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COT\TSTRUCTION OF INTAKES AT THE MILLS OF 
TIIE CIIA IPION AND TRIMOUNTAIN 

MINI TG COMPANIES. 
BY EDWARD KOEPEL, BEACON HILL, MICH. 

In 1900 the Baltic, Trimountain and Champion Com-
panies, now subsidiaries of the Copper Range Consolidated 
Company, founcl it necessary to procure 20,000,000 gal-
lons of water per clay for each of the three mills they had 
planned to erect on the shore of Lake Superior. The Baltic, 
with the Atlantic Mining Company, impounclecl the water of 
the Salmon Trout river with a steel gravity clam and thereby 
secured an icleal water supply. The Trimountain and Cham-
pion were forced to draw upon Lake Superior for their sup-
ply On the west line of Township 55 N, Range 35 W, they 
found two mill sites where one intake might serve both. 
Soundings disclosed a sandstone bottom, icleal for anchoring 
a crib and pipe. It was free from sand or boulders and in-
clined about 20 inches per hundr-ed feet. 

, \ timber crib was designed, 56 feet by 42 feet, with two 
wells and two intake pipes, one for each mill. Shortly after-
wards Champion selected a site three-fourths of a mile fur-
ther west ancl planned to secure water through a tunnel. Tri-
mountain decided to stick to the pipe and intake crib partly 
because the sandstone bottom was criss-cross with fissures I¼ 
to 8 inches wide, with a soft white filling into some of which 
we drove a steel bar six feet. Consequently it was possible 
that a tunnel might open enough fissures to make it necessary 
to put in an air lock and work under air pressure or to aban~ 
don it entirely, and put in a pipe. 

Another reason was the need of time. It was expected 
one-half the mill might be finished in a year. A tunnel I ,400 
feet long, shore shaft and lake intake might take two years 
to complete, with a possibility of the intake being further de-
layed by winter. \Ve believed a crib and I ,400 feet intake 
pipe, including a trench on the shore encl 400 feet long, could 
he finished in four months, the costs of which should not ex-
ceed those of a tunnel. \Ve also believed the pipe could be 
extended when the tailings encroached upon the inlet. 

Trimountain started thi::, work in June 190 r, blasting the 
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trench on company account and contracting for the pipe and 
crib The contractors dicl \\ ell but the trenching suffered not 
only from storms, \\ hich \\ ere expectecl, the sllllre being 
exp,>sed from all sides Intl the south. but fn~m inal>ility to 
clean out the trench after blasting. The drill platiorm was 
suspended from two wire cal>les fastened to timber suppcn-ts 
111 the lake. ,\t each setting of the platform three holes were 
clrilled on each side. pointing toward each other, and two ver-
tical on the center line. This covered 12 feet of the trench. 
Single-bit jump drills were used insicle a 2! 2 inch pipe, three 
men lo a drill. \Vhen the cl rill \\'aS \\ ithclrawn the hole \\'as 
charged through the same pipe and the battery firing connec-
tion \\'as made. The spuds or legs of the platform \\ ere then 
rai'iccl, the position ( n the cable was nnrkcd and the platform 
was hauled shore\\ arc! before the round was blasted. 

1\YC> settings a clay were drilled. conring 2..j. feet of the 
trewh. The entire length was blasted before we l>egan clear-
ing out the trench. For cleaning away the blasted rock a 
11\'e-pronged scraper made of rails was rigged to the wire 
cabk that carried the drilling platform. and was manipulat-
ed \\'ith an engine. The blasting had lookecl well clone hut 
\\·e could remo\'e only three feet nf broken rock from the 
trench. It was reclrilkcl manv times. but only a little rock 
could be remm·ecl after each hiasting. · 

The crib was placed ancl. hy the aicl of a clin-r. 700 feet 
of pipe laid and partly sernrecl liy the miclclk of September. 
\nother diYer was engag·ed to anchor the pipe already laid. 

It \\ as then thou~ht possible to finish lie fore winter. ( )n Scp-
teml>er 17 a Yioknt stor111 \\Tecked the 10 ];y 10-i11ch k~·s of 
our \\ ire cable support and the calilcs disappeared in the 
water. After three days the weather rnocleratecl. though still 
rou,.:;h. Of the 700 feet of pipe laid from the cril> t()\\'ard the 
shore. the cli\·crs found only 300 feet in place. This was then 
securely fastened and the joh \\·as stopped for the \\ inter. 

. The follmYing ~Ia) \\ < rk \\ as re-,umed \\it h l\\ o cl i vers 
and l\ro crews. lt was evident the job was higg·er than at 
first anticipated. The deli\·en· of mill machinery \\:ts much 
dcla,ecl. !mt it still looked as if the mill would he readr hcfore 
the ·intake. The damage l>y the storm taug·ht us t(i sernre 
the pipe better. and we bedded it in for half its cirrnmfcrence 
with concrete put in place in llllrlap bags. 

Tn September the pipe was rnnnected with the shore encl 
hchincl a coffer clam. \\'e then lcarnecl \\·hv the trench was 
:--11 diffo·ult Ill clean llt1!. The crcrice-; cause;] liy the blasting• 
\\ere filled \\ ith a clay cement which ,ras the result of the 

force of the hlast turning some of the sanclstone into clay, 
this clay cementing the broken rock in place. The sandstone 
underwent some change when exposed to the weather, turn-
ing into a clay that macle a good cement. 

