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Wildfires result in increased runoff and sediment yield commensurate with burn severity.  Burn Area Emergency Rehabilitation (BAER) teams use burn severity to estimate runoff and sediment increases resulting from fires.  These increases are calculated as adjusted design flow and sediment potential.  Adjusted design flow is the flow increase expected to occur as a result of decreased infiltration and interception following a wildfire.  Sediment potential is the estimated potential sediment delivered to channels.  Together these values are utilized to evaluate the need to increase capacity for flow or drainage structures such as culverts and bridges.  Values also provide an estimate of flooding and sedimentation potential to near-by communities.  

Design Flow Runoff Response

Before an adjusted design flow can be determined, pre-fire design flow must be calculated.  This is the flow expected to occur prior to the fire.  This is the flow responsible for forming present day channel conditions and flows used to estimate proper performance of culverts and other drainage structures.  Design flow estimates have been based on existing gage station information and streams surveyed within or adjacent to the immediate fire area.  These estimates assume pre-fire ground infiltration and ground cover conditions.  

Adjusted design flow is calculated using the same relationships as design flow however runoff response is estimated by assuming an increased runoff commensurate with burn severity in terms of recurrence interval.  This recurrence interval estimates the response of the newly burnt landscape to an average annual storm.  The Ranch fire is expected to respond to an average rainfall event, an event usually associated with the 1.5-year storm, differently for the low, moderate, and high severity burned areas.  It is expected the landscape would respond as if the discharge were associated with a 1.75, 2, and 5-year event, respectively.  The unburned lands within the fire would respond as the unburned lands outside the fire and would have a discharge associated with the 1.5-year return interval.   Increases in discharge associated with predicted recurrence intervals are prorated across watersheds by burn severity to yield post-fire discharge or the adjusted design flow.  The fire has been analyzed at either the 5th and 6th field watersheds or 5th and 6th Hydrologic Unit Code (HUC). 

Tables 1 and 2 display the amount of burned lands by severity for the affected 5th and 6th field watersheds.

Table 1 - 5th Field Watersheds Affected by the Ranch Fire

	5th Field Watersheds
	Burn Severity in mile2
	Watershed Area 

Miles 2

	
	High 
	Moderate 
	Low 
	Unburned 
	

	Lower Piru Creek
	0.03
	9.5
	35.7
	98.2
	143.5

	Middle Santa Clara 
	0.01
	2.1
	10.3
	154.1
	166.5

	Castaic Creek
	0
	0.0
	2.7
	199.7
	202.5

	Sespe Creek
	0
	0.0
	0.3
	268.3
	268.7

	Total Affected Watersheds
	0.04
	11.7
	49.1
	720.4
	781.1


Table 2 - 6th Field Watersheds Affected by the Ranch Fire
	6th Field Watersheds
	Burn Severity in mile2
	Watershed Area 

Miles 2

	
	High 
	Moderate 
	Low 
	Unburned 
	

	Agua Blanca Creek
	0
	1.2
	2.5
	29.9
	33.5

	Lake Piru
	0.03
	7.4
	27.8
	19.1
	54.4

	Lower Piru
	0
	0.1
	2.2
	12.7
	15.0

	Lower Castaic Creek
	0
	0.0
	2.7
	44.6
	47.4

	Hopper Canyon
	0
	1.7
	4.7
	19.6
	26.1

	Santa Clara/Pole Creek
	0
	0.4
	2.4
	56.1
	58.9

	Santa Clara Tapo Creek
	0
	0.0
	3.2
	78.4
	81.6

	Lower Sespe Creek
	0
	0.0
	0.3
	58.0
	58.4

	Piru Creek/Fish Creek
	0
	0.8
	3.2
	36.5
	40.6

	Total Affected Watersheds
	0
	11.7
	49.1
	355
	415.74


Stream channel geometry and flow relationships were developed using local tributary streams and USGS gage stations.  Gage stations were investigated to provide information on flow conditions following the 1.5, 2.0, 5.0, 10, and 25 year events.  Gage data provides information on larger drainages regarding discharge. Points along the graph for populating smaller watersheds were calculated by using a watershed size of 1 square mile.  

