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INTRODICTION

In the course of a zeneral investigation of mine wastes affecting fish
and othor aquatic life in the streams of westorn United States, effluents
leaving the Gilt BEdge ifining propertics in the Black Hills near Deadwood,
S. Dak., were collucted during aoril 1940, Ficld studies of these efflu-
ents and of the streams roeceiviny than were mnde at the tine and subse-
quently laboratory assays wnd antlyses nave been cormleted on samples re-
turned to the Columbia (Mo.) Laborateories of the Fish and wildlife.Service,

Data from this particular case of mine waste nollution are presented
here in advance of the gencral report on mine effluents ot the request of
of ficials of the State of Pouth Daketa.  The pollution of Bear Butte Creck
is a rccent developuent os the wastus from the Gilt Edge holdings had becn
turned into Boar Butte Creck only o little over 2 nenths before the prescnt
studics were mnde. However, the poliuted waters had entered Boulder Canyon
below Deadwood early in april, 1940, wnd were moving dovn this canyon at
the time of these investigations. '

The Yilt Edrge #4111 is located at the nead of a pulch which drains inte
Bear Butte Crock near Galcna, S. Dak. Trom Galena, SBear Butte Creek follows
o meandering course to the northeast entering Boulder Canyon zhout 6 miles
cnst of Deadwood. Thence Bzar Butte Lreek continucs dovin this canyon leav-
ing the hills near Sturgis and after nassing threugh plains country for
about 12 wiles enters the 3clle Fourche River near Volunteer, 5. Dak.

: isbove Galens, that is, upstream from the junction with the gulch re-
ceiving the wastes from the Gilt Ed-e sropertics, the waters of Bear Butte
Creek arc clear, sparkling and cold, and possess the seneral characteristics
of a typical mountnin mendow cr nounttin park trout stream fed by springs,
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now, and nountain run-off waters.
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Below Burchett Springs in Boulder Canyon, east of Deadwood, Bear
Butte Creek is dry for 2 considerable portion of the year but 2 well-
defined strean bed extends from Boulder Canyon to the Belle Fourche River. !
This lower porticn of 3ear Butte Crack carries the waters of heavy rains
and other sudden run-ofis from Boulder Genyon toge ner with any waters
that come dovn Bear Butte Creek from the hills, ¢ast into the Belle Fourche
River. : ' '

TIE MINE WASTES

The effluent from the Gilt Zdge #ill at the time of this investiga-
tion was a grayish fluid carrying a larse quantity of rock powder to-
sether with spent chemicals frem the cil floatation process used in the
scparation of rold. This waste was fluned from the mill into the gulch,
dovn which flowed a small strean draining huge niles of "sands", that is,
crushed rock wastes left by previous cyanide-process operations. The
run-off woter from these old cyanide dunps VS yellowish brown in color
and heavily louded with very fine rock powders. .aters punped from the
mine constituted a third saurce of possible pollution in this complex.

The mixture of these three waters, namely, the effluent fron the oil
floatabion mill, the run-off fron the old cyonide dumps, and the waters |
punped from tho ninc, produced & yellowish=oray stremm of opaque fluid 1
which flowed ropidly down the stecp sulch and joined Bear Butte Creek near |
Galena, S. D2k. '

The hazords to fish and other aquatic orgonisms fron oil-floatation
wastes can be clossified 28 those resultin- from the rock powder carried
in the effluent, and those due to the toxic action of various chemicals
fron the floatation operatlons. The oil~floatztion effluent from the Gilt
Edge Mill as collected directly frem the moutn of the flume enptying into
the gulch strean (No. 2101 in table 1) carried 295,260 p.p.n. (parts per
million) suspended sclids by weisht, and 750 p.peite Of dissolved solids.
The suspended solids in this effluent together with the water which they
occluded constituted 56 nercent of ‘the nixture by volume after 1 hour
sedimentation.