Early in Xoyember, 1902, the mill commencecl operations. 
The intake included 1,400 feet of rivetted pipe macle of ¼-
inch steel plate, in sections each 25 feet long connected with 
steel flanges forrnecl from ¾-inch steel plate. On the shore 
encl 400 feet lying in a trench was covered with sand and 
broken stone. The rest lay on the natural rock bottom . For 
anchorage 2..j.0 holes were -drilled, t\\'0 at each flang-e and two 
more sets or pairs along each section. These were close to 
the pipe. Each hole was fittecl with a 1 1 4-inch eye bolt and 
fastenings \\ ere rnacle as shO\\ n at J\, plate I. Concrete in 
sacks was placed the whole length of the pipe. also shown 
at .\, plate r. The top of the pipe was left bare. The crib 
in place had cost $1 r,972.81. The pipe in place had cost $.+I,-
005.55. 

In the winter of r902-1903 the ice dented the pipe, and in 
the spring the exJ>r'secl part was covered with concrete put in 
place in sacks. This required 34,452 hags and cost $11,064.7.4. 
The intake was then considered finished and hacl cost as 
follows: 

Labor ........................ $15,546.51 
Di\·ers . . . . . . . . . . . . . . . . . . . . . . . . 9.892.50 
Consulting engineer . . . . . . . . . . . . . 500.00 
Supplies . . . . . . . . . . . . . . . . . . . . . . 16.7 50.68 
Pipe, 1 .<JOO feel of ..j.0 inch. . . . . . . . 8.3~0.Go 
Crib in place . .. . ................ 11,972.81 

Total . . . . . . . . . ............. $64,0..j.3. 1 o 
Tn 1905 it was necessary to repair ancl rcballast the crib. 

Th•~ hallasl was g"llne fnim Lhe inside, the riprapping from the 
outside, a11cl the bottom timbers had their corners scoured off. 
The crib was rehallastecl with mine rPck at a cost of $8.::! 1 . ..j.J. 

Trouble then began because of tailings from the mill. 
wood chips ancl hark finding their \\'ay into the \Yell and the 
pump aiter storms. cutting out the pnmp , ah·e-, ancl stopping 
up pipes in the mill. \\'e believed thi-; rcsultccl frnm leaks in 
the pipe !Jut an examination disclosed no holes. although the 
ice had worn the concrete from the pipe for oyer 200 feet. 
Hec:lllse of the murky water all the inspect ions macle by the 
clin1 \\ere in almost total darkness ancl he workecl by the 
sen,;e of touch alone, cra\\'li11g along both sicles of the pipe, 
feeling \\'ith both hands for something wrong. 
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In 1907 these troubles became so acute that another exam-
ination was made. Fortunately the water was clearer and the 
pipe could be seen from the surface. The diver reported one-
thircl of the cove1-ing- gone, the pipe flattened clown to the 
ridges of concrete which remained on each side, the rivets in 
some of the girt seams and in some longitudinal seams 
sheared, and the pipe split open in three places, one ten feet 
long and opened three inches. 

\Ve covered 356 feet of the damaged pipe with concrete, 
reinforced with old hoisting cable, using a movable caisson to 
put it in. The caisson was 18 feet long. IO feet wide and 8 
feet high. The air lock for men was built of a piece of intake 
pipe. The locks for concrete we1-e IO-inch pipe. The lifting 
tanks were two sections of intake pipe. Ten working days 
were required to cover 356 feel, but the caisson was in the 
water from September 15th to October 8th. stormy weather 
delaying the work. \\'ork was clone during the day, using mill 
labor. \;Ve were able to take care of the regular stamp mill 
work at night. At the long split in the pipe short pieces of 
railroad steel were laid across the pipe, burlap was put over 
the split and the whole concreted over. The mill was shut 
clown for six hours after the concrete was placed there. The 
caisson work, costing $5.988.97, went smoothly but results 
were indifferent for reasons noted later. Two Rand three-
drill compressors furnished ·air, and fire hose conducted it 
to the caisson. 

::\.fost of the water pumpccl must have been sucked in 
through this big split and the pipe beyond it nearly filled with 
sand, because on starting the pump six hours after finishing 
the repair to the split the water was lowered very much for 
a little while and then came back to its norn1al level. It 
was then learned that our cementing job on the split had 
been partly spoiled that night, the cement having been sucked 
out of the concrete for six inches above and clear out to the 
side, leaving the top in good shape. Consequently the sand 
leaked in the same as before. Two years later we pu1lec1 a 
hose out in the pipe from the shore encl and pumped in some 
air, thus locating the leak by the bubbles. 

In 1908 it was found the ballast was again out of the crib 
and some of the timbers on three walls were gone. on one 
wall the gap being 14 feet high. These gaps were closed by 
a diver with 2-inch plank. The crib was ballasted with 200 
yards of concrete poured into the compartments through 
tubes in the roof. The tubes "ere kept foll and withdrawn as 
the pile came up. This concrete work cost $1,411.01, or about 

$7.00 per yard. The rising and falling of the water in the 
crib washed most of the cement out of the mixture. Al-
though the concrete on top got fairly hard the water could 
be seen sluicing back and forth through it. The next year the 
crib was again empty. 

In 19IO it was hard to get enough water through the pipe. 
The di\'er crawled in from the crib encl for 285 feet and 
found the pipe flattened. He then crawled in from the shore 
end 825 feet, the limit of his air hose, and found the pipe in 
good shape. A parachute, attached to a suspender cord, was 
sucked through the pipe while the pump was in operation. 
\Vith the suspender cord a ¾ -inch rope was pulled through. 
With •the rope a skeleton-shaped frame 18 inches in diameter 
was pulled through from the crib with another rope attached 
to pull it back. At 291 feet the frame stuck a little but was 
pulled 35 feet further where it was obstructed. It was with-
drawn and a 15-inch frame substituted, but could go only a 
little further. Then a 14-inch frame was tried. It was tight 
about the same place the 15-inch frame stuck, but it was 
pulled through into the pump well. The 18-inch frame was 
now pulled out from the shore end until it stuck, showing 
only 155 feet of the total 1,400 feet " 'as damaged, and that 
all the damage, from the ice, occurred in 15 to 16 feet of 
water. \Vith this information the tracing shown on Plate 2 
was made. 