Field crews collected data from cross-sections, longitudinal profiles, and pebble counts following protocol from Harrelson et al (1994).  Staff plate readings were taken at gage sites for bankfull discharge.  Bankfull discharges were determined from station rating curves or USGS flow records.  A protocol modified by McCandless and Evertt (2002) was utilized for field surveys at gage stations.  Modification of the protocol involved surveying only riffle habitats and bed and bank material for most sites was derived from reached-averaged pebble counts and riffle pebble counts.  Stream bank material was not analyzed in this study.

Past field survey sites on Adobe Creek (Sespe watershed) and Dominguez Canyon (Piru watershed) provided points for the average annual storm event or the 1.5-year discharge (Q1.5).  The Table 3 displays gage data utilized to develop hydrologic relationships for discharge equations.  USGS historic gage station data in addition to Ventura County Flood Control District’s gage data provided discharge data.  Where blanks exist in the table the period of record was not long enough to provide the necessary information.  

Table 3 - Gage Station Data for Watersheds Affected or Adjacent to the Ranch Fire, 2007
	Gage Station Data for Watersheds Affected or Adjacent to the Ranch Fire, 2007

	Gage Station Location
	Drainage Area in m2
	Discharge in cubic feet per second

	
	
	Q 1.5
	Q 1.75
	Q 2.0
	Q 5.0
	Q 10
	Q 25

	SESPE C NR SESPE CA 11112000
	210
	1601
	2530
	3460
	18050
	24200
	27000

	SESPE CREEK NEAR WHEELER SPRINGS CA 11111500
	49.5
	404
	641
	877
	3824
	7680
	10478

	PIRU C BL BUCK C NR PYRAMID LK CA  11109375
	198
	1231
	1884
	2537
	9949
	18774
	38326

	PIRU C BL THORN MEADOWS NR STAUFFER CA 11109100
	22.5
	316
	449
	583
	2212
	3870
	Period of record to short 

	SANTA PAULA C NR SANTA PAULA 11113500
	38.4
	695
	1022
	1350
	7229
	11898
	20481

	COYOTE CREEK NEAR OAK VIEW CA 11117600
	13.2
	411
	562
	713
	4430
	6130
	7527

	NF Matilija 11116000
	15.6
	292
	428
	563
	2700
	4110
	5780

	HOPPER CREEK NEAR PIRU CA 11110500
	23.6
	442
	621
	799
	3127
	5313
	8126

	MATILIJA C AB RES NR MATILIJA HOT SPRINGS CA 11114500
	50.7
	240
	411
	582
	5495
	8192
	19600

	Field Survey Sties
	 
	 
	 
	 
	 
	 
	 

	Adobe Ck
	4.93
	88.91
	 
	 
	 
	 
	 

	Dominguez Canyon
	0.26
	5.8
	 
	 
	 
	 
	 

	Calculated data
	1
	89.19
	60.71
	105.3
	154.54
	600
	802


Flow from tributary streams was calculated using Darcy-Weisbach with friction factor calculated after Hey (1979).  Darcy-Weisbach uses hydraulic slope, cross-sectional area, mean depth, and the specific gravity of water in the following relationship; 
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Where U=velocity, g=specific gravity of water, d=mean depth, S=hydraulic slope, and f is friction factor defined by Hey (1979).

Friction factor after Hey (1979) utilizes maximum depth, hydraulic radius and D84 of the bed material as follows:
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Where f=friction factor, D84 is the fraction of the bed material that 84% is finer than, R=hydraulic radius, and is a function of channel cross section shape that varies between 11.1 and 13.46 and can be approximated as:
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Manning’s equation was used to calculate flow for channels with extremely low gradients and sand size bottom material.  Cross-sectional area, wetted perimeter, and slope were used to solve Manning’s equation which is as follows:
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Where: Q=discharge in cubic feet/second, A=cross-section area in square feet, R=hydrologic radius as ft (area/wetted perimeter), S=water surface slope, n=Manning’s roughness coefficient.

