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THE WATER RESOURCES OF WASHINGTON.

POTABLE AND MINERAL WATER.

By H. G. BYERS.

CITY WATER SUPPLIES.

Water surveys have been or are being made in many of the
states. These surveys are for the purpose of determining the
sanitary condition of present supplies, of the formulation of
standards of purity of unpolluted waters, and of enabling citizens
to gain immediate and authoritative information in regard to the
potability of any source of supply. These surveys are made at
the expense of the state and are in some cases of great extent
and corresponding value.

That an abundant supply of pure drinking water is very im-
portant for the preservation of health, and thatimpure water is a
most potent factor in the development and spread of disease, are
propositions the truth of which is unquestioned by physicians,
scientists or the general public. It isnot a matter of general in-
formation, however, that local conditions greatly modify the
deductions to be made from a given analysis, and that such
results as would in certain circumstances indicate unsanitary
water would in other cases indicate no such condition. For
example results which if obtained from the water of deep wells
would indicate certainty of contamination would carry no such
significance if the water were from surface drainage.

The water supplies of the state are from three sources—rain,
deep wells, and surface drainage; this last includes shallow wells
and springs. Of these surface drainage waters are by far the
most important since but few people use rain water directly and
but few deep wells have been sunk. The report in this case
therefore deals only with surface waters.

(285)
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We were led into this investigation by the fact that, when
recently arrived in the state, we were called upon to pronounce
upoa the purity of the water of the city of Chehalis. It was
then learned that there were no records of analyses upon which
to rest a comparison, and therefore no local data upon which to
base a decision. No funds were at our disposal yet we neverthe-
less started to accumulate such data and deeming that the most
valuable imformation was to be gleaned from the investigation
of the city supplies, our work was almost exclusively upon them.

In making these analyses we omitted no reasonable precau-
tion to secure results which are accurate and conclusive. The
waters, where possible, were collected by ourselves, and in all
other cases careful instructions were given to persons who col-
lected the samples for us. As soon as possible after the receipt
of a sample the analysis was begun and was usually completed
upon the same day. The methods of analysis were those employed
by the Massachusetts Board of Health or by the Illinois State
Survey. Nearly all the samples were collected between Novem-
ber 15, 19oo and May 1, 1go1, and so represent winter conditions.
The results of similar analyses of summer waters would add
greatly to the value of the report.

The results were surprising in many cases because of the great
purity of the waters, and hence it seemed interesting to compare
our results with similar analyses of the water supplies of eastern
cities. These were obtained from New York, Chicago, St. Paul,
Minneapolis, New Orleans, Boston and other places. No results
could be obtained from San Francisco and Portland because no
analyses have been made. St. Louis failed to send any results.
The value of such work is shown by the fact that the city of Che-
halis now secures its supply from a purer source and the city of
Ballard will probably secure an extension of the Cedar river sys-
tem which furnishes the supply of Seattle. It is clear also from
our analyses that the limits of potability as laid down by the
Illinois survey for the waters of that state do not hold here. The
results of our analyses are given in the accompanying table.

The results which are given in parts per million are in terms
which, for the most part, are unintelligible to the general public,
therefore a discussion of them is necessary.

It is well known that water in nature is never pure, but con-
tains in solution various substances upon the character and quan-



TABLE OF SANITARY ANALYSIS OF POTABLE WATERS, IN PARTS PER MILLION.

NITROGEN AS Q
SOLIDS ON EVAPORATION. || NiTROGEN As— || NUOGIAS | § s HARDNESS,
1wl IR
LOCALITY. Date. Sediment. Color. Taste. 3 o5 | 53 § 3 Remarks,
Volatite. | N0 | Zotat. % Free, ,&g P8 : %a 83 | potar
8 . . 0 = =
o = 1y : A v
¥ . v i
University of Washington Feb. 18, 1901 Very clear .......| None 27.12 20.86 87.08 || None., 030 010 056 4.40 2.60 2.85| 49.82 | 52.17 | Supply from surface springs.
University of Washington ..| Mar. 15, 1901 Slightly brown ..| None......... 80.84 70.28 100.62 || None. B84 || 012 086 | 4.7 5.40 4.40 | 42.24 | 46.64 | Residue blackened upon heating.
Seattle, city ..| Feb. 8, 1801 ...| Very olear .......| NOD8.... .... 23.00 | 110.00 | 183.00 || None Nome.|| .070 | .023 1.40 4.40 5.00 | 65.00 | 70.00 | Cedar river water. Had not washed out pipes. System in short time.
Seattle, city ... ..| Mar, 18, 1801 .| Very clear .......| None......... 12.50 23.60 86.10 || None...| .082 || .048 011 1.31 2.60 1,22 | 15.90 | 17.12 | Cedar river water.
Seattle, city ... .| April 27, 1901 Very clear ....... None......... 10.50 25.99 | 86,49 || None 0.000 008 | Trace.| 1.26 1.50 1.49 | 12,32 | 13.81 | Cedar river water.
TROOMB, OIbF. . cveveeeecrassierasainiannas Feb. 23,1901 Slightly brown .. 47.20 || None 0.000 || .085 | .080 | 6.3¢ | 4.40 0.00 [ 50.00 | 50.00 | Clover creek and springs.
TR0, LY. oo v covnsessnsnmionses .| April 4,1901 ..| Slightly brown . (62.17 || None -080 || .026 -0827 | 7.68 3.25 8.44 | 9.77 | 18.21 | Residue blackened upon heating.
Mineral Spring (Ravena Park) .........| Feb, 28 1901 Very clear ....... 189.38 || None .880 || .400 045 | 2.71 4.40 0.00 | 80.07 | 80.07 | Smells of hydrogen sulphide. Contains trace of sulphur.
Lake Washington ..| Mar. 9, 1901 Brown ....eeeeese 57.606 Nonem._:_. 180 _;g;o 095 7.256 4.00 1.18 | 34.64 | 35.82 | Brown from suspended matter., Residue blackened on heating.
CHBMANE, OUEY . c1sceisroveapovasessiamsva R L R e 240,40 008 | 7.190 || 080 | .088 | 2.88 | 24,80 | 20.00 | 75.00 | 95.00 | Residue blackened on heating, Supply condemned.
Nov. 25, 1900 .| Clear 83.00 || None 0.000 || .030 0565 8.57 4.80 1.00 2.50 3.00
..| Jan, 10,1901 L 300.80 || None 0.000 f| .020 050 7-2}’ 4.80 5.00 | 150,00 _liﬁ__ﬂl
..| Feb, 28,1001 DYt annssnrs 4:1_.’&9_ None 400 _QILO 098 | B'{{) 4.00 0.00 _;49_“0”9_ 40,00
.| Mar. 16, 1901 Very clear ....... 168.86 || None...| 0.000 || .004 | .033 | 2.08 | 8.80 0.00 | 68.78 | 68.78 | —
Mar. 22,1901 | Considerable ....| Cloudy........... 191.22 || None 260 003 092 | 1.3 4.00 4.80 | 68.61 | 78.41 | Deep artesian well.
T A U L B s Mar. 25,1901 | Considerable ... | Very clear 165.66 || None 820 || .874 | .100 | 2.89 | 5050 | 44.68 | 26.10 | 70.78 | Residue blac} 1 upon heating.
University Heights, Seattle ...... .| Mar, 10,1901 | Considerable ....| Cloudy ........... 101.75 || None...| .840 || .018 0063 559 5.26 | 18.77 | 40.71 | 84.48 | From a deep artesian well.
Mineral Spring (Bremerton)... .| April 8,1901 | Considerable ....| Clear............. 257.16 || None 290 066 1407 | 6.28 { R%satg&ecm:ntg%%leg ﬁ):r.heuting. Gave an odor of burning garbage, pro-
North Yakima, olty ........c.c0.. _April 8, 1901 | Slight............| Slightly roily 169.568 || None 0.000 ||_.008 | .0177 | 1.79 _—
Walla Walla, €Ity ...........ceevvnennnns| April 12, 1901 Clear........oouns 81.67 || None 452 || 008 | .0267 | 2.89 Residue blackened on heating.
Aberdeen, Cit¥.......coovieeiiinninna.o| April 14, 1801 Clenr: . onsrsisss . _75.69 || None .090 || 0.000 | .021 | .966
Olympia, city.... April 20, 1001 ..|_Clear. : _107.50 || None...|” 050 | Trace.| .0823 | B8.38 -
Spokane, city. April 28, 1901 .| Stightiy whitish. . 50.24 || None...|  .0I18'|| .004 | 0363 | 2.13 8 | Residue blackened upon heating.
Port Tow s Feb. 16, 1901 Very clear , -0 1,173.10 173.10 _None 010 063 1.562 ) | Residue blackened upon heating. Solids—sea salt.
Brooklyn (Miss Hansee swell) +| Jan, 10,1901 CI8N arine s songn None.........| 82.50 | 1100 | 192.80 None 080 | 047 | 1.90 Residue blackened upon heating.
Brooklyn (Meredith's well) .............| Mar. 16, 1901 ‘Water smells foul. Residue blackens upon heating.
Fremont (8. A, Graham's well ).. Mur. 22, 1901 ‘Well under house. Suspicious.
Ballard (Paul Hopking' well) .... ......| April 8, 1801 |, e ——p——
Seattle ( Denny-Fuhrman sehool) cee-eeo | Sept. 25, 1901 o
Port Townsend (Glendale dairy) ........| Sept. 28, 1901 Residue blackened upon heating.
Brooklyn ( Mr. Cudworth's well).. o May 11,1901 |....cveumrancerennce
Everett (private well).......... Jan. 22,1901
New York, city (Croton R.).............. April 11,1001 |....................| Slightly turbid .. 21.00 | 48.00 64.00 || None A24 || 085 | 160 |........ 2.85 | 0.00| 27.40 | 27.40
New York (Ridgewood wawr) .| April 10, 1901 |, Slightly turbid ..|.......... 35.00 64.00 99.00 || None 3.014 || .006 | .057 [........ 22.00 0.00| 87.80 | 87.80 | ——————
Chi ( Lake Mlohissn ) ..| Feb.8-11, 1901 018 | 020 | 1.62 0 | P e e Daily analysis of Chicago water.
Chicaco P S .| Dec. 26, 189 008 | .080 | 2.50 R S e [ -
Boston . . .| April 4, 1898 | Slight............ 06 | .78 | 5.70 | P P | TR
Minneapolis .. i ..-| Dee. 25,1900 .100 225 8.45 - Ll P e [T
St. Paul (Lake Vadnais).. -.| Sept. 2,189 064 | .17 | 6.00 % | e e 5
St. Paul (Artesian wells) . ..| Sept. 2,1809 |, 252 | L0065 | 1.00 : 7 | SR Ny
5t Paul ( Lake Peltier) .... <o Sept. 65, 1899 .062 505 | 16.20 E w7 i R | T
New Orleans........oco0eee Vhr AR aran s «+++| April 2, 1901 | Considerable .... 001 2347 [12.70 ot ) [N Y| P
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tity of which depends the potability of water. Rain water as it
falls from the clouds is probably the purest obtainable without
distillation, but even this contains dust particles and gases washed
out of the air. As soon as water reaches the earth it begins to
dissolve more or less of all the substances with which it comesin
contact, becoming impure with harmless, harmful or beneficial
ingredients. In well peopled regions the water courses are often
simply sewers which convey away or assist in the destruction of
the refuse organic matter of the surface. Springs many times con-
tain besides the mineral matters over which they pass, some of
the vegetable or mineral matters through which the water has
percolated in reaching their sources. In the case of wells con-
tamination is usually due to the nature of the soil in which they
are sunk, but may be added to by the infiltration of sewage from
cesspools or privy vaults which pot infrequently are situated in
close proximity to the wells. In such cases the purifying influ-
ence of the earth is relied upon, but which, while undoubtediy
great, is very frequently over estimated.

