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GEOUND-WATER COHD ITIONS IN THE VICINITY OF THE
DEEP RUTH MINE AT RUTH, NEVADA

A study of jround-water condiflons in the viclnity of
the Deep Ruth #ine at fulbh, Nevada has baen made at the re-

quest of S, D. #1chaslson, Chief Englineer of the Mevado Mlines

Division of the Kennecott Copper Corporation, ©During tha con-

structlon of the Deep Ruth vertical shaft, a heavy inflow of
Qround water was encountered in a fractured zone in the lime~
ctone af a depth of about 520 faet (about 6,385 feet 2bove sas
level). M#lining officials estimate that ground water entarec

the shaft at the rate of about 10,000 gpm (gellons pser minute)

e e

jmmediately after the fractured zone was intersected. After

this fractured zone had been grouted off, tha shaft was sunk

to a depth of about 1,350 feel where another heavy inf low of

—
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The Deep kuth Aine will be developed by caving methods
to depths nearly 1,000 faat zrester than the fractured zone
encountered at 520 faeet. Because of this, officials of the
Nevada Mines Division are concernad over the possibillties that
as the ground 1s broken guring the caving operations, ground
water may be releassed from the llmestona in sufficient quantities
to cause serious flooding problems in the mines. Accardlingly,
.rhe study was made for the purpose of evaluatiny the probable
extent and potential ability of the fractured zones to transmit
ground water inte the Deep Ruth Mine. An evaluation was also
dasired of the feasibiilty of lowering ground-water lavels in

the |imestones around the mine down tc the bottom of the pro-
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posei wine workings,

A Fiely iaspection was made during January 13%3 to in-
vestisate surface condiflions and to observe ground-water con-
dltions in fthe Deep Kuth Mlne., An inspection was made cf the
various open pits in the area and the underground workings of
the Cesp Kuth Rine., In additicn to the field inspection, a
study was also made of the ground-water Information In the
fites of the Nevada Mines Civision at Rufth and In U. 5.
Geological Survey Professional Paper 96 (The Geoloay and Gre
Deposlts of the Ely, Nevada, by Arthur C. Spencer). The
ground-water problem was Jiscussed with J, Ct Kinnear, Jr.,

. C. Nispal, L. A. Green, H. L. Bauser, Jr., and othar mining
officiais. Following the fleld inspection, tha probleﬁ was
discussegd with S. N, #lchaelson and C. B, Michaelson at tha
Kennecott Coppar Corporaflon offices in Sait Laka .lity.

The ore body at the Deep Ruth #Mine éonsisfs of weathered
monzonitey poryphry. It is surrounded Dy beds of shaleg and
iimastone. The monzonite and the boeds of shale are relatively
Impaermezble and yield vary littla ground water. The [imestones,
howaver, contain many fractures, faults and solution openings
that contain large quentlfies of ground water in storage. Some
of the fracture sysfems include openings that are closely inter-
cennected and can readily transmit large quantities of ground
water,

The timestones that produce water in the Deep Ruth Mlna
crop out extensively at the land surface, where they are
readily recharged whenaver modsrataly heavy precipltaticn occurs.

Kuth, Nevada is located in a semi-arld raeglon where the yearly

BHP 1034



precipitation is coften iless than 12 inches. Howsver, tre
surface runoff and the use of water by the sparse vejetafion
is small. Although evaporation losses ars hizh, & considera
abte part of the precipitation sinks into the ground and
uitimately infiltrates down to the water table in the limestone,
after pariocs of heavier preclipitation. The rainfail records
at Ruth show that the monthly rainfall offen aexceeds 1.5
Iinches several flmes each year and in some months, {f may be
considerably yreater than 1.5 inches. For sxampls, the pre-
cipitation in March 1952 was 3.1 Inches and in May 1957, It
was 1.9 iachses.

The ore body at the Desp Futh Mine is a downward extensicn
of an ore body that was mined through the Star Pointer Shaft of
the Buth Mine., Ground water was pumped continuously from the
kuth #ine from about 1915 to 1945, when mlnlng cperations were
disconfinued. Frem 1315 to 19441, the bottem of the Star Pointer
Shaft was at a2n elevation of about &,200 feet above sea level.
The shaff was then sunk to an elevation of about %, 48C feet
abova sea level.

