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I. Introduction

Post wildfire emergency response work has been conducted in on non-federal lands in 
California in numerous ways over the past 35 years.  This includes CAL FIRE Emergency 
Watershed Protection (EWP) evaluations in the 1980’s and 1990’s, which authorized the 
Department to conduct post burn rehabilitation work as part of its EWP program.  Examples of 
past work included post fire seeding for erosion control in high hazard areas and channel 
clearance to prevent over-bank flooding in populated areas.  However, since the year 2000, the 
use of wide spread grass seeding has been largely eliminated because numerous studies have 
shown that (1) the seed does not sprout and grow quickly enough to prevent most of the erosion 
that comes in the first winter after a fire, and (2) the planted grass competes with natural 
vegetation and can lead to less effective long-term cover conditions.  In contrast, straw and 
wood mulch, which establishes cover prior to the first fall rains, has been shown to be much 
more effective in preventing post fire erosion (Robichaud et al. 2010).  After 2000, post fire 
emergency response teams in southern California have emphasized the use of early warning 
systems (e.g., ALERT systems), and warning letters have been increasingly used to inform 
residents of debris flow and flooding potential, as determined by licensed geologists 
participating on these teams.   

Prior to 2015, little post fire evaluation work has been conducted on non-federal lands in 
California since 2008.  This has been largely due to a limited number of large fires in southern 
California and reduced funding for this type of work, including no direct state funding for post fire 
emergency protection measures (leaving that to private landowners, the counties, NRCS, and 
others).     

In 2007, CAL FIRE staff developed a draft prioritization form to select fires that presented the 
highest risk to lives and property, and this form was revised in 2015.  In appropriate situations, 
small state teams of civil engineers, geologists and CAL FIRE staff can be assembled to assess 
risk to lives and property from debris flows and hyper-concentrated flood flows.  CAL FIRE 
senior staff, along with OES, determined that a post fire emergency response team was needed 
for the devastating Valley Incident, primarily located in Lake County.  It was clearly recognized 
that in order to avoid duplication of efforts and make the most of funding opportunities, it was 
critical for the post fire response team developed for the Valley Fire to coordinate with and
compliment the efforts that are underway by NRCS and other state and federal agencies.  A 
multi-agency team comprised of individuals with expertise in geology, hydrology, forestry, GIS, 
and water quality was assembled on September 30, 2015 for the Valley Fire.  Primary 
objectives for this Phase I Post Fire Watershed Emergency Response Team (PFWERT) effort 
were to:

Identify on-site and downstream threats to public health or safety from landsliding, debris 
torrents, flooding, road hazards, and other fire related problems.
Develop and recommend emergency protective measures needed to avoid life-safety 
threats.

Following this the Phase I effort, a Phase II PFWERT team will be assembled to:

Identify threats to watershed resources, including: excessive erosion; impaired 
water quality; threats to wildlife, fisheries, and botanical values; and cultural 
resources.
Develop and recommend emergency protective measures needed to prevent 
identified threats.
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The phased approach is being used to streamline the initial life safety hazard detection effort 
completed in Phase I. The process is described as a phased approach only because the 
prioritized life-safety hazard effort overlaps and transitions with the evaluation of natural 
resource impacts. 

Table 1. Phase I team members.

Main Team
Name Position Agency Expertise-Position

Pete Cafferata, PH #1676, 
RPF #2184

Team Leader CAL FIRE Hydrology/Forestry

Dave Longstreth, CEG #2068 Co-Leader CGS Engineering Geology
Patrick Brand, CEG #2542 Team Member CGS Engineering Geology
Griffin Perea, PG #9237 Team Member CVRWQCB Engineering Geology
Trevor Morgan, PE #79967 Team Member DWR Civil 

Engineer/Hydrology
Stacy Stanish, RPF #3000 Team Member CAL FIRE GIS/Forestry
Julia Grim Team Member NRCS Geology

Adjunct Team
Korinn Woodard Team Member NRCS District Conservationist
Kelly Larvie Team Member CAL FIRE-FRAP Research Analyst, GIS
Tom Smythe Team Member Lake County 

Department of 
Water Resources

Water Resources 
Engineer

Will Evans Team Member Lake County 
Department of 
Water Resources

Water Resources 
Program Coordinator

 

II. Valley Fire Summary Information

The Valley Fire began on September 12, 2015 and burned 76,067 acres in Lake, Sonoma, and 
Napa Counties, south of Clear Lake (Figure 1).  Major areas impacted include Middletown, 
Cobb, and Hidden Valley.  Tragically, the fire killed four people.  Additionally, a total of 1958 
structures were destroyed, including 1280 homes and 27 apartment buildings.  This total makes 
the Valley Fire the third worst in state history in terms of the number of damaged structures.  
Approximately 99 percent of Boggs Mountain Demonstration State Forest rapidly burned 
(roughly 3460 acres of the total Forest area of 3493 acres).  The Valley Fire area burned went 
from 400 acres in the first few hours to 40,000 acres in approximately the first 18 hours due to 
high wind conditions, reported up to 60 mph.  Detailed information is provided at:  
http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=1226 
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Figure 1.  General Valley Fire map.

 

III. Physical Setting

Geographic Setting 

The Valley Fire burned through an area that ranges in elevation from about 1000 feet above 
mean sea level near Bordeaux Lake to a high of about 4700 feet above mean sea level at Cobb 
Mountain.  This area is home to numerous communities, wineries, agricultural centers, and 
resorts.  Lower and mid elevation areas were comprised of mostly of gray pine and oak 
woodlands with areas of manzanita/ chamise fields and low lying grasslands.  Upper elevation 
areas transition to conifer forests with numerous hardwood species in riparian zones.  For 
specific information regarding vegetation types, including acres and percentage within the fire 
perimeter, see Table 2. Precipitation varies greatly from the northwest portion of the fire to the 
southeast portion of the fire, from 80 inches annually southeast of Anderson Springs near the 
fire perimeter to 30 inches annually near Bordeaux Lake.  Upper elevation areas receive limited 
snow most years, however most of the precipitation is in the form of rain.  Areas that do receive 
snow are within the rain-on-snow zone.  The area experiences a typical Mediterranean climate, 
with warm dry summers and cool wet winters.  Temperatures can range from highs in the 100 
degree range during the summer to lows in the 30’s during the winter.  Topography in the area 
varies widely, ranging from low lying valleys in the south eastern portion of the fire perimeter to 
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steep sided canyons in the Highway 175 and Big Canyon corridors.  Slopes can vary from less 
than 10% to over 75%, but generally slopes within the fire perimeter range from 10% to 30%.  

Table 2.  CalVeg cover types for the Valley Fire area.

CalVeg Cover Type Acres in Valley Fire 
Perimeter

Percent of Valley Fire

Agriculture (AGR) 7127 9.4
Barren (BAR) 301 0.4
Conifer (CON) 11187 14.7
Hardwood (HDW) 14136 18.6
Grassland (HEB) 5757 7.6
Hardwood/Conifer Mix (MIX) 18316 24.0
Shrubland (SHB) 18316 24.0
Urban (URB) 371 0.5
Water (WAT) 574 0.8

Total 76085 100.0
 

Fire History

Only 21 percent of the Valley Fire area had burned since 1950 prior to the Valley Fire; 19 
individual fires have occurred in the last 65 years (GIS analysis using NICS layer; Mike Wink, 
CAL FIRE, personal communication).  Recent fires in the Valley Fire area have included the 
1985 Hidden Valley Fire, which burned 1032 acres in the footprint; the 1991 Geysers Fire, 
which burned 1582 acres entirely within the footprint; the 2000 Hidden Fire, which included 
3593 within the footprint; the 2004 Geysers Fire, with 664 acres within the footprint; and the 
2014 Butts Fire, which included only 40 acres within the Valley Fire footprint (Figure 2).    
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Figure 2.  Fire history for the Valley Fire area.

