Abstract

Providence Mine Brownfields Cleanup and Phytoremediation Pilot Study

Kyle Leach PG, Geologist and Jeff Lauder, Ecologist
Sierra Streams Institute, 431 Uren St, Nevada City, CA 95959

The Providence Mine was one of the largest and most productive mines in the Nevada City Mining District,

producing up to $20 Million in gold and silver between the 1850s and 1920s. The abandoned mine site is located
on City owned property along Deer Creek near downtown Nevada City. Mine waste impacted by lead, arsenic,
mercury and cadmium has been eroding into Deer Creek for over 150 years. Ongoing assessment and cleanup of
the mine has been accomplished through collaboration between the City of Nevada City and Sierra Streams Insti-
tute (SSI) with grant funding from US EPA, The Sierra Nevada Conservancy (SNC) and the Rose Foundation. As-
sessment of the mine was performed as part of a 2006 EPA Brownfields Assessment Grant implemented by SSI
under a subgrant agreement. Initial cleanup of the mine site was completed in 2014 with EPA Brownfields Cleanup
Grant funding. Additional cleanup of an active landslide and unstable mine waste above Deer Creek is underway
with SNC grant funding. A 2012-13 phytoremediation pilot study performed on the site by SSI with Rose Founda-
tion grant funding showed successful uptake of arsenic, lead and cadmium into California native vegetation and
successful germination from broadcast seeding. A follow up study is currently underway focusing on hydroseed

and native plant erosion control and heavy metal phytostabilization.
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Phytoremediation

Phytoremediation 1s the use of green
plants to extract or otherwise mitigate pol-
lutant contamination. At Providence
Mine and Stiles Mill, we tested phytoex-
traction (uptake of contaminants) capacity
and metal tolerance as well as overall can-
didacy of native plants for revegetation of
mine wastes. Replicated field plots using
various amendments were used 1n a pre-
liminary study to examine germination,
survival, and uptake of select native spe-
cies shown in previous lab studies to be |
classified as hyperaccumulators of target
metals. A factorial potted-plant controlled
experiment was then performed to assess
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City owned properties were screened to identify abandoned mine sites.

impacts from past mining activities:

Four sites were sampled for heavy metal
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within footprint of large building at upper right. “Waste Rock Area”
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Post remediation grading map. 2014 Brownfields cleanup of shaft plug and back-
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Site characterization data was evaluated to identify 4 Areas of concern (AOCs) at the site which were evaluated in a

human health risk assessment to establish cleanup goals:
* AOC 1, Mine Features Area; Pb and As found in soil and mine waste. Goals of 280 mg/kg Pb and 21 mg/kg As.

« AQOC 2, Lead Hot Spot; Pb in near surface soil exceeding Hazardous Waste levels (1000 mg/kg).
« AOC 3, Trail; soil on trail surface outside Mine Features Area did not exceed cleanup goals.
« AOC 4, Waste Rock Area: Steep mine waste eroding into Deer Creek. Engineered cleanup to control erosion.

Steep mine waste slopes in the Waste Rock Area
were regraded to lower slope angles to reduce
erosion into Deer Creek. Slopes were reduced
from approximately 1:1 Horizontal to Vertical
(H:V) to 1.5:1 H/V. Excavated mine waste was
placed as backfill in the shaft depression.

Coir Fiber Matting was installed on regraded
slopes. Contained plants and hydroseed com-
posed of California native grasses and wildflow-
ers was applied to the coir matting, staging area
and other disturbed areas of the site.

Rodent Control

(Top) Measured uptake of Pb, As, and Cd in F. rubra, H.
annuus, and S. pulchra in controlled potted plant experiment.
(Bottom) Uptake of all three metals relative to biomass (g)

centration / total biomass
production) than either H.
annuus or I rubra

Conclusions o

* Cleanup has significantly reduced potential exposure of humans and the environment
to toxic metals.

*Additional mine waste remediation and slope stabilization, funded by the Sierra
Nevada Conservancy, will further reduce the erosion of mine waste into Deer Creek.
Phytormediation results were the first to demonstrate direct uptake of target metals into
Purple Needlegrass, the CA state grass, and have directly influenced re-vegetation plans
by augmenting planned plant pallettes. Results also prove feasibility of phytoremedia-
tion applications.

*Additional phytoremediation research 1s on-going, with current studies 1n progress ex-
amining local adaptation to metal contamination in willows to better inform mine waste
re-vegetation.

*These projects provide a model for collaboration between municipalities, science
based non profits and various funding agencies to cost effectively clean up abandoned

mine sites on public property using novel methods.