The fact that the water of a given source of supply is clear, is
as is well known, no certificate of its purity; though lack of
clearness, while not a certain indication of dangerous contamina-
tion, is certainly not a desirable condition. It is true also that
clear sparkling water contaminated by sewage may sometimes be
used for a long time without harm to the users. No one, how-
ever, would knowingly use such water simply as a matter of taste,
yet there is the additional fact of the constant danger of the in-
troduction of germs of contagious diseases where the contamina-
tion is of animal nature. Such being the case water which is
impure with, or subject to contamination from, matter of animal
origin is more dangerous than water rendered foul with decay-
ing vegetable matter. In the latter case, however, an excessive
amount of impurities is not considered healthful and is to be con-
sidered as rendering a water unfit for use. From all these facts
it is clear that it is necessary for an analyst, in order to form the
most useful conclusion from the result of his analysis to know as
much as possible about the history of the water involved, the
nature of the soil through which it passes, and the location of
surrounding sources of infection.

All waters, except in special cases, contain the same sub-
stances and it is upon the varying quantities of these that a
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judgment is based. The substances usually sought in a chemi-
cal analysis, 7. ¢., those which bear relation to sanitary condi-
tions and the amount which it is possible for a water to contain
and remain fit for drinking purposes are given in the subjoined
table, which is taken from the report of the Illinois Survey :

WMOSREBOUHAR ... o oo isaniiiadiina i s v s i i vs s S b AW R A s R R e 500.
Loss on ignition (no blacking should ocour and no offensive odor Aevelop).....vvs +eenrss
OTYROD QOB s o vsussssnssibosnsssnsrbessins suesansioissnsaisssssbammesnbstsony

COTING vvianinsinsrsansrssssuvsanssessinnsnssossdsriiinesssrsisssinsitntreresnnnes 15.
Nitrogen as free or 8allne AMmMODIA......ccovriisinaserinisisrsssses sassnssssnsnsnas  0.02
Nitrogen as albumenold SMIMODIA. .. ....vuuiirnnusirisisernrnssrsnssssessssssssnsnns 0.05
NHrogen o8 DI oo rrsms s ssrsssanssrsssansnssssunssansnssennsssnnrersssannnne OO0L
NItrogen B8 DIEERLOB. ..o v ivsviriissmmssmnssssrssnnsnsnssssssssnnssssssnsssuassmsnannn 15.

These figures are of course only approximate, even for Illinois,
and are but a good general guide. It is to be noted that judg-
ing by our analyses the limit for chlorine and nitrates is several
points too high, while the limit for ammonia content is too low.

The total solids of a water are not of very great importance
unless they are in such quantity as to be detrimental because of
that fact or because of their nature as determined by subsequent
analysis. The loss on ignition is of water, which may have been
chemically combined with the salts present, of carbon dioxide
from the carbonates or ammonia salts, or of animal or vegetable
matter. The last item is the one of prime importance, and
blackening of what is otherwise a white residue is indicative of
-organic matter, which if of animal origin is likely to develop an
-offensive odor and give the analyst a clue to the nature of the
contamination. The fixed residue consists of harmless or bene-
ficial salts. A sample analysis is given below. The nature and
-quantity of the organic content of a water is of much greater
importance. This consists of living or dead organisms of ani-
mal or vegetable nature, of fcecal matter and the products of
decomposition of animal matter. There is no direct means of
determining their nature and amount because in the process of
‘determination they undergo change. But all organic matter
may be burned; that is, made to unite with oxygen, and conse-
-quently the amount of oxygen consumed when water is treated
with oxidizing agents is, if always determined in the same way,
2 guide to the relative amount of organic matter present.

More important is the fact that nitrogen is a constituent of all
living matter, and its determination in the four forms in which
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it may exist in water offers the best and most accurate means
of study of those substances which render water unsanitary.

Nitrogen as albumenoid ammonia represents the amount of
nitrogen present in the form of undecomposed organic matter.
This may consist of animal tissues, urea, fcecal matter, etc.,
substances which serve as food for micro-organisms of vegetable
or animal nature and which includes the disease bacteria. The
presence of much nitrogen in this form in usually indicative of
sewage pollution or drainage from refuse animal matters. The
quantity is likely to be normally larger than the limits given in the
preceding table where the water passes over such quantites of
nitrogen bearing vegetable matter as in this region.

Nitrogen as free ammonia represents the nitrogen either as
free ammonia or in combination with acid residues and which
usually proceeds from nitrogenous organic matter which has
decayed without the presence of considerable quantities of inor-
ganic substances. It may be looked upon as proof of the exist-
ence of organic matter in the first stages of decay.

Nitrogen as nitrites represents the decomposition products
of organic matter under the influence of living organisms, so
that its presence is evidence not only of organic matter but of
living germs as well.

Nitrogen as nitrates represents the complete oxidation of the
nitrogenous materials, and its presence in large amount signifies
that the water if not now dangerous has been so and is still open
to suspicion. Indeed our work seems to show that a much
smaller amount than fifteen parts per million would in this region
indicate contamination,

The chlorides present in water serve for determining the
purity of the water only if the location of the supply is known.

Water may contain large quantities of salt and still be free
from organic contamination, though whether still good for con-
stant consumption is a doubtful question. This is the case with
water of Port Townsend. The source of the chlorine there, as
is evident from the location of the pumping station, is seepage
from Puget sound which of course contains large quanties of
chlorides. Chlorine is however a constant constituent of urine
and excrement and, other things being equal, the presence of an
unusual amount of it in water is proof positive of sewage con-
tamination.
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The hardness of water is of no special sanitary importance ;
but since, generally speaking, the harder a water the less fit it is
for domestic purposes, the relative hardness, expressed as if it
were all due to calcium carbonate is a guide to the culinary and
cleansing qualities of water.

The inorganic or fixed residue is never analyzed for sanitary
purpose, unless the presence of some poisonous substance, as
lead, is suspected. Its analysis is a guide to the usefulness of
water for boiler purposes. For practical purposes the scale
forming portions may be considered as made up of items 4, 5, 6,
and 7 of residue analysis given below. Sometimes quantities
more or less considerable of magnesium and other chlorides are
present, and these are undesirable because of their corrosive
action on boilers. Occasionally residue analyses will reveal the
presence of ingredients of medicinal value. These will be
referred to under the head of mineral springs.

RESIDUE ANALYSIS OF CEDAR RIVER WATER.

Grams per liter ( parts per thousand)
TPOLAL SOIIAS e cuuiiuersassassssassanssssssnsasnsssesseassarsrsorsessossssssrsasasbancanns 08117

Volatile solids 00786
Non-volatile solids.... .02381
RO s e R e e e R 00178
Alumina and oxide of iron . 00492
Caleinm SULPRALE. ...uvvveereissiieeesssetieiieiiosssnssstensissisersstasssssesssnnos 00514
Caleitmm CBTDONALE .. vvsiorsreasssnsssrssssssssssnssarssasrsrnrsarassssssssosssrnsestss 01666
Magnesium ChlorIde. ... .reeiearessasisis i 00149
Sodium chloride........ vesrresrescarsssanees e L AL R e it 00063

A comparison of the analyses given above reveals the fact
that our cities have exceptionally pure water supplies. This is
particularly true of Seattle, Tacoma, Everett, Spokane; our
largest towns. They have their supplies from mountain streams
" and lakes which drain water sheds free from injurious contami-
nation and to this they owe their purity.

