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Hydrologic Analyses of  

Introduction

The Role of NRCS in Post-Fire Assessments and Modeling
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Table 1 

Agency Roles

USDA Forest Service

National Interagency Fire Center*

U.S. National Weather Service

U.S. Geological Survey

Federal Emergency Management Agency

U.S. Bureau of Land Management

Important Terms and Terminology
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Burned Area Re ectance Classi cation BARC

Burn Severity

Figure 1  

•
•
•
•
•

Fire Intensity
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Fire Severity

Hydrophobicity or Soil Water Repellency

Figure 2  

Landsat Differenced Normali ed Burn Ratio dNBR

Rapid Assessments of egetation Condition After Wild re RA G
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5

Soil Burn Severity Mapping

• Low Soil Burn Severity

• Moderate Soil Burn Severity.—

• High Soil Burn Severity.—

Wildfire Impacts on Watershed Hydrology

Figure 3  
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Assessment of Post- re Soil and egetation Conditions 

Figure 4   
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Figure 5  

Assessment of Post-Fire Soil Hydrophobic Conditions 
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1.
2.
3.

Figure 6  
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Hydrologic Modeling of Burned Watersheds

Methods and Models

Table 2 

Acronym Name Reference

AGNPS

SWAT

HecHMS

WinTR-20

WinTR-55

Wildcat4

KINEROS2

AGWA
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Adjustment of Event-Based Runoff Modeling Components for Burned Areas

Runoff CNs
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Table 3 

Cover type Hydrologic 
condition1 A2 B C D

80

62

81

85

66

48

30 41

63

48

85

58 80

41 61

80 86

51 63

35 55

63

55

68

85

81

88

86

84
1.

•
•
•

2. .
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Figure 7 

Adjustment of CNs for Wild re Effects

Table 4 

Hydrologic soil group High burn severity CN

A 64

B

C 85

D 88
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Table 5 

Post- re condition CN range

soils

Table 6 

Post- re condition CN range

80

60–64

66

Figure 8  
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Table 7 

Post- re condition CN range

80–83

Table 8 

Post- re condition CN range

85

 + 5

60

85
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Table 9 

Hydrologic soil 
group CNpre- re

CNpost- re

Low burn 
severity

Moderate burn 
severity

High burn 
severity

56 65 – –

80

80–85

Limitations of the CN Method

Figure 9  
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Time of Concentration
c

c

c

c

Watershed Lag Method

Tc  
l  

CN  

Y 

Velocity Method

c
c 

Tsheet

n

l

P

S

T
l

CN
Yc =

−0 8 0 7

0 5

1000 9

1140

. .

.
(

(
T

nl
P Ssheet = ( )0 007 0 8

0 5 0 4

. .

. .
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Table 10 

Surface description Manning’s 
n value

0.011

0.05

0.06

0.15

0.24

0.41

0.13

0.40

0.80

Tshallow

Tchannel 

lshallow

lchannel

Vshallow

Vchannel

T l
Vshallow

shallow

shallow
=

3600
T l

Vchannel
channel

channel
=

3600
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Table 11 S

Flow type Manning’s 
n value Velocity e uation ft sec

0.025 Vshallow 

0.050 shallow

0.051 shallow

0.058 shallow

shallow

0.101 shallow

ows 0.202 shallow

Vchannel 

R w,

A 2

Pw

S

n

Adjustment of Runoff Flow Time for Wild re Effects

n

n
n

V R S
nchannel =

1 486 2 3 1 2. / /
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n
n

n

n

Figure 10   
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In ltration Parameters