Values determined using the above methods were plotted in a log-log plot by recurrence interval using a linear interpolation limited to the data for the 1.5 recurrence relationship and an extrapolation of the liner interpolation to a watershed of 1 square mile for 2.0, 5.0, 10, and 25-year recurrence intervals. Figure 1 displays discharge relationships by watershed area and recurrence intervals for the watersheds affected by the Ranch Fire. The following equations were applied to affected watersheds to yield discharge in cubic feet per second and divided by the size of the watershed to give a discharge in cubic feet per second per square mile for the 1.5, 2.0, and 5.0 discharge values by watershed size.  

These values were then multiplied by the area of the watershed by soil burn severity, which includes unburned lands. These values were then added together to provide a predicted post-fire discharge value by each 6th field watershed. Pre-fire discharge was calculated using the 1.5 discharge equation. Estimates of pre-fire conditions may be determined off the Discharge Relationship by Watershed Area and Recurrence Interval graph.  
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Tables 4 and 5 provide values utilized to derive estimates of predicted post burn discharges in both cubic feet per second and cubic feet per second per square mile for the 5th and 6th field watersheds affected by the fire.  

Table 4 - Pre and Post Fire Discharge for 5th Field Watersheds by Burn Severity
	Watershed
	Peak Flow Discharge by Severity 
	Discharge by Watershed in cfs
	Discharge by Watershed in cfs/m2

	5th Field Watersheds
	Affected WS Area Miles2
	High Severity Burn in CFS
	Moderate

Severity Burn in CFS
	Low Severity Burn in CFS
	Unburned Burn in CFS
	Pre fire
	Post Fire
	Pre-fire flow in cfs/m2
	Post-fire flow in cfs/m2

	Lower Piru Creek
	62.4
	2.89
	138.60
	401.65
	802.09
	1171.5
	1345.23
	9.1
	15.7

	Middle Santa Clara 
	20.8
	0.67
	28.44
	109.72
	1203.81
	1300.6
	1342.64
	7.8
	8.1

	Castaic Creek
	3.9
	0.00
	0.59
	27.04
	1471.78
	1492.2
	1499.41
	7.4
	7.4

	Sespe Creek
	0.9
	0.00
	0.53
	3.05
	1817.26
	1819.9
	1820.84
	7.5
	11.3


Table 5 - Pre and Post Fire Discharge for 6th Field Watersheds by Burn Severity
	Watershed
	Peak Flow Discharge by Severity 
	Discharge by Watershed in cfs
	Discharge by Watershed in cfs/m2

	6th Field Watersheds
	Affected WS Area Miles2
	High Severity Burn in CFS
	Moderate

Severity Burn in CFS
	Low Severity Burn in CFS
	Unburned Burn in CFS
	Pre fire
	Post Fire
	Pre-fire flow in cfs/m2
	Post-fire flow in cfs/m2

	Agua Blanca Creek
	4.6
	0.00
	30.41
	47.32
	376.52
	422.0
	454.25
	16.5
	27.2

	Lake Piru
	45.7
	3.54
	159.65
	448.24
	208.60
	593.0
	820.03
	10.9
	25.7

	Lower Piru
	4.6
	0.00
	3.97
	57.81
	202.79
	240.2
	264.57
	16.0
	17.6

	Lower Castaic Creek
	3.9
	0.00
	1.07
	46.28
	506.84
	538.4
	554.18
	11.4
	11.7

	Hopper Canyon
	9.5
	0.00
	49.40
	100.19
	266.40
	353.8
	415.99
	13.6
	16.0

	Santa Clara/Pole Creek
	4.6
	0.00
	7.31
	37.31
	597.63
	626.8
	642.26
	10.6
	10.9