1n 1911 we replaced the I 55 feet of damaged pipe with 
good pipe. To remove the concrete placed with the caisson 
ancl reinforced with hoisting cable the diver blasted the con-
crete until some of the cable was exposed. A hook was in-
serted, with a strong wire rope attached to a powerful winch, 
which removed the large pieces. The smaller ones were 
hoisted in a bucket. The pipe was cut in two by blasting 
with 88 per cent dynamite, and a section removed. The ac-
cumulated sand was loosened with a hose and the pump 
sucked it into the well. A new length of pipe was put in and 
covered with concrete lowered into place with a self-dumping 
bucket holding 8 cubic feet. Two other sections were then 
removed and the 1-est of the dented pipe was sprung back 
nearly to its original diameter with a 90--ton hydraulic jack 
;ictuated from the scow above. Two new sections were then 
put in place of the removed ones and the whole covered with 
concrete. This work cost $2,388-45. 

On November. 28, 1911, a violent storm broke the crib 
away ancl drifted it a mile west, landing it at the Freda Park. 
The bottom of the crib and some ballast was left, and for-
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lunately the pipe was not clislurhecl. The loss of the crib 
caused no worry, as it had been a constant clistm·bance. Be-
fore the crib was losl il hacl been clecitlccl to abandon lhc 
pipe and clriYc a tunnel with the equipment then in use ex-
tcncling the Champion mill tunnel. 

Trimountain's tol'al expenditures on its pipe and crib were 
as follo\\'S: 

Original, including 1903 .......... $04,043. IO 

Filling crib ''"ith rock, 1905........ 821.43 
Placing concrete with caisson, 1907. 5,988.97 
Filling crib \\ith concrete, 190.~.... r,411.or 
Replacing clamagecl pipe, 1911..... 2.388-45 

Total ...................... $74,652.90 
Ground \\as broken for Trimnuntain's tunnel intake about 

Deceml1cr r. 191 r. .\ shaft \\as sunk 100 feet he low the 
collar or 74 feet helo\\' lake le,·el. A pump station was cut 
·111cl pumps placed al lhc bottom. Drifting commencecl Feh-
rnary 13. \Vork \\as in 8 hom· shifts. Two drilling machines 
of butterl1y valYe type workecl simultaneously, two men lo a 
machine: abn two trammers to a shift. .\fter blasting the 
miners ancl trarnmers of the next shift cleared a,rny enough 
to rig up. The bar was set horizontally. The miners drilled 
upper holes \\·hile the lrammers mucked the rock. Each shift 
squared and left the rnck for the next shift to muck. 

The first r ,ooo feet was dry. Then the tunnel began mak-
iPg- water. the f1ow increasing to 600 gallons per minute at 
r ,500 feet where the face became dry. \Va,ter was slrnck at 
1 /lOO feet and reached a maximum f1ow of 800 gallons per 
minute. . \t r .770 the face became dry again ancl remained 
so nntil the encl of lhe tunnel was reached, r,970 feet from 
the :-haft. .\side frnm the \\·et spots the work presented no 
extr:wrdinary diftirnlties. The \\ork progressed as follo\\S: 
-December 1 to February 12-Equipmcnt installed ancl shaft 
sunk 1 oo feet. 

February r 3 lo 29, cl rifled. . . . . . . . . 203 feet 
11arch, drifted . . . . . . . . . . . . . . . . . . 394 feet 
1\pril, drifted . . . . . . . . . . . . . . . . . . . 378 feet 
l\lay, drifted . . . . . . . . . . . . . . . . . . . . 262 feet 
Ju 1i'e. cl rifled . . . . . . . . . . . . . . . . . . . 3 I 2 feet 
1uly, drifted ..................... 280 feet 
: \ugust r to 15, drifted ........... qr feel 

Tola! . . . . . . ................ r ,970 feet 
The inlet \\"hich is now under construction at the en<l of 

the tunnel where there is 17 feet of rock OYcrhcacl, will co11-
sist oi a raise from the tunnel le, el to lhc lake lx>t tom. .\.boYe 
this is a concrete collar already in place with an inner diam-
eter of 7 feet and an outer diameter of 20 feet, 8 feet high, 
co,·cred with a steel grating "hich resh upon a cast iron ring, 
with a machine-finished face, bedded in concrete. The collar 
is placed on the rncky bottom, "hich here is bare of sand and 
J:.-,uldcrs, and is anch< red to l he rock \\ ilh six r ¼ inch eyc-
holts. .\ pilot hole \\'as drilled in the center of the collar area 
l<l a depth ()f 2 r feet and into this an iron bar \\ as cemented. 
\ timber c,>,ering stmng enough to keep out the \\ater if 

necessary, \\ hen the raise from below holed through, \\as 
placed in the positinn lo lie occupied later by the grating. 

The 2 r fool liar driven do\\ n from the collar abu, e is be-
ing u"cd as a center guide in raising. The raise is 7 feet in 
diameter. the same as the collar. lt is lo he brought \Yithin 
5 feel of the l<>p and holes , + inches aparl "ill then he drillecl 
around tl1e circumference. These" ill lie driven thrnugh to the 
lake bottom and plugged, the timber covering preventing an 
inrush of water. Then holes tor the cenler hlasl will he 
drilled and lhc tunnel cleaned up ready for lhc final hla'>t. The 
air pipe \\ ill be leil in the tunnel, just as it had been left in 
the Champion tunnel, so that air could lie forced in to free the 
scrc<'n of anchor ice. 