Figure 11   

ft t

K

    

i 

Sf

Ft t

=
+ −( )⎡

⎣
⎢

⎤

⎦
⎥

φ
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Table 12 

Texture Horizon Ksat field cap wiltingPt
cm3 cm3 cm hr cm cm3 cm3 cm3 cm3

sand 23.56 0.13 0.06
0.431 5.34
0.421 6.38
0.408

loamy sand 0.401 6.13 0.15
0.424 6.01
0.412 4.21
0.385 5.16

sandy loam 0.412 2.18 11.01 0.20
15.24

0.428

loam 0.434 0.68 0.26 0.12
10.01
6.40

0.382
silt loam 0.486 1.30 16.68 0.11

0.514
0.515
0.460 12.62

sandy clay 
loam

0.330 0.30 21.85 0.26 0.16
0.330 26.10
0.332

clay loam 0.20 20.88 0.33
0.430

18.52
0.400 15.21

silty clay 
loam

0.432 0.20

0.441 18.56
0.451 21.54

sandy clay 0.321 0.12 0.35 0.25
0.335

silty clay 0.423 0.10 0.42 0.26
0.424 30.66
0.416 45.65

silty clay 0.385 0.06 31.63 0.48 0.35
0.412

54.65
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Adjustment of In ltration Parameters for Wild re Effects

Ksat

Figure 12   
Figure 13  

Unit Hydrographs

•

•

•
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•

Figure 14   

•

Figure 15    
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NRCS dimensionless unit hydrograph

Figure 16   

L 

Tc 

Tp

t/Tp

q 3

qp
3

Qa

A

Q

T Tp c= 0 667. q AQ
Tp

c
=

484
0 667.
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Tp

Tr

Adjustment of Unit Hydrograph for Wild re Effects

K T
T

T
T Tr

p

p

p r
=

+
=

+
2

1

2

PRF K
T

T T
p

p r
= =

+
645 33

1291
.
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Figure 17   
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Kinematic Wave Transformation

Adjustment of Kinematic Wave Transformation Parameters for Wild re Effects

Time-Area Histogram Synthetic Unit Hydrograph Development
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Figure 18   n  

Figure 19   

Figure 20    
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Sedimentation Estimation
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Figure 21  

Figure 22   
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Figure 23   

Figure 24    
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Table 13 

Size 
class

Volume 
m3 Potential consequences

1

2 100–1000

3 1000–104

4 104–105
dors

5 105–106

6–10 6
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Models for Estimating Sediment Transport 

Adjustments for Modeling Sediment Transport From Burned Areas
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Sediment Bulking

Cv

Qw
3

Qsed 
3

2 2

Q Q Qbulked w sed= +

BF Q Q
Q C

w sed

w v
= + =

+
1

1

Q Qsed w= 4 4 1 5. .

Q Qsed w= 23 1 3.
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Figure 25  

Figure 26   
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Model Uncertainties, Calibration, Validation
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High Park Fire, Colorado
Background

 

Figure A–1   

Figure A–2 
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Methods
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Figure A–3  

Runoff CN Estimation
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Rainfall

Table A–1 

Cover 
Description

A B C D 

55 61* 68* 80 86 81 88 82* 86*

45* 52* 65 48 55 65 86 80* 63 80

65 58 65 86 83* 80 85

46* 54* 65 51 60 86 63 80* 85
65 60 65 86 83* 83*

86 86 86 86



210 – Hydrologic Analyses of Post-Wild re Conditions

Lag Time
L

 

l Y S

 

cn’ CN

Flow Routing

n

n

Sediment Bulking

StreamStats

L
l S

Y
=

+( )0 8 0 7

0 5

1
1900

. .

.

S
cn

= −
1000 10

'
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Results and Discussion

Qpost/Qpre

Figure A–4  
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Figure A–5 

Figure A–6   
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Comparison With Regression Predictions

Accuracy and Limitations

Table A–2  

Area 10-yr ow cfs 25-yr ow cfs Area 10-yr ow 25-yr ow cfs
Point mi2 CN Reg CN Reg Point mi2 CN Reg CN Reg

3.33 212 360 1.22 151
6.61 335 588 0.28 21 40 42 61
23.2 44 650 5.05 131 231 284 382

244 13.2 180 445
55.0 332 1230 16.2 168 512 885

248 446 3.00 334
21.8 210 348 466 554 8.16 282 316 531
1.20 23 60 152 103 120 216 183

168 354 460 45 111
2.00 182 283
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Background

Figure B–1   

Figure B–2   



Title 210 – Hydrologic Analyses of Post-Wild re Conditions

Figure B–3 
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Figure B–4 

Figure B–5 
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Methods

•

•

•

•
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Figure B–6   

Figure B–7   
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Figure B–8  

Figure B–9   
  2012
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Runoff CN Estimation for Burn Areas

