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HYDROGEOLOGY OF ANDERSON
MINE AREA, ARIZONA

By

D.K. Greene, S.D, Clark, and
' L.C. Halpenny

CONCLUSIONS

1. The two aquifers of major significance within the mine area
are the Sandstone and conglomerate unit and the Barren sand unit. The
fine-grained lacustrine sediments are. saturated, where below the water-
table-piezometric surface, but will drain slowly. The principal compo-
nent of ground-water movement in these fine-grained sediments would
be along fault zones where the sediments are competent enough to re-
flect fracturing. The direction of ground-water movement in the mine
area is northwestward, Movement through all of the units is strong -
ly controlled by faulting, Within the Sandstone and conglomerate unit
the zones of higher permeability are along the faults and related frac-
tures. Within the Barren sand the zones of higher permeability appear
to be within fault blocks. Maximum transmissibility for the fractured
portion of the Sandstone and conglomerate amount to approximately 4, 000
gpd/ft (gallons per day per foot of aquifer width) in the vicinity of Well
AM-28. This is considered to be a short-term maximum value and will
decrease substantially with prolonged pumping or increased discharge.
Transmissibility of the relstively undisturbed portions of the Sandstone
and conglomerate is considered to be of the order of 200 gpd/ft. The
transmissibility of tiie Barren sand in the zone of higher permeability
- extending northwestward from Well DC-5 is in the range of 500 gpd/ft
inthe zone of lower permeability along the northeastern part of the mine

1-1
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area, transmissibility is considered to be of the order of 100 gpd/ft or
less. '

2. Recharge to the Sandstone and conglomerate unit is consider-
ed to occur locally from a recharge area of about two square miles, as
discussed in Chapter 5 of this report. Estimated rechérge to this aqui-
fer system is considered to be in the range of 5 to 6 acre-feet per year,
equivalent to an average throughflow rate of 3 to 4 gpm (gallons per min-
ute). Recharge to the Barren sand unit is considered to be equal to
throughflow, which was computed to be of the order of 3-1/2 to 4 gpm.

3. Ground water in the Sandstone and conglomerate and in the
Barren sand gradually migrates downward into the underlying volcanics
and is discharged northwestward via faults in the volcanics. The test
conducted on Well AM-1007 indicates that throughflow along this parti-
cular fault is in the range of 4 to 9 gpm. '

4. Ground water in the Sandstone and conglomerate, lacustrine
sediments, and the Barren sand will drain into the pit as excavation pro-
ceeds downward and exposes the saturated portions of these units. Theo-
retical calculations based on the assumption that all three units are ex-
posed simultaneously across the entire pit at Coordinate 1,205,000 N
indicates that total inflows would amount to 170 gpm from the Sandstone
and conglomerate, 90 gpm from the lacustrine sediments, and 80 gpm
from the Barren sand. These figures are considered to represent maxi-
mums.

5. Well AM-28 could be utilized to assist in draining the Sand-
stone and conglomerate and is considered to be capable of producing
about 100 gpm until pit excavation intersects the water table in the Sand-
stone and conglomerate northwest of the well. Calculations were made
of the effect of operating four hypothetical wells along the southern rim
of the pit to reduce artesian pressure head on the Barren sand. Accord-
ing to the calculations the wells could produce at a rate of about 50 gpm
each (total of 200 gpm) for only about 60 days, following which the dis-
charge would decline to only about one gpm per well. It was concluded
that the feasibility of constructing and operating drainage wells for de-
pressurizing the Barren sand was not acceptable and that construction
is not warranted.

6. The area lying between Fault 1878 and the East Boundary
Fault (see Pl. 1) has been examined for the occurrence of ground water
and found to be barren. Fifty test holes have been drilled in the area,
one as deep as 319 feet, and all were dry. Twenty-six of the holes en-
countered the Tertiary volcanic rocks. ‘
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7. Well AM-1007 located on a water-bearing fault in the volcan-
ics northwest of the mine area will serve as an excellent water-level and
water-quality monitor well, Sites for additional monitor wells are dis-
cussed in this report.

8. Natural discharge of ground water from the hydrogeologic unit
that will be affected by the mining operation is to the Santa Maria River
along faults inthe volcanics and is considered to be about 8 gpm or less. The
mining operation will intercept this discharge and there will be effactively
no ground water discharge to the river during the life of the mine. The

possibility of reverse movement along th ults, fro iver to the
pit'while mining is in progress, m_s/i?i’:;:g\tmegligibla. Several
years after mining ceases, natural dischapge will resume at about the
same rate as before. The possibility of ynajor changes in chemical quality

of the throughflowing ground water, as Wetween curr , itions and sev-
eral years after mining is completed, is cofisidered to be negligibje.
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INTRODUCTION

-

As a part of the ongoing investigations of the Anderson Mine
area by Union Minerals, Water Development Corporation has been con-
ducting investigations: of the ground-water hydrology of the regionsince
late in 1976, The initial work was related to Iocating and developing a
’fi_rrn water supply of 1,000 gpm for mill and mine Operation.jﬁ It was
determined that the ground-water system within the mmineand mill area.
was not capable of yielding the needed 1,000 gpm. Likewise, the allu-
vium along the Santa Maria River directly north of the mine area.was
found not to be capable of producing an adequate water supply. Accord-
ingly, the area of investigation was expanded. Two possible areas for
water development were identified, one in the southwestern half of Sec.
16, T.11 N., R.10 W., and the other along the Santa Maria River about
6 miles west of the mine area.

Attention was then directed to evaluating the hydrogeology of the
mine area in greater detail. One objective was to evaluate drainage of
ground water into the mine pit after it has been excavated below the wa-
ter table. Another objective was to develop a better understanding of the
possibility of communication ineither direction between ground water in
the mine area and ground water in the alluvium of the Santa Maria River.
A series of aquifer tests was planned. Small diameter wells were con-
structed for water production. Several observation wells were established
either by casing or cleaning out existing drill holes or by drilling and cas-
ing new holes. The work of conducting the aquifer tests began about the
middle of November 1978 and was completed by the middle of February 1979.

This report was prepared and is submitted as a report primarily
on the results of the aquifertests in the mine area. In order that the re-
port be complete , it repeats to a certain extent information contained in
preceding reports about the regional and local topography, local geology
and structure, occurrence and chemical quality of the ground water, and
environmental aspects of the local hydrogeology as they might be affected
by the mining operation.

Reports prepared and submitted previously are listed as follows:

June 197%: Progress report, exploration for water supply,
Anderson Mine area, Ariz.;

July 1977: revised March 1978: Surface-water hydrology of
Bill Williams River system, Ariz.;



February 1978: Ground-water hydrology of Anderson
Mine area, Ariz.;

September 1978: Interim report on hydrogeology of
Anderson Mine area, Ariz.



TOPOGRAPHY

Regional Draina ée :

The Anderson Mine area lies within the drainage basin of the
Santa Maria River, which rises a short distance west of the town of -
Prescott and flows southwestward and thence westward toward the
Colorado River. About13 miles west of the mine area the south-flow-
ing Big Sandy River joins ine Santa Maria River and the combined
streams become the Bill Williams River. A flood-control structure
known as Alamo Dam was constructed on the Bill Williams River in
the mid-1960's about 7 miles downstream from the confluence of the
Santa Maria and Big Sandy Rivers. A permanent recreation lake is
maintained behind the dam. From Alamo Dam the Bill Williams Ri-
ver flows almost directly westward and joins the Colorado River in
Lake Havasu a short distance upstream from Parker Dam.

The Anderson Mine area is in the northern 'portion of the Date

Creek Basin that is drained by three west-flowing streams, all of

which flow only for brief periods following rainstorms. The northern-
most of these is the Santa Maria River, at the northern edge of the val-
‘ley. South of this is Date Creek, which flows parallel with the Santa
Maria River through most of its course and enters the Santa Maria Ri-
_ver about 2- 1/2 miles upstream from the. confluence of the Big Sandy
and Santa Maria Rivers. South of Date Creek is Bullard Wash, which
" also flows westward and enters the Bill Williams River about 4 miles
downstream from the confluence of the Big Sandy and Santa Maria Ri-

Ters.

Of the three wesiward-flowing streams in the Date Creek Bas-
in, the Santa Maria River has cut the deepest.” Elevations in line from
north to south passing through the Anderson Mine area are as follows:

I.ocation Elevation

Place (Sec. -Twp. -Rg.) (ft/ms?)

North edge of valley 35-12N-10W 2,6301%
Santa Maria River channel  35-12N-10W 1,510%
Anderson Mine 11-11N-10W 1,910%
Drainage divide : 23-11N-10W = 2,400t
Date Creek channel ~ 35-10N-10W 1,9701
Drainage divide ' 35-10N-10W 2,1801%
Bullard Wash channel L 2-9N-10W 2,160%.

South edge of valley 14-9N-10W 2,300%



3-2

Local Drainage in Mine Area

The Santa Maria River has eroded a deep gash along the northern
edge of Date Creek Basin. In the Anderson Mine area the distance south-
ward from the Santa Maria River to the topographic divide is about 3 miles.
Stream courses which rise along the northern side of this divide follow
northwestward courses to the Santa Maria River and have eroded the ter-
rain into relatively deep, narrow canyons separated by steep hills. The
general gradient from the divide along stream courses to the Santa Maria
River is about 300 feet per mile, equivalent to a grade of about 6 percent.



'SUMMARY OF GEOLOGY

Plate 1 is a map which shows the surface geology and structure
in the Anderson Mine area, as mapped by personnel of Union Miner-

als. Also shown on Plate 1 is some structure mapped by Urangesell-
schaft U. S. A., Inc. personnel. The formational units are discus-

sed bv age begmmng with the oldest and progressing to the youngest.
Inn the following discussion the quoted, excerpts are from Hiss=gT). 1/

fondeen Mo @%M Winsrado E ploratiod O, /(7/3‘77

Crystalline Intrusive Rocks (Jurassic)

"In the extreme northeast portion of the
claims group the Santa Maria River and its .
tributaries have cut into a crystalline base-
ent complex. These rocks are low in

quartz content but are granitic. This granitic
rock is purplish-gray in color, medium to
coarse crystalline to pegmatitic and is intru-
ded by veins of quartz and plagioclase feld-
spar with large crystals of horneblende and
black biotite. A sample of the crystalline
basement complex has been dated ..... by .
the K-Ar method to be Jurassic (157. 5% 3my)."

Felsic to Intermediate Volcanics (Tertiary)

"Unconformably overlying the crystalline base~
ment or in fault contact with it is a series of
felsic to intermediate volcanics. This series
‘includes intrusive necks, flows, lahar breccias"
and tuffs. These volcanic rocks appear to be
rhyolitic to andesitic in composition and are
generally white to light gray in color."

The thickness of these rocks is not known. Where exposed they
are above the water table/piezometric surface and are dry. . Field ob-
servation indicates the perrm@=ability to be negligible, with northwestern
movement of ground water through them mainly along faults.

i/ See "References Cited" at end of report.



Volcaniclastic Sediments (Tertiary)

"Interbedded with andunconformably overlying
the felsic to intermediate voleanics are tuffs,
ashes, and volcaniclastic sediments. All of
these appear to be of felsic to intermediate
composition and are, therefore, believed to
be contemporaneous with the felsic to inter-
mediate volcanics. However, depositionof this
unit continued after the felsic to intermediate
volcanic activity ceased, as they are also in-
terbedded with the overlying andesitic volcanics.

"The most complete section of this unit in the
area is located in the northeast portion of the
claims group. Here the basal part of the sec-
tion is composed of white felsic to intermedi-
ate tuffs, thin ash flows or volcaniclastic
sedimeants, lahar breccias and volcanic bombs.
Volcaniclastic sediments increase upward in the
section and the color changes from white to yel-
low to tan. These sediments include felsic vol-
canic material and arkosic sandstone.

"Many aspects of these sediments (crossbedding,
thin continuous beds, etc.) lead to the conclusion
that they were deposited in a lake bed ancestral to
the overlying lacustrine sediments."

The upper surface of these beds dips southward. The thickness
ranges from a few feet to about 600 feet. Where exposed they are above
the water table/piezometric surface and are dry. Field observation indi-
cates the permeability to be negligible.

Andesitic Volcanics (Tertiary)

"A series of andesitic volcanic flows uncomfarm-
ably overlies the felsic to intermediate volcanics
or the volcaniclastic sediments. Reyner (1956)
described the unit as fine-grained, vesicular au-
gite andesite locally containing calcite-filled amyg-
dules. The flows are generally purple, red brown,
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"gray brown or gray. In several areas of out-
crop they are interbedded by volcaniclastic
sediments composed of felsic volcanic pebbles
and arkosic sands. The andesitic flows have
been considered "basement'" at Anderson Mine,
as no mineralization has been observed in or
below them. Before deposition of the lacustrine
sediments, erosion and faulting developed a com-
plex paleotopography and locally thick red brown
paleosols on the top of the andesitic volcanics."

The upper surface of the andesitic volcanics dips southwards. The
hickness ranges from a few feet to about 500 feet. Test drilling in the an-
ecitic volcanics indicates that they are ncn-water-bearing except possibly
=l

mg some of the faults.

SRR

Lacustrine Sediments (Miocene)

"The lacustrine sediments overlie the andesitic"
volcanics over most of the Anderson Mine prop-
erty. However, to the east-central they overlie
the volcaniclastic sediments and further to the
east they onlap the felsic to intermediate volcanics.
One drill hole, AM~341 (SEX Sec. 10, T.11 N., R.
10 w. ), encountered the felsic to intermediate vol-
canics or the tuffaceous part of the voleaniclastic
sediments immediately below the lacustrme sedi-
ments.

"Evidence now suggests that deposition of the lacus-
trine sediments occurred in a restricted basin. ...
Therefore, these sediments represent time-trans-
gressive facies deposited within a narrow, prob-
ably shallow, basinal feature. This type of deposit-
lonal environment exhibits complex relationships
between individual facies; lensing out, vertical and
horizontal gradation, interfingering, etc. '

"Ljung et al (1976) simplify these complexities by
dividing the lake bed sequence into four (4) subunits:
1) a basal coarse clastic unit, 2) a mudstone-siltstone
unit containing intercalated carbonaceous zones, 3)a
succession of interbedded limestones, silicified lime-
stones, cherts, mudstones and siltstones, and 4) a
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"thin, fissile, fossiliferous marker bed
which has been designated the top of the
lacustrme unit.

