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1. INTRODUCTION

In May 2005, the United States Environmental Protection Agency (EPA), Region 10, Office of
Environmental Cleanup, tasked Ecology and Environment, Inc. (E & E), under the Superfund Technical
Assessment and Response Team (START)-2 contrac;t No. 68-S0-01-01 to conduct a removal assessment
(RA) at the_Black Butte Mine site in Lane County, Oregon, under the Technical Direction Document No. -
05-04-0005." The Oregon Department of Environmental Quality (ODEQ) requested the EPA conduct an
RA at the Black Butte Mine site in July 2004 for this phase of work. '

' The Black Butte Mine (BBM) is a former mercury mine located in southern Lane County,
Oregon. Brook§ (1963) lists the BBM as Oregon’s fourth largest producer of mercury. The BBM was
identified in recent Total Maximum Daily Load (T]V[DL) investigations (ODEQ 2003) as a significant
contributor of mercury to sediment and fish tissue in Cottage Grove Reservoir, located approxirﬁately siX
miles déwnstream of BBM. Cottage Grove Reservoir, and the main stem-o_f the Willamette River, the
nation’s 13* largest watershed, are water quality limited for mercury, and the Oregon Department of
Human Services has. issued health advisories to limit consumption of fish har'vested. from the watershed
due to elevated mercury concentrations in fish tissue. The Wiﬂamette River also is home to several

threatened or endangered species.



2. SITE'DESCRIPTION AND HISTORY

This section presents the BBM site location and description (Subsection 2.1); physical setting
(Subsection 2.2) including topography, geology, and hydrology; operations and site ownership history

(Subsection 2.3); and previous investigations (Subsection 2.4).
2.1 SITE LOCATION AND DESCRIPTION

The BBM is located in southern Lane County in the Coast Fork W]]lamette River basm A
approx1rnately 10 miles south of Cottage Grove, Oregon off London Road (Figure 2-1). The BBM site is '
on the northwest flank of Black Butte. The legal description of the site location is Section 6, Township |
23 South, Raﬁge_B West, Willamette Meridian. - Access to the site is restri.qted by a locked gate; however,
a dirt road leading onto the site from London Road crosses private property (Pooler residence). Michael
Pooler currently lives at the entrance to t.he,.site.. Mr. Pooler was a former site worker at the BBM .

The primary features of the site include mine waste piles consisting of waste rock and mill
tailings; a former mill structure containing a rotary kiln, mercury condenser, and ore storagc/cmshing _
equipment (New Furnace Area); another mill'and furnace area (Old O.re Furnace); sevéral old dilapidated
bu1ld1ngs a system of unimproved roads; and mine adits (Figure 2-2). '

The Main Tailings Pile is a relatively flat area below the New Furnace Area and is flanked to the
northeast by Dennis Creek. A mine access road leads from the Pooler’s residence up to and over the
Main '.I‘ailings Pile and continues up beyond the “404" Adit. Tailings in the Main Tailings Pile
commonly consist of grayel-sized material with lesser amounts of fine- to sand-sized material. Tailings
~on the northeast edge of the tailings pile dip steeply to the northeast towérd Dennis Creek (Appendix A,

Photo 1-12). The former mill structure containing a rotary kiln is located in the New. Furnace Area
(Appendix A, Photo Numbers 1-9 through 1-11). _

Remnants of a second waste pile exist to the ﬁorthwest ofthe Old Ore Furnace. This area is
flanked by Furnace Creek to the southwest. The Old Ore Furnace is shown in Appendix A, Photo
Numbers 1-1 through 1-4. Materials in this area are finer gramed than in the Main Tailings Pile. The

| “404" Adit is located upgradient of the Old-Ore Fumnace and New Furnace Area. Ore from the “404" Adit
historically was transported to the Old Ore Fumace‘ via a tramway. The Denﬁis Creek Adit is located
upgradient of the New Furnace Area. Ore historically was transported frqm the Dennis Creck Adit to the
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New Furnace Area via a railway (Figure 2-2). Seven adits have been identified in unpublished work
completed by- ODEQ. Four or more of these adits are located topographically upgradient of the “404"
Adit.

© 22 PHYSICAL SETTING . ,
This subsection describes the topography, geology, and hydrology at and near the BBM site.

2.2.1 Topography- .

The elevation of the BBM site is between approximately 1,080 and 2,420 feet above mean sea
>le.vel. The site is characterized by steep slépés leading down from Black Butte to the surrounding creeks
(Dennis Creek, Furnace Creek, and Garoutte Creek). The slopes become more gentle and the land surface
is relatively flat in the Main Tailings Pile area. Waste _rock/tailings in the Main Tailings Pile adjacent to
Dennis Creek are very steep, at t.heir angle of repose. Topographically downgradient.of the Old Ore

Furnace, tailings also show steep slopes down to Furnace Creek.

2.2.2 Geology

In southwestern Oregon, mercury mineralization, or the conversion of mercury to mercury ore, is
scattered. within a belt 20 to 25 miles wide exfending from the vicinity of BBM in southern Lane County
" through Douglas and Jackson Counties, in the southern Coast Range, to the California border. The BBM
and Bonanza mines are respdnsible for about one-half of Oregon’s historic mercury production (Brooks
1963).

The BBM and surrounding vicinity is underlain by a sequence of hydrothermally altered
mercury-bearing andesitic lavas, silicic ash tuff, and volcanic breccias belonging to the late Eocene-early
Oligocene Fisher Formation (Tertiéry). Locally, these deposits have been injected by sills, plugs, and
feeder dikes of Pliocene, Miocene, and possibly Oligocene age basalt and andesite. The BBM is
developed along a normal fault that is exposed on the summit of Black Butte and in the underg’round mine
Workings. The mercury ore deposit, which consists primarily of cinnabar, a mercury sulfide mineral,
appears to have formed along this fault, thought to be the primary conduit for ascending-hydroth'ermal

solutions (Schuette 1938).

2-2
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2.2.3 Hydrology

Dennis Creek and Furnace Creek are the main drainages in the BBM area. Smaller unnamed
creeks drain into Dennis Creek from the area topdgraphically upgradient of the Main Tailings Pile.
Dennis Creek borders the ,northeast side of the mine area and flows westward into Garoutte Creek,
approXimate]y 0.25 miles downstream of BBM. The Main Tailings Pile fronts approximately 600 feet of
Dennis Creek, and mine tailings are located within 30 feet of the creek bed. | ,

F urnace Creek, an interrnittent stream, borders the southwest side o'f the mine area. The creek
also flows into Garoutte Creek. Fumnace Creek is adjacent to the Old Ore Furnace Area. Waste
rock/tailings are in contact with the creek. '

Garoutte Creek flows northward approximately six miles to the Coast Fork Willamette River,
wh[ch empties into Cottage Grove Reservoir, a reservoir used exiensively for recreational acnvmes
including contact recreation (i.e. swimming, canoeing, and scuba diving) and fishing.

. The aquifers in the vicinity of the mine are the Fisher Formation (bedrock aquifer) and the -
alluvial aquifer along Dennis Creek, Garoutte Creek, and the Coast Fork Willamette River. Depthto. -
groundwater and hydraulic conductivity of these aquifers at the mine site are unknown. Well logs in the
vicinity of the mine indicate that the shallowest depth to water-bearing strata in bedrock is 29 feet below
ground surface (bgs). Local groundwater gradients are unknown but are likely toward the streams. The '
nearest spring is London Springs, located approximatefy four miles north of the site. Its source, use, and

quality are unknown,

2.3 OPERATIONS AND SITE OWNERSHIP HISTORY
2.3.1 Operators '
The BBM was first operated in the late 1890s. The mine operated intermittently througn tne late
. 1960s, with peak production occurring during the period from 1927 to 1943. Between the years 1900 and
1957, a total of 16,904 flasks of elemental mercury were produced at the mine (one flask equéls 76
pounds) '

Mercury- beanng ore was extracted from underground workings and transported to the surface via .
light raii cars. The primary ore mineral at the site was cinnabar, a mercuric sulfide. Minor amounts of
metacinnabar (andther form of mercuric sulfide) and elemental mercury also were present in the ore
(Brooks 1971). Ore was crushed in preparation for processmv The crushed ore was roasted in a kiln to

volatilize the mercury. The resulting mercury vapor then was condensed and quurd mercu.ry was bottled

for shipment. A flotation process, in which crushed ore is processed to concentrate the ore mineral(s)



prior to roasting, reportedly was used between 1916 and 1919 (Brooks 1971). Two ore processing areas
have been identified as described above, the New Furnace Area and the Old Ore Furnace. - The dates of
operations of the different areas are not known. ~. V

A Processed ore from the ore milling operations were deposited downhill, mainly toward the north,
fr_om the mill areas. Ore reportedly was re-processed in 1943 (Brooks 1971 ),Vapparently‘becaUSe the

roasting process used.prior to 1943 left appreciable quantities of mercury behind in the waste.

2.3.2 Site Ownership History

The BBM was discovered by S. P. Garoutte in 1890 and a 40-ton-per-day Scott-Hutner furnace
was installed at the site. In 1897, the Quicksilver Mining Company took over the property until 1909,
when the mine»was closed due to depressed mercury brices. During that period of operation, the capacity
of the furnace was increased and 15,000 feet of development work was completéd {Brooks 1963).

’ In 1916, the BBM was reopened, under the management of Earl B. Crane, by a New Y ork-based
company. A flotation unit and a redesigned Scoft furnace were used from 1916 until 1919, when
declining mercury prices forced the shutdown of the mine (Brooks 1963).

The BBM was operated by the Quicksilver Syndicate from 1927 to 1942. Two rotary furnaces
were installed increasing the mills’ capacity to 150 tons per day. During this period, Q]d furnace tailings
were re-treafed. The mine was closed again in 1943 (Brooks 1963).

In 1956 and 1957, the mine was leased by Mercury &.Chemicals Corporation of New Ybrk. The
uppermost levels of the mine (900 _aﬁd 1,100 foot levels) were explored and developed during this tihe
(Brooks 1963). »

" Since mine closure, Waste rock/tailings have reportedly been removed from the Main Tailings

Pile and used in road construction (Michael Pooler personal communication).

2.4 PREVIOUS INVESTIGATIONS -

" " Prior to a Preliminary Assessment (PA) conducted by the ODEQ in 1996, under a cooperative
agreement with EPA Region 10, no formal investigation has been identified at the BBM site.. Several
organizations, however, conducted previous sampling a.cti;/ities in the vicinity of the site. The following
lists these earliér efforts, as well as the more formal investigations, that have occurred at or near the BBM
site:

¢ Oregon State University (OSU), Department of Fisheries and Wildlife (1990). This sfudy

compared limited sediment and tissue samples from three Oregon reservoirs. Samples from

2-4
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Cottage Grove Reservoir included tissue samples from five largemouth bass and several
sediment samples. Muscle tissue from the oldest two fish showed mercury concentrations of
1.49 and 1.79 parts per million (ppm). These concentrations are above the U.S. Food and
Drug Administrations (FDA) limit for human consumption of 1 ppm for commercially caught
fish (OSU 1992). Mercury concentrations in sediment samples averaged 0.84 micrograms

per gram (ug/g), dry weight.
U.S. Fish and Wildlife Service (USFWS) (1992). The USFWS conducted tisste analysis on

“an addled egg from a bald eagle’s nest. The addled egg was analyzed for trace elements,
including mercury (2.9 ug/g, dry weight and 0.76 ug/g, wet weight). These concentrations
are significantly higher than nationally reported,mefcury levels for bald eagle eggs.

U.S. Geological Survey (USGS) (1993). The USGS conducted limited sediment and tissue

analysis near BBM. Site related data were generated as part of a periodic state-wide
'sampling. “Total mercury was detected in sediment samples colleéted from three locations in
‘the vicinity of BBM: Dennis Creek (up to 2.5 p'a.rt per million (ppm)), Coast Fork Willamette
(up to 1.4 ppm), and Cottage Grove Reservoir (up to 0.50 ppm). Data from this work was not
published. | -

Oregon State University (OSU) Department of Fisheries and Wildlife (1992 and 1994).

More extensive sediment sampling completed in 1992 detailed apparént elevated levels of
methylmercury in fish tissue in Cottage Grove Reservoir. The tissue concentrations
approached or exceeded the FDA limit for human consumption of | ppm for commercially
caﬁght fish (OSU 1992). In 1994, soil samples were collected near BBM and sediment
samples were collected from Cottage Grove Reservoir and its tributaries. Results of surface
soil sampling near the rotary kiln indicated the presence of mercury at concentrations of 350
milligrams per kilogram (mg/kg). Mercury also was deteéted in sediments in Dennis and
Garoutte Creeks downstream of BBM with concentrations up to 267 mg/kg (OSU 1994).
This data appeared to support the conclusion that elevated mercury levels in sediments can be -
traced to the Dennis Creek drainage, and may result from off-site transport of mercury from
the BBM. '

ODEQ Preliminary Assessment.(1996). The PA was conducted to identify potential public

health and environmental threats related fo the Qlte The scope of the investigation included a

rev1ew of available file mformatlon mterv1ews ‘a target survey, and an on-site

reconnaissance inspection. No new sampling was conducted for this assessment. Based on
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the work conducted under this PA, ODEQ recommended a Site Inspection be carried out to

more fully evaluate the threat associated with the mine and tailings pile.

Ecology and Environment. Inc. for EPA Region 10 Site Inspection (SI) (1999). The SI

was conducted to: document a threat or potential threat to public health or the environment

posed by the site; identify if a potential emergency situation exists that may require an

immediate response; assess the eligibility of the site for National Priorities List inclusion; and

document presence or absence of uncontained or uncontrolled hazardous substances on site. -

The scope of work and the findings of the SI are summarized below.

The SI involved the collection of samples from potential hazardous substance sources
at the mine and from target areas potentially impacted through contaminant migration
from on-site sources. Sources identified for the SI included mine tailings, the former
mill/rotary kiln (referred to as the New Furnace Area), and the “404" Adit. A total of
52 samples (excluding Quality Control (QC) samples) were collected for the Si.
Sample locations included multiple locations at the on-site sources, Dennis Creek,
Garoutte Creek. downstream of its confluence with Dennis Creek, and nearby springs
and domestic wells used for drinking water. Samples were analyzed for target
analyte list (TAL) inorganic elements at EPA’s Manchester Laboratory. All of the
sources for the SI contained at least one hazardous substance at significant
concentrations. - ' .

Mercury, found in only one sample, and arsenic detected in seven samples, were the
only contaminants detected at significant concentrations in the mine tailings. The
former mill/rotary kiln (New Furnace Area) soils contain ten contaminants at
significant concentrations, most notably mercury, which ranged in concentration
from 91.9 mg/kg to 54,300 mg/kg, and arsenic which ranged in concentration from

114 mg/kg to 952 mg/kg.

Groundwater samples collected from nearby springs and domestic wells contained

. elevated concentrations of inorganic elements that also were detected at significant

concentrations in the on-site sources.. Arsenic was detected above the federal
maximum contaminant level (MCL) for drinking water (0.050 milligrams per liter
[mg/1]) at the time of the SI) in three of the domestic wells sampled for the SI. As of-
January 23, 2006, the MCL for arsenic in drinking water is 0.010 mg/l. A
background groundwater sample was collected during the SI. Arsenic detected in the
background sample is above the current MCL for drinking water. Mercury was not
detected in either of the spring samples or any of the domestic well samples.

Although surface water sample results from Dennis Creek and Garoutte Creek did not

strongly indicate a release of contaminants to the surface water column, the migration

of contaminants from tailings to the creek was indicated by elevated concentrations
of mercury in two sediment samples collected downstream of the “lower” tailings
pile. However, elevated contaminant concentrations were not observed farther
downstream in Garoutte Creek that could be attributed to releases from the mine
sources. ‘

2-6
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. A surface water and sediment sample from the “404" Adit indicated that significant -
concentrations of several inorganic elements are present in both the surface water and
sediment. Arsenic was not detected in either surface water or sediment; however,
mercury was detected in'sediment (11.5 mg/kg).

L.R. Curtis, Oregon State University (OSU) for U.S. Afmz Corps of Engineers, Portland,

Oregon. Sources and Chronology of Mercury Contamination in Cottage Grove
Reservoir (May 20, 2003). The objective of this study was to assess a potential point source

for mercury (BBM) and determine the distribution of mercury contamination in Cottage
‘Grove Reservoir and its tributary streams. This study examined mercury contamination in
soifs of BBM (‘th'e suspected point soufce) and downgradient tributary stream and reservoir
sediments. Reservoir sediment core stratigréphy s;dmples, -from sediment cores collected in
1995 and 2002, also Were analyzed for mercury and assessed for how contamiﬁant loading l
changed over time. Mercury distribution in tributary stream sediments and reservoir
sediment core stratigraphy supports the conclusion that BBM is a point source of mercury
contamination to the Cottage Grove Reservoir. Mercury concentrations in largemouth bass -
were found to exceed State and Féderal Action Limits.

L.R. Curtis, Oregon State University for ODEQ, Réconnaissance ‘Soil Sampling at the

Black Butte Mine (August 9, 2004). Ninety-nine composite surface soil samples were
collected from Van area forming a 1.5-mile radius circle centered on BBM. All 99 soil
samples were analyzed for total mercury concentrations. - In addition, sequential selective
extraction analysis for mercury was conducted on ten of the soil samples. Results of the‘
analysis for total mercury indicated that soil$ in the immediate vicinity of furnace areas were
heavily contaminated with mercury. Total mercury in soils near the Old Ore Furnace ranged
from 1,120 to 2,090 pg/g. Total mercury in soils near the New Furnace Area ranged from
4] to 727 pg/g. Results of the sequential selective extraction analysis were interpreted to
indicate that most.of the mercury in soil near the kilns was in the form of Vmercury.sulﬁde
(cinnabar). Some strong-complexed and‘ organo-complexed forms of mercury also were
present in theée soils. Processed ore pile samples contained mostly strong-complexed and
organo-complexed mercury and lower percentages of cinnabar. More mobile forms of
mercury were interpreted to have leached from the processed ore materials prior to

sampling.
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As a result of these investigations/observations, five main areas of contamination at the BBM site

were identified for further investigation as part of this project (Figure 2-2):

. Main Tailings Pile;

Old Ore Furnace Area;

New Furnace Area; E

Other areas of potential contamination (including adits and associated waste rock, seeps);
and ' ' . ' ' .
Sedimernit and water in Furnace Creek, Dennis Creek, and Garoutte Creek.

The contaminants of concern are mercury and arsenic. The physica]/chemical threats to the’

population at risk are exposure to-soils at BBM and ingestion of fish containing mercury. Mercury has

.been detected in samples from the Main Waste/Tailings Pile, Old Ore Fﬁmace, New Furnace Area, and in

sediment from Furnace Creek and Dennis Creek.

2-8
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3. FIELD INVESTIGATION ACTIVITIES

A Site-Specific Sampling Plan (SSSP) was developed for the BBM RA prior to fieldwork (E & E
2005). The SSSP describes the sambling strategy, sampling methodology, and analytical procedures of
the RA. The RA fieldwork was completed from September 6 through 11, 2005. A total of 47 surface and' A
subsurface waste rock/tailings, sediment, and surface water samples (excluding quality control samples)
were collected during the RA. All samples were collected following applicable Standard Operating
Procedures (SOPs). SOPs are provided in an appendlx to the SSSP for BBM. ‘

This section summarizes field investigation activities including surface and subsurface waste
;ock/taxlmgs sampling (subsectxon 3.1), sediment sampling (subsection 3.2), surface water samplmcr
(subsection-3.3), field screening (subsection 3.4), and global positioning system survey (subsectlon 3. 3)

Photographlc documentation is provided in Appendlx A,

3.1 SURFACE AND SUBSURFACE WASTE ROCK/TAILINGS SAMPLING

Su.rface waste rock/tailings sa:dples were collected from twelve sampling locations including: the,
" Main Tailings Pile (MP01, MP02, MP03, MP04, MP08, MP09, MP10, and MP11), the Old Ore Furnace
area (MPCS, MP06, and MP07), and just downgradient of the New Furnace Area (MP12). Sample
locations are shown on Figure 3-1.

Once surface samples were collected, boreholes were completed at the twelve sampling locations
utilizing direct-push techniques to collect subsurface samples. Continuous cores were collected at each of
the twelve locations using a Gedpfobe equipped with a 4-foot long MacroCore soil sampler. Geologic
logs were completed for all cores (Appendlx B).