The Geep Ruth #ine is served by two.shafts located about
5,200 feet apart, as shown by figure 4. The northerily shaft,
the Deep Futh vertical shaft, and the southeriy shaft, the
Kellinske Inclined Shaft, are connscted Sy a haulage drift
(the "B™ level) driven at an elavation of about %,105 feat at
the Deep Ruth Shaft to an elevation of about 6,125 at the
Kellinske Shaft. The Star Pointar Shaft has’also been connecteu
to the "N" level hautage drift. At presant, this shaft yields

about 300 gpm by gravity flow. In January 1359, the pumpage at
M—“ﬁv_‘\\_
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the Neap Futn Shaft amounted to about 1,500 apm and the pump-

age ot the Keillinske Shaft, Inciuding the drainage from the

Star Pointsr Shaft, amounted ta z2bout 1,200 gpm.
s S

When water 13 withdrawn from 2 rock wal}, the water level
in the pround-water reservoir is drawn down in the vicinity
of the well, forming an lnverted cone of depression in the
water level or the arfeslan pressure surface, The drawdown
Is greatest In the well and diminishas as the distance from
the well Increases. FKemovel of water from a mine shaft which
Intsrsects water-bearing openings wil! produce approximately
the same results, The amount of cdrawdown at 2 given distence
from the shaft is dependent not only on distzance, but aisc on
the rate and duration of pumping and the hydraulic propertles
of the rock formation,

The hydraulic properties of water-bearing rocks, such as
the limestones at Ruth, Nevada, may be determined by enalyzing
the decline of arteslan pressyre produced by an increasa in
the rate of withdrawal of water or by analyzing the recovery
of water levels produced by & decrease Iin the rate of withdrawal
from a mine shaft. Moreover, an analysis of the rise or declline
of water level in observation wells resulting from a change in
rate of withdrawal from a mine shaft will also provide the
basis for determining the rate of decline of water lavel that
wiil be produced by incrsasing the pumping rate. Such infor-
matlon would provide a2 basls for determining the rate of with-
drawal required to lower the arfesian pressure in the limestone
around the Deep kuth Mine to safe operating levels,

Avallable data Indicate that the rise and fali of wafter
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leval In the limestones at Ruth, Nevada has been more or loss
proportional to the rate of pumpling from the RKuth Alne and the
Peep kuth #ine. This indicates that the openings In the {ims-
stones are freely interconnected and that drainage of ground
water has occurred over an axtensive area.

#any exploratory shaffts were sunk In the Ruth area from
1300 to 9910, durfng the early period of the development of the
ore bodies, Wafer-leval measurements ware made in some of these
sheftsrby Spencer In 1310 before heavy pumping had started,
These measurements indicate that the elevation of water leveis
In the IlImestones near ths Ruth #ine was approximately £,700
feet above sea level, AMsasurements of water levael in sevaral
of the shafts penetrating the limestone in tha vicinity of the
Deep Kuth Mlno are gliven In the followlng table,

The Ruth %ine was operated from 1015 until it was shyt
dewn in $948. Discusslions with mining men who had worked In
the Ruth #ine, and an inspectlon of mine records indicates that
the average pumpage from fhis mine from 1915 to 1948 was probabiy
about 509 gpm. Thus, during fhe life of the mine, a fotal of
nearly 10 biillon gallons of ground water were withdrawn from
the limestone. 1In April 1351, just before punpling was again
resumed at the Star Polnter Shaft as part of the dewatering
operations connected with fthe deepening of the Kelllinske Shaft,
the water levaf in the Star Pointer Sheft was 5,617 feet above
. sea level, as shown by the foliowing teble. It is also reported
that the water leve! In the Star Pointer Shaft rose to an
elevailon of abaut G,700 feet above sea level sarlier in‘19§1.

Thus, complete or nearty complate recovery of water levals
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ELEVATION OF WATER LEVEL IN LIMESTONES
IN THE VICINITY OF DEEP RUTH RINE
(Feet above mean sea lavael)

: i
Shaft | Coilar|Boftom @ater | Date Dis- | Dis-
oleva~l eleva=j lavel | water tancs fance
tton tion aleva~] level from from
tion measured {Deap Kelilnske
a3/ {Ruth Shaft
Shaft {(feot)
{feat)
Ruth Inclinel 7050 66301 6700 | Aug 1310 | L700 1300
Zack 7100 €651 G700 1910 L300 21,00
Amerlcan ra ity 66201 6720 1910 5L00 200
Briliiant P 7030 s105 1 6595 1910 5700 2000
a ;
Star Pointeri 7130 5680 | 6647 {Apr 1981 | 3600 1300
Kalllnska b7 5096 | 6613 }June 1952 5200 -
Deap Ruth 6905 sehs i 5615 lapr 1552 - 5200
b/
i [

3/ 1510 water~level measuremont ftaken frem U, S.
Gaologica! Survey Profassional Paper 95, (ther
measurements taken from records of Nevada Hines
Divislen,

b/ Pumpaye from shatt was (50 gpn.
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pccurres in the limestones in the three-year perlod, 1308-51,
This Indicates that much of the water pumped durin; the period
1995-5L% was Jderived from rainfaii inflitration. #Horeover, this
also indicatas that the timestones are capabla of transmitting
water towsrd the Star Polinter Shaft from considerablis distances.

