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BURNED AREA EMERGENCY RESPONSE 

HYDROLOGY ASSESSMENT 
 

 
 

SILVERADO FIRE 
September 12-22, 2014 

 

Prepared by: 
Emily Fudge 

CNF Forest Hydrologist 
Objectives  

 Assess watershed changes caused by the fire, particularly those that pose 
substantial threats to human life and property.  

 Assess potential downstream effects of severely burned areas. 

 Identify values at risk downstream and down slope from the high and 
moderate severity burn areas. 

Initial Concerns 

 Threats to human life and property within and downstream of the burn area 
from flooding, debris flows, erosion, and sedimentation. 

 Threats to Water Quality downstream of the burn area. 
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Resource Setting 

The Silverado Fire is located in the Santiago Creek/Silverado Canyon 
Watershed (HUC#180702030802) and drains into Irvine Lake (also known as 
Santiago Reservoir). (A few acres of the fire burned in the adjacent 
Temescal/Bedford Wash subwatershed; however, due to the small number of 
acres and location, there is no emergency associated with this part of the fire. 
No further analysis of the Temescal/Bedford Wash subwatershed was 
warranted.) Smaller subwatersheds within the fire area were delineated for a 
more detailed and localized analysis of the fire and potential hazards, Appendix 
A and B. Streams within the burn area are intermittent and drain to Silverado 
Creek, which is perennial near the southwest end of the fire and intermittent at 
the northeastern edge of the fire. Water levels in Silverado Creek at the time of 

this analysis (Sept. 2014) were observed to be very low with water confined to 
small pools.  

Elevation within the burned area perimeter ranges between 1600 ft. to 3900 ft. 
The mean annual rainfall is estimated between 22-25 inches and occurs 
primarily in the winter months but flashy summer thunderstorms are not 
uncommon. Flash flooding during larger, intense storms is an inherent risk in 
the analysis area. 

Three USGS stream gages are/have been located near the analysis area. Data 
collected from these sites were used to develop hydrographs and estimates of 
pre- and post-fire discharge. Annual peak discharges are highly variable 
(Graph, Appendix D). 

According to the USGS geologic map of Corona South Quadrangle, geology in 
Silverado Canyon is primarily mapped as Mesozoic metasedimentary rocks 
(undifferentiated). This includes a wide variety of low-to high-metamorphic 
grade metamorphic rocks. Most occurrences include biotite schist. 

There are also minor amounts of intrusive rocks associated with Santiago Peak 
Volcanics (Cretaceous). The intrusive rocks are porphyritic and comprised 
principally of intermediate composition (silicic plagioclase, clinopyroxene and 
altered orthopyroxene) with porphyries composed of plagioclase, quartz, and 
altered pyroxene and biotite (Herzig, 1991). 

The Soils report discusses soil type in the area. However, the most noteable 
characteristic of existing soils is the erosion hazard rating of “Very Severe” for 
98% of the soils in the fire burn area. 

Vegetation within the burned area was dominated by chaparral, chamise, and 
sagebrush. (Figure 1). Following the Santiago Fire of 2007 that occurred on the 
opposite side of the canyon, vegetation is expected to recover in less than 5 
years. 
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Figure 1. Pre-Fire Vegetation in the Burned Area. 

 

 
Observation and Findings from On-The-Ground Surveys 
 
Surveys and analysis of the burned area began on September 15th and 
continued through September 22. Investigations included: 

 validating the BARC map for soil burn severity. 

 recording soil characteristics. 

 evaluation of VARs (values at risk), bridges, crossings, roads and trails. 

 evaluation of areas, structures, and facilities that could be at risk of 
flooding, sedimentation and/or debris flows. 

 
Fire and Fire Severity Description 
The Silverado Fire was human-caused and began on September 12, 2014, 

burning 960 acres. The fire burned primarily on Forest Service land.  
 

Table 1. Acres burned by land ownership 

Land owner Acres burned 

U.S. Forest Service 935 

Private 25 

Total 960 
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BARC Imagery 

A Burned Area Reflectance Classification (BARC) image was acquired from the 
Forest Service Remote Sensing Applications Center. Based on comparisons with 
archived images, this image classifies the extent of the burned area into four 
categories: unburned/very low severity burn, low severity burn, moderate 
severity burn, and high severity burn. BAER team personnel ground truth the 
image with field investigations. The BARC image was found to be relatively 
accurate, but did require minor modifications to increase both spatial and 
severity accuracy.  

