
 

USING LiDAR, ArcGIS, AND ON-THE-GROUND DATA COLLECTION  

TO DESCRIBE GEOMORPHOMETRIC CHARACTERISTICS  

OF HYDRAULIC MINING FEATURES IN  

THE YUBA RIVER WATERSHED 

 
 

 
A Thesis 

 
Presented 

 
to the Faculty of 

 
California State University, Chico 

 
 

 
 

In Partial Fulfillment 
 

of the Requirements for the Degree 
 

Master of Science 
 

in 
 

Environmental Science 
 

 
 

by 
 

Brandon Ertis 
 

Summer 2018 
 
 
 
 



 

USING LiDAR, ArcGIS, AND ON-THE-GROUND DATA COLLECTION  

TO DESCRIBE GEOMORPHOMETRIC CHARACTERISTICS  

OF HYDRAULIC MINING FEATURES IN  

THE YUBA RIVER WATERSHED 

 
A Thesis 

 
by 
 

Brandon Ertis 
 

Summer 2018 
 
 
 
 
 

           APPROVED BY THE INTERIM DEAN OF GRADUATE STUDIES: 
 
 

    
 Sharon Barrios, Ph.D. 
 
 

                        APPROVED BY THE GRADUATE ADVISORY COMMITTEE: 
 
 
    
   Carrie Monohan, Ph.D., Chair 
 
     
  Allan James, Ph.D. 
 
     
   David Brown, Ph.D. 
  



iii 

ACKNOWLEDGMENTS 
 
 

Projects like this take a whole lot of interest, work, and investment from a 

variety of people, and there is a long list I owe thanks to that I’m just scratching the 

surface of with these pages of acknowledgements. 

First of all, I’d like to thank Dr. Carrie Monohan, Dr. Allan James, and Dr. 

David Brown for their guidance, wisdom, and support throughout this process and for 

introducing me to the academic world. Individually and collectively they have proven to 

be a deep well of good advice and guidance to me from the time I was first introduced to 

them. I’d also like to thank Carol Purchase from Tahoe National Forest for her support 

and partnership in this project, and the Sierra Fund for their assistance in many ways on 

this project as well. 

Thanks to my field partners: John Kelley, George Valente, Spencer Carroll, 

Gail Bakker from the USFS, and my parents. One of my favorite parts of this whole 

process was climbing steep hills, pushing through underbrush, spooking some wildlife (a 

bear once!), dealing with both the cold and the heat, wondering and speculating as to 

what old pieces of rusted mining equipment were originally used for, avoiding poison oak 

(for the most part), and spending time on-the-ground learning more firsthand about what 

we see on maps. Thanks to all of you for joining me in exploring and documenting some 

old hydraulic mining sites.  

Additionally, I’d like to thank my friends and colleagues at Davids 

Engineering who are largely responsible for my professional development and whatever 



iv 

limited skills I now possess, gave me their support and encouragement in pursuing a 

graduate degree, showed interest in my studies and research, and provided me with 

gainful employment and a flexible source of funding for my studies and research through 

allowing me to continue to contribute in a supporting role on Davids Engineering projects 

throughout graduate school. 

A HUGE thanks is due to my parents for the unconditional love and support 

that they’ve shown me throughout my life, with graduate school being no exception to 

that. I’d also like to thank my dad and my grandpa for diligently reading and reviewing 

everything I’ve produced throughout this process and for their helpful comments and 

questions. 

I’d like to thank my fiancé Polly! It is such a joy to share life with you, and I 

appreciate the patience and grace you’ve shown me throughout the long hours I’ve spent 

working on this thesis. I can’t wait to marry you! 

I’d also like to thank my fellow graduate students for being good people to 

learn alongside, good people to laugh and joke around with, good people to discuss life 

with, good people to share time with in both the TA room and the “office”, and for just 

being good people in general. Additionally, many thanks to the countless friends who 

have asked questions and expressed interest in this project and in my research. 

Most of all, I’m grateful to the One who created and sustains this world that is 

so worth studying, stewarding, and marveling at. I owe everything to Him, for from Him 

and through Him and to Him are all things. Amen.



v 

TABLE OF CONTENTS 
 
 

PAGE 
 
Acknowledgments.......................................................................................................  iii 
 
List of Tables ..............................................................................................................  vi 
 
List of Figures .............................................................................................................  vi 
 
List of Terms and Abbreviations ................................................................................  vii 
 
Abstract .......................................................................................................................  viii 
 
CHAPTER 
 
 I. Introduction ...............................................................................................  1 
 
   Overview .......................................................................................  1 
   Historical Background ..................................................................  6 
   The Effects of Hydraulic Mining on Sedimentation Processes ....  11 

  The Effects of Debris Control Dams (DCDs) on Sedimentation 
Processes .................................................................................  12 

   Mercury Contamination ................................................................  13 
   Fish Passage and Habitat Considerations .....................................  15 
   Study Objectives ...........................................................................  17 
   Study Area ....................................................................................  18 
   Willow Creek Subwatershed (North Yuba River) .............  19 
   Oregon Creek Subwatershed (Middle Yuba River) ...........  20 
   Scotchman Creek Subwatershed (South Yuba River) ........  21 
 
 II. Methods.....................................................................................................  23 
 
   Tahoe National Forest Airborne LiDAR Dataset and ArcGIS .....  23 
   Objective 1: Hydraulic Mining Feature Inventory Development .  25 
   Hydraulic Mining Feature Site Identification ...............................  25 

   Previously Identified Hydraulic Mining Features –  
Hydraulic Mining Sites and Sediment Deposits ...........  27 

   Potential Hydraulic Mining Features – Site Identification 
With LiDAR .................................................................  34 

  Geomorphometric Characterization and Current Condition .........  35 
   Previously Identified Hydraulic Mining Features –  

Hydraulic Mining Sites and Sediment Deposits ...........  35 



vi 

CHAPTER  PAGE 
 
   Potential Hydraulic Mining Features – Hydraulic Mining 

Sites and Sediment Deposits ........................................  38 
   Field Methods ...............................................................................  39 
   Subfeature SiteID for Hydraulic Mining Features .............  39 
   Recording Data Using Avenza and Field Sheets ................  40 
   Debris Control Dam Visual Assessment ............................  43 

  Objective 2: Development of Sediment Volume Calculation 
Methodology for Hydraulic Mining Features .........................  45 

   Interpolation Based on Surrounding Topography       
(Methodology 1 for Hydraulic Mines) ...............................  46 

   Interpolation Based on Reconstructued Contours       
(Methodology 2 for Hydraulic Mines) ...............................  50 

   Interpolation by Station (for Sediment Deposits) ...............  53 
  Objective 3: Analysis of Geomorphometric Characterization and  

Current Condition Inventory ...................................................  60 
 

 III. Results .......................................................................................................  62 
 
   Objective 1: Hydraulic Mining Feature Inventory Development .  62 
   Hydraulic Mining Feature Site Identification ...............................  62 
   Previously Identified Hydraulic Mining Features ..............  62 

   Potential Hydraulic Mining Features, Previously  
Unmapped ....................................................................  67 

  Geomorphometric Characterization and Current Condition .........  72 
   Previously Identified Hydraulic Mining Features ..............  72 
   On-the-Ground Field Work Results ..............................................  81 
   Previously Identified Hydraulic Mining Features ..............  81 
   Potential Hydraulic Mines ..................................................  92 
   Debris Control Dam Visual Assessment Results ...............  97 

  Objective 2: Development of Sediment Volume Calculation 
Methodology for Hydraulic Mining Features .........................  101 

  Objective 3: Analysis of Geomorphometric Characterization and  
Current Condition Inventory ...................................................  104 

   Sediment Volume Results (for Previously Identified        
Hydraulic Mining Features – Hydraulic Mines and           
Sediment Deposits, Objectives 3.a, 3.b, and 3.c) ...............  104 

   Denudation Calculations for Study Area Subwatersheds 
(Objective 3.d) ..............................................................  109 

   Additional Results (Objective 3.e) .....................................  112 
 
 
 



vii 

 
CHAPTER  PAGE 
 
 IV. Discussion .................................................................................................  116 
 
   Objective 1: Hydraulic Mining Feature Inventory Development .  116 
   Hydraulic Mining Feature Site Identification ...............................  116 
   Previously Identified Hydraulic Mining Features ..............  116 
   Potential Hydraulic Mining Features .................................  118 

  Geomorphometric Characterization and Current Condition .........  119 
   Previously Identified Hydraulic Mining Features ..............  119 
   Potential Hydraulic Mining Features .................................  119 
   On-the-Ground Field Work Discussion ........................................  122 
   Hydraulic Mines and Sediment Deposits ...........................  122 

   Debris Control Dam Visual Assessment and Further 
Study Discussion ..........................................................  125 

  Objective 2: Development of Sediment Volume Calculation 
Methodology for Hydraulic Mining Features .........................  127 

   Evaluation of Methodologies for Estimating Sediment 
Volumes at Hydraulic Mines ........................................  127 

   Comparison of Sediment Deposit Volumes to California 
Debris Commission Records of Licenses .....................  131 

  Objective 3: Analysis of Geomorphometric Characterization and  
Current Condition Inventory ...................................................  136 

   Sediment Volume Results (for Previously Identified        
Hydraulic Mining Features – Hydraulic Mines and           
Sediment Deposits, Objectives 3.a, 3.b, and 3.c) ...............  136 

   Denudation Calculations for Study Area Subwatersheds 
(Objective 3.d) ..............................................................  139 

   Additional Results (Objective 3.e) .....................................  141 
    
 V. Conclusions and Recommendations .........................................................  142 
 
   Conclusions ...................................................................................  142 
   Recommendations for Future Work..............................................  147 
   Recommendations and Next Steps Regarding This Study ...........  147 
   Additional Airborne LiDAR Coverage Development ..................  150 
   Future Site-Specific Water and Sediment Monitoring..................  151 
   Future Vegetation Studies .............................................................  153 
   Future Sedimentation Studies .......................................................  155 
 
References ..................................................................................................................... 157 
 
 



viii 

 
CHAPTER  PAGE 
 
Appendices 
  

 A. Geomorphometric Characterization and Current Condition for Previously 
Identified Hydraulic Mining Features .................................................  168 

 B. Results for Potential Hydraulic Mining Features......................................  176 
 C. Field Sheets and Avenza Smartphone Application Screenshots ...............  184 
 D. Results for Preliminary Evaluation of Methodology 1 .............................  200 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



ix 

LIST OF TABLES 
 
 
TABLE PAGE 
 
 1. HMF SiteID Category Descriptions and Abbreviations ..............................  26 
 
 2. Map Unit Descriptions for HMF Areas (NRCS, 2017) ...............................  28 
 

 3. Historical USGS Topographic Maps Utilized for HMF Identification (USGS, 
2017a) ....................................................................................................  31 

 
 4. Description of HMF Gemorphometric Characterization and Current Condition 

Categories ..............................................................................................  36 
 

 5. HMF Subfeature SiteID Category Descriptions and Abbreviations ............  39 
 
 6. Description of Debris Control Dam Visual Assessment Fields ...................  44 
 
 7. Previously Identified HMFs and Data Sources ............................................  63 
  
 8. Summary of Geomorphometric Characterization and Current Condition Results 

for Previously Identified HMFs .............................................................  73 
  
9. Debris Control Dam (DCD) Visual Assessment Results. ............................  99 

 
10. Denudation Results for Study Area Subwatersheds Assuming All Topographic 

Change Occurred During Period from 1853 to 1884 .............................  111 
 
11. DCD Records Maintained by CDC for Mining at Omega Diggings (01SYWNHY) 

During the Licensed Period of Hydraulic Mining (James, 2005) ..........  133 
 

A-1. General Characterization and Condition of Previously Identified Features  169 
 
A-2. Geomorphometric Characterization of Previously Identified Features .......  172 
 
A-3. Field Visits and Land Characterization of Previously Identified Features ..  173 
 
B-1. Results for Potential Hydraulic Mining Feature (P-HMF) Mines ...............  177 
 
B-2. Mean Depth for each Model Run and Average Mean Depth for Each 

Subwatershed .........................................................................................  181 



x 

 
B-3. Results for Individual Potential Sediment Deposits (P-HMF Deposits) .....  182 
 
D-1. Total Sediment Volumes for Hydraulic Mines from Methodology 1, Organized 

by Subwatershed and Interpolation Tool ...............................................  203 
  



xi 

LIST OF FIGURES) 
 
 
FIGURE PAGE 
 
 1. Study Area Map - Yuba River Watershed and Selected Subwatersheds .....  2 
 

 2. Hydraulic mining at Malakoff Diggings, the largest hydraulic mine in 
California, which is located in the South Yuba River watershed, circa 1876. 
Multiple active monitors and a wooden sluice are shown. (Photo Credit: 
Carleton E. Watkins, Photograph is located in the Hearst Mining Collection 
at the Bancroft Library, University of California at Berkeley) ..............  8 

 
 3. Timeline of Hydraulic Mining in California ................................................  10 
 

 4. Hydraulic mining from North Columbia mine showing an active monitor and a 
wooden sluice.........................................................................................  10 

 
 5. Study Area Map - Yuba River Watershed and Selected Subwatersheds, 

depicting both True Subwatersheds and Super Planning Watersheds (CDF, 
2017) that will be utilized to define the study area for areas within the North 
Yuba and South Yuba River Watersheds...............................................  22 

 
 6. TNF LiDAR Hillshade Layer depicting a portion of the Willow Creek 

subwatershed that includes several HMFs, both hydraulic mining sites and 
DCD sediment deposits..........................................................................  33 

 
 7. An overview of the first methodology used to calculate sediment volumes for 

HMF Mines by creating a pre-mining landscape using the Interpolation  
tools in ArcGIS based on the surrounding topography and subtracting it 
from the current landscape as defined by the DEM from the airborne  
LiDAR dataset. ......................................................................................  47 

 
 8. An overview of the second methodology used to calculate sediment volumes  

for HMF Mines by creating a pre-mining landscape through manual 
reconstruction of contour lines based on the surrounding topography, 
interpolating to create a pre-mining landscape, and subtracting it from the 
current landscape as defined by the DEM from the airborne LiDAR   
dataset. ...................................................................................................  51 

 
  



xii 

9. An overview of the initial steps in ArcGIS for the technique used to calculate 
sediment volumes for HMS deposits. Clockwise, beginning in the top left 
corner, they depict the HMS deposit shaded in brown as seen in the 
hillshade layer of the LiDAR DEM, centerline and cross-section lines for 
the deposit, a close-up view of the bottom of the HMS deposit    
highlighting Station 15, the cross-section for Station 15, and the long  
profile along the centerline of the deposit. After modeling the pre-mining 
streambed, the deposit is divided by evenly spaced stations, cross-sectional 
area at each station is determined based on the surrounding landscape, and 
volume is calculated using the cross-sectional areas and length between 
stations.     The images are from the Horse Valley Creek DCD Sediment 
Deposit (02NYWCCD) ..........................................................................  55 

 
 10. Long Profile for the Horse Valley Creek Sediment Deposit (02NYWCCD).   

The solid gray line shows the topographic profile along the centerline of   
the deposit extracted from the DEM, and the dashed black line shows the 
linear slope of the modeled pre-mining streambed surface ...................  56 

  
11. Trapezoidal Cross-Section for Station 15 of the Horse Valley Creek Sediment 

Deposit (02NYWCCD). The solid gray line shows the topographic profile 
extracted from the DEM, and the dashed black lines show average slopes  
for the right and left valley walls (defined looking downstream), the mean 
elevation of the current surface of the LiDAR-derived HMS deposit, and  
the assumed bedrock elevation. The cross-section area of HMS at this 
station equals the area within the trapezoid defined by the dashed lines,      
or 248 m2 ................................................................................................  58 

 
 12. Counts of Previously Identified HMFs, organized by Subwatershed and Site 

Type. The three different site types are hydraulic mines, DCDs (which 
include sediment deposits entrapped behind the dams), and Sediment 
Deposits (which are without an associated DCD). For the full study area 
comprised of the Willow Creek, Oregon Creek, and Washington 
subwatersheds, there were a total of 35 Previously Identified HMFs (28 
Hydraulic Mines, five DCDs, and two Sediment Deposits) ..................  65 

 
 13. Alpha Diggings and Omega Diggings Hydraulic Mine Delineations and 

Scotchman Creek DCD and Corresponding Sediment Deposit. The     
USGS, NRCS, and LiDAR delineations of the extent of topographic   
change caused by Alpha and Omega are shown for comparison...........  66 

 
 14. Willow Creek Subwatershed Map Depicting Previously Identified and   

Potential Hydraulic Mining Features .....................................................  69 



xiii 

 
 15. Oregon Creek Subwatershed Map Depicting Previously Identified and Potential 

Hydraulic Mining Features ....................................................................  70 
 

 16. Washington Subwatershed Map Depicting Previously Identified and Potential 
Hydraulic Mining Features ....................................................................  71 

 
 17. Surface Area and Sediment Volume results for Individual Previously Identified 

HMF Mines and Aggregated P-HMF Mines in the Willow Creek 
subwatershed ..........................................................................................  75 

 
 18. Surface Area and Sediment Volume results for Individual Previously    

Identified HMF Mines and Aggregated P-HMF Mines in the Oregon    
Creek subwatershed ...............................................................................  76 

 
 19. Surface Area and Sediment Volume results for Individual Previously    

Identified HMF Mines and Aggregated P-HMF Mines in the Washington 
subwatershed ..........................................................................................  78 

 
 20. Surface Area and Sediment Volume results for Aggregated P-HMF Sediment 

Deposits in the Willow Creek, Oregon Creek, and Washington 
subwatersheds ........................................................................................  79 

 
 21. Joubert Diggings (01NYWCHY) Subfeatures.............................................  84 

 
 22. Hydraulic mining pit floor at Joubert Diggings (01NYWCHY), photo taken 

from interior of the HMF looking to the northwest towards the barren cliff 
walls (01NYWCHYER05) that bound the HMF in this location (photo by 
author, 7/18/2017) ..................................................................................  85 

 
 23. Tunnel outlet in Fiddle Creek Ridge subwatershed portion of  Joubert Diggings 

(01NYFCHYTU01) (photo by author, 7/17/2017) ................................  86 
 

 24. Remnants of earthen diversion dam along Oak Valley Creek 
(01NYWCHYCD02) that likely served as a water source for the Joubert 
Diggings hydraulic mining operation (photo by author, 7/18/2017) .....  87 

 
 25. Tippecanoe Mine (04MYOCHY) Subfeatures ............................................  90 
  
 
 



xiv 

26. Culvert inlet that flows under USFS road 1806 and drains interior of the 
Tippecanoe Mine (04MYOCHYTU01). This subfeature is potentially tied 
into an old mining tunnel, as what appeared to be dressed timber and 
stacked rock were found nearby (photo by author, 7/26/2017) .............  91 

 
 27. Steep, bare-earth walls with little vegetation along eastern edge of Tippecanoe 

Mine (04MYOCHYER01) (photo by author, 7/26/2017) .....................  91 
 

 28. Inlet for a collapsed or filled-in tunnel at Tippecanoe Mine (04MYOCHYTU02) 
(photo by author, 7/26/2017) .................................................................  91 

 
 29. Tunnel opening for a potential hard rock gold mine or other type of mine found 

in the upper Willow Creek subwatershed (11NYWCPH) (photo by author, 
8/15/2017) ..............................................................................................  93 

 
 30. A steep bare-earth wall (left) and piece of metal equipment (right) found at a   

P-HMF Mine in the Willow Creek subwatershed (07NYWCPH) (photos    
by John Kelley, 4/14/2018) ....................................................................  94 

 
 31. Steep, bare-earth walls with little vegetation along eastern edge of potential 

hydraulic mine (02MYOCPH), similar to those found at previously 
identified HMF Mines (photo by author, 8/26/2017) ............................  96 

 
 32. Horse Valley Creek DCD (02NYWCCD), (left) entire dam; (center) tunnel 

outlet emerging from bedrock on right bank below the dam, (right) one of 
multiple small recesses in dam face (likely cobbles that were a part of the 
original concrete mixture for the dam that have been exposed and    
separated from resulting concrete as dam deteriorates over time) .........  100 

 
 33. Willow Creek DCD (01NYWCCD), photo on left depicts main stem of Willow 

Creek flowing over the dam on the right side (left side of photo), vegetation 
and seepage through the dam are evident in photo on right (photos by 
author, Summer 2017) ...........................................................................  100 

 
 34. Tippecanoe DCD (01MYOCCD), both photos depict the DCD spanning the 

width of Oregon Creek; tunnel outlet at base of dam seen with water  
flowing out in photo on right .................................................................  100 

 
 35. Brandy Creek DCD (03NYWCCD), (left) remnants of stacked rock along right 

bank of Brandy Creek (flowing at bottom of photo), (right) stacked rock 
dam remnants at two different elevations along the left bank of the creek 
(photos by author, Summer 2017) .........................................................  100 



xv 

 
36. Scotchman Creek DCD (01SYWNCD), (left) dam evaluation schematic from 

USFS report (Romero et al., 2011), (right) photograph during a storm event 
where flow was not limited to the primary spillway along the right side of 
the feature but also occurred over the dam (photo by Rick Weaver, USFS 
staff, 3/16/2012) .....................................................................................  101 

 
 37. Comparison of Sediment Volumes Generated by Methodology 2 to Sediment 

Volumes Estimated by Gilbert (1917) ...................................................  103 
 

 38. Sediment Volumes for Previously Identified HMFs in the Willow Creek 
Subwatershed (Volume Remaining in Subwatershed Expressed as 
Percentage of Total Volume Produced) .................................................  105 

 
 39. Sediment Volumes for Previously Identified HMFs in the Oregon Creek 

Subwatershed (Volume Remaining in Subwatershed Expressed as 
Percentage of Total Volume Produced) .................................................  106 

 
 40. Sediment Volume Results for Previously Identified HMFs in the Washington 

Subwatershed (Including Volume Remaining in Subwatershed Expressed as 
Percentage of Total Volume Produced) .................................................  107 

 
 41. Youngs Hill Diggings (05NYWCHY) with North-South and Northwest-

Southeast cross-section lines (left), elevations for the LiDAR DEM and   
pre-mining surfaces for Methodologies 1 and 2 along the North-South  
cross-section (top right), and elevations for the LiDAR DEM and pre-
mining surfaces for Methodologies 1 and 2 along the Northwest-Southeast 
cross-section (bottom right) ...................................................................  129 

 
C-1. Avenza Spartphone Application Screenshots. .............................................  199 

 
D-1. Total Sediment Volumes for Hydraulic Mines from Methodology 1, Organized 

by Subwatershed and Interpolation Tool. ..............................................  203 
 

D-2. Comparison of Sediment Volumes Generated by Methodology 1 to Sediment 
Volumes Estimated by Gilbert (1917). ..................................................  204 

 
D-3. Comparison of Sediment Volumes Generated by Methodology 1 and 

Methodology 2 to Sediment Volumes Estimated by Gilbert (1917). ....  206 
  



xvi 

LIST OF TERMS AND ABBREVIATIONS 
 

TERMS 
 

• Hydraulic Mining Feature (HMF) – a defined spatial area affected by hydraulic 

mining, these include the following: 

o Previously Identified HMF – a HMF that has been identified and located 

through previous work completed prior to this study and referenced in this 

study. 

o Potential HMF (P-HMF) – a potential HMF that was identified as part of 

this study based on similarities in appearance to previously identified 

HMFs through manual review of the LiDAR dataset. 

• HMFs are further distinguished into the following two categories: 

o HMF Mine - hydraulic mining sites, or locations where hydraulic mining 

occurred. 

o HMF Deposit - sediment deposits, or locations where sediment created 

and mobilized by hydraulic mining practices is currently held. These 

include sediment held intentionally behind a Debris Control Dam (DCD) 

and sediment held in a valley bottom along a drainage channel by the 

natural channel topography or by other means. 

• Hydraulic Mining Sediment (HMS) – sediment produced through hydraulic 

mining practices or resulting from continuing erosion of HMF Mines. HMF 

Deposits are also referred to as HMS deposits. 

 

As an example, a HMF that is a hydraulic mining site that has been previously studied 

and referenced would be referred to as a previously identified HMF Mine. In contrast, a 

HMF that is a potential sediment deposit identified and delineated through manual review 

of the LiDAR dataset would be referred to as a P-HMF Deposit. 



xvii 

ABBREVIATIONS 
 

3G – 3rd Generation (Cellular Phone Technology) 

4G – 4th Generation (Cellular Phone Technology) 

A-GPS – Assisted Global Positioning System (GPS) 

CDC – California Debris Commision 

CDF – California Department of Forestry and Fire Protection 

CDOC – California Department of Conservation 

cm – centimeters 

cm/yr – centimeters per year 

cm/ka – centimeters per thousand years 

CSU Chico – California State University, Chico 

DCD – Debris Control Dam 

DEM – Digital Elevation Model 

DoD – Digital Elevation Models (DEMs) of Difference 

DWR – Department of Water Resources 

ESRI – Environmental Systems Research Institute 

GCD – Geomorphic Change Detection 

GIS – Geographic Information System 

GNSS – Global Navigation Satellite System 

GPS – Global Positioning System 

HMF – Hydraulic Mining Feature, including both hydraulic mines and sediment deposits 



xviii 

HMS – Hydraulic Mining Sediment 

HUC – Hydrologic Unit Code 

IDW – Inverse Distance Weighting 

KARS – Kinematic and Rapid Static 

kg – kilograms 

km – kilometers 

km2 – square kilometers 

m – meters 

m2 – square meters 

m3 – cubic meters 

MMS – Mobile Mapping Suite 

NAD 83 – North American Datum of 1983 

NAIP – National Agricultural Imagery Program 

NDVI – Naturally Distributed Vegetative Index 

NGMDB – National Geologic Map Database 

NGP – National Geospatial Program 

NGS – National Geodetic Survey 

NHD – National Hydrography Dataset 

NRCS – Natural Resource Conservation Service 

OPUS – Online Positioning User Service 

PAMP – Principle Areas of Mine Pollution 



xix 

PBO – Plate Boundary Observatory 

P-HMF – Potential Hydraulic Mining Feature 

RWQCB – Regional Water Quality Control Boards 

RTK – Real-time Kinematic 

SDR – Sediment Delivery Ratio 

SiteID – Site Identification 

SSURGO – Soils Survey Geographic Database 

SWRCB – State Water Resources Control Board 

TIN – Triangulated Irregular Network 

TNF – Tahoe National Forest 

TOMS – Topographically Occurring Mine Symbols 

TSF – The Sierra Fund 

USA – United States of America 

USFS – United States Forest Service 

USGS – United States Geological Survey  



xx 

ABSTRACT 
 
 

USING LiDAR, ArcGIS, AND ON-THE-GROUND DATA COLLECTION  

TO DESCRIBE GEOMORPHOMETRIC CHARACTERISTICS  

OF HYDRAULIC MINING FEATURES IN  

THE YUBA RIVER WATERSHED 

by 
 

Brandon Ertis 
 

Master of Science in Environmental Science 
 

California State University, Chico 
 

Summer 2018 
  

Hydraulic mining, a method of mining placer gold in alluvial deposits 

invented in California in 1853 and practiced for approximately a century afterwards, had 

and continues to have effects on sediment processes and water resources in northern 

California. This study focuses on three subwatersheds (Willow Creek, Oregon Creek, and 

Scotchman Creek) within the Yuba River basin, the most heavily hydraulically-mined 

watershed in the Sierra Nevada.  

Prior work related to hydraulic mining in the study area was reviewed, 

resulting in a total of 35 previously identified hydraulic mining features (HMFs) being 

included in this study. These incorporate both locations where hydraulic mining occurred 

and locations where sediment produced by hydraulic mining is currently held, either 
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behind a debris control dam (DCD) or in a natural drainage channel along a waterway. 

For each of these HMFs, the initial objective of this study was to conduct (1) a 

geomorphometric characterization and assessment of current conditions of the HMFs, for 

which a total of 40 categories were determined. As part of the geomorphometric 

characterization, (2) methodologies for estimating sediment volume results using LiDAR 

and ArcGIS were developed. Using the inventory results, sediment volumes were 

determined for (3.a) the amount produced by hydraulic mining sites and (3.b) the amount 

still held in the study area in sediment deposits, and (3.c) the two amounts were 

compared to inform what proportion of sediment produced remained within the study 

areas in the Upper Yuba River basin. Finally, (3.d) additional inventory results are 

compared and contrasted to better understand these HMFs and their characteristics. 

Although the number of hydraulic mines in each subwatershed was similar, 

the sediment volumes produced by hydraulic mining varied greatly (~20 million m3 for 

Willow Creek, ~2 million m3 for Oregon Creek, and  ~42 million m3 for Scotchman 

Creek). Known sediment deposit volumes comprised only a fraction of the volume 

produced by hydraulic mining (~0.6 million m3 for Willow Creek, ~0.4 million m3 for 

Oregon Creek, and  ~0.4 million m3 for Scotchman Creek). A comparison of these 

volumes resulted in sediment delivery ratios of approximately 0.97 for Willow Creek, 

0.83 for Oregon Creek, and 0.98 for Scotchman Creek. This shows that a majority of 

sediment produced has either been transported out of the subwatershed areas or is stored 

in locations other than the large deposits (primarily held behind DCDs) assessed in this 

study, or likely some combination of both. Though they only contain a fraction of the 
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sediment produced from hydraulic mining sites, the sediment deposits need to be further 

studied and better understood, and additional sediment storage within these 

subwatersheds should be investigated. 

The numbers presented above should be considered an initial conservative 

estimate. There are likely additional HMFs (both mines and deposits) requiring 

identification and assessment. As a first step towards this, Potential HMF (P-HMF) 

Mines were identified from the LiDAR dataset based on similarities in appearance to 

previously identified HMFs. Four of these were visited in person and evidence was found 

indicating that they may represent additional locations where mining occurred within the 

study areas, although further investigation would be required to confirm this. There are 

also additional P-HMF Deposits that were identified, and there is likely HMS scattered 

throughout the study area in streambanks, high terraces, and other locations apart from 

the concentrated deposits focused on in this study. Finally, on-the-ground field work 

determined that sediment transport from HMFs is continuing, and no HMFs were visited 

that were hydrologically isolated from nearby waterways. Quantitative data about water 

quality and sediment transport would be valuable. 

In summary, using airborne LiDAR dataset with a geospatial software 

program such as ArcGIS has proven to be an effective method of both evaluating HMFs 

and their impacts on watersheds, and identifying P-HMFs for future study and evaluation. 

However, on-the-ground research is needed as well to both verify and expand on results 

obtained from the LiDAR dataset.  

 



 1  

CHAPTER I 

INTRODUCTION 

Overview 

The impacts of gold-mining practices in the Sierra Nevada that originated over 150 

years ago and continued for approximately a century afterwards continue to affect water 

resources in northern California today. In particular, the landscape alteration resulting from and 

sedimentation induced by hydraulic mining, and its continuing impacts, need to be characterized 

to better understand the ongoing effects on water resources. This is a topic of study that has been 

addressed by others previously, with early work dating back into the period when mining was 

still ongoing (Turner, 1891; Lindgren, 1911; Gilbert, 1917; Yeend, 1974; James, 1991b; James, 

2005; Singer et al., 2013; Alpers et al., 2016). However, this study primarily utilizes newly 

available data, a recently developed airborne LiDAR dataset (TNF, 2017), to address this issue. 

The area of study lies within the Yuba River basin, the most heavily hydraulically mined basin in 

the Sierra Nevada (Gilbert, 1917). Three subwatersheds within the Yuba River basin were 

selected: the Willow Creek subwatershed along the North Yuba River, the Oregon Creek 

subwatershed along the Middle Yuba River, and the Scotchman Creek subwatershed along the 

South Yuba River. This study was accomplished with the cooperation of and in coordination 

with Tahoe National Forest (TNF) United States Forest Service (USFS) staff. The Yuba River 

basin and selected subwatersheds are shown in Figure 1. 
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Figure 1. Study Area Map - Yuba River Watershed and Selected Subwatersheds. 

 

The first objective (1) of the study was to create an inventory, including a 

geomorphometric characterization and description of current conditions, of hydraulic mining 

features (HMFs) in the selected subwatersheds of the Yuba River basin. HMFs include sites 

where hydraulic mining occurred and sites where sediment created and mobilized by hydraulic 

mining practices is currently held. A part of the geomorphometric characterization was an 

estimation of the sediment volume of each HMF. The second objective (2) was to develop a 

methodology that accomplishes this inventory using the LiDAR dataset and ArcGIS. Beyond the 

creation of the inventory and development sediment volume estimate methodology, additional 

objectives of the study included (3.a) estimating sediment volumes produced by and lost from 
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hydraulic mining sites, (3.b) estimating sediment volumes still held within the study area behind 

debris control dams and addressing sediment held in natural features such as terraces or tailings 

fans, and (3.c) comparing and contrasting sediment volume estimates for each subwatershed and 

between subwatersheds. Another method of comparing sediment volume estimates was (3.d) to 

calculate the denudation caused by hydraulic mining in each subwatershed. (3.e) Inventory 

results other than sediment volumes were also compared and contrasted for each subwatershed 

and between subwatersheds. Additionally, the results of this study are described in the context of 

both past work and currently ongoing work, as this study represents only one small piece of a 

much larger body of work. Finally, an additional objective was to have this study serve as a 

proof-of-concept, so that the overall mapping processes and methodologies used can be 

replicated elsewhere in the remainder of the Yuba River watershed, the adjacent Bear River 

watershed, and other parts of the Sierra Nevada affected by hydraulic mining. In pursuit of this 

goal, a methodology and recommendations for mapping, categorizing, and classifying HMFs are 

presented based on results of this study. Beyond replicating this study in other areas, the next 

step building off of this work will be to complete additional studies to better understand these 

HMFs and how they are changing over time and to investigate methods of mitigating the 

potentially negative effects that these HMFs can have on both people and the environment, with 

the ultimate goal being environmental remediation.  

To provide some historical context, beginning in 1853, shortly after the discovery of 

gold in California in 1848, and continuing for approximately the next century, hydraulic mining  

was the primary method employed to extract placer gold contained in alluvial deposits (Gilbert, 

1917). Hydraulic mining is the use of high-pressure jets of water to dislodge earthen material and 

move sediment, and it can have a dramatic effect on the landscape and on natural erosion and 
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sedimentation processes. The mining process mobilized large volumes of sediment within the 

basin that were subsequently moved downstream. Sediment resulting from hydraulic mining has 

been observed in locations ranging from directly downstream of hydraulic mining sites all the 

way downriver to the San Francisco Bay, where water originating in the Yuba River watershed 

returns to the Pacific Ocean (Jaffe, 1998; James, 2005). The mobilization and deposition of 

sediment from hydraulic mining, and the continuing processes and the current locations and 

conditions of sediment, has been the subject of a considerable amount of study (Gilbert, 1917; 

James, 1991b; James, 2005; Singer et al., 2013). Additionally, mercury was extensively used in 

hydraulic mining practices, some of which was lost to the environment (Bowie, 1905; Averill, 

1946). Mercury still persists to this day downstream of gold mining locations and is a potential 

risk to both humans and the environment (Alpers et al., 2005). It can methylate, bioaccumulate, 

and biomagnify under certain environmental conditions (Alpers et al., 2005). The primary 

exposure pathway for both humans and wildlife of this mercury is through consumption of fish 

with increased mercury levels (ATSDR, 1999).  Mercury contamination from gold mining 

practices in the Sierra Nevada has also been a focus of study (Hunerlach et al., 1999; 

Domagalski, 2001; Alpers et al., 2005; Fleck et al., 2011). Regarding both sediment processes 

and mercury contamination, more information is needed to inform region-wide approaches to 

mine remediation efforts.  

These issues are not isolated in space and time to California and the Gold Rush era. 

Mining activities very similar to those that took place in California are ongoing in various other 

parts of the world with approximately 10-15 million miners at work in 70 countries (Telmer and 

Stapper, 2012); in many cases, miners are forced into the practice due to poverty and limited 

alternative economic opportunities (Hinton, 2006). There were a variety of different methods to 
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mine gold used in California, of which hydraulic mining was only one. Although it is not as 

common as other practices worldwide, hydraulic mining for gold is continuing today in other 

parts of the world. It is the most common extraction process in the country of Suriname in Latin 

America, where significant environmental damage has occurred as a result (Heemskerk and Van 

Der Kooye, 2003). Of greater concern is mercury usage in gold extraction, which is utilized in 

many different mining methods and is a widespread practice across the world (Hinton, 2006; 

Telmer and Stapper, 2012). Improper management of mercury can result in both exposure to 

mercury for miners and mercury pollution to the environment, which presents a risk to human 

health. This is a danger that can be severe and has been documented for many recently or 

currently active gold mining operations around the world (Van Straaten, 2000; Israel and Asirot, 

2002; Paruchuri et al., 2010; Velásquez-López et al., 2010; Santana et al., 2014). Major focuses 

of recent work have been on education regarding the dangers of mercury, best practices when 

using mercury for gold extraction, and alternatives for processing gold without mercury (Israel 

and Asirot, 2002; Spiegel and Veiga, 2010; Velásquez-López, 2010; Telmer and Stapper, 2012). 

Additionally, efforts to directly reduce the usage of mercury and loss to the environment have 

been completed (Santana et al., 2014; García et al., 2015). Addressing these ongoing issues 

associated with gold mining across the world is no small task. 

Mercury is highly persistent in the environment as is evidenced by the continuing 

mercury contamination from Gold Rush era practices in California. Current mercury pollution in 

other parts of the world, therefore, is creating an environmental problem that will remain well 

into the future if it is not addressed. It has lasted more than a century in California and continues 

to this day.   
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Even though hydraulic mining has not occurred for several decades in the Sierra 

Nevada mountains of California and the peak of hydraulic mining occurred more than a century 

ago, the legacy left behind from hydraulic mining activities is a complex environmental problem 

that has been studied thoroughly but still is still not completely understood, and the end goal of 

complete environmental remediation of these HMFs is far from realized. The purpose of this 

study is to utilize the recently available LiDAR dataset, in concert with results of on-the-ground 

exploration and data collection, to take a step towards this end goal.  

