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Abstract:

This study involved an inventory and characterization of four abandoned hard rock mine sites in
western Montana to ascertain the hazards to public health, safety, and general welfare, as well as other
environmental impacts, associated with these mines.

The Alta mine in Jefferson County, Mt,, was found to be discharging large quantites of dissolved solids
including heavy metals, and particulate matter into the Spring Creek drainage. The mine was largely
unvegetated due to the elevated heavy metal concentrations and low water holding capacity of the
spoils, as well as wind scouring. The discharges from this site are potentially toxic to both aquatic life
and humans, giving this site high priority for reclamation.

The Wasa mine in Granite County, Mt, produced discharges which were also toxic, impacting the
entire length of North Fork Douglas Creek. Revegetation on the site was limited by active erosion and
poor water holding capacity of the spoil materials.

The Champion mine in Deer Lodge County, Mt. was a small disturbance which discharged acidic water
laden with heavy metals into a tributary of Oro Fino Creek. However, the buffering capacity of the
stream significantly ameliorated this impact. Vegetative growth on the site was limited by elevated
heavy metal and salt contents, and restricted water movement in the tailings. Low water holding
capacity was also a factor in the waste dumps.

The Bannack mill site in Beaverhead County, Mt. was the only one of the four study sites found not to
create significant offsite impact. Revegetation of the tailings is limited by wind scouring and
dessication.

A laboratory study was also conducted to ascertain the relationship between particle size and acid
generation potential on spoils from the Alta site. It was found that although a weak inverse relationship
existed between these two parameters, many other factors complicated this relationship. The "histories"
of the materials was found to be the most important of these, as tailings and waste rock materials
exhibited different behaviors. Water relationships were also thought to be a complicating factor in this
experiment.
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ABSTRACT

This study involved an inventory and characterization of four
abandoned hard rock mine sites in western Montana to ascertain the
hazards to public health, safety, and general welfare, as well as
other environmental impacts, associated with these mines, -

The Alta mine in Jefferson County, Mt.,r was found to be’

discharging large quantites of dissolved solids including heavy
metals, and particulate matter into the Spring Creek drainage. The
mine was largely unvegetated due to the elevated heavy metal
‘concentrations and low water holding capacity of the spoils, as well
as wind scouring. The discharges from this site are potentially toxiec
to both aquatic life and humans, givins this site high priority for
"reclamation,

The Wasa mine in Granite County, Mt. produced discharges which

were also toxie, impacting the entire length of North Fork Douglas’

Creek. Revegetation on the site was limited by active erosion and
poor water holdins eapacity of the spoil materials, .
' The Champion miné in Deer Lodge County, Mt. was a small
" disturbance which discharged acidic water laden with heavy metals into
a tributary of Oro Fino Creek, However, the buffering capacity of the
stream significantly ameliorated this impact. Vegetative growth on
the site was limited by elevated heavy metal and salt contents, and
- réstricted water movement in the: tailings. ' Low water holding capacity
was also a factor in the waste dumps. .

The Bannack mill site in Beaverhead County, Mt. was the only one

of the four study sites. found not to create significant offsite.
impact. Revegetation of the tailings is limited by wind scouring and

dessication.
: A.laboratory'study was also conducted to ascertain the
relationship between particle size and .acid generation potential on
- spoils from the Alta site. It was found that although a weak inverse

relationship existed between these two parameters, many other factors
complicated this relationship. The "histories® of the materials was
found to be the most important of these; as tailings and waste rock
materials exhibited different behaviors. Water relationships were also
thought to be a complicating factor in this experiment.




INTRODUCTION

Gold was first discovered in Montana in 1852 by Francois Finlay

.Iin the Deer Lodge Valley (Young,; 1970), However, it was the discovery
of large blacers at Grasshopper Creek in 1862, and at Alder Gulch in
1863 that signaled the beginning of the mining boom in what was later
. to be known as the Treasure State (Wolle, 1963). By f865-Montana
ranked second in the nation in gold production, with over 870,0QQ troy
' .onnces refined (U.,S..Bu'reau of Mines, 1956)..
"With vast acreages of unsnbiled.land_before themg‘the_minens ef
-.this‘neriod'had no consideration of tne environmental conseqﬁenees_of

their actions, The philosophy of the day was to get as much as one

'could as fast as one could, The Encyclopedia of American Economic

History (Porter, 1980) contains the following refleetions on the

attitudes of that time:

"During the half-century in which the quest for gold
and silver was significant in the ‘West, men from many
countries and walks of life attempted to profit in mining.
camps., Many of them wanted to cash in on the availability
of a free resource while enjoying the greatest possible
personal freedom in the search for their fortune, The
prospector, miner, and mining camp .entourage of .
merchants, engineers, gamblers, and prostitutes readily
abandoned one field for another at the first rumor of higher
yields at a new strike., Eventually prospectors scanned the
topography of every state west of the hundredth meridian in
search of the mother lode."

. Moreover, this philosophy remained prevalent well into the twentietn

'century. As a result, Montana hae been left a legaey-of thousands of




2
disturbed areas, ranging in size from less than one hectére-to tens of
‘heétares,_ Further, these disturbances often possess characteristics
"’which create severe oh-site and.off-site ehvironmental impacts. Theﬁe
include effects on: public health and safety, socioeconomic.
relationships, air and water quality, wildlife and aquatic life,
hydrolog;c balances; and soil and yegetation relationships, .
In rgsponsento an increasing awareness of the pfoblems creéted By

abandoned or inacﬁive mine ﬁroperties, the.United States Qongress
inclﬁded é section concerning the reélamatiorlof these~sites in the
1977 Surface Mining Control and Reclamation Act (Public Law 95f87j°
The provisions contained in Title IV of that act created a State
Abandoped Miné Land Reclamation Fund, derived from a 35 cents per ton‘
‘tax on mined c.oal° Thélfax is collected in each state bi the federal
government, with'the.state entitled to oné-half the totél.revenue@ To
~date the~State’of Monfana's share of these monies is over 16 million
dollars.' The money is to be used by'the state to evaluate proposed
reclamation'projects on abandoned mihéd lands; and to execute
feclaﬁatidn proiects whiéh are judged to be both necessary and
feasible, Witﬁin this context, the Montana Department of State Lands
is cqrrently bgginning aﬁ inventory of abandonéd mine s;tes iﬁ tﬁe
'state for the purpose of evaluating—béssible reclama£ion projgctse

The criteria for evaluation are set foﬁth in Section 26.4.1235 of the
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Montana Stfip and Undergroﬁnd Mine Reclamation Rules.and'Regulatipné
(1980), and include: |
. 1) The need for reclamation with }éspect to sité,quality

objectives, | ’ | |

2) The feasibility of successful reelamation'given existing
technology, i .

3). The benefits which would bé,deriyed'from successful
reclamation, and f '

| y) fhe‘cosp of fhe reclamation préjeeto

After evaluating the sites,‘the projects may then be pr;oritized,'
as set fdfth in Section 26.4.1234 (Montana Strip and Underground Mine |
- Reclamation Rules and Regulétions, 1980). Preference among projects
coﬁpeting for availéble resources in the.State Abandoned Mine Land
Reclamation Fund ié given to the project of highest priority.
Priorities include: |

15 Protection of ppblie health, safet&, and.general-welfare'from
extﬁeme3daﬁger reéulting from the adve}se impagts of m;ning,

2) Prstection of public health, safety; and general welfare froﬁ_
adverse impacts of mining ﬁhieh do ndt ;onstitute an extreme danger,

3) Restoration of enQironmehtal degradation associated with
" mining, |
4) Research projects, and

5) Protection; repair, replacement, cdnstruetionw or enhahcement




. ofipublic'facilities.

As part of.the inventory process, the Montana Department of State
‘Lands selected four abandoned hard rock mine sites to be evaluaéed for“
potential reclamation projects. These particular sites were chosen
because the Departnent assumed that these mines may have constituted a
nsignificant environmental and public hazard, The sites were: 1) the
Alta mine in Jefferson County,-Montana; 2) the tailings dump directly_

.south.of_the town of Bannack, Montana;.S) the Champiorlmine in Deer
Lodge dounty, Montana; and. i) the Wasa mine in Granite County,
Montana. The location of these sites is depicted in Figure 1.

In addition to characterization'of the-individual mine sites, a
research project was implemented in'order to predict.the possible
environmental degradation which might be expected as a result of acid
mine drainage; a common p;oblem on abandoned hard rock mine siteso The
study attempted to ascertain whether a correlation existed between
mine waste~particle size and acid generation,'If'a correlation

existed, then mechanical (grain-size) analysis would be a useful }

tool for predicting acid generation potential.

'Specific project objectives included:
1) An. investigation of hazards to public health9 safety9 and
general welfare at each site.

2) Characterization of the physiographic'and edaphioc conditions




at each site.

V 3) Characterization 61’ the physical ar;d chemiéai properties of
spoil and tailings materials present at each site. h

_ 4) Definition of:tpe major reclamation problems at each site.

5) Execution of a feseabch project which relates the rate of acid
'generation at a site to‘the,particle size diséribution of the 
_materials present. ' _

6) A qualitative estimation of reqlamation‘potentﬁal at each

' site, based on items 1-5 above.
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Figure 1. Location of hard rock mine study sites.




"LITERATURE REVIEW

The generation of acidity and potentially toxic levels of heavy '
metals are twd of the most serious and well documented components of
the environmental impact of mining. However, these factors rarely
-exist in isolation on'mining diSturbances:(Down, 1979). Other factors.
of importance‘include: o |

1) Temperature extremes -~ "as a‘function of spoil color, slope;
and aspect may inhibit or preclude seedling establishment. Increased::
temperature may also increase chemical reaction rates and affect soil
" moisture relationships. ‘Ameliorative measures inelude modified slope
-construction with”respect.to aspect and angle of incident radiation,
and'the use of mulches or'other'protective surface covers.

?) Wind erosion - contributes direetly to air pollution. .Wind
scouring may also cause abrasion of plant stems and subsequent death.
Excessive.wind may lead to unfavorable soil and plant.moisture
relationships due to maintenence of a high”vapor'pressure'gradient.
Techniques to reduce wind erosion include the use of stubble, rock, or
other mulches, chemical stabilization, tillage, and the planting of
wind rows. | |

3) Drainaée - may be excessive or inadequate, depending largel&
on.particle size distribution and oréanic matter content. Other
' factors, such as prOXimity to water table,-landscape position,

'compaction,and layering may also be involved. Excessive'drainage




(low water holding capacity) may limit revegetation on the siﬁep"The
addition of soil amendments such as manu:re9 sewage sludgé, or peat ié»
often the-eourse of_treatmeﬁt to ineheaée watér hoiding capacity.
These'measﬁres may also incneasé drainage in soils'with poor internal
drainage,b& promoting soil structure. Inoorporatiop of finer grained
_spil.matefiais (where‘avaiiable) is énbther possibility,'although it
is seldom economically feasible.
| 4) Slope stability - steeb slopes present-a hazard to public
health and éafety and may contribute to water pollution with respect -
to slope failﬁre and inereaéed }-unoff° It can also be a severe
;imitation to Qegetafivé establishment.- Recontéufiﬁg of slope; is a
.neeessity in eontrdlling slope fé;l#fe. .Both' slope angle:ahd
eonfiguratibn are important. Minimiéing raindrop impact ﬁith'mulches
or vegetation, and ﬁinimizihg water contact on thé siope thfough the
use of.diversion ditehes‘may also‘reduce tﬁé probability of siope
failure. |

| 5) Low nutrient status and’sloﬁ or'ineomplete ngtfient cyeling -
iﬁhibits végetative establishment. Low soil microbe leveis are also
involved;_ The use of fertilizers, and ineorpoﬁation of organic s;il
amendments are the tﬁo most common amelioréﬁive teehpiques employed to
eorrget nutrient problems, Microbial ipnoeulation may éléb be

utilized in- some cases.




*..It should be noted that tne‘individual'faetors listed ':exhipit
complex relationsnips,and'spnergistie interactions wnich ‘result in
continning, if not increasing environmental impact. Therefore ghenj
eharaeterizing a'disturbed area,'a program must be implemented whioh
considers several, if not all of these factors. 'Comparison of these

factors on disturbed versns undisturbed areas may indieate which

components demand particular attention in terms of site preparation

and vegetative species selection (Jeffrey et al., 1974).
Charaeterization data -on mine sites tend to comform Witn the
reiationships previously indicated. Farmer et al.‘(1976),fbund the
niajo_r problems on the Blaekbird_nine (copper=cobalt) in Idaho to be
low pH, high electrical eonduetivity, high erodability, and elevated:
heavy metal concentrations. Havens and Dean (1970) found wind erosion
and scouring to be a major problem associated with uranium tailings in
Arizona., Dean et al. (1969) working with copper mine tailings-in
NeVada_found-tnat the‘major problems included low nutrient status,
wind erosion-and scouring, extreme reflectivity of the tailinés
snrfaee which resulted'in high plant leaf temperatures, poor soil

moisture and aeration relationships related to. texture, and high salt

" and heavy metal concentrations. In two. Colorado studies Boyles et al,

. (1974) and McWorter et al, (1974) discovered high acidity, elevated

heavy metal and sulfate concentrations; and high total dissolved

solids to be oharaeteristie of mine drainages. Studies in the Coeur- de
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Alene mining district in Idaho (Mink et ai.,'1972; Norbeck etAal,,
1974).yielded similar data. In a comparison of mined versus unﬁined

land in Ohio, Hanna (1964) found that the mined areas. possessed

deereased ﬁater‘quality due to acidity ahd'heavy metals, increased

sediment load; and increased runoff variability.and.flood potential as -

a function of a greater percentage of total flow béing contributed by
surfaceirunoff. Blight and Steffen (1979) observed inereaséd
horizontal vérsus vertieal,pérmeability;in'tailings due to layering.'
It is evident frqm these studies‘that mining diéturbénees
throughout the United Statés exhibiﬁhmany similar eharacteristics and
problems. This may be,important in predicting both the ihpacts of
certain mines and the potential success of reciamation teehniéues
'which.ha§§ been éttémpted_elsewhere. Caﬁtion mﬁst be taken however to
' consider the.site spgeific nature of the probiem and the possible

relationships therein.

Acid mine drainage (and its associated manifestations) has long-

beeﬁ considered one of the most serious of the environmental hazards
associated with the mining industry (Limstrom, 1964). The problem is
especially prevalent on abandoned mine sites due to the lack of

corrective measures. employed (Wiliiémé, 1975).

-
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The fofﬁatiqn of aqid mine draipagé (AMD)-pas been traced to the
.0xidation of iron disulfide minérals;‘primarily pyrite (Ca;uecio;
1958;'Wentz, 1974; Williams, 1975)0'A1n thélpreseneé of oxygen and.
water the sulfides oxidize to form a series bf solubie‘hydrous.iron
sulfates theh commonly appear as white or yelléé eruéts'on'the
weathered rock and ééQiment surfaces, Surface or grdundwatér flow.
over these crusts dissolves the salts which hydrolyze fo form éeidie'
drainages with high concentrations of sulfate and ferrous iron. The
ferrous iron ﬁay subsequently be oxidized_to the ferrié state,
_-eomplexing witﬁ ferrous and ferric oxyhydroxides to form additional
aeidity and the characteristic “yellowﬁoy“ precipitate which is
associated with-AMD-(Carueeio et al., 1981)? Ferr;e’iron may:also
react to direﬁtl& 6xid;2e additional pyritekreaetionlna Howéver,
_since the oxidation of ferroﬁs to ferric iron (reaction 2) does not
‘take piaee at the'pyrite sﬁrface;‘tﬁis:oxidation by - ferriec iron
is.dependeﬁt on additional pyrite being present in the flow path of
the ferfous oxidation products (Shumate et al., 1971). The
stoichiometric chemical reactions explaining the oxidation of pypitg
~and.the production of acidity are given by the following equationé

(Caruccio et al., 1981; Wentz, 1974):

Oxidation of pyrite by oxygen..

FeS, + 7/20, + Hy0 = Fe*2 + 250y~2 + 2H* , o
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‘Oxidation of ferrous iron.
Fe*2 + 1/40, «B* = Fe'3 4 17280 _' » (2)
Precipitation of "yellowboy™,
Fe*3 4+ 30,0 = Fe(OH); + 3H* | - (3)

Oxidation of pyrite by ferric iron.

FeS, + 14Fet3 & 8H,0 = 15Fe*2 + 280, + 16H* : (1)

In addition to the spacial relaﬁionéhips involved in reactidn

(4), there are many other interactions involved.in the production of

aeidity on mined lands. First, it has been shown that the reaction

" site of pyrite oxidation is different for oxygen than for ferfic iron,
This was demonstrated in experiments which showed that rates of
reactions'(1) and (4) were independent of ferric iron and'oxygen
concentratidng, resbécpively, indicating that tpere was no competition
for reaction sites between the two réactants.' There were also
indications that ferric iron oiidation of pyrite occurred af different
sites under aefob}c versus anaerobic conditions (Smith et al.,.1968).

| A;though the chemical reactions presented do represent the
stoiehiometfy,of acid formaﬁion on mine sites;, they are.gross
simplifiéations.of the system. The formationldf acidity is dependent
on complex interactions, the full extent of which have'yet to be

determined..




13
Biological involvement in both pyrite and ferrous iron oxidation

reactions by. bacteria of the genera

is reéeiving iﬁcreasing.attention by investigators andlis the focus of
certain AMD abatement strategies. These bacteria have been foﬁnd to
be present iﬁ virtually ail acid:mine &rainage_water (Cafuccio and
Geidels'1978}.Galbraitﬁ et al. 1972). Also, clayg and aluminum
hydroxides may catalyze pyrite oxidafion (Siﬁger'and Stumm, 1968); and
oxygen édsorbed-on pyrite surfaces.may_act'as a catalyst in the
oxidation gf ferrous to ferric iron (Smith et al., 1968); |

The ratio of ferric/ferrous ions in the system also appears to be
_én important factor in acid production on mined lands. Smith et al.
(1968)-stated'tha§-this ratio must be at least 0.3:1.0. for'bxidatién
o} pyrite by ferric.ironifo be signifiéant, and'that bacterial
oxidation'might'be nécessary.tq achieve this ratio.' Howe%er';his
relationship may only be important under ;néerobic'coﬁditions (Smith
" et al.; 1968).

A eolﬁmn study conducted at West Virginia University (1971)
determined thaﬁ'pyrite location on or in a rock fragment, poéition in
the profilg, and degree of encasement by we;thering products-were also
important influences with respect to acid generation on mined lands.
Other studies ﬁave shpwﬁ that pyrite grain size and morphology érg
significanf factors in the production of acidity on mined lands.'

Caruccio (1970) stated that acid generat;oh was related to pyrite -
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grain si?e ratherlfhap the absolute quantiﬁy or minérology of the iron
disulfide. One opefative relationship was that decreased grain size A
increased the‘reactive-sﬁrfaee argaal Another factor which may haée
been involved is tﬁat with increased: surface area, water films were
less efficient barriers to oxygen diffﬁs;on (Shumate, et al,,'i971)§
Additional study has syown that pyrite morphology'may'also exeft
signifieant influence in determining pyrite reactivity. Experiﬁénts
by Caruccio (1970, 1972) and Caruccio et al., (1976) shggested that the
reactive (framboidal’ pyrite had a different composition than the
"stable (massive ahd'tabular—euhedral) formé with-resﬁeet to the
presence of tface elemehts, and that these differences may have
~accounted for the relative reaetivities. '

' Léstly, it muét be noted that there_areiimporfant féptbrs in AMD
production which are not directlyxassoéiated.with the }eactién
mechaniqs.of acid production.. Two of the_ﬁost importént ére'the
alkalinity production potential of the system and the frequénc& of
flushiné of bxidation.préducts from the system.

Studies by Caruccio (1968); Geidel (1979) and Caruccio et al.
(1981) have shown that the production 6f AMD is dépendent on the
relative d#pabilities of the system to produce acidity and élkalinity,‘
-The-produqtuon of alkalinity is'depen&ent on and limited by the amount
'of:ca;eareous rock present, the solubility of the spee;fie mineral,

the pH_of infiltrating water, the partial pressure of carbon dioxide,




15

and the reactive surface area. Further, it has been found éhat dﬁe to
differences in both reaction kinetics and solution equilibria pf acid
and a;kalinity préduction, the frequency of flushing_in the system may
determine tﬁe;pH.of mine drainage. 'Eduilibrium.alkalinity levels argA
reached qu;ckly due to é rapid reaction rate and low solubility |
product;.while acid—producing‘sysﬁems héve‘a slower reaction rate and -
- higher so;ﬁbilityvéroduot,° The alkélinity-generating system is_
quickiy satﬁréted with respect to free carbonates, whereés fhe-acidu
producing‘syﬁtgm allous for virtuélly continuoué acid generatipn
(Geidel, i979;-Good et al., 1970; Anderson et al., 1976). Thus more
ffequent flushing of mined lands should inereése mine drainagé quality
by”alibwing for increased ﬁbéal alkalihity production in the presehceA:
of consfant acid production, |

An underéténding of the complex relationshipé involved in tﬁe
prddﬁctibﬁ of AMD is crucial to any rgclémation effbrt'dealing with
pyritic minergls, especially considering the‘synergistic nature of

acid production Qnﬁhége sites(Caruccioet al., 1981).

The chemical and physical characteristics of a mining area méy
" ameliorate some of the potential impacts of mining such as acid-
production, heavy metal contaminafion, and increased sediment load.

Factors influending the abiiity of a system to mitigate these impacts
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include: 1) the alkalinity production potential of associated strata
and mine waste materials, 2);;3 of inflowing ground and surfac;
waters, 3) cation exchange capaéity of mine spoils and stream CHénnel
materials, 4) flow:diiution potential, 5) the precipiyation of
relatively stable heévy metal complexes; and 6) the réactidn of
streaﬁbgd minerals with the associated release of basic c;tions
(Crouse and Rose, 1976). Man-made abatement stratég;és attempt to

: eﬁulate these factors.

_ .
| 'AS applied to AMD, biological eéntrol refers to iphibition of
bacterial .oxidation of ferrous to fepric iron (Starkgy; 1945). It
was found thét without bacteria, this reaction proceeds:slowly and is
'the_fate 1iﬁiting steb in‘acid production (Singef and Stunm, 1968)»
Inhiﬁition of this oxidation mechanism may be achieved either by pH.
adjustment or by killing the oxidizing bacteria with glpha—ketOdaeids
or bacfefiophages (Shﬁmate et al., 1971). - The use of feducing'
bacteri#.hﬁs also been suggestéd as an inhibitory agent (Shumate et

. ale, 1971).

The exclusion of water and/or oxygen from the reactive pyrite

Sﬁrfaee'is, like biological controi, a strategy of abatement through

i

control of reactibn kinetics.' One method involves covering'the pyrite
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surface with an inhibiting substance to decrease the reactive suffaoe‘
area, However, Singer aﬁd Stumm (1968) believed this strategy to be
ineffective since the oxidétion of pyrite is not_ the‘r’ate limi.ting
‘stvep in acid formation. Further, a_l-thoﬁgh this technique may have
applications Sn shallow s&rface &isturbances, the' inaccessibility of
underground nii,nes (Shumate et al., 1971) and incorporation problems on
mahy surface wastes makes this strategy infeasible,

Some of the more promising AMD abatement measures involve the
exclusion of oxygen from and the curtailment of water f‘lovg through the»
reactive portions of the mine site.‘ with underground mineé this
geherally involves some type' of costly sealing procedure (i.e. air,
bulkhead, etc.). Sealing has been found to i)e effective in many cases,
dgbending.pri the ‘cor'lf‘ig;xration of the mine workings, the ability of
the strafa to hold the seal, i-éck permeability, and other factofé’
(Shumate et al., 1971)0 Similarly, the; 'flo'odinig ‘of surfac.e‘ (Hamilton
and fraser, 1978) and underground'(Shum'at'e- et al., 1971) mines has
been used as a technique to exclude oxygen. The inject.ion of inert
gasses to exclude oxygen in underground mines has also been studied
(Shumate et al.;1971).

Prec;usion of water flow through sixrface wastes haé been
attempted by coveri'ng the wasteé with impermeable chemélcal and/or

physica'l coétings. This also stabilizes the surface and de'creases
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‘erosion, thus preventing the exposuré of a fresh oxidizing surfaeé; a
ﬁajoﬁ problem on thesg wastes (Dean et'él,,1969)'° 6neé the surface .is
stabiiized the increasingithickness of'thé.oxidizing shpface layer may
éct as an increasingly more effieient.barrie} td éxygen diffusion and
thus inhibit additional acid prodﬁction (Shumate et al., 1971). Good
e.t'al.. .(1970) evidenced this bar"r.'ie'r layer pher;o‘n.lenon in field .
'characterizations'wheré if was fbund that tﬁe oxidiéed material in a
ta;lings pond existed only ip a surface layer a few déntiméters deep.
Growth of vegetation on surface disﬁurbaﬁce; can also create a
barrier to oxygen diffusion. Root respifational processes utilize
oxygen in the upper.séil'profiie, thus decreaging downward diffusion.
Where topsoiling ié_used in conjunction with revegetapion the added":
depth of inert material also acts aé a diffusion barrigr (Shumate et
al.,1§71); ; It must be noted however that vegefatioﬁ may have the _
opposipe effect;.increasiné oxygen-diffusion'by the removal of soil
~ water and by root penetration (Bradj,;1974). .The removal of water by
vegetafion may also,cause decreased leaching of wastes and decreased
dilution potentiai; 'Vegetation does act fo stabilize the surface and_
prevent erosion*and'the exposure of fresh oxi'dizinglsurfaees° It also
cbnpributes to nutrieﬁt cyclihé, soil formation, habitat development,
and ﬁicroclimate modification. Revegétation is eoqsidered the most
_'Bé;ﬁ;ﬁ;ﬂtﬁ reciamafion'technique'and;is the only abatement straieg§

which amel;oratés the aesthetic impacts of'mining operations (Deén et
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ale, 1969). .

There are two strétegies of product transport ééntrol: 1)‘to
pre§ent offsite passage of mine wastes,.and 2) treatment of Qastés
before offgite'disehapge. .The divgrsion of surfage water éfound.
mined areas hés been used to decrease recﬁarge on both surface and

undefground disturbanées° This decrqases flow through mined sites and

thus elim;nateé the transport of oxidafion products., Care must be

taken-to completely stop flow, not simply feduce ii, £6 eliminate
préduct ﬁranspbrf. 'Flow reduction may in effect create drainage with
higher eoneéﬁtrations of acid and heavy metals due to reduced
diiution (Shumate et al., '1971).

Historically, treatment of AMD upon discharge from the site has

-'been employed to the greatest-extent; Although this has been

successful in many easés, the large ¢ost and maintenenge‘involve§
are often prohibitive. Also, tﬁere are indications that thé
relationships involved in treatment of AMD may be more eomplei, and
neeessitate.a more flexible teehnology than is currently pﬁactieedo
Traditionally, treatment has been to raise'the‘pH of the mine drainage

water with lime. At the higher pH the heavy metal contaminants as

‘well as the “yeilowboyw reaction products precipitate and can be

allowed to settle out of suspension in sediment ponds.  Other
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'trqatment teehﬁiques, such as the use of microbial polymers to absorb
'ﬁeavy metal ions, flash distillation; and ion exchange are also being

studied (Bhatt and Baker, 197). |
Many of the teehniqueé mentioned'affect more than one aspect of
.“the écid géneration system and take advantage of the synergistic
nature of AMD relationships. However, it is reasonable ﬁo expect that
- the complexity of abandoned mine systems will hecessit;§e the'dse of»
at least one and probably severgl of the ébatement strategies

discuséed to control AMD problems on any given site.




'METHODS AND PROCEDURES

Ali.Sites were visited in August,>1981eDuring these visits é_
,viguai survey was perfbrmed to identify immediate hazards to ﬁublic
“health, safety, and éeneral uelfaref The survey also provided a
qualitative aééessment §f the site; including the generai
phjsiography,.spacigl relati&nships of mine wastes ﬁo streams-and
ofher featurés, and evidence of wind and water erqsioh. In addition,
zlocations.wére’ chqsqn'for the collection of water and soil samples
and the description of soil profiles. |

'In-génqral, water sampling lépations w;re chosen in three areas:
upstream of the disturbance, at the point of discharge from the
disturbance, and downstream froﬁ the disturbance.. In addition,
discharée from all‘adits was sampled where possible. .A more detailéd'
description of'the sampling locations may‘be found in the _sect;ons of
. fhis inves;igatidn éertaihing to the individual mine sites.

Grab samplés were manually obtained and presérved at each
- loecation in accordance with procedpreé desc}ibed in " Standard
Methods for the Examination-of Hatér and Wastéwater (Rand, 1976).
Four 500 ml, samples were collected at e;ch location. Sampies were
~£i1téred in the,field using 0.45'miéron nitrocéliulose membrane
filters in conjunction with a STERIFIL vacuum appafatus° Temperature,
electriéal conductivity (EC), and pH Qgre meésured atleaéh location-

using the appropriate meter and probe. Sémples were cooled on ice and
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tfansported to the Montana State University Reclamation Research
Laboratory ét_the earliest opportunity.

. Soil sambliqg-locations were selected:by judgement to represent
the'typigal materials in the area and to maximize the_diveréity of
materials Sémpléd, Peterson and Caivih (1965) indiéated tha; with
small sample sizeés this method is satiéfactory and méy have a lower
" error thén famem sampling. In general, at leasﬁ one sample pit ﬁas
excavated in tailings areas and in waste rock piles af e.ach'_site° bnq
Iadditional pit was excavéted in an uhdisturbed area adjaceni-to éach
mine as a reference area.” The number,and locations of the sampling .
sites may be fauhd in_thé secfions Qf this investigation peftaining
..to the indiyidua; mine sites.

Profile dééqpipfions were performed at each lpcation in
aecobdané; with procedures outlined in the Soil Survey Manual (Soil
Survey Sta‘f‘f,-196é)° Sampieéhof approximately 10 kg were colleéted .
from the diagnostic horizons of egch soil profile fdf subsequent'
laboratory analysis; A bulk sample of approximately 25 kg was
collected from one of the sampling pité“(Alta upper tailings, site 15)
for use in tﬁe acid éeﬁeration study. Grab samples were also
‘collected from several areas which appeared to‘exhiSit.étypicall
characteristiecs, Iheée 1 kg samples were taken from the surface to a

. depth 6f 20 cm,




‘Hater _saméles were analyzed by standard labor"ator_y methods.as
.ou,tlined in Rand (1976), and U.S,. E.P.A. Methods for 'Chém_iéa]_. Analysis .
of Water and Wastes (Kopp and McKee, 1979). The parameters analyzed

and the methods of; 'a_nalysis are shown in Table 1. |

Soil, _Spoil, and tailings samplés Qere evaluatéd with respect to
- v'.a.r'iou..'s _physi'eal' anq chemical characteristics, Field samples were air
dried '_and_rolled to 'obtain a representative sub=-sample (‘RichaAr'ds,
1"969). Size d.istribution‘of dr-y'aggréga'te's;.:was determined using flat
sieves and a Ro=-tap mecﬁanical shaker (Cole, 1939). J_a.ckson and’
Hellman (1945) demonstrated the Ro-tap to be among the ‘best mechanical
" shakers, U.S, Stafxda'rd square holed ,sievles wefe used iﬁ accordance
with the‘réeommendati‘ons of Tannef and Bourgét (1951). .The §ize'
fractions obtained are- illustrated in Tablé 2. '

Pa-r-t:icl,e size anal},;sis was perf‘brm'ed usihg the pipette methbd
developed by Roﬁinsdn (1922) ana Jennings et al. (‘1922).° | Thé ﬁeﬁhod
utilized incamblete 'dispgrsion '(Olimstead et al., '1930)‘ .and a
s.uspensioh deﬁsity of 2.5 percent (%)-;' Watér‘hold;ng capacity was
measured '»gsing a pressure plate apparatus. '(Eile'rs., 1978)..

Measurements were taken at 1/3 and 15 b,ars tension, Soil pH and_EQ
were determined in Aa saturated extract kRichards, 1969)0 The. pH was
also -defermined us‘i'ng-a 1:2 paste dilﬁtion in 0.01M c:a01‘2 (P'eech,

1965). " .
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Table 1. Analytical procedures and references for water quality
determinations.
Parameter Method of Analysis References’
pH electronic Rand, M.C. 1976. p.460.
: .method 424,
EC Wheatstone bridge Ibid. p.71. method 205, :
Dissolved
calcium,
magnesium,
iron, ‘ . _ :
manganese, Direct aspiration, Ibid. p.148. method 3014, -
zine, " atomic absorbtion
lead, analysis
cadmium,
nickel,
aluminum,
molybdenum,
copper
Dissolved Direct aspiration, Ibid. .
‘sodium, atomic absorbtion p.251. method 3204,
potassium analysis p.234, method 317A°_
Dissolved 'Ansene generator, .  Ibid. p.283. method 404A.
" arsenic R.A. '
Dissolved Cold vapor - Ibid, p.156. method 301A.
mercury generation;, ' .
: flameless A.A.
Carbonate, titration Ibid. p.280. method 403. .
Bicarbonate
Alkalinity
Sulfate turbidimetric Ibid. . p.496. method 427C.
Chloride Mercuric nitrate Ibid. p.304. method 408B.

titration
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Analytical procedures

quality determinations.

and references for water

Paramétér Method of Analysis References
Nitrate Cd~Hg reduction Ibid. p.423. method 419C.
~ nitrogen colorimetric
Flouride electrode method Ibid. p.391. method 414B.
Hardnéss. = calculation Ibid, p.201. method 3094.
SAR calculation
Total colorimetric Kopp and Mckee. 1979.
phosphorous method 365.1.
Table 2. Sieve sizes used in dry aggregate size determination and

corresponding fractions obtained.

Sieve Size

Size Fraction

Size Class1

219.0 mm.

4.0 1900‘mm.
2,0 - 4.0 mm,
1.0 = 2,0 mm, -
0¢5 = 1.0 mm,

0925 e O 5 i} 1S
0.106 = 0.25 mm. .
0.053 = 0.106 mm.