Further analyscs of these suspended solids showed that the maximal
particle size in this floatation waste was approximately 1,500 nicra and
that durinz the first 30 minutes of sedimentation the coarse narticles
which constituted 13 percent o f the effluent settled out rapidly (ulpha
layer) and that in a second layer (Beta layer) comprising 143 percent of
the effluent by volune, 211 of the finer particles daown to the size of 20 !
micra were deposited during 1 hour nf sedimentation. The supernatant
fluid of this offluent after 1 hour sedimentxtion therefores constituted
only Lb sercent by volwie, had o resicual turbidity of 105 United States }
Public Health units :nd carried only 90 p.p.f. by welsht of rock powder
having a naxinal o.rticle size ~f less then 20 micra.
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Table 1.

Sumarized data from various samiss collected
during a study of the pollution-of Bear Butte
Creek, ~outh Dakota
e 1
Tten | LQ?ul%By.NJ.'—
210, 2100 | 2102 | 2103 ;2106 2105
Solids, p.p.m. by weight o o : . ! !
- Suspended , . : , , _ ' L
B O ...... ftrace 295,260 ,08,780,13,836 1k,380 2,59
LAfter 1 hr. sedimentation...... ===, 90 , 160, - 8LB Lho =~ 6
DisSClvede ceseseioonsascscccssoncs 140 |, 750 | 660" 320, yeo 2l
Tobaleeeons - e eeenaeneeenaee ... 10 ;296,010 ‘89,uuo‘1h,156'1u,800'b,8;
'
Suspended solids by percentage volume , :A : : :
ifter 30 min. sedimentation : \ . y . _
Alpha 1ayereeeeeecesanonsees viee ===, 13.00 , L.75 0.70, 0.05  0.06
T . s . LB.00 | 32.25 3.50 L 21.L5 2.2
Totales.eennss eeeeeaae . = 61.00 , 37.00, k.20 21.50 2.30
ifter 1 hr. sedimentation ' A . o .
ALpha 10YET e essaseereenensnsne ===y 13,00 b.75,0.70, 0.05 | 0.0¢
Beta LOyerecesceoesnseoseononsee =77 3.00 , 29.25, .05 ,19.95 , 2.9
Totadlaeseeereosos vessagees voo Trace, 56.00 31.00, 1175 , 20.00 , 3.0
1 ! 1
Suspended sclids; meximum particle ) . . : :
size (Micra) ' \ . \ , |
Lo e iiieiiiieseiseseee.. 10,1,500 1,500 700, 20, 20
ifter 1 hr. sedimentation........ . 10 , 20 20, 5 5 5
Residual turbidity after 1 hr. sedi- ' . , \
mentation (U.S.P.launits)eececeeeras === 105 305, 2,420, 5,000, 1,25¢
Hydrcgen-ion concentration (PH) eeovnees 7.98  T7.29 7.L5,7.60 , 7.L7, 7.5C
Specific conductance {(mho x 10 - 6 at \ \ . , \
250 Cu)usernnenneneeecarneerescennes 204 1,782 680, 307 , L35, 33¢
1 1 1 ] ]

l/ 210l - Bear Butte Creek, 200 yds. above junction with Gilt Edge Gulch strean.

2101 - Flume efflucnt from flotation pr.cess,

uilt Bdge 1Hll.

2102 - wixture of run-off from old sand dumps and flume effluent from flota-

tion pr.cess, Gilt Bdge Jill.

2103 - Year Sutte Lreek, 100 yds. belew junction with Gilt Edge Gulch stream
2106 - Bear Butte Creek ot Burchett Soring in Boulder Canycen, 6 mi. E. of

Deadwood.
2105 - Bear Sutte Creek, 500 yds. below Burchett.

Soring, 4. of Deadwocd.



These determinations ¢n the rock powder in:this effluent show that the.
waste carried approximately 37,000 p.p.m. by weight of coarse rock particley
(maximal particle size 1,500 micra) which would settle out quickly in the
more quiet portions of the stream; approximately 258,000 p.p.m. of fine
rock powder most of which would move or shift readily in a current of 2
miles or more per hour; and only 90 p.p.m. of very fine silt which would
tend to coat fish egss and the more delicate structures such as gills,
spiracles and fins both of miscellaneous small aquatic animals and young
fish, even if the ilpha and Beta layers were renoved.