In a country of such rank vegetable growth and heavy rainfall
we would naturally expect the water to be somewhat impure.
Indeed, the few analyses of surface waters made by us accord
with that expection. See the analyses of wells and springs given
in foregoing table.

The character of our city supplies will be sufficiently outlined
by a brief description of those of Seattle, Tacoma and Spokane.
Seattle obtains its supply from Cedar river at a point twenty-
eight miles from the city. The river which flows into Black
river is the outlet of Cedar lake, which drains an area of two
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hundred square miles, all of which is under the control of the
city, so that its purity is assured. The water is conveyed to the
city from the intake, by gravity alone, to the high service reser-
voir, whence a portion is pumped by means of the surplus water
to the stand pipe on Queen Anne hill, which supplies the highest
parts of the city. The amount of water now conveyed to the
city is about twenty-five million gallons per day, while the maxi-
mum available supply is approximately three hundred millions,
a quantity sufficient to supply a population of one and a half
million on the basis of one hundred and fifty gallons per capita.
The reservoirs at present in use in the city have a capacity of
approximately fifty million gallons.

The city of Tacoma obtains its supply from Clover creek, a
small mountain stream, and from springs. These are gravel bed
springs and, as is true also of Clover creek, are not affected by
local rainfall. They together can furnish a maximum daily
supply of twelve million gallons per day of exceptionally pure
water.

Spokane obtains its supply from the Spokane river, which
drains all the north and west slope of the Coeur d’Alene moun-
tains. The supply is pumped to the city from a point about five
miles above the city, and now supplies to the city about eight
million gallons per day.

These supplies, because of their purity and the ease with
which they are conveyed to the users, compare very favorably with
that of even Chicago, which pumps.its enormous supply of 160
gallons per capita per day from Lake Michigan, the purity of
which in the neighborhood of the intake is improved by the
sewage canal connecting the lake with the Illinois river. The
local supplies are very much of an improvement over those of
St. Paul, Minneapolis, New Orleans and other cities.

MINERAL SPRINGS.

The mineral springs of the state are numerous but have not
been developed to any very great extent. There are hot springs
at Madison on the Great Northern Railway, and at Green River
Hot Springs on the line of the Northern Pacific. At both of
these places sanitariums have been built and have become con-
siderably frequented by seekers after health and pleasure. The

19—G
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Madison hot springs were visited by Mr. H. G. Knight, in con-
cection with this work, and some data in regard to them were
obtained. Similar data in regard to the Green River springs
were requested, but were not furnished by the owners. The
Madison springs are on the mountain side just west of the tun-
nel on the Great Northern. The water comes out of fissures in
the mountain side some six hundred feet above and a mile and a
half back of the location of the sanitarium. The supply is suffi-
cient to fill a two-inch pipe, and is at the spring at a tempera-
ture of about 112° F. The following analysis was made by Mr.
C. Osseward, chemist for Stewart & Holmes Drug Company,
Seattle :

RESULTS EXPRESSED IN GRAINS PER GALLON.

There are also mineral springs at Cascades in Skamania
county, which have a daily flow of thirty thousand gallons.
During 1901 7,000 gallons were sold for medicinal use, and
about 120,000 gallons were used for bathing purposes. A sam-
ple of the water could not be obtained for analysis in time for
this report. '

The waters of Medical lake in Spokane county are acquiring
a reputation for curative properties, and an analysis of the water
made by G. A. Mariner, of Chicago, is appended.

Parts per thousand.

EIEIOR b i o s 3w o R R R R AR o Civavaay 0.1825
Aluming and Iron OXIAB. . vveveviiaiinsninsansssinassasssnnsinsgrasiasrassasnnsssnsnns 0.0120
ORI CAETOMRES. v o aniaises o sun s esavs auninadn ssbasn i oa sase suessess sasthssuns 0.0081
MAZNesium CATDODBES. ... .vvuuuisrsasiniasssssssrssnssssiantsssasssssssnnnssnsnssin 0.0040

o E ) 1D e R A R LA g i A S o doe s S DR fgp TR L
Potassium chloride
Sodium carbonate.....ovveerevrrecsannnes

Near Skykomish on the bank of the river about a half mile
from the little town of Berlin, are some very interesting springs.
They are saturated with carbon dioxide, and when the nearly
ice-cold water is allowed to stand in vessels it effervesces vigor-
ously. The flow from the larger of the two springs is estimated
at from two to three gallons per minute. Both are chalybeate
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FALLS OF THE SPOKANE RIVER, SPOKANE.,

FALLS OF THE YAKIMA RIVER, PROSSER.
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springs and have made considerable deposits of iron around

their mouths. The analysis of the water is given.

Parts per thousand.
Holids, non-volatlle.......vvivriiininiassnasassnsiininsssssirarsssnissssansssnrnrnin 0.5478
Silica.. . -

Alumj.na and iroa oxide‘.

. 0.0150
Calelum BUIPHATE. covevrvasrvsrssssnsassnsrsasrvssrsuspssssvosasssvassny vees 0,0829
L e e ey e e ey S 0.5627
T e e 0.1698
MAagnoaiom BOIDBAL0.. .o ouursressrmsarsissssarsssnnsnspssssrmnsnssnsssssnssnsrrrsssrne 0.0935
BOMNN BOIDBARO. e osarusirmsrnnrnis srerssasamassnnnsissrsnssanesssrseresnneressrsane 0.9831
5]l by [ R e T S 0.0267
L a e L P e L R 1.4720

There are also mineral springs, warm and cold, in the Yakima
Indian Reservation on Simcoe creek about fifteen miles from
Fort Simcoe, but at the season of the year when this report was
compiled it was impossible to get full information in regard to
them.

By the kindness of Mr. Joseph Parrott, of Glenwood, we
have considerable information regarding a rather large number
of hot springs and cold mineral springs along the Klickitat river,
south of Mount Adams. These seem of such interest that an
effort will be made to carefully investigate them and include the
report upon them in a future report of the survey.

Near Bremerton there is a mineral spring which was formerly
a favorite resort of the Indians who not infrequently camped
near it to obtain renewed health and vigor. Its analysis shows
ingredients which render probable its medicinal value. Analysis
by H. G. Knight :

Non-volatile solids..

Parts per thousand.
voe 0.45194
.. 0.01834

Silica.. sressuvisannas

Alumina nnd iron oxides 0.04764
Cololum SUIPHALS. . .ovvcivervssssrsmmsansesssaransnnsnssssrrssanssssssssnannntssssne 0.046385
L E T I T (T L g R N Y e Wy 1 0.04008
Magneainm BOIphALe. ..c.ceisasierissrrarsmssssssnisssnssssssssnnarsssssnrsssnsnnns 0.07790
o T Y e S R e e B n T 0.23686
1T T e TN e 0.02128

ALKALI LAKES.

The alkali lakes of the state are neither numerous nor large.
Among the largest are Moses lake, Blue lake and Sanitarium or
Soap lake. These together with numerous temporary ponds and
a chain of fresh water lakes occupy the former bed of the Colum-
bia—the Grand Coulee.

Moses lake, which lies about twelve miles southeast of
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Ephrata on the Great Northern Railway, is about eighteen miles
long and a mile wide, and is very shallow. The average depth
is approximately twenty feet. It lies in a shallow basin with
low banks, so that a rise of but a few feet would inundate a large
section of country. The water is unfit for drinking purposes,
but is not strongly alkaline and could probably be used in irri-
gation. The section of country in which these lakes are located
is, of course, very dry and supports only a scanty vegetation.
Where there is water, however, the soil is very fertile. The
lake drains a large area through upper Crab creek. It has no
outlet but across its foot lies a low range of sand hills through
which the water seeps into the sources of lower Crab creek,
which occupies the bed of the canyon below. Along this can-
yon lie numerous shallow ponds which dry up in summer. The
deposits left by these are not of any considerable value, though
they contain an appreciable quantity of borax.

An interesting feature of Moses lake is the fact that it is
gradually rising, having risen about ten feet in the last seven
years. If it continues to rise through a few more feet it will
break through a clear course into lower Crab creek and empty
into the Columbia.

The analysis of the water of Moses lake is as follows. The
analysis is by H. G. Knight:

Parts per thousand.
TR OREAN, - v v b sl st 0w 0 R s 0 H a3 i ol O RSN 0.82357

Volatile solids....
Non-volatile solid

Alumina and iron oxide.
Calcium carbonate....
Magnesinm earbonate.
Sodium sulphate.........
Sodlum chloride......ccceeeanenrencsncsrrnnss 0.01895
SoMum CArDONAE. . ..ovvuuirrsssisrmsssrssssssrsssnnnssssssrssssassssstasannnssnnnnnn g

More interesting is the so-called Soap lake, or Sanitarium
lake, situated about six miles north of Ephrata. This lake is
so-called because it is so strongly alkaline as to be soapy to the
touch, and when a strong wind blows across it the water along
the shore is beaten into great rolls of foam. Fish can not live
in the water, nor is there any vegetation in this as in Moses lake.
The water 1s used for bathing, but to those unaccustomed to its
use the water has a slightly caustic or irritating effect. It is also
claimed that it is useful medicinally. There is much of peculiar
interest about the lake. It is about two and a quarter by three-
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quarters miles in extent and is very deep in places and probably
averages about forty feet. It drains only a very small area of
country and has neither inlet nor outlet in the form of streams.
It is located in a deep basin walled to the height of one hundred
feet or more on the east and west by cliffs of black basalt. The
land to the north and south rises slowly; on the south to nearly
the height of the cliffs, but on the north the rise is so slight that
should the lake rise fifteen feet it would empty in the next of
the chain of lakes to the north. The source of the water of the
lake is said to be a spring in the center. The Indians of the
neighborhood assert that only a few years since the lake was
very small and was fed by this strongly alkaline spring. Fresh
water is however continually seeping in from the shores, as is
shown by the fact that fresh water wells may be sunk even but a
few feet from the shore, and that the cattle disliking the strongly
alkaline water face the shore to obtain the sweeter seepage.
The water of the lake contains calcareous matter to such an
extent that the stones and debris at the bottom are incrusted
with a frost-like coating of calcium carbonate.
The analysis of the water is as follows :

