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quality.

Q. And did you determine whether there was any
significant threat to water quality from the Wide Awake
Mine site when you were there, let's say, in the early
'90s7?

A. I actually wasn't the one who put the report
together. I was out there just helping because I was &
geologist. So I didn't make any determination.

0. Who put the report together?

A. I have the report on my desk. O©Oh, yeah.

Montoya and -- I'm forgetting his first name.
Q. Is he a regional board person?
A. He was at the time.
Q. Do you remember the name of the report?

A. Not exactly. It was something about the
central valley mine sites. That is about all I remember
exactly.

Q. Do you know whether this report is available on
the internet?

A. I'm not sure.

Q Would it be possible to get a copy from you?

A. Yeah.

Q What do you remember about the Wide Awake Mine
site when you visited it in the early '90s?

A. I remember a lot of leased mining
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foundations -- mine foundations, what appeared to be
furnace-type eqguipment. I remember some -- what we call
"mining waste piles" and some water flow through
there -- relatively small. We were there, you know,
late spring or early summer, I think.

0. When you say, "mining foundations," or, "mine

foundations, " what do you mean?

A. Well, when you go there, you know, you have
these brick (sic) that are typically used for furnaces.
They were there. You have heavy piping and clay-type

piping that can take heat. You have the stacks that

are -- and I believe at this site the stacks were down
on the ground from, you know -- from the furnace.

Q. Would it be fair to call these processing
facilities?

A, Yes.

Q. Did you see any sign of a mine shaft?

A, T don't remember a mine shaft.

Q. And when you say, "mining waste piles," in

general what are you referring to?

A, Two types on that site. There was basically
rocks, you know, in the sense of 6 inches to a foot wide
that is kind of like waste rock that is not processed
rock piles. Also on that site you saw some fine-grain,

reddish material which is probably processed ore. That

s
e
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is basically what I saw on that site.

Q. And do you remember that from your site visit?

A, Yes.

Q. Anything else you remember from your site visit
in the early '90s?

A No, not much.

0. Who took you there?

A. I wag there -- his first name is Barry. Now I
remember -- Barry Montoya. He is the one who took me
there. Again, he was the -- you know, he controlled the
whole project.

Q. When you were at the Wide Awake Mine site in
the early 1990s did you meet or talk with anyone
agssociated with that property in any way?

A, I didn't.

Q. When you were there was there any -- anyone
accompanying you who wasn't a regional board person?

A, No.

Q. Was it just you and Barry Montoya?

A. Yes.

Q. Who told you that you couldn't go on the
property more recently?

A. Jeff would be a better one to answer that.

Q. It is your understanding that someone from the

regional board contacted the current owner of the Wide
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i SUMMARY

A water quality survey was conducted between 1989 and 1991 to assess the poliutant contributions made by inactive mines

in the Sacramento Valley. The goals included estimating pollutant loads and assessing impacts without assuming all mises
in the watershed had been previously identified. The oumber of mines chosen for this study (94) were limited to those
that were known Or suspecte¢ water quality threats. Perennial adit drainage, waste rock, and upstream/downstream
receiving waters were sampled and analyzed for several heavy metals, arsenic, and conventional parameters (flow, Eh, pH,

(EC). Dry weather loads were calculated with perennial adit drainage data collected largely during drought conditions
1087-1991).

Inactive mines were pervasive throughout the Valley outsid the central basin and into the surrounding hills and mountains.
Although not all mmes had perennial adit draivage, waste rock material was observed at every site visited. Further,
historical accounts and site observations indicate that ore processing operations were conducted at most of the mines,
increasing the potential for water guality degradation. Minerals containing copper, lead, cadmium, and zinc were mined
beginning aronnd the mid-1800s. Other preducts directly or indirectly mined in the Valley included arsenic, gold, silver,
mercury, and sulfur compounds. Adit drainage quality varied from unpolluted spring waler to highly acidic outflow
contaimng metals in the ppm range.

Adit releases in the Shasta Mining District exhibit characteristics typical of acid mine drainage - low pH and high metals
content. Irom Mt Mine (IMM) was the single largest loader, contnibuting between 57-85 percent of the estimated copper,
cadmium, and Zine loads. Iron Mt. Mine loads were estimated from Spring Creek Debris Dam (SCDD) which coliects
swatcr from the entire Spring Creek watershed including adit releases, waste rock emsion.az‘:d“segpagg,“andbackgmund
stream flow. Unlike loads from the other mines, which were calenlated using data on perennial adit drainage alone, loads
from SCDD reflect the sum of year-round discharges coming from the IMM complex. The combincd loads from all West
Shasta District mines (Iron Mt., Mammoth, Balaklala, etc.) accounted for over 95 percent of the total copper, cadmivm,
and zinc inactive mine contributions to the Sacramento Valley.

Percnnial mine drainage in the Sierra-Nevada mountain range was highly varisble in quality. Drainage from gold mines
in the Aﬂéﬁheny-i)wmievﬂ]e area (Yuba River watershed) was characterized by near-noutral outflow and elevated arsenic.
Positive Eh measurements indicate that the arsenic is dxscha:%c;ﬁ largely in the less toxic +5 state according to pH-Eh

graphs. Mines in the Foothill Copper Belt (Spenceville, Valley View) exhibited typical acidic drainage but were not major
Ipaders due to relatively small outflows.

Mercury mines are located in the Cache and Putah Creek watersheds. Although most sites were dry, a small number of
western foothill mines discharged slightly acidic water characterized by high levels of iron;—wickel, and carbonate
compounds. Most waste rock samples contained relatively high levels of mercury.

Twenty-one of 31 receiving streams monitored during dry periods were impacted by one or more metals exceeding Inland
Surface Water Plan chronic objectives. In general, the copper objective was most frequently exceeded followed by zine and
cadmium, Fewer than 9 streams exceeded the lead, nickel, and arsenic objectives and none were measured for chromium,
and silver. Stream impact length appeared to depend on a variety of factors including compound-specific behavior, dilution
capacity of the stream, mine loads, storm eveals, and the presence of complexing agenls. Receiving water pollutant surges
are expected during wet periods from increased adit outflows, waste rock runoff, and instream resuspension. Copper
measured in Dry Creck below S_gencevilie Mine during a 3 inch storm event exceeded the 1-hour EPA hardness factored
objective (15 ppb) by up to 8 times during a 10-hour iod. Other mine influenced receiving waters are expected to
experience similar impacts because of the prevalence o Huted waste rock piles at most mine sites. ‘Waste rock yunoff
during the rainy season was estimated to account for 5-18 percent of the total annual copper, cadmium, and zinc loads
coming from Spenceville Mine. This percentage will vary {rom site to site based on the magnitude cai;‘%erenmal loads -
values range from insignificant for high volume acid mine drainage to 100 percent for dry mines, It is difficult to estimale
runoff induced loads because of the variety of influencing factors mcluding permeability, varying metals content and acidity,
slope, porosity, rainfall characteristics, etc.

Almost all streams influenced by mine draimage eventually pass through one or more major reservoirs. The fraction of
metals transported through a reservoir appears to depend largely on dam characteristics and the quality of upstream nputs.
The concentration of several metals remained essentially unchanged between snmmer input-output flows at a Sierra-Nevada
reservoir. The majority of the annual copper loads into Shasta Reservoir came from inactive mines which likely influenced
Dam release levels - copper was approximately an order of magnitude greater than what was present in the major feeder
streams not influenced by mins dramage.



0. WWTRODUCTION

Mines once active in the extraction of heavy metals (e.g., mercury, gold, copper, zinc) have exposed sub-surface mineral
deposits to the weathering attributes of water and air, (%rcbodics were mined largely around the turn of the century usiog
underground and open pit techniques that increased the surface area of minerals hzgﬁ prone to breakdewn in the presence
of walter, oxygen, and acidophilic bacteria. Metals are leached from the minerals an transported downstream viz rainfall
runoff or adit discharges. These discharges can cause fish kills that have been documented as far back as 1940 (Nordstrom
et al, 1977). Runoff from discarded mine soils has resuited in the issuance of health warnings against cating mercury
tainted fish in Clear Lake and Marsh Creek Reservoir.

Prior to 1972, regulatory acticn by the regional board to zbate inactive mine discharges was hindered by ineffective
legislation (Miller e al, 1979). The board had limited legal meas to force 2 mine property owner {o comply. Because
operations ceased altogetber, the present mine/land owner was usnally mwilling or economically unable to remediate the
site. Further complications arose whex the mine site had been sold by the original mining company. Typically, unresolved
compliance was referred to the California court system becense of the bigh costs inevitably involved. Many referrals to
the District Attorney or Attorrey General were not pursued, referred elscwhere, or decided in favor of the mine owner
(e.g., Penn Mine in 1963; CVRWQCE, 1988). Several major mines in the Central Valley have extensive histories of
regional board activity that, in some cases, exceed 30 years, Conversely, active mines permitted by the board arg required
to comply with the conditions of their permit as 2 requisite for continued operations. Regulatory options have incroased
since the passage of the federal Clean Water and state Porter-Cologne acls, although, some of the same cleanup
impediments still remain. [n many instances, government funds have been used 10 install control messures. Several contral

projects bave resulted in reduced mine loads (e.g., Walker, Balaklala mines) but most attempts have not always been s¢
" successful primarily due to ineffective technology, ‘

A water guality survey of inactive mines was conducted as part of the regional board’s Basin Planning process to obtain
information on pollutant Joads contributed by Valley-wide sources {which also include permitted, agricuitural, and urban
runoff discharges). A water quality assessment using load estimates will allow us to prioritize sOUrces of downstream
impairments and help to focus control efforts on the major contributors. The cumulative input of pollutants from point
and non-point sources bas resulted in periodic objective exceedances for copper, zine, cadmium, and lead in the
Sacramento-San Joaquin Delta/Estuary (CVRWQCE, 1991(;. The regional board 1s responsible for developing prograwms
to reduce overall metal Joads to the Sacramento River and Delta. Althongh inactive mines contribute substantially to
downstream concentrations, several questions remain regarding previously unsurveyed mines, waste rock runoff, and
reservoir mass balance information.

