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Aseume 48,000 tons ¢2 coal consumed snmually at Che mlnes and

P

he same amount &t tho mills

At both mines and mills on evaporation of 7¢ 1lbe. 0f water per
of coaul is & fair ascumption:=-
For the mines it 1e sssumed that 30 lbs. of water are
per hovgepower honr ond for the mills 36 lbe.

on tlhiig bagis 24,000,000 B, P. hours are developed at the minos
2 (] 3

53

nd 20,600,000 * " at the mille.

Total HUines & iile 44,600,000

A4

t the minee this gives 4 lbs, cozl per H. 2. .

The coat por H. 2, hour at the mines then is [,0088 ond &t the

£ - o iz de 4 w £ o - . | v = i, o s s ae T
;!33115.1.';3’1“ PERT SR ;)Uu.(l.'!' in congumed oont: u.‘“(!‘l ‘3_,",' i0Y .5‘} noure ,‘“1

for 300 daye por yesr dhe annual cest of & H, P. 18, idinoes 5H9.6
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If we agsume 75 ocombined efficiency of weter wheeols

and gonerators and 1lbE5 loge in tranemlesion we have shout 644 of

the theoratical water power delivered to the minee end mills.
¢n this basle, %o delivex 3Y,800,000 ¥. . Houre there would be
required a water power of, say, 68,000,000 ¥. . H. enmually, or

5 @ { b o m— ' 8 e By 47 P e T AT oy 'Y g gy el - s
83,000,000 . ?, hours. fince the water power plant would resu

in centralizing the generation of power ot the mines for holsting
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COUPARIGOHE
e
innuel Cost of H. P. at our nines 559.64(300 doys,R4 hours pel doy)
of 0liver Iron ing.o0.
for Iron iountaein distriet, ineclud-
ing air powar 60,48 A o %
For steun operated machinery only 70.87 . g ! R X
B Chepin 95,00 " T
Tron Mounbain show 2.8 lbo,. ¢l coal per H. s
Hour including comnressed alr power,
ateunm pover slene would show highe¥.
Morrle=/urors ¢roup, Oliver Iran liniag Go.
tout I. H. P. contimunous excluding pumping ==------ ¢ 70.28
Report of J. 0. White for Irom mountein dietrict conirms ubove
fiyures in & genaral way.
¢ is safe to sasoume, therefore, that our nresent power et
the minesg 1& coating 60,00 oser ¢ nhinnous H. 2e not including
interest and depreciotion char{osd.
% the mille, wtly more.
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WATER POWE
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Druintge Area

The reports on the Hturgeon Niver give 320 and 322

K

gguare miles of drainege ares, This estinate is based om township
plats, etec. and not on actual surveys, as stated in a letter from
Vide, Blackwell & Buck. Checking over the drainege erea o thus
given and using the topographiccl map just issued by the U. &
Geological Survey covering the Perch Ieke area, I huve reduced the
estimate of Viele, Blackwell & Buok as follows:

Perch Leke area from 90 sq. mil, to 79 sq. mi.

Upper Sturgeon o360 o " T

YUy estimate of the draine

Upper Sturgeon~ = = » = = = = = ~ = = =« - - 1b4d 8q.lii

Porol Lakg = B S s e me e e m e e 7y 7.0

Total tributery to the Upper RPower Plant- - 883 " *©

Additional ares on Sturgeon = = = = = = - = g7 " *

fotal Stribulary to lLower Power Flentls = ~ = 300 * °

given in the table and in

&

In the computation of horse power

the disgram the drainage area of the upper Sturgeon and of the Perch
was taken st a total of 220 sq. miles and that for the lower plant
700 sq. miles. The figurses,233 sq. miles,given above would be nmore
acourate and would incerease the power obtuined proporticnately, or

gbout 6%.
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arbigon and Vomdochon in their reports guote nmeasurenesis
of the Dead ond Tron Rivers, which ere two rivers of gmuller watler-
sheds then the Sturgeon, loceted near Harguette. These ore the only
records of sctusl mocsurement of Tlow of streans in this region aveil-
eble and thereforse they have been applied to the fIurgeon, using the
rainfall record of the Government "esther nredu serviec at llarquetie.

"he rocords for the Doad and iron rivers are for the 8ix
year period, 1889 te 1004 incluaive, whioh wes @ period of high aver-
age reinfall, being 34.30 inches, as compared with & meen annual for
20 years of J38.26 inches, There was, however, one yeer of low reine-
£81l in this period. The drainege creag of those rlvers being €0 small
alsc injures the value of the recorde us gpplicd to the “turgeon,
These records have been worked up in two ways, ond tables and dlegrems
hove heen prepared for ecch method.

virnt lethod

Frow« the records of actusl measurcments of flov. for the
Nead ond ITron Fivers the followling were determined:i-
18t. The mesn onnual discharge of the stream in cubie Lol
por 8g. mile ver socond,

3

ond, The ratio between the monthly dloeherge and the menthly nein

discharge.

3rd, The percentege of the tetal yeor's rain thaet resched the
ptreon,.

After cuch of the above wes detormined for esch yeur, avers

ages for the six yeer poriod were nmade.

(6}



Flow of Steam, Cont'@,

The average percentage of ennusl reinfull reachiug the sirecos

[ 8

wag wbout 607

70 be on the pufe side 1t wes cesuned 4in applying thepe result

A

fod
el

tc the Sturgeon that B0 of the rainfull rouched the strcum. The
rainfall record of the Harguette Stetion waeg then taken and B of

the rainfull for each year wae assum %o be the annusl run-cff,

vnd one-twelith cf this was the menthly wmoun dischurge. The averaege
retios of monthly o weon monthly diecharges ae deternined from the
recorde of the Dead ond Iron Nivers were Lthen applied, und the ac-

- o
|

tual disoharge of the rtturgeon for each month for the 20 yesr per-
iod oovered by the Rainfall rocord computod.

After the satunl dlscharges wore thus estimated o table (VII)
was cowplled on the wosumption tlhet & discharge of one cubie foot
per square mile paer second wap to be uwtlliizged, and on this aspumplion
the effoct on the contents of the storsge reservolr ie compiled,

41lBo the horsepower ie fipured end the results shown graphically
: (Phis wes not made. ¥. ¥. D.)
in diagram Ho, .»{ L

o e

socond Jdethod

<

irom the records of the Deed and Iron Aivers the fellowing were
determined:

1st. The average actunl dincharge of theee rivers for the sume
month for the six year poriod, i. e. average actual disclerge for the
8ix Jenuarys, ete.

2nd. The cversge sotual relanfell for the sewe wonth for the
#ix yeur poriod

ord., The ratioc between the sahove averages,

{7}



Flow of otreuns, Cont'd

]

Thig gove as the wverege run=0ff in the strecms for the sizx=
yeer poriod sboub 30% os before, ond the ruatlcs of nmonthly dischergo
s

to monthly rainfell were reduced proportionately 6o o t0 show & tot=-

al discharge for the yeur of 505, e in the Firet method.

Phe difference in the two methods Then iss

’

in the Firet we have the ratic betweon the monthly dischurges

and the monthly mean Aiscliurpe &8 compubted by dividing 50, of the

apnual rainfall dischurge by 18,
In thoe second we have the ratio betwoon Lhe monthly discharge
&

5 the sverfge rulinfall for epah

snd the discharge as glven by BOL of
monthe

fabloes ond dlapgrene are given for +he second mothod prepared in !
the sage mennor as for the first,

T am inolined %o shink that the second method is more apt Lo
choek with setusl enperience than the first.