Parts per thousand.
L L e L R e e e [ 28,2669
1T ST () e A R T U N R S e SRR R L
Non-volatile BOHAB . .. icciicirivvisiiinsinionss inassadbsiseissshassaviassnnsnvenasnes 27.64186
{281 L e R e AN A R e U AP e e e S e P SR PO e s e 0.12816
Alnming and 1100 OXIA0 .« .o icvivinassiinssosnasionssassssansssnssasssbanrsstssnaesas Trace
Oaloinm SUIPHALO. ccvuisrestossisssinssnressssssnssnssassssrsnsssssssssssnsnsssnnnan Trace
Caleium CBYDONALE ..vvvvvrirrennrrrssnrsssssrssssssssossssssssranssasssssssssssnsnss Trace
MAgnoEIUM BUIPHALO «ou v coansaresisnns conssanssnsareasassssnsssssssnssrsssstsssnenas 0.239099
BoAium SUIDHALE .. cvovnnssersesssinassasssnnessannuncssassassonse s et LR 6.84872
HOAINT GRIOTIED. «ovvovcinvrivisivisesssssinanesnsnssassssrnsssnere s stsssssnesssnss 5.81884
SoAINI CATDODALO. oo caatscsrsssssisaniarsssessssssssmssnsnssasssssssesorssssansnses 14.08901
Potassitum CATDOMALS ..vuuiicinsissssansssnssssntnssvssnnsssssssssenssnsonssnsanasses 0.51177
Lithinm SuIpRate ....ccccicavisnsisenssssssrassasnsnsisssassssssassausnresios e Trace
Phoshorus DentoXIAe. . ..uivsaissrssncassssnnssosnaniannassasisnen SRR A e 0.12018
Carbon dioxide (semicombined).......coeveveearrsrsnsssssrsarssisssssssssnsassans 1.87084
B o e T bl e e e N A E R S L R R e . None
T T P A el SR SRS R S R QA AV S e i R e e None
Preo AMMODIA. ..ccocvisararsrssnssssrsnssvsiransssnssnsrisrsstnsssantsrarannarannis .03400
AT eNOI AMONIS. .o ccnensasssresssssnssissavesnrssssssrasnsspsssassansessines 1.1060
The Speciflc BraVILY ..c.ieestrieseasronsessaisessorssrennernssssnsssassssasnnnssseiss 1.0260

A more extended investigation of the waters of the state would
be of value. This is especially true of the mineral waters, which
have indeed received but scant attention.

The greater part of the work and most of .the analyses repre-
sented in this report are due to Mr. H. G. Knight.
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ARTESIAN WATER.

By C. A. Ruppy.

INTRODUCTION.

The fundamental principles governing the flow of artesian
water are simple and readily grasped by anyone. It is only an
illustration of the well known fact that ‘‘water seeks its own
level.” The prime requisite is to have a water-bearing stratum
overlaid and underlaid by impervious strata, and to have its sur-
face outcropping at a higher elevation than the surface of the
ground where the proposed well is to be sunk. Although so
simple theoretically, yet practically the problem has many
factors by no means easy of solution.

Our knowledge of the conditions underlying the surface of
the earth is very imperfect at best. Usually the surface out-
cropping of the strata are more or less obscured by a mantle of
soil, so that it is often difficult to determine accurately the dip of the
rocks or their exact physical structure. The ideal conditions of
a synclinal valley with clearly defined strata outcropping on its
elevated edges as usually figured in the text-books seldom occurs
in nature; the actual conditions are not necessarily more complex,
but they are more obscure.

In studying the formation of the rocks in any locality with a
view to the possiblity of obtaining artesian water it is well to know
just how much dependence can be placed on surface indications.
Strata which at their outcrop may have all the appearances of
being good water-bearers may at a short distance below the
surface of the ground change into perfectly impervious strata,
without in any way breaking the continuity of the beds. This
change in structure may be either favorable or unfavorable,
according to the other conditions of the basin. Likewise the
strata above or below the water-bearer may at their outcrop be
perfectly impervious and yet change in their nature so much
that at the locality where the well is to be sunk they will not
hold water at all.

Strata are not usually continuous over wide areas. They
are more or less lenticular in shape, being usually thickest
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towards the center and gradually thinning out as the edges are
approached. The same bed may change from coarse to fine,
from conglomerate to sandstone, and even to shale.

When the rocks of a region have been greatly folded and
faulted there is not much use trying to find artesian water in
them. This does not apply to long, open folds unaccompanied
by fracturing, but to close folding and crushing, caused by great
lateral pressure. The fact that the rocks are in such a distorted
condition shows that they have been subjected to enormous
pressure, which would have the tendency to compress them so
much that they would lose most of their water-carrying proper-
ties. Their position, too, would usually preclude the possibility
of water being carried any distance under ground. Where rocks
in this condition occur it is impossible from surface indications
to determine where water would likely be found.

It is useless to look for water in the older crystalline rocks,
such as granite, gneiss or schist, so that when in drilling a well
rocks of this nature are encountered, there is no use going any
deeper.

When the drilling of a well for artesian water is contemplated,
the geological structure should of course be carefully worked out
as far as surface indications will permit. Very often the per-
vious stratum, on account of its unconsolidated or friable condi-
tion, is more easily eroded than the enclosing beds, so that it is
more likely to be found in the bottom of a valley than forming
the hill tops. When such a valley floor is at a greater elevation
than the surface of the ground where the proposed well is to be
sunk, this position of the outcrop is more favorable than other-
wise, because it permits of the water being held over the surface
of the outcrop for a greater length of time, and thus gives more
of it a chance to soak into the rocks. The area of surface ex-
posed of the water-bearing bed should also be taken into consid-
ration when estimating the probable quantity of water taken
into the rock. The area multiplied by the annual rainfall will
give the total amount of water which falls on the outcrop, but it
must be borne in mind that not all the water which falls as rain
soaks into the rock. A part of it runs off in the streams or is
taken into the air again by evaporation. The drier the region the
less the amount carried off by streams and the greater the
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amount lost by evaporation. Sometimes the outcrop, as in the
case of the valley mentioned above, receives the drainage of
surrounding areas, and thus its available supply is augmented.
The porosity of the rock at its surface will of course
also have its share in determining what proportion of the
rainfall is absorbed by the rocks and what escapes by other
means. These considerations are of most importance in arid re-
gions where the wells, even if succcessful, are liable to fail in
time, owing to the inadequate supply.

An ordinary red brick will absorb its own weight of water.
Coarse grained sandstones absorb water very readily, except
where the spaces between the grains have been filled in by ma-
terial carried there in solution. The finer the grains the less
readily will water pass through. Fine shales and clays are al-
most entirely impervious, so that in an artesian basin they make
a good upper and lower layer to keep the water from escaping.

The water may escape either upward or downward by
means of fissures in the enclosing beds. Surface outcroppings
give little indications of the existence of such defects, but in a
general way it may be said that the less the beds are consoli-
dated and the less they have been upturned from their original
horizontal position, the less likely they are to be fissured. Lime-
stones, when not fissured, are usually quite impervious, but they
are more likely than any other rocks to contain underground
channels, so if they form either of the enclosing beds of the sup-
posed water-bearing stratum, they should be viewed with con-
siderable suspicion.

Theoretically, the water should rise in the wells as high as
its own head, but as a matter of fact it never does. The fric-
tional resistance offered by the rock through which the water
passes, and to a lesser extent, that offered by the walls of the
well itself, has the effect of reducing the height of the column
of water. The difference in height between the water in the
well and at its source in the rock is greater or less depending
upon the texture of the rocks, the amount of leakage, the dis-
tance the water has to come, and to a much lesser extent, the
diameter of the well. Rocks of fine texture offer a very much
greater resistance to the passage of water than those of coarse
texture. The larger the diameter of the well the less the resist-
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ance offered to the ascending column of water. The discrep-
ancy between the theoretical height of the water and its actual
height can not be accurately determined beforehand, but allow-
ance should always be made for it. This is particularly neces-
sary where the head is not very great.

In some of the older geological formations of the eastern
states the strata are often continuous over thousands of square
miles, but in this state none of the geological formations have
strata continuous over wide areas. The 'sedimentary beds
change from coarse to fine and thin out rapidly. This goes to
show that it is hazardous to assume what the conditions are
below the surface from the appearance of the outcrops, even a
few miles away. To the practical man looking for artesian
water in this state we would say, pay less attention to the char-
acter of the rock at its outcrop than to its dip. By a careful
study of the dips and elevations good artesian conditions can
often be discovered. Whether the rocks are pervious or imper-
vious is largely a matter of guess work until a well has been
actually sunk and the facts ascertained.

In a large number of places in the arid regions of central
Washington it is not possible to obtain water for irrigation pur-
poses by means of canals, owing to insufficient water in the
streams. In these localities the only salvation lies in finding
artesian water. It is perhaps too much to hope that it will be
found over very wide areas, but by careful investigation new
localities may be found where the position of the rocks would
justify the attempt.

