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FIGURE 1
SITE LOCATION MAP
ILLINOIS GULCH
CITY OF BRECKENRIDGE
SUMMIT COUNTY, COLORADO
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Data Collection
Activities

2013 Surface Water - CDPHE

2014 Waste Piles/Surface Water — MO

2015 Phase 1 - Residential Soil Sampling — EPA
2016 Synoptic Surface Water/Loading — USGS/EPA
2017 Synoptic Surface Water/Loading — USGS/EPA
2017 Phase 2 - Residential Soil Sampling - EPA
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Hydrologic &
Illinois Gulch/Iron Springs

Rob Runkel (runkel@usgs.gov) & many
Colorado Water Science Center / Tovic Substances.

others...
Hydrology Program
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Willard Pile Source Definitionx

Willard Waste
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Willard Adit 1
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Mine Pile Soil Concentrations

* Arsenic concentrations range up to 3,357 mg/kg

* Lead concentrations over 90,000 mg/kg

Run-off Observed

* Fine/silty, iron-stained, metals-laden sediment

* Deposited/intermingle within on-site wetland

* Observed in Iron Springs; lllinois Gulch; Blue River

Residential Properties

* Elevated heavy metals concentrations including arsenic and lead above EPA
Residential Soil Levels on adjacent/downstream properties












Figure 5.
lllinois Gulch - Willard Pile XRF
Arsenic Results
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Data Sources:
Imagery - Microsoft Bing web service (2014);
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Parcel Boundaries - Summit County, Colorado (2014);
City Boundaries - Summit County, Colorado (2014).
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Figure 6.

lllinois Gulch - Willard Pile XRF
Lead Results
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Data Sources:
Imagery - Microsoft Bing web service (2014);
Sample Locations - U.S. EPA Region 8 (2014);
Parcel Boundaries - Summit County, Colorado (2014);
City Boundaries - Summit County, Colorado (2014).
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Residential Soil Sampling

 Lead and Arsenic concentrations exceed
background and residential/industrial use RSLs

* Arsenic ranges up to 54 mg/kg
* Lead ranges up to 1,170 mg/kg

* Residential RSLs: As=0.68 mg/kg; Pb=400 mg/kg
* Industrial RSLs: As=3.0 mg/kg; Pb-800 mg/kg
* Average background: As=14 mg/kg; Pb=140 mg/kg




e Continuous discharge from Willard Adit #1 found
to contain elevated heavy metals concentrations
and low pH.

e Discharge from the mine adits within the Willard
) Waste Area is a primary source of metals
migration, deposition, and iron staining within
the adjacent wetland, Iron Springs Gulch, lllinois
Gulch, and adjacent/downstream properties.

Willard Adit 1

* Episodic surges and discharges from the Puzzle
mine/Willard Adit #1 have occurred in the past,
including a documented blowout in April 2006
resulting in a downstream fish kill
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Water Quality Status

* Blue River Segment 12, lllinois Gulch, has been on the State’s 303(d) list of water
guality impaired waterbodies for nonattainment of water quality standards for
issolved zinc since 2004, when it was given a high priority.

e This same segment, lllinois Gulch, was also included on the State’s 303(d) list for
dissolved cadmium in 2009.

* Excess dissolved zinc and cadmium impairs the Aquatic Life Cold 1 classification
for Segment 12.

 TMDL indicates that high concentrations of dissolved zinc and cadmium are
primarily the result of mining activity in the watershed since the1880’s (CDPHE,
2010 and 2011).

* Water quality in lllinois Gulch above the Iron Springs Gulch (and influence of the
Puzzle Mine) is periodically above assigned standards, but water quality below
the mine has significantly elevated acute levels of cadmium and zinc.
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Water Quality Results

