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Introduction
This report describes surveys conducted by the Placer County Water Agency (PCWA) for the Middle Fork American River Project (MFP or Project) in accordance with the TERR 3 – Noxious Weeds Technical Study Plan (TERR 3 – TSP).  The TERR 3 – TSP was included in Supporting Document (SD) H of the Pre-Application Document (PAD) (PCWA 2007).  Specifically, this report provides a detailed description of the methods and results of noxious weed studies completed in 2006–2008.  
For the purposes of this report, the term “noxious weed” refers to both noxious weeds and non-native invasive species.  Noxious weed is a term used by government agencies for non-native invasive plants that have been defined as pests by law or regulation (California Department of Food and Agriculture (CDFA 2007)).  The California Invasive Plant Council (Cal-IPC) defines non-native plants as those species introduced to California after European contact and as a direct or indirect result of human activity.  Invasive non-native plants are plants that: (1) are not native to, yet can spread into, wildland ecosystems; and (2) displace native species, hybridize with native species, alter biological communities, or alter ecosystem processes (Cal-IPC 2006).
Study Objectives
The objectives of the noxious weed studies described in the TERR 3 – TSP are:

· Document noxious weed populations at existing Project facilities and features, recreation facilities, and dispersed concentrated use areas.

· Document noxious weed populations at potential Project betterments, including new facilities, roads, and trails; staging areas and disposal sites; as well as, new inundation areas.

Figure TERR 3-1 shows the TERR 3 – TSP study objectives and the study elements associated with each objective.  It also shows where information developed is documented.
Study Implementation
Study elements described in the TERR 3 – TSP were initiated in 2006 and were completed in 2008.  In 2006, existing data on noxious weeds in the study area were compiled and field surveys were completed at the quantitative geomorphic and riparian studies sites in the bypass and peaking reaches.  In 2008, field surveys for noxious weeds were conducted at Project facilities and features, recreational facilities, dispersed concentrated use areas and potential Project betterments. Study elements that have been completed are discussed further below.

1.1 Study Elements Completed

1.1.1 Developed Preliminary Information on Noxious Weeds in the Study Area
· Identified and mapped known occurrences of noxious weeds in the watershed based on agency consultation and a review of existing information.
· Developed a list of target noxious weed species in the Eldorado and Tahoe National Forests (ENF and TNF) to be included in the TERR 3 noxious weed surveys. 
· Finalized the list of target noxious weeds species based on  agency consultation.  

Conducted Noxious Weed Surveys
· Conducted field surveys for noxious weeds in the study area at existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas.
· Conducted field surveys for noxious weeds in the study area around potential Project betterments.
Developed Final Information on Noxious Weeds in the Study Area
· Developed tables and Geographic Information System (GIS) maps documenting the location and extent of noxious weeds at existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas.

· Developed tables and GIS maps documenting the location and extent of noxious weeds at potential Project betterments.

Variances from the TERR 3 – TSP
All studies were conducted in accordance with the TERR 3 – TSP with the following voluntary enhancement completed by PCWA. The study area required in the TERR 3 – TSP included only existing Project facilities and features, Project recreation facilities, dispersed concentrated use areas, and potential Project betterments.  However, noxious weed surveys were also conducted at quantitative geomorphic and riparian sampling sites (Table TERR 3-1) in conjunction with field surveys conducted for the TERR 2 – Special-Status Plants TSP. 
Outstanding Study Elements
There are no outstanding study elements.  However, pursuant to the TERR 3 – TSP, if additional Project facilities and features, recreation facilities, or dispersed concentrated use areas are identified in the future, then these areas will be surveyed consistent with the TERR 3 – TSP. 

Proposed Modifications to the TERR 3 – TSP

There are no proposed modifications to the TERR 3 – TSP.

