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L0385 report cutiines 8 ostady of the effects of ground waler pumping on th

waker table of the Upper San Pedro River Basin,

AU current withdrawal rates, the ground water table in the vioinity of
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Despite the growing cone of depression in the Huachuea City arez, the

integrity of the water supply wells are not expected to be threatened for wmany

years Lo come,

It was further determined that the proposed ground water withdrawals by

Southland Utilities Company at SW of SE 30-22.21 and NE of NE-30-20-21 will

not significantly impinge upon the Fort operations.

apd 3 more definitive evaluatiom of the water bearing aquifer parameters.
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T. INTRODUCTION

The growing population of Sierra Vista, Hoachuca City and environs has
resulted in a greater demand on water supply in the Upper San Pedrs Basin, An

inarease in the number of withdrawal wells ang discharge rates 18 2 trend that

early 1940's, before the heavy uszage of the basin's water res curaes, wWells

extracted what would have been excess runoff osut of the basin., TInereszsd
withdrawal rates of present and fubure water uss scenarios, however, result in
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rom the aquiler storage velume. Thusz, water levels
throughout the basin are gererally declining, with several lceal areas
experiencing rapid declines due to overlapping cones of depression. Despite
the apparently huge water supply of the underground reser volr, further
population growth in the region will accelerate the deciine of the water

table, and may even threaten the operability of existing wells, particularly

in and around the major concenirated withdrawal centers,

1.2 Purpose and Scope

This report uses pertinent available information to: guantify the ground
waler paramelers asscoclated with the basin: estimate several fulurse walter use
scenarics; determine the effect of these future uses on the ground water
eonditions; and propose several rehabilitative mezasures 1o be further

z

investigated., A modular three-dimensional finite-difference ground water flow

USF200009847



model developed by M.G. MeDonald and A.W, Harbaugh of the U.3. Ceological
Survey {Ref. 8) is used for the analysis of the ground water sysiem. The
nugerical model was developed as a guide te help evaluate the existing ground
waber conditions and predict the basin response to future waler use scenariss.
1.03 Location and General Features

The study sres (plate 1) is bordersd on the west by the Huachuca
Mountalins, the Janslo Hil the Mustang Mountaing and the soubhern y of the
¥hetsione Mountains (plate 2). The Mule Mountains and the
border the area on the east. The Tombstone Hills extend ascross the axis of
the basin at its north end and the international border marks the scuth end of
the study area., Altitudes in the mountainous areas range from 4,400 to nearly
9,500 feet above mean sea level (msl), and in the interior of the basin from
3,9 to 4,800 feet., Land surface gradient from the mountain fronts Lo the
basin axis ranges from 2.5 to 200 feet per mile,

The basin is drained by the Upper San Pedro River which runs nerthward fron
the headwaters In the Mexiean State of Sonora to its confluence with the Gila
River at Winkelman, Arizona. The total drainage area of ihe San Pedrs River
basin comprises 4,483 square miles, of which 696 square miles are in Mexico.
The model area (plate 2} covers about 470 square miles, of whieh about 90
percent is north of the border. The gradient of the San Pedro River flood
plain iz from 12 tce 15 feel per mile. The river contained psrennial flow
before irrigatlon diversions began, but now the river only leecally flows
perennially. The flow in the rivar is intermittently supplemented by Greenbush
Creek, Government Draw and other small washes that enter frow eamst or west,

USF200009848
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2. UONCEPTUAL MODEL

oy N 2 PR g PR e T N TP ¥ 5 - I Ty ™ oy g de
2 8 preiude to the numerical ana Lyslis ol the ground wate: Fysiem, a
" » . TN o by y a PN A e g SN 5 boo¥ 3 g Sy o » m . nhan e g S o oyt F g "
conceptual wodel descriding the relationship belween the phyvsical environgent

2

and the movement of ground water must be developed. The azonuepiusl model

-
i

o

13
L%

reduges the prototy O 1ts princlpal elewments., This is folleowed by the
development of a mathematical model thatb represents, to a good degres of

approximation, the conceptual model.

The water supply to the Upper San Pedro Basin griginates from
precipitation. The water budget for the study azrea is comprised of mountain
front recharge, ground water underflow, surfsce water streamiiow,

evapotranspiration losses from vegeta ion, and well pumpages.
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The underground reservoir of water is chiefly rec arged by in
runcff along the mountain fronts. Mountain runoff only reaches the river

during prolonged precipitation or torrentisl storm

1

. The majority of runoff
seeps through highly permeable rocks along the mountain fronts. Several
factors affect the amount of ground water rechargs, the most significant being

the total amount of precipitation falliing on the mwountains. Other factors

&=

¢

include valley evapotranspiration, amounit of runoff and riverbed peraolation,
The Huachuca Mountains recsive more than 25 in./yr. of precipitation and the

Mule Mountains and the Whetstone Mountains receive heilween 15 and 2% in./yr.

owWs a summary of meteorological data for the basin and plate 3 shows

i
i)
o
e
@
i
g

the mean monthly precipitation for the 1957 - 1980 period at Tombstone.
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Table 1 (ref: 11). Summary of Annual Precipitation and Temperabture [ats
al Weather Observation Stztions in tne Upper San Pedro
Basin., (Dsta in Climatclogical Data Annual Sumparies,
2 LA iliers and HILLl, 1974
Elev., {Ft.} ] Annual Precipi~

Latitude ! Longitude | &bove Mean piltation {in.) Tempt, (°F)
Station Sea (Level) | #in., Ave, Max, iMin, Ave. Max,
Benaon 21 58 110 18 3540 S.097  11.53 19.871 5 628 112

Fairbank a1 i3 110 e RUERG .82 11.58  99.6%1 . . -
L. Huachuoa! 43 110 28 B664 T.21 i15.2h 25,8714 62,7 10K
Toubstone 31 i2 e 03 4610 T.60 13,83 23.82{ & AR3,7 108

FPlate & shows the normal average precipitation for the study area. Using these
precipitation values with evapotranspiration rates known for climati eally similar
areas, recharge along the Huachuca Mountains was estimated to be from 5.5 to 6.9
£e37s (Refs. 5, ©); recharge along the Mule Mountains was estimated to be 2.8
£13/s (Ref, 5); recharge along the Babocomari River mountain ranges was estimated
to be 5.5 fri/s (Ref. $); and recharge bordering the Tombstone Hills was assumed

to be negligible. These recharge zones are shown on plate 5.

e

These conceptual estimates were modified losally during the salibration and

¢

erification of the mathematical model., These adjustments allowed s more

acourate simulation of hiztoriocal waisr levels,

Ay

B} Ground Hater Flow

Ground water underflow from Mexico was previously estimated from 2 flow net
analysis, Reference 5 used this information to estimate an inflow ranging
between 1.0 and 4.0 f*zfsﬁ Ho ground water movement Lo or from adjacent basins

e
Ao

]

presumed, due te the generally impermeable character of the mountains on the
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estimated from a fiow net analysis Lo be about 0,16 ft2/s (Ref., B). Thess
estimates were not used as input to the mathematios 1 model, however, they were

later used Lo check the reasonableness of the model results,

The relatively stable baseflow of the San Pedro River is sugnmented in the
late summer or early fall by periods of high runoff, & ground sater barrier
of consclidated voleanie and sedimentary rocks {Bronco Hill), which erops oul
near Charleston, causes perennial base flow in this ares. Utherwise, the
walercourse no longer sustains a perennial flow throughout the basin., The

Babocomari Hiver sustains a perennial flow a few miles from its confluence

with the San Pedro River, but like a1l other tributaries, is ephemeral a2t its
mouth.

{c) Evapotranspiration

Natural water consumption in the basin is primarily atiributable o

»,,,

vegetation, wildlife and evaporation. Evapotranspiration is the component of
water transpired by riparian vegetation aleong the river flocd plain, Hater
use by these phreatophytes is estimatad by determining percent cover for
various species of flora and faleulati .ng annual consumptive use number based
on published water use figures for each species. It should be noted that the
term "consumptive use® includes zll transpiration and evaporation losszes from
iands on which there is growth of vegetation of any kind, whether agricultural

crops or native wvegelation, plus evaporation from bare land snd frowm water

surfaces. It is considered synonymous with the term fevapotranspiration” and
is an excellent index of irrigation requirements. The Arizona Department of

Water Resources [(AZIWR) provided an amalysis and categorization of the

o
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refine the distribution, two density categories were used Lo define the
seed willow. Dense riparian (85 percent areal density) cover was determined
Lo pave an annual consumplive use of 44,2 inches/zere and ight piparian (35

percent areal denszity! cover was deterained to have an annusl consumptive uge

of 19,1 inches/acre. freal photographs were analvzed for 1G85, 1877, angd

on available data was used to simulate bhe historiecsl changes. The depth o

which svapotranspiration rates fell to zerc was taken to be 10 fest [Ref, %)
The evapotranspiration rates at the ground surface throughout the model area

are shown in Appendix C. 4s specifisd by the mathematical mode]

T
pos
o5
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I
o
%
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e
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assumed to decrease lineariy %o zero from the ground surface,
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The man-made component of waterp consumption is derived from wells whioch
draw water from the ground water reservolr, Pumped wells service a variety of
needs including domestic, industrial, stock, irrigation and public supply.

The locations of ithe major wells for the study area are shown on plate 5. In

1984, 81 percent of pumpage was atiributed to agriculture, 18 percent o

[N

domestic and public supply, and 1 percent to industriazl and stock usage. The
largest uss of well pumpage is agrioulture {(primarily glong the San Pedrn
Biver {lood plain); however municipal water supply demands are growing in
concentrated areas, particularly around FL. Huzchuea and Jierra Vista. The

future irend of water use would Iikely tend towards urbap water BUpply and

=3
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way {Urow agriculture, however, no studlss hav
© ¥ $

trend. Fuiture water uss distributions have been developed for a

«
o
=3
e
i
e
]
Cr
7

seenarios presented in section 4,02,

Priece to large scale development, the underground reserveir of water would
be stored in the besin aquifer. Excess water would leave the filled aguifer

through surface water flow, evapotranspiration and ground water fiow. Then

development of public and commersial supplies began to aliter the water budget

and the originsl dirsction of ground water movemsnt.

o

hin the

s

Current withdfawal rates have created cones of depression wi
original ground water table around major withdrawal centers, This phenomena

has not been identified slsewhere in |

o

fed

Most other wells are far

Ex\-wz
o

he basi
enough apart or pump small encugh amounts that an established cone of

depression has not developed. The other wells that are spaced

fL
3
[
o
4
fi )
er
5]
n
i
[us
¥
i)
“3

are located along the river’'s flood plain aquifer, which is frequently
recharged during high water In the river. Any possible cone formabtion ism

o

suppressed by this annual recharge,

The increase in withdrawal has alsc affected the discharge of ground water
to the 3an Fedre and Babocomari Rivers, thus sltering the streameaguifer
interrelationship. Prior to 1883, Ft. Huachuca used 144 acre ft. of surfacs
walter by diverting flows from tributary streams within the basin, Since that

time, all diversion structures have been washed cut or siited up.

Well pumpages were estipated from a variely of sources. The eoriginal U.S5.
Geologleal Survey model {Ref. 5) provided the most reliable information along

{3

f 53

#f, 113

i

the Ilood plains; Arizona Department of Waler Resocurces estimate
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2,02 Definition of the Aquifer Systen

¢

There have been several studies that have previousiy discussed the
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A& tertiary conglomerate {Pantano Formation) is exposed near the mountain

-

fronts. I% is made up of reddish brown sand, gravel and boulders, cementsd to
form a conglomerate. The waterial is course grained near the mountain fronts,

generally measuring 500 to 700 feet thick. The hydraulic conductivity i low,

[

except where {racturing or faulting may have caused an increase. Faults
within the study ares may cause localized discontinuities where ground water
flow is decreassed or increazsed significantly. This formation is & bassment

rock, yielding relatively small amounts of water due fo its lower specific

The valley £ill deposlits (St, David Formation) are made up of an upper
part and a lower part. The lower basin fill consists of gravel, sandstone and
siitstone beds. IV has an average thickness of 250 feet, ranging from 10 feet

<

thick along the wountains to greater than 1,000 feel thiok in the valley. The

£
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Hydrologleally, the upper and lower unlits can be considered as one unit,
Heterogeneity within sach unit overshadew any significant hydrologic
differences between the two units, The fills generally grade from fan gravel
ne & mountalin fronts Lo 81l and clay near the valley axis: bowever,
lateral changes in packing, soriing and degree of consclidation often negate
thiz ssemingly Si@p?& progression from high to low hydraulie conduectivity,

he flood plain slluvium is made up of gravel, sand and siit, and is
coarser and less cemented than the basin Fill. Tt is located along the 3an
Pedro River and its major tributaries, generally measuring 40 to 150 feet

thick. The hydraulic conductivity of the zlluvium may be 2 to 10 times higher

urated thickness of this unit reduces its influence on the

"3
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regional ground water system.

2,02 Aguifer Parameters

5,:-

Most of the hydraulle preperiies of the ground wabter basin were initislly
assumed te be Lhe same as those determined for the U.3. Geological Survey's
1982 report entiitled “Hydrologic Analysis of the Upper San Pedro Basin from the
Mexico~United States Irternational Boundary to Fairbank, Arizona® (Ref. 5).
Several dala sources were used to deterwmine the distributiocn of the paramster’s
values within the model, The upper and lower bazin fill units are reasonably

similar in their hydraulic properiies. The hydraulic conductivity ranges from

s
=)
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2 to 22 feet/day, based on a flow.nebt analysis using specificatapacity angd

aquifer Lest values as check points. Arsal distribution of these values is

- E] Moy e ] s ~ 8 F P T O K 3 PO N & PRIy b
graphically sehown on plate §. freal distribution of the saturated Lhickness of

s o g3 B LA AR 4 N o o " R, PO P o 5 b e o A oy 8 o &S an e &
the upper aquifer is shown on plate 10, The product of this thickness and the

aydravlic conductivity of the agquifer determines its transmissivity,

Tranamissivity is the ability of an aguifer to transmit water, and is

Water Commission in 1973, two werse conducted by the U.3. Geological Surwvey in
1958 and 1960, eight were conducted by the U.S. Arny Corps of Engineers in 1071

and 1973, one was conducted by the Bureau of Reclamation in 1968 and two were

sy

conducted by private consulting firps in 1

Wi

T3
s

Refs, &, T4},

-

The transmissivity of the basin fill ranges from 100 ft</day along the
mountain fronits to 15,000 ftzfﬁay in the valliey. Data from these tests were of
variable rellablility due to less than ideal testing conditions, All of the

tests were conducsted in th

g
2
oy
he
€
v%
<3
6]
pad
¥
3
jed
fo]

part of the ztudy area. Thz totsl

transmissivity distribution for the wodel area 13 shown on plate 11,

&
E£:1

he storage coefficient of an aguifer is the volume of water released from
storage In 8 one sguare oot werbtical colums w%em the water %able or
plezometrie surface desclines one fost. Only fwo aguifer tests with sufficie
data te determine reasonably geood values were available in the study ares,

Thism was supplemented with spacifie vield information from avallable waler-well

driliera’ logs to obiain storage soefficientsn ranging from .02 to .18 for

£3

unconfined (water table) conditions, Due to delayed drainage characteristics

USF200009857
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coefficient values could be somewhat higher (Ref. 9). Long term storage
P o, £Y o bl P s o 4w 3 By o ; S 6 o P S Yo amg
coelficlents of nearby alluvial bezins were in the order nof .12, more than

would De used later in the verlification procedure. The Final specifie yield
distribution for the upper aquifer is shown on plate 12. The storage

fadele

%‘fi‘

ficient for sonfined (artesian) conditions was determined from pump test

s

(Ref. 30 to be 1 x 1077, The difference in st orage coefficients betwean the

i

confined and unconfined conditions is because the confined aguifer is under

higher than atmospheric pressure, causing both the water stored in the aguiler
# %

£
o

and the material itselfl fo compress slightly,
agquifer releases some of this pressure, allowing the aguifer material to
expand & very small amount., It i3 the very small volumes of water squsazsd

out by these expansions that provide water to an artesian well.

The {vertical) flow betlween the upper and lower aguifers 1g based on the
difference in head befween the two lavers {as shown on plate 12). Leakage
expressed as the leakance coefficient, iz the ratio of hydraulie conductivity
to the thickness of the confining bed. Vertical comnection between layers was

determined by the model from the assigned properties of each laver.

