoring of the test plots. 

PURPOSE 

The basic purpose for success criteria and monitoring should be established in 

order for the success criteria to be fully understood. In the case of the Lee Vining 

Rockfall project as in most adaptively managed projects, monitoring is not primarily 

aimed at regulatory compliance, though achieving success will support compliance 

with the Clean Water Act. The primary purposes of the success criteria and 

monitoring are:  

1) To determine whether the project is on track to achieve the stated goals 

2) To determine if and which remedial actions may be needed if success criteria 

are not being met, in order to re-direct project trajectories toward success. 

This last point is another important element that makes this project unusual. In 

most highway projects, when intended goals are not met, no follow-on action is 

taken. Projects are closed out and no further funding is available.  

This project creates a process where if success criteria are not met, actions may be 

taken to attempt to steer the project toward meeting the goals rather than to find 

either Caltrans or the contractor somehow out of compliance.  

TIME 

Often overlooked, the element of time needs to be incorporated into our 

understanding and approach to success. In straightforward engineering projects 

such as bridge or road building, at the completion of construction the project must 

meet specific physical conditions or states. In biologically based projects, 



particularly ones that entail plant establishment and succession, conditions must be 

assessed over a period of time. The key factor to these projects is biological or 

ecological trajectory; that is, which direction (or state over time) is the plant and 

soil community moving? Is the plant community becoming more or less diverse? Is 

the soil becoming more or less biologically active and resilient? Thus, as recent 

research is pointing out, a simple one-time assessment of soil-based projects (all 

erosion control and revegetation projects) can be and likely will be misleading. 

Further, current research in the Lake Tahoe region is suggesting that initial plant 

establishment conditions may have little resemblance to long-term plant 

communities. 

GENERAL DEFINITION OF SUCCESS 

The following operations definitions of success are stated as a foundation for the 

more specific success criteria to follow: 

1) Are plants of the appropriate planted species and type becoming established? 

a. Yes=success 

b. No=non-success 

2) Are plants of the appropriate species and type established? 

a. Yes=success 

b. No=non-success 

3) Is excess erosion (destructive to plants or site stability) occurring? 

a. No=success 

b. Yes=non-success 

These criteria are reflected below in Table 1. 

RESPONSE TO SUCCESS CRITERIA  

The response to success criteria is not binary. That is, success criteria are in many 

ways time dependent. Thus, some criteria that are not met in the first season may 

not require an immediate response but would require taking a more careful look in 

subsequent monitoring periods. We have therefore defined three response types 

and one no-response category: 

1) Immediate response 

a. Respond within 5 days 

b. This response is in reaction to site conditions that can further 

deteriorate unless addressed immediately. 

2) Response prior to fall precipitation 

a. Respond before fall rain and winter snow so that the site can stabilize 

during the winter and can withstand spring runoff.  



b. This response is in reaction to site conditions that are unlikely to 

deteriorate prior to winter and/or may benefit from late season 

treatment. 

3) Alert 

a. Site conditions that suggest less than optimal function but that are do 

not require immediate treatment. 

b. This response level suggests that there may be a problem but that 

additional time is required to determine whether further action is 

needed.  

c. This response level raises the specific area to a higher level of future 

scrutiny. 

4) No response 

a. This response level suggests that success criteria have been met. 

b. Until the project is deemed ‘acceptable’ (final inspection and 

agreement on goal achievement), this area may still need cursory 

inspection. 

 

THE APPROACH TO A MEASURABLE OR ASSESSABLE DEFINITION  OF SUCCESS 

The challenge of defensible monitoring on highly heterogeneous sites is the 

difficulty in employing normal line or point type transects, to develop a statistical 

probability function when all of the sites are unlikely to represent a whole 

‘population’ and where each site is small enough to preclude enough replicates or 

points to develop an acceptable statistical confidence level. In order to circumvent 

these challenges and at the same time develop acceptable and useful success 

criteria3, we suggest that a specific and representative number of areas be chosen 

that can be measured or otherwise assessed for specific site conditions, listed below 

in Table 1. These sites would be chosen to represent the overall area and would be 

more intensively monitored. However, if issues arose on other non-monitored sites, 

some action may be taken to remediate the issue at hand. The success criteria are 

called out in Table 1 as well as the response levels and actions.  