It often hoppens thet & year's rainfall will be up to the sver=
gege ond yot during thet yecr thers mey be meveral speciclly dry
months. In such cuases the first method would show & normel flow for
thoge dry months, while the saeeond wounld not. ¢n the other hand there

are ojeections to fthe sacond mothod,

whot these Pigures Show

iety= that without storoge the power of the river wonld be too
verieble 4o be considered.

feoondi- thet additicnal storege wonld be veluable and inereise
the power delivered by the river very meterielly.

The guestion of additional B10Tuyw oun be left for the future,

(8}
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¥low of Streamm, JCont'd

ag there lpg appurently sufficient %o moke a falirly uwniform delivery

carinle .

Third:~ Shortege of water shown cun be peurtislly offset by using

the lower deuz slorage.

The horsepower disgram ghows thet with smell smounte of stea
power supplied in twonty . Joers (a totul of _ 44 _ H. P:)
9600 continuona H. 2. output from tha generators ot the river counld
hve been waintuined on the agoumptions mede. The . P. output ic
taken et 80 of the theoretioal.,

Allowing for difference in drainege areas these figures
eonfirm the estimnte of Viele, Bslachkwall & Buck,

Attached Vo this raport wre shetracts Ifrom inglucering
reports on peveral water powers in thie reglon, tugother with notes
complled by myeelf on & recent trip.

he Lollowing table has bheen compiled {rom these sources

The Gturgeon compures fuvorably with the other powers listed,
whaen storage 1r eonsidered, but unfavorebly without storage.

Although the esbimaeted cosft for consiruction ner X. Ui, i, or
peyt He 2. is highe
The tremendous advauntege given by the storage dam at the upper

7

plant more than offsefs the higher cost ss it should meke possidble

much more satisfactory operating coanditions than cun exict &t the

cther developmentae

(9)
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Lower Plant 0 Tolivola - = = = = = 89 -
Moivola to Nicedsle = - = = = = = S o
Ricedale to Paingplfale - = = = = = T
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Vpper DPlent to Lower 2lont= = - - 6 Wiles
owsr Plant 10 Painopdsle = = « = 2l 2
& 2 Y 4 o g \ il
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propont power IXpenso omitting intcrest on invogtnent end depreé-=
eiation on last year's record.
qineg = = = = = = = -~ = = {198,410.00
¥l = v = == = = === 177,127,00
Potal = = = = = = = = = = UJ76,H27.00
taguming Diver 2ower
would be reguired
rotul Lxpense, dacluding

Intoreat & 3Gpronihtidn- - === 2246,900,00

e R S R e B -5128,047.00
1t ie prebuble that $600,000.00 would have to Le invegted &t
minee and milis to utilize eleotric power supnliied.
it B interest this would reduce the esbtina
1¢¥ we esbimate profits to the Copper hunge y. On hauling und unlosding
copl at §53,000,00 the belence is further roduoed to (70,000.00.

43 > P 0, T & Fesus s e P s P 13 : IR
gther faous favorable %O thioc water A}_‘.(u,(:}f‘ avG IHF‘(, ulion: .4 e gonuliQercad;
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Sto our Ggi1ior alante are dct‘)rﬁf"-.umf;lni: moare ],'tl:i,c"l Uil Qb NOTCILHLAT

ery und replugemcnt would have to begin in & very Iew yeurs.

aingt presont pl

<-3§'u'~n

ond, Lo interest on investment ie charged ag
apd. There is every probalbility of e coensiderable water power in excess
of our present reculromsnta,

4th. 7he weter power is a perpetual source €7
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power &nd should increasze

in value with time, probably cnough te offeet the depraclation charge

o o
03 &‘.;.».
T 2d24+1an:, b ey oy g v g el n . yemyase 1 -
bth. If adiltlonal storage cun e g, 88 peenms .3&-.,1_.-.:;;' <2 of

povwer could be dfiV(alO:i_‘lf A4 at much lowaer cost pexr H. P
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6th. It is proper to expect an inerease in Lie woay ul coul,

7th. The large surplus power available in the Soring eould be util=
ized for spesial work.

If 4he low procsure turbines are ue coonomical as flgured, ond
it aprears they are nearly so, thon the maving at the millighould not
be as large as Tigured. For our proposed extonslon ol ve rinding planis
at the mille edditicnal power will bo required. With low prescure Sure

bines tlis additional power it is estimated would be obioined with on

th eleotric power the acdditionsl

10% more stenn consumption, wheress w
i < ?
reguireaents would 211 be en added burden on the Hydro-elcectric plant.

e tagi o ~y % % eV
OB wnen ot prafen

-

hie resulte in .:,.};i. r the cogt per steam [H,.P. much
& i
The cost of motor-ﬂriVUn gomprespor plantg to mrnigh power o

the mills would be large. Conpressor capacity for each «ill wouid be
required as large os now in upe at all the nines combined.
If the modern tendency to inoreased fine grindlng continues

fine grinding machinery perndits sll material

L

urtil the developnent of
o bo ground fine then the substitution of rolls for stampe buecomes o
practical coertainty. In which event all mill nwohinery eould be direoat-
1y motor-driven, maXing the water power Ligure out te grewt wiveantage.

At the mines the coet of applying the eleotrie power would not
be gpreat. 7The mein e:penpe would be in supplying conpressed air tc the
the hoists, which I do no%t think would exceed $100,000.00,

& totel of ,..,(:Q ,000,00 wonld, [ think, apply the power to the
mincs, ‘Lhub *h this waté »r has not been investigoted thorouphly. Sxper-
icncoe elmewhere has demonstrated the pheoticability of such an epplice-

vion,

{16)
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The Power Diagran ghows with a small amcun’ ol wuxiliury

power supplied, a uniform output of H500 contilnucus hoerpepovcr, asvnm-
ing 80}, combined efllolienoy oF wouter wheel ond generator, [ Gl
PP

thie officloncy ls probahly too high for averuge operating ceandilbng,

otael lose of 164 in {transniscion

[ o

and that 754 ls nearer right.
would secm to be suiiiclient, mo that a lLotel ePflciency %o polnt cof
conpunipticn of the power of 64% 1n, I belleve, foir. At o toianl of

647, efficiency the power at the mines would he 7600. H, P.

Wy estimate of the total power used lost veer al mines
Wil 24,000,000 . r. llours peor year or B731 l. P, continucus

at mills, 20,000,000 v ke i i "_a3bl = 9

2
Total HOBR S
Surplus on thesge f{iguroes nH18 i . o

ovaercome losses in trangfer of power and cther sources.

This would secm to he & liberal margin and it is «

agsunption that tho water power would operate our preee.t plunts with
out any asuxllisry power.

The average reinfall for the 20 year period was 32,306 inches
as given by the Murquette Stufilon, for the Houghton stetion the average
i given we 52,98, campiled from iloughton records sinee 1890 ond date
from surrounding points poing huck 93 yeurs.

£~

; Y8 Y rrymes e daen 4 . : | 1 o o ] ] .
ii now we assume that additional sliorege cen bo hed to ul-

3 (5 -h-ﬁ y 7 21 ) ~ v o e e Y p o T £ 2éd B -
ilize 60 of the annual ralnfell ever the 360 Bg. miles ol water shed
we weuld hove o avorage disgharge Trom 32.4 inchee of rein 62 shout

b4 % . "o - - [o T - - -
1.8 ou. 4. per see. per sq. mile, or un wdditicnal smouni of power

t
a

8hHove hat o4 n in tha Aloor: P o ¥ - P .
sbove thut given 1n the Alapgrem of about 20%, or in plece of 7600 con=

tinvous E.P, as just estimutod, gumyt 2100 H.»,
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the storege dam &t the uppar falls

lower developwont only,.