Table B–1  
*

Hydrologic soil group High burn severity CN

A 64

B

C 85

D 88

Table B–2  

Cover type
Runoff CN for given hydrologic soil group*

A B C D
Herbaceous

– 81

Oak-aspen
– 48 63

Pinyon-juniper
– 58 80

Sagebrush – 51 63

Desert shrub

55 81 86
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Table B–3  

Cover type
Runoff CN for given hydrologic soil group*

A B C D
Herbaceous

– 62 85

Oak-aspen
– 30 41 48

Pinyon-juniper
– 41 61

Sagebrush – 35 55

Desert shrub

68 84

Table B–4  

Cover type
Runoff CN for given hydrologic soil group*

A B C D
Herbaceous

–

Oak-aspen
– 56

Pinyon-juniper
– 50

Sagebrush – 45 55 63

Desert shrub

52 80 85
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Figure B–10   

Figure B–11 
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Hydrophobic Soils

Time of Concentration Tc  and Assumed Watershed Shape

c 

c
Tc

c
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Results and Discussion
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c

Limitations
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Background

Figure C–1   

Figure C–2   
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Figure C–3   
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Methods

S
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Figure C–4   

Runoff CN Estimation
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Table C–1   

Cover Desciption

A B C D 

55 61 68 80 86 81 88 82 86

45 52 65 48 55 65 86 80 63 80

65 58 65 86 83 80 85

46 54 65 51 60 86 63 80 85

65 60 65 86 83 83

86 86 86 86
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Rainfall

Lag Time
L

l Y S 
S

cn’

Table C–2  

L
l S

Y
=

+( )0 8 0 7

0 5

1
1900

. .

.

Return Interval

10-year 25-year 50-year 100-year

Zone A 3.28

Zone B 2.18 2.48

Zone C 2.48 3.40

Figure C–5 

S
cn

= −
1000 10

'
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Flow Routing

n n

Sediment Bulking

Erosion Modeling

C P

L S

A
R
K
LS
C
P

•

•

•

1.

2.

3.

4.

A = R · K · L ·S · C · P
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Table C–3  

RUSLE 
factor Web site Description

R

K

LS

C

P

Figure C–6   

*
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K
R 

K

LS

 

LS
S
A
x
m

a = 

S

A S
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x D

m m
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+ +
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2 1 1

2 22 13. [

x = +sin cosα α
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+
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β1
β θ
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+
11 16
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. sin
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Table C–4  C

Land  cover C factor Citation

1.0000
0.0020
0.0010
0.0250
0.0800
0.0100
0.0025
0.0015
0.0010
0.0120
0.0010
0.0020
0.0000

0.0010
0.2000
1.0000
0.0001
0.2400
0.0030
0.0020
0.0010
1.0000
0.5000
0.2000
0.0050
0.0040
0.1000
0.1400
0.0080
0.2300
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Figure C–7 

Figure C–8   
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Results and Discussion

Figure C–9   

Figure C–10 
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Runoff Modeling Results

Figure C–11 

Sediment Modeling Results
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Figure C–12 
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Modeling Limitations

Rainfall-Runoff Modeling Limitations

Figure C–13 
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Sediment Modeling Limitations

C

Conclusions

Acknowledgements
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Background

Figure D–1   
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Figure D–2   Figure D–3   

Figure D–4   Figure D–5   

NRCS Involvement
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Figure D–6   
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Methods and Application

•
•
•
•
•

•

•

Choice of Hydrologic Computer Model: HEC-HMS

Time-Area Histogram and Synthetic UH Estimation
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Figure D–7   

Figure D–8   
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Figure D–9 

Roughness in GIS
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Table D–1   

Flow segment Land-use assumptions n value

Overland 0.15

Shallow-concentrated 0.08

Channel 0.045

Table D–2  

Flow segment Land-use assumptions n value

Overland
0.011
0.08
0.15

Shallow-concentrated 0.06

Channel 0.05

Table D–3  

Flow segment Land-use assumptions n value

Overland
0.03
0.10
0.15

Shallow-concentrated 0.06

Channel 0.05

•

•

•

Con
Conditional if
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Figure D–10 
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Figure D–11 

Flow Slope in GIS

Figure D–12 

Velocity Relationship Derivations

kinematic wave routing
y a

S n

Q ay= 5 3/ a S
n

=
1 486.