Each waste rock/tallmos sample was screened for total mercury and total arsenic using an Innov-
X Systems X-Ray Fluorescence (XRF) Analyzer and total mercury using a Lumex Mercury Analyzer
(Lumex). Selected samples were submitted for fixed laboratory analysis by one or more of the
' followmg analyses
+  Total Target Analyte LlSt (TAL) metals by EPA SW-846 7000 series methods (Sevem Trent
. Synthetic PI‘CCIPItatIOn Leaching Procedure (SPLP) mercury by EPA SW-846 Method 1312

and 6000 and 7000 series methods (Severn Trent Laboratories - Seattle);

. 5 - Step sequential selective extraction mercury analysis (Brooks Rand LLC); and
. Monomethylmercury by EPA Method 1630 (Brooks Rand LL.C).



3.2 SEDIMENT SAMPLING

Sediment samples were collected from two locations on Garoutte Creek (CKO1 and CKQ7), five
locations on D_enni§ Creek (CKO02 through CK06), and two locations on Furnace Creek (CK08 and CK09;
Figure 3-1). Sediment samples were collected from the most downstream location to the most upstream
locations Within the'three-creek drainége system in order to assure that sediment (and surface water)
,sémples would not be contaminated by materials disturbed during sampling at an upstream location.

_In addition to the stream sediment samples, one sediment sample was collected from the entrance
to the “404" Adit (OAO01). The “404" Adit is open, not secured, and has water pooled behind an earthen -
-berm. The “404" Adit is shown in Photo Numbers 1-28 through 1-31 {Appendix A). A

Each sediment sample was screened for total mercury using a Lumex with soil attachment.

Selected samples were submitted for analysis by one or more of the following analyses:

. Total TAL metals by EPA SW-846 7000 series methods (Severn Trent Laboratories -
Seattle); A '

. 5 - Step sequential selective extraction mercury analysis (Brooks Rand LLC); and

. Monomethylmercury by EPA Method 1630 (Brooks Rand LLC).

33 SURFACE WATER SAMPLING

. Surface water grab samples were collected from each of the nine creek sample locations (CKO1
through CK09; Figure 3-1). In addition, a surface water sample was collected from the entrance to the
“404" Adit (OAOI). Surface wéter samples were coliected at each location prior to collection of co-
located sediment safnples. Following the collection of water samples, water-quality parameters were
measured at each sampling Jocation. Temperature, specific conductance, total dissolved solids, dissélved
oxygen, pH, and oxidation-reduction poténtial were measured directly in the stream or adit using a YSI-
556 water-quality meter. Water quality parameters are presented in Table 3-1.°

Each sample was screened for total mercury using a Lumex with water attachment. Selected

samples were submitted .for anélysis by one or both of the following analyses: '

. Total TAL metals by EPA SW-846 7000 series methods (Severn Trent Laboratories -
Seattle) and : ’
. Monomethy]mercury by EPA Method 1630 (Brooks Rand LLC).

A
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3.4 FIELD SCREENING _
| All samples were intended to be énalyzed in the field using an XRF or a Lumex. However,

samples could not be ‘screened in the field because the XRF was not operational. Attempts made by

START-2 fo troubleshoot the XRF instrument in the field were unsuccessful. Because the XRF ‘was not

‘ ‘operational in the field, it was decided to conduct all field screening, including XRF and Lumex

* screening, at the START-2 warehouse located in Seattle, Washington after the completion of fieldwork.
Waste rock/tailings samples, sediment samples, and surface water samples were analyzed for total

mercury using a Lumex equipped wifh asoil or waterlanachment, as appropriate. Field screening was

performed by a START-Z chemist at the START-2 w;'arehouse upon completion of field activities.
Field screening results from both XRF analysis and Lumex analyses were used fo aid in the

selection of samples submitted for fixed laboratory analysis.

35 GLOBAL POSITIONING SYSTEM

A Trimble global positioning system (GPS) was uséd in the field to survey RA sampling
locations. The GPS was unable to provide coordinates at several creek sampling locations because dense
tree coverage within the drainage valleys obscured sateilite signaf reception. At these locations,

coordinates were collected at the nearest clearing.



Table 3-1

WATER QUALITY PARAMETERS IN SURFACE WATER (CREEK AND ADIT) (YSL 556 MPS #A59664)
BLACK BUTTE MINE REMOVAL ASSESSMENT
_ LANE COUNTY, OREGON '

°C = degiees Centigrade

mS/cm =milliSiemens per centimeter

gL =grams per liter
% =percent

mg/L =milligrams per liter

Temperature Specific D:I’at]al d Dissolved Dissolved Oxidation
Sample Number Sample Location cmp Conductance |sso. ve Salinity Oxygen Oxygen pH Reduction
: in°C - ' Solids . ) . .
in mS/cm . in % in mg/L Potential
_ in gm/L
CKO18W0l Garputte Creek downstream of Dennis Creek 1371 0.209 0.172 0.13 230.0 2362 - 6.12 161.3
CKO2SW02 DenmngreekJust abogece(;(nﬂuence with Garoutte 13.28 0317 0.265 020 1713 1791 718 1333
CKO03SWO0I Dennis Creek below OId Mine Road 1314 0319 | 0268 020 1059 1111 7126|523
CK045W0!1 Dennis Creek below Tailings o 13.05 0319 0.269 0.20 106.5 11.18 691 1742
cKosswo | Dennis:Creek 35 feet downsiream of drainage from| | o, 0.190 - 0.166 0.12 1012 10.92 6.54 156.5
. ; Dennis Creek Adit Area e o
. ‘ Dennis Creek Background - 200 feet upgradient of
g o CKO065WO0I confluence wilh drainage from Dennis Creek Adit 11.90 0.079 0.070 0.05 97.9 10.58 1.05 2932
C:D ) Area - —itm— : —— e | e
= ckorswor | Garoutte Creek upgradient of confluence with 12.37 0.079 . 0.068 0.05 87.4 .9.36 745 2934
Do Furnace Creek o N : R
w CKO8SW01 Furnace Creck at base of Tailings 12.39 0078 0.068 0.05 86.6 9.26 74 3243
cKkogswo) | Fumace Creek BBCk/%;‘t’i“‘,'i‘ge'SUPg‘ad'e“‘ ofMine | 5, 0.083 0072 005 $7.1 9.49 732 324.4
0AQISWOI 404 - Adit 8.94 0171 0.159 012 | 85 9.64 728 1934
Key: ’ :



® Sediment and Surface Water Sampie Location
e Waste Rock/Tailings Sample Location
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Figure 3-1

. ' BLACK BUTTE MINE

- T SAMPLE LOCATION MAP
%y oot : Lane County, Oregon
5
. : Jab Ia:

— Scale 1:7,500 o . 002233.002601(A .
g B3 cvaless und om (reaend, juc. ’ . ?iaftzeanocs - SJﬁmlysc
£ ?J gf::_fff_;;"‘"“““""”"’“”“ : Map Source Information. USGS Topographic Map.
L2 Hamess Mountain, Oregon. Scale 1-24,000.
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4. QUALITY ASSURANCE/QUALITY CONTROL

Quahty assurance/quahty control (QA/QC) data are necessary to determine precision and
accuracy and to demonstrate the absence of interferences and/or contamination of sampling equipment,
glaﬁsware, and reagents. Specific QC requirements for laboratory analyses are incorporated in the
Contract Laboratory Program Statement of Work for Inorganic Analyses (EPA 2004b). These QC
requirements or equivalent requirements found in the analytical method were followed for analytical work
on the project. This section describes the QA/QC measures taken and provides an evaluation of the
usability of data presented in this report.

All samples were collected following the guldance of the Site-Specific Sampling Plan (SSSP; E
& E 2005). ASTART-2 chermst performed off-site field screening of selected TAL metals (XRF, by
EPA SW-846 method 6200) and mercury (Lumex, by manufacturer’s instructions). Analysis for
monomethylmercury A(ﬂEPA methods 1630 and 1631) and mercury 5-step sequential selective extraction
analyses were performed. by Brooi('s Rand, LLC, a commercial léboratory located in Séatt]e, Washington.
Synthetic Precipitate Leaching Procedure (SPLP) mercury analysis (EPA SW-846 method and 7000
series methods) analyses were. performed by S’fL—Seattle, a commercial laboratory Jocated in Tacoma,
Washington. .

Field ]aboratory data were rev1ewed in accordance with the manufacturer’s instructions and EPA
SW- 846 Method 6200. Data from the commercial laboratories were reviewed and validated by a
START 2 chemlst. Data validation memoranda are prov1ded in Appendix C. Data qualifiers were
applied as necessary according to the following guidance: ‘ ‘

»  EPA (1990) Guidance Document “Quality Assura.nce/Quahty Control Guidance for
Removal Activities, Sampling QA/QC Plan, and Data Validation Procedures” (EPA/540/G-
90/004); and :
. EPA (2004a) Contract Laboratory Program Nat10na1 Functional Guidelines for Inorgamc
Data Review.
In the absence of other QC guidance, method-specific QC limits also were utilized to apply
qualifiers to the data. Correlation between the field analytical data sets was performed by a START-2

chemist and is discussed in subsection 4.5.

4-]
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4.1 SATISFACTION OF DATA QUALITY OBJECTIVES

The following EPA (EPA 2000a) guidance document was used to establish data qual-ity
objectives (DQOs) for this project: . |

*  Guidance for the Data Quality Ob_]eCthCS Process (EPA QA/G 4), EPA/600/R-96/055.

The EPA OSC determined that definitive data without error and bias determination would be used
for the sampling and analyses conducted du.ring the field activities. The data quality achieved during the
field work produced sufficient data that met the DQOs stated in the SSSP (E & E 2005). A discussion of

accomplished objectivés is presented in the following subsections.

4.2 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES

A QA sample (one rinsate blank) was collected for this project. Rinsate blank sample results are
discussed in subsection 3.4.3. Trip blank samples are not .required for inorganic analyses. QC samples
included matrix spike (MS)/duplicate (DUP) samp]es for inorganic analyses at a rate of one MS/DUP per

20 samp]es per matrix per analysis.

43  PROJECT-SPECIFIC DATA QUALITY OBJECTIVES

"fhe laboratory data were reviewed to ensure that DQOs for the project were met. The following
describés the laboratory’s ability to meet project DQOs for precision, accuracy, and completeness and the
field team’s ab111ty to meet project DQOs for representativeness and comparablllty The laboratory and

the field team were able to meet DQOs for the pI‘O_]CCt

4.3.1 Precision

Precision measures the reproducibility of the sampling and analytical methodology. Laboratory

and field precision is defined as the relative percent difference (RPD) between duplicate sample analyses.

The laboratory duplicate samples or MS/MS duplicate samples measure the precision of the analytical

method.

The RPD values were reviewed for all commercial laboratory samples. A total of 16 sample

: resﬁlts (approxirﬁately 2.6 % of the data) were qualified as estimated quantities (J) based on duplicate

- outliers, therefore the DQO for precision of 85 % was met.

42
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4.3.2 Accin;acy

. -Accuracy measures the rebroducibility of the sampling and analytical methodology. -Laboratory
accuracy is defined as the MS pércent recoveries for all analyses. A total of 2 sample results
(appro_ximately 0.3 % of the data) were qualified as estimated quantities (J or UI). The project DQO for

accuracy of 85 % was met.

~ 4.3.3 Completeness
Data corﬁp]etenesé is defined as the percentage of usable data (usable data divided by the total
possible data). All data were reviewed for usability. No sample results were rejected, therefore the

project DQO for completeness of 90 % was met.

4.3.4 Representativeness _

Data representativeness expresses the degree to which sample data accurately and precisely
represent a characteristic of a pbbu]ation, parameter variations at a sampling point, or environmental
conditions. The number and sélection of samples were dete_rmined in the field to account accurately for

site variations and sample matrices. The DQO for representativeness of 85 % was met.

435 Comparability
Comparability is a qualitative parameter expressing the confidence with which one data set can be

compared to another. Data produced for this site followed applicable field sampling techniques and- -

specific analytical methodology. The DQO for comparébiiity was met.

4.4 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL PARAMETERS
The laboratory data aiso were reviewed for holding times/temperature, laboratory blank samples,
rinsate blank samples and serial dilution analyses. These QA/QC parameters are summarized below. In

general, the laboratory and field QA/QC parameters were considered acceptable.

4.4.1 Holding Times/Temperature
All holding times and temperature limits were met except the temperature limits for

monomethylmercury; all monomethylmercury results were qualified as estimated quantities (J or UI).



442 Laboratory Blanks

All Taboratory blanks met the frequency criteria. The following analyte was detected in
laboratory blanks:

TAL Metals: Mercury_.

No action was taken based on the mercury blank contamination as aH sample results were greater

than five times the absolute value of the mercury blank contamination.

4.4.3 Rinsate Blank
One rinsate blank was analyzed, meeting QC criteria of 1 per 20 samples collecfed with non-

dedicated sampling equipment. No analytes were detected in the rinsate blank.

4.4.4 Serial Dilution

One serial di lution sample was analyzed per 20 samples per matrix, therefore fnceting frequency

- criteria. All serial dilution results werc-;' within QC limits.

4.5 FIELD ANALYSIS

A START-2 chemist analyzed 27 soil samples for selected TAL metals using an Innov-X XRF
instrument and 50 soil/sediment/waste rock/watér sainples for mercury using a Lumex mercury analyzer.
The field results were used to determine the extent of contamination and to determine which samples to
send for commercial laboratory analysis. Six soil/waste rock, two sediment and two water samples were
submitted to a commercial laboratory for confirmation anaiysis. The field XRF results included 17 TAL
metalé (including arsenic and mercury); the laboratory confirmation analyses were only for total arsenic
and mercury. A correlation between field and commercial laboratory results was not performed because
the small number of data points would not yield a statistically significant data set; however, a correlation
between thé 23 samples analyzed for mercul;y using both ﬁeldAXRF and-Lurﬁex methods is included in

Table 4-1. Adjusted values were created to allow for the correlation. Non-detect val.ues' were converted

" to one half of the detection limit and qualifiers and standard deviations were ignored to generate the

adjusted values. Three of the twenty-six samples were excluded from the correlation process. The
correlation between the data pairs associated with these three safnp]es was poor, and the mercury
concen-trations in these sarﬁples were the highest in the sample set (mercury was greater than 350 mg/kg
in at least one of the analyses). Therefore the poor correlations were skewing the correlation coefficient.

When these results are included in the correlation data set, the correlation coefficient is -0.014, indicating

4-4

60028



a négative correlation. However, when these three samples are excluded, the correlation coefficient is '

0.868: This correlation indicates that the XRF and Lumex had good agreement for mercury results less

~than 350 mg/kg and poor agreement for results greater than 350 mg/kg. This interpretation of the results
is cbnsi;tent with the understanding that the Lumex is designed for low-concentration mercury samples so
results in high_er concentration mercury samples may not be as accurate. '

- According to EPA guidance, a minimum correlation coefficient of 0.700 is necessary to consider
field a.nalytiéal results acceptable when compared with laboratory confirmation results. For this project,
mercury field laboratory results from the XRF instrument were compared wiFh field laboratory results
from the Lumex instrument. The correlation coefficient of 0.868 indicated an acceptable correlation
between the two field analysis methods.

XRF, Lumex, and laboratory analytical data for waste rock/failings are pfesented in Table 5-2.
There is significant variation in concentrations detected in samples analyzed using these methods,
particularly for felative]y high concentrations and relatively low concentrations. This variation may be
explained by the expected accuracy of the XRF instfument, the Lumex instrument, and the ]aboratdry
methods as well as by the nature of the distribution of mercury within the sample itself. The XRF results
are more accurate for samples containing higher concentrations of mercury and other metals. The Lumex
is designed to detect low concentrations of mercury and therefore produces analytical results that are

. more accurate for samples containing lower mercury concentrations. EPA guidance (EPA 2000b) has
identified use of XRF as an appropriate ﬁel'd'scre_ening technology at abaﬁdoned mine sites. In this
report, XRF data are the primary data used for interpretation of mercury and grsenic in waste
rock/tailings.

Variations of concentrations of mercury within the matrices sampled and the samples themselves
can also affect the detected concentration. Since the distributibn of mercury within waste rock/tailings, )
soil, and/or sediment is hgterogeneoué, the distribution of mercury within the sample may somewhat vary.
For metals analysis, samples are homogenized by the sampler to reduce the potential for heterogeneity
within a sample. However, because only a small portion of the sample submitted to the laboratory is

actually analyzed, minor concentration variation within the sample may occur.
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TABLE 4-1

MERCURY XRF vs. LUMEX CORRELATION

BLACK BUTTE MINE SITE
LANE COUNTY, OREGON
" Sample Number XRF Mercury - Lumex Mercury
MP0O1SS04 3491 30.7
MPQO1SS08 31.23 12.9
MP0O1SS12 31.36 393
MPO1SS16 54,92 12.7
MP02SS04 22.72 16.8
MP03SS04 0.55 0.14
MP04SS04 18.14 0.95
" MP04SS08 20.06 6.1
MP04SS12 19.97 3.1
MP04SS16 1.35 0.8
MP0O5SS08 . 80.96 45
MP07SS04 131.67 145
MP08SS04 19.12 6.5
- MP09SS04 1.5 1.5
MP10SS04 18.23 0.89
MP10SS08B 1442 4.6
MP10SSO08A 19.79 5.2
MP11SS04 19.44 2.8
MP11SS08 43.25 0.95
MPI11SS12 26.58 2.5
MP11SS16 42.01 2.4
MP11SS20 21.47 1.2
MP12SS04 1.78 8.8

Correlation

0.866402743

Note: Non-detect results were changed to 1/2 the detection limit, the standard deviations
from the XRF results were deleted, and J's, indicating estimated values, were removed.

&
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. 5. SITE INVESTIGATION RESULTS
This section summarizes the site investigation results, including applicable or relevant and
appropriate requirements (ARARs; Subsection 5.1), field screening and fixed laboratory results
(Subsection 5‘.2), maiﬁ_tailings pile volume (Subsection 5.3). Tables presented in fhis section include-
analytical data from this RA as well as data from the SI (E & E 1999). The SI data is included because it

is considered recent and relevant. The significance of the data is explained in Section 6.

51 . APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
- Field screening and fixed laboratory analytical resuits for samples collected during the RA field
activities are summarized below. For the purposes of evaluating sample results, analytical results were
compared to various benchmarks. Table 5-1 lists these ben'chma:ks‘by media type and constituent.
Analytical results also are presented in Tables 5-2 through 5-6. Mercury and arsenic concentrations in’
waste rock/tailings were compared to EPA Region 9 Preliminary -Remediatidn Goals (PRGs) and ODEQ
Maximum Allowable Soil Concentratioﬁs (MASC:s) for both residential and industrial soils.
Concentrations of mercury in sediment were compared to EPA Region 9 residential soil PRGS, National
Oceanic and Atmospheric Administration INOAA) Screening Quick Reference Tables (SquiRT)
threshold effects levels (TELs) and prbbable effects levels (PELS) for fresh water sediment (Buchman
1999), and ODEQ Level II Screening Level VaIueé (SLVs) for soil. Concentrations of mercury in surface
water were compared to EPA National Recommended Water Quality Criteria (NRWQC) and ODEQ 4
" Level I SLVs for fresh water. For the purpose of interpretation of sampling results, analytical data are
‘compared to the most conservative criteria of those listed abo?e and in Table 5-1. .
Both industrial and residential soil EPA Region 9 PRGs and MASCs are presented in Table 5-1.
BBM currently is owned_ by the Land and Timber Company and the property has been used for logging.
Future use of this site may continue to be logging or may eventually become recreational. Because éf the
possibility of recreational use, the residential PRGs and MASCs are referenced for interpretation of
analytical resuits. Although residential values are more conservative than industrial values, they are

considered more appropriate to evaluate potential recreational use than industrial vajues. -



© 5.2 FIELD SCREENING AND FI'XED LABORATORY RESULTS
The following subsections describe analytical results for total metals, synthetic precipitation

leaching procedure, monomethylmercury, and mercury sequential selective extraction.

5.2.1 Total Metals (Mercury and Arsenic)
The following subsections describe analytical results for total mercury and total arsenic in waste -

rock/tailings, sediment, and surface water-samples.