\\'hen the center-cut holes arc blasted, the clirl \\"ill fall 
in the sump proYided for it. :\fter the tunnel fills with wa-
ter a di,·er will clean up the inlet hole from the top, blasting 
the holes that had been drilled on q-inch centers from below. 

The costs of labor and snpplies for Trimountain's intake 
to date with ::unount estimated to finish the work added, are 
as follm\"s: 

Labor. Supplies. Total. 
Surface equipment .... $ 7 13-24 $ 336.8(> $ I ,050. IO 

Shaft sinking· ........ 3,810.07 r ,807.78 5,623.85 
Shaft timbering ....... 450.82 184.96 641 .78 
Shait concrete ........ 489.85 235.10 724.95 
Tunnel drifting ....... 17,062. I2 4,719.12 21,781.24 
Tunnel timbering ...... I ,440.20 383.10 1,823.30 
Pumping .... ........ I ,250.37 2,295.55 3,551.92 
fntake ..... . . . . . . . . . 862.96 321.80 r,184.76 
Channel to pump house. 1.o83.99 r,014.08 2,098.07 

Grand totals ...... $27,181.62 $I 1,298.35 $38,479.97 
The ,Yater supply al the Champion Mill is through a tun-

nel intake, lhe construction of which has been very ably cle-
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scribed in a paper presented to this Institute in August, 1903. 
Vol. IX, p. 127, by Mr. F. W. O'Neil. No trouble of note 
occurred until the winter of 1905, when the supply was shut 
off almost entirely for thirty hours. 'vVe thought fine sand 
and chips had collected in the bottom of the shore shaft and 
closed up the tunnel po1·tal. Soundings showed a deposit 
there, but we had inaclequate means to clean it out. An iron 
two and one-half inches square by ten feet long with prongs, 
was attached to a rope and plunged repeatedly into the ac-
cumulation, the pump keeping the water in the well as low 
as the suction pipes would permit. Finally the tunnel con-
tributed its usual flow of water. Later an orange peel bucket 
remoYecl the accumulation, but the amount did not seem 
enough to have stoppecl the flow. \Ve suspected that dming 
the agitation some of it had been sucked by the pump into 
the mill circulation. Several stops occurred that winter of two 
hours and longer. During the summer there was no trouble 
but each succeeding fall and winter brought a little more 
sand and wood chips to the shaft, increasing as the waste 
i:"ands encroached on the outer inlet. It was finally observecl 
that the water in the well was lower while the pump was in 
operation than formerly. 

In 1908 we operatecl a clam-shell bucket every Monday· 
morning, the cost being charged to operating and not to the 
tunnel. In 1909 a cliver inspected the outer inlet. The 
tailings from the mill had filled in as high as the concrete 
collar around it, which hacl been built up four feet above the 
lake bottom. The screen was removecl from the recess in the 
cast iron rig over the inlet, a steel shell of ¼-inch plate, 9 feet 
in diameter ancl four feet high was placed in this recess and 
a second ring placed on top of it, both shell and ring se-
cu1·ely held by extending the original anchor bolts. Another 
ring of 3-16-inch steel plate three feet high, 25 feet in diam-
eter, was placed on the bottom as nearly concentric with the 
first ring as possible. The sane! between the two rings was 
removed with an ejector operated by a water jet with a pres-
sure of 160 pounds, using fire hose to conduct the water to 
!he ejector. The space was then filled with concrete which 
was mixed on shore, and conveyed to the intake on a scow, 
then lowered ,Yith a self-clumping bucket that held about 8 
cubic feet. Care was taken to lower the bucket to the bottom 
before dumpinir. This work was carried on from a raft anch-
ored above the intake. The completion of this work cost 
$1,039.32. 

In January of 1910 the mill was shut clown for 36 hours. 

The lake at the time \\'as nry quiet and free from ice over 
the inlet, the ice field having- cl rift eel out. A boat \\·as carried 
out over the ice hummocks fonnecl on shore. ( which some-
times built up frc,m r 2 to 20 feet) ancl with difficulty launched. 
The inlet screen was found co,·erecl with anchor or frazile 
ice from 16 to 20 inches thick; when harrecl loose it floated 
to the surface, the water draining from it like a sponge. 
Some of the pieces had a beautiful fern like structure, a pic-
ture of ,Yhich is shown elsewhere. The pump could not be 
kept going hy barring the ice from the screen, it reforming-
yery rapidly. .\ one-half inch rope clipped into the water 
and removed after two minutes. attained a diameter of three 
inches by ice needles attaching themseh·es to the rope and 
builcling out in radial lines. Ice fom1ing- on the screen in 
this manner was undoubtedly the cau~e of many stoppages. 
In 1\ugust, 1910. an inspection of the inlet showed two feet 
of the concrete collar abo,·e the sand bottom. This \\"as con-
sidered safe and further raising unnecessary this year. 