 

Historical Background 

Gold was discovered in California in 1848 along the South Fork of the American 

River (Rosen, 2005). This triggered the California Gold Rush, which brought such a large influx 

of inhabitants to California in such a short amount of time that it propelled it into becoming the 

31st state of the United States of America (USA) in 1850 without first becoming a territory 

(Rosen, 2005). The Gold Rush era had a profound effect on California, much of which is still felt 

today. The appropriative water rights system (“first in time, first in right”) that defines 

California’s legal use of surface water resources and is still in place today was originally 

established by the early miners (Hundley, 2001). Also, after setting the legal precedent for water 

rights in California, the appropriative rights system subsequently spread to many of the other 

western states in the USA (Hundley, 2001). The Gold Rush era also had a profound effect on the 

rest of the USA, as the value of the gold mined during the beginning of the Gold Rush had an 

impact on the Civil War efforts on the other side of the country (McPhee, 1993). An influential 

Californian of the time, John Bidwell, reflects in his memoirs on whether or not the outcome of 
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‘the great rebellion’ would have been different without the influence that California gold had on 

the economy and Union war efforts (Bidwell and Royce, 1907). 

During the California Gold Rush, hydraulic mining was widely used in the Yuba 

River watershed to retrieve placer gold contained in alluvial deposits from 1853 onwards 

(Gilbert, 1917). It was an original method for mining gold that was invented in California, and in 

the time since has been used in various other parts of the world (Hundley, 2001). Hydraulic 

mining used high-pressure jets of water, directed through monitors (or ‘water cannons’), to 

dislodge earthen material and move sediment. The resulting slurry (e.g. mixture of water, 

sediment, and gold) was subsequently directed through sluices from which gold was extracted by 

settling processes and through introducing elemental mercury to the slurry. Mercury 

amalgamated with gold and created a high density substance that sank to the bottom of the sluice 

from which it was then removed. A historical photo depicting multiple active monitors and a 

sluice taken from within a pit created by hydraulic mining is shown in Figure 2.  

The hydraulic mining sediment (HMS) produced through this process was deposited 

in locations ranging from directly downstream of the mines, to the Sacramento Valley, to the San 

Francisco Bay (Gilbert, 1917; Jaffe et al., 1998; James, 2005). In 1856 and 1887 hydrographic 

surveys were completed in San Pablo Bay, located in the northern portion of San Francisco Bay, 

that provide insight into the effects of hydraulic mining.  Those surveys showed the deposition of 

an estimated volume of 2.6 million cubic meters of HMS in that period (Jaffe et al., 1998). In 

some areas, the depth of the channel decreased by more than 4 meters between the two surveys 

(Jaffe et al., 1998).  
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Figure 2. Hydraulic mining at Malakoff Diggings, the largest hydraulic mine in California, which 
is located in the South Yuba River watershed, circa 1876. Multiple active monitors and a wooden 
sluice are shown. (Photo Credit: Carleton E. Watkins, Photograph is located in the Hearst Mining 

Collection at the Bancroft Library, University of California at Berkeley). 
 
Overall, it is estimated that over 1.2 billion cubic meters of sediment and debris was 

removed from the Sierra Nevada following the discovery of gold during this initial burst of 

hydraulic mining between the years of 1853 and 1884 (Gilbert, 1917). Due to the resulting 

impacts to navigable rivers and farmers in the Sacramento Valley from the massive amounts of 

sediment coming out of the mountains from hydraulic mining practices, the Sawyer Decision in 

1884 banned hydraulic mining to navigable rivers (Hagwood, 1981). It is considered by some to 

be California’s first environmental law (California State Parks, 2014). 

There are reports that some illegal hydraulic mining continued locally (Slyter, 1980), 

but hydraulic mining largely ceased following the Sawyer Decision. After a brief period with 

negligible hydraulic mining, the Caminetti Act of 1893 once again allowed for hydraulic mining 
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(Hagwood, 1981). Under the Caminetti Act, licensing for hydraulic mining was handled by the 

California Debris Commission (CDC) and licenses were issued based on the condition that the 

HMS resulting from operations did not reach ‘navigable waters’ (Hagwood, 1981). Debris 

control dams (DCDs) were built to capture the HMS deposits locally, and hydraulic mining 

continued until approximately 1950 (when the last license was issued by the CDC), although to a 

lesser extent than in the unlicensed period prior to the Sawyer Decision (James, 2005). Initially, 

there were standard designs for brush dams and log-crib dams developed by the CDC (CDC, 

1904); however, most of these structures tended to fail relatively quickly and later more 

permanent structures, such as concrete dams, were specified (Gilbert, 1917). Sediment is still 

held behind the DCDs in existence today, and potentially behind the remnants of earlier brush 

and log-crib dams as well, although the locations and current condition of these dams are still 

largely unknown (James, 2005). A timeline of hydraulic mining in California, as described 

above, is presented in Figure 3. Another historical photo of ongoing hydraulic mining (Figure 4) 

depicts an active monitor and wooden sluice. 

Many of the large dams that currently exist within the Yuba River watershed can be 

traced back to hydraulic mining. The Daguerre Point Dam on the Lower Yuba River near 

Marysville was constructed by the CDC in 1906 to hold mining debris from upstream mining 

activities. The reservoir area behind the dam has completely filled with sediment (Pejchar and 

Warner, 2001). The largest DCD in the Yuba River watershed is Englebright Dam, which was 

constructed below the confluence of the North, Middle, and South Yuba River in 1941 to store 

HMS (James, 2005).  Ironically, Englebright Dam was completed shortly before the cessation of 
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Figure 4 

Figure 3  

Figure 4. Hydraulic mining from North Columbia mine showing an active monitor and a wooden sluice.  
(Photo Credit: Lindgren, 1911).  

Figure 3. Timeline of Hydraulic Mining in California.  
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hydraulic mining in the Yuba River watershed, as the last license for hydraulic mining was 

issued in 1950 (James, 2005). In the first six decades following construction, approximately 

21,900,000 m3 of sediment were deposited in Engelbright Dam from upstream sources, 

representative of about 25% of the reservoir’s original capacity (Childs et al., 2003; Snyder et al., 

2004).  

The largest dam in the Yuba River watershed is New Bullards Bar Dam, which was 

constructed by the Yuba County Water Agency (YCWA) in 1970 on the North Yuba for 

purposes of flood control, water storage, hydroelectric power generation, and recreation 

(YCWA, 2017). Its only tie to hydraulic mining activities is in its name; it was constructed in the 

vicinity of a DCD known as Bullards Bar Dam that had been constructed previously to capture 

upstream HMS (Young, 1920). 

Each of these dams captures sediment generated upstream, including sediment 

produced by hydraulic mining activities or caused by continuing erosion of HMFs. Hydraulic 

mining activities had and continue to have a substantial influence on sedimentation processes 

throughout the Yuba River basin. 

 

The Effects of Hydraulic Mining on Sedimentation Processes 

The first major study of HMS in the Yuba River basin predicted that it would move 

downstream and be permanently stored or removed from the watershed by the year 1960 

(Gilbert, 1917). Studies since then have demonstrated that this is not true; large amounts of 

sediment remain in both upland tributaries and in floodplain environments (James, 1991; James, 

2005; Ghoshal, 2010; Singer et al., 2013). The HMS is subjected to reworking and mobilization, 

and one study concludes that it is probable that these processes will continue through the next 
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millennium (Singer et al., 2013). Anthropogenically induced sedimentation resulting from 

hydraulic mining practices is an issue that will continue to impact the Yuba River watershed for 

generations to come, and as such, is an issue that needs to be understood more fully.  

A study on sediment processes in the upper Yuba River watershed above Englebright 

Dam determined that less than 5% of the annual sediment volume delivered to Englebright 

Reservoir between 1941 and 2001 could be attributed to mass wasting (e.g. natural gravity-

influenced sediment-producing processes) (Curtis et al., 2005).  The difference (over 95%) must 

be comprised of surface erosion of hillslope sediments, continuing erosion from hydraulic 

mining sites, or remobilization of in-channel sediment sources (Curtis et al., 2005). In addition to 

the continuing erosion from hydraulic mining sites, the remobilization of in-channel sediment 

sources includes two sources of interest: (1) sediment originating from smaller DCDs upstream 

of Englebright Reservoir and (2) remobilization of HMS deposits in terraces, tailings fans, etc. 

that were deposited behind Englebright Dam. This demonstrates the great influence that 

hydraulic mining has had, and continues to have, on sedimentation process in the Yuba River 

watershed.  

 

The Effects of Debris Control Dams (DCDs) on Sedimentation Processes 

Studies have included larger DCDs such as Daguerre Point Dam and Englebright 

Dam in their analysis for the Yuba River watershed (Pejchar and Warner, 2001; Curtis, 2005). 

However, little is known about the smaller DCDs within the upper Yuba River watershed 

(James, 2005). It is worthwhile, therefore, to determine the location and assess the condition of 

the existing DCDs in the upper Yuba River watershed in order to better understand the volumes 

of sediment they currently hold, whether they act as sinks or sources of sediment with regards to 
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downstream areas, and their overall effect on sedimentation processes in the upper Yuba River 

watershed. This is of particular interest since these sediment deposits have potential for mercury 

contamination from gold-mining activities. 

An evaluation of the physical condition of DCDs is needed to determine if any of 

them are at risk for failure. Dams have a limited lifespan, and dams that have not been 

continuously maintained can have reduced lifespans (USSD, 2015). It is likely that most, if not 

all, of the DCDs in the upper Yuba River watershed have been abandoned since the cessation of 

local mining practices. In the event of a dam failure, there is potential for negative impacts to 

downstream water systems and infrastructure. At least one recent study by the TNF evaluated the 

structural stability of a DCD in the South Yuba River watershed (Romero et al, 2011). 

Dam modification or removal for purposes such as improving fish passage, restoring 

aquatic ecosystems, or reducing potential risks associated with dam failure is an idea that has 

been suggested and studied (Graf, 1999), especially in light of recent changes in how the Federal 

Energy Regulatory Commission (FERC) calculates benefit-cost ratios for hydropower (Pejchar 

and Warner, 2001; The Aspen Institute, 2002). Recently the United States Society on Dams 

(USSD) released guidelines for dam removal projects (USSD, 2015). This idea will be briefly 

addressed and discussed as it pertains to DCDs within the study area. 

 

Mercury Contamination 

In addition to the negative impacts of mobilizing large quantities of sediment, another 

negative impact has occurred from a large portion of the mercury used in gold mining being 

released to the environment. In total, an estimated 11,800,000 kilograms (kg) of mercury were 

used in gold mining operations in California, the majority of which was in the Sierra Nevada 
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(Alpers et al., 2005). Ideally, miners sought to recover mercury for reuse in continuing mining 

operations, but mercury was lost to the environment with records kept by miners indicating that 

greater losses occurred from hydraulic mining than from other methods (Alpers et al., 2005). 

Average annual loss of mercury during hydraulic mining in the 1800’s was estimated to be 

approximately 25% of the total amount used (Bowie, 1905), and even under optimal operating 

conditions, losses of around 10% were predicted (Averill, 1946).  For a typical sluice, these 

losses of elemental liquid mercury amounted to a total in the range of 200 to 300 kg per year 

during mine operations (Hunerlach et al., 1999). 

Mercury has been documented downstream of hydraulic mining sites in sediment, 

water, and living organisms (Domagalski, 2001; Singer et al., 2016). It has also been shown to 

methylate at mining locations, in mountain rivers and reservoirs, and downriver in the 

Sacramento Valley (Hunerlach et al., 1999; Domagalski, 2001; Singer et al., 2016). Mercury can 

adsorb onto fine-grained sediments, and studies have demonstrated a direct correlation between 

increased total suspended solids (TSS) and total mercury present in water (Domagalski, 2001; 

Fleck et al., 2011). This means that large storm events, which mobilize and move sediment 

through watersheds, have the ability to transport mercury from current locations downstream into 

new locations. It cannot be assumed that the mercury trapped within HMS deposits is stationary. 

Exposure to mercury can be harmful to humans. Although exposure to mercury in its 

elemental form can have harmful effects, it is exposure to mercury in the form of methylmercury 

that is the primary public health concern (Alpers et al., 2005). Studies have demonstrated the 

presence of methylmercury both in the upper Yuba River basin where hydraulic mining took 

place and downstream in the lower Yuba River in the Sacramento Valley (Hunerlach et al., 1999; 

Singer et al., 2016). Once it exists as methylmercury, it has the ability to bioaccumulate and 
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biomagnify up the food chain. The primary way that people are exposed to methylmercury is 

through fish consumption (ATSDR, 1999). Within the Yuba River watershed, warnings 

regarding fish consumption have been posted due to documented elevated levels of mercury in 

fish tissue (Klasing and Brodberg, 2003). Methylmercury is a powerful neurotoxin that can cross 

the blood brain barrier and placental barrier; children, especially in utero, are particularly 

susceptible to the negative effects of methylmercury (ATSDR, 1999). Since mercury has been 

found in mining locations throughout the Yuba River watershed (CDOC, 2003), it is critical to 

study and characterize these hydraulic mining features that can serve as sources of mercury using 

a methodology that will inform future remediation efforts. 

 
Fish Passage and Habitat Considerations 

Both fish passage and aquatic habitat, for fish and other species, are considerations 

that need to be incorporated into a study on the effects of hydraulic mining features. California 

has incredibly diverse fisheries, with 31 species of anadromous native salmon, steelhead, and 

trout living in its waters; incredibly, 20 of those are found only in California (Moyle et al., 2008). 

Unfortunately, many of these fisheries are struggling. A recent study that is not limited to 

salmon, steelhead, and trout shows that 100 species of native fish are either already extinct or are 

predicted to be extinct by the end of this century; these species are indicators of both the quantity 

and quality of freshwater habitat in California (Moyle et al., 2015). Referencing the 31 unique 

species of native salmon, steelhead, and trout, 20 of the 31 taxa (65%) are in danger of extinction 

over the next century (Moyle et al., 2008). Considering the Yuba River watershed (an inland 

area), seven of the nine (78%) unique species are in danger of extinction in the inland waterways 

of California (Moyle et al., 2008). 
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The Yuba River watershed has been identified as one of the best potential locations 

for restoring anadromous fish habitat, focusing primarily on spring-run chinook salmon and 

steelhead trout (James, 2005). The range of these two species used to extend up into the Sierra 

Nevada mountains, but it is currently limited to the Sacramento and San Joaquin Valleys by 

dams constructed on rivers flowing out of the Sierra Nevada mountains. In particular, the North 

Yuba River above New Bullards Bar Reservoir has been the focus of recent efforts to introduce 

anadromous fish into areas they were able to access prior to dam construction. This would 

require either volitional fish passage past both Englebright Dam and New Bullards Bar Dam or a 

two-way trap and haul project. A recent review determined that there is a great deal of 

uncertainty about the effectiveness of two-way trap and haul projects, and potential for 

detrimental effects on both fish physiology and overall fish populations (Lusardi and Moyle, 

2017). Additionally, the review concluded that there has yet to be a clearly successful two-way 

trap and haul project (Lusardi and Moyle, 2017). 

Since a positive correlation between overall sediment volumes produced by hydraulic 

mining and the bioaccumulation of mercury in fish has been demonstrated in previous work 

(Hunerlach et al., 1999; Alpers et al., 2016), a better understanding is needed of the extent of 

hydraulic mining in the study area and the effects of HMFs on current fish habitat in the Yuba 

River basin.   

Additionally, a past study has shown that although sediment loading and increased 

turbidity from abandoned hydraulic mining locations does not result in discernable negative 

effects for all aquatic life downstream, it does result in negative effects on some species (Gard, 

2002). The effect that HMFs have on aquatic habitat for species other than fish also needs to be 

better understood and considered in any restoration efforts within the Yuba River watershed. 
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Study Objectives 

Environmental and natural resource management in California is still influenced by 

continuing effects on sedimentation processes from hydraulic mining activities that ceased 

several decades ago. With the historical context of hydraulic mining described and within the 

framework of these different aspects resource management, the three objectives of this study can 

be clearly defined. (1) This study utilizes a newly available LiDAR dataset and on-the-ground 

data collection to create an inventory of HMFs, which includes a geomorphometric 

characterization and description of current conditions. HMFs include both locations where 

hydraulic mining occurred and locations where sediment produced by hydraulic mining is 

currently held, either behind a DCD or in a natural drainage channel along a waterway. As part 

of the geomorphometric characterization, sediment volumes for each HMF were estimated. (2) 

To accomplish the first objective, three unique methodologies were developed to extract 

sediment volume results from the LiDAR dataset, two for hydraulic mining sites and one for 

sediment deposits. (3) Beyond the creation of the inventory, additional objectives of the study 

included (3.a) estimating sediment volumes exhumed from hydraulic mine pits, (3.b) estimating 

sediment volumes currently held within the study area behind debris control dams and 

addressing sediment in natural features such as terraces or tailings fans, and (3.c) comparing and 

contrasting the two sediment volume estimates to inform to what extent HMS generated is still 

held in relatively close proximity to its original source. Research questions were developed 

pertaining to these sediment volume estimates (3.a through 3.c). Additionally, (3.d) the 

denudation caused by hydraulic mining in each subwatershed was also calculated, which 

provided a standard measure for comparison between subwatersheds. Finally, (3.e) the results of 
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the inventory apart from sediment volumes are also described, discussed, compared, and 

contrasted. While this study focuses on previously identified HMFs (both mines and deposits), it 

also includes new unmapped P-HMFs identified and delineated through manual review of the 

LiDAR dataset. An additional goal is to have this study serve as a template that can be followed 

in the remainder of the Yuba River watershed and other areas in the Sierra Nevada affected by 

hydraulic mining to create an inventory and characterization of HMFs and describe their impacts 

on the landscape and watersheds. 

 

Research questions. Although there are multiple research questions embedded within the 

objectives of this study, three research questions will be explicitly defined and answered 

regarding sediment volumes (Objectives 3.a through 3.c). They are stated below: 

1. Within each of the three subwatersheds selected for the study (Willow Creek 

subwatershed/management area, Oregon Creek subwatershed, and the Washington 

subwatershed/management area), how much sediment was generated through hydraulic 

mining activities? 

2. Of that, how much sediment is currently held behind DCDs and in identified sediment 

deposits?  

3. What sediment delivery ratios (SDRs) result from these estimates? 

 

Study Area 

The Yuba River was the most heavily hydraulically-mined basin in the Sierra Nevada 

during the unlicensed mining period (Gilbert, 2017); it has three distinct branches: the North 

Yuba, Middle Yuba, and South Yuba Rivers (Figure 1). Early planning for this study was framed 
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around studying DCDs, since previous work has identified DCDs in the upper Yuba River 

watershed as a topic that needs to be studied further to understand sedimentation process within 

the watershed (James, 2005). A subwatershed along each of the three branches of the Yuba River 

was selected for this study based on the known location of at least one DCD in each 

subwatershed. The subwatersheds were the Willow Creek subwatershed along the North Yuba 

River, the Oregon Creek subwatershed along the Middle Yuba River, and the Scotchman Creek 

subwatershed along the South Yuba River (Figure 1). 

 

Willow Creek Subwatershed (North Yuba River) 

The Willow Creek subwatershed is above New Bullards Bar Reservoir and flows 

directly into the reservoir. The portion of the Willow Creek subwatershed included in the study 

area is defined by the California Interagency Watershed Map of 1999 (Calwater 2.2.1) as the 

Willow Creek Super Planning Watershed (CDF, 2017). The purpose of Calwater 2.2.1 was to 

standardize boundary delineations, naming, and coding of California watersheds by government 

agencies. It has cross-referenced watershed codes implemented by California Department of 

Water Resources (DWR), the California State Water Resources Control Board (SWRCB), 

California Regional Water Quality Control Boards (RWQCB), and Hydrologic Unit Codes 

(HUC) published by the United States Geological Survey (USGS) (CDF, 2017). Calwater 2.2.1 

does not delineate watersheds based on the scientific definition of a watershed as being the 

catchment area above a specific point that all water in the catchment area will return to. 

Delineations vary based on location, but they typically combine multiple smaller watersheds into 

one Super Planning Watershed management area. 
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The Willow Creek Super Planning Watershed includes the catchment areas above 

New Bullards Bar for Bridger Creek, Brandy Creek, and Willow Creek, but it excludes some 

smaller catchment areas that used to flow into lower Willow Creek prior to the construction of 

New Bullards Bar Dam and the filling of the reservoir, but that now flow directly in New 

Bullards Bar Reservoir (Figure 5). No previously identified HMFs (mines or deposits) were 

excluded from the study area by making this distinction in the subwatershed definition. For the 

remainder of the document, unless noted otherwise, all references to the Willow Creek 

subwatershed will refer to the boundary of the Willow Creek Super Planning Subwatershed. 

Willow Creek is approximately 10.2 km in length from its headwaters to where it 

flows into New Bullards Bar Reservoir. The Willow Creek subwatershed has an average 

elevation of 930 m and ranges from approximately 570 m above sea level where it flows into 

New Bullards Bar Reservoir to 1,310 m at its highest point along its eastern boundary. The 

Willow Creek subwatershed encompasses a total area of approximately 46.10 km2. 

 

Oregon Creek Subwatershed (Middle Yuba River) 

The Oregon Creek subwatershed is a major tributary to the Middle Yuba River 

(Figure 5). Oregon Creek is approximately 32.1 km in length from the confluence of the North 

Fork and South Fork of Oregon Creek to where it meets the Middle Yuba River. It has an 

average elevation of 1,130 m and ranges from approximately 440 m above sea level where it 

meets the Middle Yuba River to approximately 1,770 m at its highest point near its northeastern 

boundary. The subwatershed encompasses a total area of approximately 91.08 square kilometers 

(km2). The true Oregon Creek subwatershed in its entirety is included in this study. 
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Scotchman Creek and Washington Subwatersheds (South Yuba River) 

The Scotchman Creek subwatershed is a smaller tributary to the South Yuba River; 

Scotchman Creek is approximately 6.1 km in length from its headwaters to the location where it 

flows into the South Yuba River. It has an average elevation of 1,230 m and ranges from 810 m 

above sea level where it meets the South Yuba River to 1,580 m at its highest point. The 

subwatershed encompasses a total area of approximately 13.31 km2.  

The area included in the study area for the South Yuba River was expanded to include 

the entire area within the management area defined by Calwater 2.2.1 as the Washington Super 

Planning Watershed (Figure 5) (CDF, 2017). The Super Planning Watershed delineation is the 

second most detailed level of watershed delineations in the coverage. For the remainder of this 

study, all references to the Washington subwatershed will refer to the boundary of the 

Washington Super Planning Subwatershed. In addition to the Scotchman Creek watershed, the 

Washington subwatershed includes several other similarly sized watersheds that drain either 

north or south directly into the South Yuba River.  The Washington subwatershed has an average 

elevation of 1,120 m and ranges from 690 m above sea level at its lowest point along the South 

Yuba River to 1,580 m at its highest point within the Scotchman Creek subwatershed. The 

subwatershed encompasses a total area of approximately 70.31 km2. 
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Figure 5. Study Area Map - Yuba River Watershed and Selected Subwatersheds, depicting both 
True Subwatersheds and Super Planning Watersheds (CDF, 2017) that will be utilized to define 

the study area for areas within the North Yuba and South Yuba River Watersheds. 
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CHAPTER II 

METHODS 

Tahoe National Forest (TNF) Airborne LiDAR Dataset and ArcGIS 

LiDAR is a surveying method that uses a laser light to illuminate a target and 

measure the distance to it; it is capable of generating very high resolution topographic maps. The 

term ‘LiDAR’ originated as a portmanteau of ‘light’ and ‘radar’ in the 1960’s (Oxford English 

Dictionary, 2017b), although it is also now known as an acronym of ‘Light Detection and 

Ranging’ (NOAA, 2017). The LiDAR dataset analyzed as a part of this study was developed for 

the TNF management area using data collected in 2013 and 2014. The National Center for 

Airborne Laser Mapping (NCALM) collected the data using an Optech Gemini Airborne Laser 

Terrain Mapper (ALTM) equipped with an Optech 12-bit waveform digitizer mounted in a twin-

engine Piper Navajo PA-31 (Guo, 2014). A total of 46 flights were completed (17 flights in 2013 

and 29 in 2014) covering an overall area of over 5,000 km2. Nine Global Positioning System 

(GPS) reference stations were used during the survey; eight of which were a part of the 

UNAVCO, Inc. Plate Boundary Observatory (PBO) network and one of which was established 

by the NCALM field crew. Data processing was completed using the National Geodetic Survey 

(NGS) Online Positioning User Service (OPUS) on-line processor, Kinematic and Rapid Static 

(KARS) software, and POSPac Mobile Mapping Suite (MMS) software to produce a Smoothed 

Best Estimated Trajectory (SBET). TerraSolid software was also used for ground point 

classification, from which the final Digital Elevation Model (DEM) product was developed. 

The average pulse density of the collected LiDAR data was 8.5 pulses per m2 (Guo, 

2014). The return data were processed to remove vegetation, buildings, etc. from the point cloud 
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elevation values to determine a "bare earth" surface showing elevation values at ground level. 

Multiple areas of the dataset were fused together into one contiguous Digital Elevation Model 

(DEM) product by the USFS Remote Sensing Lab (RSL) and delivered to TNF in 2015 (TNF, 

2017). The resolution of the LiDAR dataset is a grid comprised of 1-m2 cells. In addition to the 

DEM, a hillshade layer was also created that depicts a visual representation of the “bare earth” 

landscape. Both the hillshade and DEM were used frequently during this study along with other 

spatial data.  

For practical purposes, the LiDAR data are considered to be accurate and are used for 

reference topographic conditions at the time it was acquired (2013-2014). Although there are 

errors and uncertainties associated with every DEM (Fisher and Tate, 2006) and calculated errors 

for the TNF LiDAR dataset have been reported (Guo, 2014), the LiDAR data are a substantial 

improvement over former topographic datasets, so the mapping and analysis of this study should 

provide a more accurate indication of HMF surface areas and locations than was previously 

available.  

The primary tool used for spatial analysis was ArcGIS® 10.3.1 for Desktop1, a 

software program available through the Environmental Systems Research Institute (ESRI).  In 

addition to the geoprocessing tools that come with a standard ArcGIS license, geoprocessing 

tools within the Spatial Analyst and 3D Analyst extensions were also used.  The LiDAR dataset 

has been used for studies within TNF in other disciplines, including predicting spotted owl 

habitat (North et al., 2017) and the detection and classification of alpine meadows (Laurens, 

2017). All ArcGIS data were displayed, edited, and analyzed in the North American Datum of 

1983 (NAD 83), which is equivalent to the World Geodetic System of 1984 (WGS 84), and is 

                                                 
1 https://www.arcgis.com/ 

https://www.arcgis.com/
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the standard datum used by the USGS for all maps (Cooley et al., 2011). The projection of the 

data utilizes Universal Transverse Mercator (UTM) parameters, in which the earth is divided into 

60 zones, each with a width of 6° of longitude. A north (N) or south (S) designation is also used 

to describe the zone’s location in relation to the equator. The study area in the Yuba River basin 

is completely contained within UTM Zone 10N. If data were not in NAD 83 (WGS 84) the 

coordinate system was transformed to NAD 83 UTM Zone 10N using the ‘Project’ tool in 

ArcGIS. 

 

Objective 1: Hydraulic Mining Feature (HMF) Inventory Development 

Hydraulic Mining Feature (HMF) Site Identification 

The initial objective of this study was to identify HMFs, which included two distinct 

categories: (1) locations where hydraulic mining occurred and (2) locations where HMS 

(including continuing erosion of hydraulic mines) is currently held. The second included both 

sediment intentionally trapped and held by DCDs and sediment deposits without an associated 

DCD. These features have been identified and categorized into two distinct categories: 

previously identified HMFs and potential HMFs. The sections below describe the methods used 

to identify and categorize HMFs.  Prior to identifying features, a unique site identification 

(SiteID) format was created to organize HMFs. An 8-digit structure was used where each two 

digits describe a different characteristic of the feature. Table 1 describes each of these in detail. 
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TABLE 1. HMF SITEID CATEGORY DESCRIPTIONS AND  
ABBREVIATIONS. 

Digits Category Description Abbreviation 
1-2 Site Number  01-99 

3-4 Watershed 
North Yuba NY 

Middle Yuba MY 
South Yuba SY 

5-6 Subwatershed 

Willow 
Creek2 WC 

Oregon Creek OC 
Washington2 WN 

7-8 Feature 

Hydraulic 
Mine HY 

Debris 
Control Dam 
and Sediment 

Deposit 

CD 

Sediment 
Deposit SD 

Potential 
Hydraulic 

Mine 
PH 

Potential 
Sediment 
Deposit 

PS 

 

For example, 05NYWCHY would be the fifth hydraulic mine site in the Willow 

Creek subwatershed in the North Yuba River watershed. This SiteID format allows for up to 99 

HMFs in each feature category to be identified within each subwatershed and could be expanded 

to a 9 digit SiteID format if hundreds of HMFs in a category occur. The site numbers are roughly 

organized from upstream to downstream within each subwatershed. 

 

                                                 
2 As noted previously, the Willow Creek and Washington subwatersheds are management areas defined by the 
California Interagency Watershed Map of 1999 (Calwater 2.2.1). The Willow Creek subwatershed consists of the 
portion of the Willow Creek subwatershed above the Willow Creek inflow to New Bullards Bar Reservoir. The 
Washington subwatershed is comprised of several smaller watersheds that drain directly to the South Yuba River, 
including the Scotchman Creek watershed. 
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Previously Identified Hydraulic Mining Features (HMFs) – Hydraulic Mining Sites and 

Sediment Deposits 

Four different primary sources of data were utilized to determine baseline knowledge 

regarding the number and location of HMFs (Orlando, 2016; NRCS, 2017; TNF, 2017; USGS, 

2017a). One additional secondary source of data provided two coverages which were also 

reviewed, but did not provide any new information about HMFs (CDOC, 2017). The primary 

and secondary data sources included the following: 

 

1. NRCS SSURGO Soils Data: The nationwide Soils Survey Geographic Database 

(SSURGO) polygon coverage developed and maintained by the Natural Resource 

Conservation Service (NRCS) and publically available online through their Web Soil 

Survey application (NRCS, 2017), 

2. USGS Hydraulic Mine Coverage: Spatial GIS coverage of hydraulic mining pits in 

northern California delineated as polygons, developed by the USGS (Orlando, 2016), 

3. TNF Debris Control Dam Locations: Latitude and longitude of DCD features from the 

licensed period of hydraulic mining within the TNF management area; coverage is 

currently in development and under review by TNF staff (TNF, 2017), 

4. NGMDB Historical Maps: Historical maps of the study areas available via TopoView 

through the USGS’s National Geologic Map Database Project (NGMDB), in support of 

the topographic mapping program managed by the National Geospatial Program (NGP) 

(USGS, 2017a), and 

5. CDOC TOMS and PAMP Point Coverages: Topographically Occurring Mine 

Symbols (TOMS) and Principle Areas of Mine Pollution (PAMP) point coverages 
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available from the California Department of Conservation (CDOC) by request (CDOC, 

2017). 

 

The data sources are described further below. 

 

1. NRCS SSURGO Soils Data. Data collection of the NRCS SSURGO soils data began around 

a century ago. The information was primarily gathered by observers walking over the land and 

observing the soil, and many soil samples were analyzed in laboratories as well. The spatial 

coverage delineates areas known as map units that include six designations that are relevant to 

areas within and directly around hydraulic mines or HMS (Table 2).  Within the two selected 

subwatersheds (Willow Creek and Oregon Creek) and the super planning watershed 

(Washington), the ‘HYE’ and ‘146’ designations were the only units found (which represent 

hydraulic mining pits and mine tailings, respectively). The SSURGO coverage for these areas 

identified 30 HMFs, of which 27 are hydraulic mining sites and 3 are sediment deposits. This 

source included more HMFs in its coverage than any of the other sources referenced. 

 

TABLE 2. MAP UNIT DESCRIPTIONS FOR HMF AREAS  
(NRCS, 2017). 

Map Unit 
Symbol 

Map Unit 
Key Map Unit Description 

HYE 464695 Pits, hydraulic 
Pr 460236 Placer diggings 

Pr_nc 1587892 Placer diggings 
Ta 460259 Tailings 

Ta_nc 1595781 Tailings 
146 460455 DUMPS, MINE TAILINGS 
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In locations where hydraulic mining occurred in close proximity to the study areas 

(i.e. subwatersheds adjacent to the Willow Creek, Oregon Creek, and Washington 

subwatersheds), the additional map units included above in Table 2 are used to describe HMFs. 

For example, Malakoff Diggings, which is one of the largest hydraulic mining sites in the Sierra 

Nevada and is located to the west of the Washington super planning watershed (further 

downstream on the South Yuba River), is designated by the ‘Ta’ and ‘Ta_nc’ map units. The ‘Pr’ 

and ‘Pr_nc’ map units are used to identify other HMFs on lands adjacent to the study areas.  

 

2. USGS Hydraulic Mine Coverage. The GIS coverages developed by USGS provides 

information on the location and extent of hydraulic mining pits. The USGS coverage includes 

data for 167 hydraulic mining sites across northern California, eight of which are within the 

subwatersheds selected for this research (Orlando, 2016). The dataset includes a name for the 

mine, a calculation of the surface area the pit covers, and a reference to the data source. The 

three sources cited are Yeend (1974), Topographically Occurring Mine Symbols (TOMS, as seen 

on USGS topographic maps and with point coverage available through CDOC), and digitized 

imagery. Digitized imagery refers to on-screen digitizing3, which was completed using satellite 

imagery obtained in the year 2015.  

 

                                                 
3 On-screen digitizing describes the process of manually delineating or outlining features through a software 
program such as ArcGIS®. 
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3. TNF Debris Control Dam Locations. Although studies have been done on larger DCDS in 

the Yuba River watershed, the location and current condition of DCDs in the upper Yuba River 

watershed has not been studied as greatly (James, 2005). TNF staff has recently begun 

identifying DCDs from the licensed period of hydraulic mining within the TNF management 

area, and a structural evaluation of one has been completed (Romero et al., 2011). TNF staff 

provided locations of known DCDs within their management area, although the data are 

unpublished and the coverage is not complete. The dataset includes eleven DCDs, of which five 

are within the subwatersheds chosen for this study, with at least one DCD in each subwatershed 

(TNF, 2017). 

 

4. NGMDB Historical Maps. Historical topographic maps including the selected subwatersheds 

were reviewed in detail in order to observe and note mining locations or their associated 

historical towns or settlements depicted on the maps. Digital copies of historical maps are 

available in several easily accessible formats through TopoView4, which was created as part of 

the USGS’s National Geologic Map Database Project (NGMDB) in support of the topographic 

mapping program managed by the National Geospatial Program (NGP). The maps reviewed are 

shown in Table 3.  

  

                                                 
4 https://ngmdb.usgs.gov/topoview/  

https://ngmdb.usgs.gov/topoview/
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TABLE 3. HISTORICAL USGS TOPOGRAPHIC MAPS UTILIZED FOR HMF 
IDENTIFICATION (USGS, 2017A). 

Map Name Year Scale Subwatershed(s) Shown 
Smartsville 1888 1:125,000 Willow Creek & Lower Oregon Creek 

Colfax 1891 1:125,000 Oregon Creek & Washington 
Colfax 1902 1:125,000 Oregon Creek & Washington 
Colfax 1938 1:125,000 Oregon Creek & Washington 

Camptonville 1948 1:24,000 Willow Creek & Lower Oregon Creek 
Pike 1949 1:24,000 Oregon Creek 

Alleghany 1950 1:62,500 Oregon Creek & Washington 
Washington 1950 1:24,000 Washington 

Pike 1951 1:24,000 Oregon Creek 
Camptonville 2000 1:24,000 Willow Creek & Lower Oregon Creek 
Washington 2000 1:24,000 Washington 

 

The historical maps were used as a reference for verifying the presence of HMFs 

identified through other sources and to potentially locate additional HMFs in the study areas. 

They were not used in any quantitative analysis, such as geomorphic change detection (GCD); 

this is due to none of the maps predating the unlicensed period of mining during which most of 

the hydraulic mining occurred (James, 2005) and uncertainties regarding the accuracy of 

historical topographic data (James et al., 2012). 

 

5. TOMS and PAMP Point Coverages. Point coverages of TOMS and Principle Areas of Mine 

Pollution (PAMP) available through the CDOC were obtained (CDOC, 2017). The point features 

within the three selected subwatersheds were reviewed; these two coverages included locations 

of hard rock mines excluded from the other four sources, but they did not include any HMFs that 

were not already identified through the previous four sources.   

There were mining features denoted on the historical USGS topographic maps that 

were not included in the results. They include North Fork Mine, Omega Mine, Kate Hardy Mine, 
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Beame Mine and Alaska Mine in the Oregon Creek subwatershed and Zeibright Mine and Grant 

King Mine in the Scotchman Creek subwatershed. Through review of the TOMS and PAMP 

coverages; it was determined that these are not HMFs, but rather underground hard rock mines or 

drift mines. 

 

Organization and Creation of Hydraulic Mining Feature (HMF) Inventory Coverage. 

Overlaying the previously described coverages with the LiDAR hillshade layer revealed how 

HMFs visually appear in airborne LiDAR data. In most cases, hydraulic mining pits associated 

with the coverages appear as deep scars or gouges on an otherwise consistent topography of 

hillslopes and valleys.  An example of this can be seen in a portion of the Willow Creek 

subwatershed with the LiDAR hillshade layer as the background (Figure 6). Railroad Hill 

Diggings (02NYWCHY), the South Cut of Weed’s Point (03NYWCHY), North Cut of Weed’s 

Point (04NYWCHY), and a portion of Youngs Hill Diggings (05NYWCHY) and Galena Hill 

Diggings (06NYWCHY) are shown with callouts. 

The spatial extent of hydraulic mines included in the SSURGO and USGS datasets in 

most cases did not perfectly align with each another or with the HMFs as seen in the LiDAR 

dataset. Due to discrepancies between previously developed spatial coverages to one another and 

to the extent of the HMFs shown in the LiDAR dataset, and since the new LiDAR data provided 

the most accurate topographic information available, the features were manually delineated using 

the 1-m hillshade data at a scale of 1:2,000 or less to consistently correspond to the furthest 

extent of landscape alteration shown in the LiDAR dataset. In some cases, at hydraulic mining 

sites, the pit where hydraulic mining primarily occurred is distinct from the greater area affected 

by hydraulic mining; that is, some pits have shallow benches where relatively little sediment was 
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removed. This delineation represents the current spatial extent of the landscape change caused by 

hydraulic mining—including the shallow bench cuts—as of the date of airborne LiDAR surveys 

in 2013 and 2014. It is representative of the geomorphic impacts of hydraulic mining activities 

(during both the unlicensed and licensed periods) and continuing erosion since the end of 

hydraulic mining for gold in California. Manual delineation of the pits, distinct from the 

previously developed coverages referenced to identify features, created an original coverage 

developed specifically for this study. 