Geologic Setting

The 2015 Valley Fire burn area is located in the north-central portion of the Coast Ranges 
geomorphic province. The Coast Ranges are northwest-trending mountain ranges and valleys 
that trend northwest, subparallel to the San Andreas Fault (CGS, Note 36). Topography in the 
Valley Fire area can generally be divided into three areas: (1) steep slopes drained by moderate 
to steep gradient watercourses in the northwest portion of the fire area in the area of Cobb and 
Boggs Mountain, (2) relatively gentle and flat ground that contain the Long Valley, Coyote Valley 
and Collayomi Valley areas in the central portion of the fire area, and (3) steep slopes drained 
by moderate to steep gradient watercourse in the southeast portion of the fire area in the area of 
Butts Canyon. Fault relationships in the area of the Valley Fire are complex, with numerous 
faults mapped within the burn area. A number of active faults, likely associated with the Clear 
Lake volcanic field are mapped immediately north of the burn area.

The Coast Ranges are composed of thick Mesozoic and Cenozoic sedimentary strata. In the 
Valley Fire area sedimentary rocks are overlain by volcanic cones and flows of the Clear Lake 
volcanic fields. Published geological mapping (Brice, 1953; Hearn and others, 1995; McNitt, 
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Plates 1, 2, and 3) indicates three basic types of bedrock in the fire area: (1) Mesozoic to 
Cenozoic marine sediments and volcanics of the Franciscan Complex and Great Valley 
Sequence, (2) continental sediments of Plio-Pleistocene age, and (3) Quaternary volcanic rocks 
(Brice, 1953; Hearn and others, 1995). The Franciscan Complex underlying portions of the 
Valley Fire area is described as consisting of greywacke sandstone interbedded with minor 
chert, shale, and conglomerate. The Great Valley Sequence rocks are described as sandstones 
and mudstones with shale, conglomerate and greenstone. Both units includes serpentinite 
(Brice, 1953; Hearn and others, 1995,) thought to be disrupted pieces of ultramafic rock 
representative of displaced upper mantle material (Harden, 2004). The Plio-Pleistocene Cache 
Formation is described as freshwater deposits of gravel, silt, and clay with marl limestone and 
diatomite in the upper portions (Brice, 1953). Quaternary volcanics of the Clear Lake volcanic 
field (https://volcanoes.usgs.gov/volcanoes/clear_lake/) that overlie portions of the sedimentary 
bedrocks contain rhyolitic and basaltic volcanic rocks ejected as flows and tuffs. It is thought 
that some of the relatively flat valley bottoms in the vicinity are due to lava flow dams and the 
highest topography within the burn area, including Cobb and Boggs Mountains, is formed of 
volcanic rock (Brice, 1953). 

Brice (1953) indicates that serpentinite and the volcanics appear especially susceptible to 
landslide processes.  Landslides are commonly found near the contact between the overlying 
volcanics and underlying Franciscan Complex in the western and northern portion of the burn 
area. Potentially hazardous naturally occurring minerals (asbestos and mercury) occur within 
the Valley Fire burn area. Both asbestos and mercury can be associated with ultramafic rocks, 
particularly serpentinite. Exploration borings for hydrothermal energy are present over most of 
the burn area and an active development exist in the southwest portion. A byproduct of 
hydrothermal processes are gases containing sulfuric compounds. Plate 4 illustrates locations 
of mineral hazards within the Valley Fire burn area. Information regarding naturally occurring 
asbestos can be found at the Lake County Air Quality Management District website: 
http://www.lcaqmd.net/SerpentineAsbestosChoices.htm

Soil and Erosion Information

Soils in the 2015 Valley Fire burn area are generally derived from underlying bedrock or 
discontinuous deposits of colluvium and alluvium that overlie the bedrock. Alluvial deposits 
occupy valley floors and stream channels and colluvium blankets most slopes throughout the 
burn area. Published soil surveys identify more than one hundred soils units within the burn 
area (Smith and Broderson, 1989; Miller and others, 1972; Lambert and Kashiwagi, 1978). In 
general, soils on gentle to moderately steep upland areas consist of loam to clay loam, with 
increased clay content where the parent material is volcanic or serpentinite. Soils on steeper 
hillsides are often gravelly loam and gravelly clay loam, while soils in lower lying areas such as 
valley floors, stream channels, and floodplains generally consist of loam to sandy loam. 

Erosion Hazard Rating (EHR) for soils in the 2015 Valley Fire burn area was estimated by CAL 
FIRE (Figure 3) based on the procedure described in the California Forest Practice Rules 
(Board Technical Rule Addendum #1) and using an assumed post fire vegetative cover of 10 
percent. The EHR results indicate that areas of High and Extreme EHR generally correlate with 
the areas of steep slopes, such as the southwest portion of the fire area (e.g., the Mayacamas 
Mountains and Geysers areas) and the southeast and east flanks of Boggs Mountain (e.g., the 
Harbin Springs area). The results also indicate that the very steep slopes that flank Cobb 
Mountain have an Extreme EHR.

Mary Ellen Miller (Michigan Technological University) and Bill Elliot (USFS Rocky Mountain 
Research Station) also modeled post-fire hillslope erosion in the 2015 Valley Fire burn area
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(Figure 4) using GeoWEPP (Geographical interface for the Water Erosion Prediction Project). 
The model estimates the quantity of erosion during a ten year storm event/recurrence interval 
based on the field verified Soil Burn Severity map and assumed values for post-fire ground 
cover in areas of differing burn severity. The model results are generally consistent with the 
BOF Technical Rule Addendum No. 1 estimated EHR, with the highest quantities of estimated 
erosion in the southwest portion of the fire area (e.g., in the Mayacamas Mountains, Geysers, 
and Cobb Mountain areas) and the southeast and east flanks of Boggs Mountain (e.g., the 
Harbin Springs area). However, the results also appear to improve upon the BOF estimated 
EHR results by using varying ground cover estimates based on the verified Soil Burn Severity 
map. As such, some areas identified by the BOF EHR mapping as High or Extreme EHR have 
relatively low estimated quantities of erosion (such as the north face of Cobb Mountain). 

The highest GeoWEPP modeling data indicates erosion rates of approximately 310 to 680 
Megagrams per hectare per year (160 to 360 cubic yards per acre) within some of the basins on 
Cobb Mountain. These basins are shown as orange and red in the GeoWEPP modeling map 
(Figure 4). As such, high rates of surface erosion should be expected during high intensity rain 
events. 

Figure 3.  BOF Technical Rule Addendum No. 1 erosion hazard rating map.
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Figure 4.  Post fire erosion modeling completed for the Valley Fire by Drs. Mary Ellen Miller and
Bill Elliot.