Extent of Study Area
As outlined in the TERR 3 – TSP, the study area for the documentation of noxious weeds included the following buffer areas around Project facilities and features, recreational facilities, dispersed concentrated use areas and potential Project betterments: 
	Study
Area
	Existing Project Facilities and Features, Project Recreation Facilities, and Dispersed Concentrated Use Areas Identified by Stakeholders

	10 feet
	· on either side of trails

	20 feet
	· around the perimeter of the large reservoirs, medium reservoirs, and diversion pools

· outside the perimeter fence of powerhouses, switchyards, and substations

· around ancillary support facilities and Project fences

	30 feet
	· on either side of penstocks, valve houses, and removable sections

· around gaging stations and weirs

· on either side of communication lines, powerlines, photovoltaic poles and lines, and roads and access points

	60 feet
	· around intakes, gatehouses, surge tanks, adits, portals, microwave reflectors, radio towers, sediment disposal areas, and drop inlets

	100 feet
	· around Project recreation facilities and dispersed concentrated use areas 

	Study
Area
	Potential Project Betterments

	100 feet
	· around new facilities, roads, and trails; staging areas, disposal sites; and new inundation areas


Refer to Tables TERR 3-2 through TERR 3-5 for a list of Project facilities and features, Project recreation facilities, dispersed concentrated use areas, and potential Project betterments included in the study area for documentation of noxious weeds.  Map TERR 3-1 graphically displays the extent of the study area.  However, if a noxious weed population was identified on the perimeter of the study area, then the study area will be expanded to document the full extent of the population.

The study area was expanded by PCWA to include noxious weed surveys at the quantative geomorphic and riparian studies sties in the bypass and peaking reaches.  The noxious weed surveys were completed in conjunction with special status plants surveys conducted at these study sites as required by the TERR 2 - TSP.  Refer to Table TERR 3-1 and Map TERR 3-1 for the location of geomorphic and riparian sampling sites in bypass and peaking reaches.

2.0 Study Approach
This section describes the study approach used to document noxious weeds in the study area.
Develop Preliminary Information on Noxious Weeds in the Study Area

Existing information on noxious weeds in the Middle Fork American River (MFAR) watershed was obtained and reviewed for the development of the PAD.  Data for the PAD was obtained from the Placer County Agricultural Commission and U.S. Department of Agriculture – Forest Service (USDA-FS) – ENF and TNF.  Other sources reviewed included Cal-IPC’s California Invasive Plant Inventory (Cal-IPC 2006) and CDFA’s Noxious Weed Pest Ratings (California Department of Food and Agriculture (CDFA 2007).  These sources were reviewed to create a list of noxious weeds of concern in the MFAR watershed, the location of any previously documented noxious weed populations, and the Cal-IPC and CDFA priority ratings.  Cal-IPC rates noxious weed species according to the severity of their impact on ecosystems:
· High: These species have severe ecological impacts on physical processes, plant and animal communities, and vegetation structure.  Their reproductive biology and other attributes are conducive to moderate to high rates of dispersal and establishment.  Most are widely distributed ecologically.

· Moderate: These species have substantial and apparent—but generally not severe—ecological impacts on physical processes, plant and animal communities, and vegetation structure.  Their reproductive biology and other attributes are conducive to moderate to high rates of dispersal, though establishment is generally dependent upon ecological disturbance.  Ecological amplitude and distribution may range from limited to widespread.

· Limited: These species are invasive but their ecological impacts are minor on a statewide level, or there was not enough information to justify a higher score. Their reproductive biology and other attributes result in low to moderate rates of invasiveness.  Ecological amplitude and distribution are generally limited, but these species may be locally persistent and problematic.

CDFA rates noxious weeds species as A-, B-, or C-rated, depending on the State’s eradication or treatment priority:

· A-rated pests: Weeds of known economic significance, subject to action by CDFA including eradication, quarantine, containment, rejection of shipments, or other holding action at the state-county level.  Quarantine interceptions are to be rejected or treated at any point in the state.

· B-rated pests: Weeds subject to action by CDFA only when found in a nursery, and otherwise subject to eradication, containment, control, or other holding action at the discretion of the local county agricultural commissioner.

· C-rated pests: Not subject to State action except to provide for general pest cleanliness in nurseries; reject by CDFA only when found in a cropseed for planting or at the discretion of the commissioner, action to retard spread outside of nurseries at the discretion of the county agricultural commissioner.