Letinnted Coest From Viels, BDlaciwell

A "
L Be

T ae

built zn4d

Buck.

Lower devolopment

Upper Jen

Roadrs and bridges 415,000
Gonstruction liant, esc. 5,000

Dam and inteke 286,000

Inglneering & Gontingoncles 207 55,600

Interest during constyuction ic,0060
ta L

Pransrnission System dlireet o

Painesdale from lower plant $193,78

Less soving on copper 13,600
Property rights
fduinistrution & liiscellancous

At 645 net eflficlency %o the aines and 300

drainage arese and 1 ou, per ea0. per sq. nlle

world be dolivered to the mines 3,937 conftinuous
The ostimuted requirements for the mines alone are
e )

d. P, ond thorefore there would be of

o surplus

which would be pufficicnt to run the regrinding

i 2 R MY 3 S
e ocould the 3987 ¥, |

A8 oY

aplily ape a1l of

power ig now costing uep nmost and whers

pover could be cheeply made.
{18)
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406,000

20,000
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&) 55
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84.

miles of

dipecharge, there

it
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2731 contiz us

i
LUous

about 1200 H. I.
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The coet of eluotric power on this plen would bo:
Betinataed cont vagGhO 349
fotal delivered gontinuous H. 7. a398%

Intereat on 1,060,000 O

Jeprovgiction 2% 25,000

Yexen, ofos 1p 16,500

Iebor & Pupplien 12,000

Coat peyr conbtinmuous . F. por year 256,60
Ee 7o hours delivercd annuaily ah, 792,890
£« Ta hour delivored £ ., 0066
iia 9leofrio power would ho ucod $o replace vlet

o oo T a 1 Fowpd oo o N &
Q(ft":;.hns{,' ve {;UO.'{.'L' ‘Jﬂ.l:‘" fine aoy @43 wonadd ho:

o e Fioyiess ey
OREY K. P. i v & ) o 00 SR LAD ¢ S0

L pmoogly  em &P Vg deg - 1A OO
Coat of uter Dower 1444000

m-.—.n: T Lowemas memm
!  AN4 3 ” "
Profile ¢91,880

o | o~ he o oty 49 1 . . §- & o
% 41 £ . v \ wh 5% ~, N o B - . . 1N g
562 &.uluf" S8G AN "l‘-'.-}l‘-.-cl iRt gnuryes

aml & s ey . g e, ey naf o SR e i 4 S
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4 LR

enount of wddifional power would be pertislily provided for.
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660 continuous horsepover roequires 12,000 tone of coul par yeur.

fhis gives about 4.2 1lbn., of coul per horsencwor.
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¢ five day test showed that the foot pounds of ugeful work done by

moy’

motor driven engine hoieting ore were 385 of input. o zllowence wa

@D

) o

mede for holsting mon and timber. ZLoed of ore wae € tons. Horsopower

of motor 180, goured holating engine driven directly uveing frieticn
cluteh,
4,000 . P, of motors are being driven by an uveruage of 606 H.P.
output.
Consiot of the following:
ontinuoug=—=—-=-{4) 60 R. P, Pumps
10 hours daily (1) 400 " 2
sontinuouge===={1} 160 . Compregssor
i honrg ==we-={1) 250 o n
L8 Nododemm———(d] 400 9 Hoigts
L8 nogdodeeeees(2) 156 " "
le nogdgdes—=—-{1} 7H “ "
2 chiftge~me—e={4) 100 X.%W. metor-gencrator sete

1 "  ceemeea{]l) 128 H. P. Crusher
i

L _----——(;3) 2{3 " "
2 " mmemeae (5] 85 - Tramning Notors

H] _______-(1)

Ian addition, power im furniched for shops, lighting, otoc.

{A)



Progent Statioms contein two 1,000 K. U. Sbewn Turbine

ol 43
m

B aAriving
1600 X. %*. Generators.,
1 plante reguired For peck loa

- > s — - . - g ¢ - 4 . o v
+Q B L&) P EL lue ‘e {ie ! & Ging v do A .:.l (ERELER S YPO YL w 1§, NGLNTendn
Cogt is 13y per He lineluding ell Lo g, oporul 4 t
and depreciatlion,.

Yew wator power plant im expected to furnish current for by i

LY

on game DHamd

,.u
v}
L]

9

The Aufreln river power plant now furnisghes purrent for .1
H.,, coevers operation and naintenénce only.
Efficleney of Vetor Vheels ab 2u Train plunt;

Mll %o & /f.:; logd 5323‘ A

fencrasor o4,

r
Gomb inogd= 7%
B o s v A o o f ? “ o v QR g 2 e v o YR
rrangnigeion losgen and uncococounted for ourrent

Bt s

{n)
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_ Spup_FIGURES_TARLN_FIOM FARNING' GARISE ON HYDRAULICS™
{25 years 0ld)
Hetios
nutio of nmeun annucl rainfall= = =« = « « « v = = =« « 1,00
0 " " rainfall of lowest & yr. ¢yclos =~ - = 8o
o Fmintmum amnnal rainfall + o« - © S - - 2 - « 7O
" " meen annn ‘L fiow in stmums
(or he glven veer's rain) = = = « = 00
" ' mean sunmey Tlow in stream
(of given yeer's rain)e = = = - = « 00
" n 1(-‘-‘._ 1t i " " s R e Lol o .4;5
" ¥ annuel available flow in strcam
{cf gdven year's ruin) - = = == 5O
o i torege necegssary o mehke ovallable
G0 ol ennual ﬁw"n,ull o 10
These roatios cre given for etreanms slong the Atlantic coest,
gend are bascd on many records o actual flow.
In genorcl, sasumpiiocns on the Sturgeon egree with these ratics
closely.
L storage of 8,100,000,000 ou. ft. in the upper resaervoir is al
104 of the average cnnusl rainfall for the whole druinsgo arosa
800 sg. miles, or 12.6% for that on 220 aq. miles.
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_FARNING'S HYDRAULICS

_ BSTIMATES OF MINIMUM,MPAN ARD MAXIMUM FIOW _OF STREAHS.
e — . j@inioum 1nj]  @ecn in {Gxitnim in
’reu of ou. ft.per{ou. £t, per cu. ft. per

atershed gecond perjeecond poy fjoocond per

8¢. wile, sqe. nilo, gq. mlle. O S =

_1 Bg. ii_pr__ sl . R0 - 1 808 “fm
o AR S R | S TR YU
LR SR . R R (R e . R B
L e TR 1N SN | S e | BI W
BT T S - S L SR, SIS | RS W
TR e R R e ST G, S ¥ W S,

Hininum refore to 16 duye of leapt punmer flow
Mean " " 120 " usually July, August,loptember & Gotober,
Heximum 2 T flooda

llean Annual Tlow B0 of annual rainfall, or for the low oyele

years = 405,

Ordinary {low of Nlew lngland stresns on un average = about 02 au.ft

el ot

per minute per sq. mile. PFor low oycle yeers .8 of thie, or 72 ou,.f%.