V S
noverland =

φ
φ =

1 486 2 3. /y
w
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Table D–4  

y W

0.25 2.0 0.056

0.25 2.5 0.045

0.25 3.0 0.038

0.25 3.5 0.032

0.25 4.0 0.028

0.50 2.0

0.50 2.5

0.50 3.0 0.060

0.50 3.5 0.051

0.50 4.0 0.045

      
V S

nshallow =
φ

φ =
+

0 94
1

1 3
2

1 3

. /
/

A z
z

⎛
⎜
⎝

⎞
⎟
⎠

z

Table D–5  

Y Z

0.5 3

0.5 4 0.580

0.5 5 0.584

1.0 3

1.0 4

1.0 5
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A 2 B 2

A B 

A 

Velocity Relationships Used in Whitewater Creek

A B= 4 78 0 512. . r2 0 9163= .

A B= +( )exp . ln .0 5036 1 595 r2 0 88= .

V S
n

Achannel =
0 94 0 257. .

V S
noverland =

0 038.

V S
ncollector =

0 58.
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Travel time in GIS

time = flowLength weight

weight
flowVelocity

=
∗

∗
1 1 3 28083

60
. .

Figure D–13 

∗
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Spreadsheet Derivation of Time-Area Histogram and Unit Hydrograph

Figure D–14
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Figure D–15   

Figure D–16 
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Figure D–17 

57,124,070 ft2 

30 min
× 1 in

×
1 ft
12 in × 1 min

60 sec = 2,644 cfs
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Figure D–18  

In ltration Loss Method: Green and Ampt Equation
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Initial Abstraction, Surface Ponding, Canopy Loss

Base ow

Rainfall Events Examined
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Table D–6  

Watershed area 2-year 
in

25-year 
in

100-year 
in

Upper Whitewater 1.54

SF Whitewater 1.42

Lower Whitewater 1.20 2.12

Figure D–19 
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Figure D–20  

Sediment Bulking

Figure D–21 
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Results and Discussion

Figure D–22    
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Table D–7  

Storm Location Pre- re peak 
discharge cfs

Post- re peak 
discharge cfs  Post- re peak 

discharge 

100-yr

14,306 20,853

6,158

25,548

25-yr

6,848 13,331 11,680

2,644 4,404

16,486

2-yr
2,153

5,881

6,655 13,804

Figure D–23  
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Table D–8  

Storm Location Centering Pre- re peak 
discharge cfs

Post- re peak 
discharge cfs  Post- re peak 

discharge 

100-yr

6 12,566 11,254

5 13,026

6 4,306 4,242

5 2,611 2,458

6 14,623

5 15,052 13,500

6 13,245

5 12,431

25-yr

6

5 3,882

6 2,300 2,255

5 1,088

6 4,384

5 8,654

6 3,854

5

2-yr

6 33 3,683

5 54 3,420 2,203

6 3 845

5 3 314

6 31 4,346

5 56 2,405

6 31 4,121

5 46 3,555 2,308
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Figure D–24  

Figure D–25  
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Figure D–26  

Table D–9  

Storm Location

6 km centering 5 km centering

Post-Fire Post-Fire Post-Fire Post-Fire 

14,325 12,042 14,850

4,666 3,133

18,354 15,835

16,245 13,508

10,328 8,825

2,481 1,306 1,218

11,245 8,358

10,255 8,365
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Peak Rate Factor Discussion

Figure D–27 

Modeling Observed Data
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Figure D–28  

Table D–10     

Storm centering at SF Whitewater con uence rainfall in inches

Duration
Recurrence Interval-->

50-year 100-year 200-year 500-year 1000-year Gage 14–15 Sep 
2013

1.83 2.04 2.24 2.5 3.01

2.02 2.52 2.86 3.14 4.09

2.12 2.38 2.66 3.04 3.35 6.10

2.48 2.8 3.14 3.61 6.85
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Figure D–29  
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Figure D–30  