<0.053 mm.

rock fragment
gravel

V. coarse sand
coarse sand
medium sand
fine sand
very fine sand
silt and clay

1 = U.S.D.A. size classification (Brady, 1974).
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SoluSle calcium, _maghesium, sodium, poyassium N ziné; copper,
manganeée, ifoﬁ, leaq, cadmium, nickel, silver, cromium, arsenic, and )
aluQinum ‘were Qetérmined.in a'satufatéd extract by atomic ~ absorbtion
analysis (Riéﬁards; i969). The extractableuconcentrationslof . these
'eieménts were detérminéd byl atomic absorbtion using a ‘1N NH) OAc
.(gmmbnium acetéte) extracting solution (Fiékeil, 1965;:Viéts and Boawn
1965; MqLean, 1965; Olson, 1965). ~fhe NHyOAc was buffered at pH'H.8
for all materials with pH <5.5 (as determined in a saturated paste
extract), and at pH 7.0 for materials with pH >5.5;, in order to more.l
dloéely approximate fielq conditions. Exchangeable_levels'of these
séme elemgnts,were determined by difference,. subtraqting, so;uble -fr-om
exfractabl_e concentratipng. ‘

. Availalble. phosphorous was . détermined using a 0.5 M NaHCO3
.ei:tf';ctipn ' (Olsen and Dean, 1965). Nitrate nitrogen was détemined
_coioﬁi;nétricélly ﬁsing the phenoldisulfonic acid method (Richards,
1969).  Acetate soluble sulfuf was'detefmingd uSihg'the_’méthbd of
Barﬁsley'and.Lancaster (1965). | |

Soil organié matter Qas ﬁeterﬁiﬁed colorimetrically bi:‘the
dichromate-wet digestion methbd' (Sims and Haby, 1§715°', éation
exchange cap'acit}./ _('CEC) was-determine:d by summation (C,hapﬁla,n, 1965) of
exchange acidity uéing. BaClé‘(feech9 1965)' and the gxchangéable
cations which had'previpuslyipeen determined By difference. - Cation-

exchange. capacity was also détemined by the neutral sailt zﬁqthod
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deseribed by Osbourne (1978).

The objective bf this study was fé determine whethef the particle
sizes of waste rock and tailings materials were correlated to the'écid
generétion rate and potential of inactive hard rock mine sites in
weétefh Monténa. The hypotheses tested wefe: o

a. Ho: g1=g2=g3. where 8 is thé acid generation
. potential of a particular grain size.

be Hn: t_qzto=t where t., is the aecid . generation
0 g1""g2""e3 rate of'gx a particular grain size.

In order to test thesé hypotheses, treatments were selected which
included different grain sizes and different times of sampling. Three
' grain sizes were chosen for each waste material _pased on the
quantities of material available after size fractiéna‘tion, The siée
classes utilized are depicted in Table 3.

Four sampling ‘times were éhosen to'facilitate acid generation -
raté. determinations, The times wéré selected so that more
meaSuremeﬁts would be faken during the.initia; equilibration of the
system, when rates of'ehange,shouldvbé gregﬁeét. -The sampling timeq'

were: 1 hour,'i day, 7 days, and 30 days.
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~

Table 3. Particle size fractions utilizediin acid generation study.

Spoils : " Tailings
Size Fraction Size Class! Size Fraction Size Class!
2,0-4.0 mm, ' gravel . .106-.25 mm, fine sand
1.0-2.0-mm..‘ v.coarse sand 0053=.106 mm, v.fine'sand

0.5=1.,0 mm, coarse sand <,053 mm, silt & clay

1- U.S.D.A. size classification (Brady, 1974).

Two 1liming rates and a.control were applied fo each combination
of sampling time and grain size, Measure& pH levels in acid
generating "mine wastes decrease rapidly after exposure and then reach
a relative equilibrium in which'ﬁﬂ rémains loﬁ and fairly constant
(Nielson:and Péterson, 1978). The addition of lime was désigngd fo
raise the pH from the equilibrium point, so that éeid éenepation
couid then_be measﬁred as'a function of the rate of pH decréase 6f ;he
systen. Rates of 2.2 and 22.0 metric tqns/heetare (t/ha)'were used .
in this study (measured as 1.0 and'jo.o tons/acre). |

A modified split block design was used in this exﬁériment,,as this
desigﬁ provided for .meaningful statiétical analysis 'of both main
effects aﬁd interaétions (Little and Hills, 1978)'. All combinations

of the main effects were represented in each block, therefore blocks

rebresented' replications of each treatment (3 x 3 x 4 = 36 treatment
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combinations per block). Tailings and waste rock materials were
treated as separate experiments, as the additional factor of "type of
material"™ could not be meaningfully compared statistically with this
experimental design (R. Lund, 1982). The experiment included three
replications of each treatment, and thus six blocks in total. The

experimental design is illustrated in Figure 2.

Figure 2, Tube ©rack at sampling time of 1 week, showing
experimental materials and design.

Materials Collection and Analvsis
Waste rock and tailings materials used in this study were

collected from sample pits excavated at the Alta mine in Jefferson




30
County, Montan#. Tailings material was collected as a bulk sample
from one pit (site 13), while the waste rock material was collected as
a composite from two profile pits (site 10 and site 08).

The materials were wet sieved to obtain a relatively accurate
particle size fractionation (Allen, 1974) and air dried. No
pretreatment or dispersion of the samples was performed prior to
sieving as a precaution against possible chemical alteration of the
material, although the materials were leached of soluble constituents
during the wet sieving. Figure 3 shows the relative size of the

fractions obtained.

Figure 3. Particle size fractions obtained from wet sieving. Top row
(1-r): gravel, very coarse sand, coarse sand. Bottom row
(l=r): fine sand, very fine sand, silt and clay.
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Reagent grade,CaCO3.(powder) was added to subéamples of each size
fraction as prescribed, 'Ten gfams'of each grain size x lime rate
combieetion‘was then placed in foup seperate plastic tubes, one for
._each sampling time, Each tube was maintained at 25% ﬁater content by
Weight through the addition of dist;iled wafer at four- day intervals,
At the appfopriate sampling time pH was determined uéing a 1:2 soil te
water ratio (Byers,1978h

Total and pyritic sulfur analyses were performed by'Energy
Laboratories in Billings, Montana. Total sulfur was determined by
titration of evolved sulfur dioxide with potassium iedateo'PQritic
sulfur was calculated as the difference between'HCl-extractable and
HN03-extractable sulfur (Sobek et .al., 1978). Neutralizetion
potential was determined by titretion of the sample with sodium
hydroxide after treatment with'excees ﬁCl (Sobek et al.; 1978). These
values were ueed to compute fhelacid-bese account for the varioﬁs size |
classes. |

Lastly, linear fegression analysis was éerfermed. to formulate
predictive equations for lime rate.as a function of grain size and
desired bH; Grain.size was coded using the phi scale developed by
Krumbein for sedimentary ﬁarticles, The scale .is based 5@ Standard
sieve sizes and thus yaries as a function of —log2 of the peftiele

diameter in millimeters (Folk, 1974).




RESULTS AND DISCUSSION OF ACID GENERATION STUDY

Resuls -

'Data ,obt‘ai'ned'from tﬁe one month column sttidy were . graéhed using
cbﬁbinations of the variables grain size, lime rate, and time, Thé
r'elationshipé between thése factors were most clearly shown gz'*aphing.'
PH versus time for each grain s:_Lze a'jt eaéh lime rate (Figure.s. 4.9),
Ahalyses of variance (ANOV) were performed andnl'.ea:st significajnt
‘differences (LSD) calculated to ascert‘air.l whe ther relatioynship‘s'
illustrated in the graphical répresen‘tatlion were statistically

significant. All tables referenced in this chapter may be found in

Appendix A.

Thé ANOV and LSD analyses for the tailings samples (168 samplesj
are shown in Té_ble 5.‘The main effects of grain size (G), lime rate
(L), and'timé (T) all exhibited significant diff‘érences at the 95%
gbnfidence level. 'Least. significant ‘difference 'ana'lysis showed '_th_at:
1) the pH 6f‘ the. silt and clay fraction was significantly different
from the fine and very fine . sand fractions,. which were statistically
similar, 2) theh effects of all fhreé lime ra_teé on mgasuréd PH were.
significantly different from one another,‘ and 3') measurement; taken at
1 hour were sighifican£iy different than those at 1 day, 7 days, and .
30 dayé. The'inter;ctions of GxL and 6 x L' x T Qere also

significant at the 95% confidence level. “
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Jailings - Silt and Clay Fraction
Analysis of variance was performed for each individual grain size
to further investigate the effects of lime and time on tailings pH.

Figures 4-6 illustrate the relationships between these variables.

Gl — <.053mm.
G2—-.053-.106mm.
G3~.= .106-.250 mm.

TIME IN DAYS

Figure 4., Measured pH versus time for the three tailings
fractions at the lime control (0 t/ha).




Figure 5,

Figure 6.
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— G|
34
Gl — <.053mm.
21 G2—~-.053-.106mm.
G3-.-.106-.250 mm.
14
ol 7 30

TIME IN DAYS

Measured pH versus time for the three tailings fractions at
2.2 t/ha lime.

pH o

Sy 0.1 LA, :_'gi

G| — <.053mm.
Py ' G2 —~.053-.106mm.
G3~~ . 106 -.250 mm.

ol ? 30
TIME IN DAYS

Measured pH versus time for the three tailings fractions at
22.0 t/ha lime.
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The .silt and clay fraction eonsistenfly displayed the lowest pH
.o'f all the tail:l..ngs‘ méterialso Thése differences were statistically
' signif:ﬁ.cant at ail sampling times é.nd all l:i.me rates. Measured pH did
not change w'ith time 'for the lime control, decreased with time at 2.2
t/ha lime;, and inefeased with tim.e at 22.0 t/ha lime. Signifi‘cant_ |
differences were .demoﬁstrated as a function of lime rate, ‘ with the pH
increaéing as the lime rate increased, The interaction of L X T was
also significant, although the main effect of time was not. The

analysis of variance and LSD analysis for the silt and .eléy fraction

are shown in Table 6.

For 'a-lll -'times, ar'ld_ lime ré.tes the _pH of_ thé very fine sand.
f‘racti'on was si_gni'ficantly higher than that of the silt 'and clay
fraction but not signi'fieantly different from the pH of the f‘ine‘ sand .
fraction, Measured pH decreased with time for the lime control and '
increased with -time at limé rates o‘f“2.2 and 22,0 t/ha, ﬁowever these
‘ .d'ifferences_ were not significant c;ver: time. The pH of the tailings
material was significantly lower f‘bp the control eo"mpared to either
of the two iime application rates. Measured pH at both lime rat.es
éxhibited hydrogen. ion concentrations whicﬁ w;ere" sfatistica;ly

similar. Table 7 depicts the . ANOY and LSD for this fraction
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The.pH of the fine sand fraction was sliéhtly lower althougﬁ not
significantly different from the very finé sand fraction. Aggiﬁ, pH
deereaSed-sligﬁtly'w;th time for the control, and increased slightly
with time for both lime application rates. The main‘effeets of time
and lime weré significaht, and were.attributed tb differences between
the 1 hour versus 1.&ay, and Ebntrol versus 2.2 t/ha per acre
measuréments,'respeetively. Thgse relaﬁionships'are illustrated by

the ANOV and LSD analyses in Table 8.

The ANbV and LSD analyses: for the.waépe rock samples (106.
samples) are shown in", Téble 9. The main effects of grain.size, lime
,faté,_#nd time all exhibited sighifieant differences at the §5$
~confidence lev;l. This was sihilar to‘the_results for the tailings
. material. However, . the F—values' for'the waste rock ihdiéated
' sﬁaller differenceslbetween fractions than those exhipited by the
'tailiﬁgs materi;le .The pH of both the coarse Sand énd_gravei
fraetions.were‘stétistieally similar tp the pH éf the vefy coarse sand
fractiqh but'were-statistically different from one another. No grain
size exhibited:conéistehtly higher or iower pH's than the 6ther.siées;
.as had occurred with the tailings. It was also noted that all ﬁhnee'

wasfe rock sizes displéyed lower pH's than the two 1érgest sizes of




37
the tailings material. The three lime rates exhibited hydrogen ion
concentrations which were statistically different from one another,
and pH measurements recorded at 1 hour were statistically different
from the 1 day, 7 day, and 30 day values, all of which were

statistically similar.

Naste Rock - Coarse Sand Fraction

Analysis of variance was again performed for each individual
grain size to further investigate the effects of lime and time on
waste rock pH. Graphic representations of the relationships between
these factors are shown in Figures 7-9. Tables 10-12 show the ANOV and

LSD analyses of the waste rock fractions,

’" 94
'L
L4
* G| ——— 0.5—1.Omm.
o G2 — — 1.0-20 mm.
G3 - = 2.0-40mm.
.1
44 G2, 63
r_.*_—_a—-—h-_-hno,
3
24
4
ol ? 30
TIME IN DAYS

Figure 7. Measured pH versus time for the waste rock fractions at the
lime control (0 t/ha).
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’” t 2
8
Gl ——— 0.5—).0mm.
74 G2 — — 1.0-20 mm.
G3 -~ 2.0-4.0mm.
- — G2
—a Gl
t O — .. ﬂ 83
34
24
14
or 7 30

TIME IN DAYS

Figure 8. Measured pH versus time for the waste rock fractions at 2.2

t/ha lime.
PH .
8; —a Gl
? 0 —-‘t' - m:_“ ~— 62
. . rﬁ
g G3
)
]
44
34 Gl —— O.5~—lOmm.
G2 — — 1.0-20 mm.
& G3 - = 2.0-4.0mm.
y
1
ol 7 30

TIME IN DAYS

Figure 9. Measured pH versus time for the waste rock fractions at
22,0 t/ha lime.
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Measured_pH of the coarse sand fraction remained relatively
constant over time in the lime cbhtrol, decreased td_déy 7 and then
increased at 2.2 t/ha applied lime, and increased to day 1:and then
remained constant at 22.0 t/ha lime.. The main effect of lime was

significahﬁ-at'all levels, while pH did not significantly change with

time during the experiment.

Measured pH of the very coarse sand fraction remained relatively
constant over time for the control, however at 2.2 t/ha lime pH
decreased from 0 to 7 days and then increased slightly, while at 22.0
t/ha lime pH increased from 0 to 7 days and then'decreased. The
differences in pH were significant between all lime rates. The main

effect of time, and the interaction between time and lime rate were

not significant.-

‘Recorded pH for the gravel fréction remained relativély constant
over ‘time in'the'iime qontrol. At both lime épplieation rates pH
incréased today 7 ;nd then decreaséd. ?he main effeét of lime waé
significant at all levels, Measureﬁents taken at 7 days were
_'statispically7different from measureménts at 1 hour, 1 day, and'30:
days. The hydrogen ion concentraéipné at- the eﬁd of the exberimeﬁt

were not significantly different from the initial concentrations o#er
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all lime rates.

Aeid=Base Balance

‘Results of .the acid=b;se balange are presented'in Table 4, The
data indicated that all six size fractions'posessed'net acid producing
potential. The absoluﬁé levels of acid produgtion poiéntial based on
pyritic sulfgr content were surprisingly low con$ideéiﬁg'the acid
. drainage problem at fhe Alta site.. The unéxpectediy iarge difference
' between total and pyritic sulfur may have been due to presence of
other mineral sulfides,

Table 4. - Acid-Base account for Alta tailings and waste rock.

Size class Alkalinity peidity! Acidity?

(mm.)  (t/ha CaCO3 equiv.) =-==(t/ha CaCl3 €quiv,)-=-
. _ Jailings

<453 £ 0.00 . §.21 - 23.11
.053=,106 0476 2610 , _ . 23.81
0106"0250 0a76 . 1039 - 22042

Yaste Rocl

0.5-1.0 0.00 C L 1.39 © 30.83
190-2.0 ’ OoOO . 0@70 . : 2‘1910' ‘
2,0-4.0 - 0.76 210 . 17.51

1) Acidity calculated by multiplying pyritic sulfur percentage by
70.06.

2) Maximum acidity calculated by multiplying total sulfur content by

. 700060 : . . ’ '
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Using leést squares multiple linear regression analysis, the:
: ~.following equations were computed to predict lime rate as a functién‘

of grain size and the desired pH of the'material:

Tailings:.LR = «11,06 + 0.65(G) + 2.17(pH) - (5
o RZ = 0,47 o
Waste rock: LR :'-9.7R'+'10R5(é) + 2.39(pH) " (6)
B = 0.76

wﬁere LR is the required lime rgte in tons per acre, and G is the
median grain size in bhi units (phi= -log, x diameter in millimeters),
‘Regression surfaces . were plotted ffom- these equations and ére'
presented in Figures 10 and 11, Analysis of tﬁg Ré values using -F-
rﬁtiOS'wi;h.fwo‘and-six degrees of freedom indicated that the multiple
coefficiént of deterﬁination was high;y significant (p=.01) for the
waste rock regréssiﬁn, but nop significant for the tailings

regression. .
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Regression surface for predicting lime rate

from grain size and desired pH for Alta
tailings.
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Figure 11. Regression surface for predicting lime rate
from grain size and desired pH for Alta waste
rock.
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Discussion .

Acid mine drainage is a manifestation of the balancc between acid
prcduction and alkalinity production on a site (Caruccio et al.,
1981). in this study alkalinitﬁ prodﬁction‘was a function of lime
rate and of the alkalinitj levels of the caterials, Measured pH was
used as an indication' of the instantaneous equilibrium cf che acid-
.alkalinity balance; Thus we may éstimate the rélative acid mine
drainage production potential of each grain size. |

In general it is expected that: 1) if the acid production rate
‘and potential are greater than the alkalinity production rate and
potential, thcn pH shculd decrease. This decrease will be most-hapid
at the point where the total alkalinity potential is exhausted. 2) if
the acid production.rate is lesé than the élkalinity production rate,
but the the total production potential for acidity exceeds that for

alkalinity, pH will increase until the alkalinity -potential is

exhausted. This'will be followed by a rapid decrease in pH as.

previously described, and 3) if acid production rate and potential are

less than those for alkalinity pH will increase; this increase being

-most rapid at ‘the point of exhaustion of. the total acid ‘Production '

potentia],. Based on the work of Geidel (1979), and the data obtained

-from fhe acid-base accounting, it_was expected.that both the tailings

'and waste rock matericls would exhibit net acid‘production in the

control situation, as described in case 2 above (acid production rate ‘




45

. 8lower than alkalinity production rate,'apd higher acid production
potential). | |

'Diffefences iﬁ grain size were‘gxpected to affect both the acid
_proquctién rate and pofential as a fuction of differences in surface
area, This would not only result in absolﬁte_pH &ifferences, bué
' also manifest itself as lags in the expressed pgttefh'of pH change
over time. The implied rélationship was that a larger grain size
woﬁld have'a iower acid productioﬁ potential and slower adid
production rate than a smaller particle? and thus exhibit a higher pH
.fér ah.extended time in the course of the experiment. Using this
discussion as the basic premise, the relatioﬁships expressed in this
Study by the ?arious size fraétions may be‘examined,

Inuthevtailings, thé silt and c;gy fracfion c;early exhibited a’
different behaviorél pattern than either‘the very fine sand or fine
sand fraction;, ‘This fraction (<.053mm) exhibited no change in pH |
over'time in,the .control, which may have been a function of the lﬁék
of excess alkalinity as shown in the acid ; base balance.” Also, this-
fréction seemed to produce enough acidity to quickly neutralize*goa
t/ha lime (Fig,'u andls)% |

The fapid‘initial decrease in pH exhibited by both the very.fine
sand and fine sand fractions in the control may bé interpreted as a

' neutralization of the alkalinity indicated by the acid-base accqunt.
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These two fractions exhibited similar increases in pH at'bqth lime
rafé_s. This indicated that within the time frame of f:ﬁe eiperiménf
acid generation was insufficient to neutralize even 2.2 t/ha lime,
Further, data from the acid-base account (based on pyrite c‘ontent)
indicated that of all fhe grain sizé X lime rate combinations, only
the silt and clay fraction treated wit_;h 2.2 t/ha lime had sufficient
,acid production potenfial to depress pH over the long térmg

Tﬁe tailings data seemed fo .e;:hibit relationships ﬁh;ch-were
quite similér- to those anticipated. The sﬂ:alleét grain *S;Lze show'ed a
considerably .greater 'capacity to neutralize ali{alinity than eithe'r' of
t‘he:larger sizes. ‘.Da't'a from the waste rock samples did n§t follow
this pattern, _

‘All three waste rock grain sizes exhibited l'ittie change in pH
over time :!.n the control, despite the indication of‘.al.kalinity
production potenti‘al in the gravel fraction. A somewhat erratic
pattern of pH change .'as_a function of gréin size emér'ged with the
applicatioh of 2.2 t/ha lime. The pH of the coarse é.nd &ery coérse'
sgnd f‘ractions' decreased ‘initially, and th.en'increasedo ~ The Adecr'ea_se
wa;.;.s more prolonged for the smaller grain s'ize,' and 'ind_icatéd a
greaterlneut-ral:;.zing capécity. The subsequenﬁ increas‘e in pH‘ m-ay~ be
inter-pr-e'_'t.éd as either the point of apid potential depletihon, or as a
: pesu,lt.of‘ decreased acid:production ‘.rate'.‘ This de‘cr.'e_‘ase in aecid -'

production rate could have been due to the f‘of'ma'tion of coatings on
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th'e-pyr-_ite surface by oxidation _produo;ts. The presence "of excess
calcium may' also have been a factor _(‘Ca‘ruccio et al., 197'.8)n The
gravel fr#ctiori exhibited a diff‘er'erff reactién -.pattérno.' A,M.easured pH
shoﬁed a significant increase from days 0 to 'f, and then dgcreased
slighfy to day ,30,' The high acid produétion potential of the gravel
fraction as indicated .by the acid-base account would explain this
behavior whén relate& to ‘th-e kinetics of the system. A{: 22.0 t/ha
lime, all three fractions exhibited decréasing rates of 'pH incre'a.se
with time. Thi.s'was similar to the pa’tte_r'ns exhibited by the tailings
matériai. . ‘ _ o

‘ Two ques,ti'ohs arise from the,-ré;ati&néh’ips. displ‘aye'dv- by the
tailings aﬁd waste rock .materials at the Alta mine, They are: ‘1); Why
did.the. tailinés but not the. waste rock :qaterials seem to. exhiﬂbit: the
expeoi:edl oorrelation'of neutralization p.ot':enf;ial and su.rf‘a‘-oe aréa?, -
“and 2) w_hy were the pH.’s of the wgste rock material lower than t'ho‘se
of the twé largest tailings grain sizes? |

| Although the reiationships expressed seemed to be quite' complex,
a hypothesis ;Jas po'stulated to expla.'i..n 'these _apparent anonialiés wh;i.oh'
. was consist;ent_with t.he original hypothesis that acid ge..-neration'. is
largely a S@rfaoe area dependent ph;nomendng_ Reactive pfr‘ite‘, thev
acid produoer 6f- interest, is dispersed- throughqut the host r_ook with

somewhat higher concentrations associated with the ore bodies
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(Chadwick, 1982). '~ Thus it can be envisioned that the extracted ore
and waste rock is made up of rock fragments with small pyrite grains
both totally encased witnin, and protruding from.the surface of these
fraémentso ’The‘fraéments are relatively large in the case of waste
rock, and thus the surface area.of exposed pyrite is probably " both
relatively small when compared to that in ‘the tailings, and relatively
constant as a function of the ratio of wasté rock surface area
pyrite surface area. These relationships were evidenced in the acid-‘
base accounting; where the waste rock material showed both lower. total.
pyrite content and more uniform pyrite distribution as a funtion of
grain.size than the tailings. Further, . due to the size of the waste
rock fragments, there was a relatively small increase-in surface area
as a function of decreased-particle'size.. Tnis'may explain why all
three .waste_rock grain sizes exhibited sinilar reaction patternsl.and
'hydrogen ion‘concentrationso Also,'.since the waste rock had less
- exposed pyrite surface area, it is reasonable to expect that the
potential for oxidation products to affect reactivity (decreasing acid.
production) might be relatively high° This may explain the anomalous
behavior of the waste rock coarse and very coarse sand fractions at -
2.2 t/ha lime° ' The effects on pyrite reactivity would be masked . at
the higher lime rate due to the extreme excess of alkalinity A

production -potential.
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* Tailings material‘on the other hand.might be expected to exhibit
large differences in exposed pyrite surface as a function of'the small'
fragment sizes created by crushing during the milling process"and'
increased 'weathering of the grains. The greater surface area should

increase the acid production potential and possibly decrease the

importance of surface coating. Unfortunately, the behavior of the

tailings very fine and fine sand fractions.did not support this view,
Also, the crushing and'weathering may inorease the separation‘of the
pyrite gnains'from the host rook° Under these conditionsithe pyrites
would be conoentrated'in the smallest size class rather than’ being
disseminated throughout the various classes'due to encasement in
larger partioles. The -acid~base account 'confirmed- this ‘relative
abundanoe of pyrite in the smallest tailings fraction.

Althougﬁ this hypothesis seems somewhat reasonable for describing

the relationships betweén grain sizes within each material, thus far

it does not explain why the fine and very fine sand fractions of the

tailings material seemed to exhibit léss neutralizing potential than .

the waste rock despite the occurrence of similar pyrite oontents and

-_ alkalinity potentials° One possibility is that the milling prooess

had somehow altered the reactivity of the pyrite through the addition

of certain chemicals or as a function of the high heavy metal

. concentrations in the tailings. The work‘by Caruccio (1972) on pyrite

trace element content lends oredenoe_to this idea. A more tenable
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explanation involves the-"historiesﬂ_bf the -two materials. Cbmp;red
to waste rock, tailingssmaterialkis cohsiderably more weathered due
to:_i) the finer graih sizes as a résult'of‘milling, and 2) deposifion
in a wetter environmeﬁf,' fécilitating greater‘microbialtacﬁivity and
product transport. Although acid-bése accounting indicated 'similar‘
amounts of pyfite present in the two maferials, thé pyrite pnesent_in
the tailings ma& be é remnaht of much greater éuantities whiqh haQe
been.- oxidized. This' previous oxidétion had' likely redﬁced the
.reactivity of the tailings pyrite by forming coatings, and thus the
acid production exhibited by the tailings in this study was less than
expected, The =silt and clay fractioﬁ exhibited high'écid production
despite this lowered.réactivity due to the elevated amounts of ,pyrite_
present.

Alfhough. this hypothesis explains the qhestiops raised by the
experiment within the eonﬁext of écid producfion being a surface area
_ dependent phenomenon, these questions might aléd be bartially
explained by a manifestation of the egperimental.des;gn Qith -respect
to water feiaﬁionships. The tailingé material with its smaller pore
.spaces retained water more uhiformly‘throughout the tube length ‘than'
the waste.rbck, which pondédﬂwéter aﬁvthe bottom of the tﬁbes butvheld
very little waﬁer-in the upper two=thirds of the:tube“volume. - With

the majority of its pores filled to a greater extent thén the waste
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rock, the_tailings material may have (relatively) acted as an cxygen
diffusion barrier and allowed for less pyrite oxidation to take place.
Also, the increased water content may have allowed for more CaCO3 to
be brought into solution, increasing the pH. Of course the
interaction was not that simple, as the ponding in the waste rock
tubes decreased oxidation in the -ponded section and thus affected'
total,oxidation. Also, it would be_expected that this effect would be '
greatest in the tailings silt and clay fraction, which actually showed
the greatest neutralization potential. The relatively large amounts
of pyrite present in tnis size class may have been sufficient to
negate thise |

Lastly, the implications and value of the regression'equaticns
which were developed must be discusseds The ecuation for the Alta'
tailings indicated a greater buffering capacity for smaller grain
sizes. ‘However the R2 value of 0. H7 was not statistically_‘
significant, and indicated.that less than one half of the influence'in
determining lime rate'was due to the factors,of_grain size and desired
pH. The previous discussion suggests that other factors which may
have been important were: 1) minerology as it related to weathering,
which in turn is related to grain]size and reactivit&, 2) Pyrite
morphology (Caruccio; 1970, 1972) and ore milling processes as they
'related to-reactiVity, and 3) water content -and regime as they related

to product transport and acid-base equilibria (deidel, 1979). The R2
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lHValue for .the. Alta waste rock was étatistigally significant and .

indicated that 0.76 of .the influence in determining lime rate was

accoupted'- fof by 'grain size and desired 'ﬁH. o The équatidn
coefficients showed that buffering capacity increased.with decreasing
grgin size in these materials, The regression surfaées indicated the
waste rock had a highey neutralization potential at a giyen grain siie
and a_steeper response surface compared to the tailings. Despite the
significance of the_multiple coefficient of determination for the Alta

waste rock, ‘thé author -believes that the relatioﬁships involved were
more .complex than indicated by the regregsiona This.complexity was
évidenced. by"the erratic - variation in pH changes over time as

previously described. .

The relétipnships expressed in this experiment indicatéd that

"theré.were differences between grain sizes with respect to their acid-

base equilibria,- énd that these differences may enable one to infer
acid generation potehtial or lime abplication rates, The significant
interactiéns " between érain size and lime. rate outlined the liﬁits .of:
buffering capéciiy for eaéh grain size and the patterns qf pH change
over time may havé indicated relationships with respect to differences

and. changes in‘pyrife reactivity. . The'iength of ‘the experimen;' méy'

" have limited the interpretation of the data such that inferences could
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bé .made“ oﬁ;y as té'thé Shérf.term neutralization capacity of thé»
materials, rather than the 1long term géid production pot_entia'ls°
Qther laboratory studiés have demonstratedeAntinued pyrite oxidation
for several years (Struthgrs, 1964). Also, the fact that the tubes
were not flﬁshed and/or held at equal water potentials may haﬁe
significantly affected‘tﬁe fesulés of the study.
Significant.lipear'regression analysis showed that grain size aﬁd
desired pH wefe important factors:‘in:;brédicting lime -rates‘ on.
minesoils, H0wever, if was indicated that additional factors must
~also influence AMD production, Ihis was especially evident with the
tailings material, Minerology, frace element ‘interactions, ‘pyrite
morphology, ‘and wateﬁ relationships may be some of the more important-

"of these factors.




- SITE CHARACTERIZATION RESULTS AND DISCUSSION

For'each mine site, soil and water data were evaluated with

reepect to appropriate criteria. Water quality data were compared to

U.S. E.P.A. stendards pertaining to impact on aquatic Iife, use as

drinking water, and long term irrigation use. These standards (Table
13), as well as the water quality data fof the indivdual sites;, may be

found in Appendile. Soil chemical data were compared to suspeeted

.phytotoxic levels presented in FDiagnostic Criteria for Plants and’

Soils™ (Chapman, 1965) and the Montana Stfip and Underground Mining

Act (1979) Soils data were also related to guidelines developed by>
Schafer (1979) which rate soil materials for use as coversoilu These
criteria are presented in Appendix C (Tables 18 and 19), along with
s0il physical and chemical data and pedon descriptions from each site.

Parameters such as mode of deposition, history, and profile genesis‘

.were also considered. Three general groups of soil profiles were

. examined in this study: those in 1) natural (undisturbed) soil,.2).

mili tailings, ahd.3) waste rock. These meterials exhieited
drastically different eperacteristics? The dndistdrbed'soils showed
pfofiie developmeﬁt, which involves organic matter_buildup near.the
sdrface, developmeht ef structure, and-transloeatioh of clays,
catiods, and other materials within the prefile. - These soil formation
proeesses are important in terms of faei;dtating water_movemenf and

retention, and nutrient cyecling., Figure 12 illustrates the profile of
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an undisturbed soil.

Figure 12. Profile of an undisturbed soil, showing soil development
and horizonation. This pit is located at the Alta mine

(site 09).
The characteristics of tailings materials were influenced

by the milling process, which physically and chemically accelerated

weathering, and by fluvial deposition, which stratified the
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tailings as a function of particle size. Such stratification often
tends to impede vertical water movement through the tailings and
creates seeps, perched water tables, and chemically reduced zones.

This layering is depicted in the tailings profile in Figure 13.

Figure 13. Profile of tailings pond illustrating layering and zone
of reduction (dark). This profile is taken form the

Bertha tailings lower pond (site 14).




o
Waste rock pits were characterized by relative homogeniety, lack
of profile development, and low water holding capacity due to a high

percentage of rock fragments. These characteristics are depicted in

Figure 14,

Figure 14, Waste rock profile pit taken from the Alta Mine (site 10)
depicting rocky and homogeneous nature of this material.
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In addition to soil and water pa.-ram'ete'.rs, this invéstligla'tiop '
evaluated general physiographic featufes,ai:"each site, These included
slope lengths énd gradients as'they related to erosion potential,

. ev;i.dencé o:f wind and water erosion, and physical hazards to public

health and safety.

location. The Alta Mine is located on Alta mountain in sectio_ns
9. and i0, T"?N,' _RllW MPM, Jefferson County, Mk.)ntana._ It is
approxi_mately 3.6 kilometers (km) WSW of Jefferson City, situated on
'p.rivate claims adjacent ﬁo BLﬁ property and near the Helena National

Férest; Access to the mine is obtained via Interstate Highway 15.-'

Llimate. The best available _climatqlogical data for the .Al_ta

site was obtained from the Helena Al_"w.eath.er station (elev. 1200 m),

Yearly..precipitation wés variable andz averfaged ‘28.9‘8 + '1O°1{0 cm (U._S.