Definltive information on the hydraulic parameters of the fleood plain
aliuwvium 1s currently lacking., Hydraullic conduetivity and storage
coefflclients are thought to be higher than the valley 111 due %o higher
porosity and lower consolidation. Hydraulie condustivities for fine to medium

sand range from 10 te B0 ft/day {Ref, 11} whieh translates to transmissivities

o
™
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{Ref, 13) estimated a transmissivity of 10,700 fi%/day for the Flood piain
material, The storage ceefficient ranges from .05 to .15,
2,04 Aguifer Boundarles

The west si of the sublect basin is eonfined by the Huschura Mountaisns,

flivers, respeotively. The botiom of the aquifer is the cortaot between the
tertiary conglomerate and the undifferentiabted basement somplex; howsver,
where the conglomerate iz highly cemented, the useable aquifer may be as high

as the lower basin £111 unit.

in general, the ground water table reflects the same hydraulie gradisnt as

ent of the basin. Water level sontours indiscate that

fN

the topographic grad
mountain front recharge enters the regional aquifer {basin £111) and moves in
& nertheasterly direction towards the Babocomari and San Pedro Rivers., The
upstream pointing contours indicate that ground water discharges into the

atreams which act as drains for effluent flow from the ground water systenm,

The water level scontours further indiecate that the flood plain alluvium
recelves recharge from ground wabter underflow from the reglonal aguifer as
well a3 frow streanflow. In scme res ches, water dizcharges from the streanm

slliuvium Lo comprise baseflow to the river courses

The flood plain aguifer is in hydraulie continulty with the regional
aguiler; however, it is sstimzted %o make up onily one percent to the total

regservolr volume, based on an estimate of the basin atorage. Retween the
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Internatlional Border and Charleston, streamifiow ana
ground walter recharge to the river 1z aboubt 420 acre-feet por rliver mile

(R

6]
>y

. 11). Between Charleston and Tombstone, seasonal patterns of gains and
lozses exist, with an average annual sbireanflow gain of 1,300 acre/ft per
river mile. There are no apparent longters declines in the flood plaln water
levels. In general, flood plain water levels are at & marisum ¢ during the

summer and at a2 minioum in late fall and late spring. After a high rive

Tlow, the river level recedes, leaving the saiurated flood plalin agulfer above

[t
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ot
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B
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B
1
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e
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3
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s
3
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Lo the river at a slow rate,

Beavy pumping in the Fort Huachueca-Sierra Vistz and Buachuca City areas

it moves eastward., The cone in the

£
o
3
o
3]
[
st

fellowing new commercial developr
Huachuca Clty area 1s about 3 miles by 1 mile wide and in this zong, the
ground water flow along the Babocomari River has reversed direction for sons

distance downstream. Ground water that previously flowed gasbward, is now

attracted to the pumping centsr,

Thers are numerous other wells Jocated ocutside of these majior cones of
depression; however, they are dispersed, and consequently only produce a local
lowering of the water fable. A large number of wells that support

oy

agricultural production are found in the ficod plain aguifer and are thus

3
-y
Jeds

clese Lo a renewable supply of wate rom the v

v/

¥

]

e
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3, MATHEMATICAL MODEL

g
}AJ‘
£

ne mimulabtion of the hydrologic system of the dpper San Pedro River Basin
was accopplished using a wodular quasi-three-dimensiona! finite-differenne

ground water flow model. A full explanation of

ft&»
e
&
8

lution technigue used, and the mabthematical treatment of sach simulated

condition is invluded in Beference 9.

This model was chosen for the study beeavse the necessary simulative

'y

options were avallable, the documentation was s easily undersioond, the ouitput
format was easily adapted to plotting programs, and the data base for fhe basin

ha

[N

been previcusiy developed in an approoriate format (Ref, 59,

Several changes were made to the 1982 data base to update and refine the
simulation. Modification of the evapotranspiration data wag based on new
information from reference 11; modified and updated pumpage estimates were
based cn information from reference 11 and Fort Huachuca well reco rids; water
levels to refline the calibration and verification of the model were based on
Fort Huachuca well records; refined storage coefficient walues were based on
simulation runs of the new data base and the rationale was provided by

reference 6. This rationale involved increasing the storage coefficients to

more closely gatch those of adjscent basins.,

4 mathemstioal medel conastituiles a set of equations which describas ground
water system behavior, subject to certaln assumpilons. When solved with ths
appropriate initial and boundary conditions, the squations prediet the unknown

state of the aysten.

The basic equations of ground water flow are the mass conservation equation

known as the continuity egquation and Daroyis Law.

P

5
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The

The

the tot
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ectlion of the mathenatical model wae predicated on the fellowing

- s e 17 - . 3 Y g g N
mathematical medel of the Upper San Pedro RBiver Banin repranents & two

system. The aqguilers are linked in the model by a leakage term that

PE ventd mn 7 ear dBpeaeh & sy et e Tay S F gl P
iy vertical Tlow through the conlining lavers of silt and elav deposi

dilgital model selected for this study has the capabilit y ol desoribing

2

al system in quantitative terms; interrslationships bebtween components

$ke

-

system and stresses on the systew can be simultansously considerad

% ®

4

ity of the avallable
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data was in 2 formal compatible with model input reguirements;

the model van handle guantltatively, beth in spatial and

temporal contexis, conjuntive surface water-ground water
h

}«h
o
e
S
"3
-
i
fot
Qs
or
Juia
Q

nahips, including siream recharge, as well as

artificial recharge from existing and/or proposed basing:

the model provides the capabllity for the study of effeciiveness
of ground water replenishment programs, strategies and bazin

management plans in conjunetion with variou s alternatives;

the model can assist In determining sensitivity of underlying

assumptions and approximations in both modeling technigques and

the model is capable of zimulating ground water flow in a
confined (artesian) aquifer, and unesnfined (watertable) aquifer
or 2 acombination of the two such as those encountered in the Upper

3an Pedro Biver Baszin:

the model ¢an nandle hetersgenecus and anisoiropic conditions--an

important consideration in the simulation of a hydrogeologl cally

complex basin such as the Upper San Pedrs River Basin.
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These Ieatures and capabilities of the chosen model enable consideration of a
a complex hydrogeologic system. The main bene®it
in wsing such 2 comprehensive numerical modsl is that woest, 1f net all of the
relevant processes and their Interactions can be simultaneously investigatsd
with suffiecient accuracy at a largs number of discrete points in the

simulation demain and the ground water svsten reascnably well understosd se as

to predict the ilapact of hydraulle stressas res iiting from varlous walter use

The quasi-three-dimensional movement of ground water through porous earth

wmaterial may bs desoribed by

s % / %

foBn 3
A I SO Y [ To%= 1 o o o W = =ik = 0
Bx | Bx) B8y \ By/ Tt

and
A = ! kY ) '

I CO:1a U TR SR (SR 13 RO | (VO SR
w izg Py §i EN i ey $ 3 LI E%
ax \ @8x ; 3y \ By gt e

where ¥ and ¥ are cartesian coordinates, © = time, and

T is the Itransmissivity of the first aquifer {(lower aquifer layer)
(£t2/s),
3 is the storage coefficient of the first aquifer (dimensi
W is the flux of 2 source or sink in the first aguifer {ft/s),
h

K is the vertical hydraulic conductivity of the sonfining laver
{fL/s),

b is the thickness of the confining layer (fi},

fbo
(e

the head in the first aquifer (fi).

%

T 1s the transmisziviiy of the second aguifer ift?f"}

&
-

&7 is the storage coefficlent of the second aguifer {dimensionleas),
HY is the flux of a source or sink in the second aguifer {(ft7/s), and

h' iz the head in the second aguifer (£1),
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fhe physieal significance of these squations is 1llustrated on olsz

o
P
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The finite difference method used by the model approximates the time and soace

cell. The finite difference approximation sguatienz cannot be solved direstdy
for the head at node 1 (plate 14} because the head is nobt koown 2t the Pour

he made for sach of the

B
pe
,_:.m
ot
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s
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¥

other noades, However, a sielilar approximat

other nndes Iif these
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»
e
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‘I}
3
7
3
%
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;;
{3
ot
food

tented and ezrialn boundary
conditions are included, the resull Is a 38t of "n® simultanecus eguabions
with "n® unknown values of head. The linsar sisultanscus equations are then
zolved Llteratively, by the sirongly implleit procedure {(ReP. 9., 7Tt was
goncluded {(Ref, 18) that this procedure 1s the most powerful solutien
technique avallable, not only because of its relatively high convergence rates
but also because it generally iz not necessary to conduct numerical

:

experiments to select the paramelers assoclated with the solution procsdure,

Before the equations can be solved, three components of input data are
reguir aquifer parameters {storage coefflelent, transmiesivity and
ieakance), boundary conditions (constant head snd/cr flux), and inizial

eopnditions {for a transient madell.

Boundary conditions desoribe mathematically the geometry of the flow
zystem boundary and the values of head, discharge, or appropriate derivatives
at the boundaries. The San Padro and Babocomari Rivers are aszaumed 1o

2saentially provide 2 consiant head boundarvy and the mountaing provids a zerc

fiow boundary. Flow inte the study area frow the south and sut o the north

14
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was caioulated by the model based on potentiometr levels and sborage. Theae

h the conceptual estimates Lo verify ihe reascnablenscns

£
s

were later compared wil

fonf
s
o

T
s

s!
fod
&
o3
po |
fai
fin
.
P
&

ne desoribe mavthematically the inltial state of the entire

system. These are required Tor a transient model, The initial head at each

node {i.e., eell center) iz determined from assumed steady state conditions,

L]
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g
B
i
Q e
£3

coponents iz the agquifer paramsters,

#

The study area was modeled by ing the reglon into 740 rectangulsr blccks
in each of two layers. The grid is szhown on plate 2. Each block is assumed

ng defined by sixz dats

f

to be homogeneous, the hydraulic properties be

arrays: stariing head, alliitude of the interface bstween the upper and lower

e

3y
¥
o
]

layer, hydraulic conductivity of the upper layer, transmissivit lower

o
)

)

layer, specific yield of the upper layer and storage coefficlant of the lower

et
in

layer. The saturated thickness of the upper layer derived from ths
difference between the water table and the interface heiween the two aguifer
layers. The distribution of the hyvdraulie conductivity of the upper layer

approximates those values derived from the fleow net analvsis using specific-

2

capacity and aquifer-test values as check points., The storage coefli

the upper layer is equivalent to the specific vield.

The volumetrie flux term, W, simulates the effects of wells, recharge,

-

river leakanoe, evapotranspiration, stresmflow and underflow. These values

are alse included in the modsl as arrays and may very as a funetion of time.

river lsakance and evapotranapiration are

vy

The volumelrls flux associated wit
alse a function of the potentiometric head of the block in whish the siress

DOOUTE .

20
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Ground water withdrawal abt each node lg simulated asz g oonztant discharge
during a specified pumping period. The data was obtained from nistoric
pumpages In the basin, The divisions were determined by the uniformity of the
annual pumpage within a peried of btime and by the availability of comparative

water-level data, Pumpage information {s tabulated in Appendix €.

2.02 Model Sensibivity

The parameters used in this ground water podel were initially based on
previous work (Ref. 5). The sensitivity of the model resulis bte variations in

seriain key parapeters was alse tested in the previous work, The resulbts are

o

]
4]
s
3
Podu
3
43
)
wr
@
e
]
&
g)‘n
e
o
3
o
I

summarized in this section. By varving the values

evapotranspirabtion and vertical leakance batween rsasonable ranges, the

ey
et

sensitivity o he model was analyzed., The degree of zensitivity was measured

as percent change in net flux and standard error of the mean head change.

%

verbed leakancs term delermines the amournt of [low betwszen the river

[N

The ri
channel and aquifer, the quantity being & funcilon of hydrauvlie condustance,
elevation of river~bed, river stage and head in the ecell. It was determined
that the riverbed lsakance could be Increased without causing a significant
change in either net flux or mean head; however, decreasing the riverbed

leakance by a factor of 10 would lower the net flux below conceptual model

satimates,

2

The evapobranspiration in the basin iz modeled az 3 consumptlive stress
that varies linearly between a maxinmum rate at the ground surface, to 0O at
som= depih below the ground szurface. By varying the maximus evapotrans-
piration rate {and alternatively depth to where evapotranspiration cesses), 1t

waz found thalt the discharge by evapotranspiration was very sensibive;
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cﬁaﬁg in evapoiranspiration Is compensated for by changes in other terps in

]

the weter budget {i.e., underflow and dlscharge to streamflow). Conseguently,

head changes in the aquifer. Thug, the relative wodel smenai tivity of

Vertical leakance betwaen the upper and lowsr aguifers was the means b

P

which a quasi-three dimensional ground water Tlow model was developed.
Inereases and decreasss in the vertical leakanoe ty a factor of 1,000 produced
1ittle effect on head changes and water oudget values, This is atiributable
to the fact Lhat most wells do not penetrate beyond the basin £il1l. The

relative sensitivity of head changes and model water budget Lo changes in

k2]
[N
o3

vertical leakance betwsen layvers is low., Thi

!...h
[¢]
ik
£
1]
16
o
o
o
oF
o~
o
£
]
2
(}9
’3
£
o
ot
&
5

1ald

I..‘.a

hydreologic system could be modeled essential 1y a3 a two-dimensional svysten.

2.03 Calibration: Simulation of the 3teady State Condition

Calibration of the numerical ground water flow medel involved a comparison
of simulated water levels with histerical water levels and those calenlated
based on water budget analyses. The hydologic regime would reflect
equilibrium conditions, if over a certain pericd of tiwme, the sverage water
levels remained relatively constant. System outflow would equal system inflow
and the bazin storage would nob change. These conditions & asentially existed
before excessive ground water withdrawa] disturbed equilibrium, WHaler level
data for steady state conditions were determined from aparse data, Trends in

historical water levels were used with gxlensive water level measurements of
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E 0 e -y Tgn - - L e - s A g o o e )
1968 (Ref. 13) %o generate 3 water-ievel contour map for the predavelopment

pericd. A potentlometric (water-level tontour) map was bhus {Ret,
5) to reflect the steady state conditions (plate 15). Water budgel values
{i.e., mountzin front recharge, ground water underflow, surface waler
streanflow, punpage and evapotranspiration) were estimated from varicus
ascurces {Ref. 5),

The value of each hydrologic component changes throughout the year, as do
the ground water levels. These seasonal flustuations cen sometines be
recorded or estimated {a= in the case of streamflow, precipitation or
evapotranspiration). Other compenents sush as well discharges and ground tar

levels are measureable, however, monthly info

4]
[ny
1%

study area. Despite the less than ideal data base, the trend type analysis
adequate over the 45 year simulation peried. The calibration of the model
water levels to historical levels was limited by the small number of availad

cheerved water level dats.

The computer model was tested by specifyving starting wabter levels, aquifer

and evapotranspiratlon parameters, and system inflow; then allowing the model

(’*

to calculate new water levels abt =sach grid node after a one yvear time period.

A theoretiecally perfect calidration would result in zero change in water level
at each grid nods; howsver, becausg of the inexactitude of the model inputb
values and the interpelation of field waterelevels, & lesser degree of accuracy
is warranted, Because the hisitorieal ground water-lavel coniour map was
generated using a 50-foot contour Interval, model calibration was considersed o

be scceptable when differsnces belween the model and fleld water levels wers

™3
143
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within 225 feel, A greater differsnce was accepted in areas of arge waters
level fluctuations (such as along mountain fronbs) and where ateady.siate data
or of gquestionable acourany,

Guantitative refinement the =mpatial distribution of phreatophytes in tre
basin was made by the Arlzona Department of Water Resources (refs. &, ¢,
Analysis of areal photography supplemented by fie reconnaisgsance, allowed
them Lo computs consumptive use values throughout the basin., These spatially
variant values were used In the model instead of the conztant valuyea stipulated
in prior modeling studies. Refinement of the evapotranspiration conponent of
the USGS model {mproved the calibration results by less than 1 foot in a1}
aress Recharge values were adjusted to calibrate and verify the mathematieal
model., The inexact nature of the conceptual recharge estimetss is caused by

2

the unknown effect of transmissivity

created by sublerranean geologic

restraints {(such as fault zones). Thus, this particular model parameter {i.e,
recharge) could justirfiably be adjusted during the calibration and stage. By
increasing the recharge values ab the nodes adjacent to the Fort wells, an
excellent correlation between simulated and historical water levels Ffor the

Fort wells waz achieve

¢ (plates 16 te 20). Recharge and discharge values for
the eonceptial model are compared to tha corresponding values for the numerical
model in table 2,
24
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.04 Verificstion: Simulaiisn of the Transiant State Condition

b e

L] ~ oy 3 e & ' do 5 5% E 1 ) vg w5 2
retained for a Lransient siate simulation, Aquifer storage propertles and

pumpage estimates were added to the model. The transient state simula®ien

g
¥
s
@
N
e
s
&
»
-
o
1
@
bt
o
o

caleulates water levels and water budget values for the
simulation perlod. During each period, ground water withdrawal at eash grid
node is assumed to be constant. Aquifer and evapotranspiration parameters,
and guantity and distribution of mountaln front recharge are also kept

constant throughout the entire simulation., 4 new water table is caleulated as

g‘"’?‘
%4
3
[¢:3
12
L3
(8
Ly
e

&
p
3
w
[
L2
o]
i
fad
b
o

the end of sach mulation period taking into ancou
system c¢reated by ground water withdrawal during the aimulation period. At

the end of each simulation pericd, the new ground water table is used as a

o

starting peint for the next simulation periocd. The simulstion perisds wers
separated based on the uniformity of the annual pumpage within a peried and by
the avallablility of comparaiive water-level data, 7The simulatio n pericds of

the USGS data base were retained for this study.