"The lake sed1m°nts include green siltstones
and mudstones, white calcareous’ sﬂtstones, .
and silty limestone or calcareous tuffaceous” -
material. Much of this material is silicified
to varying extents and was derived in part,
from volcanic ashes and tuffs common through-
out the lake beds. Also present inthe lacustrine
sequence are zones of carbonaceous siltstone
and lignitic material. Along the southern bound-

- ary with Urangesellschaft, drill holes encounter
the basal arkosic sandstone. To thée south and
southwest the "typical" lakebeds interfinger with
and eventually are replaced by a thick, medium
to coarse-grained, arkosic sandstone unit."

The lacustrme sediments lie on the south d1pp1ng Tertiary volcanic
sequence and dip southward. From athin sequence along the lake bed-volcanic
contact, the thickness increases southward to a maximum of about 350 feet.
The permeability of the lake bed sequence in its entirety.is extremely low.
Beneath the water table/piezometric surface the lake beds are saturated and
drain extremely slowly. Where penetrated by a drill hole and saturated, the
coarser facies will yield water slowly into the hole. Maximum movement of
ground water in the lacustrine sediments is‘expected to occur in zones which
are competent enough to reflect fracturing caused.by faulting.

Barren Sand (Miocene) ' o M
A subunit of the lacustrine sequence is a sandstone bed/abount in the
middle of the sequence. Itismore easily identifiable in drill holes within-
the Urangesellschaft claim area to the south. At Well DC-5 (5/1648 on
Plate 1) the thickness encountered is apprommately 100 feet This subunit
of the lacustrine sequence pinches or lenses out approx1mately along the line
of Coordindate 1, 205,600 N (see Pl. 1). In the southern portion of the Union -

Mirerals ‘claim area the thickness of the Barren sand encountered in drill
noles is of ithe order of 30 to 50 feet. S :

: The Barren sand is one of two water-bearing units within the claim
areas. Well DC-5 serves as the water supply for drilling holes in the.

- Urangesellschaft claim area. This well has produced 40 gpm with a specific

' capac1ty of 0.77 gpm per foot of drawdown after.five-days of pumping at the

40 gpm rate. The water in the unit is under artesian pressure and, at Well

DC-5, has a pressure head in the range of 450 to 500 feet abpve the depth at
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which it was encountered when drilled. Figure 1 is a sketch which shows
in a general way the influence of geology upon development of the artesian
head. Northward the artesian head decreases. The Barren sand is repor-
ted to pinch or lens out to the southeast in the Urangesellschaft claim area.

Sandstone and Conglomerate (Miocene)

This unit is identified on the map (see Pl. 1) as Lower Conglomex:-
ate (Tmc). :

"Immediately above the lacustrine sediments

a tan to brown siltstone usually is present.

This siltstone grades upward into arkosic

sandstones and then into the conglomerate.

The unit is composed primarily of arkosic

sands and granitic and metamorphic clagts.

Minor amounts of rhyolitic and andesitic vol-

canic materials are present throughout the

unit. The sandstone and conglomerate may

either be locally well cemented by calcite or

relatively unindurated. To the southwest where

the lake beds interfinger with sandstones the

lower conglomerate is indistinguishable from

these sandstones."

k 4
This unit dips southward. Within the northern part of the claim area

it has been removed by erosion. Along the southern edge of the claim area
it has been incised by stream erosion and, between stream courses, stands
as steep slopes with cliffs along canyons in places. The thickness of the unit
is in the range of 150 to 350 feet.

The Sandstone and conglomerate unit is the second of the two water-
bearing units within the claim area, for the lower part is saturated. Well
AM-28 (28/1794 on map, Pl. 1) is the source of water for drilling holes
in the claim area. On test, the well yielded an average of 89 gpm with a
specific capacity of 2.06 gpm per foot of drawdown after 28 hours of pumping
at the 89 gpm rate. Additional information is contained ina subsequent part
of this report ("'Results from aquifer tests").

Basalt (Miocene)

'""Basaltic volcanic flows unconformably overlie
the conglomerate forming erosionally resistant
caps on many of the mesas and eroding cliffs.



(NMOHS 1ON ONILTINVY JO 133443 '37WOS OL 1ON) 'VIWV 3ININ 40 A9071039 TIVNINIO ANV
Y31VM GNNOHO 40 3ON3HNNOO0 N3IIMLIE SNOILVIAN 3ILVAIXONDIY ONIMOHS HOLINS --'I 340914

4-6

P p eves .
T W2

NOANY D HIAIY T .

\Stvi vinys /)

31VYINOTIONOD ONIddV)D

Q\_\v‘v
N JdLVY4INOTIONOD ANV | ONVS N3Iyyve
_W INOLSANVS "3NOZ 39NVHI3Y T 3ANOZ 39HVHO3IY

MN

a
R
x\\
/
H %
(g
&

\ ‘38
78
J)




"Ljung et al (1976) describes the basalt as
"black fine-grained to aphanitic, coataining
calcite~filled amygdules, and commonly
jointed parallel to the flow surface". The
basalt attains a. maximum thickness of 120
feet southeast of Flat Top Mesa and thins to
the east where eventually it is no longer pre-
sent. At least two flows are present in the
western portion of the property. To the north-
east of Flat Top Mesa (NEL Sec. 9, T.11N.,
R.10 W.) several dikes, possibly basaltic,
have been-noted. These dikes cut the felsic to
intermediate and andesitic volcanics, however,
no direct pipe has been observed to the basaltic
flows from these dikes. Wes Pierce (1977 a) of
the Arizona Bureau of Mines, reports that a
sample of basalt taken at Anderson Mine near
AM-368 (SE Sec. 10, T.11 N., R. 10 W.) has
been dated by Paul Damon of the University of
Arizona, using the Potassium Argon Method, as

being 13 or 14 million years old or Miocene age."

The basalt lies above the water table within the claim area and is not
water bearing.

Capping Conglomerate (Quaternary—Tertiary)

"The upper conglomerate unconformably over-
lies either the basaltic volcanics or the lower
conglomerate. This unit is composed of cob-~
bles and boulders of felsic to mafic volcanics,
and granite and metamorphics in a matrix of
medium to coarse-grained arkosic sandstone.
‘The unit is weakly to _rhoderately indurated and
is locally well cemented by calcite."

The maximum thickness of the Capping conglomerate in the mining
claim area is about 120 feet. The unit lies above the water table within the
claim area and is not water bearing. ‘
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Alluvium (Quaternary)

Along the Santa Maria River

The alluvium along the Santa Maria River (see Pl. 1) has been
well sorted by river flows and consists mainly of unconsolidated sand
with beds and lenses of gravel, silt, or clay. Test drilling in the allu-
vium along the river in Sec. 3, T.11 N., R.10 W., yielded the follow-
ing data:

Depth to Saturated
Hole Depth Bedrock Thickness
No. (ft) (ft) (ft)
1 57 57 + 33
2 27 27
3 30 30 + -
4 61 61 33 ¥

West of R. 10 W. the river valley widens and deepens and the sat-
urated thickness of the alluvium increases.

Within Claim Area

"Unconsolidated sands and gravels are present
in most of the drainages at Anderson Mine, At
least one older alluvial terrace is present in
the northeast portion of the claims group. Rem-
nants of several older alluvial deposits are pre-
sent along some of the deeper drainages. Most
of these older alluvial deposits have well devel-
oped caliche zones within them."

Within the claim area the thickness of alluvium ranges from a few
inches to a maximum of about 15 feet in pockets. The water table is below
the bottom of the alluvium except in a few small seepage areas along stream
channels between the mine area and the river.
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Geologic History

"At the end of the Oligocene, ‘Basin and Range
block, transform, and normal faulting began.
The lacustrine sediments have been dated pale-
ontologically as Miocene and a geochemical date
of Miocene (13 -14M, Y.) had been obtained for
the basalt. Thus, lake beds are probably early
or middle Miocene. During this time volcanism
was waining, however, ashes and tuffs would still
have been common.

"Drill hole data from the Anderson Mine and regional
geologic information leads to the conclusionthat de-
position of the lacustrine sediments occurred in a
very restricted area. To the north of Anderson
Mine in Section 4, T.11 N., R.10 W, the basalt
caps Hill 2826 and is underlain by the lower con-
glomerate. This in turn rests unconformably on
the "basement volcanics''. Two possibilities arise:
1) the lake beds were never deposited here, or 2)
they were deposited and subsequently eroded. Since
the lake beds are thinning rapidly northward, it is
felt that the lake beds were never deposited here. .
The intertongueing and interfingering of the "'typical"
lake beds with clastic siltstones and medium to
coarse grained sandstones to the southwest and
south limits the lake in this direction. The re-
lationship of coarse-grained lithologies in this
direction and lack of them to the north in the
"typical” lake bed sequence implies that the sedi-
ments source was from the west or south. Urange-
sellschaft drilling has traced the lake beds and
mineralization to the southeast. It appears that
the lacustrine sediments were deposited in an
area less than three mil:s wide and only about
five or six miles long. The lake trended rough-
ly northwest-southeast, generally parallel to
the dominate Post-Cligocene faulting trend of
the area. One further lithologic implication is
of interest. The northern and .northeastern
margin of the lake was probably the Black i



"Mountains, however, they must have been
topographically lower, only a slight bit
above the lake beds, as there are no coarse
clastics in the lake sediments along this mar-
gin.

"The lower conglomerate overlying the lake
beds attests to the continuation of basin and
range faulting and development. Erosion

from nearby sources, possibly from the north
or northeast, is indicated. Near the end of
Miocene the basaltic volcanics flowed across
the area, possibly marking the passage of the
East Pacific Rise beneath the area. Normal
faulting continued and the upper conglomerate
was deposited. Its very coarse texture implies
very near sediment sources and a very high
energy environment of deposition. The inclu-
sion of fresh basaltic boulders suggest the
source was to the north and that the transport-
ing agent may have been the Santa Maria River.

5

Structure

"The Anderson Mine Property is located in the
Basin and Range Physiographic Province and
exhibits the generalstructrual pattern common
to the province. Parallel to subparallel fault
blocks with usually normal bounding faults pre-
dominate. These faults are often rotational or
hinged and may have experienced some longitu-
dinal movement. While much of the basin and
range faulting is on the magnitude of thousands -
of feet of displacement, displacement along
faults at Anderson Mine are measured in tens
and hundreds of feet.

"At Anderson Mine faulting was active prior to
and during the deposition of the Miocene section

(lake beds, lower conglomerate and basalt). The

general 5%to 150 (dip) to the south appears to be
the result of the recurrent nature of the faulting

and may be in part the result of fault hinging and_
rotation of fault blocks. Drag folds are common

4-10
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"along many of the faults and in these areas dips
may surpass 20°. Many of the onlap, pinchout
and lens relationships in the lake beds are pro-
bably due to or related to recurrent faulting.

"The recurrent and hinging nature of the faulting
makes it extremely difficult to predict how a spe-
cific fault will affect the individual units along it.
At one point along a fault there may be only a few
feet of vertical displacement while two hundred
feet beyond that point portions of the section may
be displaced several tens of feet. Many of the
faults that displace the lake beds show diminished
or no movement in the basalt and most of the
faults die out before or in the upper conglomerate.

"Three major faults, the East Boundary Fault Sys-
tem, Fault 1878, and the West Boundary Fault Sys -
are present in the area.- In addition to these are
many parallel faults which have less displacement
than the major faults. All of these faults trend be-
tween N30°W and N55°W. Another set of faults
trending more westerly (N65°W) are present
at least in the south-central portion of the prop-
erty. A set of faults trending northeast has been
conjectured by Urangesellschaft but has not been
observed in the field. )

"The West Boundary Fault System includes at least

..two distinct normal faults. Movement on these
faults is down to the southwest. Vertical offset of
the volcanic basement across the two faults is ap-
proximately 400 feet. Another fault is indicated to
the southwest which vertically offsets the volcanic
basement about 250 feet. While total verticaloffset
of the basement volcanics across the West Boundary
Fault System is over 700 feet, vertical offset of the
basalt is less than 200 feet.

"Fault 1878 in the east-central portion of the prop-
erties exhibits 200 feet of vertical displacement
near the boundary with Urangesellschaft. To the
northwest along the fault displacement appears to
decrease and movements appear to be distributed
across a zone of faults. The movement along this.
normal fault has been downto the southwest. Along



"the zone of faults, movement {while generally
c¢own to tn2 ssuthwest) has producesd norst and
graben fea:ures.

"The East Boundary Fault System consists of
several large faults along the eastern and nor-
thern portion of the properties. These faults
are beyond the limits of mineralization and
therefore, very little is known about them. In
general they are downthrown to the southwest
and several of them probably have displace-
ments approaching a thousand feet. "

4-12



5-1

OCCURRENCE OF GROUND WATER

Sources of Data

Drill Holes

More than 1, 000 exploration holes have been drilled within the
claim area and within the Urangesellschaft claim area to the south. The
general procedure followed was to start the initial drilling of each hole
with air. If and when water was encountered the method of drilling
- was switched to a combination of air and foam to remove cuttings from
the hole. In some holes, generally in the Urangesellschaft area, either
the depths were too great or more water was encountered than could be
handled with air and foam, and it became necessary to complete the drill-
ing with a conventional fluid of drilling mud and water.

Drilling has been done within the claim areas since prior to 19786.
During the early phases of drilling only general information was collected
on the occurrence of ground water in drill holes and the results of test
drilling indicated that ground water occurred only in the area southwest
of Fault 1878. During the period March thru May 1979, 50 additional test
wells were drilled in the area between the East Boundary Fault and Fault
1878. Pertinent data for these test holes are given in Table 1 and locations
are shown on Plate 1. Results of this recent test drilling confirm the lack
of occurrence of ground water in this general area. For example, none of
the 50 holes encountered ground water and 26 of the holes were drilled into
the volcanics. The deepest hole was drilled to a depth of 319 feet.

In early 1977 a field survey was made of all drill holes that were
still open (a few had been cased) and the depth to fluid level in each hole
(if any) was measured. These data were plotted on a coordinate grid as

shown on Plate 2. Also shown on Plate2 are data for the wells drille
for the aquifer tests discussed in.this report. . WWﬁ UQ MW’[MW\ :
The bore-hole fluid level data range in reliabilitﬁy from excellent
for the holes that had been cased with perforated pipe and cleaned out
with air to poor for those holes that had been drilled in the lower portion
with mud, had not been cased nor cleaned out with air, and for which data
were not clear as to the water-producing unit. Two holes in particular
provided accurate data for they had been converted to water wells to sup-
ply water for the drilling rigs. These wells are DC-5 (Urangesellschaft
water well) which produces water from the Barren'sand, and AM-28

(Union Minerals water well) which produces water from the Sandstone
and conglomerate unit. '
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TABLE 1
DATA FOR HOLES DRILLED NORTHEAST OF FAULT 1878

(A1l holes were drilled and logged by Dames and Moore. No ground water
was encountered in any of the holes. Locations are shown on Plate 1.)