Tables and maps providing information on noxious weeds in the MFAR were provided in SD F of the PAD (PCWA 2007).  PAD Table 7-2, Noxious Weeds Known or Potentially Occurring in the Middle Fork American River Watershed, was reviewed, refined, and approved by the Terrestrial Technical Working Group (TWG) on March 3, 2008 for inclusion in this report.  The approved table represents the list of target noxious weed species for the TERR 3 surveys.
Since the issuance of the PAD, the ENF developed a priority rating system for noxious weeds known to occur or potentially occurring on their forest lands. Under the ENF system, noxious weeds are assigned a priority (low, moderate, or high) based on each species’ potential ecological impact (Durham, pers. comm., 2009).  No noxious weed priority ratings specific to the TNF were available at the time this report was published.

2.1 Conduct Noxious Weeds Surveys
Noxious weed surveys were conducted at existing Project facilities and features, Project recreation facilities, dispersed concentrated use areas, and potential Project betterments from June 20–27 and July 23–August 1, 2008.  Additional noxious weed data were collected at quantitative geomorphic and riparian sampling sites at the bypass and peaking reaches between August 9 and October 17, 2006.

This section provides a description of the survey methods implemented and data analysis conducted for the TERR 3 noxious weed surveys, including a description of additional data analyses implemented for the Hell Hole Reservoir Seasonal Storage Increase Betterment.

2.1.1 Existing Project Facilities and Features, Project Recreation Facilities, and Dispersed Concentrated Use Areas

Noxious weed surveys were conducted consistent with Section 2083 of the Forest Service Manual, Information and Reporting Guidelines for Noxious Weeds (USDA-FS 1995).  Two teams of two botanists searched for and recorded the occurrence of target noxious weed species in the study area using various systematic field techniques (e.g., zig-zag patterns, random meandering, and linear transects) as appropriate.  Surveys were conducted only in accessible areas.

For each noxious weed population identified, the following data were recorded on datasheets developed for the TERR 3 surveys:

· Species; 

· Date;
· General location;
· Geographic Positioning System (GPS) location coordinates;
· Population size (i.e., area in square feet and acres); and
· Infestation level: low (<5% cover); moderate (6–25% cover); and high (>25% cover).
Data obtained from field surveys on the location and extent of noxious weed populations were processed and developed into maps.  GIS layers showing the location of noxious weeds, existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas were overlaid on full color orthophotographs of the study area.  Because the study area often contained more than one (and as many as 16) noxious weed species in a single location, overlapping noxious weed populations were grouped together into inclusive polygons for mapping purposes.  Data tables were developed providing the following information for the individual noxious weed species in each polygon: map identification number; noxious weed species; GPS coordinates; population size (i.e., square feet and acres); and infestation level (i.e., low, moderate, or high). Additional maps were also developed showing the location of ENF-rated moderate and high priority noxious weed species in the study area within the ENF.
Tables and graphics were developed to provide information on the location of noxious weeds and to illustrate general patterns of noxious weed distribution in the study area.  This includes tables relating noxious weed occurrence (polygons) to specific Project facilities and features, Project recreation facilities, and dispersed concentrated use areas and a summary table showing each noxious weed species and its distribution and level of infestation within six major geographical areas within the study area (i.e., Ralston-Oxbow Area, Middle Fork Interbay Area, Duncan Creek Area, Hell Hole Area, French Meadows Area, and snow course facilities).  Line graphs were developed showing the distribution of each noxious weed species across the elevation range of the study area from approximately 1,000 feet to 6,000 feet mean sea level (msl).
Finally, additional analyses were conducted to provide information on the location of noxious weeds occurring at various elevations along the shoreline of Hell Hole Reservoir.  First, GIS shapefiles of each noxious weed polygon were overlain on contour maps of the bed and shoreline of Hell Hole Reservoir.  Contour maps of the lower (westernmost) portion of the reservoir were created using an interpolation of USGS 7.5 minute quadrangle contours.  Contour maps of the upper (easternmost) portion of the reservoir were developed from topographic measurements collected by Air Maps USA in fall 2007 using aerial photogrammetric mapping techniques supported by ground control surveys.  The size (i.e., area in square feet and acres) of each noxious weed polygon (or portion thereof) was then calculated in relation to contour lines representing various reservoir elevations associated with the existing Project. A schematic showing elevations around Hell Hole Reservoir associated within study area for the existing Project is provided below as Figure TERR 3-2. 