Well pumpage data for the model area was deficient. Several sources of

lad

information were used to evaluate past and future ground water withdrawals.
The originzl USGS model provided the mos? reliable information on ground water
withdrawals along the flood plaing (for agricultural supply). The record was
axtended from 1978 to 1985 assuming 2 similar withdrawal patiern. Fer all
simulationz of future years, the agricultural pumpage was assumed to stay the

0

same., Additional well records were provided by Fori Huachuea personnel

enabling reflinement of the historical ground water withdrawals en the Fori.

It was Turther determined that the surface water diversions by the Fort
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diveraions were thus neglected, Pumpage
28 £E

1y matohed known pumpage records at the Fort

and were considersd reliable in extend

age records of this source, however,

'!Z‘

1985, The pun

withdrawals at each well, but rather recorded the vumpage service arsag of

each waler company. The pumpage auantities were provated smong nodes within

each service area by lecating the wells using quadrangle mappling and U308
model distributions {Ref. 5), These AZDWE records allowed refinmement of the

o

pumpage information in the growth senters bath for domestis and public supply.

Relatively small ground water pumpage by individualis, however, are

impossible te locate accurately. 4 rough estimate of total withdrawal from

analyzing the ¢otal wer usage reguired te run the

s
&

the basin is possible b

pumps; however, locating esach user 1s not possible at this time. The

relatively small withdrawal magnitude of each well may affect the regional

ater table as the nunmber of wells increases and 1% would be wise to sniores a

%

toring system of active and proposed wells, Though, &3 & whole,

&)
P

tricter mon

these uncharted wells may slightly affect the overzll water budget, thei:

effect on fort operations is deemed negligible sinee they generally operate

£

ie of the zone of infiuence »f the fort weils,

4'2),

outsi

The ground water model was run using the transient state dats base,

Resulis of the transient stale run were compared with known water levels to

verify the calibrated model, A water-level contour map for 1877-78 (Ref. 13)

was used Lo compare the transieni response of the model with the historical

water Jevels. Water level records were retrieved frop the USGS National ¥Water

Data 3torage and Retrieval System (WATSTORE) and from sbserved hydrographs &l

various wells within the study area (Ref. 8).

=7
Y
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er. The mensitivity of the model to storage coefficient values was

tested by inereasing the storage cogfficient for specific arsas within the

model and comparing new heads to the original ones, It was Ffound that

increasing the storage soeffiaient valuss from $.0% to 0,12 around the Fort
and Sierra Vists area Facllit a much betier mateh beiwesn caloulated and

historical water levels,

There was very limited data on which to hase the distribution of the

storage cosflicient values, There is some rationale in increasing the storage

coefficient values especially around the Fort wells, whers doubling of these
vaiues would still keep thew in the 0,12 range, which is consistent with
documented values of adjacent ground water basins (Ref, &). The atorsge

ageffinients were thus increassd & ring the v

m
w«
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pors
ot
o
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ke
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3.05 Results and Model Reliability

The guasi-thres-dimensional Ffinite-difference ground water flow model
developed Tor this study adequately simulatss the hydrclogie system of the

Upper 3an Pedre Basin as descoribed in Section 3.03.

The stress conditions induced by ground water pumpage resulted in a

conziderable deniine of th

i
o)
]
4
3
[N
[t
2!
o
ol
3

poent water iable. Water lewvels abt the
Fort wells have been recoerded for s number of yvears, The transient state
model appears to simulaite the declining water tabls to an accepbable degres.

Plates 1 through 20 present a comparison of the ecmputed snd historical water
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levaels at all of the Fort w

o

11z, excluding #5, for which recorded levels were

uncertalin, The model aimulates the declining water levels and

o
=N
¥
prs
o

ground water budget values moderate acouracy on a regional scale.
Plate 21 shows potentlometric contours of historical vecords along with those

caloulated by the model for 1977,

The reilability of the model results are somewhat 1imited hy the
réllability of (1) the estimated hydrologic parameters of stress (

. z 4

recharge, pumping, evapotranspiration’,

{transmissiviiy and storage coef fficfent’, and (3} the historical water levels
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3.086 Support Progranms

In addition to the main ground water flow computer program, a conbour

i g

mapping program and a hydrograph plotting program were used in conjfuncstion
with the results of the ground water program., The unnamed contour progran
developed by Corps of Engineers' Wateruways Experiment Station allowed

potentiometric maps to be developed for a variely of seenarics. The

§J~

caleulated ground water model elevations were retrisved from the output files
of the main preogram and rearranged into the contour program through an
interface prograw, GRABZ, developed by the Los dngeles Distrlet, This progran
arrangad the ground water elevations to mateh their aorresponding coordinate
positions. The contour pregram used interpolation technigues fo plot lines of
equal water level elevationz throughout the study area. The resultling map was
plotted with a CALCOMP plotter, enabling an easy compariscn of caleulated Lo

historical ground waler contour maps. These are presented on plates 10 and 16,

e
{3
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] P - P ; 10 i
4,  SUMMARY AND CONCLUIIONS

. ;. s s e
.01 Ferennial (3afe) Yield

& pround water reservolr is a renewable natural resource from which g
certain quantity of water can be withdrawn annually. The maximum quantity of
water that can be extracted from the underground reservoir, while stili

maintaining thal supp

undesirable resulis such as orogressive reduction of the water rescurce,
wining, development of uneconcmisal pumping conditions, degradation of ground
water guality, inlereference with prior water rights, or land subsidence

b

caused by lowered ground water levels. GExcessive 2osbs may be asszoeiabed with

lowering of pump bowls, and installation of larger pumps,

T ground water is continually withdrawn at sz rate exceeding the long terw
average annual natural recharge, an overdraft or ground water mining condition

will continue to exist. OQOverdraft or ground water mining areas constitute the

3

largest potential ground waler problem in the southwestern part of the United

o,
e
it

States, Until the withdrawal in thess basins is reduced Lo a level below

perennial ylelds, permanent damage or depletion of ground water supplies must

The persnnial yield of 3 basin mey wary with the diffsrent patterns of
recharge, development and use of water in the basin, If ground waler lavels

are lowered, subsurface Inflow will be inoreased and subsurface outflow wiil
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be decreased. Evapotranzportation losses would alse be reduced, Changes in

¥
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inflvence surface itration and =ubssquent percolation to the water
table. Urbanization of an area, sccompanied by greater surface runoff and
installation of sewer systems, can be correspondingly expeated to reduce

recharge.

In the study of the Upper Zan Pedro ground water basin

estimates have been made for the perennial yield. For this study the

3

perennial yleld equals the long-term average annual ground water recharge.,
feet annually (as determined from steady state conditions)., Arnother estimate
(Ref. €) places the perennial yield for the model area at 11,500 scre-~fset per

year.

e
]
L]
3
ot
-t
&
ot
e
4]
<
2
{8
ESi
151
Q

mount of ground water storage within the entire
basin, 1t is evident (Ref. 11} that the basinwide existing and ruture

withdrawal amounts far exceed the perennizl (i.e., safe

S
N =
i)
M
e
3
jo2
B
pars
3
N2
Lak

Thus, not only are the Fort Huachueca water rights affected, but the bhasinwide
interests are also threatened. Continued population growth will reguire a
ground water management plan to ensure that an adeguate water supply will

remaln available.

.02 Fubure ¥Water lss Scenarios

The calibrated and verified mathematical model of the study area was used
to examine eight future waler use scenarlos. Each scenario concepiualized

different water use disiributiens for the period 1985.2000, Three simulation

redictive model

k=

periods, each T years in length, were used for the sight i

”

runs. The rezulls are graphically 1llustrated on plates 24 and 23,
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Future water use within the study area was based on severazl suppositions.

large part of the agricultural water supply iz from pusping located aiong the

rather than from sountain front recharge and is not sxpected to significantly
affect {or be affected byl the regional aquifer. Major water supply changes
were considered Lo come from municipal nesds., Agricultural needs were assumed
to remain the same for all future simulatioms. The agrisuliural withdrawals

from the last year of the original modsel were repeated for Ffuture vears’

o

%1
Yoo
&
=
Q
;—-l
;v‘
ﬁ

rates would continue for 15 vyears, up to the vear 2000, The results indicate

thatl there would be Iocal declines of the reglonal water table, and that they

EY

would be relatively small. The cone of depressioc

o

w
.‘J
59
#l
=g
[&]
o]
¥
e
jwd
o
o]
oy
e
0
sﬁ
ko
@B
)
*$
o

Vista would continue to grow, with the maximum decline in water level seourring

Lak

around Fort wells 1, 2, and 3. At the present rate of withdrawal, the decline

over the next fifteen yvears would be in the order of 3L feel, an aver age

4

decline of 2,25 feet per year, Conseguently, in the year 2000, the static

water Lable is eslimated to be 4,067 feet msl, whereas the water level inside

]

of 60 feet lower dus to well loss

)

the well 1tgell would be in the ord

&
~3

®

Fatiled

This would place the water level inside the well abt an elevation of aboub 4,007
feel, At Fort well 1, it is estimated that the Jower aquifer begins at an
elevation of 3,950 feet. The Post Well #7 penetrates into the lower aguifer to
an elevallon of 3,93% feel. At the present withdrawal rates, the water level
in the well will be only about 58 feet above the bottom of the well in the year
2000. At an annual water table decline of 2.25 feet, the well would likely dry

oul by the vear 2030,

Lad
123
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The second scensric assumes thatb throughout most of the reglon, the ground
waler pumping occurring in 198% would econtinue up to the vear 2000 everywhere
exaeept the community of Sierra Vists, where 1t was assumed bo increase based
on e land use element projection given by reference i The following tadble

from reference 4 shows projected population estimates for the
Fort Huschuca areas.
Y@ Popuiation

[

16 20

1977 24

- 1578 25
- 1879 26,6265
1985 33,127%
1990 37,487°
2000 48, 4y2f

Source: ®Sierra Vista Community Profile
ﬁuﬁuﬁi?* #lement
“arizona Statistical Review
d?art Huachuca Impact Statement
eﬂem&iﬂg Element Projection

fLanﬁ Use Element Projectl

Population Characteristics

™5

Average Annusl Growih 4.0% {3ierrs Vizta Compunity Pro

Elder]
Youth Population (18 and under) = 424
Medlan Age

Hedlan Iucome =x

2 v Population {over $8) = 1,%%

w5

o0y
L

-

8
$9,039
Percentage Ralow Poverty Level

= T7.5%

Median

&

ig
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extraciing sbout 75C acre-~feet of water annually, however the new project
would eall For a peak annual withdrawal of 6,57l acre-feet. The planned
future development is detalled in reference 4. Plate 26 shows the area of

propused development with the existing and proposed future well locations,

Huachucs and Blerra Vista would contime to %W, but st a faster rate (2.7

. hY . 5 4 . P » o § — 5 P e P S L
feel per year) than had been previously esxperienced. It is estimatsd the
Post Well ¢1 would dry out in about 38 years (i.e., the year 2023). ©Plate 18

sompares this scenarlo to Scenario 9 {status qus’.

The third scenarloc examines the effsct of proposed pumping by the

1ties Company at SW of SE 30.22-21 (1,230 zere.feet annually for

pte
[
35

Southland Ut
domestic use) and at NE of NE-30-22-27 (170 acre-feet annually for commercial
and business use), These rates were assumed Lo sentinue up Lo the vear
2000, This scenaric was developed in response Lo a raguest by the Fort teo
review a Notice of Application to Appropriate Water froam the Arizona
Department of Waler Resources, The results showed that there would be a loeal

lowering of the water table in the vicin ity of the walls, bubl they would have

a negligihle effect on the pumping operations at the fort wells,

The Tourth seenaric, alse developad iIn responas to 2 regquest by Lthe Fort,

examines the effect of a proposed increasze in pumping by Tennsco VWest

oo

seorporated at 3¥W of SW~10-27%.22 {425 acre-feet annually) and at NW of

E=16;

aufif

£

. This proposal was later

sbandoned after the land was obtained by the Bureau of Land Management. These
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rates were alse assumed to continue up te the year 2000. These wells are
* Ao i s 4 Loy gy, g 3 i 1350 " gy o, o, o) e e A - 5w gy i < % ¥ e
located along the San Pedro River and were found to have no igpast on the Fort

opgrations.

The Fifth scensric sxamines a peasible solution to the rapidly declining

water table anticipated at the Fort wslls., This alternative assumes that ithe

;:3
:;
G}'
,,;,
&
@

entire water supply provided by Fort wells T, © and 3 would 4

provided by the two produstiion wells ab the

located about BO0 feet west of what is referred te in @ previocus reports {ref.

apart. At this time, these wells are not providing a significant supply to
the Fort reservoirs. By using theze wells locabed aboutb 3 miles from the
center of the cone of depression, the stress on the watsr tab yle would be
redistrivuted, thereby relieving the heavily concentrated drawdown at the Fort
wells. It was determined that the static water table at the Fort would

experience a rise of about 36 feet {to an elevation of 4,137 feet) over the

next 5 years and would decline at a rate of about 0.7 feet per vear.

The sixth scenario involves a redistributicon of half of the water supply
from Fort wells 1, 2 and 3 %o the Haab Range wells. The remaining half is
assumed to be still supplied by the Fort wells. I¢ was determined that this
redistribution would result in the statlic water level at the Fort rizing about
13 feet {fc an elevaiion o £ 4,114 feet) over the next § years. Ones the
regional water levels stabilize, the wster level at Fort well 1 would decline
at & rate of aboul 0.7 feet per year. bzsuming a reduced drawdown of 30
this aliernative would ensure the integrity of the Fort well #1 for about 150
years (the year 2135). Scenarios & and 7 can be comparad to Scenario 1

{statusz quo) on plate 24.
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The seventh scenario combines Scenaric #6 with 3ecenario #2, f.e., a
r ok B X o Yo Fa oy g s s st BN g ; Y S SR - L i o e
redistribution of halfl of thne pumpage of Fort wells 1, 2 and 3 to the East

Range wells and antioe

pated growth of Sierra Vista., It was deterwined that
the water table resulting from this scerario would declime at a rate of abut

Pl

0.7 feet per year., This alternative would ensure the inte egrity of the Fert

-t

well #1 for about 142 years (the vear 2127). Seenario 7 ean be compared to

s

be
i
o
fis
g

& f - ey By . T * Y
~io 1 {status quod on plate 116G,

The eighth scenaric sxamines the effects of growth of 200 percent over 15

years at Buachuea City. It was determined that the water tadle weuld desline

&
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73
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55
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study Requirements

It is evident that even abt the current rate of pumping, the Fort Huachuca
water supply may be threatensed ab some time in the not too distant future,
oposed growth of Sierra Vista would speed up the process of declining water
levels, and one o=~ more of the Fort wells may dry oub within U% yvears. Though
the decline in the regional aquifer may be relatively small (i.e., less than

one fool per year), 1t

ot

iz nonetheless evident thal overall ground water
withdrawals are exceeding the safe yield. Several areas where intensive
pumping is ocourring will experience noticeable deelines irn the water table.
As stated in many of the previsus atudlies nof the water suppiy for the basin,
there 1z a wast supply of water within the bazin aguifers {Refs. 1, 2, 31,

The problem concerns the possibility of existing wells "drying out” from the

T

declining water levels, The firal scenario (status gquo) abowed that the Fort
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well #1 would approsch a condition where Lhe water level would fall to within

BB fest of the bottom of the well by the year 2000, The smecond scenario
lanticipated growth in Sierra Vista) showed that the waler level woul

actually fall below the bhottom o

by
¥
bu)
o
£
]
Paiy
sl
(=2
Eel
o5
&
Gk
&
j5]
¥

it Inoperable. This would severely retard the water supply operations of

2023, thereby rendering

the

Tols situation could be avelded by redistributing the Fori's ground water

withdrawal. Use of the pumping welle in the Past Banse would reduss ther
3 bl

stress on the water tab near the Fort asnd would 3ti11 afford the Fort the

same guantilty of water a3z before. These wells are loosted beyond the zon
e k

influsnce arcund the Fort Huashuca-Sisrra Vists ares,

The influence of other wells on the fort operations depends upon the

e
2]
[}
m
s,..t
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o3
o
3
£
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o

s
3
§-
o
4
[+
[+
)
k]
(24
j=a
313

kel

impact upon the Fort operations if withdrawa!l amounts and distributiens &1

not carefully planned. It would be wise to review any sush proposala for
ma jor development as part of 2 ground water management plan. The most
acceplable well locations could be determined in the early atages of prol

development. Any proposed operations should net have a significant

deliterious effect on the Fort's pumping cperations,

At this time, it is strongly recommended that a monl toring program be

ropesed withdrawals., The resulis of Scena

aot

extablished in order to betier identify the ground water conditiens of Fort

Auachuca. Observation wells would provide an scourate definition of the

static waler table, providing information that is snly poorly defined from a

punpaed wall,

33
L]
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5

Tra

Ephs

Flow

Groy

Aouifer

Arteslan

Conductance

Cone of Depression

Confined Aguifer

¢

__— A e e o d et 1 o - e
Soil, sand, gravel or similar detrital teria

g

et

deposited by running water over geologie time:
usually deposited at places where streans issuing
from mountaing lose velocity and deposit their

contained sediment on a velley floor,

A water-dearing bed or stratum of earth, gravel or

porous stone,
A condition wherein the ground water is confined
under pressure greater than atmesphere by overlying

relatively impsrmeable strata.