Conclusions
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Background

Figure E-1   
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Figure E–2   

Figure E–3   
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Figure E–4   

Figure E–5   
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Figure E–6   

Methods

c
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Pre-Fire Flow Ranges

Stream Gages

Table E–1  

Number on  
gure E–8 USGS # Drainage

sq. mi. Gage Name

1

2 5.38

3

4 10166430 26.5

5

6 16.8
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Figure E–7 

Figure E–8   
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Pre-Fire Tc

c

Pre-Fire CN 

c

Post-Fire Peaks and Volumes of Sediment

Figure E–9   

Table E–2  

Subarea Drainage 
mi2

CN
Pre- re

CN
Post- re

Tc
Pre- re

hrs

Tc
Post- re

hrs

1 1.81 62 0.85

2 0.60 80 0.40

1 + 2 2.50 65 1.00
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Post-Fire CN  Modi cation

Table E–3  

Burn severity NLCD Cover name HSG A HSG B HSG C HSG D

Low

41 4 5 3 2
42 4 16 10 8
43 4 5 3 2
51 2 2 1 1

Moderate

41 10 10 5 5
42 10 21 12 11
43 10 10 5 5
51 5 5 3 2

High

41 15 16 8
42 15 15 13
43 15 16 8
51 10 11 6 3

Figure E–10 
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c c

Figure E–11 

AGWA

Table E–4  

  ET 
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Bulking

Western Regional Equation

where—V= volume (cubic meters)

S= basin area with slopes great than or equal to 30 percent (square kilometers)

B = basin area burned at moderate and high severity (square kilometers), and

R = total storm rainfall (millimeters)

Comparative Analysis to Existing Studies

ln . ln . . .V S B R= + + +0 59 0 65 0 18 7 21

Figure E–12 
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Regional Equations

Bridges Map

•

•

•

•

•

•

Q Ap b= 17 0 4. r2 0 42= .

Figure E–13 
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Results

Table E–5  

2-year
50 - 

chance  
CSM

5-year
20 - 

chance
CSM

10-year
10 - 

chance  
CSM

25-year
4 - 

chance
 CSM

50-year
2 - 

chance
CSM

100-year
1 - 

chance
CSM

WinTR-20 pre- re 0 2.5 6.8 28.4 58 100.8

Observed CSM from 
gure 8 ~5 12 30 45 60

Table E–6  

Subarea 2-year 
cfs

5-year 
cfs

10-year 
cfs

25-year 
cfs

50-year 
cfs

100-year 
cfs

1 pre- re 0 0 0 25 65

1 post- re 14 118 234 514

2 pre- re 6 62 126 280

2 post- re 248 466

1 2 pre- re 0 6 145 252

1 2 post- re 26 342 516
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Figure E–14  

Table E–7  

Percent 
Chance

2-year 
50 - 

chance

5-year 
25 - 

chance

10-year 
10 - 

chance

25-year 
4 - 

chance

50-year 
2 - 

chance

100-year 
1 - 

chance

200-year 
0.5 - 

chance

500-year 
0.2 - 

chance

Pre- re run-
off inches  
Subarea 1+2 0.01 0.03 0.13 0.35 0.48

Post- re run-
off inches  
Subarea 1+2 0.25 0.38 0.48 0.60

Pre- re run-
off in acre 
feet over 2.5 
sq. mi

1 4 25 36 64

Post- re run- 
off in acre 
feet over 2.5 
sq. mi

12 23 33 51 64 80 123
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AGWA

Bulking

Western United States Regression Model

Regional Equations

Table E–8  

Event totals
25-year 

4  chance  
tons

50-year 
2  chance  

tons

100-year 
1  chance  

tons

Sediment

Table E–9  

Flood 25-year 
4  chance

50-year 
2  chance

100-year 
1  chance

Pre-Fire CSM 28.4 58 100.8

Post-Fire CSM 136.8 206.4
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Conclusions
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