This study attempted to assess the regional water quality impacts caused by inactive mines in the Sacramento Valley. In
general the objectives were:

L Estimate and compare the metals loading from known and previously mnsurveyed major inactive mines.
2. Determine the pollutant contributions from waste rock runoff. .
3. Assess the mass balance of metals coming into and leaving major reservoirs.

The results of this study show that most of the major mines with perennial drainage bad been _pre_viously surveyed: The
largest loads of magfer, zinc, and cadmium came from mines located in the Shasta Mining District. The largest single
loader for almost all metals was Iron Mt. Mine. Twenty-one of 31 inactive mines with perennial drainage caused impacts
to downsircam receiving waters using water quality objectives. Impacts are also expected at mincs without perenaial
drainage due to runoff-and secpage from waste rock pifcs during the wet season. Waste rock runoff caused by a 3 inch
storm avent significantly increased the receiving stream concentrations of suspended solids, copper, and zinc. Waste rock
material was prevalent at all mines surveyed. Dam release water quality is probably influenced to some extent by vpstream
mine inputs.



[l MINE DRAINAGE FORMATION

Mine drainage forms as a result of past mining activities that exposed geological deposits to the natural weatheri
attributes of watcr 2od air. Alr can enter an nnderground complex as advecﬁveogafts and barometric "breathing” thro
natural and manmade openings (6.8, shafts, vents, fractures; Shumate et al, 1971). Water entering the tunnel system
originates as rainfall seepage and ground water accretion (CH2M Hill, 1984). Ground water flows intercept tunnel
passageways following the path of Ieast resistance znd eventually become surface discharges when the interiar floods to
the level of the lowermost adit. Water Farﬁcipates in the weathering process as a reactant, Teaction medium, and a vehicle
transporting solubilized minerals out o the complex. The high humidity within z mine and large surface area of minerals
cxposed to oxidants are ideal conditions for reactive orehodies to degrade (Shumate et al, 1971). The volume of water
discharged varies between seasons and years and outflow loads are stropgly correlated with armusl precipitation (Fleiman,
unpub. data). Drainage also originates al the surface of a mine complex where waste rock piles, composed of extracted
mineral deposits, have been éuzgiped and exposed to the same weathering forees. The off-site movement of pollutants
relensed from waste rock material s largely limited by contact with water from sources such as precipitation, streams, and

springs. The dgméucis of waste rock weathering can degrade water quality in the same manner as adit releases - elevated
metals, turbidity, or acidity.

A. Acidic Dreinage

Acid mine drainage is generated primariy from the oxidation of pyrite. Pysite (FeS,), the most common iron disulfide in
California (CDMG, 1966), is susceptible to breakdown because of its high oxidation potential (Doyle and Mirza, 1989).
When exposed to an oxidizing environment, the ferrous-disulfide bond is leaved to form sulfuric aad and frer irpn. The
generally accepted mechanism for acd formation is represented by the following pathways (from Singer and Stumm, 1970):

FeS,(s) + 7/2 0y + HyO => Fe?* + 280 + 2 HY @
Fel* + 1/4 0, + B2 => Fe¥* + 1/2H0 2
FeS,(s) + 14 Fe** + BH;0 => 15 Fe?* +280% + 16 H' (3

Reaction tﬁathwa s 1 and 3 have been pr%g])fssd to describe the overall kinetics involved in the breakdown of pyrite. The
direct pathway (1) involves oxygen acting directly on the ggitc crystals, whereas, the indirect pathway (3) goes forward only
when the iron product of pathway 1 has axadized to sufficient quantities via 2 (Onyesko, 1985). Oxygen serves as the
oxidant in 1, producing acid at rates typically observed and can roceed only when an abundant supply of both water and
oxygen exe available (Taylor et 2l, 1984; Sullivan et al, 3988&-%). Oxygen serves as the ultimate electron acceptor that
cleaves (be iron-sulfide bond setting into motion 2 series of hydrolytic reactions that lead to the formation of sulfuric acid
(Nordstrom, 1982). Therc are maay chemical, physical, and biological factors that can affect the rate of pathway 1 inclpdmg
temperature, residence time of the water, pH of the medium, and the presence of microbes. However, the grain size of
pyrite is thought to be 2 major factor controlling it’s rate. Framboidal pyrite crystals less than 0.25 micron arc much morc
prone to breakdown than larger, cubic forms (Caruccio, 1975).

Equation 3 is called the indirect pathway because ferric iron (3733*) acts as the oxidant which is produced via conversion
from the reduced form largely by 2 bacterially catalyzed reaction (pathway 2). The reduced species of iron (Fe* - ferrous)
is initially present as a product of reactions 1 and 3. The oxidation of the ferrous ion proposed by gathway 2 is strongly
facilitated by a resident microbial community tolerant-of low pH waters (Drever, 1988; Singer and Stumm; 1970, Erlich,
1064; Malouf and Prater, 1961; Noike et al, 1983; Sullivan ¢! 2l., 1988a). Reaction pathway 2 can proceed inorgaically
but the amount of dissolved oxygen present in water js insufficient in itself to perpetuate the conversion at observed rates.
In the presence of acidophilic bacteria, the rate of 2 can be accelerated by 1p to 6 orders of magnitude over the ino: %am‘c
or direct pathway and is governed by the concentration of reduced iron anc size of the microbial population. The fernc
ion can be generated to levels in water that strongly favor the forward direction of reaction pathway 3. Therefore, in an

FES

aqueous epvironment, pathway 2 is considered ta be the rate determining step in the production o acid.

Mine drainage is known 10 support a diverse microbial community includin, both heterotrophic (using organic carbon) and
autotrophic {using inorganic carbon) strains (Wichlacz and Unz, 1981). C%emoaut‘etm hic bacteria have been isolated as
the type catalyzir ferrous oxidation and hence the facititation of acid mine drainage ormation. Carbon dioxide is used
as a food sonrce which is metabolically incoxé)or'a;tsd via energy derived from the oxdation of divalent iron. _’I_}ggf_o_agﬁhiré
ferrooxidans and T. thicoxidans have been identified as the principal strains involved and were speciated based on their
affnity for particular reduced compounds and the rate at which the compounds were oxidized (Bounds and Colmer, 1972).
Optimum metabolic efficiency is generally attained within 2 pH range of 2.0-3.3 (Malouf and Prater, 1661)-but can vary
with temperature extremes ( onald and Clark, 1970). Alth nutrients eould be substituted as an energy souree
(Noike et al., 1983), their survival in waters above pi 6 are Jimited by inter-strain competition. Am&oghihc microbes are

eneralists with a wide range of abilities enabling them to survive In gxtreme environments but arc displa

ctter equipped to compete under conditions that are more favorable (i.e., in pentral stycams; ‘Mills and Mallory, 19
The aquatic microbes become attached to stationary objects in the streambed and propagate 1o fayers (]
Clark, 1970) which were found to be more metabolically active than their planktonic counterparts (Mills and Mallory, 1987).
The axidation of ferrous sulfate is thought to occur at the cell wall or membrane (McDonald and Clark, 1970).

The products of pyrite oxidation, as well as the dissolution producis of other sulfides (&g, CdS, Cus, ZnS) oxidized in
similar fashion, concentrate to high levels in the acidic solution and are transported out of the yine complex in a singly

3



complexed or ionic state ("dissolved”; Sullivan et al., 1988a), Minor amounts of dissolved compounds (motals, sulfate, other
ions) crystallize as secondary minerals in the form of basic iron sulfates (e.g., coplapite, jarosite) and can be seen as red
to yellow steining in the impacted streams (Ivarson, 1973; Fillpek et al., 1987},

As pH increases npon mixing with neaﬁg receiving waters, the dissolved compounds become fess soluble and precipitate
out at a rate that is largely controlled by the formation of iron hydroxides. Betweer a pH of 2.5 and 4, iron instantaneonsly
forms large masses of colloidal floc according to standard thermodynamic predictions (pathway 4; Jexke et al, 1983).

FeX?* + 23 H,O => Fe(OH),5(p) + 23 H” C)

Tron hydroxides are amorphous in nature (as opposed Lo crystalline) and are visible as thick, orange, sireambed deposits.
Other metals also precipitate as hydroxides when their individual supersaturation points are reached. However, elements
such as copper, arsenic, and zinc are thought to be removed from selution primarily by co-precipitation and adsorption
processes that accompany the formation of ferric and ferrous bydroxides. Metals can adsorb to the surfaces of forming
colloids via electro-static attraction (Johnson, 1986), Co-precipitation can also scavenge metals when they are occluded
within the forming colloids or are incorporated as part of the matrix (Harris, 1982). Arsenic, prescol as an oxyanion,
directly integrates with iron by out-competing and replacing two hydroxides, resulting i a coordinated complex (Harrison
and Berkheiser, 1982). The resultant removal rate of arsenic from solution by co-precipitation is in direct proportion L0
the amouat of solid formed h&ghapmaa et al, 1983), and therefore, very little arsenic remains in solution after acid mine
drainage undergoes a pH shift, Alicrnately, copper and zinc are removed from solution mainly by electrostatic attraction
forces that are weaker than the complexing forces involved in arsenic removal. Copper and zinc are largely present as aguo

~ or anicn (eg, sulfate) pairs (Jobnsor and Thornton, 1987) and are attracted to, not incorporated into, the forming

hydroxide material. The degree of metals sorption increases with pH (Johnson, 1986; Moore and Sutherland, 1981). As
impacted water approaches neutrality, most of the metals have become components of the flocculated hydraxides. The
metals remaining in solution continue to exchange with hydroxides (Windom et al, 1991) as well as other stream features
such as the bed substrate, organic material, and suspended particulates (Chapman et al., 1983).