SECTIONFOUR Surface Water Sample Results
Takle 4-4a
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Sample Location | S#9le | Sample | Hardness | . [FlowRate | As | Ca | Cu | Fe() [ Po | Mn | ™ u Zn
[+] Dats {mgiL} |GFS) (eal) | {pgil) | (peil) | Oegil) | Jpe'l) | (pe'l) | Oeail) | {0gl) | (ea'l)
053112 LED 516 005 2 g JPF | Iiope | 228 | 2600 z 2. RO
Willard Adit 1 50413 T 31 Lol el &7 jdan | sdomd | 468 | FE00 #3 £.4 | rapeg
Discharpe [G-13 CE/TE1S 200 4 48 004 &1 6 I8x | reese | pee | 2aoe 21 1.% | sepe
Fuzzle Adit 70314 e 330 a0.07E o7 | oS3 A3 Aso0n | Aie | s%ao | 273 L0
oo 1814 207 347 | a.nsni 6550 | %34 158 sraon | 287 | suve | 17 #1520
053112 250 706 A 11 x4 =5 ] nEZ 570 =32 043 Add
roon Springs OE/22'12 3RO A 25 | <=npa7| =5 sasgew | =015 | 170 =32 0.41 51
Aine Duamp — 050513 290 753 A 3] 063 =4 BEAG 0az | 340 =1 I8 150
(Willard Pile) OB/ 2813 230 TE ™A 2.5 =<0a7 | =4 i 026 oF < ] 2.7 =10
Seep [al O7A02 14 275 778 M oa7Tz | =0 1.53 EES G136 | &8s | <0s 24.3
09/ 15148 298 583 MC 152 | =01 | 8531 773 =11 274 | =05 LE.4
[T I e 00 LAz 3 4 7 i Basn 39 1300 L& a.34 | =row
Willard Adit 2 pESALh . L9 2 54 Gal z & FE FEET i 1700 0 Q.38 | 2row
t;“;_;‘é’_lﬁ'é' oge | 280513 L0 414 DAl 2. o4 120 | arece | 22 1300 | 2% 1.2 | 4200
nerrih of Puzzle CE/TE 1S L9 207 LAt 2 40 14 1 g FES 1400 LE 0.38 | 270
Adit 070214 17% 455 0.013 122 | 87 | o2 | 3s400 | S0 | 1350 | 1BT A0
09 1514 LE3 525 0oz .58 | =43 145 | 1600 | 502 | 1400 13 ETED
G763 T 651 .03 043 | <coaT| =4 7440 053 150 -1 2 40
Qutlet of pond CETE 1S &0 TET RE 041 | =<oaT| =4 £1a G2 230 -1 2.4 =1
e Willard [5-17
Dile G701 2RO Ean 0.0EE oras | =0 1.41 510 =1 S5l | =o0s 0.2
CRa 1814 Tas 637 | apzz wn% | =01 | 6sTs Ty =1 277 | «0s 17.6




Water Quality Results — lllinois Gulch

Dissolved Cadmium

lllinois Zinc High Flow 2014

lllinois Cadmium High Flow 2014

Iron
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 Not connected to Willard Adit #1 or the Puzzle
Willard Extension Shaft

e Continuous discharge from Willard Adit #2
found to contain similar constituents

(cadmium and zinc) and other heavy metals as
Adit #1, well as low pH.

Willard
1 e Discharge combines with flow from Willard
Ad It/Seep 2 Adit 1 and flow through wetland prior to
entering Iron Springs.




Discharge from Willard Adits
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Willard Mine Waste Area — Water Quality

.. Elevated heavy metals concentrations within Iron
‘éSprmgs Gulch discharge to lllinois Gulch within a
I Iatlvely short distance.

nificant increases of metals loading from Iron

Key Findin 25 Gulch cause exceedances above the



USGS — FLOW TRACER STUDY
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lllinois Gulch Results (2016

Largest source: Iron SBrZings
n

#1oure: Al d Cu ‘ Mn, NI, Pb

~

ILL-2126, Iron Springs at Mouth

Preliminary Results as of
June 15, 2018
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FLOW LOSS AND WILLARD ADIT #1 -

e o

0% of the flow loss
downstream of
Puzzle Extension
Shaft enters Willard

Adit 1

Willard Adit 1
discharge is 22
gal/min as measured

by flume

100% of the flow loss
near the Puzzle
Extension Shaft

enters Willard Adit 1

J




Flow Profile: Areas of Flow Loss (2016
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Preliminary Results as of
June 15, 2018
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Conclusions

»Primary contribution of metals loading is from Iron Springs
» Cadmium exceeds chronic standard for entire lllinois Gulch study reach
»Cadmium exceeds acute standards downstream of Iron Springs

» Zinc exceeds acute and chronic standards downstream of Iron Springs

»Small contribution from Willard Adit #2 & the Little Mountain area
> Loss of flow near the Puzzle Extension Shaft, and other areas
flow loss enters workings and supplies water to Willard 1

Preliminary Results as of
June 15, 2018



| Survey — Blue River

Toxicological Impacts

* Cadmium has no known beneficial function in the
human body and causes cancer, bioaccumulates in
tissue, and can affect kidney, liver and bones, and can
cause genetic mutations.

e Cadmium bioaccumulates in mammals and fish tissue
and transfers through the food chain via ingestion.

* Aquatic exposure to relatively low concentrations of
cadmium result in mortality of fish, and other chronic
effects such as reduced growth and reproduction
which occur at relatively low concentrations.

e Zincis especially toxic to fish causing mortality due to
affecting the morphology of the gill
epithelium/membrane resulting in acute respiratory
stress.
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lllinois Gulch Water Quality

Cadmium concentrations above chronic WQS are
observed in lllinois Gulch above the confluence
with Iron Springs Gulch.

A significant contribution and increase of
cadmium and zinc concentrations are observed in
lllinois Gulch below Iron Springs and result in
acute and chronic exceedances to aquatic life



Questions?