On January 2nd. 191 I, the water Jlo,,· of the intake was 
stopped entirely, and an inspection on the lake \\"as impossible 
owing to the prevailing storms. hut it was surmised the inlet 
shaft was partially filled with sancl. The pump not operating 
the two preceding clays, it was considered that very little sand 
was drawn into the tunnel, therefore, lo,\ering the water in the 
shore shaft might cause the sand to flow forward and be taken 
out at the shore sump. A Xo. I I Cameron pump was sus-
pe:iclecl in the shaft and the water lowered 38 feet but no 
,,·ate:r came in the tunnel. The weather in the meantime had 
m<Jderatecl, making it possible to inspect the lake inlet from 
the ice field by placing planks to walk on. Soundings inclicat-
~cl two feet of sancl over the inlet. .\ pointed pipe could be 
forcecl clown its full length, from which it was concluded that 
a lot of the filling was slmh ice heayy with sane!. This provecl 
t,> be true. A platform ,1·as placed on the ice. and a two-
inch steam line run from the boiler huuse to the inlet. . \ 
four-inch pipe had already been forced do\\ n the intake shaft 
al cut 18 feet. into \Yhich the two-inch steam line was turned. 
Steam was admitted ancl this tha\1·ecl some of the slush ice, 
making a depression in the sand over the inlet. It was then 
decided to use the four-inch pipe for the suction, of a four-
inch steam syrhon, and discharge the sand from the shaft. 
This proved so effecti,·e that another S) phon was rigged up 
and operated • \rrangements were being made to nm the 
syphons continuously, when someone reported a crack in the 
ice field near shore. Dars were driven into the ice and an 



attempt made. to hc1ld the field hy extending ropes frnm them 
t(I the sh()rc. \\' e managed to save the syphons ancl the steam 
pipe, hut the rest of the material \\'enl PUl with the ice. ln 
the morning the ice field was again in shore ancl \\'t' maclc an-
other start. hut al 110011 'the ice moYecl out. This time \\e made 
no effMt to hPld it. hut sa, eel o ur cm ire rigging. The ice 
stayed out a \\ hole clay and on its rel um \\ c ag·ai n rigged 
up. and lnd scarcely started \\ o rk \\ hen ! he field nncc more 
drii1ed out. So far we had 12 iect of sand n·mo,·cd from 
the shaft. 22 feet remaining. The ice \\as loo uncertain lo 
depend upon and this plan \\·as ahanclonecl. 

. \ pile cln, ing derrick car \\'as secured from the Copper 
Range Railroad. a track laid to the lake. a mt made through 
the ice l111mmocks. piling and hridg·e stringers sernrccl. On 
January 13th. 1911, \\C dr<>Ye six piles of the trestle ancl CClm-
plelecl it irnm shme lo inlet on the 1(>th. The ice fi.dd now 
seemed more regular in its habits and stayed in shore. On 
_Tanuary 17th. the pile dri\'C.'r leads \\·ere remo\"cd and the 
derrick hDom rigg·ed "ith c range peel h1ckel. By this mcth1)cl 
the work of remcwi ng the sand from the sha it progressed , cry 
well . \ -;mall stream I f surface waler was turned into the 
pump \\·ell, raising the water there abnut four feet al}{i,·e lake 
lc,·el. ancl al 7 :30 p. 111., this water in the pump well ran out, 
thereby demonstrating that the tunnel was open. 

On the 27th o f the following. :\larch. 191 I, the inlet ag·ain 
filled with ~and. , \ head frame nf three inch plank was erect-
eel oyer the inlet shaft as shown in Plate r r, ancl used to 
place a ring of 3-1 6-inch steel plate. 8 feet high hy 22 feet 
diameter. around the inlet. The sand ,yas remo,·ecl with 
ejectors operated liy a water jet at 1(JO po unds prcs:c-ure. and 
the shaft clcarccl of sancl hy . \pril 10th. On _\pril qth. a 
:= tc,rm carried a way thi-; hcacl fnme. the legs breaking first. 
al s1> crushing- the s teel ring-. .\fter the storm abated the 
wrecked 3-1 (i._ inch plate \\·as removed and slraighlenecl. c\n-
other head irame o f g-reen birch poles was erected. The 22-

foCll ring- was again put in place, also the inner ring, 9 feet in 
diameter. the -;pace het" cen cleaned out and Cl)llcrete raised 
six feet helm,· lake len:l. The inlet shaft was again clcanecl 
out and on ,\pril 26, milling operations resumed. 

The intake plans for the future called for a ooo-foot ex-
ten-;i i:n ti> the present tunnel; a temporary water supply 
through an open cut in the waste sands to the pump ,Yell; 
.~nd the locatin~· of a fa,·orable place in bo ttc m of lake for 
encl of tunnel by means of test pipes. The op<:>n cut "as ex-
cavated by sho,·cling. with sloping sides to lake lc,·el. Sheet 

piling ,Yas then driven down 3 feet bclnw grade, from shore 
to pump house, a distance oi 025 feel. The work was so 
concluctecl that the hea,·y cut near the pump was taken out 
ancl the rock het\\·een the \\ell and the shore line hlastecl out 
tn g-rade, before the sheet piling was all clri,·en. This made 
it po.;sihle to remm·e the sand inside the sheet piling he!()\\' 
~he lake lc,·el from the pump well towards the shore. permit-
tin~ all the \\"ater made hy the exca, atinn to llow towards the 
pump well "·here it was remo,ed \\'ith a syphon. This cut 
\\aS started on s\pril 11th. 1911, ancl on June 10th. the ,,alcr 
from it ._, as being usecl to operate the mill. The cost of this 
temporary water supply \\·as $X.929.5R ,\ stout timber hulk-
head \\as placed in the pump \\ell tn isolate the shaft from 
• he new open cut water channel. 