Flooding Information

Incomplete flood history is available for the watersheds located within the Valley Fire area.  
FEMA (2011) reported that in the last 50 years, Lakeport has experienced six stream bank 
overflow flood events: December 1937, February 1940, December 1964, January 1970, 
January 1983, and February 1986.  Kelsey Creek is the only unregulated watershed with a long 
flow record partly within the Valley Fire footprint.  Beginning in 1947, flood events exceeding a 
10 year recurrence interval in the Kelsey Creek watershed have occurred in water years 1954, 
1965, 1983, 1995, 1997, and 2013 (Figure 5).  The January 1997 flood equated to 
approximately a 30 year return interval event (Hunrichs et al., 1998).
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Floodplain development in the upper Putah Creek area is mostly agricultural, except for the 
portion of Middletown subject to overflow from Putah Creek tributaries.  FEMA has mapped the 
100 year floodplain for Putah Creek and its tributaries in the Middletown area, as well as for the
Anderson Springs, Copsey Creek, Butts Creek through Snell Valley to Putah Creek, Seigler 
Canyon near Lower Lake, and the Cache Creek watersheds.  It has been estimated that over 
1000 homes are located in the 100 year floodplain within the fire perimeter (Tom Smythe, Lake 
County Department of Water Resources, personal communication). FEMA flood zone maps are 
available at:  
http://www.co.lake.ca.us/Government/Directory/Water_Resources/Department_Programs/Flood
_Management/Check_Floodplain_Status.htm

Localized flooding during heavy rain events prior to the fire has been observed in multiple areas 
within the fire perimeter (M. Wink, CAL FIRE, personal communication). These areas include 
the Collayomi Valley between Santa Barbara and Napa Streets, Long Valley near Highway 29 
and Butts Canyon Road and between Loconomi and Eureka streets, the Coyote Valley at 
Hartman Road including the south east end of the Hidden Valley Lake subdivision behind the 
levee, Spruce Grove Extension, and Seigler Valley along the Seigler Canyon Road.  A resident 
in the Seigler Valley area reported that during heavy rain events, the bridges along Seigler 
Canyon Road would often overtop.

 

Figure 5.  Annual peak discharges for the Kelsey Creek watershed, USGS Station 11449500.
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IV. Field Observations

The Post Fire Watershed Emergency Response Team (PFWERT) was initially provided a 
preliminary Burned Area Reflectance Classification (BARC) map of the Valley Fire burn area 
prior to initiation of field work. Satellite data for the BARC map was produced by the USFS and
the initial map was produced by CAL FIRE-FRAP. PFWERT field observations can be broken
into two general sections: (1) verification and ground truthing of BARC map provided by the 
USGS, and (2) site specific observations of post-fire conditions that pose a risk to life and 
property. 

Compilation of GIS Data and Maps (conducted on October 1 and 2, 2015): In order to compare 
field observations with map data, geo-referenced pdf maps were produced for team member 
use. Raster data from the Valley Fire BARC map was layered onto a topographic base layer 
using ArcGIS. Road layers and culvert/bridge location data provided by Lake County were 
added to the ArcGIS maps that were converted to geo-referenced pdf files. The geo-pdf files 
were uploaded to team member smart phones and one iPad. Team members used an 
application named “PDF Maps” (Avenza, Inc.) to track their locations on the ground relative to 
mapped GIS features. An Esri application named “Collector” was used on an iPad to easily 
compare aerial imagery with respect to GIS data. This was particularly useful in tracking map 
location when conducting an aerial helicopter reconnaissance. 

BARC Map Verification (conducted October 2 and 3, 2015): A BARC map is composed of 
satellite-derived data layers of post-fire vegetation conditions. The BARC has four classes: high, 
moderate, low, and unburned. Typically the higher the burn severity, the more susceptible the 
area is to rapid runoff and erosion. The Valley Fire BARC map was used by the PFWERT as a 
guide to discover areas of probable erosion and debris flows that may occur during storm 
events and threaten impacts to downslope structures and infrastructure. 
CAL FIRE requested that a Burned Area Reflectance Classification (BARC) map be created.  
The United States Forest Service (USFS) Remote Sensing Application Center (RSAC) gathered 
the satellite imagery and provided this imagery to CAL FIRE’s Fire and Resource Assessment 
Program (FRAP).  The BARC map was created on 22 September 2015 and displayed the Valley 
Fire perimeter and the burn severities (unburned, low, moderate, high) within the Valley Fire, 
based on post fire vegetation conditions as of 22 September 2015.  To verify the accuracy of the 
BARC map, members of PFWERT conducted field tests, mostly within the moderate and high 
burn severity areas, and compared the results to the BARC map soil burn severity classification.  

In order to have confidence in the BARC map data the PFWERT divided into two teams and 
conducted soil hydrophobicity testing and vegetation burn severity observations at points within 
the burn area (Figure 6) consistent with guidelines provided by Parsons et al., 2010. Testing 
was conducted at 28 sites within the Valley Fire perimeter.  Soil water repellency testing was 
conducted on both the soil surface and at depth.  Surface water repellency testing was 
completed by scraping away the ash layer to expose bare mineral soil at the surface and then 
timing how long it took for a drop of water to infiltrate the soil.  Subsurface water repellency 
testing was completed in the same fashion as surface testing, however a small trench was dug 
approximately ½ inch to 1 inch below the soil surface to test for water repellency.  At nearly 
every site, surface water repellency was observed, however subsurface water repellency was 
highly variable.  
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Figure 6. BARC map with field verification sites.

Throughout the testing it became apparent that soil water repellency was not necessarily a good 
sole indicator for burn severity, as water repellant conditions persisted throughout various BARC 
burn severities and was highly variable.  Therefore, to validate the BARC map, additional 
information on ash thickness, ash color, pre-fire vegetation density, ground cover, and 
vegetation type was collected in conjunction with soil water repellency to determine the overall 
soil burn severity for comparison with the BARC map.   Field data gathered during the BARC 
map verification is summarized in Appendix A.

In general the PFWERT found the Valley Fire BARC map to be highly accurate, with only one 
minor revision from moderate to high burn severity near the Hidden Valley Lake Area, south of 
Guenoc Lane. The corrected BARC map was provided to the USGS, who then conducted 
debris flow modeling. Overall for the entire Valley Fire area, approximately 14% was 
unchanged, 18% low, 40% moderate, and 27% high. Individual HUC 12 planning watershed 
percentages are displayed in Table 4.

USGS Debris Flow Modeling: The USGS uses empirical models to estimate the probability and 
volume of debris flows for selected basins in response to a design storm. The characteristics of 
basins affected by the Valley fire were calculated using a geographic information system (GIS). 
Debris-flow probability, volume, and combined hazard were estimated for each basin outlet as 
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well as along the upstream drainage networks for a 2, 5, 10, 25, 50, and 100 year design storm 
event. The combined hazard line segments for the 100-year design event and locations 
downslope or downstream of the line segments were used by the PFWERT as a guide to 
possible locations of concern. The USGS modeling data was provided to the PFWERT on 
October 5, 2015.

Aerial Helicopter Reconnaissance (conducted October 4, 2015): An aerial reconnaissance of 
the Valley Fire Burn area was conducted via a helicopter on the morning of October 4, 2015. 
The aerial reconnaissance enabled team members to visually assess potential areas of concern 
to be evaluated on the ground. As a potential area of concern was observed during then flight a 
GIS point was taken on the PFWERT iPad. These point locations were then added to the geo-
pdf data maps so that they could be visited on the ground by team members.