By referring to the chart issued annually by the United States
Weather Bureau, showing the annual precipitation in different
parts of the state, it will be seen that there is a large area in
central Washington between the Cascade mountains and the
Columbia river, and for some distance east of that stream, where
the annual rainfall is less than eighteen inches. While eighteen
inches per annum is usually considered the minimum amount
with which agriculture can profitably be carried on, yet there
are a number of conditions of soil and climate which vary this
amount for different regions. Soil which is made up largely of
sand or gravel or has either of them for a subsoil quickly loses
its moisture and dries up. In certain parts of western Wash-
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ington south of Puget sound where the annual precipitation is
very heavy, there are soils of this nature on which the scanty
vegetation withers up during the first few hot days of summer.

On the contrary, within the big bend of the Columbia, known
as the ¢ Big Bend Country,” the soil is a deep, rich loam formed
by the decomposition of the underlying basalt. The rain and
snow of winter and early spring soak through the soil and fill
up all the crevices of the rocks. Then when the dry weather
comes these act as reservoirs and the water is gradually brought
to the surface by capillary attraction and made available for the
crops. In the country about Waterville, where these conditions
occur, good crops are produced with an annual rainfall of about
thirteen inches.

Where the rainfall is scanty it makes considerable difference
how it is distributed throughout the year. To be of most use for
crops the rain should come during the growing season. Where
this is the case comparatively little rain will suffice.

Artesian water is of course of most value in arid regions,
especially if the quantity is sufficient for irrigation. For this
reason more attention ought to be paid to its exploitation in
regions where the rainfall is light than where it is sufficient for
agriculture. Nevertheless a good flowing well is of value almost
anywhere.

YAKIMA VALLEY.

In this state the greatest progress in developing the artesian
water supply has been made in the Yakima valley.

The oldest rock which outcrops in this valley is the Columbia
lava, of Miocene age. It forms part of the great lava field which
covers southeastern Washington and Oregon and extends south-
ward and eastward into Idaho, Nevada and California. In
Yakima county it is made up of a succession of flows varying in
thickness from a few feet to a hundred or more, the line of con-
tact between the layers being usually very well marked. Some
layers show a marked difference in jointing from those above and
below. The rock is a very dark basalt, usually quite compact,
but often more or less vesicular. In many places beds of vol-
canic tuff are found between the basalt flows. Basalt, in its
molten state, is one of the least viscous of lavas. When in its
liquid state it is poured forth from a vent, instead of building up
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a cone it spreads far out as a nearly horizontal sheet. For this
reason we find no volcanic cones in the Columbia lava field.
Each flow found its way to the surface through a fissure which
was afterwards covered up by succeeding flows. The interval of
time between successive flows in this region must have been in
some cases many years, and even centuries. Sufficient time
elapsed for soil to form and forests to grow thereon before being
overwhelmed by the next overflow. This is shown by the
presence of charred wood between the flows of lava.

During the long ages in which the older rocks were becoming
more and more deeply submerged by the molten flood, there was
little folding or tilting of the rocks in this region. The Cascade
mountains were very much lower than at present, especially in
the southern part of the state. When the outflows of basaltic
lava had almost ceased, there came a change, so that the region
now forming the valley of the Yakima formed part of the bed of
a great fresh-water lake. This lake existed so long that sedi-
ments more than a thousand feet in thickness were deposited on
its bed. It was a time of great volcanic activity, as shown by
the character of the sediments. These are largely volcanic ash
and broken fragments of pumice. The eruptions which furnished
this material were largely of the explosive type, rather than the
quiet outflows which characterized the formation of the Columbia
lava plain. Along the ancient shore line conglomerate beds occur,
made up of boulders of light-colored andesite and other volcanic
rocks. The great variations of the beds show that the oscilla-
tions of the land were comparatively rapid and irregular. Some-
times the water of the lake would recede and the streams would
cut rapidly into their soft sediments; then the waters would
encroach again and new sediments would be spread out, leveling
off the old irregularities.

At intervals throughout the period in which the lake sedi-
ments were accumulating, there came belated outbreaks of ba-
saltic lava which spread out over the soft sediments. These
were the last convulsive signs of life of those great volcanic
forces which were active throughout a great part of the Miocene
period and which caused the formation of the Columbia lava
fields, the greatest body of lava in the known world.

After the lake was finally drained the greater part of the sedi-
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ments were carried away by erosion, but remnants still remain.
They form the light-colored sedimentary beds outcropping in
places in the Yakima valley and about its borders. These are
the rocks in which artesian water has been found. They form
what is known as the Ellensburg formation, and are of Miocene
age, as shown by the fossil leaves preserved in them. The most
extensive outcrops are seen along the Natches river and at White
Bluffs, on the Columbia.

At the close of the period just described, the region to the
westward was gradually uplifted so as to form the Cascade
mountains. At the same time or later, a series of low east and
west folds were formed between the Columbia river and the Cas-
cades, nearly at right angles to the axis of the mountain range.
The ridges are not due to faults, as formerly supposed ; they are
all anticlines, while the valleys between them are synclines.
Atanum creek occupies one of these synclines, and the Natches
river another. The crests of the ridges have been almost en-
tirely denuded of the Ellensburg beds, so that only the basalt is
left. One of these, known as the Selah ridge, borders the
Yakima valley on the north, and another, the Yakima ridge,
borders it on the south. The Yakima river has cut gaps through
the ridges and crosses them at right angles. It evidently had
its course established before the folding began; then as the
folds arose slowly the river kept pace with them, cutting down
its channel.

At some period later than the Miocene, a great stream of
lava came flowing down from somewhere between the head-
waters of the Nachez and Tieton rivers, covering the hills and
obliterating the valleys. It reached as far east as the mouth of
the Cowiche creek and then stopped. The rock is a very dark
andesite. It forms a conspicuous landmark, standing as bold
cliffs on the lower Tieton and at the junction of Cowiche creek
with the Naches river. It is safe to say that nowhere on the
surface of this lava can artesian water be found. It stands at
too high an elevation, and any water contained in the beds be-
low would find a readier outlet by means of springs along the
base of the cliffs where the andesite meets the underlying rocks.

As shown by the geological map, the Ellensburg beds extend
westward a mile or two beyond Tampico postoffice and occupy
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practically all of the valley below that point. The city of North
Yakima stands at an elevation of about 1,067 feet above sea level.
Ellensburg beds have been traced twenty miles west of that
point to an elevation of 2,350 feet. On the hills north of Tam-
pico postoffice they outcrop as beds of conglomerate, sandstone
and volcanic ash, dipping slightly to the eastward.

North Yakima had a total precipitation in 1goo of 7.22 inches.
To the westward as the mountains are approached the precipita-
tion increases. It seems probable that most of the water which
finds its way into the strata falls upon the western border of the
Ellensburg, and gradually finds its way down into the the lower
part of the valley.

The two synclines occupied respectively by the Naches river
and Atanum creek in their upper valleys gradually merge into
one as they approach the Yakima river. Where the Yakima has
cut its way across the valley there is only one syncline. On both
the north and south sides, parallel to the longer sides of the
valley, the beds dip towards the valley at a steep angle. On the
eastern and western sides they dip more gradually. The valley
is underlaid by Ellensburg beds to a depth of over a thousand
feet, while along the elevated edges it has all been eroded away,
leaving the bare basalt ridges.

A large part of the rain which falls on the ridges is absorbed
by the rocks as soon as it reaches the porous beds at the base of
the hills. Along the western border of the basin the tops of the
hills are at such an elevation as materially to increase the rainfall.
Atanum creek flows over the Ellensburg beds for a number of
miles, and from measurements made of its volume at different
places along its course, it is evident that a considerable part of
it is absorbed by the rocks.

The part of the valley east of the Yakima river is known as
the Moxee valley. It is here that nearly all of the artesian wells
are located. There are now more than thirty wells within an
area of six square miles. The following table, taken from the
report of Mr. George Otis Smith on the Geology and Water Re-
sources of a Portion of Yakima County, Water Supply and Irriga-
tion Papers of the United States Geological Survey, No. 55, gives
most of the important information concerning these wells:
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LIST OF WELLS IN ATANUM-MOXEE BASIN.

2 Location. L =) | =
g 222 | 8 28
w| 3| w9 S
g | mammorweLr, [ | S| B |28 | F Depth to principal 2%
2 194|888 : flows. ¥
. 5| BE|S|SE B&
: Ple|: |52 £
3t H K- 1 ® 1ic
Feet.| Feet.
1 | Clark No. 1 612 |20 |1,110| 940
2 | Clark No. 2. 81|13 |20 {1,130 | 1,026
3 | Clark No. 3. .. 81|13 20 |1,120 | 1,000
4 | Longevin No.1...| 8|12 | 20 (1,070 | 6387
5 | Haines............ 81220 |1145| 902 X
€ | Bradford = 9|12 |20 |1,155| 623 3
7 | Dickson .. 12 |1 20 11,005| 525 ¥
8 12 | 20 ({1,076 | 851 76.0
9 12 | 20 | 1,155 | 1,020 75.2
10 12 | 20 [1,065| 835 73.2
1 12 | 20 | 1,100 | 1736 76.0
12 12 | 20 (1,105 €89 73.2
13 13 [ 20 ({1,150 | 653 67.2
ié 12 | 20 | 1,100 | 676
H 512 |20 (1,140| 636 69.2
16 Holland No.2.. 5|12 |20 1,115 T4.7
17 | Clark No. 4....... 81|13 |20 (1,140 73.2
9|12 |20 |1,185| 809 72.2
4|12 |20 |1,1656| 625 78.2
1012 (20 [1,195| @81 66.3
432120 [ L1700 295 |i.ee....] 0B loviiiliiiaealesnnnelvonnians
8112 |20 (1,080 836 2.7
6112 |20 (1,105| 818|41.10 | 620 [ (?) | 818 |..ccce|evnenan.
29 | 13 | 18 | 1,165 | 1,267 80.0
*Well closed April, 1901, 1 Six flows.
t+ Approximate measurement with current meter. § Estimated.

