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Field samples analyzed by accelerator mass spectrometry for Be-
10 at Purdue. Higher Be-10 correlated with lower catchment 
erosion rates. 



 
 

 
 

 

Peak Flows 

•	 Continuous discharge 
stations. 

•	 Rainfall data. 
•	 Analysis of  peak 

flows, runoff 
coefficient (Q/P) and 
rainfall intensities. 



 
 

  

Annual aerial 
photography 
and field 
inspection 







   Earth flow on West Branch, Railroad Gulch.
 



Streamside Landslides 











31 storm events 
sampled over five 
water years 
Storms exceeding 
1” of  rain 
Analyzed events 
where turbidity >50 
NTU and difference 
between above and 
below crossing 
samples > 10 NTU 



 
  
 

SW for West 
Branch and SE for 

East Branch. 







 

 
 

 
 

 

Channel Head 
Migration 

Channel 
initiation points 
monumented 
with rebar, 
examined 
annually for 
movement 









  

   

 

 
 
 

WY Rainfall 

East Branch 
(harvest) 

Cumulative 
discharge (Q) 

West Branch, 
(control), 

Cumulative 
discharge (Q) 

2016 

mm mm mm 

2014 560 148 118 
2015 856 451 474 

1427 583
 516 
2017 1811 610 612 
2018 950 367 236 
2019 1211 312 520 
2020 869 211 169 



  
   

 
 

 WY Rainfall 
East Branch 

(harvest) Runoff 
Coefficient 

West Branch, 
(control) Runoff 

Coefficient 

mm Q/Rainfall Q/Rainfall 

2014 560 0.26 0.21 
2015 856 0.53 0.55 
2016 1427 0.41 0.36 
2017 1811 0.34 0.34 
2018 950 0.39 0.25 
2019 1211 0.26 0.43 
2020 869 0.24 0.19 



  

2016 

WY Rainfall 
East (harvest) 
Peak discharge 

West (control) 
Peak discharge 

mm m3/s/km2 m3/s/km2 

2014 560 0.31 0.24 

2015 856 1.25 1.35 

1427 1.56
 1.62 

2017 1811 0.7 0.81 

2018 950 0.36 0.33 

2019 1211 0.25 0.56 

2020 869 0.45 0.27 



  
 

 
 

WY Rainfall 

East (harvest) 
Peak daily 

average 
discharge 

West Branch 
Peak daily 

average 
discharge 

mm m3/s/km2 
m3/s/km2 

2014 560 0.13 0.1 

2015 856 0.42 0.33 
2016 1427 0.56 0.48 
2017 1811 0.28 0.33 
2018 950 0.27 0.29 
2019 1211 0.13 0.43 
2020 869 0.23 0.2 
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East West 

Class 

Stream 

Length 
(km) 

Drainage 

Density 
(km/km2) 

Avg 
Channel 
Width 

(m) 

Length 

(km) 

Drainage 

Density 
(km/km2) 

Avg 
Channel 
Width 

(m) 
1 1.6 1.2 4.6 1.5 1.1 6.7 

2 4.3 3.4 3.6 1.8 1.2 2.7 

3 6.2 4.9 4.6 3.2 

Total 12.1 9.5 7.9 5.5 

Average channel widths derived from cross section surveys within each 
stream class. Cross sections 1-9 are in Class 1 reaches and cross-sections 

10-13 are within class II reaches. 
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Year W Branch 
Control 

Comparison 
to 

Be-10 Value* 
E Branch 
Harvest 

Comparison 
to 

Be-10 Value 

Eureka 
Annual 
Rainfall 

Mg/km2/yr % Mg/km2/yr % mm 
2014 37 12% 49 16% 535 
2015 713 236% 861 285% 872 
2016 740 245% 1178 390% 1228 
2017 774 256% 1090 361% 1596 
2018 600 199% 270 89% 960 
2019 950 315% 220 73% 1070 
2020 130 43% 220 73% 802 

Average 1888-2010 
1002 

* Long-term estimate derived from Be-10 is 302 Mg/km2/yr. 



 
 

 
 

 
Water Year 

West 
Branch 

(cubic yd) 

East 
Branch 

(cubic yd) 

Railroad Gulch 
Total (cubic yard) 

2015 102 0 102 

2016 66 .3 66 

2017 562 0.5 562 

2018 0 0 0.0 

2019 12 0 12 

Total 742 0.8 743 



 

Water 
Year 

2013 2014 2015 2016 2017 2018 2019 

East Branch 
(39% 

harvested) 

Displaced 
(yd3) 

6 0.3 8.8 21.8 15.9 17.2 27.6 

Delivered 
(yd3) 

6 0.3 8.8 13.3 15.5 12.6 27.6 

West 
Branch 

(control) 

Displaced 
(yd3) 

11.4 0.6 20.5 32.9 34.5 1.44 8.5 

Delivered 
(yd3) 

11.2 0.6 12.8 15.1 21.7 1.26 5.8 

Ratio of  Delivered 
Sediment EB/WB 

0.5 0.5 0.7 0.9 0.7 10 4.8 

One site One site 





 
  

 
  
  

Road and stream 
sites for storm event 

sampling. SW for 
West Branch and SE 

for East Branch. 