5.2.1.1 Waste Rock/Tailings '

Waste rock/tailings sambles were analyzed for total mércﬁry and total arsenic. Results of total
mercury and total arsenic analyées in waste rock/tailings samples including XRF, Lumex, and fixed
laboratory results are presented in Table 5-2. Total mercury and total arsenic XRF results are pfesented in
Figures 5-1a and 5-1b. For waste rock/tailings, the XRF results are the default values used in descriptions
and discussions. However, if lower mercury concentrations are identified, then Lumex results are
included in discussions since the Lumex is more accurate at lower mercury concentrations.

"Total mercury in waste rock/tailings samples ranged in concentrétion from 1.13 t02,416.48
mg/kg. -Total mercury concent-ratio:ns were compared to the EPA Re-gion 9 PRG for residential soil of 23
- 'mg/kg.- Eleven of 27 waste rock/tailiﬁgs samples exceeded the EPA Région 9 PRG for totl mercury
' A(using XRF data). All of the samples from boring MPO1 (MP01S504, MP01SS08, MPO1SS12,
MPO1SS16, MPOlSSZO) exceeded the EPA Region 9 PRG for residential soil. The waste rock/tailings
sample from the deepest sampling interval (16 to 20 feet bgs) in boring MPO01, located near the center of
_the Main Tailings Pile, showed the highest total mercury concentration of 2,416.48 mg/kg. Samples
collected from shallower intervals (Oto 4,4 t0 8, 8t0 12,12 to 16 feét bgs) in boring MP01 resulted in
total mercury concéntrations two d_rders of magnitude lower than the cpncentrati_on from the deepest
sampling interval. This distribution of mercury may be explained by two factors: the deeper tailings are
older and were not processed as efficiently as the younger, shallower tailings, thus resulting in higher '
residual mercury concentrations; and/or the shallower waste rock/tailings may have experienced more

leaching of mercury than the tailings at the 16 to 20 foot depth interval.‘ Both concepts fit within the
Concebtua] Site Model (CSM) described in the SSSP for BBM (E & E 2005). Waste rock/tailings are
expected to be heterogeneous in terms of mineral and chemical composition, as well as grain-size
distribution, based on changes in ore processing equipment-and techniques and the nature of the ore

extracted.over the period of mine operations and the depositional history of mine waste rock/tailings.

5-2
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Waste rock/tailings were deposited below the ore processing areas over the course of approximately
seventy years of intermittent mining operations. Deeper waste rock/tailings were deposited first and are

_ generally expected to be increasingly younger toward the surface. A subset of samples were analyzed'for
leaching poteritial; the results are described below in Section 5.2.2.

_ Waste rock/tailings samples from borings MP05 (MP05SS04 and MP05SS08) and MP07
(MP07SS04) exceeded the EPA Region 9 PRG for total mercury in residential soil. Borings MP05 and
MPO7 are located in the Old Ore Furnace area. Based on-the proximity and downslope location of 4
bofingé MPO05 and MP07 with respect to the Old Ore Furnace, the waste rock/tailings in this area are
interpreted to be the remnants of ore processed in the Old Ore Furnace. Processing of ore in the Old Ore
Furnace is expected to have been less efficient and therefore waste rock/tailings can be expected to show

_ higher concentrations of mercury. The re-procg:ssihg of ore from this area, as described in Brooks (1971-)
.and reported by Michael Pooler during field activities, further supports this concept. It is expected that
the ore or waste rock/tailings would only be re-processed if a significant amount ofmercury could still be
recovéred from them. The waste rock/tailings sample from the 0 to 4 feet, bgs in boring MP0O5 showed
the second highest tofa] mercury concentration of 1,180.6 mg/kg. This concentration of total mercufy is
one to two orders of magnitude higher than total mercury concentrations in waste rock/tailings samples
from deeper intervals in MPOS5 (4 t0-8tfeet, bgs) and from locations closer to the Old Ore Furnace (MPO07
and MP06). Waste rock/tailings in the area of MP05 are thicker than in MP07 and MP06 suggestmo
these tailings may have been overlooked durmg the reported re-processing. )

Borings MP11 and MP12 are located downslope of the New Furnace Area. On]y waste
fock/tailings samples from boring MP11 (MP11SS08, MP11SS12, and MP11SS16) showed exceedances
for total mercury with respect to the EPA Region 9 PI'iG.for residential soil of 23 mg/kg. The samples

from boring MP11 that exceeded the EPA Region 9 PRG kareArelatively close in concentration to the PRG.

Sample analysis using an XRF tends to give more accurate readings for total mercury at higher
concentrations. Waste rock/tailings samples were also analyzed using a Lumex. The Lumex gives more
accurate results at fower concentrations of mercury. The results of analysis of the samples from MP11
using the Lumox showed even lower total mercory concentrations than those concentrations using the
XRF. The total mercury concentrations detected using the Lumex in samples MP11SS08 (0.95 mg/kg),
MP11SS12 (2.5 mg/kg), and MP11SS16 (2.4 mg/kg) are substantially lower than the EPA Region 9 PRG
for residential soil (Table 5-2). Because the Lumex is designed for lower meroury concentrations, the
total mercury concentrations detected in these samples using the Lumex may be more accurate than those
using the XRF.



Total arsenic iﬁ waste rock/tailings range'd. in concentration from 12.2 to 392.67 mg/kg. All 27-of
field samples screened with the XRF exceeded the EPA Region 9'PRG for arsenic in residential soil of
0.39 mg/kg. The lowest concentratio‘n of arsenic (12.2 mg/kg), in sample MP12SS08, is two brders of
magnitude Higher than the EPA Region 9 PRG for residential soil. A’ lateral or vertical trend of total
arsenic concentrations is not apparent in the safnple results (Figure 5-1b). The high concentrations in all
samples and the lack of a pattern in concentrations may indicate that Background concentrations for
arsenic could be high in this area. Because the site area is highly rﬁineralized, higher backgroundv
concentrations of arsenic or other metals are not unexpected.

Collecting a truly representative background surface sample of the waste rock/tailings pile was
not possible because the waste rock/tailings consists of processed ore rather than natural soil. In this
report, background surface aﬁd subsurface soil samples are used for comparison against the waste
rock/tailings materials to show the difference in concentrations between natural conditions (background)
and those impacted by mining activities (waste rock/tailiﬁgs). Background surface and subsurface soil |
samples were collected during the Site Inspection (E & E 1999) from a forested lbcapion approximately’
100 yards from London Road, approximatély 0.5 miles west of the mine. These background samples
were aﬁalyzed for total arsenic. Total arsenic concentration in the surface background sample wa;c, 68.5
mg/kg and in the subsurface background sample was 69.4 mg/kg. These arsenic concentrations can be
used to represent local background concentrations. These concentrations fall within the range of
concentrations detected in waste rock/tailings samples from this RA. If the resulting arsenic
concentrations in waste rock/tailings are compared to a value of three times the background
concentration, or approximately 210 mg/kg, only samples from borings MPO1 and MP11 show

exceedances.

52.1.2 Sediment

_ Sediment samples were analyzed for total _rnercufy and results are presented in Table 5-3 and in
Figure 5-2. Utilizing the XRF, total m.ercury ranged in concentration from 0.45 Jmg/kg to 37.4 mg/kg in
sediménté. TofaJ mércury concelritrations in sediment samples were compared to the ODEQ Level 11 SLV
* for invertebrates (0.1 mg/kg), the lowest of the benchmarks used for comparison. Total mercury
concentrations in all sediment samples collected during the RA exéeeded the ODEQ Level IT SLV for.
invertebrates. Total mercury concentrations in sediment samples CK06SDO01 (7 mg/kg), CKO7SDOI1
(0.45 J mg/kg), and CK09SDO1 (1.7 mg/kg) represent background for Dennis Creek, Garoutte Creek, and

Furnace Creek, respectively. Total mercury concentrations in these background sediment samples exceed
5-4
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the ODEQ Level II SLV for 'mvertebrates. The relatively high concentration of total mercury in
background sediment samples may be expected because the area has a naturally high concentration of
mercury-bearing minerals. The elevated mercury concentration from the Dennis Creek background
sample may reflect the mﬂuence of mining activities further upslope of Dennis Creek Adit and “404"
Adit or aerial deposmon of mercury from inefficient recovery during early processmg operatrons (OSU

2004).

Furnace Creek .

The highest total mercury concentration (37.4 mg/kg) in sediment was detected in sample
CK08SDO01 and is one to two orders of magnitude higher than all other sediment samples collected for the
assessment. The sample collected at locafion CKO8 is also the only sample whose total mercury
concentration exceeds the highest background concentraﬁoﬁ of 7.mg/kg (CK06SD01). Sediment éample
CKO08SDO01 was collected from Furnace Creek where waste rock/tailings, downslope of the Old Ore
Furnace, are in contact with Furnace Creek. The total mercury concentration in the sediment sample
collected from Furnace Creek upgradient of mining activities (CK09SDO01) was 1;7 mg/kg, signiﬁcaﬁtly A
lower that in sample CK08SDO1.

Dennis Creek
The next hxghest concentratlon of total mercury in sediment was 7 mg/kg in sample CK06SDO1

from Denms Creek, approximately 200 feet upgradient of its confluence with the drainage from the
Dennis Creek Adit area. This location was thought to be upgradient of mining influence. Total mercury
~ concentration in sediment sample CKOZSDOI was 6.2 mg/kg. This sample was collected from -Dennis

' Creek but near its confluence with Garoutte Creek, downgradient of mining influence. Three additional

sedtment samples (CK03SD01, CK04SD01, CK05SDO01) were collected from Dennis Creek between

* CK02 and CK06. These samples were all collected from areas of the creek that are expected to be
influenced by mining activities. Total mercury concentrations in these sediment samples ranged from
0.54 J mg/kg to 3.5' mg/kg. A

Garoutte Creek
Two sediment samples-were collected from Garoutte Creek (CK01SDO1 and CK07SDO01). Total
mercury in sample CK01SDO01 was 1.2 J mg/kg. This sample was collected from downgradient of

Furnace Creek, Dennis Creek, and BBM. Sample CK07SD01 (0.45 J mg/kg) was collected from
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Garoutte Creek upgradient of its confluence with Dennis Creek and Furnace Creek and upgradient of -

BBM.

“404" Adit
A single sediment sample (OA01SDO01) was collected from near the portal of the “404" Adit.
The total mercury concentration in OA01SDO1 was 2.1 mg/kg. The total mercury concentration in the

adit sediment sarﬁple is below that in the Dennis Creek background sediment sample but above ODEQ

Level II SLV for invertebrates.

5.2.1.3 Surface Water _

Results of total mercury analyses'in surface water samples are presented in Table 5-4 and Figure
5-2. Total mercury was not detected in any of the surface water samples using the Lumex with the water
analysis attachment. The detection limit for analysis using the Lumex was 1.4 microgram per liter (1g/L).
_ Results of laboratory analysis indicate a total mercury concentfation of 2.25 pg/L in surface water sample

CKO08SWO01, where waste roék/tailirigs are in contact with Furnace Creek. The NRWQC - CMC for
mercury is 1.4 pg/L. and the NRWQC - CCC and ODEQ Level IT SLV (aquatic) for mercury is 0.77 ug/L.

5.2.2 Synthetic Precipitation Leaching Procedure

The metal constituents that may be released by leaching from waste rock, tailings, and other mine
waste can be identified by one of several leach tests. The EPA SPLP is widely regarded as the preferred
technique for evaluating potential metals leaching of mine waste. Results of analysis of mercury in
leachate produéed from a waste rock/tailings samples MP01SS04, MP01 S$S20, MP05SS04, MPOSSSO8,
MP07SS04, and MP12SS08 using SPLP are presented in Table 5-5. The reporting limit for analysis of
mercury in leachate was 0.002 milligrams per liter (mg/L) and the method detection limit was 0.00044
.‘mg/L.'_A]I leachate samples were non-detect for mercury except sample MP12SS08. Boring MP12 is
located inA the New Furnace Area just downslope of the New Furnace. The mercury leachate
concentration for MP12 was 0.00149 mg/L, below the method reporting limit and well below the Oregon
Leachate Reference Concentration of 0.2 mg/L. Also of note, the waste rock/tailings samples with the
highest total mercury concentrations (MP01SS20 and MP05SS04) were included in the subset of samples
analyzed using SPLP. Mercury was not detected in leachate produced by SPLP from either of these |

samples.
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5.2.3 Monomethylmercury v

In general, the potential environmental impacts of mercury from mercury mine waste depend on
the mercury species as well as the total mercury concentrations present in the source materials and media
present in i@pacted areas. The mercury species of greatest environmental concern is
monomethylmercury, which is the most bioavailable form of mercury, and which can become
concentrated tﬁrough bioa(_:cumulation in fish and fish-consuming biota.

Formation of monbmethylmercury in aqueous environments (methylation) is enhanced by the -
presence of sulfate (SO, ) and high concentrations of dissolved organic carbon in the presence of sulfate-
reducing bacteria. Although methylation can occur in mine site sources and in mine drainage, the process
occurs prédomiriantly in wetlands and larger aquatic bodies downstream of the mine sources. (Rytuba
2002) _

Select waste rock/tailings samples (MP01SS12, MPOISS20; MP05SS04, MP06SS04, and
MP128S08) and sediment samples (CK01SDO01, CK08SDO1, ahd OAO01SDO01) were submitted for
_analysis of monomethyimercury. Resultant monomethylmercury concentrations ranged from less than the
detection limit of 0.000015 mg/kg t0 0.0127 J mg/kg, and are presented in Table 5-6.
Monomethylmercury concentrations were compared to the ODEQ Level 11 soil SLV for plants of 0.0002
mg/kg. Five MPO01SS12, MP05SS04, MP06SS04, CK01SDOI, C'KOSSD'OI) of the eight samples
analyzed had concentrations of monom_ethylmercury that exceeded the ODEQ Level 1l soil SLV for
plants. The highest monomethylmercury concentration (0.0127 J mg/kg) was detected in the sediment
sample from location CK08. This concentration is two orders of magnitude higher than the ODEQ Leve]
II soil SLV for plants. Sample CKO08 was collected from Furnace Creek where waste rock/tailings
downslope 6f the Old Ore Furnace are in contact with Furnace Creek. The second highest
monomethylmercury cqncentration (0.00134 ] rhg/kg) was detected in the waste fock/tailings sample

MP055S04 also located dowﬁslope of the Old Ore Furnace.

5.2.4 Mercury Sequential Selective Extraction

As discussed in the previous section, monomethylmercury is the most bioavailable form of
mercury. Methylation of mercury and its up:cake is a complicated process governed by several variables.
Mercury speciation plays a large role in determining hoW much ofthe mercury released from mine
sources.may become available for methylation in downstream aquatic environments. For example,

elemental mercury and ionic mercury are more readily methylated than several other forms of mercury
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such as mercury sulfide (e.g., cinnabar). Spéciafion also dictates how much mercury is bioavailable for A
the direct mgestlon exposure pathway, as well as mﬂuencmg the mOblllty of.mercury in the environment.

Extended X-ray adsorption fine structure spectroscopy studies of mercury mine wastes indicate
that the mercury species metacinnabar (m-HgS), corderoite (Hg,S,Cl,), schuetteite (HgSO,-H,0), and
mercury chlorides are likely to form during the roasting of mercury ores. These minerals are more
soluble compared to cinnabar under typical sufface oxidizing conditions, and thus are likély to be
dispropoﬁionately,ilarge contributors of mercury to the environment (Rytuba 2002). During roasting of
cinnabar ore, the mercqu is oxidized to mercury‘ (1), with which inorganic and organic. (e.g.,
monomethylmercury) cc}mpoimds may readily form (Moore 2002). 4

A sequentiéﬂ selective extraction technique (Blobm et al. 2003) was employed to approximate
relative proportions of water séluble, stomach acid (weak acid) soluble, organo-chelated, elemental
mercury, and mercuric sulfide (sulfide-bound) forms of mercury in the BBM waste rock/tailings and
sediment samplés. Although this technique does not identify exact minéral or oxidation state, it does
differentiate between and quantify groups of mercury species based upon solubility under various
conditions. Each sequential extraction step dissolves a less soluble fraction. Mine site media that contain
higher fractions of ihorganic mercury in the first three fractions (water soluble, stomach acid soluble, and

organo-chelated) are more readily methylated than those containing most of their mercury in the last two

fractions (elemental mercury and mercuric sulfide; Bloom et al. 2003).

A summary of the selective extraction technique and typical species identified by each extraction

step is provided below.

Extraction Extractant Fraction Description Typical Species
Step ' :
1 De-ionized Water Water Soluble HgCl,, HgSO, (salts)
2 pH 2 HCI/HOAc Stomach Acid Soluble HgO
{weak acid) -
3 1M KOH Organo-chelated CH,Hg, Hg-humics, Hg,Cl,
4 12 M HNO, Elemental Mercury Hg° Hg,Cl,
5 Aqua Régia (concenﬁ*ated Mercuric suifide HgS, m-HgS, HgSe, HgAu
HCl and HNO3) (sulfide bound) :
Key: ’ ) .
CH,Hg = Monomethylmercury HgS . = Cinnabar
HCI = Hydrochloric acid HgSe = Mercuric selenide
Hg = Mercury HgSO, = Mercuric sulfate
Hg' = Elemental mercury HNO, . = Nitric acid
HgAu  =Mercury-gold amalgam HOAc = Acetic acid
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HgCl, = Mercuric chloride KOH = Potassium hydrochloride
Hg,Cl, =Mercurous chloride . m-HgS = Metacinnabar
HgO = Mercuric oxide M = Molar

Eight wéste rock/tailings and sediment samples (MP01SS12, MP01§820, MP05SS04,
MP06SS04, MP12SS08, CKOISDOI CK08SDO01, and OA01SDO01) were submittéd for sequential
selective extraction mercury analysis. Results are surnrnanzed in Table 5-6 and presented in Figure 5-3.
Results mdlcate that between approx1mate1y 45.4% and 94.3% of the total mercury: in waste rock/tailings
samples and sediment samples can be characterized as ‘elemental mercury’ or ‘mercury sulfide’
fractions'. This indicates that between 45.4% and 94.3% of the total mercury in waste rock/tailings and
sediment is in relatively insoluble forms and these forms of mercury are not readily methylated.

With the exception of waste rock/tailings sample MP06SS04, a much smal,lef percentage of total
mercﬁry, between approximately 0.06% land 14.9%, in waste rock/tailings samples and sediment samples
exists in the comparatively soluble forms (watér soluble and stomach acid soluble). The majority of total
mercury in sample MP06SS04 is in the ‘stomach acid soluble’ or ‘mercuric sulﬁdc; forms indicating this
area has mixed solubility and methylation potential results

Between approximately 5.7% and 54.6% of total mercury in waste rock/tallmgs samples and
sediment samples can be characterized as ‘water soluble’ , ‘stomach acid soluble’, or ‘organo-chelated’.

Results of sequential selective extraction indicate that the majority of total mercury in waste
rock/tailings and sediment appears to be Ain,the ‘elemental mercury’ or ‘mercuric sulfide’ fractions. .
Typiéal mercury species found in these fractions include elemental mercury, mercurous chloride,
cinnabar, metacinnabar, mercuric selenide, and mercury - gold amalgam. These species can be |
chaiacterized as relative'ly insoluble. Although ‘elemental mefcury’ is more readily methylated than some
other forms of mercxiry, it’s solubility is important because it becomes available for methylation through

various natural processes once it is dissolved in water.

