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Executive Summary
Spring and Shady creeks, tributaries to the South Yuba River, are both impacted by the legacy
impacts of historic hydraulic gold mining operations. Exposed hillsides created from mining
operations continue to erode, discharging sediment and mercury into these watersheds. This report
details the current state of mercury and sediment contamination in Spring and Shady creeks through
data collection and analysis of stream flow, annual sediment and mercury loads, the relative
proportion of the different forms of mercury, and the correlation between particulate-bound mercury
and suspended sediment. For the 2014, 2015, and 2016 water years, Spring Creek sediment loads
were estimated to be 71.19, 179.79, and 320.79 tons and total mercury 62.53, 155.01, and 248.53
grams, respectively. For the 2014, 2015, and 2016 water years, Shady Creek sediment loads were
estimated to be 65.33, 65.63, and 501.31 tons and total mercury was 32.81, 22.58, and 134.70
grams, respectively. Both Spring and Shady creeks yielded strong relationships (R²>0.9, p<0.0001)
between particulate-bound mercury and suspended sediment, suggesting that collection of
suspended sediment may be used as a proxy for mercury levels. Mercury was primarily transported
in the particulate-bound form with an average of 63% in Spring Creek and 80% in Shady Creek.
Additionally, 60% of Shady Creek and 66% Spring Creek mercury samples exceeded 50 ng/L
which is the current federal and state recommended criterion for the protection of human health and
aquatic life (USEPA 2000). These findings demonstrate the continued impact of hydraulic mines to
downstream waterways and highlight the importance of remediating abandoned mine sites and other
upstream mercury sources.

Introduction
The South Yuba River, a California State Wild and Scenic River, has been heavily impacted by the
legacy impacts of historic hydraulic gold mining that began during California’s Gold Rush.
Hydraulic mining entailed redirecting and pressurizing surface water through water cannons to
break down placer ores and wash away gravel deposits. Once washed off the hillsides, deposits
abundant with placer gold from weathered gold-quartz veins were directed through sluices in an
effort to locate gold. To extract the gold from the sluices, liquid mercury was used to make a goldmercury amalgam. This amalgam was then heated in order to evaporate the mercury leaving the
gold behind. This process released mercury vapor into the air and discharged liquid mercury into
the surrounding environment. Loss of mercury during the Gold Rush was estimated to be 10 to 30
percent per season (Bowie 1905), totaling in about 10,000,000 pounds across California (Churchhill
2000).
Mines that had previously been heavily utilized and populated were abandoned with little to no
remediation effort. The South Yuba River is listed by the State Water Resources Control Board as
an impaired waterbody for mercury and water temperature (SWRCB 2011). The Spring and Shady
creek tributaries of the South Yuba River contain dozens of historic mine locations, the largest of
which is the San Juan Ridge Mine (SJRM). Mining operations in the area have been continuous
since 1850, with interest renewed by the rising price of gold (Meals 2012).
In 1995, the San Juan Ridge Mine Corporation (SJRMC) ceased gold mining operations at the San
Juan Ridge Mine (SJRM) following the breach of an aquifer that caused the overflow of
containment ponds (Associated Press 1997). This breach released millions of gallons of mine waste
discharge into Spring and Shady creeks, drained and contaminated 12 local wells through the
oxidation of naturally occurring heavy metals that include a well that supplies drinking water to a
local K-8 school (Pogash 2014). The SJRMC proposed to re-open their mine for gold extraction in
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2012, which would require pumping up to 3.5 million gallons of groundwater to operate each day
(Brenner 2014). Pumping groundwater at this scale would likely deplete the underground aquifer
providing water to hundreds of community members and potentially cause serious impacts to
surface water quality in Spring and Shady creeks due to increased surface flows from mining
practices.
To understand the present-day impacts to Spring and Shady creeks from legacy mining and to
understand how increased water flow across the mine site may lead to decreased water quality
downstream, the following key questions were developed:
(i)
What are the annual streamflows of Spring and Shady creeks?
(ii)
Is mercury in Spring and Shady creeks transported primarily as particulate-bound
mercury or in its dissolved form?
(iii) Are suspended sediment concentrations in Spring and Shady creeks directly correlated
with mercury concentrations?
(iv)
What are the annual sediment and mercury loads in Spring and Shady creeks? Can
suspended sediment relate to discharge measurements in order to predict these loads?
(v)
Is Spring Creek contaminated from other upstream sources?
Spring and Shady creeks were monitored during storm events to understand how introducing high
levels of surface flow might lead to increased mercury and turbidity issues downstream. Basic water
quality, hydrology data, mercury (Hg) samples, and total suspended solids (TSS) were collected
between 2013 and 2016. Because sediments mobilize during storm events and mercury is known to
be transported bound to suspended sediments, we expected to see a relationship between water
quality parameters and flow rates. The statistical relationship between TSS, mercury, and discharge
(Q), was used to calculate the amount of sediment and mercury being transported for any given
flow.