 

 
Figure 6. TNF LiDAR Hillshade Layer depicting a portion of the Willow Creek subwatershed 

that includes several HMFs, both hydraulic mining sites and DCD sediment deposits. 
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The locations of known DCDs provided by TNF allowed for identification and 

delineation of the sediment deposits entrapped behind them using the LiDAR dataset as a 

reference, also at a scale of 1:2,000 or less. The sediment deposits behind DCDs can be readily 

identified by comparison of the LiDAR hillshade layer upstream and downstream of the DCD. 

For example, in the Willow Creek subwatershed, the topography consists of a narrow v-shaped 

valley downstream of the DCDs (Figure 6).  In contrast, above the DCD, the steep valley walls 

abruptly change into a flat valley floor. This flat floor can be traced upstream as it shrinks in 

width until it transitions back into a narrow v-shaped valley. In addition to showing the several 

hydraulic mining sites, Figure 6 also indicates HMS deposits associated with the Willow Creek 

DCD (01NYWCCD) and Horse Valley Creek DCD (02NYWCCD). Two lines each indicate 

these two HMF Deposits; one identifies the sediment deposit and the other identifies the location 

of the DCD. In addition to the sediment deposits associated with DCDs identified by TNF staff, 

two sediment deposits without an associated DCD were also included in coverages from 

previous sources that have an appearance similar to DCD sediment deposits in the LiDAR 

hillshade layer. 

 

Potential Hydraulic Mining Features (P-HMFs) – Site Identification with LiDAR 

The LiDAR dataset was used to identify locations where hydraulic mining may have 

occurred or where hydraulic sediment may have been deposited that were not identified through 

the sources described previously for Previously Identified HMFs.  
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Hydraulic mining sites. Based on the visual signature of previously identified hydraulic mining 

site HMFs on in the hillshade layer of the LiDAR dataset, typically a deep scar or gouge on an 

otherwise consistent topography of hillslopes and valleys, additional locations that represent 

potential hydraulic mining features where mining may have occurred (P-HMF Mines) were 

manually identified and delineated at a scale of 1:2,000 or less in each of the study area 

subwatersheds.  

 

Sediment Deposits. Based on the appearance of previously identified sediment deposit HMFs, P-

HMFs categorized as sediment deposits (P-HMF Deposits) were manually identified and 

delineated at a scale of 1:2,000 or less. In addition, at least one previously identified HMF being 

present higher in the watershed to serve as a potential source of sediment was an additional 

criteria. 

 

Geomorphometric Characterization and Current Condition 

Previously Identified Hydraulic Mining Features (HMFs) – Hydraulic Mining Sites and 

Sediment Deposits 

For each of the previously identified HMFs in the selected subwatersheds (both mines 

and sediment deposits), a geomorphometric characterization and evaluation of current condition 

was completed. A total of 38 geomorphometric and current condition categories were created by 

combining spatial analysis of the LiDAR and GIS data with on-the-ground field work (Table 4). 

The methods used to determine each of the geomorphometric categories is either described in the 

table or in a following section. 
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TABLE 4. DESCRIPTION OF HMF GEMORPHOMETRIC CHARACTERIZATION AND 
CURRENT CONDITION CATEGORIES. 

Inventory Field Description 

SiteID Unique 8-digit SiteID assigned to each site as described in Table 1, with each 
two digits representing a different aspect of the feature.  

Feature Name Name of the hydraulic mining feature. 
Latitude Latitude of the centroid of the HMF polygon in decimal degrees. 

Longitude Longitude of the centroid of the HMF polygon in decimal degrees. 

Classification Categories are hydraulic mining site, DCD sediment deposit, or sediment 
deposit. A sediment deposit does not have a DCD associated with it. 

Local Topographic 
Location 

Categories are hilltop, hillslope, or valley as observed from the DEM and 
corresponding contour lines created from LiDAR dataset. If a HMF extends 
across multiple categories, all applicable categories are listed. 

Waterway 

 Yes (Y) or No (N). This describes whether or not the feature is located along a 
waterway (Y) or is located some distance away (N). For this study, a waterway 
was defined as a named stream feature in the National Hydrography Dataset 
(NHD) to simplify the process of identifying streams (USGS, 2017b). 

Nearest Waterway 
(Distance in km) 

The nearest waterway to the feature, with the approximate distance in km 
shown in parentheses. Features along a waterway will not include parentheses. 
If multiple waterways are near a feature, each will be listed. This field does not 
consider whether or not drainage occurs from the HMF to the waterway, it only 
considers geographical distances. 

Elevation 
(m above 
mean sea 

level) 

Maximum Maximum elevation for feature from LiDAR DEM. 
Minimum Minimum elevation for feature from LiDAR DEM. 
Average Average elevation for feature from LiDAR DEM. 
Standard 
Deviation Standard deviation in elevation for feature from LiDAR DEM. 

Hill 
Slope 

(degrees) 

Maximum 
Maximum slope based on calculation of slope from LiDAR DEM using the 
‘Slope’ tool within the Spatial Analyst toolkit in ArcGIS, which calculates the 
slope for each pixel based on relative elevations of its neighboring 8 pixels. 

Minimum Minimum slope based on calculation of slope from LiDAR DEM.  
Average Average slope based on calculation of slope from LiDAR DEM.  
Standard 
Deviation Standard deviation in slope based on calculation of slope from LiDAR DEM.  

First 
Volume 
Metho-
dology 
(m3) – 
Inter-

polation 
Method 

IDW 
Volume of feature in cubic meters resulting from interpolation with the Inverse 
Distance Weighting (IDW) technique and ArcGIS tool based on surrounding 
topography. The methodology is described in the Objective 2 Methods section. 

Kriging Volume of feature in cubic meters resulting from interpolation with the Kriging 
technique and ArcGIS tool. 

Natural 
Neighbor 

Volume of feature in cubic meters resulting from interpolation with the Natural 
Neighbor technique and ArcGIS tool. 

Spline Volume of feature in cubic meters resulting from interpolation with the Spline 
technique and ArcGIS tool. 

Spline 
with 

Barriers 

Volume of feature in cubic meters resulting from interpolation with the Spline 
with Barriers technique and ArcGIS tool. 
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Inventory Field Description 
Topo to 
Raster 

Volume of feature in cubic meters resulting from interpolation with the Topo to 
Raster technique and ArcGIS tool. 

Trend Volume of feature in cubic meters resulting from interpolation with the Trend 
technique and ArcGIS tool. 

Second Volume 
Methodology (m3) – 

Reconstructed 
Contours 

Volume of feature in cubic meters resulting from interpolation with Topo to 
Raster technique and ArcGIS tool based on manually reconstructed contour 
lines. The methodology is described in the Objective 2 Methods section. 

Volume (m3) 

Final volume of feature in cubic meters (i.e. volume used for all calculations 
and for reporting total estimated volumes). If available, the value of the Second 
Volume Methodology (Reconstructed Contours) is used. If not, final volume is 
estimated to be the average of the IDW, Kriging, and Natural Neighbor results 
from the First Volume Methodology. 

Surface Area (m²) Surface area of the feature in square meters; calculated using the ‘Calculate 
Geometry’ tool in ArcGIS. 

Mean Depth (m) Volume of feature divided by surface area, in meters. 

Maximum Depth (m) Maximum depth of feature equal to difference between maximum and 
minimum elevations for the feature. 

Depth Ratio Mean depth divided by maximum depth. Depth ratio provides information 
about the extent of variation in depth.  

Boundary Length (m) Perimeter of the HMF (or distance around the boundary) in meters, which is 
calculated using the ‘Calculate Geometry’ tool in ArcGIS. 

Boundary Ratio 

Boundary length divided by 2π(Surface Area)0.5. A comparison of boundary 
length to the circumference of a circle of equal area. A perfectly circular HMF 
will have a boundary ratio equal to one. In reality, boundary ratios are greater 
than one, with larger values being representative of a more uneven and 
winding boundary. 

Vegetative Growth 

Categories are thickly vegetated, vegetated, or sparsely vegetated. Describes 
land cover of feature as observed in most recently available National 
Agricultural Imagery Program (NAIP) aerial imagery5. Thickly vegetated 
reflects thick green growth across the feature, vegetated reflects a feature 
comprised partially of thick green growth and more barren areas, and sparsely 
vegetated reflects a feature with primarily barren areas. Meadow areas can 
appear barren in aerial imagery (dependent on date and season), and vegetative 
growth primarily considers evergreen tree growth. 

Land Ownership 

Public Land (USFS) or Private Land. If land ownership of a feature is divided, 
percentages of each are given (Percentages were calculated using the 
‘Intersect’ tool in ArcGIS to determine private and public areas within each 
HMF with divided ownership).  

Site Visited in Person  Yes (Y) or No (N). This notes whether or not the feature was visited as part of 
the field work portion of this study. 

Evidence of Surface 
Runoff and Sediment 

Transport 

 Yes (Y) or No (N). Only applies to sites visited; describes if evidence was 
found of surface drainage and sediment transport leaving a site. A ‘-‘ was used 
for sites not visited. 

Evidence of Tunnel 
Runoff and Sediment 

 Yes (Y) or No (N). Only applies to sites visited; describes if evidence of a 
tunnel was found with evidence of drainage and sediment transport leaving a 

                                                 
5 https://www.fsa.usda.gov/programs-and-services/aerial-photography/imagery-programs/naip-imagery/  

https://www.fsa.usda.gov/programs-and-services/aerial-photography/imagery-programs/naip-imagery/
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Inventory Field Description 
Transport site. A ‘-‘ was used for sites that were not visited. 

Notes Miscellaneous notes regarding the feature. 
 

The results of this geomorphometric characterization are presented in the Results 

section of the thesis, and the geomorphometric characterization and current condition table itself 

is included in Appendix A (Tables A-1, A-2, and A-3). 

 

Potential Hydraulic Mining Features (P-HMFs) – Hydraulic Mining Sites and Sediment 

Deposits 

For P-HMFs (both mines and deposits) the overall count of P-HMFs was reported; 

the boundary length and surface area of these features was also determined using the ‘Calculate 

Geometry’ tool in ArcGIS, and they were used to determine the boundary ratio. For P-HMF 

Mines, an average volume estimate was determined using the First Volume Methodology 

developed and described in the Objective 2 portion of the Methods section (this method averages 

the volumes resulting from the IDW, Kriging, and Natural Neighbor interpolation tools). Mean 

depth values were also determined. For P-HMF Deposits, an approximate mean depth range 

based on previously identified sediment deposit HMF results was used to determine a probable 

range of sediment volumes associated with potential sediment deposit HMFs. These results are 

reported in the Results section and are also included in Appendix B.  

Four P-HMFs were visited during field work (described below) to investigate whether 

or not evidence could be found supporting the hypothesis that these sites have a history of 

hydraulic mining. The same field data collection protocols described below were utilized to 

record data collected at these sites.  
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Field Methods 

Subfeature SiteID for Hydraulic Mining Features (HMFs) 

The purpose of the field visits was to gather on-the-ground, in situ information to 

better understand current conditions and characteristics of HMFs and to provide context for 

results developed remotely using the LiDAR dataset and ArcGIS. Data were collected data on 

significant features within each of the HMFs. Each of these was termed a ‘subfeature’ because 

they exist within a hydraulic mining feature. A 12-digit SiteID structure was created for 

subfeatures, building off of the 8-digit structure described earlier (Table 1). The first 8-digits are 

equivalent to the HMF SiteIDs described previously at the beginning of the Methods section, and 

the final four digits are used to describe the subfeature observed within the HMF with each two 

digits describing a different characteristic as before (Table 5). 

 

TABLE 5. HMF SUBFEATURE SITEID CATEGORY  
DESCRIPTIONS AND ABBREVIATIONS. 

Digits Category Description Abbreviation 
1-2 Site Number   01-99 

3-4 Watershed 
North Yuba NY 

Middle Yuba MY 
South Yuba SY 

5-6 Subwatershed 
Willow Creek WC 
Oregon Creek OC 
Washington WN 

7-8 Feature 

Hydraulic Mine HY 
Debris Control Dam CD 

Sediment Deposit SD 
Potential Hydraulic 

Mine PH 

Potential Sediment 
Deposit PS 
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Digits Category Description Abbreviation 

9-10 
Subfeature 
(Feature 

within HMF) 

Access Point AC 
Debris Control Dam CD 
Ditch, or Drainage 

Channel DI 

Erosional Feature ER 
Miscellaneous MC 

Pit PI 
Pond PO 

Tunnel TU 

11-12 Subfeature 
Number   01-99 

 

This SiteID format allows for up to 99 subfeatures in each subfeature category to be 

identified within each HMF. The subfeature numbers are organized in the order in which they 

were observed in the field. For subfeatures that included multiple points, such as a ditch 

delineation or tunnel with an inlet and outlet, a 13th digit with a letter of the alphabet was added 

to the SiteID for each point location, beginning with the letter ‘a’. For example, 

05NYWCHYDI03b would be a subfeature for the fifth hydraulic mining site in the Willow 

Creek subwatershed in the North Yuba River watershed (first 8 SiteID digits); the subfeature 

noted would be the third ditch or drainage channel observed within the hydraulic mining site and 

the letter ‘b’ would signify the 2nd point recorded along the length of the ditch or drainage 

channel. 

 

Recording Data Using Avenza and Field Sheets 

Observations in the field were recorded by hand on field sheets designed by TNF staff 

for this task and digitally using Avenza6, a smartphone application. This redundancy in recording 

                                                 
6 https://www.avenzamaps.com/  

https://www.avenzamaps.com/
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data ensured that data would not be lost if either the paper or digital record was lost. Avenza 

allows the observer to load a basemap of the HMF onto a smartphone and then tracks the 

observer’s location on the map using the phone’s built-in Assisted Global Positioning System 

(A-GPS) technology. Observers can drop a pin point at their A-GPS determined location or 

another specified location, assign the pin a name (e.g. SiteID), and record notes or take photos 

associated with that pin. Field sheets and screenshots from Avenza are included in Appendix C. 

A-GPS technology in 3rd Generation (3G) smartphones is not nearly as accurate as 

that of autonomous GPS units (Zandbergen, 2009). The data collection through Avenza was 

completed using 4th Generation (4G) Long Term Evolution (LTE) iPhones. No study on the 

positioning accuracy of a 4G LTE iPhone has been done, but a recently published study does 

show that 4G LTE technology is an improvement in many areas over 3G technology (Abioye et 

al., 2015). It is assumed that there are also improvements in the accuracy of the GPS units on this 

generation of smartphones. However, the A-GPS functionality was not relied on during field 

observations, and pins were often placed in an observer-specified location based on a comparison 

of the map to the physical surroundings in the field rather than based on A-GPS location.  

An objective of field data collection was to better understand the flow of water and 

potential sediment transport across these sites. In particular, evidence of high flow, ponding, 

sediment transport, erosion, and tunnels (in particular those that had not collapsed or with known 

tunnel outlets) were noted and recorded. Tunnels were widely used in hydraulic mining practices 

(Lindgren, 1911) and are not readily identified by LiDAR data, so on-the-ground data collection 

and site visits are expected to find tunnels and, when possible, determine whether or not they 

carry flow or sediment out of HMFs to nearby waterways. 
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The notes recorded for each subfeature include qualitative descriptions of the 

subfeature, its visual appearance, and its various components. While the physical size of features 

was often estimated in notes taken, quantitative physical measurements of features were also 

completed at times using either a Lufkin 100’ engineering tape or a Nikon Forestry Pro 

rangefinder. The Lufkin engineering tape is marked in graduations to the nearest hundredth of a 

foot, but features were typically measured to the nearest tenth of a foot. Where active water flow 

was found; a possible range of volumetric flow rates were visually estimated and recorded in the 

notes as well. 

The data collected during field work has been organized by HMF and saved digitally 

in a Windows File Explorer folder structure separating field sheets, Avenza, and site photos and 

showing data recorded by each observer. Data recorded in Avenza can be exported as a .csv, 

.kml, or .gpx file. Each file format is open and data can be accessed, managed, and manipulated 

through various software programs. Common software programs for .csv and .kml files are 

Microsoft Excel and Google Earth, respectively. Autonomous GPS units can load and display 

.gpx files, and .gpx files can also be loaded into Google Earth. 

A field work results map was created in ArcGIS displaying the data points collected 

during field work for two HMFs, one from the Willow Creek subwatershed (01NYWCHY – 

Joubert Diggings, Figure 21) and one from the Oregon Creek subwatershed (04MYOCHY – 

Tippecanoe Mine, Figure 25). For these maps, the Hydrology toolkit available within the Spatial 

Analyst extension in ArcGIS was utilized to create drainage networks in order to better 

understand and inform flow and potential sediment transport in these areas and for comparison 

with the on-the-ground data collected during field work. It is worth noting that the Hydrology 

Toolkit processes do not automatically account for potential drainage of pits through tunnels, 



 

 43  

which were widely used during hydraulic mining both as sluices and a method of pit drainage 

(Lindgren, 1911)7. The tools in ArcGIS utilized for this purpose include Fill, Flow Direction, 

Flow Accumulation, Basin, Stream to Feature, and Raster Calculator. These maps serve as an 

example and a template of how these data could be presented and used to inform planning efforts 

for a site-specific remediation study or project. 

Field visits were also made to P-HMFs with the same methods used for on-the-

ground data collection as other sites. The objective of the visits to these sites was to see if on-the-

ground data collection would be able to provide evidence of whether or not these sites were 

created as a result of hydraulic mining activities or natural processes such as landslides or slope 

failures.  

A brief summary of the information collected as part of the field work in each 

subwatershed is included in the Results, along with more detailed results for the HMFs for which 

field work results maps have been created. The landscapes in these areas are constantly changing 

due to ongoing erosion, and the field observations from this study can also indicate the extent of 

landscape changes that have occurred since the LiDAR data were collected in 2013 and 2014. 

 

Debris Control Dam (DCD) Visual Assessment 

 The failure of a DCD could result in the unplanned and immediate release of 

sediment (potentially mercury-laden sediment) to downstream areas, a visual assessment of the 

DCDs was performed during field visits to provide information on the current condition of the 

DCDs. The information collected as part of this assessment is shown in Table 6. 
                                                 

7 If an existing tunnel is known to be open and carrying flow or sediment, stream burning could be used to create a 
flowpath through the tunnel to correctly model subsurface drainage though that tunnel. This would need to be done 
on a tunnel-by-tunnel basis, and the subsurface drainage could not intersect any surface drainage flow paths directly 
overlaying the tunnel. 
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TABLE 6. DESCRIPTION OF DEBRIS CONTROL DAM (DCD) VISUAL ASSESSMENT 
FIELDS. 

Inventory Field Description 

SiteID Unique 8-digit SiteID assigned to each site as described in Table 1, with 
each two digits representing a different aspect of the feature.  

Feature Name Name of DCD. 
Latitude The latitude of the DCD in decimal degrees. 

Longitude The longitude of the DCD in decimal degrees. 
Construction 

Material Construction material of the DCD. 

Height (m) Height of the DCD measured to the nearest tenth of a meter.  

Width (m) Width of the DCD across its full span measured to the nearest tenth of a 
meter.  

Thickness (m) Thickness of the DCD measured to the nearest tenth of a meter at the 
top of the dam.  

Physical Condition A description of the physical condition of the DCD. 

Continual Flow Past 
Dam 

Yes (Y) or No (N). Describes if flow past the DCD was occurring 
(either over, under, or through), as observed during field visits in 
Summer 2017. 

General Description A general description of the DCD and its surroundings. 

Issues Observed 

A description of issues observed at the dam that may be an indication of 
poor condition or structural weakness. These include, but are not limited 
to, the following: 

• Cracking or other visible deterioration of concrete or 
other dam material, 
• Vegetation growth on the face of the dam, 
• Protruding metal, and 
• Seepage through dam, or efflorescence (evidence of 
seepage). 

 

Additionally, another CSU Chico graduate student is completing a study on the Horse 

Valley Creek DCD (02NYWCCD) and Willow Creek DCD (01NYWCCD) in the Willow Creek 

subwatershed on the North Yuba River. That study will provide a greater level of detail 

regarding those two DCDs and the sediment deposits behind them (Kelley, 2018). 

 



 

 45  

 

Objective 2: Development of Sediment Volume Calculation Methodology for Hydraulic 

Mining Features (HMFs) 

Sediment volumes for HMFs were calculated using different methodologies for 

hydraulic mines and HMS deposits. For calculating sediment volume changes over time, two 

DEMs can be compared directly in what are known as DEMs of Difference (DoD) (James et al., 

2012). This comparison has been used in a variety of applications including quantifying bank 

erosion (Kessler et al., 2012), developing sediment budgets for braided river channels (Lallias-

Tacon et al, 2014), and calculating ground deformation changes in an active surface mine (Hu 

and Wu, 2016).  Unfortunately, topographic data for pre-mining conditions are not available so a 

direct comparison between two DEMs was not possible. However, the general principle was 

applied and three distinct methodologies were developed to recreate the pre-mining landscape for 

HMFs: two for hydraulic mine pits and one for sediment deposits as described below. DEMs 

derived for the pre-mining landscape by application of these methodologies are differenced with 

the LiDAR DEM to determine changes from pre-mining conditions to the post-mining period of 

LiDAR data collection in 2013 and 2014. 

Interpolation is used in all three methodologies. Interpolation, by definition (in 

mathematics), inserts a value into a series by either calculating or estimating it based on 

surrounding values (Oxford English Dictionary, 2017a). In other words, interpolation uses 

available data to predict values for locations where there are not available data. There is always 

uncertainty and error associated with interpolated datasets such as DEMs (Fisher and Tate, 

2006). The complexity of determining an appropriate interpolation technique and the potential 

variability in results led to an evaluation of each methodology in an attempt to assess accuracy 
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and the level of confidence in the sediment results, as described in each section below. The three 

methodologies are interpolation based on the surrounding topography and interpolation based on 

reconstructed contours for hydraulic mines and interpolation by station for sediment deposits. 

 

Interpolation Based on Surrounding Topography (Methodology 1 for Hydraulic Mines) 

The first methodology for recreating the pre-mining landscape in locations where 

hydraulic mining occurred involved using various ArcGIS tools to create a DEM coverage of the 

landscape immediately surrounding the HMF, masking the HMF area from the coverage, and 

then interpolating from the surrounding topography to create a DEM of the pre-mining surface. 

The LiDAR DEM, which includes elevations of the current mine pit floor, was subtracted from 

the pre-mining DEM, resulting in a change in elevation for each pixel, where erosion is 

expressed as a positive number. This elevation difference was multiplied by the square area of 

each pixel and summed across the HMF to calculate the total net sediment volume that was 

produced at that HMF from the beginning of mining until LiDAR data were collected in 2013 

and 2014. This method does not differentiate between sediment produced during the unlicensed 

period of hydraulic mining, the licensed period, or through continuing erosion processes since 

the end of hydraulic mining. Nor does it include mine pit volumes that may have been in-filled 

by mining during the period of 20th century licensed mining or by sedimentation in the mines 

from upslope erosion or mass wasting.  It only produces a total net volume of change from the 

beginning of mining to 2013-14. Nevertheless, this procedure was expected to produce a 

substantial improvement over existing volumetric estimates of mined sediment that, if they were 

measured at all, were measured by Gilbert (1917) who mapped selected large mines by plane-

table mapping and estimated the volumes of most mines by the amount of water that they used. 



 

 47  

Several steps were involved in the geomorphometric processing of DEMs. An image depicting 

the major steps in the overall process for the South Cut of Weed’s Point (03NYWCHY) and 

North Cut of Weed’s Point (04NYWCHY) can be seen in Figure 7. Tools within the ArcGIS 

System Toolbox utilized in this process include Buffer, Erase, Clip (Raster), Raster Calculator, 

Raster to Polygon, Raster to Point, Extract by Mask, Minus, Table to Table, and the seven tools 

in the Interpolation folder of the Spatial Analyst toolkit.  

 

 
Figure 7. An overview of the first methodology used to calculate sediment volumes for HMF 

Mines by creating a pre-mining landscape using the Interpolation tools in ArcGIS based on the 
surrounding topography and subtracting it from the current landscape as defined by the DEM 

from the airborne LiDAR dataset. 
 

All seven of the distinct ArcGIS interpolation tools were applied and evaluated.  Each 

tool uses a unique methodology and process to create a continuous predicted surface from a 

noncontinuous series of input values. They are listed in alphabetical order and described as 

follows (ESRI, 2017a): 
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1. Inverse Distance Weighting (IDW) – utilizes a weighted average distance to interpolate, 

resulting values are limited by minimum and maximum input point values and influenced 

by both the distribution and concentration of input points. 

2. Kriging – a processor-intensive geostatistical process that creates an estimated surface 

based on scattered input values. 

3. Natural Neighbor – determines values for interpolated surface by analyzing immediately 

adjacent input values and applying weights based on proportionate areas, resulting values 

are limited by minimum and maximum input point values. 

4. Spline – utilizes a mathematical function to create an interpolated surface that minimizes 

overall surface curvature but passes exactly through input points. 

5. Spline with Barriers – utilizes a mathematical function to create an interpolated surface 

that minimizes overall surface curvature but passes exactly through input points and 

provides option of including a barrier to further constrain interpolated values. 

6. Topo to Raster – employs an iterative finite difference interpolation technique to create a 

hydrologically correct interpolated surface with a connected drainage structure and 

accurate representation of ridges and streams. 

7. Trend – utilizes a polynomial mathematical function to create a smooth interpolated 

surface based on input point values; the resulting surface changes gradually and only 

captures large patterns from the input data.  

  

Each interpolation tool has various input parameters; the default settings were used 

for all input parameters in pre-mining landscape surface interpolations. To streamline the process 

of calculating sediment volumes for hydraulic mining sites, a model was developed in 
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ModelBuilder within ArcGIS to automatically run through the process for each of the seven 

interpolation tools. The output from the model is an attribute table for each of the seven raster 

images of the HMFs created by the interpolation tool, where the pixel value is the elevation 

change from the pre-mining surface to the current surface measured during the LiDAR survey. 

These tables were automatically loaded into a Microsoft Access database (in some cases, if the 

model did not run correctly, the ‘Build Raster Attribute Table’ tool was utilized and the table 

was manually exported into Microsoft Access). In the MS Access database, queries were created 

to determine total sediment volumes for each of the interpolation tools. A visual assessment of 

the pre-mining surfaces that resulted from this interpolation technique was also completed to 

evaluate whether or not the results seemed to be reasonable and realistic.  

Studies have analyzed the application, accuracy, and suitability of various 

interpolation techniques in the natural and environmental sciences (Liu et al., 2011; Arun, 2013; 

Li and Heap, 2014). In these types of applications, interpolation techniques have a level of 

uncertainty and error associated with them that needs to be considered and understood, especially 

if major decisions will be made based on interpolated data (Liu et al., 2011). Due to this, the 

sediment volume results from the seven interpolation tools available with ArcGIS were 

evaluated. The results of this evaluation are presented in Appendix D8. The resulting volumes of 

mines varied widely depending on both interpolation techniques and site-specific topography. 

Overall, the evaluation showed that the first three interpolation tools (IDW, Kriging, and Natural 

Neighbor) produced consistent results for most HMF Mines, while the other four interpolation 

tools (Spline, Spline with Barriers, Topo to Raster, and Trend) produced more erratic results 

                                                 
8 In addition to the evaluation of the technique in Appendix D, the results for of the seven interpolation tools for 
each hydraulic mine are presented in Appendix A (Table A-2). 
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(Table D-1 and Figure D-1). However, even the first three tools produced some negative 

sediment volumes for (an average interpolated surface that is lower in elevation than the current 

surface of the earth as measured in the LiDAR dataset), which is not realistic for a hydraulic 

mining pit. Additionally, eight of the larger mines Gilbert (1917) estimated using plane-table 

mapping are also included in this study, and results can be directly compared (Figure D-2). In 

every case, the results of this methodology resulted in sediment volumes smaller than those by 

Gilbert, oftentimes considerably so. When this methodology is used during this study, the 

volumes given are the average of the results from the first three interpolation tools and should be 

considered conservative estimates of sediment volume. This evaluation of the Methodology 1 led 

to the development of a second methodology for creating a pre-mining landscape and estimating 

sediment volumes from HMF Mines, which produced results consistently closer to estimates by 

Gilbert (1917) (Figure D-3). This second methodology is described below and used for sediment 

volumes at all the HMF Mines at which it was completed. 

 

Interpolation Based on Reconstructed Contours (Methodology 2 for Hydraulic Mines) 

The second methodology for recreating the pre-mining landscape in locations where 

hydraulic mining occurred involved using various ArcGIS tools, primarily those on the Editor 

toolbar, to manually reconstruct contour lines representative of the pre-mining topography of an 

individual HMF Mine. This was completed for 13 of the previously identified HMF Mines. The 

first step of the process was modifying existing contour lines surrounding the mine (developed 

from the LiDAR DEM) to match the appearance and characteristics of unmined hill slopes and 

hilltops in the vicinity of the mine. If a mine existed on a hilltop, this allowed for recreation of 

the hilltop using the contour lines, rather than simply interpolating based on the surrounding 
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topography that was lower in elevation. Once the contour lines were reconstructed, the process of 

determining sediment volumes was very similar to that of Methodology 1. Interpolation to create 

a pre-mining landscape DEM was completed using the manually reconstructed contour lines to 

guide the interpolation. The LiDAR DEM (from 2013-2014) was then compared to this pre-

mining landscape and a difference in elevation for each pixel was determined, with positive 

numbers representing erosion. These were summed across the feature to determine a total 

sediment volume. Figure 8 below contains an overview of this process for Youngs Hill Diggings 

(05NYWCHY) in the Willow Creek subwatershed.  

 

 
Figure 8. An overview of the second methodology used to calculate sediment volumes for HMF 
Mines by creating a pre-mining landscape through manual reconstruction of contour lines based 
on the surrounding topography, interpolating to create a pre-mining landscape, and subtracting it 

from the current landscape as defined by the DEM from the airborne LiDAR dataset. 
 

Due to the uncertainty associated with interpolation (Fisher and Tate, 2006), two 

methods were evaluated for interpolation of the pre-mining surface DEM from the reconstructed 

contours. These were the Topo to Raster interpolation tool, which is able to use contour line 

features as an input, and the creation of a Triangulated Irregular Network (TIN) which was then 
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converted to a DEM. A comparison of the results of these two methods showed consistent 

similar results, with an average difference in estimated sediment volumes of 1.2% for the 13 

HMF Mines evaluated. The TIN method typically produced slightly smaller sediment volumes. 

Since they were consistently similar, only the volumes of the Topo to Raster interpolation tool 

were reported in this study. The volumes from this methodology are evaluated in the Results 

section. Similar to the first methodology, these estimates are representative of total change from 

the beginning of hydraulic mining to the time of LiDAR data collection in 2013-2014. The tools 

within the ArcGIS System Toolbox utilized in this process include Buffer, Clip, Clip (Raster), 

Create TIN, TIN to Raster, Topo to Raster, Minus, Raster Calculator, and Table to Table. MS 

Access was also used to calculated total estimated sediment volumes.  

This methodology is considerably more labor-intensive than Methodology 1. It was 

completed for the following 13 previously identified HMF Mines: 

 

• Each hydraulic mine also included in the study by Gilbert ( 1917), 

• Hydraulic mines with unrealistic (i.e. negative) sediment volumes resulting from 

Methodology 1, 

• Hydraulic mines with a surface area larger than 100,000 m2 (many of these were also 

evaluated by Gilbert). 

 

Whenever available, the sediment volumes from this methodology will be reported 

for this study. If this methodology was not used, the average of the sediment volumes from the 

first three interpolation tools (IDW, Kriging, and Natural Neighbor) from the first methodology 

will be reported.  
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Interpolation by Station (for Sediment Deposits) 

The methodology for recreating the pre-mining landscape for deposits where HMS is 

stored is distinct from the methodologies used for hydraulic mine pits. In some cases, the 

hydraulic mining pits themselves were used to hold sediment during the licensed mining period 

(Lindgren, 1911; James, 2005). However, in these cases, the methodology used to calculate 

sediment volumes for mine pits accounts for this, as less volume is shown to be removed from 

the pit due to increased sediment within the pit by intentional mining sediment storage. For 

purposes of this study, sediment deposition locations identified as part of this study are always 

along waterways.  They are also at or near the lowest local elevation in valleys, whereas mining 

usually occurred along hillsides or hilltops above these valleys. 

For this study, it is assumed that all of the sediment stored within sediment deposits is 

comprised entirely of HMS. In particular, the DCDs were constructed for the explicit purpose of 

storing HMS, and it is likely that the deposits behind the DCDs were rapidly filled from 

upgradient hydraulic mining, although some dilution with other sediment sources also occurred. 

The results of an ongoing study characterizing DCD sediment deposits and their source material 

in the Willow Creek subwatershed (Kelley, 2018) should inform whether or not the assumption 

that all sediment is HMS is reasonable.  

Due to the small number of sediment deposits and the lack of a built-in ArcGIS tool 

to create a pre-mining surface (such as the interpolation tools utilized in Methodology 1 for 

hydraulic mines), a manual process was employed for this calculation. The first step for 

calculating volumes of HMS deposits in valley bottoms was to measure elevations from the 1m 

LiDAR DEM directly below and above the sediment deposit. The longitudinal slope of the buried 
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pre-mining channel was assumed to be linear across the length of the sediment deposit, so slope 

was computed as the difference in elevation between the base of the dam and the uppermost 

portion of the deposit divided by the length. The uppermost portion of the deposit was 

determined to be the point where the flat valley floor characteristic of a HMS deposit transitions 

back into a narrow v-shaped valley. Next, a centerline running the length of the sediment deposit 

was created and cross-section lines approximately 200 m in length perpendicular to the 

centerline were created at a regular interval of either 50 or 100 m. The points where cross-

sections intersect the centerline are referred to as stations and are numbered from upstream to 

downstream. Each cross-section line extended up the hillside beyond the HMS deposit on either 

side of the valley. Cross-sections were extracted from the DEM to represent elevations of valley 

sides and HMS fill at the time of LiDAR data acquisition (2013-2014), and were loaded into a 

Microsoft Excel spreadsheet. Figure 9 depicts the Horse Valley Creek DCD (02NYWCCD) 

sediment deposit shaded in brown as seen in the hillshade layer of the LiDAR DEM, with the 

centerline and cross-section lines, and with a close-up view of the bottom of the HMS deposit. 

The long profile down the centerline and the cross-section at Station 15 are shown below these 

three images. 
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Figure 9. An overview of the initial steps in ArcGIS for the technique used to calculate sediment 

volumes for HMS deposits. Clockwise, beginning in the top left corner, they depict the HMS 
deposit shaded in brown as seen in the hillshade layer of the LiDAR DEM, centerline and cross-

section lines for the deposit, a close-up view of the bottom of the HMS deposit highlighting 
Station 15, the cross-section for Station 15, and the long profile along the centerline of the 
deposit. After modeling the pre-mining streambed, the deposit is divided by evenly spaced 

stations, cross-sectional area at each station is determined based on the surrounding landscape, 
and volume is calculated using the cross-sectional areas and length between stations. The images 

are from the Horse Valley Creek DCD Sediment Deposit (02NYWCCD). 
 

The long profile of the deposit along with the modeled pre-mining linear slope is 

pictured below in Figure 10. The depth of HMS is greatest directly upstream of the DCD and 

continually decreasing moving upstream towards the uppermost portion of the HMS deposit. The 
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long profile demonstrates that there is sediment effectively held back by the DCD, but at higher 

elevation than the top of the dam. This sediment has the potential to be mobilized and wash over 

the dam and move downstream during large storm events. Depending on site specific 

characteristics (DCD height, channel slopes, etc.), the volume of sediment held at an elevation 

above the DCD has the potential to represent a significant portion of the sediment deposit. This 

method does not differentiate between HMS entrapped behind and below a DCD from sediment 

held behind the DCD but with the potential to be mobilized and moved downstream. 

 

 
Figure 10. Long Profile for the Horse Valley Creek Sediment Deposit (02NYWCCD). The solid 

gray line shows the topographic profile along the centerline of the deposit extracted from the 
DEM, and the dashed black line shows the linear slope of the modeled pre-mining streambed 

surface.  
 

The cross-sectional area of the HMS deposit at each station was estimated within the 

spreadsheet using the longitudinal profile and the valley bottom cross sections and assumed 

trapezoidal or triangular shapes. Each cross-section was divided into three segments: the 

sediment deposit floor, the hillside on the left bank, and the hillside on the right bank. Cross-
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sections were assumed to be either trapezoidal or triangular in shape, which are two of three 

rough shapes that stream or river cross-sections tend to mimic (Leopold and Maddock, 1953). 

The height of the trapezoid or triangle was determined by calculating the average elevation of the 

sediment deposit floor and comparing it to the pre-mining surface elevation at that location based 

on a linear slope from the top of the deposit to the bottom of the deposit. The average hill slope 

on either side of the valley was calculated and assumed to continue beneath the HMS deposit to 

the pre-mining surface beneath the sediment deposit. This assumes linear hill slopes. Whether 

the cross-sectional area was assumed to be trapezoidal or triangular was dependent on the width 

of the sediment deposit and the valley side slopes. If the two side slopes intersected before 

reaching the pre-mining elevation, the assumed shape was triangular and the area was calculated 

based on the width of the deposit and the depth from the surface of the deposit to the elevation at 

the intersection point of both valley sides. If the two side slopes reached the elevation of the pre-

mining longitudinal floor before intersecting, the pre-mining channel was assumed to be 

trapezoidal. In most cases, the resulting cross-sectional shape was trapezoidal. Figure 11 below 

shows an example of the development of this cross-sectional area for Station 15 of the Horse 

Valley Creek DCD (02NYWCCD) sediment deposit. In most cases the current top of the 

sediment deposit was found to be relatively flat. However, in some cases, elevations varied and 

terraces of higher elevation containing mining sediment existed. For example, Figure 11 shows 

the elevation towards the right of the sediment deposit is approximately one meter higher than 

towards the left. The methodology used accounts for this by averaging the higher and lower 

elevations. 
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Figure 11. Trapezoidal Cross-Section for Station 15 of the Horse Valley Creek Sediment Deposit 
(02NYWCCD). The solid gray line shows the topographic profile extracted from the DEM, and 
the dashed black lines show average slopes for the right and left valley walls (defined looking 

downstream), the mean elevation of the current surface of the LiDAR-derived HMS deposit, and 
the assumed bedrock elevation. The cross-section area of HMS at this station equals the area 

within the trapezoid defined by the dashed lines, or 248 m2.  
 

