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Hydraulic and Hard Rock Mines
California Gold Rush Impacts

Map Source: USGS 
Fact Sheet 2005-3014

Hydraulic Mining: Access gold in ancient river deposits

Hard Rock Mining: Access gold in underground ore 

deposits

Over 40,000 

Abandoned Mines

Mercury: Imported to 

improve gold recovery 

during processing



5



Hydraulic 
Mine 
Characteristics
• 456 Hydraulic Mines in 

Tahoe National Forest

• ~18,000 Hydraulic Mine 
Acres

• Active Erosional Areas

• Drainage Tunnels

• Ditches

• Ponds

• Gullies / Headcuts

• Multiple Outflow Points

• High Fire Risk



• Passed water through columns with 0, 2, 5% Biochar by weight

• Analyzed leachate for Turbidity, THg and f-THg analysis

Biochar Lab Tests: 
Column Experiments

Blue Point Mine



Sediment Column Experiment

Brandt M., D. Page-Dumroese, J. Webster and C. Monohan. Biochar as a Soil 

Amendment: Reduction of Mercury Transport from Hydraulic Mine Debris. Energies. 

2021, 14. 

n=5 n=5n=5 n=5



Grizzly Creek Diggins Pilot Project



Grizzly Creek Diggins Pilot Project Overview

Vegetation Management Process Based RestorationBiochar Test Plots



Grizzly Creek Diggins Pilot Project



Grizzly Creek Diggins 
Biochar Test Plots Design

Total Mercury (THg)

Filtered-Total Mercury (f-THg)

Total Suspended Sediment 

(TSS)

Turbidity (NTU)

Non-
Treatment/Control

Biochar Only Biochar + 
Woodchips

Biochar + 
Woodchips
Mixed





▪ Restoration Fuels in John Day, 

Oregon

▪ Wood based

▪ Slow pyrolysis (<2°C/s)

▪ Low temp (<300 °C)

▪ Biochar source testing

▪ Trace Element Screen by ICP

▪ Percent Carbon & Nitrogen

Biochar Properties
and Characterization



Mooretown Rancheria of 
the Concow Maidu Tribe
Vegetation Management

Vegetation Management with
Mooretown Rancheria of the Concow Maidu 

Tribe



Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall



Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall



p < 0.05

Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall Analysis

p < 0.05

p < 0.05
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n = 9 n = 9 n = 9 n = 9



Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall Analysis



Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall

p < 0.001

p < 0.001

p < 0.001

n = 9 n = 9 n = 9 n = 9



Grizzly Creek Diggins 
Biochar Test Plots, Simulated Rainfall

p < 0.005

n = 9 n = 9 n = 9 n = 9



Grizzly Creek 
Diggins 

Biochar Test 
Plots, Simulated 

Rainfall

Arsenic                      Copper                    Lead
n = 3 n = 3 n = 3



Grizzly Creek Diggins Soil Health Monitoring; 
Soil Temperature and Soil Moisture



Grizzly Creek Diggins Soil Health Monitoring; 
Soil Moisture



Grizzly Creek Diggins Soil Health Monitoring; 
Soil Temperature



Grizzly Creek Diggins Soil Health Monitoring:
Soil CO2 gas flux



Grizzly Creek Diggins Soil Health Monitoring:
Soil CO2 gas flux Sept 23rd, 2022

n = 3n = 1 n = 3 n = 3 n = 3



Grizzly Creek Diggins Soil Health Monitoring:
Seeding and Ground Cover Monitoring

Revegetated

Nov 4th, 2022

Ground Cover Monitoring 

April 4th, 2023 (5 months)

May 9th, 2023 (6 months)

Aug 2023 (9 months)

Nov 2023 (12 months)

Cover Management Assistant (CMA) 

Protocol (Steinfeld et al. 2011)



Grizzly Creek Diggins Soil Health Monitoring:
Seeding and Ground Cover Monitoring



Grizzly Creek Diggins Soil Health Monitoring:

On-Going Soil Health Monitoring:

• Belowground Biomass

• Soil Carbon and Nitrogen

• Soil pH

• Soil Organic Matter

• Stability Tests

• Soil Water Holding Capacity



Grizzly Creek Diggins; 
Process Based Restoration Design



What is Process Based Restoration?



Grizzly Creek Diggins PBR Design: 
Post-Assisted Log Structures (PALS)



Grizzly Creek Diggins PBR Design: 
One-Rock Dams (ORD’s)



Grizzly Creek Diggins PBR Design:
Zuni Bowl



• Continue soil health monitoring

• Expand biochar and woodchip applications

• Conduct fuels reduction actions

• Quantify benefits of avoided erosion

Next Steps



Contact Us!

Nick.Graham@sierrafund.org or Carrie.Monohan@sierrafund.org

The Sierra Fund
204 Providence Mine Road, Suite 214

Nevada City, CA 95959
www.sierrafund.org

mailto:Nick.Graham@sierrafund.org
mailto:Carrie.Monohan@sierrafund.org

	Slide 1: Hydraulic Mines and Process Based Restoration: A Pilot Project at Grizzly Creek Diggins Carrie Monohan, Ph.D.1,2, Nick Graham, M.S.1, & Debbie Page Dumroese, Ph.D.2 1The Sierra Fund, 2California State University, Chico 3Rocky Mountain Research St
	Slide 2:    
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37:    Contact Us! 
	Slide 38:    
	Slide 39
	Slide 40