The chiefbtream hazard, therefore, of the reck powder leaving the
floatation plant of the Yilt Edge Mill is the blanketing action of these
rock particles which cover the stream bottom and submerge objects with a
shifting layer of fine sand and coarse silt and smother-all forms of botton
life. <This bottem blanket of rock particles will continue to flow dewn-
strean as long as the incoming supply is maintained. :

The watery portion of the effluent frem the floatation operaticns of
the Yilt Edge 1iill had a pH of 7.29 (2s determined with the Beckman Glass
Electrcde), a~ specific cenductance of 1,782 mho x 10-6 at 25°¢., (deter-
mined by standard conductance cell and micro hurmer ) and carried 750 p.p.m,
of dissolved solids by weight. These values, which indicate a slizhtly
alkaline water carrying only 0.075 vercent dissolved solias (Largely ioni-
zable s-alvs are within limits readily tolerated by most fish and other
aquatic animals if the dissolved substances have no marked specific toxic-
ity. Several of the chemicals used in 0il fleatation of various ores how-
ever are highly toxic in very small quantities to fish. Since both the l
combinations of these substances and the alterations of the compounds them-
selves by various materials in the rock powders, vary greatly in different \
nlants because of the differences in individual mill operations, the toxic-.
ity of the efflucnt water nust be determined for each case of floatation i
waste studied. The watery pertion of the oil floatation effluent as col- |
lceted from the Uilt Edge Mill in april 1940, had very low toxicity for
fish, which toxicity was largely counteracted by subsequent dilution. Thus
the specific toxicity of the fluid portion of this particular effluent may
be dismissed as inconsequential if the prescent compusition of that effluent
and the present dilution ratio are maintained.

No accumulations of oil were nobiced in the polluted portion of Bear
Butte Creeck and such accurmlations could herdly have becn expected in april
1940, as only small quantities of oil are used in floatation work and the
present routine of floatation cperations red been in progress at the Gilt
fdre 1ill only a few weeks at the time the samples repcrted on here were
taken., However, if evidence from cther oil-fleatation operations be con=-
sidered, increasing accurmulations of the finely~-divided oil on submerged
objects over which this effluent flows may be expected if the floatation
prccess is continued long enocugh. Such o0il deposite althourh actually com~ |
posed of very smell quantities of ¢il, have become serious hazards to ;
aquatic life of various sorts in cther streams, particularly touthe small
organisms comprising fish food, and to young fish.
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is the water mumped from the mine and the run~off waters from the old
cyanide "sands" vary in quantity, the mixture of the combined wastes from
these two sources together with the floatation effluents from the mill was
studied. Sarnles were collected just below the iloatation waste flume after
these three wastes were thorcushly mixed by their own currents in the gulch
stream (see Ho. 2102, table 1).

The combined wastes fron the»Gilt Edge Hining properties, as just de~
scribed, carried 89,LLO p.p.m. by weight of suspended solids and 660 p.p.it.
of dissolved solids. wufter 1 hour,'léo p.p.m. of solids were still sus-
pended producing a residual turbidity of 305 U.S.P.H, units in the super-
natant water, Yhe total rock powder in this sample constituted 3Ly percent
by volume of the effluent. The fomation of the slpha and Beta layers
durins sedimentation showed the same meneral stratification as that of the
effluent from the floatation process and-the range of particle size was the
same for the mixed waste as:for the floatation waste alone. However, the
Beta layer of silt was nuch less stable 'in this mixture than in the waste
fronm the floatation plant. =~ 7 o

These findinzs demonstrateée a dilution of the floatation waste by the

waters from the mine and from the old cyanide dumps. The most significant

characteristic of the mixed waste as compared with the floatation effluent
is the rreater residval turbidity of the mixed waste. slthough the mixed

waste carrics fewer parts per nillion of suspended solids (88,780 as com-

pared with 295,260 in the floatation effluent) it has about three times

as great a residuel turbidity after sedimentation. This greater turbidity
was produced by almost twice the actual load of particles suspended after
1 hour of sedimentation, nancly, 160 p.p.m. as compared with 90 p.p.m. in
the floataticn cffluent alone.