' Weather Bureau, 1971-1981). Most of fhe_ pr-'ecipitaition fell as spring
and fall _rai;zs, ‘and sndw. Summer'_' precipitation occurred as -a f-ew ‘-

-thund_er' stqr-ms' (Becraft et al., 1963). »Approximately 65 - 75%- of
:the 'annﬁal precipitation fell during the growing season, which -

averaged 120 + 7 frost .f‘ree days. The average annual daiAl‘y

temperature was 6.4 + 1.0 degrees cehtigrade (°C), while maximum and
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_minimum temperatures reached 38.9 and -37.2° C, respectively (U.S.
Weather Bureau, 1971=1981). Although similar data was obtained from
the Basin 3W weathef station (elev. 1685 m), it'must be noted that
local climaﬁe is variabie in mountainoué areas, Conditions at the
Alta;sité.maylbe_somewhét wetter and cooler than is indicated by.the

data bresentede

story. The Alta study-site lies on the
'northern boundar& of the Boulder b_athoiithe The mine i;éelf was
underlain by Elkhorﬁ ﬁountain voleanies,_and the ére body consisted of
lenses, veins, and replacement bodies of the minerals sphalerité,
'argentiférous galena, tetrahedrite, and pyrite (Becraft et al., 1963).
These minerals yielded gilver and lead as the principle metals, élong
with copper, zinéh and gold. The deposit was in a well developed
east-trending sﬁear‘ione along which the volcanic host rock was
fractured and7iﬁ£énsely altered for widths of 45-60 meters (m). ‘The
vein dipbed 30-60° N in the upper levels of the mine and 60~70° N 1n
the lower-levels° A quartz latite dike éuf ;crosé the ore'body in the
open pit on the uppér portion of tk.x‘efmountainc The ore ih'these~hpper
sections had been leaqhéd and was of low grade (Eeeraft et al,,'1963).
' The Aléa ore body was mined by a sﬁaft 200 m deép with 13 levels
_ through a vertical interval of 420 m. The main shaff was flooded and

. nearly all the workings were inaccessible (Becraft et al., 1963).
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Mining was bégﬁn at Alta in 1869 by the Alta Montana Mining Company, °
thch operated until'1882 when high transéortation\eosts caused the
.min'e to close. It; was bought in 1883 by SOT. Hauser and D.C. Corbin,'
Qho drganized‘the‘Heléna Miniﬁg and.Réduétion Company7 built new
smelfgrs to héndle.theiore,'and induced the'Nprthern Pacific ﬁailrdaa
to'bﬁild a line from Wickes to East Hélena to reduce transﬁortation‘
-costs. The mine experigneed peak production in the teﬁ year;nthat
" followed (1883 = 1893), yielding 6ver 32.million dollars of ore to
, become the largest préducer in the district. This era of prosperity
ended in 1896 when the mine closed due to a drop in silver prices,
high pining costs, and inefficient ore extraction at the eoneenérator;
The mine was reopened.at least twice to surface exeévation;‘most
recently'bylfhe Lahey Leasing Company from 1949 = 1957. " The taiiings
from the'eohcentrator'were rewébked three ;iméé and were ultimately
truéked-ffom their‘site on Corbin Flats to East Helena in the late
1930°%s. . |
Tﬁe tailings métefiais which were includeéd in this study were
.from the Béftha hine? which operated from 1906 - 1918 (Roby et al,,
1960). The pond is located in section 3, T7TN, R4W MPM, approximately
1.6 km NE of the Alta m_ine° The Bertha was mined utilizing a méin
shaft 275 m deep with 5 levels, some of which extended as much as 457
m aiong the vein° . The' ore body conéisted of chalcopyrité and pyrite

contained in the coarse white quartz gangue of the Boulder batholith.
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- The mineral cosalite was alsp present. ' The strike of the vein was N

450° E and the dip 80° S. It averaged 1.2 m in width, ranging from
several centimeters (cm) to3 m (Knopf,'1913)° Copper was the main
metal extracted from the Bertha mine, along with smaller amounts of '

silver and gold.

Physiography. The two sites included in this study lie within
the Colorado_mining district; an.area of smooﬁh roupdéd.ridges and

moderately sloping valleys., Relief in the”area is approximately 300

. m, with the mountain peaks ranging from 1800-2590 m in elevation.

(Beeraf; et al,, 1963)° The Alta mine site was carved into a drainage
on the east face of Alta mountain from the summit at 1890.m to the
base some 365 m below; The total area disturbed was approximately 10
ha. | |

‘fhe site may be~div;ded_into upper and lower ;egmen£s. On the
ubper:areé a sériesfof open cuts progregsed‘down tﬁe slope and created
fburvbéneﬁes in the méuntainside. The cuts were chéracterized by
neafly vertical &8-30 m highwalls'and steép sidéwalls_whicﬁ consisted
mainly of waste rock ﬁiled at theléngle of répose; 'Waste'rock was
also.piléd at fhe mbuths of:the cuts, along the mining roads, and has
been dumped over the slope burying the bases of.small clumps of trees,

thefeby killing them. The physiographic featureé described are

depieted‘in Figure 15. Two open adits existed at the uppermost'open :
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cut and constitute a hazard to public health and safety. Other adits
apparent on the upper portion of the mine were collapsed at the

surface.

Figure 15. View of the Alta mine from the lower dump.

The lower portion of the mine consisted of a bench at the base of the
mountain on which were situated several buildings and a headframe.
These buildings, along with other structures on the property have been
described in detail by Clark (1981). All structures on the property
were in poor condition and should be considered potential hazards to
public health and safety. Associated with this lower area was a large

waste rock pile which had been dumped off the bench at the angle of
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~repose.into the drainage below. The dump was 15-18 m in height.
The Bertha tailings were deposited along Corbiq Creek in the

'~ northeastern footslopes of Alta mountain, The mill pond consisted of

two levels., The lower level was at the eastern end of the pond, was
approximately 1.5 m thick, and eihibited marked vertical layering pf

materials. The upper lével was at the western end of the pond, was

approximately 6 m thick, and displayed less vertical variation in the

“upper 100 cm. The upper ;evel of the tailings occupied approximately

80% of .the 1.5 ha pond. In addition, there existed a wooden

'drainageway constructed under the uppér taiiings which was open both

at the western edge of the tailings and at the tailings dike. This

drainageway may constitute a serious safety hazard.

The Bertha mill site disturbed an additional 1.5"ha a few

hundred meters upstream (west) of the tailings pond. The site was

characterized by the mill ruins, and waste rock piles both adjacent to
the stream and scattered on the hill slopes. Figures 16 and 17

depict the Bertha tailings and mill sites.

ThefAlta mine occupies 'a large portioh of a drainage on the

éastern'face of Alta Mountain., Thus nearly éll prec;pitation falling

. " .on this dra;nage moves over and throuéh'the mine wastés; The only

surfaée flows observed in late summer (08/18/81) were a seep. at the
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View of Bertha tailings looking south.

Figure 17.

View of the Bertha mill site looking south.
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“base of the lower.dump'and a minor seep from a_collapsed adit on the
~upper portion of the mine. A study by thefMontana Water.Quality
Burgau (Iﬁgman, 1981)_§ostu1ated‘that the seep at the base of fhe
mountain consisted of: i) resurfaced water from the upper seep, 2)
water confributed py othér underground workings,.and 3) precipita£19n 
'leached through the wéste rock, |

The Alta mine drainage flowed into Cérbip Creek below the ﬁertha
failiﬁgs, which then flowed into Spring Creek and finally into Prickly
Pear‘Creek approximately 5 km downstream. Althouéh fiow from the Alta
seep was.léw (yearly mean=.06 cfs), alMontana Water‘Quality Bureau
. study found fhis drginage to unquestionably be the langest single
source-of'péliutants to Spring Creék_(Ingman, 1981)» The study found
tﬁe dfainage to havg- low pH, high‘ EC, and elévatea sulfate'and
hardness’ levels. The drainage water exceeded applied water quaiity'
standards fér.every parameter tested, including ;urbidity, total
disso;ved solids, and several heavy metals. The pollution load was
found to vary'éeaéonally, being gréétest during spring runoff due to
increased leaching of the waste materials (Ingman, 1981). There was
evidence of ;evere.er§sion during these high flow periodé, as revealéd
by gullies'éppr§aching 5 m in depth and several mine structures near
| the ﬁeédfyameAwhich were filled with Sediment,. The introduétion of
qgste roék parficles ;pto-the streaﬁ a;SO'contributéS:to the élevated 

"pollutién loads at these times; Data-ffom this's;udy, which are iisted
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in Table 14, corroboﬁgéed those of Ingman»'The Alté drainagé exﬁibited
a ruét.cdlored iron precipitate throughout its length; The drainage
water was shown to increase the édlubility of metals‘in Corbin Creek
(Ingman, 1981). |

The Berfha tailings were apparently deposited in the streanm
bottom of Corbin Creek, with.a wooden drain pipe directing sﬁreamflow
_under the tailings. ' Since abandonment, the creek had migrated away
- from this diveréion, and flowed around thg northern edge of the
tgiiings_pond.' Esﬁabiishment of the new channel'héd.eroqed'”
'approkimately 10% of thé total tailings volume along the nortﬁgrn
boundary., Severe gully erosion was also present on the southern sidé
'of the pond, ana accounted for reﬁoyal of an additionai‘s% bf the
tailings matérial. This erosion was probably due to stream fldoding,
although runoff from the small watershed above the ponds may also have
contributed to the problem.

"Wafer samples were obtained from Corbin Creek approximately 1.0
'km'upétream of the'disturbance and atlthe pbint of d;scharge‘from.the
' tailings., Data from tpese samples are.listed in Table 1H@A marked
.decrease in water'quality occurred doﬁﬁstréam,ofithe disturbed area,
indicated by an increase in aulfate'énd diséolved hgavy metals,
hafdness,'and EC.. Of the heavy metals, the largest increases were

exhibited by manganese, zinc,‘and coppers. Measured_pH remained
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within an acceptable range. These findings were similar.to‘those of
Ingman (198lh A yellowish-green precipitate was evident on the stream
.‘bottom which was not noted in the previous study.

Ingman determined that the maJor problem of this segment of the
drainage was a high metal-bearing sediment load derived from the
tailings and the Bertha mill site 995 km upstream,'both of which
' border Corbin Creek. He sited tnis segment of the creek as a
'significant source of copper, manganese, and zine to the Prickly Pear
drainage. The metal content here was in sediment complexes, in
contrast to the Alta drainage where 'most of the metals were -
dissolved. -This was probably due to greater erosional transport and
higher pH atjthe Bertha site. Another study by the Montana Water
Quality Bureau (Pederson, 1977) indicated that the entire Corbin Creek
drainage was devoid of aquatic life._ From the studies performed it is
evident that both the Alta mine drainage and Corbin Creek below the=
Bertha tailings are significant sources of degradation to the Prickly

Pear drainage and constitute a hazard to aquatic life and public

health,

A native soil at the Alta mine
(site 09) was classified as a coarse-loamy mixed Argio*Cryoboroll.

This particle size class was somewhat coarser than soils in the area
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described by Veseth and Montagne (1950) and Montagne et al. (1982);
'Physical and chemical data, as well as the pedon description for this
soil are représented iﬁ Tables 25 and 26, The soil ﬁas moderately
| deep; weli drained, and exhibited moderafe permeability and erosion.
Stfﬁcture was weak fihe granular. éhemiéa; and éhysicél data
indicatéd‘iow hutriént.étatus and heavy metal content, There was
e&ideﬁce of possible enrichment of héévy_metals in the A and B
hofizons due to wind deposition from thejmine'gnd subsequent leaching.
Heav& mefal-lévels were however well,beloﬁ suspected téxic limits
(Chapman, 1966). Cation exchange cépacity was 15 meq/100g, with
calcium.dominatiné the exéhange complex. Exchange acidity was
preseht,.with measured pH ranging from 4.5-6.0, Eiectricalv
conductivity indicated non-saline conditibps.

| The'Alta natural soil was a fair to good rahgeland soil
§ﬁpporting vegetation which included:bluebunch wheatgrass, Idaho
fesche, and big‘sagebrgsﬁ (Veseth and Montagne, 1980). Forésted areas
- Wwere algo present on mountain slopes and consisted éf lodgepole pine,
Dougiaé fir,'white pipe, sprucé, and fir. Aspen was aiso noted on
thé qiﬁe site, Although devoid of vegetétion'over'most of.its'area,
the mine disturbance suported over 40 species of vegefatioﬁ. A list
of these spéc;es may be found in Table 61 (Appendix D). The vegetative
cover -on the site_was concentrated at the bése of dumps anq along

road;ides.It was postulated that these aréas supported vegetation
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because ﬁhey: 1) afforded protection from wind blown particles, 2)
were relatively protected from excess evaporation, 3) may have had
relativel& greatef moisture contents due to slope position, and 4)

trapped fine particles and seed.

Alta waste rock was sampled at

tuo 1ocation$; at the second open cgt on the upper mountain (site 10),
Ahd oﬁ\top of the lower dump (site 08). These sites are depicted in
?igure 18.

Materiai froﬁ the.upper mountain.-site was fairly hoﬁogéneous.l It
was coarse textured with a high rqck fragment percentage, and
'exhibited moderaﬁe drainage and permeability and a low wafer hoiding
"_capacity. . The so0il was classified as a sandywskelgtal'mixed fypic
Cryorthent. Erosion was severe due to excessive slope lengths and
grqdients, and the lack of protectivelvegetativé cover, ' 59;1
-structure‘wés weak granular. Field bH was moderatély'acid (5.5),
while the pH of laboratory Samples was 6.2, Chemical data indicéted
low SOIub;e and.exchangeable levels 6f ;;1 héavy metals except
lead,'ﬁhicﬁ wéé over 300 ppm (NﬂudAé extractéble)° INutriént étatus,
organic éarbon, and EC. were all low, A4 pedoﬁ deseription, and pﬁysical

and chemical data from this site aré presented in Tables 27 and 28, -
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*3 SOIL SAMPLING LOCATION,
®3 WATER SAMPLING LOCATION

Figure 18. Aerial photo of the Alta mine, showing sampling locations
for soil and water,

From these analyses it appeared that the upper Alta waste piles
were not a major contributor to pollution emanating from the site.
High pH and low sulfate levels indicated acid generation was not a
problem here, and low heavy metal levels minimized concerns with
respect to toxicity problems. The importantvconsiderations on the
upper mountain were the lack of vegetative cover and the accelerated

erosion; two problems which act synergistically. 1In addition to
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active erosion, low,nutrient_status and low water availability
probably have inhibited vegetative establishment on the upper

mountain. .

The Alta mine lower dump exhibited

chanacteristics wnich were quite different from'those'on the'upper
'monntain{ This was probably : due to differences in the minerology of
‘the ore body as'e:function of tne.depositional sequence of the various
metals, and the leaching of the upper orejbody as- described by Becrait |
et al. (1963); The waste rock of the lower dump wes finer in texture,
had a lower rock fragment content, and a higher CEC (30 neq/100g) than
the upper wastes, however its water holding capacity and aveilable
water content.were not appreciebly,different. The soil was classified
as a coarse-loamy mixed Typic bryorthento The nost striking
‘differences nowever were related to pH. In contrast to the upper
wastes, the lower dump was extremely acid with pH measuring 340 ' This
“in conjunction with ‘high sulfate levels (12860 ppm) indicated'-
excessive pyrite oxidation and ecid for-mation° Correspondingly,
levels of SOluble.heavy'metals were elevatédo 'This was especielly
true of,zinc and Manganese, which measured,Motg and.25.2 ppm (watcr
soluble) respectively; These levels approach the.tolerance limits
stated by Chapman (1966). It was evident that the lover dumo was a.

major contributing source of pollution to the Alta Mine drainage,
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where the adverse éffécts of elevated heavy metal levels and low pH
have been documented. Tables 29 and 30 show the pedon déscription and
physical and chemical data from the lower dump. |

Acid mine drainage was‘being produced in this area despi£e high
levels of extractable calcium and the high pH of infiltrating water
from the ﬁpper mountain, High sulfate levels indicated that much of
the ca}cium may be in gypsum, which does not neutralize acidity., This
gypsum may have beén an end préduct of previous acid neutralization.
The extent of groﬁndwatér pbllﬁtion cannot be conélusiyely estimated'
using'afailabie data,' However,.it'abpeared that water ffom_the
underéround workings.must have been the dominanﬁ source of infloﬁ-to
the lowér dump (as postulated by Ingman, 1§8f),'and that the pH‘of
this water was low. Acid generation in the underground workings was
apparently sufficient to éignificantly lower the pH. of water from the ‘
upﬁer mine with which it mixes. It was also inte;esting to note that
the black material in the lower dump (sample SA) maintained a high pH
despite béing embedded in acidic material. Thus‘#lthough the
-extractaﬁlé heavy metals contents of this material were extremely'
high,. théngo;uble léve;s'of these ﬁetals were low. |

Ihere was evidence @ that the ﬁpper 17 'cm of the profile had been
;eaghed of.much of its heavy metal load, with some oOf the ﬁefals '

.having been removed from the system, and some possibly haviﬁg'
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accuﬁulatgd 1gwer in ;hé profile, Thié leaching.may have assisted in
the establishment of tﬁe'few plants whiéh existed 6n the dump. There
was-one vegetaéed area oh a flat near the headframe, where topsoil
frém unminéd slopes above had beén\deposited by sedimentation. 'It is
.like;y that this topsoil provided added nutrients and available water
and aléoiacféd as a bufferIWith respect to root contact with

potentially toxic materials.

pond). Samples taken from the Bertha

tailings‘illust;éted-pﬁe'extreme horizontal and vertical variability
bf tailings_materiais.‘ Site 14, lo;ated on the lower pond, eihibited
.marked vertical -stratificatidn in texture, color, and regctiono” The
soil w#s;plassified'aé a fine;siity over sandy mixed Typic
CryofluveﬁtQJ The surface C1 horizon consisted of leqses of gray and
rﬁst materiaf'with a silty élay loam texture. The uppef 10 cm  formed
a plat& crust with a hard 'consistence whén dry. The C2 hdrizon was
also a silty cléy:lqam, hqwevér it had a maésive.structure and an
extremly hard‘ cohéisgeéce,’dfﬁg Although bulk.density measurements
wefp.not théined,'if is believed fhat‘this layer may impede root
~pepetration°' Both the C1 and C2 materials had a high water holding
capacity (uﬂ%); CEC (45 meq/100g),-and available watef content (25
%)f':Béth hori?bns also exhibited extfemély acid pH (3.0) and elevated

levels of yeévy metals, Further, despite the findings of Ingman

\
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(1981), a high percentage of these métals:Wére water soluble., This
was espeeially‘true of copper (3388 ppm)-and zinc k1479 ppm). These
levelslare ten times fhe suspected phytotoxic standar&s and exceed all
"80il and water quality criteria, Suifates, and the mgfals manganeéé,
iron, cadmium, and nickel were also present at potentially toxic
levels, Tables 32 and 33 present the physical and chemical dafa as
well as the pedon description for this site. | | ‘

In contrést, the C3 horizon was qhite sandy. (93% sand) and
exhibited ﬁarkedly lower heavy metal levelS and a higher pH (5.2) than
-thé'ﬁpper horizons? This extreme textﬁre.difference, which may have
beén due to changes in the milliné process, must inhibit vertical
A ,w#ter méVement within the tailings,' It,is 1ike1y that a perched_ﬁater
table exists dﬁring some periodé, wiph water then moving horizontally
within the Cé horizon and seeping out the sides of the j)onde EQen‘in ,
lafe Augusf; at the time of sampling, the C2 horizon was notieeabl&
wetter thén the remainder of the profile. Although this created
' potenﬁiall& favorable. moisture relationéhips for plant.growth, the
elevatéd levels of heav& ﬁetals effectively had preelgded vegetative
establishment, Wind Seouring may alsq héve been an important factor
~explaining the lack 6f vegetation on the tailinés, as evidence of wind
'erosion was prom;l.nenf° Wind may qonversely hgve aided plant
establishment in some caseé; as it was noted that the few areas of the

tailings which did support vegetafion were 'areas where wind and water
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had deposited relatively innocuous materials on the tailings surface,

Data for the Bertha upper tailings
are preéented in Tables 3n and 35. The pond was ehafabterized b& #
thick loamy fine sand surface layer which consisted of lenses of,rustl
and gray m#terial. 'The‘upper.7 dm had a pla;y crust, with the
rémainder of the profile being single grained, The ;oillwas
characterized a; a eoar;ewsilty miked,Typie Cryofluvent{ An elevafed
' sulfate level (12970 ppm) and low bH.(332)'indieated pyrite oxidation,
' h&wever.héavy metal levels were low.' This may havé been due to low
total metél‘levels‘as a function of imprdved extraction processes
an@/or Léwer gfade ore-in the later yeérs-of produetion. There was
a1$9'e§idenee:of leaching of most of the heavy mefals from the ﬁbper
_ profile due to its sahdy texture, The leaehate had precipitated the
metals as salts on the eroded faces of the tailings. A sﬁrfaee'
sample of these salts exhibited water soluble heavy metal levels of up
'to 1986 ppnm (eopper)‘and a sulfate level of 34000 ppm. Thus,'although
the data from upper tailings indieated that material from the soil
profile pit was relatively nonutox109 data from the salt
efflorescences suggested possible toxieity ‘problems. Iﬁ‘may be that -
' this situation represented the later stages of tailings oxidation,
where much of the heavy metals have -beén Solybilized and transported

from the body of the tailings.
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Rock. A grab sample of the Bertha waste rock

showed a sandy clay loam texture, low pH (32,7)', and elevated ],evels'of‘
heavy metals. Copper, iron, and aluminum were present at potentially

toxic - levels ranging from 30-60 ppm'(w.ater soluble), - Table 37 lists -

the data from this sample.

The studies of 't‘he' hlta mine énd the“Bertha tailin'gs indicated
that' éll the materials present on the sites, with the exc‘eption of ﬁhe
upper Alta wa_lste r'ocl;:9 pose problems with respect to environmentai
pollution. Low pH and toxic heavy metal levels séemed to iae the
predominant hazards, aiohé with sédim’ént problems arising f‘rb_m thé
p'foximity of the Bertﬁa materials to Corbin Creek, Slope failure does
not appear to be an immediate danger, although erosion .or; the 'sit.es.
w-as seAvere .ahd may Aaccel.l.erate future slope f‘ailuré. Phys;ical hazards .
.in the form of opén adits anq f.ailing mine structures ﬁere present -on'
all sites. Thev éréas_were quite visibie f‘roﬁ a distance‘, and't;hus
éxerted a. large negative aesthétic impaet.° This was especially_ true
. of the Alta_miné, which may prove to be_.the most dif‘f‘j:cult of the
sites. fo revégetate due to the extremely steeb slépes and lacl; of‘.'
. suitable cover material. A specif‘ic listing of prdblems ar;d

recommendations is as follows:
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1) All mine buildings and structures must be censidered a
potential hazard to human safety and thus should be removed-from'the
site.  These artifacfs may be disposed'of or donated to organizations
such as mdseums and historical societies. At the Alta mine these -
structures‘coasisted of several buildings and a‘headframe located on
tﬁe lower two-=thirds -of the mountain., There was also a.smail_
.structure lecafed on the west side ef the meuntain top. The mill

ruins were the only hazard of this type observed at the Bertha sites.

2)‘ All open adits or tunneis of any type musflbe ednsidered an
.extreme hazard to human safety and should be (minimally) sealed in
such a way as prevent entry or access. At the Alta mine two adits .
would necessitate such treafment. Both. were located on the soqthern
.rim of the uppermost open cut on the mountain, ‘It did not appear fhat
elther ef these_adips require air or bulkhead seals.to prevent
seepage. ‘The' ,.p'ossit;ility of sealing the the.coilapsed adit from which
the Alta seep begins may be investiéated,'however it is believed that"'
'the extent of the underground workiﬁgs may aake this impractical due
to a large hydraulic head. The extensive workiags alse pese the
potential problem of a new seep developing upon'sealing of shis adit.
.It is recommended that a treatment facility be eonstructed to improve
the quality of the Alta drainage at some location before entry into

Spring Creek. Although locating the facility at the discharge.point
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would havelthe advantagg of lower required capacity and would imﬁroVe
a lbnger section of stream, it iS'pOSsible that Corbin Créek should
" be inoiudgd ip the ffeament process, Tﬁé treatment planf is believed
to:be neeéssaf& in order to treat ééepage emanating from undefground
-workingé which ﬁouldlnotlbe‘ameliorated by surficial treatments.

3) The lower Alta waste rock dump cleérly repesents ah
environmental hazard due to the discharge of toxic drainage water,
Tpeatmént for this préblem Should include'the ineorpération of lime
to iﬂcrease pH, decrease soluble levels of heavy ﬁétalg,.and improve
the pianﬁ growth medium. It is alsb suggeste& that‘full advantage
be made of -the proximity of go‘od. coversoil from the adjaéenlt

. -hi_.‘llslvoi)es° So;i eoﬁld.be stbipped to the max;mum feasible depth
(apppoximaéely'zo cm) and directly.'épblied to the lower duﬁng
ngfieient cqvérsoil depth would have to be méintained on the stripped
' slopesito support reyegetationa The stripping could incorporate slope:
récontouring tq preclude the guliy‘erosion which presently exists in
some areas. Care shouldlbe taken during récohtouring'to hﬁinﬁain the
function of the iower_dump "bench® as a barrier to furthef transpbrt:
of 'eroded mater;al from the upper mountain, The use of diversion
ditches ﬁight aléo:be considered at this time, If ad&iti§nal
goversoil depth‘iq aésired,after top;oil ﬁolume ealéulations'are madg;

coarse limestone could be used as a water movement barrier to prevent
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.ﬁpward flow of conﬁaminated water fromlthe.spoils,‘ Waste rock from
.the upper mouﬁfain might "also prove to bg‘a suitable cover material
under the topsoil, and_éhould strongly be consldered. The author
believes that topsoil aéplicatipn will 5e-neee§éary'to establish
vegetation on this area. - | '

4) The uppef section of the Alté mine does not appear to pose a
significant environmental hazard, élthough‘it is prdbably contributing'
sedimeht‘to the:Alta'dpainage during high flow period§° .The area'dpgs
howévéé cfeate a éevene éestheticiiméact, Revegetation of the upper
- mountain may. be severly limited by the lack.of suitéble cover
material,.and by.resprictions on eérth;moving operétions created by
.- steep slopes and &ery shailow depth to be&rock. ‘This last constraint
may limit the options av;ilable in'the recontouring blan, and should
5e thouroughly investigated. by an engineér. if poésibié,.the
.reeontbﬁring'pian shou;& inélude:'1).benches or &iversion ditqhes to
channel water onto vegeﬁated portions of ‘ the mountain{ '2) shortenéd )
s;ope~;engths and deéreased gradients, and 35 incorporat;on of concave'
slope configuratiqné té,minimize.rﬁnof?-ehergy.' Due to the rocky
nature-df the probablé root growth'medium (upper moﬁntain-wasfevrgékh
and the'prosaple pefsistanee of highwalls on the site, it isnsuggééted ;

that:reyegefation efforts_concentraté.on:éStabliShing‘tree species,
In aqditién to being Better suitéd:to the.waste rock-ﬁexture, tfeeé‘

provide "vertical cover® and will greatly lessen the negative
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' aesthetic impact of the highwallé. The usé of bare-root seedlings is
advised. it is also possible that the light color of the uppef
mountain waste rock has inhibited vegetative establishment. by
refiecting solar radiati;n (this may also:exblain why the vegetation
on the site was conéeﬁtrated in "protected® areas, which receive less -
’ solar radiation). The use of‘mu;ches would help aﬁelioréte this
'effect,.and_also'igd much needed nutrients to the system.

.5) The Beﬁtﬂé tailings and mill waste both confribute sediment
and toxic substances £o Corbin Creek, and both must be'mbved away from
the streambénk.‘ In_the case of thé tailings the possibilty of
removihg them from the site to be processed should be investigated.
It is 'the most assured method of preventing further problems created
by the tailings materials, and has the added a&vantage of iﬁcreasing
the area which éould be used for wagte rock tfeatment and'disposal;
' Repommendatioﬁs for the tailings pond area are:-a) strip as much
-.suitébie métérial from the hillside behind (south of) the'pond§ as
possible aﬁd store'in stockpiles,.b) move'tailings away from the
streambank ahd béck iﬁto thé hilléide} ¢) heavily lime the.tailings
ﬁaterial,_d).apply stodkpiled éovefsoil éo'£he tailihgs surface, and
e) rip-rap the stfeambank. The same type of appfoach,is recommended
for the mill'site, although implementation will be much more AIfficult :

due to the greater volume of material ahd more rgstricted working
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area, It is imperative however that the wasfe;rqck be moved and

protected by rip-rap. The refuse which has been dumped in. this area

should also be removed during rehabilitation of the site.

Lég&ﬁkuk The Bannack mill tailingé site is loéated in sqct;ons
6 and f, T8S, R11W MPM, Beaverhead County, Montana. The afea is
approximately 29 km WSW of Dillqn and lies opposite‘the town of
Bannack on the south side of Grasshopper‘Creek; Access to the site ié

obtained via Montana State Highway 278,

Q;;ﬂgug; ' The best climatologicél data available foﬁ the .Bannank
imi;l siﬁg_wés from'thé Dillon:WMCE weather station(elév% 1593 m);
_Yearly pfgéipitationfaveraged 28,8 + 7.1 cm, most of whiéﬁ fell as
spring and fall rains anq.summer thﬁnder§tormso- Approxiﬁate;y 65=T75%
of the annﬁél precipitafion occurred during the growing‘seaédn'ghiCh
averaged - 92" £ 23 frost‘free days. .The avéfagé annual déily
'temberétﬁre was 6.4 £ 0.5 60, while maximum and miniﬁﬁm éemperatufes
reached 37.2 and =36.1 °C bespectivély (U.S. Weéther‘Bufeﬁu, 1971~
1951). ' fhe local climaté at Bannack may be'slightly wetter thén 

indicated by the presented data, -
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The Bannack mill and tailin'gs: site
was a. part oflfhe Hendricks (Graeter) mine, whose workings extended
under the hillside to the south of_the ponds. The ore deposit of the
Hendricks mine was a replacement body in a north trending zone of
overthrdst Madison Limestone. The ore ooourred in two bedding planes,
.in veins of oxidized gold=- bearing red brown iron oxides ‘having a
maximum thiekness of 2 4 m (Geach, 1972). Gold and silver were,the.
main metals produced, along with some lead and oopper.-'Tooal
' production for»the mine was estimated at 40 thousand dollars, The .
mine_Workings consisted of 450 m ofrundergrodnd tunnels and an‘open
.eut approximately 50 by 90 m in size (Geaeh, 1972).

- The Hendricks mine was one of the earliest claims in the Bannack
area, but did not produce substantially until the construction of the
first millAin'1918,.which was followed by oonstruoﬁion'of'a larger
mill in 1920. The mine operated until 1921 and later reopened from
1933-1941." Some minor excavation'was performed in'l961, The
Hendricks mill not only processed ore from the Hendricks mine, but
also operated'as a oustom,mill. Ore was brought in from as far anay
as Dillon (Herseth, 1981). Althongh'the exact dates and mines
involved in the eustom milling operation are noo knomn, a variety of

materials were evident at the site.

Rgxgiggnggnx._ The tailings site is loeated south of the Pioneer
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Mountains in an area of north-south trending, wéll rounded mountain

ranges separated by broad intarmountain troughs, ' The maximum relief -

in the (Bannack) distriet is approximately 550 m, .Sharp cliffs and .

gulches are also present due to the outcropping of resistant limestone
and quartz strata (Shenon, 1931). Bannack itself lies on the ‘eastern
edge of a large north-south trending alluvial valley and is adjacent
to a flaring gap in a small mountain range to the east.,

The disturbed area, which totaled approxlmately 3 ha, may be
divided into apper and loweﬁ secf:ions° ,fhe upper section consisted

pf' the Hendricks mine excavations, and contained an open adit which

should be considered a hazard to public health and safet&° There were _

also hazardous aréas of eroded, steep slopes associated with the open

pit and areas of apparent hydraulic mining. The (lower) tailings pond

area consisfed'bf faur dikad levels of tailings which increaseq in
thickness,from 1.5 m at the easteﬁn.end of the ponds to 3.5 m.at'ﬁhef
weatenn end; The dike of one of the ponds was breached. Adjacent t?
fheihortheastern perimefer of the bonda‘was an area with saatterea
plles of waste.rdck appfoximately 1.5 m high. A These wefe probably
remnants of forﬁer placer and hydrauliq_mining. The genaral features
oflﬁhe_Bannack tailings:site are illustrated in Figure 19. The lower
ﬁortlon of the mine alsd contained the remains of‘the old mill"

structure. Although the structure waé in belatively_good boﬁdltion it .

. was considered a potential safety hazard.
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Figure 19, View of the Bannack tailings ponds looking NE from the
Hendricks mine adit.

Hvdrology and Water Qualitv Analvsis. The Bannack tailings site
is located on the edge of the Grasshopper Creek flood plain, in an
area of alluvial and colluvial deposits at the base of rounded hills
which extend to the south. The ponds appear to have been deposited
in the position of an alluvial fan which had been removed by hydraulic
mining, and thus it is reasonable to expect that a large portion of
the surface runoff from the small watershed above may pass through the
site. However,during field reconnaissance (08/11/81) little evidence

of surface flow was apparent. The Hendricks mine adit was completely
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dry, and there.was only one-area of gully erosion:on the site. This
'uas found in the western'section of'the tailings,-whereia dike had
. been breached. Pininé was evident at the _breach° It was concluded
that surface flow through the tailings occurred only during spring
runoff or during high-intensity precipitation events, and 1ittle
material was removed from the site by this action. ﬁurther, sediment
" from the ponds probably does not directly enter‘Grasshopper Creek
during these periods due to the wide vegetated flood plain which must
be traversed. The tailings ponds were located some 75 m from the
streambank° Tailings material was introduced into the stream during
flood eVents,'as euidenced by an area of reworhed tailingsion the
northern'border_of the ponds. Due to the low lying position on the
landscape'occupied,by the tailings, it is possible that the
‘ grounduater table or capillary fringe intercepted'the hase of the
ponds during wet periods. Leachate from the ponds may haye affeced
_local groundwater quality. ‘

Water samples were obtained from Grasshopper Creek above and
below the disturbance. Datavfron these'samples,'presented in Table 15,
indicated that the water quality was:good, and‘unaffected'hy the
Hendricks mine and mill site. All measured parameters were well
within acceptable levels for aquatic life and human usage. This
.supported the findings of several studies performed from 1973=- 1976

which indicated that the Hendricks mine disturbance was not a major
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contributor to the pollution of Gresshopper Creek (Anseth and Phippen,

1979).

A native soil described at-the
Bannack site (site 03) was classified as a fine-loamy mixed Typic
Cryoboralf. Physical and chemical data, along with the pedon
description for this soil mey'be found in Tables:38 and 39. The soil
. was deep, well draided;'apd exhibited medium to rapid perdeability
and moderate erosion. Structure was weak coarse scbangular blocky.
Chemicel and physical data ipdicated;nectral pH; high crganic’mattef
content (4;3%b acd.high'cation exchange-capacity‘(uo meq/100g) with
‘celcium dominating the egchange complexa“Heavy meﬁal content wes low,
Electrical conductivity, available water ﬁolding capacity, and
‘textural class were all rated good with respect cover-scil quality to
guidelines presented by Schefer (1979): This rengelepd soil suppcrted:
vegetation which included Idaho fescueglbluebunch wheatgrassb bié
segebrush and rabbitbrheh eS'the dominaht species{

Large areae of the tailingsvwere'devoid of‘vegetation but forda
feu scattefed shrubs and fcrbs. In coctrast, certeic'area-of the
' tailings were well covered with rabbitbrusho These vegetated areas: 1)

}appeared to be in low lying areas which ‘were protected from wind-
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action, and 2) were often associated with a reddish-brown tailings
material, rather than the gray material which comprised'the majority

of the tailings surface.