The BAER Team assessment found the overall soil burn severity (SBS) summary 
for the 960 acre Silverado Fire was ~1 acre High SBS, 394 acres Moderate SBS, 

500 acres Low SBS and 65 acres of Very Low SBS to Unburned, Appendix C. 
Table 2 lists the acres burned by severity within the assessment 
subwatersheds. Small pockets of high SBS were observed during field 
investigations that are not depicted on the BARC. The sizes of the scattered 
high SBS sites were smaller than the accuracy of the BARC pixels (less than 
30x30meters). 

Table 2:  Acres of burn severity by watershed within the Silverado Fire 

Area 
High Burn 
 Severity 

Moderate 
 Burn 

Severity 

Low Burn 
 Severity 

Very Low to 
 Unburned 

Total 
Burned 

Area 

% High & 
Moderate 

Burn 
Severity 

Total Burn Area 1 394 500 65 960 41% 

Assessment  
Watersheds 

High Burn 
 Severity 

Moderate 
 Burn 

Severity 

Low Burn 
 Severity 

Very Low to 
 Unburned 

Total 
Watershed 

Acres 

% High & 
Moderate 

Burn 
Severity 

Subwatershed A 0 101 55 172 328 31% 

Subwatershed B 0 103 28 12 143 72% 

Subwatershed C 0 74 106 3 183 40% 

Subwatershed D 1 35 78 5 119 30% 

Additional 
Assessment  
Watersheds 

High Burn 
Severity 

Moderate 
Burn 

Severity 
Low Burn 
Severity 

Very Low to 
 Unburned 

Total 
Watershed 

Acres 

% High & 
Moderate 

Burn 
Severity 

Subwatershed E: 
 Upper Crossing 

0 315 256 2,910 3,481 9% 

Subwatershed F: 
 Lower Crossing 

1 393 496 4,341 5,231 8% 

Subwatershed G: 
 Reservoir 

1 393 496 32,490 33,380 1% 

 
To validate the BARC and to determine soil effects caused by the fire, the BAER 
team conducted the following field tests: recording soil color, degree of organic 
material consumption, soil structure, fine root consumption and 
hydrophobicity.  
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Hydrophobicity tests (using an infiltrometer and drop test) were conducted to 
determine the water repellency characteristics of affected soils and potential 
infiltration rates. The infiltrometer was used across soil transects were several 
samples were taken at different depths, recording depth, volume of water 
transmitted, and time. (Data available in Soils report.) Drop tests were 
performed at most sites. The drop test involves measuring the length of time it 
takes a water drop to infiltrate at different depths. If a water drop infiltrated in 
less than 10 seconds, soils were classified as slightly hydrophobic, between 10 
and 40 seconds, soils were classified as moderately hydrophobic, and greater 
than 40 seconds soils were classified as strongly hydrophobic. These tests were 
used to further estimate the potential post-fire hydrological response.  
Hydrophobic soils were found across 42% of the fire burn area with the 
upper centimeter exhibiting the strongest hydrophobicity. This is expected to 

greatly increase the risk of sediment delivery and sediment bulking of flows. 
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Threats to Life and Property 

 
Identified Values at Risk: 

Values at Risk Findings Determination 
/Comments 

    

Life and Public 
Safety 

  

 Residents of 
Silverado Cyn 

Silverado Canyon has geology and soils that are prone to mass 
wasting and have an erosion hazard rating of “Very Severe.” In 
the burn area, most of the slopes are over 50% gradient 
(Appendix G, Slope Map). Gullies and evidence of past slope 
failures are evident in the canyon and in the burn area. During 
field visits three days following the fire start, new slope 
failures, rock fall, and dry ravel where observed in the burn 
area (Figure 2). 
 
Several homes and the main access road are located adjacent 
to and downstream/slope of the burn area. Drainages above 
the houses have variable SBS; however, hydrologic response is 
expected to be major. A hydrophobic layer in the upper 1cm of 
the soil surface was observed across the burn area (although 
variable). Only a few drainages have riparian vegetation 
remaining to buffer flows and sediment loads. Some homes 
are located at or near the confluence of hillside tributaries and 
Silverado Creek.  
 