[image: image2]
Figure TERR 3-2.
Study Area around Hell Hole Reservoir for the Existing Project.

Under the existing Project, the Hell Hole Dam Spillway is an uncontrolled channel.  The elevation of the spillway crest and the maximum normal operating water surface elevation (WSE) of Hell Hole Reservoir is 4,630 feet mean sea level (msl) and the maximum flood pool elevation is 4,640 feet msl.  Calculations of the size of each noxious weed polygon located at different reservoir elevations under the existing Project are grouped as follows:

· Area 1 includes noxious weed polygons (or portions of polygons) occurring at or below the current maximum normal operating WSE (4,630 feet msl).
· Area 2 includes noxious weed polygons (or portions of polygons) occurring from the current maximum normal operating WSE (4,630 feet msl) to the maximum flood pool elevation (4,640 feet msl).
· Area 3 includes noxious weed polygons (or portions of polygons) occurring from the maximum flood pool elevation (4,640 feet msl) to the upper limit of the study area (i.e., 100 feet above the maximum flood pool elevation).

· Area 4 includes those portions of the noxious weed polygons intersecting Areas 1, 2, and/or 3 that extend beyond Area 3.
Potential Project Betterments

PCWA is evaluating three potential Project betterments including: 

· Hell Hole Reservoir Seasonal Storage Increase,
· French Meadows Powerhouse Capacity Upgrade, and
· Ralston Powerhouse Capacity Upgrade.
Refer to Appendix A for a brief description of these potential Project betterments. A detailed description of each potential Project betterment is provided in SD C of the PAD. 
Noxious weed survey methods for the potential Project betterments were the same as those described for surveys at existing Project facilities and features, Project recreation facilities, and dispersed concentrated used areas (Section 5.2.1).  Provided below is a description of additional analyses conducted specifically for the Hell Hole Reservoir Seasonal Storage Increase Betterment.

Hell Hole Reservoir Seasonal Storage Increase Betterment

Additional analyses were conducted to provide information on the location and number of noxious weed polygons within the study area for the Hell Hole Reservoir Seasonal Storage Increase Betterment.  Under the proposed betterment, PCWA would install  6- to 10-foot inflatable gates at the Hell Hole Dam Spillway to increase the seasonal storage capacity of the reservoir.  The area (in square feet and acres) of each noxious weed polygon was calculated in relation to contour lines representing various reservoir elevations that could be affected (i.e., seasonally inundated) by installation of 6- or 10-foot spillway gates.  A schematic showing reservoir elevations associated with installation of 6- or 10-foot spillway gates at Hell Hole Dam is provided below as Figure TERR 3-3. 


[image: image3]
Figure TERR 3-3.
Study Area for Hell Hole Reservoir Associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment.

Calculations of the area of each polygon associated with the Hell Hole Reservoir Seasonal Storage Increase Betterment are grouped as follows:

· Area 2a includes noxious weed polygons (or portions of polygons) occurring from the current maximum normal operating WSE of 4,630 feet to the potential new maximum normal operating WSE of 4,636 associated with the installation of a 6-foot spillway gate.

· Area 2b includes noxious weed polygons (or portions of polygons) occurring from 4,636 feet msl to the potential new maximum normal operating WSE of 4,640 associated with the installation of a 10-foot spillway gate.  The total reservoir area affected by installation of a 10-foot spillway gate includes both Areas 2a and 2b.
Quantitative Geomorphic and Riparian Sampling Sites
A team of botanists also conducted noxious weed surveys at 25 quantitative geomorphic and riparian sampling sites in conjunction with TERR 2 special-status plant surveys.  Noxious weed survey methods for the quantitative geomorphic and riparian sampling sites were the same as those described for surveys at existing Project facilities and features, Project recreation facilities, and dispersed concentrated used areas (Section 5.2.1). 