It is estimated that the total area irrigated by these wells
amounts to about 1,650 acres. Some of them are said to be de-
creasing in volume, and in some instances even to have ceased
flowing altogether. This may be due to caving of the wells due
to improper construction. It is quite possible, of course, that
the basin may now be developed to its full capacity, so that the
drilling of more wells would not increase the total flow. If such
were the case, the water which would flow from new wells would
simply decrease by that much the amount which flowed from
the other wells. Heretofore the wells have been allowed to flow
freely throughout the year, but at the last session of the State
Legislature a law was passed compelling owners of wells to keep
them closed from the 1st day of October in any year until the 1st
day of the following April. This does not prevent the use of
water for stock or for domestic purposes. The effect of this law
will be salutary in preventing the waste of water during the season
when it is not necessary for irrigation, and will greatly increase
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the capacity of the basin. The amount of land in this part of
valley which can be brought under cultivation is limited only by
the supply of water.

On the western side of the Yakima river the demand for ar-
tesian water is not so urgent. A number of canals bring water
from the Naches river, and supply all the lower part of the val-
ley. Other canals utilize the waters of Atanum creek. Up to
the present time only one artesian well has been drilled west of
the Yakima. This is on the farm of Mr. George Wilson, in
Wide Hollow, and irrigates about fifty acres. It is important
as showing the presence of artesian water in this part of the
valley, so that the problem is simplified for any one who in the
future wishes to sink a well in the same locality.

KITTITAS VALLEY.

In the Kittitas valley, in which the city of Ellensburg is sit-
uated, the same geological formations occur as in the Yakima
valley farther south. Its basin-like structure, however, is not
so clearly marked. The valley is underlaid by the Ellensburg
formation to an unknown depth. On every side of the valley
the enclosing hills are of basalt. The Yakima river flows
through the valley from northwest to southeast and escapes
through a deep notch cut in the enclosing ridge. A well was
sunk in the valley a number of years ago and is said to have
reached basalt at 700 feet. Water came up within 40 feet of
the surface. Mr. Smith, in the report previously referred to, is
of the opinion that the chances of obtaining artesian water are
sufficiently favorable to justify the drilling of another well.

WHITMAN COUNTY.

About the only other locality in the state where an artesian
basin has been developed is in Whitman county. Flowing water
has been struck at a number of places in the county, but the
most important basin lies within the town of Pullman. This
locality is within the limits of the Columbia lava field, but is
not more than a dozen miles from its eastern border, where the
lava lies against the flanks of the mountains of western Idaho,
which are composed of ancient crystalline rocks. At several
places north and south of Pullman there are isolated buttes of
crystalline rock. entirely surrounded by the lava, which repre-
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sent the highest peaks of the ancient land surface which was
submerged by the lava. Steptoe and Kamiack buttes are the
most conspicuous. In Snake river canyon, a few miles to the
southward, sections of the lava are exposed, which Russell* has
estimated to be as much as 5,000 feet in thickness. This goes
to show the extreme ruggedness of the old topography. The
lava sheets have been upturned only in a very slight degree from
their original horizontal position. Between some of the layers
of basalt there can be seen the evidence of forest growth, show-
ing that a considerable interval of time must have elapsed, in
some cases at least, between the successive flows. In some
places beds of sand occur between the sheets. These probably
indicate the courses of streams which flowed over the lava dur-
ing the interval between flows. The sand beds act as reservoirs
for the storage of artesian water.

At Pullman there are about a dozen flowing wells in the
lower part of town. In putting down these wells the drillers
first penetrated a layer of basalt and finally reached sand at a
depth of seventy or eighty feet. Flowing water was found in
the sand. These wells have now been flowing for a number of
years and do not show any diminution in volume. Besides a
number of private wells, the city has one from which the whole
town is supplied.

At the town of Palouse, Whitman county, there are four
flowing wells. The geological conditions are the same as at
Pullman. Black basalt was first penetrated and water found in
the underlying sand.

It is evident that little can be foretold as to where water is
likely to be found in the Palouse country. The rocks are so
nearly horizontal that it is difficult to identify a basin. The
beds of sand are of limited extent and usually do not outcrop on
the surface. The most favorable positions for sinking wells, of
course, are the lowest parts of the valleys. There is a wide ex-
tent of country where flowing waters are liable to be found.
The rainfall in this part of the state is sufficient for agriculture
and good non-flowing wells for domestic purposes can be found
almost anywhere, so that the finding of artesian water is not of
such vital importance to the welfare of the community as it is
in the arid region to the westward.

*Russell : Water Supply and Irrigation Papers, No. 4, U. S. Geol. Survey.
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The arid and semi-arid region of the state includes all of
Douglas, Franklin and Adams counties, the eastern parts of
Kittitas, Yakima and Klickitat, the western halves of Lincoln
and Walla Walla, and parts of Okanogan and Chelan counties.
In certain parts of this region, as in the vicinity of Waterville,
farming is carried on with more or less success, but water is used
for irrigation wherever it is possible to get it. By far the
greater part of this arid region is very sparsely inhabited, and is
so dry that it is not fit for grazing purposes, except during a few
short weeks in spring. The average annual rainfall for the last
ten years varies in different parts of the region from six and a
half to sixteen inches. The available water in the streams is
sufficient to irrigate only a small proportion of the total area,
even when utilized to its fullest possible extent.

In the region west of the Columbia river, it is not unreason-
able to expect that the artesian conditions which exist in the
Moxee-Atanum valley may be duplicated in other places where
the geology is somewhat similar. South of the Moxee-Atanum
valley the country between the Cascade mountains and the Col-
umbia is traversed by several east and west ridges similar in ap-
pearance to those to the northward whose structure has been
shown to be anticlinal. If these southern ridges are also anti-
clines, which seems probable, the troughs between them ought
to form artesian basins. Priest rapids, on the Columbia, marks
the point where one of the east and west ridges has been up-
raised across the course of the Columbia. A careful study of
the structure of these southern valleys would be necessary in
order to determine whether or not it was worth the while to
drill in them for water. East of the Columbia the conditions
will probably be found to be somewhat different. The streams
are nearly all small and have cut deep trenches in the basalt
plateau. They can irrigate only small patches at best, and they
usually run dry at the season when they are the most sorely
needed. Where not too deeply dissected, artesian water may be
found in isolated areas throughout this region in basins similar
to those discovered in Whitman county.

20—G
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WATER POWER.

By R. E. HEINE.

INTRODUCTION.

Washington contains the greatest amount of water power of
any state west of the Mississippi. The extremely heavy rainfall
of the Cascade and Olympic mountains supplies the water for a
large number of short, swift rivers which come tumbling down
out of the mountains with a fall, in many instances, of several
thousand feet in a very few miles. The Cascade mountains have
been very appropriately named; everywhere along the upper
" reaches of the streams which head in these mountains one can
see foaming cataracts and cascades alternating with stretches of
more quiet water. The aggregate potential power contained in
these streams is inconceivably great. The snow accumulates in
the mountains to great depths in winter and melts off gradu-
ally during the summer, thus insuring a fairly uniform volume
of water throughout the year.

In western Washington the greatest floods usually occur in
December or the latter part of November. These are due to the
heavy autumn rains which come at a season when the temperature
in the mountains is not low enough to convert the moisture into
snow. Again in the latter part of May, or early part of June,
there are floods in all the rivers flowing down from the moun-
tains. The floods are brought about at this time by the rapid
melting of the snow during the first few hot days of summer.
These floods are especially high in the tributaries of the Colum-
bia and in that river itself. Cloudy weather during April and
May, followed by a very dry, hot spell, will send all the rivers
booming, and the floods are frequently very destructive. In west-
ern Washington the spring floods are not so high as they are along
the eastern slope of the Cascades and in the Okanogan high-
lands. The climate of western Washington is more equable ;
there are no rapid changes from one extreme to the other, such
as we find east of the Cascades, and therefore the snow melts at
a more uniform rate. The streams gradually decrease in vol-
ume as summer advances until the fall rains come again. In



WASHBINGTON GEOLOGICAL SURVEY. ANNUAL REPORT, 1901. PLATE XXXI.

HEAD-WORKS OF SNOQUALMIE FALLS POWER COMPANY.




The Water Resources of Washington. 309

August and September they are at their lowest. All of the
larger streams which head in the Cascade and Olympic ranges
have at least some of their tributaries fed by glaciers. In the
late summer after all the snow has disappeared from the exposed
mountain sides and even the sheltered ravines, the glaciers on
the highest peaks still continue to feed the streams which issue
from them.

In estimating the available water power of a stream the cal-
culations are of course based on the volume of water which the
stream carries when it is at its lowest. In many cases where the
stream gets too low, storage reservoirs could be built.

The Columbia river is the master stream of all eastern Wash-
ington. It has a minimum volume of about sixty thousand
cubic feet per second, and in its course through the state has a
total fall of about thirteen hundred feet. In a number of
places along its upper course power could no doubt be taken
from it. Many of its larger tributaries are rapid streams with
immense undeveloped water power. In some places, as at Spo-
kane falls on the Spokane river, and at Prosser falls on the
Yakima, the power is already being utilized.

The western slope of the Cascade mountains is approximately
parallel to the axis of the valley of Puget sound and its southern
extension to the Columbia. This valley region is the most
populous part of the state and is rapidly taking rank as a manu-
facturing center. Power for street railways, for electric lighting,
and for all kinds of manufacturing purposes is necessary, and
the problem of the cheapest way of obtaining it is one whose
solution has great practical bearing upon the future welfare of
the community. The great plant installed by the Snoqualmie
Power Company at Snoqualmie falls will serve as an object les-
son and an example of what can be done along this line. The
number of places in western Washington where plants similar in
kind but smaller in size could be installed is very large.