53  MAIN TAILINGS PILE VOLUME

A The Main Tailings Pile was estimated to contain approximately 300,000 cubic yards of material
(ODEQ 1996). Twelve borings (MP01 through MP12) were completed during the RA and indicate this
volume may be substantially smaller than these early estimates. Borings MP01, MP04, MP10, MP11,

and MP12 are located on the northeastern side or Dennis Creek side of the Main Tailings Pile. Tailings

Percentages were calculated by summing the concentration of elemental mercury and mercury sulfide; dividing that number by the
sum of the concentration of the water soluble, stomach acid soluble, organo-chelated, elemental mercury, and mercuric sulﬁde and multiplying
the result by 100,
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thickness in these borings range from 4.3 feet to over 20 feet in thickness. For the remainder of the
borings, MP02, MP03, MP03, MP06, MP07, MP08, and MP09, either tailings were not encountered or
tailings were less than 1 foot in thickness. Photo 1-6 in Appendix A shows the tailings/natural soil

interface from boring MP06. This was typical of what was seen in borings in the Old Ore Furnace area.
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Table 5-1

POTENTIALLY APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARs)
’ BLACK BUTTE MINE REMOVAL ASSESSMENT
LANE COUNTY, OREGON'

Waste Rock/Tailings/Soil Mt‘r’zi'ry ' ATrS":i‘ic
Environmental Protection Agency Region 9 PRGs ! Residential Soil meg/kg 23 0.39
Environmental Protection Agency Region 9 PRGs Industrial Soil mg/kg 310 - 1.6
Oregon DEQ Maximum Allowable Soil Concentrations Residential Soil | mg/kg - 80 0.4
Oregon DEQ Maximum Allowable Soil Concentrations Industrial Soil mg/kg 600 3
' ‘Sediment ' Total
. . Mercury
INational Oceanic and Atmospheric Administration SQuiRT - TEL | Sediment mg/kg 0.174
National Oceanic and Atmospheric Administration SQuiRT - PEL ! Sediment mg/kg 0.486
Oregon DEQ Level IT Screening Level Values - Plants v Soil mg/kg 0.3
Oregon DEQ Level I Screening Léve] Values - Invertebrates i Sa6il mg/kg 0.1
Oregon DEQ Level II Screening Level Values - Birds i Soil mg/kg 1.5
Oregon DEQ Level Il Screening Level Values - Mammals ! Soil mg/kg | 73
Surface Water ! | Total
Mercury
EPA National Recommended Water Quality Criteria (Freshwater CMC) | Water pg/L 1.4
EPA National Recommended Water Quality Criteria (Freshwater CCC) . | Water ug/L 0.77
Oregon DEQ Level II Screening Level Values - Aquatic Water ug/L 0.77
.||Oregon DEQ Level II Screening Level Values - Birds Water pg/l 3,300
Oregon DEQ Level 1l Screening Level Values - Mammals Water pg/L 10,000
Leachate Mercury
Oregon DEQ Leachate Reference Concentration | Leachate mg/L 0.2
- Waste Rock/Tailings/Soil ) Methylmercury
Environmental Protection Agency Region 9 PRGs Residential Soil mg/kg 6.1
Environmental Protection Agency Region 9 PRGs - Industrial Soil mg/kg 62
Oregon DEQ Level Il Screening Level Values - Plants Soil - mg/kg 0.0002
Oregon DEQ Level II Screening Level Values - Invertebrates Soil mg/kg -
Oregon DEQ Level I Screening Level Values - Birds ' Soil mg/kg 0.025
Oregon DEQ Level II Screening Level Values - Mammals Soil me/kg 4

Key:

PRGs = Preliminary Remediation Goals

DEQ = Department of Environmental Quality,
mghkg = milligrams per kilogram.

SQuiRT = Screening Quick Reference Tables.
PEL = probable effects level.

TEL = threshold effects level.

CMC = Criteria Maximum Concentration.
CcC = Criterion Continuous Concentration.
ug/L. = micrograms per liter.
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Table 5-2

TOTAL MERCURY AND ARSENIC IN WASTE ROCK/TAILINGS SAMPLES
FROM REMOVAL ASSESSMENT AND SITE INSPECTION
: BLACK BUTTE MINE .

LANE COUNTY, OREGON _
' Total Mercury "_Total Arsenic
Sample Number Sample Location/Identification (depth) Units » XIRF +/_' Lumex Fixed XRF e Fixed
. Laboratory Laboratory
Environmental Protection Agency Region 9 PRGY  my/kp 23 0.39
. ~_ Removal Assessment (September 200 :

MPTISSUE [ Tellnes PlefBorehole 110 41 %6 o | s | s | ser | s | s | -
| MPOTSSOs Jhein Taiings Pile/Borehole | (4 81 bus) " | aim | sk e | o | mmes | em | . _
| MPoiSstz | Main Talines PlieBorehole 18- 1211069 " suse | sa | 393 | 73| msa | as | i

‘ _r—vﬂ’OI ?SJG Main Tailings Pile/l?fyr_e.lfl_t’.mlm(IZLI_-G fi bgs) r\r‘lg/kg- 54.92 6.22 i 127 _ '148.84 516 -

__E\/IPOISSEE] N ‘r\fin Tailings Pi.le/Boreh‘(?If,_.l (16-20 ft bgs) mgkg ’ 2,41;5.‘48 4379 17 0,808 I’l73.52 631 46 |
ww_'MPUZS_S()j 3 _l\il‘a.in Tailings Pile/Borehole 2 (0 - 4 fi bgs) mg/kg. ) 272 494 16.8 . 63.82 39 -

MP025S08 Main Tailings P”eijeh.(il_éig - 8 ft bgs) mg/kg N/A N/A 075 . N/A N/A N

MPOJSé(M Main Tailings PildB?ihile 3(0-41 Pgs) mgké Li3 5.32 0141 = 75.13 5.19 .
MP04SS04 Main Tailings P”ejB(_’ft_:h_(iI?_“_(O -4 fi bgs) mg/kg 18.14 ) 66 095 . 170.07 ‘7.6'9 S
"MP045508  |Main Tailings Pile/Borehole 4 (4 - 8 fi bys) mg/kg 20.06 a7 61 | - 178.08 545 3 __

. MP045S12 Main Tailings Pile/Bcrehclef (8-12 ft bgs) mg/kg 19.97 567 31 . -157.06 6.06 .
MP04SSIG Main Tailings Pile/Borehole 4 (12 - 16 ft bgs) mg/kg 268 351 08! - 20.66 265 -

. MPOSSS&W‘ Old Furnace Area/Borehole 5 ‘(0 -4 ftbgs) mg/kg 1,180.6 26.85 686 | 177 1312 513 18

MP055508 Old Furnace Area/Borehole 5 (4 - 8 it bgs) - mg/kg 80.96 795 45 _ 65.25 437 .

MP06S504 Old Furnace Areéléorehole 6 (0 - 4 ft bgs) mg/kg 16.1 als 186 - 70.32 353 . .

‘ MPO'7SS'[-II:H Old Furnace Area/Borehole 7.(0 -4 ﬂ'bgs) mg/kg 13167 87 . 145 3.83 47.53 359 177
MPOSSS(;; Main Tailings Pile/Borehole 8 (0 - 4 ft bgs) mg/kg 19.12 457 65 - 149.86 501 _
MP09SSt4 Main Tailings Pile/Bcre!lole 9(0-4ft 'ljgs) mg/kg 299 199 s 5.42 37.87 3 13'. 353

M‘;P_I_OSS&- o .l\;iain Tailings Pile/Borehole 10 (0 - 4 ﬂ.bgs) mp/kg 18.23 474 089) - . 139.5 508 -

EOSSUJ!B Main '!'ailings Pile/Borehole 10 (4;_83 bgs) mp/kg 14‘42 4.46 4.6 - '23'29 265 ~




Table 5-2

TOTAL MERCURY AND ARSENIC IN WASTE ROCK/TAILINGS SAMPLES
' FROM REMOVAL ASSESSMENT AND SITE INSPECTION

BLACK BUTTE MINE

EVOCO

LANE COUNTY, OREGON
) Total Mercury Total Arsenic
Sample Number Sample Location/Identification (depth) Units XRF - Lumex Fixed XRF + Fixed
. - Laboratory ) Laboratory
Environmental Protection Agency Region 9 PRGY  mp/kg 0.39
MP10SS08A  [Main Tailings Pile/Borehole 10 (4 - 8 ft bgs) . mg/kg 19.79 6.6 52 116,67 651 -
MP115S04 Main Tailings Pile/Borehole 11 (0 - 4 ft bgs) mg/kg 19.44 464 28 100,39 437
MP115508 Main Tailings Pile/Boréhole 11 (4 -8 fi bgs) mg/kp 43.25 5.86 0.95 B 213.14 622 _
MPI11SS12 Main Tailings Pile/Borehole 11 (8 - 12 fi bgs) mg/kg | 26.58 544 25 R 392.67 8.69
MPVI“'ISS~I_6- (Main Tailings Pile/Borehole 11 (12 - 16 ft bgs) m_g/}(_gm 4201 5.89 24 - 263.91 6.97 -
DS . =
MPI ISS2U Main Tailings Plle./Bprehole 11 (16 -20 i bgs) ig/kg__ 2147 501 12] . 151.56 52 -
MP 125504 New Furnace Area/Borehole 12 (0 - 4 It bgs) mg/kg 178 323 8.3 _ 295 2.6
MP125508  |New Furnace Asea/Borchole 12 (4 - 8 ft bys) mg/kg 9,34 t A A 0952 122 259 133
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" Table 5-2

TOTAL MERCURY AND AﬁSENIC IN WASTE ROCK/TA1LINGS SAMPLES
FROM REMOVAL ASSESSMENT AND SITE INSPECTION
BLACK BUTTE MINE

LANE COUNTY, OREGON

Total Mcrcury Total Arsenic
Sample Number Sample Location/ldentification (depth) Units XRF - Lumex Fixed XRF ; e Fixed
: Laboratory : Laboratory
Environmental Protection Agency Region 9 PRGY  mg/ky 23 . 0.39
Site Inspectian (September 1998)
98BBBGOISS  |Background Surface (0 - 2 in bgs) _ mg/kg 152 -- - -~ 68.5 -- -
938BBBGOISB | Backgsound Subsurface (20 - 24 in bgs) mg/kg 11.1JK - |- - 69.4 -- -
98BBMTOLSS  |Upper Tailings - East Surface (0- 2 inbgs) mg/kg 0.383 - T 5 - -
98BBMTOISB__ |Upper Tailings - East Subsurface (20 - 26 in bgs) mg/kg 0.11 - |- - 56.7 - -
98BBMT02SS |Upper Tailings - ‘West Surface (0 - 2 in bgs) mg/kg 1.8 i T 5.9 - -
| 98BBMTO2SB  |Upper Tailings - West Subsurface (16 - 20 in bgs) mg/kg 148 - -- - 239 - -
 98BBMTO03SS  |Lower Tailinus - West Surface (0 - 2 in bgs) mg/kg 2.62 - o 269 - --
98BBMTO3ISB - |Lower Tailings - Wesl Subsurface (16 - 20 in bgs) mg/kg 5.44 - e 356 - -
98BBMT04SS  |Lower Tailings - Northwest Surface (0 - 2 in bgs) mg/kg 3.44 - - - 348 - -
98BBMT04SB  |Lower Tailings - Northwest Subsurface (20 - 26 in bgs) mg/kg 3.66 -- - - 338 - -
98BBMT055S  |Lower Tailings - Center Surface (0 - 2 in bgs) mg/kg 5.99 - - _ - 109 - -
98BBMTOSSB  |Lower Tailings - Center Subsurface (14 - 20 in bgs) mg/ky 2.04 - L 143 - -- -
98BBMTO6SS  |Lower Tailings - East Surface (0 - 2 in bgs) mg/kg 1.12 - - 382 -- -
98BBMTO6SB  |Lower Tailings - East Subsurface (12 - 18 in bgs) mg/kg 1.18 - - 330 -- --
98BBMKOISS  |New Furnace - Oulside Mill East Door (0 - 2 in bgs) mg/kg 2,550 - o 270 - --
98BBMKOISB  |New Fumace - Outside Mill East Door (10 - 16'in bgs) mg/kg N - |- 173 -- -
98BBMK028S | New Furnace - Inside Mill Near Feeder (0 - 2 in bgs) mg/kg 1,800 -- - - 145 -- -
98BBMKO02SB  |New Furnace - Mill Trap Door (I - 7 in bgs) mg/kg 237 - - |- 102 -- -
98BBMKO03SS | New Furnace - Outside Mill West Door (0 - 2 in bgs) - mg/kg 2,390 - - - 153 - --
98BBMKO03SB | New Furnace - Outside Mill Northeast Side (12-18 in bgs) mg/kg 91.9 -- - 132 - -~
98BBMK04SS  |New Furnace :East Side Foundation (0 - 2 in bgs) - mg/kg -54,300 -- - 952 - -
98BBMK04SB  [New Furnace - OQutside Mill Narthwest Side (12-18 in bgs) mg/kg 264 - - - 135 -- -
98BBMK0558S  (New Furnace - Outside Mil] Northeast Side (0-2 in bgs) rmg/kg 359 ol i 183 - -
98BBMKO06SS  [New Furnace - Qutside Mill Northwest Side (0-2 in bgs) mg/kg 174 - - - 114 -~ -
Key:

XRF = X-ray Fluorescence.

+/- = confidence interval araund XRF result.

PRGs = Preliminary Remediation Goals.

-- = na data,

ft=feet.

in = inches.

bps = below ground suiface.

mg/kg = milligrams per kilogran,

Bold = exceeds benchmarle
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Table 5-3

TOTAL MERCURY IN SEDIMENT (CREEKS AND ADIT) SAMPLES
FROM REMOVAL ASSESSMENT AND SITE INSPECTION

BLACK BUTTE MINE

LANE COUNTY, OREGON

Bold

= exceeds benchmark

Sampl : : . Total Mercury
mple . - et :
Number Sample Location Matrix Units XRF Fixed
: . Laboratory
Oregon DEQ Levei II Screening Level Values - Invertebrates Soil mg/kg 01
Removal Assessment (Seplembcr 2005)
CKO1SDO01 G'\mutte Creek downstream of Dennis Creek _Sediment mg/kg 12J -

- CK02SD01 _ |Dennis Creek just above confluence with Garoutle Creek Sediment mg/kg 6.2 . -
CKO03SD0! |Dennis Creek below Old Mine Road Sediment mg/kg | 0.54J -
CK04SD01__|Dennis Creek at base of Tailings - _Sediment | mg/kg 0.9J -
CKO5SD0! Dennis Creek 35 feet downstream of drainage from Dennis Creek Sediment me/kg 15

: |Adit Area ' o -
N Dennis Creek Background - 200 feet u radient of confluence with .
CKO65DOL drainage from Deunnis Creek Adit Areapg Sediment mg/kg 7 0.435
CKO07SDO01 _|Garoutte Creek upgradient of confluence with Furnace Creek ‘Sediment | mg/kg 0.45J e
CKO8SDO1 _|Furnace Creek at base of Tailings Se_d_u_negt . mg/kg 374 79
CK09SDO! _|Furnace Creek Background __— __ Sediment mng/kg 1.7 -
OAOQISDOI  |"404" Adit ‘Sediment mg/kg 2.1 -
Site Inspection (September 1998)
98BBDCO05SD _|Dennis Creek Background : L | Sediment mgkg | 0978JH | -
98BBDC04SD |Dennis Creek Tributary . ) _ Sediment mghkg | 1.22J H
98BBDCO03SD_|Dennis Creek below Tailings - | Sediment mg/kg 48JH |
_98BBDC02SD |Dennis Creek below Mine Road _ Sedimenl mg/kg 561JH |
98BBDCOISD |Dennis Creek at Mouth - _ Sediment mghkg | 385JH | -
98BBGC02SD _|Garoutte Creek Background __ _ Sediment mgkg | 0932JH| -
98BBGC0ISD |Garoutte Creek below Dennis Creek Sggi__lpent mghke |0978JH] -
98BBDC{5SD |"404" Adit Sediment mgke. | 1L5JH --
Kcy: .
. DEQ = Department of Envisommental Quality,
- mg/kg =milligrams per kilogram. '
-- =no data
1 = The analyte was positively identified. The result is estimated bccausc the concentration is below the
Sample Quantitation Limit.
H = High bias.
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Table 5-4

TOTAL MERCURY IN SURFACE WAIFR (CREILI(S AND ADIT) SAMI’LES

" FROM REMOVAL ASSESSMENT AND SITE INSPECT ION
BLACK BUTTE MINE

LANE COUNTY, OREGON

Total Mercury -

EPA =U.S. Environmental Protection Agency.
DEQ = Department of Environmental Quality.

"CCC = Criterion Continuous Concentration,

Hg/L = micrograms per liter.

U = The analyte was not detected at or abave the listed detection limit.

Bold = exceeds benchmark

s:lmple Sample Location Matrix Units Fixed
umber Lumex
Laboratory
EPA National Recommended Water Quality Criteria (Freshwater CCC Water ug/L 0.77
Oregon DEQ Level 11 Screening Level Values - Aquatid. Water ug/L 0.77
Removal Assessment (September 2005)
_CKOISWO0I |Garoutte Creek downstream of Dennis Creek ~ . Water g/l | t4U | -
. CK02SW02 | Dennis Creek just above confluence with Garoutte Creel _ Water wg/l | 14U -
Ll_(O}SWOI Dennis Creek below Old Mine Road Water pg/l_ | 14U -
~ CK04SWO0I |Dennis Creek below Tailings Water pe/l 1.4U —
CKOSSWOI Dennis Cleek 35 feet downstream of drainage from Denms Creek Water ug/L 14U _
e Adit Area o
Dennis Creek Background - 200 feet upgradlenl of confluence with
“C‘lﬂ(OGSWOl drainage from Dennis Creek Adit Area Water ne/L - 14y 0073
__CKO7SW0I |Garoutte Creek upgradient of confluence with Furnace Creek Waler . pg/L 14U -
__CKO85WOI |Furnace Creek at base of Tailings Water ug/L 14U 225
_CK09SWO0! |Furnace Creck Backpround Water ug/l | 14U -
OAQISWOI1 ["404" Adit Water ug/L 1.4U -
) Site Inspection (September 1998) .
11.98BBDCO5SW [Dennis Creek Background . - Water pe/L | 02U -
9SBBDCO4SW Dennis Creek Tributary Water pg/l | 02U -
28BBDCO3SW | Dennis Creek below Tailings ‘Water ug/, | 02U -
98BBDCO2SW |Dennis Creek below Mine Road Waler pg/L [ 02U -
98BBDCOISW Dennis Creek at Mouth Water ng/l 02U -
9SBBGCOZSW Garoutte Creek Background Water peg/L 02U -
98BBGCO1SW | Garoutte Creek below Dennis Creek Water pg/L | 02U -
98BBDCO5SSW|"404" Adit Water L U -
Key:
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Table 5-5

MERCURY IN LEACHATE FROM WASTE ROCK/TAILINGS
SYNTHETIC PRECIPITATION LEACHING PROCEDURE

BLACK BUTTE MINE REMOVAL ASSESSMENT

RL = reporting limit
MDL = method detection limit
ft = feet
" bgs = below ground surface.
mg/L = nmilfigrams per liter.
U = Result below the method detection limit (MDL) and therefore analyte was not detected.

Bold = exceeds benchmark

LANE COUNTY, OREGON
Sample Number Sample Location/Identification (depth)  Matrix Units Mercury
: ’ Oregon Leachale Reference Concentration| mg/L. 0.2

MP(1S504 Main Tailings Pile/Borehole 1 (0 - 4 ft bgs) | Waste Rock/Tailings mg/L 0.002U
___MP018820 Main Tailings Pile/Borehole 1 (16 - 20 {1 bgs) Waste Rock/Tailings | mg/L 0.002U |
_ MP058S04 ' Old Furnace Area/Borehole 5 (0-4 ftbgs) | Waste Rock/Tailings mg/L 0.002 U |

___MP055508 * Old Furnace Area/Borehole 5 (4 - 8 it bgs) Waste Rock/Tailings | mg/L 0.002U
| MP075804 Old Furnace Area/Borehole 7 (0 - 4 fi bgs) | Wasle Rock/Tailings | mg/L 0.002U

: MP 125508 New Furnace Area/Borehole 12 (4 - 8 ft bgs) Waste Rock/Tailings [  mg/L. 0.00149

Key: : - -
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Table 5-6

TOTAL, MONOMETHYL, AND SELECTIVE SEQUENTIAL EXTRACTION MERCURY RESULTS IN WASTE ROCK/TAILINGS AND SEDIMENT
. BLACK BUTTE MINE REMOVAL ASSESSMENT

LANE COUNTY, OREGON
Mercury (in mg/kg, dry weight)
‘ o ' Selective Sequential Extraction
le N . . : . . - g N % .
Sample Number Sample Location/Identification (depth) Matrix Total | Monomethyl | Water Stomach Organo- | Elemental | Mereuric Yo Solids
' Soluble | Acid Soluble| Chelated Mercury | Sulfide
Oregon Level 1l Screening Level Values - Plants Soil 0.3 0.0002 - -- - - -- -
Oregon Level Il Screening Level Values - Invertebrates ‘Soil 0.1 - -- - - = - -
| Mpoisgyy |Main Tailings Pile/Borehole 1 (8- 12 flbgs) | Waste RockiTailings | o oy 5 | g.99p25 | 0258 | 0274 00179 | 63 2820 | 90.15
Mpoiss20 | Main Tailings Pile/Borehole I (16 - 20 fibgs) | Waste RockiTailings |, 13 | 90000151 | 0.00144 | 0.005483 | 0364 0628 | 0.0806 | 6592
Mposssga__|O1d Fumace Area/Borehole 5 (0 -4 ft bes) Waste RockiTailings | 4 199 | 001345 | 278 | 17 389 659 122 77.44
MPoG6SSeq < |O'd Furmace Area/Borehole 6,(0 - 4 It bgs) Waste Rock/Tailings |, 0.000319J | 561 256 1 30.5J 1U3) | 2541 | 8237
MP12SS08  |New Furnace Arca/Borehole 12 (4-8 fibgs) | o RockiTailings | 4 )5 | "0.0000181 | 00722 | 0003815 | 0435 0396 | 00291 | 84.53
CKO01SD01  |Garoutte Creek downstream of Dennis Creek Sediment 5.36J | 0.000731J | 0.0516J | 0.00172] 0.134J 0.211] 0.431J 73.85
CK08SD01 Furnace Creek at base of Tailings Sediment 225 0.0127J 5.49 309 0.292 135 128 63.44
QAQISDOI 404 - Adit : ' Sediment 10.90 0.000015 J 0.135 0.970 0.0269 5.710 2.210 66.52
Key: ’ -

mg/kg = milligrams per kilogram.