-Formation Formation

Hole Depth Collar Bottom at Land -at Hole

. No. (ft) Elevation Elevation . Surface Bottom
225-R 95 1,934 1. 839 Tml Tml
227-B 100 1,942 1,842 Tml Tml
232-B 100 2, 002 1,902 Tme Tml
249-B 95 1,975 1,880 Tml Tml
961-B- 60 1,941 1,881 Tml Tml
962-B 95 1, 941 1,846 Tml Tml
963-C 76 1,870 1,794 Qal Tvs (tuff)
964-C 84 1,852 1,768 Qal Tvs (s8/cg)
966-C 104.5 1,838 1,734 Tm]l Tvs (ss/cg)
368-C 217 1,930 1,713 Tml Tvs (ss/cg)
969-C 170 1,837 1,667 Tml Tvs (tuff)
970 80 1,814 1,734 Qal Tvs (ss/cg)
971-C 83 1,814 1,731 . Qal Tvs (tuff)
972-C 101 1,949 1,848 Tml Tml
973 319 1, 960 1, 641 Tme Tvs (ss/cg)
974 218 1,961 1,743 Qal Tvs (tuff)
975 200 1,873 1,673 Tml Tvs (85/cg)
976 28.5 1,922 1,894 Tml Tm]l
977 19.5 1,954 1,934 Tml Tml
978 23.5 1,963 1,939 Tmec ' Tml
979 6 1,966 1,960 Tml Tml
980 17.5 1,965 1,947 Tml Tml
981 55.5 1,844 1,788 Qal Tvs (tuff)
982 75.5 1,892 1,816 Qal , Tvs (tuff)
983 45.5 1,910 1,864 Tml Tvs (tuff)
384-C 38.2 1,814 1,776 Qal , Tvs (ss/cg)
ag5 S 21,5 1,884 1,856 Qal Tml
986 45,3 1,916 1,871 . Qal Tml
987-C 75.8 1,923 1,847 Qal Tml
988 50. 5 1,860 1,810 Qal Tml
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TABLE 1
( continued)

DATA FOR HOLES DRILLED NORTHEAST OF FAULT 1878

Formation Formation

Hole Depth Collar Bottom at Land at Hole
No. (ft) Elevation Elevation Surface Botiom
989 90.5 1,899 1, 809 Qal Tvs (tuff)
990 16.5 1, 946 1,930 Qal Qal
991-C 190. 25 1,985 1,795 Tvf Tvf
992-C 130 1,945 1,815 Tvf Tvf
493-C 129 1,938 1,809 Tvf Tvf
894 -C 160 2,004 1,844 Tvf TvE
995-C 99.5 1, 960 1,860 Tml Tvf
996-C 101 1,940 1,839 Tml Tml
ag7-C 274 1,940 1,666 Tml Tva
998-C 150 1,990 1,840 Tml Tvs (ss/cg)
999-C 167 1,892 1,725 Tml Tvs (ss/cg)
1012 65 1, 858 1,793 Qal Tvs (tuff)
1013-B . 150 2, 000 1,850 Tml ~ Tvs (tuff)
1014 55 2,032 1,977 Tml Tvs (tuff)
1015 35 2,014 1,979 - Qal Tml
1016 40 2,021 1,981 Qal Tml
1017 85 2,031 1,946 Tmec Tml
1019 80 : 2,012 1,932 Tmec Tml
"1021 50 1,966 1,916 Tml Tml
1022-C 50 1,973 1,923 Tml - Tm!




Several attempts were made with only partial success to contour
the borehole fluid level data. Problems inherent in contouring the data
include the multi-aquifer nature of the system in a portion of the area,
caved or plugged holes, and mudded up holes. In spite of the shortcom-
ings of the borehole fluid level data, they did provide useful information.
First, the data review indicated that the only two water-bearing units of
consequence are the Barren sand and the Sandstone and ‘conglomerate.
Second, the relation between faults and fluid-level elevations indicated
that the faults excercise primary control over ground-water movement.
Within blocks between faults and along faults the fluid-level gradient is
generally downward to the northwest, parallel with the fault pattern. As
- the faulting is generally downstepped to the southwest, the fluid levels in
- each successive fault block are lower southwestward. Thus, if one were
to plot a profile of fluid levels along a line across the mine area from
northeast to southwest, the gradient would be downward to the southwest
in a series of steps. However, the actual direction of ground-water
movement within the claim area appears to be northwestward. -Within
the Sandstone and conglomerate, permeability is greater along the north-
west trending fault zones than within blocks undisturbed by faulting, and
therefore the northwestward ground-water movement is facilitated and
southwestward movement is impeded by the massive unfractured blocks
between faults. Within the Barren sand, faulting that completely or
partially offsets the unit, placing it in contact with fine -grained lacustrine
sediments, would impede southwestward movement. Within this unit the
zones of greater permeability appear to be those northwest-southeast
trending blocks between faults.

Production Water Wells

Early in 1978 plans were made to construct six small diameter
test production water wells and a series of satellite observation wells
with the objective of conducting aquifer performance tests. The wells
were completed and aquifer tests were begun in November 1978. Sub-
sequent to beginning the aquifer tests, a six-inch test well and several ob-
servation wells were also drilled in the volcanics north of the mine area.
Testing of all wells, including AM-28 and DC-5, continued into February
1879, The results obtained from the testing are discussed in the follow-
ing chapter of this report.
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Chemical Quality

o3
The February\1978 report contained analyses of all water samples

available as of the datayof preparation. Table 2 contains data from water
samples collected since February 1978.

Water from the Sandstone and conglomerate unit within the claim
area is typified by the analysis from Well AM-28. The water is low in
total dissolved solids (200T mg/l (milligrams per liter)) and relatively
low in all constituents. Nitrate content is in the range of 15 to 20mg/1.
Water from the Barren sand is typified by the analysis from Well DC-5,
The total dissolved solids content of this water is in the range of 6507
mg/l, about three times greater than in water from the Sandstone and
conglomerate. Although the calcium and magnesium content is low, the
bicarbonate content is higher and the pH is high (8.7 to 8.9). The sodium,
chloride, and fluoride content is signicicantly higher than in water from the
Sandstone and conglomerate, Discussion of the analyses of the water from
-the other wells that were tested is given in the discussion of results from

aquifer testing,

The analyses from Well AM-28 indicate that water in the Sand-
Stone and conglomerate unit has dissolved little soluble material from the
formation. This suggests several things including the following: 1) the
formation contains little soluble material; 2) movement of water through
the formation is fairly free, and the ground water is not stagnant in the
formation; and 3) the low total dissolved solids content and the relatively
high nitrate content imply a local source of recharge rather than a far dis-
tant recharge source. In Sec. 16, T.11 N., R.10 W., a short distance
westward from the Urangesellschas aim area and southwestward from the
Union Minerals claim area (g8 where the Barren sand, lacustrine
gequence, and Sandstone and tonglomerate merge by facies changes into one
general unit there is ground water in the sequence considered stratigraphically
ﬁ- 1equiva1ent to the Sandstone and conglomerate. Analyses of this water exhibit
/M M characteristics between water from the Barren sand and water from the Sand-
¢ stone and conglomerate.

The analyses of water from the Barren sand indicate possibly long-

er contact time in the formation, more likelihood of soluble materials in

- the formation (especially from the lake bed sequence), and likelihood of a
recharge area farther from the claim areas than for water in the Sandstone

and conglomerate.

The three analyses from the volcanics well (No. 1007, see Table
2) indicate the water produced more closely resembles Barren sand wa-
ter than Sandstone and conglomerate water, but as pumping progressed
there was a slight shift toward Sandstone and conglomerate water. This
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water could be either a mixture of Sandstone and conglomerate water and
Barren sand water, or it could be Sandstone and conglomerate water which
has picked up additional dissolved solids (primarily sodium and bicarbonate)
while migrating through the lacustrine sediments.

Approximate Limits of Hydrogeologic Unit

The hydrogeologic unit related to mining within the claim area and
relating to the effects of mining is considered to be a parallelogram align-
- ed northwestward along faults. As no ground water has been encountered
northeast of Fault 1878, this fault is considered to be the northeastern

limit of the hydrologic unit.

The southwestern limit of the parallelogram is considered to be
along an imaginary line trending northwest in the vicinity of holes DC-133,
DC-136, and DC-126 (see P1. 1). Ground water occurring southwest of
this line is believed to continue moving northwestward along structural
features including the West Boundary Fault and it is considered that water
in this zone would be unaffected by mining operations.

The northwestern limit of the parallelogram is considered to be
aiong the Santa Maria River where it bends southward and thence north-
westward in the vicinity of Coordinates N1, 209,000 and E82, 000 (see Pl.
1). This is the zcne of natural discharge from the hydrogeologic unit.

The southeastern portion of the parallelogram is the recharge area.
The southeastern limit is not precisely known owing to paucity of drill-hole
data, but cannot be farther southeast than the vicinity of Sec. 4, T.10N.,
R.9 W., where the water-bearing sediments are cut off by volcanic rocks

of the Black Mountains.

The width of the parallelogram.is less than one mile. The length
is about 7-1/2 miles.

Direction of Ground-Water Movement

Regional

There are few wells in Date Creek Basin. Data for elevations of
water levels inwells and for elevations of water issuing from Grapevine
Springs (Secs. 21, 22, and 23, T.11 N., R.11 W.) indicate that the region-
al direction of ground-water movement in the basin is northwestward.
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Within Mine Area

The data for water-level elevations within the mining claim areas
of Union Minerals and Urangesellschaft U.S,A. (see Pls. 1 and 2) indicate
that the direction of ground-water movement is northwestward. Further
discussion of the direction of ground-water movement within the claim
areas is given elsewhere in this chapter and in the next chapter of this re-
port.

Natural Discharge

Regional

There is practically no withdrawal of ground water from the Date
Creek Basin and the basin is considered to be in dynamic equilibrium.
Therefore, one method for estimating natural discharge is to evaluate
the recharge.

According to Busby (1966), annual runoff in the portion of south-
western Arizona that includes the Date Creek Basin is 0.1 inch of depth.
Annual rainfall at Alamo Dam is about 8 inches in an average year (Wol-
cott and others, 1956, p.,308). Thus, slightly more than one percent of
the rainfall becomes runoff on the average, and the other 99 percent is
consumed by direct evaporation and replenishment of soil moisture. The
soil moisture is continuously depleted by native vegetative cover.

Of the runoff, not more than 50 percent sinks deéply enough iato
the ground to escape capillary upward pull in the zone of soil moisture,
and hence recharges the ground-water system (Coates and Cushman, 1955,

p. 28).

The area of Date Creek Basin and tributary washes, excluding the
drainage area of Bullard Wash, is 270 square miles (Halpenny and Clark,
1978, p.3-1; 310-40= 270). The drainage area of Bullard Wash is 275
square miles (ibid, p.7-1). It is considered, therefore, that the annual
ground-water discharge from Date Creek Basin into the Santa Maria River
upstream from the confluence with the Big Sandy River is about 1,450 acre-
feet per year. (545 sq mi x 640 ac/sqmix 0.1 in/yr x .5 —— 12in/ft =
1,453 ac-ft).
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Within Mine Area

The data collected from the Anderson Mine area indicate that the
avenues of natural discharge of ground water from the hydrologic unit is
northwestward along faults that cut the sequence of Tertiary volcanics
northwest of the mine area. No seeps have been observed within the mine
area at the exposed contact between the.Sandstone and conglomerate and
the lacustrine sediments. This absence of seeps (ground-water discharge)
at the surface contact indicates that ground-water in the Sandstone and con-
glomerate is percolating downward through the lacustrine sediments into
faults in the underlying volcanics. Owing to the low permeability of the
bulk of the lacustrine sediments most of this downward movement is con-
sidered to be along faults and fractures in the lacustrine sediments.

The Barren sand, although confined in the Urangesellschaft claim
area and the southern portion of the mine area, has a piezometric-surface
elevation in the order of 100 feet lower than the water-level elevation in
Sandstone and conglomerate wells a short distance to the north. Data dis-
cussed in a subsequent section of this report indicate that the bulk of the
Barren sand ground water is moving northwestward toward the cluster of
structural features in the vicinity of AM-659, AM-138, and AM-443 (see
Pl. 1). The possibility exists that some of the Sandstone and conglomerate
water to the north at a higher elevation could be draining into this northwest
trending Barren sand ground-water low. Pressure head on the Barren sand
at DC-5 is 450 to 500 feet and in the vicinity of AM-659 and AM-138 is in
the range of 280 feet. Thus, as the Barren Sand water moves northwest-
ward the artesian head decreases. Farther northwest, the Barren sand
pinches or lenses out into the lacustrine sediments or against the volcan-
ics, and the pressure head drops to zero. Ground water in the Barren
sand also eventually finds its way into structural features in the volcan- .
ics.

Sources of Recharge, Local Hydrogeologic Unit

Sandstone and Conglomerate

. The principal source of recharge to the Sandstone and conglomerate
unit is considered to be primarily downward percolation from nccasional
storm runoff in stream courses that extend northwestward from the drain-
age divide to the northern limit of outcrop of the unit. Some percolation
from direct runoff may enter the unit along fractures and faults. |
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The principal recharge area is considered to be no larger than
two square miles and occurs in the zone marked on the sketch (Fig. 1)
as ""Recharge zone, Sandstone and conglomerate". Utilizing the same
data that were applied to the Date Creek Basin, the average annual re-
charge to the Sandstone and conglomerate within the local hydrogeologic
unit is about 3.3 gpm (5. 3 ac-ft/yr).