Site Specific Observations (conducted October 4, 5, 6, and 7, 2015):

An initial training was conducted by the PFWERT within the Anderson Springs area. The 
purpose of the training was to provide consistency in team member observations and recording 
of potential hazard locations. An Excel spreadsheet titled “Burn Site Evaluation Summary” 
(Appendix B) was printed and used to compile notes during site specific observations. The 
summary sheet logs the type of at-risk feature (e.g., a house or bridge), the address, the GPS 
location (NAD 83 datum), the type of hazard (for example flooding, debris flow, culvert 
plugging), the likelihood of hazard occurrence, whether the hazard poses a risk to life and/or 
property, possible emergency protection measures, and the responsible agency.

After the site specific training, the PFWERT broke into two teams and began assessing areas of 
concern within the Valley Fire footprint. Site specific observations were conducted October 4, 5, 
6, and 7, 2015. Locations and areas of concern were based on the USGS debris flow modeling 
data for the 100 year design event (combined hazard), FEMA 100 year flood plain mapping, 
BARC data, topography, aerial imagery from Google Earth, and information gathered from 
knowledgeable individuals who have lived in the area for several years. Where possible, team 
members noted preliminary or possible emergency protective measures. Data were collected 
every night and entered into an Excel spreadsheet (Appendix B). 

 

V. Debris Flow Modeling and Results

The USGS conducted a post-fire debris flow hazard evaluation for the 2015 Valley Fire using 
empirical models to estimate the probability and volume of debris flows for selected basins in 
response to a design storm. The empirical models are based upon historical debris-flow 
occurrence and magnitude data, rainfall storm conditions, terrain and soils information, and the 
field verified Soil Burn Severity map. Post-fire debris-flow probability, volume, and combined 
hazards are estimated at both the drainage-basin scale and in a spatially distributed manner 
along the drainage network within each basin. The characteristics of basins affected by the fire 
were calculated using a geographic information system (GIS). Debris flow probability and 
volume in response to a design storm were estimated for each basin outlet, as well as along the 
upstream drainage networks. The combined debris flow hazard is considered to be the 
combination of both the estimated probability and volume. For example, the most hazardous 
basins or segments will show both a high probability of occurrence and a large estimated 
volume of material. Slightly less hazardous areas would be basins or segments that show a 
combination of either relatively low probabilities and larger volume estimates or high 
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probabilities and smaller volume estimates. The lowest relative hazard would be for basins and 
segments that show both low probabilities and the smallest volumes.

USGS Valley Fire Debris Flow Results

Results of the USGS debris flow results can be viewed as an interactive map at the following 
link: http://landslides.usgs.gov/hazards/postfire_debrisflow/2015/20150912valley/. 

The interactive map displays estimates of the probability of debris flow in percent, potential 
volume of debris flow in cubic meters, and as a combined relative debris flow hazard. These 
predictions are made at the scale of the drainage basin, and at the scale of the individual stream 
segment. Estimates of probability, volume, and combined hazard are based upon a design 
storm with 25-year recurrence interval (i.e., a 1 in 25 chance of a storm of that magnitude 
occurring in any given year). The PFWERT used the 100-year recurrence interval (i.e., a 1 in 
100 chance of a storm of that magnitude occurring in any given year) and this is what is shown 
on the identified values at risk map (Plates 5). The 100-year recurrence interval debris flow 
modeling shows more or higher ranked segments of potential debris flows (particularly in the 
high burn severity areas in the northwest portion of the Valley Fire burn area) when compared to 
the 25-year interval. All the recurrence intervals indicate Anderson Creek and Bear Creek 
(Anderson Springs area) as high potential for debris flow.

Figures 7 and 8 show USGS modeling results for combined debris flow hazard and probability 
of volumes.  Estimates of combined hazard and volume are based upon a design storm with 25-
year recurrence interval (i.e., a 1 in 25 chance of a storm of that magnitude occurring in any 
given year).

 

Figure 7.  USGS modeling results for combined debris flow hazard for a 25 year return interval 
storm event. 
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Figure 8.  USGS modeling results for probability of stream segment volumes based on a 25
year return interval storm event. 

VI. Flood Flow Modeling and Results

Flood Modeling Methods

Several different approaches are available for estimating pre and post-fire stream flows for the 
watersheds affected by wildfire (Mai 2003, Foltz et al. 2009, Kinoshita et al. 2014). These 
include: 

The Rational Method (limited to watersheds < 200 ac),
USGS regional regression equations (Gotvald et al., 2012),
Stream gauging station data with flood frequency analysis and flow transference
(area adjustment) to nearby hydrologically similar watersheds (Waananen and
Crippen, 1977),
Flow estimates provided in Rowe et al. 1949 for southern California watersheds,
NRCS Curve Number methods (Foltz et al., 2009), and
Computer programs using the unit hydrograph approach (programs such as TR- 
55, HEC-HMS) (Kinoshita et al., 2014).

Kinoshita et al. (2014) compared several of these methods for pre and post wildfire flow 
estimates.  They reported inconsistency between model predictions for events across the sites 
and less confidence with larger return periods (25- and 50-year events) and for post-fire 
predictions.  Therefore, we only estimated the 10 year return interval pre and post fire flood 
flows for the HUC 12 watersheds associated with the Valley Fire (see map in Appendix C). 
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For pre-fire flow evaluation, we determined that the local stream gauging data would provide 
reasonable estimates of flood flows. Stream gauging data with flow transference were used for 
the 14 HUC 12 watersheds analyzed for the Valley Fire (Cafferata et al. 2004). Peak flow 
calculations were based on the data collected from 1947 to the present at USGS stream 
gauging station No. Station - 11449500 Kelsey Creek near Kelseyville, CA. This unregulated 
gauging station is located below the fire perimeter, but the upper part of the basin was burned 
as part of this incident and the drainage area is generally similar to those of the HUC 12 basins 
analyzed.  A flood frequency analysis for this station was produced using the USGS PeakFQ 
software program (Figure 9 and Appendix C).

In addition to using Kelsey Creek flow data, FEMA’s (2011) analysis of flooding conditions in the 
upper Putah Creek watershed provides a valid methodology to predict pre-fire flood flows within 
the general fire area.  FEMA utilized a unit hydrograph approach to generate drainage area-
peak discharge relationships for upper Putah Creek (Figure 10), as well as other drainages in 
Lake County.

To determine the impact of the wildfire on first year post-fire peak flows, the total acres and 
acres burned at high, moderate, and low soil burn severity for each HUC 12 watershed was 
determined (Tables 3 and 4).  Then a simple equation included in Foltz et al. (2009) was used to 
predict first year increases following the fire:

Modifier 
T

mh

A
AAIncreaseRunoffPercent )(

%100
  1

where:
 AH = high burn severity area within the watershed (acre or mi2) 
 AM = moderate burn severity area within the watershed (acre or mi2) 
 AT = total watershed area (acre or mi2) 

Limited studies and guidelines exist to determine the appropriate modifier or percent runoff 
increase for high and moderate soil burn severity.  As stated in Foltz et al. (2009), US Forest 
Service BAER specialists have used a 100% runoff increase (double the runoff amount) for 
high/moderate soil burn severity areas in the first year after a severe wildfire.  This simple 
approach appears reasonable for the Valley Fire and was used for post fire flood analysis.  It is 
generally consistent with information included in a review of changes in peak flows following 
wildfire conducted by Moody and Martin (2001). They state that Rowe et al. (1949) has been 
used for post-fire flow modification evaluation in southern California for decades, and that for the 
first year after the wildfire, the ratio of post fire flow to pre-fire flow increases from 2 to 3 
fold for less frequent, large magnitude storms (5 to 100 year recurrence intervals).