ELEMENTS OF SUCCESS CRITERIA-DESCRIPTION 

This section defines elements and indicators to be used for success and remedial 

actions.  

Of primary importance to project success and monitoring is the understanding that 

the various elements listed below are integrated and interact. Short-term vegetation 

                                                                    
3 Acceptable in this case is defined as acceptable to both Caltrans and the Mono Lake 

Committee, who have agreed to implement a rigorous and enforceable plan to 

achieve successful revegetation on slopes affected by the project. 



alone is a poor indicator of long term project success (Herrick et al, 2006). Thus, 

appropriate interpretation of monitoring and assessment information will be crucial 

to understanding what actions need to be taken to correct whatever problems may 

exist. 

EROSION 

Erosion can occur for a number of reasons and cannot always be foreseen or 

controlled, even when all precautions have been taken. However, erosion represents 

the removal of resources and appropriate site conditions and therefore needs to be 

dealt with as soon as is practicable.  

Erosion for the purpose of this project includes both erosion and deposition as both 

are indicators of an unstable system that can threaten project success. Indicators of 

erosion include the obvious rills, gullies and sediment deposition. Less obvious but 

as important are gravity erosion (dry ravel, etc.) and surface erosion. Surface 

erosion is sometimes difficult to identify and will require an experienced field  

erosion specialist.  

Animal caused erosion can also have a significant impact on the success of the 

project. In areas where anchored wire mesh is installed, deer and coyote may not be 

an issue. However, ground squirrels and other rodents are likely to cause some 

difficulty. In this case, response will be determined by deciding whether action CAN 

be taken or whether that erosion is part of the overall process. 

SURFACE RUN-ON 

Channelized or otherwise concentrated surface water flow can supersede all other 

site characteristics in terms of potential damage. If water comes on to a site from 

upslope (run-on), that water is likely to remove or damage any revegetation efforts 

that are in place. It will also likely erode soil, removing the planting medium and 

causing potential water quality issues. 

SOIL 

Soil is the most critical element of the revegetation process in that soil defines to a 

large extent what other vegetation and erosion outcomes are produced. If soil is 

compacted and/or nutrient poor, plants will tend to be made up of weedy annuals 

and other undesirable species and will tend to be more erosion prone. If soil 

contains the right type and amount of nutrients and organic matter (from which 

most nutrients are derived), the appropriate plant types will become established 

and will produce a stable and aesthetically acceptable site condition.  

BIOLOGICAL ACTIVITY-MULCH COVER 

Biological activity is essential to soil development and sustainability. Biological 

activity is problematic and generally expensive to measure and most measurements 

are prone to interpretation. However, organic matter is the foundation of biological 

activity since it provides the ‘food’ and some of the energy needed to support that 

activity. This project includes the incorporation of organic matter into organic poor 



soils to ‘bootstrap’ that organic activity. However, as an indicator of long term 

carbon inputs, the presence of mulch, produced by plants, is a useful indicator of 

organic carbon input to the system4.   Thus, the presence of mulch cover will be used  

PLANTS 

The primary approach to vegetation establishment is direct seeding using a native 

grass, forb and shrub mixture that consists of indigenous plant species. The 

treatment approach and success criteria are based on a successional process where 

these species become established OVER TIME. That is, seeded species are not 

expected to dominate the first year but are expected to increase over the first three 

years. This expectation is based on monitoring observations of the Lee Vining Test 

Plots and other field observations and research throughout the western U.S. This 

increase over time is facilitated by soil development over time brought about by 

organic matter incorporation into the soil and in some cases deep tilling to allow 

native plant roots to access resources deep in the soil. As organic matter breaks 

down, conditions are created whereby the native species can gain a foothold and 

increase, outcompeting the invasive species to a large extent. 