(2 5q mi x 640 ac/sq mi x 0.1 in/yr x 0.5 =12 in/ft = 5.3 ac-ft/yr)
Barren Sand

Recharge to the Barren sand in the hydrologic unit under discus -
sion is considered to be from the southeast. The source of recharge is
infiltration from desert washes during runoff events and possibly moun-
tain front recharge from a portion of the Black Mountains. Owing to lack

-of drill hole data in the southeastern part of the parallelogram that com-
‘prises the hydrogeologic unit and lack of knowledge of the location of the
ground-water divide between the Santa Maria River and Date Creek, a rea-
sonable estimate of the areal extent of the Barren sand recharge area can-
not be made. '

The throughflow in the Barren sand is equivalent to the annual re-
charge and the annual discharge because the unit is in dynamic equilibrium.
The general direction of Barren sand ground-water movement through the
hydrogeologic unit is northwest. Inthe area under discussion (from Fault 1878
southwest to the vicinity of holes DC-133, DC-136, and DC-126) the widthof the
Barrensand (normal to flow direction) is about 4, 200 feet. As discussed in
a subsequent section of this report the zone of higher transmissibility for the
Barren sand is in the southwestern portion of the hydrogeologic unit extend-
ing northwestward from the vicinity of Well DC-5. Transmissibility in this
areais in the range of 500 gpd/ft and the width of the zone is estimated to be
about 2,000 feet. The zone of lower transmissibility is in the northeastern por-
tion of the hydrogeologic unit and is about 100 gpd/ft based on data from the
test on Well AM-933. Width of this zone is about 2, 200 feet.

Based on piezometric data for Wells DC-5 and AM-659 the hydrau~
lic gradient on the Barren sand amounts to 0. 0043 feet per foot. Using the
relation ’

Q= TIL
where
Q = throughflow in gallons per day
T = transmissibility in gallons per day per foot
I = hydraulic gradient in feet per foot .
L = length width of section normal to flow direction
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the computation for the 2, 000-foot section with a transmissibility
of 500 gpd/ft is as follows:

Q = 500 x 0.0043 x 2, 000
4, 300 gpd

3.0 gpm

and the computation for the 2,200-foot section with a transmissibil-
ity of 100 gpd/ft is as follows:

Q = 100 x 0.0043 x 2, 200
946 gpd

0.7 gpm

Accordingly, throughflow through the Barren sand is considered to
be about 3-1/2 to 4 gpm.
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RESULTS FROM AQUIFER TESTS

Well Construction and Testing Procedures

Sandstone and Conglomerate - Barren Sand Sequence

Six new six-inch diameter test wells were drilled for test pur-
poses in the Sandstone and conglomerate-Barren sand sequence. These
~are AM-439, AM-556, AM-659, AM-660, AM-933, and AM-960. In ad-
dition to the six new wells constructed for testing, existing supply wells
AM-28 and DC-5 (Urangesellschaft) were also utilized for testing purposes.
Drill-hole data for these holes are shown on two maps (Pls. 1 and 2) and
in Table 3. Depths cased varied widely depending upon location in the geo-
logic section and ranged from 188 to 750 feet. None of the wells were gra-
vel packed. The general procedure followed in installing casing was that
the depth to the uppermost perforations corresponded to the depth at which
water was first encountered. Again depending upon location within the geo-
logic section the depth at which water was first encountered could be in
either the Sandstone and conglomerate or the Barren sand or in the lacust -
rine sediments between these two units. Casing installed in AM-933 was
6. 249-inch ID steel casing with 1/8-inch by 9-inch torch cut slots. Casing
installed in the remaining five new test wells was 5. 76 inch ID PVC casing
with 1/8-inch by 3-inch machine cut slots. Open area for both the steel
and PVC casing amounts to 4.5 square inches per linear foot. All test
wells were washed and cleaned prior to testing.

A total of 12 small diameter observation wells were utilized for
observation purposes during the tests. Several of these were old explor-
ation holes which were washed out and cased. The remainder of the ob-
servation wells were new holes which were drilled, washed, and cased
specifically for the testing program. Casing installed in these holes con-. .
sisted of either 2-inch ID or 3.5-inch ID steel casing or .4-inch ID PVC. .
Procedure for selecting depths-at which to perforate the observation wells
was similar to that used for the pumped wells. Perforations in the steel
casing were 1/8-inch by 9-inch torch cut slots with 2. 25 square inches of
ovening per linear foot of perforated casing. Perforations in the one ob-
servation well cased with PVC casing were made with a hacksaw.

The tests were conducted with submersible pumps ranging in size
from three to ten horsepower. The discharge line assembly for all tests
was equipped with a flow meter for measuring discharge rates, a gate valve
for controlling flow rates, and a pressure gage for monitoring back pres-
sure on the flow meter and pump. ) :
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Elevation of Elevstion of
Base of Elevation of Elavstion of Top of
Hole Collar Depth to Elevation of Ssndstone and Top of Base of Basemeat
No. Elevation Fluid Level Fluid Level Conglomerate Barren Saod  Barreo Sand Volcanics
(rt/msl) () (1t/mal) (1t/msl) (ft/msl) (t/msl) (ft/msl)
AM-22C 1,954 178 1,778 1,644 1,409 , 1,364 1,250
AM-23 1,988 250 1,738 1,643 1,478 - 2 1,453
AM-28 1,852 70 1,782 1,627 1,402% 1.877¢ 1,337
AM-28C 1,853 - - - - - -
AM-110C 1,845 - - - - - .
AM-129 1.869 231 1,638 1,854 1,468 % 1.454 % 1,454
AM-134 - 2,008 271 1,131 1.843 1,533 1 1,518 ¢ 1,503
AM-135C  1.994 147 1.847 1,857 % 1, 509 1,499 ° 1, 500
AM-137 1,924 178 1,746 1,504 NE - 1,444
AM-138 1.822 176 1,646 1,577 NE ? - 1, 387
AM-119 1,801 35 1,766 1,586 NE - 1,421
AM-145 1,767 75 1,892 - NE - 1,647
AM-155 2. 068 337 1,731 1,553 1,478 ¢ 1,423 1,363
AM-187 2, 004 308 1,896 1,829 1. 404 1,330 ¢ 1,314 ¢
AM-170C 1,797 82 1,715 - NE . 1,677
AM-177 2.014 209 1,805 . 1,858 1,374 1,364 ° 1,384
AM-180 2, 060 266 1,794 1. 680 1,450 1,410 1.335
AM-182 2,082 278 1,804 1.616 1,452 1,432 1.336
AM-183 2,051 267 1,784 1, 851 1,451 1,381 1,261
AM-306C 1,755 35 1,720 - NE - 1,718
AM-320 1,825 110 1,715 - NE - 1.575
AM-121 1,786 75 1,711 - NE - 1,586
AM-324C 1,837 - - - - - -
AM-325 1, 820 100 1,720 1.800 " 1,605t 1,580 % 1,550
AM-326 1,817 100 1,717 1,117 NE - 1,602
AM-334 1,844 115 1,729 1. 874 NE - 1,529
AM-1335 1,854 110 1,744 1,639 NE - 1,538
AM-336C 1,836 96 1, 740 1,746 NE T, 1.581
AM-350 1,869 65 1,804 1, 569 - 1,499° 1,448 2 1,319 ¢
AM-371 2,008 268 1,%42 1,648 NE - 1,553
AM-372 1,996 245 1,751 1, 841 NE - 1,486
AM-378 1,948 212 1.736 1,643 NE - 1,443
AM-379 1.974 231 1,743 1,634 NE - 1,439
AM-380 1,983 267 1,718 1,678 NE - 1,499
AM-384 1,937 238 1,694 1,632 1,467 % 1,4371% 1,382
AM-385 1,911 168 1,743 1,661 1,411 T 1,444 % 1, 444
AM-402 1,857 140 1,717 1,877 NE - 1, 587
ANM-403 1,803 144 1, 742 1,578 1,463 % 3,453 1 1,453
AM-405 1,908 148 1,758 1,566 NF - 1,431
AM-406 1,918 321 1,597 1,578 NE - 1,438
AM-417 1,984 361 1,623 1, 509 1.364 1 1,349 ¢ 1,348
AM-410 1,940 318 1,822 1,480 1,360 % 1,320 % 1,320
AN-472C 1,915 262 1,653 1.570 1,335 ¢ 1.315 1,245
AM-423 1,902 256 1,646 1,512 1,347 1,312 1,272
AM-324 1,899 204 1,595 1,519 1,374 1. 348 1,324
AM-426 2,035 251 1,784 1,870 1,480 1. 405 1,343
AM-427C 2,078 260 1,818 1,843 1,388 1,343 1,343
AN-437 1,894 126 1,768 1,629 1,414 1, 364 1,254
AM-438 1,867 104 1,783 1,627 1,407 1,357 1,337
AM-440 1, 900 167 1,733 1,630 1,450 2 1,4301 1.350
AM-441 1,891 134 1,757 1,628 1,431 % 1.420% 1,346
AM-442 1,891 151 1. 740 1, 596 1,438 1,408 1,341
AM-443 1,807 50 1.1757 1,807 1,387 1,357 1,207
AM-444C 1,874 217 1,657 1,635 1,410 1,374 1,308
AM-446 1,984 220 1. 764 1,534 1,404 1,324 1.218
AM-448 1.930 159 1,771 1,615 1,405 1,360 1.215
AM-507 2,011 465 1, 546 > ? 2 53)
AM-516 2,014 470 1. 543 1,345 > ? . 555
AM-520 2,040 485 1,555 825 > ? 540
AM-S25 1,830 20 1. 748 1, 709 1.619 t 1,579 ¢ 1,518
AM-556 1,847 94 1,753 1,780 1,582 % 1,547% 1.538
AM-659 1,830 102 1.6% 1,570 1,355 % 1,325 % 1,245
AM-660 1.925 125 1. 800 1,860 1,490t 1,470t 1,470
AM-T07 2,060T 414 1,648 1,555 1.380 1,335 -
AM-865 1,900 101 1,799 1, €00 - - 1,478
AM-B74 1.829 73 1.756 - - - -
AM-931 2,020 367 1,653 1,480 1,340 1,293 1,230
AM-923 1,998 328 1.670 1,448 1,363 1,918 1.283
AM-945 1.888 242 1,646 1,583 1,208 ¢ 1,258 % 1,838
AM-960 1,960T 182 1.768 1, 590 1,380 ¢ 1, %80 -
PC-5 1,990 342 1,848 - 1,200 i,120% -
DC-71 2,097 523 1,574 - .- - -
DC -126 1,951 319 1,632 - - - -
DC-129 1,983 382 1.601 - - - -
DC-133 1,952 337 1.615 - - - -
DC-136 1,977 350 1,827 - - - -

NE: Not encountered.
T: Elevation from topo.
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“Volcanics

In addition to the previously discussed wells and observation holes,
other holes were drilled in the volcanics along the northwestward trending
fault in NW} Sec. 10 (see Pl. 1). The objective of drilling the volcanic
wells was to determine the potential ground-water production from the
fault zone and to establish a monitor well for future use. A total of 12 ex-
ploration holes were drilled using air so that the depth at which water was
encountered could be determined and quantities of water could be estimated
by blowing the hole with the rig compressor. Six of the holes were dry or
- did not encounter measurable amounts of water, and were not cased. The
locations of the six cased holes are shown on the map (P1l. 1) and pertinent
data on all of the holes are shown in Table 4. Coordinates and additional
data for the six cased holes are shown in Table 5, Casing used in observa-
tion wells was 2 or 2. 5-inch galvanized pipe with torch-cut slots. Casing
used in the production well (AM-1007) was six-inch steel pipe with 1/8-
inch by 3-inch saw cut slots. Total open area was nine square inches per

linear foot of casing. ‘

The testing procedure on volcanic production Well AM-1007 was
the same as that for the other wells, a submersible pump with the dis-
charge line equipped with a flow meter and a gate valve. Observation
wells utilized during the test were those that were cased, AM-1000, AM-
1002, AM-1009, AM-1010, and AM-1011. :

Aquifer Tests

‘Water levels were measured in many observation wells throughout
the testing. Plates 3 and 4 are hydrographs of water levels rheasured dur-
ing the period November 13, 1978, through January 22, 1979. All water
levels are shown except those made in -the pumped wells during pumping.
Inclusion of those data would have required separate graphs at a smaller
scale to illustrate the substantial drawdowns in the pumped wells,

Work done since January 22 included testing Well AM-960 and the
volcanic well, AM-1007. Data on declines caused by pumping AM-960 and
AM-1007 are given in the detailed discussions of the tests in a subsequent
part of this chapter.

Discussion of the individual tests is given by pumped wells in the
following pages, with the tests related to the Sandstone and conglomerate
first (28, 439, 660, and 960), the Barren sand next (556, 655, 933, and
DC-5), and the volcanic test last (1007).
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TEST HOLES DRILLED IN TERTIARY VOLCANICS

ing water.

servation as '"damp''.

Estimated
Hole Depth Discharge Remarks
No. Drilled With Compressor
(ft) (gpm)
- AM-1000 165 10 to 25 Hit fault at approximately 115

feet. Cased to total depth.
Perforated from 102 to 165
feet.

ANM-1001 165 0 _.1._/ Damp from 25 feet to bottom.
No water could be produced.

AM-1002 137 50 to 100  Hit fault at approximately 120
feet. Cased to total depth.
Perforated 100 to 137 feet.

AM-1003 165 0 1/ pamp from 25 feet to bottom.
No water could be produced.

AM-1004 245 0 —1—/ Damp from 195 to 245 feet. No
water could be produced.

AM-1005 160 0 —1—! Damp from 60 to 160 feet. No
water could be produced

ANM-1006 320 < 1 1/ Damp from 60 to 320 feet. Esti-
mated discharge 1 to 2 pints per

: minute.

AM-1007 200 00 to 100  Hit fault at approximately 120
feet. Cased to total depth.
Perforated from 100 to 200
feet.

"AM-1008 230 0 Dry hole. Not even damp.

AM-1009 200 30 to 50 Hit fault at approximately 175
feet. Cased to total depth.
Perforated from 100 to 200
feet.

AM-1010 200 1to 3 Cased to total depth. Perfor-
ated from 100 to 200 feet.

AM-1011 165 . 0.5t0 2 Cased to total depth. Perfor-
ated from 80 to 165 feet.

1/ The holes were drilled with air., Dry cuttings were blown out as dust.

Cuttings from below the water table were blown out with accompany-
Cuttings from moist zones were described from field ob-
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AM-28

AM-28 is the existing supply well used for drilling water. The
hole was originally drilled as an exploration hole and penetrated Sand-
stone and conglomerate from land surface to 225 feet, lacustrine sedi-
ments from 225 to 450 feet, approximately 25 feet of Barren sand in the
depth range of 450 to 475 feet, and lacustrine sediments from 475 to 515
feet. The hole was completed and cased to a depth of 200 feet with five-
inch PVC casing perforated from 60 to 200 feet. Perforations are 1/8-
inch by 3-inch cuts with 4. 5 square inches of opening per linear foot of

~casing. 'AM-28 has been sounded and is open to cased depth but is plug-
ged below that depth.