Of major concern are the homes located on the north side of 
Silverado Creek below the burn area. These houses are at 
particularly high risk from sedimentation, mass wasting, and 
debris flows. In some cases there is a small buffer of unburned 
vegetation; however, slopes are so steep and unstable the 
buffer is unlikely to provide much stability and/or protection. 
 
The main access road has a low water ford and several bridges 
that may be damaged, see increased flows, or fail in 
precipitation events following the fire. Failure of the main 
access road would limit ingress/egress and could become a 
safety hazard. 
 
Potential for loss of life due to increased water flows, 
erosion, and debris flows from burn areas. 
 

Very High Risk.  
 
Emergency 
exists 

       



 

 7 

Values at Risk Findings Determination 
/Comments 

Property    

Private homes, 
Silverado Cyn 

See discussion on Residents of Silverado Canyon. Potential for 
damage to homes due to increased water flows, erosion, and 
debris flows from burn areas. 
 

Very High Risk. 
Emergency 
exists 

Forest Service 
Facility (Visitor 
Center), Silverado 
Cyn 

See discussion on Residents of Silverado Canyon. Potential for 
damage to facility due to increased water flows, erosion, and 
debris flows from burn areas. 
 

Very High Risk. 
Emergency 
exists 

County Road, 
Silverado Cyn 

Bridges and crossings may be at risk of failing due to increased 
flows, debris, and sediment. Existing sediment, debris, and 
wood are decreasing some of the bridge(s) capacity to pass 
flows. Sedimentation is expected to increase substantially 
(table 7) and estimated bulking of flows suggest that some of 
the crossings may fail (particularly the upper bridge near the 
Forest Service boundary). Some of the bridges, if kept clear of 
debris, are estimated to be relatively passable in a 2 year 
storm event. 
Some steep burned cutslopes above the country road are at 
risk of rock fall and erosion. 
Analysis of potential flows at the lowest crossing (Sub F) and 
the uppermost crossing (Sub E) are listed in the hydrologic 
analysis.  
Potential for damage to road due to increased water flows 
and erosion from burn areas. 
 

Very High Risk.  
 
Emergency 
exists 

Maple Springs 
Road 

Although the road lacks bridges, the road may be buried by 
sediment at crossings or by mass wasting of burned slopes. 
There is evidence of past mass-wasting at tributary 
confluences with Silverado Creek. At one confluence, the road 
has been built on a past debris flow.  
Potential for damage to road due to increased water flows 
and erosion from burned areas. 
 

High Risk.  
 
Emergency 
exists 
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Values at Risk Findings Determination 
/Comments 

Silverado 
Motorway Trail 

The trail is steep and located on soils that are prone to mass 
wasting (Figure 3). Both the cutslope and fillslope are unstable 
and eroding. Trail exhibits significant existing erosion and 
drainage problems. A stream crossing is currently diverting 
down the trail surface and creating a gully off the trail surface. 
Several major gullies are located downstream of overside 
drains and where trail drainage structures have failured. New 
slope failures, rock fall, and dry ravel where observed along 
the burned trail during site visits. It is estimated that the 
drainage off the trail in gullies will continue to concentrate 
flow and increase the erosion power of runoff. This condition 
may be exacerbated due to the fire. Rockfall will continue to 
be a danger to trail users. 
 
Potential for damage to trail due to increased water flows 
and erosion from burned areas. 
 

Very High Risk.  
 
Emergency 
exists 

SCE Powerlines The SCE powerlines were examined for a potential risk from 
increased erosion, debris flow and flooding. The risk to the 
powerlines was estimated to be low. Powerlines are located in 
lower risk areas (ex. Ridges) 

Low Risk.  
 
No emergency 

Irvine Lake Hydrologic modeling was used to estimate the potential risk 
from erosion that could result in a loss of capacity. It is 
estimated that there will be an increase in sediment and flows. 
The first post-fire winter is estimated to deliver twice the 
amount of sediment annually delivered to the lake. See 
Hydrologic analysis for increases in flows. 

Low Risk.  
 
No emergency 
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Figure 2. Photo of recent mass wasting post-fire and before any precipitation 

event. Slopes in the fire area are very steep, most of which are greater than 50%. 

