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INTRODUCTION

Cver the Tast fifteen years there have been severcl assessments of sources uf
metals to the kculder River drainage and of the impacts of mweials on the Doulder
Kiver {Braico and Botz 1974 Vincent 1975%; Kelson 15765 Gardner 1977, Pedersen
1977}. Generally, this earlier work indicated that Tish populations aeclined
significantly downstream of the town of Basin and below Cataract and Basin

creeks and that numbers were further reduced downstream of High Ore Creek.

Knudson (1984) summarized the information collected up to that time and offered
severel suggestiuns for reclamation. He concluded that High Ore Creek was ‘e
major source of metels to the Boulder anc that diffuse teilings neur the Comet
Mine were the prirary problem. Knudson (1984) concluded that reclamation

efforts woulu be most productive in this pertion of the drainage.

Our examination of the Knudson report indicated several possible scurces of
error in reaching this cenclusion, First, the data that was evailable tc
Knudson did rct include equal rumbers of samples taken from each Tocaticn ror
was the iiming of sampling similar at each site, This inconsistency made it
[ifficult to Clmpare averzge concentrations between sites because metals concen-
tratiens vary depending on the season of sampling. Secendly, stream discharge
records were not available for the dates when the metals samples were taken;
hence there was no means of quantifying the amounts of melals eritering the
Boulder from each of the tributaries, Thirdly, the most recent data summarized
by Knudsun (1984) were collectec nearly ten years ago. Conceivably, the sources

and cistributicn of metals have changed uver that time.




Accordingly, we initiated a monitoring progrem in the spring of 1985 tg gain

mere current informaticn on the sources of metals ip the drainage. This ceta
should heln us in our consideration of optiors for using mitigation funds that
are being provided by the Montana Highway Department to compensate for Jishery

hebitat Tosses that occurred during Interstate 15 construction.




MATERIALS ANU METHODS

Fourteen staticns on the Boulder fliver and i+c mainsten tributaries were sampled
weekiy from the first week 1), Pie, through the first week in July, 1ges (Fig., 1;.
Seipling was cenducted to bracket the rup-off period because previpys work indi-
cated that metals concentrations are highest during this tine. Two sampling
s1tes were established o, High Ore Creek - One riear the mouth and a second
several miles upstream and immediately downstrearn of the Comel Mine. This

alluwed us to assess whether metals in Hich Ore Creek uriginate primarily from

of the stream charnel,

Paraiielers measured in the field included pH (with & Cerning model 620 pH
meter), alkalinity (by titration with 0.020 A suifuric acic and using bromo-
crescl green, methyl regd indicator), hardness (by titraticn with 0.01 N EGTA and
using Hach Man Ver-2 indicator powder bitlows), and stream discharge with ¢

Marsh McBirney model 201 portable water current meter,

gral, samples were Collected at each station 7or subsequent analyses of total
recoverable copper ang zinc, Metals analyses were performed by the Chemistry
Leborator, Bureau, Montana Department of Health and Environmenta? Sciences,
Jsing atomic emissign spectroscopy; certified Environmenta) Protectiun Agency

srocedures were enployed (USEPA 1982},

Nstanilaneous copper and zing Toading {(kg/duy) were calculated for ¢ yiven
ocalion and date by multiplying strean discharge by the measured metal concen-

rations,

L}
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RESULTS

fikalinity, Hardriess and pH

The five iributaries tg the Buulder River that were sampled during this inves-
tigation have different water quatity characteristics. Both Galena Guich ard
High Ore Creek have relatively hard and alkaline water while Basin and Cataract
treeks and the Little Boulder kiver have relatively soft waters that &re low in
alkelinity (Table 1), Expectedly, the less alkaline waters were also lower in
pH.  Both High Ore Creek and Galena Guich Creek flow through Timestone deposits
wherzas the remaining streams flow through the granitic materials that are

Characteristic of the boulder Batholith.