Observation wells near AM-28 include AM-350 located 260 feet
east and south, AM-874 located 510 feet northwest, AM-866 located
340 feet north, and AM-660 located 410 feet northeast. AM-350 was
- drilled to a total depth of 490 feet and cased to 240 feet with perforations
extending from 50 feet to the bottom of the casing. The section encoun-
tered consisted of Sandstone and conglomerate from land surface to 300
feet, lacustrine sediments from 300 to 370 feet, approximately 50 feet
of Barren sand in the depth range of 370 to 420 feet and lacustrine sedi-
ments from 420 to 490 feet which were underlain by volcanics. - AM-350
was sounded during the test period and is only open to a depth of 96. 2
feet. It is considered likely that the hole has been partially filled as a
result of surface water ove rtopping the casing. The well is in the bed
- of a wash that occasionally carries flood runoff.

-AM-874 penetrated the Sandstone and conglomerate from land
surface to a depth of 125 feet and lacustrine sediments from 125 to 350
feet. Casing is reported to extend to 180 to 200 feet with perforations

starting at 50 feet. Pertinent data for AM-660 and AM-866 are given
in the discussion on the AM-660 test.

AM-28 was tested for 28 hours with a 10 horsepower submersible
set at 173 feet during the period December 6-7, 1978. Initial static wa-
ter level was 57.9 feet and the final pumping water level was 101. 1 feet.
With the exception of the first few minutes of pumping the discharge was
muaintained at 89 gpm throughout the test. This is the highest yield obtained
from any of the Sandstone and conglomerate wells. Specific capacity at the
end of pumping was 2. 06 gpm/ft of drawdown. Semi-log and log-log plots of

the data obtained from A M-28 give transmissibility values ranging from 2, 000
to 5,000 gpd/ft. :

Observation wells AM-350, AM-660, and A M-886 all showed a
response to pumping with the maximum decline amounting to 2. 2 feet in




AM-350. Semi-log plots for these three wells show a continuing curva-
ture downward with time and the log-log plots show a continuing departure
from the type curve with time. Using the late data gives transmissibility
values ranging from 11, 000 gpd/ft for AM-350 to 16, 000 gpd/ft for AM-
660. Distance-drawdown plots at 300, 700, 1, 200, and 1, 680 minutes af-
ter pumping started give transmissibility values of 16,000, 15, 000, 14, 000,
and 8, 500 gpd/ft respectively. Thus, the general shape of the curves plus
the distance-drawdown data show that with increasing time transmissibility
values are still decreasing fairly rapidly. For the vicinity of AM-660 and

- AM-866 we believe that the results of the AM-660 test are more indicative
of actual transmissibility values in this direction. For the vicinity of AM-
28 the transmissibility value is in the range of 4,000 gpd/ft after 28 hours
of pumping at 89 gpm. With prolonged pumping or a greater discharge, a
lower value would prevail because data show that the transmissibility was
decreasing with time. Short-term storage coefficients determined from
the test data were generally in the 10-3 to 10-4 Range.

AM-336C, AM-556, AM-874, and AM-525 were all affected slight-
ly by pumping AM-28. The magnitude of this effect is best described in
terms of changes in recovery or decline rates. All of these wells showed
a net rise in water level from before the time AM-28 was turned on until
after it was turned off. Prior to the test of AM-28, AM-336 C showed a
recovery rate of approximately 0.4375 ft/day. The effect of pumping AM-28 was
to reduce this recovery rate to approximately 0. 2125 ft/day. AM-556 was
similarily affected, the pre-test recovery trend changing from 0. 2690 ft/
day to 0.1875 ft/day. AM-874 showed apre-test recovery rate of 0. 3750 ft/
day which reversed to a decline rate of 0.15 ft/day prior to shut off of AM-
28. Sufficient data were not obtained to develop rates of change for AM-525.

AM-439

Well AM-~439 was reported drilled to a total depth of 680 feet. The
units encountered at this location include 240 feet of Sandstone.and conglom~
erate, from land surface to a depth of 240 feet; 220 feet of the lacustrine
sediments, from a depth of 240 to 460 feet below land surface; 50 feet of
Barren sand from 460 to 510 below land surface; 90 feet of lower lacustrine
sediments from 510 to 600 feet below land surface and 60 feet of andesite
from 600 feet below land surface to the total depth.

AM-439 is reported to be cased with PVC to 520 feet. Sounding of
AM-439 indicates the well bore is open only to a depth of 379 feet. The cas-
ing record indicates the well is perforated from 140 to 240 feet below land
surface and from 420 to 520 feet below land surface. A video film of the
well indicates perforations from approximately 77 feet below land surface to
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200 feet, and a break in the casing at 235 feet. Material brought into the
break by the camera caused sufficient turbidity so that filming of the re-
mainder of the hole was not possible.

On December 11, 1978 an attempt was made to obtain preliminary
pumping data on AM-439, in order to pick a discharge at which to conduct
a test. A ten-horsepower submersible pump was set at a depth of 210 feet,
which allowed for cnly 105 feet of drawdown. This shallow setting was
selected in order to keep the pump above the casing break at 235 feet. How-
ever, sufficient material was produced through the break to lock the pump
approximately three minutes after the pump was turned on. No water sam-
ples were obtained owing to the brief period of operation before the pump
stopped. No additional attempts were made to test this well due to the con-
dition of the casing. ' . '

Static water levels in this well have been 105 1 foot throughout the -
period October 1978 through January 1979.

AM-660

AM-660 was drilled to a total depth of 523 feet. The transition
from Sandstone and conglomerate to lacustrine sediments was gradual
at this site, occurring in the depth range of 220 to 265 feet. Lacustrine
sediments extended from 265 feet to 435 feet, underlain by approximate-
ly 20 feet of Barren sand (?) which in turn was underlain by volcanics.
There was also a barren zone in the depth range of 365 to 385 feet which
was a green to dark green siltstocne. The hole was cased to a depth of
188 feet with perforations extending from 60 to 180 feet. Sounding subse-
quent to testing indicates that the hole is actually open to a depth of 212
feet. The static water level in AM-660 is in the range of 127 feet, which
gives a saturated thickness of 53 feet of Sandstone and conglomerate open
to the perforated section of the.well bore plus an additional 24 feet in the
open hole below the casing. - -

AM-866, located 200 feet west, is the closest observation well to
AM-660. Total depth drilled for AM-866 was 457 feet and cased depth is
400 feet. Precise data on casing perforations are not available but it is
believed they extend from 50 feet below land surface to total cased depth.
- The base of the Sandstone and conglomerate unit was encountered at a
‘depth of 250 to 270 feet and the remaining 130 to 150 feet of material open
to the well bore consists of lacustrine sediments. Static water level in
AM-866 is in the range of 101 feet giving a combined saturated thickness
of 299 feet of Sandstone and conglomerate and lacustrine sediments open
to the well bore. ;
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AM-660 was tested on November 28, 1978 with a three horse-

power submersible pump set at 173 feet. Total pumping period amounted

to 2.5 hours. Initial static water level was 127. 3 feet and the discharge
was maintained at about 15 gpm during the bulk of thetest. The discharge
started declining during about the last 45 minutes of pumping and could not
be maintained at 15 gpm even with the gate valve wide open. Accordingly,
the test was terminated. Final pumping water level was 165. 2 feet giving
a drawdown of 37.9 feet. The discharge at time of shutoff amounted to
14.5 gpm. Specific capacity at this time was 0. 38 gpm/ft of drawdown
and was still decreasing. Analysis of the drawdown and recovery data for
AM-660 indicates transmissibility values in the range of 100 to 350 gpd/fi.

Based on the water-level data and hydrographs (see Pl. 3) pump-
ing AM-660 had a definite effect on AM-866 and AM-874. The hydrographs
also indicate a slight effect on AM-556, AM-525, and AM-336 C, as their re-
covery rates were dampened while pumping AM-660. Slight effects were al-
so noticed on AM-350 and AM-28. Total water-level decline in AM-866 as
a result of pumping AM-660 amounted to 0. 36 foot. This occurred within
150 minutes after pumping started and remained essentially constant during
the remainder of the test. Plotting and analysis of the drawdown and recov-
ery data for AM-866 gives transmissibility values in the range of 12, 000 to
22, 000 gpd/ft which are extremely high and are not considered to be valid.
Problems inherent in the above analysis include the partially penetrating na-
ture of AM-660 versus the fully penetrating nature of AM-866 including the
lacustrine sediments penetrated, the relatively brief time period during which
it was possible to maintain a constant discharge, the low rate of discharge,
and relatively small amount of drawdown with resultant lack of stress on the

aquifer system.

Total water-level decline in AM-874, located 500 feet west of AM-
660, as a result of pumping AM-660 amounted to 0. 76 foot and the decline
was continuous throughout the test. At the AM-874 site the base of the Sand-
stone and conglomerate is at a depth of 125 feet. The casingis reported to
extend to a depth of 180 to 200 feet, perforated.from 50 feet to total depth.
Saturated thickness of the Sandstone and conglomerate would be in the range
of 50 feet. Analysis of the available data for AM-874 indicate a transmis-
sibility value in the range of 1, 300 gpd/ft. Due to the brief period of pump-
ing and inability to maintain a constant discharge with increasing drawdown
at AM-660, it is considered that the true transmissibility is somewhat less
than 1, 300 gpd/ft in the AM-874 area. In addition, the observed drawdown
in AM-874 is less than the true drawdown during the pumping period due to
the recharge event that was occurring prior to, during, and after the AM-
660 test. The hvdrograph (Pl. 3) shows that water levels were rising during
the period, especially in AM-336C, AM-525, AM-556, and AM- 874 The
period was one of heavy stormse and runoff.
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In summary, we consider that the real transmissibility value for
the Sandstone and conglomerate unit in the vicinity of AM-660 and AM-
866 is in the order of magnitude indicated by the drawdown and recovery
data for AM-660, in the range of 100 to 350 gpd/ft. :

A water sample was collected from AM-660 during the test (see
Table 1). Results of the analysis show that the water produced is essen-
tially identical to the water produced by AM-28.

AM-960

Well AM-960 is reported drilled to a total depth of 600 feet. The
section penetrated at this location includes 370 feet of the upper and low-
er conglomerate units, 210 feet of the lacustrine sediments from a depth
of 370 to 580 feet below land surface, and approximately 20 feet of the
Barren sand from 580 to 600 feet below land surface.

AM-960 was cased to a depth of 600 feet and the perforated inter-
val is from 360 to 600 feet. Down-hole video film of AM-960 indicates a |
casing break at 119 feet below land surface and another at 379 feet. At
the lower break, movement of the camera going past the break brought in
sufficient formation material to prohibit the filming of the remainder of
the hole. While perforations are reported to start at 360 feet below land
surface, the video film indicates no perforations to 380 feet, which creates
some doubt as to the accuracy of the casing record, andalso indicates that
the Sandstone and conglomerate is blanked off. Sounding of AM-960 indi-
cates the well is open to a depth of 593 feet.

Testing of AM-960 began on January 30, 1979, and continued for a
total of 21 hours. The discharge was maintained at a rate of 12 gpm for a
period of 5 hours, at which point it was increased to 15 gpm for the remain-
der of the test.

Static water level at the beginning of the test was 192, 1 feet,
and has been in this range * 1 foot throughout the period August 1978
through January 1979. After 5 hours of pumping, the pumping water
level was 258.4 feet (drawdown of 66. 3 feel), giving a specific capacity
-l 0.18 gpm/ft of drawdown. During the remaining 16 hours of pumping
the discharge was increased to 15 gpm, and the final pumping water lev-
el was 276. 4 feet (84. 3 feet of drawdown), and the final specific capacity
was also 0.18 gpm/ft of drawdown.
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Observation wells monitored during the testing of AM-960 inclu-
ded Wells AM-22C, AM-437, AM-439, and AM-945, Well AM-22C,
located 250 feet northwest of AM-920, is reported drilled to a depth of
80 feet, and cased to a depth of 690 feet. However, sounding of this
well indicates it is open only to a depth of 475 feet. The section pene-
trated at this location includes 310 feet of the Capping and lower con-
glomerate, from 0 to 310 feet below land surface; 45 feet of Barren
sand from 545 to 590 feet below land surface; 95 feet of lower lacustrine
sediments from 590 to 685 feet below land surface; and 95 feet of ande-

site from 685 to 780 feet below land surface. The casing in AM-22C is
. reported perforated from 490 to 690 feet below land surface. As men- _

tioned above this well is open only to a depth of 475 feet, leaving only
blank casing from this depth to land surface, and no real communica-
tion with any of the units penetrated. Static water levels have been in
the range of 178 feet throughout the testing program.

Well AM-437 located 600 feet northwest of AM-960 is reported
drilled to a total depth of 660 feet. The section penetrated at this loca-
tion includes 265 feet of the Capping and lower conglomerate from 0 to.
265 feet below land surface; 215 feet of lacustrine sediments from 265
to 480 feet below land surface; 50 feet of Barren sand from 480 to 530
feet below land surface; 110 feet of lower lacustrine sediments from
530 to 640 feet below land surface; and 20 feet of andesite from 640 to
660 feet below land surface. AM-437 is reported cased to a depth of
320 feet and perforated from 120 to 260 feet. Sounding of AM-437 indi-
cated the well is cased to 280 feet and open to a depth of 307 feet. Thus,
the well is open to the lower conglomerate unit and 42 feet of lacustrine
sediments. Static water level in this well for the length of the testing
program was in.the range of 128 feet.

- AM-945 located 410 feet west of AM-960 is reported drilled to a
depth of 660 feet below land surface. The section penetrated at this lo-
cation includes 305 feet of Capping and lower conglomerate from 0 to 305
feet below land surface; 295 feet of lacustrine sediments from 305 to 600
feet below land surface; 30 feet of Barren sand from 600 to 630 feet, and
30 feet of lower lacustrine sediments. The well is cased to a depth of
630 feet and perforated from 480 to 630 feet,. Sounding of AM-945 indi-
cates a total depth of 614 feet leaving 120 feet of lacustrine sediments
and 14 feet of Barren sand open to the well bore. Well AM-439, which
~was also monitored during the test on AM-960, is described in a separate
section of this report.