It is reported that similar recoverlies of ground-wafer
fevel have occurred at the Alpha Shaft, an old mine shaft located
about three miles west of tha Star Pointer Shaft. The Alpha
Shaft penetrates beds of iimestone simiiar tc those encountered
by the éhafts‘af the Ceap Euth Wine. In Professional Paper 3%,
Spencer raports that in 1910, the elevation of the water level
in the Xipha Shaft was about 5,150 feet above sez fevel. fininy
recorss indicate tnat:the Alpha Sheft was operated from 1917 tor
1325, from 1923 to 1331, and from 1233 to 1940,

Ainers who worked In the Alpha Shaft report that It was

necessary to pump water from this shaft at rates of from 2,000

to 2,500 upm to hold the water tavei.in the shaflt below the
pmrkinjs. According to these miners, the pumping
watar level In the shaft was held at an elavation of 5,300 feef‘
above sea leve! (ithe 1800 tevel)}. Horeover, these miners
iniicate that Juring the periods when the mine was shut down,

the water fevel in fthz Alpha Shaft recovered to about 5,100 feet
above see lavel {(the 1,000 level)} after sach shut down, or

abaut to tha 1310 Iavef measurad by Spencer, It is aiso reported
fhat recovery of watar leval immeciately after cessation of

e ——— T

to the 1,400 level, a verfical distance of about H40U_feat,—in

e e e e

about “5 minutes, This indicates thaf the limestone can fraely
7/_“_‘___,_!___{—’_'—;_-__\\.
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transmit water over large distances.

The sinking af the Dagp Ruth Shaft and the deepenina of
the Keliinske Shaft was begun in 1951, This work and the cone
struction of the "D" level haulage drift which connects the
two shafts, was completed In March 1355. The total amount of
ground water pumped from these shafts from about Apri! 1351 to
January 1559 was about 12 billion gallons, Most of the ground
water was pumped during the period from January 1955 to

January 19353. Thgmgiggggl_gggig}g,Eiihgraxai_nggggggg_gg[igq

November 195735, when the averaje rate of pumping was about
bt e

-

L%_M_ﬂw“"_\_\-ﬁﬂ_l
5,d00 jgom.

i S e

The rate of puwmpling at the Deen Kuth #Mine frem January
1952 to January 19%9 is shown on fingure 2. This graph shows
sevaral signlficant features, Flrst, the data show that the
monthly pumping gradusailiy increased during 1353 as both shafts
ware belng deeﬁened slmuifaneously. Foliowing this, a gradual
decrease in the rate of pumping occurred In 1348, even though
the sinkin; of the Deep Kuth Shaft was continued throughout
the year. !

As the Déep-ﬁufh Shaft was being completed at a depth of
1,350 feet 1n January 1955, It intersected an open fractured
zone which produced considerable amounts of water, and caused
8 sudden Increase iIn the rate of pumping., Following this in-
cident, the rate of pumpiny gradualliy decreased until February
1757, when the bottom of the Decp Futh Shaft was plugged with
cemant jJrout. The groﬁfing caused & sudden drog in fthe rate
of pumping as shown by figﬁre 2. Since then, pumpage has been
gradually decreasing.
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The pumpage data for fhe Desp Kuth ARine have also been
plotted on figure-g, which is a plot of the average monthly
pumping rate ayainst tha logarithm of time. As shown, the
rats of decliina of pumpage after the shaft bottom had been
plugged was about 5 mgd (miilion gaitons per day) per log
cycle, or about the same as that which occurred prior to the
grouting. In view of this, it is believed that If no new
workings are opened in the Degsp Ruth Hine, the decrease in
the rate of pumping witi fotlow the trend shown on figure 3.
This would indicate that the rate of pumping will gradually
decline to about 35 mgd by the end of 1362,

The behavior af the water level in the limgstones around
the Deep Ruth Mine in rasponse to changes In the rafe of
pumping, and Yhe slow decrease in rate of pumpling at fthe Deep
kuth #ine, Indicate that tha mine workings have intersected an
extensive ground-water éséervoir. Furfhérmore, the water-level
bahavlor Indicates that the two shafts at the Deep RKuth Mine
are zcting as two large-diametar wells, one located north of
the ore body and the other south of the ore body. However,
there |s insufficient deta avaifable to accurately deiérmine
the hydrauiic characteristics of the limestones excepl In a
very general way.