Fortion of streamflow derived from ground water

discharge.
The product of hydraulic coenductivity and surficial
area of a material divided by the thickness of iths

material, (Ft2/s, efs/ft, ete,),

& oonle depression of ithe ground water table formed

around & punping well or system of wells.

See frtesian,

A2
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5 OO R w % e PR
Ground Water Bareler

Ground Wabter Basin

Heterogenelity

Homogenaeity

Hydraulic Conductivity

Hydraullc Gradient

Infiitration

Perennlial Stress

b
P

4 g " " B
LLLie O o Mlow,

e

Surface across whioch there is

aults, ground water divides and rocy

st
<&
e
3,
-
:
by

outerops often form barriers,

& closed systew that contalns the entire [low paths

the basin,

=
o

followed by all the water rechargin

Having similar physical properties frowm point to

4 measure of the permeability of a porous maedium;

ratic of Darcy flow velooity to hydraulic gradient
{(ft/s, fr/day, etc).

Difference in hydraulic head per wnit length of flow
path.

The inflow of water into earth materials.

s

i

Hydraulie oconductivity of & material divided by

thickness {ft/day/ft, eto)l.

Some degree of surface water flow is malintained

throughout the year,
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Perpeable The abillty of 2 mabterial to allow She passage of
ground water.

Priveatophylt & deeperocted plant that draws weter from the water
table or the soll Just above 11,

Foresloy Proportion of the total volume of porous medium
ocnazupled by volds,

Recharge A matural or artificisl addition of water to bhs
ground water systen.

Riparian 0f, pertaining to, or living on, the bank of a river
or iake,

Safe Yield The rate at which water can be withdrawn for human
use withoul depleting the supply to such an extent
that withdrawal at this rate is no longer
gconomlically feasible; 1t is determined for a
apecific set of controlling conditions and gubject
to change as 2 result of changing economic or
physioal conditions.

Speeific Capacity Yield in gallons per minuie per foot of drawdown for

a well at a selected time after pumping iz started,

{dimensionless),
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Speoific Yield

Btegdy-State Condit

Storage Cosfliciant

Transient State

Condition

Transmiassivity

on

g

Amount of wabter yielded per unit drav down per unit

of horizontal area dewatered, {dimensionless),

A atate whersin the hvdravliic stresses are constant
and the resultling fluld movement 1s not time
dependent,

Suantity of waler released Frowm {or taken intol
storage in & oolumn of aguifer with wnit cross-
section and length equal to thickness of aquifer per

unit change in hydraulls head.

A state wherein the hydraulic siresses are varving

with time and the resulting ground watsr levels are

&
]
&
b
y
er
=]
&
.

a funocti

Rate of horizontal water flow through a vertical
strip of aguifer 1 foot wide and extending the full
saturated thickness under hydrauiic gradient of one

foot per fool.
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Zone of Influsnce

A

and falls in

2T

The

»

Surls

2

e g o 5 Yo e
dition whersin
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ce along whinoh the

atmospherio,

oone of

table iz affected

water pressure is

deprassion,

by pamping.
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AQUIFER PARAMOTERS

B

USF200009895



H

B

A

ik
{
4

o

R e i e e i e i i i e T T - G g e g e g g g es e

7

TORAL

&

s‘““g‘,

%10

’

)

pa)

Fa)
o
¢
4]
{
0
0
o
4]
G

AAE R G 6 o B o6 B o Bt B % T B s B B e B o T L5 5 B an S o B oo B s B o T s S 0

A

YDRAULIC
CONDUCTIVITY

g

£

DOOOOOOOOCOOOOODDO 0D

4
0
by
-
0

€280 OO OO [ e R

¥

ITY

51V
AYER 2

¥
e

TRANSMIS

m.wQﬂwﬁﬁ.ﬁmﬁwﬂuaUﬁuﬁuAUGQ».UmUmUGﬁwOmUOmvﬁwﬁwﬂUﬁUﬁwhwﬁuﬂwmﬂwﬁﬁwﬁvnﬂuanmnu

ey
a

CTIVIT

I

il

CONDU

8

ﬂunU,«UaUGSﬁUGGGﬁuﬂuGﬁuﬁwOéQnﬂvQﬂvmuhV O3 D D DO

OO TSP U D D D N vy e T N B O3 ON O e O I N0 P00 Oh O e O % =9 40w e
TTOWT ST e e e w04 OB O 0 D £y 0 0 Y Y P § 0 I €9y £ oy o0y

w\rﬂ&d.im!.ax:.w.!m!fn.a.a‘aﬂx&-ﬁg{.ﬁ?«ﬂ?ﬁlﬁ?iisq.(«il..a..!ﬂ.lﬂaua.n)m.ﬁa.inﬂa.a!.axlﬂéﬂrx«wﬁewzim@sﬁdiu!»ﬂ:

GRID

TN AT AN D e D N O v QY Yy CRRVE R S o]
K L e

YT G e g pees gus g

19
26
z

. [CaRTORE SO o nuﬁi.ﬂxhﬂra TRl o
AR A S A R A R i B e I W S

USF200009896

iatlion,

&

BLmU

A

5

5
ERwi)

ES
S

the




USF200009897

I ]
B I A B R T I I I B B I T B B R R e T T T B e a— R B e e T e B e o ]
T
§ 30D 0 D D DD D D DD DO DD D DD D D e e et o i G0 O e
T e R S e N I ]
—
£
S
Eaa
Xl
g
T S DD OO OO DO GE OO0 00O 0D DD WD DSRS0 T e P e P
T DO DD DD D D) R R DD D O
[ ] e emd emieed OO O N O W s 0 O
S N S T e ool ok vod ok ek
oA
R
<L
B
P
L]
b
g
e
~~
&
By
g
43 D DO D0 DD DO DD DO OO DO DD e YT oUW U Wy WY I e 0T Y 7 (S
s WY Y Y Y TY ONY Oy Y b S (Y e oy 0y
M e e B e N S ST N
£ o8 el 08 04
3
g
£
P
oy
@
. —
. o DD DO DD DD DD DT D DO DD D - O T B T B T R R O AR =T It e
pr AP A 3 o GO O O TN WD WD D
G e L e EATES B ERE A AT R A A b B o o T o
R H i o
g ol
[ o
o W
) St
L
hA —
= T T AT D I U0 T3 et N O ST W) D P 00 D DD et 4 07 o 1A D e OO CR DD e O 0T ) D P
ot o B e R I e e B AR I B B B I O S S R N R R T R A A
2
3 B S S A S S S S B IS BT R L B RN N T O TN O TN O O 0 O O T 0N 0N G O O 0o
mm
& T T e T S T e 00 ) e O Y Y D P N3 DY CD et o O o WY D P GO SR B ek £ 6 o
v & DAL 2R R e A AR AR N AR T A N e N s - SR RN B IR -2 T S T
R
)




oG Pan
(]
o § Bt et e e B A e i B B B e B e e B I B T R e R e T I I e — e g pnd
] <3
ol Bad ot
SO T R =
[T S Ry
“p
o et — - —
o fae
PO S5 Y ~~
&Y Ll o -
(O =g i GO OO0 OO DO 00D 0D OO D00 G0 0D 3 e O S IR e
38 iad fus) g Twd geed pnd gt peR semd peed
e —
- *®
-~ ot
o
d
Gk
X e O DO ON O DD DR 00O 000000 D DO D ) 0N B e B S
2 P [T u i IS oA o BT s BV IEY o B NV« N o B BV SRV IR IV
i tid o et sl ek ONENE TN R DN O O o N O
A e 3 L SFONE S T T ) Y eed vt omef et
O I I IR N
re N o 4
B 0 T2 a4
Pl o N S, U N
L opes I3 3% add
Er o Z b nd O
- i
i
g
Kol Ban N
T @
(2] e
e T
st it DO DO O DO D DO 00O OO0 OO O W @ W @ e e o ) ey 0y
[ e st ] At A A NS IR T B L T o T B« i Sl an B v S0 WL TG o WY
5 133 W i B e e R IRV BT o SR VL WV Y
it s H 2 5 o H
= R R T A W A S
“Y L3 g
24 ]
=L g
e
Fs
Tl A,
£ @
o ~
o &4 Hyﬂupueﬁunuuﬂu&unuﬁ.nunG,uuﬂuan.Uﬂuﬁu.nuélwd,.G»DWDaDmJE.aJQ422?“29
e o et O P O ST g O O N B0 D DD D D
i wl AT I R N S SRV REY > B R I ]
Lo e H e R p—
P [
3 end ot
= w
[ S
x RN S S W LY e 0O T e SN0 F W ND P O3 IR O e 0 6 A Y D Fe OO R D e D 0 NF Y T
i s e Tl e e AR I B o A e I e A S S s I S T, B e I P e
=4
2
wmw, R R B I B T B B B B T T T W R e R R T e e R T N YO TV OTY OV O 0 0T gy
&
<3 2 WAk Ea 00 N DD ek T DY) SE 0 T e D DD et ON Y SF L D P DO D et O 6N WF WY S e KT R e
.;mw.* 7;7«?17:7;'@,uﬁﬁ.»&63&8589ﬂ?nﬁﬁ;ﬁ»«ﬂﬁﬁ;gﬁjg»nuﬂuﬂuﬂﬁusgﬁwni.mu_.i&é
o o e o ed ok oed ook pwf PR ok oon ot

~F

USF200009898



&g -
W
H e aed pwd ek reof e R gmed wmed s veed g mond nd e g mod seed g oud rmf med amd ped ped peed omf pad o] sl g e gl gk g pecd sl
-
—t
»
o
~3
I fos Tk e B T s L o TR0 O v o T oo b Y o e e v T A0 e i v T o TR AU RS S S (a0 4 B8 e B o o S, R (N NS S0 # B+« BT SRR g Y
T et pemd mewd swg vl ol red wed ek
g
=
R
P CUOODODOOOOO DO OO0 00D 00RO OO D e
Pl Lw RN JEE w N« Vs JEN « AN+ I o B A N T S T S B ARV SRV T
s et ek (01 O TN O O3 G AN OO 0 O T O e
mw.., RS RS S I S GRS RS S S A - SN S S )
g L
2
wE
-}
]
DD D D DD D DD D DO MM A WU A Y 0y G Y 4 D D WY W S O
WY oW Y o Y &Y I Ty P @) OB LY MYy 0 om0
e e B B R R P B K Y e e
O OF O TN N 0 N g SN 0N N 0N
o~
@
-k RS
i m,L T3 DL D O D OO D DG CY T W Ot D gD Y WY Y a0 M U WY Wy O 0y Y O
Pood N e D F X O3 O O N N 8 G0 00 S T O
oo G R G P D P D P P B e P P WY G B
2t u,t‘v Oy e
-t vt
b
]
e
mum DT SE W D e B0 D e OO S WY D e B0 T et OO S 0 S e KD SR O et N O P A A P
% e e e e B T T e B e A S e IS I Thie B T T B B 1 T
E:
-
3 s e - . e i o
ﬂw A A A S A B T S e - SR - . T St - R S T e R G R S S S s P e 4 SO - GRS N3
)
pa TS B A IR R T L B T Y o L s - B o R TR S Y R s e . e N R s R L.
1 o d = i : - . ‘ ) ¢ 2 Ee 3
o A AN SRS ST S A I S R e B e W B e I B T A R e i R R )
HU.,; - }JIL:.&ZA!s.m..s.l“«isii&i;i?ca..\Ll..!m.i..ei!ixi&«i.«i1&7&1&‘&119#!&11&?&1&1‘&v.x«
e

USF200009899



RID

Bid,

(R \@)bCi iV
= THIC
w LE%&&@Q

fo/day/fe)

VERTIC

¥ A
HYDRAU

AL
JLIG

CONDUCTIVITY

CENT

wa

e e

Bows P bow fand  faem
ST RA B R B e TS WD

Boust  fanet Bt femse
QW s U U 4 L A L s O
[s-@

Pon n s e
IR el

1

F
Sned
La2 B0 e

P S T
B O B T B

NG ed O ot

o
e

186G
i81
iaz
183
184
185

R A

P

o

L

oo

b

WL ed O R
T g

St
g
[

[ YR VR S
fowt

P

[~ R i el

»}

SO0 S O AR B Lad b

Lar £

(8w
“d

[o]
[V
= 0
(¥4

S

"

O N DY e 0
L O OO0

ESEE S

v
<

I~ A 3 O
]

Bad pet st Beed pees Bt pd G 53

>obed Lad A RS L Lot Lad Lad L L L0 Lo La el L An

L
o oay;m in

OO =2 O WL B LD RO e

P22 RS BG RS B3 B OPRS B0 RO e e Bt fe B poe
[ASCE N 5 I SO N NG I )

FAR (3 ]
Bens  ast

ot pres pucd £ i ot
LMD RS R LA A U S LA L W W U W L W 0 0D o

AL LA LA LA AR N LA LA LA WA La WA W8 LN LA LR W R LA W WA W W LR LR AR A e LB LR LA L AR L A
i Pad B PO P

0
G
10¢
106
1067
4267
4264
4268
4268
#4269
4269
4269
£270
4270
4270
4270

4270
3

b et ot fes B e

B it

]
A
- -~ r’

) (=107
iy 1
{ i
O 1
{ i
i

9] i
1
G {
& i
o 1
¥ ; i
My 1
w i
i 3
U H
g i
o !
{ i
~ ! .
U i i
, !

8 i 1
& i 1
3 I 3
e 3
2 1
3 1
Lw A
2 i
2 1
2 1
2 i
2 i
8 i
8 1
a i
8 1
# i
8 i
4 1
& }
0O i

USF200009900



3 .y
s
H e B B B B s B e I e B e B B B B R T o I R e T T e B B T e a—, monf ek wred geed g
[
oot
e
et
.
™3
1 fec i et Bos ot oo an Sl Gl e N v B B e e e e R ol O I e R s B R R R R R e
oy e B e T I S N
e
=
T
—
E¥ ]
=
e (RS R SR e R " I S e L o s o Bl B R e Ik B e S W S S+ S W e B e S e B B S R B
> A2 O D D D D MDD D B P g T R P gD P
G L e I TR B B B B S B B B At B R ot B
o 5o LR B S S S S I R S L R I J Vg R T S, 3
’ -
T A
2l e
=3}
wd T
]
e
p—s
S
@
d DO DO DO D OO0 OO DD OO DT 0T WA U Y WD U U U W AT R WY ) W O e~
oo €3I B N T Y 0y Y 0 OV 6 6 O Y 0 e o o 4
L\.w WYY I3 ot emg rmh e emnd o b pef ot og wed ALY s omed et o
P 0N R TN O O T O 0N 0N O DN D T e o
et
H
ot
i o
[ o] @B
R o e =
I w3 (eI s B e e B o B o o B o X o B o T v oo S o T S e S B g S SR VS PO R S SR S S ARSI » B e BT B
e I Rt i A IR IR VANt BN IRV I « BV D IV VIY SRV N IR AR IR I s o ]
&mmxwﬁ . VT O P e G WD 8 A D P P P O WY S P
sxy L2 H g pord
£3 To o -
P R T ]
Bl >
fnd st
2
M.m ,»..”23,nw:;_.éw.igﬁvnusiziwé3@?&90133&56?&?@123%?%?
wm B B A B e B e B B I B I o B B AT R R N N R B R R R e N N e
Bl
P CoRR JRE e JEN & ¥ o BN ¢ Vs I BN w3 o) Q,Oﬁfﬁbﬁé‘dz@@,hwﬁ.ﬁﬁﬁﬁhﬂw{@@cﬁ;ﬂ&w(@.ﬁ:ﬁﬁfﬂ
e S R O I eed 0T A WD) L3 e GLF P T b o Y ARSI e » s i B S B I A R R e R I B i
O ﬁ&&.ﬁ.ﬁ@ﬂ;ﬂ;%?nﬁggﬁgU90@Qﬂ.@.ﬁ@iii_iiii211222
Wau ,:J.iiililli:...11;&132222222222222222222222