The Blue mountains lie in the extreme southeastern corner
of the state. The annual rainfall on these mountains is from
twenty-two to twenty-four inches. After the last of the snow
melts upon their summits in the spring there is a long dry sea-
son, during which the streams get very low. For the greater
part of the year, however, they possess an abundant water power
which could be utilized for many purposes. Some of the streams
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have already been harnessed, as in the case of Mill creek from
which the city of Walla Walla derives power.

SNOQUALMIE FALLS.

The great falls of the Snoqualmie river are situated in the
western foothills of the Cascade mountains, about 25 miles east
of Seattle, and 34} miles northeast of Tacoma. The river
proper commences about three miles above the falls, at the
junction of three tributaries whose origin is in the snow fields
of the Cascades. The flow of the river is about 1,000 cubic
feet per second during the driest season, and about ten times
as much during the periods of high water. The river has a ver-
tical drop of 270 feet at the falls, giving a minimum available
energy of 30,000 horse-power.

The present plant is somewhat unique in its construction,
inasmuch as the water wheels and electrical machinery are in-
stalled together in a large underground chamber, whose floor is
directly above the tail-race tunnel which extends to the river
below the falls.

A shaft 10x27 feet has been sunk into the rock about 300
feet above the falls, and at the bottom of this is excavated out
of the solid rock a cavity 200 feet long by 50 feet wide and 30
feet high, and from this cavity a tunnel serving as tail-race
extends to the foot of the falls.

The water is received from the river through a masonry intake
and conducted down the shaft to the water wheels through a steel
pipe seven and one-half feet in diameter.

The generating plant consists of four electric generators, each
driven by a Doble water motor of 2,500 horse-power coupled
directly to it. Two exciters of 75 kilo-watt each and one ele-
vator operated by a water wheel complete the power equipment.
The generators deliver current at 1,000 volts, which is raised to
30,000 at the transformer station above the power house.

The Snoqualmie Falls Power Company furnishes power for
both lighting, railway and general power purposes, and it is ex-
pected that many of the manufacturing plants of Seattle and
Tacoma will soon be operated by Snoqualmie power. At Issa-
quah, Renton and Auburn, power is used for lighting. In Seat-
tle all the stationary motors, the entire municipal street-lighting
system, several large mills and half of the street railways are
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operated by Snoqualmie power, while at Tacoma all the lighting
circuits, street railways and many motors are run from the same
source.

The plant now installed develops a total of 10,000 horse-
power. A transmission line to Everett, 35 miles distant, is
proposed, where a smelter, paper mill and other factories are
expected to be operated by electricity. By the erection of a 50-
foot dam above the head works, a reservoir having an area of 15
square miles and average depth of 25 feet could be formed.
This would almost double the power, should the demand call
for it. The shaft will accommodate another penstock of the
same capacity as the present one, and both intake and tail-race
have been built for double the capacity. Another chamber and
additional machinery are the only extensions necessary to double
the capacity of the plant, and these have been under considera-
tion by the company.

The Snoqualmie Falls Power Company does not engage in
the distribution of power to small customers, but sells power in
large quantities to customers at moderate prices. The Seattle
Electric Company and Seattle Cataract Company are among the
largest consumers, using nearly two-thirds of the total power
generated.

SPOKANE FALLS,

Within the city limits of Spokane, and in close proximity to
the manufacturing center, a series of falls are encountered by
the Spokane river, aggregating a total of about 130 feet. The
Washington Water Power Company owns and controls practi-
cally all of the available water power at that place, and furnishes
power, either in the form of electric energy, or by leasing a part
of the water supply to parties wishing to use the same.

A portion of what is called the ‘‘lower falls’’ is at present
used for the development of power, and a number of flumes have
been built from a dam 200 feet wide, situated at the head of
these falls, to a power house located about 600 feet below this
dam. The available head of water is 70 feet, which after reduc-
tion for height of water in the tailrace, is reduced to an effective
head of 68 feet. The flumes are built of steel, of circular cross-
section ; two of them are each seven feet and one ten feet in
diameter. The velocity of the water in the flumes is approxi-
mately six and one-half feet per second, and with the present
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electrical equipment about 5,300 horse-power are carried on the
switchboard.

The power generated is used for the operation of the street
cars, the lighting of the street lamps, stores and private resi-
dences, and furnishing power to the various manufacturers in
the city.

During the past year the Washington Water Power Company
has installed two 1ooo-horse-power generators, one for operating
the street railway system and the other for lighting and power
purposes.

The conditions for development of additional water-power at
Spokane are decidedly favorable. The capacity of the falls ex-
ceeds the demand. During the driest months of the year the
quantity of water discharged at the falls is never less than 2,000
cubic feet per second. The present equipment of the plant
utilizes scarcely 1,000 cubic feet per second, or scant fifty per
cent. of the available water, which goes to show that the output
of the plant can be doubled by additional flumes without in-
creasing the head.

The Washington Water Power Company has already com-
pleted plans for the addition of two flumes, each ten feet in
diameter, for the operation of a long-distance power-tansmission
line to the Coeur d’Alene mining district, about ninety miles

- »f Spokane.

- Coeur d’Alene region is one of the great mining centers
U , and the operation of the various types of mining ma-
cl y calls for a large amount of power, which has been found
most suitable and flexible in the form of electricity.

The proposed transmission system is to be three-phase with
a step-up transformer station at the power house, the line pres-
sure to be 45,000 volts. Two pole lines are planned for one cir-
cuit each, copper conductors, although until the demand for
power requires it, but one circuit will be put up.

Pv the addition of this machinery the total output of the
pl ill be increased to very nearly 13,000 horse-power, and
wis. :.:able the company to supply light and power to parties in
the vicinity of the transmission line.

In spite of the fact that Spokane is subject to considerable
extremes of temperature, the Spokane river never freezes up
and anchor ice is unknown, nor is the variation of head between
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the tail-race and head falls very large. These two facts permit
a closer regulation of the water-wheels than is the case in many
water-power plants.

Should conditions demand it, the great natural reservoir,
Coeur d’Alene lake, could be used as a storage reservoir,
whereby the output of the plant would be increased by about
25 per cent. The Washington Water Power Company has not
found it necessary to develop the power of the upper falls, which
would yield an additional head of 6o feet of water. The com-
pany, however, will lease portions of these falls to parties de-
siring to develop their own power, or will furnish them with
electric power directly, which might be a more simple proposi-
tion for an intending customer.

It is only a question of time when the manufacturing indus-
tries of Spokane will have reached a stage when nearly 20,000
horse-power will be required. The total available horse-power
has been variously estimated, but in all probabilities does not
fall below 30,000.

MILL CREEK, NEAR WALLA WALLA,

In the spring of 1gor the Walla Walla Gas and Electric
Company completed a water-power plant for the supply of elec-
tric current to Walla Walla. The plant is situated five miles
east of the city on Mill Creek, and is operated on the mono-
cyclic system supplemented by a rotary steam engine.

Mill creek has its origin in the Blue mountains and is subject
to rapid fluctations. The minimum flow is 2,800 cubic feet per
minute during extreme dry weather, but the average is consider-
able higher.

The water is taken from the creek at a point 5,600 feet above
the plant, where a concrete dam is built. The water is conveyed
to the plant through a four-foot stave pipe built of redwood, the
actual head at the power house being 85 feet. The pipe is bur-
ied in the ground for the entire length and has shown but little
depreciation during a period of seven years.

A 27-inch Morgan-Smith turbine of 450 horse-power is di-
rectly connected at a 300 kilo-watt G. E. generator. A 400
horse-power rotary steam engine, of the Thomas and Brumagin
type, is belted to generator shaft, provided with a Hill clutch,
so that the generator can be operated either by water, steam or
both.
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The plant has been run on a 24-hour per day service since
May 1, 1901, and has been in continuous operation without a
single shut-down or accident.

PROSSER FALLS, YAKIMA RIVER.

The town of Prosser, in the eastern part of Yakima county,
is favorably located for the development of water-power for irri-
gational and manufacturing purposes. Both of these have been
attempted, but have not been carried out to the full capacity of
the available water-power in the Yakima river. The river has a
fall of about twenty feet at Prosser, and during the dry season
the discharge is about 2,000 cubic feet per second, from which
nearly 5,000 horse-power could be obtained.

At present the Yakima Falls Roller Mills and the Prosser Ir-
rigation Company are the only users of water-power at that
place. The former operate a small mill, using about 50 horse-
power, while the latter company have already taken steps for
the utilization of most of the water. A small electric light plant
of 30 horse-power is also in operation, but this will be sup-
planted by the contemplated improvements of the Prosser Falls
Irrigation Company.

This company has now in operation two pumps, each of 4,000
gallons per minute, used for irrigational purposes. Each pump
is driven by a Victor turbine, forty-eight inches in diameter, ca-
pable of developing 135 horse-power, and the two combined de-
liver water through a 28-inch steel pipe, 2,900 feet in length, to
the canal, 112 feet above the surface of the river. The irriga-
tion canal has two branches, one three miles and the other seven
miles long and is capable of irrigating nearly 2,000 acres.

The company is contemplating the addition of another pump
for the purpose of supplying the city with an adequate water-
works system, and an electric generator to supply the town with
light and power. There is also a scheme on foot for the con-
struction of an electric railway from Prosser on toward Yakima,
the power to be generated at Prosser falls. In that event 1t will
be necessary to either build a dam to increase the fall, or to go
some distance below the falls in order to obtain sufficient head
of water, as the present pumping station is worked at a head of
only twelve feet.