	Santa Clara Tapo Creek
	6.8
	0.00
	0.40
	44.14
	757.22
	788.2
	801.76
	9.7
	9.8

	Lower Sespe Creek
	0.9
	0.00
	0.98
	5.37
	619.14
	623.3
	625.49
	10.7
	21.0

	Piru Creek/Fish Creek
	7.5
	0.00
	20.45
	57.31
	434.61
	482.6
	512.37
	15.5
	25.0


An analysis was performed on each 5th field watershed to determine how much peak flows would increase as a result of the Ranch Fire. Most of the 5th field watersheds have minimal increases in peak flow. Middle Santa Clara will increase approximately 3%. Castaic Creek will increase approximately 0.5 percent.  The highest increase in peak flows are Lower Piru Creek with approximately 14.8% and Sespe Creek watershed will increase approximately 51.7%. Average peak flow increases approximately 4.6% within each 5th field watershed (see Table 6).
A similar analysis was performed for the 6th field watersheds.  This analysis is a more focused evaluation of the fire as it reduces the amount of unburned lands and watersheds are smaller.  Therefore the 6th field watershed analysis provides a more pronounced increase in peak flows by watershed.  At this smaller scale increases in peak flow increases range from 1.7 to 135.5 percent.  Lower Castaic Creek, Santa Clara/Pole Creek, and Santa Clara/Tapo Creek watersheds are estimated to have less then a 10% peak flow increase. Lower Piru is approximately a 10% increase while Hopper Canyon is expected to have approximately 17%. The higher peak flow increases are in Agua Blanca (64.3%), Piru Creek/Fish Creek (61.4%), and Lake Piru (135.5%) (see Table 6).
Table 6 - Percent Increase in Peak flow by 5th and 6th Field Watersheds
	Percent Increase in Peak Flow by 5th and 6th Field Watersheds

	5th Field Watersheds
	Watershed Area Miles2
	Percent increase in Peak Flow

	
	
	

	Lower Piru Creek
	143.5
	72.7

	Middle Santa Clara 
	166.5
	3.2

	Castaic Creek
	202.5
	0.5

	Sespe Creek
	268.7
	51.7

	6th Field Watersheds

	Agua Blanca Creek
	33.5
	64.3

	Lake Piru
	54.4
	135.5

	Lower Piru
	15.0
	10.1

	Lower Castaic Creek
	47.4
	2.9

	Hopper Canyon
	26.1
	17.6

	Santa Clara/Pole Creek
	58.9
	2.5

	Santa Clara Tapo Creek
	81.6
	1.7

	Lower Sespe Creek
	58.4
	96.3

	Piru Creek/Fish Creek
	40.6
	61.4


Sediment Rate Calculations

Sediment Rates for the fire were estimated using values from Rowe, Countryman and Storey, 1949.  These authors estimated sedimentation rates from measurement of sediment accumulation in reservoirs.  In their study, sedimentation records included periods associated with a wide variety of discharges.  Relationships between computed sedimentation rates and individual peak discharges were established for specific watersheds.  Curves representing average relationship between peak discharge and sedimentation rate were developed by these authors and used to determine normal annual sedimentation rates.  Adjustments to normal annual erosion rates were made for watersheds affected by fires.  These adjustments were made through comparison of burned watersheds to similar unburned watersheds and recovered over a ten year period.  These relationships were utilized to predict sediment potential for the Ranch Fire.

The watersheds affected by the 2007 Ranch fire were also affected by the Day Fire (2006), Wolf Fire (2002) and Piru Fire (2003).  While field investigations suggest the Piru and Wolf fires areas are hydrologically recovered with respect to increases in peak flow, sediment is still a concern all three fires.  Drainages currently contain large amounts of stored sediment that could mobilize during rain events.  The combination of the Day, Piru, and Wolf fires has resulted in a cumulative sediment potential effect.  Sedimentation for the Day, Piru and Wolf fires has been included in the sedimentation analysis for the Ranch fire.  Day is evaluated as a 1 year-old fire; Piru is evaluated as a 4 year-old fire; and the Wolf a 5 year-old fire.  Sediment rates of past events vary by watershed as defined in Rowe, Countryman and Storey, 1949.  