WEEDS 

NOXIOUS WEEDS 

Noxious weeds are plants that are listed in Federal and State registers. (Specifically: 

Federal: https://plants.usda.gov/java/noxiousDriver 

State: https://plants.usda.gov/java/noxious?rptType=State&statefips=06 

For management of noxious weeds, refer to: 

http://www.inyomonoagriculture.com/eastern-sierra-weed-management-

area.html 

Where noxious weeds exist on the project, they must be removed. Noxious weeds 

are regulated at the county level and must be dealt with appropriately and per 

directions of the county agricultural agency. Where other weeds exist, a case by case 

decision will be made. For instance, some species of thistle may be immediately 

removed and others may not. Mullen may or may not be required to be removed, 

depending on the density. Cheatgrass will not be removed (see below) nor will other 

revegetation grasses such as pubescent or crested wheatgrass, even though they are 

considered weeds by some. Again, an incident by incident decision will need to be 

made by a weed specialist. 

OTHER WEEDS AS INTERMEDIATE SPECIES 

Some plants, particularly cheatgrass (bromus tectorum), which are considered 

invasive weeds, are under consideration as intermediate species whereby they 

provide some ecosystem services while native grasses, forbs and shrubs are 

becoming established. Recent research and field work in the Lake Tahoe area is 

                                                                    
4 Another highly useful indicator of organic inputs is plant roots, particularly grass roots. 

However, these cannot be assessed without destructive sampling and is not practicable.  



showing a strong trend toward understanding cheatgrass as an intermediate species 

when site conditions have been maximized to support native species. That is, while 

cheatgrass can be persistent in many substandard sites, research is showing that 

when a site is set up to favor native grasses (deep tilling and slow release nutrients 

from specific types of organic matter), cheatgrass is an initial colonizer (or was 

already established prior to treatment and thus is contained in the seed bank) and 

then gives way to the native grasses which can then dominate the site. 

The impact of this information on this project is that cheatgrass specifically and 

other ‘weeds’ that are not listed as noxious, will be considered intermediate species 

in the first season and will be watched but, unless otherwise directed by Caltrans 

mandate, will not be removed. If cheatgrass attains dominance in the second and 

third season across the site, other actions will need to be taken. 

MULCH 

Pine needle mulch was used on all test plots. No other mulch was tested since a 

great deal of mulch tests and research have taken place elsewhere. Mulch is critical 

to protect from raindrop splash, surface runoff and to help retain moisture in the 

soil. Additionally, clear evidence from all of the test plots show that a small berm of 

pine needles at the top of the treated slope captures runoff and sediment from 

above, thus minimizing impacts of surface run-on. For extremely steep slopes such 

as exist on the Lee Vining Rockfall project, pine needles represent the most effective 

type of mulch for the following reasons: 

1) Serrated or ‘toothed’ edges lock pine needles together once applied, 

providing a highly stable, movement-resistant mulch. 

2) The highly surface-compliant nature of pine needles create a much higher 

coefficient of soil surface contact than fabric or other types of mulch. 

3) Slow breakdown rate of pine needles allows long-term (>3 seasons) 

protection and some input of organic matter to the system. 

4) Pine needle berms at the top of the treated area create a sediment filter that 

also slows surface flow. 

DESCRIPTION OF MONITORING TECHNIQUES 

The following section describes monitoring techniques to be used as listed in Table 

1, below. 

DIRECT OBSERVATION 

Direct observation entails visual observation of a specific phenomena or 

observation of a site to determine whether that phenomena exists. Specifically, 

erosion/sedimentation and run-on will be assessed using direct observation. 

OCULAR ESTIMATE 



Ocular or visual estimate is a rapid but potentially inaccurate method of 

determining  plant and mulch cover, and amount of weeds present. Ocular estimates 

must be done by a qualified and experienced individual who has calibrated their 

ocular estimate with an actual measured amount. This can be done in a number of 

ways but is critical in attaining a relatively consistent, accurate and repeatable 

estimate. Also, ocular estimates should be done by a disinterested 3rd party in order 

to minimize bias toward or against taking a specific action.  

QUADRAT FRAME 

Vegetation density is measured by a quadrat frame. In this case, a 1ft by 1ft frame is 

placed over the vegetation and in contact with the soil surface and a count of 

individual plants in that 1ft2 area is taken. 