-- = no benchmark,
J = Estimated value.

U = Result below the method detection limii (MDL) and therefore analyte was not detected. Results reported at MDL.

Bold = exceed$ benchmark
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6. REMOVAL ASSESSMENT

-_This section is 0rga_nfzed into the five decision areas identified in the SSSP (E & E 2005): Main
- Tailings Pile (Subsection 6.1); Old Ore Furnace (Subsection 6.2); New Furnace Area (Subéection 6.3),
Other Areas of Potential Contamination (Subsection 6.4); and Furnace Creek, De‘nnis Creek, and Garoutte
Creek (Subsection 6.5). Assessment of each decision area is based on the'result.s of sampling and field
. activities for this.RA and on the results of the Site Inspection conducted in 1998 for EPA Region 10 (E &
E i999). Analytical results from the Site Inspection were included in Tables 5-2 through 5-4 along with -
- results from the RA. _ '

Based on the non-detections to low concentration of total ._merc::ury in leachate produced using
SPLP and on the |O\?;l solubility of the predominant mercury species indicated by sequeﬁtial selective
extraction, the main .mechanism for the transportation of mercury _in the eﬁvironment at BBM app;ears to

be mechanical (ie. erosion).

6.1 MAIN TAILINGS PILE

Eight borings (MP01, MP02, MP03, MP04, MP08, MP09, MP10, and MP11) were completed in
the main waste rock/tailings pile as part of the RA and six locations were sampled as part of the Site ‘
Inspection. Only samples from borings MPO1 and MP11 exceeded the EPA Region 9 PRG for residential
soil. Howevér, the highest detection of total mercury (2,416.48 mg/kg in sample MP01SS20) was from a
depth of 16 to 20 feet bgs and was located in the approximate middle of the Main Waste Rock/Tailings |
Pile. Although the total mercury concentration exceeds the EPA Region 9 PRG for mercury in remdentxal
soil by two orders of magnltude results of SPLP analysis for mercury in sample MP01SS20 indicate that
leaching is likely not occurring or is occurring at @ very low level. Sequential selective extraction of
mercury also indicates that the mercury present in this area is not high]y soluble.

In addition, a substantial quantity of waste rock/tailings were removed and used in highway
construction (Michael Pooler, personal cémmunication). In Photo 1-12 of Appendix A, the push-probe
rig is located in an area where a significant quantity of waste fock/taiiiﬁéé have apparently been removed.

" The ridge along the left side of the photo is a remnant of a much larger pile of waste rock/tailings whose
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surface apparently once extended over the area where the push-prbbe rig is located. Photo 1-17 in
Appendix A shows the north-northeast edge-of the main waste rock/tailings pile. The waste rock/tailings
follow the steep angle shown oh the right of the photo down toward Dennis Creek. The waste
rock/tailings along this side of the pile are unstable and subject to erosion and underéutting by unnamed
drainagesthat are tributary to Dennis Creek. A .
7 Stabilization of waste rock/tailings in the area of the Main Téilingé Pile is recommended to

reduce the likelihood that materials will continue to erode into Dennis Creek.

62  OLD ORE FURNACE ,

The Old Ore Fumaéevis shown in Photos 1-1 throqgh 1-4 in Appendix A. Three borings (MP05,
MP06, and MP07) were completed in tailings thought to have originated from processing in the Old Ore
-‘Furnace. These tailings are located downslope of the Old Ore Furnace. Total mercury concentrations in
a]i but one sample exceeded the EPA Region 9 PRG for residential soil; however, only a thin layer of -
waste rock/tailings covers the majority of this area, apparently because tailings were removed. The-
presence of only a thin veneer to tailings/waste rock in this area is indicated in the boring logs for MP035,
: MP06 and MP07 (Appendix C) and shown in Photo 1- 6 in Appendlx A. Photo 1-6 shows the waste"
rock/talhngs soil interface at the top of the 0 to 4 foot core from MP06. The waste rock/tailings layer at
this location was approx1mately 0.3 feet thick. This is an area where waste rock/tailings are believed to
have been removed for reprocessing through the New Furnace.

Of the total mercury concentrations in waste rock/tailings samples from the Old Ore Furnace area
. (from locations MP05, MP06, and MP07), only the sarhple from MP06 did not exceed the EPA Region 9
PRG for residentiallsoil. The highest concentration of total mercury in the Old Ore Furnace area was in
the sample from 0 to 4 feet bgs. in MP05 (1,180.6 mg/kg). This total mercury cbncentration_ is two orders
of magnitude higher tﬁan the EPA Région 9 PRG and the second highest concentration detected ini all.
samples collected. Resu]ts of SPLP ana1y51s for mercury in MP05SS04 and MP05SS08 indicate that
leaching is likely not occurring or is occurring at a very low level. Sequentlal selective extraction
mercury anal’ysns of sample MP05SS04 also suggests that the majority of merqury present in this area .
may be characterized as ‘elemental mercury’ or ‘mercuric sulfide’ indicating that it is not highly soluble
and not readily methylated. MPO5 is located in a thicker part of the waste rock/tailings pile from the Old
Ore Furnace and is adjacent to Furnace Creek. The highest concentration of total mercury in sediment
from Furnace Creek (37.4 mg/kg at location CK08) is also from this area where waste rock/tailings are in

contact with the creek. This concentration exceeds the total mercury concentration in the background
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sample from Furnace Creek. Sediment sampie CKO08 aiso was analyzed for monomethylmercury. The
monomethylmercury concentrations in waste rock/tailings sample MPOS5 from O to 4 feet bgs (0.00134 J
mg/kg) and in the sediment sample from location CK08 (0.0127 J mg/kg) exceed the ODEQ Level II soil
SLV for plants of 0.0002 mg/kg. Sequential selective extraction of mercury suggests that the mercury
present in this area is not highly soluble. Sequential selective extraction also indicates that the majority of
mercury at this location may be characterized as ‘elemental mercury” or ‘mercuric sulfide’. The main '
mechanism- for mercury transport is likely by mechanical processes. . '

In the Old Ore Furnace area, the waste rock/tailings should be removed from the stream. In the

Old Ore Furnace area, removal of soils in the immediate area of the furnace structure is recommended.

6.3  NEW FURNACE AREA _

Six surface soil samples and four subsurface soil samples were collected from the New Furnace
Area as bart-ofthe Site Inspection (E & E 1999). The New Furnace Area was inaccessible to the |
Geoprobe rig, therefore, borings were not completed in this area and results of the Site Inspecfion were
used. Results are summarized in Table 5-2 and presented in Figure 6-2, Appendix D. Total mercury
concentrations rangéd from 91.9 to 54,300 mg/kg in the New Furnace Area. Concentrations of total
mercury in all samples exceed the EPA Region 9 PRG for residential soil of 23 mg/kg. The high
concentrations of mercury in the immediate area of the mill structure and furnace are likely the result of
localized splllage of elemental mercury during processing activities.

During the removal assessment, boring MP12 was completed in waste rock/tailings just
downslope of the New Furnace Area. Total mercury concentrations in waste rock/tailings samples from
MP12 were below the EPA Region 9 PRG for residential soil: The low concentrations of total mercury in
samples from MP12 may be attributable to higher efficiency of the “New Furnace”. Mercury was
detected in the SPLP leachate from the waste rock/tailings sample collected from MPI2 from 4 to 8 feet,

- bgs at a low concentration of 0.00149 mg/L. In addition, sequential selective extraction analysis for '
mercury suggests that the mercury present in the waste rock/tailings in this area is not highly soluble.
. In the New Furnace Area, removal of soils in the immediate area of the mill structure is
recommended. A removal action is not recommended for the waste rock/tailings just downslope ofthe

New Furnace Area.



6.4 OTHER AREAS OF POTENTIAL CONTAMINATION
The other areas of potential contamination that were focused on during the RA are the Dennis
Creek.Adit and the “404" Adit. The Dennis Creek Adit did not have water ﬂdwing.from the adit at the
“time of samp]ing. Based on a lack of indicators c;f drainage and the topography, it appeared that the
Dennis Creek Adit remains dry during the wet season as well, and therefore, the Dennis Creek Adit does
not appear to present an imminent or substantial risk to human health or the environment.
Sediment and surface water samples were collected from the “404" Adit. Total mercury was not
detected in the surface water sample and the concentration of total mercury in the sediment sample (2.1
: mg/kg) exceeded the ODEQ Level II soil SLV for invertebrates but did not exceed Dennis Creek
background concentration. The monomethylmercury concentration in the sediment from the “404" Adit
also was wellv below the ODEQ Level Il soil SLV for plants. Results of sequential selective extraction for
mercury suggest that the mercury present in the sediment is not highly soluble and over 88% of the
_mercury in the sediment may be characterized as ‘elemental mercury’ or ‘mercuric sulfide’ fractions and
are, thus, not readily bioavailable. A

A removal action is not recommended for either the Dennis Creek Adit or the “404" Adit.

6.5  FURNACE CREEK, DENNIS CREEK, AND GAROUTTE CREEK
- All of the nine sediment samples collected for the RA, including the background samples,

exceeded ODEQ Level 11 soil SLV for mvertebrates for mercury. Background concentrations are
mterpreted to be hlgher than the selected criteria. Elevated background concentratlons are natural and can
be expected in a mmerahzed area such as the area surrounding BBM. Interpretatlon and
recommendations are thus based on how mercury concentrations in downstream sediments compare to

. background sediment concentrations. Total mercury in the sediment sample from CKOS is the only
concentration that substantially exceeds backgrodnd.' As'described.above, CKO08 was collected from
Furnace Creek, énd is also the area where tailings downslope of the Old Ore Furnace are'in contact with
the creek. This sample also was analyzed for monomethylmercury. The resultant monomethylmercury
concentration in CK08 sediment (0.0127 ] mg/kg) exceeds the ODEQ Level II soil SLV for plants.
Sequential selective extraction mercury analysis suggests that the mercury present in this area is likely not
highly soluble. Sequential selective extraction results also indicate that over 77% of the total mercury at
this location can‘be characterized as ‘elemental mercury’ or ‘mercuric sulfide’ fractions and thus not
feadily bioavailable. '

Removal of tailings from Furnace Creek in the Old Ore Furnace area is recommended.

023596



7. SUMMARY AND CONCLUSIONS®

The BBM has been identified as a significant contributor bffnercury to sediment and fish tissue
in Cottage Grove Reservoir. Previous investigations reduced the areas of concern at BBM to five areas:
Main Tailings Pile; Old Ore Furnace Area; New Furnace Area; Other Areas of Potential Contamination
(Dehnis Creek and “404" Adits); and Dennis Creek, Furnace Creek, aﬂd Garoutte Creek. _

START-2 conducted an RA at the BBM site. Twelve direct-push borings were completed and
waéte rock/tailings samples were collected from the Main Tailings Pile, the Old Ore F urnace Area, and
the New Furnace Area. All samples were field screened for total mercury and arsenic using an XRF and.
for total mercury using a Lumex. In addition, a subset of samples was submitted to a fixed faboratory for’

" confirmation analysis of total mei‘cury and arsenic. A subset of sarhples was submitted for SPLP analysis
for mercury. Eight samples also were analyzed for monomethylmercury and sequential selective
extraction of mercury. - '

© Results of RA sampling were compared to various benchmarks. For the purpose of interpretation
of sampling results, analytical data were compared to the most conservative criteria. . A

Both the RA sampling results and the sémp]ing results of the 1998 Site Inspection were reviewed
by decision area to evaluate the need for removal actions. Removal actions are recommended.for the -
Main Tailings Pile, the Old Ore Furnace Area, the New Furnace Area, and Furnace Creek. START-2

. recommends stabilization ofwane rock/tailings along the north-northeast edge of the Main Tailings Pile
to minimize future erosion of tailings thatAcould eventually reach Dennis Creek and to prevent use of the
tailings for construction projecﬁ. START-2 recommends removal of the tailings in the immediate area of
. Old Ore Furnace to minimize potential future erosion of waste rock/tailings into Furnace Creek; removal
of waste rocldtailings from Furnace Créek to minimize movement of contaminated sediment further |
downstream; and removal of soils in the immediate area around the New Furnace to minimize potential

_direct contact exposure.
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APPENDIX A
PHOTOGRAPHIC DOCUMENTATION
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Pholo 1-1  Old Ore Furnace from tailings area.

Direction:

v MY

gy, .t

Southwest

&

Photo 1-3

L 4B

Direction:

Old Ore Fumace detail.

Southwest

Photo 1-

Old Ore Furnace detail showing ceramic pipes in cefling.

Direction:

s

&

Southwest

Southwest

Directlion:



= |
(=)
oy}
N

Photo 1-6

Photo 1-5  Soil/Tailings sample MP06SS04, boring MPOG, Fine tailings/natural soil interface, MF06, 1-4 feet bgs.
1-4 feet bgs. ) ]

Direction: Narth

Direction: North




Phote 1-7

Probing MPO7.

Direction: Southwest

Photo 1-8

Collecting split-spoon sample, MP07,

Direction: Southwest
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Photo 1-9

New Furnace Area, Hopper.

Direction:

Southeast

Photo 1-10 New Furnace Area, Rotary Kiln.

Direction:

North




Photo 1-9

New Furnace Area, Hopper.

Direction. Southeast

Photo 1-10 New Furnace Area, Rotary Kiln.

Direction: North




Pheto 1-11  New Furnace Area, Hopper, Rotary Kiln, and Dust
Collector.

Direction: South

Photo 1-12  MP11, tailings ridge drops off to Dennis Creek.

Direction: Southeast

Phato 1-13  MP11, tailings, note rig on area ol previous tailings
removal.

Direction: Southeast
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Photo 1-14 Northarnmost edge of tailings ridge.

Direction: Northwest

KLY
i

Pheto 1-15 Boring MP-11.

Direction:  Northeast




Photo 1-16  Tailings/natural soil interface, MP12, 4-8 feet bgs.

Direction: Southeast

Photo 1-17  Tailings showing angle of repose leading to Dennis Creek,

Direction: Southeast




Photo 1-18

Dennis Creek Adit.

Direction: South

Photo 1-19 Unnamed adit at location of Dennis Creek Adit.

Direction: West
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Phato 1-20  Derlnis Graak Adit.

Direction: South

Phato 1-21

Entrance to Dennis Creek Adit.

Direction: South
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Photo 1-22 Dennis Creek Adit.

Direction:

West

Photo 1-23 Dennis Creek Adit.

Direction:

South




Photo 1-24  Looking into Dennis Creek Adit.

Oirection: South

Photo 1-25 Dennis Creek Adit.

Direction:  South

Direction: South
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Photo 1-27 Dennis Creek Adit.

Direction: West

Photo 1-28

Measuring water parameters, 404 Adit.

Direction: Southwest




Phato 1-29  Measuring water parameters, 404 Adit.

Direction: Southwest

Direction:

Southwest
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Photo 1-31

Sediment samgle collection, 404 Adit.

Direction: Southwest
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START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

DRILLING LOG OF BORING NO. MP01

DATE DRILLED: 9/7/2005 PROJECT: Black Butié Mine
LOGGED BY: M. Longtine TDD # 05-04-0005
CHECKED BY: E.Llynch ' ) PROJECT LOCATION: Cottage Grove, Oregon
DRILLING CONTRACTOR: E&E/START . : . )
DRILLED BY: A.Jensen . ) EPA PROJ MGR: M. Callaghan
DRILLING METHOD: GEOPROBE DIRECT PUSH START-2 PROJ MGR: E. Lynch

E & EPROJ# 001281.0478.01'A

VERTICAL DATUM:
LOCATION: BLACK-BUTTE MINE

O]
_ z
z B Q o o
E = S SOIL DESCRIPTION wh w COMMENTS
'E x T ) 8 s}
ARAE S | &
Yyl o | <0= =
uw o| >0 Nnok i
This log is part of the Teport prepared for the named project
and should be read logethsr with that report for complete
. interpretation. This summary applies only at the location
. of this boring and at the time of drilling. Subsurtace
Top of Ground Surface (GS) . conditions may differ at other localions and may change at
Elevation- this tocation with the passage of bme. The data presanied
is a simplification of actual conditions encountered.
Tailings - Fines to coarse maternial to
- 1.5", well graded; Overall color
reddish brown to brownish red with
r— some individual large clasts white to
yellow (Fe Hydroxide staining) as
- well as red brown; Dry.
2-- 1313 MP01SS04 - Ca»;cmes
3—
4~ | FILL
5_.
6— ‘ _ 1325 MP01SS08
7—
s— 8.0 . __
Tailings - as above except 6 inch
_ interval of brown, finer-grained
material, slightly moist.
9— | FILL
10 ‘
ecology and environment, inc. . **% . :
333 SW Fifth Avenue . ’
Sone 808 - DRAFT . Page 10f2

Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577

03076,



: ]
DRILLING LOG OF BORING NO. MP0O1
= 8 Z
E = Q SOIL DESCRIPTION wh w COMMENTS
< I Xz —m —
S Bl |& (i a
ol gIE 5= 2
g o| > |0 . BOR ]
Tailings - as above except 6 inch 1350 MPO1SS12" [Soft, easy driving
_ " interval of brown, finer-grained
material, slightly moist. (continued)
11— | FILL
— 12.0
Tailings - as above (0 to 4 feet) but
_ ~with less fine-grained material and
more coarse material (0.25 to 1.5
18— inches), coarse material included
] some purple-colored clasts in : -
- addtion to white, red-brown, and
yellow clasts. Less moisture noted .
1—|FLL than 8 to 12 ft due to coarser 1345 | "MP01SS16
material. Brown, moist clay/silt in Easy driving
- » shoe.
5=
e 16.0 ,
Native Soil - Silt - clay mixture;
_ Brown, with black organic chunks
and layers to 0.25 inches; Moist.
17— "
18— | ML . . ’ 1355 MP018S20
" ,
< -
o
o
2 -
2
[ - 200 _____
& Total depth 20 feet BGS. Abandoned by
] _ backfilling to surface with 3/8 inch
g bentonite chips.
o
2 a—
g
= -
2
4]

.8 22—

Lol .
4 -
E -

[e)
2]
i
o
5 i
5 ,
ecology and environment, inc. -
333 SW Fifth Avenue '
Suite 608 ' : . - Page 2 of 2
Portiand, OR 97204 '

Phone: 503-248-5600 Fax 503-248-5577



START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

'DRILLING LOG OF BORING NO. MP02

DATE DRILLED: 9/7/2005
LOGGED BY: :M. Longtine
CHECKED BY: E.Lynch

DRILLING CONTRACTOR: ESE/START

DRILLED BY: A. Jensen

DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM:
LOCATION: BLACK BUTTE MINE

PROJECT: Black Butie Mine
TOD # 05-04-0005
PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJ MGR: M. Callaghan
START-2 PROJ MGR: E. Lynch
E & E PROJ# 001281.0478.011A