 
 

Figure 3. Photo of gullies that drain the Silverado Motorway trail. 
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Threats to Water Quality downstream of the burn area 

Wildfires primarily affect water quality through increased sedimentation. As a 
result, the primary water quality constituents or characteristics affected by fire 
include color, sediment, bedload, suspended material, and turbidity.  Floods 
and debris flows can entrain large material, which can physically damage 
infrastructure in the channel and adjacent to floodplains. Fire-induced 
increases in mass wasting along with vegetation mortality can result in 
increases in floating material. Post-fire delivery of organic debris to stream 
channels can potentially decrease dissolved oxygen concentrations in streams. 
Fire-derived ash inputs can increase pH, alkalinity, conductivity, and nutrient 
flux (e.g. ammonium, nitrate, phosphate, and potassium), although these 
changes are generally short lived. Post-fire increases in runoff and 

sedimentation within the urban interface may also lead to increases in chemical 
constituents, oil/grease, and pesticides.  

The most noticeable effects on water quality will be possible increases in 
sediment and ash from the burned area into Silverado Creek and other 
waterbodies downstream of the fire area. Based on historic precipitation 
patterns, frontal storms have a high probability of occurring in the weeks 
following the fire. Although the area has an inherent risk of flash floods and 
erosion, the risk of flash flooding and erosional events will increase as a result 
of the fire, creating hazardous conditions within and downstream of the burned 
area.  

The primary watershed responses of the Silverado Fire are expected to include: 
1) an initial flush of ash, 2) rill, gully, and mass wasting erosion in drainages 
and on steep slopes within the burned area, and 3) floods with increased peak 
flows and sediment deposition. These responses are expected to be greatest in 
initial storm events, and will become less evident as vegetation is reestablished, 
providing ground cover, increasing surface roughness, and stabilizing and 
improving the infiltration capacity of the soils.   

In 2007, the Santiago Fire burned the opposite side of the canyon. Since that 
time, vegetation has recovered and provides greater than 70% cover on areas 
capable of supporting vegetation. It is estimated that vegetative recovery in the 
Silverado Fire burned area will follow a similar trend of 3 to 5 years. Flood 
potential will decrease as vegetation reestablishes, providing ground cover, 
increasing surface roughness, and stabilizing and improving the infiltration 

capacity of the soils. During field investigations, several factors suggest quick 
vegetation recovery. Fine roots in much of the low and moderate severity burn 
areas just below the surface will likely aid plant recovery. Several shallow soil 
pits exhibited intact seeds providing a future source for natural vegetation 
recovery. The major concern for vegetative recovery and hydrologic recovery is 
in the high severity burn areas; however, most of the small high soil burn 
severity areas are limited in size and extent. The mosaic burn will facilitate re-
establishment of seeds and organic matter in these areas. 
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Figure 4: Photo depicting existing 

organic matter and seed bank. Many 

locations only had partially consumed 
duff layer. 

 

 

 

 

 

 

 

 

 

 

Hydrologic Modeling 

The analysis for pre- and post- fire hydrologic response and probability of flows 
is based on the probability of a 2-year storm occurring in the fire area. The 2-
year design storm has a 50% chance of occurring in any given year, and a 97% 
chance of occurring in the next five years. Conversely, there is a 3% chance that 
the 2 year storm event will not occur in the next 5 years (during the recovery 
period). The 2 year, 24 hour duration storm anticipated for these 
subwatersheds is 3.73 inches (NOAA, 2014).  Hydrologic design information is 
displayed in Table 4.  

It is important to note that any VAR found to be at risk during the 2 year event 
will still be at risk during greater events. The area has an inherent risk of 
flooding in greater recurrence interval storms. 

Table 4. Hydrologic design factors 

A. Estimated Vegetative Recovery Period 3-5 years 

B. Design Chance of Success 95% 

C. Equivalent Design Recurrence Interval 2 years 

D. Design Storm Duration 24 hours 

E. Design Storm Magnitude 3.73 inches 

F. Design Flow 30 cfs / mi2 

G. Estimated Reduction in Infiltration 42% 

H. Adjusted Design Flow 305 cfs / mi2 
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In analyzing the change in watershed response, the pre-fire discharge must be 
calculated and estimated. The pre-fire design flow is the flow responsible for 
forming present day channel conditions and flows used to estimate proper 
performance of culverts and other drainage structures. Pre-fire design flows 
assume pre-fire infiltration and ground cover conditions. 