Methods
Study Area
Spring and Shady creeks flow through the area known as the San Juan Ridge in Nevada County,
California. This region was colonized by miners in the mid- to late 1800’s who established dozens
of mine sites and utilized hydraulic mining techniques or pressurized water to remove tertiary
gravels from hillsides, which were processed for gold removal (Meals 2012). This process left
behind exposed hillsides that continue to erode into local streams during California’s wet winter.
The 30-yr period from 1981-2010, provided an annual precipitation average of 62.39” locally to
contribute to the erosion of abandoned mine landscapes, making natural vegetation recolonization
difficult.
Discharge
To determine stream gage locations, visual stream assessments and a review of topographic, aerial,
ownership, and San Juan Ridge Mine maps were performed from May-June 2013 for Spring and
Shady creeks. Efforts were coordinated with community members and private property owners on
both creeks, so stream gages could be established near the outflow locations of the San Juan Ridge
Mine. The following site-specific criteria were used to determine suitability for stream gage station
locations (Rantz et al. 1982):
▪ Stream course: the course of the stream is straight for about 300 ft upstream and
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▪
▪
▪
▪
▪
▪
▪
▪

downstream from the gage site
Stream flow: the total flow is confined to one channel at all stages; no flow bypasses the
site as subsurface flow
Streambed: the streambed is not subject to scour and fill, and is free of aquatic growth
Stream banks: the stream banks are permanent, high enough to contain floods, and are
free of brush
Controls: unchanging natural controls are present at the site
Pools: a pool is present upstream from the control at extremely low stages to ensure
stage is recorded at extremely low flow
Tributaries: the gage site is far enough upstream from the confluence with another
stream to avoid any variable influence the other stream may have on the stage at the
gage site
Stream reach: a satisfactory reach for measuring discharge at all stages is available
within reasonable proximity of the gage site
Site access: the site is readily accessible for ease in installation and operation of the
gaging station

Figure 1. Map of stream gaging stations on Spring and Shady Creek.

Stream flow gages were installed in Spring Creek and Shady Creek in July and August 2013 (Figure
1&2). Discharge data collection occurred between September 2013 to January 2016 at variable
flows to establish a strong rating curve. Each stream flow gaging station includes a staff plate for
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visual water level observations, a Solinst Levelogger (Solinst 2013) housed in a galvanized pipe for
continuous absolute pressure measurements collected every 15 minutes, and a cross section for
taking discharge measurements. Additionally, Spring Creek received a Solinst Barologger (Solinst
2012) in galvanized pipe for continuous (15-minute intervals) barometric pressure measurements

Figure 2. Spring Creek gaging station (left) and Shady Creek gaging station (right).

The staff plates and galvanized pipes were secured to the stream bank using 3/8” wedge anchors
and/or galvanized rods, installed on large boulders using a rotary hammer. The Solinst Leveloggers
recorded absolute pressure (water column + atmospheric pressure) and the data were compensated
using atmospheric pressure data to get accurate water level values (Solinst 2013). The Solinst
Barologger recorded atmospheric pressure to allow for compensation of the Levelogger data
(Solinst 2012). One Barologger is capable of compensating data from Leveloggers within a 20-mile
radius and within an elevation change of 1,000 ft, thus the Spring Creek Barologger provided
adequate coverage for the Leveloggers in both Spring and Shady Creeks (Solinst 2012).

Figure 3. Discharge data collection at Spring Creek.