Some information as to the decline of the water levael In
the limestcnes in the vicinity of the Deep Rufh Shaft 1s avall=-
able but none Is availabie for the Ketflnske Shaft. Tt is Rnown,
howaver, that the watef level in the {imestones around both
shaffé was at an elevatlon of about 6,600 feet above sea levei,

or somawhat greater, before dewatering was started in 1951,
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Dismond srill holes at the 505 lavel pumping station at the

Desp Ruth Shaft wera flowing durlng the early stages af shaft
sinking. Since then, these drild tholos have ceased flowing.
This shows that the water feve! In the limestones near the shaft
has been drawn down below an elevation of 6,300 feet above 862
levei. Af present, ground water Is issuing from the shaft walls
about 300 feet above the “DY level drift. Apparentiy therefore,
the water lgval in the limestone around the shaft 1ies somaewhsare
betwean an elavation of £,200 and 5,300, This Indicates that
continuous pumpling curing the last seven years has caused a
water-ievel dectine of approximately 300 to L0 feet,

The avereye vrate of pumping from the Deep Kuth Shaft during
the flve-year period from 195hL to 1565 1s estimatad to have been
about 2,000 gpm. Apparentiy, the rate of drewdown in the 1lime-
stone ts proportiona! fto the rate of pumping. Accordingly, 1t
may be assumed that If the Deep Ruth Shéft could have been
pumped at an average rate of 14,000 gpm (cdouble the actual
averace pumping rate), the water ilevel in the rocks surrouncing
the shaft wouild have been fowered approxlmately‘1,:00 ta 1,100
feat (double the actuel deciine). Howaver, becausa the pumplng 0
watar level In the Deep Ruth Shaft 1s only about 155 feet i
above the bottom of the shaft, it would nct be possible ta
double the rate of pumping. In order to pump grazter quantitles
of wataer from the shaft, it will be necassary }o penatrate i
addltional water=bearing zones In the l1lnestone. This may be |
accompllshe¢ by deepening the shaft, by extending the mine
workings or by intersecting water-baearing zones with holes

driilad from the mine worklngs. The yleld of the Kelllnske
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Shaft could bs increasad by similar mesasures.

A rotlable estimate of the rats of pumping required to
dewater the limsstons around the Desp Ruth #lne to tevels that
wouid prevaent serious flooding problems, if caving oparations
intersect highly productive water-bearing zones, cannot be made
until hydraulic characteristics of the fimestone havs beaen
determined. Carefully controlled drawdown tests involving a
pumping wall and a numbar of observatlon walis are needed to
provide this Informatton. Such tests can be run by pumping water
from a‘large-diamerer well or a mine shaft. Diamond drlli holes
in the mine or churn drilf holes from the surfece could be used
s observation welis, I! would ba preferable to use a mine
shaft as the pumping well because more water usually can be
pumped from a mine shaft than from a wel! and because pumiplng
from s shaft wlil usuaily more adesquataly sample the acanl con-
ditions Involved in the dewatering problenm.

Before drawdown tests are made, observation welis should
be drilled from the mine workings and from the land surface to
detaermine the efevatlon and extent of the cones of depresslon
that have been developed arpund_the_ﬁsep,ﬁutﬁ Shaft and the
Kaillnske Shaft, After the genesral extenl and shape of the cones
of depression have been determined, pumping tesis should be made
fo determine the ability of the limestone to transait watar
into the mine. |

The pumping water ltevel in the Deep Ruth Shaft Is maintained
at an eiovatlon of approximately 5,700 feet, or about LOO feet
betow the floor of the "2 level, The rate of pumping from

that part of the Deep Ruth Shaft below the "D" lavel is about
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4,000 gpm. If the rate of pumpling in the Dsep Ruth Shafi is
recuced to about 10O to 500 gpm, the water level in the shaft
would probably recover to an etevatlon of about £,100 faet, an
elevation just below the fioor of the " level. Although
such a2 decrease in rate of pumping Is reiatively smali, it is
posslble that this reduction might ceuse sufficlent recovery of
water level in the vic!ﬁlty of the shaft to provide the cafa
needed for detarmining the hydrauiic properties of the iimestons,
cbservetlon wells drilied from the "D" level would be needed‘fe
detect changes in arftesian pressurae,

T§ a reductien in pumping rate in tha Teep futh Shaft of
co0 to HUO gpm is not sufficient tc cause measuresbie recovories
of artesian pressure, some ofher method would have to be employed,
such ag the drilling of one oy more high-capacity artesian
wells., It mlght be possible to driii such wells from underyr=end
stations rather thaﬁ staff at the land sﬁrface.