B. Arsenic Drainage

Mine drainage with high arsenic levels is associated with Sierra-Nevada mines located in the Allegheny-Downisville area.
Miners were after underground gold deposits that formed with arseoopyrite (AsFeS) and calcareous minerals (mainly
CaCO?; Carlson and Clark, 1656), Drainage from this area is dissimilar to typical acd mine drainage in that it is clear,
neutral to alkaline in pH, and produces no objectionable iron preciiéjxx;a!es or staining. Disprogorﬁonatcly higher amouats
of arsenic are released from arsenopyrite undergoing axidation (Ehrlich, 1964), paﬁially explaining the low iron content
in the drainapge, Arsenic in noutral waters is largely present as an oxyarion {AsO,”; Burau et a1, 1988) and has been
measured as the +5 valence species in mine drainage based on pH-Eh diagrams. Arsepate is 1 to 2 orders of magnitude
less toxic than the reduced valence species - arsenite (+3) - which is present only in reducing waters of less than D4 mV
(Moore and Ramamoorthy, 1984; Hem, 1975). In waters pot affected by acid mine drainage (low iron content), 50-90
percent of the arsenic is expected to be dissolved (Johnson and Thoraton, 1987).

C. Waste Rock Drainage

Waste rock material deposited above ground also nndergoes oxidative weathering when in contact with water. Waste rock
was present at nearly all mine sites visited in this study and can be composed of overburden, gangue material (less valuable
surrounding minerals), and leftover tailings from processed ore (U.SEPA, 1986). Miperal oxidation and off-site transport
is limited to periods of precipitation when no other water sources (g.g., Spriogs, tret ks) are in contact with the waste Tock.
In pyritic soils, the potential to generate acid is largely controlled by the availability of water, the }‘m:senge of calcareous
minerals (mainly CaCO3; U.S.EPA, 1986), and crystal size (Carnccio, 1975). The top 6-14 inches of material is adequately
aerated 1o provide oxygen at levels sufficient for direct oxidation (Good, 1970). During dry periods, soluble products of
mineral weathering (acid and metals) are transported to the surface via capillary action where they build up between storm
events (Potter, 1976). As a result, analyte levels are higher during the initial stages of a storm ﬁvant‘gﬂarr}cs and Richie,
1983; see Appendix B). The total pollutant content does not exhibit similar first flush effects because of erosional transport.
Measured rainfall runoff cotfficients range between 11 and 38 percent and vary with material morphology (Harries and
Richie, 1983) and rainfall characteristics such as Intensity and duration (see Appendix B), Infiltrated water passing through
waste rock material usually emanates with a higher pollutant level compared to surface runoff due to the mer cased
residence time of water allowed to approach equilibration with leachable acid and metals (Harries and Richic, 1983).
Simple erosional forces can transport particulates and their associated metals off-site Tegardless of the pH of the material.



1V, CHARACTERISTICS OF SACRAMENTO VALLEY INACTIVE RINES

A water quality survey was conducted between 1989 and 1991 to assess the pollutant coatributions made by inactive mines
in the Sacraménto Valley, There are hundreds of mine sites in the Valley, some of which are claims or prospects with hittle
potential for significant water quality degradation. For imstance, there are 55 known mine claims in El Dorado County
alone (SWRCE, 1972) and 161 historical mine sites in Sierra County (CVRWQCB, unpub. data). The pumber of mines
included in this study (94) were limited to those that were known or suspected water guality threats (see Appendix A for
selection criteria). The goals incinded estimating poliutant loads and assessing the fmpacts of inactive mines without
assuming all individual contributors bad been identified and characterized. To achieve this, the mines selected were those
with =z history of heavy activity and/or bigh ore production.

At mines with perennial drainage, water samples were collected and later analyzed for several ‘heavy metais-and-arsenic.
Conventional parameters were measured on-site zt the time of sampling (flow, EC, Eh, pH). Sediment samples were
collected at all mine sites visited and a limited number were analyzed for similar parameters (see Appendix A for a
complete description of the methods), Mines not well characterized during previous inspections were mounitored several
times over a 2 year period to account for any seasonal fluctuation in flow-vorumes or po%utam levels. Those mines with
abundant characterization data were oot sampled because load calculations and impact assessment could be made using
existing information (largely mines in the Shasta Mining District). Several mines included in the survey were inaccessible
or could not be located. Data from past monitoring programs and the results of this survey are reported n Appendix C.
A parrative descrintion of each mine site with respect to water quality degradation potential is presented in Appendix D.

4. Drainage Characieristics

Mine locations areally graphed in Figere TV-1 show that mining was not limited to any one area of the Sacramento Valley.
Table IV-1 summarizes the physical characteristics and historical background of mines in this survey. Inactive mines were
gervasive thronghout the Valley outside the central basin and into the surrounding hills and mountains. Therc are six
roadly defined mining zones in the Valley (refer to Figure TV-1 and Table IV-1 for map identification numbers [map L.D.
#s]): 1) Foothill Copper Belt (map 1D, #s 2,9, 10, 11), 2) Sierra-Nevada lode goid, 3) Alleghany-Downicville area %map
LD, #s 20, 21, 22, 24 {Kanaka Creek mines]), 4) Plumas Copper Belt (map LD. #s 32-39), 5) Shasta Mining District (map
LD. #s 44-57), and 6) western foothill mercury mines (Plates 10-12). Although not all mines had perenoial adit discharges
(Table TV-1), waste rock material was observed at almost all mines visited. Further, historical accounts and site
observations indicate that ore processing and/or beneficiating operations were conducted on-site at a majority of the mines
in the Valley (Table TV-1). This is significant because the mechanical/ chemical breakdown of extracted minerals increases
the surface area exposed to weathering and results in a greater potential for water quality impacts. This potential s
~manifested when waste rock pollutants are transported off-site into receiving waters during storm evenis or from
-intersecting fiows. ‘ i

"The general attributes (e, products, mineralogy) of Sacramento Vailey mines and their drainage guality were highly

variable, Valusble orebodies containing copper, cadmium, zinc, and chromium minerals were most mtensively mined from

the mid-1800’s to mid-1900s. Other products directly or indirectly mined in the Valley included mercury, arseic, gold,
silver, sulfur compounds, and paint pigments. Drainage quality ranged from unpolluted spring water (e.g., Silver Falls
Mine) to highly adic outlow containﬁ%metais in the ppm range (e:g., West Shasta District mines; Table IV-2). Previous
studies generally agree that dramatic differences in water quality and outflow are mainly related to the geological makeup
of underlying minerals and depth to ground water. Undergronnd minerals may have the potential to easily degrade, but
surface releases would be absent if the water table is below the lower-most opening, Variability in discharge uality from
closely located adits may be more related to differences in the residence time of water | assing through a complex {Potter,
-1976). Water moving slowly through underground workings solubilize poliutants to ,a’iigher level given a longer time to
approach their individual saturation points. Af mines with 1o perennial adit releases, drainage is [imited to rainfall and
snowmelt runoff from waste rock material

Mines in the Foothill Copper Belt of the Sierra-Nevada range exhibited typical acid drainage characteristics, although, not
all had perennial outﬂo%airy Farm and Big Buzzard were dry). Spenceville and Valley View mines drained acidic water
containing high levels of most compounds such as copper, zinc, cadmiam, or lead (Table TV-2). The Foothill Copper Belt
identifies a series of mines situated on a geological formation of, in part, massive pyrite deposits located at the western edge
of the Sierra-Nevada foothill range between an clevation ‘of 300 and 500 foet MSL. Four mines in this belt were visited
but the polymetallic lens extends down the Sierra-Nevada ran%e, well ontside the Sacramento Valley. There are other
;é%nﬁa;m acid mine drainage producers in the Foothill Copper Belt not included in this study (e.g., Penn Mine, Calaverous
unty).

Drainage from gold mines in the Allegheny-Downieville area (located in the Yuba River Watershed) was characterized
by near nentral outflow and elevated arsenic levels (Table IV-2). The mineralogy of the area has been extensively studied
because of the lode-grade gold deposits. Mining journals des gold veins that were deposited in close association with
carbonate minerals and arsenopyrite c'gAstS; Carlson and Clark, 1956), which partially explains the drainage makeup.
Notable arsenic sources in the area include the Plumbago and Brush Creek mines and those situated in the Kanaka Cree

watershed. United States Forest Service personnel have counted over 140 mines in this watershed inclnding 16 to 1,
Kenton, and Oriental (Daniels, pers. comm.). There are also a number of smaller mines discharging in the Yuba River
watershed that were not included in this survey (iﬁg,%ens, pers. comm.). Arsenic from these mines remains largely in

solution in the downstream receiving waters because of the low iron content and near nentral pH of the drainage - arsenic
is known to be effectively removed from solution by hydroxide precipitates. Positive Eb measurements of the drainage
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Table 1V-2. AVERAGE WATER GUALITY CHARACTERISTICS OF SACRAMENTO VALLEY MINE DRAINAGE OR HAGE INFLUENCED STREAMS SAMPLED
BETVEEN 1987 AND 1991 (AVERAGES FROM TABLE {-1 AND C-2). R DRAT HFLU

MAP

AYE.