10

10
= P-4
Z 3 S . © o) .
= = e SOIL DESCRIPTION wh w COMMENTS
< I z i B .
AL M
Yoo | T0=2 =
w [m] =) o nor [}
This log is pan of the report prepa}ed for the named project
and should be read together with that report for complete
interpretation. This summary applies onlé at rh: location -
of this boring and at the time of drilling. Subsurtace
Top of Ground Surface (GS) conditions may differ at other locations and may change at
Elevation this location with the passage of time. The data presented
X is a simplification of actual conditions encouniered.
- Tailings - Mostly rock fragments to
_|FlLL 1.5 inches with lesser sand and
- fines; Overall color brownish red,
1— clasts white and red. [ )
Native Soil - Silt - clay mixture;
- Brown; Moist.
2~ 1505 MP02SS04
ML
3._
‘— 49 .
Total depth 4 feet BGS. Abandoned by
backfilling to surface with 3/8 inch
- bentonite chips.
5am

ecology and environment, inc.
333 SW Fifth Avenue
Suite 608
Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577

i DRAFT o Page 1 of 1
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DRILLING LOG OF BORING NO. MPG3

DRILLING CONTRACTOR:

DATE DRILLED: 8/7/2005
LOGGED BY: M. Longtine
CHECKED BY: E.Lynch
E&E/START
DRILLED BY: A. Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM:
LOCATION: BLACK BUTTE MINE

PROJECT LOCATION:

EPA PROJ MGR:
START-2 PROJ MGR:
E & EPROJ#

PROJECT:

Black Butte Mine
05-04-0005
Cottage Grove, Oregon

TDD #:

M. Callaghan
E. Lynch :
001281.0478.011A ~

START BBM BORING LDG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

- 8 z
Z o ] < a
2- £ ) SOIL DESCRIPTION wh w COMMENTS
« T x =10 T
St 0 | Qo Q
g I|E 23s z
T o o (o BOF 7
This log is part of the report prepared for the named .project
and should be read together with that report for complete
. interpretation. This summary applies only at the focation -
of this boring and &t the time of drilling. Subsurface
Top of Ground Surface (GS) canditions may difier at other locations and may change at
Elevation this location with the passage of time. The data presented
is a simplification of actual condilions encountered. .
Tailings (or possibly imported
_|FiLL material - road bed material) -
0.8 . Readish to purple brown rock (rock
— \to 1.5 inches) and fines; Moist. /1
Native Soil - Silt with minor sand;
- Yellowish brown, localized grey
mottling and reddish streaks; Moist.
2— ’ 1530 MP03SS04
_| ML
3—
— 40
Total depth 4 feet BGS. Abandoned by
_ backfilling to surface with 3/8 inch
bentonite chips. D
o . .
f—
7—
B_
99—
10
| ecology and environment, inc. ~ A
333 SW Fifth Avenue *kk *kk
Suite 608 . D RAFT Page 1 of 1
Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577
-
030673




START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

DRILLING LOG OF BORING NO. MP04

Black Butte Mine

DATE DRILLED: 9/7/2005 PROJECT:
LOGGED BY: M. Longtine TDD #: 05-04-0005
CHECKED BY: E.Lynch PROJECT LOCATION: Cottage Grove, Oregon
DRILLING CONTRACTOR: E&E/START
DRILLED BY: A. Jensen’ EPA PROJ MGR: M. Callaghan
DRILLING METHOD: GEOPRORBE DIRECT PUSH START-2 PROJMGR: E.Lynch .
: E & EPROJ #: 001281.0478.011A
VERTICAL DATUM: ' . :
LOCATION: BLACK BUTTE MINE
U]
—_ -4 .
Z 3 S ] m)
= = O SOIL DESCRIPTION wh w COMMENTS
':( T I i Y
AAE g2w | & |
@ B3| Z0= =
o o|3 |0 BOF %)
This log is part of the report prepared for the named project
and should be read together with that report for complete
. irilerpn;ta(_ion_ T:misls‘:mumary ?pdph;]es ongsg th: location
" of thi ng an e time of drilling. Sul ac
Top of Ground Surface (GS) wnd'ﬁiogg ngay dif?er at other locaﬁ::r:\gs and :\:y cr?ange at
Elevation ’ this location with the passage of time. Tne data presented
L. . is a simplificalion of actual conditions encounlered.
Tailings - Mostly gravel-size clasts to
- 1 inch, some to 1.5 inch, with 30%
sand and fines; Overall color reddish
1— brown, individual clasts white with
purplish red, some minor yellowish
- brown; Dry.
2— [ FILL - 1605, MP04SS04
3_
— 4.0 .
Tailings - Fines to gravel to 1 inch,
_ approximately 40% sand and fines;
Qverall color brownish red, individual -
— clasts white, purplish red; Dry.
6| FILL 1615 MP0O4SS08
7—
o 8.0 :
Tailings - Mostly gravel fo 1.5 inches,
_ with lesser (approximatély 30%)
sand and fines. Color as above,
_ Slightly moist. Dark brown clay in
9 FILL X
shoe. o : :
10

ecology and environment, inc.
333 SWw Fifth Avenue :
Suite 608 T
Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577

*hKk D RAF_T *kk

Page 1 of 2




DRILLING LOG OF BORING NO. MP04

START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

Z © ’ 9 o o
S 2 e SOIL DESCRIPTION whH w COMMENTS
< Iyl . Yy T
j31]
L& 88 o= z
w o D |0 B3O~ .
-Tailings - Mostly gravel to 1.5 inches, Todd MPD4SST2
_ with lesser (approximately 30%)
sand and fines. Color as above,
11— FILL Slightly moist. Dark brown clay in
shoe. (continued)
e 12.0 _ .
/ Native Soil - Clay with some sitt; Dark
- / grayish brown grading down to dark
/ brown; Fine disseminated organic
19— / material as well as local chunks of
partially decayed plant matter; Moist.
Cu—| oL % 1655 | MPD4SS16
15— %
16— 1_60_ _—— _l ______________ £ e
. . ] . |Total depth 16 feet BGS. Borehole
. abandoned by backfilling with dry 3/8"
- ' bentonite chips to surface.
17—
18—
19—
20—
21—
22—
23—

ecology and environment, inc.

333 SW Fifth Avenue . ’ :

Suite 608 ’ Page 2 of 2
Portland, OR 97204 :

Phone: 503-248-5600 Fax 503-248-5577




DRILLING LOG OF BORING NO. MP05

DATE DRILLED: 9/8/2005
LOGGED BY: M. Longtine
CHECKED BY: E. Lynch

DRILLING CONTRACTOR: E&E/START

DRILLED BY: A. Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

- VERTICAL DATUM:
LOCATION: BLACK BUTTE MINE

PROJECT: Black Butte Mine
TOD #: 05-04-0005

PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJ MGR: M. Callaghan
START-2 PROJ MGR: E.Lynch .
E & E PROJ #: 001281.0478.011A

START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

O]
— P-4 .
z 3 S o o) )
2= % SOIL DESCRIPTION wh w COMMENTS
S Elals T
4 0| 8 |z X0 =3
i o S5 |0 O . %}
This log is part of the report prepared for the named project
and should be read together with thal report for complete
. interpretation. This summary applies only at the location
S of this boring and at the tima of drilling. Subsuriace
Top.of Ground Surface (GS) conditions may differ at ather locations and may change at
Elevation . this location with the passage of time. The data presented
is a simplification of actual conditions encountered.
Native soil - Tailings appear at
_ surface (see comment section), Clay
silt with local rock fragments;’
— Yellowish brown; Hard, compact;
D . Tailings evident on the surface at this
ry. . . . ;
location, possibly moved .into place by the
- ' front end loader this moming during
& clearing operations. However, no tailings
Py 1440 MP058S04 |present in subsurface. ’
Scotch broom, an otherwise useful
- indicator of recently vegetated tailings,
misleading here. ‘ '
3—
4—- [ ML
S
‘6— 1450 MP05SS08
77—
o— 80 _ o _____
Total depth 8 feet BGS. Abandoned by
backfiliing to surface with 3/8 inch
- 3 bentonite chips.
§—
10
' ]| ecology and environment, inc. e .
- 333 SW Fifth Avenue | . :
Suite 608 D RA FT Page 1 of 1
Portiand, OR 97204 -
Phone: 503-248-5600 Fax 503-248-5577 .
no-
00082




DRILLING LOG OF BORING NO. MP@6.

DATE DRILLED: 9/8/2005 o PROJECT: Black Butte Mine
LOGGED BY: M. Longtine TOD # 05-04-0005 .
CHECKED BY: E. Lynch . PROJECT LOCATION: Cotitage Grove, Oregon
DRILLING CONTRACTOR: E&E/START o
DRILLED BY: A. Jensen EPA PROJ MGR: M. Callaghan

DRILLING METHOD: GEOPROBE DIRECT PUSH START-2 PROJ MGR: E. Lynch
. E & E PROJ # 001281.0478.01'A

VERTICAL DATUM:
LOCATION: BLACK BUTTE MINE

START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GOT 1/20/06

o
= =z
g E Q . o Q
2 = 2 SOIL DESCRIPTION w b, w COMMENTS
p ]
S El8|% Tow | B
4 o | ¢ | <02 <
w a 2| O nO+ v
This log is pan of the report prepared for the named project
and should be read logether with that report for complele
interpretation. This summary applies only &l the location
of this boring and at the time of drilling. Subsurface
Top of Ground Surface (GS) conditions may difier at.other locations and may change at
Elavation . i this location with the passage of time. The data presented
is a simplification of actual conditions encountered.
FILL 0.3 Fill - Silt; Grayish Purple; Dry
- Native Soil - silt - clay mixture with
minor local rock fragments, Rusty
1— brown; Dry. : :
2= : ' 1530 MPDBSS04
ML .
33—
4— 40
: Total depth 4 feet BGS. Abandoned by
_ backfilling to surface with 3/8 inch
bentonite chips.
5—
6—
7__
5.—
o—
10

ecology and environment, inc. '
333 SW Fifth Avenue . kkk * k%
Suite 608 DRAFT Page 1 of 1

Portland, OR 97204

Phone: 503-248-5600 Fax 503-248-5577

.. 09083



DRILLING LOG OF BORING NO. MP07

DATE DRILLED: 8/8/2005 PROJECT: Black Butte Mine
LOGGED BY: M. Longtine TDD #: (05-04-0005 .
CHECKED BY: E. Lynch ) B} PROJECT LOCATION: Cottage Grove, Oregon
DRILLING CONTRACTOR: E&E/START .o
DRILLED BY: A. Jensen L EPA PROJ MGR: M. Callaghan
DRILLING METHOD: GEOPROBE DIRECT PUSH START-2 PROJ MGR: E. Lynch

E & E PROJ# 001281.0478.011A

VERTICAL DATUM:
LOCATION: BLACK BUTTE MINE

START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDF 1/20/06

&}
—_ =4
2 8| |2 2 o
= = o SOIL DESCRIPTION wh w COMMENTS
< I X T -
= - w o a3 w oL
i o O | < =4 = =
o u v |x <O = <
TR =] 3|4 NO- 1]
This log is part of the report prepared for the named project
and should be read together with that repart for complete
. inierpretation. This summary applies only at the location
. of this bonng and 2t the time of drilling. Subsurface
Top of Ground Surface (GS) canditions may differ ai other locations and may change at
Elevation - this-location with the passage of time. The data presented
. ’ is & simplification of aciua! conditions encouniered.
ML Native Soil - Silt; Grayish purple.
0.5 :
- Native Soil - Silty clay; Brown
CL
- A 12
Native Soil - Silt - clay mixture;
- Mottled gray - rusty brown
2— 1655 MPO75S04
T ML
3_
a— A0 - : S
. . Total depth 4 feet BGS; Abandoned by

backfilling to surface with 3/8 inch
- - ) bentonite chips.

10

"@ ecology and environment, inc.

333 SW Fifth Avenue _ * % % DRAFT ok Page 1 of 1

Suite 608
Portland, OR 97204

Phone: 503-248-5600 Fax 503-248-5577

00084 .



START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

.

DATE DRILLED: 8/9/2005

LOGGED BY:

M. Longtine

CHECKED BY: E. Lynch
DRILLING CONTRACTOR: E&E/START
DRILLED BY: A.Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM: :
LOCATION: BLACK BUTTE MINE

DRILLING LOG OF BORING NO. MP08

PROJECT: Black Butte Mine
TOD # 05-04-0005

PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJMGR: M. Callaghan

START-2 PROJ MGR: E. Lynch

E & E PROJ # 001281.0478.011A

[0}
z % S g 5
2 2 o SOIL DESCRIPTION' wh o COMMENTS
« I I . PEYY| —
2 518 % % = %
W@ o |x =02 <
mw o| D |0 NOF %)
| e E— e = - 7|~ This'log-is-part of-the-report prepared-for the named project-~ -——
and should be read together with that report for complete
interpretation. This summary applies only at the location
of this boring and al the time of drlling. Subsurface
Top of Ground Surface (GS) conditions may differ at other locations and may change at
Elevation . this location with the pessapge of time. The data presented
is a simplification of actual conditions encountered.
ML Soil, apparently transported to drilling
_ 0.5 location during brush clearing.
FILL Tailings - Mixture of rock fragments
j— 1.0 to 1inch, sand and fines; Reddish T
brown, individual rock fragments Only tailings material sampled.
- mostly white. )
Native Soil - Silt clay mixture with
7= minor localized dark grey volcanic 0925 MPOBSS04
rock fragments to 0.75 inch, and
HEVE minor partially decayed plant matter
3—
4= _40_ _________________
-| Total depth 4 feet BGS. Abandoned by
backfiling-fo surface with 3/8 inch
- bentonite chips.
5—
e—
7—
8—
9—
10
ecology and environment, inc. .
333 SW Fifth Avenue *%k%
Suite 608 : D RA FT Page 1 of 1
Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577
000835
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START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

'DRILLING LOG OF BORING NO. MP09

DATE DRILLED: 9/9/2005
LOGGED BY: M. Longtine
CHECKED BY: E. Lynch
DRILLING CONTRACTOR: E&E/START
DRILLED BY: A. Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM: )
LOCATION: BLACK BUTTE MINE

PROJECT: Black Butte Mine
TDD #: 05-04-0005
PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJ MGR: M. Callaghan
START-2 PROJ MGR: E. Lynch
E & EPROJ#: 001281.0478.011A

10

= 8 z
5 3 =3 . : : Q o
= = Q SOIL DESCRIPTION w 5 w COMMENTS
< I T =10 pur
S = |w|a & oy a
o O | < =23 =
aw n |2 0= P
w o 2|0 nor [42]
This log is part of the report prepared for the named project
and should be read togather with that report for complete
interpretation. This summary applies only at the location
. of this boring and at the time of drilling. Subsurface
- Top of Ground Surface (GS): condilions may differ at other locations and may change al
Elevation this iocafion with the passage of time. The data presented
is a simplification of actual conditions encountered.
Native Soil - Silt clay mixture with
_ volcanic rock fragments to 1.5 inch
or more;.Brown to yellowish brown;
_ Slightly moist. :
2— | ML 0855 MP09SS04
3—
— 40 o __
Total depth 4 feet BGS. Abandoned by
backfilling to surface with 3/8 inch
- bentonite chips.
5_

ecology and environment, inc.
333 SW Fifth Avenue ’
Suite 608
Portland, OR 97204

*xk DRAFT »*** | Paée 1 of 1 |

" Phone: 503-248-5600 Fax 503-248-5577
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START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

. DRILLING LOG OF BORING NO. MP10

- DATE DRILLED: 9/9/2005
. LOGGED BY: M. Longtine
CHECKED BY: E.Lynch
DRILLING CONTRACTOR: E&E/START
DRILLED BY: A. Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM: -

LOCATION: BLACK BUTTE MINE

. PROJECT: Black Butte Mine

TDD # 05-04-0005

~ PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJ MGR: M. Callaghan
START-2 PROJ MGR: E. Lynch
E & E PROJ # 001281.0478.011A

(@}
— z
zZ 3% S 8] o
2 2 Q SOIL DESCRIPTION wh o COMMENTS
< I T - iy} ]
5 E1 8% S-w <
4 | o | 0= <
w 0 o O Nnor [4)]
fhis log is part of the report prepared for the named project -
and should be read logether with that report for complete
interpretation. This summary applies only at the location
of this boring and at the.time of driiling. Subsurface
Top of Ground Surface (GS) conditions may differ at olher iocations and may change at
Elevation . this location with the passage of time. The data presented
. is a simplification of actual conditions encountered.
Tailings - Rock fragments, silt and
_ sand, approximately 40% sand and
finer; Brownish red, rock fragments
1— mostly white; Dry.
2= 1035 MP10SS04
_|FlLL
3—
4—
4.8
5— Native Soil - Silt-clay mixture with
* mine rock fragments and black
- ‘ organic matter, chunks to 0.25 inch;
Brown; Slightly moist.
6— 1045 MP10SS08
_| ML
7._
o— 80 _ _ _ __________
Total depth 8 feet BGS. Abandoned by
_ backfilling to surface with 3/8 inch
bentonite chips.
9_
10

ecology and environment, inc.
333 SW Fifth Avenue
Suite 608
Portland, OR 97204
Phone: 503-248-5600 Fax 503-248-5577

o DRAFT xE Page 1 of 1
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Si’ART BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

DRILLING LOG OF BORING NO. MP11

DATE DRILLED: 9/9/2005

LOGGED BY: M. Longtine

' CHECKED BY: E. Lynch
DRILLING CONTRACTOR: E&E/START

DRILLED BY: " A. Jensen

DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM:

LOCATION: BLACK BUTTE MINE

PROJECT: Black Butie Mine

TOD # 05-04-0005

PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJMGR: M. Callaghan
START-2 PROJ MGR: E. Lynch
E &EPROJ# 001281.0478.011A

10

o
— z
A BE - 2 o
E = ) SOIL DESCRIPTION wh w COMMENTS
< T I ‘ S —
> - (2] =8 [= N o
3 308|2 $5f | 2
- R
w o D |0 NOF c</()
This log is parl of the reporl prepared for the named project
and should be read together with that report for complete
X inlerpretation. This summary applies only at the location
of this boring and at the time of dnling. Subsurface
Top of Ground Surface (GS) conditions may differ at other locaﬁongs and may change a!
Elevation this location with the passage of ime. The data presented
is a simplificalion of aqual conditions encountered.
Tailings - Fines, sand, and rock
- fragments to 1 inch; gravel is
approximately 50% of volume; -
f— Overall color reddish brown,
' individua! rock fragments mostly
- white, some with red streaks and
blebs (likely cinnabar); Dry.
2— | FILL 1135 MP118S04
3_
i— 4.0
Tailings - Rock fragments with lesser
- sand and fines; gravel is
approximately 70% of volume;
5 Overall color brownish red, rock
fragments-white with red-spots and
- red; Dry.
6— | FILL 1150 MP11S308
7__
— 8.0
Taijlings - As above but with
~ approximately 60% rock fragments
9— [FILL

ecology and environment, inc.

333 SW Fifth Avenue
Suite 608
Portland, OR 97204

Phone: 503-248-5600 Fax 503-248-5577

*** DRAFT ***
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DRILLING LOG OF BORING NO. MP11

START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GODT 1/20/06

- Q 2
o £ 0 SOIL DESCRIPTION wh w COMMENTS
< I Xz ] =
P w |a oy, =%
Loyl 3|8 332 E
o o|3|0 BOE &

Tailings - As above but with 1155 ‘MPTT1SS72
_ approximately 60% rock fragments
(continued)

11—

12—

13—

14— 1205 | MP11ss16

15— | FILL

16—

17— ,

18— 1‘215 MP11SS20

19—

20— 00 _ _

Total depth 20 feet BGS. Abandoned by
_ backfilling to surface with 3/8 inch’
bentonite chips.

21—

22—

.27—

ecology and environment, inc.