Holt Javel

Dilamond dri!! holes that are instatied on the
should be of Ex size and several hundred faet lonj, to make sure
that sufficient water~bearing openings are intersected to pro-
vide representative datz on artesian pre;sura. The upperrparf
of the wells should be «ased with a 20-foot length of pipe
groute¢ into the limestone. Ths wells should be provided with
valves and fittings for Instailling pressurs gages to read the
artesian pressures, Churn driti holas put down from the lend
surface should be not less than ¢ Inches in dlameter and should
be carried to depths about that of fthe "D" level. The churn
drii! holes should be cased through the overburden and jroufed
tightly into the underiying bedrock.
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Ta view of the fact that the present fow pumping water
tevel in the Deep Rufih Shaff provides an gpportunity for
testin: the limestons by reducing the rate of pumping, it is
racommenced that observation wells be drilled in thilis are=2
first, and that observatich weil dritting in the Kelllnske
Shaft area be held in abeyance until testiny has besn completed
at tne Nesp Ruth Shaft. It is, therefore, recommended fhat
abservatlon wells be dr]lléd at the following sitess

1. A 90 degree down hole, north of the Desep Ruth Shaft,
starting at the north end of fne " fevel,

2. A 90 degras down hcle starting at the "7
aboul 200 feet scuth of Deep Rulh Shaft.

. A 0 deyrse down hole starting at the "™ fevel
abeut 10U feet south of Heep Kuth Shafr.

'\, A 99 deyree Sown hole starting at fne HDY level
about 500 feet south of Deep futh Shaff. '

5, Lompletion of the suyrface hotes located 1,000 feet and
2,0UG faet north of the Deep futh Shaft, as described in
. L. Brashears! letter dated Hay 25, 4953 to L. A. Green.
The dritiling cf these holes is being carried on with yearly
sssessment funds,

after the hoies called for In ifems 1 and & above have
‘been ¢riitled, it would be tesirable to make 3 preliminary
recovery test at the Teep Luth Shaft to determine the rise of
artesian pressure caused by a reduction In pumping ralte. 3Such
oreliminary data mlghf provide & basis for chanzin: the suygested
oy

spaclint of observation wells on the level.
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SUBKRALY

1. Tha limestones surrouncing the Deep Ruth ore bocy
contaln extensive water~tcearing zones that frealy transmil
larce quantities of grounﬁ water over consideregble “dlstances,

“_ TInflltration of precipitatioen is cant inucusly
rechariing the limestones.

3. The pumpage af the Deep Guth Shaft i1s gradually
dewataring the Ilmestcone in the vicintty of the shaft, The
water {evel around the shaft has declined from 300 to L0oa feet
since 43241. The pumplng at the Kellinske Shaft 1s prcbably
CaUsing cimiler dewatering of the limestones in that arza.

;. The pumping rate at ths Tesp f.uth Mine hos been
grecuniiy declining since 1355, T hc new mine workings are
opaned, if is estimated that the pumpage will decline teo
abeut  mad (7,400 ypm) by about 134%, Under these conditions,
tho water tevel in the limestones zround the shaff may declhine
to abouf "7 level by that time.

., If new mine workln;s intersect additional water-
bearin; zones, tine rate of pumping may have to be greatly
increased., Thls woull, howeveri cause an accelgrztion in the
rate of dewatering.

L. Telizble estimates of the rate of pumping and lenaih
of time required to dewater ihe limestones around the Dzep
Luth Aine to different tevels cannct De méde unt il the
hydraulic properiles of fhe limestones have been determinaed,
Cbservation wells in fhe mine and frem tha surface fo the ncrth

of the Deep Futh Shaft are needet to defermine the shape and

extent of the cone cof depressicn and for measuring changes of
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arteslan pressure caused Dy varying the rate of pumping at
the Teep Ruth Shaft. Such data will provide means for
determinling the hydraullic properties of the fimestonas an?
furnish a basis for meefing future water probiems,

LEGGETTE, BRASHEARS % CHAH AR

A v T
)/}[‘ }E f}"\z‘c.a«pza/w}»/

November J7, 1953 #. L. Brashears
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