The GeoWEPP erosion modeling (Figure 4) indicates relatively high rates of erosion in those 
sub-basins that received high burn intensity (approximately 310 to 680 megagrams per hectare 
per year). As such, the high flows anticipated from the effects of moderate to high burn severity 
will likely result in high rates of surface runoff and erosion during moderate to high intensity 
rainfall events. 

Flood Flow Modeling Results

Estimates for pre and post-fire flood flows for the 14 modeled watersheds draining
the Valley Fire are provided in Table 5. The 10-year return interval flood flow in the Big Canyon 
Creek-Putah Creek watershed is projected to increase 1.7 times.  The estimate for the Dry 
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Creek-Putah Creek watershed is only slightly less, at 1.6 times. All of the remaining HUC 12 
watersheds are projected to increase less than or equal to 1.3 times for 10 year return interval 
flood events.  Note that the pre- and post-wildfire flow transference values for Kelsey Creek are 
lower than those derived from the FEMA graph.  Using the more conservative FEMA graph 
estimates will provide a greater factor of safety.  

It is important to note that watershed area affects the size of estimated post-fire flood flows. In 
general, Neary et al. (2005) and Foltz et al. (2009) state that post-fire changes in peak flows are 
greatest in smaller sized watersheds less than 0.4 mi2 (~250 ac).  The HUC 12 watersheds 
used in this analysis are approximately 13 to 54 square miles, so higher increases are expected 
for the Valley Fire in much smaller sub-watersheds that are intensely burned.

Additionally, no bulking factor was included in our analysis, but bulking by sediment can be 
extremely important during the first post winter. Estimates of projected flood flow volumes are 
commonly doubled due to bulking, or entrainment of sediment from mass wasting processes, in 
southern California watersheds (LACDPW 2006).  It may be less for northern California 
watersheds, but this is currently unknown.  

Even without bulking, in the Big Canyon Creek-Putah Creek HUC 12 watershed for the 
first winter, it is significant to understand that the Valley Fire is projected to change a 10 
year return interval event (10,500 cfs) to approximately a 100 year event (18,000 cfs), 
using the FEMA graph for upper Putah Creek (Figure 10, Table 5).  

Figure 9.  Flood frequency plot for the Kelsey Creek watershed (using USGS PeakFQ program).  
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Figure 10.  Peak discharge-drainage area relationships for varying return intervals for the upper 
Putah Creek watershed (from FEMA 2011).  

Table 3.  Valley Fire HUC 12 watershed areas, area burned, and areas unburned (note that total 
acres on September 22, 2015).  

Watershed Name Area Area Area Burned Area Burned Area Burned Area Burned % Area

(ac) (sq mi) (in fire perimeter) (in fire perimeter) % (ac)  (%) Unburned

Alder Creek-Big Sulfer Creek 34372 53.7 3493.0 10 2783 8.0 92.0

Big Canyon Creek-Putah Creek 20862 32.6 19055.0 91 17548 70.1 29.9

Bucknort Creek 16818 26.3 8575.0 51 6205 35.0 65.0

Butts Creek-Putah Creek 35276 55.1 2524.0 7 1990 5.6 94.4

Cole Creek 18613 29.1 6.0 0 1 0.0 100.0

Copsey Creek 11132 17.4 2458.0 22 2226 14.6 85.4

Crazy Creek-Putah Creek 25327 39.6 13998.0 55 12039 45.7 54.3

Dry Creek-Putah Creek 20483 32.0 15025.0 73 13973 54.3 45.7

Kelsey Creek 28480 44.5 4700.0 17 3519 11.6 88.4

Little Sulphur Creek 20359 31.8 199.0 1 141 0.6 99.4

Saint Helena Creek 13649 21.3 1809.0 13 1543 10.5 89.5

Seigler Canyon Creek (revised) 8072 12.6 3094.0 38 2362 23.6 76.4

Soda Creek 20811 32.5 275.0 1 214 0.9 99.1

Upper Pope Creek 13956 21.8 830.0 6 526 3.5 96.5

Total 76041.0 65070
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Table 4.  Soil burn severity for the HUC 12 watersheds, as well as flow modifier values.

Table 5. Valley Fire 10 year return interval pre-fire and post-fire flood predictions (FT = flow 
transference method). 

VII. General Observations of Values at Risk

1) Soils Susceptible to Erosion. Some of the Valley Fire burn area is underlain by 
Franciscan formation sedimentary rock (Bric, 1953). It appears that the on-site soils in these 
areas are loose and susceptible to erosion, whether they are affected by wildland fire or not. 

2) Hazardous Minerals.  Portions of the Valley Fire burn area are underlain by naturally 
occurring hazardous minerals (particularly asbestos).  Information regarding these 
hazardous minerals can be found at the Lake County Air Quality Management District 
website: http://www.lcaqmd.net/SerpentineAsbestosChoices.htm
3)  Development of Water Repellent Soils. Our evaluation  of soils within the burn area 
indicate that water repellent soils have developed in areas where the BARC map indicates 
moderate to high burn classifications. The presence of water repellent soils is anticipated to 

Watershed Name Burn Severity Burn Severity Burn Severity Burn Severity Burn Severity Burn Severity Flow Modifier
HIGH (ac) HIGH (%) MOD (ac) MOD (%) LOW (ac) LOW (%)

Alder Creek-Big Sulfer Creek 1254 3.6 964 2.8 565 1.6 1.065
Big Canyon Creek-Putah Creek 7262 20.8 8146 39.0 2140 10.3 1.739
Bucknort Creek 612 1.8 3329 19.8 2264 13.5 1.234
Butts Creek-Putah Creek 281 0.8 1218 3.5 491 1.4 1.042
Cole Creek 0 0.0 0 0.0 1 0.0 1.000
Copsey Creek 888 2.5 889 8.0 449 4.0 1.160
Crazy Creek-Putah Creek 1690 4.8 7120 28.1 3229 12.7 1.348
Dry Creek-Putah Creek 6876 19.7 5071 24.8 2026 9.9 1.583
Kelsey Creek 1106 3.2 1464 5.1 949 3.3 1.090
Little Sulphur Creek 21 0.1 80 0.4 40 0.2 1.005
Saint Helena Creek 173 0.5 758 5.6 612 4.5 1.068
Seigler Canyon Creek (revised) 598 1.7 1117 13.8 647 8.0 1.212
Soda Creek 58 0.2 73 0.4 83 0.4 1.006
Upper Pope Creek 53 0.2 208 1.5 265 1.9 1.019

Pre-Fire 10 Year RI Post-Fire 10 Year RI 10 Year RI
Wateshed Name Kelsey Cr  FT (cfs) FEMA Graph (cfs) Kelsey Cr FT (cfs) FEMA Graph (cfs) Times Normal