Watersheds have been analyzed for sediment potential at both the 5th and 6th field watersheds.  The difference in watershed size and the percentage of the watershed affected by the fire dilutes the effects at the 5th field analysis level and focus the analysis at the 6th field level. Pre-fire sedimentation potential includes the effects of the Day, Wolf, and Piru fires. The effects of these fires were carried forward into the sedimentation potential analysis for the Ranch fire. Table 7 provides sediment potential pre and post fire for the 5th field watersheds.
Table 7 - Pre and Post Fire Sediment Potential by 5th Field Watersheds 2007 Ranch Fire
	Pre and Post Fire Sediment Potential by 5th Field Watersheds

	Watershed Information
	Square Miles Affected by Wildfire
	Sediment Potential

	5th Field Watersheds
	Ws Area Miles 2
	2007 Ranch Fire
	2006, Day Fire
	2003, Piru Fire
	2002, Wolf Fire
	Unburned
	Pre-fire y3/m2
	Post-fire y3/m2

	Lower Piru Creek
	143.5
	62.4
	49.3
	26.7
	0.0
	67.4
	1473
	4269

	Middle Santa Clara 
	134.0
	20.8
	0.0
	0.0
	0.0
	126.1
	2258
	6113

	Castaic Creek
	268.7
	3.9
	0.0
	0.0
	0.0
	113.9
	830
	1297

	Sespe Creek
	297.4
	0.9
	86.5
	0.0
	33.1
	296.4
	7189
	7327


Table 8 is more focused on sediment potential pre and post fire for the smaller 6th field watersheds based. As with the 5th field assessment pre-fire sedimentation potential includes the effects of the Day, Wolf and Piru fires. Some of the fires overlap each other.
Table 8 - Pre and Post Fire Sediment Potential by 6th Field Watersheds 2007 Ranch Fire
	Pre and Post Fire Sediment Potential by 6th Field Watersheds

	Watershed Information
	Square Miles Affected by Wildfire
	Sediment Potential

	6th Field Watersheds
	 Ws Area Miles 2
	2007, Ranch Fire
	2006, Day Fire
	2003, Piru Fire
	2002, Wolf Fire
	Pre-fire y3/m2
	Post-fire y3/m2