USF200009901



USF200009902

L s e e e Bl e e B B R R A B B B e T T e I R B R R R I T T I T Qe i SR
[ o e e B G oo s v s e B T s = T e e i i I e S A T B A I = BT S S
L e e I B B R R e e e
R e e S " e e s e R e I e e S AT AT A=A o e T i oo SR i S Y
Ar L A0 WD D WD D D D D P e T e P e Pa o o3
b s B s I o e I B N I I I R N B B e B e
3 Sl B B e B B B A G S RS - - SR i S PP
+
1
L2
et
iogady
[ B
—
g4 8
e’
S Fa
f @
aed T
P ol { Pt
et 3 SO DO D OO DD DD O DO DO TN O o) P WY ST Y Y U WD W e 0 0
wr g Gt (SIS BN B ot B an BN o Hes Bies B B 6 BE LS SN Sa T2 T4 s SR TN L BV L AP
Ve oixd Ty [ T B T B Y o B N i e T T e e T R R e R V!
i H B I B s s N A S AT B
o< o]
F: 3 P
: <
Pt
gt -
(O ] £}
ol ped pay
P B , d ﬂufudnﬁbﬁuﬂuﬂvDU.UUﬁvﬁUO.,UrUiu,;sg‘brﬁe?:).b,&.,u.h%ﬂ%;u.sr)r?ﬁwlq),@ﬂu
o 3 MO T N SN D O D 0 D D S S D 00 WD
<y ket 3 e B 07 0N A0 P I G A D WD D D P P e OO R S WD
€2 o H e
[ B R o <
p e | ]
proRie Ed
T R
o
x et T S D e O3 O D e D0 S Y D P OO O s O 07 S Wy D e SO R O e O O NE W R P
M R e T B B B B e B e B S I e e e S N e s Ea T u ol u e N e
=
w.w E e T i e e e e R A A R e A S T T S T S N N MU N U S
%
3
Sl YR Y D e 0O ) et DN G O e D IR e O 7 T 0 D e 00 T 0D et 08 Y o 0 D e OO
- DN CE g TG O O3 Y ) O oy Y oy 0P oy O Yy S B S G e A R A T A A T S TS ST AT ST LRV o
sw s e e e e R e K I e N N S AU IR RPN APPSR AP RN S S Pt S it s
o e




USF200009903

By

oy
Wy
4 B T T T T R e e e T T T e T JE = T Speu R Y et A B B R T e B T B R e e s B ]
o]
i
#
-
- 8 )
ol A S IR e St Bk W B e S A e S we S B w S SR e I o B o e SR SR SRS S o SIS SN RS RN S SRSCIE's I S e T G e
o 123 o B T e e B B R
« e
- S
Eaie
it
B4
) - [ Jba S GO o J ot S > S B o i B i B oo ot B oo S W B0 T e T D i i S S o Y0 N S e S e T S o S S S SN
e MDD ND D MG D D D O D e 0P P P B P o WD
2N 20 O DO DO D e e O e N e e ew O D
M.\m,um.!ﬁ B B e B T Bt BCC I RS S R e S~ A SR SRS P A
2 e
M g
L3l M
R a)
ool
Bt g T
3 4
w ¥ .
e
Seee
1
T
o
- MR ob R e B g oo B TS ot S B o B o T oo B o B o B o B O o P afy T WY Y WY W U W ey O (D
o G Rt T = B as B TR BN L A T SR aa TS S o
Ll K& [ T S e e T B S T G e Sy T Y
wm M,U LA B IR s A S S By B
ot ]
E
el
N
.
v o (e e SR e RS = e e e e Bl e e R B B I T e g U B gt s R . VAR TV B S T e
o fw} SEOD NF OGN D DD DD D 0D N O O WD
@ O e e WD D DY D D D D e B W D
] 1] e ) s
<L <3
R g
"
“rnl
&
=x e Ty SE S A e WO T e OO S 1 D P 00 Y D et O &3 o 0y O b 30 TR O et O (73 Y WD e
wo.\ e ed e e e eeq et ek U] 0% 0N O O O 0N D OV O 07 oG ) oy OB o oy oy
s
£
.n.m WA XA W W 0 W UG O 0D OO0 a0 DD 0D 0 W oo S 0
3
m.“ o T e 30N A D P 0 R R et O DT MY D e S0 OB DD e O O SE WY D P I R T e £ O WF WY
- L2 0L D0 D D D D D D e e P P e P e B P P 0 GO 0D X 30 30 0 0 o0 D SR O TR RGBSR hy
vw = IR R B A I I I e I et e B B S e e R e o R A N N s S R s S A I SO R R Py
A,




VERTICAL
HYDRAULIC
TRANSMISSTVITY CONDUCTIVITY

, LAYER 2 - THICKNESS 2

GRID ) = LEAKANCE )

NO. (COL. {ROW | (x10~7Trt/s) (x1075rt278) {(x 107 trdaysre) | (x1073) | rx10m5)
297 G 1 o o o 9 :
248 G z 0 0 o g 3
299 g 3 Bi3 93 1067 15 3
300 g i 302 533 1067 10 1
301 5 & 48 74 149 10 1
302 9 3 2k uz 85 10 1
303 g 7 12 32 £ 15 1
304 g & | & 42 &l 17 1
305 G g 24 42 4z i 1e! 1
306 g 10 30 7l 149 10 1
307 9 1 30 106 213 | 10 1
308 g 12 £0 106 213 ! 10 1
309 g 13 60 106 213 15 1
310 g 14 181 106 213 17 1
311 9 15 483 106 213 25 1
312 g 14 L83 106 213 ; 25 1
13 g 17 262 533 1067 18 1
31 ] 9 1o 906 5373 1067 10 i
315 9 19 725 5373 1067 10 1
316 9 20 604 £33 1067 10 1
317 9 21 Sh3 533 1067 14 1
218 g 22 HEE £33 1067 14 3
3190 9 23 £04 533 1067 1% 1
320 9 24 604 533 1067 14 1
321 g 25 504 533 1067 14 1
322 G 26 664 537 1067 14 1
323 9 27 E64 533 1067 16 ]
324 g 2B 664 1067 2138 16 1
325 9 29 £61 2135 8270 12 1
326 g 30 664 2135 5270 12 1
327 g 21 664 2135 4270 12 1
328 g a2 664 533 1067 12 1
229 g 33 854 £33 1067 i 1
230 9 3k 1027 1601 3203 4 1
331 4 35 B84 513 1067 4 1
332 g 36 654 5%3 1067 i i
332 i 37 ] i+ o o 1

e
i
s

[

USF200009904



B T T R R B B B B B T T I e I e B T B e T B B R N, I T oy

S OWY ey T Y e Y T D D Wy 00 et D O O Y 00 0D T 0oty N 0 O O 0N Ty g
P e T T B R IR I B B e B e B e ] e T B et s B e T e I A ]

USF200009905

P fe P Fe O T TR OTY 0¥y 7 £73 07 Ty O ) Y Y Y oY O b (D D P W T P e e D W R e

Pt e SRS I & S I B o i B B B I e B e T R S B TR o SN G ST~ os BN ST N S5 SRV ¢ B e s L W51
DD D D M P et N O N O ) 0 N O O DN TN N DD 0 D ot DD D O e e O
s B B B et B T R e s B

REEA R U3 D D D D U D D D D 0 o O D Y e O T 0y O e

oo o L O e S o e Sk B o B oo B o B N e B B TR S ZLAA BT = Tk B e B S TR o JRNW)

O e B e e B B e B e B B I B I A SR I BT B T e S

L ared

34

Y o
L3 i @
b bk ey T
o ok ~F N R R R e B T SRt B B SRR I R S T JUPC, SO . Q. N Ly
Ty e e et D0y D dD MO0 0D 00 W WD o N WD S T3 0N D D D D D D 0D D
MR~ Rt B N A R T R s B IR e S S - Ghe
ol L3 o> ¢
ool fa)
S P T
b e £
() o
=3 NIV S T g e S0 O D e 2 T e W D e 30 G DD et o ) WY A e X3 N T et N (Y
M e e B e B R e e I B o I o B O e I B R B N R A e Tt T i Bk

€
o? DT DT OO0 D DD OO0 DD oD 00T O DO Do : T3
mysw e B e B i R i B T B T T o S T T o S oo e it e S S S ek
]
o] = AT e B I R - 5 o 5 e AR RS I e BT T TSN B A G AR s SRR LY B R VLY SN O o
- oy £ R R B A I S G S B BV T B WY o B T R Y S RV IRY s SRV TRY o S = SV, SRV S Frea
WM..W [ Msal LRSI IR al s A BEs B S NS TR o0 Tt Bhas S v o T oo B o B S oS o Tt T o B B e W e B A a Bt | s
(3 .

664
423




Qu § e B e B e B T e I e e B B I e A e e e B R R R T T T S oo S S S S

— e
o

o 7 [ av VAR e e BN e o B B 4 N B T I« B BV = o i B B e v s e e B S S B R RO R I e i

txd oy gt s} e g omog we gk gemd e R e B B R e AR 2 e e T I B T B B B e

et e

< =

el o e Ee RN MY e D L 0T ey O e 0% oMy I Oy 2Y 0 9T 09 O 0D D T P P B e B P B pe 80 P O3
S I SV e e I T R B B o B T T e B . e Y« R L Y S S I R e I e I e
nd rd e S0 T3 D s T et e OO0 D NN O T O O SN TN O DN O D D D D D D T O e O
Ay el e 023 PR ol ) ern omA peed R R I T B R A ]
D
i e 5
£ ood (0 L2
£ DD e
R SRS e o1
P R
R
N
ed o
[ kg
= e
e (48]
i a2 FaaRE S0 BT ST o TSN S O a T SO N WD D D LD AR D T T T TV o 0N ey O o Y 6 P iy 0 o
[ R U Oy CTE oMy 0TS D D O Y g fosc e i o R B o i B o B e S IR I G s Bt TR B s S s T T An B A SV WP Y o
€5 TV TN g o R - T ST o ST o W kB e B IRt e B B e B S a Bl BN 40 as BN TANEY S SET 0 SV N Y WY SR T Y o I VA §
g Dt § T O wwd et P ot
o
[ o
4 o
o
|
] )
LI ke i
o poed e T
R S ok e BT T s S B e 8 T2 omd omd ot et ONE DN DG wed FY 40§ R Ty OT) o7y 07y sy DY oS ey O
2k o d o) 2 D T o " . SO A S e 2 D OO Y O D o O g 00 OD G0 o0 D
m;u wu Ji MDA T D D W e kB B B IS B SR AR S Tt B B S o B o S SRS TS . Q. S N « S 4
[ I

HYDRA
LA
0

ONDU
¥

7y
A,

B I B I < i s R B B T e B e T S R R ST T S N P B g BT o ST, S e
T P et wd omed osd ymd, oweh amed 3 o C k .

ROW

«
.U.m B e T e B e e B Tt B o B SR B R QP (e e SO N S SN | e e B e B e B e e A e e e ]
w(w e 1:&2\,J.ikw.a,:i«i\iwi‘iaixilwktiel%&sl,lli:...wsi,:&lcmi«i}ii&i\&l)&
.

w = %f,m«.w&ﬂ,}. h““:,ﬁbwfmm&ﬂmwméwm,ﬁ?890123456? SN D eh g LT o T g P

-l gL I S I ol B B s o I < B e J R o e LR e s S TS N S PG e B e S S Sl W

w R T B B B R I B O e = IO AN A AR AR A A Sl S-Sl - 4

USF200009906



USF200009907

. -
e
/\ 5. B T B R R R T T R I R B R B R e T T T S P A
!
4
cg
i et D DD D MY O B e WD D DD O O D O 6N O O D O O e e 5 0D Y
o et o o ok o B T T T S Jr - Ut ' Sepvas i e SNV S S S S s
ot
¥
T
&
o~
e
U
e [T A« S B S A T e Bt TR0 B oo B e TR AL T ¢ W us B L a BVC SN o T e S SN UGN [& YT e (O
oy - R R R I P R RO DU DD BRI R SO ST R SRS .
L2 .,“,w.?u.,.m,\%ﬁwm, RS IR IS A S A B e B oS BV o SRV T oo B B e S S i S e SRR ALY
= wF sF ¥ s B S S S e
sk
“F s
B e
]
g
o
o o
£ e
ord e
e
B px o Ts S NP PND D D D D D O D D D D Y oy 0y o Y
: i OND D D ¢ . ¢ s LY gFY TG Py O eed 0TV (%
UMM.“ tm“l 3,”, ,_J,.M.,.J. «qu”.UAhﬂ;,‘.n...naun,.wn.&.Oﬂkzmﬁqﬂwﬁﬁﬁ\mnﬁmjwﬁﬁumnﬁ.rﬁmj(»
o .wm ' z 1;& MIW e B B i T B B B B ad R 4 S T U Ve W Yo TV Y VY o W
g s
£ g
o
Sraas®
s
#3
g
ot VIR S I A s i S R ew B v BiEer Son Sl S IEE SRS R P S o T
: e . DD T eeh el el ONE OO O N O Y 0 0N O D o
vfrf o7 .n.wuu O3 03X ST o N MY A WD S NS0 S e 0 D O G ﬂ,ubé ,h".rﬁﬁzﬂné.ﬂ@ﬁ:.w
»M SEWD R e D) b O e e I B e A A e A R . A I i1 B BN a SR o B Lo T4 | £ €7
[
g
o
e
nm = O~ T D e X o D et ST Y D e O D e O 0 T W D P 00 G (D et B 0FY ST A0 [
nm i e B e B B B B S Ao B i B LR R B 20 B o B as B s B < B oh B o B0 Wap Y
s
W.m \.“M M»:w A.;zm H.M [} ,Hu o \M IR B B A S S TR BT Bt R e B U A i ] (2 BRI S R IR ot et IR o IR T Se BEAU N
m..w B o viuAman.Eau(»lﬁé}?&!Lii.iwil?.awi‘ﬁlwﬁ»«libl.ﬁi&i&gﬁaizﬁxm!&.i
L £ ~ I ~ oo N .
M.iw m\wwf\mh}m TSP M D 0O e O Ty MY D P 0D O D e o O g Y A P 0 DR TS e o Y ag
e o= /uum - N e g o wma,.uiiﬁé I I T B I i B T A T T W e S L B S A e o
o B B B S - S QR . St S AR T S s S S S S S S - SRS g R R I R R Rt S 3




P § G N g G g W g 4 g T @ gt qem e gem S 9D £ g ©T @ §7e @ g e § g g pee g gee g gee g pee g

e Ean

Y

i 3 £ LD LD A P 0TV WD A0 N U LD Y Y e D O D 00 G 0D @O DO 0 g 00 0 S O DN
=3 L] g g g g FT e W gme g gec £ g VT g unn pes T e e gem g g gow gee

R

=g =

- e

USF200009908

Eaas
P
%
1“ 3 A3 AN Dy €0 00 IR D € 00y B O e OV O O OV O £ OV V) (D s €3 Coe B P WD W B D o83 A0 WD €D 6D
; Sy e I L+ ICE IR e Tw ST o B g T i i e Tl S e S s SV e T o e o S Ve B Ve T B B S
I o [SURESTREQRAEATIE A Bt B ol SR o T A Sl A8 B o¥ BN A VAR GV IR AV B AU AU AUV T « VO T o 0 T T i ol o B v B e ¥y}
T2 %3 B g R B LS T e L
o
s
ol Ry
o
(v
v £
5t
a0
o
et e
E-e 1
4 e
i &3
wxl S €2 3 A0 R0 A0 A0 Y 4T B B 0V A WD WD A U0 A0 WD D D D €0 €D € IV O 06} [y 6% Iy 4 oy 0 O O
VYoo e ORI OO YD S N O D D DO OO OO O QOGO YD U D Y 6 8% A0 0
Y Izd in TEOET ST e we w7 g 0 e g gt g gy e we w— e Y5 073 (Y U i HaRg] Y
- Sad H ESVE SR SERE AV A AT I S
o= <
93 .3 e
it 24
<3 Tt
x5
=t
B8] Py
L3 §= i ‘
N -~
. e ES] e B LA G U L B i T e T i T e S B T o i AT} (S ERAVENGVRE AV IR QYRR S VAN O B 0 BN AV o B o B A ¥ I )
b4 A5 & B O D D0 YD O O G ID U0 00 S S O 000 00 AT (D L O OO OO e
mwwa“miwi oo SE D D A0S e e Ll AT i AT R AV e e €7 ) € ) O OV Vs 8 YY) 138}
L3 e §
= <2
o B S T ~
iIn W e
les) S
£
= D T M P D O D e 0N YT RT A M - O O £ e €81 V3 oF WY A0 P O O 00 e ON OPL I RS WL b
MM AR R S A A A S S R AN A A IR AU A S AV I A IV e W Lo N ea NLa N1 s W LW s W ia]
N
e TF AT VY O 63 003 000 4V 0 3FY 1 9V 49} ) €F) 003 43 00 O O3 40 OF) € @Y oV O O} 663 46 671 O I 6% £ Y oy
) TR T g L A S A A et e S Sl el Sl ol I S i T Sl i i e L T =
3
£ = SO B D G2 v D PTY ST 0y A P S0 O ED e N VY ST 06y D e S e O o SF ey D e OO g
=4 SO AR SF Y U A LAY D A0 U0 D D D D WD G WO D WD K D N B B B Bee B o B B B B GO COS
£, 2 I OSE RN XY ST ORY Sy S OXP ST RN S I OSF AY &Y oS X S8 oF IF oy B B~ - G g g i S i~ . G s