= . o N & o L ~ F IR, W s — & I
per 8g. mile and 1/4 of this, or 18 ou.ft. per

e R | o  mnd oy o b
« HMIAE DT BIRUVE =

mininun monthly f{low.

e 1) TS W= g AR e e L e o G n e - A
il ¢ne ¢ase of ‘vihe ,un}?;:l?l.lﬂ vi@ large cmount ¢i pnow fall

and congeguent f{loodas in the gSpring mele coaditions Aifferent from

Gazaer

)

those of the Atlentio Coast. However, extra storuge offsets thipg dif-

Jobe

ference largely.



JOTES ON_PLNR IRON_MRO,COMPARY'S WATLY POWER TLVILOPWUED
~ S0EE

Drainage Aren 298
Houd 25 foet
19.4%7% of rainfall ip ordinory low

nainfell egual 31.16 inches
76,000 omeft.por min. is the ordinary low weicr run=-oil cquulis
0.43 geo. £6. per sg. mile

2303 H, p. et ordinary low-water with 20 £t. head

gyep " i s T C.ap * "

Blue print shows average outpu® at the fulle genersior o be wn
1908:= 1316 X.W. 1909:= 1497 H.W. 19103~ 1506 K.%. The game dicgrem
ehiowa when steam auxiliory power was reguired.

Goet with an output of 1500 ¥, 7. i@ given as $.0025 which inoludes

"opoeration and interest charges. Formerly before this plunt was in oper=

ation, about 51,200 ftons of coal were consumed per year. IV is egtimntoed

that now more work is being done then formerly.

£ 1800 . V. Westinghouse-2larsons Steam turbo-gencrater set has been
egtablishoed to ‘talke care of low water periods., Thies eleun plent io

cgt inated to furaish current ot $.009 peri.V.i. not including interest
and depreclafiion, but only opereting costs. The plent uses 03 pounds of
steen per K, . Hour.

Transmiselon Line consists of six 000 wires, gencrators furnlsh currcent
at 6600 volts with 180 r.p.m. direcetly %o the transmission line.A%. ihe
nmines thils is reduced to 2200 volts, Comproesocrs are being driven vwith

a

is not rccommended. On the hoists one BOO

-I-
i

two 6600 volt mobors, but this
¢ oy i e o 2 i e v P gy ™ 3 A ™ 3 ~. . an B
H."» motor is ured, one 8650 H.P. and one 200 H.P. On the first the net

s g3 A T 1 Arnem e wa oy 2 AT ) T (P g y via 3 d
ioad is 7 tons of ore and tho cuge load is sometires thrown on &t the

seme time. On the 200 H.P, motcr the net load is 3% tons of ore.
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Jotes _on Penn. 000 of e G0, 'y Luber Dower lLevoelopuent

he B850 Ji.P. motor is being pluccd on @ nvw holst whore +he loud wili be

the some o on the 600 L.l wotor. Those @efure Gro Consl oted by rope
drive to lerge fiy-wheel pulleye. “hen sterting from roeet it rOUULITeE
0 gaconds to apeed up these Ily-wieel guileys before throwing &n the
Prigtion elutches. Unuugh inertic is left in woving por te to ourry ioud

ong lovel efter curreat ie ouf off. Sveed of hoigtiug in 800 ££. Dor

Ry

. [N TN VU . 21 %
#nie hoisting iw apparently giv.

- . wxdbe & n R oy e 2 N
N entire SLQlBTLC 10N
Investment 1n
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time, when the dAlsehserge is eguivalent te 100 mec. . ore nere,
B2B0 H. 2. can be genorated conabantly, cor BCOO L. 7. - 66 La o

Phe treapsisasion loss should not oxoaced 160, which would «llow

" =y

& peax load of 6890 1.2, tc Lo deliverad &t the Brownetone Dub=Ttetld
Thin 866% L. P. and for 880 Asys nor yoer is equivelent to 86,600,000
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esupplied in esteam power, or nearly 4,000,000 7, 7, lwurs aanusliy.
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e ¥
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Indlcator Cirds from fimple Stamps show o wein effoct ive vroseure
of 102.1 1be. for Top
yucuunm by cerd = 6.0

fotal H.L.P. for down esiroke = 110.1 1ba.

n

troke o8 . Bo"

cut 0fF 55
Initial Pressure ol 1bs.
I e s a e e e e LA e e e e RS =
in another cage:
Mo B Ps 3P 109.4 1be.
vaccun hy card 950 -
Potel M.0.P. for down stroke 3138.4 for £81.78" Stroko
865 cut off
: 138 1bhs.slicen pros
110.1
118,4
7 ) 228.5_
Or an average of 114,25 1bs.
By ueing air lastead of stoum, atenp will then operate with & buck

(2

pressure on down stroke © probably 1 1b. whiolh would be reguired to
e¢xpel boiton air,

1.{\;‘,.
red = 1.0.20 lba.

£

Whon Jdperuting w

=

th air H.E.P.'8 requ:

”~

tverapo stroke for shove = 28,6 inchos,

Thay Thepdooon 8 a et T S e W5 € o A W 2 Enal o 4 : 2
By BExteunding table on page £0C in ¥ent, carrging out t0 & nressure

P {5

o Tom Ui B b T SRR g i
of 1560 1be.{and Lhie dby the way I aspuse is ailr conpresscd Isothermel)

& mean effeot ve preesure of 117 lbs. is obiulned with ¢ 5OS. cutodd,

3

with a olewrance of 8% inchor as & moan the cylinder clecronce for 20

(15}
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diemeter 706 cu. inechics
additionsl clearonce for valve norts 4 e ¥
Potel of l 1480 O %

with o BOy outoff om

2
3
ﬂ(“

) inches

-
-
-
.
®

the volumobtive dieplocenent = &550 cu.in.

.
-

=y

plue elearinee 1480 ¢
Therefore gy v . ° . of

gir at 160 lbs, pressure required per down stroke.

1 cu. ft. of air compressad Isothermally from 1 atmos.to 1605 ,0842 cou,.ft
1S i Ttk 5 naiebatienliiy » - ¢ " 1808 LIRERT R
Ideul Isothormel compression wonld not be obtainod, co will uosune the

GO
volume of @ cu, £t. of air/pressed under our condi
Hulo e ) :
Reguired 750 © 2.890 eu, %, of alr at 160 1lbs. precsure per domn stroke

ol

but gince 3 ou. . of free = 1l oun, fte of air at 150 1bve, it wili re=-

.

quire se—e— = 26,3 ou. &, free air per atroke, or 26.2 x 108 = 2640 cu.

ft. free wir por minute, compressced to 180 lbg.---~for down sirokh only.

- A me s B G en Ak ww  se = - e we wa e e - mr e es  em  me  om

For up stroke MN.1.,P., from sfecam cards= Bl.4d 1ba,
In second ocage = U

or an avorage of B7,9

In additicn %6 this, vacuun on thp of piston wap rospooctively 8 & 8 lbds,,
or en averuge of 8.6 RBs. "han opoerating with eir ceoume back pressure
of 1 1lb. or a totel UH.E.P. required wnith ecir of §7.2 1de.

Cn up etrokes ingtead of admittiag eir ot 160 1be, pressure it is
better to reduce to about 6B 1ba,.

From teble (bH03) Eent)ec M. X. P. of 37 lbs. is obtalned when
cut off ic ut 365 of stroke with 66 1b. ailr pressure.