RV . HED- FVEREGE TOTEL TONCERTRETION (UG/L2 HIL
1.0, Eh FLOW TAH  cm-esemssvmmmnmoscaasscm e ssassusoasommmn s snsnms s e 1RON
NO. HINE It {mv) (l/s) pH  ARSEWIC CADMIUM CHROMIUM COPPER  LEAD NICKEL ZIHC SILVER {HG/L)

Kenske Crely mines 4/ 1<k 7oy B.LE ] P ;i £ <8 T T T Pk

9 valley View 427  6.11 1.70 75 5,500 170 123,500 kY 550 245,800 <10 560
i1 Spenceville &/ 5.5 7.08 3.1 0.18 < 375 <5 <4 299 <4 1.09
12 Empire (Mevada Lo.) 229 B.13 6.64 L9 <0.9 <1 <5 <& <4 11 <« 6.7
14 Lava Cap 275  5.86 7.60 57 6.2 <} 2 <5 <t 19 <1 0.16
16 Champian 2.26 <1 0.7 <1 <5 <4 11 <1 1.5
17 Malakeff Dipgn's 176 21.9 6.52 4.5 <0.7 34 21 <5 44, A < 19
18 Spanish Upper 68 2.30 5.67 16 3.8 <t s 110 19 21 < 37

16 to 1 240 2.92 3.50 6.2 5.3 1 267 29 116 2,050 <4 £.05
22 Brush Cresk #ain B3  26.9 7.62 221 <{,1 2.1 i <5 552 <10 <3 <0.030
Upper g7 6.57 7.10 62 <i 29
23 pick & Shovel 126 2.21 6.28 1.5 <0.1 1 <% <5 137 1% <i 0.0%
24 Plunbage 235 3,27 7.90 264 0.1 2.2 2 <5 15 <10 <1 0.065
28 Columbo 166 1 7. 0,8 <0,9 Z2.5 <1 i <k <10 <1 <0.03
34 Walker 0.5% 7.34 <1 8.1 <9 250 <5 <4 10 <}
37 Lucky-$ 130 3.64 6.04 <2 2.7 <1 7é <5 £?74 298 <§ 25
44 Bulty Hill 0.85 4.30 <2 248 <y 5,083 21 26 13,37% <1 0.223 3/
45 Rising Star 2.66 3.30 B65 130 3 3,100 45 12 30,000 153 3/
46 Keystone 2.15 3.18 78 9,658 21 3/ 16,705 17.9
47 Early Bird 1/ 0.17 2.50 487 99,385 116,400
48 Balaklala ¥ein 3.85 2.91 320 18,800 27,692 147 3/
Heil 0.28 2.71 42 109,463 972,308 8,720 3/
49 Shasta King 1/ Upper 3/ 0.3 2.25 334 64,000 58,900 223
L.ower 0.15 2.20 320 3/ 349 20 3/ 63,800 100 3/ 67,200 1,008
50 Mammoth 300 level 0.04 1.79. 1,458 166,675 257,475 883
Gossen #2 2.09 2.16 20 3/ 183 104026 <50 3/ 25,438 19.2
Friday-lowden 9.63 2.91 70 /547 11,910 24,2
51 Sutro 3/ Upper 2.7 3.80 [ 960 410 9.06
’ Middie B.13 5.B0 1.5 107 387 0.23%
Lower 19.2 6.5 7.3 1,210 1883 0.45
52 Golinsky 3/ 0.86 2.%0 309 12,413 24 27,035 29.6
53 Stowell 1.26 %.48 31 4,625 6,615 26.8 3/
55 Afterthought .88 37 2.7C 25 340 2 14,000 91 32 93,000 <y 104 3/

_ Spring Creek pebris Dam 5/ 518 807 Z.80 122 04 11 3,077 20 12 19,460, <1 125 37

58 Greenhorn North 426 0.04 2.34 105 665 10 69,333 30 937 160,000 <} 890
Hiddle 171 D49 5.6 B8 2.75 <« 2,450 <5 <i 14450 <1 29
Sputh 135 D.0% 5.74 <1 12.5 <i 200 <5 <4 4,600 <3 120

82 Silver Falls b 4.7 <3 <0,1 <1 <3 <5 <h 6 <1

76 Turkey Run 0.19 7.83 <1 <0.1 3 1 <5 <4 <1 <

77 Reed 94 0.16 6.33 50 <0.1 48 <4 <5 1,200 20 <1

85 Anderson West -85 0.4 6.T7 3.3 <0.9 4.3 9 <5 107 156 <i 7.00

) East 1 .5 661 9.3 <0.1 <3 15 <5 92 73 <1 2.70
86 Great Western 172 DB.33 7.36 <1 <{0.1 4 9 <5 24 18 <1 0.79
87 Coroma ” Main 9,3 7.40 2.5 <0.1 K] 0.5 <5 2,950 43 <1 53

Water tumnei 120 2.87 5. <@ <0.% 41 <% <5 9,350 197 <3 250
88 Twin Peaks 1463 0.24 6.30 <1 0.13 5.7 <1 <5 1,800 r4's <} 15

17 Post-plug sverage.
Below mine in Little Dry Creek.

2/
3/

1981-86 data.

%7 Draine weiersneq containt
5/ Drains wetershed containing
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indicate that arsenic is present largely in the less toxic +35 state based on pH-Eb graphs. ihls&&?wlﬁ' iggipnificant sizce arsenite
(Asgg) is 1 to 2 orders of magnigmde more toxic to aguatic organisms than the arsenate (As ) species (Moore and
Ramamoorthy, 1984).

Other mines in the Sierra-Nevada range exhibited dissimilar characteristics. The commodities mined at individual sites
included polymetallic {c.g., Spanish Mine), gold, chromium (mines in the American River watershed), and copper (Plumas
Copper Belt) minerals. Spanish Mine outflows were sli acidic (pH = 4-6) and contained low to moderate levels of
most metals analyzed (Tzble IV-2). An air vent at the large gold mine, Empire, discharged slightly aadic water camamg%
only nominal levels of nickel and arsenic. Chromite was mined io the American River watershed (Figure V-1, Plate 1
using both surface and underground extraction technigues, althongh, water ponded in the open pits was relatively free of
mining pollutants. Mines in the Feather River watershed (Plumas Copper Belt; Plate 4) exhibited the most anomalous
drainage makenp. The main adit at Walker Mine had, at one time, discharged high volumes of low pH water to the N.
F. Feather River watershed (Croyle, pers. comm.). The adit was plugged in 1986 and presently releases near neutral water
containing moderate levels of copper originating from the raceway in front of the plug. Other metals were virtually absent
in the drainage (Table TV-2). Adit outfiows from the Lucky-§ copper Minc tested slightly acidic and contained Jow fo
moderate levels of cadmium, copper, and zinc, Although the mineralogical surveys suggest otherwise (Table TV-1), the
high acid and iron content typical of acid mine drainage waters was absent from Lucky-S outflows. Several rcasons may
explain these conditions including mineral morphology, residence time of the water, and the high elevation (6,800 feet MSL)
in which low temperatures may preclude extensive mineral oxidation.

In the northern Sacramento Valley, adit releases from mines in the Shasta Mining District (map LD, #s 44-58; Plates 7
and 8) exhibited quality conditions typical of classic acid mine drainage - low pH and high-mstal&esatsng»{ék}bki%ﬁ).
Geological surveys for the area descri the presence of massive pyritic deposits that are easily degraded. High annual
precipitation (40-80 inches /year) also contributes ta the formation and discharge of strongly fgﬂgted water. The crebodies
in the area were very mineralogically diverse as reflected in the wide range of compounds directly or indirectly mined
including silver, arsenic, gold, copper, lead, and zinc. Most of these metals were also found in dramage which generally
contained copper, iron, and zinc i the ppm range and lead, arsenic, and nickel in the tens of ppb. The low pH (2-4) and
strong oxidizang conditions (Eh ca 500 mV; Table IV-2) keep the metals in solution, The largest discharging mines are
located around Shasta Reservoir in the West Shasta Mining District and include the Iron Mt,, Balaklala, Keystone, and
Mammoth mine complexes.

Mines located in the western foothills were largely either chromite (Grau, Noble Electric, Grr:{ Eagle) or mercury mines
with Little or no adit outflow (Table IV-1). Western foothill chromite mines were located in the rain shadow of Tehema
and Glenn counties (Plate 9) and, zithough, the topography of the arca is steep and mountainous, the absence of perennial
drainage is likely due to limited rainfall. Purtber, ponded water in an open pit at Grey Eagle Mine-tested neuiral and-was
relatively free of metals, indicating unreactive mineralogy. :

Inactive cinnabar (HgS) extraction mines are located in the Cache and Putah Creek watersheds (Table TV-1). Most of the
western foothill mercury mines were dry with no perennial discharges, Adit drainage from a few mines (map LD. #s 77,
85, 86, 87, 88) was characteristically high in iron, nickel, and carbonates (Table IV-2). Corona Mine discharged the highest
volumes (2-3 1/s [ca 1/10 CFS]) of nickel-iran polluted water with the pH averaging around 5.7. The high nickel levels
(measured up to 12 ppm) are explained by geological surveys reporting nickel sulfide (pentlandite or millerite) composing
up to 5 percent of the surrounding orebody (CSME, 1915), 'An extremely high carbonate concentration (300-600 mg/1 Ca-
and MpCO;) buffers a solution that is culated to bave an acid content of aronad pH 2-3 in the absence of the
carbonates. Hx%h jron levels measured in the waste stream confirm the acidity (assuming pyrite oxidation) and were
spontaneously plating out as slightly ordered oxides (HFeO,, FeOg; Walker, pers. comm. from CDMG {[Sacramento, CAA
- analysis; Chapman el al,, 1983), The secondary minerals contained other metals in high qgantmes such as to an
nickel, snggesting that if the water remained unaltered, soluble poliutants would become insoluble precipitates provided
enough surface area was available for nucleation. Iron oxde formations were also observed at two Ta10es located in the
Sierra-Nevada range (Pick and Shovel and Spanish, upper adit). Other mercury mines in the area (e.g- Twin Peaks, Reed)
exhibited similar dramage characteristics but with smaller outflows and lower constituent levels. Amnderson Mine was

anomalous in that the drainage was tested in a reducing state (Eb = -85 mV), although arsenic was undetectable or present
at very low levels. "