3




o3 -
[En1
wzm w,ni Bl i B s B B i e el B B B T B T T R N T T T o v PP
- -t
=i k3
. Nt
g o,
N
o H S A D et F O e ey 0 T TS T S D £ Oy T O oy e
- o B Y 7 v B B e Vg i I 3 LS D DT O O (S BN IO P Pt P s
m Wum 14«.«11@&&!&‘iilgvé.ix!.mﬁiui\.}711.&141},.1“» ﬁaiwaam»,u”«lu!uu&ﬂv
o s
—~3 R
o
bied
N )
P e 0O S O o O3 D T ST e WY WY WY 0 7Y oy (7Y oy o
o - = < R R AR K POV T L D D MY D D D O WD 0 D 0 O O
Rl NN NNN g SN Inn a2 oweco0 5083888 8a°
SO0 88 Y SRR N el R e e
SR "
R
P L2 U0 ne sag
[ R .Mwn.uf
B e O3l il
e e g S
< i -
LR L
Pon
B
&3
e
o4,
+ oo P 00N 00 Y ) D0 0 D D : r
X Y r TN DD D D D e O ) Y ot ) o 0 oy Y oy 0% (7Y MY o0y € ¢ Y
- whw u.m H,M HM. Msm WJ [ By i B e ¥ ﬂ BT U A0 0 ) o ) WY W iRy e WY BT O @ ol
s \,.a.& (2] LI o B B R oy f
. a]
i -
&
e
St -
(3 ke 3
ol b g .
R st Nl S X . o - P - .
[ g S LR e O m %, mu MM 1.«5 = o m.w SR G G2 e D DD 0 O g O OE Y 08 8 O e e €3 D 0
e o S 53 .Afr iﬂ G Y..z..M CNTTE O TN ) D 00 OO 00 o 0N Y 0 (D O e O 0T (v RS S R o B I S SR
Py ; S RRK e BTSSR L B I R e IR NS B RO IS B s B A
Dy g <
FON ot
s P
<3 LI
NW el B B S U TN o B SN SR m«w g MNW TEY E Sy D P e e et R IS T TR A SR » B S o T, S R R TaY s
o iR e i e Bt B e s BRI S o B e N A G I W B0 T & B QP
®
3 RS B - e o F T F & =5
<2 B A A w.m w“ o Mw A mm A A A S A I g R (. S T e SRV e e
& I A B R B B B e I e R e e e e e I B A
[ T D Y o W A e D0 T e 7Y . on e . « :
oo WHDLXOVDD DR DA RARRNR D AN S A AT SOEERTONT g0 0N
= A @ b A o T - L g nns 8 weck ey gueg s g
t R S S S e RO R e e Y o ST AT Y WY WY U Y 0 Y O W Y O WY WY Y WY W W

USF200009909



- N
wy
e H ok ok o ied g d g i od pved omp e e o] qeef poof oaed g 2] g ord owd ned ok omed e ovwd o] ek gk ol omeg e sk oed oo
el ]
g Be ] R ]
[T ) W] -
L2 eiad ~t
< L3
%51 o~
[« RN EERE IR B e e SO Rl IV A TR - B RS S S I S B I - S o BEo TS it At REAT RN, SR !
t] B e e ed e g
et ot
t I
—F s
S S o B v S o IR G SRV o s S o S B S B s S B S B € S TE2S T S RV v IRV« JEC 4 AV o RN » BT RN « RV SRV G TV Vo JEV, SRV I N e
2 E N T B s A B e s B e e s L s v vl Jhvss B e v B ko SN o Tt S T wis B T
w 3 [ B EDS B S I o JRt w RS w R w BN BRS¢ B S IR S B S P B B B B B B B B B R e S ™ ]
9 5 IS S S SRS . e
LY T b
poh o}
Pt 0 1
on
TEd o
TS
fa e B B A T TR T S R S el Bt e B e RN o BV Ve SEVw S B TR L TEA B TR o0 B o S a B2 B a Wi 6 e B Tias T 13 Wias Be s T 4o
ST OATE M TS O oy O g O 0 N GO DD e Y WY G Y Y WS WY Y Y Y WY T WY O
s B an B BT B I G o T e T S T T T R R [2a
[at BESE BRI S IR BEar
e
@
—
PN o oo T S ey SNE S, S SR R o T o B v W o S i B o W e B s S 0003 I3 R ey Oy DI Iy ek O3 e O3S
ey [E IR RO I s R S I S T S IR TS A B 1A BN CA W o M e W e 1 MDD D D GO o Oy oy O OD Y oy N D
‘:m; ARV & Y o RNy TV ] (a0 B L s T AN o o g [
<o
St
= D B N M e S R T - T T o B e S T N e R Y RV B ey B W SR R Y
uw e rh geeh el em imed ened et ped ovg 2 O O O 3 O O O O 0 £ O 0 078 S O Y o)
&=
*
o= LR e T T R T L R R N R AR A A AR AR A R a R R R e N e s
.zw Foh owd et g and e oed el ] o gef od wmd ead ged ped ] end aed ot amd e swed ook ewd e sead ol sed e s pud omad gl wod perd
e
£y e DT A D e 30 DN T e DR S MY D P 30 O O O S WY 0 P O T e 0 g )
L RS IR SRS B B SRS T BEAR N Bt SR T ey T B0 TOE S S S R e i G Y R Ty
.m.“ = VROAT A WY 0N U Y a0 AT Y M M W Y Y W o Ut Wy AT A A T T BT YA WA YA T e AT A TR TA BT ]

USF200009910

B-l6




¥
¥

] o
W
f P I T T e B R B I e T e B T e T e e e e e e R e B e I B T e ey
<
-

ad e

ih S

v i

,l‘\:\ { e

¥t -

95 o3

m} [ R B T os TEas War S e BEco v e Bv oG « BE e SRV o B o T 2 G (. g S QR SN, SRS o, g SN . SRR QI R T S T s P 'y B Y
S
)
s
.
e
]

o e N o e o T AT A T A B A e T R e e O N o N Y i o T i T+ o I o e
R g, el DN N N D WO 2D DM D OO D DD DD OO0 O
e e b fp 1@ N T T - S i T S S B T b e S R T T e T T o Qv S S R %
A oeofad LI T e B T T B P
7 s T e,

s AR
I <7 A
el R RERY
o O L e
@y s {0 H
e o A

o

T
w LE
o

- hor
(9] ,w.
o
St
o] Eaes
£~ @
ek o
s
g ) Rt fae T o B an T ew S Shun SN T SR LA NNV A WECL WFY L UR VAP SL S 6 WP Y o7y O 073 O 0T TR 0 0Ty ATy Wy WY Ay WY W O gy Y O
vl oz et S0y O vy o Ty WY Y U Y W Y 0D 00 00 90 O S0 0D WY Wy O
r.,.» L g § emd md w459 WY R AT URTAY LI
Mu m,m i A S B IR
N <%
0 3 ek
b 2
i S
oK%
E]
o
o
oty .~
» .WL o S e R B o T D O D Do Y 3 X o 00 W g Y D D
; i e N N N N oD DD D OO O O e D
e [ BN o R B e B T e R I A RS A I I B S RPN T Y
Mm i e B I B
L ]
ot wed
H
jeary
.NM N ST LD e DO DD e DT S MY D P OO % O e N O3 ST WY LD e OO O e ONE O S W D P
M i R e e R e B e B I SR EE B o Siat SRt BEa B Bl e e IS B I sa B 3e B T i B o W o Bn |
a
w.w BB S SR SR ~ B+ TRV~ R N ¢ JEE e B e JVSRRT e B RN & JEVo Y SN SEE S TRV, SRV SV SRV SRV S0 IV RN « IV Y. IV RV SV NN .
w“w. Rt e B e T B B B B e I R R R A T T B e e Sy S S S S S S P woof sed owmd mo wond ool oo weed secg

[ w3 o EN Y A WY e XY N T Ea NS I Py,

&
&
568
369
7
571
574
7
5
7
7
7
7
38U
581
a3
8
8
585
586
g
588
589
530
59}
5482

W U Ry S ) YT e

GRID
NG.

USF200009911

B~17




- Loy
[t
H ey e wmd yad e gk sk wemd mewl g ek pof s send g peed ol pon) gvd ened ved gmed sed seed ool osf seed ped el gnef pond el sood el ek voef  mmed
o
-
et
P
o3
f D M D DD O D W G U O OO0 0D 0O < T o aF ~F b ST b b 0N O N O s e R G OO
<3
¥
e
EanY
B
B
mi ~— e e T e I ) I TR DL el Bl S S IR R > S v I+ RN e LTSRS o SRS @ JEEw JES ¢ QRN o v BV o I w S o T e A o B
[ = g red D D 2 D 3 0 D D SO O DO D DD DO DD DD 0D
ok ged 5y QR S S0 I o T wie B B s s I S S O P S Y Yl S S
3 b [ 1 L e B Bt I ] L]
Y e =~
M s m Fe
Ba L3 R g M
O e
ol e Y
SR owed T
L Pl
€3 . R
’ e
gt
T o
jd e
e [
Bt &3 Do L0 I S Aty M WY U Wy O 0y Y M Y ovy O 0 OY ot Y ey O 0Ny 0T} Oy 09V o 0T 0RO oty O Ty 8Oy O &
Wy oz L4t Tt L Teh R 4 T La B an B AL B4 T A0 B B os B CAWNT S RET e Y ST Y Y W A R AR A R S AN A R A a s X i et
LSRN S B Ve | i 5 o ed YWY WM A8 MY W WY % H
- e H g Fa B BN =
o s
[ES T ot
Z, e}
aw fn
4
o~
R
i L R N I A B e e s A B S TR S - e B T S B e g IR g BAN SN B o Bt I Bt BN BN SRS RS gy
L T O XD DD DO TN N D DD 00 00 00 00 B DD T D D O O O T
i~ UGN N e Y@ IV TRV IV . L S I =BT = B JEN. . . S i B W o B N N A Bt B Y ]
1
o]
e
%
N
= e T S Wy D P KD O D s O Y G W D e DO N D e TN O A 0 D e OO 3 vt O €0 S W 2 P
% e I A I B B B B B B et BESV IS BF o B o B o B BN B T o W B3 Tas T b Be s B o e o
2
i e e A T AT e e e A A e T A T T S R R e T & T T U N S S o U Ay
mN o et e R I e T T I B B e T e e I B I T T T T ST e e G e S . T T T e e —
(S I AT ST < Sl o B B R R s B VTRV ol S B Sl B RS B B LA B B A A I 18
Hmw S22 €3 T D D et ot e b ped st ek eed e (N g SN O O\ o D R N 0N
mwax WD MR R MDD D WD D D D D D D D NG D D D D

USF200009912



HYDRAULIC ] L
CONDUCTIVITY | TRANSMISSIVITY CONDU LOE T
LAYER 1 LAY ER 4 = LAYER ] LAYER 2
S
RID w2
l‘iu. ‘.J\JL« M.’u}w L x}. L it ,-, a} (ﬁ. A i 2. i RN : ) *

L

=

s

&30 18 2 ] G 0 0 i
831 18 2 G {3 Q O 1
532 18 3 0 G i G 1
&35 i3 i G O Y g i
834h ig 5 U 0 { 3 i
635 18 & g {0 i & 1
636 i8 7 iy iy O th] i
637 i8 B O 6 0 O i
£38 id G 362 2135 4268 R
639 18 10 124G 53 1067 8
&40 18 il 120 33 1067 21
541 18 12 120 53 1087 21
642 18 i3 120 33 1067 8
643 14 14 120 53 1067 8
Gah 18 15 423 53 1U67 8
645 18 16 4213 53 1067 4
i 17 423 5 10 4
i 18 04 i0 4
1 1% 362 1 4
3 i
3 i
3 1

AR A - AL e SR S w S5 S e S o S N
R UR VRN R T R I VN VU A S U SN R S
v B2 oe OD AL LR g €8

RIS SRR R v

Tt peead Gt s

feog e slke ol s SHRe o B ¢ sl ¢ < BE ¢ BN & S Al o'

et

Bt o Rt gess Peen

SRR NE N RN S SESE XN S SN S S S
> e 3 Rme 4T3 WD 0 S O AN DN W) RO B

8§t b

[ 3K o

Lo

<

o

(&

]

S tar LI L ey A O O O

L W A AR Lt A A L L

[
ot G RS L LAd L G 4a) L0 (el Lar 4 Rl La G L bad G0

<
(e SR wh e AR S S S NN+ 3

O

Furst s

s
IR S S S A N e T B I
e NI a3 OO

A e R0 RO R RS RO B RS B B PSS I B B

Y 0
658 0 0 H
659 18 0 21 42
650 18 30 32 63
661 18 &0 @2 835
862 18 50 42 g5
663 18 80 53 106
664 i8 3 241 33 108
565 i8 & 241 533 1067 &
666 ig 7 g 0 0 {

Poma et s oot Gt Pwd gued feun Bt ol geos fret bod ok Bues B e Bk et bork et fow ek oot Bt Boed fead eed st

4

ks

f
S0

USF200009913




o3 -
LY
H s BB B e e A s B B B e Bl e Bt e Bl B e e B B R T R R I T T T T T T Gy S ]
o~
\HA
1
Nt
o
i [ Jon B ue S o T o B o i T B e S s e e B o B B i e S g RO e e I vt o B o T s S T S i S o S i B 'Y
b ] TN et e
L]
=
At
. o b e B BE ov v o B o BRI o B o I = WD DO OO DDO OO0 D DO OO0 OSSO
L 3D DD
e oo e s e |
=3 ed v et et
Ld D
4 ]
£+ od
F ]
s} o
oo
o) e
i &
= T
joc o o8
' W o iy ey o e T e T T e T e S - .
g e Lo L S e ko s R e T e oot H«“ ,HM.N Maw M..“ R e e e B e S S e S v B v B o B BN o T e 0 o S s S Sk S en S v B o S e B
O 1e3 [ N
ot s i
o pd
Y weeg
& o
2 St
od
o]
b o,
Ly b o
et ped g e
e ad h.un.\.,nuﬁ,ﬂv,ﬁﬁuﬁﬂuﬁ,UQAUD@GQQQFuUGOOHW,.Uin.uﬂuﬂgﬂuau.ﬁﬂuﬁnug
o ] g D Y
<l et %Nw o
[ i
s R T (o]
e . ok
fay’ N
2
WM T AT A R e " - v s B S N R 2 HY D s 00 R T e O 0 Sy D P G0 O 3 e 84 0 P W 8T P
o e R e B e I e i e S R e s e R S T R R N e T u o R e E o
@
5 : - - ooy o ; :
= L =L A s (R« Tl G S e A N e R e T i [e IR L Se AW SN N AN N4 % 2 e LS s O TR LY
Wm i e Bl e B B B B R T B R S DR S et gl et e wed ed ewd weof wwd gl pod sk e ped gl
£ x TR RO et TN 0 W P U3 DD et O 07} A i :
o e A NS ! Y L P D O e O O ST D e DO SD el TN
=5 BE D e e e e P D 0 03 00 X0 0 X0 G 90 00 RN GO R o D N D s o3
o BE DD LD 0D DWW LD OB DD DD O G D DD DD DD DD DD

USF200009914



VERTICAL
HY DRAULY HYLRAULIC

CONDUI f TRANSMIBSIVITY CONDUCTIVITY

LAYER LAYER

L THICKHESS

) A AP ’_{
GRID 7 6 4 = LEAKANCE !
o - Y N PR S N1 Sl L -5 ;
0. (O0L. JROW | (xlv "ft/s)} (RLO "E£e%/s) 1(X 10 “fr/day/for | (xiU79) isau™
ki 7, ” Y, “ i
i 20 0 O 0 O i :
708 | o ” b |
705 20 2 (G 0 G U 1
TOF b1y % N
36 Fan) ..; o 0 i} 0y
v N - ™ i he
Fo7 20 4 G b o y s
ot A ES
- - ~ , :
/08 20 5 U i §) iy i i
. . = N + i
709 20 & 4] O O 0 3 i
73160 3y bl " PN . > * i
Pl 20 7 iy ] 0 o H :
711 20 a 0 G IS 0 3 i
X . R £ . 5 4 A &
712 Y 4 U Y 0 3 1
713 10 & O O 0 1
714 i 4] {3 O s 3
ri = i % 3 - 3
713 id U O G O

e
s
<
=

b

)
o
s
£
]
Lo
[

Ty

o af ad
a3
<
oot
L
o
fans
L
oy

20 ié G G

>

R AV Y

[ S S R R )
[N
Lo
po—
¥ 4
<
Fom B e

(e TR s N S PURE (R e Y o I VIR I =

U 19 U U o o
G 20 3 1 g U
0 21 9] b O G

I B N I

22

PRI P BLRO 2 B2
(]
>
R s
>

I
o
-]