This increasce in residual turbidity is produced by the” fine rock
powder carried in from the old cyanide dumps by run-off water. The piles
of disintegrating mine tsands' contribute yellowish-brown waters carrying
rock powders which, because a laerge percentage of the suspended particles
are 5 nmicra less in size, spread in density currents or clouds when
added to clear water. Owing to the snall particle size, rock powders fronm
the old cyanide "sands" settle out very slowly and the leyers of finer
particles are very unstable, being readily ncved by currents of less than
1 nile per hour. The physical characteristics of these particular fine
rock powders from the cyanide dumps together with the small size of the
suspended particles are such that the wet silts comprising the finer por-
tions of the cyanide dump run-off adhere recadily to subncérged objects in-
cluding fish azzs, and the gzills and fins of small aquatic animals, and
thus produce disastrous effccts on the aquavic fauna. The seriousncss of
the hazard of fine silts to aquatic life has been demonstrited in various
parts of the United States, and one example from a nearby stream will suf-
fice. Similar silts from old cyanide wastes at the head of innie Creek
which drains intec Spearfish Creck near Cheyenne Crossing are known to have
produced catastreophes among “he youny fish and develonin; fish e~os at
netcheries located on this stroan, several times during recent years.



The introduction of large amounts of very fine silt (particle size
less than 10 micra) having hich adhesive properties constitutes the chief
pollution hazard from the combined wastes of the Uilt Zdge i"ining Proper-
ties and from the cyanide "sands" on those holdincs.

The watery portion of the combined wastes below the 2ilt Bdge M1l
ad a pH of 7.L5, a specific conductance of 680 mho x 107° at 25°C, 2nd
was non-toxic to fish life at the time these samples were taken. iowever,
the toxicity of the watery portion of these combined wastes will vary from
time to time, dependent in part on the composition of the mine waters in-
corporated in this nixture. line waters may be 1little more than secpase
fron the surface and therefore carry little toxic material., These sanme
mine waters, if allowed to accurmlate in the workinZs or to lcach soluble
ninerals, may become very acid and highly toxic. Observations elsewhere
have shown that waters pumped from mines are subjcct to much variation in
comyosition and should be chucked frequently, if aquatic life in the strean
receiving such waters is to bu protected. althouzh the combinaticn of
wastes as studied in april 1940, at a time when there was much nelting snow
on the surrounding hills and much surface water noving into the soil, showed
no specific toxicity or acid hazards frem the mine waters themselwes, they
should be reexamined in nid-summer beforc they can be pronounced as not
dangerous to aquatic life.

sttention has been directed repeatedly to old cyanide dumps as a pos-
sible source of poiscnous material vhich might damage aquatic lifes 4l-
thoush cyanides are extremely poiscnous to most fish and cther aquatie
croanisas, cyanides in general are subject to rather rapid chemical break-
down when 4in sclution and exposed to air. The waters from the cyanide
Msands" on the Gilt ITdse propertiocs as tested in spril 1940, showed no
cyanide, thot is, save no response to tests sensitive to 1 pert cyanide in
10,000,000, However, the snow run-off was in profress ot that tine and the
dilution and seration of the leachings from the cyanide dumps were probably
nmaximal. Uonsequently before the run-off waters from these piles of "sands"
can be dismissed definitely as o »ossible source cf toxic »olluticn, mid-
swier samples must be studied for residual cyanices.

POLLUTION OF BiiR BUTTI CREEK

*he nixtures of wastes from the Yilt Edge Lining oroperties flow down
a steep gulch, and thus arrive at the junction of this gulch with Bear Butte
Creek near Galena, essentially the same as described from the samples be-
low the Mill (No. 2102, table 1). the water of 3ear Butte Creek a short
distance above the junction with the streain from the gilt Edze gulch was
cold, clear, and sparkling. after 2h-hours sedinmerttaition only traces of
suspended solids (No. 2104, table 1) were found cmsisting for the rost
part of fraguents of organic detritus from aquatic vegetation. The naterials
were of the character found in any rapidly moving strcam which passes
throuch nountsi  meadow land, toscther with some particles of sand and
clzy which are also to be expectsd in the waters of rapidly moving streams
of this sort. The total voluue of suspended meterinl in Bear Butte Creek
above the point of intraduction of the wastes fron the Gilt Bdre liining