The concrete collar around the inlet shaft "as now raised 
ahove lake \cyeJ by means of steel rings ancl c,mcre!c filling. 
and an attempt made to pump out the tunnel \\ ith a Xo. Ir 
Cameron pump. This could not he ch,nc clue to cxcessi,·c 
leak,; through the concrete collar al the inlet. It was de-
ciclecl therefore, to put a concrete plug in the shait over the 
steel frame that \\"as clcsig·ned to carry the shea\'e-;, lo he 
usecl for hoisting the cage in shaft ~o. 2. Four t\\·o-inch 
rods carried this steel frame, shown on Plate r r r. The "·ater 
was kept do,Yn hehm the steel while t,y, > courses of hemlock 
plank \\"ere fitted in the rt )Ck. ancl cnncrete put in place. This 
was allcl\\cd to set one \\eek. The engineers in the mean-
tirn<' had located a point for Xn. 2 shaft on our concrete collar 
by triangulation, plumbed elem n and estahlishecl points on the 
uncler side of the hemlock plank for the new \\"orkings. This 
abo gan an Clpporlunit) to ch,e up their sur,·ey o f the olcl 
tunnel after it \\"Ould be cleaned out. The shaft was again 
pumped out with a flo\\· of only 200 gallons per minute. This 
perlllitted an examination of the tunnel which was founcl one-
half filled \\ ith sand. and the small amount of tilllhering tllust-
ly dmYn. In some places it "as clo wn <in the up stream side 
rmly. forming an excellent clam ancl thereby nearly closing o ff 
•he \\"ater. The hanging was clO\nl three and one-half feet in 
f:omc places and quantities of loose rPck had to lie harrecl 
down. The tunnel \\ as timbered iollt)\\ ing the clearing ancl 
cornplctecl in .\ugust at a cost of $0,301.85. which includes 
co-;t of timbering and a charge of $1.079. ro for power. 

Ten test holes hacl been clri,·en in the o,·erlnirclen on the 
lakc hot!( 111 al in ten als e:dencling- 600 feet out from the ol<l 
intake. The sandstone "as found 33 fret helnw lake le, cl 
100 feet from the olcl shaft. ancl 66 feet below at the Goo 



foot point. The test holes between the old shaft and the 
(>OO foot point, indicated an even grade. Soundings at the 
600 foot point sho\\'ed a depth of water 26 feet, and sand 
and gravel m·erburden of 40 feet. ,\ hole here was carried 
dmrn in the rnck 23 feet and an iron bar cemented in. This 
hole showed that it would be necessary to sink shaft No. 2 
to a depth of 57 feet. This was clone at the end of the old 
tunnel, and was made large enough for a cage with a nine 
frl0t tram car and a ladcler way. The work was clone in 
eight hour shifts, with two drilling machines, two miners to 
each drill and four nmckers, the muckers working ten hour 
shift. Sinking of this shaft ,ms commenced Sept. r, ancl 
completed Oct. 9th. at a cost of $3.937.90 including timber-
ing and a charge of $597.30 for 1X>wer, as well as all labor 
for installing hoisting engine, etc. 

Drifting the Xo. 2 tunnel was started October 9th, and 
clri,·en at the foll<)\\ ing rates: During October, 168 feet; Xo-
Yember. 3or feet; December. 131 feet, reaching the iron bar 
on the 15th. This part of the work was completed at a 
cost of $8,691.14 including timbering and power cost of 
$ r ,079. IO. A sump at the encl of the tunnel was taken out 
5 feet deep ancl fifty feet long. Fifty feet of the new tunnel 
,ms concreted owing to the rock being very badly shattered. 
The timbering was completed, rails taken up and hoisting 
engine and pumps removed by January 14, 1912, at a cost 
of $3.081.41. Defore the tunnel was allowed to fill the air 
line "as well secured, the encl raised nearly to the timber-
mg and fastened there. This was for the purpose of remov-
ing any anchor ice or other obstruction that might adhere to 
the screens on top of inlet pipes. The rails in the upper or 
X o. I tunnel were now removed. In order to use the old 
inlet and tunnel until such a time as the new inlet pipes 
could be placed. it became necessary to remove the concrete 
plug heretofore mentioned in old shaft. Eleven holes were 
drilled into it and preparatory to blasting. the tunnel and 
shaft were cleaned of everything except a No. I 1 Cameron 
pump. Then the eleven holes were blasted from above with 
a batterv. From the known leak in the concrete collar it 
was esti;11ated that the tunnel would fill with water in about 
four hours, but after blasting, it actually filled-both tunnel 
and shaft-in fi,·e minutes. \\'here the water came in so 
quickly will be shown later. Our mining captain and his 
force were then transferred to the Trimountain Stamp ~Jill 
\\ here a shaft for a new tunnel was well under way. 

Keeping the open cut clear at its inlet until the ice fonned 

on the shore was the most disagreeable task ,, e were saddled 
with. The shore line on the ,,·aste sands from the mills 
would shift with every storm, having been known to recede 
as much as I 50 feet after a very heavy storm from one di-
rection: a storm from another clirection would partly build 
it up again, in any case throwing up hea,·y sand bars. To 
make provision against the fall storms so prevalent here, 200 
feet of 48 inch rivetecl pipe was built of ¼ in. steel plate with 
hea, y re-enforcing angles every 12 feet on the outside to 
help il withstand the crushing action of the ice. 

The inlet to the open cut had been maintained 8 feet wide 
and 2 feel cleep, but it was now cleaned out to a depth of 4 
feet. The 200 feet of pipe had been previously bolted to-
gether on skids parnllel with the shore. both ends being closecl 
with \Yooclen blind flanges. \Vhen th~ weather was fayor-
able the pipe was rolled into the lake and floatecl into the 
open cut. The :,premiers that kept the sheet piling apart were 
remo\'ed one at a time until se\'enty feet of the pipe was in 
the cut. when the sheet piling showed signs of gi\'ing away. 
The pipe "·as then allowed to fill ancl sink in place, and this 
senmty feet of the cut fillecl in. During this fall the storms 
were unusual and the shore line receded fully I 50 feet, and 
it was founcl necessary to acid 30 feet of pipe in the cut. 
\\'hen this addition was made, there was not Yelocity enough 
:n the pipe to carry the sand through which accumulated, 
thereby cutting off the water supply. This macle it neces~ary 
to blast off se,·ent y feet of the outer end ,, here the trouble 
was causecl. The i)ipe then scourecl itself clean ,Yith the heacl 
we hacl available. • \ shelter was built over the inner encl of 
the pipe in which a fire could be built, to make the place warm 
enough for the crew that was kept busy clays and some nights 
remoYing the sand carried in through the pipe. A three inch 
water main was laid to the shore. on which was maintained 
a pressure of roo JXJt111ds, this water ,,·as used to operate t\\'o 
ejectors macle of 4 inch tees and 3 inch pipe. each ejector 
had a gate \"ah·e in the discharge pipe. This ya}ve was closed 
turning- the water back through the suction pipe when a stick 
or other obstructi< n chocked the tee. \\'hich occured , crv 
often. To keep this cut open and install the ..j.8 inch pipe co;t 
apprn~imalely $..J.,8o2.92 conring a period of nine months 
,rhile the canal ,,·as in use. 