During the testing of AM-960 none of the above observation wells
showed any response to pumping. As mentioned earlier the video films
of AM-960 indicate the saturated section of Sandstone and conglomerate
15 not perforated. Temperature of the ground water produced while
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pumping AM-960 was 82C°F, Although the total dissolved solids con-

tent (see Table 1) is more than twice that for AM-28 the water resem-
bles the Sandstone and conglomerate type of water more than the Bar-
ren sand type. The high water level elevation, similar to that for AM-
437 and AM-439, also indicates Sandstone and conglomerate conditions.
Sandstone and conglomerate water, in order to be produced, would have
to move vertically downward from the base of the unit and enter the well
bore through the casing break at a depth of 379 feet. Some of the produc-
tion may also have been from the upper lacustrine sediments which could
explain the higher mineral content. All of the data indicate that AM-960
is not open to the Barren sand.

In view of the physical condition of AM-960, aquifer characteris-
tics for the Sandstone and conglomerate at this site cannot be determined.
The lack of response in AM-22C is attributed to the fact that the Sandstone
and conglomerate is blanked off in this well. The lack of response in AM-
437 and AM-439 would indicate tight conditions in the direction of these
wells and little or no hydrologic communication via faults or fractures.

AM-556

AM-556 was drilled to a total depth of 360 feet and cased to a
depth of 315 feet. The sectionpenetrated at this site consisted of Sand-
stone and conglomerate from land surface to a depth of 60 feet, lacus-
trine sediments from 60 to 265 feet, approximately 35 feet of Barren
- sand in the depth range of 265 to 300 feet, and 55 feet of the lower la-
custrine sediments which is underlain by volcanics. Perforations in
the casing extend from depths of 110 to 180 feet and 265 to 315 feet.
The static water level in AM-556 prior to preliminary pumping was gen-
erally in the range of 94 feet. Thus, the Sandstone and conglomerate
unit at this site is dry and sections open to the perforéted casing include
70 feet of the upper lacustrine sediments, approximately 35 feet of Bar-
ren sand and 15 feet of the lower lacustrine sediments..

AM-336C, located 280 feet west and slightly north of AM-5586,
and AM-525, located 340 feet east and slightly north of AM-556 are the
two closest observation wells. AM-336 C was drilled to a total depth of
255 feet. The Sandstone and conglomerate unit extended to a depth of
90 feet and lacustrine sediments extended from this depth to 255 feet
where volcanics were encountered. Casing was installed to a depth of
240 feet, perforated from 140 to 240 feet. Static water levels in this
hole have generally been in the range of 94 to 96 feet. The Sandstone
and conglomerate unit is dry and perforations are opposite the lacus-
trine sediments. ‘
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AM-525 was drilled to a depth of 357 feet, encountering volcanics
at a depth of 320 feet. The section penetrated included Sandstone and con-
glomerate from land surface to 130 feet, lacustrine sediments from 130 to
220 feet, approximately 40 feet of Barren sand in the depth range of 220 to
260 feet, underlain by 60 feet of lacustrine sediments. Casing was installed
to a depth of 340 feet, perforated from 60 to 180 feet. Static water level in
AM-525 is about 90 feet. Perforations are opposite 40 feet of saturated
Sandstone and conglomerate and 50 feet of lacustrine sediments.

AM-556 was tested briefly on January 4, 1979 after 13 minutes of
preliminary pumping on the previous day. Static water level at the begin-
ning of the test was 92.1 feet, and the pump was set at 260 feet. After 25
minutes of pumping the pumping water level was at 249.7 feet and still
dropping rapidly, thus it was necessary to terminate the test. An attempt
was made during the pumping period to restrict and control the flow rate
but the back pressure was excessive. Discharge at the time of shutoff was
55 gpm. Specific capacity was 0. 35 gpm/ft of drawdown and still decreas-
ing. Analysis of the recovery data for AM-556 indicates a transmissibility
value in the range of 150 gpd/ft. The water level data shown on Plate 3
indicate that the two brief pumping periods in AM-556 affected water lev-
els in AM-874, AM-525, and AM-336 C and possibly AM-28 and A M-350.
However, the data are insufficient for analysis.

During the preliminary pumping of AM-556 the casing moved down-
the hole about 10 feet. The relative shallow depth of AM-556 plus poten-
tial casing problems precluded additional testing with a deeper pump set-
ting. ’

A water sample was collected from AM-556 (see Table 1) just be-
fore it was necessary to terminate pumping. The water i8 a sodium bi-
carbonate type and resembles Barren sand water more than Sandstone and
conglomerate water. The chloride and sulfate values are considerably
higher than any previously determined. Temperature of the ground water
produced was not obtained.

AM-659

Total depth drilled at AM-659 was 660 feet and the section penetrated
included Sandstone and conglomerate from land surface to 260 feet, lacustrine
sediments from 260 to 475 feet, approximately 30 feet of Barren sand in the
depth range of 475 to 505 feet, andlacustrine sediments from 505to 585 feet
which were underlain by volcanics. Casing was set to a depth of 400 feet with
perforations extending from 200to 280 feet, opposite 80 feet of Sandstone and
conglomerate plus 20 feet of lacustrine sediments, and from 360 to 400 feet,
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opposite 40 feet of lacustrine sediments. During the course of field
work, prior to testing, it was observed that the casing in AM-659 had
slipped down the hole into the open hole below the bottom of the casing.
The casing was not anchored at land surface and storm runoff which
overtopped the casing probably contributed to the slippage. Slippage
amounted to approximately 73 feet, thus at the time of testing all per-
forations were opposite lacustrine sediments. The initial static water
level measured in AM-659 was 192 feet indicating that about 69 feet of
the Sandstone and conglomerate unit may be saturated at this site.

The two observation wells nearest AM-659 are AM-138, located
170 feet north and slightly east, and AM-443 located 380 feet north and
slightly east. AM-138 was drilled to a total depth of 468 feet and may
have encountered the Barren sand at a depth of 455 feet. Depth to the
base of the Sandstone and conglomerate unit is 245 feet with lacustrine
sediments extending from this depth to the Barren sand (?) at 455 feet.
Casing was reported installed to a depth of 400 feet, perforated from a
depth of 120 to 280 feet. Initial static water level in this hole was 176
feet indicating that 69 feet of Sandstone and conglomerate is saturated
and open to the perforated casing at this site. Perforations are also lo-
cated opposite 35 feet of lacustrine sediments. The testing of DC-5, des-
cribed later in this section of the report, and the response observed in
AM-138 while pumping DC-5 indicates that the Barren sand unit exists at
the AM-138 site and is open to the bore hole. The water level elevation
for AM-138 also indicates it is a Barren sand well.

AM-443 was drilled to a depth of 520 feet and cased to a depth
of 280 feet with perforations extending from 60 to 200 feet. The section
encountered at this site includes Sandstone and conglomerate from land
surface to 200 feet; lacustrine sediments from 200 to 410 feet; Barren
sand from 410 to 450 feet; lacustrine sediments from 450 to 510 feet; and
volcanics from 510 to 520 feet. The perforated section of casing in this
hole is opposite the Sandstone and conglomerate. Initial static water lev-
el was 48 feet indicating that 152 feet of Sandstone and conglomerate is
saturated at this site.

AM-659 was tested on January 5, 1979 with a 10 horsepower sub-
mersible set at a depth of 386 feet. Static water level at the beginning of
testing was 191.4 feet. The initial pumping period was for 25 minutes at
a discharge of about 10 gpm. Drawdown during the period amounted to
75. 2 feet giving a specific capacity of 0.13 gpm/ft of drawdown. The pump
was shut off for-38 minutes while rewiring and then turned back on at a dis-
charge rate in the range of 40 gpm. The pump operated for 11 minutes and
then locked up. Pumping water level at the time pumping stopped was 333. 9
feet and the discharge was 38 gpm. Specific capacity at that time was 0. 27
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gpm/ft of drawdown and decreasing rapidly. Water produced during the
brief interval of pumping was quite dirty. Subsequent pulling and exami-
nation of the pump showed that the impellers were locked up with organic
material and pieces of plastic shavings. The well is in the bed of a wash.
Runoff in the wash in December 1978 entered the well and apparently car-
ried with it twigs, leaves, and other debris.

The short-term specific capacity data show that A M-659 is capa-
ble of producing very little water in its present condition. In view of the
problems with casing slippage and pump blockage, additional testing of
AM-659 is not considered warranted. The pumping period was too short
to obtain water levels in nearby observation wells.

Two water samples were collected from AM-659, one 21 minutes
after pumping at the 10 gpm rate, and one just prior to pump failure while
pumping at 38 gpm. Both samples are a sodium bicarbonate type of water
similar in character to the Barren sand water. The sample collected at
the higher discharge rate more closely resembles Barren sand water.
Fluoride content at the 10 gpm rate was 1. 55 mg/land at the 38 gpm rate
was 2.45 mg/l. Water temperature was not measured at the 10 gpm rate.
At the 38 gpm rate temperature of the water produced was 88° F after -
seven minutes of pumping. As mentioned earlier, the casing has slipped
downward in this hole so that at the time of testing all perforations were
opposite lacustrine sediments. Ground water in the lacustrine sediments
could be expected to be similar in quality to Barren sand water, especial-
ly if the piezometric level of the Barren sand at a given location was high-
er than the base of the overlying Sandstone and conglomerate unit. If the
piezometric surface at a given location was lower than the base of the
Sandstone and conglomerate and the Sandstone and conglomerate was satu-
rated, water produced from the lacustrine sediments could be a mixture of
the two types of water.

AM-933

Total depth drilled and cased at AM-933 was 755 and 750 feet, re-
spectively. The base of the Sandstone and conglomerate unit was at a
depth of 550 feet and 45 feet of Barren sand was encountered between
depths of 635 to 680 feet. Casing perforations start at 488 feet, which is
approximately the depth at which ground water was first encountered in
the Sandstone and conglomerate, and extend to 750 feet. Thus, approxi-
mately 62 feet of saturated Sandstone and conglomerate and 45 feet of Bar-
ren sand are open to the well bore. In addition 85 feet of the upper lacus-
trine sediments, 55 feet of the lower lacustrine sediments and 15 feet of
volcanics are also open to the well bore. Static water levels observedin
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AM-933 prior to testing ranged from about 327 to 338 feet. Asgroundwa-
ter was not encountered during drilling until a depth of approximately 488
feet, this subsequent rise in water level is attributed to the pressure head
on the Barren sand.

AM-931 and AM-707 are the two closest observation wells to AM-
933, with AM-931 located 160 feet southeast of AM-933 and AM-707 loca-
ted 240 feet south and west of AM-933. AM-931 was drilled to a depth of
810 feet and cased to 798 feet with perforations extending from 598 feet to
total depth of the casing. The base of the Sandstone and conglomerate unit
is at a depth of 540 feet and apparently no ground water was encountered in
this unit at this location. The section perforated and open to the well bore
consists of 82 feet of the upper lacustrine sediments, 45 feet of the Barren
sand, 65 feet of the lower lacustrine sediments and 8 feet of volcanics. Sta-
tic water levels observed in AM-931 prior to testing AM-933 were in the
range of 366 to 367feet and are considered to represent the piezometric
surface of the Barren sand.

AM-707 was drilled to 820 feet and cased to 777 feet with perfor-
ations extending from 577 feet to the bottom of the casing. Base of the
Sandstone and conglomerate was encountered at a depth of 505 feet and
the unit was also apparently dry at this site. Lacustrine sediments ex-
tended from 505 to 795 feet and are underlain by volcanics. Two bar-
ren zones were encountered in the lacustrine sediments. One was a
brown siltstone between depths of 555 to 580 feet and the other was a
brown sandstone between depths of 725 to 780 feet. The section perfor-
ated and open to the well bore in AM-707 includes the lacustrine sedi-
ments, the upper barren zone, and essentially all of the lower barren
zone.

AM-933 was tested with a 7.5 horsepower submersible pump set
at a depth of 617 feet on December 9-10, 1978. The well was pumped for
a total of 29 hours. The first two hours of pumping was at a rate of 16
gpm and the remaining 27 hours was at a rate of 20 gpm. Average weigh-
ted discharge during the test was 19.7 gpm. During about the-last two
hours of pumping the rate of pumping water level decline-began-to increase
rapidly and during the final few minutes of pumping a discharge rate of
20 gpm could not be maintained due to excessive lift. Consequently the
test was terminated. Static water level at the beginning of pumping was
338.10 feet. The last pumping water level measured while still at a rate
of 20 gpm (30 minutes before shutoff) was 519. 6 feet, giving a drawdown
of 181.5 feet. Specific capacity at this time amounted to 0.11 gpm/ft of
drawdown and was still decreasing. :

During the test on AM-933 there was a very small water level de-
cline observed in AM-707 that could possibly be attributed to operating
AM-933. A fair response was observed in AM-931 however, and this
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data plus the data from AM-933 was examined by plotting on semi-log and
log-log graphs., The drawdown data from AM-933 at the 20 gpm rate during
the period from about 120 minutes after pumping started to about 400 min-
utes after pumping started indicate a transmissibility value in the range of
60 gpd/ft. From about 400 minutes to about 1, 600 minutes after pumping
started there was a flattening trend in the drawdown data indicating a high-
er apparent transmissibility. As mentioned earlier there was an increase
in the rate of decline during about the last two hours of pumping. The draw-
down trend shown during the last two hours is steeper than that for the peri-
od from 120 to 400 minutes indicating a transmissibility value of something
less than 60 gpd/ft.