A stage-discharge relationship or rating curve was created for each creek to estimate the annual
water flow. Baseline and storm event discharge and stage data were collected throughout each year
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of the study (2013-2016) to create these relationships. A Marsh-McBirney Flo-mate and a top
setting wading rod were used to collect discharge measurements while wading. (Figure 3).
Discharge measurements followed the protocols outlined in Rantz et al. (1982) for measurement of
discharge by current meter methods. A cross section was established at the sample location across a
portion of stream in uniform flow using a tape measure and rebar. The total width of the creek was
recorded and used to divide the creek into 25-30 subsections. The depth, width, and velocity of the
stream was recorded at each section. Staff plate readings occurred before and after discharge
measurements.
Discharge was calculated using the following equation:
Q = ∑ (a * v)
where Q is total discharge, a is the cross-sectional area of an individual subsection, and v is the
velocity of the flow in the subsection. Discharge measurements followed the midsection method for
current meter measurement outlined in Figure 4 (Rantz et al. 1982). Velocity measurements were
made using the six-tenths depth method, where an observation of velocity was made with the
current meter at 0.6 the depth below the water surface, and representative of the mean velocity for
the individual vertical or subsection. For depths greater than 2.5 ft when flows were not rapidly
changing, the two-point method was used, in which velocity observations were made at 0.2 and 0.8
the depth below the water surface and averaged to get a representative velocity for that station.
Standard USGS procedures of 25-30 subsection measurements, with closer spacing of subsections
in areas of greater depth and velocity were utilized. Total discharge for the creek was then
calculated as the summation of discharges for all the subsections.

Figure 4. Sketch of the midsection method for taking discharge measurements (From Rantz et al. 1982).

Rating Curves
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Rating curves were established to estimate annual water flow by creating a relationship between
stage and discharge (Rantz et al. 1982b). The rating curve was constructed in the statistical program
“R” by plotting the data on an X-Y scatter plot, with Stage (ft) as the X variable, and Discharge
(cfs) as the Y variable. After plotting the data, a polynomial trend line was plotted against the data,
with an equation, and the R2 and p-values calculated. This equation was used to calculate discharge
values using the generated stage data from the Levelogger vs. Staff Plate linear relationship.
Collecting data on discharge and stage over time allows for a relationship to be developed between
the two variables, so that discharge can be estimated from stage data within the range of measured
discharges.
Mercury and TSS Sampling
Mercury and TSS samples were collected during storm events to understand the impact of mercury
and TSS in each creek. This data was used to determine whether mecury is transported primarily as
particulate bound or in its dissolved form, if stream discharge data can be used to build a predictive
relationship between mercury and TSS, and what the annual mercury and TSS loadings were for
each creek.
Grab samples were collected for mercury using Clean Hands/Dirty Hands EPA 1669 Method for
sampling ambient water for trace metals (USEPA, 1996). Training for this method was provided by
Dr. Carrie Monohan (The Sierra Fund) and all water samples were sent to Brooks Rand Labs, an
EPA certified lab. Each sampling event resulted in duplicate 250 mL grab samples for trace-level
mercury and a 1L TSS sample. One 250 mL bottle was filtered at the Brooks Rand Lab to remove
particulate matter to determine the filtered/dissolved portion and one was processed without
filtering for total mercury. Particulate-bound mercury (PHg) was calculated by subtracting the
filtered/dissolved mercury (DissHg) portion from the unfiltered/total mercury (THg) sample. Lab
filtering, rather than field filtering, was necessary due to storm conditions, which makes field
filtering impractical. The lab filtering was a modification to EPA method 1669, which was
considered appropriate if lab filtering took place within required holding times.
Annual TSS loads were calculated by building a relationship between TSS and discharge, using the
relationship to predict TSS values, applying a loading conversion factor to the predicted TSS
values, and summing by water year. Annual mercury loads were calculated by building a
relationship between TSS and mercury, using the relationship to predict mercury values, applying a
loading conversion factor to the predicted mercury values, and summing by water year. Data
collection efforts coincided with runoff events, when the highest concentration of mercury and TSS
were likely to be moving downstream.
To calculate load, the following equation was applied:
Load (mass/time) = Sum [Discharge (volume/time) * Concentration (mass/volume)]
Spring Creek Contamination Sources
While Shady Creek drains primarily from the SJRM, Spring Creek originates upstream of the large
mine site and flows through many smaller abandoned mines within its sub-watershed (Figure 6). To
address the potential for mercury and TSS contamination from other upstream sources, a single
sampling event for three upstream sites plus the Spring Creek gage location was conducted to
identify the relative contribution of total mercury and TSS from the SJRM and other upstream
sources. Sample locations included the Spring Creek Gage site (SPG1) just downstream from the
Mercury and TSS in Spring and Shady Creeks
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SJRM, Spring Creek Tributary 1 (SPT1), Spring Creek West Fork (SPWF), and Spring Creek East
Fork (SPEF). Visual inspection of the water flowing from the Trood Mine, just downstream from
SPT1, displayed a caramel color, typical of contaminated streams. Drainages from Trood Mine, as
well as the tributary that drains the San Juan Ridge Mine, were not sampled due to private property
restrictions. Sample protocols were identical to those described above.