propertics was so small as to be nerligible ond is therefore listed in
table 1 as Worace". The hydrogen-ion concentration ol this water gave a

pH value of 7.98, thot is, the water wos feebly alkaline, and the specific
conductance of 20L who x 1070 ag 2 “G., together with L0 p.p.n. of dis-
sclved solids, indicate the usual load of dissolved carbonntes and scoi
salts expected in such waters. Other analyses not listed in table . 1 showed
these dissclved salts to be larsely corbonntes.

Collectively, the analyses of the waters of Benr Butte Creck above the
arca »f nine »ollution indicnte a very satisf.ctory water complex for fish
and the usu~l sundorting founa of aquatic larvae and bobtom forms. Up-
strcom fron the junction with the Gilt Zdae Gulch strean the waters had a
hish content of dissolved oxygen and 2 desiroble quantity of dissolved car=—
bonates.

Tn the course of 100 yards below the junction with the gulch carrying
the wastes from the Yilt Bdse 111, strems conditicns in Bear Sutte Creek
chan ed abruptly. The water was opaque =nd of a yellowish-gray color; the
suspended solids (No. 2103, tuble 1) rose from a trace to 13,836 pip.m. by
wei-ht and the dissolved solids fren 140 to 320 p.p.m. b the sane tiie
the residual turbidity after 1 hour sedimentation increased from less than
1 U.3.P.H. unit to 2,420 U.S.P.H. units, due to a residual load of 838
p.p.r. by weight of silt particles still suspended. T.de residuzl silt
load was composed of fine silt, the roximal perticle size being 5 nicra,
anc many of the particles were nuch smoller. The botton fauna had been
completely eliminated by a covering of shifting sand and coarse silt on
the streas bed and all of the submerged objects tosether with the creek
nargins were heavily coated with deposits of very fine silt. The entire
streaw hed becn rendered unfit for fish, particularly trcut, and the sun-
porting orranisms which censtitute fish food. “hese conditicns obtained
all thc way down Beor Butte Ureck, appeoximately 6 miles by strean, tc the
junction of this crceek with Beulder br n aboub 6 miles cast of Deadwood.

w review of samles collected at Burchett Spring in Boulder Lanyon
about 6 miles east of Deadwood, will suffice tn show the novenents cf these
mine wastes downstream in Hear Butte COreek as noted durins the april 1940,
survey. 4t this point (No. 2106, table 1) the waters of Bear Butte Creek
roceive scne ground water in a snall series of spring pools, The rate of
flovi of Bear Butbe Creek is mterially reduced in these nools althoush the
waters arc asitated to some extent by tac inflawr fron the sprinss.  Bven
with the dilution afforded by the swrings the slowing of Bear Butte Creek
at this point had facilitated the accunlation of fine silt (particle size
less than 5 micra) so that the suspended solids were frund to be 14,380
D.p.r1e by weipght in the moving water at this location. The narked increase
in the number of fine particles in the silt suspensicn is shown by the
residual turbidity of this water, which equalled 5,000 U.S5.P.H. units after
1 hour sedimentation, and wes produced by a load of LLO p.pem. by weilght
nf residual suspended solids.



The rapid loss of the larger particles of rock oawder fron the roving
water after the Gilt Edse idning wastes cntered Bcar Butte Creek near
Galena is seen in the raduction of maximnl particle size of the suspended
matter in the water 2t localities 2103 anc 2106. .t No. 2103 the naximal
particle size of the suspended material in the nolluted strean had dropoed
to 700 micra anc at Burchett Spring (Ne. 2106) the maximal particle size in
the nmevin: water was only 20 micra. Ihe reduction in the volume of -the
slpha layer in the sedimentation tests of samples from these two lccalities
als~ shows this same loss of large particles fron the neving water in the
upper levels of the stream.  the wlphe loyer after 1 heur of sedimentaticn
commdrised only 0.7 percent Dy volume of the smiple at Ho. 2103 and only
0.05 percent a2t Burchett Spring, Ho. 2106.

slthurh the cearser maberizl was being ra idly lost from the moving
waters ~f 3ear Butte Creek as these firur s show, the deposits of fine
sands and conrse silts on the bHottom were heins moved downstream steadily
by current cction. wn extensive dehcsit < these heavier particles had
already reached Boulder Conyon in ..pril 12h0.