PHOTO MONITORING  

Photo monitoring is done by taking a photograph of the area of interest and then 

using a scaled photo grid monitoring process to determine cover or density. This 

process and the photo grid monitoring tool are available in “Roadside Revegetation” 

from the Federal Highway Administration at: 

(http://www.wfl.fhwa.dot.gov/programs/td/publications/documents/reveg-

documents/roadside-revegetation-manual.pdf). 

FEEDBACK AND RESPONSE PROCESS AND CRITERIA 

Monitoring and success criteria, as previously described, is not intended to identify 

compliance but is designed to help Caltrans achieve its vegetation and erosion goals 

on the project. The Feedback and Response process is designed to assure that 

intervention can occur if and when it is needed. This focus creates a more flexible 

process but one that relies heavily on experience in making the judgment calls 

necessary to achieve the goals and outcomes intended. The process of who makes 

the final decision will be developed and defined prior to development of final 

project specifications. 

Monitoring information and data is intended to be used to guide decisions about 

whether a remedial action needs to be taken. It should be noted that sometimes no 

action is preferred even when a success criteria is not met if a trajectory toward 

success seems apparent. Unfortunately, numerical specificity cannot always capture 

this trajectory.  



TABLE 1:YEAR ONE SUCCESS CRITERIA. TO BE USED ON SPECIFIED AREAS 

Parameter Description Quantitative or 

qualitative 

measurement 

Criteria Actionable 

Outcome 

Status 

Response Response 

period 

Notes 

Visible erosion Presence of soil 

movement from 

planting area 

and/or deposition 

of soil onto planting 

area 

Direct observation No erosion Rilling and/or 

>5% of site soil 

moved 

Develop response 

plan, get approved 

and implement 

immediately 

Immediate Could include re-

treating, re-

mulching, re-

seeding but 

must address 

the root cause. 

Run on Water running on to 

site from above 

capable of moving 

soil and disturbing 

plants 

Direct observation No run on from 

above planting 

area capable of 

removing soil or 

plants during 

low (0.1 in) or 

greater rainfall 

event 

Run-on present Divert run-on or 

protect site using 

mulch, rocks or other 

elements. 

Immediate  

Seeded vegetation Seeded species 

present 

Direct measurement 

using quadrat frame 

if possible or photo 

monitoring or ocular 

estimate5 

Seeded species 

of at least 3 

plants/ft2  

<3 plants/ft2 Alert-can apply 

additional seed  

Alert or prior 

to fall 

precipitation 

This criteria will 

become more 

important in 

year 2. 

Weeds- not noxious Plants such as 

cheatgrass (bromus 

tectorum, and 

others) 

Ocular estimate Presence of 

insidious weeds 

of >10% of total 

plant cover 

Present->10% Alert No response 

or as directed 

No action is 

needed in year 

one as some 

species may 

become limited 

over time 

Weeds-listed 

noxious 

 Ocular estimate  Presence of any 

listed noxious 

weeds 

Present Remove or treat per 

Mono County Ag 

Commissioner  

Per County ag 

commissioner 

or weed 

specialist 

 

Mulch Presence of organic 

plant litter 

Ocular estimate 20% of surface 

covered 

0%   Prior to fall 

precipitation 

 

 10%  Prior to fall 

precipitation 

 

20% and 

greater 

None   

        

  

                                                                    
5 Ocular or visual estimates should only be accomplished by a trained individual who has calibrated his or her visual estimates to a 

known, measured quantity. 



Figure 1: plot 1.1.1 showing robust growth, some of 

established prior to plot installation. This plot exemplifies area that will 

be treated that already have some growth but that are enhanced

additional treatment. Seeded species have established alongside non

native and native species. 

Figure 3: Plot 2.1.1-Aged wood chips, showing similar pattern to plot 1.1

where the fertilized (left) side exhibits superior growth. Both areas were 

previously bare subsoil and thus likely benefit from the more nutrient 

rich compost, at least initially.  

 

Figure 1: plot 1.1.1 showing robust growth, some of which was 

established prior to plot installation. This plot exemplifies area that will 

ome growth but that are enhanced by 

additional treatment. Seeded species have established alongside non-

Figure 2: Plot 1.1.2 showing less growth on non

side is dominated by cheatgrass. However some native seeded species are 

present. This photo, taken in June 2014 will be compared to conditions later 

in the 2014 season in order to assess native grass trajectory (toward more 

or less presence).  