Silver was not found in any percnnial drainage sampled (detection limit = <1 ppb). Other work shows mine water can
c(:?ntain silver in the pptr range but that 99 percent of it is sorbed to particulates and unfiltrable cven in low pH waters
anes; 1986)

B. Wiste Rock Characteristics

‘Waste rock material excavated as a result of active mining operations is defined as either development waste or tailings
(U.SEPA, 1986). Mine development waste can include soils, overburden, or sub-grade ore removed Lo gain access to the
more valuable ore. Tailings include the altered remains of ore after it nndergoes physical and/or chemical treatment 0
extract the desired compound(s). One or both types were observed at almost every mine visited, In most cases, wasle rock
was removed from the site by dumping it into the nearest water course. It was apparent at these mines that high flows
during the rainy season had eroded much of the material away imo downstream waters, and only 2 fraction of the waste
rock originally generated remained on-site.
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The soil pH of waste rock material varied dramatically from site to site, ranging berween 1.4 and 8.8 (Table IV-3), with
no apparent large-scale geographical trends other than providing & representation of the diverse makey of ore material
in the Sacramento Valley. Soil pH is an instantancons measure of acid at one point in time (Tucker et al, 1987). F urther
changes in pH occur from degradative weathering processes that geaerate more acid, make mineral bound carbonates
available for buffering, or both. The test needed to determine potential acidity shifts is called net acid generation potential
end is discussed below. Soil pF indicates the relative ease with which metals can migrate through, or off, » waste rock pile.
Available metals are more mobile when dissolved in an acidified solution, and so, soil pH can be an important factor in
determining the relative water quality threat of similarly sized waste rock piles. To detormine site vanability, replicate
samples were collected from 10 mines and individually am?ei With the exception of two mines, the intra-mine site
variability (coefficient of variation) of pH was low, ranging from 1 to 13 percent (Table IV-4). Although 2-3 replicates
hardly represent the total variability expected at a site, the method of collection attempted to obtain the most visually
disparate material based on color, composition, and proximity to processing equipment. The variability is due completely
to site conditions since laboratory replicates showeé) perfoct precision (Appendix A). Waste rock material exhibiting 2
relatively homogenous acid content may indicate that acid is de-localized from source material and distributed throughout
the pile during periods of saturation. It can also simply mean that the waste rock composition itself is homogenous wih
respect to pH mnfluencing material Sixteen of 52 samples tested at pH 4 or less which is considered the dividing line for
defining ¢ weste as "acid-toxic’ (Sobek et al, 1978). From a recicving water stand oint, other factors such as slope, water
contact, metals content, etc., may be more important in causing impacts, and therefore, soil pH is one of many factors used
to assess what problems may result from any particular waste rock material

Mercury levels were highest at western foothill mercury mines. It was difficult to determine the age of particular waste
material but the highest levels betweea the mercury mines tested (0.2-140 g/kg, dw, Table IV-3) may be reflective of older
operations (mid-1800s) that were less efficient at extracting mercury from the cinnabar ore. Calcine, the leftover ore after
neat extraction, was collected at most of the mines as pert of this study and had some of the highest Jevels of mercury,
Pipe furnace and retort equipment used [0 extract mercury were apparently very inefficient - at one site, free mercury was
found in the calcime tailings, There were no other strong geographic trends with anry of the other metals which were highty
variable between mine sites (up to 4 orders of magnitude for copper). The intra-site variability of waste rock metals
content was also high, averaging around 50-70 percent and ranging up to 141 percent ‘able TV-4). Inter- and intra-ming
site variability would make runoff loading predictions vea?r difficult. Regardless, the high metals content of most waste rock
material indicates that site runoff can pose a substantial water goality threat.

The net acid generation potential (NAGP) of seven representative samples ranged from -48 {0 11 tons of calcium casbonate
needed to nentralize 1000 tons of material (the amount of material in an approximate acre-foot [Sobek et al., 1978];Table
IV-5). Positive values indicate a_tendency for acid to be formed beyond what inherent buifering compounds could
neutralize. The test measures the foll potential of 2 material to produee or nentralize acid from the products of lcgcb;iblc
minerals. A digestion step releases alkaline compounds, mimicking the weathering conditions that Se:gesed soils may
experience over time. A soil pH below 6 is generally thought to indicate an acid gencratig material (Sobek et al., 1978).
This held true for the samples tested in Table IV-5, however, soils with pH values above 6 are not good indicators of
positive or negative NAGP measurements. This was apparent at Engle/Superior and Grey Eagle mines with measured
pH values of 7.0 and 7.1 respectively corresponding to NAGP values of 48 (acid generating) and -48 (strongly alkaline).
The low potential for Grey Eagle (-48) is expected from western foothill soils typically high calcareons minerals. There
was a complete lack of correlation between NAGP and pH duc to the present unaval bility of mﬂu@ﬁm‘n}’o‘m&s
under normal saturating conditions. Further, the test may not be completely accurate in predicting pH shifts which also
likely contributes to the lack of correlation. Soils with a pH below 6 may be good indicators of positive I:IAGP, although,
positive potential was not limited to low pH soils. Material with a value of 5.0 or greater is defined as "potentially toxic
material’ {Sobek et al, 1978), but as with pH values, NAGP is only one factor in the overall assessment of waste rock
material. .
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Table 1v-4. VARIABILITY DF WASTE ROCK METALS CONCENTRATIONS AT SEVERAL MINES.
TOTAL CONCENIVRAT TON (FG/KG, DHY HETGHT)

s D il -

HIKE pH  ARSEHIC CADMIUM CHROHMIUM  COPPER LEAD MERCURY  HICKEL  SILVER ZINC

Jalley View R i 738 s i) T T.77 76 10 £o
3,7 22 D 10 150 68 0.74 5.2 2.1 79
1.9 BS 2.4 8.6 360, 160 2.2 13 15 500
AVERAGE 2.7 41 246 14 390 189 1.24 7.6 9.0 480
cov 28 76 141 47 5 60 5 50 59 67
Deiry Farm 1.8 42 1.2 3.8 1300 &40 3.8 9 19 200
2 140 2.8 32 1400 300 2.7 1% 10 7106
AVERAGE 1.90 91 2.00 17.9 9350 370 3.8 12.5 15 455
cov 5 54 40 19 1 39 54
Spenceville 3.1 & 0.8 16 270 7 q 5.1 6.4 120
2.6 as 0.7 2.7 110 230 0.59 #0 51 4
3.2 26 z.2 z7 450 150 1.4 6.2 13 280
AVERAGE 2.97 40 1,23 15 27T 152 1.26 4,10 23 148
cov 9 87 56 85 50 1 40 71 8%
Afterthought 4.4 500 16 7.3 1300 4900 25 4.8 38 4000
5 500 18 8.2 BBD 3100 9.4 6.3 18 4600
AVERAGE 4.70 500 17 7.75 10%0 4000 17 5.55 28 4300
cov & 5 [ 1 45 1% 36
pat Hill 7.7 880
3.8 306
AVERAGE 5.75 590
rov 34 &9
Big Buzzard %.8
3.1
AVERAGE 3.45
cov 10
Bully Hiltt 3.5 1200 22 j2 950 2600 .1 3.1 1 2000
3.6 180 26 1 5050 840 4.5 7.3 14 3950
AVERAGE 3.55 690 24 14 3005 1620 19 5,2 7.3 2973
Loy 1 4 ] 8 40 B
Corona 2.8 4.4 o 200 14 16 940 480 0.8 26
2.3 4.9 ND 150 20 27 1800 220 L 45
AVERAGE - 2.55 4,65 G.00 175 17 22 1370 350 0.40 36
cov 10 1% 18 26 3 160 27
Manzanita 4 NO HD &8 4 ND 270 20 ND 26
34 50 KD 40 35 8.2 1300 24 ) e
- AVERAGE 3,55 25 0.00 54 40 4.10 -785 22 1.00 21
cov 13 100 26 13 100 &5 9 100 24
Engle 7.9 10 ND 14 1100 § 0.29 10 1.8 120
6.1 200 WD 11 12000 100 i. 16 %o 210
AVERAGE 7.00 105 0.00 13 6550 0 0.95 13 7.90 165
cov 13 90 12 83 100 55 23 77 27
Table JV-5. NET ACID GENERATION POTENTIAL OF WASTE ROCK FROM SEVERAL WINES.
SOIL pE . NEUTRALIZATIDN EETD ERAT 3 1 AT
MINE SITE (PASTE) POTENTIAL 1/ POTENTIAL 2/ POTENTIAL 1/
Tton Ht. WMine, losding area T4 -3.B 8.5 10
Big Chief 2.5 4.1 6.5 1"
Corana 2.6 2.6 25 &.1
valley View . 2.7 -1.6 5.5 7.1
Aftfnhcught gg ~§:g 6.3 41}5
Engle/Superior . .
Grey Eggle 7.1 49 1.5 -48

17 A5 toms LetD3 equivaient per 1060 tons of material. J
2/ s tops CaCl3 equivelent to neutralize the acid formed by 1000 tons of material.
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¥, MASS LOADS

Loads were calculated for Sacramento Valley mines with pereanial discharges using flow and concentration measurements
taken largely berween 1987 and 1992. The loads are somewhat comparable between sites because of the continued drought
conditions during that period. For smaller discharging mines, loads were calculated with data collected primarily dunne
this survey. Estimates for West Shasta District mines were made using 1589-92 data. Further, with the excsption of Iron
Mt Mine, the loads represcnt a mass per time statistic during dry periods. Because of the strong correlation between

loading and precipitation, the numbers presented here are considered to be underestimates. Actual Toads would be higher

with the inclusion of waste rock runoff/seepage contributions and an accounting for normal or extreme r&iny seasons.
Detailed load calculalion methods are presented in Appendix 4.