(2)



Velumetrie displafconent

7
G

cut off = ,3B x %14 x 20% =

s

pilston u% point

et

of

—
-
o

o209 2476 on. in.
Total votton clearsnce 3" = 1095 '
Gr 8670 =© &
of eir et 60 lbo. preesure reguired per up stroke.
1 cu.ft, of air compressed Iso, from 1 atmos.to 65 1b.= .184 on. £%.
) s b adlab, ® % e SRR P & B0 * "
Under our conditlions if will prodably be .22 ou. T
Requiredrﬁ};g = 2,07 ou. £, of air et 65 lbo. pressure,or 2:97 = 9,42 cu,
+ 88
ft. of froe air at & pressnro of 66 1be.

But singe thia pressure of 65 1lbs. is to ho obtained by expanding
down from 160 1lbs. the 9.42 ou. #4. of free air will slsoc have to be
conpressed to 1590 1lbs. pressure, which will mean © washte ¢f power of about

per minufe
igf, or 9.48 x 108 = 020 cu. £, of free air/fat 160 1bs. prossure will

be required for up stroke.

2640

1080

or a total of 3860 ou. £, free sir &t 150 1bs,
raguired per minute pr ciwmple stamp.
®

ey,
A
i

S
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vor 4 simple heuads ¢ 3860 equals

1 o

2 gompound " ¢ B8O 5. of D860

For 400 H. P. Engine equals

of free air ut 1560 lbs. prepsure

ine. - In

¥, P. for regrinding

Hotas~

uging air in compounds unlensa
£

to 40 l1lbs. gunage Iinst

precsure

SOUGBLE

will be
this it w
lighting.

an

iead of 88 lbs.
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$200 T i
26,200 "
operate pix hosdis
500 elecctricel
205 wili result by

TADYE N TIGa
ICTYeL8ed



The following shows the ezcessive clecarence

volume in steam stump practice

Clearance top end for valves, etc. 7756
Unfinished stroke, cylinder clecrance 600
I'or top = totel clearance 12756

Full air preesure willl be taken during & volumetriec displageneat of

}

2630 ecu, in,

Bottom clearance - 1089 on.
Air at 65 lbs. will be taken during a volumetric displaceoment of

24756 cu, in.

B2 e % e e & Wy S e m e e @ e e w0 Be G e m s

Additlonal eir at 150 1lbs, pressure 1ls required

1876 _ : = : ,
B30 ~ 99417 to fill cleurence volume Gn top.
1089 . 44,26 v v 4t 65 1bs. on bottom.
2475
Top tekes %§§9 or 73.4% of totel cir consumed.

<

29.1 X 75.8% = 28.6% of toteal
Bottom tekes £6.6% of total air

40.3% of total air at 150 pounds pressure is
quired to fill eylinder cloarances.

This sccounts greatly for low effindencies.

(5)
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~jTEGARDIHG SIURGHON RIVER POWER
_ DEVELOPMENT _

o

Data taken from the report of T. W. Orbison.

This reporf assumes the minimum flow of the river as 8,816

H

(=
4

)
4

cubie feet per minute. This amount was determined by measu
the stream for a brief period, His estimated minimum wes a little
larger than this. The report states that Dam llo. 4 at the head of
Tibbetts Falls can be made to store 1,500,000,000 cubic Pfeet.
Orbison estimates that a storage of 5,293,000,000 cubic feet would
furnish a continuous flow for 366 days per year of 31,893 cubic
feet per minute. Since the minimum flow is 8,816 cubic feet per
minute then 31,898 less 8,816, or 23,077 cubic feet per minute,
represents the flow which mus®t be added during the time of minimum

water. Assuming that the continous flow of the river above the min—

5
imum is proporticnal to the amount of storage, then if Dam No. 4
stores 1,500,000,000 cubic feet the flow that this couvld Ffurnish
would be 15 divided by 53 X 23,077, equal to 6,530 cubic feet per
minute of total Fflow.

H. P, = 62.b x Head x 15,000
190

-k

93,000 = 5,398 H. P.

e

Multiplying by 80%, 4,518 H, P. Effectusl.

Effectnal withous gtorege 2,537 H. P

it

]

Gained by storage, 1,781 H. »P.

Assuming this power to be required only 18 hours per day, there

N

would be avelladle 5,757 H. P. at the generating stetion, but with
losslut
~ . . e A ~ % .
81% transmission/ place of Gonsumption, 4,663 H. P. The lower power
dam, wiich covers 785 acres could be made to deliver 200 additional

H. P. Tor 60 days by dropping the water level two feet. It is Probh=

-2

éble that Storage Dam No, 4 might be assumed to be filled one

(1)
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Regarding Sturgeon River Power Development

one half times per year instead of only once as in the above com-

putation.

By a short time measurement in August, 1910, the flow of

o4~

the river at Tibbetts Falls was found to be only 21 cubic feet per

second, end at the lower falls 75% cubic feet per seccnd, or res-

pectively 1,260 and 4,530 cubic feet per minute, whereas in Crbison's
£

report the minimum flow st the lower falls wis found to be 8,816 cubic

o

feet. The flow diagram given shows that one cubic foct per second
per square mile may be assumed for six months of the yeer without
using tlie storage. Drainage Area ahove Tibbetts Falls equals 160
Sq. Miles and on the Perch 90 Sq. liiles, therefore, we should have
for six months without storage from the upper Sturgeon, 160 x 60 -
9,600 cubic fset per minute and from the Perch. 50 x 60 = 5,400 cu-~

bie feet per minute, or a total of 15,000 cubic feet ver nminute.
For the remaining six months of the year the discherge of the river
would be much less, down to & minimum of 1,260 cu. ft. per minute
for the Upper Sturgeon and 1,260 Cu. ft. ner minute for the Perch,
making the total minimua flow 2,520. Tais report states that &
storage dam at Tibbetts Fells can be built to hold 2,100,000,000
cu. ft. This amount of storage would be sufficient to increase the
minimum flow to 15,000 cu. ft. per minute for about four months.

It is not at all probable, however, that the river would be at
minimum flow for sueh & long period. It is fair to assume that

the average low water flow would be & mean beiween 15,000 and 2,520

or 8,760 cu. feet per minute.

15,000
8,750
6,240 equals the aversge % e ppli from ¢ £
; q ¢ ge to be supplied from storage for six

(2)
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months in the year. The storage assumed would supply this emount
for eight months in the year, so that there are two months leeway,
for drawing down the

The average available head, allowing

the reservoir, equals 220 feet, and the H.

ing 80% available at the developnent and Bipﬁ&t the mines, the net
available &t the mines would be 64.8%, or' 4,050 H. P, As dboye’
it is probable that the storage dam could be filled more ithan once
and the benefit of this obtained in extra power above what hes been
assumed.
_ AT THE LOWER POWER PLANT

The flow for six months at one cu. ft. per second per
Sg. mile equals 320,o0r 19,200 cu. ft. per minute. Storage at the
upper dam, 2,100,000,000; lower dam, 350,000,000, total 2,450,000,000
Minimum flow is given as 4,530 cu. ft. per minute.

19,200
4,500

4

14,700 cu. ft. per minute required from torage et the lowest

4]

stage of the river. LAssuming the average low weter flow to be &

mean between 19,200 and 4,500 we have 11,850 cu. ft. per min., &s the
average low¢ water flow. The total storage assumed would incresse
this flow to 19,200 for almost eight months, or two months more then
is likely ta be necessary. Lffective head eguals 180 feet,
the H. P, equals 6,545,
6,545 x 64.8 - 4,241 H. 2. at the mines supplied from the lower

plant and using all storage.

Upper Plant 4,050

Lower Plant 4,241

Total 8,291

(3)
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per day, then there would be a total of 11,055 H. P. available

thie mines.