» Bannack tailings were sampled at

five locations incluaing two soil profiles and three grab samples.
The pfofiles werelloeated near the mill (site 01) and in the northwest -
(NW) duarter of-the poﬁds (site 02), These locations are shown in
Figure 20. ‘Pedon descriptions and‘physieal and chemical data are
,presénted in Tables 41=46.

.The profile at sife 01 éas characterized as a coarse~-silty mixed
Typic Cryofluvent. It exhibited a thin surface crust, and had an
* abrupt verticai textural change at a depfh of 17 em, with silty
material overiying sandy material., This stratification ﬁay have been
dueito changes in‘milling procedures and .certainly must impede
vert;cal water_movementﬁin the tailings. The surface crust was npt
believed to be sufficiently strong to restrict seedling emergence,
however it may have,brevented good seed/soil contact which is
important for germanation. Avai;able moisture in the siity layer was
over 20% Measurements of EC, organic matter content, and water
soluble heavy metal levels were ail low. Evidence of‘wind erosion was

prominent.




* 3 SOIL SAMPLING LOCATION

Figure 20. Aerial photograph of the Bannack mill and tailings site
showing sampling locations,
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A grab sampie from a swale (site 01B) 5 m N of site 01  showed
characteristics similar to the silt layer of site 01. However, thé
upper 2 cm exhibited a ﬁoderately alkaline pH (8.2), and EC levels
which were iﬁhibitory to plants as‘a rgsult.of a salt accumulation at
.the surface. Déspite thié elevated EC, the swale had greatek
vegetative gétabliéhment than the surrounding area, Chemical data

indicated that these were iargely magnesium and sodium salts.

Material from

the northweét section of the ponds exhibited a coarser texture ahd
lower water holding capacity than the material near'the mill. th all
other respects the characteristics'bf these two materials wére
similar. A‘surfaée sample from the reworked area north of the ponds
(site 02B) also exhibited similar characteristics, as did the sample

- of reddish-brown material taken from a dike (site 02C),

The reddish-brown material on the site subportedAdense stands of
rabbitbrush, which indicated that the ﬁaterial was non-toxic to this
' species. ‘It was believed that this material was similar to thé
taiiingS'at_the Gold Creek mill 200. m downstream, which also
supported vegetationeiﬁpwever, it was noted:that the Gold Creek
tailings were reported to be responsible for the pollution of

Grasshopper Creek (Anseth and Phippen, 1979). Evidently, levels of
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' heavy‘metals in the tailings which were toxic to aquatic life did an
restrict plant growthq It was also observed that the gray material at
the Bannack site supported vegetation in the protected areas behind
the dikes. Thus it was appafent that the lack of‘vegetaﬁion on the
Bannack tailings was not dﬁe-to physiochemical iimitations of the
:rdoting medium, |

Evidénce from the Bannack tailings site suggested thaf wind

.actioh ﬁay have. been the major factor responsible for .the lack of
vegetati?e covér° :Severa; éffectg of wiad action wére manifeéted'on
the site, ineludingf‘1).w1nd'scouriﬁg of seediings, ?) moisture
deficienéies as a result of rapid evaporation by maintainence of steep

" water potential gradients at the surface of bare soils which had only
moderate available water holding capacit&, 3) removal of seeds from
the‘flat, hard surface of the ponds, and H) active erosion and
deposition. .The preponderénce of vegetation on areas‘of the ponds
protected froh'thése effeqts'sdbstantiates thié eonelhsionoA

There is eurrehtly'a'proposal to reroute the road whieh goes
through the town of Bannack across Grasshopper Creek and afoundfthe
northern.bouhdary of the‘tailings area in order to divert véhicular

"traffic away froﬁ th;é histopic town site. Implementation‘df this
proposal may also include reclamation of the tailings area. The

following is a list of recommendations pertaining to this program:
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1) The new road should be elevated as it pasées the perimeter of
the tailings, with the roadbed actigg as a dike fo prevent the removal
of tailings materials from the site during flood events. The northern -
face of fhe road base should be cdvered with topsoil obtained from the
adjacent leo&plain, thle maintaining sufficient éoil depth . on the
strippe& areds to support'revegetationo Consideration shquld é;so be
given to applying topsoil to any area north of the road which is
.unvegetated dﬁe to the presence of reworked tailings. Application of
topsoil will insure rapi& Qegetative establishment. Revegetation may
be further enhanced by the salvage and reapplication of vegetatiqn
"sod pads® on the floodélain surface.

2) The open adit of the Hendricks mine should (minimally) be
sealed so as to prevent human access, as it is a hazard to publiec
health and safetyo This is imperative, as ;he new road will
‘sigﬁificaﬁtly increase the utilization of the mine site for tourism
and/or recreation.

3) The ﬁill structure itself presents a hazard to public safety,
however it is also én important historical building. It is suggested
that the strﬁcture be secured with fencing so that the flotation vats
and inner workings may be seen from outside the structure.

4) Révegetatioh of th§ tailings pond surfaces shoﬁld not be

difficult. The chemical and physical properties of the tailings'

materials do not seem to necessitate the application of'topsoil,
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alﬁhough use 6f'tops§il'would eﬁhance the ﬁrosﬁects for succesS; The
most important'aspect of fhe revegetation effort is'amelioration.of
the_effects of wind aétion. Sevefal techniques may be utiliied to .do
this, 'First, seedbed preparation and plantiné will in theméel%es
mitigate the sitﬁat;on by ingreasing surfgce roughness, and providiﬁg
gdod'seed/soil contact. 'The use of mulcﬁes is a common techﬁiqué'
which will further rqduée wind effects. Application of either a mulech
which lies flat on the surface or a hay mulch crimped iﬂto the sufface
will.provide protéction from wind scouring and mbisture loss, and will
) g;eatly enhance the possibility for successful reclamation. The use
of snow fences and the planting of windbreaks are‘Ather ameliorative .
ﬁeasurés which may:be‘us'e'do Nitrogén and‘phosbhoroué fertiiizatipn_
wi;l be necessary to meet plant nutrient requirementé°
'Ong alternafe»plan,shou;d'be considered; thaﬁ is to simpl&
chemically stabilize the tailings surface without planting. .This'gill
,ﬁiniﬁize offsite.impacts while providing the Bengfit of (Visually)
maintaining the area‘és a historic site. Stuaies be Dean et al.
"§1969) and Havens and Dean (1970) have shown this to be an effective
-technique, and have indicated that natural revegetation is enhanced by‘
the procedure. ' | | )
5) Reddc@ion and revegetation of slopes in the'open pif and

surface mined areas should also be congidehed as a part of the
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reclamation effort. Concave slope configurations should be
incorporated into slope design wherever possible to minimize runoff

energy. Sufficient depths of qoversoil-materials appear to be readily

available.

Location. The Champion Mine is located in sections 28 and 33,

T6N, R8W MPM, Deerlodge County, Montana. The privately owned property

is within the Helena National Forest, Jjust to the west of the

Cohtinental Divide. The site is approximately 24 km NNW of Butte,

Montana and is accessed via Interstate 90.

Llimate., The best climatological data available for the Champion

mine was obtained from the Deer Lodge 3W weather station (elev. 1”8“)w

_ Yearly‘pfecipitation averaged 27.7 + 9.9 cm, most of which fell as

spring and fall rains and summer thunderstorms. Approximately 65-75%

of the annual precipitation pccured during the grdwing season, which

. averaged 52 =+ 32 frost free days. The average annual daily

temperature was 5.2 1 0.3' °C, while maximum and minimum temperatures
reached’36}1 and -40.0 °C respectively (U.S. Weather Bureaﬁ, 197 1=
1981). It is likely that the local climate at the site is somewhat

wetter and cooler than.these data indicate due to its proximity to the
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continental divide,

: Y. The Champion mine was the‘leading
prbducer iq the Oro Fino Mining District, with a tqtal yield of over
300 thousand dollars. The mine was first operated from 1886-1888, but
closed due to the high cbst of ore transbortation to the mill near
Deef Lodge. Champion was reopened in 1920 by the Butte-=Jardine Metaié'
Company, which built a flotation mill on'site. The operations
céntinued until 1926, when low silver prices forced closure of the
mine (Pardee and Schrader, 1933). The property is currently owned by
the Anaconda Company.

The 6re body was a proustite/pyrargyrite-bearing quartz vein 603“
2..1; m wide, - It was characterized as a fissure deposit in the aplite
phase of the Butte quartz'monzonite mineralization (Billingsly and
Grimes, 19i8)g The mine has been worked to the 275 m level (Anaconda

Co., 1981).

Physiography. The Champion mine is located in an area of rounded
mounﬁains and moderately steep drainages on the east side of the Deer
Lodge Valley. .Loeal relief is approximately 406 m, with moﬁntain
peaks rising over 2225 m. The Champion mine site occupies the bottom.
and north slope.6f~a small drainage, within an elevation range of

1950-1980 m.
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The mine disturbance of approximately 2.5 ha may be divided into
an upper waste rock area and a lower tailings area. On the upper
area,_waste rock from the operation was dumped off a bench
artifieially created for mine structunés° It was apparent that
material had been mechanically removed from the face of the western
end of the dump, This had resultgd in the formation of oversteepened,
nearly vertical slbpes'approximately 9 m high. These slopes
constitute a hazard to public safety. The Champion'adit was also
iocated on the upper portion of the mine. The adit was partially
collapsed at the surface, however it appeared that access to the shaft
was possible. in such condition this adit also poses a threat to
: publie.safetye A third feature of the upper area was the presence of
several mine-struetureso These inclu&ed two ore bins which must be
consideréd serious safety.hazards as theif tops are open and at
ground level. Other_ming structures inclﬁded two concrete foundations
on the NW édge of thé disturbance and the remnants of two cabins east
of the'mine site. A concrete foundation was also present on the upper
bench near the Champion adit. |

The lower area of the mine was asssociated with the Champiqn
. tailings which occupied a lowlgnd area adjacent to a tfibutary.of Oré
Fino Creek. The tailings seemed to have been deposited in 'one pdnd,
-to a depth of approximately 1.5 m. The tailings dike and over 60% of

the: tailings materials had been removed from the sité by water
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erosion. The general physiclogy of the waste rock and tailings areas

are shown in Figure 21.

5
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Figure 21. View of the Champion mine looking north from the center of
the tailings pond.

mlgsunuwmm The position of the

Champion disturbance on the landscape indicated that water from
approximately 10 ha of the watershed above the mine flows through
the site, The tailings pond intercepted the groundwater table, as
evidenced by shallow excavations that filled with water., Surface flow
on the site originated from the tributary to Oro Fino Creek which
skirts the southern edge of the tailings pond, and from discharge

emanating from the Champion adit. Evidence indicated that the stream
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overflowed its banks during spring runoff and/or severe storm events, ..
and had“caused large amounts of water to flow directly over the
tailings. This flow was respons;ble for the extreme dissection of the
tailings. Flow from the adit cascaded down the face of the waste rock
dump and then tr;versed the tailings pond near its ﬁorthern edée
before entering the stream. A white prgcipitate éas found where
draipage from the adit flowed over the waste rock ahd a red
precipitate was on the tailings., Chemical aqalysié indic;téd a
signif;canf amount of iron was removed from the)water.in these
precipitétes.

ﬁater quality samples were ébtained at four locations: 1)

100 m upstream of the disturbance, 2) at thé adit'discharge, 3) at the
center of the_éailings bond, and 4) 200 m below the mine. Quality of
the upstream sample was good, as indicated by low heavy metal levels,
low EC, and slightly'alkaline pH (8.,0). Samples obtéined from the
‘  mine site however, eihibited degraded wa;er qualityo, Measured ph.was
moderately to exfremeiy acid (5.3=3.8), and levels several heavy
ﬁetai;'incluéing iqoh, manganese, cpppér, and zinc exceeded oﬁe or
more of the éﬁplied federals standards. Hater quality 200 m
downstrea@ had significantly improvéd; Measured pH was-7.5, and only .
copper and:manganése excéqded.water quality criﬁger;ia° The presence of.
sediment from'fhe tailings was noted dqwmstream. Data indicated that

although the Champion mine was responsible for dqgradafion of Oro Fino
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‘Creek, the natural buffering capacity of the stream significantly
ameliorated this influence during low flow periods. It was expected
that a longer portion of the stream was adversely impacted during

spr;ng runoff. VWater quality data for the Champion mine are presented

in Table 16,

B An undisturbed soil near the
Cham_pion mine was classified as a sandy mixed Typic Cryochrept. The
soil was of fair cover=-soil quality, and was characterized by low
available water holding capacity, sliéhtiy aeid'pH (5.5),‘and high
rock fragment content (5-40%). Eiectrigal condpetivity measured 0.2

mmhos/cm, organic carbon was 0.5%, and heavy metal ievels were low.

‘Soil structure was weak granular. The pedon deserip'tion, and physical

and chemical data for this soil are presented in Tables 47 avnd 48,
Vegefation in the area was mixed coniferous forest. ' On the

disturbance vegetation was present in the bottoms of channels eroded

. through the tailings, despite extremely acid pH's. A rush (Jupncus

spp.) was the domiﬁant plant in these areas. Small amounts qf
vegetation also grew on the flat tops of some of the remaining
tailings i;slands. .Virtually no vegetation was supported on the waste
rock dumps., A partial speéies list of the plants folu.nd ‘on‘ the site

may be found in Table 62 (Appendix D).




Two soil profiles were
excavated in the Champion tailings: 1) at the eastern boundary of the
pond adjacent to a grassed flat (site 05), and 2) on a remnant island
(site 06) in the center of the pond. ~ The locations of the Champion
sampling sites are depicted in Figure 22;

Site 05 was classified as a fine—si;ty mixed Typic Cryofluvénta
A distinct texture difference occurred at a depth of 12 em, with
sandy material overlying fine silt, Although this layering would not
create a perched water table, inhibition of vertical water.movement
was likely. Availgble water holding capacity was rated as fair for
use as covér-soil. Cation exchange capeity averaged To:meq/100g in
the profile, while EC measured 0.2 mmhos/cm in the upper 12 cm and 3.0
mmhos/cm ip the lower profile., Data indicatéd heavy metal levels were
low, with the exception of aluminum which was present in potentially
toxic amounts, A11 measured cations exhibited markedly higher levels
in the C2 horizon; Low pH (3.5), and high sulfate leveis indicated
extensive pyrite.oxid_ation° Profile development was evidenped,
probably.due to thé influence of the adjacent flat with respect to
topsoll deposition and vegetative cdlonizationq A surface sample
(siﬁe 06A4) taken from the vegetated top of a r_emanant island in fhe

center of the tailings exhibited similar chemical properties°

Tailings in this area (site
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06) were classified as a fine-silty over sandy mixed Typic
Cryofluvent. Physical and chemical data were similar to those of site
05. Horizontal variations in texture served to trap moisture in the
middle of the profile, which was wet in late August., An extremely
high percentage of the heavy metal content was in soluble forms, with
aluminum and manganese present at potentially phytotoxic levels,
Measured pH was extremely acid (3.0), and EC data indicated

inhibitory salt concentrations (5mmhos/cm).

® 2 WATER SAMPLING LOCATION

%12 SOIL SAMPLING LOCATION &

N

Figure 22. Aerial photograph of the Champion mine showing soil and
water sampling locations, ;
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A grab sample from the Champion waste dump
(Site 04) exhibited low available water holding capacity (6%), a CEC
'.of 20 meq/100g, extremely acid pH (3.5), and low organic matter
content (<.5%).. Electrical conductivity was slightly elevated
al though not inhibitory, and heavy metal levels were low, Aluminuxt
was potentially phytotoxic (5 ppm water soluble), however it was
present in ameun-ts significantly lower than exhibited by the ta:i.lingsa
Pedon descriptidds and physical and chemical data for the Champion

spoil samples may be found in Tables ug-siao

Study of the Champion mine indicated that degradation of strsam
quality had occurred as a result of the disturbance, However, the
presence of aquatic life in the stream, as well as indicated levels of
: .measured parameters suggested that this degradation was. not extremely
serious. The lack of vegetation on the site was considered a problem
with respect to both aesthetics and of‘fsite transport of mine waste.
materials. On the waste rock, .available water seemed to be the most
limiting factor fodvegetative establishment. Somewhat elevated EC
levels exacerbated this problem, and it was possible that the
slightly .elevated heavy metal levels synergistieally affected plant
growth under this moisture stresa, It was evident that the tailings

material was capable of supporting'vegetation. The question remains




102
as to why some éreas wers vegetated, wh;le othérs were not, The data
suggested that EC‘ahd'heavy metal levels are present in potentially
inhibitofy or toxic levels. Areas which supported vegefation had
lower levels of these parameters, had been leached, of were in areas
of surface water or ground water flow. ‘These situationg apparently
provided a suitable élant_growth environmghto | |

It must be noted'that areas of the tailings exhibited thixotfopyo
This may present problems with respect to machinery operati;n‘in the
reclamation effort. The following arg speéific recomﬁendatiOAS‘for
- the Champion mine disturbance:;

1) ‘ The most immediate hazard assbgiated with this site is the
safety haéard posed by the'old ore bins, These should be diémantled
immediately and either removed from the site, or if possible used for
raw m;terials in.slope or streambank stabilization. Other structures
on the siﬁe pose minimal safety hazafdsg but may.be removed from the
site if desired. The Champion adit should also be closely checked
and sealed if neceésary to insure (minimally) that access is not
possible. Sealiﬁgvto prévent further discharge should also be
considered at this tihe° »

2) The tailings'métefials present the greatest pollution hazard
on the Champion site. ‘An investigﬁtion should be initiated as to th9
cost effectiﬁenss of backfilling the undergroundAmine workings with a

tailings slurry. Thislwould be the most effective method of




103

preventing offsite transport ef tailings material, and-wduld also'
-eliminate the flow of tailings leachate into the stream. I Chemical
testing of the remaining_uaterial whieh previously underlaid the -
tailings should be made to evaluate the need for fertiliaation,’liming
.and topsoil'applicatibn, Sufficient topsoil could be obtained from
the adJacent grassy flat if necessar'ye Backfilling of uaste‘rock into
.the adit and subsequent sealing to prevsnt discharge might also be
consideredo | |

If backfilling proves to be impractieal an alternate strategy
would * be to-attempt revegetation in place, Heavy liming‘weuld,be
' necessary for successful plant reestablishment. Recontouring of the
.tailings would probably be beneficial. in that it would disrupu
textural layering and facilitate vertical water movement‘and leaching.
ﬁewever, the thixotropic characteristics of the tailings materials
would have to be eonsidered in this plane Dewatering of the uond might
be-necessary!forvphysical support of machihery during the earth moving
- and liming"processes° It is suggested that diversion ditches be
included in the- reclamation plan to minimize surface flowo Control of
’the stream.would be difficult and costly,‘however'it is necessary that-
some provision be made either for assured Stream diversiou around the

tailings during flood events or for complete revegetaion before the

~ next event. The grassed ‘flat adjacent to the tailings should be
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utilized as fuliy as possible for topsoil; sod pads, and dike material

3-) The waste rock dumps do nc;t constitute a chemical health
hazard of consequence, The slopés on thé western end of the dump do
however present a safety hazard and should be recontoured., This
recontou"ring could include repair of the roadﬁed which bisects the
dump. Hydromulching of tpe dump surface might be a sound practice
f;o enhance r-ex)egetatio_n and aesthetic rehabilitation., .It is
recommended that the waste dumps and the siopes ‘above ..them be

diéturbed' as little as possible.

Location. The Wasa mine is located in section 27, T9N, R12W
MPM, Granite county, Montana. The site is situated on private land
approximately 24 km NNE of Phillipsberg, in the Deerlodge National

Forest. Access to the mi~ne is obtained via U.S, Route 10a,

Climate. | Thé best climatological dgta availablé for the Wasa
mine was from the Phillipsﬁurg RS weather station (elev. 1606 m). |
Yearly precipitation averaged.36.6 4+ 12.9 cm, with most of the
pr-ecipitatio.n falling as snow and spring afxc_l fall rains. Sunner

precipitation occurred as a few thunderstorms. Only 55-65% of the
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annual predipitgtion fe11 during the short and variable growing season '
which averagéd 39 £ 27 frost free days, ‘The'average annual déily
tgmperature‘was 4.8 4+ 0.7 °c, while maximum and minimum temberatures
‘peached 35.0 and -37.8 °C respectively (U.S. Weather Bufeau, 1971-=
1981). Local climate at the Wasa mine may be somewhat cooler and
" ‘wetter than is indicated by this data. |

The Wasa mine, discovered in 1910,

was one among sever#l mines known collectively as the Forest Rose
group of the Dunkelberg mining district. Wasa was the major prodﬁeer
of zihq in the district, and also yielded‘smail quantities of lead,
copper, and silver, The mine operated alﬁost continuously until 1947,
shutting down‘only during the depression years.

The Wasa mine utilized four gdits throuép a verticalrintervallof
55 m. These were': 1) Wasa 3 at 1871 m altutide, 2) Wasa 2 af 1859 m,
3) Zimmer Jack at f862 m, and 4) Wasa 1 at 1835 m alltitudé° The:adits
wefe driven.éast from the NE side of Douglés Creek and total 460 m in
length. Approximately 240 m of additionaliworkings are.preSent at the
site‘(Popoff, 1953)« A surface pit has also been opéned on the
"property. The last known owner of the mine was the Bﬁtte and Western
Mining Company (Krohn énd Weiét,_i971%

The Wasa'ore bod& was iﬁ a structurally éompiex area on the west
‘1imb of'the ﬁunkelberg anticline. The maj§r geologic feature was the

Wasa/Shamrock fault, which cut through and displaced the antielinal




106

'éxiso This fault was accompanied by a wide zone of brecciated rocks
that had been metamorphosed and mineralized. The ore body wés
elassifiéd as a hydrdthermal replaeemenp body in the lqwer limestone
member of the Cretaceous Kootenai formation. The vein trended NE along
the fault planes,.dipﬁed 75° E and averaged 4.5 m in thickness

(Popoff, 1953; Gwinn, 1960). The major mihérals were massive and fine
grained spha;érite and pjrite, Chalcopyrite, galena,.pyrrhotite, énd
siderite had ‘also been.i&entifiedn Parts of the ore body had been

oxidized to depths of 15 m (Popoff, 1953)..

Physiography. The Wasa mine is located high on the western side
of Dunkelbefg Ridge in the Flint Cpeek Range. It is situated in a
narrow, steep-sided drainage in the headwaters of the North Fork‘of
Douglas Creek. . Altitudes in the area range from 1500-2400 m, with
local relief of 450-~1350 m. |

The mine site occupies the bottom of the dfainage through a
vertical drop of 60 m. The size of the disturbance is approximately
ﬁ ha. Waste rock from the operation was found as plles resting at the
angle of repose on the drainage flogr and side slopes; and as a
blanket of debris covering the dfainage bottom (Figure 23). The open
pit was located on the SW side of the drainage. The highwall was
approximately 12 m high and posed a threat to public health and.safety

due to its height and steepness. Waste rock and colluvial materia;
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were found at the bottom of the pit. The Wasa 1, 2, and 3 adits also
constitute a saftey hazard as they were all open to the surface and
filled with water. The Zimmer Jack adit was collapsed at the surface.
The only mine structures remaining were a loading chute and remnants
of a dumpling ramp on the lower portions of the mine. Of these, only
the chute was viewed as a potential hazard. There were no tailings
materials on the Wasa site, as ore from the mine was trucked to and

milled at the Forest Rose mine (Popoff,1953).

Figure 23. View of the Wasa mine looking east from below the Zimmer
Jack adit.

Hydrology and Water Qualitv Analvsis. Ths Wasa mine is located

in the headwaters of North Fork Douglas Creek, one of the two severely
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-;mpacted streams in the Flint Creek Range (Ingman and Bahls, 1979).
- Surface flow on the site originated from the small drainage area abéve
the mine an& from seeps which issued from all four mine adits, These
seeps were major contributors to tﬂe total flow in the upper re#ches
of the stream during low flow periods. An erosion gully existed at
the‘boftom of the draw, indicating the dominant surface fioé path,
The.gully was_present down much of the length of the disfufbange and
was most pronounced ;t the downstream edge of the site, where water
from the Wasa 1 adit flowed over a waste dump.

A Montané Water Quality Burgau Stﬁdy demonstrated sfress on
aquatic life along the entire length of North Fork Douglas Creek_aé a
result of the Wasa mine. At the mine source, levels of cadmiun,
copper, irbn, and zinc exceeded various water quality standards. The

aquatic life present consisted only of the green algae

. and the diatom A

Lissima (Inghan and Bahls, 1979), This
- low Species diversitj Qés indicative of stressed conditions, At the '
mouth of North Fork Douglas Creek stream water still exhibited
elevated levels of zinc, cadmium, and sulfates, &nd aquéyic
.'communitiés still ipdicated slight stress. Ingman and Bahls
concluded from this data that the Wasa miné was the major eontributor'
to the degraded water quality of the creek.

For the present study'five water sampling locations were ehosené
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1) 0.4 km, above the mouth of North Fork Douglas Creek (site'q9), 2)
Norph Fork Dougias Creek directly above the Waéa disturbance (site
‘12), 35below-the Wasa 1 adit (site.13);ln below the‘éonflﬁenee of
the seeps emanating from the Wasa 2 and Wasa'3 adits (site 10), and'5)
‘beiow the Zimher Jack adit (site 1), Sampling locations are shown in
Figure 24, - | | )

Data from‘ﬁheée samples substantiatéd tﬁe findings of Ingman and
Bahls_(1979),.ahd are listed in Table 16. . The upstreaﬁ sample
exhibited:moderately acid pH (5.0) and low EC (.06 mmhos/cm), hardness
(46 ppm), éulféte(38 ppm), and heavy metal levels.. All parameters
were well within gsfablished Qater quality standards. Samples from
the adit seeés however, ail exhibited degraded quality. The samples
from below Wasa 2 and 3 and Zimmer Jack ﬁere similar and were
characterized by elevated EC (0.2 mmho/cm), hardness .(150 ppm), and
sulfate (100 ppm) levels, however these levels did_not appear to be
' exéeedingly h;g‘ho Zinc and eoppef—wgre-présent in the water at levels
which slight& exceeded standards for human and aquatic 1life,
reépectively. Measured pH was 5.0. Drainage water from the'Wasé 1 adit
exhibited n;utfal pH, elevated bicarbonate (113 ppm), hardhess(zoo
ppm), énd"sulfate'(100'ppm) levels, Coneentrafiéns of zinc slightly
.excéeded quaiity standards for human consumption and levels éf copper
were slighty over recommended limits for aquatic life. Water ‘sampled

from the mouth of North Fork Douglas Creek was charaeterized'b& .
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©2 WATER SAMPLING LOCATION
uuz SOIL_SAVPLING LOCATION

Figure 24, Aerial photograph of the Wasa Mine showing soil and water
sampling sites.
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neutral pH,.and high'bioarbonete (141 ppm) and hareness (137 ppm)
levels. ;Measurements indicated low suifate and heavy metal levels,
although copper was present in Quantities detrimental to aquatio life
; (.06 ppm), Data from the Wasa mine indicated water quality degradation
due to drainage from the disturbed area. Although this degradation

was_not-severe, it did affect the entire North Fork Douglas Creek and

beyond. -

.An undisturbed soil adjacent to the
Wasa mine was characterized as a coarse-loemy mixed Typic Cryoboroilo
The soil was.deep, had moderate drainage, medium permeability,“and
. exhibited severe rill erosion,‘ Available water holding eapaeity was
10-15%° Soil structure was weak fine granular, Electrical
conductivity (0.2 mmhos/cm) was low, and CEC measured 15 meq/100g with"
. calcium dominating the exchange complex. Heavy metai levels and
organic matter content were also low. Exchange acidity was present,
and measured pH was moderately acid (5.5). Physical and chemical
data, as well as the pedon description for this soil may be found in
Tables 55 and 56. The natural vegetation in the area was mixed
coniferous forest oomposeo mainly of Dougles fir, lodgepole pine, ano
spruce, |

The disturbance was largely unvegetated, howevef over 20 species
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were found to-be invading the site. These species are listed in Table
63 (Appendix D). Colonization was found both in protected
microhabitate end on duﬁp slope faces. Vegetative cover on this mine
was by far the greatest of the four studied, and it was estimated that
.approximately 30 percent of the total disturbed area was

revegetated.

ﬂggg_jﬂgg&g_ﬁgg&. Wasa waste rock samples ihciuded one soil
profile (site 11), and two grab samples'(sites.11A;and 11B). The
-location of these sites is depicted in Figure 24. The waste rock
. profile was clessified as a sandyuskeletal mixed Typic Cryorthent;
The-éoil exﬁibited moderate drainage, permeability; and an availavble
water coﬂteht of 13%. Measured pH was 3.0, and organic matter content
0.9%. Electrical conductivity did not suggest inhibition of plant
growth, and although heavy metal levels were slighty elevated they did
~not exceed toxicity‘standards° A grab sample taken above the Wasa 3
adit (site 11A4) exhibited similar characteristics, with measured
parameters being somewhat less toxic and/or inhibitor& than at site
.11. The grab eample faken below the Wasa 1 adit also'showed eimilar
characteriatics, Heevy metal levels were even further depressed due
to the higher pH (neutral) of this material. Data from these samples
are presented in Tables 57-60. '

Datacand reconnaissence observations suggested that available
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moisture and active erosion are the two principle limiting factors for
plant establishment and growth. Visual evidence indicated that plants
are colonizing the site: 1) where erosion was less severe, 2) in .
depressions , and 3) iﬁ shaded areas where evaporative moisture loss
was minimized. The long narrow shape of the disturbance anqilarge seed

source enhance the revegetation potential of this site.

Study of the Wasa mine indicated that drainage from the Site
caused water'quality degradation of Nérth Fork Douglas'Creek; Soil
physical and chemical parameters indicated that they did not present a
public health hazard, and suggested that plant available moisture and
erqsibn wére limiting revegetation of the site. Specific
recommendations for the Wasa distupbanqe are as follows:

1) Due to the‘persistance downstréam of the degradational
effects of the Wasa drainage it is suggeste¢ that all four-adiés be
sealed.to.prevent further discharge. Although this will be quite
expensive, it appears to be the only way to déal with this problem, as
the drainage is already alkaline and thus cannot effectively be
treated.by liming. The use of techniques such as flash disti;lation
might be investigated, however they do not appear to be a practical
alternative, Sealing of the adits provides the additional advantage

of decreasing the erosion potential on the site. :This is especially
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critiosl with réspect to the Wasa 1 adit, which has the laréest.
disoharge. A ' '
.-2). fhe'highwall of the open out is a potentisl safety hazard;
Further, it was apparent that much'of the erosion on the siteﬂis
associated with water. flowing through this outo It is suggesteo thst
the cut be reoontoured, incorporating the following ideas (within
allowable economic constraints) into the final plan. Minimization of
' slope gradient and use of concave slope oonf‘igurations would allow for
"a smooth slope transition into the drainge bottom and oéntral portion
of the mine, This would also provide excess material which could be
spread as coversoil over large unpegetated areas on. the lower portion
~of the mine, as a continuation of the earth moviné activity, Thus in
'one movsment the safetj hazard.would be removed, erosional energy
would be reduced, and'the.plant growth medium woulo'be improved.
_Mulches.and manure might he considered as supplemsnts to the ooversoil-
supply if neoessarp,' It may be noted that nearly all'of the
unvegetated area on the site lies below the open cut, faoilitating
this plan., All recontourihg‘would‘have to consider stream’ channel
proteotion, as the existing stream does flow'through the sits in this
area, Care should also be taken to minimize disturbance to the upper-
one-third of the site, on which natural revegetation has ocourredg
3) The old 1oading chute - presents a possible safety hazard and

Should be removed,




‘Data from the abandoned hard rock mines included in this studf
indicated that all four sites.are responsible for environmental
dégradation of the surrounding area and/or contain various healtﬁ and
safety hazards., Although each disturbance possessed site specific
probléms, it wés evident that elevated heay& metal-levéls, sediment
transport Soth onsite, apd offsite into streams, and physical_safety
hazards wére the ﬁaj&r negative charactéristids which the four mines
had in coﬁmon. Vegetative establishmeﬁf on the sites was most  often
limited by poor available water holding:cépacity of the so0il material .
and wind action. fotentially phytotoxic or inhibitory levels of heavy
metals . and salts were often also.im}olvedo Low nutrient status on all
four disturbancgs will necessitate fertilization with.nitrogen and
- phosphorous‘to maximize revegetation poteptialo

It was iﬁteresting’to note that the  Wasa mine_Wés causing
degradétioh withou£ the production of AMD, and that elevated heavy
mefal levals may emanate. from an alkaline mine dfainage._-This
suggests that the use of ﬁigh Sulfa@e/low pH drainages as an.;ndicatbr
of ébandoned mine pollutiop may‘be limited in that it will not
idéqtify this type of site.as a péliution‘éource.

‘"There is a need in.futufe study for increased surface water and

ground water modeling so that the pattern of.water qhality degradation
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may be mapped in greater detail. This is especially true of sites

with complex water flow systehs, such as the Alta mine. Also,

'investigaﬁion should be initiated to ascertain whetheér plant

establishment is inhibited by the ecrusts which tended to form on the

.surfaces of the tailings ponds.

The following outline provides a listing of prorities for each
site, as well as a fanking of the sites for reclamation priority:

'I) ALTA - This mine was ranked first due to the extreme
environmental degradation associated with the site.

1) Treat acid drainage from the Alta seep and
‘revegetate the lower dump.

2) .Move'both the Bertha tailings and the Bertha waste rock
away from Corbin Creek, Stabilize and revegetate these
spoils,

3) Revegétate the upper mountain., -

‘4) Remove mine structures.

II) WASA - This mine was ranked second due to stream quality

. degradation, high discharge rates, and high usage of Douglas Creek

water,

1) Seal all adits to,prevent fufther discharge.

2) Revegetate waste rock. - It should be noted that due to
the high potential for natural revegetation on the site,
this phase of the operation may be delayed in favor of
.more important projects. Erosion will remain a limiting
factor without recontouring.

3) Remove chute,

3
ol
{
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III) CHAMPION - This mine was rated third due to its slight
. environmental hazard, and the high potential for reelamation success
due to the small area involved.

1) Remove ore bins.,

2) Remove or revegetate tailings.

3) Seal adit to prevent access and discharge.

Y4) Revegetate waste rock.

IV) BANNACK - This miné was rated forth due to the low
environmental hazard, and the road building project and value as an
historic site, which by law have low priorities.