333 SW Fifth Avenue
Suite 608
Portland, OR 97204

Phone: 503-248-5600 Fax 503-248-5577

Page 2 of 2




START BBM BORING LOG BBM2005.GPJ E&E PORTLAND.GDT 1/20/06

- DRILLING LOG OF BORING NO. MP12

DATE DRILLED: 9/9/2005
LOGGED BY: M. Longtine
CHECKED BY: E.Lynch

" DRILLING CONTRACTOR: E&E/START

DRILLED BY: A.Jensen
DRILLING METHOD: GEOPROBE DIRECT PUSH

VERTICAL DATUM: .
LOCATION: BLACK BUTTE MINE

PROJECT: Black Butte Mine
TOD #: 05-04-0005 .
PROJECT LOCATION: Cottage Grove, Oregon

EPA PROJ MGR: M. Callaghan
START-2 PROJ MGR: E. Lynch
E & EPROJ# 001281.0478.011A

(6]
— P4
z % 2 S o :
E = o) SOIL DESCRIPTION wh o COMMENTS
< I S P Tl —
S 0 o ey o
o o Q| < souw s
S ow | o | 0= <
w o 2|0 nor n
This log is part of the report prepared for the named project
and should be read togsther with that report for complete
interpretation. This summary applies on!sy al ths location
f this bori d at the time of drilling. bsurfa
Top of Ground Surface (GS) gondlisﬁor?:r:gaaynd'r;sr a? omertl’ocalitlmgs anl; :x:y c?\eange at
Elevation this location with the passage .of time. The data presenied
isa simpliﬁcaliqn of actua! conditions encountered.
Tailings - Approximately 25% rock
_ fragments with sand and fines;
Overall color grayish purple; Dry.
— .
— 1 2
FILL 335 | MP12SS04
J—
q4—
4.3
_ Native Soil - Silt - clay mixture with
sand and minor rock fragments to
5— 0.5 inch, Brown; Partially decayed
plant matter; Moist.
- MP12
6 ML 1345 P125S08
7—
o— 80
- Total depth 8 feet BGS. Abandoned by
backfilling to surface with 3/8 inch
B bentonite chips.
o .
10

ecology and environment, inc.
333 SW Fifth Avenue
Suite 608
Portland, OR 97204 .

il DRAFT e Page 1 of 1

Phone: 503-248-5600 Fax 503-248:557

00090




APPENDIX C
DATA VALIDATION MEMORANDA
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ecology and envnronment inc.

Intemational Specialists in the Environment

&'J 2101 Fourth Avenue, Suite 1900, Seattle, WA 98121
Tel: (206) 624-9537, Fax: (206) 621-9832

MEMORANDUM
| DATE: November 30, 2005
TO: Erin Lynch, Project Mzmacer E & E, Portland, Oregon
FROM: Mark Woodke, START-Chemist, E & E, Scattle, Washington (/m\/
SUBT :V Inorganic Data Quality Assurance Review,

Black Butte Mine Site, Cottage Grove, Oregon
"REF: - TDD: 05-04-0005. PAN: 001281.0478.011IA

. The daia quality assurance review of 10 soil and 3 water samples collected from the’ Black Butte

~ Mine site located near Cottage Grove, Oregon, has been complstcd. Arsenic and mercury analyses (EPA
SW-846 methods 6010, 7470 and 7471) and synthetic precipitate leaching procedure (SPLP) arsenic and
mercury analyses (EPA SW-846 methods 1312 and 7470) were performed by STL-Seattle, Tacoma,

Washington.

The samples were mumbered: _
Soil - CK06SDOl  CKO8SDO1 MP01SS04 MPO01SS12
MP01SS20 = MPO5SS04 MP05SS08 °~ MP078S04
o MP09SS04  MP128S08
Water CK06SW01 CKO08SWO01 Geoprobe Rinsate

N

Data Qualifications:
1. Sample Holdmg Tlmes Acceptable.

All liquid samples were preserved to a pH < 2, Thc samples were mamizuned at 4°C (+ 2°C).
The samples were collected between September 7 and 10, 2005, and were analyzed by October 12, 2005,
therefore meeting QC criteria of less than 6 months between collectlon., cxu'ac’uon and analysis (28 days

for mercury).
2. . Initial and Continuing Calibration: Acceptable.

A minimum of one calibration standard and a blank were analyzed at the beginning of the ICP
analysis sequence and after every 10 samples. No results were greater than 110% of the highest '

calibration standard. All ICP recoveries were within the QC limits of 90% to 110%. All AA recoveris

were within QC limits of 80% to 120%. The AA correlation coefiicient was >0.995.

i,

3. Blanks: Acceptable.

" A preparation blank was analyzed for each 20 samples or per matrix per concentration level
Blanlcs were analyzed after each Initial or Continuing Calibration Verification. No elements were
detected in any applicable calibration and/or preparation blanks that resulted in data qualifications.

recycled ipaper O O 0 9 2




4. " ICP Interference Check Sample: Acceptable.

An Interference Check Sample (ICS) was analyzed at the beginning and end of each sequence or
at least twice every 8 hours, whichever was more frequent. All ICS (solution AB) results were within

QC limits of 80% - 120% recovery
5. Precision and Bias Determination: Not Performed.

Samples necessary to determine precision and bias were not provided to the laboratory. All
results were flagged "PND" (Precision Not Determined) and "RND" (Recovery Not Determined),
although the flags do not appear on the data sheets.-

6. Performance Evaluation Sample Analysis: ‘Not Provided.

Performance evaluation samples were not provided to the laboratory.

7. ‘ICP Serial Dilution: Acceptable.

- A serial dilution analysis was performed per matrix per concentration or per sample delivery
group, whichever was more frequent. All serjal dilution results were within QC limits.

8. Matrix Spike Analysis: Acceptable.

A matrix spike analysis was performed per SDG or per matrix per concentration level, whichever
was more frequent. Spike and spike duplicate recoveries were within the QC Limits.

9, Duplicate Analysis: Acceptable. .

A laboratory duplicate analysis was performed per SDG O per matrix per concentratlon level,
whmhever was more frequent. All duplicate results were w1thm QC limits.

10. Laboratory Control Sample Analysis: Accéptable. .

A Laboratory Control Sample (LCS) was analyzed per SDG per matrix. All LCS results were
within the established control hmﬂ_s

11. Overall Assessment of Data for Use-

The overall usefulness of the data is based on the criteria outlined in the OSWER Guidance
Document "Quality Assurance/Quality Control Guidance for Removal Activities, Sampling QA/QC
Plan, and Data Validation Procedures" (EPA/540/G-90/004), the analytical methods, and, when
applicable, the Office of Emergency and Remedial Response Publication "USEPA Contract Laboratory
Program National Functional Guidelines for Inorganic Data Review". Based upon the information
provided, the data are acceptable for use with the above stated data qualifications.

Data Qualifiers aﬁd Definitions

J- The associated numerical value is an estimated quantity because the reported concentra-
tions were less than the sample detection limits but greater than the instrument detection limits or
because quality com‘.rol criteria limits were not met.

U -  The material was analyzed for but was not detected. The associated numerical value is
the sample quantitation limit. ‘

00093




Analyte
Arsenic

Client Name .
Client 1D:
Lab ID:
Date Received:

Date Prepared:

Date Analyzed:
Dilution Factor
% Solids

STL Seatile |

Ecology & Environment
CK08SD01
130188-01:

9/30/05
10/12/05
10/12/05
1. '
68.13 -

Metals by ICP - USEPA Method 6010

.~ Sample resuits are.on a dry weight basis. |

Result . :
(mplkg) "~ RL ~ MDL
- 578 7.04 - 1.32
N 1\ 204
00094

Flags

£loge




STL Seattle

Client Name Ecology & Environment
Client ID: ' - CKOBSDD1
Lab ID:. A 130188-01
Date Received: 8/3012005
Dale Prepared: : 10/12/2005
Date Analyzed: 10/12/2005
Dilution Factor 1
% Solids £9.13

Mercury by CVAA - USEPA Method 7471

Sample results are on a dry weight basis.

. Result

Analyte | (mgrkg) RL MDL ~ Flags
Mercury 0.435 . 0.0234 0.00515
O [bses
003595

b1869




STL Seattle

Client Name o ' Ecology & Environment

Client ID: CKQ08SDO01
Lab ID: 130188-03
Date Received: i . 9/30/05
Date Prepared: , 10/12/05
Date Analyzed: . 10/12/05
Dilution Factor : 1
% Solids . 69.02

Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis.

" Result

Analyte {maikg) RL MDL Flags
Arsenic . 72.6 © 7.08 1.33
/M (|2

00096 -
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" STL Seattle

Client Name - Ecology & Enviranment
" Client )D; CKDBSDU1
" lablD: | . 130188-03
Date Received: ' © 9/30/2005
Date Prepared: _ . 10/12/2005
Date Analyzed: 10/12/2005
Dilution Factor 200
% Solids’ : £9.02

Mercury by CVAA - USEPA Method 7471

Sample results are on a dry weight basis.

. Result '
Analyte (mg/kg} RL " MDL Flags
Mercury - 79 5.2& 1.158
02097

97669




STL Se_attle

Clieni Name : ) Ecology & Environment
Client ID: . MP018812
Lab ID: 130188-06

Date Received: . ’ : 9/30/05
Date Prepared: ' _ 10/12/05
Date-Analyzed; 10/12/05
Dilution Factor 1

% Solids ) 88.69

Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis.

) Result
Analyte _ (mgrkg) RL
Arsenic ' - 197 _ 5.09

MDL-

0.957

Flags

41008




STL Seattle

Client Name ' Ecology & Environment
Client ID; _ MP01S812
Lab 1D: - 130188-06
Date Received: 8/30/2005
Date Prepared: . . 10/12/2005
Date Analyzed: : ' - 1D/12/2005
Dilution Factor 20
% Solids : B8.65

Mercury by CVAA - USEPA Method 7471

Sample results are on a dry weight basis. -

: Result
Analyte o {mg/kg) RL
Mercury. 7.35 04
. 00099

A

MDL Flags
0.0881

oo

81060




STL Se‘éttle.

Client Name : Ecology & Environment

Client iD: - MPD18820

Lab ID: 130188-07
Date Recelved: - : . 9/30/05
Date Prepared: ' 10/12/05
Date Analyzed: e 10/12/05
Dilution Factor : 1

% Solids S 64.78

Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis.

ﬁes'u']t

Analyte ' ' - (mglkg) ' RL MDL“ Flags
Arsenic . .. 346 -6.38 1.2
| M D -0g
00100 o

61666




Client Name

Client ID:
Lab iD:

Date Received:
Date Prepared:
Date Analyzed:

Dilution Factor
% Solids

STL Seattle

Ecology & Environment
MP018S20 '
130188-07
9/30/2005
10/12/2005
10/12/2005
1
64.78

Mercury by CVAA - USEPA Method 7471

Sample results are on a dry weight basis.

Anafyte
Mercury

Result -
(mgl/kg)

.0.808

RL MDL  Flags
00281 000518 '

82008




STL Seattle

Client Name ' Ecology & Environment
Client 1D: - MP055504
Lab ID; - ' 130188-08
Date Received: . 9/30/05
Date Prepared: . ’ 10/12/05
_ Date Analyzed: ' 10/12/05
Dilution Factor ) : i 1
"% Solids _ ’ "75.88

Metals by ICP - USEPA Method 8010

-~

Sample results are on a dry weight basis.

Y
M\W

) . Result 4
Analyte - (mglkg) RL
Arsenic - 118 6.21

02i02

MDL Flags

147

icoeo




~ STL Seattle

Client Name ' - Ecology & Environment
Client ID: : . . MP055504
Lab ID: ' 130188-08
Date Received: : 8/30/2005
Date Prepared; . 10/12/2005
Date Analyzed: 10/12/2005
" Dilution Factor 20
% Solids _ 75.89

Mercury by CVAA - USEPA Method 7471

Sample results are on a dry weight basis.

MDL

- Flags

0.102

) . o Result
Analyte (mg/kg) RL
- Mercury : 17.7 0.484
00103

22808




STL Seattle

Client Name Ecology & Environment

" Cliant ID: MPQO7S304
Lab ID: : 130188-10
Date Recsived: : - 9/30/05
- Date Prepared: 10/12/05
Date Analyzed: ' 10/12/05
‘Dilution Factor A
% Solids - . - 74.86

Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis:

: ) Result
Analyte ‘ . . {mgrkg) ' RL
Arsenic : . o177 5.74

MDL

‘I

1.08

W

e

Flaps

£2000



STL Seattle

Client Name Ecology & Environment
Client ID; . MPD75504
Lab ID: _ - 130188-10
Date Received: 5/30/2005
Date Prepared: 40/12/2005
Date Analyzed: ' 40/12/2005
. Dilution Factor 10
% Solids ' 74.86

Mercury by CVAA - USEPA Msthod 7471

Sample results are on a dry weight basis.

Result o
Analyte ' _ “(mg/kg) RL MDL Flags:
Mercury 3.83 0.222 0.0488

bZ008



Client Name
Client ID:
Lab ID:

Date Received:
Date Prepared:
Daie Analyzed:

Dilution Factor
% Sclids

STL Seattle

Ecology & Environment
MP09SS04
130188-11

9/30/05
10/12/05
10/12/05
' 1
79.72

* Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis,

Analyte
Arsenic

Result
(mglkg)
35.3

00106

" RL . MDL Flags
5.76 1.08 -

M

U lewes

62008




STL Seatile

ClientName - Ecology & Environment

Client ID: MP02S8804
Lab {D: - . 130188-11
Date Received: ' - 08/30/2005
Date Prepared. 10/12/2005
Date Analyzed: _ ) 10/12/2005
Dilution Factor ' 10
% Solids 79.72

Mercury by CVAA - USEPA Method 7471

Sample results are ona dry weight basis.

" Resuit
Analyte {mg/kg) RL
Mercury 542 0.226

00107

MDL Flags
+0.0498

i

50

92000




- STL Seaﬁle

Client Name - Ecology & Environment
Client ID: - MP12S508
Lab ID: . 130188-12
Date Received: , A .8/30/05-
Date Prepared: 4 10/12/05
Date Analyzed: - 10/12/05
Dilution Factor 1
% Solids o 81,12

Metals by ICP - USEPA Method 6010

Sample results are on a dry weight basis.

. o : . Result

Anaiyte . {mgrky) . " RL

Arsenic 7.33 6.1
00108 .

MDL Flags
1.18

|25 |

22080




STL_ Seattle

Client Name Ecology & Environment
_Client ID: : : ' MP128808 -
Lab ID: 130188-12 -
Date Recelved: : , 8/30/2005
Date Prepared: 10/12/2008
Date Analyzed: 10/12/2005
Dilution Factor 1
% Solids - , . 81.12

Mercury by CVAA - USEPA Msthod 7471

Sample results are on a dry weight basis.

: Result -
Analyte {(maglkg) ) RL _
Mercury 0.952 0.0216
02i09

MDL  Flags
0.00478 '

8coeo




STL Seattle

Client Name =~ : Ecology & Environment

Client ID; . CKOBSWO1
Lab ID: ’ 130188-02
Date Received: ' 9/30/05
Date Prepared: ' 10/11/05
Date Analyzed: . 10/12/05
Dilution Factor , 1

Metais by ICP.- USEPA Method 6010

Result

Analyte (mgl) - RL MDL . Flags
Arsenic ‘ ‘ ~ ND ‘ 0.05 0.0094

o (awpamy

J 01L0::

18100



- STL Seattle

Client Name , Ecology & Environment -
Client ID: : CK0BSWD01
Lab ID: _ 130188-02
Date Received: , ' 9/30/2005
Dale Prepared: : . 10/11/2005
Date Anzlyzed: 10/12/2005
Dilution Factor . 1

Mercury by CVAA - USEPA Method 7470

Result

Analyte (mg/L) ~ RL - MDL  Flags
Mercury 0.000073 ( 0.0002 0000044 _JBTTW
0365
anrts

AL



‘STL Seattle

Client Name Ecology & Environment
Client ID: . ) CKoasSwo1
Lab ID: : 13D18B-04
Date Received: 9/30/05
Date Prepared: _ 10/11/05
Date Analyzed: o 10/12/05
Dilution Factor o 1

Metals by ICP - USEPA Method 6010

' Result : )
Analyte - {mgiL) ’ RL : MDL Flags
Arsenic ND . 0.05 0.0094

\P)M(
00112 |

10106



Client Néme
Client ID:
Lab ID:

Date Received:
Date Prepared:
Date Analyzed:

Dilution Factor

Analyte
Mercury

STL Seattle

Ecology & Environment

CKO8SWD1
430188-04
81302005
10/11/2005
10/12/2005

1

Mercury by CVAA - USEPA Method 7470

001

Loa

Result
(mg/L)
0.00225

RL
0.0002

MDL  Flags
0.000044. B

k@108



Client Name
Client 1D:
_ LabID:

Date Received:
Date Prepared:
Daté Analyzed:

Dilution Factor

Analyte

- Arseqic -

STL Seattle

Ecology & Environment
GEOPROBE-RINSATE
130188-13
9/30/05
10/11/05
10/12/05
1

Metals by ICP - USEPA Method 6010

- ND

Result
(mg/L)

. Goiae



STL Seattle

Client Name - Ecology & Environment
Client ID; : GEOPRQBE RINSATE
. LabiD: : 130188-13
Date Received: : - 9/30/2005
Dale Prepared: S 10/11/2005
Date Analyzed: ’ 10/12/2005

Dilution Factor _ 1

Mercury by CVAA - USEPA Method 7470

o Result
Analyte o § {mgiL) RL , MDL Flags
Mercury : ND ' 0.0002 0.000044
Avoe]
03ir5

© 90188




Analyte
.Mercury

Client Name

Client ID:
LabID: -

Date Received:
Date Prepared:
Date Analyzed:

Dilution Factor

- STL Seattle

Ecology & Environment
MPD1SS04
- 130188-05
8/30/2005
10/12/2005
10/12/2005
1

SPLP Mercury by CVAA - USEPA Method 7470

Result -

(molL) - RL MDL Flags
0.00044

ND _ _ " 0.002

b9108




STL Seattle

Client Name ~ Ecology & Environment
Client ID: - : MPD1SS20 '
LabID: ' 130188-07
Date Received: ' 9/30/2005
Date Prepared: ) : 10/12/2005
Date Analyzed: . 10/12/2005

Dilution Factor : . 1

SPLP Mercury by CVAA - USEPA Method 7470 -

Result

Analyte (mgiL) RL U MDL Flags

Mercury ND ‘ 0.002 0.00044

09it7 [\/{39/65

69188




STL Seattle

Client Name o Ecology & Environment
Client ID: MPODSSS04
Lab ID; _ 130188-08
Date Received: 9/30/2005
Date Prepared: 10/12/2005
Date Analyzed: 10/12/2005

Dilution Factor o 1
SPLP Mercury by CVAA - USEPA Method 7470
Result

Analyte (mg/L) " RL - MDL  Flags
Mercury ND . - 0.002 0.00044

. 99188




STL Seattle

Client Name : . Ecology & Environment
Client ID: MPO5SS08 -
LabiD: 130188-09
Date Received: - B8/3072005
Date Prepared: , - 10/12/2005
Date Analyzed: 10/12/2005

~ Dilution Factor ' 1

SPLP Mercury by CVAA - USEPA Msthod 7470

Result

~ Analyte .  (mglL) ~ RL MDL Flags
Mercury o ND - 0.00ZU 0.00044

00119

49168




 STL Seattle

Client Name Ecology & Environment
Client ID: : : ' MPQ7SS04
Lab 1D: B 130188-10
Date Received: 8/30/2005
‘Date Prepared: . 10/12/2005
Date Analyzed: y 10/12/2005
Dilution Factor ‘ - 1

SPLP Mercury by CVAA - USEPA Method 7470

.~ . Result :
" Analyte ‘ : (mg/L) ‘ RL MDL ~  Flags
~ Mercury o ' " ND -0.002 0.00044 :

00120

89100



STL Seattle o .

“Client Name Ecology & Environrment Y
Client ID: ' MP128808 ‘\
Lab 1D: 130188-12 s
Date Received: 9/30/2005 '
10/12/2005

Date Prepared: .
Date Analyzed: . 10/12/2005 ‘ \
Dilution Factor - ‘ 1 : .