Figure 6. Spring Creek Sampling Locations.

Results
Spring and Shady creeks were sampled 17 times for discharge during both baseline and flooding
conditions and 5 times for total mercury, dissolved mercury and TSS during storm events. One
additional total mercury sampling event occurred in Spring Creek. Monthly water quality data
collection results can be found in Appendix I and online at www.Yubashed.org.
Discharge
In the 2014, 2015, and 2016 water years, Spring Creek measured discharge was 1,767, 4,201, and
5,453 acre-feet (AF), respectively (Figure 7). At Shady Creek, the amount discharged at the gage
was 1,006, 804, and 2,096 AF, respectively (Figure 7). For the years monitored, Spring Creek
yielded 7,515 AF more than Shady Creek.
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Figure 7. Spring Creek (upper) and Shady Creek (lower) discharge hydrographs (X = grab samples
collected).

To develop the rating curve, the sample date, Levelogger water level, staff plate reading, and total
discharge were applied (Table 1). The Levelogger water level was the water level read from the
logger data for the time period the discharge measurement was collected; the staff plate value was
the average stage on the staff plate observed during the discharge measurement; and the total
discharge amount was the discharge measurement for the sampling date calculated from the flow
meter and cross-sectional area. The differences between Levelogger and Staff Plate stages were
calculated at each creek to track differences between Staff Plate and Levelogger values over time.
Looking at the Staff Plate – Logger (ft) column in Table 1, the relationship between Levelogger and
Staff Plate stage slightly changed over time at both sites.
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Table 1. Table showing the relationship between Levelogger and Staff Plate stages over time.

The relationship between the Levelogger and staff plate readings for both Spring (R2=0.957,
p<0.0001) and Shady (R2=0.935. p<0.0001) creeks was statistically significant with strong
predictive power (Figure 8). Rating curves for each gage presented a strong relationship between
stage and discharge (R2=0.98, p<0.0001 at Spring Creek; R2=0.96, p<0.0001 at Shady Creek),
indicating the manual staff plate was highly correlated with the stream flow data (Figure 9).

Figure 8. Levelogger vs. Staff Plate relationships for Spring (left) and Shady (right) creeks.
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Figure 9. Rating curves for Spring (left) and Shady (right) creeks.

Mercury and TSS
Mercury levels sampled during high flow events often exceeded the current federal and state
recommended criterion for the protection of human health and aquatic life (50 ng/L as total mercury
in unfiltered water) during high streamflow conditions (Figure 10). In addition, total and dissolved
mercury samples were usually higher in Shady Creek than in Spring Creek for the same storm
event.
At both Spring and Shady creeks, mercury was primarily transported in its particulate-bound form.
Spring Creek samples contained an average of 63% and Shady Creek contained an average of 80%
particulate-bound mercury (Figure 10).

Figure 10. Dissolved (DissHg), particulate (PHg) and total (TotalHg) mercury levels for each sampling
event. Only total mercury was sampled on 1/13/16, for comparison with samples collected upstream.
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Particulate bound mercury samples were highly correlated with TSS in both Spring and Shady
creeks (R2 = 0.972, p=0.01 and R2 = 0.917, p=0.04, respectively) (Figure 11).

Figure 11. TSS vs. particulate bound mercury (PHg) relationships for Spring and Shady creeks.

For the 2014, 2015, and 2016 water years, Spring Creek sediment loads were estimated to be 71.19,
179.79, and 320.79 tons and total mercury 62.53, 155.01, and 248.53 grams, respectively (Figure
12). For the 2014, 2015, and 2016 water years, Shady Creek sediment loads were estimated to be
65.33, 65.63, and 501.31 tons and total mercury 32.81, 22.58, and 134.70 grams respectively. Over
the calculated period, Spring Creek yielded 275.98 more grams of total mercury than Shady Creek.
However, Shady Creek yielded 60.5 more tons of TSS than Spring Creek.

Figure 12. Mercury and TSS loads for the 2014, 2015, and 2016 water years.
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To predict TSS from discharge data, a power regression curve was fit to the field collected
discharge (predictor) and TSS (response) data for both creeks (Figure 13). The fit between
discharge and TSS was stronger for Shady Creek (R2=0.908, p=0.05) than for Spring Creek
(R2=0.724, p>0.05).

Figure 13. Calculated Discharge vs. TSS for Spring (left) and Shady (right) creeks.

To predict total mercury levels from TSS, a polynomial regression was applied between collected
TSS and total mercury values. The fit for Shady Creek (R2=0.994, p=0.01) and Spring Creek
(R2=0.978, p<0.01) both contained a strong relationship (Figure 14).

