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Upland sources such as hydraulic and hard rock 
mines that are contaminated with mercury.

Reservoirs where
mercury laden sediments accumulate.

Strategic Mercury Clean up Targets

Operational Capacity

DRAFT Conceptual Design by Courtney Chatha for The Sierra Fund 3/1/2013

Get the Mercury Out:
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Key Features and Orientation

1) The Malakoff Diggins hydraulic 
mine pit

2) Hiller Tunnel 
3) North Bloomfield Tunnel
4) Access shafts that are associated 

with the North Bloomfield Tunnel
5) Diggins Creek which drains the pit 

into Humbug Creek 



Scope of Assessment / Critical Questions

• Water Quality Critical Questions

• Biotic Sampling Critical Questions

• Erosion, Deposition and Soil Conditions in the 
Pit Critical Questions

Purpose of Assessment:
Identify recommendations for addressing water quality impairments and 
physical hazards in the Humbug Creek watershed that resulted from 

historic mining activities
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CQ1: What is the annual sediment and mercury load in Humbug 
Creek? How much of that load is from storm events?

CQ2: Is mercury in Humbug Creek transported primarily as 
particulate bound mercury rather than in its dissolved form?

CQ3: Is the quantity of suspended sediment in Humbug Creek directly 
correlated with mercury concentration in Humbug Creek?

CQ4: Is Diggins Creek a significant source of sediment, mercury 
and/or other metals to Humbug Creek? How is the water quality at 
the Gage3 site different than the Road1 site? 



Humbug Creek Water Sampling Sites

Road 1
Hiller 2
Gage 3

Water Quality Sampling Plan



Monitoring Components
Humbug Gage Location

Stage Turbidity

Power

Automated Sampler



Road 1
Humbug Creek 

Hiller 2
Diggins Creek

Gage 3
Humbug Creek and Diggins Creek

Photos taken by Dr. C. Monohan 3/14/2012



a)	ISCO	
Automatic	
Sampler

b)	Axiom	H2	
Data	Logger d)	SDI‐12	Pressure	

Transducer

c)	DTS‐12	Turbidity	Sensor
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Loads for Humbug Creek



Loads for Humbug Creek



Loads for Humbug Creek



Loads for Humbug Creek



Loads for Humbug Creek
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Water Quality Characterization and Assessment

CQ1: What is the annual sediment and mercury load in Humbug Creek? How 
much of that load is from storm events?
CQ 1: the annual sediment load is ~500 tons/year and the annual mercury load 
is 100 g/year. 

CQ2: Is mercury in Humbug Creek transported primarily as particulate bound 
mercury rather than in its dissolved form?
CQ2: The mercury in Humbug Creek is primarily in particulate bound form-not 
dissolved

CQ3: Is the quantity of suspended sediment in Humbug Creek directly 
correlated with mercury concentration in Humbug Creek?
CQ3: The particulate bound mercury is highly correlated with total suspended 
sediment in Humbug Creek at Gage3 site (R2=0.88, n=16). 

CQ4: Is Diggins Creek a significant source of sediment, mercury and/or other 
metals to Humbug Creek? How is the water quality at the Gage3 site different 
than the Road1 site? 
CQ4: Humbug Creek has lower levels of metals upstream of Diggins Creek 
(Road1) and significantly higher levels downstream of the confluence with 
Diggins Creek (Gage3). Diggins Creek is a significant source of impaired water 
quality to Humbug Creek, it is a source of sediment, mercury, copper, lead, 
nickel, zinc and iron to Humbug Creek during storm events.

…. How could the Pit be a source of contamination?.....W
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Photo taken by Dr. David Brown CSU Chico 12/2/2013



Additional source?

Additional source?



Additional Features Attributed to Water Quality

CQ10: Is the North Bloomfield Tunnel contributing to degraded 
water quality in Humbug Creek?
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Conceptual Model 
of the North Bloomfield Tunnel and associated access shafts 



The Red Shaft

Photos taken by C. Monohan 5/20/2012



2,270 ng/L THg
0.51 ng/L Dissolved Hg

Samples 
collected 
one time 
from all 
access 
shafts.



Assessment of Attributing Features

CQ10: Is the North Bloomfield Tunnel contributing to degraded 
water quality in Humbug Creek?

CQ10: The North Bloomfield Tunnel at Shaft 5 (the Red Shaft) has 
elevated levels of mercury, arsenic, nickel, and zinc and at the outfall 
has elevated levels of nickel and zinc.
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Hiller 
Tunnel 
Outfall

Shaft 5
NB 
Tunnel 
Outfall

Fish and 
Ag

Source 

TSS mg/L 2,940 55 450 Narrative Chemical Constituents Objective
Copper µg/L 130 4.5 0.6 7 9 CTR Criterion Continuous Concentration
Iron µg/L 39,000 2,800
Lead µg/L 30 1.5 <1 0.7 2.5 CTR Criterion Continuous Concentration
Mercury µg/L 540 2.7 <0.001 27 95% Reduction of existing input, Cash Creek TMDL
Nickel µg/L 110 180 90 12 52 CTR Criterion Continuous Concentration
Zinc µg/L 130 150 13 <10 120 CTR Criterion Continuous Concentration

Example Benchmark Values
Background 

Value

Peak Measured Value

Parameter Units



PRELIMINARY MANAGEMENT
RECOMMENDATIONS

• Reduce Turbidity in Humbug Creek
• Reduce Metal Contamination in Humbug Creek
• Reduce Erosion in the Pit
• Address Physical Hazards

WHERE?
1) Hydraulic Mining Pit
2) Red Shaft
3) North Bloomfield Tunnel –water and metals
4) North Bloomfield Tunnel-physical hazards



1)  Hydraulic Mining Pit 
– Management of Sediment and Metals Discharge

Option A) Divert Surface Water Inflow to Hydraulic Pit

Option B) Retain Sediment in Hydraulic Pit

Option C) Dewater Hydraulic Pit

Option D) Treat the Discharged Water

Option E) Some combination of all of the above

Preliminary Management Recommendations



2)  Shaft 5 (Red Shaft) 
– Management of Water and Metals Discharge

Option A) Monitor Water Quality

Option B) Re-route Trail

Option C) Fence Access Shaft

Preliminary Management Recommendations

5/20/2012

5/20/2012



3)  North Bloomfield Tunnel Outfall 
– Management of Water and Metals Discharge

Option A) Monitor Water Quality

Option B) Bat Friendly Gate

Preliminary Management Recommendations

Photo taken by C. Monohan 
3/9/2012



4) Tunnel and Access Shafts 
– Management of Physical Hazards

Option A) Fence Hazardous Features

Option B) Plug Hazardous Features

Preliminary Management Recommendations

Photo taken by C. Monohan 3/9/12



CURRENT STATUS
• Watershed Assessment Document is 

complete
• DWR funded work on erosion and metal 

sources with USGS is on-going
• Cultural Inventory is underway
• Preliminary Management Recommendations 

have been proposed for consideration by 
Parks

• Work with Parks to seek funding to identify 
and fill data gaps, conduct planning and 
permitting and to implement solutions.
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Thank You 
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