l)uring the month of February, 19 12, the cause of the 
tunnel filling so rapidly after blasting out the concrete plug 
was discm·ered. :\s shown on plate IV the concrete collar 
around the inlet was raised four different times, the first 



1 imc in 1902 when the opening \\'as made into the tunnel, 
the second in Scptemhcr. 1909. the third in .\pril 1911. the 
iourth and last time June r 9 1 1. • \fter placing- the outer 
-;hielcl in 1\pril 191 r, for the concrete form, on the sand 
around the inlet. it "a:,; necessarv for the cli\·er to remo\·e the 
sarnl clown to the old concrete. · This sand hacl been hancl\ecl 
so much during the past \\'inter and spring, that a concentra-
ti()n of slime and pieces of water logged \\'OOcl had taken 
place around the inlet, thereby making it nry difficult to 
clean the place out. .\s soon as the cli\"C:r thought he hacl 
enough of the old concrete exposed to form a ba-;e for the 
nc\\' concrete to rest upon. it \\·as co\'erecl by small sections 
at a time Dy this process it \\as expected that the sancl 
would only he in small pockets and so retained hy the con-
crete. This \\'as true \Yhcn \\C pumped out the shaft. no ex-
cessi\'e leaks showing. ,\fter the plug was pul in the shaft, 
tl;c wave action scnurccl out the sane\ spots in between the 
1<)01) concrete and the concrete placecl on it. To place the 
;1mer steel shield in position the lJottom C1f il was macle r¼" 
less in cliamete:r than the ring already in place. This allowccl 
free access of \\ ater and po:--sibly sarnl. In the spring of 
1912 to secure the shait frnm this tempornrily, the di\·cr c\roYc 
fine \\ edges all around, making the inner lining practically 
sand tight. .\bout one third of the fourth section of the con-
crete C( ,llar was lllh\" taken off to allow the water to l1o\\' into 
~o 2 shaft, and the open cul was discontinuccl. 

In :\lay, l<Jl2, ¼ x7-1-x118 inch steel plate was purchasecl 
and 2 pipes 3(> inches in cliamcler. each -1-3 feel -1- inch long were 
nndc These \\ ere fitted \\·ith steel flanges on one encl ancl 
steel drive shoes on the other. Longtituclinal and l>t1tt straps 
\\ ere placed Pn tlte inside, ancl all ri\·ets counterst1nk on the 
outsicle. Four secli<>ns were abo maclc. each 6 feet 2 inches 
long. 1J11c oi \\ hiclt had a steel flange on one encl. Each sec-
tion !tac! the straight scam ri\ ctcd ancl the l>utt strap ri\ctccl 
<>11 une c11cl. SD the f()t1r secti()ns cnulcl he slipped together 
ancl then hl)\tccl. \\ ' ith these prm·isirn1s <>ne sccti()n cnulcl be 
made from the i()ur 2-1- iel't X inches \rn1g-, ancl l>oltccl tn 
either l,ing section. \\'hilc the pipe was being made. eight 
piles \\ere jetted clown in tltc o\ nliun\en on the lake bottom 
o\·er lite end ()i the ( ;oo font ne\\ tunnel. ancl a platfurm was 
erected ,,11 them, :i3 fed by 27 feet. ancl ten feet ahm·c the 
lake: le\ el. . \ heacl fnunc 20 feet high was placed on this 
platiorm. abo the ;;xX inch Liclgcnrnod Frirti!}n clrum hoisting 
eng-im· used in the tunnel to hoist the cage in the '\o. 2 shaft. 
\ Ji\·e inch \\ ater main \\'as laid on lake bollorn from the 

shore to the platform. also a 1 ¼ inch air line lo operate the en-
gine. . \ir \\as furnisltetl l>y the compressor t1sccl for tunnel 
purposes. The li\·e inch tc,;t pipe !cit in the lake hottl)m "as 
c,tcndccl to the \\ atc1· le, cl and a set of l>lock-; and tackle 
snspcnclccl ir<'m tltc heacl frame just mer the point located 
for the ,·fi inch intake pipe . • \fter clearing the tllJl of the ,wcr-
lnmkn of all large 1>, ulders which were lying at this point. 
1111e of the -1-3 feet -1- inch sections of pipe. with ends b\ankecl. 
\\as rnllccl into the \\"atcr. l<l\\cd out ancl fastened to the sus 
pended tackle blocks. pnllec\ up anc\ the bottom heac\ rem1>\"ec\. 
\\ ' hen the pipe was l,mered to the lake bottom it stoucl plumb 
and in proper place. In this position a frame or g·uide \\'as 
made for it at the top throt1gh which it could 1110\·e clmYn. 
The top flange was rernowc\ and three 2;'2 inch water jeh \\·ere 
put in. The jets 101\ creel the pipe 1 ;i icet in 1 ;i minutes. the 
\1 atcr b~ini~· turned off ,,hen the flange ne;tred the ,rnlcr 
!cHI. Twc < f the short sections \\ere then hciltecl 011. the 
pipe loaclecl with -.;ix tons of olcl stamp shoes. ancl the ,,ater 
again turned un. The pipe \\"Cnt clo\\"n fairly straight. but ii 
sho\\'ing any tenclency to list, the tackle \\ as held. and the 
pipe suspended in the boil until it became plumb a~ain. The 
\\·ater \\ ashed out all the fine sane\. while the gra\cl ancl large 
]}l)ulders accumulated at the liottom. To rcmm·e the coarse 
sand and gra\ cl a six inch air Ii ft \\ as used. while tlte large 
houlilers. SC1ll1C o f which Wl ig-hecl 300 pou1Hls, \\ ere taken oul 
by the diver. 