 SPLP Mercury by CVAA - USEPA Method 7470

Resuit

————————— e

Analyte . {mg/L} ~ . RL MDL Flag
Mercury 0.00149 ) 0.002 0.00044 -

(]
o)
,w-n

Do
k-a




ecology and environment, inc.
International Specialisis in the Environment )

2101 Fourth Avenue, Suite 1900, Seattle, WA 98121
Tel: (206) 624-9537, Fax: (206) 621-9832

MEMORANDUM

DATE: . November 14, 2005 .
TO: Erin Lynch, Project Manager, E & E, Portland, Oregon
| FROM: Mark Woodke, START Chemist, E & E, Seattle, Washmc’ton% V
SUBIL: Inorganic Data Quality Assurance Review,

Black Butte Mine Site, Cottage Grove, Oregon
REF: TDD: 05-04-0005 PAN: 001281.0478.01IA

The data quality assurance review of 5 soil and 3 sediment samples collected from the Black
Butte Mine site located near Cottage Grove, Oregon, has been completed. Mercury analysis, including
total mercury (EPA method 1631), monomethyl mercury (draft EPA method '1630), and 5-step sequential
extraction mercury (water soluble, stomach acid, organo complexed, strong complexed, and mineral
bound), was performed by Brooks Rand, LLC, Seattle, Washington.

The samples were numbered:
CK01SDo1 CKO08SDO01 MPO1S8S12  MPO1SS20
MP05SS04 MP06SS04  MP12SS08 ~ OA01SDO!

Data Qualifications:

S Sample Holding Times: Satisfactory.

The samples were maintained at 4°C (+ 2°C), within all QC limits except for methyl mercury; all
methy] mercury results were qualified as estimated quantities (J or UJ). The samples were collected
between September 7 and 10, 2005, were prepared by October 3 and 11, 2005, and were analyzed on
October 11 (organo complexed and water soluble), October 12 (stomach acid), October 13 (monomethyl
and strong complexed), October 14 (mineral bound) and October 19 (total mercury), therefore meeting

QC holding time criteria.
2. Initial and Continuing Calibration: Acceptable:

Al| initial calibration correlation coefficients. were > 0.995. No results were greater than 110%

of the highest calibration standard. All continuing calibration recoveries were within QC limit.

3. Blanks: Acceptable.

A preparation blank was analyzed for each 20 samples or per matrix per concentration level.
Blanks were analyzed at the appropriate frcquency All sample results were corrected for blank
- contamination per the methods. _

00122

recycled paper
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- 4. ‘Precision and Bias Determination: Not Performed.

Samples necessary to determine precision and bias were not provided to the laboratory. All
results were flagged "PND" (Precision Not Determined) and "RND" (Recovery Not Determined),
although the ﬂags do not appear on the data sheets.

5. _Performance Evaluation Sample Analysis: Not Provided.
Performance evaluation samples were not provided to the laboratory:
6. Matrix Spike Analysis: Satisfactory.

A matrix spike analysis was performed per SDG or per matrix per concentration level, whichever
was more frequent. Spike and spike duplicate recoveries were within the QC limits except where not
applicable due to the type of analysis performed. The bias results for the 5-step extraction combined
analyses were within QC limits except for sample CK01SD01 (low) and MP06SS04 (high). Sample
results associated with the low recovery outlier were qualified as estimated quantities (J or UJ). Positive
sample results associated with the high recovery outlier were qualified as estimated quantities (J).

9. . Duplicate Analysis: Satisfactory.

_ A laboratory duplicate analysis was performed per SDG or per matrix per concentration level,
‘whichever was more frequent. All duplicate results were within QC limits except sample MP01S8S12
(total mercury), MP12SS08 (stomach acid), and MP12SS08 (mineral bound). Associated sample results
were qualified as estimated quantities (J or UJ).

10.  Certified Reference Material (CRM) Analysis: Acceptable.

_ A CRM sample was ‘analyzed per SDG per matrix. All CRM results were within the established
control lumts

11. Overall Assessment of Data for Use

The overall usefulness of the data is based on the criteria outlined in the OSWER Guidance
Document "Quality Assurance/Quality Control Guidance for Removal Activities, Sampling QA/QC
Plan, and Data Validation Procedures" (EPA/540/G-90/004); the analytical methods, and, when
applicable, the Office of Emergency and Remedial Response Publication "USEPA Contract Laboratory
Program National Functional Guidelines for Inorganic Data Review". Based upon the information
provided, the data are acceptable for use with the above stated data qualifications.

Data Qualifiers and Definitions

J- The associated numerical value is an estimated quantity because the reported concentra-
tions were less than the sample detection limits but greater thap the instrument detection limits or
because quality control criteria limits were not met.

U - The material was analyzed for but was not detected. The associated numerical value is
the sample quantitation limit. :

UJ-  The material was analyzed for, but not detected. The reported detection limit is
estimated because quality control criteria were not met.

001
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Reported by

Brooks Rand LLC

Contact: Amar Gill
3938 6th Avenue NW
Seattle, WA 98107

" Tel: 206-632-6206

Fax: 206-632-6017

"Tel: '503°248-5600

Summary of Results for Brooks Rand Report #05BR 1474

Ecology & Environment

Contact: Erin Lynch
333 SW Sth Ave )
Portland OR 97204

Lab Project#  EEIO]2 Client Ref # 001281.0478
Lab Tracking# 05BR1474 Quote EEI012b
Sample Preparation :
\dentification BRL Number date Analysis date  Batch # Result Units Qualifier (Q)
CKO1SDO1 05BR1474 - 1 10/17/2005 10/19/2005 .  05.0780-1 5,360 - ng/g (dry) A
CK08SDO1 05BR1474 - 2 10/17/2005 . 10/18/2005 05-0780-1 225,000 nglg (dry) '
MP01S512 05BR1474 - 3 10/17/2005 10/18/2005 05-0780-1 9,640 3 ng/g (dry) BV
MP01S520 05BR1474 - 4 10/17/2005 10/19/2005 05-0780-1 1,130. ng/g (dry)

-~ MP055504 05BR1474 - 5 10/17/2005 10/19/2005 05-0780-1 1,190,000 ng/g (dry)
MODBSS04 05BR1474 - 6 10/17/2005 10/19/2005 05-0780-1 - 431,0003/ ng/g (dry) Wy
MP125508 05BR1474 - 7 10/17/2005 10/19/2005 05-0780-1 1,250 ng/g (dry)
OAD1SDO1 05BR1474 - B 10/17/2005 ~ 10/18/2005 05-0780-1 10,500 - nglg (dry)

s M
L—

Thursday, November 03, 2005
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-Reparred by
Brooks Rand LLC

Contact: -Amar Gill
3958 6th Avenue NW
Seartle, WA 98107

Tel: 206-632-6206 Fax: 206-632-6017

Summary of Resu m. for Brooks Rand F{epor? #05BR 1474

Ecology & Environment

Contact: Erin Lynch
333 SW 5th Ave
Portland OR 97204

Tel: 503-248-5600

Lab Project# EEI0I2 Client Ref # 001281.0478
Lab Tracking# 05BR1474 Quote . EEI012b
Hg(Monomethyl)
Sample Preparation .
|dentification BRL Number date Analysis date Batch # Result Units Qualifier (Q)
CK01SD01 05BR1474 - 1 10/10/2005° 10/13/2005 05-0782a 0.731 ng/p (dry) " He e
CKO08SDO1 05BR1474 - 2 10/10/2005 10/43/2005 05-0782a 127 Y nglg (dry) Haw
MP01SS12 05BR1474 - 3 10/10/2005 10/13/2005 05-0782a 0.200 37  ng/p (dry) P
MP015520 05BR1474 - 4 10/10/2005 10/13/2005 05-0782a 0.015{J3° nolg (dry) i
MP0SSS04 05BR1474 - § 10/106/2005 10/13/2005 05-0782a 1.34 J ng/g (dry} Hp
MO06SS504 05BR1474 - 6 10/10/2005 10/13/2005 05-0782a 0318 5 ng/g (dry) St ’
MP125508 05BR1474 - 7 10/10/2005 10/13/2005 05-0782a' 0.018 j’ ng/g (dry) - B~
OA01SDO1 OSBR1474 - 8 10/10/2005 10/13/2005 05-0782a 0.015UY ng/g {dry) e nv TV
1
!
n o, h

Thursday, November 03, 2005
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' ‘ » . - Brooks Rand Report #05BR1474
Reported by . Summary of Results for - P

Brooks Rand LLC ‘ - Ecology & Environment

Contact: Amar Gill Contact: Erin Lynch -

3958 6th Avenue NW 333 SW 5tli Ave ’ . . .

Seartle, WA 9807 . . . . . .. . .. Portdand OR 97204 e o T

Tel: 206-632-6206 Fax: 206-632-6017 - Tel: 503-248-5600 ’

Lab Project# EEI0]2 Client Ref # . 001281.0478

Lab Tracking# 05BRI1474 Quote - EEI0I2b

Hg(Water Soluble)

Sample "Preparation .

Identification BRL Number date _ Analysis date Batch # Result . Units Qualifier (Q)

CK015D01 05BR1474 - 1 10/3/2005 .10/11/2005 05-0774 51.8 j— ng/g (dry) i

CK08SDO1 05BR1474 - 2 10/3/2005 10/11/2005 050774 5,480 ng/g (dry) ’

MPO15S12 05BR1474 - 3 10/3/2005 10/11/2005 05-0774 258 ng/g (dry)

MPD1SS20 o 0SBR1474 - 4 .  10/3/2005 10/11/2008 05-0774 1.44 ng/g (dry)

MP055504 058R1474 - 5 10/3/2005 10/11/2005 05-0774 27,800 _ nglg (dry).

MO06SS504 05BR1474 - 6 10/3/2005 10/11/2005 05-0774 5,610‘3/ ng/g (dry) Wiy

MP125508 05BR1474 - 7 10/3/2005. 10/11/2005 05:0774 72.2 ng/g (dry)

0A01SDO1 . 05BR1474 . B8 10/3/2005 10/11/2005 05-0774 135 ng/g (dry)
%WWH@

— e

Thursday, November 03, 2005 z Manager
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Reported by
Brooks Rand LLC

Contact: Amar Gill
3958 6th Avenue NW
Seattle, WA 98107

" Tel: 206-632.6206  Fax: 206-632-6017

Summary of Results for
Ecology & Environment

Contact: Erin Lynch
333 SW 5th Ave . ’
Portland OR 97204
Tel: 503-248-5600

Brooks Rand Report #058R1474

Lab Project#  EEI012 Client Ref # 001281.0478

Lab Tracking# 05BR1474 Quote EEIO12b

Hg(Stomach Acid)

Sample Preparation

Identification BRL Number date Analysis date  Batch # Result - Units Qualifier (Q)

CK01SD01 O5BR1474 - 1 10/5/2005 10/12/2005 05-0772 172 ng/g (dry) I T

CKOBSDO1 USBR1474 - 2 10/5/2005 10/12/2005 05-0772 30,800 nglg (dry)

MP018S12 05BR1474 - 3 10/5/2005 10/12/2005 05-0772- 274 ng/g (dry)

MP015520 05BR1474 - 4 10/5/2005 10/12/2005 05-0772 548 7 ngig(dry) Y

MP05SS04 05BR1474 - 5 10/5/2005 10/12/2005 05-0772 177,000 ng/g (dry)

MO06SS04 " O5BR1474 - & 10/5/2005 10/12/2005 . 050772 256,000 “nglg {dry) BY

MP125508 05BR1474 - 7 10/5/2005 10/12/2005 05-0772 3.81 ng/g (dry) AT
058R1474 - 8 10/5/2005 10/12/2005 05-0772 970 ng/g (dry)

OA018D01

Thursday, November 03, 2005

P

F=TToject Manager

H

03127
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Summary of Results for

Brooks Rand Report #05BR1474

Reported by
Brooks Rand LLC Ecology & Environment
Contact: Amar Gill. Contact: Erin Lynch
3958 6th Avenue NW 333 SW 5th Ave
Seartle, WA 98107 . Portland ) 97204
Tel: 206-632-6206 * Fax: 206-632-6017 Tel: 503-248-5600
Lab Project# EEI012 Client Ref # - 001281.0478
Lab Tracking# 05BR1474 Quote EEIOI2b
Hg(Organo Complexed)
Sample : Preparation : '
Identification BRL Number date Analysis date  Batch # Result Units Qualifier (Q)
Cko1SDO1 05BR1474 - 1 - 10/6/2005 10/11/2005 - 05-0771 134 ng/g (dry) T
CKogsDo1 05BR1474 - 2 10/6/2005 10/11/2005 05-0771 292 nglg {dry)
MP01SS12 05BR1474 - 3 10/6/2005, 10/11/2005 05-0771. 17.9 ng/g (dry)
MP015520 05BR1474 - 4 10/6/2005 10/11/2005 05-0771 364 nglg (dry)
MPO5SS04 . 05BR1474 - 5 10/6/2005 - 10/11/2005 '05-0771  389.000 _ ng/g (dry)
MO0BS S04 05BR1474 - 6 10/6/2005 -10/11/2005 05-0771 30.500__3/ ng/g (dry) W
MP125508 05BR1474 - 7 10/6/2005 10/11/2005 05-0771 435 nglg (dry)
05BR1474 - B 10/6/2005 10/11/2005 05-0771 26.9 nglg (dry)

OAD1SD01

W H\%@/ |

Thursday, November 03, 2005

A
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ryject Manager

LU

)

o,

-15 -



. | ‘ ‘ o Brooks Rand Report #05BR1474
Reported by ‘ Summary of Results for rooxs &po

Brooks Rand LLC ~ Ecology & Environment

Contact: Amar Gill Contact: Erin * Lynch-

3958 6th Avenue NW . 333 SW 5th Ave . :

Seartle, WA 98107 ’ Portland OR 97204

Tel: 206-632-6206 Fax: 206-632-6017 Tel: 503-248-5600

Lab Project#  EEI0I2 : Client Refl # 001281.0478.
Lab Tracking # 05BR1474 Quote EEI012b

Hg(Strong Complexed)

Sampile Preparation : )
ldentification - BRL Number date Analysis date Batch#  Result Units Quatifier {Q)
CKO1SDO1 05BR1474 - 1 10/7/2005 10/13/2005 ~  05-0773 211 j nglg (dry) e
CKo0BSDO1 05BR1474 . 2 10/7/2005 10/13/2005 05-0773 135,000 nglg (dry)
MP01SS12 05BR1474 - 3 10/7/2005 10/13/2005 . 05-0773 6,300 nag/g (dry} |
"MP015520 : 05BR1474 - 4 10/7/2005 10/13/2005 05-0773 628 ng/g (dry)
MP05SS04 058R1474 - 5 10/7/2005 10/13/2005 05-0773 859,000 ng/g (dry)
MOODESS04 05BR1474 - 6 10/7/2005 10/13/2005 05-0773 113,000 ’S’ ng/g (dry) Mo
MP125508 : 05BR1474 - 7 10/7/2005 10/13/2005 05-0773 396 ng/g (dry)

8 10/7/2008 10/13/2005 05-0773 5710 ng/g (dry)

OA018DO1 05BR1474 -

ﬁfb’iu&

Thursday, November 03, 2005 ject Manager

00129.“ | 6.




Summary of Results for

10/14/2005

Reported by

Brooks Rand LLC Ecology & Environment

Contact: Amar Gill Contact: Erin Lynch

3958 6th Avenue NW 333 SW 5th Ave

Seartle, WA 98107 Portland OR 97204

Tel: 206-632-6206 Fax: 206-632-6017 Tel: 503-248-5600

Lab Project # EEIOI12 Client Ref # 001281.0478

Lab Tracking # 05BR1474 Quote EEIO12b

Hg(Mineral Bound)

.Sample Preparation

Identification BRL Number ~ date Analysis date Batch # Result Units Qualifier (Q)
CK01SDO1 . 05BR1474 « 1 10/11/2005- 10/14/2005 05-0770 431 Ty nglgdr) e
CKOBSDO1 05BR1474 - 2 10/11/2005 10/14/2005 - 05-0770 128,000 ng/g (dry)

MP015S12 05BR1474 - 3 10/11/2005 . 10/14/2005 05-0770 2,820 ng/g (dry)

MP015S20 05BR1474 - 4 1011172005 10/14/2005 05-0770 80.6 nglg (dry)

MP05SS04 05BR1474 - 5 10/11/2005 - 10/14/2005 ~ 05-0770 122,000 ng/g (dry)

MO06SS04 .  05BR1474 - 6 10/11/2005 10/14/2005 05-0770 254,000 ng/g (dry) Mt
MP125508 05BR1474 - 7 10/11/2005 10/14/2005 05-0770 29.0] nglg (dry) Mo,
DAD15D01 05BR1474 - 8 10/11/2005 05-0770 2,210 ng/g (dry)

" Brooks Rand Report #05BR1474

Thursday, November 03, 2005

A
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| APPENDIX D
FIGURES 6-1 THROUGH 6-3, SITE INSPECTION REPORT (E & E 1999)



c€icy

Sample Number

As Hg

-

- B3 Buildings Sample Number

98BBMTO05SS
98BBMTOS5SB

e

Sample Number

"\,

PO
' LY —
."
/

g RET57
/ Sample Number | As Hg A \2{“}}
98BBMT03SS | 269 | 2.62 | . SRR A
98BBMTO3SB | 356 | 544 v . s,
O o '
Old Mine

)y'
v .,

Wxﬂf%%ﬂx s
, A« Lower Tailings Pile

, XZ(/;/ 8 L,
é}}’ :" 3 /'-.,y

98BBMT04SS 348 | 3.44
( 98BBMT04SB | 338 L3.66
/ Road
Dennis Creek

Sample Number | As | Hg

98BBMTO06SS 382 | 112
98BBMTO06SB" | 330 | 1.18

Sample Number | As Heg
98BBMTO0ISS | 52 | 0.383
98BBMTOISB | 56.7| 0.11

KEY: _

988BMT02SS 529| 11.8
98BBMTO02SB |239 | 148
@ Surface and Subsurface Sample Location - ‘
! As - Arsenic
NOTE: Lisled concentrations are in units of mg/kg Hg - Mercury ‘
- Figure 6-
. BLACK BUTTE MINE TML‘]%J“(‘;SGP:LES
! ecology and environment, inc. Lane County, Oregon SAMPLE LOCATION MAP
&|] International Specialists in the Environment
Seattle, Washington 0 75 150 Date: Drawn by: . .
: ' Approximate Scale in Fect 1/23/06 AES 10:START-3\06010005\ig 6-)




Sample Number | As

98BBMKO06SS | 114

98BBMKO04SB | 135

Dense Brush
and Trees

Guich
(slopes down to north)

©

Wood Mill— |

Structure

Sample Number | As He

98BBMKO03SS | 153 2,390

KEY:

)

Rotary
Kiin

O

l;) Hagch

Sample Number | As Hg

98BBMKO05SS | 183 | 359
98BBMKO03SB | 132 91.9

RampléNumber As ' Hg J

Ore Feeder \

Ore Stoi‘age Tower

—e Sample Number

Q Surface Soil Sample Location

(® Surface and Subsurface Sample Location

® Subsurface Sample Location
As Arsenic
Hg Mercury

1 98BBMKO02SB | 102 | 237 |

| — T - 0
Sample Number | As H
98BBMKO04S8S | 952 154,300

Dense Brush
and Trees

O

Sample Number | As He

98BBMK01SS 270 12.550
98BBMK01SB 173 397

/

fO,

Remains of
Mercury
Condenser

As f Hg
| 98BBMKO2SS | 145 | 1,800

&

NOTE: Listed concentrations are in units of mg/kg

gl ecology and environment, inc.

in the Envi

Seatle, Washington

{

BLACK BUTTE MINE
Lane County, Oregon

Figure 6-2

FORMER MILL/ROTARY KILN
SAMPLE LOCATION MAP

5 10

Approximate Scale in Feet

Date:
1-23-06

Drawnp by:
AES

10:START-3\06010005\f1g 6-2
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Overland Flow

; Downhill

/'

Culvert

To Tailings
Area

Rocky Debris

KEY: '
X Location of Samples
98BBMAOQOISW and

Dirt Road

Ditch

Mine Adit Pool

Wood Timbers

Sample Number | As He

98BBMAO1SW
98BBHAO1SD | 50.8 | 11.5'

98BBMAOQISD
As - Arsenic
‘Hg - Mercury A
U,: :E;g:: du:cc)l:ct:f:;tticajtion NOTE: Listed concentrations are in units of
mg/kg (sediment) and ug/L (water).
Figure 6-3
MINE ADIT

ecology and environment, inc.

&J) intematiopal Spacialists in the Environment .
Seattle, Washi

BLACK BUTTE MINE

Lane County, Oregon SAMPLE LOCATION MAP

N Scal Date: Drawn by:
ot to Scale 1-23-06 | AES | 10:START-3\06010005\fig 6-3
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