The flattening trend observed in the range of 400 to 1, 600 minutes
after pumping started began when the pumping water level reached 490 feet
and ended when the pumping water level was slightly greater than 510 feet.
The depth of 490 feet corresponds closely to the approximate depth at which
water was encountered in the Sandstone and conglomerate. Thus, the draw-
down data indicate that in the initial stage of pumping most of the production
was from the head on the Barren sand. Some of the production was from the
Sandstone and conglomerate as a result of water having moved upward for
several months from the Barren sand into the Sandstone and conglomerate
unit. Once the top of the saturated portion of Sandstone and conglomerate
was reached this unit temporarily contributed sufficient additional water to
slow the rate of decline. Once the pumping water level was lowered through
a little over 20 feet of Sandstone and conglomerate its ability to offset the pre-
vious rate of decline was apparently exceeded. At the time pumping was stop-
ped the pumping water level was 520. 4 feet; the discharge was less than 20
gpm and the discharge drawdown relationship was still deteriorating. Thus,
by reducing the pressure head on the Barren sand 182. 3 feet and by lowering
the pumping water level through 32 feet (approximately 50 percent of the sa-
turated thickness) of the Sandstone and conglomerate AM-933 is capable of
producing something less than 20 gpm. :

Water sémples collected from AM-933 149 minutes after pumping ..
started, and at the end of the pumping,. tend to support the above interpre-
tation(see Table 1). Based on analyses for AM-28 (Sandstone and conglom-
erate water) and DC-5 (Barren sand water) the first sample collected indi-
cates a mixture of the two waters and the last sample collected is more
similar to the Barren sand water produced by DC-5. The last sample col-
lected indicates that at that time the proportion of the water being contri-
buted by the Sandstone and conglomerate unit was decreasing. During the
time interval between collection of the two samples there was a substantial
increase in conductivity, total dissolved solids, sodium, and bicarbonate.
Temperature of the water produced was 88°F, higher than water from AM-
28 and approaching the water temperature from DC-5.
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The flattening trend in the rate of decline in AM-933, when the
pumping water level reached the upper portion of saturated Sandstone
~ and conglomerate, was also observed in AM~931. Prior to this the draw-
down data for AM-931 indicated a transmissibility value in the range of
970 gpd/ft. This would correspond to the time period when most of the pro-
duction from AM-933 was from the head on the Barren sand. When the de-
terioration of the discharge-drawdown relationship began in AM-933 it was
not possible to continue pumping-at a controlled rate for a sufficient period
of time for the new steeper drawdown trend to be reflected in A M-931. Thus,
the actual transmissibility value in the directionof AM-831 is unknown but
would be something less than the above value of 970 gpd/ft. Asthe Sandstone
and conglomerate unit was dry at the AM-931 site the transmissibility value
under discussion is for the Barren sand. Correction for the proportion of
Sandstone and conglomerate water produced by AM-933 would lower the ac-
tual tranmissibility an additional amount. The coefficient of storage deter-
mined from the data for AM-931 is in the 1074 range.

As mentioned earlier, the Barren sand piezometric surface in
AM-T707 appeared to respond very little to withdrawal of Barren sand
water from AM-933.. Possible reasons for this would include plugging
of the Barren sand aquifer in AM-707 or offsetting of the Barren sand
by a structural feature between the two wells. As the piezometric sur-
face in AM-707 responded to the intermittent operation of DC-5 located
1,430 feet southwest, the well is definitely in communication with the
Barren sand and cannot be considered plugged. Basedon the Barren
sand contacts picked for AM-933and AM-931, bothare at essentially the
same elevation and the unit is described as a brown sandstone in both
of these holes. Both of the barren zones in AM-707 are offset in terms
of elevation from the Barren sand in the other two wells and there may
be a small structural feature between AM-933 and AM-707. 1If so, this
would delay or restrict the response in AM-707 while pumping AM-933.

DC-5

Well DC-5 is the existing water-supply well for Urangesellschaft
U.S.A., Inc. The hole was originally drilled to a depth of 1, 040 feet en-
countering an estimated 10 gpm of water in the Sandstone and conglomerate
at 2 depth of 500 to 580 feet and an estimated 80 to 100 gpm in the Barren
sand in the depth range of 800 to 860 feet. The hole was cased to a depth
of 950 feet with steel casing with perforations extending from 750 to 950
feet. Static water level in this well on December 1, 1976 was 328 feet in-
dicating a pressure headon the Barren sand at this location in the range of
450 to 500 feet. ‘

Prior to and during the initial phases of testing described in this
report, Urangesellschaft was completing their most recent phase of drill-
ing. Based on data furnished by Urangesellschaft personnel related to the
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on-off operation of DC-5 and water-level measurements collected by both
Urangesellschaft and Minerals personnel, it was apparent that DC-5 was
affecting water levels in some of the Minerals wells. Accordingly, permis-
sion was requested, and received, from Urangesellschaft to run a five day
aquifer performance test on DC-5.

Following removal of the existing pump and installation of a 10-
horsepower submersible set at 638 feet, DC-5 was pumped for five con-
secutive days beginning on Janaury 12, 1979. Average discharge during
the test was 40 gpm. Initial static water level was 341.5 feet and the final
pumping water level was 393.6 feet. Drawdown amounted to 52.1 feet giv-
ing a specific capacity of 0.77 gpm/ft of drawdown. '

Observation wells which responded to pumping from DC-5 included
AM-138, AM-659, AM-945, AM-933, AM-931, and AM-707, with the most
significant response occurring in AM-945 (see Pl. 4). The response obser-
ved in AM-931 was slight and the response observed in AM-659 was similar
to that of a plugged well. As mentioned earlier AM-659 is open only to the
lacustrine sediments. Thus, the response is delayed and restricted to some
extent. Observation wells, their distances from DC-5, and maximum de-
clines attributable to pumping DC-5 are tabulated below:

Distance Decline Caused
From by Pumping
Well DC-5 DC-5
No. (ft) ) (ft)

- AM-707 1,430 7.28
AM-945 1,470 17,84
AM-933 1,660 4,45
AM-931 1,680 0.94
AM-659 2,330 3.04
AM-138 ‘ 2,430 7.70

With the exception of AM-931 all of the data for the above wells,
and DC-5, were plotted and examined on semi-log and log-log plots. Mini-
mum values of transmissibility were in the range of 500 gpd/ft for DC-5,
AM-945 and AM-138. Maximum values were in the range of 1, 000-to 1, 500
gpd/ft for wells AM-707, AM-933 and AM-659. DC-5, AM-945, and AM-
138 are in a general northwest alignment that roughly parallels the pre-
dominant structural trend in the area .

The response observed in AM-945 and AM-138 indicates excellent
communication between DC-5 and these two wells in a northwest-southeast
direction, and it is considered that the transmissibility value in the range of
500 gpd obtained from these three wells is more representative of the ac-
tual va41ue for the Barren sand. The coefficient of storage is in the range
of 107
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The delayed rate of drawdown versus time for AM-659 results in

an unusually high transmissibility value for AM-659. Am-707 and AM-933
are located northeast of DC-5, normal to the predominant structural trend
and it is considered that movement of ground water across structural fea-
tures is somewhat restricted, affecting free communication, delaying draw-
down and recovery and hence, resulting in anomalously high transmissibility
values. Additional factors which could affect observed responses in obser-
vation wells would include changes in lithology and thickening or thinning of
the more productive section. The Barren sand appears to be a highly com -

partmentalized aquifer as a result of the structure. Maximum communication
within the unit is considered to be parallel to the structure along more

or less continuous sections of the unit not completely offset by faulting.
Transmissibility values determined in a direction parallel with the struc-
ture are those most indicative of the ability of the unit to transmit ground
water.

Although the Barren sand is an artesian system with a substantial
head, with the exception of AM-960, water-level elevations in those wells
known to penetrate and be open to the Barren sand are lower than those in
Sandstone and conglomerate holes immediately to the north (see Pl. 1).
The general direction of movement of ground water appears to be to the
northwest parallel to the predominant structural trend with a relatively
flat hydraulic gradient.

Examination of the water-level data on Plate 3 indicates that AM-
439, AM-437, AM-22C, and AM-960 may have responded very slightly to
pumping DC-5. The indicated response, if real, indicates very restricted
communication between these wells and DC-5.

AM-1007

AM-1007 and the surrounding observation wells, AM-1000, AM-
1002, AM-1009, AM-1010, and AM=-1011 are all completed in volcanic
rocks. Details on depth drilled, depth cased, etc., are given in Tables
4 and 5 of this report. ' :

The initial test on AM-1007 was started on February 7, 1979 and
continued for 28.75 hours at an average rate of 35 gpm. The initial static
water level was 107. 22 feet and the final pumping water level was 120.82
feet. Drawdown in AM-1007 amounted to 13. 60 feet and the specific capa-
city at the end of pumping was 2. 57 gpm/ft of drawdown. The decline in
AM-1002 located 8.9 feet south of AM-1007 was 13. 58 feet at the end of
pumping. The decline in AM-1009 located 115 feet south and east was
13.19 feet and the decline in AM-~1000 located 109. 5 feet north and west
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was 13. 03 feet. Observation Wells AM-1010 and AM-1011 located 281 and
277 feet north and west of AM-1007 respectively, showed no water level
changes that could be attributed to pumping AM~-1007. The water level in
AM-1011 on January 29, 1979 was 43,48 feet. During the period prior to
pumping AM-1007 the water level was declining in this hole. The decline
continued during and after pumping with no acceleration visible during the
pumping period. The water level in AM-~1010 was rising during the pre-
pumping period, started declining just prior to pumping, and continued de-
clining after pumping stopped. ‘

Observation well AM~-1010 encountered a fault at a depth of 50 .
feet which was blown with air at an estimated one to three gpm. The
recovery observed in this well was probably a result of producing the
one to three gpm, or from blowing the hole during drilling before it
was cased. QObservation well AM-1011 produced an estimated one-half
to two gpm during drilling but was not blown before casing was set. A
residual head of fluid may have been left in this hole which is bleeding
off very slowly. The water level in AM~1011 appears to be trending to-
ward stabilization in the depth range of 80 to 85 feet. AM-1010 is loca-
ted only 15 feet from AM-1011 and it is possible that the present decline
observed in AM-1010 is the result of very slow drainage to the lower
water surface in AM-1011.

The almost identical decline in the pumped well and observation
wells that responded demonstrates the hydrologic character of the "aqui-
fer" system in the volcanics. Ground water occurs only along the open
portion of the fault or fracture system. Observation wells along the same
fault or fracture system where it is open respond almost immediately and
in essentially the same amounts as in the pumped well. QObservation wells
not on that particular fault or fracture system do not respond, attesting to
the dense nature of the undisturbed volcanics and apparent lack of commu-
nication between faults or fracture systems.

The fault encountered in AM-1007 was at a depth of 120 feet below
land surface and it was considered desirable to pull the pumping water level
down to and through the fault plane. Extrapolation of water-level declines
at the 35 gpm rate indicated that this might take two daysor longer. Ac-
cordingly, the test was terminated so as to install a larger 10 horsepower

pump.

Recovery measurements were made on the wells for a total of 21. 25
hours while changing pumps. Recovery in AM-1007 during this period
amounted to 3. 40 feet leaving a residual drawdown of 10. 20 feet. Recovery
in AM-1002, AM-1000, and AM-1009 amounted to 3. 50, 3.04, and 3. 24 feet
respectively, leaving residual drawdowns in these wells of 10, 08, 9.99, and
9. 95 feet.
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The amount of throughflow in the fracture system was estimated
using the drawdown and recovery data from the test of February 7 and 8.
The water produced during pumping was partly withdrawn from storage
and partly by interception of throughflow. During recovery all the water
was derived by interception of throughflow. During the pumping period
the well produced 60, 367 gallons (metered) in 1, 725 minutes. Average
drawdown in the four wells was 13. 35 feet. During recovery the water
level rose an average of 3. 30 feet in the four wells during 1, 275 minutes,
at an average rate of 0. 00259 foot per minute. The average rate of
throughflow was computed and found to be 8.8 gpm.

Testing was resumed at 12:00 hours on February 9, using the 10~
horsepower unit, and producing water at a rate of 75 gpm. A short-cir-
cuit developedinthe wiring system after 324 minutes of pumping, and the
pump stopped. The pumping water level had just declined to the fault plane
at the time of pump failure. After discussion with Union Minerals person-
nel a decision was made not to attempt another test of the well.

The water levels in the four observation wells behaved the same
as in the first test, declining and recovering nearly in unison. Draw-
down and recovery data in AM-1007 for both tests are shown on Figure

2.

The amount of throughflow was computed and found to be 4.5 gpm,
Computation of coefficients of transmissibility and storage was consid-
ered inappropriate and meaningless because the system is not remotely
related to a homogeneous aquifer of infinite areal extent and of constant
thickness. '

Giving consideration to the fact that as a general rule fracture
Systems and fault systems become tighter with depth (Davis & Turk,
1964) it is likely that all of the throughflow was intercepted during
pumping and that little or none continued to move northwestward along
the fracture. Accordingly, the throughfiow along this fracture system
from the mine area toward the Santa Maria River is considered to be
in the range of 4 to 9 gpm, with the more likely value to be of the order
of 4 to 5 gpm. :

The likelihood of developing part of the mine water supply by
drilling a well that intercepts the fracture at a depth of several hundred
feet is considered negligible.

Water samples were collected from AM-1007 at the beginning and
end of the 35 gpm test and at the beginning of the 75 gpm test. During the
35 gpm test the ground-water temperature was in the range of 80 to 8§1°F
and the conductivity ranged from 600 to 650 micromhos per square centi-
meter. At the 75 gpm rate the ground-water temperature was 81° F and
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the conductivity ranged from 625 to 670 micromhos per square centi-
meter. The water produced during both tests had a sulphur odor. Re-
sults of the chemical analyses (see Table 1) show that the ground water
occurring along the fault in the vicinity of Am-1007 is a sodium bicar-
- bonate water. The sodium content is about half that for the water from
DC-5 and the bicarbonate content is a little greater. The fluoride con-
tent for the three samples ranged from 1. 53 mg/l to 1.77 mg/1.

AM-1007 will serve as an excellent water-level and quality-of-
water monitor well,
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EFFECT OF PIT EXCAVATION

Mine Drainage

Initial pit excavation will be in the northern portion of the pro-
posed mine area where the lacustrine sediments are exposed at land sur-
face and are dry. As mining progresses southward within the hydrogeo-
logic unit previously described, the water table will be intersected in the
lacustrine sediments and in the Sandstone and conglomerate. Theseunits
will begin to drain water into the pit excavation. With additional south-
ward extension of the excavation and increasing depth the Barren sand
will also be intersected and start contributing water to the pit excavation.

Cwing to the fault pattern little water will be diverted into the pit
excavation from the northeast or southwest. Asamatterof fact, drilling
on the northeast side of Fault 1878 has demonstrated that ground water
does not exist in this area. This fault essentially bounds the pit on the
northeast side in the vicinity of Coordinate 1, 205, 000 N. The strong in-
fluence that faulting has in controlling the movement of ground water in-

dicates that in the area southwest of the pit excavation ground water will
continue moving northwest along the fault trends and will be affected little,

if any, by the pit. Thus, ground water that will be intercepted and drain-
ed into the pit area consists essentially of ground water that is presently
moving through, and in storage, within the attual proposed pit area and
to the southeast.