{ron Mountain Mine (IMM) was the single largest loader of mine drainage pollutants to the Sacramento Valley, Loads
from IMM were calculated using weekly Spring Creek Debris Dam (SCDD) metals and outflow data collected by U.S.
Bureau of Reclamation and regional board (Recding office) staff and are considered to be acturate (Heiman, pers. comm.).
The SCDD collects and discharges water fromhe entire Spring Creek watershed including adit releases, waste rock crosion
and seepage, and background stream flow. Between 57 and 85 percent of the estimated copper, cadmium, and zinc loads
came from this source (Table V-1), Overall, 67 percent of the standard equivalent loads came from SCDD indicating that,
with respect to freshwater metal objectives, it s the largest inactive mine source of the most toxic metals detected. Stowell
Mine also drains fo this watershed but contributes only about 1 percent to total SCDD lpading (Heiman, pers. comm.).
A certain amount of the loads from SCDD are intercapted at a small Sacramenta River reservoir (Keswick) and settle out,
never fully making it down the river under normal flow conditions.

Leaching processes within 3CDD are likely facilitating the release of metals from waste rock alluvium. The low pH and
exposed nature of the reservoir should provide ideal habitat for acidophilic bacteria 1o break down ‘su}_ﬁde apd metal
containing minerais flushed into the reservoir during the rainy season. Other investigators have shown increased leaching
when similar conditions cxisted in underground workings. Further, SCDD water exhibits an elevaied oxidizing potential
with Eh measurements averaging around 500 mV, Under these conditions waste rock material is continuously exposcd
to breakdown forees that are greater than what is found in natural stream waters. The high conductivity of the water allows
greater electrical transference which enhances oxidation processes (similax to the wa rusting activity increases in coastal
environments because of salty air). As waste rock degrades, metals held within the mineral matrix are released and
solubilized in water acidified from sulfide oxidation. Even though conditions in SCDD probably enhance the release of
metals, mass balance estimates show that about 15 percent of the incoming metal loads are retained in the reservois. As
might be expected, most of the metals leaving the reservair are dissolved 1n the water. : '

Mines in the Little Backbone Creek watershed contributed about 22 gcrcgnt"ofﬂie standard equivalent loads, second only
1o IMM (Table V-1). Mammoth, Golinsky, and Sutro miaes dram to this creek which flows into Shasta Reservoir.
Shoemaker Guich drains the southern end of the Mammoth Mine complex and also fows to Shasta Reservolr. Load
calculations were made by averaging instream loads measured below the mine complex and the sum of all individually
measured discharges (see Appendix A). Although the two methods shonid intuitively produce similar loading values, this
was not the case because of unquantified banking processes going on in the watershed, During dry periods, poliuted mine
drainage sometimes never fully arrives downsiream, leading to a certain amount of build-up in the watershed which is
subsequently flushed out under high flow conditions (Heiman, pers, comm.). Further, there may be. subsurface flow in the
shallow weathered bedrock (Walker, pers. comm.) that would not be visible as it enters the lake. The movement of mine
pollution with ground water has been documented at Penn Mine (Bond, pers. comum.). Regardless of the mechanisms, the
phenomenon is also observed in the West Squaw Creck watershed draining Balaklala, Keystone, Early Bird, and Shasta
King mines (Heiman, pers, comm.). West Squaw Creek also enters Shasta Lake and contributed about 7 percent of the
standard equivalent loads (Table V-1) with calculation methods identical to those used for Little Backbone Creek. With
respect 10 copper, cadmium, and zinc, the 3 aforementioned sources located in the West Shasta Distnict discharged loads
that were significantly higher than other Valley mines (Figure V-1). The relative magmitude of other, smaller, acid mine
sources depends on the pollutant of concern.

‘With the cxception of MM, the loads in Table V-1 are undersstimates because they did not account for discharge increases

expected during the wet season. Short duration adit surges result from rainfall or snow-meit moving into WNOe complexes
through porous/fraciured overburdens, vertical air shafts, and caved stopes (CH2MHill, 1984; Croyle, dpﬁf;& comm.).
Evidence of adit surges can be seen in Table C-2 where Balaklala Mine agtﬁows were measured al 589 /s during January
1983 from an average dry period flow of about 1-30 1/s.. Rainfall runoff from waste rock also' contributes {o-seasonal
loading surges but is difficult to accurately characterize. A pilot study was conducted at Spenceville Mine to measure
various parameters of rainfall runoff. By extrapolating measurements taken'duringa s'm%a storm event, surface runoff was
estimated to account for approximately 5-18 percent of the total annual loads coming from this site (wet + dry season).
The study results and loading methods are detailed in Appendix B. Most rainfall infiltrates into permeable waste rock
material and seeps out later near the streambed low-point. Seepage water can strip pollutants from waste rock to a greater
degree than surface runoff becausc of a longer residence time. Therefore, measuring surface runoff -:v(euid oot account
for the total load increases induced by rainfall. Regardless, the relative pollutants contribution cansed by precipitation at
an individual site would depend on the magnitude of any existing perennial discharge and, thus, would affect cleanup
priorities. For mines with no perennial releases, wet season discharges would represent 100 percent of the tora! loads
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coming from that site, At other mines, waste rock runoff is not as siguificant as adit releases - ¢.g,, West Shasta District
mines (Heiman, pers. comm.). The load estimates presented in Table V-1 largely do not account for these and other ramy
season surges. 1t would be difficult to predict waste rock runoff loads because of the number of parameters involved
including surface area, permeability, metals content, slope, rainfall characteristics, etc.

The present drought conditions also skew the load estimates in Table V-1 to the low end. Pas! estimales for SCDD show
zinc loads have varied from 1.5 to 4 times the 209 thousand kg estimate gca 45-52 inches precipitation in 1985-90) in Table
V-1 for a normal rainfall year (ca 60 inches in 1984) and an extremely wet year (ca 115 inches in 1983), respectively
(Heiman, unpub. data). Extrapolating these load increases to other mines and metals to account for the effect of varying
annual precipitation may not be inappropriate.

Loads from the Sacramento Regional County Sanitation District (SRCSD) wastewater/sewage treatment plant were

included for comparison. It ranked fourth in standard equivalent loads (ca 6 %) due, in part, to high lead discharges and
made up abont 3-6 percent of the combined copper, caegmi , and Zinc Joads.

Almost all of the mining regions are drained by watersheds intercepted with one or more major reservoir which have the
poteatial to retain a certain fraction of the pollutants coming in from upstream. Pollutants attached to heavy particulate
matter in feeder streams can settle out and become part of the sediment, The mass balance of pollutants through a
reservair is little understood but is important because dam releases have 2 substantial influence on the quality of
downstream walers. To better define this transport compoanent, the mass balance of copper into, and out o{, Shastz}
Reservoir was estimated using data collected duning the current dronght period. The major inputs to the lake included
3 mine influenced streams (Shoemaker Guich, West Squaw and Little Backbone Creeks) apd fanr nf the largest stream
inputs without mine impacts (Big Backbone, Pit, McClond, and Sacramento Rivers). The volumes and loads were used
1o calculate the concentration of copper expected in the dam releases, simnlating the reservoir as a large mixing bowl where
multiple inputs of differing quality are mixed to produce a final concentration with no physico-chemical interactions. The

 lpading inputs were made largely for 1989 and compared io the copper concentration actually measurcd in release water

Cu, UG/ (95% C.1.)

between 1988 and 1991. The calculated copper concentration of Shasta Dam release water (5.74 ug/l) was higher than
the average annual concentration reported by other studies (2.4 to 4.2 vg/l; Figure V-2 - details of the graph are presented
in Table G-1). The 5.74 value was calculated with data collected largely during 1989 and is more comparable to the 42
ug/l copper average taken from fiscal year 1988-89 dam release data (from Heiman, 1989). The 24 ug/l value was
averaged from fiscal year 1990-91 data. No statistical significance could be discerned because the calculated conceatration
was estimated using only 2 available measurements, causing the confidence interval to widen o uscless proportions even
though the relative standard deviation was rather low. Coaversely, the actual copper concentration of Shasta Reservoir
releases statistically declined by almost half over a 2 year period (Figure V-2). This decline may bave resulied from
drought induced loading reductions which are strongly correlated to annual precipitation (Heimanumpub. data). Further,
when feeder stream loads were changed to simulate no mine drainage input, the calculated copper concentration of 027
ug/1 simply reflected upsiream river }?na!ity (upper Sacramento [0.270 ug/1}; Pit {0:240 ug/1); and McCloud Rivers [0.245
ug/l}; from Connor, vnpub., Table H-1). Dam release water is not expected to exactly muic upstream inputs if their
w{y represents unaffected background water. Reservoir water can pick up elements greSent in natural sediments from
issolution and physical resuspention. Other factors that can affect release quality include rainy season surges, draw point
elevation, phased time differences of iuputs and outputs, concentration differences, etc. All of these combined preciode
the value of specifying a mass balance statistic based an this data. Regardless, Shasta Dam releases contain 2 level of
copper that is approximately an order of magnitude greater than what 1s present in the incoming strocams unaffected by
mine drainage. This difference is probably influenced, to some extent, by mine drainage from Little Backbone and West
Squaw creeks. Itis ez;gected that once the low pH streams reach the lake, a guick rise in pH to neutral would cause the
metals 1o deposit to the lake bed, leaving only a small fraction in solution. What .may be ocourring 1s a continuous
suspension of lighter floc and other particulates caused by waye action, Preliminary data on the lower Sacramento River
shows an increasing metals gradient with depth, likely related to low density particulates and colloids travelling near the
river bottom. Although there is more suspension energy in a river, there may be a related explanation that describes solids

transport in a lake system. Work presently being conducted at Camanche Reservoir will help to understand how hydroxides