Sarmles taken below Burchett Sporine in Boulder Canyon (No. 2105,

able 1) from the stream near the cast end sf wator flow ot thot time, car-
ried 2,590 p.p.m. by weisnt af suspended s~lids Jin the noving water of the
tep layer. 4his wotor hod a residual turbidity «fter 1 hour of sedinmenta~-
ticn of 1,250 U.S.P.H. units, due o 660 w.p.m. by weight of silt purticles
still in suspensicn. <These values, when compered with those cbtained 2t
Burchett ©oring (Ho. 2106), demcnstrate the Nsettlin.. basin' effcct of the
pools in the sdurchett opring crca. .8 5 NS these voeols are filled with
the botteri flow of sands and coerser siltuy, conditicns couparable to those
at No. 2103 will oppesnr pro ressively further down Boulder Lanyen. If the
supply of rock powder from he Gilt ©dse rulch is mnintained these sands
anc silts ultimately will reach the Belie Ffourche #iver near Volunteer,
S. Dak.

ERTECTS OF IINE-TL.STE POLLUTION ON 3Z.R B 7T CREEK

wlready over 6 niles o»f a fine nountain strean hhve been rendered un-
fit for fish and the supportins fish-fred oranisns. Werc the wastes from
the 4ilt Bdre pronertics excluded frem benr Bubte Yresk at once it would
reouire sceveral scasons nd the snows of soveral winters to flush ocut the
wastes now depeosited in this strean betweon the junction with Gilt Edpe
Guleh and Brulder Ganyon below Deadirnold. Severnl yenrs would elepse before
the stream could be restored to its form ¢ usefulnesss as o recrcational
asset to the State of South Dkota, However, vrompt action now con still
save this 6-nmilc stretch ~f Bear Butte Cioek.

If the wastes now enterins 3ear Butte Creek fron the Yilt Bdwe uine
oroscrties are permitted continucd cccess to the streaw conditicons will
rapidly becone alme.t irreparable.  The accurmlotion of wastes in Bear
Butte Creel will become not cnly nore unsishtly but oven offensive, ~nd
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more and more of the marsinal veretation dncluding wmany fine trces along
this strecan will be "1 lla,d. The disfi wuroment of Boulder Canycn alsco will
proceed alont these same lines 1f the astas from the Gilt Zdee Hoeldings
arc sllowed exit throush Boulder Ganyons

RiCO:LTND. T IONS

1. sll wastes fron the Gilt Ed~e ::ining »ro; nerties should be excluded, as

i

soon as possible, from Bear Subte Creek.

2. The floatation wastes from the Yilt Zdze #ill should be fluned into a
suitahle settlm, a31n and only the clonr overflow waters allowed to
escape. +*n the case of the floatation wastes fron the Gilt Edee $fil1l,
as some of the sedimentation studics presented here have shovm,
settlins will romove almost all of the rock pwider in 1 hour if this
waste be unmixed with cother wastes:

3. The run-off from the cyanide dumps, that is the old "sands", should
be impounded and not Jernloted to enter the fulch stream. Careful ditch-
ins and the construction of smell earthern-work doms would hold this
run~off entirely at the base of these waste p yiles. Seepage water from
such an impoundment probably could be allowed escapne.

L. The waters pumped from the mine should e carefully studied and, if
found hazardous in nid-summer cr ony other seasons, properly impoundeds

5. lhe most lozical solution for the whole oroblem would be fluming of all
~f the wastes from the Gilt Edse EHining properties collectively into
the headwaters of hitewced Creek which is already o heavily polluted
and ruined stream carrving loads of mine wastes from various other
mining Hroperties.
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