Alkalinity, hardness, anc pH in the mainstem of the Boulder River tended to
increase from the upstream station near Basin to the mouth (Table 1). (Qver that
distance, mean alkalinity {as CaCO3, and hardness (as CaCO ) both approximately
trigled in concentratxon from near 30 mg/1 to approximately 90 mg/1. The great-
est increase was at the two staticns nearest the mouth. Simitarly, mean pH
increased from approximately 7.5 to 8.C units cver the reach that was sampled.
At a given site, the tendency was for all three parameters tu increase during

Tow flow perivds end decrease auring kigh flow conditions.

tream Discharge

During the runoff Season, streawm flow in the Boulder Kiver approximately doubled
between the town of Basir, and the USES gauging station located immediately

downstrean of the town of Beulder /Fig. 2). Most of the incregse in flow was




Tante 1, Alkalinity, hardness ang pH 2t several focations in the Boulder River crainage.

e
Total alkalinity Herdness
Location n mg/l as CaCo, mg/1 as LaCC. pH
mean range 307 meaFn range mean range 5
Mzinstem Boulder River
Above Basin 10 is 24-52 x 9 32 22-48 9 7.5 7.1-8.2 =05
Below Cataract Cr. 10 23 22-48 + 9 2% 16-50 =10 7.6 6.9-8.1 0.3
Above Boylder 10 34 22-52 10 34 22-56 10 T.7 72817 spl3
Below Boulder 10 a9 2665 13 38 25-64 214 7.5 7.2-8.7 x0.3
Elkharn Bridge 10 ha 30-76 +16 55 2B-144 +30 7.6 7.2-8.1 +0.3
Nigger Hollgw 10 87 38-152 *43 . 88 40-155 =4y 7.2 7 h-8.4 +0.3
Cardwell 10 83 42-160 247 3¢ 3B-170  s4g 8.0 7.7-B.5 0.3
Tributaries -~ Boulder River
Basin Creek 10 1g 14-28 £ 17 10-24 t & 7.5 7.0-8.2  :0.4
Cataract Creek 34] 29 18-46 £ 9 30 16-64 *1% 7.8 6,9-8.% 204
High Gre Creek i0 92 6Z2-146 74 134 74-184 t 4 7.9 7.5-8,5 3.3
{mouth}
High Ore Creek 10 a7 80-184 424 133 27-210  s5% 7.9 7.6-8.8  +0.3
(below Comat mine) ;
Calena Cylch 10 97 60140 174 95 74~132 238 7.8 7.8-8.1  sp.0
Little Boylder ’ 10 45 2487 *31 &2 24-65 15 7.6 7.1-8.1 0.3

GP/war-1p-3
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attritutable to Basin and Cataract Creeks which enter the Boulcer Piver a short
disterce downstream of the town of Basin {Fig. 1). For example, on May &, the
sempiing date when rungti was greatest, discharge rates of the Boulder River
above Basin, Basin Creek at the mouth, and Cataract Creck at the mouth ware 200,
1GC and 60 ¢71s respectively (Fig. 3). Figh Ore and Galena Gulch creeks alsy
énter the Buulder River between the towns of Basin and Boulder. However, their
flows are much Tess significant. For example, during May the approximate per-
centages of flow cortributed to the Boulder River below Galena Guich were 59
trori the mainscem Boulder River upsiream of Basin, 24 from Basin Creek, 16 from
Cataract Creek, .6 from High Ore Creek,'and 0.4 from Galena Gulch. High Ore

Creek contribyted only about 1/200 of the flcw volume to the Boulder kiver

GUring runoff.

Towards the end of oyr sampling {late June and early July) flows tended tc sub-
side more slowly in the smaller tributaries (Galena Guich and High Ore creeks)
thar in the larger (Fig. 3). Hence, these tributaries contributed a Targer
percentage of the totel flow near the end of runcff. Qur sanpling was discon-
tinued too early to determine if the contribution from High Ore Creek continued
tu be higher throughout the remainder of the Tow flow season. Inasmuch as water
in Galena Gulch and High Ore creeks originates primarily from Snowmeit, it seems

tikely that Tlows in these creeks would also decline later in the summer,

Ar drrigetion diversion, located Just upstream from the tewn of Boulder withdraws
d substential volume of water from the Boulder River. Cecause of this, sireaw
discherge during late June and early July was almost iventical upstream of ihe

town of Basin anc duwnstream of the town of Boulder (Fig, 2) even though several
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Figure 3. Stream discharge at the mouth of five tributaries of

the Boulder River.




mejur tribuieries enter cver that reach. The only significan: tributary that
eriters the boulder kiver downstream of the town of Boulder is the Little Boulder
fiver (Fig., 1). The average fTlow of the Little Boulder was about 7§ ¢fs during

runott {Fig. 3).