Models 

Three models were used to determine pre- and post-fire discharges in the 
assessment watersheds.  The USGS PEAKFQ program (2014) uses nearby 
USGS stream gage data to determine pre-fire discharges at different recurrence 
intervals.  USGS gages 11075800, 11075900, and 11046700 were used for this 
analysis.   

Waananen and Crippen (1977) was also used to predict pre-fire discharges at 
different recurrence intervals. Waananen and Crippen developed regional 
equations that estimate discharge of various return intervals based on 
watershed characteristics. For Southern California, the primary characteristics 
are precipitation and basin size.   

In these two models, the adjusted design flow is calculated using the same 
relationships as design flow; however runoff response is estimated by assuming 
an increased runoff commensurate with soil burn severity in terms of 
recurrence interval. This recurrence interval estimates the response of the 
newly burned landscape to an average 2 year storm. 

The model designed by Rowe, Countryman and Storey (1949) provides data for 
pre- and post-fire discharges and erosion rates in southern California 
watersheds. Individual rates for various subwatersheds were developed over 
long observation periods. This analysis is based on the information in Table 32 
“Santiago Creek above Dam.” 

Rowe, Countryman and Storey (RCS 1949), USGS PEAKFQ, and Waananen and 
Crippen (WC 1977) do not calculate bulked flow, which may occur following fire 
as a result of debris flows/torrents. Following the 2003 Cedar Fire on the 
Cleveland National Forest, non-bulked results calculated using Rowe, 
Countryman and Storey were compared to a modified rational equation model 

which considered bulked flow using the U.S. Army Corps of Engineers Los 
Angeles district method for prediction of debris yield (2000). This comparison 
found that predicted bulked flows were 2.14 times larger than unbulked flows. 
Post-fire flow estimates were multiplied by 2.14 to approximate bulked flows. 
This value was used to accommodate the high risk of debris flows throughout 
the fire area. 

Results 

The increase in peak flows is most applicable during the first year of recovery, 
as hydrologic response will decrease in subsequent years. The results of the 
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hydrologic analysis find that Subwatersheds A, B, C, and D are highly likely to 
respond to the 2yr storm with greater runoff and sedimentation than typically 
seen in a 2 year peak flow (Tables 5, 6, 7). Estimated post-fire runoff in a 2 year 
storm could resemble runoff similar to peak flows with recurrence intervals of 6 
to 10 years (vs. 2 year).  

Flows are expected to be even greater when considering bulking. Rough 
estimates of flow capacity of the channel at the outlet below these 
subwatersheds indicate these tributary channels are at high risk of flooding. 
In a 2 year storm, including bulking, peak flows are estimated to exceed 20 to 
30 year peak flows. Because of the increased runoff and bulking, the post-fire 
flows could lead to plugged culverts, flow over road surfaces, rill and gully 
erosion of cut and fill slopes, erosion and deposition along road surfaces and 

relief ditches, loss of long-term soil productivity, and threats to human safety.  

Flows in Silverado Creek (Subwatersheds E and F) will be less affected than the 
smaller subwatersheds but are still at risk of increased flows and 
sedimentation. In response to a 2 year storm, flows in Silverado Creek could be 
elevated to 3 to 4 year flows or 4 to 6 year peak flows (with bulking). Rough 
estimates were made of flow capacity at various locations in Silverado Creek 
and crossings. Of all the sites, the county bridge near the Forest 
Service/private land boundary is at most risk of failure during the post-
fire 2 year event compared to all the sampled sites. There is a high 
likelihood this site could plug and fail. The other downstream crossings have 
more capacity and are at a lower risk of flooding but should still be monitored 
before, during and after runoff events until the burn area has recovered. 

The area above Irvine Lake (Santiago Reservoir watershed) was analyzed to 
assess the potential for increased sedimentation during storm events.  The 
reservoir is located about approximately 9 miles downstream from the burned 
area.  The fire input to Irvine Dam is less than 2% of the watershed acreage that 
drains to Santiago Reservoir. It is estimated that although there will be minor 
increases in runoff, the increases will not be significant (Table 5, 6, 7). Flows 
are estimated to be within the natural range of variability for the dam. Although 
flooding is not expected to be an emergency because of the fire, sediment inputs 
could be doubled in the first year post-fire (compared to the annual amount 
delivered in pre-fire conditions). The BAER Team will contact Irvine Ranch 
Water District concerning the expected increases (although minor) in stream 
flows and sedimentation to the reservoir.   
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Table 5. Pre-Fire discharge by model.  The project file includes excel spreadsheets 

used to calculate the reported values. 