Cross-sectional areas for consecutive intervals were averaged and multiplied by the 

interval length to determine the volume of sediment in that interval. These volumes were 

summed across the length of the sediment deposit to determine overall volume. This 

methodology was adapted from the Average End Area Method, which is commonly used in civil 

engineering and construction to approximate soil volumes (Lindeburg, 2012). It is essentially an 

integration of cross-section areas with respect to longitudinal distance to calculate volume, with 

the interval between cross-sections affecting the level of certainty in the results. A short interval 
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of 50 m was utilized for sediment deposits less than 1.5 km in length to minimize uncertainty; for 

sediment deposits greater than 1.5 km in length, an interval of 100 m was used. 

The tools within the ArcGIS System Toolbox utilized in this process include 

Dissolve, Merge, Create Routes, Make Route Event Layer, and Points to Line. Additionally, the 

Polygon to Centerline tool was utilized, which was developed as an add-in tool and converts 

closed polygons to centerlines using the Thiessen polygon method (Dilts, 2015). Finally, within 

the 3D Analyst toolkit, Interpolate Line and Profile Graph were used to extract long profile and 

cross-sectional data from the LiDAR DEM.  

No scientific study has estimated the volume of these sediment deposits held behind 

DCDs and in valley bottoms; this means that comparisons, similar to those done for hydraulic 

mines to the study by Gilbert (1917), are not possible to evaluate results. However, historical 

records kept by the CDC include sediment volumes, as they were a major part of licensing for 

hydraulic mines. In the Discussion section, a case study will be presented comparing CDC 

license records for DCDs in the Scotchman Creek watershed to estimated sediment volume 

stored behind the Scotchman Creek DCD, and historical CDC records will also be compared to 

sediment volume estimates for the Willow Creek and Horse Valley Creek DCDs.  

This methodology is labor-intensive and opportunities to streamline the calculation 

process could be completed through automation techniques and the development of scripts that 

export the information from ArcGIS to Excel and automatically generate cross-sectional areas at 

each station. However, a large number of sediment deposit HMFs would need to be studied to 

make this automation effort worthwhile. 
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Objective 3: Analysis of Geomorphometric Characterization and Current Condition 

Inventory 

The analysis of the inventory utilized the results obtained through the fulfillment of 

the first two objectives of this study. A major focus of this analysis is on sediment volumes and 

includes an estimate of volumes exhumed from hydraulic mining sites (3.a), still held within the 

study area (3.b), and a comparison of the two estimates (3.c). The calculation of total estimated 

sediment volumes from each subwatershed was simple once the inventory and geomorphometric 

characterization had been completed; the sediment volumes from the various HMFs were 

summed to determine the total for the area of interest or category of HMF. This was 

accomplished for previously identified HMFs and P-HMFs for each subwatershed. In addition to 

comparing and contrasting results, the volumes were used to calculate sediment delivery ratios 

(SDRs). Additionally, (3.d) the denudation caused by hydraulic mining was calculated for each 

subwatershed. Denudation is defined as the wearing away of the earth’s surface through erosion, 

transport, and deposition of sediment; it is influenced by geology, surface topography, climate, 

anthropogenic activity, and other factors, and it is measured as a lowering of the earth’s surface 

over time (Guy, 1970). It is often calculated for large watersheds as the sum resulting from all 

factors and processes (Dole and Stabler, 1909; Schumm, 1963; Judson and Ritter, 1964), 

although more recent studies have focused on denudation resulting from specific processes 

(Riebe et al., 2001; Dulias, 2016). For this study, denudation resulting from hydraulic mining 

was calculated by dividing hydraulically-mined volume by subwatershed surface area. This 

hydraulic mining denudation provided a standard measure of the intensity of mining in each 

subwatershed, and the results were compared and contrasted. Finally, (3.e) additional categories 

included in the geomorphometric characterization and assessment of current condition were 
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included in this analysis and compared.  Whenever possible, the on-the-ground data collection 

for both previously identified and potential HMFs was combined and integrated with the data 

generated from analysis of the LiDAR dataset and other datasets in ArcGIS to provide more 

comprehensive results.  
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CHAPTER III 

RESULTS 

Objective 1: Hydraulic Mining Feature (HMF) Inventory Development 

Hydraulic Mining Feature (HMF) Site Identification 

Previously Identified Hydraulic Mining Features (HMFs) 

The initial objective of this study was to identify hydraulic mining features, which 

include two distinct categories: (1) locations where hydraulic mining occurred (i.e. mine pits) 

and (2) locations where sediment produced and transported by hydraulic mining, or by 

continuing erosion of hydraulic mining areas, was deposited and is currently held.  

The results of this work includes a SiteID and feature name for each HMF within the 

study area that has been identified by at least one of the four existing sources (Table 7). Each 

row in the table represents a unique HMF and the data sources that identify that feature are 

noted. If a HMF did not have a known name associated with it, a name was chosen based on 

nearby named locations on USGS topographic maps (USGS, 2017a).  Only one feature in the 

table was solely noted in the historical USGS topographic maps (Jefferson Creek - 

03SYWNHY). The historical USGS topographic maps were primarily used to confirm the 

existence and location of HMFs identified through other data sources. 
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Table 7. Previously Identified HMFs and Data Sources. 

HMF SiteID Feature Name 

NRCS 
SSURGO 

Soils 

USGS 
Hydraulic 

Mining 
Coverage 

TNF DCD 
Coverage9 

USGS 
Historical 
Mapping 

North Yuba River - Willow Creek Subwatershed 
01NYWCHY Joubert Diggings x x  x 

02NYWCHY Railroad Hill 
Diggings x       

03NYWCHY Weeds Point – 
South Cut x     x 

04NYWCHY Weeds Point – 
North Cut x     x 

05NYWCHY Youngs Hill Diggings x     x 
06NYWCHY Galena Hill Diggings x     x 

07NYWCHY Camptonville 
Diggings x     x 

08NYWCHY Lower Camptonville x       
01NYWCCD Willow Creek DCD x   x   

02NYWCCD Horse Valley Creek 
DCD     x   

03NYWCCD Brandy Creek DCD     x   

01NYWCSD Willow Creek 
Sediment Deposit x   x 

Middle Yuba River – Oregon Creek Subwatershed 
01MYOCHY Upper Miller Creek x       
02MYOCHY Lower Miller Creek x       
03MYOCHY True Grit Mine x     x 
04MYOCHY Tippecanoe Mine x     x 
05MYOCHY Mount Alta Mine x     x 
06MYOCHY Pleasant View x       
07MYOCHY Godfrey Ranch x       

08MYOCHY Camptonville 
Diggings x     x 

09MYOCHY Grizzly Gulch x     x 
10MYOCHY Parker Ranch x       
11MYOCHY High Point Ravine x       
01MYOCCD Tippecanoe DCD     x   

01MYOCSD Celestial Valley 
Sediment Deposit x   x 

 
                                                 

9 The TNF DCD Coverage is not a published data source like the other three referenced. TNF staff are in the process 
of identifying DCDs within the TNF management area and provided locations of known DCDs for this study. 
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HMF SiteID Feature Name 

NRCS 
SSURGO 

Soils 

USGS 
Hydraulic 

Mining 
Coverage 

TNF DCD 
Coverage9 

USGS 
Historical 
Mapping 

South Yuba River – Washington Subwatershed 
01SYWNHY Omega Diggings x x   x 
02SYWNHY Alpha Diggings x x   x 
03SYWNHY Jefferson Creek    x 

04SYWNHY While and Johnson - 
Jefferson Creek x x   

05SYWNHY Cotton Hill x x  x 
06SYWNHY While and Johnson x x   
07SYWNHY South Yuba Left 

Bank x    
08SYWNHY Blue Lead Mine x x  x 
09SYWNHY Missouri Canyon x    
10SYWNHY Cook and Porter x x   
01SYWNCD Scotchman Creek 

DCD   x  
 

A feature that intersects the Willow Creek and Oregon Creek subwatershed 

boundaries was given a unique SiteID in the inventories of both subwatersheds (Camptonville 

Diggings – 07NYWCHY and 08MYOCHY). However, the geomorphometric characterization 

and assessment of current condition for this HMF will be described in the portions of the report 

pertaining to the Willow Creek subwatershed. 

In total, within the three selected subwatersheds, the existing information reviewed 

included 35 HMFs, of which 28 (80%) are hydraulic mining sites, five (14%) are DCDs (which 

include sediment deposits entrapped behind the dams), and two (6%) are sediment deposits 

without an associated DCD. The number of HMFs in each category in each subwatershed is 

shown below in Figure 12. The number of previously identified HMFs (both mines and deposits) 

in each subwatershed (or management area) is similar, with 12 total in the Willow Creek and 
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Oregon Creek subwatersheds and 11 in the Washington subwatershed. The majority of sites in 

each subwatershed are hydraulic mining sites.  

 

 
Figure 12. Counts of Previously Identified HMFs, organized by Subwatershed and Site Type. 

The three different site types are hydraulic mines, DCDs (which include sediment deposits 
entrapped behind the dams), and Sediment Deposits (which are without an associated DCD). For 

the full study area comprised of the Willow Creek, Oregon Creek, and Washington 
subwatersheds, there were a total of 35 Previously Identified HMFs (28 Hydraulic Mines, five 

DCDs, and two Sediment Deposits). 
 

Hydraulic mine pits and HMS deposits were delineated based on appearance in the 

hillshade layer of the LiDAR dataset.  Mine pits were often redelineated due to differences 

between previous coverages and the LiDAR dataset. Figure 13 on the following page shows the 

Alpha Diggings and Omega Diggings hydraulic mining sites in the Scotchman Creek 

subwatershed along the South Yuba River, as well as the Scotchman Creek DCD and its 

corresponding sediment deposit. Previous coverages depicted include the NRCS (NRCS, 2017) 

and USGS (Orlando, 2016) hydraulic mining pit delineations, and the location of the Scotchman 

Creek DCD provided by the TNF staff (TNF, 2017). Manual delineation of Alpha Diggings and 
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Omega Diggings is also depicted, as well as an outline of the sediment deposit held behind the 

Scotchman Creek DCD. All datasets are shown in the same projection. Obvious differences 

between the manual delineation completed as part of this study and previous coverages reflect  

 

  
Figure 13. Alpha Diggings and Omega Diggings Hydraulic Mine Delineations and Scotchman 
Creek DCD and Corresponding Sediment Deposit. The USGS, NRCS, and LiDAR delineations 

of the extent of topographic change caused by Alpha and Omega are shown for comparison. 
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the precision of the LiDAR dataset over topographic maps or aerial photographs to illustrate 

topographic changes resulting from hydraulic mining. 

The earliest historical topographic map available for this area is from 1891 (USGS, 

2017a); it shows two towns or settlements named ‘Alpha’ and ‘Omega’ located in the vicinity of 

each of the hydraulic mining locations. Although Omega Diggings was mined well into the 20th 

century, Alpha Diggings was considered ‘played out’ and many miners began leaving in the 

1860’s, and the town was nearly abandoned by the year 1880 (Slyter, 1980). Since the data for 

this map were not collected and published until about a decade after 1880, this means that towns 

seen in the original USGS topographic maps can be indicative of mining locations, but do not 

offer information as to whether or not mining was occurring at the time of map publication. 

A map of each of the subwatersheds selected for the study is presented in Figures 14, 

15, and 16. These maps depict final delineations of the previously identified HMF Mines in 

green and previously identified HMF Deposits in yellow. Additionally, sites that were visited in 

person during field work are denoted by a black outline and black hatching. 

 

Potential Hydraulic Mining Features (P-HMFs), Previously Unmapped 

Based on the appearance of previously identified HMFs, additional features that 

represent P-HMFs (both hydraulic mines and sediment deposits) were manually identified and 

delineated at a scale of 1:2,000 or less in each of the study area subwatersheds. Although some 

P-HMFs were identified that were smaller than this threshold, only P-HMFs with a surface area 

of at least 1,000 square meters were delineated and included in the analysis and results. In the 

Willow Creek subwatershed a total of 29 P-HMFs were delineated, of which 20 are hydraulic 

mines and 9 are sediment deposits. In the Oregon Creek subwatershed a total of 111 P-HMFs 
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were delineated, of which 88 are hydraulic mines and 23 are sediment deposits. In the 

Washington subwatershed a total of 63 P-HMFs were delineated, of which 55 are hydraulic 

mines and 8 are sediment deposits. These P-HMFs are depicted in Figures 14, 15, and 16 for 

each of the subwatersheds, with P-HMF Mines shown in red and P-HMF Deposits in orange. 

Sites that were visited in person during field work are denoted by a black outline and black 

hatching. 

In the Washington subwatershed, only P-HMF Deposits in tributaries to the South 

Yuba River were identified and delineated. In the hillshade layer of the LiDAR dataset it is 

difficult to distinguish between water and sediment along the South Yuba River corridor as it 

passes through the Washington subwatershed, so this area was excluded from the analysis. 

More information is needed to determine whether or not these P-HMFS were caused 

as a result of hydraulic mining. Four of the sites were visited in person during the on-the-ground 

field work portion of this study to search for hydraulic mining evidence as an initial 

investigation; the results of this are presented in the On-the-Ground Field Work Results section. 

Additionally, more information about these P-HMFs is presented in the Geomorphometric 

Characterization and Current Condition section. 
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Figure 14. Willow Creek Subwatershed Map Depicting Previously Identified and Potential Hydraulic Mining Features. 
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Figure 15. Oregon Creek Subwatershed Map Depicting Previously Identified and Potential Hydraulic Mining Features. 
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Figure 16. Washington Subwatershed Map Depicting Previously Identified and Potential Hydraulic Mining Features. 
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Geomorphometric Characterization and Current Condition 

Previously Identified Hydraulic Mining Features (HMFs) 

The geomorphometric characterization and current conditions assessment included 41 

categories that were determined for every previously identified HMF (both hydraulic mines and 

sediment deposits). These are listed and described in Table 4 in the Methods section. The 

geomorphometric characterization and current condition table itself is included in Appendix A 

(Tables A-1, A-2, and A-3). 

Some of the results from the geomorphometric characterization and current condition 

table are summarized by subwatershed and for the entire study area in Table 8. Only one 

sediment deposit was located in the Washington subwatershed (01SYWNCD), and the results 

shown for that column are based solely on that site. The statistics presented for the entire study 

area are based on a pooled analysis of all of the individual HMFs, not on the summary statistics 

for each subwatershed. This gives each HMF included in the study equal weighting in 

calculating statistics for the entire study area.  The third-to-last row of the table shows both the 

percentage (calculated as percentage of overall sites) and count of sites visited as part of the field 

work portion of this study. For the final two rows of the table, the percentages shown are 

calculated based on the number of sites visited during field work shown in the third-to-last row.  

The surface area and volume for individual Previously Identified HMF Mines are 

presented in Figures 17, 18, and 19 below for the Willow Creek, Oregon Creek, and Washington 

subwatersheds, respectively, where they are compared to results for aggregated P-HMF Mines. 

Additional results from the geomorphometric characterization and current condition analysis for 

individual and aggregated Previously Identified HMF Mines and Deposits will be analyzed in the 

Results section for Objective 3.
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TABLE 8. SUMMARY OF GEOMORPHOMETRIC CHARACTERIZATION AND CURRENT CONDITION RESULTS FOR 
PREVIOUSLY IDENTIFIED HMFS. 

Field 

Spatial Area and Hydraulic Mining Feature Type 
Entire Study Area Willow Creek Oregon Creek Washington 

Hydraulic 
Mining 

Site 
Sediment 
Deposit 

Hydraulic 
Mining 

Site 
Sediment 
Deposit 

Hydraulic 
Mining 

Site 
Sediment 
Deposit 

Hydraulic 
Mining 

Site 
Sediment 
Deposit 

Number of Features 28 7 8 4 10 2 10 1 

El
ev

at
io

n 
(m

) 

Maximum 1,316.8 1,081.8 1,029.2 822.9 1,274.7 1,081.8 1,316.8 893.5 
Minimum 802.9 558.4 840.9 760.8 804.2 558.4 802.9 893.5 
Average 1059.2 821.7 894.1 804.5 1108.0 820.1 1142.4 893.5 

Standard Deviation 154.9 144.3 55.1 25.3 126.9 261.7 132.5 0.0 
Average Hillslope (degrees) 19.48 10.44 20.24 10.16 17.98 11.19 20.38 10.03 
Average Surface Area (m²) 172,762 72,501 219,459 45,062 61,784 133,064 246,383 61,130 

Average Volume (m3)1 2,317,137 194,839 2,549,165 151,092 215,237 184,544 4,233,414 390,418 
Average Mean Depth (m) 7.57 3.01 11.13 3.10 3.65 1.13 8.64 6.39 

Average Maximum Depth (m) 73.44 24.56 78.88 16.51 59.00 36.14 83.54 33.62 
Average Depth Ratio 0.11 0.12 0.17 0.23 0.07 0.04 0.09 0.19 

Average Boundary Length (m) 2,411 2,509 3,232 1,614 1,326 4,264 2,840 2,576 
Average Boundary Ratio 1.80 2.79 2.07 2.15 1.57 4.01 1.81 2.94 

Thickly Vegetated 7% 57% 25% 100% 0% 0% 0% 0% 
Vegetated 54% 14% 63% 0% 60% 50% 40% 0% 

Sparsely Vegetated 39% 29% 13% 0% 40% 50% 60% 100% 
Sites Visited in Person (% of Total Number of 

Features and Count in Parentheses) 25% (7) 71% (5) 50% (4) 100% (4) 30% (3) 50% (1) 0% 0% 

Evidence of Surface Runoff and Sediment 
Transport (% of Sites Visited with Evidence) 100% 100% 100% 100% 100% 100% - - 

Evidence of Tunnel Runoff and Sediment 
Transport (% of Sites Visited with Evidence) 57% 40% 75% 25% 33% 100% - - 

Notes: 1 – Average Volume presented is the average of IDW, Kriging, and Natural Neighbor interpolation tools (discussed further below). 
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Potential Hydraulic Mining Features (P-HMFs), Previously Unmapped Hydraulic Mines. 

Prior work has estimated sediment volumes resulting from hydraulic mining at the watershed-

scale (Gilbert, 1917), and these estimates would have included the P-HMF Mines that are a part 

of this study. However, the estimates were based on field surveys of a select number of mines 

and extrapolation to a watershed wide scale based on reported water use within the mines. While 

these P-HMF Mines were not beyond the scope of Gilbert’s estimates, they are now able to be 

assessed individually. 

For P-HMFs, SiteIDs were assigned based on surface area size, rather than location 

within the watershed, with the largest feature in each subwatershed receiving the lowest feature 

number (i.e. 01NYWCPH) and the smallest feature receiving the highest (i.e. 20NYWCPH). 

Additionally, the surface area, sediment volume, mean depth, boundary length, and boundary 

ratio were all determined.  

 

Hydraulic Mines. Methodology 1 (interpolation based on surrounding topography) was utilized 

to estimate sediment volumes of P-HMF Mines based on the surrounding landscape; however, 

multiple P-HMFs were included in each run of the model. The resulting average volume from 

each model run was evenly distributed across the P-HMF Mines included based on surface area. 

The results are included in Appendix B (Tables B-1 and B-2). A summary of these features is 

also presented in Figure 17 for the Willow Creek subwatershed, Figure 18 for the Oregon Creek 

subwatershed, and Figure 19 for the Washington subwatershed. 

For the Willow Creek subwatershed, a total of 20 P-HMF Mines were delineated. 

They ranged in surface area from 1,400 m2 to 46,300 m2 with an average size of 12,000 m2. They 

ranged in overall volume, based on using Methodology 1 for multiple features (as described 
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previously), from 2,500 m3 to 157,200 m3 with an average volume of 29,300 m3. These potential 

HMFs encompass a total area within the Willow Creek subwatershed of 240,800 m2 and have a 

total estimated sediment volume of 787,000 m3 – in addition to previously identified hydraulic 

mines. To provide a measure of how these potential hydraulic mining site HMFs compare to the 

previously identified HMF Mines in regard to surface area and volume, they are included 

together in Figure 17. The aggregated sediment volume from the 20 P-HMFs is greater than the 

two smallest previously identified HMFs, but is less than any one the six largest previously 

identified HMFs. The total estimated volume of 787,000 m3 from P-HMF Mines is equivalent to  

 

 
Figure 17. Surface Area and Sediment Volume results for Individual Previously Identified HMF 

Mines and Aggregated P-HMF Mines in the Willow Creek subwatershed. 
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approximately 3.9% of the estimated volume of 20,393,000 m3 from previously identified HMF 

Mines in the Willow Creek subwatershed. 

For the Oregon Creek subwatershed, a total of 88 P-HMF Mines were delineated. 

They ranged in surface area from 1,000 m2 to 136,000 m2 with an average size of 8,300 m2. They 

ranged in overall volume, based on using Methodology 1 for multiple features, from 2,400 m3 to 

860,800 m3 with an average volume of 36,700 m3. These P-HMF Mines encompass a total area 

within the Oregon Creek subwatershed of 733,000 m2 and have a total estimated sediment 

volume of 3,229,000 m3. They are included together in Figure 18 to provide a measure of how 

these P-HMF Mines compare to the previously identified HMFs in regard to surface area and  

 

 
Figure 18. Surface Area and Sediment Volume results for Individual Previously Identified HMF 

Mines and Aggregated P-HMF Mines in the Oregon Creek subwatershed. 
 

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

Su
rf

ac
e 

Ar
ea

 (m
2 )

 a
nd

 S
ed

im
en

t V
ol

um
e 

(m
3 )

 

Surface Area
Volume

Potential HMFs 
Count: 88 
Total Area (m2): 732,968 
Total Volume (m3): 3,229,314 
 

Hydraulic Mining Feature (HMF) Mines 

Oregon Creek - Surface Area and Sediment Volumes for Hydraulic Mines 
  



 

 77  

volume. The aggregated surface area and sediment volume from the 88 P-HMFs are not only the 

previously identified HMF Mines. The largest potential HMF delineated had a surface area and 

volume of approximately 136,000 m2 and 861,000 m3, respectively. The total estimated volume 

of 3,229,000 m3 from P-HMF Mines is equivalent to approximately 150% of the estimated 

volume of 2,152,000 m3 from previously identified HMF Mines in the Oregon Creek 

subwatershed. This indicates the possibility of a great amount of previously unstudied hydraulic 

mining in the Oregon Creek subwatershed (relative to previously identified hydraulic mines). 

For the Washington subwatershed, a total of 55 P-HMF Mines were delineated. They ranged in 

surface area from 1,000 m2 to 93,200 m2 with an average size of 11,200 m2. They ranged in 

overall volume from 2,600 m3 to 428,600 m3 with an average volume of 45,100 m3.  

These P-HMF Mines encompass a total area within the Washington subwatershed of 

616,700 m2 and have a total estimated sediment volume of 2,481,000 m3. To provide a measure 

of how these P-HMF Mines compare to the previously identified HMF Mines in regard to 

surface area and volume, they are included together below in Figure 19. The aggregated 

sediment volume from the 55 potential HMFs is greater than seven of the ten previously 

identified HMFs, but is smaller than the three largest previously identified HMF Mines. The total 

estimated volume of 2,481,000 m3 from P-HMF Mines is equivalent to approximately 5.9% of 

the estimated volume of 42,334,000 m3 from previously identified HMF Mines in the 

Washington subwatershed. 
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Figure 19. Surface Area and Sediment Volume results for Individual Previously Identified HMF 

Mines and Aggregated P-HMF Mines in the Washington subwatershed. 
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two previously identified HMF Deposits were reviewed. An estimated mean depth range of 1.2 

m to 1.6 m (which extends slightly below and above the lower and higher values for 

01NYWCSD and 01MYOCSD) was used to calculate a lesser and greater estimated sediment 

volume for each of the P-HMF Deposits. 

The SiteIDs for the P-HMF Deposits were assigned based on surface area size, rather 

than location within the watershed, with the largest feature in each subwatershed receiving the 

lowest feature number (i.e. 01NYWCPS) and the smallest feature receiving the highest (i.e. 

09NYWCPS). The results of this analysis are included in Appendix B (Table B-3). A summary 

of these features is presented in Figure 20 for the three subwatersheds. 

 

 
Figure 20. Surface Area and Sediment Volume results for Aggregated P-HMF Sediment 

Deposits in the Willow Creek, Oregon Creek, and Washington subwatersheds. 
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Considering the greater volume estimate, they ranged in overall volume from 5,200 m3 to 86,800 

m3 with an average volume of 20,300 m3. These P-HMF Deposits encompass a total area within 

the Willow Creek subwatershed of 114,200 m2 and have a total greater estimated sediment 

volume of 183,000 m3. This total is equivalent to approximately 30% of the estimated volume of 

604,000 m3 from previously identified HMF Deposits in the Willow Creek subwatershed. 

For the Oregon Creek subwatershed, a total of 23 P-HMF Deposits were delineated. 

They ranged in surface area from 3,200 m2 to 47,300 m2 with an average size of 15,300 m2. 

Considering the greater volume estimate, they ranged in overall volume from 5,300 m3 to 75,700 

m3 with an average volume of 24,400 m3. These P-HMF Deposits encompass a total area within 

the Oregon Creek subwatershed of 351,400 m2 and have a total greater estimated sediment 

volume of 562,000 m3. This total is equivalent to approximately 152% of the estimated volume 

of 369,000 m3 from previously identified HMF Deposits in the Oregon Creek subwatershed. 

For the Washington subwatershed, a total of 8 P-HMF Deposits were delineated. 

They ranged in surface area from 1,400 m2 to 56,200 m2 with an average size of 12,800 m2. 

Considering the greater volume estimate, they ranged in overall volume from 2,300 m3 to 89,900 

m3 with an average volume of 20,500 m3. These P-HMF Deposits encompass a total area within 

the Washington subwatershed of 102,600 m2 and have a total greater estimated sediment volume 

of 164,000 m3. This total is equivalent to approximately 42% of the estimated volume of 390,000 

m3 from previously identified HMF Deposits in the Washington subwatershed. 
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On-the-Ground Field Work Results 

Previously Identified Hydraulic Mining Features (HMFs) 

The primary on-the-ground data collection portion of this study was conducted 

between June 2017 and August 2017. Two additional field visits were performed after this 

period, one during November 2017 and one during April 2018. Overall, 19 days were spent in 

the field by a team of nine different people (including TNF staff, TSF staff, CSU Chico graduate 

students, and volunteers) always working in at least groups of two. In total, this effort amounted 

to more than 250 hours of individual time dedicated to on-the-ground exploration and data 

collection at HMFs (both mines and deposits). The effort was limited by private property 

boundaries (only sites on TNF land with public access could be visited), safety concerns, and the 

overall quantity of hydraulic mining features in the selected subwatersheds. 

The field work primarily focused on collecting information about the current 

condition of previously identified HMFs. These results are described by each subwatershed in 

the following sections. Following the descriptions of results for each subwatershed, some 

important overall results obtained through the process of on-the-ground field work will be 

presented. Additionally, some of the results of the field work are included in the 

Geomorphometric Characterization and Current Condition table in Appendix A (Tables A-1, A-

2, and A-3). The data collected as part of the field work have since been utilized by the USFS to 

develop internal reports describing individual HMFs and potential hazards and hazard 

remediation strategies for each. 
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Willow Creek Subwatershed. The greatest number of previously identified HMFs were visited in 

the Willow Creek subwatershed. The features visited were: 

• Joubert Diggings (01NYWCHY) 

• Weed’s Point – North Cut (04NYWCHY) 

• Youngs Hill Diggings (05NYWCHY) 

• Galena Hill Diggings (06NYWCHY) 

• Willow Creek DCD (01NYWCCD) 

• Horse Valley Creek DCD (02NYWCCD) 

• Brandy Creek DCD (03NYWCCD) 

• Willow Creek Sediment Deposit (01NYWCSD) 

As noted by the SiteIDs, these eight sites consist of four hydraulic mining sites, three 

DCDs and associated sediment deposits, and one sediment deposit without an associated DCD. 

Figure 14 shown previously depicts the previously identified HMFs that were visited in person in 

the Willow Creek subwatershed as part of the field work portion of this study. 

As an example of the data collected and a demonstration of how it can be used to 

compare to data resulting from the LiDAR dataset, detailed results are presented for the on-the-

ground data collection completed for Joubert Diggings (01NYWCHY) and are shown in Figure 

21. The data collection at Joubert Diggings took place over three days (July 17th, 18th, and 19th), 

and nearly the full spatial extent of the HMF on public land was explored with noteworthy 

subfeatures documented along the way. In total, 78 points were placed using Avenza to denote a 

total of 50 subfeatures. Figure 21 presents the results of the field data collection for Joubert 

Diggings, along with a drainage network map that was developed using the Hydrology toolkit in 

the Spatial Analyst Extension of ArcGIS. Due to the heavy concentration of points on the map, 
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the SiteID for each subfeature could not be clearly shown and there are some unlabeled 

subfeature points. However, every subfeature described in greater detail in this section is labeled. 

The Joubert Diggings HMF straddles the ridge that divides the Willow Creek and 

Fiddle Creek Ridge subwatersheds. Different portions of the HMF drain to their respective 

subwatersheds. Highway 49 travels through the northern portion of the HMF. The mine is 

characterized by a deep gully that runs northeast to southwest. Barren earth walls range from 

approximately 15 to 25 m in height on either side, and the floor of the mine is characterized by 

vegetation (such as manzanita bushes and pine trees), bare earth, and a few large ponded areas. 

An informational sign and viewpoint along the northern edge of this gully can be accessed by 
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Figure 21. Joubert Diggings (01NYWCHY) Subfeatures. 
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travelers on Highway 49. This northeast-southwest gully is pictured in Figure 22 in a photo taken 

from the floor of the cut looking to the northwest. Previous studies have shown that increased 

rates of erosion can occur in these locations with steep barren walls (Peterson, 1980; Yuan, 1979; 

Landrum, 2014). 

 

 
Figure 22. Hydraulic mining pit floor at Joubert Diggings (01NYWCHY), photo taken from 

interior of the HMF looking to the northwest towards the barren cliff walls (01NYWCHYER05) 
that bound the HMF in this location (photo by author, 7/18/2017). 

 

This HMF drains to the North Yuba River through both the Willow Creek and Fiddle 

Creek Ridge subwatersheds. The deep northeast-southwest gully drains to Willow Creek, the 

natural landscape on either side of this cut flows downwards towards it and directs water into it. 

Inside the HMF, it ponds in certain locations but will continue to flow to the southwest if the 

water level raises above the banks of the ponded areas. Pourier Creek and Oak Valley Creek 

flow into the HMF from the south and southeast; each serve as a tributary to Willow Creek 
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which originates within the interior of the Joubert Diggings HMF according to the National 

Hydrography Dataset delineation (USGS, 2017b). Oak Valley Creek and some locations within 

the mine were observed to have active flow during the time of the field visits. 

The portion of the mine that drains to the North Yuba River through the Fiddle Creek 

Ridge subwatershed is characterized by high, steep walls and narrow valleys that all drain in a 

generally northerly direction. Each of these drainages crosses Highway 49 through a culvert 

directly beneath the roadway, with 

the exception of one that drains 

through an old abandoned mining 

tunnel. This subfeature has been 

designated as 01NYFCHYTU01; 

the outlet of the tunnel was not 

previously mapped and is pictured 

in Figure 23. This location, and 

others on the Fiddle Creek Ridge 

side, were observed to have active 

flow at the time of the field visit.  

Additionally, within the 

Willow Creek subwatershed, an 

impoundment on a hillside above 

the pit of the mine to the south was 

explored. This likely served as Figure 23. Tunnel outlet in Fiddle Creek Ridge 
subwatershed portion of Joubert Diggings 

(01NYFCHYTU01) (photo by author, 7/17/2017). 
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water storage and a water source for the mining operation. A collapsed tunnel that likely was the 

outlet from the impoundment was noted. Also, using the LiDAR imagery hillshade layer, a 

contour ditch can be traced up Oak Valley Creek to a place where it connects with the creek. 

This location was visited, where the remnants of a large earthen diversion dam remain. The creek 

has eroded through the dam in the center, where the wooden framework of the original outlet 

tunnel is still standing (Figure 24). 

 

Oregon Creek Subwatershed. In 

the Oregon Creek subwatershed 

the previously identified HMFs 

visited were: 

• Tippecanoe Mine 

(04MYOCHY) 

• Mount Alta Mine 

(05MYOCHY) 

• Grizzly Gulch 

(09MYOCHY) 

• Tippecanoe DCD 

(01MYOCCD) 

 

As noted by the 

SiteIDs, these four sites consist of 
Figure 24. Remnants of earthen diversion dam along Oak 
Valley Creek (01NYWCHYCD02) that likely served as a 
water source for the Joubert Diggings hydraulic mining 

operation (photo by author, 7/18/2017). 
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three hydraulic mining sites and one DCD and associated sediment deposit. Figure 15 depicts 

which HMFs were visited in person in the Oregon Creek subwatershed as part of the field work 

portion of this study. 

As an example of how the field data can be used in comparison to the LiDAR dataset, 

detailed field results are presented for Tippecanoe Mine (04MYOCHY). The data collection at 

Tippecanoe Mine took place over two days (July 26th and August 8th), and a substantial portion 

of the spatial extent of the HMF was explored with significant subfeatures documented along the 

way. In total, 23 points were placed using Avenza to denote a total of 19 subfeatures. Figure 25 

presents the results of the field data collection for Tippecanoe Mine, along with a drainage 

network map that was developed using the Hydrology toolkit in the Spatial Analyst Extension of 

ArcGIS. 

The northernmost extent of the Tippecanoe Mine HMF is approximately 150 m to the 

south of Oregon Creek. Multiple locations were noted where surface drainage from the mine 

leaves the mining site and drains either directly to the north to Oregon Creek or to the west or 

southwest into a valley that then flows northwards into Oregon Creek. Additionally, a culvert 

(potentially tied into an old mining tunnel, as what appeared to be dressed timber and stacked 

rock were found nearby) was found that directs flows under USFS Rd 1806 and drains a large 

area in the interior of the HMF. The area directly across the road was explored, but no outlet was 

discovered. This subfeature has been designated as 04MYOCHYTU01. The inlet for the 

subfeature is shown in Figure 26. It is worth noting the drainage network map developed in 

ArcGIS did not recognize the presence of the tunnel or culvert (04MYOCHYTU01); instead, it 

modeled a drainage channel directly across USFS Rd 1806. The drainage channel had to be 

manually adjusted to account for the tunnel feature. Additionally, another collapsed tunnel was 
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observed directly to the south of 04MYOCHYTU01 and designated as 04MYOCHYTU02. It is 

pictured in Figure 28. As is typical at many of the hydraulic mining sites visited, steep walls of 

primarily exposed bare earth exist. Increased rates of erosion can occur in these locations, which 

has been studied previously at other hydraulic mines (Peterson, 1980; Yuan, 1979; Landrum, 

2014). At Tippecanoe Mine, these were noted primarily running along the eastern edge of the 

mine (Figure 27), although they also existed in other locations. Additionally, to the east of the 

defined HMF extent on a hillside above the mine, an area that may have been an impoundment 

and water source for the mine was found, as what appeared to be remnants of an earthen dam 

were discovered with a low point on the northwestern corner. This was designated as 

04MYOCHYCD01, and the LiDAR-derived drainage network in ArcGIS traced a drainage 

channel that runs back to this location from the interior of the mine. The channel may be 

representative of a supply ditch that has continued to erode in the time since the cessation of 

mining. 

 

Washington Subwatershed. No features were visited in person in the Washington subwatershed 

on the South Yuba. This was primarily due to safety issues, with multiple significant crimes 

occurring in the area around the time of the field work and USFS staff advising against venturing 

into the field in this location. Additionally, the larger HMFs in the area are mostly located on 

private land. The field methods tested in the other two subwatersheds on the Middle Yuba and 

North Yuba Rivers provided field evidence to have confidence in the methods used. 
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Figure 25. Tippecanoe Mine (04MYOCHY) Subfeatures.  
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Figure 28. Inlet for a collapsed or filled-in 
tunnel at Tippecanoe Mine (04MYOCHYTU02) 

(photo by author, 7/26/2017). 
 

Figure 27. Culvert inlet that flows under 
USFS road 1806 and drains interior of 

the Tippecanoe Mine 
(04MYOCHYTU01). This subfeature is 

potentially tied into an old mining 
tunnel, as what appeared to be dressed 

timber and stacked rock were found 
nearby (photo by author, 7/26/2017). 

 
 

 

Figure 26. Steep, bare-earth walls with little 
vegetation along eastern edge of Tippecanoe 
Mine (04MYOCHYER01) (photo by author, 

7/26/2017). 
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Potential Hydraulic Mines (P-HMF Mines) 

Although there has not been any active hydraulic mining in these areas for several 

decades, the previously identified HMF Mines contained various pieces of evidence that 

indicated anthropogenic influence and pointed towards hydraulic mining. These included old 

pieces of mining equipment, such as riveted steel pipe, cable, and other various pieces of metal 

equipment. The landscape within the mines was also very irregular and appeared to have been 

manipulated and altered by something other than natural processes. Large waste rock and cobble 

piles scattered about. Additionally, white quartz rocks, cobbles, and pebbles were observed, 

which have been associated with hydraulic mining sediment (James, 1991a). 

A total of four P-HMF Mines were visited to determine whether or not on-the-ground 

data collection would provide evidence for hydraulic mining history at these sites. Three of the 

sites were in the Willow Creek subwatershed and one was in the Oregon Creek subwatershed. 

The three sites in the Willow Creek subwatershed were depicted in Figure 14, and the site in the 

Oregon Creek subwatershed was shown in Figure 15. 

Two sites in the Willow Creek subwatershed were visited on August 15, 2017, and a 

third was visited on April 14, 2018. The first site (11NYWCPH) visited was in the upper portion 

of the Willow Creek watershed at an elevation of 1,030 meters; it is located on the ridge between 

Pourier Creek and Williamson Creek, which are tributaries to Willow Creek. A deep gully in the 

naturally sloping topography noted on the LiDAR hillshade layer was investigated in person. 

While no evidence of hydraulic mining was discovered, an opening cut into the rock found at the 

back of the gully against the hillside may be the adit for an abandoned hard rock gold mine or 

other type of mine (Figure 29). 
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Figure 29. Tunnel opening for a potential hard rock gold mine or other type of mine found in the 

upper Willow Creek subwatershed (11NYWCPH) (photo by author, 8/15/2017). 
 

Additionally, approximately 80 m east of the tunnel opening, there is evidence of a 

small impoundment similar to those found in the vicinity of both Joubert Diggings 

(01NYWCHY) and Tippecanoe Mine (04MYOCHY). A collapsed tunnel outlet and old dressed 

timber boards in the bank of the impoundment provide evidence for it being an anthropogenic 

feature. This may have been a water source for the nearby mining tunnel, or it may have served 

as a water source for another mine in the area (hydraulic or hard rock) or for another purpose. 