    
 

 
  

 
  

 
 

   
  

 
 

 
 

 
 

  

 
 

  

  
  

  
 

West Branch 2014 2015 2016 2017 2018 2019 
SW-3 

Larger 
subwatershed 

Higher than 
main stem for 

2/4 

Higher than 
main stem 

for 4/9 

Higher than 
other tribs, 
lower than 
main stem 

SW-4 
Higher than 
main stem 

for 5/8 

Higher than 
other tribs, 
lower than 
main stem 

Higher than 
other tribs, 
lower than 
main stem 

SW-12 Debris 
flow – Dec Debris flow. Debris flow. 

2015 followed 
by larger 

Higher than 
main stem 

after 

Higher than 
main stem for 5 

of  10, less by 

Debris flow 
raises main 

stem turbidity 

Debris flow 
raises main 

stem turbidity 
landslide June 12/14/15 end of  season 

2017 
# Events 4 9 8 10 5 4 

Comments Little 
influence of 

tribs on main 
stem 

Little 
influence of 
tribs on main 

stem 

Little influence 
of tribs on main 

stem 

SW-12 turbid, 
effect on main 

stem 

SW-12 turbid, 
effect on 

main stem 



   
 

 
 

  

 
 
 

 
 

  
 

 

 

  
  

 
 

  
 

 

 
 

  

 
 

 

  
    

 
 

   
 

 
 
 

East Branch 2014 2015 2016 2017 2018 2019 
SE-3 Two old 

spur road 
crossings 

Higher than main 
stem for 3/10 

Trib similar 
to main 

stem 

Trib clearer than 
main stem 

SE-5 
Incising into 
earth flow 

Higher than 
main stem 
for 7 of  9 

dates 

Higher 
than main 
stem on 

8/8 

Higher than main 
stem for 7/10 

Trib much 
more turbid 
than main 

stem 

Trib much more 
turbid than main 

stem 

SE-6 
intersects old 

spur road 

Higher than main 
stem for 4/10 

Trib much 
more turbid 
than main 

stem 

Trib more turbid 
than main stem 

SE-8 Old spur 
road crossings 

and debris 
flow 

Higher 
than main 
stem for 

6/8 

Higher than main 
stem for 10/10 

Trib clearer 
than main 

stem 

Trib slightly less 
turbid than main 

stem 

# Events 4 9 8 10 5 4 
Comments Tribs clearer 

than main 
stem 

Clearer tributaries. 
In a few cases 

tributaries influence 
main stem 

SE-5 & SE-6 
highest. Main 

stem clearest at 
SE-9 



 
 

 

 

East Branch (harvest) 
Plume Length 
Below Drainage 
(m) 

Plume 
Length on 
Road (m) 

Rill on Road 
Length (m) 

2014 1.7 0.0 0.1 
2016 5.2 3.2 1.0 
2017 6.4 5.0 2.0 
2018 5.9 3.1 2.7 
2019 5.9 3.1 2.8 
West Branch (control) - - -
2014 2.2 0.2 0.6 
2016 2.3 0.5 1.2 
2017 2.5 0.3 1.2 
2018 2.7 2.0 5.2 
2019 2.7 2.0 5.6 





      
     

 

Box plot (a) shows the differences in plume lengths below drainages 
on road segments with rilling absent (left) and present (α < 0.01; 
n=215). 



     
        

Differences in total rill and plume length on native
 
(left) vs. rocked road surfaces (α < 0.01; n=1273).
	



  Percent bare soil on active and inactive road segments for years 
2014-2019. 





  

 

 
 

    
  

   
  

 
 

  
 

   

 
 

  
  

   
 

 
 

 
     

 
 

    
 

 

Road Crossing Properties and Turbidity 
Observations 

Site # 
Road 
Type 

Location Properties Results 

1-5 Spur 
Lower West 
Branch, west 

slope 
Untreated crossings. 

Low turbidities, little effect of 
road. Site #5 had strong 

influence of  road on turbidity. 

6,7 Spur 
West Branch, 

east slope 
Untreated crossings. 

Strong and consistent influence 
of road on turbidity. 