Metals Concentrations and Luading

Data of previcus investigators (Nelson 1976; Gardner 1977} suggest that zinc and
copper &re the most biologically limiting metals in the Eoulder River drainage.

Hence, our sampling was limited only to these two metals.

Zinc
At the mouths of the five tributaries that were sampled, average zinc concen-
trations (Figs. 4 and 5) were highest in High Ore Creek (near 2.0 mg/1) followed
in order of decreasing concentration by Cataract Creek (0.2 mg/1), Basin Creek
(0.1 mg/1), Galena Gulch (near or below detection) and the Little Boulder River
(rear or below detection). There was no apparent relationship between zing
concentrations and streamflow in the tributaries. For the most part, zinc
concentrations renained relatively constant in all of the tributaries regardless

ot streamflow (Figs. 3, 4 and 5).

Zinc concentrations in the mainstem of the Boulder River increased trom usually
below detection upstream of Basin to between 0.1 and 0.2 mg/1 at all <tations
downstream of Basin {Figs., 6 ard 7). As in the tributaries, zinc Contentrations

tended to remain relatively stable regardless of streamflow.

10
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Figure 5. Zinc concentrations at the mquth of four
tributaries to the Boulder River.
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Figure 6. Zinc concentrations at four Tocations in
the mainstem of the Boulder River.
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' the mainstem of the Boulder River.
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Uf the tributaries, Caterézct Creek was he greatest contributer of zing ol lowed
in order of decreasing lued by Basin Creek, and high Ore Creek. Both Galena
Gulch Creek and the Little Bouluer River contributed insignificant quantilies of

zine te the mainstern.

Relative zinc loading from the three most significant tributaries (only for
those dates when we had information for all three) was as follows: Catarect
Creek contributed an average of 46%, Fasin Creek 28%, and High Ore Creek C6%.
However, the contributicn from High Ore Creek became greater during the low flow
pcrtion of 6ur sampling. At that time High Ore Creek contributed as much as 50%
of the total zinc load in the river. Please bear in mind, however that the dis-
charge of High Ore Creek had not yet tepered off to the extent that it had in

the meinstem and in most of the other tributaries.

Zinc itoading in High Ore C(reek was virtually identical immediately downstream of
the Comet Mine and &t the mouth (Table 2}, Apparently very iittle zinc enters
High Cre Creek downstream of the mine -- at least during the flow conditions
that we sampled. Apparently, benefits of reclaiming the Comet tailings would

not be negated due to metals entering the creek lower in the drainage.

Zinc loadiny in the Boulder River duwnstream of the town of Boulder was usually
greater than the sum of the quantities of zinc entering from the various up-
stream sources. This may indicate thuat additional zinc is enteriny the river
from the floodplain; visible tailinge deposits are present in the floodplain

near the town of Boulder.

15
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Coppur

Lupper concentrations were below the detection limit (0.01 mg/1) the majority of
the time ir &11 of the tributaries except Cataract Creek. In Cataract Creek,
copper cuncentrations ranged from C.01 - 0.05 mg/1 (Fig. &¢). Concentrations

appeered to decrease as flow decreased (Figs. 2 and &) aithough there were

exceptions.

Copper coacentrations at the mouth of High Ore Creek were at or below the
detection 1imit of G.01 mg/1 on eight of the ten sampling dates (Fig. 9).
Concentrations were always lower than those measured in Catavact Creek for the

same sampling dates.