The second site visited in the Willow Creek subwatershed (07NYWCPH) was also in 

the upper portion of the Willow Creek watershed in the headwaters area of Williamson Creek. Its 

appearance in the hillshade layer of the LiDAR dataset is similar to other previously identified 
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HMF Mines. Evidence of hydraulic mining activity found at the site included old metal 

equipment, a deep eroded channel that may have been used as a sluice, and steep, bare-earth 

slopes around the perimeter of the potential hydraulic mining pit. A piece of equipment and bare-

earth wall are shown in Figure 30. 

 

 

Figure 30. A steep bare-earth wall (left) and piece of metal equipment (right) found at a P-HMF 
Mine in the Willow Creek subwatershed (07NYWCPH) (photos by John Kelley, 4/14/2018). 

 

The third site visited in the Willow Creek subwatershed (04NYWCPH) was in a 

small valley directly to the east of Highway 49 and very close to the entrance to the Willow 

Creek campground. Active flow was found at this site through two culverts under Highway 49. 

While hiking up the creek, multiple pieces of evidence pointing towards hydraulic mining 

included the presence of white quartz rock, an uneven and channelized topography throughout 

the valley floor, large piles of stone and cobbles (including white quartz) that are potentially 

waste rock from mining operations, a potential collapsed tunnel, and steep, bare-earth slopes 

along the northern side of the valley, or the right bank of the creek. Additionally, two pieces of 
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old rusted metal equipment were discovered; one being a length of riveted steel pipe 

approximately 1.5 meters long, similar to pipe found at previously identified HMF Mines. 

The site visited in the Oregon Creek subwatershed (02MYOCPH) was the largest P-

HMF in the Oregon Creek subwatershed that was on public land. It is located directly to the west 

of Highway 49, and the field visit took place on August 26th, 2017. Some white quartz rock was 

noted (but not with the same regularity as at 04NYWCPH); additionally, very tall, steep, 

primarily bare-earth walls were discovered at the back of the HMF. Some of these walls are 

approximately 50 m in height (Figure 31). Although the evidence of anthropogenic mining 

influence is stronger at the other two site locations, it is difficult to explain the abrupt cliff face 

by natural processes (such as a landslide or other slope failures). Also, it is possible that 

increased erosion rates from the steep, tall cliffs since the cessation of mining carried down 

sediment onto the floor of the mine and buried some of the pieces of evidence found at the other 

two sites. Furthermore, the close proximity to Highway 49 may have allowed others to search the 

site and remove historical mining artifacts or other evidence of mining prior to this field visit that 

could have otherwise been observed and noted. 
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Figure 31. Steep, bare-earth walls with little vegetation along eastern edge of potential hydraulic 

mine (02MYOCPH), similar to those found at previously identified HMF Mines (photo by 
author, 8/26/2017). 

 

The evidence collected at these four sites, in particular the three sites visited in the 

Willow Creek subwatershed, point towards additional mining history, activity, and influence 

within the study area. More site investigations and historical research is needed to confirm 

whether or not these locations have a history of mining. However, it is likely that the previously 

identified hydraulic mines that this study focused on do not represent a complete inventory of 

mining locations within the study area. 
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Debris Control Dam (DCD) Visual Assessment Results 

Another component of the field work was a visual assessment of the DCDs within the 

study area currently holding sediment deposits behind them. They have been abandoned and 

likely not inspected since the end of the licensed hydraulic mining period several decades ago, 

and information about their status and current condition is beneficial. Information collected for 

each DCD includes location (latitude and longitude), construction material, physical dimensions 

(height, width, and thickness), and whether or not continual flow occurs past the dam (based on 

observed flow conditions at the time of visits during Summer 2017).  

These results are presented below in Table 9.  Additionally, a description of the 

physical condition of the dam and potential issues observed are included, along with a general 

description of the DCD itself.  The Scotchman Creek DCD in the South Yuba River watershed 

was not visited as part of the field work. The results presented in Table 9 were taken from a 

USFS structural and seismic evaluation of the DCD (Romero et al., 2011), which is discussed in 

greater detail in the Discussion section.   

Finally, photos depicting the DCDs taken during the field work portion of Summer 

2017 are included as follows: 

• Willow Creek DCD (01NYWCCD) – Figure 33 

• Horse Valley Creek DCD (02NYWCCD) – Figure 32 

• Brandy Creek DCD (03NYWCCD) – Figure 35 

• Tippecanoe DCD (01MYOCCD) – Figure 34 
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• Scotchman Creek DCD (01SYWNCD) – Figure 3610  

 

In general, the visual assessment of the DCDs actively holding sediment revealed 

multiple potential issues, but did not reveal any issues that were identified as critical or signals of 

imminent dam failure. However, it should be noted that visual observations by graduate students 

and volunteers are a far cry from an evaluation of structural integrity by a professional dam 

engineer and appraiser. A discussion of this and recommendations for future work are included 

in the Discussion and Conclusion sections.

                                                 
10 The Scotchman Creek DCD photo was taken by USFS staff and the graphic is from the evaluation of 
the Scotchman Creek DCD (Romero et al., 2011). 
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TABLE 9. DEBRIS CONTROL DAM (DCD) VISUAL ASSESSMENT RESULTS. 

SiteID 
Feature 
Name Latitude Longitude 

Cons-
truction 
Material 

Height 
(m) 

Width 
(m) 

Thickness 
(m) 

Physical 
Condition 

Continual 
Flow Past 

Dam General Description Issues Observed 

01NYWCCD 
Willow 
Creek 
DCD 

39.470437 -121.046623 Concrete 18.3 85.5 1.1 

No obvious 
structural 

weakness in 
concrete, 

appears to be 
relatively stable. 

Y 

Concrete arch dam spanning width of 
Willow Creek channel, tied to bedrock on 
left and right banks. Area behind dam filled 
with sediment; Willow Creek channel 
divides and flows over two spillways on right 
and left sides of DCD, with primary channel 
and most of the flow on the right side 
(looking downstream). 

• Seepage through dam face, with visible flows th  
dam observed; efflorescence on dam face. 

• Vegetative growth on dam face appears 
concentrated where small voids have formed. 

• Erosion of bedrock below DCD on right side 
where primary flow is beginning to undercut 
behind dam face. 

• Thick vegetative growth across nearly entire 
width of top of dam. 

02NYWCCD 

Horse 
Valley 
Creek 
DCD 

39.471459 -121.060628 Concrete 9.4 31.1 3.0 

No obvious 
structural 

weakness in 
concrete, 

appears to be 
relatively stable. 

Y 

Concrete arch dam spanning width of Horse 
Valley Creek channel that is tied to bedrock 
on left and right banks. Tunnel through 
bedrock exists at base of dam on right side 
(looking downstream). Area behind dam 
filled with sediment. Flow primarily over 
dam in center, where spillway is located, 
with some additional flow through tunnel. 

• Seepage around dam on left and right sides, 
evident from water and small flows along 
base of dam at bedrock on both sides.  

• Moss growing across face of dam. 
• The tunnel on right side of dam may be 

potential weak point in overall structure. 
• Voids about 2 to 8 cm diameter on dam face 

could potentially be cavitation or rocks 
dislodged from concrete from deteriorating 
dam face. 

• Bedrock erosion below DCD on right side 
beginning to undercut behind dam face. 

03NYWCCD 
Brandy 
Creek 
DCD 

39.471436 -121.065986 
Stacked 

Rock  
(Rubble)  

- - - 
Only remnants 
of stacked rock 

dam remain 
Y 

Remnants from multiple stacked angular 
rock rubble dams exist along either side of 
creek where valley narrows. 

• Although a large sediment deposit exists 
upstream of DCD, the DCD does not hold any 
sediment within Brandy Creek drainage. 

01MYOCCD 
Tippe-
canoe 
DCD 

39.466385 -120.965240 Concrete 4.5 29.7 0.9 

No obvious 
structural 

weakness in 
concrete, 

appears to be 
relatively stable. 

Y 

Concrete arch dam spanning width of 
Oregon Creek channel tied to bedrock on left 
and right banks. Area behind dam filled with 
sediment; ponded area about 0.3 m deep 
directly upstream of dam on top of sediment. 
Flow over dam and through a 1.2 m diameter 
tunnel outlet at base of dam in center. 

• Occasional vegetation on face of dam. 
• Surface of the concrete is uneven in most 

places, possibly indicative of deterioration 
over time. 

• Tunnel outlet at base of the dam appears to be 
part of original dam design, but may represent 
potential weak point in dam. 

01SYWNCD(
Note: Not 

visited. 
Results from 

Romero et al., 
2011) 

Scotch-
man 

Creek 
DCD  

39.355387 -120.784699 Concrete 29.0 39.6 0.9 

No obvious 
structural 

weaknesses on 
dam from visual 

inspection. 
Based on a static 

and finite 
element 

analysis, dam 
appears 

statically stable 
(Romero et al., 

2011).  

Y 

Concrete arch dam constructed in either two 
or three phases (presumably each addition 
was made after previous phase filled with 
sediment). Area behind dam is filled with 
sediment. Main channel of Scotchman Creek 
flows east of dam and flow over dam crest 
only occurs during high flows. 

• Evidence of seepage through dam evident 
from efflorescence across dam face.  

• Metal rods (resembling rebar) exposed on 
dam face. 

• Erosion along west abutment has resulted in 
loss of about 4.6 m of rock since 1941. 

• A hole at toe of dam formed from scour of 
flow  about 1.5 m deep by 3.0 m wide. 
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Figure 32. Horse Valley Creek DCD (02NYWCCD), (left) entire dam; (center) tunnel outlet 
emerging from bedrock on right bank below the dam, (right) one of multiple small recesses in 

dam face (likely cobbles that were a part of the original concrete mixture for the dam that 
have been exposed and separated from resulting concrete as dam deteriorates over time)  

(photos by author, Summer 2017). 
 

Figure 33. Willow Creek DCD (01NYWCCD), photo on left depicts main stem of Willow 
Creek flowing over the dam on the right side (left side of photo), vegetation and seepage 

through the dam are evident in photo on right (photos by author, Summer 2017). 
 

Figure 34. Brandy Creek DCD (03NYWCCD), (left) remnants of stacked rock along right 
bank of Brandy Creek (flowing at bottom of photo), (right) stacked rock dam remnants at two 

different elevations along the left bank of the creek (photos by author, Summer 2017). 
 
 

 

Figure 35. Tippecanoe DCD (01MYOCCD), both photos depict the DCD spanning the width 
of Oregon Creek; tunnel outlet at base of dam seen with water flowing out in photo on right  

(photos by author, Summer 2017). 
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Figure 36. Scotchman Creek DCD (01SYWNCD), (left) dam evaluation schematic from USFS 

report (Romero et al., 2011), (right) photograph during a storm event where flow was not limited 
to the primary spillway along the right side of the feature but also occurred over the dam  

(photo by Rick Weaver, USFS staff, 3/16/2012). 
 

Objective 2: Development of Sediment Volume Calculation Methodology for Hydraulic 

Mining Features (HMFs) 

A key component of the geomorphometric characterization was the calculation of the 

sediment volumes, both sediment volumes generated, mobilized, and lost from hydraulic mining 

sites and sediment volumes currently held behind DCDs or in other valley bottom sediment 

deposits.  

As discussed previously, three unique methodologies were developed to estimate 

sediment volumes for this study: two for hydraulic mines and one for sediment deposits.  The 

methodology for previously identified HMF Deposits resulted in only one volume estimate, so 

comparison of results is not possible. However, in the Discussion section, additional potential 

methodologies and a comparison of estimated sediment volume at one site to allowable mining 

volumes from historical CDC licensing records are presented. The first methodology developed 

for hydraulic mines had considerable uncertainties and limitations (Appendix D), which led to 
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the development of the second methodology. The first methodology is still used to produce 

sediment volume results for smaller previously identified HMF Mines and P-HMF Mines 

(Appendix A); however, whenever results from the second methodology are available, they are 

used. A comparison of Methodology 1 and Methodology 2 results to Gilbert (1917) is included 

in Appendix D (Figure D-3).  

In 1917, a seminal study was published that analyzed hydraulic mining sediment in 

the Sierra Nevada mountains (Gilbert, 1917). A portion of this study included topographic 

surveys of hydraulic mining pits throughout the Sierra Nevada, which were conducted primarily 

during the spring and fall of 1908. Each survey used a plane table and stadia rod and consisted of 

a traverse across the bottom of the hydraulic mining pit; from stations in the pit floor, a series of 

points of known position and elevation were measured along the rim of the feature and for a 

short distance beyond the rim to capture ground slopes and trends outside of the feature. These 

data were used to estimate the pre-mining topography with a series of cross-sections, which were 

used to reconstruct contours for the pre-mining surface (Gilbert, 1917). Gilbert compared this 

pre-mining surface to the topography of the floor of the mine to compute the volume of sediment 

generated by the mine.  

Eight hydraulic mines included in this study were estimated as part of Gilbert’s prior 

study (the South Cut and North Cut of Weed’s Point, 03NYWCHY and 04NYWCHY, are 

combined for Gilbert’s estimate), and the results of Methodology 2 can be directly compared to 

Gilbert’s plane-table mapping estimates. Figure 37 shows this comparison through a clustered 

bar chart that also includes a point marker displaying the estimated sediment volume from 

Methodology 2 expressed as a percentage of Gilbert’s sediment volume. 
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Figure 37. Comparison of Sediment Volumes Generated by Methodology 2 to Sediment 

Volumes Estimated by Gilbert (1917). 
 

In every case, the volume estimate from Methodology 2 is within 25% of Gilbert’s 

estimate. Three of the mines are estimated to have a greater sediment volume, and four lesser, 

when comparing the results of this study to Gilbert (1917). In aggregate, Gilbert’s sediment 

estimate for these hydraulic mines is equal to approximately 40 million m3 compared to 

approximately 42.5 million m3 for this study, roughly 106% of the volume estimated by Gilbert. 

The results of Methodology 2 were not anticipated to precisely align with Gilbert’s due to 

uncertainties and potential error in calculations for both and more than a century of time between 

the two estimates. During this period, both licensed hydraulic mining and continuing erosion 

have altered the shape and extent of these hydraulic mines. This being said, the precision of the 
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results each individual hydraulic mine (all within 25%) and the aggregated sediment volume 

(approximately 6%) show that Methodology 2 is more robust and accurate than Methodology 1 

(Figure D-3). 

 

Objective 3: Analysis of Geomorphometric Characterization and Current Condition 

Inventory  

Sediment Volume Results (for Previously Identified HMFs – Hydraulic Mines and Sediment 

Deposits, Objectives 3.a, 3.b, and 3.c) 

The sediment volume results for the individual previously identified HMFs in each 

subwatershed are shown below in Figures 38, 39, and 40 for the Willow Creek, Oregon Creek, 

and Washington subwatersheds, respectively. 

For the Willow Creek subwatershed, there were a total of 12 previously identified 

HMFs; eight mines and four HMS deposits. The total volume for the hydraulic mines was 

20,393,000 m3 with an average volume per mine of 2,549,000 m3. The total volume of HMS 

deposits was 604,000 m3 with an average volume of 151,000 m3. The average HMS deposit 

volume was approximately 5.9% of the average hydraulic mine volume. For the subwatershed as 

a whole, the total volume of known HMS deposits comprises approximately 3.0% of the total 

volume produced by hydraulic mines. Also, based on the methods used, the percentage of HMS 

remaining is equivalent for the Willow Creek subwatershed management area and the true 

Willow Creek subwatershed, since no additional previously identified HMFs were discovered in 

the true Willow Creek subwatershed surrounding New Bullards Bar Reservoir. These sediment 

volumes represent volumes for previously identified HMFs and should not be considered 

comprehensive for the Willow Creek subwatershed. More P-HMFs (both mines and deposits)  
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Figure 38. Sediment Volumes for Previously Identified HMFs in the Willow Creek 

Subwatershed (Volume Remaining in Subwatershed Expressed as Percentage of Total Volume 
Produced). 

 

were located as part of this study and additional future discoveries are likely; the volume of P-

HMFs located and evaluated as part of this study only represent a small fraction of the volume of 

previously identified HMFs. 

For the Oregon Creek subwatershed, there were a total of 12 previously identified 

HMFs; ten mines and two HMS deposits. The total volume for the hydraulic mines was 

2,152,000 m3 with an average volume per mine of 215,000 m3. The total volume of HMS 

deposits was 369,000 m3 with an average volume of 185,000 m3. The average HMS deposit 
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Figure 39. Sediment Volumes for Previously Identified HMFs in the Oregon Creek 

Subwatershed (Volume Remaining in Subwatershed Expressed as Percentage of Total Volume 
Produced). 

 

volume was approximately 85.7% of the average hydraulic mine volume. For the subwatershed 

as a whole, the total volume of known HMS deposits comprises approximately 17.1% of the total 

volume produced by hydraulic mines. These sediment volumes represent volumes for previously 

identified HMFs and should not be considered comprehensive for the Oregon Creek 

subwatershed. More P-HMFs (both mines and deposits) were located as part of this study and 

additional future discoveries are likely; the volume of P-HMFs located and evaluated as part of 

this study are substantial in comparison to the volume of previously identified HMFs. 
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Figure 40. Sediment Volume Results for Previously Identified HMFs in the Washington 

Subwatershed (Including Volume Remaining in Subwatershed Expressed as Percentage of Total 
Volume Produced). 

 

For the Washington subwatershed, there were a total of 11 previously identified 

HMFs; ten mines and one HMS deposit. The total volume for the hydraulic mines is 42,334,000 

m3 with an average volume per mine of 4,233,000 m3. The volume for the known HMS deposit 

is 390,000 m3, which is approximately 9.2% of the average hydraulic mine volume. For the 

entire Washington area, the total volume of known HMS remaining in deposits is approximately 

0.9% of the total volume produced by hydraulic mines. For the Scotchman Creek subwatershed 

(within the Washington subwatershed and in which the only previously identified HMS deposit 

was located), the total volume of hydraulic mines is 15,472,000 m3, of which the total volume 
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remaining in sediment deposits (390,000 m3) is about 2.4%. These sediment volumes represent 

volumes for previously identified HMFs and should not be considered comprehensive for the 

Scotchman Creek or Washington subwatersheds. More P-HMFs (both mines and deposits) were 

located as part of this study and additional future discoveries are likely; the volume of P-HMFs 

located and evaluated as part of this study only represent a small fraction of the volume of 

previously identified HMFs. 

In aggregate for all three watersheds, the total volume for previously identified HMF 

Mines is 64,880,000 m3 with an average volume per mine of 2,317,000 m3. The total volume for 

the previously identified HMF Deposits is 1,364,000 m3 with an average volume per deposit of 

195,000 m3. The average known HMF Deposit volume is approximately 8.4% of the average 

hydraulic mine volume. The total volume remaining in sediment deposits comprises 

approximately 2.1% of the total volume produced at hydraulic mining site HMFs. 

The sediment volume results presented previously in this section do not include P-

HMFs.  The sediment volume results for newly identified potential HMFs (P-HMFs) were 

presented previously for each of the subwatersheds in Figures 17, 18, and 19. While not all of 

these P-HMFs are necessarily true HMFs, it is probable that many of them are. There also may 

be additional P-HMFs that have not yet been located. 

 

Research Questions. The methodologies utilizing the LiDAR dataset and ArcGIS that were 

developed to estimate sediment volumes for this study (described in Objective 2) resulted in the 

sediment volumes produced by hydraulic mines and held in sediment deposits for each of the 

three subwatersheds described previously. They are also depicted for the Willow Creek 
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subwatershed/management area in Figure 38, the Oregon Creek subwatershed in Figure 39, and 

the Washington subwatershed/management area in Figure 40.  

The results show that the sediment deposits identified and assessed in this study only 

comprise a small fraction of the sediment volume generated by hydraulic mining (in aggregate 

for all three subwatersheds, only ~1.4 million m3 remains of ~65 million m3 produced). This 

suggests that a majority of the sediment volume produced by hydraulic mining has been 

mobilized and moved downstream beyond the subwatershed boundaries. One approach for 

describing these results is using sediment delivery ratios (SDRs). A sediment delivery ratio 

(SDR) is defined as the sediment yield (i.e. mobilized sediment leaving a defined area) divided 

by the sediment production of that same area (USDA, 1972). The SDRs for the study 

subwatersheds only consider HMS and ignore other sources of sediment production and yields. 

The SDR for the Willow Creek subwatershed/management area is 0.97, the SDR for the Oregon 

Creek subwatershed is 0.83, and the SDR for the Washington subwatershed/management area is 

0.99 (the SDR for the Scotchman Creek subwatershed is 0.98). There are also additional 

limitations and caveats in these estimates, which will be discussed. 

 

Denudation Calculations for Study Area Subwatersheds (Objective 3.d) 

To compare volumes of sediment production and storage between subwatersheds, 

denudation (the average lowering of the watershed surface through erosion, transport, and 

downgradient deposition of sediment, in this case, solely that resulting from hydraulic mining), 

was calculated as a measure of sediment production standardized for drainage area. Dividing the 

sediment volumes resulting from hydraulic mining by the subwatershed area gives the 

denudation depth, which allows for comparisons between subwatersheds.  
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The Willow Creek subwatershed has a drainage area of approximately 46 km2 (46 

million m2) and the estimated total volume produced was 20,393,000 m3.  This results in a 

denudation of the Willow Creek subwatershed of 44 cm.  It is customary to express denudation 

as a rate (Dole and Stabler, 1909; Schumm, 1963; Judson and Ritter, 1964).  Assuming that the 

hydraulic mines were created primarily during the unlicensed period of hydraulic mining 

between 1853 and 1884, the denudation rate in the Willow Creek subwatershed during the 

mining period was approximately 1.4 cm per year (cm/yr) over the 31-year period of mining.   

The true Willow Creek subwatershed is approximately 58 km2, and the area surrounding New 

Bullards Bar Reservoir does not contain any additional previously identified HMFs. For the true 

Willow Creek subwatershed, the denudation was equal to 35 cm and the denudation rate was 1.1 

cm/yr during the period of mining.  

The Oregon Creek subwatershed is the largest subwatershed of the three, consisting 

of approximately 91 km2. However, the total surface area of the eleven mines is only 620,000 

m2, the smallest of the three subwatersheds and only 0.7% of the total subwatershed area. The 

total volume of sediment produced by the mines was 2,152,000 m3, resulting in a denudation of 

the Oregon Creek subwatershed of 2.4 cm or 0.08 cm/yr during the period of mining.  

As described previously, the Washington subwatershed is not a watershed in the 

technical sense of the term, but is a management area comprised of the drainage basins 

(watersheds) for several smaller tributaries to the South Yuba River, including the Scotchman 

Creek watershed, compiled as part of the California Interagency Watershed Map of 1999 

(Calwater 2.2.1) (CDF, 2017). The number of HMFs, the total area of HMFs, and the watershed 

area are described for both the Washington Super Planning Subwatershed, defined by Calwater 
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2.2.1, and the Scotchman Creek subwatershed. The Washington subwatershed management area 

covers approximately 70 km2. The total volume of sediment produced was 42,334,000 m3, 

resulting in a denudation of the drainage basin of 60 cm or 1.9 cm/yr.  The Scotchman Creek 

subwatershed includes two hydraulic mines, Omega Diggings (01SYWNHY) and Alpha 

Diggings (02SYWNHY), the largest and third largest hydraulic mining sites of the ten in the 

Washington subwatershed, respectively. Neither of these mines are completely contained within 

the Scotchman Creek subwatershed, but straddle the divide.  This study analyzed volumes of 

mines within the Scotchman Creek drainage by multiplying total volume by the percent area of 

mines within the watershed to estimate volumes allocated to the Scotchman Creek subwatershed. 

The Scotchman Creek subwatershed is  approximately 13 km2 and the total volume produced 

was 15,472,000 m3, resulting in a denudation of the Scotchman Creek subwatershed of 116 cm 

and a denudation rate of 3.8 cm/yr during the period of mining.  This is the fastest denudation 

rate of the subwatersheds studied due to the small drainage area centered around two major 

hydraulic mines. Overall results for each of the study subwatersheds are presented below in 

Table 10. 

TABLE 100. DENUDATION RESULTS FOR STUDY AREA SUBWATERSHEDS 
ASSUMING ALL TOPOGRAPHIC CHANGE OCCURRED DURING PERIOD FROM 1853 

TO 1884. 
Water- 
shed Subwatershed 

Volume 
Mined (m3) 

Surface 
Area (m2) 

Denudation 
(cm) 

Denudation 
Rate (cm/year) 

North Yuba Willow Creek 
(Management Area) 20,393,320 46,100,815 44.2 1.43 

North Yuba Willow Creek 
(True Watershed) 20,393,320 57,564,791 35.4 1.14 

Middle 
Yuba Oregon Creek 2,152,374 91,083,111 2.4 0.08 

South Yuba Washington 
(Management Area) 42,334,144 70,310,224 60.2 1.94 

South Yuba Scotchman Creek 15,472,105 13,307,891 116.3 3.75 
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Although some of the denudation occurred outside of the unlicensed period of mining 

(from licensed mining or continuing erosion), the vast majority occurred during the 31 year 

period used to determine denudate rate (James, 2005). The results of this demonstrate the 

variability in denudation based on the mining history (with two factors being the intensity and 

longevity of mining) at the HMFs present in each subwatershed. Although hydraulic mining 

occurred in each of these subwatersheds, the effect of hydraulic mining on sedimentation 

processes (as expressed by denudation) varies greatly between them. 

 

Additional Results (Objective 3.e) 

Beyond the sediment volume estimates and denudation calculations, additional 

categories included in the geomorphometric characterization and assessment of current condition 

that comprise the HMF inventory allow for a variety of comparisons and observations. The 

complete results of geomorphometric characterization and assessment of current condition are 

included in Appendix A, and a summary of the results was shown in Table 8. The analysis of the 

results presented here initially summarizes the entire study area and each subwatershed, and then 

compares and contrasts individual subwatersheds. 

For both the entire study area (aggregated results for each of the three subwatersheds) 

and for each subwatershed, the following results were observed: 

• Many more hydraulic mines have been identified by previous work than HMS deposits. 

• On average, the hydraulic mines are at higher elevations than the sediment deposits. 

However, in some cases, miners would transport the resulting slurry from mining 

operations through ‘hydraulic elevators’ (highly pressurized pipelines) to storage 

locations that were higher in elevation (Lindgren, 1911). 
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• The average hillslope gradient for hydraulic mines is approximately twice as much as that 

of known HMS deposits. 

• The mean and maximum depth of hydraulic mines is greater than HMS deposits, but the 

depth ratio comparing and standardizing the two parameters shows more similarity and 

closer values in comparison. 

• On average, the boundary lengths for hydraulic mines and HMS deposits for the entire 

study area are quite similar (within 5% of one another); however, the boundary ratio for 

the entire study area and each individual subwatershed is greater for the sediment 

deposits than for the hydraulic mines. This shows that the hydraulic mining sites tend to 

be more circular in shape than the sediment deposits. 

• Every single HMF visited, both hydraulic mining sites and sediment deposits, has at least 

one surface outlet that shows evidence of surface runoff and sediment transport 

occurring. Additionally, in every subwatershed, at least one HMF in each category was 

found with evidence of water runoff and sediment transport through a tunnel. No HMFs 

appear to be self-contained and hydrologically isolated from nearby waterways. 

 

The following observations were made to compare and contrast results for 

subwatersheds: 

• On average, both the hydraulic mines and sediment deposits in the Oregon Creek and 

Washington subwatersheds are higher in elevation than the hydraulic mines and sediment 

deposits in the Willow Creek subwatershed. 

• On average for the entire study area, the average surface area and volume of the hydraulic 

mining sites are substantially larger than the known sediment deposits. For the Willow 
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Creek subwatershed, the average surface area for hydraulic mines is nearly five times 

larger than for known sediment deposits, and the average volume is greater than an order 

of magnitude larger. For the Washington subwatershed, the average surface area for 

hydraulic mining sites is over four times larger than for known sediment deposits, and the 

average volume is also greater than an order of magnitude larger. However, for the 

Oregon Creek subwatershed, the average surface area for known sediment deposits is 

over twice as large as that for hydraulic mines. The average volume for hydraulic mining 

sites is still larger than that for sediment deposits, but only by a multiplication factor of 

approximately 1.1. 

• On average for the entire study area, the mean depth for hydraulic mining sites is more 

than twice that of sediment deposits. For the Willow Creek and Oregon Creek 

subwatersheds, this difference is even greater. For the Washington subwatershed, where 

the sediment deposit held behind Scotchman Creek DCD is the only one considered, the 

mean depths are nearly equal. This is likely due to the Scotchman Creek DCD being the 

tallest of the five included in this study and the potential inclusion of terraces storing 

HMS above the deposit being held by the DCD being included in the estimate. More 

information is presented on the DCDs in the Debris Control Dam (DCD) Visual 

Assessment Results section. 

• On average for the entire study area, the sediment deposits tend to be more thickly 

vegetated than the hydraulic mining sites presumably due to water availability. For 

individual subwatersheds, this is true of the Willow Creek subwatershed, where every 

sediment deposit is thickly vegetated. This is not true for the Oregon Creek and 
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Washington subwatersheds; however, there are only two sediment deposits considered in 

the Oregon Creek subwatershed and one in the Washington subwatershed. 

 

Some additional results from the geomorphometric characterization and current 

condition analyses are presented and briefly discussed below (cf. Tables A-1, A-2, and A-3 in 

Appendix A): 

• For the local topographic location categories of hilltop, hillslope, or valley, the hydraulic 

mines tend to be located on hillslopes or hilltops, while the sediment deposits were all 

located in valleys. 

• Of the 35 previously identified HMFs, eight are located directly along waterways. Of 

those eight, only one is a hydraulic mine. The other seven are the five DCD sediment 

deposits and two sediment deposits without an associated DCD. 

• Twelve of the 35 previously identified HMFs were visited in-person. As noted 

previously, evidence of surface runoff and sediment transport was found at every site, 

and evidence of tunnel runoff and sediment transport was found at half of the sites visited 

(six of the twelve sites – 50%). 

 

The list of observations above should not be considered comprehensive. Tables A-1, 

A-2, and A-3 in Appendix A and the summary in Table 8 can be further used to analyze, assess, 

compare, and contrast these HMFs in future studies or work. This should be done in conjunction 

with field work to locate and verify additional sites, especially HMS stored in tributaries, 

terraces, and tailings fans (which are not considered in this study).  Additionally, some of these 

results will be examined further in the Conclusion.  



 

 116  

CHAPTER IV 

DISCUSSION 

Objective 1: Hydraulic Mining Feature (HMF) Inventory Development 

Hydraulic Mining Feature (HMF) Site Identification 

Previously Identified Hydraulic Mining Features (HMFs) 

The results of reviewing previous work to locate HMFs in the three selected 

subwatersheds resulted in a total of 35 Previously Identified HMFS. These features were evenly 

distributed across each of the subwatersheds with 12 HMFS each in the Willow Creek and 

Oregon Creek subwatersheds and 11 HMFs in the Washington subwatershed. However, the 

distribution between the two types of HMFs (hydraulic mines and HMS deposits) was not even. 

Sediment deposits can be further divided into sediment entrapped behind a DCD and sediment 

without an associated DCD. Of the 35 HMFs, 28 (80%) were hydraulic mines and only seven 

(20%) were sediment deposits. Of the seven sediment deposits, five (71%) were entrapped 

behind a DCD and two (29%) were not.  

Recent work has identified HMS as a major factor in increasing sediment yields in the 

upper Yuba River watershed (Curtis et al., 2005) and HMS storage in upper tributaries behind 

DCDs or otherwise as largely unknown and unquantified (James, 2005). An interest in 

characterizing these sediment deposits led to the selection of the subwatersheds that comprise the 

study area. Each subwatershed was chosen based on the known locations of five DCDs that were 

provided by USFS staff (TNF, 2017) with at least one DCD and sediment deposit in each 

subwatershed. If these sites had not been provided, only three sediment deposits (only one of 
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which has an associated DCD) would have been located through reviewing previous work11. 

This would have reduced the overall number of HMFs to 31, of which 28 (90%) would have 

been hydraulic mining sites and 3 (10%) would have been sediment deposits. This demonstrates 

that more work needs to be done to identify and characterize deposition locations for HMS 

downstream of hydraulic mining sites.  This study has demonstrated how the LiDAR dataset can 

be used to estimate volumes of known HMS deposition and also identify some areas of potential 

HMS deposition and approximate volumes for those areas. These methods will be discussed in 

greater detail in the subsequent sections. Not all locations of HMS storage are likely to be 

detected by remote sensing methods such as LiDAR, however, and fieldwork is needed to 

examine potential storage sites below the mines.   

Additional sources can be utilized to identify and locate more HMFs (or verify that a 

P-HMF is in fact a HMF) in these subwatersheds and other areas affected by hydraulic mining. 

Previous work references the licensed period of hydraulic mining and records of DCDs and 

sediment volumes kept by the CDC (James, 2005). These CDC records and other historical 

sources can be used to identify and locate additional DCDs and sediment deposits. There is a rich 

written history of gold-mining practices in the Sierra Nevada mountains, and other historical 

sources could also be utilized to identify and locate hydraulic mine HMFs or sediment deposit 

HMFs. Finally, any contemporary studies or recent work not included in this study on the topic 

of either hydraulic mining or its continuing effects (in the study area or other areas affected by 

hydraulic mining) could also be referenced to identify and locate HMFs. 

One important result of this study is the demonstration that LiDAR topographic data 

can be used to redelineate the areal extent of hydraulic mines (Figure 13). Prior maps of mines in 
                                                 

11 In this case, these sediment deposit locations may have still been identified in the LiDAR dataset and delineated 
for inclusion as P-HMFs and still included in the study in that capacity. 



 

 118  

every case differed from the mines in the LiDAR data and were remapped to correspond to the 

extent indicated by the LiDAR data. Since it is not influenced by vegetation as aerial imagery is, 

the LiDAR dataset is a powerful tool that can be used to better understand the spatial extent of 

HMFs. 

 

Potential Hydraulic Mining Features (P-HMFs) 

Future studies and efforts should be completed to locate and characterize additional 

HMFs in areas affected by hydraulic mining. Although both hydraulic mines and sediment 

deposits should be targeted, sediment deposits are the category of HMFs that has been least 

studied (James, 2005). In addition to referencing previous studies and sources, the LiDAR 

dataset (and potentially aerial imagery) can be used to identify P-HMFs that may not have been 

included in previous studies or other referenced materials. The process of manually identifying 

and delineating P-HMFs used for this study was both time and labor intensive. Also, even after 

features have been identified and delineated, additional work (beyond the scope of this study) is 

required to determine whether or not they were created through hydraulic mining practices, other 

anthropogenic influences, or through natural processes such as landslides or other slope failures. 

Due to these limitations, future studies could evaluate alternatives for automating the process of 

identifying P-HMFs, especially if a more broad spatial area is to be included (i.e. the entire Yuba 

River watershed). An algorithm could potentially be developed that reviews different parameters 

within the LiDAR dataset, such as hillslope or elevation, for values within a specific range or for 

sudden changes in values within a close spatial extent. This algorithm could be used to identify 

specific areas for manual review without having to manually review the entire study area. 

Different algorithms could be developed for hydraulic mines and HMS deposits. Potential 
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features identified would also need to be manually delineated after automatic identification and 

manual review. Once again, on-the-ground data collection and investigation will be necessary to 

verify whether or not these P-HMFs are truly HMFs. 

 

Geomorphometric Characterization and Current Condition 

Previously Identified Hydraulic Mining Features (HMFs) 

The results of the Geomorphometric Characterization and Current Condition analysis 

(Appendix A: Tables A-1, A-2, and A-3) and summary (Table 8) relating to the objectives of this 

study are presented and described in greater detail in the Results and Discussion sections for 

Objective 3. 

 

Potential Hydraulic Mining Features (P-HMFs)  

Hydraulic Mines. Hydraulic mining site P-HMFs were identified and delineated through manual 

review of the LiDAR dataset and results varied for each subwatershed. A total of 20 P-HMF 

Mines were delineated in the Willow Creek subwatershed with a total volume of approximately 

3.9% of the total volume of previously identified HMF Mines. Considering the three study area 

subwatersheds, the P-HMFs in the Willow Creek subwatershed were both the smallest in number 

and volume. In contrast to this, a total of 88 P-HMFs were delineated in the Oregon Creek 

subwatershed with a total volume equal to 150% of the total volume of previously identified 

HMF Mines (i.e. a larger sediment volume was estimated from P-HMFs than from previously 

identified HMFs). A total of 55 P-HMFs were delineated in the Washington subwatershed with a 
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total volume equal to approximately 5.9% of the total volume of previously identified HMF 

Mines. 

For two of the three subwatersheds (Willow Creek and Washington), the total 

estimated volume of P-HMF Mines is small in comparison to the total estimated volume from 

previously identified HMFs (less than 10%). For the third subwatershed (Oregon Creek), the 

total estimated volume of P-HMF Mines is much larger than the total estimated volume from 

previously identified HMF Mines. Given that the total volume from previously identified HMFs 

in the Oregon Creek subwatershed was more than an order of magnitude smaller than either the 

Washington or the Oregon Creek subwatersheds, active hydraulic mining in Oregon Creek of the 

Middle Yuba has apparently been underestimated by previous maps and inventories. 

The fewest P-HMF Mines were found in the smallest subwatershed (Willow Creek), 

the greatest in the largest subwatershed (Oregon Creek), and a number between the two in the 

intermediate subwatershed (Washington). The density of P-HMF Mines was evaluated for these 

three subwatersheds to evaluate whether or not the distribution per km2 differs from the overall 

count. The Willow Creek subwatershed had the lowest density (0.43, or 20 P-HMFs/46 km2), the 

Oregon Creek subwatershed had the highest density (0.97, or 88 P-HMFs/91 km2), and the 

Washington subwatershed had the intermediate density (0.79, or 55 P-HMFs/70 km2). This 

shows that both the overall number and the density of P-HMF Mines increases between the 

Willow Creek, Washington, and Oregon Creek subwatersheds. 

Although there are exceptions, the newly identified P-HMFs tend to be smaller in 

both surface area and volume than the previously identified HMFs. If they are in fact hydraulic 

mining site HMFs, the smaller mines were likely not as productive or mined as intensely or as 

long as the previously identified HMFs. If they are not hydraulic mining sites, they may be the 
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result of natural processes (such as landslides or slope failures) or they may be a result of another 

type of anthropogenic influence.  Regardless of whether or not hydraulic mining occurred at 

these P-HMFs, they represent areas with increased erosion rates that likely contribute sediment 

to downstream waterways. If they are areas where hydraulic mining occurred, they represent the 

production of HMS that has the potential to contain high concentrations of mercury that could be 

delivered to downstream waterways. If they exist upstream of areas where hydraulic mining 

occurred or where HMS is stored, the increased erosion and sediment loads generated from these 

sites could mobilize or bury mercury that did not originate on-site but was stored downstream of 

the sites prior to being mobilized. 