 

showing similar pattern to plot 1.1 

where the fertilized (left) side exhibits superior growth. Both areas were 

previously bare subsoil and thus likely benefit from the more nutrient 

Figure 4: Plot 2.2 Integrated Zero compost showing the more robust growth 

on the fertilized side. Note also the animal tracks from the upper right to 

lower left of the plot. 

 

: Plot 1.1.2 showing less growth on non-fertilized (right) side. Right 

side is dominated by cheatgrass. However some native seeded species are 

present. This photo, taken in June 2014 will be compared to conditions later 

s native grass trajectory (toward more 

 

showing the more robust growth 

animal tracks from the upper right to 



Figure 5:  Plot 2.2.1 showing robust sagebrush (seeded) surrounded by squirreltail grass (also seeded)

 

Figure 6: plot 3.3.1- aged wood chips on partially developed soil showing robust establishment of squirreltail. A close 

look also reveals some emergent shrubs. 

 

 

Figure 5:  Plot 2.2.1 showing robust sagebrush (seeded) surrounded by squirreltail grass (also seeded)

wood chips on partially developed soil showing robust establishment of squirreltail. A close 

 

 
Figure 5:  Plot 2.2.1 showing robust sagebrush (seeded) surrounded by squirreltail grass (also seeded) 

 
wood chips on partially developed soil showing robust establishment of squirreltail. A close 



 

 

BASIS OF SUCCESS: MONITORING INFORMATION AND DATA (from field monitoring) 

TABLE 2: TREATMENT MATRIX AND MONITORING INFORMATION. THE TERM ‘PLANTS’ REFERS TO ANY GREEN PLANT PRESENT IN THE PLOTS INCLUDING NATIVE AND NON-

NATIVE GRASSES, FORBS AND SHRUBS.  

Plot # 

 

Soil 

Amendment 

L x W SF Amendment 

Depth 

6-12" 

Tilling 

2,000 

lb/acre 

Biosol 

1" Pine 

Needle 

Mulch 

Erosion 

Fabric 

BFM-

Tackifier 

Growth 6/14/14 Other notes 

1.1.1B 

(left) 
AWC 9.5' x 8' 76 2” Yes Yes Yes No Yes - >5 plants/ft2 

-many existing or 

seed bank plants 

present, not 

planted 

 

 This area would be considered successful but the 

majority of plants are from pre existing or seed 

bank plants. However, many seeded individuals 

exist.  

Some cheatgrass noted. 

1.1.2 

(right) 
AWC 9.5' x 8' 76 2” Yes No Yes No Yes  -3-4 plants/ft2 Less plants than fertilized plot. 

More cheatgrass than fertilized plots 

1.2.1B 

(left) 
Int-Zero 5' x 9' 45 2” Yes Yes Yes No Yes  -3 plants/ft2.  Good response but more cheatgrass 

1.2.2 

(right) 
Int-Zero 5' x 9' 45 2” Yes No Yes No Yes  -2 plants/ft2  Less cheatgrass 

2.1.1B 

(left) 
AWC 6.5' x 12' 78 2” Yes Yes Yes No Yes  -5 plants/ft2  Some cheatgrass 

2.1.2 

(right) 
AWC 6.5' x 12' 78 2” Yes No Yes No Yes  -3 plants/ft2  More cheatgrass 

2.2.1B 

(left) 
Int-Zero 7' x 12' 84 2” Yes Yes Yes No Yes  -4 plants/ft2 Some cheatgrass 

2.2.2 

(right) 
Int-Zero 7' x 12' 84 2” Yes No Yes No Yes  -2 plants/ft2  Animal damage 

3.1 None, 

Caltrans-

spec 

18’ x 11’ 198 - No No No Yes No  2 plants/ft2 Some cheatgrass; 

Other plants not ready to identify 

3.2.1B 

(left) 
Int-Zero 9’ x 18’ 81 2” Yes Yes Yes No Yes  6 plants/ft2 

mostly 

cheatgrass 

Estimate of seeded species: 0.3 plants/ft2  

3.2.2 

(right) 
Int-Zero 9’ x 18’ 81 2” Yes No Yes No Yes  5 plants/ft2  Same as 3.2.2B 



Plot # 

 