The prospects for an increased demand of power and water
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at Prosser and vicinity are very favorable, a larger electric light-
ing plant being now almost a necessity. The Prosser Falls Ir-
rigation Company controls the entire south side of the river, on
which the town is situated, and is prepared to install machinery
for parties contemplating the use of power.

CHELAN FALLS.

One of the large and still undeveloped sources of water-
power of the state can be found in the Chelan river, which is
the outlet of Lake Chelan, and flows into the Columbia river.
The river is about three and a half miles long from Lake Chelan
to the Columbia river, the total fall being 375 feet, distributed
through the whole distance in a series of rapids and low falls.
About one-third of the total fall occurs within a distance of half
a mile, where the river flows through a box canyon. It is only
thirty or forty feet wide in places, rushing down between rocky
walls 300 feet high.

The cliff recedes at one point, leaving ample room for a large
power station. In'the two and a half miles from the lake to the
canyon, the fall is quite regular, and power plants could be lo-
cated at many places. The only existing plant at present is a
4o-barrel flour mill at Chelan falls near the mouth of the river.

No accurate measurements of the water supply have been
made, except those of some local parties, which show that the
minimum flow is from 1,200 to 1,500 cubic feet per second.

The Chelan Transportation and Smelting Company expect
to erect an electric plant very soon, the capacity of the plant to
" be about 500 horse-power. This plant will be used for the op-
eration of their smelter and an electric railroad from the smelter,
situated on the Columbia river, to the lake. The company
expects to have the cars in operation during the latter part of
19o2. The chief use of the railroad will be the transportation
of ores from the numerous mines in the vicinity to the smelter,
the capacity of which will be about 500 tons per day.

There is a good opportunity for flouring mills to be operated
by water-power, the wheat crop of the entire ¢“Big Bend coun-
try” being at their very doors.

Irrigation can also be developed to a considerable extent,
there being over 3,000 acres of land waiting for water. All that
is required is the necessary capital for the operating plant.
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As mentioned before, no thorough investigation of the re-
sources of water-power have been made at this place, and one
can safely predict an industrial center at Chelan should the same
ever be developed to the full capacity.

PURITAN MINES, NEAR LOOMIS.

The Puritan mines are situated on a stream known as Toats
coulee, a rushing mountain torrent, which encounters a fall of
about 300 feet within the located water right of the mining com-
pany. At the lowest stage of water the supply is sufficient to
develop fully 1,000 horse power, which would be ample for all
necessary mining and milling operations on their property.

At present two Pelton water wheels are installed, one driv-
ing a 50-horse-power Ingersoll compressor, and the other oper-
ating a saw-mill utilizing about 60 horse-power. :

Future developments in the mining and milling industries at
this locality might make the development of additional water
power necessary, for which, however, there is an abundant sup-
ply in the stream mentioned above, the total head of water
which might be utilized being nearly 1,000 feet.

WHATCOM FALLS.

Lake Whatcom, having an area of about eight square miles, is
situated nearly three miles from Bellingham bay, and its mean
elevation is about 318 feet above tidewater. Whatcom creek,
the outlet of the lake, empties into the bay in the city of What-
com. The water-power of this creek consists of three main
falls, the first occurring about half a mile from the lake, the next
half a mile below this one, and the last just before the stream
enters Bellingham bay. This last fall is now developed and is
used for the operation of a large lumber mill.

For the first two miles the stream is very rapid, the banks
steep and the average width of the stream not over forty feet.
The river bed shows in many places to be of solid rock, and
ought not to add any difficulties for the foundations of any power
plants. The total head of water from the lake to bay is about
315 feet, of which 150 feet occurs in the upper two falls.

No accurate measurements of the amount of water discharged
have ever been taken, but rough measurements by various par-
ties show that the minimum flow is about 140 cubic feet per
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second. The watershed which drains this lake contains no less
than sixty square miles. By building a dam at the outlet of the
lake, which can be done without great difficulties, the level of
the lake might be increased four or five feet, affording an excel-
lent means of storing water during the wet months, to be avail-
able during the dry seasons, and amply sufficient to sustain a
minimum flow of 150 cubic feet per second.

With an effective fall of 200 feet a total of 2,400 net horse-
power can be relied upon at all times, this being more than will
be required to meet the demands for a number of years.

At the present time the creek supplies the city of Whatcom
with water, and is capable of furnishing a total of 25,000,000
gallons per day.

Various propositions for the development of this power have
been made from time to time. Perhaps the simplest scheme
would be to develop the power nearest the city first, which would
furnish about 1,200 horse-power, and later, when a greater de-
mand for power will exist, develop the rest of the falls.

NOOKSACK FALLS.

The Bellingham Bay & Eastern Railway, operating a steam
railroad in the northwestern part of the state, has undertaken to
develop the water-power of the falls of the Nooksack river. The
falls are situated fifty-two miles, by rail, from the city of What-
com, and fifteen miles beyond the present terminus of the road.
Active work on the construction of a large power station has al-
ready begun. The power-house is to be located 1,500 feet be-
low the falls, whose vertical height is 103 feet. The intake will
be about 250 feet above the falls, and a large tunnel is being ex-
cavated. By so locating the power station an effective head of
water of 179 feet is obtained ; this with the amount of water be-
ing capable of developing a minimum of 10,000 horse-power.
On account of the difficulty of handling material, three steel
pipes, each thirty inches in diameter, will be run to the power-
house instead of one large one ; this will also permit the opera-
tion of a part of the plant as soon as the machinery is installed.
All the power will be converted into electric energy. The trans-
mission line is planned along the right-of-way of the railroad.
The company expects to supply the Great Excelsoir Mining
Company, located close by, as well as the rest of the mining
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properties in the vicinity, with power. An electric railway into
the mining districts is also to be operated from the falls, and ul-
timately a line supplying the Bellingham bay cities with light
and power, is to be constructed.

TUMWATER FALLS, NEAR OLYMPIA.

About two miles south of Olympia, at what is known as
Tumwater, are a series of three falls in the Deschutes river, ag-
gregating a total fall of about 78 feet. The flow of water is
somewhat variable, being about eight times greater during Feb-
ruary and March than in July and August. There is at present
a power station built at that place, utilizing the water of the
upper falls, or an effective height of 46 feet. The construction
of the plant is in brief as follows: From a retaining wall a flume,
10 feet square on the inside, has been built toward the lower
fall. A tap, eight feet square, is taken from this to the power
house and operates two pair of 25-inch and one pair of 17-inch
turbine wheels, capable of developing about 1,200 horse power.
During the dry months, however, the supply of water is not
sufficient to operate all of these at full load. The present out-
put of the plant averages about 800 horse power, which is used
for lighting, power and street railway purposes.

In order to obtain the most out of the available water power
it should be developed all at one, fall and in one power house.
By building a storage pond at the upper fall, and with proper
allowance for low tide, an effective fall of 48 feet could be ob-
tained. This will require a good deal of blasting of rock, es-
pecially at the lower falls, inasmuch as the river bed is composed
entirely of solid rock. The table below shows the discharge of

the falls and horse power obtained at 84 feet fall.

Cu. ft. H. P
MONTH. per sec, at 84 ft.

5, 580
7,550
7,400

During the three driest months the available power would be
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somewhat below 1,000 horse power, but for the rest of the year
it is safe to assume it at 3,000. Inasmuch as the lightest load
would fall upon the plant during the summer months, the ca-
pacity of the plant might be rated at 3,000 for the entire year by
the addition of a small supplementary steam plant.

The present plant is the only one operated in that vicinity,
and has, up to this time, been able to meet all demands for
electrical power.

CARBON RIVER AND EVANS CREEK, FAIRFAX,

In the vicinity of Fairfax, Pierce county, are situated several
mines utilizing water power to a great extent, and in a way
which might serve as a model to many mines in similar
positions.

The Montezuma Mining Company operates several mines and
a lumber mill about two miles from Fairfax and utilizes the
water power of Evans creek, a small mountain stream, to its
full capacity. The water is brought to the entrance of the
mines in a wooden flume 3x4 feet, where it has a vertical effec-
tive fall of 8g feet through a penstock, operating a 350 horse-
power turbine. A two-horse-power blower is also operated
from this fall. The power developed is used for the operation of
the saw-mill, a small machine-shop and the machinery in the coal-
bunkers. A 15-horse-power dynamo furnishes electric light for
the mine and shops. An air compressor, used to furnish power
for the mine drills, is driven by the same turbine. The water,
after it has left the turbine, is diverted into two shallow flumes,
used for coal and lumber respectively. The latter are flumed
from the bunkers and mill for a distance of three-fourths of a
mile, where they can be loaded on railroad cars. The plant has
been in operation for some time and been running very satisfac-
torily ; it being unique in the way that the full amount of power
being utilized for the operation of the most varied kinds of ma-
chinery, electric lighting, saw-mill and coal handling and com-
pressed air machinery, all being run from one small creek.

The Western American Mining Company, very near Fairfax,
has partially utilized the water-power of the Carbon river.
Owing to the absence of any appreciable fall in this river a
flume 8 x4 feet has been built, extending up along the river for
about one mile. A penstock, giving a vertical fall of 47 feet, is
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built above a 300-horse-power turbine, operating a zoo kilo-watt
generator. This generator furnishes power for ventilating the
mine, operating the electric locomotives, the coal bunkers, coal-
handling machinery and machine-shop, and also lights the town
of Fairfax and the mines proper.

An additional installation of a 250-horse-power turbine will
be made shortly, although at present the water supply at its
lowest stage is not quite sufficient to operate both turbines at
one time.