Sandstone and Conglomerate

Calculations related to inflow from the Sandstone and conglomer-
ate were made based on the ''line sink' method using a transmissibility of
200 gpd/ft and a drainage coefficient of 0. 05, The calculations assume a-
simplified mining plan that advances uniformly from north to south across
the full length of the pit reaching Coordinate 1, 205,000 N after 36 months
of mining and that the base of the saturated Sandstone and conglomerate is
exposed simultaneously across the full length of the pit. Drainage time
was estimated as 18 months. Thickness of saturated Sandstone and con-
glomerate along Coordinate 1, 205,000 N ranges from 100 feet along the
east side of the pit to a maximum of 180 feet in the westernportion. Based
on these thicknesses the calculations indicate that drainage inflow rates
would range from 0. 022 gpm/ft in the eastern portionto 0.027 gpm/ft in
the central portion, to a maximum of 0,040 gpm/ft in the western portion
of the pit excavation where maximum thickness of saturated Sandstone and
conglomerate exists. Total drainage discharge across the entire pit under
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these conditions would amount to about 120 gpm. If the Sandstone and
conglomerate had a uniform saturated thickness of 180 feet across the
entire pit length the total drainage rate would amount to 170 gpm. As

the assumption is made that the entire section of Sandstone and conglom -
erate is breached simultaneously and the saturated thickness approaches

the maximum for the pit area the 170 gpm is considered to represent a
maximum average rate of inflow to the pit from the Sandstone and conglom -
erate. With time as the pit progresses southward and the drainage cone ex-
pands southward the drainage rate will decrease.

Lacustrine Sediments

Calculations related to anticipated rate of drainage from the la-
custrine sediments were based on the same assumptions as used for the
Sandstone and conglomerate with the exception that the transmissibility
value used was 10 gpd/ft and the coefficient of drainage was estimated to be
0. 20. Saturated thickness of the lacustrine sediments at Coordinate
1, 205,000 N ranges from 110 feet along the east side to 200 feet along
the west side. Calculated drainage rates under these conditions range
from 0.011 gpm/ft in the eastern portion, to 0.018 gpm/ft in the central
portion, to a maximum of 0.021 gpm/ft in the western portion. Total
average drainage across the pit length under these conditions would amount
to about 75 gpm. With a uniform saturated thickness of 200 feet across the
entire pit width the lacustrine sediments would drain at an average rate in

the range of 90 gpm.

Barren Sand

In general initial inflow from the Barren sand will begin about the
time the bottom of the pit approaches Coordinate 1, 205, 000 N. Most of the
drill holes north of this coordinate encountered little, if any, Barren sand,
particularly in the western portion of the pit area. Wells AM-525 and AM-
556 located about 525 to 550 feet north of this coordinate in the eastern por-
tion of the pit area encountered 40 and 35 feet of Barren sand respectively.
Results of the test on AM-556 indicate that the Barren sand in this vicinity
yields little water. Thus, from a practical standpoint and for the purpose
of the calculations it is assumed that on an average basis Barren sand in-
flow will begin when the bottom of the pit excavation reaches Coordinate
1, 205,000 N.

As with the Sandstone and conglomerate and the lacustrine sediments
the assumption is made that the Barren sand is exposed simultaneously along
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the entire pit length. Calculations of drainage into the pit, however, are
based on the new hydraulic gradients that would be established with expo-
sure of the Barren.sand. For the eastern portion (low transmissibility
zone) of the pit the new hydraulic gradient was determined by using the
present piezometric level in Well AM-931 and an average elevation of
1,500 feet for the Barren sand top along Coordinate 1,205,000N, For the
western portion (high transmissibility zone) the new hydraulic gradient was
based on the present piezometric level in' DC-5 and the elevation of the top
of the Barren sand at Well AM-659. Results of these calculations indicate
that in the eastern 2, 700 feet of the open-pit drainage from the Barren sand
would amount to 0. 001 gpm/ft and in the western 1, 550 feet of the pit 0. 035
gpm/ft. Total inflow from the Barren sand would be in the range of 60 gpm.

In summary, based on the assumption that the Sandstone and con-
glomerate and the lacustrine sediments were excavated simultaneously to
the top of the Barren sand along Coordinate 1, 205, 000 N calculated maxi-
mum drainage rates would be as follows:

Drainage
Unit (gpm)
Sandstone and conglomerate - 170
Lacustrine sediments 90
Barren sand 60
Total 320

In actuality the units cannot be exposed simultaneously across the
entire pit width. Shorter segments of each unit will be exposed in shorter
time periods. Under these conditions greater inflows per unit of length ex-
posed can be expected but the total flow from a given unit would be less than
shown above.

Dewatering Wells

The possibility of partially draining the Sandstone and conglomerate
and depressurizing the Barren sand by use of drainage wells was examined., Of
the two water-bearing units, the effects of natural drainage into the pit may
be more troublesome with water from the Barren sand than from the Sand-
stone and conglomerate. Comparing the two units, the Barren sand is less
consolidated and the water it contains along the southern edge of the pit is
under artesian pressure. Qffsetting this is the fact that when the Barren
sand is first encountered at its northernextremity it will be under substan-
tially less pressure and possibly under water table conditions. Qnce drain-
age begins from this unit at a rate in excess of its natural discharge,
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pressures to the south will begin to decrease. Owing to the consolidated
character of the Sandstone and conglomerate, water seeping into the pit
along the southern perimeter is considered not likely to cause severe pro-
blems even along faults. '

Sandstone and Conglomerate

If it were desired to pump some of the water from the Sandstone
and conglomerate by using dewatering wells rather than let it all drain
into the pit by gravity, it would be possible to produce water from the
Sandstone and conglomerate by using Well AM-28 for a few years during
the initial stages of mining. After it becomes necessary to destroy Well
AM-28, a replacement could be constructed at or near the intersection of
Coordinates E 90, 000 and N 1, 204, 000. At the beginning of pumping the
yield from AM-28 could be as much as 100 gpm. This pumping rate can
probably be maintained until mining intersects the water table in the Sa nd-
stone and conglomerate northwest of AM-28.

Barren Sand

The effects of operating four hypothetical dewate ring wells, tapping
the Barrensand, located at intervals of 800 feet on a line close to and paral-
lel with the southern crest of the pit were calculated. The westernmost
well wauld be in the vicinity of Coordinate E 85,700 and the easternmost,
E88,000. These would need to be within the Urangesellschaft claim area.

Calculations were made to evaluate the effects of pumping 50 gpm
from each well for 1, 100 days (about 3 years). The calculations indicate
that at the wells the combined drawdown effects would bring the pumping
water level to the top of the Barren sand within about 60 days-and that the
assumed pro’duction rate of 50 gpm per well could npt be sustained. Well
discharges will gradually decline after the pumping water levels decline
below the top of the Barren sand at the wells. However, holding the pump-
ing water level at the line of wells at the top of the Barren sand will cause
extremely steep gradients to develop from Wells AM-659 and AM-933 to
the line of wells. For example, after pumping for 60 days from the four
dewatering wells at a combined discharge of 200 gpm, the computed gra-
dients from AM=-659 to the dewatering wells would be of the order of 1, 700
feet per mile to the nearest well and 570 feet per mile to the farthest well.
From AM-933 the gradients would be of the order of 1,425 feet per mile to
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the nearest dewatering well and 765 feet per mile to the farthest well.
Water level declines caused by pumping the four hypothetical wells for
60 days would be about 171 feet at AM-659 and about 58 feet at AM-933.

Continued pumping at the hypothetical dewatering wells at re-
duced rates would continue to remove artesian pressure head at Wells
659 and AM-933. However, given the reduced rates of pumpage after
about 60 days of operation, the reduction in head will be relatively small
and the expense of operation of the drainage wells may not be warranted.
Also, the time frame required to remove all artesian head from these
points will not be realistic in terms of the planned mining operation.

Consideration was given to constructing and operating two short-
lived dewatering wells for reducing the artesian head on the Barren sand
near AM-659 and AM-933 more rapidly than can be done with a line of
four wells beyond the rim of the pit. The data from the tests of AM-933
indicate that the yield of a well in this area would be 8o low that the cone
of depression would have little areal extent. Definitive data onthe produc-
tivity of the Barren sand at the AM-659 site could not be obtained.

Possibility of Inflow to Pit from Santa Maria River

The deepest part of the pit, at an elevation of 1, 300 feet, is not
far from the fault zone along which Well AM-1007 is situated. The pos -
sibility of movement of water from the Santa Maria River along this fault
zone to the deepest part of the pit was examined. The elevation of the top
of the alluvium along the bed of the Santa Maria Riveropposite this fault
trend is about 1,460 feet. The distance from the river to the deep part of
the pit is about 7,800 feet. Thus, the gradient from the river to the point
ultimately could be 108 feet per mile.

At AM-1007 the elevation of the water surface in the well is 1, 534
feet. The distance to the river is about 2, 300 feet, giving an average gra-
dient toward the river along the fault of 170 feet per mile. This gradient
is an average of open zones along the fault with gradients substantially
lower than the average and tight zones along the fault with gradients sub-
stantially higher than the average, possibly in the range of two to three
times the average. Under these conditions it is considered doubtful that
a reverse gradient of 108 feet per mile could induce any measurable in-
flow to the pit area along the fault extending from AM-1007 to the river.

fe0t=



8-1

HYDROGECLOGIC CONDITIONS AFTER COMPLETION OF MINING

Recovery of Water Levels

After mining ceases, many years will pass before water levels
recover to the presently prevailing level., In a homogeneous aquifer of
infinite areal extent, the length of time required for water levels to re-
cover from a pumping regime is theoretically the same as the time oc-
cupied by pumping. This situation does not prevail at Anderson Mine.

. The mining operation will effectively drain much of the ground water now
stored in the Sandstone and conglomerate within the hydrogeologic unit.
Owing to the low rate of recharge, many years must elapse before ground
water will accumulate in the unit to the extent that existed before mining be-
gan. The Barren sand can be expected to recover sooner from mine drain-
age because it is not likely to be drained entirely as a result of mining op-
eration; the northwestward gradient will be steepened along the southern
edge of the pit but some water will remain in the unit farther southeast.

The rate of recovery of pre-mining piezometric head will depend on the
length of the mine life, and is not expected to occur for several years after
mining ceases, but will eventually occur

Possible Changes in Recharge System

- The situation at the end of mining is shown on Plate 10 of the Jan-
uary 17, 1979, Dames and Moore report, "'Design Report, Proposed Mill
Waste Management Facilities'. A large part of the pit will be back-
filled against the southwest, south, and southeast sides. The rest of
the pit will be partially backfilled, enough that natural runoff can enter
the pit at natural grade at the upstream end and leave at natural grade
at the northwestern, downstream end. The material used for this back-
fill will be excavated overburden. This material will consist mainly
of blocks and fragments of the Capping conglomerate and the Sandstone
and conglomerate, with lesser amounts of lacustrine sediments and some
fragments of basalt. This material will, in general, be considerably
more permeable than when in place originally because of fragmentation
from excavation, transport to storage, and reuse for backfill. Accord-
ingly, the percolation from stream runoff and from direct rainfall on the
material can be expected to be substantially greater than in the same ma-
terial in the original state. The increase in recharge owing to these changes
in this relatively small area cannot be predicted. However, the increased
recharge resulting from this fragmentation will offset to a certain extent
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the anticipated slow recovery to pre-mining levels of the ground water
within the affected hydrogeologic unit.

Consideration was given to the possibility that the ground water
accumulated in this reworked material after full ground-water recovery
could become highly mineralized by dissolving calcium carbonate or
other slightly soluble constituents from the reworked mass of rock frag-
ments. A slight increase in hardness can be anticipated. However, the
natural water in the Sandstone and conglomerate (total dissolved solids
of about 200 mg/1) and in the Barren sand (total dissolved solids of about
650 mg/1) is relatively low in calcium and magnesium and could absorb
.Substantial amounts before it becomes as hard as the ground water in the
Santa Cruz Valley now produced for municipal use by the city of Tucson,
for example. There is no likelihood of substantial increases in sodium
or chloride because those substances are not present in the conglomer-
ates and only slightly in the limited amount of lacustrine sediments that
might be included during backfilling. ’

Natural Discharge

Natural discharge will resume northwestward from the mine area
after ground-water levels have returned to pre-mining levels. As stated
in preceding parts of this report, many years will elapse before this situ-
ation occurs. The level at which natural discharge resumes cannot rise
higher after mining ceases than before mining began because the through
flow will recover to the same rate as before. The mining operation can-
not permanently affect the natural balance between ground-water re-
charge, throughflow, and ground-water discharge within the mining
permit area. '

Environmental Monitoring for Ground-Water Quality

North of the mine area volcanics crop out and ground-water
discharge from the mine area moves northwestward through the vol-
canics along fault zones. Therefore, monitor wells for ground-wa-
ter quality must be located along faults that cut the Tertiary volcanics.
Encountering water by drilling along faults is difficult and it may be
necessary to drillseveral holes at a site before a usable monitor
well can be established. For example, test drilling in December 1978
and January 1979 in the vicinity of Coordinates E 85, 060 and N 1,208, 330
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resulted in six dry holes and six that encountered water and were cased.
This drilling was along faults that cut the volcanics. The test production
water well completed here (AM-1007, see Pl. 1) will be maintained as a
water quality monitoring well.

There are three other sites along fault trends within or close to
the mine area that are recommended for a monitor well, as follows:

Coordinate Coordinate

E N
87,680 1,207, 350
88,630 1,207,930
89,620 1,207,790

Two other areas that are along faults southwestward and north-
eastward from any effects of mining are as follows:

Coordinate Coordinate
E N Remarks
85, 920_1_[ 1,205,930 Consider constructing a monitor
92,480 1, 208, 210 well for base-line data.

_1__/ This site is within the pit near the southwest corner.

Potential for Water Recapture if Necessary

In the unlikely event that the quality of water naturally discharg-
ing from the mine area becomes changed in some manner as a result of
mine activities, recapture would be feasible through pumping from mon-
itor wells. All of the ground water leaving the area is directed through
one or more fault systems and none can escape directly through the un-
fractured rocks of the Tertiary volcanics. Each monitor well will be
pumped as a part of the development of the well after drilling has been
completed, as an assurance that the well actually can be used to monitor
natural discharge of ground water. Thus, the monitor wells all will be
capable of being pumped to recapture water if such becomes necessary.
Union Minerals has proven its ability to find and construct monitor wells
within the volcanics as monitor well AM-1007 attests.
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