Soil 

Amendment 

L x W SF Amendment 

Depth 

6-12" 

Tilling 

2,000 

lb/acre 

Biosol 

1" Pine 

Needle 

Mulch 

Erosion 

Fabric 

BFM-

Tackifier 

Growth 6/14/14 Other notes 

3.3.1B 

(left) 
Int-Zero 9’ x 14’ 126 4” Yes Yes Yes No Yes  5 plants/ft2 

Squirreltail-1 

plants/ft2 

More cheatgrass on left (fertilized) plot 

3.3.2 

(right) 
Int-Zero 9’ x 14’ 126 4” Yes No Yes No Yes  4 plants/ft2 

Squirretail-1 

plants/ft2 

 More squirreltail on right (non-fertilized) plot 

3.4.1B 

(left) 
AWC 9.5’ x 18’ 171 4” Yes Yes Yes No Yes  10 plants/ft2, 

mostly 

squirreltail 

 Some cheatgrass but squirreltail is already 

dominating 

3.4.2 

(right) 
AWC 9.5’ x 18’ 171 4” Yes No Yes No Yes  10 plants/ft2 

mostly 

squirreltail 

 Less cheatgrass than fertilized plot 

3.5B None, Biosol 

only 

18’ x 11’ 198 - No Yes Yes No Yes  8-10 plants/ft2, 

mostly previous 

reveg grasses 

and cheatgrass 

Cheatgrass was already present but seemed to 

respond will to Biosol 

3.6 None, Seed 

only 

18’ x 11’ 198 - No No Yes No Yes  8 plants/ft2, Difficult to tell if seeded species are responding 

due to the prevalence of already existing reveg 

grasses and cheatgrass. Check this site in the fall 

for further development. 

 

 

 

TABLE 3: SEED MIX USED ON ALL PLOTS EXCEPT CALTRANS SPEC 

Species 

% of mix 

by 

weight PLS #/ac 

Great Basin wildrye 42% 31.3 

Bitterbrush 21% 15.6 

Sagebrush 8% 6.3 

Wax current 8% 6.3 

Squirreltail  21% 15.6 

Total 1 75 

 

 

  



 

PLOT LAYOUT 

Figure 7: Slope 1 plots. 

Figure 9: Slope 3 plots 

 
Figure 8: Slope 2 plots. 

 

 

 



 

IMPORTANCE OF SOIL DEVELOPMENT

This section includes soil sample data taken prior to implementation 

in order to show how soil can develop over time and suggests that the Revegetation Reference site 

and native site are targets for soil development

matter incorporation in organic poor soils (Herrick et al, 2006)

  

Figure 10: Bare Lee Vining Rockfall  (sub) 

organic matter. Note also the lack of weak Bray P measurement and low 

Figure 11: Bare Lee Vining Rockfall (sub) 

again the low weak Bray P and potassium

vegetation in their untreated state. 

 

VELOPMENT 

This section includes soil sample data taken prior to implementation of the test plots. It is included 

in order to show how soil can develop over time and suggests that the Revegetation Reference site 

and native site are targets for soil development. This information supports the need for organic 

anic poor soils (Herrick et al, 2006). 

(sub) soil from test slope 2. Note the high pH and very low 

organic matter. Note also the lack of weak Bray P measurement and low potassium.  

(sub) soil from Test Slope 1. Note near identical pH and OM. Note 

potassium. These slopes (1&2) would not be expected to support 

of the test plots. It is included 

in order to show how soil can develop over time and suggests that the Revegetation Reference site 

the need for organic 

 
soil from test slope 2. Note the high pH and very low 

 
soil from Test Slope 1. Note near identical pH and OM. Note 

These slopes (1&2) would not be expected to support 



Figure 12: Partially (spontaneously) developed soil near edge of bare area where soil color was 

clearly darker. This area had been developing for at least 20 and as much as 40 years. Note lower pH.

 

 

 

 

Figure 13: native soil from area adjoining other sampled areas but in fully 

sign of disturbance. Note pH and organic matter differences. Note pH in the range of ‘ideal’ for a 

garden soil. 