HeF R

NOW USED AT MITES
Consunmpticn of coal &t

108,000,000 pounds. Assuming an

of water per pound of coal, that

L

pounds of water. If now

sumed per H. P. Hour, and that this power is

vear that would g#fe as the H. P. all

used &%
If it is assumed that 40 pounds of steam are

then the totael H. P. at the mines would be 2,

first figure is most nearly correct.
A 4
La b

thessteam ugsed pexr H. P. is more. If we

D

mines per yeerg, 54,000 ton

would evaporate per

we assume that 30 pounds

we assume the power used continuously only 1€ hours

.]J_
ac

o o o

& MILILS.

o
Wy

or

average evaporation of eight pounds

year 864,000,000

W

of steam are con-
used in 310 days of the
three mines 3,871.
required per H. P. Houx
903. I think that.the

the nmills the coal consumption ig about the same, eand

steam consumption to

be 40 pounds per H. P. Hour then the total equals 2,903 H. E.
Al d e B X :7 Y
1A " - ) :
. | L4 " «-2 "/'/ oS Lok
e ) g 2 <z ) A
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STURGEON RIVEZR PCWER DEVILORLITNT

—— i e |y arama (o mmam e o w— —n — —

Upper Power Plant 1,128,800
Prans. System 344 4400
Property 400,000
Admin., & General Lxpense 50,100

1,925.200

Omitting Lower Plant would further reduce &bove
Trans. Line

Copper 25,000

4,000

2 3,000
5,

22,500

12,800

10,000

5,000

2. 000

89,000
Or to 1,834,200

Per He P
1,834,200 will produce 4000 H. P. at mines 458
2,619,724 2 b 8241 4 n i 3518

at 66% load factor these figures become

6000 H. R« 2056
12860 212

Annual charges estimated equal 236,600 cgual $19.00 per H

Agsume all abowe expense for our own use only
thousand

saving 108/tons coal @3.00 324,000
g 40 men @ 700 28,000
952,000

236,600

Rrofdad; 115,400

° 1_).



STURGEON RIVER POWIR DEVELO

The Elevation Flow Line upper dam equls

1" 1] " 1" ]JOWQ" T " 3
Meximum possible head
Total head as designed equals

Total head at lower dam I

Height of Dam over stream " at lower dam

Possible to build 40 foot dam and have crest
100 feet long

With this, total head equals
Rowern 190146 " :424] %

RS AT AR =i L Apa)
150

190 )146.00

PHENT

.
uO v

over

3265 H., P. at Mines

7% Zstimated cost full development

4241 of lower plant equals
7R

Above reduction in dam would

29687
29687 reduce cost, say

8265.57

1247
968
279
267
196
84
152 f
$696,5
106,0
%596,5

V.B.&Buck

)
=

Ve B
gt

eet

figures



_ STURGEON RIVER POVWER DEVELOPMENT
Profit 115,400
@5% Investment of 300,000 at mines & mills
to apply power 15,000
Net Gain 100,000
Qur present H. P. eguals gbout 6000 to 7000 H. P., so should have

5000 Lo 6000 H. P. surplus available.

Goal per year. 108,000 tons ©@3.00 324,000

60 men @700 42,000

Supplies 6,000
372,000

@ 7000 E. P. this equals $53.00 per H. P.
Mo allowance for interest on investment or depreciation

Orbison gives @66% lozd factor about $60.00 as total cost

Annuel cost of water power H. P. equals 19.00
Leaving a margin of 41.00

Therefore surplus should bring at least $39.00 per H. P. giving

e

%20 per H. P. profit equals $100,000 to {120,000 per year.



_ STURGEON RIVZR PUNER DEVELOPMENT
4500 tons coal per month at mines
12

——————

54000 per year
2000

108,000,000 lbs.

8 “vaporation

30)864,000,000 ILbs. of water

28,800,000 H. P. hours with 30 1lbs eam per H. P. Hour.

NAAQEN2815800,000 (T =3BT1NH. B 310 days
24

per year

7440 Hr. per year.

s. of steem required per H. P. then total at mines

equale 871 = 968 = 2903 H. P

ot G B i e n e - W st it g b M St et e et o el

ion ghout the same snd are 40 1lbs. of

penEH BSsHonr e =SSP OSEH Pl o Loihal

mines and n

. - ST et
al investment eqguals 2,000,000 u 5% = 100,000
Operation will cost less than at present which will cffset interest

on investment at the

=}

ines and mills made necessary (o use power.

Coal at precgent 108,000 tons :3.00 524,000,00
Interest charge 100,000.00

Saving per yea 224,000.00

on 2000,000 tons equals 1ee e

Suay present H. P. equals 6000 then cost equals
Interest charge alone on 6,000 H. P. equals $16.66.

ifuch more power than above available for six months in the

and p

(48]

rhaps for 12 months.
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ESTIMATED ELECTRICAL POWER REQULREJEmT AT MINES
.LJJ{P..{‘.JS D I.LT LI.-I- .-L‘.

PER YEAR
R ey T T T T Bronsy Eh
Champion Trimountain Baltic Total Total
Rpek crushers 752,500 414 480 545,000 4,95 1 711986
Rockhouse Hammer &

Timber Hoists 48,000 21,600 32,000 «29 101,600
Locomotives 480,000 80,000 168,000 2el0 728,000
U.G. pumps 352,000 123,000 780,000 3.63 1,265,000
Compressor w1un air

@ 80# go. 10,351,000 4,385,800 5,645,800 58,80 20380,600

Hoists 4,873,000 1,964,000 2,313,000 26,40 9,150,000
Bights 308,000 188,200 131,400 181 627,600
Shops 136,800 36,300 48,000 . 04 221,100
416,000 1.20 416,000

Weter Works 8uu,boo 2,500
Pans 76,900 76,900

17,717,300 7,211,380 9,663,200 99,8 34,591,880

Note:~ Red figures show present consumption which will change with
electrical conversion, and are not added in totals

ESTIMATED ELECTRICAL POVWER REQUIREMENT AT MILLS
EXPRESSED IN H.P.H.
PER YEAR.

Q
Ch
1=
(=
O
(@]
@

Present Consumption for Mills, shafting, lighting
Additional requirements for " 1 4 equip-

ment now being installed 3,084 000
Dredging Pump ( Champion operating 6 mo.,8hrs. per day 120,000
Pumping for additional mill Supply Probable 360,000
Total 12,204,000

Generating 0ipaclty of both turbines
operating G full load 300 days 28,800,000




Brought Forward:-~ (Total 1000 H.P.E. per yr.) 34,591
Electrolytic Plant at 750 H.P. continuous & %0% effic, Tl
Total 42,367

Above includes work to be done at mines by mill
turbines, so watcr power becomes spare for
turbines and vice versa,

— e ere e pew e et mn e cn e e ee e e v e e mm mm e e pmm e e mem e e e St e e e e e S e e Sem mme S e e et e e e e s

Tons of Saving in Boiler H. Feed water Total Total 1000 Cost of Electric
Coal coal at & Codl pumping cost. Savings. H.P. Hours pover charged
$3.30 Passing Labor required at at 1£ KWH or %
1915 record. mines. per H.P.Hour.
Champion 25,000 82,500 $22,500 2,700 107,700 iz 7 $132,870,00
Baltic 16,000 52,800 17,500 2,100 72,400 2201 69,090,00
Trimt. 11,000 33,300 10,000 1,200 44,500 9,663 72,480.00
52,000 168,600 50,000 6,000 224,600 34,591 &394, 440,00
Electrolytic Plant at 750 H.P.continuous & SO% effic. = 900 H.P.
Rz 20 58,320.00
Grand Totals 42,367 $332,760.00

or 31,775 K.W.H.