The pipe \\ as thrn clriH'll \\ ith a 2.000 pll11nd \\-eight. the 
cleaning and dri\'ing continuing until sandstone was reached. 
\ 12 inch pipe\\ ith guides to centre it \\·as then l,rncrccl do\\"n 

the ltrge pipe. Into this a single hit. 12 inch drill. with stem 
rising to the platf( ' i"111 \\'as intrc Jducccl t() clrill a pil()t hole to 
the 11111ml. This was ic ,l\o\\l'd liy a special rl'amer 3-1- inches in 
,]ia1retcr. n1adc o i ca-;t '-'tccl \\ ith 12 taper holes clrilled into 
the hC1ttrn11. the hok-; licing· littccl with t\\cl\"l' steel rnttcrs. 
The lwle was churnccl \Yith this reamer. hy using the friction 
cln1111 1~f the hoist t,, actuatl' it. a q inch dnip lieing- n1ain-
tai11ecl. l\v this method one lwlc wa,; drilled and reamed 
in r,,·e da:;s. ,\fter the drilling- was completed the air lock 
fr i111 the Trimou11tai11 :dill caisson \\as fitted tn the t()p of 
the JJi pc. • \ pneumatic chipping hamml"r \\ as nsed l l • trim 
C1ff the rnck on the sides for aliout l\1 u feet t(> dear the steel 
sl,C>l's, and the 3(1 inch pipes \\ ere then driH·n into the rnck. 
Scrc-'-·ns 12 inches hi~·h \\·ere placcc\ 011 each pipe. 

This \\"<>rk 011 the intake pipes cost for labor ancl supplies 
$5.5(,5.07. 



The Champion Copper Company has been in operation on 
the shores of l.,akc Superior for ten years and during that 
time they ha,·e spent for water supply as follows: 

Labor. 
Cost of the first intake tunnel .... 

Extending Tunnel Itemized Below-
Raising outer shaft 4 feet during 

September, 1909 ............. $ 610.17 
Cleaning out intake shaft during 

January, 1911 . . . . . . . . . . . . . . . . 1,561.71 
Raising outer shaft 4 feet 9 inches 

during April, 1911 . . . . . . . . . . . 2,281.3!} 
Cleaning out intake shaft during 

March, 1911 . . . . . . . . . . . . . . . . . 395.45 
Construction of temporary intake 

canal . . . . . . . . . . . . . . . . . .. . . . . 6,025.70 
Raising outer shaft to lake level, 9 

feet, 3 inches, during June, 
1911, and putting in concrete 
plug in shaft . . . . . . . . . . . . . . . . 1,566.00 

Constructing head-frame, engine 
house, placing engines, · ·com-
pressor, piping, etc., prelimin-
ary to tunnel work. . . . . . . . . . . 2,655.00 

Cleaning• out and timbering old 
tunnel, June, July, August.. . . 4,304.27 

Sinking and timbering outer 
shaft, and drifting 20 feet. . . . 2,908.80 

Drifting tunnel. October 9th to 
December 15th, 1911......... 6,428.36 

Finishing sump, tearing out track, 
etc. . . . . . . . . . . . . . . . . . . . . . . . . 2,980.75 

Reopening old tunnel at outer 
shaft, February, 1912 . . . . . . . . 456.95 

Sinking two 36-inch pipes throu~h 
43 feet overburden, and drill-
ing two 34-inch holes through 
20 feet sandstone into tunnel, 
l\fay, June, July. and August, 
1912 . . . . . . . . . . . . . . . . . . . . . . . 3,661.13 
Sundries-

Maintenance of intake canal 
while in use and laying large 
intake pipe . . . . . . . . . . . . . . . . . 1,821.87 

Taking soundings, locating sand-
stone, end of tunnel, etc ... .. . 1,007.65 

$38,665.20 

Supplies. 

$ 42!}.15 

588.65 

573.37 

2,903 88 

785.41 

833.86 

2,057.59 

1,029.10 

2,262.78 

10-0.66 

14.84 

1,!}03.94 

2,!}81.05 

637.:38 

$17,101.66 

Total. 
$26,389.62 

$ 1,039.32 

2,150.36 

2,854.76 

395.45 

8,929.58 

2,351.41 

3,488.86 

6,361.86 

3,937.90 

8,691.14 

3,081.41 

471.79 

5,565.07 

4,802.92 

1,645.03 

$82,156.48 

The work described in this paper has all been done by 
the cornpa11ics· cmpl(J) cs ,, orki ng under the direction of their 
foremen. The cli,·ing ancl work under compressed air was 
done at the Trimountain ~lill by Oscar Johnson, l'.Iaster 
::\Icchanic. and at the Champion ::\Iill by Herman Stealm-v, 
Surface Foreman. The mining work has been under Captain 
John 0. Peterson. • 