8 Spur 
Upper West 
Branch, east 

slope 

Crossing overtaken by #1504 
streamside bank failure. 

Bank failure raised turbidity in 
stream. 

21 (8) Spur 
Upper West 
Branch, east 

slope 

New site created to evaluate road-
related turbidity after #1504 event. 

Road runoff much less turbid 
than impact of  bank failure. 

9,10,12 
,13 

Spur 
Upper West 
Branch, east 

slope 

Partially treated crossings – 
surface fill removed, wood left in 

place. 
#13 often high. 

11 Spur 
Upper West 
Branch, east 

slope 

Crossing overtaken by #1501 
debris flow. 

High turbidities observed from 
debris flow, declined over time. 

West 
Branch 



 

 
 

  

 
 

  
  

  
     

   

 
 

   
   

 
 
 

  
   

 
 

 
 

  
 

    

 
 

  
 

 
   

 Site # 
Road 
Type 

Location Properties Results 

14-16 Spur 
Lower East 

Branch, east slope 
Untreated crossings. Little to no effect of road. 

17 Spur 
East Branch, west 

slope 

Partially treated crossing, – 
surface fill removed, wood 
left in place. Summer 2015. 

Reduction in turbidity-elevating events 
after treatment. However road-related 
turbidity elevation, observed after WY 

2016 hauling. 

18 Haul 
East Branch, west 

slope 

Culvert, rocks placed to 
armor spillway. Summer 

2015. 

Often dry. Road-related turbidity 
elevation, particularly after WY 2016 

hauling. 

19 Haul 
East Branch, west 

slope 

Inboard ditch cross-drain. 
Graded and rocked summer 

2015. 

Reduction in turbidity-elevating events 
after treatment. However slight road-
related turbidity elevation, observed 

after WY 2016 hauling. 

20 Haul 
Upper East 

Branch, west 
slope 

Rocked ford. Graded and 
rocked summer 2015. 

Only one sample date showed turbidity 
elevation below road crossing 

22 Haul 
Upper East 

Branch, east slope 
Rocked ford. Graded and 

rocked summer 2015. 

Often dry. Road-related turbidity 
elevation, particularly after WY 2016 

hauling. 

East 
Branch 







2-3 m 
thick 



   
 

 
 

 

Cross section 
width (m) 

Cross section 
area (m2) 

Area change 
from 

Previous* (m2) 

Result 
compared to 

previous 

Year East West East West East West East West 

Head-
water 
(4 XS) 

2014 3.69 2.7 1.14 1.05 

2015 3.74 2.86 1.17 1.17 0.03 0.12 Scour Scour 

2016 3.63 2.73 1.25 1.21 0.08 0.04 Scour Scour 

2017 3.58 2.79 1.22 1.37 -0.03 0.16 Fill Scour 

2018 3.59 2.92 1.26 1.58 0.05 0.21 Scour Scour 

2019 3.58 3.60 1.26 1.97 0.00 0.40 - Scour 



   
 

 
 

 

Cross section 
width (m) 

Cross section 
area (m2) 

Area change 
from Previous* 

(m2) 

Result 
compared to 

previous 

Year 

2014 

2015 

2016 

2017 

2018 

2019 

East West East West East West East West 

Mid (4 
XS) 

5.9 7.41 2.54 4.07 

6.15 7.72 2.87 4.17 0.33 0.1 Scour Scour 

5.86 7.61 2.94 4.11 0.07 -0.06 Scour Fill 

5.79 7.69 3.15 4.11 0.2 0 Scour NC 

6.25 7.83 3.25 4.11 0.1 0 Scour NC 

6.28 7.80 3.39 3.95 0.1 -0.17 Scour Fill 



   
 

 
 

 

   
   

Cross Section Survey Results, Width and area are averages of cross sections in the 
mouth (#1-5), middle (#6-9) and headwater (#10-13) reaches 

Cross section 
width (m) 

Cross section 
area (m2) 

Area change 
from Previous* 

(m2) 

Result 
compared to 

previous 

Year East West East West East West East West 

Mouth 
(5 XS) 

2014 3.54 6.17 2.02 4.98 

2015 3.63 6.05 2.14 5.01 0.12 0.03 Scour Scour 

2016 3.67 6.04 2.27 5.11 0.13 0.1 Scour Scour 

2017 3.69 5.89 2.32 5.03 0.05 -0.08 Scour Fill 

2018 3.77 5.87 2.30 5.09 -0.02 0.06 Fill Scour 

2019 3.73 6.26 2.25 5.18 -0.05 0.09 Fill Scour 





headwater
 

mouth
 



















   

Landslides Streamside Landslides 
Road Sheetwash Channel Scour 
Unknown 

2017 

Channel initiation point extension = 0% 
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