>
o]

2 U .
e 5 23 U it & 0
72 0 24 0 0 G 0
72 0 23 U O ¢ 0
2 20 26 Q G O
3 20 27 o 0 )
3 2 28 Q it 0 0
3

o e ».,4. g
fad B3 g LD
e

4
A}
']

h
L%
B
e
OO o
LVERE SO I
oD
<
o
o
)

o]
e
&
A

M.,,;

$d

.4
B By B RS
&y e
<
Lo
oI
3

736 Al
737 | 20
738 1 20
39+ 20
740 |1 20

=
o
e
-

Lo

Lon s I o)
o
L e B e i T R e S VP YV N [T N NI N TR T Sy

La0 Lad L da2 Lat du G
med P RS B dal By e
o
£
€
o]

[
Lo
<

k]
faN
-

USF200009915



(SR

USF200009916



-0 AWNSHd

SNOIIVOOT ZOON  F9MvHIEM  TTHO0W
0000z = FWaS

{5 95 GF bE EF P KOCSIHSIZSRGERZEREZZ 202 61 B 4§ 8 S ¥ £ 21 N O & 8 &£ % & ¢ & <&

o ! 9 K
5i &t
@ N g
4 X
Qf EH
G Gt
¥ &t
£ gt
&l of
i f
1 O
& &
7] g
4 ¥
G 8
& ¢
¥ | 4
¢ £
b u &
i §

I 96 SF PE EF SR EOESIBLZOZG2VZECIT IO BI B 41 @ G ¥ g 2 4 O & B 4L 9 & ¥ &£ ¢ i

USF200009917



(S/44 ;,.00x)

Y

SUIDGUNCK By W44 s3ipy  ebipyosey  jepon

000'QIZ:t =3W2S

L 96 O $E OFC PEKOCEIECESBSIPILZICROT 61 B 4 B & v £ 2 O 6 B 408 & ¥ £ &

0z 0z
&i ‘ B T2 ‘ &
! ¥Eg b 12910631 bSLISOUIR SUILYN #LINEY IR vhit LEOLIOSH , Bi
1 LSLi 1G] i
84 a4
s BY6; 6Lt Gi
o | ﬂ £l
] www\ £t
Z1 2t
1 i
o1 B ot
ChLIZLOT F1Z1E0071 SheliShaRShLI biG/ ZIET B | 8151 BLET PEE ¥
iy
T

O ¥ % W R x W

ok
Ll
<o
g
=y
e
F
520y

- Wy DWW M B

i€ 9F Gf #F E€F L EOERSELEORSGEYEEEZZIZOZ 6 W 41 S @ g1 2 4 ot 6 8 4 08 & ¢ & & |

USF200009918



o

o O U R

=Y

Sny

£-0 2HNDI

e 8%

o

SNOILVIOT 300N NOLLVHIdSNYYH LOJdYAS

O00'0iZ = 31938

PE EF PF KOESCSE LW EYCETIZ R 02 61 8

ra

8i Gl

Bi ki &

RE

H

Ol

&€ 8 £ & & ¢

&

iy,

Qg

e g

R S B S < I o))

R

¥y

I3
&

g

i

&

3

£ ZE B EBE K X GEVICSae 12 O B

8i

&f

@i G

bi gl 2f

H

Gi

& 8 4 8 & ¥

€

USF200009919



P-0 3AHNDIA
(s42 . O1%)
S3IvY MOILVBIGENTY LOdVAT EELefe]
O00'01Z:4 = 31WDS

6 9 OF bE £% OF KOSSZEZ/ZOZSTHRECZE RZOZ 61 81 41 S S v £ 021 i O 6 8 4 2 & # &

USF200009920

£

Gy M 8 O

4

i)

oF oy W

02
61
i B B
i {9piA £157 HSULISISE: 9517 \ b8 :
G/ IR i U8 7 PR R A e AR biLli 8Ll
i ¢l . ICGh 1Eg!
b 005! i
£l Y o5
21 fuS 1 T 4%
ji Q0Sy fbb
o1 o5 007
& LhNy
g
2
G
S
¢
2
!

o

w3

/€ 9 SE bE CE 26 EOEGRBLI29UGTHICZ27 20261 O 41 91 Gl # £1 2 M O 6 8 4L 8 § ¢



- %

g_:,mca

T 09

e,

@ = N T

ISR S B SR Ve T S s T <

e,

5-0 3IHOODI

wd

(i¥ @iqnL U umoyg ssjoy abioysiq)
SUOHODO™]  [IoM  [SPOW

COO'0IZ: =31¥08

o

o]

oy W W D

way

S 9F GF #F £F ZF KOCSTER/ZORGIpIEIEZ 02 &1 Bl 41 81 &I ¥ oI & OF 8 L B € €
i
JE 9% SF PE €F EEOEBIRLIWGIPICZZZIZOCE B L1 S & #EOEL N O & & £ Z !

USF200009921



Hell Dlacharges for the Simulated Pumplng Per

TABLE C1.

wy o e e o o feo] Frg e [rel &0 W o) A 2
[EaY du £y fXad £ = o Lo 2y L > £ LW od P
wee g » © I s « - s s H B s » o w »
Lo | ] LM R
f:t’
-
o KD R L o [ [T »} o @ 2 P e [« o] I I u] [ @) e
* o FEYT) (&Y o (18! = [ra) 234 o £ [t [y Lol feae) \ e e fu gl
L2y A " * a * @2 * 8 i o % * % » L ¥ k3
LS L] (AN Land
oy g 0N e & &5 <o hwa LS e e O L0 o8 £ [ AR
RRNE Lo SN AT L T S R L B o A T AT s P A T 55 B> N
8 L] " L % L] ® ® " W s ® * * L) w *
o e
€2 fpoe Loy fon) i) LY o Lese] - (=2l el G W iy 20 M W {d
o b WYY o ko] [a% [8¥] N o A L] -2 o oy < Kiad ¥ o8
“® % L & L @ £l # & *® £ E » & o W *
o - o
RO
e WD £ e 7 < s - Lo &y 2o g o = [l S| "
L0l TUAE A = e S = L R T~ D SR o SN U SRR = NN VB Y
£y E] @ e % ® & © E @ % o @ & £ 5 @
[ - L™ = e
&
[ n ] [¥] L] ¥ e Lol {d (s Eod few] o - £ & A b
[=> o] e e o =1 o [4¥] w3 - frm] Feos W Ll fa EA D) g E
facn) ® # 5 s s 2 & * @ % @ » » - s v
9, *‘:’ \1(:;\3 f’x " P
T 0 Lo [y L] 0 A L L) o \ oo - 0 =00 AN e
S = (5] [o¥] =¥ e (28] sl R CF [=e] s fe e i L)
& L * @ w £ #* & Ll % &4 ® 2 k] #
Lo [y L A
I~ D ol WL [ ol [ - & £ = S =r s =5 g
L= Ce il S Hied [a¥ =5 L L& el [ Faay (7o) Ve) & — — P
A L £ 2 & * ® ® & Ll i ° @ £ 4
i faY) e
AL
R Ayl o o o o = O e o &2 e
[La S L o - [t £ =l o K L] Ead <o
o~ L4 £ « ® 4 ® o 5 B @ #
(]
o 1T Hg e b [t e o] o oy
Eoal i e L] o = o & o N <
- * - * *® £ " o % L3
ot
FY Ll e
Lo ] Sk f)
AL ° ®
=y &
e
= fom T Lo
JAS R Leal o £
a4 » K] °
£y o3
=
=i @ FEg wh
= 3 § Rt L g
‘ffi - A &
= o]
[
(3
b g
i {5
F<M
ol
od
£
(8]
o " ks i oy = ) £ % “r 0 g o b o iy 4
&:d € o (&Y 7Yy ot 0 (4 W 0 o eS| LAY O [N 0o (4]
i o S - IS . - P - - - 5 IS . - - - -
[ L8N £y oy oy LA = EF -3 [ N [t} W W §o g fos B

USF200009922



Table €1 {Continued)

e 48 £ £y (e Lra] L [ o] i ja% [ RS i [T oy -
[A3 ~ p=, [ i oW} £} &1 LYo} Ea¥ 0o () o oy oy s oy
g g % ¥ » 2 % - @ % % 2 2 » . % N
o -
S8
o
LR =) e O o L] i L o Lyt L el Lo 3™ o3 o S
A B v o [eX LAV e i (S AR (V) 24, e oy . e
oy 3 @ © F “ o “ “ ® » . o . .
Ly o
w0 i £y ea) P W 0y g =% e e & IR e BTy
Ll P AL o £ o o (5] £ [AM] W o h=3 (e A =y
® - » ® » ® ¥ @ @ @ " w “ 5
o
L3 g < £ un T i feal 0 EgN @ Gom H o (¢ £ (0N
e g iy LY .t & &= [re) [y isY) A2 fe) g EaN] Aol -
¥ @ ® <« » » & @ * L3 » L] &
g
P
oo & frne © &z A foe o - [ sy (oo [Tl Ko d
el d un L N [ag] i e L j (Y] 0y e #0 Ty
Y " 'Y « w @ o - @ & ® » w #
oo
%
i [} o £ E fed g s 25 £ b e o Pom
231 7 L (A% g [as = Lol isa k= [q] ol A el
fe & ® « B * # & El B * El 2 B
Yo
P F0 &L 3 e Wy O Lo L] LEe &3 &0 = I BES L] o
L By e o o "y = Ll o g =4 (¥el FE] g o o
@ ¥ L ® b #® * *® s Bl 2 € & & »
(o fEal ] [T oy S Lol o fon] ey et 8d bt o) (4] S
W R Ll hind i =3 od EE L Lind el fas = (eY g N 8
* ® ® * ® » ® @ 9 2 ® % * * *
<
¥ 482 e w 3 e [C T T S 1t T o
g e Lo Ll Lol 71 fae [ LAl [Ty o e o 4
=4 ® & ® @ [} * & < @ * # 3
ol
ot
i = 4 et [ o (3N g o™ €L hind
TG L] ] i A o - o N & =2
o ® @ w % “ & « ® e +
1t
Ko
™ jig) 7y Beem (Y] e
[l [} & o A O
Nl & ® 3 @ -
=t
oyl
=y L o
Rt o bl
N ® «
=
L rer
=
Lk 3
1)
i
[=]
f] -
b et
5
e
g
?w?i
o
i ™ W o e AT Wy WD o R LS <] Ly P~ R
3 sy 4 L d ~ » o - s - »om S s «
™ e o~ - P o N (3¢ E4Y 4 (e o ¥y bsa) Fen! sy -
o [ 2] faas [wa i ke R R re g L e e L Laad Ead Ll i

USF200009923



{Continued)

1 fea) S te o i Ml {d Od
LSt <} (e (o ¥ - v Py haN (8] L]
Lol S Kl & ® % » S & L3
¥
&
R0 sl < W 4 W o o o
Lt s L] LS iy e 23 O & e
[y % " - 9 o % » ¥
P
v o N WYY L q% £ €
e Ltvl o & a3 =1 0 e {4
® ® B s * 2 » »
[ov 1 o B 4 P un [ ™ g ™
e e W N P =1 =g £ O o
» 8 » = & » # “
Sl
b g Lo o <5 & P by oo
el @ L (L o oy R EAN g
beal » “ » % » © % -
Lol
O
Lo ==F - [ £ £y Caad s =
w i R AV < R
facaY * % ® ® » s w =
Pl
[asd ~ o) &£ “£) d ISy 0 L3 A s Wl W2 o
S oy - (e oy L) A i Ete) "4 4
& < * ® s & @ £ Ed & L
Loy i Lo bl - = Lo o) o k5l £y (54 fel o
Sag el o - o 0 od b w [eg} =5 = =F -~ =
¢ ® s 8 ® 5 % ® u 3 @ ® ®
Vo
e ] LS W0 N A8 fae] =0 fl [ s S o [
wei o E e fan] o [AS] Rl Ea L] (¥ (Ve o) fa P
fone & @ L £ s £l B Ll *® £l ® » ®
Rl Kiad
¥
L -] ™l o < oy = L]
L i oy ™ ol (S = =
L e £ ® Ll * & o *
{Ea
O
W 3y o Ll Lo}
Ea T I | e Ll L Liad
V] » @ W "
il
EE)
= - @ o
ol - o - -
€55 ® » & )
==
e
o =5 F) o
] ivey gare g
Lo % 2 L
e
£
[} {51
=] 34
eyt
[eaxial
B
£
=)
o
£ o e S 3 = o e
- Fo) @ o Fes) Fax) a2y e prav spron, g . g
= N s s s -~ " " o " 'S -~ = -
L] Py = FE o) P i L&) f 4] W 80 S S s Lt
£= ke e kg it - L e L o L o - g

USF200009924



PLATES

USF200009925



U. S, ARMY ENGINEER DISTRICT C{?ﬁ% OF ENGINEERS

3T o

114 siae [5¥ad 3537 Ehiug v 1
Cy / | R S8 | e g |
H ;‘ I i P & ) ) ‘io ; pt §a 0 P
R FIn L3 ‘\‘ WRMED §
f HEE R P b AL pom s |
¢ s A i e . AR -y
N Plona & !

SAN PEDRO BABIN 4

Sy,

-

SN
; i
&\%N\E P——
p)
H t { em 310
s 12 VO
&4 & ﬁp
L “; ¥ an Yi ¥ ‘g g -
L2 & B 8
s
BBALE
®

MPPER BAM PEDROC
RIVER BASIN, ARIZONA

BTUDY AREA

U, & ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPARY REPORT DATED:

PLATE 1

USF200009926



o i Nl

_ BARGOOMARS RIVER e e

HUACHUGCA 251 : o o

AREATY

e e "g_ - s ; f 3 LY ‘&' ¥ - § .\’ ) 7 v o S . y = § : o e g . P )
AT HUACHUGA o e L AR Rg oY AT S ROW MODEL NOTE LOGCATION

S a0 @ e ?\ﬁ ﬁ %ﬁ k’wl 3‘%

FORT HUACHUA MILITARY
BESEAYATION BOUNDARY

WG Wk A KD SR

29 "’

" NERERORD
e

Rase from UY.3. Geolopglcal Survey 1:254,000

5 t1 MILES
88 ? i
T H

% 9 18 &
TOPOCRAPHIC CONTOUR INTERVAL 200 TEET
ATIOHAL GEODETIC VIRTICAL DATUM OF 1

BREFER SAN PEODHRO
RIVER BABIH, ARITOMA

m

GECGRAPHIC SETTING OF
MODEL AREA AND BRID

o | o R IR U, 8. ARMY ENGINEER DISTRICT
- | ) o - 1 L0% ANGELES, CORPS OF EnGINEERY

FLATE 2

USF200009927



&

il

ALY

IO LMO43E ANWIRGDOIV Bl
SHIINIONT 40 Sd4H00 837 mmﬁq mm&
EReIE R mwwﬁw&m ARy

Z¥ "BISYE wIAN
GRGEd NYE ¥Rd440

EE

DY ar Nnr

AYW Mgy

IDAVD INOLE

o
i
[

[aa)

)

Rt

{EOHE!

ATHOM

"
k

¥ PRECIPE

ST HL

USF200009928



L@:%a o k"l P‘N; e h y"i't"v o & : P
UFPER SAR PEDRC
BIYER BHASIH, ARIZOHA
IBOLINES OF
o g 2 § o
el R LB " 2
HORMAL AMNUAL
MILES '
& % 1 PRECIPITATION {IM INCHES)
3 ¥
i 1 ! ¥
i # 190 %
Wil GMETERS ;wg aba Mi’ W“f {‘{Wﬁﬁg’h «{w;’? &,%{s'f?ﬁ‘t?“ gﬁﬁ;
LOS ANGELES DISTRICT

PLATE 4

USF200009929



R CFELM o
& et T, & 4 P
UPBER DAN PEDRC
RIVER BARIN, ARIZOMNA
: SoALE _ g oy o e e e o
SGALE BIMULATED ZOMES OF
MILES BMOUMTAIN FREONT BECHARGE
«;} & 18
i [} i
¥ b ¥ q
8 14 1% ,
o 15 ARV ORI OV BN
KiLOMETERS U.5. ARMY CORPS OF ENGINEERS
; LOS ANGELEDS DISTRICT

ORI

B SNN. SS S SN

’y

X

e e w

ST TR o N

&5

PR e 88T
et Tina b A AR R

SAE
b ehiron o ot

kit
S

3
Hason'

S SR 8L Y
AN AR i A A - N

: e
8, o fggereg N0
g

woanise

PLATE &8

USF200009930



%
b

e L e e, e vt ki ey

L OREY } .
; ﬂgﬁww Y

% e

P % 0w
ot e ” #
o % i
,«-»-*"‘““M‘ Y %"a
e y o N ‘
“® wwwwwu;"“& %
Ly 4 4
S Y
&
. 0 8 g ey \
® X

55 g uesd

"EAST RANGE

-d
o BEATIAL REBOLUTION WeLL

e. ‘% ez smer
i vl -k i :
\ ® 5 ‘ } P e
Y oo o \
g% W5 g e et . . ] ]

13
\
e
:
-

'
4 s o
"‘ 2 x @ . - 5
i @ o . a * )
FORT WELL ¢t ~domes . . %
& % @ E
¥ o i @
L s
Y .
k3 %
wi't ",’:WA ®
“4: . % )
kY :3" %,M S #
i . 4
{31° 90~ . . ’ o S BG
. 4 \ .

i g @
H - s
> ,
5 . \ . \
¢
% # 3 &
w LY %
o H ey
2
“ &
k-l &
N o w ®
)

| \

119° 48’ Vo .