 

INITIAL RECOMMENDATIONS BASED ON PRELIMIN

SOIL AMENDMENT 

BARE SOIL SLOPES 

Both aged wood chips and Integrated Zero produced adequate results in initial monitoring. In soils 

that were very bare and of high pH initially, 

of establishment of native seeded species, specifically squirreltail and sagebrush. 

neously) developed soil near edge of bare area where soil color was 

clearly darker. This area had been developing for at least 20 and as much as 40 years. Note lower pH.

: native soil from area adjoining other sampled areas but in fully native vegetation with no 

pH and organic matter differences. Note pH in the range of ‘ideal’ for a 

NS BASED ON PRELIMINARY MONITORING

egrated Zero produced adequate results in initial monitoring. In soils 

that were very bare and of high pH initially, aged wood chips outperformed the 

of establishment of native seeded species, specifically squirreltail and sagebrush. 

 
neously) developed soil near edge of bare area where soil color was 

clearly darker. This area had been developing for at least 20 and as much as 40 years. Note lower pH. 

 
native vegetation with no 

pH and organic matter differences. Note pH in the range of ‘ideal’ for a 

ARY MONITORING 

egrated Zero produced adequate results in initial monitoring. In soils 

outperformed the compost in terms 

of establishment of native seeded species, specifically squirreltail and sagebrush.  



PARTIALLY VEGETATED SLOPES 

In areas where soil already showed some development, Integrated Zero compost6 produced a 

great deal of initial cheatgrass. However, within the cheatgrass, some native seeded species were 

present. In these areas of partial soil development, aged wood chips produced the highest cover of 

native seeded grasses and the lowest cover of cheatgrass. Fall 2014 and spring 2015 assessment 

will be needed to determine whether this trend holds true over time. 

INITIAL RECOMMENDATION 

Based on current monitoring information, aged wood chip7 treatment is recommended for areas 

that contain a substantial amount of ‘fresh’ soil or soil that has not been exposed to the 

environment for more than 5 years. These areas include freshly ‘scalped’ regions. This will likely 

be the case in the steeper sections of the rockfall project where anchored wire mesh is to be 

placed. Aged wood chips are also recommended in areas where soil has been partly developed. 

This is likely the case in areas where some crown removal and smoothing but no rock fencing is to 

be placed, such as the southernmost areas of the projects and less steep areas. Where well aged 

wood chips are not available, Integrated Zero compost may be appropriate. A final 

recommendation will be made following the fall 2014 site assessment.   

CAVEAT TO INITIAL RECOMMENDATIONS 

A fall survey is likely to provide additional information, which will inform these recommendations. 

Thus, final recommendations for materials and amounts should be informed by both fall 2014 and 

spring 2015 site surveys. 

 

SUMMARY 

This monitoring and success criteria report suggests that extremely poor, extremely steep Mono 

Lake Basin soils can be successfully revegetated during the first season using specific techniques 

which incorporate specific types of organic matter and leaves soil loose to a depth of 12-18 inches. 

The use of the listed seed mix, which consists of native grass, forb and shrub species has met a 

high level of initial success. Application of pine needle mulch, which includes a small upslope berm 

above the plots has also been shown to be effective at protecting the soil surface and providing an 

upslope filter to run-on and colluviation. 

Final specifications can be derived from this information. Those specifications should be 

developed following fall 2014 assessment.  

                                                                    
6 Integrated Zero compost is produced by Full Circle Compost of Minden Nevada and has been developed for use on 

roadside and other upland revegetation projects in an effort to minimize weeds and support vegetation establishment 

and growth. Integrated Zero consists largely of composted wood chips (EPA-aerobic compost process). 

7 Aged wood chips are typically aged for at least one year. The wood chips used in the plots were aged approximately 

2 seasons. Wood chips should be disease free, contain no garbage and show clear darkening in color, which is a sign 

that organic acids have been leached from the material. Wood chips that are green or younger than 1-2 years are 

likely to create growth limitations and will need to be approved by a soil amendment specialist. 
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Caltrans Storm Water Data Report 
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Restricted Access 

The existing utility dirt road that runs parallel to the project, upslope and approximately 1/8 of a 
mile west of the project, can not be used to gain access to the project. 
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