Figure 14. TSS vs. Total Hg for Spring (left) and Shady (right) creeks.

Spring Creek Contamination Sources
Results from the additional sampling event on Spring Creek indicated that both SPT1 and SPG1
(the gage site below the SJRM) contribute to mercury pollution levels in Spring Creek subwatershed. Total mercury inputs from the SJRM were higher than the three additional study
locations in the sub-watershed (Figure 6).
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Figure 15. Additional sampling event on Spring Creek for Total Hg and TSS.

Discussion
The mercury and TSS loads calculated for both Spring and Shady creeks demonstrate the continued
water quality impacts that past mining activities have in the South Yuba watershed. These results
highlight the importance of remediating abandoned mine sites and provide data to support the
concept that mines, located on smaller tributaries in large watersheds like the SJRM, have a
cumulative impact on the watershed that places the water quality, habitat quality and the health of
the watershed at risk. Contamination at this scale is compounded in the downstream direction,
resulting in contaminated fish stocks, which impact public health and fisheries; and water quality
impacts that reduce reservoir storage capacity and habitat health for aquatic organisms.
Based on the results of this study, storm events trigger releases of contaminated sediment to the
South Yuba River as abandoned mines continue to erode. This concept was also shown in The
Sierra Fund’s study at Malakoff Diggins (Monohan et al. 2015) where annual mercury and TSS
loads were calculated in Humbug Creek. At present, the Total Maximum Daily Load (TMDL)
determination for mercury on the South Yuba River is not completed and it is unknown whether the
loads produced from Spring and Shady creeks will fall below or above that TMDL. Regardless,
these tributaries are at risk, as most of the samples collected in this study exceeded the current
federal and state recommended criterion for the protection of human health and aquatic life (50 ng/L
as total Hg in unfiltered water) during high streamflow conditions.
The field collected discharge data that was used in combination with mercury and TSS samples to
estimate loading in each creek requires additional data to further develop this relationship. To
accurately estimate loading, a strong relationship between field calculated discharge and TSS is
necessary. Using a power curve on this relationship resulted in marginally significant R2 values at
both Spring and Shady creeks. TSS samples collected during the 12/10/2015 and 1/13/2016 storm
events were excluded from this relationship because field calculated discharge was not collected
during the events. Using the discharge values calculated from the Levelogger lacked a strong
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relationship with the corresponding TSS measurements. Therefore, a field calculated discharge
measurement should always be taken when collecting TSS samples to develop this relationship,
rather than relying on the Levelogger data.
Annual loading estimations require a stream gage outfitted with a logger to calculate continuous
discharge. Measuring discharge at peak levels when the highest loading is generally occurring is
sometimes not attainable without using more expensive equipment, although accurate for lower
flows, using only a flowmeter can potentially underestimate loading. In this study, slight variation
in the readings collected by the Levelogger and Staff Plate did occur (Table 1), however correlation
between these two variables were statistically significant and sufficient to calculate the loading
estimations.
The results indicate that particulate-bound mercury is the primary form of mercury moving through
these watersheds. Mercury bound to clay particles can be managed on site by decreasing erosion
potential within the abandoned mine. Settling ponds, check dams, and hotspot removal are current
techniques of slowing down runoff, allowing toxic sediments to filter out, or removing material.
Revegetation techniques could also aid in the long-term remediation of the SJRM and should be
considered. Specific sources are difficult to identify and study due to private property restrictions
and assumed dispersion of mercury within the SJRM. Additional investigation of other sources of
mercury on Spring Creek (Figure 15) could be expanded to include more stream segments which
will provide a better understanding of the sources of contamination within the Spring Creek subwatershed. From a management perspective, stopping the particulate-bound mercury at the source,
rather than letting it move downstream into environments where it can be methylated and become
bioavailable is key. This report can be used to supplement other studies and further the
understanding of legacy mine impacts in the Sierra Nevada.
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Appendix I: Basic Water Quality Data for Spring and Shady Creeks.

Figure 16: Monthly air temperature plotted at Shady and Spring Creek sampling sites

Figure 17: Monthly water temperature plotted at Shady and Spring Creek sampling sites
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Figure 18: Monthly conductivity plotted at Shady and Spring Creek sampling sites

Figure 19: Monthly dissolved oxygen plotted at Shady and Spring Creek sampling sites
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Figure 20: Monthly pH plotted at Shady and Spring Creek sampling sites

Mercury and TSS in Spring and Shady Creeks
South Yuba River Citizens League

22