1) Build elevated roadway whioh will act as a dike,
2) - Seal adit and secure mill,
3) Revegetate or chemically sﬁabilize the tailings.-

Y4) Reclaim surface excavations,
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APPENDIX A

- ANOV AND LSD ANALYSES FOR ACID GENERATION STUDY




Table 5. Overall Analysis

120

of Variance and Least

Significant

Difference of soil pH for the Alta tailings material.

ANOV :
SOURCE DF S.S. M. S. F=VALUE
BLOCKS 2 «1396 .6979E-01
GRAIN SIZE 2 73.05 36.53 621.6%
LIME RATE 2 149.4 T4.70 1271.%
‘GRAIN X LIME y 23.06 5.765 98.11¢%
TIME 3 1.678 <5594 9.51g%
GRAIN X TIME 6 .5660 -9433E-01 1,605
LIME X TIME 6 8.305 1.384 23.55%
GXLXT 12 "~ T.518 .6265 10.66%
RESIDUAL 70 4,113 .5876E=01
: LSD ANALYSIS
FACTOR IDENT. @ MEAN pH
GRAIN SIZE <. 053mm 5.0 a
0053--106 607 b
0 106=2250 6.8 b
LIME CONTROL 4.6 A
1.0 T/A 6.5 B
10. T/A 7.4 C
TIME 1 HOUR 6.0 d
1 DAY 6.2 e
7 DAYS. 6.2 e
30 DAYS 6.3

Comments: Asterisk (®) indicates significance at p=.05.
next to mean pH indicates no significant difference between

means.

Same letter
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Table 6. Analysis of Variance and Least Significant Difference- of
soil pH for the Alta tailings silt and clay fraction.

.  ANOV :
SOURCE ‘DF S. S, M. S. F=-VALUE
BLOCK 2 - U082E=01 S E
LIME 2 97.39 48,70 1151.8
TIME 3 .T187E~01 «2396E-01 .5664
LIME X TIME 6 3.372 .5620 13.39%
RESIDUAL 22 .9305 -4230E~01
LSD ANALYSIS .
FACTOR IDENT, MEAN pH
LIME CONTROL 3.2 a
1.0 T/A - 4.80b
10. T/A 7.2 ¢
TIME 1 HOUR 5.0 A"
T DAYS 5.0 A
30 DAYS 5.0 A
1 DAY 5.1 A

Comments: Asterisk (%) indicates significance at p=.05. Same letter
next to mean pH indicates no significant difference
between means.
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: Analysis of Variance and Least Signifieant Difference of

Table 7.
soil pH for the Alta tailings very fine sand fraction.
: . ANOV _ )
SOURCE DF S.S " M.Se F~-VALUE
BLOCK 2 »3190 1595 .
LIME 2 34.4Y 17.22 179.2%
TIME 3 .6248 .2083 2.167
LIME X TIME 6 8,161 1.360 14.15%
RESIDUAL 22 2.115 «9611E=01
LSD ANALYSIS
FACTOR IDENT, MEAN pH
LIME  CONTROL 5.4 a
1.0.T/A T-4 b
10. T/A T.6 b
TIME 1 HOUR 6.6 A
T DAYS 6.8 AB
1 DAY 6.9 B
30 DAYS 6.9 B

Comments: Asterisk (<) indicates significance at p=.05. ‘Same
letter next to mean pH indicates no significant difference
between means. -
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Tabie 8. Analysis of Variance and Least Significant Difference of

soil pH for Alta tallings fine sand fraction.

ANOV . .
SOURCE DF S.8 - M.S F=VALUE
BLOCKS 2 " 2U27E-01 . 1212E=01
LIME 2 40.64 20,32 547, .48
TIME 3 1.547 25158 13.90%
LIME X TIME 6 4,290 . «T150 19.26
. RESIDUAL . 22 .8165 +3712E=01 '
LSD ANALYSIS
FACTOR IDENT.  MEAN pH
LIME CONTROL 5.2 a
1.0 T/A 7.4 b ‘
i0. T/ . 7.5 Db
TIME 1 HOUR 6.4 A
30 DAYS 6.8 B
7 DAYS 6.8 B
1 DAY 6.9 B

Comments: Asterisk (%) indicates significance at p=.05.
next to mean pH indicates no

between means

Same letter

significant difference
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Table 9. Analysis of Variance and Least Significant Difference of
s0il pH for the Alta waste rock material.

ANOV
SOURCE DF S. 8. M.s F=RATIO
BLOCKS 2 6.250 3.125
GRAIN SIZE 2 3.262 1.631 - 5.732%
LIME 2 241.5 120.7 " 424,34
GRAIN X LIME y 2.798 .6995 2.458%
TIME 3 3.753 1.251 4,397¢%
GRAIN X TIME 6 2.227 «3712 1.304
LIME X TIME 6 6.165 1.028 3.611%
GXLXT 12 4,005 3337 . 1.173
RESIDUAL 70 19.92 - .28U6
LSD ANALYSIS
FACTOR IDENT, MEAN PH
GRAIN SIZE <,053mn 4.8 a
9053"'0106 5.1 ab
«106=.250 5.3 b
LIME CONTROL 3.4 A
1.0 T/A 4.7 B
10. T/A 7.0 C
TIME i HOUR 4,7 d
1 DAY 5.1 e
7 DAYS 5.1 e
30 DAYS 5.2 e

Comments: Asterisk (#) indicates significance at p=.05. Same letter
nextto mean pH indicates no significant difference between
means. : :
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Table 10. Analysis of Variance and LeastISignificant Difference of
: - soil pH for the Alta waste rock coarse sand fraction.

ANOV
SOURCE DF S.S. M. S. F-VALUE
BLOCKS 2 1.149 <5THT -
LIME 2 95.42 47.71 281,48
TIME 3 9720 23240 1.911
LIME X TIME 6 4.545 .T575 . B h6TE
RESIDUAL 22. 3.731 © .1696
LSD ANALYSIS -
FACTOR IDENT. MEAN pH
. LIME CONTROL 3.4 a
1.0 T/A 5.0 b
10, T/A 7.4 b
TIME 1 HOUR 5.0 A
' 7 DAY 5.2 A
1 DAYS . 5.U4 A
30 DAYS 5.4 A

Comments: Asterisk (®) indicates significance at p=.05., Same letter
: next to mean pH indicates no significant difference
between means. : ' i
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Table 11. Analysis of Variance and Least Significant Difference of
soil pH for the Alta waste rock very coarse sand fraction.

ANOV
SOURCE DF S.Se M. S, F-VALUE
BLOCKS 2 2.215 1.107
LIME 2 75.22 37.61 108.6%
TIME 3 - T257 2419 6988
LIME X TIME . 6 3.728 6213 1.795
RESIDUAL 22 7.616 .3462 '
LSD ANALYSIS .
FACTOR IDENT.  MEAN pH
"LIME - CONTROL 3.4 a
1.0 T/A 4.8 b
10. T/A 6.9 c.
TIME 1 HOUR 4.8 A
1 DAY. 5.1 A
7 DAYS 5.1 A
5.2 A

30 DAYS

Comments: Asterisk (%) indicates significance at p=.05. Same.letter
next to mean pH indicates no significant difference between

means.
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Table 12. Analyslis of Variance and Least Significant Difference

soil for the Alta waste rock gravel fraction..

of

: . ANOV
SOURCE DF S.S. M. S, F-VALUE
BLOCKS 2 3.162 1.581
LIME 2 73.62 36,81 97.62%
TIME 3 4,283 1.428 3.786% .
LIME X TIME 6 1.897 23162 .8386
. RESIDUAL 22 8,296 3771 '
LSD ANALYSIS
FACTOR IDENT, MEAN pH
LIME CONTROL 3.5 a
1.0 T/A 4,2 b
10, T/A 6.8 ¢
TIME 1 HOUR - 4.4
30 DAYS 4,7
1 DAY 4.9
7 DAYS 5.3

Comments: ' Asterisk (%) indicates significance at p=.05. Same letter
significant difference

next to mean pH indicates no

between means.




APPENDIX B

WATER QUALITY DATA AND CRITERIA
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Table 13. Water quality standards.

Parameter © .Suspect Levels (mg/l)
Detrimental Recommended Long term
effects on limits for .= dirrigation

aquatic 1ife drinking

pH | <6.5, 9.0  5.0=9.0
"~ arsenic | 0.10 .0.05 0.10
cadmium 0.012 - 0.010 0.01
copper 0.025 1.0 0.20
| iron 1.0 ' 0.30 " 5.0
lead 0.10 0.05 5.0
manganese 1.0 0,05 0.20
mercury ' 0,00005 0.02
silver | 0.003 ' 0605 0.05
zine 0.01 5.0 2.0
‘nitrateé ' 10.0
TDS 250.0

Comments: Standards are taken from U.S. E.P.A., Water Quality Criteria
of 1972 and 1976- The later standards took precedent when
available for the parameters listed.
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Table 14, Water quality data for the Alta mine and Bertha Tailings

sites.
Parameter Alta Mine Corbin Creek Corbin Creek
drainage above tailings below tailings
date sampled 8-18-81 8-19-81 8-19-81
pH (field) 2.8 7.2 6.8
pH (lab) 2.8 T.6 7.6
temp (field,°C) 13 13 22
EC(field,mmho/cm) 3.0 - o9
EC(lab,mmho/cm) . 3.4 &3 ol
calcium (mg/l) 91.5 4y .5 ° 76.0
. magnesium (mg/l) 94.4 8.4 47.6
sodium (mg/l) 19.75 16.0 18.0
‘potassium (mg/1) 1.55 1.15 4,40
iron (mg/l) 154,.1 <0.01 <0.01
manganese (mg/l) 209.0 <0.01 1.33
copper (mg/l) 4.62 .029 0.230
zinc (mg/1) 9.35 .022 3.74
lead (mg/l) 0.107 023 .028
cadmium 0.827 <.005 .038
nickel 0.167 <.01 034
arsenic (mg/l) .0404 .0038 .0038
molybdemum (mg/l) .018 .009 .028
mercury (mg/l) .0010 <.0004 <.0004
aluminum (mg/l) 87.8 <0.40 <0.40
bicarbonate (mg/) 0.0 173.2 107.7
carbonate (mg/l) 0.0 0.0 0.0
sulfate (mg/l) 12700. 36.0 335.0
chloride (mg/l) 4.3 2.8 2.36
nitrate (mg/l) 0.16 0.25 0.29
total phosphorous C .
(mg/1) . 0.01 0,05 0.01
flouride (mg/l) = " 0.16 0.12 0.50
hardness (mg/l) 1776.8 148.8 393.9
alkalinity(mg/l) 2194, @& 142,1 88.3
SAR ' 0.35 0.58 0.40
Charge Mass
Balance 0.37 1.31

Comments: asterisk (#) indicates acidity.
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Table 15, Water quality data for the Bannack mill s:i:te°

Parameter Grasshopper Créek Grasshopper Creek
above tailings below tailings
date. sampled _ 8-10-81 8=10--81
pH (field) X 7e3 . 706
pH (lab) 8.2 8.2
temp (field,®C) . 22 - 22
EC (field,mmhos/cm) 0,20 ' 0.24
EC (lab, mmhos/cm) 0.20 0.20
calcium (mg/1) 31.9 30.8
magnesium (mg/l) 6.5 7.0
sodium (mg/1) 21.9 14,9
potassium (mg/1) - -
iron (mg/l) ' .055 .055
manganese  (mg/1) .011 ' : .009
copper (mg/l1) 021 .005
zine (mg/l) ’ ‘ <.005 <.005
lead (mg/1) <.010 <.010
cadmium (mg/l) <.005 _ <,005
nickel (mg/l) <.010 <.010
arsenic (mg/l) - .002 001
molybdenum (mg/l) - -
mercury (mg/l) 0011 .0009
silver (mg/l) - <.010 <.010
bicarbonate (mg/l) 137.3 129.6
carbonate (mg/l) 0.0 0.0
sulfate (mg/l) 15,0 1541
chloride (mg/l1) 4.8 4.8
nitrate (mg/l) 0.01 0.01
Total phosphorous (mg/l) 0.016 0,011
fluoride (mg/l) ' 0.27 0.27
hardness (mg/l) 106 .5 105.8
alkalinity (mg/l1) 112.6 106.3
SAR : 0992 0063
Charge Mass Balance -2,57 =1.28




Table 16. Water quality data for the Champion Mine.
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Oro Fino

Parameter Adit Flow ‘Oro Fino
' Creek discharge through Creek
upstream tailings downstrean
date sampled 8-12-81 7=-7=81 7=T=81 8-12-81
pH (field) 7.9 5.3 3.8 7.6
pH (lab) 8.0 7.5
temp (field,°C) 8 14
EC(field,mmho/cm) .125 485
EC (lab,mmho/cm) «210 0548
calcium (mg/l)  40.4 153.3 132.2 61.0
magnesium(ng/1l) 10.2 93.33 71,00 30.2
sodium (mg/1) 4,41 6.00 7.07 6.50
potassium(mg/l) 3.05 2.92 . 3.8% 3.25
iron (mg/l) <.010 63.50 1,92 . <.010" -
manganese(mg/1) <.010 16,50 9.50 0.800
copper (mg/l) 0.054 0.027 0.047 . 0,049
zine (mg/l) <.005 0.216 0.196 <.005
“lead (mg/l) <.010 <.010 - <.010 0,026
cadmium (mg/l) <.005 <.,005 . .<.005 <.005"
nickel (mg/l) <.010 0.216 0,136 ° 0.031
arsenic (mg/l) 0.0060 0.011 0.003 0.0079
molybdenum(mg/l) 0.010 0,019 0.020 - 0.016
mercury (mg/l) <.0004 0.0014 0.0014 <.0004
aluminum (mg/l) <0.040 <0.40 -
bicarbonate
(mg/1) 122.0 73.2
carbonate(mg/1l) .0 0.0
sulfate (mg/l) 29.4 192.2
chloride(mg/l). 1.4 1.4
nitrate (mg/l) 0,13 0.11
Total (mg/l) _
~ phosphorous 0,03 0.02
flouride (mg/l) 0,10 S 0.72
hardness (mg/1) 142.9 911.12 643.64 . 278,1
alkalinity
(mg/1) - 100.1 T 60,0
SAR 0.16 0.09 0.12 0.17
Charge Mass :
Balance - . =2.68 =3,03
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" Table 17. Water quality data for the Wasa mine.

Wasa

Parameter N.F.Doug. Wasa Zimmer N.F.Doug.
Creek 2&3 Jack 1 Creek
upstreanm seep seep seep downstream

date sampled 8-20-81 8-20-81 8-20-81 8-20-81 8-20-81

pH (field) 5.0 5.0 4.6 7.0 T2
pH (lab) 6.7 5.4 5.4 6.8 7.8
temp(°C) 10 - 8 15 8 14

EC(field,

(mmho/em) . 060 .160 -240 280 .210
EC(lab,mmho/cm) .076 «204 ~246 378 .212
calcium (mg/l) 13.4 32.1 39.3 60,1 45,6
magnesium(mg/l) 3.20 6.40 6.00 11.4 5.6
sodium (mg/l) 3.50 2.50 3.00 2.75 " 2.75
potassium(mg/l) 2.65 2.85 2.50 2.40 1.U45
iron (mg/l) <.010 1.107 <.010 0.097 '<,010
mangasnese : '

(mg/1) <.010 0.330 0.240 0.320 0.050

. copper (mg/l) 0.050 0,196 1.32 0.066 0.061"
zinc (mg/l) 0.09% 2,81 To1l 5.59  0.010
lead (mg/1l) 0.018 0.015 0.012 0.025 0,012
cadnium (mg/l) . <.005 0.026 0.190 0.036 <.005
nickel (mg/l) <.010 0.051 0,074 0.051 0.013
arsenic (mg/l) 0.0042 0.0076 0.0027 0.0034 0.0045
molybdenum(mg/l) <.005 0.022 0.009 0.013 0.008
mercury (mg/l) <.000%4 <.0004 <.0004 <.000%4 <.0004
aluminum(mg/1l) <0.40 <0.40 <0.40 <0.40 <0.40
bicarbonate : .

(mg/l) 301 301 908 112.8 ’ 1)"198
carbonate(mg/l) 0.0 0.0 0.0 0.0 0.0
sulfate (mg/l) 38.5 111.8 108.0 105.4 31.7
chloride (mg/l) 0.94 0.94 0.47 0.94 - 0.94
nitrate (mg/l) 0,13 0.13 0.19 0.22 0.24
tot.phos.(mg/1l) 0.03 0.05 0.01 0.03 0.05
flouride (mg/l) 0.12 0.48  0.34 - 0.30 0.12
hardness (mg/l) 46.8 113.4 134.2 206.3 137.0
alkalinity(mg/l) 2.5 2.5 - 8.0 02.6 116.3
SAR 0.22 0.11 0.12 0.09 0.10
Charge Mass ' ' :

Balance =1.T1 1.18 =1,12 0.08 1.01




APPENDIX C

SOIL.PROFILE DESCRIPTIONS AND ANALYTICAL DATA:
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Table 18. Soil quality criteria.

Parameter : Suspected Phytotoxic Level

Chapman’ Montana DSLZ

pH - ) ' ‘ 8.8=-9.0

EC (mmho/cm) o - ii - 46

aluminum (ppm) . ' 1=10

arsenic_(ppm) é430

boron (ppm) | 0.1=1.0

chromium (ppm) 5=150

copper (ppm) " 100 (exch.) - 40

lead (ppm) . 10-200 10-20

magnesium | >90% of exch

complex

manganese (pbm) ' " - 60
.mércury (ppm) : o 0.4=0.6

nickel (ppm) 3-70 (exch.) | 1.0

zinc (ppm) | o I a 4o

Comments: (1) Values from Diagnostic Criteria for Plants and Soils

: (Chapman, 1966). Levels are water soluble unless otherwise

noted. (2) Red flag values from the Montana Strip and

Underground Mining Act (1979). Levels of aluminum, arsenic,

chromium, ‘copper, lead nickel, and 2zinc are DTPA
extractable, '
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Table 19. Coversoil quality guidelines as excerpted from Schafer

(1979)
Parameter Quality Rating
Good Fair Poor
Texture class visl,fsl,sl, 1fs,1ls,cl ' s, e, 8¢,
1l,si1 sel,sicl sic
EC - <4 y-8 >8
pH 506"'708 u05-5.6;708-894 <’-l.,5;>8.’-l
Rock fragments <15% 15-35% >35%
Available water >10 5=-10 <5
(% by volume) :
Saturdtion water 25-80% 25=-80% £25;>80%
Trace elements less than limits at right Dbpm
B > 8.
Cd > 001-100
Cu > )"Oo
Pb > 10-=20.
Mn > 60
Hg > 0.4-0.5
Mo > 0.3 .
Ni > 1.0.
Se > 2.0
Zn > 40.0

Comments: Fair quality implies that mitigation of adverse properties
will increase reclamation potential. Materials rated as
poor may be suitable as coversoil only if adverse . factors
can be treated.
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Table 20. Index for structure grade, size and kind‘ used  in soil
profile descriptions.

Code Structure grade ‘Code  Structure kind

01 massive . ' 01 massive

02 '~ weak:peds barely. observablé in place 02 platy
and when disturbed peds remain - 03 granular

03 " weak to moderate - 04 subangular blocky

04 moderates peds easily observable 05 angular blocky
and when disturbed most of material 06 . prismatic
consists of peds. 07 columnar

05 moderate to strong 08 wedge

06 strong: peds distinctly visible,
. when disturbed entire 80il mass 1is -

aggregated
Code - Size Class Diameter Thickness  Diameter Diameter
. . of granules of plates of blocks of prisms
"‘f?"""‘"‘.“ ----------- ( mm ) - e o - .
01 very fine - <1 aa <5 <10
02 fine - ‘ - 1=-2 1-2 5-10 . 10=20
03 medium 2-5 2=5 ' 10-20 20-50
04 © coarse 5-10 5-10 : 20~50 . 50-100

05 .very coarse >10 >10 >50 ->100

Table 21. Index fbr effervescence in HCl, and horizon boundary
used in profile descriptions, ‘

Code . Effervescence - Lower Horizon Boundary
' Code Distinctness Code Shape
01 noncalcareous 01 abrupt <1lin.) 01 smooth
02 slight . 02 clear (1-2.5in.) 02 wavy
03 moderate 03 gradual (2.5-5in.) 03 .irreqular
.04 wviolent.. 04 diffuse (>5in.) 04 broken
‘ : 05 arbitrary : 05 .arbitrary

06 not reached : - 06 not reached
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to both fingers

Table 22. Index = for soil consistence used in soil profile
descriptions,

Code Dry consistence "Code Moist consistence

01 loose 01 loose ‘

02 soft: easily crushes to 02 very friable: crushes under
powder . gentle pressure

03 slightly hard: easily 03 friable: crushes easily under

: broken between thumb and moderate pressure between 0
finger and finger .

04 hard:easily broken in hand 04 firm: crushes under moderate

05 .very hard: broken in .hands pressure between thumb and finger
with difficulty 05 very firm: barely crushable

06 extremely hard: cannot be between thumb and finger
broken in hands ' 06 extremely firm: crushes under

07 indurated strong pressure in hand.

07 indurated

Code Wet stickiness Code Wet plasticity’

01 nonsticky: no adherence 01 nonplastic: no wire formed

02 slightly sticky: adheres to 02 slightly plastic: wire forms
thumb and finger but comes but easily deformed
off one cleanly 03 plastic: wire forms, moderate

03 sticky: soil adheres and pressure required to deform
stretches before pulling 04 very plastic: wire forms, much -
apart pressure required to deform

04 very sticky: soil adheres - :
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Table 23. Index for pore abundance, size, and kind used in  soil

profile desecriptions.

Code

Size ' . Code Kind

0l none .01 none : :

02  micro and very fine 02 irregular and tubular ’

03 very fine (.1~-,5mm)} 03 tubular

04 . fine and very fine 04 tubular continuous

05 fine (.5~2mm) i 05 tubular discontinuous

06 medium and fine . 06 vesicular

07 medium (2=-5mm) 07 vesicular and tubular

08 coarse and medium 68 interstitial voids between peds .
09 ' coarse (>5mm) 09 interstitial voids between rocks
Table 24. Index for root abundance, size, and kind used in soil

profile descriptions. : '

Code Size Code o Location

01 none 0l none

02 very fine (0.1-1lmm) 02 throughout horizon

03 fine and very fine 03 between peds’

04 fine (1-2mm) 04 flattened in cracks

05 medium- and £ine 05 flattened around rocks

06 medium (2-5mm) 0§ mat at top of horizon

07 coarse and medium - N

08 coarse (>5mm)

09 fine and coarse

. Code Abundance Very fine- - Fine Medium Coarse
.. CLASS . (NUMBER/DM**2)

01 none

062 trace L

03 .few <10 <10 <1 - <1

04 few to common ' : ‘ )

05 common 10-100 10-100 1-10 © 1=5
06 common to many L

07 . many : . >100 >100 © 510 . >5.
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Table 25. Pedon description for the Alta Natural Soil.

##wss% SITE DESCRIPTION **#&##

Soil Series: Site Number: 09 3 County:Jefferson
Location: 1/4, NW1/4, NE1/4 Section 10 Township 7N , Range 4W
Classitication: coarse-loamy mixed Argic Cryoboroll

Dace Sampled: 08/18/81 Elevation: 5100ft, 1554m Precipitation: 1lin, 279 mm
Site Coaes/Co:51/PM:112/Veqg:21/LU:04/Drain:05/Perm:05/Ersn:03/Postn:03/LF:01/
Material: resid. crystalline Vegetation: perennial forage Land use: range

Drainage: well Permeability: medium to rapid Erosion: moderate
Slope: 25%, 13degrees Aspect: N Position: upper midslope
Soil temp,.(50cm) C, 32F Number of Horizons:03 Landform: sedimentary up

#%#x% PROFILE DESCRIPTION *%#%*

DEPTH COLOR ) STR CONS RT PR
HOR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *

Al 801 0- 4 10YR 2/2 10YR 4/3 05 sl 10 213 11 722 748 6.5 1 32
B2 802 4- 25 10YR 2/2 10YR 3/3 05 sl 20 223 11 722 748 6.5 1 22
Cl 803 25- 42 10YR 4/4 10YR 4/6 02 1s 30 123 2211 722 748 5.5 1

R 42-60+

hon B S, 8
NNNNS

CP=coarse fragment (%) STR=structure grade,size,kind
CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EFF=eftervesence BND=boundary

COMMENTS (%) :
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Table 26. Soil physical and chemical data for the Alta Natural Soil.

Series: Classificationscoarse-l mixed Argic Cryoboroll
Site number:09 County:Jefferson LocationiAlta Matural Soil
Number horisons:02 Co:51

|Horizson Deptn | Mechanical analysis | Water content |

I (cm) Isand silt clay vcos ?ol ns fs vis mi: xsb.: .szn Obar| I
I I (s Yo | |
lllllll'lIlllllll!ltlllllli!llllllllllllllllll'lllllllllllllllllllllllllllIllllllllll!lllllllllllllll'lllll
Al/B2 0- 25 48.0 41.0 11.0 8.4 10.9 8.6 11.5 8.6 17.0 8.9 17.6 .

cl 25-42+ 46.0 40.0 14.0 6.8 7.8 7.9 13,5 10.0 20.0 9.2 15.7 .

lllllllllll!‘llllllllllllllllll'lllllllllllll’lllIllllllllllllllllll!llll||lllllllllllllIlllllllllllllllll'

|Horizson Deptn ry Aggregate Analysis I CEC IBase | Bxch
| (cm) I>1!-l 19-4 4-2 vcos cos ms fs vfs si,c | Sum NaCllSatn,|Acidity!
I I (%) | (meq/100g) | (%) | (ppm) |

R R R R R R R R R Y
12.3 13.8 15.2 95.9 23.0
5.9

15.3 17.1 99.7 15.0

PIIEIEENIEIITI IS IS TISINNIIEITRNNRIRIIIILILIRINNILS
Al/B2 0- 25 2.7 15.8 10.9 13.3 8.9 14.6 13.1 6.6
C1 25-42+ 6.7 31.8 14.6 12.1 8.6 7.2 8.0 5.0

SIS TIEEEN0 SNSRI RETRIRRITNONRRRRRRNNRIERININENSRTIEIITORISIINIIELINS

$183II0 080N STt s eIt Ita BT IT I Il I NIl N I e IR I eI INIItINIII NN IIRNTIIIREtIRITINIIITILIIsINLILILS
|Borizon Depthl Saturation Extract

(cm) | H20 EC Ca Mg Na K Zn Cu Mn Pe Pb cd Ni Ag Cr Al As
| | (%) (mmho/cm) |
TRl RIAGBRRIIRTISRIRRRBSRSNIBIBIIRIONIIRENIRRIINGNGS ) lll fTrrsrERIILIRTIRINRRRRNRRRRRRIRRRRIRIRGORRNIRORIRROIRIRGBISINEIROIRINIGR
Al/B2 0- 25 27.6 0.13 4.6 1.1 0.4 2.3 0.097 0.017 0.016 0.155 <.14 <.03 <,07 <.03 <.03 <0.7 .001
cl 25-42+ 23.2 0.11 3.6 1.2 0.5 1.0 0.027 0.016 0.004 0.165 <.,12 <.02 <.06 <.02 <.02 <0.6 0.0

SEAE RERR ARG SRR

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
I

|Borizon Depthnl NB4OAC Extract
| (cm)| Ca Mg Na K In Cu Mn Pe P C M M C A al| |
| I I
PIEIEIENRR TR SN BTN R s e R TR R B I I I RNt E NI E IRt N I INNTIrIIIIIIItIItIIIINNSTIIINTINRNNINNINNILLLE
0~ 25 2120, 224. 20. 260, 18.12 1.0 8.44 4.8 6.64 0.96 4.0 0.2 <0.2 39.2 <,02
1.5 0.4 3.2 <.08 <,02 <10, <.02

c1 25-42+ 2478, 276, 26. 180. 2.44 2.16 2.24 0.36

IR IEEIRIIRIINIIIERRIIIRIRENIRNIIEERNERRTIRIENRURRNIIIRINNRIANIIRNRIRENNNIONIRROIRRIOSSIOIORIRSRRIIORRLRLS
|Horizon Depth| Org | pH | NO3

| oyl € -1 33y J¢@ 1 N P 5041

I I (8) | H20 CaCl2| ===~- ppm ===-=- |

PRI rIrIIIIIIIINIIIININIIIIIIIIIISIINNINNRNIIINNININLIIINIIRSITIRIORIRIRARRNNRNNSNSRSSSSRSLOSSNSISLIOICZININLLIYL
Al/B2 0 =25 1.6 4.4 5.4 <0.5 <0.1 21.9

c1 25 -42+ 0.6 6.0 6.1 18.4

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R B}
Comments: Multiply values with stars (****) under column by 0.1.
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Table 27. Pedon description for the Alta Waste Rock (upper mountain).

#weass SITE DESCRIPTION **wew+

Soil Series: Site Number: 10 County:Jefferson
Location: 1/4, NW1/4, SW1/4 Section 10 Township 7N , Range 4W
Classitication: sanay-skeletal mixed Typic Cryorthent

Date Sampled: 08/19/81 Elevation: 6000ft, 1828m Precipitation: 1lin, 279 mm
Site Codes/Co:51/PM:12/Veqg: /LU:15/Drain:04/Perm:04/Ersn:04/Postn:05/LF:17/

Material: resid. crystalline Vegetation: unvegetated Land use: mine dump
Drainage: moderate Permeability: medium Erosion: severe

Slope: 4U%, 20degrees Aspect: E Position: lower midslope
S0il temp.(50cm) c, 3ar Number of Horizons:02 Landform: disturbed land

#%%% PROPILE DESCRIPTION *®%¥+#

DEPTH COLOR STR CONS RT PR

HOR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *
Cl 0- 32 10YR 6/4 10YR 7/4 02 18 60 223 3322 26 746 4.5 1 21
c2 32-60+ 10YR 5/4 10YR 7/3 01 s 60 223 2311 26 556 4.5 1 66

- / / .

- / /4 .

- / / .

- / / .

- / / .

- % / .

CP=coarse fragment (%) STR=structure grade,size,kind
CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EFF=eftervesence BND=boundary

CoMMENLS (%) 3
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Table 28. Soil physical and chemical data for the Alta Waste Rock
(upper mountain).

Series: Classificationisandy-skeletal mixed Typic Cryorthent
Site number:10 Count{:.!'ttulon LocationiAlta Waste Rock (upper mountain)
Number horisons:01 Coi5

$83S SRS N NS RESEIsE TS TRRRERRRREERBRRRIRERTRILISIOIOITOEOESIOERTOROENOITIUNROOIORSRINRRORNBREIRIORIRRUNS
I

|Horizon Depth | Mechanical analysis | Water content |

| (cm) Isand silt clay vcos cos =8 fs vis cosil 15»-:(: .lhu) t)bnll :
I I (%) | wwe= ——
llllllllllllllllllllllllllllllllllllllllllilllllltllllllll!llllllllllllllllllllllllllllllllllllllllllllllll
c1/c2 0-60+ 67.0 23.0 10,0 18,0 15.6 13.2 12.7 7.5 7.0 5.2 15.0 .

P TIIEEIE SN I TSI s I REIeEEEIRIRREIIEIIRNNREsITSREsETRICEURRUREOIRRBSIRRTIOITRSORIIRIRIRIONERRENRORINIOIILISE

|Borison Depth | Dry Aggregate Analysis 3 I CEC |Base | Exch
) (cm) [>19mm 19-4 4-2 vcos cos ms fs vfs si,c | Sum NaCllBatn,lAcidityl
| I (s) | (meg/100g) | (%) | (ppm) |

PR R R L T R AR R R
c1/c2 0-60+ 9.2 35.6 15.5 15.7 9.9 6.0 3.8 1.7 2.8 6.0 6.3 9.2 6.0

- /

llllll'llllllllllllllll'lllllllllllll'lllllllIlllllllllllllllllllllllllllllllllllllllllllill'lllll'lllllll

IRt INIIOLIsIIIIIINIIIIILOLCLORIINSISSIRRIOLILIINS

|Horizon Depthnl Saturation Extract |
(cm) | H20 BC Ca Mg Na K in Cu Mn Pe Pb cd Ni Ag Cr Al As
I | (%) (mmho/cm) ppm I
BEIS TN tI I TSIt I SN a eIt IRttt I I IR ILsININITIREIINLILILILILLL
ci/c2 0-60+ 16.8 0,28 3.6 1.0 2.6 2.5 0.064 0.034 0.012 0.017 <.08 <.02 <.04 .002 <0.4
- : RERE AR R AR

[ R R R R R R R R R R R R R R R R R R R R R R R AR R )

|Borizon Deptnl NH4OAC Extract
| (cm)| Ca L'} Na K in Cu Mn Pe Pb ca Ny Ag Cr Al As | }
| | ppm | |

R R R R R RN RN R R Y]
c1/c2 0-60+ 994. 42. 20. 118. 2.24 7.16 2.04 0.36 324.<0.2 <0.4 <.08 <0.2 <10, <.02

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

|Borizon Depthl| Org | |
‘ | tomdl € (132 1:21 W P 804 |
! | (¥) | H20 CaCl2] =---- ppm =--= |

LR R R R R R N R R RN R R R R R Y]
‘ Cl/C2 0 ~-60+ <.5 6.2 6.3 4.1 <0.118.9

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ]
Comments: Multiply values with stars (****) below column by 0.1.
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Table 29. Pedon description for the Alta Waste Rock (lower
mountain).

##wews GITE DESCRIPTION *#w#x#

Soil Series: Site Number: 08 & County:Jefrerson
Location: 1/4, SE1/4, NW1/4 Section 10 Township 7N , Range 4W
Classirication: fine-loamy mixed Typic Cryorthent

Date Sampled: 08/18/81 Elevation: 5100ft, 1554m Precipitation: 1lin, 279 mm
Site Codes/Co:51/PM:12/Veg: /LU:15/Drain:03/Perm:03/Ersn:04/Postn:04/LF:17/

Material: resid. crystalline Vegetation: mixed, sparse Land use: mine dump
Drainage: poor to moderate Permeability: slow to medium Erosion: severe

Slope: 3us, lé6degrees Aspect: S Position: midslope

Soil temp.(50cm) C, 32P Number of Horizons:03 Landform: disturbed land

##%%* PROFILE DESCRIPTION ##%*##

DEPTH COLOR STR CON8 RT PR
HUR. Nu, (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EFF BND *

Cl 801 0= 17 5Y 8/4 2.5Y 8/6 06 f£s1 __ 223 2232 111 748 4.0 1 22
c2 802 1/~ 49 7.5YR 6/8 SYR 6/8 02 1s __ 223 3311 111 111 4.01 22 1
c3 80s 49-73+ 2.5Y 8/6 7.5YR 8/0 06 fsl __ 223 2232 111 548 4.0 1 66

- / .