3.0 Study Results
The following presents results of the noxious weeds studies conducted in 2006–2008 in accordance with the TERR 3 – TSP.  
Develop Preliminary Information on Noxious Weeds in the Study Area

Fifty-seven noxious weed species were identified as known or potentially occurring in the vicinity of the MFP based on a literature review and consultation with the Terrestrial TWG.  Of these 57 species, 24 noxious weed species were previously recorded in the vicinity of the MFP, and 33 noxious weed species were identified as potentially occurring in the vicinity of the MFP.  These 57 noxious weed species were determined by the TWG to be the target species for the TERR 3 noxious weed surveys.  The list of target noxious weed species is provided in Appendix B.  Known occurrence of noxious weeds in the vicinity of the MFP based on a review of existing information was presented in Table 7-2 of the PAD. 
Conduct Noxious Weed Surveys
A total of 27 noxious weed species were detected in the study area during the TERR 3 noxious weed surveys (Table TERR 3-6).  This includes five noxious weed species that had not previously been recorded in the vicinity of the MFP:

· Italian thistle (Carduus pycnocephalus);
· Malta starthistle (tocalote) (Centaurea melitensis);
· Canada thistle (Cirsium arvense);
· White sweet clover (Melilotus albus); and
· Spreading hedgeparsley (Torilis arvensis).
Appendix C provides representative photographs of noxious weed species in the study area.  Table TERR 3-7 provides a list of each noxious weed species identified at existing Project facilities and features, Project recreation facilities, dispersed concentrated use areas, and potential Project betterments during the TERR 3 surveys and their distribution across six major geographic areas (Ralston-Oxbow Area, Middle Fork Interbay Area, Long Canyon Area, Duncan Creek Area, Hell Hole Area, and French Meadows Area, and snow courses).  In general, noxious weeds were common throughout the study area, particularly at facilities and features associated with the MFP’s four largest impoundments, Ralston Afterbay, Middle Fork Interbay, Hell Hole Reservoir, and French Meadows Reservoir.  The most abundant noxious weed species observed in the study area were:

· Woolly mullein (Verbascum thapsus) – 72 populations occupying approximately 319 acres; 
· Cheatgrass (Bromus tectorum) – 101 populations occupying approximately 280 acres; and 
· Rat-tail fescue (Vulpia myuros) – 77 populations occupying approximately 225 acres. 
Other noxious weed species occurred as smaller populations or single individuals intermixed with the more widespread species. 

Figure TERR 3-4 illustrates the distribution of each noxious weed species across the elevation range of the study area, including quantitative geomorphic and riparian study sites.  Most of the noxious weed species are shown as occurring from about 1,000 feet to 5,000 feet msl.  However, several species were more limited in their distribution.  These include creeping bent grass (Agrostis stolonifera), which was only identified in the study area above 3,000 feet msl; and Italian thistle (Carduus pycnocephalus) and Malta starthistle (tocalote) (Centauria melitensis), which were only identified below 3,000 feet msl.  Two species were identified at only a single location in the study area.  These are tree-of-heaven (Ailanthus altissima) at approximately 2,500 feet msl and black locust (Robinia pseudoacacia) at approximately 1,000 feet msl.  Sheep sorrel (Rumex acetosella) had the broadest distribution, occurring from approximately 1,000 feet msl to above 6,000 feet msl.
Specific results of the TERR 3 noxious weed surveys at existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas; potential Project betterments; and quantitative geomorphic and riparian sampling sites are provided below.
3.1.1 Existing Project Facilities and Features, Project Recreation Facilities, and Dispersed Concentrated Use Areas
A total of 25 noxious weed species were detected during noxious weed surveys conducted at existing Project facilities and features, Project recreation facilities, dispersed concentrated use areas.  Specifically, 24 species were identified at existing Project facilities and features; 18 species were identified at Project recreation facilities; and 23 species were identified at dispersed concentrated use areas.  Maps TERR 3-2a through TERR 3-2e provide the location of each noxious weed polygon and map identification numbers.  Maps TERR 3-3 and TERR 3-4 provide additional information on the location of ENF-rated moderate and high priority noxious weeds species within the ENF.  Only one map is included for the moderate priority species (Map TERR 3-3), which occur only in the vicinity of Ralston Afterbay.  Tables TERR 3-8a, 3-8b, and 3-8c provide a list of noxious weed species in the study area at existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas.  Refer to Appendix D for complete data on each noxious weed polygon depicted on the maps, and associated noxious weed populations.
Table TERR 3-9 provides an analysis of noxious weed polygons that are located at different reservoir elevations around Hell Hole Reservoir under the existing Project:

· Area 1 (which includes noxious weed polygons occurring at or below the current maximum normal operating WSE of 4,630 feet msl) includes portions of 19 noxious weed polygons occupying approximately 53 acres.  
· Area 2 (which includes noxious weed polygons occurring from the maximum normal operating WSE to the maximum flood pool elevation at 4,640 feet msl) includes portions of 35 noxious weed polygons occupying approximately 21 acres.  
· Area 3 (which includes noxious weed polygons occurring from the maximum flood pool elevation to the upper limit of the study area) includes portions of 38 noxious weed polygons occupying approximately 77 acres.
· Area 4 (which includes those portions of the noxious weed polygons intersecting Areas 1, 2, and/or 3 that extend beyond Area 3) includes portions of 27 polygons occupying approximately 25 acres.
Potential Project Betterments
Nineteen noxious weed species were detected during noxious weed surveys conducted at potential Project betterments.  Maps TERR 3-5a through TERR 3-5e provide the location of each noxious weed polygon and polygon identification numbers.  Maps TERR 3-6 and TERR 3-7 provide additional information on the location of ENF-rated moderate and high priority noxious weeds species within the ENF.  Only one map is included for the moderate priority species (Map TERR 3-6), which occur only in the vicinity of Ralston Afterbay.  ENF high-priority noxious weed species associated with potential project betterments were also consolidated into a single map (Map TERR 3-7).  Tables TERR 3-10a, 3-10b, and 3-10c provide a list of all noxious weed populations in the study area for potential Project betterments.  Refer to Appendix E for detailed information on each noxious weed polygon depicted on the maps, and associated noxious weed populations.

Table TERR 3-11 provides an analysis of noxious weed polygons at different reservoir elevations associated with the installation of a 6-foot or 10-foot spillway gate as part of the Hell Hole Reservoir Seasonal Storage Increase Betterment:

· Area 2a (which includes noxious weed polygons from the current maximum normal operating WSE of 4,630 feet msl up to the new potential maximum normal operating WSE of 4,636 feet msl resulting from installation of a 6-foot spillway gate) includes portions of 33 noxious weed polygons occupying approximately 10 acres.  
· Area 2b (which includes noxious weed polygons between 4,636 feet msl and the new potential maximum normal operating WSE of 4,640 feet msl resulting from the installation of a 10-foot spillway gate in Hell Hole Dam) includes portions of 34 noxious weed polygons occupying approximately 11 acres. Therefore, the total area affected by installation of a 10-foot spillway gate (i.e., areas 2a and 2b) includes portions of 34 noxious weed polygons occupying approximately 21 acres.
Quantitative Geomorphic and Riparian Sampling Sites

Twenty noxious weed species were detected during noxious weed surveys conducted at quantitative geomorphic and riparian sampling sites.  These sampling sites support a diverse assemblage of noxious weed species similar to the existing Project facilities and features, Project recreation facilities, and dispersed concentrated use areas, despite the fact that there is limited access to these sampling sites.  In many cases, the quantitative geomorphic and riparian sampling sites are only accessible by helicopter or by foot through areas without established trails.  Maps TERR 3-2a through TERR 3-2e provide the location of each noxious weed polygon and map identification numbers.  Maps TERR 3-3 and TERR 3-4 provide additional information on the location of ENF-rated moderate and high priority noxious weeds species at quantitative geomorphic and riparian sampling sites within the ENF. Only one map is included for the moderate priority species (Map TERR 3-3), which occur only in the vicinity of Ralston Afterbay.  Table TERR 3-12 provides a list of all noxious weed populations at these study sites.  Refer to Appendix F for detailed information on each noxious weed polygon depicted on the maps, and associated noxious weed populations.  
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