Under development proposed, there will be 2

above the 42,367,000 H.P. hours,

surnlus

Summary.
Savings. Income for
Electric Power
o 1d
s &
Hoisting & Compressing $224,600, $274 440,
Electrolytic plant 58,320, 88,520,
(Assuming steam plant could) p )
(generate current @ 1¢ KiWH ) $282,920, $332,760.
Water Power.
Drainage Ares.
4 e e
V. B. & B.'s Estimate 1fine.
90 sq. Miles Perch Lake Area 79 sq. miles
160 .1 i Upper Sturgeon 154 ™ N
250 233
(o) o Lower Sturgeon BT g
520 n n 500 " 1
Total Fall Effective Head Storage above
intake.(27 ft.)
Upper dam 267 220 ,100,000,000,
Lower dam 1986 - 180 350,000,000,
(Up to 1910)
Average Annual rainfall 20 years, Marquette records 32 .56"
" 14 114 55 n Hought on 1 52 2 98 n

(Government Station at Houghton since 1890)
Teken = 32.4 inches.
Over 1 sq. mile = %5,271,280 cu. ft,



An average flow of 1 cu. ft. per sec. per sq. mile of drain-

age area for the year may be assumed. To maintain this average
flow storage equal to 15% of the annual rainfall is required, or
75,271,280 x 156% s 11,290,692 cu. ft. per sq. mile.

Upper storage reservoir holds 2,100,000,000 cu. ft. and is,
therefore, sufficient to maintain a flow of 1 sec. ft.

over 2,100,000,000
11,290,692

= 186 sq.miles.

Assume development of both Upper and Lower powers but
without Perch Creek.

Drainage area Upper Sturgeon = 154 sq. miles.
Storage will maintain flow of 1 sec. ft.

HePe = 154 x 62,5 X 220 =_ 3850 theoretical H.P.
550
Combined efficiency of water wheels and generators
= 75% - Transmission and unaccounted for loss = 15%
Therefore, net efficiency = 75% x 85%.~ 63.75% taken at 64%,

Delivered H.P. = 3850 x 64% = 2464 say 2500 H.P.

Drainage area of Lower power = 300 sq. miles.
Storage of upper dam will maintain 1 sec. ft. flow over 186 sg.miles

Records seem to show that .2 sec. ft. is about the lowest Flow
to be expected.

H.P. at lower dam on azbove basis X

186 x 62,5 x 180 4 {114 x .2) x 62.5 x 180 = 4271 H.P.
550 ; 550 (theoretical)
(3805) -+ (466)

At 64% net efficiency = 2733 H.P. delivered. = / ¢~ c.

(Without Perch
Creek) Upper development = 2500 H.P. delivered.
Lower i 2HeE o .
0283
or 45,841,080 H.P. hours annually or 34,380,810 X.W.H.



V. B. & B. ESTIMATES OF COSTS.

LOWER POWER PLANT.,

Roads, bridges, etc. $35,000.,
Construction plant, tools, etec. 25,000,
Dam end intake 141,000,
Pipe line (7300' of 108" wooden stave pipe) 124,000,
Steel Surge Tank (40" diameter, 55' high) 9,750,
Penstocks (2 - 520" of 72" diam.steel pipes) 22,120,
Power house and tailrace 60,000, $416,870,

Hydrsulic machinery (2 -~ 5000 H.P. wheels with
governors, etc. ; 57,508,

Electrical Equipment:

2 - 3000 K.W. alternators

with exciters $38,000.

2 - 3000 K.W. transformers, 20,000.

Switchboards, etec., 15,000.
FPreight, Hauling & Eredfion 16,000, 89,000,
$563,370.
Engineering and Contingencies, 20%, 118,674,
Interest during construection, 20,000.



V. B. & B. ESTIMATES OF COST.

UPPER POWER PLANT.

WITHOUT PERCH CREEK DEVELOPMENT.

Roads and Bridges, $ 15,000,
Construction plant, tools, camp, ete. 35,000,
Sturgeon dam and intake 228,000,
Sturgeon pipe line, 24,000"' of 84" diam.wood stave 275,000.
Steel surge tank, 20°' diam., 90 ft. high 13,500,
Penstocks 2 - 800 ft, 60" steel pipes 28,800,
Power house and tailrace 50,000,
Hydraulic machinery (2 - 3500 H.P. wheels,
governors, etc.) 43,000,
Electrical Apparatus:
€ - 2200 K.W. alternators
with exciters $24,200,
2 - 2200 K.W. transformers 15,500,
Switchboard, Wiring, etc. 12,000,
Freight, Hauling, Insulation, etc. 7,900, 59,200,
747,500,
Engineering and Contingencies, 20% 182,300.
Interest during construction 35,000,

& 964,800.



Transmission Line Upper dam to Lower dam to Painesdale = 33 miles,

At $7,000 per mile, which is twice the cost of Lake Shore Line,
total cost = $231,000,00

Assume fands and all rights = $650,000.00

SUMIMARY .
Lower Development PP 151 1 BN 0 - LI
Upper 3 ®escsscecessessesssssassnnsseses. 964 800,
Eran s siton b o B R or SR e L% o setololoe e o e 5o s an 231,000,
LR G005 00 00ma 0 o T T RS 650,000,

=$486,00 Per H.P. $2,541 844,
ANNUAL CHARGES.

Int. On Cost@5% ....l..0“....‘-...‘0'.....SO...?:;; 127’092l

Labor&supplies .......-IQ.......0....‘...‘.0.... 24—"000.

Gen"l m. & Taxes ..I.Q.l...l..'.'l'll.‘l‘.‘.'.‘ 15,000.
' Dota)l ite.ves 166,100,
5283 continuous H.P. = $51.74 per H.P.

45,841,080 H.P. hours $.00362 per H.P.H.

94,380,810 K.W.hours = $.00483 per K.W.H.
/IJ il . o W 'ex/ - L _""/ y . e “l..‘
G {
& etday . - -~
i) : ‘ 245 3, y
7 't"/"/"j " f/’/'; QDO

M



50’4:21’000 K.E’V.H. SOld@l{! tld.--e.o.‘ta.ll--llt.-.a-l-';;:'BC‘l"ZlJa

Total snnunl ChAPEEE sesssvvansevsvusiosnmesswsnsevsssns L0000,

EPOHLT % e 5% 2'e i w e L0 S bl 4
Estimated Cost of Power. - C.R.Co0, Portion. Estimated 0 s Bulbie
Lsavings Portion.
Champion 132 ,8%0 61,435 Loss 25,170 12,5856
Baltic 44,880 44,880 Saving 3,310 2,310
Trimountain 50,160 50,160 Loss 28,000 Loss 28,000

Electro.
Plant 58 820 29.160 — ———

et "N ' '

286,230 185,635 Loss 49,860 L

Water Power Profit +. 4 o viv s o v & = v v & » $188.110,

Net loss to C.R. Co. in changing «+ « « ¢« o « & 7,275,

Tota]_ g‘%lin © o e e @ e o e e o > e e e e ° e e L‘,SlO'L ’85511

In addition, there would be available

34,380,810
30,421,000
5,959,810 K.W.E. for use in

1eating

2 ey purposes

making en additional saving of say - 340,000,



By developing Perch Creek there would be added

79 x 62,5 x 180 = 1616 H.P. annually
550
QT o bR CAGHCE ST SR - - ~ - - - 1034 H.P, delivered

at an additional expenditure - - $164,000,
All of previous figures are further assured and an increased
output obtained 80% of the time by utilizing steam auxiliaries,

which are already established or may be instituted at small outlay.