In order to verify the origin of these distinctive areas of significant topographic 

landscape change, additional work will be required. On-the-ground data collection and visits to 

these sites in person will be a critical component of any future work studying the original cause 

of these P-HMFs. Initial on-the-ground investigative visits were made to three P-HMFs (two in 

the Willow Creek subwatershed and one in the Oregon Creek subwatershed), and evidence for a 

history of anthropogenic influence and mining at each site was discovered, although more data 

collection is required to confirm this. 

 

Sediment Deposits. Sediment deposit P-HMFs were identified and delineated by manual review 

of the LiDAR data and the results varied for each subwatershed. Nine P-HMF Deposits were 

delineated in the Willow Creek subwatershed with a volume of approximately 30% of the total 

volume of previously identified sediment deposits. A total of 23 P-HMF Deposits were 

delineated in the Oregon Creek subwatershed with a total volume equal to about 152% of the 

total volume of previously identified HMF Deposits. A total of eight P-HMF Deposits were 
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delineated in the Washington subwatershed with a total volume equal to approximately 42% of 

the total volume of previously identified HMF Deposits. Results for individual P-HMF Deposits 

are shown in Appendix B (Table B-3). For two of the three subwatersheds (Willow Creek and 

Washington), the volumes of sediment deposit P-HMFs were smaller than from previously 

identified sediment deposit HMFs. For Oregon Creek, however, the volume of newly identified 

sediment was larger than the volume of previously identified sediment. This pattern is similar to 

the volumes of hydraulic mines across the three subwatersheds.  

Regardless of whether or not the newly identified P-HMF Deposits are comprised 

entirely of HMS, they exist downstream of previously identified mines and may receive HMS 

from continuing erosion of those features. There is potential for them to either receive mercury-

laden sediment from upstream sources or contribute mercury to downstream waterways. Field 

data collection and visits will be a critical component of future work studying these deposits. 

Additionally, the P-HMF identified in this study are not comprehensive, there are likely other 

sediment deposits have yet to be identified. Also, sediment deposits focused on in this study are 

held along a drainage channel by the natural channel topography or by other means, and 

additional HMS could be stored in tailings fans or high terraces formed during the peak of 

hydraulic mining that are no longer part of the active channel. HMS stored in these locations still 

needs to be identified, delineated, and studied. 

 

On-the-Ground Field Work Discussion 

 Hydraulic Mines and Sediment Deposits 

The on-the-ground data collection for this study primarily consisted of exploration of 

these HMFs (both mines and deposits) and documentation of what was discovered, as little 



 

 123  

information was available to describe these features from prior studies. The data collected were 

qualitative and characterize the current condition of these sites, although more focused and 

intensive field data collection would be beneficial at these sites.  Analysis of the qualitative data 

collection and descriptions resulted in following observations: 

• Noteworthy subfeatures and the characteristics of hydraulic mines and sediment deposits 

were noted and recorded during site visits. These can be compared and contrasted to 

determine similarities and differences between individual HMFs. 

• The subfeatures noted can include diversions, ditches, and reservoirs above hydraulic 

mines that provided a water supply for mining operations and tunnels and sluices in and 

below hydraulic mines. Many of these were included for the two hydraulic mines 

described in detail (Joubert Diggings – 01NYWCHY and Tippecanoe Mine – 

04MYOCHY). They can often be identified through review of the LiDAR dataset, but 

this should be combined with on-the-ground investigation whenever possible to confirm 

their existence and better understand status and current condition. 

• Of the 12 HMFs visited, every one showed evidence of surface runoff and sediment 

transport leaving the feature and flowing towards nearby waterways. None of the HMFs 

visited were hydrologically isolated from surrounding waterways. 

• Of the 12 HMFs visited, six (50%) showed evidence of subsurface runoff and sediment 

transport leaving the feature through tunnels and flowing towards nearby waterways. 

Tunnels were widely used in hydraulic mining practices (Lindgren, 1911). Although 

surface runoff can be accurately modeled from DEMs, runoff through tunnels cannot12. 

                                                 
12 If a tunnel is known to be open and carrying flow or sediment, it can be mapped separately and stream burning 
could be done to accurately model flow through the tunnel in the DEM. 
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These subfeatures will need to be identified and mapped in the future through on-the-

ground field visits. 

• Four of the five DCDs included in the study area were visited and visually assessed, and 

results from a prior study are included for the fifth. This is discussed in greater detail 

below. 

• For the four P-HMF Mines visited, evidence indicating a potential history of mining was 

found at each (although more on-the-ground investigation and data collection would be 

needed to confirm this). This suggests that there are potentially more locations with an 

active mining history in the study area than have been previously identified; this also 

shows that the LiDAR dataset can be used to identify locations where mining may have 

occurred. 

 

The SiteID format and methods developed for this study were structured in such a 

way that they can be replicated in other parts of the Yuba River basin or other areas affected by 

hydraulic mining. If similar additional on-the-ground studies are completed, the methods used in 

this pilot study could provide a model to follow and the SiteID format could facilitate 

combinations of new data with the data collected for this study. Also, reorganizing the HMF 

SiteID to place the Site Number count at the end of the 8-digit SiteID, rather than at the 

beginning, would allow for easier sorting and organization of HMFs across multiple watersheds 

and subwatersheds (i.e. 01NYWCHY would become NYWCHY01). 
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Debris Control Dam (DCD) Visual Assessment and Further Study Discussion 

A study was recently completed that evaluated the structural integrity of the 

Scotchman Creek DCD based on its hydrologic, groundwater, geologic, and seismic settings 

(Romero et al., 2011). It clearly stated assumptions made regarding dam parameters used in the 

structural analysis and said that they should be verified, but based on those assumptions, 

concluded that the DCD is statically stable with stresses below failure conditions by a factor of 

two or greater. The study also documented a number of potential weak points and issues that 

have developed that may compromise dam integrity in the future and are signs of degradation 

that will slowly continue over time (Romero et al., 2011); many of these have been presented 

along with similar findings from a visual assessment of other DCDs previously in the Results 

section of this study in Table 9. Similar evaluations of structural integrity at each of the other 

DCDs currently holding sediment that were included in this study would be beneficial to verify 

that they are also statically stable. 

The failure of dams constructed to hold mine tailings is a hazard that has been 

documented and studied (Kosoff et al., 2014). The failure of a dam holding either hydraulic 

mining sediment or tailings presents a variable risk to downstream areas based on both the 

overall magnitude of the material held and the toxicity of the material (Kosoff et al., 2014). For 

the DCDs associated with hydraulic mining, the volumes of sediment associated with the DCDs 

have been estimated as part of the geomorphometric characterization in this study and the 

primary contaminant of concern is mercury, which was widely used during hydraulic mining and 

some of which was lost to the environment (Bowie, 1905; Averill, 1946). If a DCD were to fail, 

it would result in the sudden release of sediment (and potentially mercury) into downstream 

water systems that would present an unknown possibility for danger to both people and the 
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environment on both a short-term and long-term time scale. This was the motivation for 

including a visual assessment of DCD condition as a portion of the field work completed in this 

study. 

Dam removal is an option that could be evaluated for the DCDs. Prior to dam 

removal, a plan for managing and mitigating sediment releases behind the dam (including 

potential toxins and pollutants that may be trapped along with or bound to sediment) must be in 

place (Pejchar and Warner, 2001; The Aspen Institute, 2002; USSD, 2015). 

The DCDs in the upper Yuba River watershed also influence aquatic habitat and alter 

longitudinal connectivity for fish and other aquatic organisms already in the vicinity of the 

DCDs. Regarding anadromous fish passage upstream, there are two dams that compromise 

anadromous fish passage downstream of the study areas: Daguerre Point Dam and Englebright 

Dam (Pejchar and Warner, 2001). Without removing Englebright or allowing fish passage to 

access upstream habitat, removal of the DCDs would have no benefit to anadromous fish. A third 

dam, New Bullards Bar Dam, would need to be removed or modified to allow fish to access 

areas in the Willow Creek subwatershed, which is above New Bullards Bar Dam in the North 

Yuba River watershed.  If the downstream dams that block fish passage should change or if two-

way trap-and-haul efforts permit anadromous fish passage around dams into these areas, the 

DCDs remaining from the licensed period of hydraulic mining in the upper Yuba River 

watershed will influence anadromous fish passage and habitat in these areas as well.  
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Objective 2: Development of Sediment Volume Calculation Methodology for Hydraulic 

Mining Features (HMFs) 

Evaluation of Methodologies for Estimating Sediment Volumes at Hydraulic Mines 

An important result of this study is the volumetric estimates of HMS, both in 

hydraulic mines and currently held in sediment deposits. An early strategy in the study involved 

utilizing the original historical maps developed by the USGS (USGS, 2017a) to recreate the 

original topography prior to hydraulic mining for comparison with the recently developed 

LiDAR dataset to complete a geomorphic change detection (GCD). However, there are multiple 

reasons why this was not completed. Although the original maps depicting each of the study 

areas were created in the 19th century, unfortunately, none of them predate the end of the period 

of unlicensed hydraulic mining during which most hydraulic mining occurred (James, 2005). The 

end of this period was marked by the Sawyer Decision in 1884 (Hagwood, 1981). Additionally, 

utilizing historical maps for quantitative analysis is constrained by the quality and confidence in 

the accuracy of the historical maps and the subsequent results of the analysis if it is completed 

(James et al., 2012). In light of this, the historical maps were used as a reference for verifying the 

presence of already known HMFs and potentially finding unidentified HMFs in the study areas, 

but they were not used in any quantitative analysis, such as GCD. 

Since no topographic data of the pre-mining land surface was available, an estimating 

pre-mining land surface had to be created from existing datasets. Two distinct methodologies 

were developed for estimating this pre-mining surface for hydraulic mines. The first 

methodology used three of the interpolation tools in ArcGIS (IDW, Kriging, and Natural 

Neighbor) to interpolate a pre-mining surface based on the landscape immediately surrounding a 
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given hydraulic mine13. The average volume resulting from those three tools was used to 

determine a sediment volume estimate. Outlying values for a few HMF Mines and a comparison 

of resulting sediment volumes to prior work (Gilbert, 1917) showed that this methodology had 

the tendency to underestimate sediment volumes. This is a result of the interpolation tools 

producing relatively flat surfaces. Depending on site-specific topographic conditions, this can 

introduce substantial error. For example, a hydraulic mine existing on a hilltop or along a ridge 

can be severely underestimated using this methodology. However, for smaller hydraulic mines, 

this method provides a conservative sediment volume estimate, and it has been used for most of 

the hydraulic mines with a surface area of less than 100,000 m2. 

The second methodology involved manual reconstruction of contour lines to recreate 

the pre-mining surface. These revised contour lines were then used to interpolate (using Topo to 

Raster) a pre-mining surface and generating a sediment volume. This methodology allowed for 

recreation of hilltops or ridges through the reconstructed contours, unlike the first methodology. 

A comparison of the resulting sediment volumes from this methodology to Gilbert (1917) 

showed more favorable results (Figure 37), as all of the mines were within 25% of Gilbert’s 

estimates (some were lesser and some were greater) and the aggregated volumes were about 6% 

greater overall than Gilbert’s estimates. This methodology was carried out for all of the hydraulic 

mines with a surface area greater than 100,000 m2, as well as a few smaller mines, and sediment 

volumes are reported using this methodology whenever possible. 

Two cross-sections of Youngs Hill Diggings (05NYWCHY) are shown below in 

Figure 41 to demonstrate the differences between the pre-mining surface created through the first 

                                                 
13 The methodology produced results using seven interpolation tools, but IDW, Kriging, and Natural Neighbor were 
selected based on a preliminary evaluation of results (Appendix D). The results for all seven interpolation tools are 
also available in Appendix A (Table A-2). 
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methodology and the second methodology. It can be seen that Methodology 1 produced a more 

of flat smooth surface connecting the points of elevation at the rims on either side of hydraulic 

mine, while Methodology 2 was able to recreate hilltops and ridges (the reconstructed contours 

used in Methodology 2 for Youngs Hill Diggings are depicted in Figure 8). The flat smooth  

 

 
Figure 41. Youngs Hill Diggings (05NYWCHY) with North-South and Northwest-Southeast 

cross-section lines (left), elevations for the LiDAR DEM and pre-mining surfaces for 
Methodologies 1 and 2 along the North-South cross-section (top right), and elevations for the 

LiDAR DEM and pre-mining surfaces for Methodologies 1 and 2 along the Northwest-Southeast 
cross-section (bottom right). 

 

surface on the northwest-southeast cross-section did not adequately account for the mining 

activity on the steep eastern slope and actually excluded the sediment located there from the pre-

mining surface. The benefits of Methodology 2 are clearly seen in this depiction. 



 

 130  

One of the drawbacks of Methodology 2 is that it is quite labor intensive as 

reconstructing contour lines is an intricate and detailed process. Additionally, it is somewhat 

subjective, as reconstructing contours is a process open to interpretation and some differences 

can result. However, differences in interpreting reconstructed contours shouldn’t have too large 

of an effect on the overall sediment volume results as long as major features and trends are 

maintained. Conversely, one of the benefits of Methodology 1 is that once the ArcGIS model 

was constructed, completing a sediment volume estimate was as simple as configuring the model 

input files and running the model. The major drawback of Methodology 1 is, depending on the 

topography immediately surrounding the mine, it can severely underestimate sediment volumes. 

Both of these methodologies are useful, but neither one should be considered complete. There 

are opportunities for improving both the efficiency and effectiveness of each; they would benefit 

from having future studies evaluate and attempt to improve upon them. Initial ideas for this are 

presented in Recommendations. 

Since Gilbert’s estimates are based on field work completed during the licensed 

period of hydraulic mining while mining was still ongoing, and since continued erosion has 

continued to expand and alter these features and their extent in the time since the cessation of 

hydraulic mining, the volumes generated through current data would be expected to be larger 

than those from Gilbert. While the aggregated estimate is slightly higher, the results for 

individual mines are more inconsistent. One potential reason for this is due to sedimentation 

processes that occur within hydraulic mining pits. Previous studies within the Malakoff Diggings 

hydraulic mining pit have documented the retreat of the steep walls bordering the pit where 

mining took place and the deposition of sediment generated from the walls within the pit itself 

(Landrum, 2014; Peterson, 1980; Yuan, 1979).  One study determined that the depth of sediment 
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(as measured by using a seismometer to determine the distance to bedrock) was on the range of 

20 m to 30 m (Peterson, 1980). Since this has occurred at Malakoff Diggings, it can be assumed 

that the hydraulic mining pits included in this study have filled in with sediment (potentially a 

substantial amount) in the time since Gilbert completed his topographic surveys in 1908. Local 

topographic conditions can also be a factor in this, as Malakoff Diggings exists on a hillside and 

can be filled in with additional sediment from upgradient sources, while other mines occur on 

ridgetops where the only sediment must come from the rim erosion (resulting in no net decrease 

in mine volume). Continuing erosion within hydraulic mining pits would either result in 

sediment deposition within the mine pit itself, or sediment transport out of the hydraulic mine 

and deposition in a downstream and downgradient location. This would result in either an 

equivalent or greater volume estimate within the hydraulic mine. The ways these hydraulic mines 

are changing over time are complex, and site-specific studies to document ongoing erosion and 

changes would be beneficial. 

 

Comparison of Sediment Deposit Volumes to California Debris Commission (CDC) Records of 

Licenses  

A past study assembled and organized sediment volumes for the licensed period of 

hydraulic mining based on California Debris Commission (CDC) records of volumes associated 

with specific DCDs or storage locations for both the South Yuba and Middle Yuba River 

subwatersheds (James, 2005). The CDC records provide additional information about this late 

period of hydraulic mining in California. The sediment deposition volumes calculated utilizing 

the LiDAR dataset for this study are compared to the volumes summarized by James (2005) 

based on the CDC records.  One CDC license was granted for a concrete DCD in the Middle 
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Yuba watershed and it was for the Sierra Hydraulic Mine (license #1140 in 1937). The CDC 

records indicate that the Sierra Hydraulic Mine was approximately 8 km northeast of 

Camptonville, probably upstream of the confluence of Oregon Creek with the Middle Yuba 

River. No record of the Sierra Hydraulic Mine was found in the sources referenced to locate 

previously identified HMFs. Additionally, no record of the Tippecanoe DCD was found in the 

CDC archives referenced by James (2005).  

For the South Yuba River watershed, there were multiple licenses associated with 

concrete dams, all at the same site on Scotchman Creek. Some of these licenses likely represent 

additions to the dam, as a recent study of the dam concluded that it was constructed in multiple 

phases (Romero et al., 2011). The total storage capacity reported by the licenses (license #660 

for 1904-1909, license #898 for 1914-1919, license #1112 for 1933-1941, and others) was 

574,000 m3, while the volume mined at the Omega Mine was 265,000 m3 (James, 2005). The 

volume of sediment held behind the DCD estimated by this study was 390,000 m3, which is 

147% of the volume mined by the Omega Mine and 68% of the reported storage capacity. The 

methodology for determining the storage capacity and volume mined reported in the CDC 

records is unknown, which makes evaluation of the accuracy of the methodology developed in 

this study difficult. The sediment volume held behind the DCD above the reported volume mined 

at Omega Mine may be explained by other mines holding licenses for the same DCD or by 

continued hydraulic mining beyond that report or continuing erosion from Omega Mine or other 

mines. 

A case study was also completed on Scotchman Creek (James, 2005) that analyzed all 

CDC licenses issued for the mining that took place at Omega Diggings (01SYWNHY) during the 

licensed period of hydraulic mining. There were a total of 13 licenses issued by the CDC that 
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allowed for hydraulic mining at Omega Diggings. Table 11 below shows the three CDC licenses 

located on lower Scotchman Creek that include references to a concrete dam; it shows the date of 

the license, the license number, a description of the dam, and the allowed mining volume 

associated with the dam. 

 

TABLE 111. DCD RECORDS MAINTAINED BY CDC DURING THE LICENSED PERIOD 
OF HYDRAULIC MINING THAT REFERENCE A CONCRETE DAM AT OMEGA 

DIGGINGS (JAMES, 2005). 

Dates 
License 
Number Dam Description 

Mining 
Volume (m3) 

1904 to 
1909 660 Concrete dam; license revoked 1909 16,100 

1914 to 
1919 898 Concrete dam with 12.8 m basket dam; raised in 1919 

by 2.4 m; failed in 1919 344,000 

1933 to 
1941 1112 Log-crib and concrete dam; license revoked 1941 

(filled) 93,000 

Total Volume 453,100 
 

The estimated volume behind the Scotchman Creek DCD determined as part of this 

study was equal to approximately 390,000 cubic meters, which constitutes approximately 86% of 

the total mining volume reported in the CDC records that have a description that mentions a 

concrete dam. The remainder may have been held behind the log-crib dam or 12.8 m basket dam 

(which presumably have since failed, with the sediment behind them either being carried further 

downstream or still stored behind remnants of the dams or in terraces) or may have been 

mobilized and moved downstream during the dam failure in 1919 that is referenced. The 

estimated volume from this study may be inaccurate as well, and more or less sediment could be 

currently held behind the Scotchman Creek DCD. 

Further investigation and analysis of CDC records from the licensed period of mining 

could yield further insight into mining history and sediment movement through the study areas. 
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Although the North Yuba River was not included in past study (James, 2005), the CDC archives 

referenced by James (2005) were reviewed to see what (if anything) could be learned about the 

DCDs in the Willow Creek subwatershed. No record of the Willow Creek DCD (the largest DCD 

in the Willow Creek subwatershed included in this study) was found. However, a record of the 

Horse Valley Creek DCD was found. License #915 was issued in 1916 and describes a 7.6 m tall 

concrete arch dam on Horse Valley Creek roughly 3 km to the north of Camptonville with a 

storage capacity of approximately 54,000 m3. The estimated volume behind the Horse Valley 

Creek DCD determined as part of this study was equal to approximately 113,000 cubic meters, 

which is more than double the storage capacity listed in the CDC records. The discrepancy 

between these two numbers may be due to differences in the methods used to estimate storage 

capacity. The CDC storage volume methodology is unknown, but it may only include sediment 

deposits level with the crest of the dam or lower, while the method used in this study includes 

sediment at higher elevations than the dam crest that, although it is effectively held back by the 

DCD, still has the potential to be mobilized and moved downstream during large storm events. 

The differences in estimates show potential uncertainties and potential errors associated with 

each. In addition to the Horse Valley Creek license, there were two licenses found referencing 

Brandy City to the north of Camptonville (license #768 in 1907 for 1,911,000 m3 and license 

#908 in 1916 for 688,000 m3) that may be partially in reference to the Brandy Creek DCD. The 

storage for each license lists ‘Old Pits, Rock & Hydraulic Fill on Rims’ as the type, and the 

‘Rock’ may refer to stacked rock dam that remnants were found of along Brandy Creek. The 

storage volumes associated with each are substantially larger than the Horse Valley Creek 

license, and a majority of the storage is likely in old hydraulic mining pits or through hydraulic 

fill on rims. 
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Uncertainties in Estimates of HMS Deposit Volumes. The CDC records referenced by James 

(2005) only provided information about three DCDs included in this study and contained 

differing records and available data for each. This demonstrates how difficult using historical 

records as a reference for current calculations can be. Piecing together the historical record and 

resulting sediment volumes through the history of single licenses citing multiple storage 

locations, multiple license for a single location, dam failures, additions to dams that have filled 

with sediment, and more is a challenging task. It is further complicated by a scarcity of 

information about DCD and mining locations and methods for determining storage capacity and 

mined volumes. While historical records can be extremely useful and should be utilized as much 

as possible, they may not provide an accuracy check on the methodology developed in this study 

that will provide a high degree of confidence in the results obtained. 

In order to evaluate the accuracy of the methodology developed in this study, an 

independent estimate of sediment volumes would need to be completed. This would likely 

constitute an estimate of the spatial extent and depth of a sediment deposit through field work. 

The spatial extent of the deposit and surface area can be readily observed and calculated using 

the LiDAR dataset, although the spatial extent should be confirmed during on-the-ground field 

visits. Determining the depth of the deposits will be the more challenging portion of the study. 

With no additional information, assuming a consistent linear slope underneath the deposit (as 

was done in this study) is reasonable; however, it should be verified through field work. One 

method for doing this would be determining the depth to bedrock over the extent of a deposit 

with a seismometer, as has been done at hydraulic mining locations in the past (Peterson, 1980). 

Another method would be through drilling at specified locations across the deposit to determine 
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the depth of the deposit; this would also allow for soil cores to be taken, which could be analyzed 

to create a soil profile for the deposit. Once the depth and spatial extent of the deposit are 

determined, the volume can be calculated and compared to volumes estimated using the 

methodology from this study. 

 

Objective 3: Discussion of Geomorphometric Characterization and Current Condition 

Inventory  

Sediment Volume Results (for Previously Identified HMFs, Objectives 3.a, 3.b, and 3.c) 

The total volumes for each subwatershed were determined for both types of HMFs 

(hydraulic mines and sediment deposits) and for both previously identified HMFs and P-HMFs. 

The results for these categories varied dependent on subwatershed and illustrate differences 

between subwatersheds.  For previously identified hydraulic mining sites, the Washington 

subwatershed had the greatest volume mined, which was largely influenced by two hydraulic 

mines (Omega Diggings – 01SYWNHY and Blue Lead Mine – 08SYWNHY) that each included 

volumes greater than 10,000,000 m3. The Willow Creek subwatershed had the second greatest 

volume mined and had the most mines with a volume greater than 1,000,000 m3 with a total of 

six. The Oregon Creek subwatershed had the smallest volume mined. 

The volume of previously identified sediment deposits, both behind DCDs and 

independently, was much smaller than the volume produced by known hydraulic mines. For the 

Oregon Creek subwatershed, the volume of known deposits was approximately 17.1% of the 

volume produced by hydraulic mines in the subwatershed, which was the highest proportion 

among the three study subwatersheds. The Oregon Creek subwatershed included a greater 

number of hard rock mining sites than the other two subwatersheds, and these may also have 
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contributed tailings and other material to the deposits included there, which may partially 

account for the greater percentage of HMS remaining in that subwatershed. For the Willow 

Creek subwatershed the volume held in sediment deposits was only 3.0% of that produced and 

for the Washington subwatershed the volume held in sediment deposits was only 0.9%. These 

results do not include previously unknown (P-HMF) sediment deposits, but they indicate two 

possibilities: One is that most of the sediment produced by hydraulic mining in these 

subwatersheds moved downstream beyond the subwatershed boundary, and the other is that large 

volumes of HMS remain undetected in terraces, tailings fans, or other deposits within these 

subwatersheds.  

 

Research Questions. The sediment delivery ratio (SDR) is defined as the sediment yield divided 

by sediment production, and it is influenced by a variety of factors including watershed 

characteristics (such as relief-length ratio, the size of the drainage area, and depositional areas), 

sediment sources, transport systems, vegetation, land use, and the texture of the eroded material 

(USDA, 1972; Walling, 1983). The SDRs for hydraulic mining sediment in the study 

subwatersheds were 0.97 for the Willow Creek subwatershed/management area, 0.83 for the 

Oregon Creek subwatershed, and 0.99 for the Washington subwatershed/management area (0.98 

for the Scotchman Creek subwatershed).  

SDRs between catchment areas can vary widely based on the factors influencing 

sediment production and yields, and they can vary over time for a single catchment area (USDA, 

1972; Walling, 1983; Woznicki and Nejadhashemi, 2013). However, empirical relationships 

between SDRs and these factors have been developed, one of the most common being between 

SDR and drainage area (USDA, 1972) although other studies have examined relationships and 
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developed predictive models based on other factors as well (Piest et al., 1975; Walling, 1983; 

Mutua and Klik, 2006; de Vente et al, 2007; Diodato and Grauso, 2009). The equation developed 

by the USDA for estimating SDR based on drainage area was used to predict SDRs for the 

subwatersheds in this study to compare with those SDRs calculated from HMF sediment volume 

estimates. There is an inverse correlation between drainage area and SDR in the equation, so the 

resulting SDRs resulting ranged from 0.13 for the Oregon Creek subwatershed (the largest 

subwatershed) to 0.14 and 0.15 for the Washington and Willow Creek 

subwatershed/management areas (0.20 for the Scotchman Creek subwatershed). These values 

were closer to zero than to the SDRs calculated based on the estimates of sediment volume 

produced and stored by hydraulic mining, which were much closer to a value of one. This 

difference shows the limitations of the estimating SDR based solely on drainage area when it is 

influenced by so many other factors; this is part of the reason studies since the USDA estimate 

have sought to improve estimates of SDR based on other factors. The difference is also 

indicative of the assumptions and limitations of the sediment volume estimates completed in this 

work (and in comparing them to the drainage area-estimated SDR), which will be subsequently 

described.  

The SDR calculated based on the estimated sediment volumes of HMFs (both mines 

and deposits) as a part of this study only considers HMS, but ignores other sediment production 

and yields from other sources, while the estimation of SDR based on drainage area considers all 

sources of sediment production and yields. This difference makes a comparison between the two 

SDR estimates difficult. Also, the sediment deposits assessed in this study were assumed to be 

entirely comprised of HMS, but this assumption has not been tested through field work and there 

are likely upgradient sources other than hydraulic mines that have contributed sediment to the 
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deposits, which influences the results of the SDR calculated using the methodologies developed 

in this study. Additionally, there is uncertainty and error in the methodologies used to estimate 

sediment volumes in this study (presented under Objective 2) that influence the SDR calculation.  

Finally, the HMFs (both mines and deposits) included in these estimates were those identified 

through a review of available data, but the inventory is not comprehensive and additional HMFs 

exist. In particular, the sediment deposits included in the study are those in valley bottoms and 

held behind DCDs; however, there is HMS present throughout the remainder of these 

subwatersheds (in streambanks, high terraces, and other locations) that has not been included in 

the sediment volume estimates completed. An initial attempt to identify and assess HMFs not 

included in the inventory was done through manual review of the LiDAR dataset and 

identification and assessment of P-HMFs, although additional work (including field work) will 

be required to develop complete coverage of HMFs. This sediment volumes and SDR estimated 

in this study are an initial estimate, but they can be refined and improved through future work. 

 

Denudation Calculations for Study Area Subwatersheds (Objective 3.d) 

Although comparisons of total sediment volumes between subwatersheds yields 

insight into differences and similarities between subwatersheds, calculating denudation caused 

by hydraulic mining (volume produced divided by subwatershed area) provideds a standardized 

measure for direct comparison of the intensity of mining in each subwatershed and allows for 

comparison to other denudation rates.  

Denudation refers to the lowering of the earth’s surface over time through sediment 

processes, and denudation rates are influenced by a variety of factors such as surface topography, 

geology, climate, and anthropogenic activities (Guy, 1970). Anthropogenic activities that 
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increase erosion and denudation rates include mining, agriculture, logging, and the construction 

of roads. Denudation rates are often calculated for watersheds areas, and they vary based on 

these factors. A survey of denudation rates in large watersheds (averaging 3,885 km2) across the 

USA resulted in an average denudation rate range from 3 to 9 centimers per thousand years 

(cm/ka) with a maximum rate of 91 cm/ka (Schumm, 1963). However, the study noted that there 

tends to be greater variability in denudation rates and higher average maximum denudation rates 

for smaller areas (Schumm, 1963). Studies of the denudation rates in the portions of California 

draining to the Pacific Ocean (including the Sierra Nevada range) resulted in rates of 3.3 cm/ka 

(Dole and Stabler, 1909) and 9.1 cm/ka (Judson and Ritter, 1964). These studies determine 

overall denudation rates for these areas and do not differentiate between the various factors 

influencing the rate. Recent studies have shown that anthropogenic activities can have a 

substantial impact on denudation rates. One concludes that human activities have increased 

erosion and denudation by an order of magnitude, as compared to natural processes (Wilkinson, 

2005). Another study focused on mining in Poland showed that open pit mining can increase 

denudation rates by multiple orders of magnitude (Dulias, 2016). 

The calculation of denudation completed in this study only focuses on sediment 

produced by hydraulic mining (or continuing erosion of HMFs) and does not consider other 

factors (natural or anthropogenic). The denudation rate was calculated for the 31 years of 

unlicensed hydraulic mining (during which the vast majority of mining occurred); results varied 

between subwatersheds with the lowest rate being 0.08 cm/yr for the Oregon Creek 

subwatershed, the second lowest being 1.43 cm/yr for the Willow Creek 

subwatershed/management area, and the highest being 1.94 cm/yr for the Washington 

subwatershed/management area. The Scotchman Creek subwatershed had the highest rate 
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calculated with 3.75 cm/yr. The comparison between the highest and lowest denudation rates 

shows more than an order of magnitude of difference between the subwatersheds. 

Even the lowest denudation rate (Oregon Creek: 0.08 cm/yr, or 80 cm/ka) is nearly an 

order of magnitude higher than denudation rates of 9 cm/ka for the USA (Schumm, 1963) and 

9.1 cm/ka (Judson and Ritter, 1964) for California.  The highest denudation rate (Scotchman 

Creek: 3.75 cm/yr, or 3,750 cm/ka) is more than 400 times larger. Although denudation rates 

from hydraulic mining (expressed in cm/yr) may not seem rapid, the comparison to published 

denudation rates (expressed in cm/ka) show how much larger they are. This corroborates what 

other studies on the effects of mining and other anthropogenic influences on erosion and 

denudation have determined; they can have a major impact. 

 

Additional Results (Objective 3.e) 

One of the objectives of this study is that it will serve as an example of how the TNF 

LiDAR dataset can be leveraged to better understand HMFs and their extent and impact on the 

landscape and nearby waterways. This includes the sediment volume results, but also the other 

results of the geomorphometric characterization and current condition. The study could also 

serve as a template, so that the overall mapping processes and methodologies developed and 

used here can be repeated in the remainder of the Yuba River watershed, the adjacent Bear River 

watershed, and other parts of the Sierra Nevada affected by hydraulic mining. Additionally, 

different types of studies and investigations into HMFs and their effects could be undertaken. 

Some of these are listed in the Recommendations section. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

A characterization study such as this only provides an initial, static assessment of an 

issue but it creates various opportunities and possibilities for further study of the topic. 

Continued work would be beneficial regarding (1) the identification, volumetric analysis, and 

characterization of hydraulic mines and HMS deposits in other watershed areas affected by 

hydraulic mining and (2) more focused, site-specific studies on the HMFs included in this study 

regarding vegetation surveys, the history of deposition of HMS, evaluations of soil quality and 

water quality, assessing sediment (and potential mercury) loads leaving hydraulic mines and 

deposits during storm events, and monitoring how these HMFs are changing.  

An important initial conclusion from this study is in line with conclusions of prior 

work that HMS deposits need to be identified and further studied and understood (James, 2005). 

Along with the hydraulic mines, the HMS deposits have a considerable influence on 

sedimentation processes in the upper Yuba River watershed (Curtis et al., 2005). However, only 

20% (seven of thirty-five) of the previously identified HMFs in this study were sediment 

deposits. With the exception of the unpublished locations of DCDs provided by TNF staff (TNF, 

2017), previously identified sediment deposits consisted of only 10% (three of thirty-one) of the 

total HMFs. Although these deposits remaining in the upper Yuba River watershed only 

comprise a small fraction of the overall sediment volumes produced through hydraulic mining, 

there could be many more yet undiscovered and they all need to be further studied and assessed 

for contaminants, particularly with regard to mercury. If mercury is discovered, these deposits, 
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particularly those entrapped behind DCDs, will need to be studied to determine whether or not 

they act as sinks for mercury from hydraulic mine sites upstream or as sources of mercury to 

downstream areas. This data collection and monitoring should be focused around large storm 

events, and can be combined with similar efforts to map and characterize hydraulic mines and 

their effects and impacts on nearby waterways. This is particularly important since the on-the-

ground field work portion of this study found that all HMFs visited showed evidence of surface 

runoff and sediment transport from the HMFs to nearby waterways. 

The DCDs were visually assessed, as dam failure presents a potential risk to 

downstream water systems. Although no critical issues were identified, it is recommended that 

an evaluation of the structural integrity of the DCDs by professionals be completed. The 

feasibility of modification or removal of the DCDs should also be evaluated as a management 

strategy, as the dams block fish passage and alter aquatic habitat. 

Other central results from this study include both the methods developed for 

estimating sediment volumes and the resulting volume estimates for both hydraulic mining sites 

and sediment deposits. The total volumes for hydraulic mines varied greatly between 

subwatersheds, with largest volume occurring in the Washington subwatershed with ~42,334,000 

m3 mined, followed by the Willow Creek subwatershed with ~ 20,393,000 m3, and finally the 

Oregon Creek subwatershed with ~ 2,152,000 m3. The Scotchman Creek subwatershed (a subset 

of the Washington subwatershed) had ~15,472,000 m3 mined. The methods used to estimate 

volumes for hydraulic mines have limitations, which are noted and discussed. Future work could 

improve upon the interpolation techniques utilized in this study regarding both increasing the 

efficiency of calculations and accuracy of results. The second methodology developed for 

hydraulic mines was labor intensive, but aligned well with prior sediment volume estimates 
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(Gilbert, 1917). The pre-mining topography for these HMFs is unknown and there will always be 

uncertainty associated with these estimates, even if improvements are made. 

Although total sediment volume results are informative and useful for comparison 

between subwatersheds, calculations of denudation (volume produced divided by subwatershed 

area) provide a standardized measure that allows for direct comparisons between subwatersheds. 

The greatest denudation value was calculated for the Scotchman Creek subwatershed, which 

contains two large hydraulic mines in the smallest watershed area and had a denudation value of 

116 cm. Following this, the Washington subwatershed had a value of 60 cm, followed by Willow 

Creek with 44 cm (the true Willow Creek subwatershed had a value of 35 m), and Oregon Creek 

with 2 cm. These are exceptionally high values compared to expected denudation over this 

period from natural processes, especially considering that much of this occurred during the 

period of unlicensed mining from 1853 to 1884. 

Sediment volumes for previously identified sediment deposits were also estimated. 

These can be compared to the sediment volumes produced by previously identified HMF Mines 

to better understand to what extent sediment from hydraulic mining has either been transported 

into downstream beyond these subwatersheds or still remains within them. The results show 

variability between subwatersheds. For the Oregon Creek subwatershed the total sediment 

retained (approximately 369,000 m3) comprises 17.1% of the total amount mined14. For the 

Willow Creek subwatershed the total sediment retained (approximately 604,000 m3) comprises 

3.0% of the total amount mined, and for the Scotchman Creek subwatershed (located within the 

Washington subwatershed management area) the sediment retained (approximately 390,000 m3) 

comprises 0.9% of the total amount mined. This suggests that a large proportion of the sediment 
                                                 

14 These sediment deposits may include tailings from hard rock mines, several of which exist upstream of the 
sediment deposit locations in the Oregon Creek subwatershed. 
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generated through hydraulic mining and continued erosion of hydraulic mining sites has been 

transported beyond the subwatershed boundary, although these volumes are based on large 

deposits (primarily held behind DCDs) and more work is needed to identify and characterize 

potentially undiscovered HMS deposits in fans and terraces of small tributaries below the mines. 

The estimation of sediment volumes both produced by hydraulic mining and still stored in the 

subwatersheds allowed for the calculation of a SDR for hydraulic mining sediment in each of the 

subwatersheds. These values were much higher than the SDRs estimated based on drainage area 

(USDA, 1972), which shows differences between a comprehensive SDR estimate (as opposed to 

one that only considers HMS) and the limitations of estimating SDR based on one factor 

(drainage area) when it is influenced by a variety of factors. 

A comparison of previously identified sediment volumes held behind a DCD in 

Scotchman Creek (390,000 m3) to historical records of storage capacity by CDC for the DCD 

and mine volume upstream shows that storage in the DCD was only ~68% of the storage volume 

reported to be available but was greater than amount reported to be mined by the mine for which 

licensing was completed. Comparisons for other DCDs revealed other differences between 

results of this study and CDC records as well. Historical records can be a useful source of 

information and should be referenced whenever possible, but quantitative comparisons show 

complexities and possible discrepancies.  