.Q *
%
) . ® pe— o
4 m?’"”h
‘% e
y S

LEBEND \ .
T RS RSB TR 3 o .
%) ; 5.%% W

& [

AN AT AT SO

fLﬂ £ oo 2 .'.mwvwww:‘s%x,gm
1 ’

e MGPELED AREA ., BORDER

y
e EGRT BOUNDARY \
%
%

o WELL LOCATION

e GUBREAGE WATER FLOW
& & UPPER BAM PEOROD
BIVER BRAAIN, ARIZCHNA

BLALE MAJOR WELL LOTATIONS

WITHIN BTLUDY AREA

& e 3
Lo
Py
&
2 -

U5 ARMY CORPS OF ENGINEERS
T i . > éf.,} e 4 o § paon g, g T PN b g, MW
KILOMETERS LOS ANGELES DISTRICT

PLATE €

USF200009931



U, 5. ARMY ENGINEER DISTRICT

P

LT
T 58

{

]

{

H

H

!

i

i

i

i

]

!

i

;

1

o

S riaretes
m!"‘}ﬁ\.ﬁ e

Pulamngs

-4

&~

§
£
Y

| 5D ¢ o @ 0w

16 MILES

4

By

P

i BTN

HEROGEETERS

LEGEMND

L AT R IR

- BABIR BOUNRARY

RIVE® BABIN,

YPPER BAWN PELRO

AB/IT O A

BARM FiLL

BEDIMEMTARY ROCKE

GEHNERALIZED
SURFICIAL
GEQLOGY

[rEr
;

E707) aNEOUS AND METAMORPHIC ROUGKS

2

S ARNY

ERGINEER BISTRICT
ORPE OF EMGINEERD
DMPANY REPORT DATED:

PLATE 7

USF200009932



“\ ~45 T 180

FEEY

Y - S
} u BFPER : - )
33 . %W @“ (RN £ et
\ . ° ’
&
g*i;;’«m,ﬂ h .
L ) O
1?\%0 . B 413 . -
§ ""‘% e ’ P3| - -
Y B T o o
%ﬁ . . e - . 3 .
% — *"-. 'L% 1 ] ? g‘s B e, g, ,,,,Amf?‘,m: * oo WL - i
Y & A BASH FiLL e 8T, BAVID o e
kY . 4 . ., P - . s e g
H e, B . N EORIEATION | e
e %%“m, ‘& g E . -
-3 & & . - hod &
5 T, “ [ 5 )
Y . .
{ ‘ TEATIARY ™ o oW &
@ i @ . = 5
m@i@?m?,.ﬁémw«ﬁ’m & m% , B & )
o L=
\- P L A Y :
g vﬂsw(% . @ . g ” gy sy s &
{ w‘%‘ d a ., *\%M i N
i \ . § . PRI S . .
%’%% ‘1 . ‘ y p . w 5 #® %%k»% 5 « .
i~ pLcog ]l Te A T
A \ - L
/o1 | ¢ o N , P 4 v
/AR S - B o ®
1 : i # = . ’ ap
| MOUNTAM / b’ a W \ Ny "
RECIN T e § . AR o & & v PANTANG ™
FRONT-. » ‘ .2 o . N
FRULTS e S . & o B » ' s
S, S FORMATION \ .
"N, o % #:‘ B « Y, " F - LY A
11y e v o8 . .o o
L A L
. “"'“"‘““mm»:w,, . . e
L SISt

NOT TO BLALE

fREF. 23
UPBPER BSAWN PEDAD
RIVER BASIM, ARIZONA

AE

GENERALIZ

LA

= g
£ &

@*’E{’f’}i{éﬁ%ﬁﬁ
FOMNBHIPS

USF200009933



= ¥R

R gy

T e

e e ST

A R RS G AT

USF200009934



ORER

e
e
—

o R:ks‘;nh%‘

iy

i
s

M,

USF200009935



e

PR

H

el

USF200009936



on, sy

PET

e

a

-

<0
y

MY

5
ks

USF200009937



"z
& ax
: =
Pé&z@ﬁ%aﬁurgiﬁfw %-3 5
P .
ﬁ@"'f & w ,f"é . & )
¢ | P
E i,// L HMpper Aguifer
g ! , s s A
& ®° *6 # &
x ¢ 5 & & ° #
§ jé . )

&

Q@ﬁﬂﬁéﬂ@ Lesyar

with Leskance K/b
&
. Bvepans into Lower
Agulier Due To Hesd
Dliferential {h-h,)
& &
F
# N
e+ W BT AGuifer
¢ Laver
& &
&
@
#
Lo
&
?
3
®
T S S amwm-%ﬁ

imparvious Base

UPFER BAW PEDRO
BIVER BABIN, ARIZONA

HNON-EGUILIBRIUM FLOW

THROUGH AN ELEMENTAL
PRISM OF A TWO LAYER

AQUIFER SYSTEM

U, 5. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:

PLATE 13

USF200009938




FINITE DIFFERENCE MODEL GRID ?‘ﬁ‘*i

. S e o
Ty MY
7
, e woe w28 P X
LA e, .
’ j:.é‘y
Y
\ h
/ V.
’ ‘
s
e <.
MW—«M”" ",
“ -
el — BABIN TO BE MODELED

For the basic differential equation of ground water flow,
i.e.,

éah‘éﬁéﬁh — 8cdh
S ¥ T gy T ot

the finite difference approximation is

v &
" 2
@ 2 $~§ 94 8
w
.5
& X
2
Bl

Rothathethg-4h, &c 3h
7 = UFPFER EAN FEDR
2 T &1 BIVER BABIN, ARIZONA

&

DESCRIPTION OF

MATHEMATICAL MODEL

U, 5. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:

PLATE 14

USF200009939




ERNG RIRY

5 o ot

LEGEND

CALCULATED WATER
LEVEL CONTOUR

g

v HISTORICAL waATER
LEVEL CONTOUR (Res. 8}

e
hd (NFERRED)

et BOUNDARY OF
-MODELED AREA

LA CHISET Iy, U T

4

i

P

KILOMETERS T

e "SCALE.

B VIne

i : :

. e S BLES
o - 5 'y
B g -
B N g
v S 18

UPPER BAN PEDRO
RIVER BAGIN, ARIZONA

1988 WATER LEVEL CONTOURS
STEADY STATE CONDITIONS

U. 5. ARMY ENGINEER DISTRICT )
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:

PLATE 18

USF200009940




&F

L B B B el

GRIFGE LEDAIE ANBIHOLIY ﬁsw
SHIINIOND 40 SAHCD "STTIONY SO
ADIBASI0 MIINIONT ANMY S 0 HY3A HILYA
L# TIEM LHOS LY el o8 #e 84 bi &t
13IAZT HIALYM _
ANNOBS DILVLS TYDIHOLSIH
YHOZIY HISYS OUGEd HYR Hiddn d3Lv N0l o---0
TYOTH0USIH oy
v
. T b
z@?x;fij‘ i, )]
St S
/
@i o tﬁ@e ﬁ%éi@ikﬁh@

baer

856k

gaie

gédy

1 ed L™ T b ot 3 e T Lo Wl B

USF200009941



o wd B B 3 B

ARITG L0433 ARRIROLDY &4
BHIINIONT 30 540D ‘$T 130NV 501 , |
AOIHISI0 HIINIONT AWHY S N1 HU3A HILUA

e VISM LH0S LY 28 08 8 94 be N
THAZT HILYM i e

ONNOHD DILYLS TYDIHOLSIH ! 8o

YMODHY “NBYE D3 YR Yk

38NN 6-. -0

TYITHOL
s JTUOLS IH vy

@M!,{&l).u;% tl R SO . B U U SY S @% M W«

%Eeiis R St SN S N 2%

bdod BID F b i €3 T e Z L badlad e

gace

USF200009942



. Q3190 LMOJBE ANSIMOIIY O
SHIIMIONT JO S4H00 "SIV 501
A21H 1510 HAJHIONT ARNHY XL

E% TIIM L1MOS 1v
TSATT HILYM e

ONNOBS DILVLS IVIIHOLBIH

YNOZREY WIEVE HIAN el NYS M3

e

dY3A HILUR
28 B 3L ¥l ok
JILvN0 I ¢« -0
TS LHOLS IH oy

eook

asevy

Qaly

asie

e

USF200009943



.

OILEG LWOSIN ANWIMOTIY 04
EHIINISNG 40 S4U0D "SI0 SO0
A2IMISI0 HIIMIGNT ARHY S 1

Fé TIIM LHOS LY

CEREE KRR

g4 _
TEAATTY HILYMm Wmm
OMOOHE Ditvig OO LER
WNOZIHY HISVE HIA Q80D NWE M3 mwwmmnﬁgﬁw G
OLSIH ee
vy
- ; e TR ¥
g‘w%iﬁ ffff awfv) .
@a?ﬁﬂ.%wﬂu jffifi@@iﬁa o
tttttt S 7
%;ae«a@ g.qagg@:yeva$naes$@§s\qi$

USF200009944

in
Wad bl D Wkt O3 F P iz Lidlad b




Wit 2380 133

OZA¥G LMO4TEYE AMwEROLSY 4
SHZINIONT 40 H4N0D "SIV SO

LOIHASIO0 HIINIONG AWNY S T ¥Y3s d3ivn
ow ,ﬁw@ 1404 1y 98 28 Re, 12 ¥l 2d
TIAFT HALYM
ANNOHE JILVLS TYOIHOLSIH Goor
WHOZIY ‘MSVA MIAKS ObGEd NYS H3ddD TR 1) o {- o N
TYITHOLS IH oogp
147 L
aser 3
E
4
N
1
eatly -
H
1
L SIS 9 ; Z @
@%w . T ; ﬁffﬁi}% - # = 4 &
g & & v
e Qoo @ an Froown @ ssssss Bannoa ! m»w
¥ estr 3
1
3
Ll

USF200009945



CALCULATED WATER
LEVEL CONTOUR

™ hiBTORICAL WATER

LEVEL CONTOUR {(Rsf.T)

=y ™ (nrFERRED)
Ropaen

BOURDARY OF
HODELED ARER

L]

Lo ¥R

Ty e =TE TR TE T
BCALE
MILES
? d ? $ L %@
9 & 10 18
KILOMETERS

A 7 .

VPRPER Ba¥M PEDRQ
RIVER BABIN, ANIZONA

877 WATER LEVEL CONTOURS
TRANSIENT STATE CONDITIONS

U. 5. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 21

USF200009946



T

&

=, H—
RS IOV i o
3 LT |
IR B I
i R < b
i’gw";‘ i o TR M
! gt
vas-ﬂf- H
] 3 :

DATA RELIABILITY

G GOOD

F FAIR

MO DATA

MILES
0 &0

U

prossmr s ey

{g’:
®

;,,,,_

z P

Ld

iREF. &)

UPPER BAW PEDRO
RIYER BASIN, ARIZOHNA

GCALE

DATA RELIABILITY
DISTRIBUTION

LOS ANGELES, CORPS OF ENGINEERS

U, & ARMY ENGINEER DISTRICT

TO ADCOMPANY REPORT DATEDL

PLATE 22

USF200009947



EC 411 g

SHIENIONT 40 844800 ‘S3T3ONY SO

LOIHASIC HIINIDNT AWHY 'S 'n

FOHYHOIH TVONNY JOVHIAY 94
STYAMVHOHLIM YAL¥M ONNOYUED
TWOIHOLSIH 30 NOSINYINOD

YHOTIEY "NIGYH

B3 ALY
OHOZd Hyg 3

o
2
o
o
z
o
3
»
ulw
m
=
| B
D ] | =
P i T / p 0
oo | | : m ' : L
A R B § | ! ! A !
Pl R P Nt B NS NS S -
. T [ ry ,, z
: ; ] PR . e, ' : }
o 3 “ %&hw\\ vfjs»w Lo
Lol _ ‘ w o i -
PR bl | x
_ ” gggggiﬁgﬂe?ﬂxa e sac.:e.s m
e LA b ey 2
. aovsaar <
Lol b n w o
| ” T i [
; . ! i :
R e
; | i ; ] >
b ; Ty SR )
Do b P
Lo o : by
A A | A4b ! B
; Do .,” w ! i
Pl i : | ¢
| P ; .W ' ﬁ
R I O0F m
R L =
, P Pl P -
! i v [ [
S - 04
AR R
Lo

ae

o8

¥4 &4

; 4 “ 8 % &
: : H t : { ) i H
H t 1 H § ' i l
H i R i H : ! . f
t 1 H { . ‘ . i
i i 1 H H s oy {
! i | : i | i
i i i : i : i e
| i ; ! i ; H I
g B : H i L
| H ' H i : i !
] ! i | i i :
! : ; 1 i
| | : i : ! ;
i i ; H ; H ¢ ¢
i i | { § je- | 2 .
i i | ; . : : : i
{ ¢ ! i H H ‘ H H
: i : : ; i ; A
H ! : ; i : o f t i
i } i i ! ¢ ; :
i i : ; : O I
; | i i N B
: i H | H 1
: i ¢ ol
H | H { :
i ! :

gk

g

o o s e

USF200009948



2

LEVATION I PERY

&kﬂﬁjﬂmﬂmjmmafﬂﬁﬁﬂﬂé'ﬁ‘ R NS EN
2 end-3-te Eaet-Range-Weils {1 UL

& &k&ﬁﬂhﬁﬂﬁ&gﬁ&ﬂ@@?ﬂ&ﬂﬁmﬁ | . RS
‘ ME~MMWM“?“";I%,§'“}}'

¥ mmmﬁ%m ¢ RE3 ﬁ’

4020 4

I

S — ;zm:mm;;m Growih T
4000 4 j :

29860 ‘ .
, . i ]  ;3.”‘ w ; :1 R ( -
BBBOG e e L L L A
b L T T 1980 1995 £000
A - b o UPPER BAN PEDRO
R i e e A P NI S i G S S M1 RIVER BABIW, ARIZONA
BRAG A Bettol o P WeE ek . .
: s LT [ A IR S ; - L S e
? i e - - FUTURE BYATIC GROUND

L S ¥ T
1988 4979 1976 1980 ‘1988 WATER LEVEL
YEAR AT FORT WELL #1

U, S ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:

PLATE 24

USF200009949



iNFEET

O

o WATER LEVEL AT
smes HUACHUGCA CITY WELL

U. 8. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS
T0 ADDOMPANY REPORT DATED:

PLATE 25

"Rk O Bagtona] Growen
acso0] 7T T MesPlate 18 e B e e
4080 ~ - ‘ : f
: B
4040 ; N
. ] ] - } S
4020 ‘
ERERES Wi TEE Nu N 7@@&&;,;&&%@?” 3
Cef @ BRIl dYamdnwa f
4000 A IO IR A T e j ‘
= SN i —
i T i ; o . : - f :
1 ) [ ‘ F A PR H T * " 4 . \ ; i . : —“i
B8 B OF bt oL T T 1990 1506 2006
= T T TEFER EANFEBRT
; SNAERNERGA G 1 O RIVER BASIN. ARIZONWA
i | NN W S i it i "FUTURE 8TATIC GROUND
g IR A Idbadmt i St S &

USF200009950



GOUTHWEST WATEA COMPANY

s oRRNL W GG ARCresaty ALREND  AGAA

O

ARIZOWA |
waven |
GMPANY |

EORT o
%,

ﬁE8ER¥AﬁﬂNf?m

ﬂtﬂﬁsﬁ%‘%ﬁﬂﬂz‘_ﬁ:&

MILITARY 77

J cumn s st

PUEBLD DEL B30L WATER COMPARY

-4 90%18°

mjw*afﬂsﬁ

O

O

LEGEND

BIERRA VWIBTA
PROJECT BOUMDARY
TR BERVICE AMES BOUNDARY

& EXISTING WELL

{} PROPOSED WELL

BCALE

g ] £
2 .8 ¥ BILE

YEPER RAM PEDHAD
RIVER BABIN, ARIZONS

WELL SYSTEM PLAN
FOR THE BIERRA VWIBTA
DEVELOPMENT FROJECT

U5 ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 28

USF200009951