There were no obvious copper concentration patterns in the mainstem of the
Boulder River (Fig. 10) although concentrations at most of the stations ternded
to drop below the detection limit at most of the stations when runoff tapered
off (between June 4 and June 10). The lack of a trend may be owing to the fact
thatl concentrations were near or below the detecticn limit most of the time.
Copper was never detected upstream of Basin whereas copper was frequently
detectled at all stations downstream of Basin. During runoff (eariy May to
mid-June) there seemed to be a tendency for concentrations to become higher in
the downstream direction {Fig. 10). This may reflect the presence of tailings
that are being eroded auring high flow cenditions. We méntioned previously that

tailings deposits were observed in the floodplain near the town ot Boulder.

Loading calculations for copper (Table 3) clearly indicate Cataract Creek is &

grecter contributor of copper to the river than any of the other tributaries.
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However copper loading in the neinstem, downstream of the town of Boulder, is
much greater {usually several-fold) thun the total from all of the upstream
tritutaries (Teble 3). This is further evidence that the river s picking up
copper upstream of the USGS gauging site -- perhaps originating from the

tailings that are present in the floodplain near the town of Boulder.




DISCUSSION

Alkalinity, Hardness and pH

Alkaiinity, hardness and pH are all important factors influencing the toxicity
of wetals to fish and other aquatic 1ife. Metals tenda to be less soluble and
consequently Tess toxic as pH and alkalinity increase, Increasing water hard-
ness also tends to decrease the toxicity of metals because the cations that
contribute to hardness (primarily calcium and magnesium) tend tc compete with

metals for binding sites at the surfaces of the gills of fish (Pagenkcpf 1983).

The cobserved gradients in pH, alkalinity and hardness from upstream to
downstream and as streamflow subsides means that fish in upstream reaches are
more vulnerable tu metals than those in downstream reaches and that metals are @
greater threat during high flow conditions than during low flow. This concius-
ion does not take into account differences in vulnerability that may be owing to
varying water temperatures during different seasons df the year nor does it take
intv consideration the influence of suspended sediments on the availability of
metals to aquatic crganisms. Nevertheless, water chemisiry is an important
variuble in the Boulder River with respect to toxicity and needs tc be consider-

ed in interpreting metals data.

Fish in Basin and Cataract creeks are particulerly vulnerable to metals toxicity
because of the low pH, hardness and alkalinity of their waters (Table 1}. These
Creeks also affect the vu?nerabi?isy of fish in the Doulder River because these

two tributaries together contribute almost half of the flow of the Boulder.




Toxicity

The recently revised federal criteria documents for zinc and cupper suggest
Jsing a formula that adjusts the chronic toxicity threshold based on water
hardness (USEPA 1985a; 1985b). For example, at hardness concentrations of 50,
100 and 200 myg/1 the values recommended for protection of aguatic life are 21,

37, and &6 ug In/1 arnd 6.5, 12 and z1 ug Cu/t.

The above criteria were frequently exceeded in several of the tributaries that
enter the Boulder River as well as in the mainstem. Adjusting for water hard-
ness, the average concentrations of zinc measured in High Ore, Cataract and
Basi) creeks exceeded the criteria by approximately 40-, 15- and 10-fold respec-
tively. Clearly, all of these tributaries are severely impacted by zinc. In
comparison, copper and zinc concentrations were almost always below detection in

Galena Gulch and the Little Bculder River.

The mainstem of the Boulder River upstream of the town of Basin is retatively
free of zinc; however, aquatic 1ife in virtually the entire river downstream cf
Basin are probably suffering from chronic zinc toxicity. Zinc concentrations
were similar at all six stations between Cataract Creek and the mouth, although
concentrations were slightly higher downstream of Cataract Creek and slightly
Tower near the mouth. Concentrations remained near 0.1 mg/1 at &1 six stations
throughout the sampling period (Figs. 6 and 7). Because hardness increases as
you move downstreem in the Boulder River, zinc exerts less toxicity in the lower
reaches., Hence, a concentration of 0.1 mg Zn/1 represenis an approximate 7-vold
exceedance of the criterion below Lataract Creek but only & 2-fold excursion

near the mouth.