 

  
  

Modeled Pre-fire Discharge Estimates 
Cubic Feet Per Second 

RCS, 1949 WC, 1977 USGS PEAKFQ, 2014 

Name Q2 Q2 Q5 Q10 Q25 Q2 Q5 Q10 Q25 

Subwatershed A 15 13 44 83 172 37 69 117 184 

Subwatershed B 7 7 23 43 88 21 31 52 76 

Subwatershed C 9 8 28 52 107 25 39 67 99 

Subwatershed D 6 6 20 37 76 18 26 44 62 

Subwatershed E: 
Upper Crossing 163 71 274 537 1,167 193 686 1,120 2,282 

Subwatershed F: 
Lower Crossing 245 95 374 740 1,623 256 1,021 1,656 3,524 

Subwatershed G: 
Reservoir 1,565 361 1,560 3,201 7,281 934 6,208 9,786 25,432 
Table 6. Post-Fire discharge by model.  

 

  
  

Modeled Post-Fire Discharge Estimates for Q2 
Cubic Feet Per Second 

Discharge (without bulking estimates) Discharge with bulking estimate 

RCS,  
1949 

WC, 
1977 

USGS 
PEAKFQ, 

2014 

Compared 
 to Pre-Fire  

Flow (Q) 
RCS,  
1949 

WC,  
1977 

USGS 
 PEAKFQ, 

2014 

Compared 
To Pre-Fire  

Flow (Q) 

 Name Q2 Q2 Q2 Range Q2 Q2 Q2 Range 

Subwatershed A 41 53 74 Q6 64 103 130 Q10-Q15 

Subwatershed B 28 41 48 Q10 58 87 99 Q25+ 

Subwatershed C 38 45 52 Q7-Q8 81 95 110 Q20-Q25+ 

Subwatershed D 24 31 33 Q7 51 65 68 Q20-Q25+ 

Subwatershed E: 
Upper Crossing 256 180 336 Q3-Q4 302 314 525 Q4-Q6 

Subwatershed F: 
Lower Crossing 376 242 467 Q3-Q4 449 422 743 Q4-Q6 

Subwatershed G: 
Reservoir 1,721 512 1,158 Q2-Q3 1,780 693 1,434 Q2-Q3 
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Figure 5: Increases in Discharge using model from RCS, 1949. 

 
 
Annual erosion rates following fire were also determined using Rowe, 
Countryman and Storey, 1949.  Table 7 displays the estimated increase in 
erosion following the fire. All subwatersheds will see significant increases in 
sediment delivery with the greatest increase occurring in Subwatersheds A, B, 
C, and D. Based on these estimates, the bulking factor added to the estimated 
discharge is of particular importance.  
 
Table 7. Estimated Erosion using estimates from Rowe, Countryman, and Storey, 

1949.   

  Erosion in Cubic Yards 

Name Pre-fire Post-fire Times increase 

Subwatershed A 514 7,638 15 

Subwatershed B 223 6,145 28 

Subwatershed C 286 8,385 29 

Subwatershed D 186 5,341 29 

Subwatershed E: 
Upper Crossing 5,438 30,586 6 

Subwatershed F: 
Lower Crossing 8,174 40,157 5 

Subwatershed G: 
Reservoir 52,156 97,375 2 
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All burned subwatersheds (A, B, C, and D and non-modeled burned hillsides) 
will see significant increases in discharge and sediment delivery.  

Hydrologic Modeling 

The USGS was contacted to running debris flow modeling for the fire area. The 
results indicated that the fire area has a low to moderate risk of debris flows 
during a 2 to 5 year recurrence interval (RI) storm event; however, risk 
increases to moderate to high as the size of the storm increases (greater than 10 
year RI). See Appendix G, H, and I for maps of debris flow hazard ratings. The 
USGS can be contacted for details on debris flow modeling. 

Emergency Determination and Treatments 

Threats to Values at Risk 

Peak flow increases for the 2-year storm in the burned area are estimated to 
increase 2-6 times depending on subwatershed and model. Including bulking, 
discharge will increase 3 to 12 times depending on subwatershed and model. 
Erosion rates are predicted to increase as much as 29 times pre-fire erosion 
rates (in smaller subwatersheds).  Based on these estimates there is an 
emergency threat to life and property and water quality. Several high risk areas 
were identified by the BAER watershed assessment team and they are listed in 
Table 8. 