The sediment volumes of previously identified HMFs (mines and deposits) do not 

incorporate newly identified Potential HMFs (P-HMFs, both mines and deposits). Manual 

examinations of the LiDAR data identified many P-HMFs. Field visits to four P-HMF Mines 

provided evidence from each site indicating that they have a history of mining, although further 

study is required to verify this.  Volumetric estimates for these mines vary considerably between 
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subwatersheds. In the Oregon Creek subwatershed (the least heavily mined), a hydraulic mine 

was found with a larger volume than the largest previously identified hydraulic mine in the basin, 

and the total volume of P-HMF Mines was greater than the volume for previously identified 

HMF Mines (~150%). However, in the Willow Creek and Washington subwatersheds, the 

additional volume from hydraulic mines was very small in comparison to the amount of sediment 

produced by previously identified mines (~4% and 6%, respectively). The results were similar 

for newly discovered sediment deposits. In the Oregon Creek subwatershed, the newly identified 

deposit volume was greater than that of previously identified deposit HMFs (~152%). For the 

Willow Creek and Washington subwatersheds, it was less (~30% and 42%, respectively).  

Whether or not the newly identified sites represent new mines or sediment deposits, they 

represent topographic alterations and are likely areas of increased erosion. They may have many 

of the same negative effects on these watersheds that known HMFs continue to have, including 

the potential mobilization and transport of mercury, and should be studied further. 

In summary, the TNF LiDAR dataset not only presents an informative visual 

representation of the effects of hydraulic mining, but also a variety of useful data that can be 

extracted to characterize HMFs (both mines and sediment deposits) and their current condition. 

The LiDAR data can be used to identify additional locations where mining occurred that can 

have a substantial impact on sediment and chemical loadings, and need to be considered in 

further studies of HMFs. These methods developed and used in this study are feasible to identify, 

delineate, and characterize HMFs within subwatersheds of the northwestern Sierra foothills 

region utilizing LiDAR data, ArcGIS, and on-the-ground data collection.  The results further the 

ability to detect and quantify the effects of HMFs and reveal a number of areas and issues where 

additional study will be beneficial.  
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Recommendations for Future Work 

As described previously, a characterization study such as this opens the door for 

numerous other opportunities for additional work regarding HMFs (both mines and sediment 

deposits) and their effects that could be helpful. Some of these are described below. 

 

Recommendations and Next Steps Regarding This Study  

As mentioned previously, one of the objectives of this study is to serve as a proof-of-

concept and a template so that similar work can be carried out in the remainder of the Yuba 

River watershed, the adjacent Bear River watershed, and other parts of the Sierra Nevada 

affected by hydraulic mining. In addition to this, there is other related work using the existing 

LiDAR dataset within these select subwatersheds that can be undertaken. 

 

Development of Stream Budgets and Estimates of Maximum Sediment Storage. In regards to 

sediment, this study focused on characterizing current conditions and pre-mining conditions. 

Sediment volumes produced by hydraulic mines and currently stored in large deposits (primarily 

behind DCDs) were estimated and compared. A logical continuation of this is to develop a 

sediment budget for this area. However, additional HMS storage within these subwatersheds 

needs to be more carefully investigated and evaluated in order to do this. Although this study 

identified and estimated sediment volumes for P-HMF Deposits along waterways, these numbers 

should be considered initial conservative estimates. Sediment stored along streambeds, or in 

terraces or tailings fans, was not carefully examined. This can be done using the LiDAR dataset 

in concert with field work. Sediment budgets for these subwatersheds would be valuable and 
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help explain the connectivity between hydraulic mines and sediment deposits within the 

subwatersheds, and connectivity to downstream systems. 

Also, something else that the LiDAR dataset could be used to estimate are maximum 

sediment storage volumes at the end of the unlicensed period of hydraulic mining. When the 

Sawyer Decision suspended hydraulic mining in 1884, the maximum amount of sediment existed 

below hydraulic mines. Much of this sediment has since been mobilized and moved to 

downstream locations, but remnants of these deposits still exist in high terraces or tailings fans 

above and along waterways. These can used as reference points for maximum sediment storage, 

and the surface of these deposits can be estimated through methods similar to those developed 

for this study. Manually reconstructing contour lines across sediment storage deposits and then 

comparison to the current landscape (as seen in the LiDAR dataset) would provide estimates of 

maximum sediment storage in the subwatersheds and interesting comparisons to current storage.  

 

Sediment Volume Methodology Improvements for Hydraulic Mines. The major drawback of 

Methodology 1 developed for this study is that is has the potential to severely underestimate 

sediment volumes, depending on the topography immediately surrounding the mine. The major 

drawback of Methodology 2 developed for this study is the amount of labor required to manually 

reconstruct contour lines over the interior of the mine. If Methodology 1 could be made more 

accurate, or if the process for Methodology 2 could be streamlined, it would be possible to more 

readily develop sediment volume estimates for hydraulic mines using airborne LiDAR data. This 

section includes some initial ideas for further development of these two methodologies. 

Two of the interpolation techniques used for the reported sediment volumes in 

Methodology 1 cannot interpolate values beyond the range of minimum and maximum bounding 
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input values. IDW consists of a weighted distance average, and since it uses an average, the 

output value cannot exceed either highest or lowest input value (ESRI, 2017d). Natural Neighbor 

interpolates by analyzing the closest input samples to a specific query point and applying weights 

to the samples based on proportionate areas (Sibson, 1981). It only uses samples immediately 

surrounding the query point and the interpolated values are always within the range of the 

samples used (ESRI, 2017b). If either a ridge of higher elevation or valley lower than the 

surrounding landscape existed prior to mining, neither the IDW or Natural Neighbor tool can 

interpolate these values. For the HMF Mines located on hilltops and ridges, it is probable that the 

pre-mining landscape consisted of elevations higher than the surrounding landscape, resulting in 

the underestimation of sediment volumes seen. One idea to alter this and yet maintain the 

benefits of the streamlined process of Methodology 1 is to extrapolate existing slopes adjacent to 

the mines to approximate interior elevations and features. Critical elevation points or breaklines 

could be added to the interior of the mine to anchor interpolation boundary conditions. These 

values could incorporated and considered in the interpolation, which would raise the overall 

elevation of the pre-mining landscape and increase the resulting estimated sediment volume. 

This process would involve some trial and error to configure and may require multiple iterations 

to develop a sediment estimate that seems reasonable and realistic. However, the insertion of 

points or breaklines will likely be simpler and more straightforward than reconstructing contour 

lines in the interior of a hydraulic mine, as in Methodology 2. 

Another factor to consider is that only the default input parameter settings have been 

used for each of these interpolation techniques, these inputs could be adjusted to see if they 

influence resulting sediment volumes. An additional potential for estimating sediment volumes is 

utilizing the Topo to Raster interpolation tool available in ArcGIS with different input files. The 
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Topo to Raster tool is designed to create a hydrologically-correct interpolated surface with a 

connected drainage structure and accurate representation of ridges and streams. It is able to 

interpolate based on point, line, and polygon data; types of input data that it is able to incorporate 

into its interpolation technique include elevation contour lines and stream, cliff, and lake features 

(ESRI, 2017c). Point data was used in Methodology 1, and contour lines were used in 

Methodology 2. Other types and combinations of data could be experimented with as input 

parameters for the interpolation to see how this affects results as well.  

If this work is expanded to other areas affected by hydraulic mining, efforts to 

improve these methodologies would be valuable and could be undertaken. 

 

Additional Airborne LiDAR Coverage Development 

This study has demonstrated the power of an airborne LiDAR dataset for analysis of 

HMFs, and additional LiDAR data would be beneficial on both a spatial and temporal extent.  

Spatially, there is a history of hydraulic mining in many areas of the Sierra Nevada 

that are not included in the TNF management area. Within the Yuba River watershed, there are 

numerous hydraulic mines and sediment deposits to the west of the TNF management area, 

downstream of the subwatersheds included in this study. Airborne LiDAR coverage of these 

areas affected by hydraulic mining would allow for similar work to that conducted in this study 

to be done in areas beyond the boundaries of the TNF management area. 

Temporally, the development of an additional airborne LiDAR dataset for the TNF 

management area could be undertaken. A major component of this study was the estimation of 

sediment volumes for the HMFs; for the characterization, interpolation tools in ArcGIS were 

utilized to create a pre-mining surface and complete a comparison of that surface to the surface 
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seen in the LiDAR to show how the landscape has been altered. If an additional LiDAR dataset 

is collected, the two LiDAR datasets can be directly compared in a DoD to determine sediment 

volumes with a higher degree of accuracy (Kessler et al., 2012; Lallias-Tacon et al., 2014). This 

will inform how these HMFs have been continuing to change in the time since the cessation of 

hydraulic mining (i.e. how the landscape has changed in the time between the two LiDAR 

surveys). The timing of this second airborne LiDAR survey could be such that a defined time 

interval has passed (i.e. 10 years or 20 years) or it could be completed following a major event 

(i.e. a large storm year).  

During additional airborne LiDAR dataset development, Global Navigation Satellite 

System (GNSS) Real-Time Kinematic (RTK) survey equipment could be used to collect on-the-

ground topographic data to compare to the airborne LiDAR data collection and provide insight 

into its accuracy. Many studies using LiDAR datasets include some type of on-the-ground data 

collection similar to that possible with GNSS RTK survey equipment to test LiDAR and DEM 

dataset accuracy (Kessler et al., 2012; Arun, 2013; Lallias-Tacon, 2014). 

 

Future Site-Specific Water and Sediment Monitoring  

Additional water flow and sediment flux data could be collected for selected HMFs 

(hydraulic mines or sediment deposits) that are identified as critical, within this study area or in 

other areas.  In order to better understand the sedimentation processes at these HMFs, data 

collection during storm events is needed. Although evidence of sediment transport was found 

during on-the-ground field visits in Summer 2017, most of the sites had no flow at the time and 

the remaining sites only had relatively small flows compared to those occurring during large 

storm events. Maps depicting surface drainage for each HMF similar to those developed for this 
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study (Figures 21 and 25) should be created and locations of outflows should be field-verified to 

investigate potential for runoff and sediment transport both over the ground surface and through 

tunnels. Once the sampling locations are set, discharge should be measured at these sites during 

storm events and grab samples should be collected for measurement of TSS and instantaneous 

sediment loads according to Method 160.2 (EPA, 1983).  

A wildlife or surveillance camera could be installed and configured to take a photo of 

a specified runoff location each day at a specified time over the course of a storm season. This 

would provide a unique record of runoff with limited visits to the field. During storm events, the 

camera could be adjusted to time-lapse mode as well to capture runoff trends over the course of a 

storm through photos taken at a rapid regular interval (i.e. once per minute or per five minutes). 

The discharge and TSS measurements could also be compared and potentially 

correlated to precipitation records either from publically available data or from a rain gauge 

installed on site. If there is a stream gage data along a nearby waterway, streamflow comparisons 

could also be made to these features. Discharge and TSS could also be measured in a nearby 

waterway upstream and downstream of the inflow of runoff from the HMF to determine 

upstream conditions and changes in TSS based on inflow from the HMF. 

Additionally, one of the primary concerns at these sites is mercury contamination, 

which was commonly used in hydraulic mining practices and lost to the environment (Bowie, 

1905; Averill, 1946). In the chemical form of methylmercury, it is a particularly dangerous toxin 

that people are primarily exposed to through fish consumption (ATSDR, 1999). Warnings 

regarding fish consumption have been posted within the Yuba River watershed because of 

documented elevated levels of mercury in fish tissue (Klasing, 2003). Mercury can adsorb onto 

fine-grained sediments, and studies have demonstrated a direct correlation between increased 
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total suspended solids (TSS) and total mercury present in water (Domagalski, 2001; Fleck et al., 

2011). This means that the large storm events, which mobilize and move sediment through 

watersheds, have the ability to transport mercury from current locations downstream into new 

locations.  

Water samples could be collected during large storm events at the outflow locations 

of HMFs according to Method 1669 (EPA, 1996) and Method 1631, Revision E (EPA, 2002), 

which are used for sampling for trace metals and mercury, respectively. These data will provide 

information on trace metals and whether or not these HMFs are sources of mercury for 

downstream areas. If these samples are collected above and below a sediment deposit HMF, the 

values can be compared to determine whether the feature acts as a source or sink for mercury. 

An environmental monitoring plan outlining data collection protocols and methods, 

as well as objectives, should be developed prior to any data collection or the completion of any 

field work. 

 

Future Vegetation Studies 

Naturally Distributed Vegetative Index (NDVI) Analysis. The vegetation associated with these 

hydraulic mining sites could be both characterized and monitored in future studies. Although on-

the-ground data collection and plant surveys will be a necessary component of these types of 

studies, an initial characterization of the vegetation at these HMFs could be completed using 

remote techniques, publically available aerial imagery, and the LiDAR dataset. The Naturally 

Distributed Vegetative Index (NDVI) is a standardized index ranging from -1.0 to 1.0 that 

provides a measure of the vigor of vegetative growth in an area (e.g. relative biomass or 

‘greenness’). This measurement is possible because specific objects either reflect or absorb 
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different wavelengths of sunlight; the chlorophyll pigment in plant leaves primarily absorbs 

visible light for photosynthesis while the near-infrared is primarily reflected by plant materials. 

There is a Raster function built into ArcGIS calculates NDVI for an image containing 

a red band and near-infrared band of light (ESRI, 2017e). Publically available National 

Agricultural Imagery Program (NAIP) imagery can be utilized for this calculation, which will 

result in a raster image where each pixel contains an NDVI value between -1.0 and 1.0. The 

values within HMFs could be extracted, analyzed, compared, and contrasted. A forested area that 

shows no evidence of recent disturbance through logging or other activities that is of 

corresponding size and at a similar elevation to the HMFs in the area of interest could be used as 

a control (i.e. These values would represent the expected values if hydraulic mining had never 

occurred). The same NDVI statistics could be generated for this area to be used in comparison to 

HMFs.  

Finally, these NDVI statistics could also be correlated and compared with topography 

parameters that can be extracted from the TNF LiDAR dataset (such as elevation, slope, and 

aspect) to see how these variables affect vegetative growth within HMFs.  

Although vegetation within these HMFs could be studied much more extensively, this 

method will provide a measure of the thickness of vegetation and insight into the extent and 

variability of vegetation recovery at these HMFs. This will also provide additional insight into 

potential fire risks associated with HMFs (as compared to the surrounding landscape) and into 

sediment transport and continuing erosion from these sites, as vegetation tends to slow erosion 

rates.  
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HMF Plant Surveys. Plant surveys of HMFs could also be completed, either independent of or 

coupled with the NDVI analysis described previously. The resulting data could be compared and 

contrasted with NDVI results (if studies are done in tandem) or with other parameters such 

elevation, slope, aspect, or soil type. Results could also be compared and contrasted between 

subwatersheds and different spatial areas, and compared and contrasted between different HMF 

site types. During field work in Summer 2017, differences between the thickness of vegetation 

and types of plants were noted when comparing hydraulic mining sites to sediment deposits. 

Sediment deposits tended to have thicker vegetative growth, with blackberry and deciduous trees 

being more common, and hydraulic mining sites tended to have more sparse vegetative growth 

with manzanita and evergreen trees being more common. 

 

Future Sedimentation Studies 

There is an ongoing study characterizing sediment deposits and their source material 

in the Willow Creek subwatershed (Kelley, 2018) that opens up numerous opportunities for 

further study and investigation.  A study characterizing sediment deposits could utilize both on-

the-ground data collection and existing data sources. Where pre-mining soils can be found under 

the HMS, soil coring to measure depths of HMS can provide insight into the volume of the 

deposit. This could be combined with an investigation into historical information regarding the 

timing of hydraulic mining upstream of the deposit (such as CDC records or historical archives) 

and storm events that would increase the movement of sediment and the deposition rate (through 

historical precipitation or stream gaging records or anectodal evidence). Geochemical analyses of 

soils, sediment, and water for both groundwater and surface water can detect environmental 
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problems with toxicity.  Geochemistry of the sediment deposits can also be used to distinguish 

HMS. 

Finally, further analysis of the geomorphometric characterization and current 

conditions documented in this study, or completed in a nearby study area using the same 

methods, may generate additional ideas for other studies that could be completed in regards to 

these HMFs and this topic. All of these suggested further studies and work around this topic also 

needs to be completed and presented in the greater context of other issues and current topics 

relevant to natural resource management in the Yuba River basin.
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APPENDIX A – GEOMORPHOMETRIC CHARACTERIZATION AND CURRENT CONDITION FOR PREVIOUSLY IDENTIFIED HYDRAULIC MINING FEATURES (HMFS) 
Table A-1 includes HMF Site ID, Feature Name, Latitude, Longitude, Classification, Local Topographic Location, Waterway, Nearest Waterway, Elevation, and Hillslope. Each of these fields were described previously in 
Table 4. 
 

Table A-1. General Characterization and Condition of Previously Identified Features. 

HMF SiteID Feature Name Latitude Longitude Classification 

Local 
Topographic 

Location Waterway 

Nearest 
Waterway 

(Distance in 
km) 

Elevation (m) Hill Slope (degrees) 

Maximum Minimum Average 
Standard 
Deviation Maximum Minimum Average 

Standard 
Deviation 

North Yuba River - Willow Creek Subwatershed 

01NYWCHY Joubert Diggings 39.495285 -121.025958 Hydraulic Mining Site Hilltop and 
Hillslope Y Willow 

Creek 1029.2 914.8 950.5 22.3 81.05 0.01 19.31 14.16 

02NYWCHY Railroad Hill Diggings 39.473816 -121.041535 Hydraulic Mining Site Hilltop and 
Hillslope N Willow 

Creek (0.15) 902.4 845.6 875.6 9.8 66.02 0.02 17.67 10.66 

03NYWCHY Weeds Point –  South Cut 39.474884 -121.051131 Hydraulic Mining Site Hilltop and 
Hillslope N Willow 

Creek (0.16) 894.0 849.9 865.8 8.6 69.47 0.04 20.59 12.15 

04NYWCHY Weeds Point –  North Cut 39.47925 -121.052187 Hydraulic Mining Site Hilltop and 
Hillslope N Horse Valley 

Creek (0.34) 890.4 855.0 871.7 7.9 65.29 0.04 21.97 11.50 

05NYWCHY Youngs Hill Diggings 39.476675 -121.061444 Hydraulic Mining Site Hilltop and 
Hillslope N 

Horse Valley 
Creek (0.15) 
and Brandy 
Creek (0.19) 

880.8 804.2 847.4 11.0 74.19 0.01 16.83 11.04 

06NYWCHY Galena Hill Diggings 39.467831 -121.056741 Hydraulic Mining Site Hilltop and 
Hillslope N 

Willow 
Creek (0.07), 
Horse Valley 
Creek (0.12), 
and Brandy 
Creek (0.21) 

870.3 760.1 831.4 19.2 69.98 0.03 20.14 11.89 

07NYWCHY Camptonville Diggings 39.453017 -121.054099 Hydraulic Mining Site Hilltop N 

Willow 
Creek (0.26) 
and Oregon 
Creek (0.15) 

844.9 732.4 813.2 12.7 71.96 0.01 17.47 12.62 

08NYWCHY Lower Camptonville 39.453381 -121.061062 Hydraulic Mining Site Hilltop N Willow 
Creek (0.24) 840.9 759.9 813.5 11.9 66.66 0.11 27.91 13.05 

01NYWCCD Willow Creek DCD 39.473072 -121.045538 DCD Sediment 
Deposit Valley Y Willow 

Creek 822.9 811.5 816.1 1.8 45.25 0.02 9.59 6.00 

02NYWCCD Horse Valley Creek DCD 39.474167 -121.058631 DCD Sediment 
Deposit Valley Y Horse Valley 

Creek 816.5 797.8 805.6 3.8 50.14 0.01 7.80 5.44 

03NYWCCD Brandy Creek DCD 39.473931 -121.067752 Sediment Deposit Valley Y Brandy 
Creek 817.6 795.5 805.6 4.6 52.76 0.03 12.21 8.73 

01NYWCSD Willow Creek Sediment 
Deposit 39.462615 -121.05341 Sediment Deposit Valley Y Willow 

Creek 760.8 747.1 754.3 2.5 50.75 0.01 11.04 8.85 
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HMF SiteID Feature Name Latitude Longitude Classification 

Local 
Topographic 

Location Waterway 

Nearest 
Waterway 

(Distance in 
km) 

Elevation (m) Hill Slope (degrees) 

Maximum Minimum Average 
Standard 
Deviation Maximum Minimum Average 

Standard 
Deviation 

 
Middle Yuba River - Oregon Creek Subwatershed 

01MYOCHY Upper Miller Creek 39.477306 -120.923923 Hydraulic Mining Site Hilltop N 

Miller Creek 
(0.18) and 

Oregon 
Creek (0.43) 

1274.7 1208.1 1244.6 10.8 60.21 0.03 15.86 10.80 

02MYOCHY Lower Miller Creek 39.473687 -120.927285 Hydraulic Mining Site Hillslope N Oregon 
Creek (0.28) 1234.9 1178.0 1219.9 7.7 58.56 0.12 23.17 11.87 

03MYOCHY True Grit Mine 39.469336 -120.951405 Hydraulic Mining Site Hillslope N Oregon 
Creek (0.19) 1143.1 1121.8 1128.4 4.0 73.12 0.06 23.02 15.99 

04MYOCHY Tippecanoe Mine 39.461984 -120.966003 Hydraulic Mining Site Hillslope N Oregon 
Creek (0.15) 1126.0 1061.9 1086.8 9.0 70.27 0.03 18.32 12.04 

05MYOCHY Mount Alta Mine 39.469912 -120.972087 Hydraulic Mining Site Hillslope N Oregon 
Creek (0.29) 1139.9 1057.9 1094.0 17.5 66.51 0.02 18.07 10.04 

06MYOCHY Pleasant View 39.465802 -120.98426 Hydraulic Mining Site Hillslope N Oregon 
Creek (0.14) 1124.9 1059.1 1095.6 16.5 69.77 0.02 16.11 10.39 

07MYOCHY Godfrey Ranch 39.443292 -121.014326 Hydraulic Mining Site Hilltop N 

Oregon 
Creek (0.74) 
and Grizzly 
Creek (1.17) 

1083.0 1045.8 1062.2 8.7 54.54 0.01 14.63 8.57 

08MYOCHY Camptonville Diggings Equivalent site to 07NYWCHY - Camptonville Diggings, HMF intersects the Willow Creek and Oregon Creek subwatershed boundary. 

09MYOCHY Grizzly Gulch 39.448905 -120.973549 Hydraulic Mining Site Hillslope and 
Valley N Grizzly 

Creek (0.02) 1172.4 1119.5 1145.6 10.2 63.88 0.03 15.47 9.53 

10MYOCHY Parker Ranch 39.436538 -121.021785 Hydraulic Mining Site Hilltop N 

Grizzly 
Creek (0.22) 
and Oregon 
Creek (1.24) 

977.2 915.4 957.1 12.0 60.34 0.06 15.16 10.42 

11MYOCHY High Point Ravine 39.435752 -121.050865 Hydraulic Mining Site Hilltop and 
Hillslope N 

Grizzly 
Creek (0.08) 
and Oregon 
Creek (0.47) 

804.2 722.9 775.3 14.1 61.87 0.05 19.99 10.52 

01MYOCCD Tippecanoe DCD 39.467047 -120.957448 DCD Sediment 
Deposit Valley Y Oregon 

Creek 1081.8 1035.9 1056.3 11.3 69.71 0.04 14.37 11.75 

01MYOCSD Celestial Valley Sediment 
Deposit 39.419377 -121.067124 Sediment Deposit Valley Y Oregon 

Creek 558.4 532.1 545.1 5.3 57.56 0.00 8.02 8.17 

South Yuba River - Washington Subwatershed 

01SYWNHY Omega Diggings 39.337976 -120.75738 Hydraulic Mining Site Hilltop and 
Hillslope N 

Scotchman 
Creek (0.46) 

and South 
Yuba River 

(0.87) 

1316.8 1174.2 1234.3 17.0 76.19 0.00 16.34 12.81 
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HMF SiteID Feature Name Latitude Longitude Classification 

Local 
Topographic 

Location Waterway 

Nearest 
Waterway 

(Distance in 
km) 

Elevation (m) Hill Slope (degrees) 

Maximum Minimum Average 
Standard 
Deviation Maximum Minimum Average 

Standard 
Deviation 

02SYWNHY Alpha Diggings 39.336004 -120.784818 Hydraulic Mining Site Hilltop N 

Scotchman 
Creek (0.38) 

and 
Washington 
Creek (0.69) 

1232.6 1125.6 1194.6 14.2 82.14 0.01 18.29 11.77 

03SYWNHY Jefferson Creek 39.341736 -120.804895 Hydraulic Mining Site Hilltop N 

Washington 
Creek (0.60), 

Jefferson 
Creek (0.55), 

and South 
Yuba River 

(1.14) 

1196.0 1134.4 1172.9 9.6 55.87 0.03 15.49 11.95 

04SYWNHY While and Johnson - Jefferson 
Creek 39.339941 -120.818429 Hydraulic Mining Site Hilltop N Jefferson 

Creek (0.37) 1124.1 1073.5 1103.3 11.9 61.24 0.13 23.14 10.59 

05SYWNHY Cotton Hill 39.341399 -120.828617 Hydraulic Mining Site Hilltop and 
Hillslope N South Yuba 

River (0.57) 1191.0 1028.2 1161.9 19.6 79.06 0.01 22.08 12.10 

06SYWNHY While and Johnson 39.340718 -120.835064 Hydraulic Mining Site Hilltop and 
Hillslope N 

South Yuba 
River (0.56) 

and Fish 
Creek (0.79) 

1174.2 1119.0 1151.7 8.6 63.76 0.03 19.59 11.31 

07SYWNHY South Yuba Left Bank 39.344701 -120.853272 Hydraulic Mining Site Hillslope and 
Valley N South Yuba 

River (0.01) 802.9 730.9 751.8 16.3 67.80 0.09 30.00 14.40 

08SYWNHY Blue Lead Mine  39.358204 -120.856295 Hydraulic Mining Site Hilltop N 

Thimbleberry 
Creek (0.13) 

and South 
Yuba River 

(0.73) 

1227.1 1113.4 1156.7 22.5 83.87 0.03 19.74 12.68 

09SYWNHY Missouri Canyon 39.359731 -120.891233 Hydraulic Mining Site Hilltop N South Yuba 
River (1.56) 1070.3 1033.3 1058.1 6.2 58.42 0.09 21.81 11.11 

10SYWNHY Cook and Porter 39.352251 -120.896191 Hydraulic Mining Site Hilltop N South Yuba 
River (1.04) 1088.6 1055.6 1074.6 5.1 51.81 0.06 17.30 10.00 

01SYWNCD Scotchman Creek DCD 39.35133 -120.781492 DCD Sediment 
Deposit Valley Y Scotchman 

Creek 893.5 859.8 872.7 7.3 57.59 0.03 10.03 8.94 
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Table A-2 includes HMF Site ID, Feature Name, Methodology 1 Volume Results (for each of the seven ArcGIS Interpolation Tools), Methodology 2 Volume Results, Surface Area, Volume (this is the reported volume used 
in all calculations; it is either the results of the Second Methodology or the average of IDW, Kriging, and Natural Neighbor results from the First Methodology – for Sediment Deposits, the results of Methodology 3 are 
shown),  Mean Depth, Maximum Depth, Depth Ratio, Boundary Length, and Boundary Ratio. Each of these fields were described previously in Table 4. 

 
Table A-21. Geomorphometric Characterization of Previously Identified Features.  

HMF SiteID Feature Name 

Methodology 1 Volume (m3) - Interpolation Method listed below Methodology 2 
Volume (m3) - 
Reconstructed 

Contours 
Surface 

Area (m²) 
Volume 

(m3) 

Mean 
Depth 

(m) 
Maximum 
Depth (m) 

Depth 
Ratio 

Boundary 
Length 

(m) 

Bound-
ary 

Ratio IDW Kriging 
Natural 

Neighbor Spline 
Spline with 

Barriers 
Topo to 
Raster Trend 

North Yuba River - Willow Creek Subwatershed 
01NYWCHY Joubert Diggings 3,504,066 3,447,860 3,404,243 2,139,644 3,686,967 3,492,600 5,925,345 3,534,115 353,699 3,534,115 9.99 114.42 0.09 6,179 2.93 

02NYWCHY Railroad Hill Diggings 765,510 762,019 788,650 1,058,073 1,211,425 1,372,874 -2,546,423 2,080,620 138,092 2,080,620 15.07 56.78 0.27 2,269 1.72 

03NYWCHY Weeds Point –  South Cut 1,311,011 1,283,123 1,289,081 527,663 1,042,695 1,343,504 1,453,505 1,333,589 102,328 1,333,589 13.03 44.11 0.30 1,955 1.72 

04NYWCHY Weeds Point –  North Cut 424,179 411,705 422,419 130,790 415,816 390,425 420,343 433,097 43,918 433,097 9.86 35.42 0.28 1,165 1.57 
05NYWCHY Youngs Hill Diggings 1,260,706 1,260,641 1,210,925 1,193,295 1,470,209 2,443,989 -2,614,039 4,940,976 369,860 4,940,976 13.36 76.54 0.17 4,293 1.99 

06NYWCHY Galena Hill Diggings 1,529,289 1,516,623 1,751,143 -70,161 1,846,370 2,500,002 2,130,479 2,970,242 319,412 2,970,242 9.30 110.22 0.08 3,482 1.74 

07NYWCHY Camptonville Diggings 3,959,557 3,958,845 4,020,878 1,405,464 3,976,620 4,163,294 4,780,594 4,730,308 356,440 4,730,308 13.27 112.55 0.12 3,337 1.58 

08NYWCHY Lower Camptonville 372,472 362,628 376,020 266,104 924,764 379,724 132,735 - 71,921 370,373 5.15 80.98 0.06 3,174 3.34 

01NYWCCD Willow Creek DCD - - - - - - - - 53,451 365,544 6.84 11.42 0.60 1,858 2.27 

02NYWCCD Horse Valley Creek DCD - - - - - - - - 43,232 112,819 2.61 18.69 0.14 1,792 2.43 

03NYWCCD Brandy Creek DCD - - - - - - - - 46,924 81,008 1.73 22.12 0.08 1,358 1.77 

01NYWCSD Willow Creek Sediment 
Deposit - - - - - - - - 36,642 44,997 1.23 13.79 0.09 1,449 2.14 

Middle Yuba River - Oregon Creek Subwatershed 

01MYOCHY Upper Miller Creek 306,198 299,844 308,895 281,629 328,840 361,041 69,593 - 68,150 304,979 4.48 66.65 0.07 1,672 1.81 
02MYOCHY Lower Miller Creek 62,708 62,501 63,711 67,419 68,258 75,681 2,163 - 12,562 62,974 5.01 56.95 0.09 642 1.62 
03MYOCHY True Grit Mine 20,978 20,486 20,895 17,318 22,998 23,431 -45,492 - 4,051 20,786 5.13 21.33 0.24 273 1.21 
04MYOCHY Tippecanoe Mine 401,413 384,791 379,501 203,086 419,220 418,124 -44,767 - 81,160 388,568 4.79 64.06 0.07 2,060 2.04 
05MYOCHY Mount Alta Mine 417,754 406,606 384,490 -14,843 343,029 458,363 252,473 - 96,001 402,950 4.20 82.01 0.05 1,494 1.36 
06MYOCHY Pleasant View 245,201 231,337 235,888 -54,932 157,096 188,710 285,955 - 73,026 237,475 3.25 65.86 0.05 1,391 1.45 
07MYOCHY Godfrey Ranch 50,145 48,025 52,045 1,961 39,935 65,862 76,032 - 33,896 50,072 1.48 37.17 0.04 799 1.22 
08MYOCHY Camptonville Diggings Equivalent site to 07NYWCHY - Camptonville Diggings, HMF intersects the Willow Creek and Oregon Creek subwatershed boundary. 

09MYOCHY Grizzly Gulch 156,351 148,226 155,143 -72,807 142,524 150,485 114,424 - 52,541 153,240 2.92 52.89 0.06 1,537 1.89 

10MYOCHY Parker Ranch 240,776 222,301 246,136 -358,378 442,544 458,689 -145,751 395,017 105,317 395,017 3.75 61.75 0.06 1,619 1.41 

11MYOCHY High Point Ravine -6,255 -7,326 47,860 -670,400 -103,094 -77,791 320,723 136,313 91,135 136,313 1.50 81.29 0.02 1,773 1.66 

01MYOCCD Tippecanoe DCD - - - - - - - - 56,326 38,929 0.69 45.95 0.02 4,839 5.75 

01MYOCSD Celestial Valley Sediment 
Deposit - - - - - - - - 209,802 330,160 1.57 26.33 0.06 3,689 2.27 
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HMF SiteID Feature Name 

Methodology 1 Volume (m3) - Interpolation Method listed below Methodology 2 
Volume (m3) - 
Reconstructed 

Contours 
Surface 

Area (m²) 
Volume 

(m3) 

Mean 
Depth 

(m) 
Maximum 
Depth (m) 

Depth 
Ratio 

Boundary 
Length 

(m) 

Bound-
ary 

Ratio IDW Kriging 
Natural 

Neighbor Spline 
Spline with 

Barriers 
Topo to 
Raster Trend 

 
South Yuba River - Washington Subwatershed 

01SYWNHY Omega Diggings 16,432,092 16,487,233 16,992,692 9,105,836 15,804,707 19,265,217 18,336,189 21,355,589 1,208,352 21,355,589 17.67 142.60 0.12 11,899 3.05 

02SYWNHY Alpha Diggings 31,587 35,274 102,776 277,229 1,248,248 1,197,750 -4,446,503 4,664,025 295,319 4,664,025 15.79 106.94 0.15 3,309 1.72 
03SYWNHY Jefferson Creek 6,359 20,388 87,297 541,223 204,853 207,315 -100,990 - 69,681 38,015 0.55 61.64 0.01 1,315 1.40 

04SYWNHY While and Johnson - 
Jefferson Creek 43,420 41,191 47,398 15,420 60,092 86,402 -150,196 - 26,278 44,003 1.67 50.56 0.03 1,070 1.86 

05SYWNHY Cotton Hill 140,268 154,511 224,318 854,384 433,999 544,309 -71,307 1,449,376 108,815 1,449,376 13.32 162.82 0.08 1,904 1.63 

06SYWNHY While and Johnson -142,555 -131,551 -108,873 109,367 -816 -3,407 -1,054,126 164,114 50,348 164,114 3.26 55.18 0.06 1,258 1.58 

07SYWNHY South Yuba Left Bank 167,229 164,007 161,928 72,436 170,576 105,799 160,487 - 25,425 164,388 6.47 72.06 0.09 780 1.38 

08SYWNHY Blue Lead Mine  11,452,754 11,412,899 11,910,093 9,835,846 12,395,155 13,699,724 13,386,486 14,350,709 641,219 14,350,709 22.38 113.70 0.20 5,057 1.78 

09SYWNHY Missouri Canyon 72,376 73,810 77,887 91,542 86,423 107,381 -133,485 - 20,789 74,691 3.59 37.00 0.10 699 1.37 

10SYWNHY Cook and Porter 30,495 28,135 29,073 13,417 28,088 28,834 141,625 - 17,608 29,234 1.66 32.94 0.05 1,114 2.37 

01SYWNCD Scotchman Creek DCD - - - - - - - - 61,130 390,418 6.39 33.62 0.19 2,576 2.94 

 
 
Table A-3 includes HMF Site ID, Feature Name, Land Cover, Land Ownership, Site Visited in Person, Evidence of Surface Runoff and Sediment Transport, Evidence of Tunnel Runoff and Sediment Transport, and Notes. 
Each of these fields were described previously in Table 4. 

 
Table A-3. Field Visits and Land Characterization of Previously Identified Features. 

HMF SiteID Feature Name 
Land 
Cover Land Ownership 

Site 
Visited 

in 
Person 

Evidence of 
Surface Runoff 
and Sediment 

Transport 

Evidence of 
Tunnel Runoff 
and Sediment 

Transport 

 

Notes 
North Yuba River - Willow Creek Subwatershed 

01NYWCHY Joubert Diggings Vegetated 71% Public/29% 
Private Y Y Y 

HMF intersects the Willow Creek and Fiddle Creek Ridge 
subwatershed boundary and partially drains into the Fiddle Creek 

Ridge subwatershed. 

02NYWCHY Railroad Hill Diggings Vegetated 25% Public/75% 
Private N - -  

03NYWCHY Weeds Point –  South Cut Vegetated 56% Public/44% 
Private N - -  

04NYWCHY Weeds Point –  North Cut Thickly 
Vegetated 

44% Public/56% 
Private Y Y Y  
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HMF SiteID Feature Name 
Land 
Cover Land Ownership 

Site 
Visited 

in 
Person 

Evidence of 
Surface Runoff 
and Sediment 

Transport 

Evidence of 
Tunnel Runoff 
and Sediment 

Transport 

 

Notes 

05NYWCHY Youngs Hill Diggings Sparsely 
Vegetated Public Y Y Y 

 

06NYWCHY Galena Hill Diggings Vegetated 87% Public/13% 
Private Y Y N 

 

07NYWCHY Camptonville Diggings Vegetated Private N - - 

According to USFS property boundaries, this HMF is on public land. 
However, upon visiting the site in person, a number of private homes 

were found. The Lost Nugget Market along Highway 49 is also 
located within the HMF; the store operator was asked about private 

property in the area and said the entire HMF was comprised of private 
property. Additionally, HMF intersects the Willow Creek and Oregon 

Creek subwatershed boundary and partially drains into the Oregon 
Creek subwatershed. 

08NYWCHY Lower Camptonville Thickly 
Vegetated Public N - -  

01NYWCCD Willow Creek DCD Thickly 
Vegetated 

32% Public/68% 
Private Y Y N  

02NYWCCD Horse Valley Creek DCD Thickly 
Vegetated 

96% Public/4% 
Private Y Y Y  

03NYWCCD Brandy Creek DCD Thickly 
Vegetated Public Y Y N  

01NYWCSD Willow Creek Sediment 
Deposit 

Thickly 
Vegetated 

93% Public/7% 
Private Y Y N  

Middle Yuba River - Oregon Creek Subwatershed 

01MYOCHY Upper Miller Creek Sparsely 
Vegetated 

36% Public/64% 
Private N - - 

 

02MYOCHY Lower Miller Creek Sparsely 
Vegetated Private N - -  

03MYOCHY True Grit Mine Vegetated Public N - -  

04MYOCHY Tippecanoe Mine Sparsely 
Vegetated Public Y Y Y  

05MYOCHY Mount Alta Mine Vegetated 64% Public/36% 
Private Y Y N  

06MYOCHY Pleasant View Vegetated 31% Public/69% 
Private N - -  

07MYOCHY Godfrey Ranch Vegetated Private N - -  
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HMF SiteID Feature Name 
Land 
Cover Land Ownership 

Site 
Visited 

in 
Person 

Evidence of 
Surface Runoff 
and Sediment 

Transport 

Evidence of 
Tunnel Runoff 
and Sediment 

Transport 

 

Notes 

08MYOCHY Camptonville Diggings Equivalent site to 07NYWCHY - Camptonville Diggings, HMF intersects the Willow Creek and Oregon Creek subwatershed boundary. 