(initially formed at the stream-lake confiuence) and other particulate-bound metals are suspended or re-suspended and
carried through reservoir bodies (Bond, pers. comm.),
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Figwre V-2. COFPER CONCENTRATIONS IN SHASTA DAM RELEASE WATER. "CALC. W/MINES' -
CONCENTRATION CALCULATED FROM STREAM AND MINE INPUTS; "CALC. W/O MINES' =
CONCENTRATON CALCULATED FROM JUST STREAM INPUTS (N=2). ACTUAL CONCENTRATIONS

MEASURED IN DAM RELFASE WATER WERE IDENTIFIED BY THE TIME PERIOD IN WHICH DATA WAS
COLLECTED (N = 7 TO 22 PER TIME PERIOD). SEE TABLE G-1 FOR MORE SPECIFIC INFORMATION.
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Vi. RECEIVING WATERS

An assessment was made of the water quality impacts caused by inmactive mines, Metals were apalyzed in ming sie
receiving waters and compared to Inland Surface Water Plan (IS'W%) objectives adopted to protect both human health and
freshwater aguatic biota (SWRCE, 1991). Heavy metal objectives taken from the ISWF are EPA’s hardoess factored
chronic criteria for freshwater biota. The 5.0 ppb arsenic level for buman consemption was more conservative. A calcum
carbonate concentration of 50 mg/l was used when site-specific bardness levels were unavailabie. host stream samples
were coliected during drv weather conditions at a distance %elow the mine where drainage was sufficiently mixed. I\{ﬂﬂt}Ple
sample concentrations were averaged and presented in Table VI-1. To indicate which compounds exceeded the objectives
and the relative magnitude, the concentration/objective ratio is shown in parentheses to the right of the average.

Twenty-one of 31 receiving streams monitored were impacted by one or more metals exceeding ISWP objectives. 1o
general, the coip:r otzjfcﬁve was most frequently exceeded followed by zinc and cadminm. Ten streams showed
exceedances for lead, nickel, and arsenic and none were measured for chromium o silver. Extremely high levels (100-1,500

times the objectives) were measured in streams with low dilution and minimal buffering capacity.

Lmpact length was not defined at all mine sites but can be inferred from stream flow and mine loading data. Where acid
loading is Jarge enough to overwhelm the buffering capacity of 2 stream, metals and other pollutants remain in solutiox.
At watersheds in the Shasta Mining District, these conditions result in impacts that exiend the length of the stream from
the mine site (e.g., West Squaw and Litfle Backbone Creeks). Impact length at mine sites with & ical drainage
characteristics (low- or non-acidic) is not as strongly controlled by pH. Other factors such as metal-specfic behavior and
the presence or absence of complexing agents appeared to determine how far a pollutant-travel streasm:—FHor
instance, nickel in drainage from Corona mine decreased in James Creek from 5 ppm, directly below the mine, to 3 ppm
approximately 1.5 miles downstream, The decrcase was largely due to dilution from two other stream inputs as the
prevalence of iron hydroxides coating the streambed indicated that no significant co-precipitation o7 adsorption was
ocenrring. Further, natural streams with unnaturally high metals levels loose the ability for sorption when all the available
binding sites are filled (Chapman et al, 1983). Arsenic from mines in the Yuba River watershed ;(Aﬂeghﬂn}"DomBV’ﬂﬁ
area) was also freely transported in receiving streams. The hi%.est stream concentrations were recorded m Woodruff Creek
(up fo 30 ug/l) as a result of Brush Creek Mine drainage. Based on average flows for Jupe, the mine was estimated to
contribute about 03 ppb to the N.F. Yuba River concentration (Table VI-2). The increasing arsenic concentration from
Downieville (1.3 ug/})}? to Highway 49 (1.6 vg/l) appears to bave been largely caused by Brush Creek Mine. Precision
analyses (Appendix A) aceounted for only a maximum possible increase ofg 0.2 ug/l due to indeterminant exzor. Arsenic
is easily transported in streams not affected by acid mine drainage because it is prescnot largely in the dissolved phase (50-90
%; Joknson and Thornton, 1987). Arsenic 15 endemic to this region as exhigited by it’s presence in all feeder streams
- monitored (Table VI-2 and Table E-1) and by the mingralogical surveys conducted in -area-showing the extensive
-'. %r'esence of arsenopyrite (Carlson and Clark, 1956). Although the watershed makes a substantial contribution to overall
. ‘Delta arsenic loading, concentrations in the Yuba River were below the drinking water objective (5.0 ug/D).
“The Sacrameato River periodically experiences objective exceedances (for copper, cadmium, and zinc) both below IMM
-at Keswick Reservoir and 250 miles downstream at Fse:aport Objective exceedances at Freeport may be more frequent
- ~than originally thought when accounting for tcl:Fih related concentration increases. There are a altitude of other inputs
“+to the River along it's length including agriculture and urban runoff, but mine drainage has been “prﬁ"ﬂQu%l}’ shown to
contribute the bulk of the copper, cadmium, and zinc loads (CVRWQCB, 1988). The Sacramento River has incurred the
. greatest impact from an incremental increase in metals discharged from the sum of all inactive mines around the Valley.

- Strc:am'hngacts from mines with smaller discharges usually diminished quickly with distance from the site. A variety of
plating and precipitation processes are probably responsible for declines that cannot be explained by dilution alone. For

instance, at the Pick and Shovel Mine, low Jevel mickel discharges (59 ppb) decreased 1o non-detectable about one mile
below the mine, Similarly, copper levels decreased from 80 ppb to below detection (<1 ppb) over a2 mile stretch of Devils
Canyon Creek (from upper Spanish Mine adit), whereas the flow only increased by 4 times (Table C-1). Therefore, stream
impact length can dcﬁaend ‘on a variety of factors including the 5pec'rﬁ’¢':be}mvior of the metal or metalloid, dilution capacity
of the stream, mine Joads, and the presence (or absence) of complexing agents.

Receiving water concentration surges are € during wet periods from instream resuspension and mcr eased mine site
discharges. Metals deposited in the streambed during low-flow periods are scoured and transported downstream duriog
high flows, freeing np ncw binding and deposition sites. Further, raiafall and snow-melkt are known to flush out tuonel
precipitates, resulling in immediate adit surges (CEL2M Hill, 1985; Croyle, pers. com.), Ome lesser understood wet weather
contribution is rainfall runoff from waste rock piles. To assess the seventy of this discharge, Dry Creek was monitored
shove and below Spenceville Mine during a 3 inch raifall event. The potential for impact was great because fhe waste
rock material was Efghl enriched with several metals. Dry Creek copper levels below the mine ranged between 23 and
120 ppb and exceeded the 1-hour, hardness factored, copper objective (15 ppb) by up to 8 times for a 10-hour period (see
Appendix B). The copper concentration in Dry Creek upstream the mine remained just above the detection limit (dl=<1
ppb) throughout the storm, Although the strcam reached an exiremely high flood stage condition during the storm, it was
a0t enough to completely dilute cop&ir ischarges coming from the mme site which averaged around 3 ppm. Mine runoff
also resnlted in a 4 fold increase in the total suspended solids content over ppstream Jevels (6.5-25 mg/! upstream and 25-
114 mg/] below the mine; see Appendix B). Typically, an increase in sospended solids would mdicale a greater capacily
for the water to complex free metal fons. However, most waste rock particulate matter i already saturated with metals
and is immediately stripped of the easily leachable fracfion upon entering the stream (Brugam ct al., 1988). Pollutants
discharged under flood stage conditions are transported far downstream-into tributary waters-carried by high erergy, fast
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Table Vi-1. AVERAGE METALS COMCENTRATIOHS 1M RECEIVING WATERS ABOVE AND BELOY SACRAMENTO VALLEY HINEES (FROM

APPENDIX £3,
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---------------------------------------------------
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4~day, hardness cor
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From Heimen, 1988,
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¢ level = 5.0 ug/l,
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moving flows. Further, infiltrated water emanating from a waste rock pile moves at a slower velocity thar surface runoff
and probably extends the duration of impact beyond the period of rainfall. Runoff from waste rock increased the
dcwi}sncam concentration of total metals and likely increased the streambed metals content. Other mine influenced
receiving waters are expected to cxperience similar impacts and, therefore, Table VI-1 is an underestimate of the actual
average concentration the streams experience year-round as a resull of mine drainage. i
Stream concentrations are also influenced by direct contact with waste rock piles regardless of the scason. For instance,
at Iron Dyke Mine, Taylors Creek disappears under a waste rock pile that was deposited divectly in the streambed. The
stream emerges from the other side with levels of cadmium (0.5 ug/l), copper (21 ug/l), and zinc (18 ug/1) above what
was measured upstream (<0.1, <1, and <10 ug/l, respectively). %e:mfom, waste rock piles have the potential to enrich
streams with an easily and freely leachable fraction not dependent on pH declines. Simple diffusion processes bring the
metals into solution upon contact with water. Mining operations commonly removed unwanted waste rock from the site
by dumping it into stream watercourses and allowing high winter flows to wash it away. At many mine sites waste rock
still composes a portion of the stream bank.