L S G, TS
NNNS

L

CFP=coarse fragment (%) STR=structure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EPP=eftervesence BND=boundary

COMMENYS (*): 1) Horizon contains pockets of dark (lUYR 2/1), rocky material which has
a pH of 6.0.
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Table 30. Soil physical and chemical data for the Alta Waste Rock
(lower mountain).

Beries: Classificationifine~loamy mixed Typic Cryorthent
Site number:08 Count{uac!huon LocationtAlta Waste Rock (lower dump)
Number horisons:02 Co:i5

|Horison Deptn | Mechanical analysis | Water content

I (om) :und silt clay vcou( ;xon ms fs vis coct: xsu: .sz-:) Obar| |

I L] =iy st | |

IS N RN E RSNSOI SERIRREIRIRSRERIRIREIORRLERLIRLIISOIRSORISOORNSIRILRINISROSLOELIORSROOOOROOBORLIOOIORSOINRIGLTSY
- 17 41.0 37.0 22,0 7.7 9.0 8.1 9.0 7.4 13.0 8.7 17.2 .

c2 17- 49 45.0 35.0 20.0 6.2 9.2 9.6 11.3 8.8 5.0 11.4 19.3 .

|Horizon Deptn | Dry Aggregate Analysis L | CeC |Base | Bxch

| (cm) I>19mm 19-4 4~2 vcos cos ms fs vfs si,c | Sum NaCllSatn,|Acidity!

| | (%) | (meq/100g) | (%) | (ppm) |

SIS e ISR eSS NN ISERRSIRRIRRUIRENERNIRNRNRUIRRERURTOITEOOIOROSEOOSRRIIOSROORTOIRRORLIOROEROROCREROINONERICNIILSE
Cl 0~ 17 21.8 15.5 16.6 17.6 13.3 7.9 3,0 4.3 15.4 30.9 93.3 27.0

c2 17- 49 5.7 24.3 15.8 18.7 14.3 9.0 6.3 2.7 3.2 55.1 32.4 96.1 37.0

PPt N ISR IIIEIRSRIRIIRICLIINIRAIRERIRIEOSIIOSIORIICSISRREIINININY
|Horizon Depthl . Baturation Extract 1
| (cm) | H20 EC Ca Mg Na K n Cu Mn Fe Pb ca Wi Ag Cr Al As |

|

] | (%) (mmho/cm) ppa

S22 R R E R R R R R R R R R R R R R R R R R R R R R R R}
Ccl 0= 17 27.4 2,24 131.4 1.8 0.7 4.6 1,208 1.667 0.554 0.312 .444 .007 .012 ,004 <.03 6.2, 002

c2 17- 49 29.2 2.73 125.2 32.7 1.7 7.1 40.85 5,515 25.21 0.093 .123 .212 .074 .004 <.03 9.5. 001

SRR R R R R R R R R R R R R N R R R R R R RE R R R R R R R R R R R R R R R RN R R N
|

|Horizon Deptnl NH4OAC Extract
(em) | Ca Mg Na K in Cu Mn Pe Pb ca ni Ag Cr Al As II l}
I I ppm }

Y R R R I T N RN R R R AR R AT
c1 0- 17 2818. 82. 18. 80. 5.92 7,52 2.76 58.4 122. 0.24 4.4 <.08 .032 56. <.02
c2 17~ 49 10358 206. 22, 88. 156.8 33.8 74.4 129.6 50.2 1.16 7.6 <.08 0.7 18.6 <.02

PRI NI e IRl RN Ee NIt Nt E NN RI RN RN R RRRTSRRISBRRERORROSRLEOIRSIOIILRISSIOOROISESISNIOAILOORERRRISE
|Horizon Deptnl| Org | |

(om)f € 1 131 1s2 1 W P 804
1 | (8) | H20 CaCl2| ==-- ppm ==== |
PSRRI R Rt It RN E ISR IR RN RN RIRRRIISISETISBIBIRSIIIRRIORIRRILOIIOSROSIORSRIORRRIRONINRENNNRY
cl 0

«17 <. 3.2 2.7 1119
c2 17 =49 <.5 3.3 2.9 1286
- §555

LI IEEIIILIELEN NN IR RRIRRIORRREISSSSNSTINRSRIIINOIROIOLALOSRSSSRSRASIBNSRSARSRSRIIISRIROSIORORRIASARLROSLORRIRINL]Y
Comments: Multiply values with dollar signs ($888%) below column by 10.0.
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Table 31. Soil physical and chemical data for the Alta Waste Rock
(grab bag sample of dark material at site 08).

Series: Classification:
Site number:08A County:Jefferson Location:Alta Waste Rock Grab Bag (dark material in pit 08)
Number horiszons: Cos51

SIS EESE LIS PRSI IsE s TI BN EYERREI TRt TR RETIIRIIRETICIREIRIRRRIIIRRNERRIRRURREINURIRNRIRIIRESRILIIILIILSE
}

fHorizon Deptn | Mechanical analysis | Water content |
| (cm) Isand silt clay vcos cos ms 'fs vfs cosil 1Sbar .Jbu) Obar | |
I 8) onwe enne | I
lllIllllll!ll!lllllllllllllllllllllllllllllll!lllllll|l|lllllllllllllllllllllllllllllllllllllllllllllllllll
27- 42 55.0 30.0 15.0 7.2 13.6 12.3 12.3 19.6 11.0 6.7 13.9 .

lllllllllllllllllll|llllll8llllllllllll!llllllllllllllllrlllllllllllllllllllll!llllllllll.lllllllllllllllll

|Borison Deptn | Dry Aggregate Analysis 1 CEC iBase | Exch
| (cm) I1>19mm 19-4 4=2 vcos cos ms fs vEs si,c | SBum MaCllBSatn,lAcidity!
I I (%) | (mog/100g) | (8) | (ppm) |

T T T R Rt rrrrI Ty R R R R R R R AR
27- 42 23.2 43.3 12.2 9.4 5.6 2.8 1.7 0.8 1.0 S1.1 19.4 76.8 5.0

SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

|Borizon Deptnl Saturation Extract
I (cm) | H20 EC Ca L] Na K in Cu Mn Pe Pb cd Ni Ag Cr Al As |
I I (%) (mmho/cm) Ppa I

T IINIEI eI s I T BT TRt ITI T TNt RN RN I IR R IR NI NN I RSN NINIIIIIIIIIINIIILANTL
27- 42 26.2 2,37 119.3 46.3 1.5 7.1 0.377 <.006 0.041 <.013 <,01 .018 .012 .005 <.03 <0.7 .001

PITI I IEIIIEIIIINIELIICISILIIIIIEISIE RN TIEEEIINNNIEIIENNTEIRRIIIRYIIISEIBIIIIIIIIIPITIINIIIIRIRNNINRIIRRIRIIIIIIIIINIL

|Borizon Deptnl NH4OAC Extract I [}
I (cm)! Ca Mg Na K n Cu Mn Fe Pb ca Ni Ag Cr Al As | }
| | Ppm | |

TTIITIEI TN II e e s e eI et R RN IR I eIt NIt RIS IEIIIIEIITIIIINIIIIILILSE
27~ 42 6776. 702. 26. 172, 1804. 175.2 536. 391.6 97.8 12.8 15.6 <.08 0.32 140. <.02

T Er I eI s S I E BN EIN RN ETIISIIIIReNIRIIILIIIIISBURNRSISILLOIRIRSRIOIOTISROROISRIRORERORERRONERNIOILLNIE
IBorizon Deptnl| Org | pH | NO3 I
(omd)| € 1131 152 | W P 5041
I | (%) | H20 CaCl2| ===-- ppm =-== |
P II TN E NI NN I IS NN IIRAINIINIIIIIIRIIIISSIISNRINRTRIOSIERSIOIRRPOIREIORISRISONIICOROIIINOGSRIIRIRSIIIRIROORINNNS
17 -42 <.5 6.8 6.7 6690

IR IEEER NIRRT NI RIINIIIINNIIISRIIEIINNTRIRCRISOROIIISRISOIIRIRIIRIINNS
Comments:
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Table 32. Pedon description for the Bertha Tailings (lower pond).

*haked STTE DESCRIPTION L ii 213

Soil Series: Site Number: 14 County:Jefferson
Location: 1/4, SE1/4, SE1/4 Section 03 Township 7N , Range 4W
Classitication: fine-silty over sanay mixed Typic Cryofluvent

| Date Sampled: 08/26/81 Elevation: 5000ft, 1524m Precipitation: 1lin, 279 mm-
Site Codes/Co:51/PM:12/Veg: /LU:14/Drain:02/Perm:02/Ersn:04/Postn:07/LF:17/
Material: resid. crystalline Vegetation: unvegetated Land use: mill tailings
Drainage: poor Permeability: slow Erosion: severe
Slope: 3%, 2degrees Aspect: E Position: level slope
Soil temp.(50cm) C, 32r Kumber of Horizons:03 Landform: disturbed land

| #%%% PROPILE DESCRIPTION #w###

‘ DEPTH COLOR STR CONS RT PR
| HOR. No. (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EFF BND *
‘ Ccl 0- 41 10YR 8/1 2.5Y 8/0 11 cl 00 111 4223 111 111 4.01 11
| c2 41- 56 7.5YR 3/0 2.5Y 6/0 09 sil 00 132 4232 111 111 4.0 1 11
i 1I1C3 56-90+ 2.5Y 5/4 10YR 8/2 01 s 00 132 1111 111 111 5.5 1 66
- / / .
- / / .
- / / o
- / / s
- / / .

Crmcoarse fragment (%) S8TR=structure grade,size,kind .
CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EPF=effervesence BND=boundary

CoMMENLS (%) 3
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Table 33. Soil physical and chemical data for the Bertha Tailings
(lower pond).

Series: Classificationsfine-silty over sandy Typic Cryofluventluvent
8ite number:ld County:Jefferson Location:Bertha Tailings (lower level)
Number horizons:03 Co:51

SIS ITSEIIIIISSRIES LIS EITSIEIITIIIRTIINEIIIRISITOSERRLITIIESROIORISNRISOCTAOSIIIOSERIRISIOORISIREIIIIICINGL

|Horizon Deptn | Mechanical analysis } Water content |

I (cm) Isand silt clay vcos cos ns fs vfs cosil 15bu(' .3;.:) Obar | 1
| I (%) | m—— —— | |
$S13388 SIS IEIIIIIISS ISR ITIIIIIRISIIISIIIIIINIISILIIRIIRLICRRRIICISEREISILIIIRRIRISLSOISIONNILY
Cl 0- 41 9.0 52.0 39.01.5 2.8 1.8 1.5 1.4 5.0 16.3 4l1.1 .

c2 41- 56 12,0 60,0 28.0 1.2 2.9 2.4 2.5 3,0 8,0 16.9 42.5 .

1IC3 56~ 90 93.0 5.0 2.0 8.8 18.1 22.4 30.3 13.4 3.0 1.3 1.7 .

SIS NNEIEES SIS II NN TIEI RIS ISR EEIINIIIISITIITAIRNIRRISIIISIRSINIIUINIITOIIRRIOITISIISIOSRERNERRINRIIRIIINLILIY
IBorizon Deptn | Dry Aggregate Analysis I CEC |Base | Bxch

| (cm) [>19mm 19-4 4-2 vcos cos ms fs vis si,c | Sum MaCll|Satn, |Acidityl

| I %) | (meq/100g)| (%) | (ppm) |

SIS TES IS TSSO ITIIRTISEINTREESETIREIRRITIINLIIRINSIIRTININSIEISIIOISIUNRIIOIISORILISOROIRSIIIROILIOIIIRIILILIL
C. 0- 41 4.2 20,3 14.5 21.8 13.3 7.8 5.4 7.7 10,0 32.4 46.0 52.1 105.

c2 41- 56 42.7 46.9 55.2 95.0

IIC3_ 56~ 90 20.8 33,0 31.7 10.5 4.0 18.3 19.3 64.1 3.0

PIITIEI IS III RIS TIIEELIERREIIEINIIIIILEIIIIEILINNINNNININNILAINIIIRIIILRISNIIINCNRIRRIRENIRIIOIRILIILSIILIL

0TI ITSIIIIIE I T BRI TSI IR E RSNt IIILLISENIIIIIIIILIIINILS

|Horizon Depthl Saturation Extract

| (cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As |

I | (%) (mmho/cm) ppm I

r IS I NI I NIIIIIRIILIIINNIIIIIIIIRISINNSRORRRRITRSRRIIRERIIRSIIIOIISIICSSSSESOSORCNBORIRIRORISCNY
Cl 0- 41 44.7 23.5 186.1 608.2 1.5 0.8 679.7 1628, 102.0 469.6 .662 4.85 .917 .035 .313 282, >.02

c2 41- 56 44.8 15.3 154.4 1591, 3.8 9.68 1479. 3338. 319.9 117.6 .802 14.7 1.93 .035 .029 258. .002

IIC3 56- 90 20.1 4.82 75.2 188.6 0.8 3.1 19.28 0.784 21,17 0.044 .044 .373 .043 .006 <.02 <0.5 0.0

SEITIIETISEIIIEI I T EI NN IR NI IS USRI ITTIIIT eIt T es s il ti Ittt e NIRRT tIITINIIIIeItINNINNLIIINIILIIILIS
|Horizon Deptnl NH4OAC Extract

I (cm) | Ca Mg Na K In Cu Mn Fe Pb ca Wi M Cr Al As | 1
| ! ppa I |
S3ISITEILETIIIT ST I NN TR TN III s es I It INITITIRIeIIIINNIIItIITIIINITIIInIItIIIIIIIIRItIIONINnINNNAINNNNSINIIIINILLILL
Cl 0- 41 4934. 1070. 28. 70. 1184. 3264, 191.6 1464. 70.6 8.54 14.8 <.08 0.24 558. 0.28

c2 41- 56 3382. 2442. 36. 88. 2912. 5640. 580. 422. 192. 24.2 21.2 <.08 0.34 673. 0.36

1IIC3 56~ 90 1966. 442. 24. 30. 200.4 1020. 115.6 390. 197, 4.44 3.6 <.08 <.20 14.4 .08

IR rIIIITINIIINLIITRIIIIIIENIIEIIININIINNINNNRNNNRRANRRRRRRRNIRRRSRRAIRICIIINRORISISSIINORRRIIRRNSRRISLIONLIOINS
|

|Borizon Depthl Org | pH | NO3

(emdt € ') 1s1 1320 W P S04!
| | (%) | H20 CaCl2| =---- ppm =--- |
SEEIITIINIININIIISRSIIOSIRIRIRSRISSIRISIIISIOCISIIIICSSOIIRRIORIIRRIRRIRIIRIRRIORIIIRRRBIISRIRISZNEZRNIBZRRZORREZIZIRRIY
Ccl 0 -41 0.6 2.7 2.0 3600
c2 41 -56 3.4 2.6 3.0 5964
1103 56 -90 <.5 5.3 5.2 615

- $888

ST IIIRIIIIIIITLIISISIRIRSILIISSIRRSIISSISIISSIIROIISLIOSIISSISISSSISSORRINSIISSRNRIRIOONIRRISOISSSOOSSRRORSRSRIROSNRRRIGISISNS
Comments: Multiply values with dollar signs ($$$§) below column by 10.0. Saturated extracts blue and green in color.




149

Table 34, Pedon description for the Bertha Tailings (upper pond).

#a#4#% SITE DESCRIPTION *#w#w#

Soil Series: Site Number: 13 County:Jefferson
Location: 1/4, SE1/4, SE1/4 Bection 03 Township 7N , Range 4W
Classitication: coarse-silty mixed Typic Cryofluvent

Date Sampled: 08/26/81 Elevation: 5000ft, 1524m Precipitation: 1lin, 279 mm
Site Codes/Co:51/PM:12/Veg: /LU:l4/Drain:04/Perm:04/Ersn:04/Postn:07/LF:17/

Material: resid. crystalline Vegetation: unvegetated Land use: mill tailings
Drainage: moderate Permeability: medium Erosion: severe

Slope: 7%, 4degrees Aspect: W Position: level slope

Soil temp.(50cm) C, 3a2r Number of Horizons:l Landform: disturbed land

##%% PROPILE DESCRIPTION *%#*#

DEPTH COLOR STR CONS RT PR

HUR. NO. (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EFF BND *
Cl 0-110 10YR 6/8 10YR 8/6 03 1fs 00 111 1121 226 111 4.5 1 66 1

- / / .

- / / .

- / / .

- / ' .

- / / .

- / / .

- % / .

Cr=coarse fragment (%) STR=structure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EFF=eftrervesence BND=boundary

COMMENTS (*): The upper 7 cm. of the profile has blocky structure, with blocks up to

5 cm. thick and 10 cm. in diameter. The remainder of the profile is sandy, rust coloredo
material witn thin lenses of gray (2.5Y 8/2) sandy and silty materials which comprise
approximately 5 per cent of the total volume.
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Table 35. Soil physical and chemical data for the Bertha Tailings
(upper pond).

Series: Classification:coarse-silty mixed Typic Cryofluvent
8ite number:13 County:Jefferson Location:Berths Tailings (upper level)
Number horizons:01 Co:51

llllllllllllllllll'llllllllllllllllllllll‘ll‘llllllllllllllllllllllllllilllllllll!lllllllllllt!lllllllllll;

|Horizon Deptn | Mechanical analysis I Water content |

I (cm) Isand silt clay vcos cos ms fs vfs cosil 15bn" .3;)-:) (Ibn: :
| ¢ I (%) | —— ——

ssss3sssIRRIRLIRILIILLS lll IR R R RN 1118 $85382223232R3038282300322RRTRSERRSRRRRRESRERRRSTSTS
cl 0-110 47.0 45.0 8.0 0,5 0.6 1.8 12.2 31.9 18.0 3.5 15.0 .

lllllll!ll'li!llllllllllllllllllllllIll!lll!llllllllllllllllllllillllllllllllllllllllllll‘lllllIlllll!lllll

|Borizon Deptn | ry Aggregate Analysis - I CEC iBase | Bxch

(cm) 1>19mm 19-4 l-z vcos cos ms fs vfs si,c | Bum KaCllBatn, IMMLtyI
I I (8) = | (meq/100g) ! (8) | (ppm)
lllllllIll'lllttlllllllllllllllllllllllllllllllllll!llllllllllllllllllllllllllllIlll!lllllllllllllllllllllt
a 0-110 1.2 2.4 5.1 20.4 32,1 38.8 23.2 29.5 97.8 16.0

131NN I IS NII eI IIINNIII0IILILILIILRILIIRIIIILS
!

IHorizon Deptnl| Saturation Extract

I (cm) | H20 EC Ca Mg Na K Zn Cu Mn Fe Pb cd Ni Ag Cr Al As |

I I (%) (mmho/cm) 3 ppm |
R R R R R R R R RN R R R R R R R R R R R R R R R RN RN R RN RRRSTTIRRIIIIIIIIIIIIIY
c1 0-110 30.2 1.99 149.7 10.3 1.3 3.7 1.313 6.310 0,990 0.175 <.01 ,011 .015 006 <.03 <0.8

'llllllllillllll!llllllllllltllllllllllllllllIlllllllill‘llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

|Horizon Deptnl NH4OAC Bxtract
| (cm)| Ca Mg Na K in Cu Mn Fe Pb ca Ni A Cr Al As | I
| I ppm 1 I

R R S R RN R R RS R R R RN R RN RN R RN RRRRRRRRR it L]
cl 0-110 4542. 82, 20. 32. 3.64 30.6 3.24 37.6 1.82 <0.2 4.4 <.08 <0.2 <10. <.02

R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN R R RN R RN R R T
|Borizon Depthl! Org | pH 1
| (em)! C | 131 1:2 | N P S04
| | (8) | H20 CaCl2| ==== ppm ==== |
P I I s IIEIISITIOYRESROILIIOIIOOTILLIEIILL
Cl/c2 0 =110 <.5 3.4 3.2 3.4 6.6 297

- §85%

PN IrIIIIIrrIIINIIlNININIIIIIITIIIIITIIIIIIIINITINIINIINLIIOIOICIISIOIINILICIIIIICLIEICIONRILSNIIIERISILLILILITLTLY
Comments: Multiply values with dollar signs ($$§$) below column by 10.0.
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Table 36. Soil physical and chemical data for the Bertha Tailings
(grab bag of salt efflorescences and crusts on upper
pond).

Series: Classification:
Site number:138 County:Jefferson LocationiBertha Tailings Grab Bag (salt effloresences and crust)
Number horizons: Co151

232332 EES RIS ERES R EERISIRITTRIRISRRITRINRITRICRITENNIERRIRIIIINRINITISISITIISSIORORINRORERIRIIILS
]

|Horizon Depth | Mechanical analysis I Water content |

I (cm) Isand silt clay vm( ¢):on ms fs vis cul: ISN: .)bu) Obar| I

I I L] — z — | I

SIEEE IS SIS IS EI S IISEESTSIRIITERIIERITTIRESEEIRRUEREIETIIRRUEIEIRISRIIRUIRIRLIISIIIINISIISISIROIOROROISRIRISIRELS
0- 20 48.0 40.0 12,0 5.3 9.3 8.9 11,0 13.5 17.0 6.3 20.3 .

SIS IITEE SIS NE SIS IIEESTITIIRITERIIRINIRIREERYTIIINRIEERERREITETERERITERIRIIRIRLILRIIOIRIIRISROSRIRIRRLIIRIEOIRERSS
’ |

|Borizon Deptn | Dry Aggregate Analysis ! CeC IBase | Bxch
| (cm) [>19mm 19-4 4-2 vcos cos ms fs vfs si,c | Sum MaCllSatn.lAcidityl
I I (%) | (meqg/100g) | (%) | (ppm) |

SIS IATIEEEEIII IS IS e RTINS NI a R R IN IR IR a RIS IIRININIININNNNIRILINLIIINIS
0- 20 1.5 4.5 4.0 14.7 16.0 13.9 15,9 12,3 17,3 31,1 56.7 68.2 95.0

1S ITISIILREIS RSN E R RIS E R ERIINNRRE NSO REsEEERTRTEETRITRRIRILTILISISSRIRIIIORRROIRIRINRIIIIILIOS

23S N IR E I e N LI I3 s TR IIIIEIRIIe I NLTIIIIIIEIIIIILINLILRIINRNIONLIIIORILITCIILE

|Horizon Deptnl Saturation Extract I
I (cm) | H20 EC Ca Mg Na K Zn Cu Mn Fe Pb cd Ni Ag Cr Al As |
| I (%) (mmho/cm) - ppm |

383322300280 R IO RETEIs TSI NIt ITIIILITIIIITIIITIIS R B ISERN I RIEYITRIItIIIIInIEITRINIIIINNIRNLRIIIIIILLS
0- 20 27.4 22.3 83.6 1058. 1.0 0.12 452.1 1986. 219.5 386.3 .230 3.40 .921 .026 0.53 321. >.01

SIIIITIIIITIERTRREI N EI N E NS I I T I I IINR TN INTIIIIIInIRIIIITIII NIRRT NI RN E IR RN IITIRNINIIS
|Horizon Depthl WH4OAc Extract

(cm)| Ca Mg Na K in Cu Mn Fe Pb ca Ni M Cr Al As | |
| | ppm I 1
SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R R R R R R R RN R R R R R
0- 20 3416, 1578. 28. 32. 664. 2816. 304.8 1448, 1.98 4.56 12.0 <.08 0.28 593, <.02

IR RNIENIIIR I IREIIININININNINIIRIIONNIIIIIIRIINIIISIRSSNATRNBARSNIROIILOSRIRORIIRNSRNRRRRNIRIRSISIERRIOILTSY
|Horizon Depth! Org | pH | NO3 |

| (em)! C | 1:1 152 | N P 8041
I | (%) | H20 CaCl2| ===~ ppm =-== |
1333283233382 388 030333 R TR RBiN NIRRT IIIIY IS IR EReRBIIRIIUInITIIIIIeINIIRINITEIOICIOIINLIILIILS
0 -2 0.9 3.0 2.2 3400
- $958

FIIINTIIIIINNIISINEIIINNIINIICTOIIOILNIEISIIISIIIISIISSIIRISISIIISISIISROIINSISOROROSOSISSIICIROSISSSCRIOIOROROSBRRRORIITRNIS
Comments: Multiply values with dollar signs (5555) below column by 10.0.
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Table 37. Soil physical and chemical data for the Bertha Waste Rock
(grab bag below mill at streambank).

Series: Classification:
Site number:15 County:Jefferson LocationsBertha Waste Rock Grab Bag (below mill at streambank)
Bumber horisons: Cos51

$835232383832 0888822388880 08030282 ISTIILIRRISIIRILIRISIRTTIETISORRIITRISIIIIORRRIOIIRRSLOIRISIIISISIISILLITSL
|

|Horizon Depth | Mechanical analysis | Water content |

| (cm) :nnd silt clay veol( )coo ns fs vfs cosi| 15“7 .an) Obu: ;

1 L} —— ——

l!llltllllll!llll]llllllllllllllllillllll!lllllllllllllllllllllllll!lllllll!lllllllllllllllllllllllllll!lll
0- 20 51.0 27.0 22.0 9.2 16.4 9.7 9.3 6.4 7.0 9.3 18.2 .

$23383328 2028382 YRETRERERRRSRRIRRREYIRESIRIRRIROREIRTIROGERIRIRIORIULOISIIOIISROLRCERSDRORBRIOREIRRIRSIINRIGGE

|Horizon Depth | Dry Aggregate Analysis i CEC iBase | Exch
} (cm) 1>19am 19-4 4-2 vcos cos ms fs vis si,c | Bum NaCl |satn. |Acidity|
i I (%) | (meg/100g) ! (8) | (ppm) |

ERTIIIIEITESIITI IS RN I I e EIRTIITITIEIIRIE Nt IR aR RPN I IR IIIPIRINNLNTINIIITEIILINS
0- 20 4.9 15.9 9.7 26.3 19.4 10.6 7.0 3.2 3.1 43.9 36.5 91.8 440

S8BT RS RN UREERNEsIITEIIIITIIIIINIIIeIIISININIRRSERIIINRILIERRIILIOLSIROESRRIORORRRETIIIINILIILIS

P TIIIIIIIII eI NI I IItIIIItIIIIEIIIEIITIIINIIINIITIels I IIIIIIIIIIIIILIIILeIILIINILIIIIIonNNLNS
I

|Horizon Deptnl Saturation Extract

| (em) | H20 EC Ca Mg Na K in Cu Mn Fe Pb Ca Ni Ag Cr Al As

I | (%) (mmho/cm) ppm

PP IIIIIIIISIIIRIILILIRILILIIIINILRINNIIISIIIIOILRNIIIIISISILIRISRSRISRSOSSSSOSSIRISRIOISNIOTOOOLOLOIISOOSROOLORIOSLIIILLTE
0- 20 26.2 5.91 122.9 33.0 1.1 9.5 3.726 33.99 1.674 67.99 .063 .027 ,102 ,006 .131 46.4 .003

13RS RN Bt E s IRl ettt INRIINNIISIIINTIINSLINIINIIILL
|

IBorizon Depthl NH4OAc Extract
} (cm) | Ca Mg Na K in Cu Mn PFe Pb cd Ni Ag Cr Al As | ]
I ] ppm I I

I IIII It NI Rl IRt ettt I N NIl INNIIsItIIeNsNTIIIEIIIIIIILILY
0- 20 7988. 124. 28. 40. 8.04 79.6 5.16 524. 4.06 0.36 7.2 <.08 0.26 129. 0.04

S IIITIIIIIIIIIINIIIINEIIIINLINIIBINIIIIIICIIIIIINIEIINLOIENBNRRIOIIILICISIRISINIIILIICISNNSEIOISESREIIRLORRRLRRIILILIL
IBorizon Depthl Org | pH | NO
I (em)! C | 131 1:2 | N P S04
| | (%) | H20 CaCl2| =-=--- ppm ---- |
LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RRRRERRREEEET
0 =20 <.5 2.7 2.1 1223
- $585

SR EIIIIIIEYIIIIIIIIIIINIINIIIENIINIIIICIIIIISIIICENINGIIIENNRIIIIIIONILGIIICISIILIIINIILIOLORLIONRIRLIIOREITILILELLITL
Comments: Multiply values with dollar signs ($$$$) below column by 10.0.
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Table 38. Pedon description for the Bannack Natural Soil.
#4addd SITE DESCRIPTION *wtses
Soil Series: Site Number: 03 5 County:Beaverhead
Location: 1/4, NW1/4, SE1/4 Section 07 Township 88 , Range 1l1W
Classification: fine-loamy mixed Typic Cryoboralt
Date Sampled: 08/11/81 Elevation: 5800ft, 1767m Precipitation: 1lin, 279 mm

Site Codes/Co:18/PM:15/Veg:18/LU:04/Drain:05/Perm:05/Ersn:03/Postn:03/LF:04/

Material: colluvial

Drainage:
Slope:

well

Vegetation: shr

ubs & grasses Land use: range

Permeability: medium to rapid Erosion: moderate

348, 17degrees Aspect: N38W

Soil temp. (50cm)

C, 32r Number of Horiz

Position: upper midslope
ons:03 Landform: aliuvial fan

##=* PROPILE DESCRIPTION **#*#+

DEPTH COLOR ; STR CONS RT PR
HOUR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *
Al 301 0- 14 10YR 3/3 10YR 5/3 08 1 20 244 3312 74z 111 8.0 3 31
B2 302 14- 36 10YR 4/3 10YR 6/3 08 1 20 244 3312 742 111 8.0 3 21
Clk 3u2 36-92+ 10YR 7/3 11 cl 40 111 4422 344 754 8.0 4 66

WA NN
WANNNN

CP=coarse fragment (%) STR=structure grade,s
CONS=moist,dry,sticky, plastic consistence
PR=pore amount, size, kind EFF=eftervesence

COMMENTS

(*) s

ize,kind

RT=root amount, size, location

BND=boundary
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Table 39. Soil physical and chemical data for the Bannack Natural
Soil.

Series: Classificationifine-loamy mixed Typic Cryoboralf
Site number:03 County:Beaverhead LocationiBannack Natural Soil (0.5 Km. east of mine)
Number horizons:02 Co:l8

T30S IR NIRRT IRRRRRRILERINRRRENRRNRRRRENIRRININNIIANNIIIRIONSIISIIRNRIRORIIROSIRIN2NGEGSL

|Horizon Depth | Mechanical analysis I Water content I
I (cm) Isand silt clay vcos ;:o- ns fs vfs cosil 15bar .J;u Obar| I
I | (s | ———( I |
123833 IR NN S SN NN IRIRBIESSIERLSINNRREIEINNNRETEIIETSRRRERTOERRIIRINIONIIROISISORIISIOOOIIROSRIRORORSIRIELTS
Al/B2 0- 36 30.0 55.0 15.0 3.9 4.3 4.4 7.110.3 22,0 16.2 33.2 .
Clk 36- 92 35.0 44.0 21.0 3.7 5.5 5.2 8.3 12.3 20,0 11.9 27.6 .

|Horizon Deptn | Dry Aggregate Analysis I CBC IBase | Exch |
| (cm) 1>19mm 19-4 4-2 vcos cos ms fs vfs si,c | Sum MaCllSatn,|Acidityl
| I (%) | (meg/100g) | (%) | (ppm) |

SEIIIISIEIITINNNNI NIRRT RSN NTNINIRINRINNRRRNIRRRRENIILS
Al/B2 0- 36 4.2 29.0 7.4 5.6 6.6 6.4 10.1 15.9
Clk 36- 92 6.9 31.2 6.3 8.4 9.7 8.1 10.0 12.3

1311
15.2 46.8 37.9 99.9 0.0
7.0 43.3 21.3 99.9 0.0

SIIITIITIIIIIIISIIIIIIIIIIEE IR IR IIINIIIIIIIIIIIIIeIIININNNNNNIINEIIIINNIIIOISIRESRORERORERROTRNTIOIONY
|

|Horizon Depthl Saturation Extract
(cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As
I | (%) (mmho/cm)

ppm
TIITTIIIIEIIIIISEIINLIAINIEIININITISIILIRRIRILIIIIILIILIIILIILINLS

3033233238328 3232 8232003823232 3333833 3333302008
Al/B2 0- 36 40.0 0.52 49.4 3.8 1.7 11.1 0,031 0.022 <.004 <.020 <.20 <,04 <.10 <.04 <.04 <1.0 <.04
Clk 36- 92 31.6 0.25 10.6 3.8 4.5 1.7 0.025 0.022 <.003 <.016 <.16 <.03 <.08 <.03 <.03 <0.8 0.0

- REAE REAR REAE RRRE 2Ty

13000 IS NSRS IR T IIII S TEIEIIIRIEETIERENEE I ERIIIRNIIRIIIIIITIs IR RRIIIRINIITRIIINIIINIIIIIINRRRISIORRRRRIIORIRLILILS
!

|Horizon Deptnl NH4OAc Extract
| (cm) | Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As |
1 I pPpm I

1882320032088 0 880838808 IRt IR N R IIRT IRt I NI IR IR NI IR II Nt IINITsIIIIIIIEINIIINNSNINLENIIIIIIIILIILSY
Al/B2 0- 36 8568, 232, 32. 610, 0.72 8.0 1.52 1,18 1.56 0.32 5.0 <.08 0.50 <10, 0.04
Clk 36~ 92 7408, 694. 52, 164. 0,36 1.44 1.68 1.10 1.76 <.02 5.2 <.08 0.54 <10. 0.08

SISt LIS I I LIRSS EIIIeIIINIIIRSIIIEILIEIIIREIIIYIILIELIIOIsITINRINRSNIINRISNIIRIINNNIIIOORERISIRIRIORIRONROIRISRIIINLY
|Borizon Deptnl Org | pH | WO3

I fem)l € .1 231 212 % W : 5041

I | (8) | H20 CaCl2| =---- ppm -==-= |

ISP III ISR I RIS LTRSS SIIEEISINYIINIIRINSIERRIIITRISIIIIIIRIIIITIICEIRSIRNIINIIIIIIIIOIEISIIRREINRRIRISRISISINES
Al/B2 0- 36 4.3 7.5 7.3 5.9 <.01 22.0

Clk 36- 92 <.5 7.3 7.5 22.0

8382 IEEIII SRS IS IIE IR IIISISTIIIILIILILIOLLIILOISIRIIOISIOOIIOILIISSIOIORIORIOIOIOOIILIRNISLTS
Comments: Multiply values with stars (****) below column by 0.1.
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Table 40. Pedon description for the Bannack Tailings (near mill).

w#xa¥% STTE DESCRIPTION *#*##x#

Soil Series: Site Number: 0l , County:Beaverhead
Location: 1/4, NW1/4, SE1/4 Section 07 Township 85 , Range 1l1lW
Classitication: coarse-silty mixed Typic Cryofluvent

Date Sampled: 08/11/81 Elevation: 5800ft, 1767m Precipitation: 11in, 279 mm

Site Codes/Co:18/PM:11/Veg:09/LU:14/Drain:05/Perm:05/Ersn:06/Postn:07/LF:17/
Material: resid. limestone Vegetation: sagebrush/grass Land use: mill tailings
Drainage: well Permeability: medium to rapid Erosion: moderate-wind
Slope: 4%, 2degrees Aspect: N60OE Position: level slope
Soil temp.(50cm) Cc, 32r Number of Horizons:03 Landform: disturbed land

#%#%*% PROFILE DESCRIPTION *#*%##%

DEPTH COLOR } STR CONS RT PR
HOR. NO. (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EFF BND *
el 101 0- 4 2,5Y 5/2 10YR 7/1 09 sil 00 442 3322 111 756 8.0 4 11
c2 102 4- 17 2.5Y 4/3 10YR 6/3 09 sil 00 332 3322 111 758 8.0 4 11 1
IIC3 103 1/- 76 5Y 4/1 5Y 6/1 02 1s 00 232 2211 111 748 8.0 4 66 2

Ny N N
NNNSNS
e s v s 0 e v e

CP=coarse fragment(%) STR=structure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EFF=eftervesence BND=boundary

COMMENYS (*): Durable crust present, l-2cm. thick with plates 10cm.in diameter. Swales
have surface salt accumulations and greater vegetative cover. Wind erosion is evident.
1) Layers of Cl material interspersed 2) Horizon consists of stratiried layers of
darker more sandy material and smaller amounts of lighter more silty material.
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Table 41. Soil physical and chemical data for the Bannack Tailings
(near mill).