Overall, suggested actions primarily include informing adjacent landowners of 
increased risk, closing the area to use until vegetative recovery occurs and/or 
during precipitation events, signing the area with information about the 
increased dangers, and storm patrols. 

Table 8. Suggested Treatments for VAR.   
Values at Risk Suggested Treatment Risk 

Determination 

    

Life and Public Safety   

 Residents of Silverado Cyn Inform residents of increased danger and need to 
contact NRCS for assistance. 
Contact Orange County Fire Authority about need 
for an Early Warning System to evacuate Silverado 
Canyon in the event of precipitation events 
(especially within the first year). 

Very High Risk.  
 

       

Property    

Private homes, Silverado 
Cyn 

Inform residents of increased danger and need to 
contact NRCS for assistance. 
 

Very High Risk. 
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Values at Risk Suggested Treatment Risk 
Determination 

Forest Service Facility 
(Visitor Center), Silverado 
Cyn 

Close site. Very High Risk. 
 

County Road, Silverado 
Cyn 

Inform county of increased risk of sedimentation 
and flows.  

Very High Risk.  
 

Maple Springs Road Close road from public use (especially during the 
first year during precipitation events). Implement 
storm patrols. Install heavy gates to control use. 

High Risk.  
 

Silverado Motorway Trail Add drainage features to prevent increased erosion 
and to disperse flow. Close to access until vegetation 
recovers (especially during first year). 

Very High Risk.  
 

SCE Powerlines Inform SCE that area is at higher risk. Low Risk.  
 
No emergency 

Irvine Lake Inform Irvine Ranch Water District of estimated 
increase in flows and sediment. 

Low Risk.  
 
No emergency 

Natural Resources   

Burned Area and water 
quality 

Close area until vegetation recovers. Install barriers 
to block OHV access. 
Stormproof (add waterbars, energy disipators, 
leadout ditches, overside drains, etc.) Silverado Trail 
to decrease concentration of trail surface flow and 
the amount of sediment that will be delivered to 
streams. 

Very High Risk.  
 

 
Additional Treatments Considered: 

Landscape treatments, specifically aerial hydromulch, were considered during 
the BAER assessment. Aerial hydromulch is one of the most costly treatments 
so the treatment site needs to be carefully selected. The BAER catalog states 
that monitoring of past aerial hydromulch projects has shown aerial 
hydromulch is best applied to shorter slope segments less than 50% slope. 
Monitoring found that “aerial helimulch is not a cost effective erosion control 
treatment for steep, high-burn severity hillslopes with long slope length.” 
(USDA, 2006).  

Following the Santiago Fire in 2007, aerial hydromulch was applied to some of 
the burned acres. Monitoring of these acres found the treatment to be 
somewhat successful during low to moderate intensity precipitation events but 
success diminished as storm intensity increased, (Wohlegemuth, Beyers, and 
Robichaud, 2011) Once the hydromulch had been removed by an intense 
storm, erosion rates in the treatment area increased significantly. Monitoring on 
the Cedar and Hayman fires indicated limited effectiveness to reduce post-fire 
sediment production rates as well (Hubbert, unpublished; McDonald, 2004; 
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Robichaud, 2003; in USDA, 2006). Silverado Canyon was not treated with aerial 
hydromulch following the Santiago Fire. 

In selecting sites for stabilization treatments, several factors must be 
considered. Slopes must be within a treatable range to be successful and there 
should be high values at risk downslope. The BAER treatment catalog suggests 
aerial hydromulch treatments occur on slopes less than 50%, are a mix of high 
and moderate soil burn severity, and are highly erodible.  

The soils within the Silverado Fire have an erosion hazard rating of Very Severe; 
however, most slopes within the burn area exceed 50% (Appendix J). Treating 
slopes over 50% is generally less successful and not considered. Although the 
Silverado Fire does not have a significant portion of high SBS, moderate SBS 

areas that lie within sizeable continuous areas with less than 50% slope were 
delineated.  