09MYOCHY Grizzly Gulch Vegetated 79% Public/21% 
Private Y Y N  

10MYOCHY Parker Ranch Vegetated 17% Public/83% 
Private N - -  

11MYOCHY High Point Ravine Sparsely 
Vegetated Private N - -  

01MYOCCD Tippecanoe DCD Vegetated 96% Public/4% 
Private Y Y Y 

With the existence of both hydraulic mines and hard rock mines 
upstream of this location, this deposit may be composed of HMS, 
tailings from hard rock mining operations, or some combination of 

both. 

01MYOCSD Celestial Valley Sediment 
Deposit 

Sparsely 
Vegetated 

23% Public/77% 
Private N - - 

With the existence of both hydraulic mines and hard rock mines 
upstream of this location, this deposit may be composed of HMS, 
tailings from hard rock mining operations, or some combination of 

both. 
South Yuba River - Washington Subwatershed 

01SYWNHY Omega Diggings Sparsely 
Vegetated 

1% Public/99% 
Private N - - 

HMF intersects the Scotchman Creek and Fall Creek subwatershed 
boundary and partially drains into the Fall Creek subwatershed. 

02SYWNHY Alpha Diggings Sparsely 
Vegetated 

94% Public/6% 
Private N - - 

 

03SYWNHY Jefferson Creek Sparsely 
Vegetated 

22% Public/78% 
Private N - - 

 

04SYWNHY While and Johnson - 
Jefferson Creek 

Sparsely 
Vegetated Public N - -  

05SYWNHY Cotton Hill Sparsely 
Vegetated 

2% Public/98% 
Private N - -  

06SYWNHY While and Johnson Sparsely 
Vegetated Public N - - 

 

07SYWNHY South Yuba Left Bank Vegetated Public N - -  

08SYWNHY Blue Lead Mine  Vegetated 44% Public/56% 
Private N - - 

 

09SYWNHY Missouri Canyon Vegetated Public N - -  

10SYWNHY Cook and Porter Vegetated 83% Public/17% 
Private N - -  

01SYWNCD Scotchman Creek DCD Sparsely 
Vegetated 

28% Public/72% 
Private N - - 

With the existence of both hydraulic mines and hard rock mines upstream of 
this location, this deposit may be composed of HMS, tailings from hard rock 

mining operations, or some combination of both. 
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APPENDIX B – RESULTS FOR POTENTIAL HYDRAULIC MINING FEATURES  
(P-HMFS) 

Potential Hydraulic Mines (P-HMF Mines) 
There are two tables included; they contain the following: 
 

1. The surface area expressed in square meters and as a percentage of the overall surface 
area of P-HMF Mines within the subwatershed, volume, model run, boundary length, 
and boundary ratio (Table B-1). 

2. The mean depth for each model run and average mean depth for each subwatershed 
(Table B-2). 

 
Table B-1. Results for P-HMF Mines  

SiteID 
Surface 

Area (m2) 
Area (% of 

Subwatershed Total) 
Volume 

(m3) 
Model 
Run 

Boundary 
Length (m) 

Boundary 
Ratio 

North Yuba River - Willow Creek Subwatershed 
01NYWCPH 46,273 19.2% 157,330 1 2,545 3.34 
02NYWCPH 32,803 13.6% 114,391 4 1,467 2.28 
03NYWCPH 32,271 13.4% 96,492 2 1,950 3.06 
04NYWCPH 20,200 8.4% 70,441 4 1,029 2.04 
05NYWCPH 17,474 7.3% 67,507 5 895 1.91 
06NYWCPH 14,051 5.8% 42,013 2 792 1.88 
07NYWCPH 10,414 4.3% 40,233 5 481 1.33 
08NYWCPH 9,152 3.8% 26,438 6 743 2.19 
09NYWCPH 9,032 3.8% 26,092 6 461 1.37 
10NYWCPH 8,359 3.5% 24,148 6 837 2.58 
11NYWCPH 6,711 2.8% 25,925 5 462 1.59 
12NYWCPH 6,076 2.5% 23,472 5 596 2.16 
13NYWCPH 6,049 2.5% 20,565 1 430 1.56 
14NYWCPH 5,152 2.1% 14,883 6 271 1.06 
15NYWCPH 4,112 1.7% 7,401 3 382 1.68 
16NYWCPH 3,622 1.5% 6,518 3 291 1.36 
17NYWCPH 3,048 1.3% 8,804 6 238 1.21 
18NYWCPH 2,623 1.1% 4,721 3 222 1.22 
19NYWCPH 2,005 0.8% 6,817 1 395 2.49 
20NYWCPH 1,386 0.6% 2,495 3 179 1.35 
Willow Creek 

Total 
240,813 100% 786,689 - 14,665 1.88 

(Average) 
Middle Yuba River - Oregon Creek Subwatershed 

01MYOCPH 136,170 18.6% 860,839 2 1,861 1.42 
02MYOCPH 51,192 7.0% 323,623 2 1,513 1.89 
03MYOCPH 33,106 4.5% 164,502 5 1,143 1.77 
04MYOCPH 29,786 4.1% 70,844 4 1,011 1.65 
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SiteID 
Surface 

Area (m2) 
Area (% of 

Subwatershed Total) 
Volume 

(m3) 
Model 
Run 

Boundary 
Length (m) 

Boundary 
Ratio 

05MYOCPH 29,449 4.0% 146,328 5 678 1.11 
06MYOCPH 28,967 4.0% 143,935 5 698 1.16 
07MYOCPH 27,527 3.8% 65,472 4 976 1.66 
08MYOCPH 22,422 3.1% 53,772 3 1,379 2.60 
09MYOCPH 18,709 2.6% 44,867 3 915 1.89 
10MYOCPH 15,785 2.2% 37,544 4 463 1.04 
11MYOCPH 15,030 2.1% 36,044 3 494 1.14 
12MYOCPH 13,233 1.8% 83,657 2 457 1.12 
13MYOCPH 11,522 1.6% 27,405 4 413 1.08 
14MYOCPH 10,829 1.5% 68,456 2 498 1.35 
15MYOCPH 10,418 1.4% 24,983 3 794 2.19 
16MYOCPH 9,935 1.4% 23,630 4 460 1.30 
17MYOCPH 9,749 1.3% 61,631 2 479 1.37 
18MYOCPH 9,361 1.3% 59,179 2 901 2.63 
19MYOCPH 9,306 1.3% 29,772 1 429 1.25 
20MYOCPH 8,837 1.2% 28,273 1 677 2.03 
21MYOCPH 8,127 1.1% 19,489 3 423 1.32 
22MYOCPH 8,016 1.1% 25,645 1 365 1.15 
23MYOCPH 8,004 1.1% 50,597 2 410 1.29 
24MYOCPH 7,723 1.1% 18,370 4 419 1.35 
25MYOCPH 7,634 1.0% 48,258 2 603 1.95 
26MYOCPH 7,337 1.0% 17,452 4 399 1.32 
27MYOCPH 7,194 1.0% 45,476 2 573 1.91 
28MYOCPH 7,029 1.0% 16,718 4 315 1.06 
29MYOCPH 6,719 0.9% 42,476 2 529 1.82 
30MYOCPH 5,697 0.8% 18,226 1 686 2.56 
31MYOCPH 5,645 0.8% 35,689 2 512 1.92 
32MYOCPH 5,599 0.8% 13,428 3 405 1.53 
33MYOCPH 5,132 0.7% 12,307 3 287 1.13 
34MYOCPH 5,076 0.7% 19,561 6 444 1.76 
35MYOCPH 4,998 0.7% 31,596 2 396 1.58 
36MYOCPH 4,953 0.7% 11,779 4 365 1.46 
37MYOCPH 4,890 0.7% 11,631 4 336 1.36 
38MYOCPH 4,552 0.6% 10,917 3 334 1.40 
39MYOCPH 4,546 0.6% 28,741 2 253 1.06 
40MYOCPH 4,490 0.6% 10,768 3 318 1.34 
41MYOCPH 3,961 0.5% 9,498 3 263 1.18 
42MYOCPH 3,890 0.5% 9,330 3 385 1.74 
43MYOCPH 3,756 0.5% 9,008 3 313 1.44 
44MYOCPH 3,725 0.5% 23,546 2 383 1.77 
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SiteID 
Surface 

Area (m2) 
Area (% of 

Subwatershed Total) 
Volume 

(m3) 
Model 
Run 

Boundary 
Length (m) 

Boundary 
Ratio 

45MYOCPH 3,515 0.5% 22,219 2 400 1.91 
46MYOCPH 3,475 0.5% 8,335 3 415 1.99 
47MYOCPH 3,348 0.5% 7,963 4 293 1.43 
48MYOCPH 3,256 0.4% 16,181 5 247 1.22 
49MYOCPH 3,104 0.4% 15,423 5 245 1.24 
50MYOCPH 3,058 0.4% 7,334 3 285 1.46 
51MYOCPH 3,023 0.4% 9,672 1 253 1.30 
52MYOCPH 2,836 0.4% 17,930 2 200 1.06 
53MYOCPH 2,832 0.4% 6,792 3 290 1.53 
54MYOCPH 2,827 0.4% 6,779 3 233 1.24 
55MYOCPH 2,781 0.4% 6,670 3 406 2.17 
56MYOCPH 2,781 0.4% 10,715 6 272 1.45 
57MYOCPH 2,742 0.4% 13,624 5 278 1.50 
58MYOCPH 2,728 0.4% 6,487 4 235 1.27 
59MYOCPH 2,678 0.4% 6,421 3 219 1.19 
60MYOCPH 2,640 0.4% 6,332 3 246 1.35 
61MYOCPH 2,421 0.3% 5,805 3 272 1.56 
62MYOCPH 2,346 0.3% 11,659 5 192 1.12 
63MYOCPH 2,346 0.3% 7,504 1 255 1.49 
64MYOCPH 2,207 0.3% 5,293 3 300 1.80 
65MYOCPH 2,065 0.3% 13,052 2 257 1.60 
66MYOCPH 1,998 0.3% 12,632 2 264 1.67 
67MYOCPH 1,966 0.3% 4,715 3 364 2.32 
68MYOCPH 1,951 0.3% 9,695 5 229 1.46 
69MYOCPH 1,767 0.2% 4,239 3 194 1.30 
70MYOCPH 1,624 0.2% 6,258 6 235 1.64 
71MYOCPH 1,615 0.2% 6,223 6 328 2.30 
72MYOCPH 1,614 0.2% 10,204 2 245 1.72 
73MYOCPH 1,610 0.2% 3,829 4 179 1.26 
74MYOCPH 1,571 0.2% 3,767 3 239 1.70 
75MYOCPH 1,540 0.2% 9,737 2 215 1.55 
76MYOCPH 1,515 0.2% 3,633 3 218 1.58 
77MYOCPH 1,438 0.2% 3,420 4 157 1.17 
78MYOCPH 1,408 0.2% 8,902 2 186 1.40 
79MYOCPH 1,406 0.2% 3,344 4 213 1.60 
80MYOCPH 1,370 0.2% 3,286 3 135 1.03 
81MYOCPH 1,359 0.2% 6,751 5 172 1.32 
82MYOCPH 1,288 0.2% 3,062 4 211 1.66 
83MYOCPH 1,276 0.2% 3,059 3 182 1.44 
84MYOCPH 1,260 0.2% 3,021 3 237 1.88 
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SiteID 
Surface 

Area (m2) 
Area (% of 

Subwatershed Total) 
Volume 

(m3) 
Model 
Run 

Boundary 
Length (m) 

Boundary 
Ratio 

85MYOCPH 1,139 0.2% 2,732 3 150 1.25 
86MYOCPH 1,120 0.2% 4,315 6 137 1.16 
87MYOCPH 1,098 0.1% 2,634 3 129 1.10 
88MYOCPH 1,002 0.1% 2,404 3 152 1.36 
Oregon Creek 

Total 732,968 100% 3,229,314 - 36,521 1.52 
(Average) 

South Yuba River - Washington Subwatershed 
01SYWNPH 93,224 15.1% 377,389 2 1,460 1.35 
02SYWNPH 74,570 12.1% 428,574 4 1,443 1.49 
03SYWNPH 46,724 7.6% 127,638 5 969 1.26 
04SYWNPH 45,244 7.3% 183,157 2 899 1.19 
05SYWNPH 37,174 6.0% 213,649 4 828 1.21 
06SYWNPH 34,362 5.6% 93,869 5 1,308 1.99 
07SYWNPH 28,074 4.6% 113,650 2 970 1.63 
08SYWNPH 22,503 3.6% 129,330 4 981 1.85 
09SYWNPH 21,787 3.5% 88,198 2 668 1.28 
10SYWNPH 21,682 3.5% 65,572 1 631 1.21 
11SYWNPH 17,379 2.8% 52,557 1 567 1.21 
12SYWNPH 11,828 1.9% 50,406 3 516 1.34 
13SYWNPH 11,058 1.8% 33,443 1 548 1.47 
14SYWNPH 10,257 1.7% 28,020 5 709 1.97 
15SYWNPH 9,081 1.5% 22,972 6 378 1.12 
16SYWNPH 8,884 1.4% 37,863 3 498 1.49 
17SYWNPH 8,513 1.4% 36,279 3 392 1.20 
18SYWNPH 8,172 1.3% 33,082 2 342 1.07 
19SYWNPH 7,627 1.2% 19,294 6 351 1.13 
20SYWNPH 7,481 1.2% 30,284 2 353 1.15 
21SYWNPH 6,381 1.0% 27,192 3 456 1.61 
22SYWNPH 6,226 1.0% 18,827 1 377 1.35 
23SYWNPH 5,183 0.8% 13,111 6 295 1.16 
24SYWNPH 5,075 0.8% 12,839 6 293 1.16 
25SYWNPH 5,044 0.8% 13,779 5 282 1.12 
26SYWNPH 4,386 0.7% 11,096 6 277 1.18 
27SYWNPH 3,849 0.6% 16,403 3 262 1.19 
28SYWNPH 3,815 0.6% 21,926 4 262 1.20 
29SYWNPH 3,735 0.6% 10,203 5 344 1.59 
30SYWNPH 3,705 0.6% 15,789 3 231 1.07 
31SYWNPH 3,345 0.5% 9,137 5 267 1.30 
32SYWNPH 3,196 0.5% 13,622 3 270 1.35 
33SYWNPH 2,937 0.5% 16,881 4 255 1.33 
34SYWNPH 2,727 0.4% 7,450 5 289 1.56 
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SiteID 
Surface 

Area (m2) 
Area (% of 

Subwatershed Total) 
Volume 

(m3) 
Model 
Run 

Boundary 
Length (m) 

Boundary 
Ratio 

35SYWNPH 2,699 0.4% 15,510 4 237 1.29 
36SYWNPH 2,061 0.3% 6,233 1 199 1.24 
37SYWNPH 2,038 0.3% 5,155 6 215 1.34 
38SYWNPH 2,007 0.3% 5,483 5 179 1.13 
39SYWNPH 1,969 0.3% 5,953 1 185 1.18 
40SYWNPH 1,753 0.3% 4,789 5 242 1.63 
41SYWNPH 1,708 0.3% 4,322 6 200 1.37 
42SYWNPH 1,547 0.3% 8,890 4 145 1.04 
43SYWNPH 1,457 0.2% 3,980 5 225 1.66 
44SYWNPH 1,362 0.2% 3,721 5 215 1.64 
45SYWNPH 1,355 0.2% 4,097 1 161 1.24 
46SYWNPH 1,297 0.2% 3,922 1 163 1.28 
47SYWNPH 1,234 0.2% 7,095 4 171 1.37 
48SYWNPH 1,199 0.2% 3,275 5 157 1.28 
49SYWNPH 1,189 0.2% 3,595 1 150 1.23 
50SYWNPH 1,163 0.2% 6,684 4 146 1.21 
51SYWNPH 1,138 0.2% 2,879 6 125 1.04 
52SYWNPH 1,132 0.2% 3,424 1 141 1.18 
53SYWNPH 1,062 0.2% 3,212 1 159 1.37 
54SYWNPH 1,037 0.2% 2,624 6 164 1.44 
55SYWNPH 1,030 0.2% 2,815 5 135 1.19 
Washington 

Total 616,664 100% 2,481,138 - 22,685 1.33 
(Average) 

 
Table B-2. Mean Depth for each  
Model Run and Average Mean  
Depth for Each Subwatershed. 

Subwatershed Model Run Mean Depth (m) 
North Yuba River - Willow Creek Subwatershed 

Willow Creek 1 3.40 
Willow Creek 2 2.99 
Willow Creek 3 1.80 
Willow Creek 4 3.49 
Willow Creek 5 3.86 
Willow Creek 6 2.89 
Willow Creek Average 3.07 
Middle Yuba River - Oregon Creek Subwatershed 
Oregon Creek 1 3.20 
Oregon Creek 2 6.32 
Oregon Creek 3 2.40 
Oregon Creek 4 2.38 
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Subwatershed Model Run Mean Depth (m) 
Oregon Creek 5 4.97 
Oregon Creek 6 3.85 
Oregon Creek Average 3.85 

South Yuba River - Washington Subwatershed 
Washington 1 3.02 
Washington 2 4.05 
Washington 3 4.26 
Washington 4 5.75 
Washington 5 2.73 
Washington 6 2.53 
Washington Average 3.72 

 
Potential Sediment Deposits (P-HMF Deposits) 

There is one table included (Table B-3) containing surface area expressed in square meters and 
as a percentage of the overall surface area of P-HMF Deposits within the subwatershed, a lesser 
volume estimate (based on an assumed mean depth of 1.2 meters), a greater volume estimate 
(based on an assumed mean depth of 1.6 meters), boundary length, and boundary ratio for each 
individual P-HMF as well as summary statistics aggregated for each subwatershed. 
 

Table B-3. Results for Individual Potential Sediment Deposits  
(P-HMF Deposits). 

SiteID 

Surface 
Area 
(m2) 

Area (% of 
Subwatershed 

Total) 
Lesser Volume 
Estimate (m3) 

Greater 
Volume 

Estimate (m3) 
Boundary 

Length (m) Boundary Ratio 
North Yuba River - Willow Creek Subwatershed 

01NYWCPS 54,247 47.5% 65,096 86,795 1,484 1.80 
02NYWCPS 15,179 13.3% 18,215 24,287 1,043 2.39 
03NYWCPS 13,846 12.1% 16,616 22,154 981 2.35 
04NYWCPS 7,177 6.3% 8,612 11,483 1,261 4.20 
05NYWCPS 6,705 5.9% 8,046 10,728 535 1.84 
06NYWCPS 5,281 4.6% 6,337 8,450 490 1.90 
07NYWCPS 4,866 4.3% 5,840 7,786 391 1.58 
08NYWCPS 3,679 3.2% 4,415 5,887 285 1.32 
09NYWCPS 3,247 2.8% 3,896 5,195 316 1.56 

Willow 
Creek Total 114,228 100% 137,073 182,764 6,785 2.11 (Average) 

Middle Yuba River - Oregon Creek Subwatershed 
01MYOCPS 47,338 13.5% 56,806 75,741 1,118 1.45 
02MYOCPS 38,742 11.0% 46,490 61,987 1,084 1.55 
03MYOCPS 36,041 10.3% 43,249 57,666 1,362 2.02 
04MYOCPS 34,333 9.8% 41,199 54,932 1,287 1.96 
05MYOCPS 28,980 8.2% 34,776 46,368 954 1.58 
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SiteID 

Surface 
Area 
(m2) 

Area (% of 
Subwatershed 

Total) 
Lesser Volume 
Estimate (m3) 

Greater 
Volume 

Estimate (m3) 
Boundary 

Length (m) Boundary Ratio 
06MYOCPS 16,885 4.8% 20,262 27,016 833 1.81 
07MYOCPS 16,620 4.7% 19,944 26,592 841 1.84 
08MYOCPS 13,664 3.9% 16,397 21,862 717 1.73 
09MYOCPS 13,090 3.7% 15,708 20,944 660 1.63 
10MYOCPS 12,169 3.5% 14,603 19,471 795 2.03 
11MYOCPS 11,614 3.3% 13,936 18,582 1,109 2.90 
12MYOCPS 9,890 2.8% 11,867 15,823 957 2.72 
13MYOCPS 9,864 2.8% 11,836 15,782 749 2.13 
14MYOCPS 8,031 2.3% 9,638 12,850 419 1.32 
15MYOCPS 7,462 2.1% 8,954 11,939 724 2.36 
16MYOCPS 7,212 2.1% 8,655 11,540 440 1.46 
17MYOCPS 7,013 2.0% 8,415 11,220 549 1.85 
18MYOCPS 6,599 1.9% 7,919 10,559 639 2.22 
19MYOCPS 6,155 1.8% 7,386 9,848 578 2.08 
20MYOCPS 5,719 1.6% 6,863 9,150 599 2.23 
21MYOCPS 5,561 1.6% 6,673 8,898 321 1.21 
22MYOCPS 5,124 1.5% 6,149 8,199 700 2.76 
23MYOCPS 3,286 0.9% 3,944 5,258 295 1.45 

Oregon 
Creek Total 351,393 100% 421,671 562,228 17,731 1.93 (Average) 

South Yuba River - Washington Subwatershed 
01SYWNPS 56,164 54.7% 67,397 89,863 3,438 4.09 
02SYWNPS 13,461 13.1% 16,154 21,538 643 1.56 
03SYWNPS 9,739 9.5% 11,687 15,583 1,377 3.93 
04SYWNPS 7,569 7.4% 9,083 12,111 991 3.21 
05SYWNPS 5,925 5.8% 7,110 9,480 794 2.91 
06SYWNPS 4,364 4.3% 5,236 6,982 463 1.98 
07SYWNPS 3,977 3.9% 4,773 6,363 560 2.51 
08SYWNPS 1,438 1.4% 1,725 2,301 294 2.18 
Washington 

Total 102,638 100% 123,165 164,221 8,559 2.80 (Average) 
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APPENDIX C – FIELD SHEETS AND AVENZA SMARTPHONE APPLICATION 
SCREENSHOTS 

 
DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

FIELD DATA SHEET FOR HYDRAULIC MINE SITES 
Date:____________________ By:__________________________________________ 

Site ID:____________________________________________________________________ 

Site Name (if available):_______________________________________________________ 

Access Route (include sketch):__________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

General description of site (include list of significant features, i.e. pond(s), drainage(s), tunnel(s), 
etc.:_________________________________________________________________________ 
____________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

Physical Dimensions of significant features (height, width, thickness, slope, etc.):__________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

Construction materials of man-made features (concrete, earth fill, log cribbing): 

___________________________________________________________________________ 

__________________________________________________________________________ 

__________________________________________________________________________ 
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Evidence of unstable slopes or erosional features: ___________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

____________________________________________________________________________ 

Evidence of flow in tunnel(s) or drainage(s):_______________________________________ 

___________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

_____________________________________________________________________________ 

Evidence of connectivity with nearby streams:_______________________________________ 

____________________________________________________________________________ 

_____________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

Notes:________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

 

GPS Coordinates Checklist 

Place a checkmark when all GPS points are taken for each item. 

Access route, including intersections and location of main access parking_______ 

Hydraulic mine perimeter (where accessible)_________ 

Significant features: pond(s)________ 

   Tunnel inlet(s)_______ 

   Drainage inlet(s)_______ 

   Other_________ 

Photos:________ 
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Site ID:________________      Date:__________________ 

PHOTO LOG 

 GPS Taken?  Description 

1.___________________________________________________________________________ 

____________________________________________________________________________ 

2.____________________________________________________________________________ 

______________________________________________________________________________ 

3.___________________________________________________________________________ 

____________________________________________________________________________ 

4.____________________________________________________________________________ 

______________________________________________________________________________ 

5.___________________________________________________________________________ 

____________________________________________________________________________ 

6.____________________________________________________________________________ 

______________________________________________________________________________ 

7.___________________________________________________________________________ 

____________________________________________________________________________ 

8.____________________________________________________________________________ 

______________________________________________________________________________ 

9.___________________________________________________________________________ 

____________________________________________________________________________ 

10.___________________________________________________________________________ 

______________________________________________________________________________ 

11.___________________________________________________________________________ 

____________________________________________________________________________ 

12.___________________________________________________________________________ 

______________________________________________________________________________ 

13.___________________________________________________________________________ 
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Site ID:_______________      Date:__________________ 

____________________________________________________________________________ 

14.___________________________________________________________________________ 

______________________________________________________________________________ 

15.___________________________________________________________________________ 

____________________________________________________________________________ 

16.___________________________________________________________________________ 

______________________________________________________________________________ 

17.___________________________________________________________________________ 

____________________________________________________________________________ 

18.___________________________________________________________________________ 

______________________________________________________________________________ 

19.___________________________________________________________________________ 

____________________________________________________________________________ 

20.___________________________________________________________________________ 

______________________________________________________________________________ 

21.___________________________________________________________________________ 

____________________________________________________________________________ 

22.___________________________________________________________________________ 

______________________________________________________________________________ 

23.___________________________________________________________________________ 

____________________________________________________________________________ 

24.___________________________________________________________________________ 

______________________________________________________________________________ 

25.___________________________________________________________________________ 

____________________________________________________________________________ 

26.___________________________________________________________________________ 

______________________________________________________________________________  
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DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

SITE ACCESS SKETCH SHEET 

Date:__________________ By:________________________________________________ 

Site ID:____________________________________________________________________ 

Include all roads from main highway and location of main access parking.  
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DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

FIELD SITE SKETCH SHEET 

Date:________________________ By:_________________________________________ 

Site ID:____________________________________________________________________ 

Include hydraulic pit perimeter and approximate location of any significant features noted data 
collection sheet.  
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DATA COLLECTION PROTOCOLS 

The Forest Service is updating their GIS database of hydraulic mine sites.  The data collected 
will be used to prioritize mine reclamation and develop Best Management Practices (BMPs) to 
stabilize mine sites and reduce sediment and mercury transport to nearby streams and ultimately, 
to the San Francisco Bay.  Critical issues are the erosion of hydraulic mine features, on-site 
formation of methylmercury, and sediment transport to nearby streams.  Nearly all mercury is 
transported downstream attached to fine sediment.   

 

1. Every site must have a unique identifier.  
2. Describe the route to the closest or easiest access to the site from the nearest major road, 

i.e. Hwy. 49.  Include a rough sketch and GPS waypoints at intersections and parking 
location. 

3. Describe the site in words.  Include major features such as ponds, tunnels, drainage 
channels, eroding headwalls.  Include anything that could have a significant impact on 
site erosion, sediment transport to nearby streams, and methyl mercury formation.  Also 
include visual evidence of sediment transport, i.e. high water marks or scour in drainages 
or tunnels. 

4. GPS a rough outline of the pit(s), if accessible, and all significant features.  GPS 
approximate outline of pond(s) and endpoints of drainages and tunnels. 

5. Measure dimensions of man-made features such as drainage widths, tunnel width/height, 
check dam length, thickness, and height. 

6. Describe construction materials of man-made objects. 
7. Describe condition of significant features and describe any specific damage or wear.  

Note if there is evidence of erosion and sidewall failures. 
8. Describe connectivity to nearby streams and note any evidence of sediment transport to 

streams. 
9. Take photos of everything!  Use date and time stamp on photos. 
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DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

FIELD DATA SHEET FOR DEBRIS CONTROL DAM SITES 

Date:______________________ By:______________________________________ 

Site ID:_________________________________________________________________ 

Site Name (if available):____________________________________________________ 

Access Route (include sketch):______________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

General description of site (include sketch): ____________________________________ 

________________________________________________________________________ 

_______________________________________________________________________ 

________________________________________________________________________ 

_______________________________________________________________________ 

_________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

Physical Dimensions of dam (height, width, thickness, slope, etc.):__________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

Construction materials (concrete, earth fill, log cribbing):_________________________ 

_______________________________________________________________________ 

________________________________________________________________________ 

Physical condition of dam (include description of visible weak spots or failures): 
________________________________________________________________________ 
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________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

Notes:____________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

Site ID:______________      Date:______________ 

GPS Coordinates Checklist 

Place a checkmark when all GPS points are collected for each item. 

Access route, including intersections and location of main access parking_______ 

Debris Dam Location_________ 

Significant features: Upstream end of sediment deposit behind dam___________ 

Tunnel (if present)_______ 

   Other_________ 

Photos:________ 

PHOTO LOG 

 GPS Taken?  Description 

1.___________________________________________________________________________ 

____________________________________________________________________________ 

2.____________________________________________________________________________ 

______________________________________________________________________________ 

3.___________________________________________________________________________ 

____________________________________________________________________________ 

4.____________________________________________________________________________ 

______________________________________________________________________________ 
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Site ID:______________________     Date:___________________ 

 

5.___________________________________________________________________________ 

____________________________________________________________________________ 

6.____________________________________________________________________________ 

______________________________________________________________________________ 

7.___________________________________________________________________________ 

____________________________________________________________________________ 

8.____________________________________________________________________________ 

______________________________________________________________________________ 

9.___________________________________________________________________________ 

____________________________________________________________________________ 

10.___________________________________________________________________________ 

______________________________________________________________________________ 

11.___________________________________________________________________________ 

____________________________________________________________________________ 

12.___________________________________________________________________________ 

______________________________________________________________________________ 

13.___________________________________________________________________________ 

____________________________________________________________________________ 

14.___________________________________________________________________________ 

______________________________________________________________________________ 

15.___________________________________________________________________________ 

____________________________________________________________________________ 

16.___________________________________________________________________________ 

______________________________________________________________________________ 

17.___________________________________________________________________________ 

____________________________________________________________________________ 
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Site ID:______________________     Date:___________________ 

18.___________________________________________________________________________ 

______________________________________________________________________________ 

19.___________________________________________________________________________ 

____________________________________________________________________________ 

20.___________________________________________________________________________ 

______________________________________________________________________________ 

21.___________________________________________________________________________ 

____________________________________________________________________________ 

22.___________________________________________________________________________ 

______________________________________________________________________________ 

23.___________________________________________________________________________ 

______________________________________________________________________________ 

24.___________________________________________________________________________ 

____________________________________________________________________________ 

25.___________________________________________________________________________ 

______________________________________________________________________________ 

 

  



196 

DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

SITE ACCESS SKETCH SHEET  

Date:______________ By:______________________________________________ 

Site ID:___________________________________________________________________ 

Include all roads from main highway and main access parking. 
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DRAFT HEADWATERS MERCURY SOURCE REDUCTION 

FIELD SITE SKETCH SHEET  

Date:______________ By:______________________________________________ 

Site ID:___________________________________________________________________ 

Include hydraulic pit perimeter and approximate location of any significant features noted data 
collection sheet.  
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DATA COLLECTION PROTOCOLS 

 

The Forest Service is updating their GIS database of debris control dam (DCD) sites.  The data 
collected will be used to prioritize reclamation and develop Best Management Practices (BMPs) 
to stabilize or remove DCD sites and reduce sediment and mercury transport in the streams and 
ultimately, to the San Francisco Bay. 

1. Every site must have a unique identifier.  
2. Describe the route to the closest or easiest access to the site from the nearest major road, 

i.e. Hwy. 49.  Include a rough sketch and GPS waypoints at intersections and parking 
location. 

3. Describe the site in words, including construction materials, overall condition, and any 
visible damage or wear.  Include description of ancillary features such as spillway, 
diversion structure, canal, or tunnels.  Include a sketch if needed. 

4. GPS dam location and measure dimensions of check dam, including length, thickness, 
and height.  GPS upstream perimeter of sediment deposit. 

5. Take photos of everything!  Use date and time stamp on photos. 



199 

Avenza Screenshots 

Figure C-1. Avenza Spartphone Application Screenshots. 
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APPENDIX D – RESULTS OF PRELIMINARY EVALUATION OF METHODOLOGY 1 
There is always uncertainty and error associated with interpolation techniques and the 

DEMs that they produce (Fisher and Tate, 2006). Studies have shown that results of interpolation 

techniques can differ based on a variety of variables and conditions, and some studies have noted 

conflicting results concerning which interpolation techniques work best in prior work 

(Zimmerman et al, 1999; Li and Heap, 2014). The results for the seven interpolation techniques 

for each hydraulic mine are presented in Appendix A (Table A-2). They are also summed for 

each subwatershed and are presented in Table D-1 and Figure D-1. The initial sediment volumes 

varied considerably depending on interpolation technique. The results for specific interpolation 

techniques also vary considerably when comparing individual mines, as can be seen by the 

sediment volumes in Table A-2. 

The Spline and Trend tools consistently estimated sediment volumes that were 

smaller than the average of all seven tools. In contrast, the Spline with Barriers and Topo to 

Raster tools consistently estimated sediment volumes that were greater than the average of all 

seven tools. Through review of both the sediment volumes for individual HMFs (Appendix A) 

and the totals for subwatersheds (Figure D-1), the IDW, Kriging, and Natural Neighbor tools 

seemed to produce the most consistent results. Table D-1 and Figure D-1 display the average 

sediment volumes for both all tools and for only the IDW, Kriging, and Natural Neighbor 

techniques and the standard deviation associated with each. The reduced variability resulting 

from the IDW, Kriging, and Natural Neighbor tools can be observed here. These results were 

supported by a literature review as recent studies of interpolation methods have demonstrated 

that IDW, Kriging, and Natural Neighbor work better than other techniques when applied to the 

datasets evaluated in each study (Liu et al., 2011; Arun, 2013).  
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In spite of the reduced variability, sediment volumes produced by use of IDW, 

Kriging, and Natural Neighbor interpolations resulted in negative sediment volumes at two of the 

previously identified hydraulic mines. For one site in the Oregon Creek subwatershed (High 

Point Ravine – 11MYOCHY), both IDW and Kriging resulted in a slightly negative sediment 

volume value, while Natural Neighbor resulted in a comparatively larger positive volume. For 

one site in the Washington subwatershed (While and Johnson – 06SYWNHY), IDW, Kriging, 

and Natural Neighbor each resulted in a negative sediment volume value. A negative sediment 

volume is representative of an average interpolated surface that is lower in elevation than the 

current topography as measured by the LiDAR DEM, which is not realistic for a hydraulic mine. 

The site-specific topography of these two mines is a factor in the interpolated results, as both are 

located primarily along the crest of ridgelines or on hilltops. The underestimations were caused 

by areas in the interior of the mine with relatively high elevations as compared to a low rim or 

outer boundary of the mine, which defines the boundary conditions for interpolation. A study 

comparing IDW and Kriging techniques found that the accuracy of spatial interpolation 

techniques diminishes with increasing variability in the surface over which the interpolation is 

being completed (Zimmerman et al., 1999). These two sites demonstrated some of the limitations 

of this methodology. 
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Table D-12. Total Sediment Volumes for Hydraulic Mines from Methodology 1, Organized by Subwatershed and Interpolation Tool. 

Water-
shed 

Subwater-
shed 

Total Volume (millions of m3) - Interpolation Method listed below 

Average1 
 Standard 

Devia-tion1 Average2 

Standard 
Devia-
tion2 IDW Kriging 

Natural 
Neighbor Spline 

Spline with 
Barriers 

Topo to 
Raster Trend 

North 
Yuba 

Willow 
Creek 13.13 13.00 13.26 6.65 14.57 16.09 9.68 12.23 2.94 13.20 0.11 

Middle 
Yuba 

Oregon 
Creek 1.90 1.82 1.89 -0.60 1.86 2.12 0.89 1.34 0.90 1.89 0.04 

South 
Yuba 

Washing-
ton 28.23 28.29 29.52 20.92 30.43 35.24 26.07 28.40 4.03 28.88 0.60 

Notes:   1 – Average and Standard Deviation calculated for all tools.  
             2 – Average and Standard Deviation calculated for IDW, Kriging, and Natural Neighbor. 

 

 
Figure D-1. Total Sediment Volumes for Hydraulic Mines from Methodology 1, Organized by Subwatershed and Interpolation Tool.
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In 1917, a USGS paper was published that included sediment volume estimates of 

selected mines in the Sierra Nevada based on plane-table mapping and field work (Gilbert, 

1917). There are eight hydraulic mines that Gilbert (1917) included that are also included in the 

selected subwatersheds for this study. Figure D-2 depicts a comparison of the results from this 

study using the IDW, Kriging, and Natural Neighbor interpolation tools to the sediment volumes 

from Gilbert’s study for the overlapping sites; additionally, a point marker displaying the average 

sediment volume resulting from the three tools as a percentage of Gilbert’s estimated sediment 

volume is presented. 

 

 
Figure D-2. Comparison of Sediment Volumes Generated by Methodology 1 to Sediment 

Volumes Estimated by Gilbert (1917). 
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Eight hydraulic mines were compared with Gilbert’s (1917) measurements (the South 

Cut and North Cut of Weed’s Point, 03NYWCHY and 04NYWCHY, are combined for Gilbert’s 

estimate). In every case, the volume estimate from this study is less than the estimate from 

Gilbert’s work. The variability between mines is also significant. This is especially seen in a 

comparison of Alpha Diggings (02SYWNHY) and Omega Diggings (01SYWNHY) in the 

Washington subwatershed. For Omega Diggings, the estimate from this study is within 5% of 

Gilbert’s estimate while the estimate for Alpha Diggings is drastically different and only 

comprises 1% of the volume estimated in Gilbert’s work. Gilbert’s hydraulic mine sediment 

volume estimates are the most detailed to date. The overall differences and variability between 

the sediment volumes resulting from Methodology 1 and Gilbert (1917) led to the development 

of Methodology 2). 

Finally, a comparison of sediment volumes from Methodology 1, Methodology 2, and 

Gilbert (1917) is included below in Figure D-3. This allows for side-by-side comparison of the 

estimates from both methodologies to Gilbert’s results. In aggregate, Methodology 1 estimated 

the total sediment volume for these hydraulic mines to be approximately 26,000,000 m3 (about 

65% of Gilbert’s estimated 40,000,000 m3). Methodology 2 estimated the total sediment volume 

to be approximately 42,500,000 m3 (about 106% of Gilbert’s estimated 40,000,000 m3). 

Additionally, under Methodology 2, all of the estimates for individual hydraulic mine volumes 

differed from Gilbert’s estimate by less than 25%.  
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Figure D-3. Comparison of Sediment Volumes Generated by Methodology 1 and Methodology 2 to Sediment Volumes Estimated by 

Gilbert (1917). 
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