There appeared to be a tendency for zinc concentrations cu decrease as river
Tew decreasecd at the two cownstream most stations. Springs entering the Tower
reaches of the river may dilute zinc. Higher fish populations near the mouth
(Vincent 1975) suggest that conditions are more favorable ir that reach. FPer-
haps these springs provide refugia from zinc where sensitive 1ife stages can

syrvive,

Cther than Galena Gulch and the Little Eoulder River there are virtually ro good
quality tributeries between the tuwn of Basin and the mouth that are not seri-
cusly dewatered. Of the tributéries, Cataract Creek is centributing the great-
est amount of zinc to the Boulder River &lthough Basin and High Cre creeks cre

also significant sources.

The significance of copper in the drainage is more difficult to assess because
the detection 1imii {or copper achieved by the state labcratory {0.01 nmg/1) is
between 2 and J-fold higher than the chronic toxicity criterion at some of the
very low hardress values that were measured. Nevertheless, several conclusions

can be drawn.

Copper concentratiuns present cduring our sampling in Basin Creek, High Ore
Creek, Galena Gulch Creek and the Litile Boulder River were usually below the
detection limit. None of these sireams appeared to be contributing significant
amounts of copper tv the Buulder River., By comparison, copper was always
getectable in Cataract Creek at concentrations 2-10 times the chronic toxicity

criterion, 0f the tributaries, Cataract Creek is coentributing the largest

copper lovad to the Boulder River.




sources of Metals

Between carly Mey arce mid-June, copper cuncentrations in the mainstem were
actuuity higher in the Tower reaches of the river than upstream of Boulder (Fiy.
10). This may reflect the erosion during runcff of tailings deposited in the
floodplain. Once runoff was completed, copper concentrations dropped below the
detection limit &t ﬁhe three down;treﬁm most stations while ccpper remained
within a detectable range immediately below Cataract Creek. This seems to
support the hypothesis that tailings are entering the river in the downstream

-

reaches,

The concentrations of zinc that we observed in High Ore, Basin and Cataract
creeks were similar to those recorded by Nelson {1976) between April and June
1975. However, Nelson {1676) measured higher copper concentrations in High Ore
Creek than we did. It is difficult to intérpret the reason for these differ-
ences, Possibly, runoff was greater in 1975 than in 1985 which could have
caused greater erosion of tailings. Alternatively, modifications of the High
Ore Creek channel completed by a miner who is working the Comet Mine may have

reduced the quantities of metals entering the Boulder River from High Ore Creek.

Knudson (1984) concluded that High Ore Creek is the largest single contributor
of metals to the Boulder River. However, Knudson did nol have stream discharge
informatiun available to him so that he could calculate netals loading. While
High Ore Creek continues to have higher zinc concentrations than other tribu-
taries to the Boulder River, its flows are much less than other tributaries thet
are also contaminated with zinc. Our data show that during 1985 both Cataract

and Besin creeks contributed more zinc to the Boulder River than did High Ore




Creek. Acditivmally, Cataracl Creek contributed a greater quantity cof copper than the
uther tributaries.  The cate suggest that the Boulder River picks up both copper
and zinc downstream ot Boulder perhaps due to the erosiorn of tailings aeposited

in the fivodplain.

rish Populations

Trout densities dur}ng 1675 and 1976 were noticeably lower in the Boulder River
downsiream of High Ore Creek than downstream of Cataract and Basin Creeks
(Helsen 1976). However, it should also be recognized that trout numbers in the
stream reach downstream of Basin mey be artificially high owing to recruitment
from the reach having the highest fish populations located just a short distance
upstream.  The above considerations, combined with the fact that fish popula-
tion numbers have not been estimated in the Boulder River for nearly a decade,
tuggest that it would be prudent to ccollect more current date cn Tish popula-
tions before making a decision on use ¢f reclamation funds in the drainage.
Additivnally, previous interpretation ¢f metals sources in the drainage is based
on information that may be outdated. Conclusions reached in earlier reports

need to be re-evaluatecd.
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