The resulting area that could potentially be treated with aerial hydromulch is 
approximately 100 acres and is located across ridges that span different 
subwatersheds, (Appendix K and L). In this area, although organic groundcover 
has been greatly reduced, rock cover remains high. Many ridges exhibited 
“armoring” of the soil surface (with rocks greater than a centimeter covering up 
to 70% of the ground surface). In less steep areas (such as ridges), rock cover 
can help prevent erosion and provide surface roughness. The NRCS fact sheet 
on hydromulching states that slopes with greater than 25% surface rock are 
typically not treated. 

The potential treatment area is further reduced to less than 33 acres based on 
other treatment options (ex. Administrative closures) and proximity to values at 
risk. Of the subwatersheds with potential treatment acres, only Subwateshed C 
has homes and residences at the subwatershed outlet and Silverado Creek 
confluence. Life and safety related to road use in the other subwatesheds with 
potential treatment areas could be effectively treated through administrative 
closures and storm patrols. (See hydrologic discussion on flows and debris in 
Silverado Creek.) 

Finally, the remaining 33 acres in Subwatershed C are not contiguous, with one 
small treatment area extending along the eastern ridge/subwatershed boundary 
and a 23 acre plot at the northwest end. The final area (23 acre plot) that could 
potentially be treated would only be approximately 13% of the subwatershed, 

located on a ridge, and treat an area with somewhat high rock content. 
Additional concerns with treating these 23 acres is the location of the SCE 
powerlines which run through the plot and could complicate application. 
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Figure 6. SCE has powerlines near the potential treatment area.  

 



 

 20 

References 

 
National Oceanic and  Atmospheric Administration (NOAA), 2014. Application 

listed in NOAA Atlas 2, Volume XI, Precipitation-Frequency Atlas of the 
United States, Volume XI---California. 
http://hdsc.nws.noaa.gov/hdsc/pfds/other/nca_pfds.html  

Rowe, P.B., C.M. Countryman and H.C. Storey.  1949.  Probable peak 
discharges and erosion rates from southern California watersheds as 
influenced by fire.  U.S. Department of Agriculture, Forest Service.  
California Forest and Range Experiment Station.   

U.S. Army Corps of Engineers. 2000. Los Angeles District Method for Prediction 

of Debris Yield.  166 pp. 
http://www.spl.usace.army.mil/resreg/htdocs/DebrisMethod.pdf 

USDA Forest Service, 2006. Burned Area Emergency Response Treatment 
Catalog. Watershed, Soils, Air Management 0625 1801—SDTDC. 

USDA, NRCS Soil Survey, 2014. Web Soil Survey. 
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx  

USDI, USGS, 2002. Corona South 7.5’ Quadrangle, Riverside and Orange 
Counties, California. OPEN-FILE REPORT 02-21 

USDI, USGS, 2013. USGS California StreamStats. 
http://water.usgs.gov/osw/streamstats/  

USDI, USGS PeakFQ, 2014. http://water.usgs.gov/software/PeakFQ/  

Waananen and Crippen USGS, 1977, USGS Water-Resources Investigations 77-
21:  Magnitude and Frequency of Flooding in California.   

Wohlgemuth, Peter M., Jan L. Beyers, and Peter R. Robichaud, 2011. The 
effectiveness of Aerial Hydromulch as an Erosion Control Treatment in 
Burned Chaparral Watersheds, Southern California. The Fourth 
Interagency Conference on Research in the Watersheds, 26-30 
September 2011, Fairbanks, AK. 

http://hdsc.nws.noaa.gov/hdsc/pfds/other/nca_pfds.html
http://www.spl.usace.army.mil/resreg/htdocs/DebrisMethod.pdf
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
http://water.usgs.gov/osw/streamstats/
http://water.usgs.gov/software/PeakFQ/


 

 21 

APPENDIX:     
A. Map of Analysis Subwatersheds: Burn area 
B. Map of Analysis Subwatersheds: Larger subwatersheds 
C. BARC Map 
D. Chart of Annual Peak Discharge 
E. Rowe, Countryman, and Storey, 1949. Curves Calculated from 

Santiago above dam 
F. Discharge Analysis using USGS Gage Data 
G. USGS Debris Flow Analysis: 2 year RI 
H. USGS Debris Flow Analysis: 5 year RI 
I. USGS Debris Flow Analysis: 10 year RI 
J. Slope Map 
K. Potential treatment area with BARC 
L. Potential Treatment area by subwatershed 
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