Series: Classification:coarse-silty mixed Typic Cryofluvent
Site number:01 Countxnluvcrhud Location:Bannack Tailings (near mill)
Number horizons:03 Cosl

LR R R R R R R R R R R R R R R R R R R R R R N RN N RN RN RRRERIIRCIRIEEIIIT
I

|Borizon Deptn | Kechanical analysis | Water content |
= (cm) :llnd silt clay vco-( cos =ms fa vis cosil ISM? «3bar Obarl I
%) | == 2 Ymwe— | I

.llllll!ll!lllllllllllll'lllllllllllllllllll!ll!llllllllllItllllllllllll!!!llllllllllllllIllllllllllllll!ll

Cl 0- 4 8.0 76.0 16.0 0.1 0.1 2.4 5.4 19.0 4.9 26.9 .

c2 4- 17 8.0 74.0 18.0 0.0 0.1 1.2 6.7 15.0 5.7 28.8 .

IIC3 17-76+ 71.0 26.0 0.3 . 0.5 22,0 48.5 17.0 1.3 6.2 .

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN AR RPN NN NN R RN RRIEERRIR SRR T IR

|Horison Deptn | Dry Aggregate Analysis I CsC IBase | Bxch |

I (cm) [>19%am 19-4 4~2 vcos cos ms fs vfs si,c | Sum MaClisatn.lAcidity!

I I (%) | (meg/108g) | (8) | (ppm) |

L R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R RN RN R RN RN R RN RER iR It T
0- 4 0.2 4.6 15.7 22,0 14.5 5.1 37.9 43.4 10.4 99.0 0.0

c2 4 17 1.5 10.7 19.4 16.9 9.6 6.6 35.2 42.7 10.6 98.4 0.0

11C3 17-76+ 0.5 0.7 0.9 56.4 20.8 20.7 30.1 3.7 98.9 0.0

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN RE RN L

$13823 808230838l e LI IIIe It ITIIIetEIIs It NsIINnYII NNz
I

|Horizon Depthl Saturation Extract

| (cm) | H20 EC Ca Mg Na K Zn Cu Mn Fe Pb cd Ni Ag Cr Al As

| I (%) (mmho/cm) ppm |

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R}
Cl 0- 4 29.6 2,02 58.3 31.4 61.5 19.0 0.018 <,007 0,003 <,015 <,15 <.03 <.07 <,03 <.03 <0.7 .004

c2 4- 17 31.8 0.80 15.6 9.4 28.0 9.9 0.015 <,008 <.003 <.016 <.16 <,03 <.08 <.,03 <.03 <0.8 .009

IIC3 17-76+ 23.1 0.61 9.0 4.7 8.6 2.9 0.015 <.006 0,003 <.012 <,12 <,02 <.06 <.02 <,02 <0.6 ,004

v RRRE RREE RERE ARRE kR

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN R RN
|Borizon Depthl! NH4OAC Extract | |
| (cm) . Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As | I
! I ppm I |
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RERRRRRRRREEREEREE
(1 0~ 4 7664, 480. 202. 248. 46. 15.16 36.4 0.36 102. 1.68 5.2 0,36 0.32 <10. 0.62

c2 4- 17 7152 670. 116. 188. 96. 40.4 36.2 0.4 112, 1.96 5.6 0.32 0.34 <10, 0.52

11C2 17-76+ 5428. 290. 40. 62. 39.6 16.72 26.0 0.58 66. 1.28 4.8 0,16 0,24 <10 0.22

S22 RRTIRIIRIISIIIRSRBTRISSOOEEITIAIRIRSIERBORRRROROORLNISLOOOOORESIOOSSOORIOIOOOROSRNOROOIRIOROEOROSSOOROLLLY
|Horizon Depth! Org | pH | NO I

| fomil- '€ I 3t} X133 | N P 8041

I I (8) | H20 CaCl2| =-=== ppm ==== |

R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ]
Cl - -} 7.4 7.6 9.2 <0.1 1160

c2 4 =17 <.8 6.8 7.4 320

II1C3 17 =76+ <.5 6.9 7.5 3.3 <0.1 236

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R T
Comments: multiply figures in columns with stars (**) below by 0.1.
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Table 42. Soil physical and chemical data for the Bannack Tailings
(grab bag of salt efflorescence near site 01).

Series: Classification:
Site number:01B County:Beaverhead Location:Bannack Tailings Grab Bag (salt efflorescence near 01)_
Number horizons:__ Co:l8

R R R R R R R R R R R R RN R R R R R R R RN RN RN RCRRRRRRRITRNRIEIIIILY

|Borizon Deptn | Rechanical analysis | Water content
I (cm) Isand silt clay vou( ;:oo ms fs vfs cosil lsb-: .J?r Obar | |
I I ] | - | i | |
LR R R R R R R R R R R R R R R R R R R R R R R RN RN RN R RN R RS RRRRSRSRIRIITRIIIIIT
0- 2 9.0 69.0 22.0 0.0 0.2 2.9 5.9 11.0 6.7 24.9 .
2- 15 1.0 80.0 19.0 0.0 0.1 0.3 0.6 15.0 5.8 30.8 .

|Borison Depth | Dry Aggregate Analysis I [~ 4 |Base | Exch
I (cm) 1>1%mm 19-4 4-2 vcos cos ms fs vis si,c | Sum MaCllBatn.lAcidityl
| | (%) | (meq/100g) | (8) | (ppm) |

LR R R R L R R R RN R R S st TN
o= 2 0.0 8.7 23,5 30.4 18.1 7.9 11.5 53.4 39.2 99.3 .
2= 15 22.0 29.3 18.5 9.6 3.4 17.1 38.4 8.7 98.9 0.0

Illlxlllllllllllllll!l!lllllllllllllllll!lllllllllilllllllllllllllillllllllllllllllllllllIllllllllfll!lllll(lllllll!
I%orizon Depthl Saturation Extract
(cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As |
I I (%) (mmho/cm) I
lllllllllllll!ll!!ltlllll!lll!:llll!l!llllXll:llllllllllI:Xl:lllllllltlll:llllllllllllllllllllllllxllllll!lllltllttl
0= 2 33,7 21.9 128.3 1109. 1629 146.1 0.047 0.045 0.028 0.094 2.09 0.22 1,11 0.21 3.03 <0.8 .01l
2- 15 32.7 1.30 19.5 26. 49.4 14.2 0.084 0.015 <.003 <.016 <.16 <.03 <.16 <.03 <.03 <0.8 .006

- A REER ARRE ARRE ARAR SERw

llIlll!Xl!lllllllllllllllll!!tlllllllllllllilllllllllllllx!llXlllXlll!lllllllllllll!lllllllllllllXlllllllllllllllllll
|Horizon Depthl! NH4OAC Extract
(cm)| Ca Mg Na K in Cu Mn Pe Pb cd Ni Ag CE Al As |
| | ppm | |
lll!ll!llllllllllltlllll!Klllll!lllllIlllllllflIlllllllllllllllIlIllllllllllll!ll:lll!!llllllllllllllllllllllllllllll
0= 2 7344. 2334, 3016 432, 40.4 17.64 26.4 0.66 67.2 1.2 6.4 <.08 0.54 <10. 0.38
2- 15 6606. 528. 148 202. 58. 23.92 28. 0.58 50.8 1.56 7.2 <.08 0.38 <10 0.46

R L R R R R R R R R R R R R RN RN RN RN RN RS s  aasIIIIIYT]
|Borizon Depthl Org | | NO3
(ecm)| C 1 111 1:12 | N P 8041
I | (8) | H20 CaCl2| =-=-- ppm ==-=-=- |
lllllllllllllllllllllllllllllllllllll!llllllllllllllllllllllllllllxlllllllllllxlllllllllllill'llll:lllllllllllllltll
-2 <.5 8.1 8.4 1086
2 ~-18 <S5 7.0 6.9 43,

llll!llt!lxIllllllll!lllllllllllllll!lllllll!lll!llllllxlllllllllllllllllllllllllxlllllll!lltllll!l:lllllllllll!llll
Comments: Multiply figures in columns with asterisks (***¢) below by 0.1. Multiply figures in columns with dollar
signs below by 10.0.
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Table 43. Pedon description for the Bannack Tailings (northeast
section).

*##sddst SITE DESCRIPTION **#sds

Soil Series: Site Number: 02 County:Beaverhead
Location: 1/4, NW1/4, SE1/4 Section 07 Township 85 , Range 1l1W
Classification: mixed fine-sandy Typic Cryofluvent

Date Sampled: 08/11/81 Elevation: 5800£ft, 1767m Precipitation: 1lin, 279 mm
Site Codes/Co:18/PM:11/Veg: /LU:14/Drain:04/Perm:03/Ersn:04/Postn:07/LF:17/

Material: resid. limestone Vegetation: unvegetated Land use: mill tailings
Drainage: moderate Permeability: slow to medium Erosion: severe

Slope: 2%, ldegrees Aspect: S42W Position: level slope

Soil temp.(50cm) C, 327 Number of Horizons:03 Landform: disturbed land

#*e¢+ PROFILE DESCRIPTION **##%

DEPIH COLOR 2 STR CONS RT PR
HOR. NO. (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EFF BND *
Cl 201 0- 13 10YR 5/3 10YR 7/1 02 1ls 00 362 3311 643 757 8.0 4 11 1
c2 202 13- 46 10YR 5/2 10YR7 7/1 04 lvts 00 111 2212 342 757 8.0 4 55 2
c3 203 46-66+ S5Y 5/1 SY 7/1 08 1 00 111 3422 111 111 8.0 4 66

WS NNN
e & % e B

Cf=coarse fragment (%) STR=structure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EFF=effervesence BND=boundary

COMMENTS (*): 1) Lower part of Cl has band of reddish ls matereial (7.5YR 6/6) witn more
roots ana pores than upper Cl. 2) Stratitication 3mm. thick of dark gray material
gimilar to C3 and thin bands of 7.5YR 6/6. C2 horizon is thixotropic. Roots follow
reddish colored vertical cracks in C2 and C3.
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Table 44, Soil physical and chemical data for the Bannack Tailings

(northeast section).

Series: Classification:fine~sandy mixed Typic Cryofluvent
8ite number:02 County:Beaverhead Location:Bannack Tailings (upper pond)
Number horizons:03 Co:l8

PRSI R LI IINEI ISR ERERURERTRSRIRURRRIRRIINNIOSORISRRIRICSIROILEOOROIRISOEROIRERRTRESIOTTRIRIRTS
I

|Horizon Deptn | Nechanical analysis I Water content
I (cm) Isand silt clay vcol‘ ;:ol ms fs vfs cosil 15»-:(.- .szc:’ Obar| I
! | ] mwne | I
lxlllllllltllltlllllll!llllllllllllllllllIllllltlll!llllllllllllllll!lltllllllllllllllIllllllllllllllll!lll
Cl 0~ 13 42.0 53.0 5.0 . 6.3 8.5 33.2 30.0 1.8 15.0 .
c2 13- 46 39.0 52.0 0.0 « 0.1 9.1 29.8 24.0 2.1 14.5 .
c3 46-66+ 33.0 61.0 6.0 + 0.0 6.8 26.2 31.0 1.9 16.3 .

\ . - - . o .

lIlllllllllllllllllllllllllll'llllllllltl!!ll,l'l'llllllll'lll‘l!ll’lll'llllllllllllllIllllllllllllllllll'l
1

|Borison Deptn | Dry Aggregate Analysis | CEC iBase | Bxch

1 (cm) I>19- 19-4 4-2 vcos ocos ms fs vifs si,c | Sum HMaCllsatn,.!Acidityl

| (s) | (meg/100g) ! (8) | (ppm) |
llllllllIllllllllllllll)lllllllllllllllllllllllllll'llI!llllllllllllllllllllllllllllllllllllltlllllllllllll
Ccl 0- 13 0.9 1.7 2.1 23.8 27.8 43.8 31.8 é.2 98.6 0.0

c2 13- 46 6.3 6.6 4.0 33,0 23,0 27.0 35.2 4.5 98,7 0.0

c3 46-66+ 5.3 5.5 3.7 19.0 28.5 38.0 32.9 4.5 98.3 0.0

PSR INNNNNIRINTIININIIRTEEIIONSERNCIINNNNRINTRNRISNINNRORIEISRERLAISTRBRNERISIIONLIROOERIOROVINIRIRNT

PSS IIER IS IS ISEIIINEEN RSB EERIERIITIIIEIIIIINIIIIRIIILIINNIIINIEERIRRIORRIIILISROIOIOIIIOISIILOSOIOOROIIRIRSSLOLOISISSE
L

|Horizon Depthl . Saturation Extract
| (cm) | H20 EC Ca Mg Na K in Cu Mn Pe Pb ca Ni Ag Cr Al As |
| | (%) (mmho/cm) ppa |

SIS IEISTSISIIIIILIIINEIITIIERRINRRIRIOOIRIIIIOIRIIIIIIIIIOIRLSRIRORSSIRRSSESSIRIIOSSISIIOIISOSRIIISOOISOOCICSISRORSSSSSLR:

0~ 13 23.4 0.27 5.4 3.3 4.5 2.3 0,011 0,011 <.002 <.012 <.12 <.,02 <.06 <.02 <.02 <0.6 .008
c2 13- 46 23.5 0.80 14.2 9.3 21,3 4.14 0,033 <.006 0.002 <.012 <.12 <.02 <.06 <,02 <.2 <0.6 .003
c3 46-66+ 22.9 0.93 19.9 13,1 17.1 4.79 0.031 <.006 <.002 <.011 <.11 <.02 <.06 <.02 <.2 <0.6 .003

> . *EdR ARAE ANEE AhEE Shew
T3S ILYSIEIIETIIIRREEEESTRTSIIIIIIIIINIIIIIIIIIIIIIAIINIIIRIOIRIRIRAISIIIISIIIIRISIIONILOIISISSOOSSORIOLRLRIRRINLSTL
|Borizon Depthl NB4OAC Extract 1 ]
I (cm)l Ca Mg Na K 2n Cu Mn Fe Pb ca Ni Ag Cr Al As | [}
I I ppm i I
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R )
Ccl 0- 13 6042, 108, 36. 58. 42.2 16.4 43.6 0.46 71.2 1.68 5.2 <.08 0.24 <10, O.
c2 13- 46 6794, 70. 64. 44, 46.2 19.92 59.2 0.4 32.6 0.88 4.8 <.08 0.24 <10. 0.42

0.44 0,20 <10. 0.42

c3 46-66+ 6248 116. 68, 50. 60.4 24.56 58. 0.28 63. 0.96 4.0

SEIEIIIEIIIIB IR E RTINS I SIS REREIEINNNRIETUREIIILINL
|Horizon Deptnl Org | Pl | NO3 |
| (cm)l C | 1:1 132 | N P 504 |

| I (%) | H20 CaCl2| ===~ ppm ==== |

R R R R R R R R R R R R RN Y]
Cl 0 =13 <.5 6.7 7.1 63.5

c2 13 -46 <.5 7.2 7.3

c3 46 -66+ <.5 7.3 1.0

P3N NI ISR ITSIIILIIISIIRIsISESIOROISSSIORIOOIEEOIORIIITRULTS
Comments: Multiply figures in columns with asterisks (****) below by 0.1.
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Table 45. Soil physical and chemical data for the Bannack Tailings
(red material in dike).

Series: Classification:
Site number:02B County:Beaverhead Location:Bannack Tailings Grab Bag (red material in dike)
Number horizons: Co:l8

EIIIIEINIII TR IS BN IS BRI INBIR IR IREERIREItIRNNITIRENREREERIRIIIIIRIOIEIIIIOSIOIIOORREREINSIINCERIRIRIILINGS

{Horizon Deptn | Mechanical analysis 1 Water content
: (cm) Ilnnd silt clay vcos ;:nl ns fs vfs cosil lsu: +3bar Obarl |
(s | e=———( 2 I 1
$233208822 2283822232828 R R8N R RS AR AR RRR RN RRRARESPRRPIIITOICELOIONITISILOSIIISROISIOIIIONIINRLILS
50-60 50.0 42.0 8,0 23.0 4.1 15.2

B8 223383 23308038 RRIEERTEREREREIRESETTRRREEEEURSERRRRERITITEORUIRRRITERATIIEEIREERINCEIREISIRILEIIRITLY
|Horizon Deptn | Dry Aggregate Analysis I CEC IBase | Bxch |
I (cm) 1>19mm 19-4 4-2 vcos cos ms fs vis si,c | SBum HMaCllSatn,|Acidityl
| (8) I (meq/100g)| (%) | (ppm) |
TSI EIIEREI TR NIt PR RN RN RS IR ISR P IR IR NN NRRLRRTERRIENNNTILINIIININLS

50-60 1.6 4.8 10.3 35.6 18.0 29.7 22.7 5.8 99.7 0.0

11233 I3IIIIIIILIIIIIIIIIIITIIINIIINN IR IITLIIIIIIITIIIIIIIIIIIItINIIIIIINIINIIIIIILILIOILIITIIIOIIILIIIRIINEILILL

|Horizon Deptnl Saturation Extract
I (cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cda Ni Ag Cr Al As |
1 I (%) (mmho/cm) Ppa I

2138888883833 88 0088308808288 E T8I eR IR TIIIIIIITIIIIIINIIIIIIII NI NIIIIITIIILNNINEIIINRIIINLILLILS
50- 60 22.4 0.28 2.1 1.2 14.4 1.4 0.17 0.11 <.002 0.067 <.11 <.02 <.06 <.02 <.02 <0.5 .003

- - i SREE RRNE ARAE AREE

S92 EIIIIISS ISR T IR BB ERTIIIIIEIEIIIIIIILEINNSTIIIIRIEIIIIIRISIRTIIRNIIIIIIITIIIIITINLINILIIIIIIIIILINIIILSL

|Borizon Deptnl NH4OAC Extract
(cm) | Ca Mg Na K in Cu Mn Pe Pb Cd Ri Ag Cr Al As | |
| | ppa ! |

T IETEIIIIIIII NN ISR E s eI e IRt II NI IIN IR IIIRITIERIIIIIIII Nt eI NNRIINIItIIiIIIInIIIININIIIINILIIILILIILSL
50- 60 4184, 152. 96. S54. 7.4 3,12 4.36 0.24 14.0 <0.2 4.0 <.08 0.24 <10, 0.64

IEr TSI TIIIESEEIIIIIINIS NN RES NSRRI RIN SN IIIINIIIIIIIIIISIEIIIILNRIINOSIIRINTINLIIIROROOIROSIRSNRORIRSRIOIOIRILIOIOLY

|Borizon Depthl Org | pH | 8O3 I

I (cm)I C | 1:1 1:2 1 N ) ] 504 |

| | (8) | H20 CaCl2| =--- ppm —--~ |

SIS T IS IE I LI IS NNSIIIIETIEEEIEEIYIILIIEIRININIIERISEIINOINIITIOINIITLIAIIIOIREIINIIISRIIIROISIRISREIRSOIIRIROISRILIINY
50 -60 <.5 7.2 7.3 3.1 <0.1 70.3

PItIEIII LRI I eSS ST II RN eI EIIILIIEINEYS IR RIRRENRIIEYTIISRIIIIItIRIINNISRIOIRIEIINRIOINRENILIRLIRIIRIOISIIIINIGSY
Comments: Multiply figures with stars (****) at the bottom of column by 0.1.
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Table 46. Soil physical and chemical data for the Bannack Tailings
(grab bag of reworked tailings on N edge of ponds).

Series: Claseification:
Site number:02C Countys:Beaverhead Location:Bannack Tailings Grab Bag (reworked tails on N edge)
Number horizons: Co:l8

B3It Ins I III eI IR IIIILTILIIINIIIIIILIIIIOLIIRINILIILOIIILIOORIRLILES

lnoruon Deptn | Mechanical analysis 1 Water content |
' (cm) :und silt clay vco:( f“ ms fs vfs cosil lsbu(' .ibu) Obar| |
. [} - —— !
!IllIlllllllllll!llllllllllllllllllllllllllllllllllllllllllll!llllllllllIllllllllllllllllllllllllll‘lllllll
0- 10 37.0 58.0 5.0 1.8 7.6 27.6 35.0 1.6 18.4 .
10~ 30 14.0 63.0 23.0 0. l 0.5 4.1 9.3 13.0 6.4 23.5 .

|Horizon Deptn | Dry Aggregate Analysis I CEC IBase | Bxch
| (cm) 1>19mm 19-4 4-2 vcos cos ms fs vfs si,c | Bum MNaCllSatn,|Acidity!
| | (s) | (meq/100g) | (%) | (ppm) |
SR T EINIE I NE IR NEEIENRINNEINSISIRIREIIIISIENIIOISTRENTRIORORIOITOISOIDSIRIIRIOIOIISROOIOOOOORIOREIOROLIOEOOIREOIILIITY
0- 10 2.0 3.2 17.1 22,9 54.4 29.1 3.9 98.9 0.0
3.9 10.4 23.2 40.5 7.7 98.6 0.0

10- 30 1141791331

PRSI EEIEIRENRIIRIRIRINTIRRINNIIRNIIRRNIRIINNLOIROIRIORIROISIIIOSISIOOIRORESORRRRIROROSIRLTS

TIIIIIIIIIIIIIIIIEIEER NN IR E RN RR Rl Ie NI s I IIIITIIIETILITIeIIICIIIIRRRITSIIIILILILILORTILIILL

|Horizon Deptnl Saturation Extract
(cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As
| | (%) (mmho/cm) Ppm |

$10808 0 I8N IRt TN It eI IR IRt II N euNIInIaNeIITIIIIIIIIeINNIRLIRILIIIIIILINLILILSE
0- 10 21.4 1.65 20.7 13.5 56.0 .7.7 0,021 <,005 0.006 <.,011 <.01 <.02 <.05 <.02 <.02 <0.5 .003
10~ 30 31.0 1.66 35.4 27.7 79.0 10.1 0,030 <.007 0.003 <.016 <.16 <.03 <.08 <.03 <.03 <0.8 .008

- 5 SRER ARNE ARAE SeRw

R R R R R R R R R R R R R R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R R R R
| |

|Horizon Deptnl NH4OAC Extract
| (cm)| Ca Mg Na K in Cu Mn Pe Pb Cd WL Ag Cr Al As | |
I ppa I |
SIS I RIS ISR RN EREISYIEIILSITIRILRAIRINNIIOTISSICRLIIRRIRNOIRISIISLOROLROROSIIROIROISORRIISROOOSRSRIRERY
- 10 5548. 96, 142. 60. 26. 10.32 35.2 0.32 60.4 1.28 4.0 0,72 0.2 <10, 0.34
1,12 5.4 1.68 0,28 <10, 0.5

10~ 30 7186 454. 240. 114. 70.4 29.48 51.0 0.62 39.4

R R EEIrIIEIIIIIIEIININIIRINIINEIINININIINISNINIIEINEISIRNNIRARNNRISRREORRRISZOICRINRIROSOOERORORRRRSRONRILOINLL]Y
|Horizon Deptn! Org | pH | W03 ll

| (em)| € | 1:1 1:2 1 W P 5041

I I (8) | H20 CaCl2| ===~ ppm ===-= |

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
=10 <.5 6.7 7.5 392,

10 -30 <.5 6.8 7.4 558,

TN ITANIIIIIIILIIIIIEIIIIRERIRIRNRRRIIIIRIIRIORIIRIIONRRLIIRSSSSRNIISRSSRSSSSROSSISSISIISISISIRIOSSSSSSSSRSRIRIRSROILTY
Comments: Multiply figures in columns with asterisks (****) below by 0.1.
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Table 47. Pedon description for the Champion Natural Soil.

tated® SITE DESCRIPTION *eetee

Soil Series: Site Number: 07 * County:Deer Lodge
Location: 1/4, NW1/4, NW1/4 Section 33 Township 6N , Range B8W
Classitication: sandy mixed Typic Cryochrept

Date Sampled: 08/13/81 Elevation: 6400ft, 1950m Precipitation: 1lin, 279 mm
Site Codes/Co:30/PM:15/Veg:01/LU:03/Drain:04/Perm:04/Ersn:103/Postn:06/LP:02/

Material: colluvial Vegetation: Mixed coniterous Land use: forest

Drainage: moderate Permeability: medium Erosion: moderate

Slope: 15%, 8degrees Aspect: S Position: footslope

Soil temp.(50cm) C, 32r Number of Horizons:03 Landform: mountains

##** PROFILE DESCRIPTION *w#ws

DEPTH COLOR STR CONS RT PR

HOR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EPF BND *
02 +3= 0 / / .
Al 701 0- 9 10YR 3/2 10YR 5/4 02 1ls 05 113 1111 542 111 5.51 3
B2 Tu2 9- 44 10YR 4/6 2.5Y 5/4 02 1s 15 123 3211 442 111 5.51 31
C Tus 44-65+ 10YR 4/6 2.5Y 5/4 02 1s 40 113 3211 242 111 5.5 1 66

- / / .

- / / .

- / / .

- / / .

CF=coarse fragment (%) STR=gstructure grade,size,kind
CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EPF=eftervesence BND=boundary

COMMENYS (*):
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Table 48, Soil physical and chemical data for the Champion Natural
Soil.

Beries: Classification:sandy mixed Typic Cryochrept
8ite number:07 County:Deer Lodge Location:Champion Natural Soil
Number horizons:01 Co:30

lloruon Deptn | Mechanical analysis I Water content
(cm) Iund 8ilt clay vcu( )coo ms fs vfs cosil ISM: .lzbn) Obar| 1
l (] — I

lllllIlllllllllllllllllllltllll!llltllllllllllllll l!llllllllllllllllllllllllllllllllllllllll[lllilllllllll
Al/B2 0~ 44 78.0 17.0 5.0 20.0 23.4 15.2 12.5 6.9 6.0

. . . . . .
- . . . . . .
s . - . . . .

lllllllIlllllllll!lllllllllllllllllllllIlIIlll!l!llllllllIlllllllllllllIIIllll'illlllllllllllllllllllllllll
|

|Borison Deptn | Dry Aggregate Analysis |} CEC |Base | Bxch
I (cm) 1>19mm 19-4 4-2 vcos cos ms fs vis si,c l Sum  NaCl|satn. llnldtt1|
| 1 (%) | (meag/100g) 1 (%) | (ppm)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltlllllllllllllllllllllllll
Al/B2 0- 44 0.7 5.4 7.5 24.8 20.5 13.5 12.6 6.3 7.9 12.9 12.7 70.7 12.0

IR I I T IIIIIIIsIIIseNIRLIIIIIIIIIOLILS

|dorizon Deptnl Saturation Bxtract
(cm) | H20 EC Ca Mg Na K n Cu Mn Pe Pb cd N Ag Cr Al As
I I (%) (mmho/cm)

BIIETR I I RIS RN I RPN N2S2ILRTLLIIINIILTL t 1338332300008 R2RIRILRCILLLL
Al/B2 0- 44 18.0 0.17 4.3 0.8 0.4 1.4 0.025 0.013 0.019 0.095 <.09 <.02 <.04 .002 <.18 0.4 .00l
- . .

- > x SReE ARen KRR wane

L R R R R R R R R R R R R R R R R R R R R R RN R RN R RERRRRRRIEERT]
|

|Horizon Deptnl NH4OAC Extract
(cm) | Ca Mg Ra K in Cu Mn Fe Pb ca Ny Ag Cr Al As |
| | ppm I

R R R R R R R R R R R R R R R L]
Al/B2 0~ 44 1386. 194. 32. 172. 2.52 1.76 9.68 19.6 0.6 <0.2 4.0 <0.8 0.58 18.4 <.02

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN RN RN RRRRNNIEET
|Horizon Depthl| Org | | W03

I (em)l C | 1:1 1:2 | W BO4 |

I I (8) | B20 CaCl2| =--- ppm ===- |
lllllllIll!lllllllllllllllllllllllllllIIlIIll!llllllllllllllllll!lllllllIlllllIlllllllllllllllllllllllllllllllllllll
Al/B2 0~ 44 0.5 6.0 5.2 3.2 6.0 32.3

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RN RN R R FIIERREIRTRNBRRIRCIIIRRRRONINORRNRRORRROOGROZRRONOROGROIRIILL
Comments: Multiply figures with stars (***#) below column by 0.1,
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Table 49. Soil physical and chemical data for the Champion Waste Rock
(grab bag).

Series: Classifications
Site number:04 County:Deer Lodge Location:Champion Waste Rock Grab Bag
Number horisons: Co130 ;

S Is NI LI NEESSIN S EREIRRRTINININANIILITIIIIRNIRSILIOSCNRRYTIORORRLIRNSESIERORURPORIROLTOIOTRRBIRERESERRETIINTL
:non:on Depth | Kechanical analysis > | Water content | |

| (cm) Isand silt clay veoo( ;:o- ms fs vfs cosil ISN: ..')zbu Obar| |
L] = Yo | I
fsssasEIIRARTNIRIOIOINIOIRINGGERINNRRINY llllllllllIIllllllllllllllllllllllllllllllllllllllllllllllllllllllllllt
0- 20 62.0 25,0 13,0 6.3 14.7 15.0 15.7 10.3 9.0 8.2 14.8 .
20~ 65 64.0 25.0 11.0 9.9 17.1 15.6 14.0 7.4 9.0 7.3 14.8 .

l!l!lllll'lllllllllllllllllllllllllllllllllll!llllllllllllllllllllllllllllll‘lllllllllllllllllll!lllll!llll

iHorizon Deptn | ry Aggregate Analysis ! CeC IBase | Bxch
I (cm) l>19— 19-4 4-2 vecos cos ms fs vfs si,c | Sum MaCllSatn.|Acidity!
I (%) | (meg/100g) | (%) | (ppm) |

Illlllllll!lltlllltllllllllxltlltllllllllllllllllllllllllltlllllllllIllllllllllllllllltllllltlllllllltlllll
0= 6.1 24.8 11.6 16.2 16.1 11.2 7.6 3.2 3.1 19.1 27.5 94.3 14.0
20- 65 6.6 31.4 9.4 19.2 14.6 8.1 5.0 2.5 3.2 14.4 22.4 78.0 22.0

R R R RN R RN R R

lllllllllllll!!lllllll!lllltll!lllllllllllllllllllllllllllllllllllll!lllllll:lllllll!ltllll'lll!lllllllllllll!lllllll

|Horizon Deptnl Saturation Extract

| (cm) | H20 EC Ca L] Na K In Cu Mn Pe Pb ca Ni Ag Cr Al As |

1 | (8) (mmho/cm) |

183132008388 83222 3888333008880 300 8808830022888 888 08I0 IRt EBE I It RtTIRRIIsIINIIICIIINIIINILINILIILLL
0- 20 23.5 '1.83 117.5 7.2 0.7 6.6 0.284 0.141 0,884 0.023 <,12 <.02 <,26 <.02 <.2 1.2 0.0

20- 65 23.5 2.27 111.3 15.2 2.0 6.6 0.82 2,35 0.58 0,263 0.23 0.04 0.39 <.02 0.23 7.0 .001

= SRR SRR HOAR NSRS SoRe

RIS I IS I NN NI I EaR I IERERRLEIRIRRREEROIERRRRINIIAIIIIRIINNRERTRIRIOIROISOIRIRIRIRRONRIRRSIONRRNTIRORORIIOILIOSIONS
NH4OAc Extract I I

I|Horizon Deptnl
[} (em)| Ca Mg Na K in Cu Mn Pe Pb ca ni Ag Cr Al u: :
I
PRSI I NI EEE IR NIEIRIYEIIRNIESYIRIEsININIIRTNSEREERURIIRINRTRRRNRIISRIERRRIOIIIOORIRITONIROIIRLILIINIETS
0- 20 3146. 128, 24. 112. 3,08 8.32 8,72 111.2 1.44 0.24 3.2 0.36 0.38 38.2 0.
.2 3.6 0,08 0.7 137, 0.04

20~ 65 2136. 112. 28, 84. 4.4 16.52 3,28 316.0 1.86 0

PE I TIIE IR IIIISEINEIIISI NN INIRREIRRENIIIRINIEIINERRNLNNLRRIINRIINRIAIRLIINIROIROIRIORSROIAIRORIOSROIIIOIOIROCILINIRS
|Borizon Deptnl Org | pH |
(em)| C | 131 112 | W P S04 |

I | (s) | BH20 CaCl2| =--- ppm =---- |
1SS0 0TI TR I TTININNEIEIEI NI Rt aN Tttt I It ettt it It it e Rt tT TR IRt IIItItINsNNItITLIIIILIIL

-20 <.,5 3.8 3.8 2.7 2.3 1079
20 -65 <.5 3.1 3.1 560

IR R R R R R R R R R R R R R R R R}
Comments: Multiply figures with stars (****) below column by 0.1. Multiply figures with dollar signs ($8$%) below
column by 10.0.
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Table 50. Pedon description for the Champion Tailings (vegetated
eastern boundary).