	Agua Blanca Creek
	33.5
	4.6
	19.2
	10.8
	0.0
	2073
	2958

	Lake Piru
	54.4
	45.7
	0.0
	10.5
	0.0
	759
	6161

	Lower Piru
	15.0
	4.6
	0.0
	0.0
	0.0
	590
	2583

	Lower Castaic Creek
	47.4
	3.9
	0.0
	0.0
	0.0
	830
	2826

	Hopper Canyon
	26.1
	9.5
	0.0
	24.5
	0.0
	5532
	16732

	Santa Clara/Pole Creek
	58.9
	4.6
	0.0
	10.0
	0.0
	2877
	6001

	Santa Clara Tapo Creek
	81.6
	6.8
	0.0
	3.0
	0.0
	2166
	5502

	Lower Sespe Creek
	58.4
	0.9
	0.0
	32.9
	0.0
	5012
	5646

	Piru Creek/Fish Creek
	40.6
	7.5
	0.0
	0.1
	0.0
	2154
	3333


Increases in sediment potential analyzed at the 5th field watershed level ranges from 102 to 290 percent increase.  The 5th field watershed shows the greatest increase in sedimentation is in Lower Piru Creek (290%), the watershed with the lowest sediment potential increase is Sespe Creek with a 102% increase. These values are lower then the 6th field watersheds due to the amount of unburned area and dilute the effects of the fire. Table 9 provides increase in sediment potential for the 5th field watersheds affected by the fire
Increases in sediment potential analyzed at the 6th field watershed level ranges from 113% to 811% increase.  This analysis provides a more focused look at sediment potential in a smaller watershed.  The 6th field watershed with the greatest increase in sediment potential is Lake Piru watershed at 811%. The remaining watersheds are:  Lower Piru, 437 %, Lower Castaic Creek, 341%, Hopper Canyon, 302%, Santa Clara/Tapo Creek Watershed, 254%, Santa Clara/Pole Creek Watershed, 209%, Piru Creek/Fish Creek, 155%, Agua Blanca, 143%, and Lower Sespe Creek, 113%.  An average increase in sediment potential for the fire based on the 5th field watershed is 307 percent.  Table 9 provides increase in sediment potential for the 6th field watersheds affected by the fire
Table 9 - Percent Increase in Sediment Potential for 5th and 6th Field Watersheds
	Percent Increase in Sediment Potential for 5th and 6th Field Watersheds

	5th Field Watersheds
	Watershed Area Miles 2
	Percent increase in Sediment Potential

	Lower Piru Creek
	143.5
	290

	Middle Santa Clara 
	134.0
	271

	Castaic Creek
	268.7
	156

	Sespe Creek
	297.4
	102

	              6th Field Watersheds 

	Agua Blanca Creek
	33.5
	143

	Lake Piru
	54.4
	811

	Lower Piru
	15.0
	437

	Lower Castaic Creek
	47.4
	341

	Hopper Canyon
	26.1
	302

	Santa Clara/Pole Creek
	58.9
	209

	Santa Clara Tapo Creek
	81.6
	254

	Lower Sespe Creek
	58.4
	113

	Piru Creek/Fish Creek
	40.6
	155


Sediment Potential Analysis for Specific Areas

A few specific areas were analyzed for sediment potential in addition to the 5th and 6th field watersheds.  While all of the watersheds are important these areas are of special concern. An analysis that combines one or more watersheds at one or more fields to provide sediment predictions to Lake Piru has been performed.  Sediment potential estimates are provided in y3/mi2.  The increased sediment provided are only valid for the first rainy season immediately preceding the fire.  Table 10 provides the pre-and post-fire sediment predictions for Lake Piru.

Table 10 - Sediment Potential to Lake Piru from Ranch Fire
	6th Field Watershed
	Pre-fire
in y3/mi2
	Post-fire in y3/mi2
	Percent increase in Sediment Potential

	Piru Creek/Fish Creek
	2154
	3333
	155

	Agua Blanca Creek
	2073
	2958
	143

	Lake Piru
	759
	6161
	811


Cumulative Effects from Past Fires Regarding Discharge and Sedimentation
There are three other fires which are expected to have cumulative affects on the Ranch Fire area.  These fires are the Day Fire (2006), Piru Fire (2003), and Wolf Fire (2002). All three fires are still contributing higher than normal amounts of sediment into the 5th and 6th field watersheds surrounding the Ranch Fire. However, the Day Fire has the potential to contributing both higher peak flow discharges and increased sediment into the 5th and 6th field watersheds above the Ranch Fire.

The Wolf Fire occurred in 2002 and its associated watersheds have been recovering for over 5 years. It is hydrologically recovered in terms of above normal discharge and peak flows. The Wolf Fire is contributing sediment into the Sespe Creek watershed and is expected to continue until vegetation has recovered. The Day Fire re-burned portions of the Wolf Fire and reset sediment increase.

The Piru Fire occurred in 2003 and has been recovering for over 4 years. Portions of the Ranch Fire re-burned the Piru Fire.  Portions of the Piru Fire, which were unaffected by the Ranch Fire, have recovered hydrologically. Increased sediment would be expected to continue for all fire areas for up to 10 years following the burn event affecting each area (Rowe, Countryman and Storey, 1949). 
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Figure 1








� The Regional Office provided funding for evaluation of gage stations and Regional Curve Studies for the Los Padres using National Fire Plan Dollars.  This information has been invaluable in facilitating the development of watershed response for this fire.   
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