Alder Creek-Big Sulfer Creek 10302 16500 10966 17565 1.1
Big Canyon Creek-Putah Creek 6639 10500 11542 18255 1.7
Bucknort Creek 5492 9200 6779 11356 1.2
Butts Creek-Putah Creek 10540 17000 10988 17722 1.0
Cole Creek 6005 10000 6005 10000 1.0
Copsey Creek 3820 6200 4429 7190 1.2
Crazy Creek-Putah Creek 7874 13000 10613 17522 1.3
Dry Creek-Putah Creek 6532 11000 10342 17416 1.6
Kelsey Creek 8731 14500 9518 15808 1.1
Little Sulphur Creek 6498 11000 6530 11055 1.0
Saint Helena Creek 4570 7500 4882 8012 1.1
Seigler Canyon Creek (revised) 7198 12000 8728 14550 1.2
Soda Creek 6624 11000 6666 11069 1.0
Upper Pope Creek 4661 8000 4748 8150 1.0
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decrease infiltration of water resulting in an increase of surface flow during storm events,
particularly during the first winter after the fire. The increased flows can result in increased 
erosion of hillsides, scouring of watercourse channels, bulking of sediment, and 
development of in-channel debris flows. Because the burn area contains loose soils that in 
some areas are susceptible to erosion, the potential for flooding, erosion, and debris sliding 
is exacerbated by the effects of the wildfire and development of water repellent soils.
4)  Road System. The residential communities within and downstream of the Valley Fire 
burn area are serviced via a network of roads and highways. Caltrans maintains Highways 
29 and 175 and Lake County controls the municipal road system. Roads within the 
geothermal field on the northwest side of the burn area are controlled by the Calpine 
Corporation. Many of the roads are located near or cross the drainages that flow within or 
downstream of the fire area. The road system is drained via numerous culverts and bridges 
that discharge into what appear to be natural and man-made drainage swales. Many of the 
roads are insloped and carry water to the culverts along inside ditches. Because water 
repellent soils developed from the fire, increased flows on slopes and onto the road system 
can be expected. Loose and erodible soils that mantle the slopes could wash down, 
inundate, and plug the drainage system. Flows could be diverted down roads and cause 
erosion and possible blockage and/or loss of portions of the road infrastructure and 
structures along roads. 

The PFWERT did not evaluate every culvert, bridge or other type of crossing within or 
downstream of the burn area. Only observed areas that appeared at risk to obvious 
debris flow impact or flooding were noted. The observations documented in this 
report are intended to be used as a preliminary indication of some of the most 
obvious areas of potential concern for follow-up work and more detailed evaluations. 
The observations are not intended to be comprehensive and conclusive, but rather to 
serve as a preliminary tool to assist emergency response agencies (for example CAL 
FIRE, Lake County, Caltrans, Office of Emergency Services, Natural Resource 
Conservation Service, Calpine, utility companies, and other responsible agencies) in 
development of more detailed post-fire emergency response plans. Along bridges and 
other types of crossings identified as high risk to flooding and hyper concentrated (bulked) 
flows, the PFWERT suggests responsible agencies consider installing gates, warning signs, 
or other measures (such as evacuation warnings) to control traffic and keep people out of 
identified risk areas during large storm events. It will be very important to utilize scheduled 
storm patrols during large, intense storm events to ensure that identified high risk 
watercourse crossings are functioning properly.

5)  Mobile Homes on Burnt House Footprints. The PFWERT’s observations did not record 
locations where structures were destroyed by the Valley Fire (empty lots). It is understood 
that mobile homes may be moved onto burnt house footprints. Because many of the foot 
prints are located low in the watershed, they may be subject to impacts from flooding or 
debris flows. Mobile homes should not be located low in a watershed or drainage, 
particularly in watersheds identified in the USGS debris flow modeling as being at high to 
moderate risk from debris flow hazard from the 100 year design storm event or in areas with 
an identified high flood risk. 

6)  Homes Located in the FEMA 100 Year Floodplain. The PFWERT noted several areas of 
homes that are located within the FEMA 100 year floodplain (shown on Plate 5), 
supplemented with information obtained from anecdotal discussions with landowners. The 
most obvious areas of flooding are noted in Specific Observation (Appendix B).An early 
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warning system should be developed to notify home owners and/or communities prior to 
onset of large storm events. Information and methodology critical to this process is provided 
for by the USGS Open File Report OF10-1039 that can be accessed at:
http://pubs.usgs.gov/of/2010/1039/pdf/OF10-1039.pdf

7)  Campgrounds and Trailer Parks. Several campgrounds and mobile home parks were 
noted within and downstream of the Valley Fire burn area. These locations are located along 
flat areas along stream sides susceptible to flooding and debris flows. The PFERT observed 
campgrounds at Hidden Valley Lake along Gallager Creek, within Boggs Demonstration 
State Forest, Jellystone Park along Kelsey Creek, and the Pine Grove Resort (these are 
reported in specific observations). These areas should be closed to the public during the 
winter months the first years following the fire.  Additionally, an early warning system should 
be developed to notify communities prior to onset of large storm events. Information and 
methodology critical to this process is provided for by the USGS Open File Report OF10-
1039 that can be accessed at: http://pubs.usgs.gov/of/2010/1039/pdf/OF10-1039.pdf

8)  Early Warning Systems. First Responder Agencies should coordinate with affected 
communities. Local community meetings should be conducted to inform landowners of 
potential post-fire hazards. Letters should be used to notify businesses and residents in the 
susceptible downstream areas that flooding and debris flows may occur during the first 
winter period following the fire. Residents should be informed that they may install structure 
protection measures where appropriate. For example this could involve installing K-rails 
(large cement highway barriers), muscle wall (http://www.musclewall.com/), and sand bags 
to prevent water and debris from reaching high value areas (i.e., deflect water away from 
roads and homes). Residents should be provided with information on how to obtain these 
protection measures. Available stream gages and/or rainfall stations with telemetry should 
be used (or installed quickly) to monitor real-time river stages and/or precipitation.  
Precipitation and river gage sensors can be event driven and transmit data collected to base 
station computers at National Weather Service offices and NOAA River Forecast Centers. 
Residents should be encouraged within and downstream of the burn area to download the 
NIXLE application for cell phone notification of emergency situations, such as flood 
forecasts (http://www.nixle.com/). Specifically, we strongly recommend that Lake 
County follow through with the installation of a real time stream flow station on Putah 
Creek approximately two miles east of Anderson Springs above Middletown.  This 
station can serve as an excellent early warning system trigger to help evacuate 
people in flood prone areas identified in this report.  

9)  Municipal Water Supplies. A large portion of the Valley Fire burn area (approximately 80 
percent) drains into Putah Creek, which ultimately drains to Lake Berryessa, which is utilized 
as a municipal water supply. Other portions of the may burn area drain to other domestic 
water supplies. The PFWERT did not evaluate impacts to water supplies, but it is 
anticipated that this will occur during the Phase II effort. It is expected that runoff from 
the burn area will contain chemical contaminants in addition to ash and fire-related sediment
that may pose adverse environmental impacts to the water supply. Additional study of 
impacts to downstream water supplies should be undertaken. Water supply agencies should 
be notified of this threat to public health. 

10)  Western Burn Area/Calpine Area. The PFWERT did not evaluate potential for flooding 
or debris flow hazards in the Calpine Geothermal area or downstream from the western 
portion of the burn area. The PFWERT contacted Calpine Senior Engineering Geologist 
Mark Walters (707 431-6101), who indicated that Calpine would be conducting its own 
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evaluation. Information from this report, particularly the BARC data and USGS debris flow 
modeling, should be shared with Calpine. The Division of Oil, Gas, and Geothermal 
Resources (DOGGR) performed a preliminary evaluation of the Calpine facilities. For 
convenience, the DOGGR report is included as Appendix D.  