>,



/O

ESTIMATED COST OF CONVERTING HOISTS
AND COMPRESSORS TO ELECTRIC DRIVE

T e e S e — orew e e Semt et e e — o w— g

Hoist Motors.

On account of the relatively small generating
capacity of Power Station, some motor generator sets for
flywheel egualization will be necessary. But in order to
restriet windage losses of flywheels, two gensrators would
be used with each flywheel and motor, each generator to
serve one hoist motor. All motor generator sets would be
duplicate and parts interchangeable and provided for fly-
wheel attachment. Wheretonnage is light sets operate with-
out flywheels. The G. E. Co.'s estimate of 1912 is used
as a basis, in which they give $24,080 as cost of a2 complete
850 KVA motor and 650 K.W. generator set, including direct
comeected 850 H.P. hoist motor, exeiter, switchboard, light-
ning arresters, ete., but without flywheel. TFor an equipment
as above mentioned, the cost per hoist would probably be
increased slightly for flywheel, and is estimated at $2500
per set.

Compressor Motors.

The air demand is variable, and the use of turbo-
compressors may not prove as economical as the present machines
equipped with auxiliary governing valves to open for a portion
of the stroke on light loads, and operated by motors through
silent chain or Herringbone gears. These machines would be
so coupled to permit disengagement when steam auxiliary power
is necessary. The use of synchronous motors for this work
would be desirable for power factor correction. The follow-
ing estimates are based on this method of conversion at a
cost of $900 per H.P. for motors and necessary switchboard
equipment.

For Championi==--

The hoisting at this mine will be done for
the present through four shafts, but to be dropped to three
later. The tonnage would permit the use of two flywheel
motor gensratorsets, each with two generators, giving a spare
motor and generator when a shaft is dropped.



Hoist Equipment:

Iwo flywheel motor generator sets with four hoist motors $101,000.

Foundation, frt. & couplings $2,000 ea,
2500 K.V.A. transformers @ $3.00 ea.
Connecting oable from generator to hoist motor

Erection & Incidentals

Compressor Equipment.:

1500 H.P. Motor for "P" @ $9.00 per H.P.
600 H.P. " 1n "Blrf @ " 1 1
Gears & Coupling cost @ $2.00 moow

Foundation, frt. & incidentals

Transformer 2000 K.V.A. @ $3.00

Estimated total cost for conversion

e B e e - - e e S em— S e men e em  weet e mw ee e Sees e sy —

For Trimountain:

Hoisting Equipment.,

One flywheel motor generator set and two hoist
motors complete with exciter, switchboard, etec.

Foundation frt. & couplingy
Use Mill transformers
Connecting cable from generator to hoist

Erection and incidentals

o

8,000.
7,500,
5,000,
5,000,

126,500.

15,500,
5,400,
4,200,
1,500.
6,000,

$ 30,600,
157,100,

$ 50,050,

//



Compressor Equipment.

750 H.P. Motor for #3 @ $9.00

~

G Ess mo#2 @ $9.00
Gears & coupling cost @ $2.00 per H.P.
Foundation, frt. & incidentals

Transformers 1125 KVA @ $3.00
Estimated total cost for conversion

For Baltic:

Hoisting Equipment.

Two motor generator sets without ,flywheel
Foundation, frt. & coupling
1300 KVA of transformers @ $3.00

Erection and incidentals

Compressor Equipment.

Two 750 H.P. motors @ $9.00 per H.P.
Gear & Coupling cost @ $2.00 per H.P.
Foundation, frt. & incidentals

Transformers 1500 KVA @ $3.00

Estimate total cost of conversion

Conversion cost for the three mines

7z

$48,000,
4,000.
3,900,
2,500,

$ 58,400,

$ 13,500.
3,000,
1,000,
4,500,

22,000.

e

80,400.

0=

$315,600.



REQUIRED IN THE NEW FUTURE UNDER PRESENT METEODS.

Sparei turbine at Mills = -~ = = -~ — — — e o

Baltice lline.

FAEBIMEEREns o new hoist Noe @ «eecssessss %50,000
FENE R " B O AT o e e so 200000 ;
Remewalds ot caal traatiles’ coescacsesesess 10,000 $110,000,

Trimountain Iline.

Ronewal of coal tre8tles ceeeeescsssses . $10,000
Avoid turbine installetion in
nebudlaing " miT1 TS0, 6 eissie s esiaiesse 00,000 90,000,

——

Champion Iline.

Within five years new hoist No. 4.......$50,000
I}Ie‘\v\r bOiler Plaﬂ.t F ® ©® © & & & 0 ® O 0 & % O 6 & 20 0 0 6O 50,000
VORIt NOELIOE Sscacoios sossssesisaesssessaa 10,000 110,000.

— e

Electrolytic Plant.

Boiierthonse Not Wanbed .ecissssnccasossasis 5,000,

Greater coal handling facilities will be needed
at C.R' dock' I{O-ng}‘l-ton o 2 @ 0 2 9 6 09 PG S0 8 8 e 93 8 e D

Total ® e o @ © 9 0@ @

Generating capacity at Mills per hour = 4000 H.T,.

Total H.P.H. at the mines for 500 days = 34,591,880
or 115506 H.P.H. poer day,

Since this power will be required in about 16 hours
the rate per hour will be 7206 H.P.

Surplus from mill turbines = 2
A steam central station to make up the
balance would outputb 4,900 H.2.
206 H.P. or 54056 K.W,

Plant should have say 4 - 2000 K.W. generators, ones being spare.

Such a plant will cost at least $750,000.00, anf in addition a
coal dock and storage equipment will be necessary ..



Mill furbine output « « « « ¢ ¢« ¢« « . . . . .., . 28,800,000 H

hogndireldfEton NS wank St o e s s e s s e s 12,204,000 Ye

Surplus « « « « . . 16,596.000

lleeded for Illines for other than hoisting

& Compressing 5,061

SU..L"_Q 1118 . [} (] e ® @ l l 5 S“’:: 72 O

Needed for Blectrolytic work . « « o o o o o « o 7,776,000

This plan r

SUTPINE & & 5 » . 3,758,720

equires transmission line to Smelter and install-

ation of spare turbine at Lake Shore somewhere.

Power Schemes.

(1)

(2)

(3)

Use entire output of L.P. turbines at mills.

This would do all but hoisting and compressing,
including Electrolytic work. ZEstablish one H.P.
2000 X.W. turbine Somewhere, preferably at mills,
Cost ,250 000 to $300 ,000, "This assumes stamps
will be U%Qd for a 1onv time to come, which is

more doubtful than ever before,

Take Up Water Lowcr.——

Requires cash of W?OO 000 to 1,000 ,000,

PreSﬂnt equipment hecomes QUXWllarv.
bkes a future vermanent power svpoTy nd providss

gﬂeqteaﬁ flex1b111t;.

Power plant = 1ndcpeadeﬂt1y and permanently
valuable and value likely to increase and more
than offset depreciation,

Will reduce the cost of power as a whole.

e

Use one of present turbines as spare for the
kevplnﬂ "E" electric plant and B engines r
for service.

Electrolytic plant to furnish its own power.

el @
+
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