Almost all streams influenced by mine drainage cventually pass through one or more major reservoirs. Reservoirs have
the potential to alter the imput-output balance between metals coming in from natural man-caused sources and those
leaving via dam releases. At Camp Far West, a reservoir in the Sierra-Nevada foothill range, upstream inputs from Bear
River and Rock Creek werc monitored along with dam release water. Arsenic levels were very slightly clevated in the
release water (1.6 versus 1.3 and 1.1 ppb) but chromium (3.8 versus 2.8 and 5.3 ppb) and copper (2.9 versus 2.8 and 1.4
ppb) remained essentially unchanged based on laboratory variability measurements for that batch submission. Sampling
occurred in June when the streams exhibited low flow conditions with no observable turbidity. It would appear that these
metal inputs were simply passing through the reservoir system with very little concentration change. However, when
streams are highly turbid, metals associated with heavy particulate matter are expected to settie out to the lakebed. After
deposition, undisturbed metals can become even more tightly bound to carbonate, sulfide, and organic carbon material and
are not easily leached from the sediment (Brugam et al, 1988; DiToro et al, 1989). By the tiue incoming particulate
matter has been transported to the lake bottom, most of the leachable metals have been released to the water column
(Brugam et al., 1988). Reservoir characteristics such as temperature and flow differentals, draw point ¢levation, distance
to the dam release, stratification, etc,, are also expected to inflnence release quality. For instance, during a storm event,
rainfall ruoff from Penn Mine travelled the length of Camanche Reservoir along the inundated Mokelumne riverbed
(Rectenwald et al, 1978). The colder, heavier, runoff water eventually reached the dam’s base where out-flows resulted
in salmonid fish kills at the hatchery below. Based on this assessment, and the one presented in Section V, it appears that
the fraction of metals transported through a reservoir depends on a variety of factors including dam characteristics and the
quality of vpstream inputs.

Mines can also cause receiving water impacts from incrgased siltation. Waste rock sediments flushed into adjacent streams
can produce a transitory benthic environmest proze to movement and scouring. This can shift the macro-invertebrate
population to more sediment tolerant species such as the mayfly and cadd.isf%y {Dubza and Penrose, 1980). Further,
sediment from inactive mines can prevent fishes such as sculpin, darters, and trout from inhabiting a strean because of
 the lack of clean gravel (Reash et al,, 1988). Although acid and metals may be diluted to levels tolerated by resident biota,
the long-term impacts from increased siltation are more subtle and can result in a faunal shift to more sediment tolerant

. OIgRnismS.

Table VI-2. ARSENIC LEVELS IN THE NORTH FORK FEATHER RIVER, 9 JUNE 1989 (FROM TABLE E-1).

YEEDER STREAH THIBUTARY RESENIE (UG70) . F. VUBE RIVER LQGATION FRSENIT Ue/L)
Bassett 1.1
Howard Cresk 10
Salmon Creek 1.2
Sierra Buttes stream 1.2
pewnieville 1.3
Dounie River 2.1
Goodyears Creek 1.8
Hoodruff Creek 9
fiddie Creek 1.7 :
Huy 49 1.6
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LAWRENCE S. BAZEL, STATE BAR NO. 114641
BRISCO IVESTER & BAZEL LLP

155 Sansome St., Seventh Floor

San Francisco, CA 94104

Telephone: (415) 402-2700

Facsimile: (415) 398-5630

Email: Ibazel@briscoelaw.net

DANIEL P. COSTA, State Bar No. 110919
THE COSTA LAW FIRM

2489 Sunrise Bivd., Ste. A

Gold River, California 85670

Telephone: (916) 400-2734

Facsimile: (916) 400-2744

Email: dpc@costalaw.net

Attorneys for Petitioner
ROBERT LEAL

STATE WATER RESOURCE CONTROL BOARD

STATE OF CALIFORNIA

In Matter of
ROBERT LEAL,

Petitioner,

For Review of Technical and Monitoring
Report Order No. R5-2010-0049 of the
California Regional Water Quality Control
Board, Central Valley Region, for the
Wide Awake Mercury Mine

e N S et Ve St et Nt et e Nt Nomess? it s

I, ROBERT LEAL, declare:

1. I am a person named in the Technical and Monitoring Report Order No. R5-2010-0049

PETITION NO.:

DECLARATION OF ROBERT LEAL IN
SUPPORT OF REQUEST FOR STAY

adopted by the California Regional Water Quality Control Board - Central Valley Region on May 27,

2010. My business address'is 950 Tharp Road, Suite 201, Yuba City, California 95893.
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2. I respectfully request that the State Board consider the prior declarations | have made
and submitted to the Ca{ifornia Regional Water Quality Control Board - Central Valley Region on June
30, 2009, a copy of which is attached to this Declaration as “Exhibit 1.”

3. If a stay is not granted by the State Board, | will suffer substantial harm since the Order
requires the preparation of reporté by July 26, 2010 and continuing thereafter which will ‘cost a
considerable amount of money and take a considerable amount of time to prepare. Obviously, | am
not qualified to prepare the reports specified in the Order. | will have to hire consultants to prepare
the report. These consultants will require payment regardiess of the outcome of this Petition.
Furthermore, no other party identified in the Order has expressed to me any willingness to pay for the
reports required by the Order. The Regional Board has not offered to reimburse me for these
expenses if | prevail and | do not believe the Regional Board will reimburse if | prevail. Since the
Order requires the hiring of consultants at significant costs, and since the Regional Board cannot be
expected to reimburse me for these costs, | will be significantly harmed if | am required to comply with
the order before the Petition is considered.

4, In addition, there will be no substantial harm to the other interested person or to the

_public interest if a stay is granted. | have persistently objected to the Order. None of the other

persons named in the Order should expect me to proceed without the filing of a Petition. None of the
other persons named in the Order have informed me of any willingness to proceed with the Order.
| expect that other parties who have appeared will file similar Petitions. As a result, a stay wouid not

interfere with the expectations of any other interested parties or otherwise harm any other interested

. parties.

5. Furthermore, the public interest will not be harmed because the stay would merely
maintain the status quo. Regional Board staff have concluded that the mining waste piles have been
on the property for more than 100 years. The Regional Board has been working on the issue
identified in the Order for more than 15 years. Concentrations of mercury in the waste piles on site

are within natural background levels and are too low to cause violations of ambient water quality
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standards. Since the site cannot cause a violation of water quality standards, there is no pressing
need for any action on the property. As such, the public interest will not be harmed.

6. Finally, there are substantial questions of fact in law regarding the disputed action.
I have asserted that the Regional Board has acted beyond its statutory authority, contrary to black
letter law and even in violation of my due process rights pursuant to the United States Constitution.
This Order goes beyond any previous order and any State Board order identified by Regional Board
staff. The issues raised in this proceeding are novel and should be resolved before | am required to
comply with the Order.

I declare under penalty of perjury under the laws of the State of California that the statements
made in this Declaration are true and correct and I could and would testify competently thereto.

n
Executed this8 - day of June, 2010.

ROBERT LEAL ]

i
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LAWRENCE S. BAZEL (State Bar No. 114641)
RICHARD J. WALLACE (State Bar No. 124286)
BRISCOE IVESTER & BAZEL LLP

155 Sansome Street, Seventh Floor

San Francisco, CA 94104

(415) 402-2700

Fax (415) 398-5630

Attorneys for
MR. AND MRS. ROBERT and JILL LEAL

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD

CENTRAL VALLEY REGION

In the matter of:
DRAFT CLEANUP AND ABATEMENT ORDER
THE WIDE AWAKE MERCURY MINE

COLUSA COUNTY

Declaration of Robert Leal

1, Robert Leal, declare:

L. I am a person named in the Draft Cleanup and Abatement Order revised as of

June 10, 2009 (the “Draft Order”). My business address is 950 Tharp Road, Suite 201, Yuba

City, California 95993.
2. During the early 1990s, I owned a half interest in property identified by

Attachment B to the Draft Order as the former Wide Awake Mine (the “Site). I never at any

time conveyed any interest in the Site to my wife, Jill Leal.
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3. As part of the saje of my interest in the parcels that make up the Site, the title
company insisted that my wife sign deeds conveying any interest she might have in the Site to
me, even though she did not have any interest. | understood these deeds to be a formality that
title companies insist on.

4. 1 am a farmer. 1 have never studied mining, and I have no knowledge about
mining issues. I do not have any specific knowledge about mercury, its occurrence or movement
in soil or water, its chemistry or biochemistry, o@)}dcology or risk to human health or the
environment. [ never studied, and am not an expert in, chemistry, biochemistry, or toxicology.

3. 1 did not know that there was a former mine on the Site when I purchased my
ivterest in it. 1 purchased a larger area of property (the “Property™), of which the Site was a
relatively small portion, for investment purposes. 1learned about the Property from Tom Nevis,
who controlled Goshute Corporation. Mr. Nevis had arranged to purchase the property from
Wells Fargo Bank, but needed money to complete to transaction. 1 provided that money, and in
return received a half interest in :the Property. The other half interest went to NBC Leasing,
another corporation éomrolled by Mr. Nevis.

6. I never conducted any operations on the Property. I leased it out to the Harter
Land Company, which used it for grazing.

7. I did not learn that there was a former mine on the Site until I tried to sell part of
the Property to the U.S. Bureau of Land Management. The Bureau provided me with an
evaluation by their geologist dated November 6, 1992, which I understand will be submitted to
the Regional Board as part of my comments.

8. After I found out about the former mine, 1 went to look for it. 1 had assumed that

it was a gold mine, and did not understand that it was a mercury mine. 1 was taken there by
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Roy Whiteaker, who was the real estate broker trying to sell the Site, and who owns Cal Sierra
Properties, which eventually bought the Site to use for hunting. We never saw anything that
looked like a mine. All we saw was a remnant of a brick structure. 1 did not see any piles of
rock or other materials. 1 did not, and still do not, know what “taitings” are. Grass had grown
over the area, and there was not much to see. I did not see anything that seemed like it might
contain mercury. Idid not, and still would not, know what mercury looked like even if I saw it.
Other that that one visit, I have never been to the Site.

9. During the time I partly owned the Site I did not know that mercury might be
leaving the Site. Idid not know that anything on the Site might be causing a nuisance. No one
ever iuformed me, during the time of my part ownership, that mercury might be leaving the Site
or that anything on the Site might be causing a nuisance. 1 had absolutely no idea that I should
be doing anything on the Site to protect public health or the environment.

I hereby declare under penalty of perjury under the laws of the State of California that the

statements made in this declaration are true and correct.

Dated: June 30, 2009 . ‘
- | "i’j

Robert Leal D