A search of the well sites (http://maps.conservation.ca.gov/doggr/#close) within the Calpine 
geothermal field that is within the Valley burn area indicates that approximately 8 wells may 
be located in close proximity or downstream of the modeled debris flow locations.  A map 
showing these locations is shown in Appendix D.  Calpine engineers and geologists should 
evaluate these locations with regard to development of protective measures, including 
diversion or deflection walls.   

11)  Highways 175 and 29/ Caltrans. The PFWERT did not evaluate the potential for 
flooding or debris flow hazards at all crossings along the highway corridors. The PFWERT 
contacted Caltrans Engineering Geologist Charlie Norwold (707 498-1631), who indicated 
that Caltrans would be conducting its own evaluation. Information from this report, including 
the BARC data, USGS debris flow modeling, and GeoWEPP erosion modeling should be 
shared with Caltrans. 

12) LiDAR. We understand that FEMA is in the process of acquiring LiDAR-based detailed 
topographic information of the fire area.  Once these data become available, they should be 
transmitted as soon as possible to the relevant response and implementation agencies so 
that they can be used in their more detailed plans, evaluations, and designs.  

VIII.      Specific Observations

Specific observations are summarized in the attached spread sheet (Appendix B). The 
observations are intended to be used as a preliminary indication of some of the most obvious 
areas of potential concern for follow-up work and more detailed evaluations. Most of the specific 
observations are reported as points, however seven areas of potential flooding or debris flow 
depositions are reported as polygons. Overall, 107 specific values at risk were identified, 
including 53 homes, 26 bridges, 12 culverts, and 16 miscellaneous structures (e.g., 
campgrounds, water treatment facilities, businesses).  Key areas are Anderson Springs, Cobb 
Valley, Ettawa Springs, Middletown, and Hidden Valley.  
The objective of this report is to present observations made during a limited and general 
evaluation of downstream areas in a position that could be affected by flooding and/or debris
flows generated from basins burned by the 2015 Valley Fire. The observations are not 
intended to be comprehensive and conclusive, but rather to serve as a preliminary tool to 
assist emergency response agencies (for example CAL FIRE, Lake County, Caltrans, Office of 
Emergency Services, Natural Resource Conservation Service, utility companies, and other 
responsible agencies) in development of more detailed post-fire emergency response plans. 
This report does not provide emergency response plans. It is intended that the 
emergency response agencies will use the information presented in this report as a 
preliminary guide to complete their own more detailed evaluations and develop detailed 
emergency response plans and measures.
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IX. Emergency Response Planning  

Several agencies control infrastructure that is listed or discussed in this report. It is intended that 
the information in this report be relayed to all responsible agencies. The agencies that 
produced this report do not assume the responsibility of relaying this information. It is 
incumbent on representatives of Lake County to determine who the responsible agencies 
are and how to notify them. Possible responsible agencies may consist of:

CAL FIRE
Various Lake County, Sonoma County, and Napa County Departments (fire, 
enforcement, roads, engineering, Air Quality Management District) 
Caltrans
FEMA
Office of Emergency Services
Calpine
Hidden Valley Lake Homeowners Association
Natural Resource Conservation Service
Utility companies, and water supply companies and municipalities

The Natural Resources Conservation Service (NRCS) is an agency that can provide funding for 
emergency watershed restoration. They may be contacted through the following links:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/ca/programs/financial/ewp/
http://offices.sc.egov.usda.gov/locator/app?service=page/CountyMap&state=CA2&stateName=
Southern%20California&stateCode=06
Emergency-response and public-safety agencies are often faced with making decisions and 
deploying resources both well in advance of each coming winter storm and during storms 
themselves. Information and methodology critical to this process is provided by the USGS in 
Open File Report OF10-1039 that can be accessed at:
http://pubs.usgs.gov/of/2010/1039/pdf/OF10-1039.pdf
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Appendices 

Appendix A  - BARC Verification Spreadsheet
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Appendix B - Specific Observation/Values at Risk Map
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Appendix C - Valley Fire HUC 12 Watershed Map and Kelsey Creek Annual Peak 
Flow Data
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1
  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.002.000
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    09/22/2015 08:49

                         --- PROCESSING OPTIONS ---

                      Plot option         = None
                      Basin char output   = None
                      Print option        = Yes
                      Debug print         = No 
                      Input peaks listing = Long 
                      Input peaks format  = WATSTORE peak file

                      Input files used:
                         peaks (ascii)  - C:\Users\pcaffera\Documents\Peak Flow INFO\KELSEY CREEK PEAK.TXT
                         specifications - C:\Users\pcaffera\Documents\Peak Flow INFO\PKFQWPSF.TMP
                      Output file(s): 
                         main - C:\Users\pcaffera\Documents\Peak Flow INFO\KELSEY CREEK PEAK.PRT

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.001
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    09/22/2015 08:49

                 Station - 11449500  KELSEY C NR KELSEYVILLE CA

                     I N P U T   D A T A   S U M M A R Y

                Number of peaks in record            =       68
                Peaks not used in analysis           =        0
                Systematic peaks in analysis         =       68
                Historic peaks in analysis           =        0
                Beginning Year                       =     1947
                Ending Year                          =     2014
                Historical Period Length             =        0
                Generalized skew                     =   -0.278
                     Standard error                  =    0.550
                     Mean Square error               =    0.303
                Skew option                          =   WEIGHTED
                Gage base discharge                  =      0.0
                User supplied high outlier threshold =   --
                User supplied PILF (LO) criterion    =   --
                Plotting position parameter          =     0.00
                Type of analysis                       BULL.17B
                PILF (LO) Test Method                      GBT 
                Perception Thresholds            =   Not Applicable
                Interval Data                    =   Not Applicable
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  *********  NOTICE  --  Preliminary machine computations.        *********
  *********  User responsible for assessment and interpretation.  *********

    WCF134I-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE.                   0.0
    WCF198I-LOW OUTLIERS BELOW FLOOD BASE WERE DROPPED.       1       473.1
    WCF163I-NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE.     18913.4

                                        Kendall's Tau Parameters

                                                        MEDIAN   No. of
                                       TAU    P-VALUE    SLOPE   PEAKS
                                ---------------------------------------
             SYSTEMATIC RECORD     -0.050      0.546     -8.730    68

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.002
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    09/22/2015 08:49

                 Station - 11449500  KELSEY C NR KELSEYVILLE CA

           ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III 

                        FLOOD BASE                   LOGARITHMIC
                  ----------------------  -------------------------------
                             EXCEEDANCE                STANDARD
                   DISCHARGE PROBABILITY     MEAN     DEVIATION     SKEW 
                  -------------------------------------------------------
 SYSTEMATIC RECORD       0.0     1.0000     3.5590      0.3066     -2.331
 BULL.17B ESTIMATE     473.1     0.9853     3.5766      0.2463     -0.742

 BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW     0.1617

    ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

   ANNUAL                         <-- FOR BULLETIN 17B ESTIMATES -->
EXCEEDANCE  BULL.17B SYSTEMATIC   VARIANCE  95% CONFIDENCE INTERVALS
PROBABILITY ESTIMATE   RECORD      OF EST.       LOWER       UPPER

   0.9950               147.3          --          --          -- 
   0.9900               253.3          --          --          -- 
   0.9500    1338.      876.4       ----       1084.0       1582.0
   0.9000    1770.     1477.        ----       1487.0       2041.0
   0.8000    2416.     2457.        ----       2099.0       2730.0
   0.6667    3147.     3523.        ----       2788.0       3525.0
   0.5000    4044.     4618.        ----       3611.0       4542.0