##*%% SITE DESCRIPTION **###+

Soil Series: Site Number: 05 County:Deer Lodge

Location: 1/4, NE1/4, NW1/4 Section 33 Township 6N , Range 8W
Classification: fine-silty mixed Typic Cryofluvent
Date Sampled: 08/13/81 Elevation: 6400ft, 1950m Precipitation: 1llin, 279 mm

Site Codes/Co:30/PM:12/Veg:16/LU:14/Drain:02/Perm:02/EBrsn:04/Postn:07/LF:17/
Material: resid. crystalline Vegetation: mixed shortgrass Land use: mill tailings

Drainage: poor Permeability: slow Erosion: severe
Slope: 5%, 3degrees Aspect: NW Position: level slope
Soil temp.(50cm) C, 32r Number of Horizons:03 Landform: disturbed land

###% PROFILE DESCRIPTION ##%#&#

DEPTH COLOR STR CONS RT PR
HOR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *
Al 501 0- 3 10YR 5/8 10YR 5/7 02 1s 00 223 1122 722 111 4.5 1 14
B2 502 3- 12 10YR 6/8 7.5YR 6/8 01 s 00 111 1111 542 111 4.51 11
IIC2 503 12-60+ 5Y 8/1 2.5Y 8/0 09 sil 00 132 4225 425 484 .01 66 1

NNNNN
NNNNN
“ s 0 0 e

CP=coarse fragment (%) STR=structure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EFF=effervesence BND=boundary

COMMENTS (*): 1) Rust colored (7YR 5/8) material present in bands 5mm. thick. Same
macterial present in vertical bands either filling cracks or as a byproduct of leaching.
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Table 51. Soil physical and chemical data for the Champion Tailings
(vegetated eastern boundary).

Series: Classificationimixed Typic Cryofluvent
S8ite number:05 County:Deer Lodge Location:;Champion Tailings (vegetated eastern boundary)
Number horizons:02 Co:30

TI S BEIREs I N RN IR NI IR EESSREISIIRISINISIILIIITNRIRONCEORREIRUTISBOITRIOROERIIRLIITL
I

|Horison Depth | Mechanical analysis | Water content

: (cm) :und silt clay vco-( :):ol ms fs vfs cosil 15bar .%bcx Obar| |
% | e——( )= | I

IR IR IR R NI IR IS IERIRRISIYISEEOLNNERNCTRIEOESSEYRIRONREIREORREIRIERIRTIIENRERTROIROOOOERRORORIYERTIRETLTL

AlL/B2 0- 12 72,0 22.0 6.0 0.3 1.1 38.2 32.4 12.0 4.1 10.0 .

IIC2 12-60+ 12.0 59.0 29.0 0.3 0.4 1.5 9.8 19.0 12.4 32.8 .

SIS R IS NII IR IR ENRRIREETUCITRRRSRNIRNUNRINNITNRRORRERITIRIRRIINOSOOCEORORITESIOONDOSIOISRIRTLTS
i

llotuou Depth | Dry Aggregate Analysis 1 CBC IBase | Exch

(cm) |>19mm 19-4 4-2 wvcos cos ms fs vfs si,c | Sum MaCllSatn, luidtcyl
I I (8) | (meq/100g) | (%) | (ppm)
llllllllllllllllllllll!lllllllllllllll!llll!llllllllllllllllllllllllllllllllllllllllllllllllllllltlllllllll
Al/B2 0=~ 12 8.8 4.2 2.9 19.6 18.1 15.3 7.8 3.5 80.8 6.0
1IC2 12-‘0+ 1.0 4.1 7 9 22.4 16.4 10.3 8.3 9.1 20.5 15.2 19.0

BN SIS EER I R I I RN IR N IR NSNS NN INBLILORNSORIREOROEEOETEEREORERISTY

!lllll!lllll!ll!lll!!!lltlllllllllllllllllllllllllllllllllllllllllllltlll!lllllllX!3llllIllllllllllllllllllll:l!llll

|Horizon Deptnl Saturation Extract
] e (g-)l H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As I
| * I (%) (mmho/cm)

nlnnlunnnnnu:ulxnxulxnnnxnunxunuxxxxxxn|xxxlx|x:xxlxnxxlnxxuuxnlnnnnnnnnunnn
Al/B2 0- 12 27.9 0.24 4.9 1.7 0.3 4.4 0.111 0.39 8.82 <.014 <.14 <.03 ,039 <,03 <.3 1.3 .001
IIc2 12-60+ 45.4 2.96 177.2 117.0 1.1 19.1 2.08 3,326,17.86 0.600 0.36 0.13 .818 0.09 <.45 44.3 .005

e IIIT IR T wEaE wRe

lllllllllllllllllllllIlIlllllllllllllllIlltllllllllllllllllllllllllllllllllllllllllllllllllllllll:llll!lllllllllllll:

|Borizon Deptnl| NH4OAC Extract
| (g-)l Ca Mg Na K in Cu Mn Pe Pb ca Ni Ag Cr Al As : :
I

1 lllllllllllllllllllllI!llll'l!lllll!llltlllllllllll#llll!ll!llllll!ll!!lllllllllllllllllllllll'llllllll
.u;ll;“":!-';.l 772. 166, -22. 74, 4.32 4.48 32.64 33.4 3.14 <0.2 7.6 <0.8 0.32 104. 0.02
1IC1 12-60+ 1078. 400, 22. 132, 5.28 11.72 47.8 276. 1.04 <.02 12.8 0.44 1.12 278. 0.26

llll!lllllllllllllllllllllIIIIlllll!llilllllllllllIlllllllllllllllllllllIlllllllIlllllIll'l'lllllllllllllll!llllllll
| W03 I

|Borizon Deptnl Org | pE
| (cm)l C | 131 1:2 | W P 804!

I | (8) | B20 CaCl2| =~~~ ppm ===- |
ST IRTIEIIIIIN SN I NI TSI T R RS IR I I NI NI RN P ISR R NI I NN ERNRRINRNTIIRRIIIIIRINTY
Al/B2 0 =12 <.5 3.6 3.5 222.
IIC1 12 -60+ <.5 3.2 2.6 3827

I eI LTI T LIRSS NI IEIEISIIIIRLIYILIILIIIIIIIIEINIIIIIIIIsIEIIIIIIIITILIRINRILIILIRNOIRIARNRRERRLORRORERORIRSILIOIILY
Comments: Multiply figures with asterisks (****) below column by 0.1.
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Table 52. Pedon description for the Champion Tailings
(eroded face in center of pond).

#w#au% SITE DESCRIPTION *###ws

Soil Series: Site Number: 06 County:Deer Lodge
Location: 1/4, NE1/4, NW1/4 SBection 33 Township 6N , Range 8W
Classirication: fine-silty over sanay mixed Typic Cryofiuvent

Date Sampled: 08/13/81 Elevation: 6400ft, 1950m Precipitation: 1llin, 279 mm
S8ite Codes/Co:30/PM:12/Veg: /LU:14/Drain:02/Perm:02/Ersn:04/Postn:04/LF:17/

Material: resid. crystalline Vegetation: unvegetated Land use: mill tailings
Drainage: poor Permeability: slow Erosion: severe

Slope: 40%, 20degrees Aspect: W Position: midslope

Soili temp.(50cm) Cc, 32r Number of Horizons:04 Landform: disturbed lana

##x% PROFILE DESCRIPTION #*%#w##

DEPTH COLOR STR CONS RT PR

HOR. NO. (cm) MOIST DRY TEXT CF gsk dmsp asl ask pH EPr BND *
Cl 601 0- 10 5Y 8/3 5Y 8/1 03 1fs 00 223 2121 111 766 4.5 1 11
c2 6v2. 10- 71 5Y 7/4 5Y 8/1 06 £s1 00 324 3322 111 553 4.0 1 11 5
c3 63 71~ 97 2.5Y 7/0 S5Y 8/1 09 sil 00 111 4432 111 111 4.0 1 11 2
IIC4 6u4  97-120 7.5YR 6/8 / 03 1fs 00 111 1111 111 111 4.0 1 66

- / / .

- / / .

- / / .

- 74 / .

CF=coarse fragment (%) STRestructure grade,size,kind

CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location

PR=pore amount, size, kind EFF=eftervesence BND=boundary

COMMENYS (*): 1) Horizon interlayered with coarser, rust colored (lUYR 7/8) material;
approx 35 percent by volume.2) Rust colored material (lUYR 4/6) in upper part of C3 and
lower part of C2 has formed hardened layers or plates.
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Table 53. Soil physical and chemical data for the Champion Tailings
(eroded face in center of pond).

Series: i Classificationimixed Typic Cryofluvent
8ite number:06 Countztbnr Lodge Location:Champion Tailings (eroded face in center of pond)
Number horizons:04 Co:3

P3SN EI IS NNI NSNS RINIIINSIINIRIILIORICIININININRNAINRINNIIIRNIIILRIOISIRIIORORICRORRORSIOSOISSNOILTSY

|Borizon Deptn | Mechanical analysis | Water content

I (cm) Isand silt clay vco-( ;.:o- mns fs vis cux: xsu: +3bar Obarl I
I I L] ——" L Yo | |
ST IR LI RTIL LI I ISR EIEN NI IR NRIEIEREIINII IR ERNTIIIeISNIERAILINISETEERRRUIRRIORRIOINTIRIRIIOIRRIINIILIILTSE
cl 0- 10 40.0 49.0 11,0 0.1 0.3 15.9 23.7 21.0 4.9 . .

c2 10- 71 9.0 64.0 27.0 0.5 1.0 0.7 1.0 5.8 20.0 13.6 37.1 .

c3 71~ 97 7.0 65.0 28.0 0.1 0.4 0.5 1.0 5.0 19.0 14.4 38.1 .

cé 97-120 86.0 12.0 2.0 0.1 4.8 52.8 28.3 8.0 2.1 6.2 .

ESE IS LI ISP IESSSIRIENS RN RN RYITIERREITEIIRLITIRNEIIREIREERRNILTIRRRIRLIRORIOIRORRIORISIRAIOERRIRIRILORISIILY
|Borizon Deptn | Dry Aggregate Analysis I CceC iBase | Bxch

| (cm) 1>19mm 19-4 4~2 vcos cos ms fs vfs si,c | Bum NaCllBatn,!Acidityl

| | (%) | (meqg/100g) | (%) | (ppm) |

ISR L SNSRI RSSO IS YRR RERRREITRRENRIsIURISEAISITRRIRNRINORYRIIONROEIRIUREERIIIOREOROROCRORONREIINIECRINLTSY
cl 0- 10 7.1 9.6 6.2 31.1 19.7 26.3 8.5 3.5 61.2 13,0

c2 10~ 71 0.3 26.3 19.6 12.0 _9.1 7.6 25,1 10.4 15.2 58.0 39.0

c3 71- 97 3.5 14.6 6.0 19.9 14.5 9.3 6.6 4.9 20.8 25.1 29.7 46.1 72.0

c4 97-120 0.1 0.3 0.6 16.1 56.2 17.0 9.8 7.7 7.9 67.5 22.0

SRR AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ]

|Horizon Deptnl Saturation Extract
I (cm) | H20 EC Ca Mg Na K Zn Cu Mn Fe Pb cd Ni Ag Cr Al As
I | (%) (mmho/cm) 5 ppm |
SIS IR RS IS TN BRSNS ISR IR EIIEREITIIIIIIIIIINLIIERIINIRIIANININIRLEIIERIIIILISIRSNIRIONLIIRIOORNORSOIRIORSRISINNNLGS
cl 0- 10 30.3 0.71 11.5 8.9 0.5 3.5 0.473 0.958 0.327 0.619 <.01 <.01 ,026 .005 <.01 5.3 .003
c2 10- 71 43.6 3.47 184.2 137.8 0.5 7.4 2.276 3.331 42.73 6.278 .052 .011 .037 ,007 .632 65.4 .005
Cc3 71~ 97 45.6 7.68 152.4 366.8 7.2 3.0 5.854 7.927 82.01 67.88 .141 .026 3.14 .018 4.74 197. .018
c4 97-120 25.2 5.69 95.6 63.7 1.1 0.9 1.365 1.884 12.47 262.0 .050 .009 .312 .016 .768 34.0 .01
SRR R R R R R R R R R R R R R R R R R R RN R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R )
{Borizon Deptnl _NH4OAc Extract

(cm)| Ca Mg Na K in Cu Mn Pe Pb Cd M M C A As | |
] I Ppa I I
SRR R AR R R R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
Cc1 0- 10 618, 140. 26, 40, 2.88 4.96 2.36 432, 0.56 <0.2 3.6 0.32 0.62 92.4 0.5
c2 10~ 71 942, 376, 24. 72, 4.48 6.12 96.4 4B4. 0.64 <0.2 11.2 0.36 1.94 214, 0.1
c3 71- 97 1452, 860. 22, 80. 11.4 13.68 184.8 2100, 1.04 <0.2 35.2 0.36 8.14 468. 0.56
c4 97-120 1044. 100. 28, 24. 2.84 2.84 28.4 648, 0.6 <0.2 6.4 0.40 1.04 69.8 0.12

R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN AR R R R R}
IHorizon Depth! Org | pH | mO3 I
tomd il C 113s30.232 L. P 8041
I I (8) | H20 CaCl2| ===- ppm ===- |
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RS )

Cl 0 =10 <.5 .3.1 2.9 2.8 17.5 987.2
c2 10 =71 <.5 3.0 2.9 555,
c3 71 =97 <.5 2.8 2.5 2.5 12.9 2723
c4 97 =120 <.5 2.7 2.1 565

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN
Comments: Multiply values for SO4 by 10.0
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Table 54, Soil physical and chemical data for the Champion Tailings
(grab bag on vegetated flat ridge top).

Series: Classification:

Site number:06A Counczmur Lodge Location:Champion Tailings Grab Bag (veg. flat in center of tail)
Number horizons: Co:3 .

SNSRI INILII LI NI INNIIRRRINIRLELINRIISORNRINIINIBILRNOIBEONSRIRIITIIRIORILUNNNIIRISORREIRRERIIRIUIRIOIRETSE
|

|Horizon Deptn | Mechanical analysis | Water content |

I (cm) I|sand silt clay vcos cos ms fs vfs cosil 1Sbar .3bar Obarl| I

[ 1 (%) el G SR T I

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RERRREERRRRRRE
0- 15 60.0 29.0 11.0 0.1 19.6 10.5 16.8 13.0 13.0 .

|Horizon Deptn | Dry Aggregate Analysis ! CEC iBase | Bxch |
| (cm) [>19mm 19-4 42 vcos cos ms fs vis si,c | SBum NaCllBatn,iAcidityl
1 | %) | (meqg/100g) 1 (8) | (ppm) |

TEEEIIIINE IS NI IINRNIIINNINNIINIINLEINIILNNLLE
0-15 1.5 5.4 7.5 24.8 20.5 13.5 12.6 6.3

SEISIAEIIT IS NN NIRINTRITINTRRRNRENLRRNNITILITL
7.9 13.2 15.5 59.5 37.0

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R AR RN

SIS IIIIII It I Ittt I I IINLLIeIENREIYLLILOOIIORLILILLISSE

IHorizon Depthl Saturation Extract I

1 (em) | H20 EC Ca Mg Na K in Cu Mn Fe Pb cd Ni Ag Cr Al As

) | (%) (mmho/cm) Ppa |

:xx::nxxxllxxxxxxxxxnxxx:xlx:xxll:lxxx:xxxxxxnxxlx:x:xtxxx:xxt:xxrzxxltx:xc:xxxxux::xxxlxuxn:xl:xll:llxxulxtlxlxxxxx
$26.0 2.88 119.6 55.5 2.5 3.9 0.990 0.379 12.53 0.231 .021 .010 .340 .00S <.02 19.5 .002

. .

LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN
|Horizon Depthl NH4OAc Extract N I
] (cm) | Ca Mg Na K Zn Cu Mn Fe Pb ca Ni Ag Cr Al As |

I ppa | I
LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RN RERRRRERET]
0~ 15 1318. 248. 20. 64. 5.08 7.72 48.4 332, 1.0 <0.2 9.6 <0.8 0.78 324. <.02

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRERREEETS
|Horizon Deptnl| Org | | NO3
(cm)! C | 111 1:2 | N 1

I | (%) | H20 CaCl2| =--- ppm
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Y]
0 -15 0.8 3.2 3.4 3420

Rt IIeIIeNITIIIIIIIIEIIeINOLeNNNNIIILILIILSL
Comments:
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Table 55. Pedon description for the Wasa Natural Soil.

#%e4s% SITE DESCRIPTION #¥#w#«

Soil Series: Site Number: 12 , County:Granite
Location: 1/4, 1/4, SW1l/4 Section 27 Township 9N , Range 12W
Classitication: coarse-loamy mixed Typic Cryoboroll

Dace Sampled: 08/25/81 Elevation: 6100ft, 1859m Precipitation: 14in, 355 mm
Site Codes/Co:46/PM:11/Veg:01/LU:01/Drain:04/Perms04/Ersn:04/Postn:05/LF:02/

Material: resid. limestone Vegetation: Mixed coniterous Land use: commercial forest
Drainage: moderate Permeability: medium Erosion: severe

Slope: 30%, l6degrees Aspect: WSW Position: lower midslope
Soil temp.(50cm) c, azr Number of Horizons:i03 Landform: mountains

##%#* PROPILE DESCRIPTION ##%#%

DEPYH COLOR 7 STR CONS RT PR

HOR. NO. (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *
Al 0- 8 10YR 2/1 2.5Y 3/2 05 sl 10 223 1121 732 748 5.0 1 23
B2 8- 40 7.5YR 4/4 7.5YR 5/4 05 sl 30 223 1121 732 748 5.51 22
Cl 40-75+ 10YR 550 10YR 5;8 05 s1 40 223 1121 64z 748 5.5 1 66

- 7 / ]

- / / .

- / / .

- / / .

CF=coarse fragment (%) STR=structure grade,size,kind
CONS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EPP=eftervesence BND=boundary

COMMENTS (%)
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Table 56. Soil physical and chemical data for the Wasa Natural Soil.

Series: Classificationicoarse-loamy mized Typic Cryoboroll
8ite number:l2 County:Granite Location:Wasa Natural Soil
Number horizons:02 Co:dé

llllllllllllllllllllltlllllllllllllll!l!lllllllllllllllllllllllllli!lllilllllllllllllllllllllllllllllllllll
|Borizon Deptn | Kechanical analysis } Water content I
] (cm) Isand silt clay vcos ;:on BS fs vis cuu 15bar .;bu) Obar| [}
| | [} — — ] |
lllltllllllllllllllIllltlllll'l!llllllIlllllllllllIlIlll'llllllllllllll'll'llllllllllltllllllllllllllllllll
Al/B2 0~ 40 52.0 38.0 10.0 15.0 10.6 8.7 10.5 7.2 11.0 8.7 23,1 .
[ § 40-75+ 57.0 34.0 9.0 10.3 10.5 11.2 14.7 10.3 10.0 0.3 1%9.2 .
tllllllllllIl(Illllllllllllllllllllll!llllllIlllllllllllllllllllllllllIllllllllIlllllllllllllllllllllllllll
|Borison Deptn Dry Aggregate Analysis A CeC I | Bxch |
| (cm) I)U- 19-4 4-2 vcos cos ms fs vfs si,c | Sum HMaCllBatn.|Acidityl
| ({}] | (meg/100g) | (8) | (ppm) |
lllllllIllllllll!lllllllllllllllllllll!lllltlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
AL/B2 0- 40 11.3 35.9 10.2 10.8 9.3 7.2 6.1 3.2 6.0 11,7 15.3 99.3 31.0

30.3 11.8 12,0 9.5 8.2 7.4 3.6 5.7 14.2 14.1 %45 17.0

c1 40-75+ 11.5

PRI RN R IR ISR NIRRT RREROEIERIRRRESEOTEINTIIIILISE

B IIE RN I RTINS RNt Nt R et Ea st eTIRRRENIIRNIIIIILIINL
IBorizon Depthl Saturation Bxtract

| (cm) | H20 EC Ca Mg Na K in Cu Mn Fe Pb ca Ni Ag Cr Al As

| | (%) (mmho/cm) .ppm 1

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R R R R R R RN R R R RN RN RERRRRRREZIIEEYS
Al/B2 0- 40 42.1 0.22 9.2 2.1 7.2 6.3 0,085 0.019 0.044 0.244 <.21 <.04 <.11 ,005 <.42 <1.0 ,003

cl 40-75m 35.9 0.12 4.6 1.6 1.0 1.6 0.076 0.032 0.008 0.919 <.18 <.04 <.09 .006 <.36 <.90 .002

.
- ¥ SREE SREE seen 11

S R R R R R R R R R R R R R R R R R R R RN R R R R R R R RN RN T}

IBorizon Depthl NH4OAc Extract

I (cm) | Ca Mg Na K Zn Cu Mn Pe Pb ca Ni Ag Cr Al As | I
] I ppm ! I
LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN RN
Al/B2 0~ 40 2152, 28. 28. 232, 10.32 1.92 5.68 1.32 1.34 1.24 3.6 <.08 <,02 <10. .002

c1 40-75+ 2392, 128, 26. 142. 52.8 14.72 10.48 24.2 9.82 2,08 5.6 0.16 <.20 34.2 <.02

L R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RN Y]
I

|Borizon Deptnl Org | pH | W03
I (em)I C | 1:1 132 | N P 8041
I | (%) | B20 CaCl2| ===~ ppm ==== |

L R R R SR RN RN R RN R RN LT)
Al/B2 0 =-40 1.7 6.0 5.6 2.7 22.1 42.4
cl 40 ~75+ 0.8 5.3 5.7 <10.

llllllllllllltlllllll‘llllllllllllllllll:l(lllllll!lllllx!llllllllIlll'lllllllllll!l!llllllllltlltllllllllllllllllll
Comments: Multiply values with stars (****) below column by 0.1,
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Table 57. Pedon description for the Wasa Waste Rock.

#%#xs% SIYE DESCRIPTION #w##aw

So0il Series: 8ite Number: 11 i County:Granite
Location: 174, 1/4, SW1/4 Section 27 Township 9N , Range 12W
Classitication: sanay-skeletal mixed Typic Cryorthent

Dace Sampled: 08/25/81 Elevation: 6100ft, 1859m Precipitation: 14.in, 355 mm
Site Codes/Co:46/PM:11/Veg:01/LU:15/Drain:04/Perm:04/Ersn:04/Postns03/LF:17/

Material: resid. limestone Vegetation: Mixed coniferous Land use: mine dump
Drainage: moderate Permeability: medium Erosion: severe

Slope: 35%, 1l8degrees Aspect: Position: upper midslope
Soil temp.(50cm) C, 32r Number of Horizons:02 Landform: disturbed land

###* PROFILE DESCRIPTION #®###

DEPTH COLOR STR CONS RT PR

HOR. NO, (cm) MOIST DRY TEXT CP gsk dmsp asl ask pH EFF BND *
Cl 0~ 54 7.5YR 5/8 7.5YR 5/8 02 1s 40 223 1121 325 748 4.51 31
c2 54-75+ 10YR 5/8 10YR 6/4 02 1s 50 223 1111 325 758 4.5 1 66

- / / .

- / 7 .

- / / .

- / / o

- / / .

- / / .

CP=coarse fragment (%) STR=structure grade,size,kind
COnS=moist,dry,sticky, plastic consistence RT=root amount, size, location
PR=pore amount, size, kind EFP=effervesence BND=boundary

COMMENTS (%)
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Table 58, Soil physical and chemical data for the Wasa
Waste Rock.

Series: Classification:sandy-skeletal mixed mtc Cryorthent
Site number:ll cmtzm:ulu Location:Wasa Waste Rock
Number horizons:01 Co:d

|Horizon Deptn | Rechanical analysis | Water content i
: (cm) :und silt clay vou“)ool ms fs vfs cosi! 1Sbar JN! our: ]

e ) ——— ]
lllllllllllllllllllltlll'lllllllllllllllllllItlltIlllllllllllllllllllllllllllllllllt'llllllltlllllllllltlll
c1/c2 0~ 75 59.0 31.0 10.0 14.8 12.2 11.1 12.3 8.6 10.0 9.5 22.8 .

lllllllllllllllIllllllllllIllll!llllllllllllllllllllllllllllllllllllllllIlllllIllllllllllllllllllllllll!lll
| Bxch |

|Borison Depth | ry Aggregate Analysis ] CEC IBase
I (cm) 1>1%mm 19-4 d-l veos cos ms fs vfs si,c | Bum Inclluta.lutduyl
| I ) | (meg/100g) 1 (8) | (ppm) |

e RN TR LTI
c1/c 0= 75 12.4 41.3 10.4 9.0 8.0 6.5 5.4 2.6 4.4 0.4 9.8 51.1 7.0

A R R R RN RN R RN NI NR NN PESRIEANRRRAARRRNRRRRREY

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R N

llnrhon Depth| Baturation Extract
(cm) | H20 EC Ca Mg Na K In Cu Mn Fe Pb ca Ni Ag Cr Al As |
| | (%) (mmho/cm) ppm |
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
c1/c2 0- 78 37.1 2.25 137.2 13.7 3.2 2.3 33.42 8.540 12.33 0.587 067 .447 .221 ,007 <.04 44.6 .001

L R R R R R R R R R N R R R R R R R R R RN R R RN
|

IBorizon Depth! NB4OAc Extract
| (cm)| Ca L] Ra K n Cu Mn re P Ca w M Cr Al As | I
| | ppm | 1

R R R N R RN R RN RN AR e Y
c1/c2 0- 75 840, 82, 28. 30, 84.6 42.4 21.68 316. 4.4 1.18 4.3 <.08 <.20 235, <.02

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R RN R RN RN RN E]
|Horizon Deptnl Org | | O3 I
| (em)| C | 151 1:2 | N P 8041
| I (8) | H20 CaCl2| ===« ppm ==== |
LR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ]
Cl/c2 0 =78 0.9 3.1 3.0 2.9 6.9 5757

R R R R R R R N E R R RSN R RN
Comments:
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Table 59. Soil physical and chemical data for the Wasa Waste Rock
(grab bag from dump above Wasa 3 adit).

Series: Classification: ]
Site number:1llA Couutrcunuo Location:Wasa Waste Rock Grab Bag (dump above Wasa 3)
Rumber horisons: Cosd

Borizon Deptn | Mechanical analysis Water content |
(cm) Isand silt clay vcoc( t):oa ns fs vis cutl “h: .;zh.r our: :
| % P emenes

SIELIIIITILNIINNNILINIIIILNLRIRANILNISE lllllllllIlllllIIlllllllllllllllll!lllllllllllllllllllllllllllllltl
0~ 40 52.0 35.0 13.0 12.4 11.2 9.1 10.7 8.6 11.0 6.6 17.9 .

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R N

IHorizon Deptn | Dry Aggregate Analysis | ceC iBase | Bxch |
I (cm) 1>19mm 19-4 4-2 vcos cos ms fs vis si,c | Sum lacxluu.luultyl
| I (%) | (meqg/100g) | (8) | (ppm)

uuuunnnunnnuuuxununuuununuunlnnunnllunlnnnnnlnuuuuuuunnul
0- 40 9.6 32.6 10.4 10.6 10.4 8.6 5.0 3.6 6.2 0.3 5.5 77.5 23.0

l!llllI!lll!!llll!ll!!l)lll!llllllllllllllllllllllllllllllllllllIllllllllllIllllllltllllllllllllllllllllllltl!llllll
|Horizon Depthl Saturation Extract
(cm) | H20 EC Ca Mg Na K n Cu Mn Pe Pb Ca Ni Ag Cr Al As |
| I (%) (mmho/cm) |
PRI NI IR ER I IIILILIILISSIIsNRIIRIOEIIIOEIIIRIRILILTY
0~ 40 27.2 0.07 1.9 0,7 0.3 1.2 0.045 0.012 0.008 0.030 <.14 <.03 <.07 .005 <.27 <0.7 .002

.
- ShEe ARed Sase seen

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN RN RRRRRRRNREIET
| I

|Borizon Deptnl| NB4OAc Extract
I (cm)! Ca Mg Na K in Cu Mn Pe ] ca Ni Ag Cr Al As | I
| | Ppa | I

LR R R R R R R R R R RN RN RN RN RSN RN RNRSRIIT It T
0- 40 1044. 112. 24. 82. 5.56 15.84 4.88 41, 0.52 0.36 4.0 0.44 <0.2 140. <.02

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RN RN RRRRRSERRRRRRRIsIrI I
|Horizon Deptn| Org | pH | NO3 I
(em)! € 1111 132 | N P 8041

I | (%) | H20 CaCl2| ==-- ppm =—=- |
L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R R SRR R RN SRSIIINIIIIT]
-40 0.6 4.4 4.1 116.

llllllllllllllllllle!l!lllxtlxllllllllllllllllllllllllllIllllll'llllllllllllllll!lll TRIBRRRIERENRRORIRSRRROOROIRORLIIGDY
Comments: Multiply values with stars (****) below column by 0.1.
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Table 60.. Soil physical and chemical data for the Wasa Waste Rock
(grab bag from dump below Wasa 1 adit).

Series: Classification:
Site number:11B County:Granite Location:Wasa Waste Rock Grab Bag (dump below Wasa 1)
Number horiszons: Co1 46

SIS IEINNISILSIILIILRNISINSINRTIIRSERSRRETREIRIRNIROIREUBEIRISORIPICRODICTOERISOITOOSOOOOIROOIIOIIOROSRROIOLIIDRIRLIISIGRS
] |

|Horizon Deptn | Mechanical analysis || Water content |

I (cm) Isand silt clay veo.( ;:u ms fs vis cosil ISM: .3»,.:, Obar | |

I I L ——( X ——— |

S8R NE SNSRI NERERERBERORTIREENERNREROERTIRENRRRENORERORUERERRRARBRESTOITOORIEIRURERORITERIERIRREILILITS
0- 30 71.0 23.0 6.0 19.4 16.9 13.4 12.9 8.4 9.0 3.6 11.3 .

2333838080888 8000 I8 s8R esE T RIt s ITnIsIttEeITneIsIsnsItIItIInIIonIIIeIsetstIRsIeINIEIIINL
| CeC |Base | Bxch |

|Borizon Deptn | Dry Aggregate Analysis
I (cm) 1>19mm 19-4 4-2 vcos cos ms fs vifs si,c | Sum NaCliSatn,lAcidity!
I | ({}] | (meg/100g) ! (8) | (ppm) |

T332 00 33038 RRNRNRRIRRENNRRNRNBOROERRERRIIRRETEUBROREREOORONOIIRIRERILTSE

TITININNNIINNNNNINRINNIEINILNINLLL
10.0 8.2 6.5 5.5 3.0 5.3 24.7 11.3 98.7 2.0

(13
0~ 30 10.8 37.3 13.3

TR ESEEINE NN E BT RRNRIRRRINRIINIIROUIISILINNRRIRUOERIOREITEOTOITOCEIREIRIOICIOTOIOTONOORELULOSREINLIOS

IR R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R RN R R
|

|Horizon Depthl| Saturation Extract
| (cm) I H20 EC Ca Mg Na K in Cu Mn Fe Pb Ca Ni Ag Cr Al As |
I | (%) (mmho/cm) ppa 1

llllt!!lllll!ll!ltllllll!!lllllllll!llllllllllli!lllllltllllll!)lllllllllllllltllllllltllllllllltlllllll!ll!(llllll:
0~ 30 23.2 1.4 74.5 2.1 7.6 3.6 0.004 <.006 0.008 <.012 <.12 <.02 .013 .005 <.23 <0.6 0.0
: : RRhe ReRn Liil]

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RN RN R AR RN RRREREE)

|Borizon Depthnl NH4OAc Extract | I
(cm) | Ca Mg Na K 2n Cu Mn Fe Pb ca ni Ag Cr Al As | |

1 I ppm 1

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R
0~ 30 4798, 46. 32, 120. 66.6 7.92 19.68 0.78 1.76 2.84 4.4 <.08 <.02 <10. <.02

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
|Horizon Depthl| Org | pH | WO |
| (em)| C I 131 132 | N P 804 |

I | (8) | H20 CaCl2| ==-- ppm ==-= |
I IEIEIIIIIIIIININIIIIIIE LRI RN IR IR N RISRREIRIBIINOIIILIIILL
-30 0.6 6.5 6.8 457.

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RRRRRRRRRRRNE AT
Comments: Multiply values with stars (****) below column by 0.1.




APPENDIX D

PLANT SPECIES LISTS




~ Table 60. Partial species list for the Alta mine.

Scientific name

Conmon name

Achillea spp.
Agropyron spp.
Azropyron frachyecaulum

Yarrow

Wheatgrass

Slender wheatgrass
Bentgrass

- Pussytoes

Sandwort

Silver sage
Terragon sagewort
Fringed sagewort
Smooth brome
Cheatgrass brome
Sedge

Rubber rabbitbrush
Tufted hairgrass
Idaho fescue
Rough fescue-
Strawberry
Foxtail barley
Rush

Prairie junegrass
Lodgepole pine
Limber pine
Bluegrass
Cinquefoil
Quaking aspen
Douglas fir

Rose

Willow
Bottlebrush squirreltail
Green needlegrass
Snowberry

Common mullein
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‘Table 62. Partial species list for. the Champion mine.

Scientific name ' Common name

|
| Abies -spp. AR - Fir
' Agrostis spp. Bentgrass
‘ farex spp. Sedge
: . Eragraria virginiana Strawberry
I Jupcus spp. : Rush
Rinus conforta ‘ Lodgepole pine
| Poa spp. : ~ Bluegrass .
| ' Populus tremuloides : Quaking aspen
Jumex spp. L ) Sorrel
Salix spp. : Willow

_Seolidadgo missouriensis : Goldenrod’




Table 63. Partial species list for the Wasa mine.

Scientific name

Common nanme

_Abies spp.
Achillea spp.
Agropvron spp.
Agrostis spp.
Larex spp. ,
Dactylis glomerata
Deschampsia spp.
Equisetum spp.
Eragraria yirginiana
Phleum spp.

Ricea spp.

‘Pinus contorta
2oa spp.

Pseudotsusa menziesii -

Salix spp.
Jaraxacum spp.
Yerbascum thapsus

Fir
Yarrow

_Wheatgrass

Bentgrass
Sedge

~ Orchardgrass

Hairgrass
Horsetail

Strawberry

Timothy

.Spruce

Lodgepole pine
Bluegrass
Douglas fir

© Willow

Dandelion’

Common mullein
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