KELSEY CREEK PEAK.txt.txt[10/9/2015 12:41:22 PM]

   0.4292    4453.     5020.        ----       3975.0       5022.0
   0.2000    6133.     6085.        ----       5416.0       7085.0
   0.1000    7351.     6426.        ----       6416.0       8657.0
   0.0400    8693.     6578.        ----       7487.0      10450.0
   0.0200    9560.     6616.        ----       8165.0      11630.0
   0.0100   10330.     6631.        ----       8758.0      12690.0
   0.0050   11010.     6636.        ----       9281.0      13650.0
   0.0020   11800.     6639.        ----       9882.0      14780.0
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.003
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    09/22/2015 08:49

                 Station - 11449500  KELSEY C NR KELSEYVILLE CA

                       I N P U T   D A T A   L I S T I N G

    WATER       PEAK   PEAKFQ
     YEAR      VALUE    CODES  REMARKS
     1947     2940.0
     1948     2110.0
     1949     1570.0
     1950     2450.0
     1951     4560.0
     1952     3820.0
     1953     7040.0
     1954     8150.0
     1955     1940.0
     1956     6800.0
     1957     4580.0
     1958     6380.0
     1959     3350.0
     1960     4370.0
     1961     4210.0
     1962     3250.0
     1963     5150.0
     1964     4280.0
     1965     8020.0
     1966     4490.0
     1967     6600.0
     1968     5840.0
     1969     4140.0
     1970     7270.0
     1971     3400.0
     1972     1790.0
     1973     5520.0
     1974     7270.0
     1975     4070.0
     1976      543.0
     1977      101.0
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     1978     4820.0
     1979     2000.0
     1980     3790.0
     1981     4260.0
     1982     5520.0
     1983     7730.0
     1984     4180.0
     1985     2850.0
     1986     6350.0
     1987     2710.0
     1988     2660.0
     1989     4390.0
     1990     3080.0
     1991     4730.0
     1992     2380.0
     1993     4410.0
     1994      941.0
     1995     8600.0
     1996     4610.0
     1997     8450.0
     1998     5400.0
     1999     5100.0
     2000     3110.0
     2001     2470.0
     2002     2490.0
     2003     6420.0
     2004     6420.0
     2005     1440.0
     2006     4180.0
     2007     1920.0
     2008     5800.0
     2009     2000.0
     2010     3680.0
     2011     3560.0
     2012     3660.0
     2013     8140.0
     2014     1280.0

        Explanation of peak discharge qualification codes

       PeakFQ    NWIS
        CODE     CODE   DEFINITION

          D        3    Dam failure, non-recurrent flow anomaly
          G        8    Discharge greater than stated value
          X       3+8   Both of the above
          L        4    Discharge less than stated value
          K     6 OR C  Known effect of regulation or urbanization
          H        7    Historic peak

          -  Minus-flagged discharge -- Not used in computation
                -8888.0 -- No discharge value given
          -  Minus-flagged water year -- Historic peak used in computation
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1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.004
  Version 7.1         Annual peak flow frequency analysis      Run Date / Time
  3/14/2014                                                    09/22/2015 08:49

                 Station - 11449500  KELSEY C NR KELSEYVILLE CA

   EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

   WATER     RANKED   SYSTEMATIC     B17B
    YEAR   DISCHARGE    RECORD     ESTIMATE
    1995     8600.0     0.0145      0.0145 
    1997     8450.0     0.0290      0.0290 
    1954     8150.0     0.0435      0.0435 
    2013     8140.0     0.0580      0.0580 
    1965     8020.0     0.0725      0.0725 
    1983     7730.0     0.0870      0.0870 
    1970     7270.0     0.1014      0.1014 
    1974     7270.0     0.1159      0.1159 
    1953     7040.0     0.1304      0.1304 
    1956     6800.0     0.1449      0.1449 
    1967     6600.0     0.1594      0.1594 
    2003     6420.0     0.1739      0.1739 
    2004     6420.0     0.1884      0.1884 
    1958     6380.0     0.2029      0.2029 
    1986     6350.0     0.2174      0.2174 
    1968     5840.0     0.2319      0.2319 
    2008     5800.0     0.2464      0.2464 
    1973     5520.0     0.2609      0.2609 
    1982     5520.0     0.2754      0.2754 
    1998     5400.0     0.2899      0.2899 
    1963     5150.0     0.3043      0.3043 
    1999     5100.0     0.3188      0.3188 
    1978     4820.0     0.3333      0.3333 
    1991     4730.0     0.3478      0.3478 
    1996     4610.0     0.3623      0.3623 
    1957     4580.0     0.3768      0.3768 
    1951     4560.0     0.3913      0.3913 
    1966     4490.0     0.4058      0.4058 
    1993     4410.0     0.4203      0.4203 
    1989     4390.0     0.4348      0.4348 
    1960     4370.0     0.4493      0.4493 
    1964     4280.0     0.4638      0.4638 
    1981     4260.0     0.4783      0.4783 
    1961     4210.0     0.4928      0.4928 
    1984     4180.0     0.5072      0.5072 
    2006     4180.0     0.5217      0.5217 
    1969     4140.0     0.5362      0.5362 
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    1975     4070.0     0.5507      0.5507 
    1952     3820.0     0.5652      0.5652 
    1980     3790.0     0.5797      0.5797 
    2010     3680.0     0.5942      0.5942 
    2012     3660.0     0.6087      0.6087 
    2011     3560.0     0.6232      0.6232 
    1971     3400.0     0.6377      0.6377 
    1959     3350.0     0.6522      0.6522 
    1962     3250.0     0.6667      0.6667 
    2000     3110.0     0.6812      0.6812 
    1990     3080.0     0.6957      0.6957 
    1947     2940.0     0.7101      0.7101 
    1985     2850.0     0.7246      0.7246 
    1987     2710.0     0.7391      0.7391 
    1988     2660.0     0.7536      0.7536 
    2002     2490.0     0.7681      0.7681 
    2001     2470.0     0.7826      0.7826 
    1950     2450.0     0.7971      0.7971 
    1992     2380.0     0.8116      0.8116 
    1948     2110.0     0.8261      0.8261 
    1979     2000.0     0.8406      0.8406 
    2009     2000.0     0.8551      0.8551 
    1955     1940.0     0.8696      0.8696 
    2007     1920.0     0.8841      0.8841 
    1972     1790.0     0.8986      0.8986 
    1949     1570.0     0.9130      0.9130 
    2005     1440.0     0.9275      0.9275 
    2014     1280.0     0.9420      0.9420 
    1994      941.0     0.9565      0.9565 
    1976      543.0     0.9710      0.9710 
    1977      101.0     0.9855      0.9855 
1

 End PeakFQ analysis.
   Stations processed :       1
   Number of errors   :       0
   Stations skipped   :       0
   Station years      :      68

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, I, 2, 3, 4,  or *.)
(2, 4, and * records are ignored.)

 For the station below, the following records were ignored:

 FINISHED PROCESSING STATION:  11449500       USGS KELSEY C NR KELSEYVILLE CA

 For the station below, the following records were ignored:

 FINISHED PROCESSING STATION:
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Appendix D -` Calpine  Damage Evaluation, DOGGR  
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Plates 1, 2, and 3 

Map and Explanations of Geology Underlying 2015 Valley Fire 
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Plate 4 

Map of Hazardous Minerals Underlying 2015 Valley Fire 
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Plate 5 

Values at Risk 
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