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REPORT ON WATER DEVELOppjp
IN THE FT HUACHUCA AREA ARIZONA

INTRODUCTION

PURPOSE AND SCOPE

The purpose of this report is to review technical datacollected by other agencies concerning the hydrogeology of theFort Huachuca area upper San Pedro River basin Arizona andto provide an independent opinion to the United States ArmyCorps of Engineers concerning the overall availability of additional groundwater supply the magnitude of possible waterdevelopment and the effects of such development on the hydrogeologic System

No field work was conducted by Harshbarger and Associatesfor this study The analysis presented herein IS based solelyon data submitted to this office by the Corps of Engineers theArizona Water Commission and from published reports

PREVIOUS INVESTIGATIONS

comprehensive investigation of the water resources of theFort Huachuca Military Reservation and adjacent areas was conducted by the United States Geological Survey from 1959 to 1963and report describing the geology hydrology and availabilityof water in the area was published by Brown and others 1966
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ARSHBARGER AND ASSOCIATES

basic data report on the hydrologic conditions in the San

Pedro River valley has been prepared by the U.S Geological Survey

and published by the Arizona Water Commission Roeske and Werrell
1973

consultants report concerning the water system at Fort

Huachuca prepared by Blariton and Co Architects and Engineers

1973 and summary report of groundwater supply conditions

for Fort Huachuca prepared by the Geology and Concrete Section

Foundation and Materials Branch Sacramento District of the Corps

of Engineers 1970 were provided by the Corps of Engineers

Data pertinent to the test drilling on the East Range of Fort

Huachuca Military Reservation are contained in two reports

prepared by the Corps of Engineers 1972 197k

LOCATION AND PHYSICAL FEATURES

Fort Huachuca is located on the left flank of the San

Pedro Basin in Cochise County southeastern Arizona about

16 miles north of the international boundary Plate

The San Pedro River flows northward from its headwaters about

25 miles south of the international border in Sonora Mexico
and enters Arizona just south of Palominas The area of interest

is bounded On the south by the international boundary on the

west by the Huachuca Mountains on the north by Baboccnnari River

and on the east by the San Pedro River

The San Pedro River enters the United States at an altitude

of 4275 feet above mean sea level and joins with Babocomari River

near Fairbank at an altitude of approximately 3800 feet The

peaks of the Huachuca Mountains to the west have elevations

exceeding 9000 feet

The Fort Huachuca Military Reservation is located on the

northeastern flank of the Huachuca Mountains between the 4700
and 4900 foot elevations The land surface slopes gently

northeastward from the Huachuca Mountains toward



HARSHBARGER AND ASSOCIATES

the Babocomari and San Pedro Rivers The southern and south
western boundaries of Fort Huachuca follow the crest of the

Huachuca Mountains Plate The western boundary extends

from the northern end of the range north to the Babocomari
River to near the San Pedro River at Charleston The irregular
eastern and southeastern boundaries are shown on Plate
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ARSHBARI3ER AND ASSOCIATES

HYDROGEOLOGY

GEOLOGIC BOUNDARIES

The San Pedro River valley lies in major structural

depression formed by northwesttrending mountain blocks

The Huachuca Mountains comprise faulted complex of granite

carbonate rocks conglomerate and claystone ranging in age

from Precambrian to Cretaceous Brown and others 1966

These crystalline and indurated rocks form the western boundary

of the alluvial basin and also crop out in the Charleston

Fairbank area along the San Pedro River Plate Volcanic

rocks of Cretaceous and early Tertiary age are believed to

comprise the basement rock in the San Pedro River valley

This complex of igneous rocks and indurated sedimentary rocks

has been intensely faulted and fractured by tectonic activity

which attained maximum during the
Miocene period Although

the numerous fractures and faults provide limited volume

of space for the storage of water there are no significantly

extensive areas that comprise major aquifers for water develop

ment. In general rainfall and snowfall in the mountains

produce runoff which infiltrates into the more permeable

alluvial materials on the flanks of the valley and along

the drainage channels The mountains receive from two to

three times as much precipitation as the valley floor and

water moves down the topographic gradient along numerous

fractures Consequently large amounts of the groundwater

recharged into the alluvial sequence in the San Pedro Basin

originates along the mountain front

ALLUVIAL DEPOSITS

The alluvial deposits in the structural trough provide

porous media tor the storage of groundwater These deposits

are heterogeneous mixture of conglomerate sandstone gravel
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HARSHEARGER AND ASSOCIATES

sand silt and clay The subdivision of the alluvial deposits
as used in this report is as follows Brown and others 1966

Pantano Formation Brennan 1957 1962 lower

basin fill upper basin fill and floodplain alluvium
In addition numerous thin terrace gravel deposits are widely
distributed over the area

PANTANO FORMATION The Pantano formation comprises
semiconsolidated brownishred to brownishgray conglomerate
that crops out along the fringes of the Huachuca Mountains
from Lyle Canyon on the north to the Barchas Ranch on the east
The matrix of the conglomerate ranges from grit to coarse

sandstone and fragments are pebbles cobbles and boulders

which include welded tuff andesite shale siltstone granite
limestone and quartzite Bedding is tabular to lenticular
with crossbedding uncommon The Pantano is slightly to

moderatelywell cemented with corresponding low to moderate

permeability

The Pantano formation was encountered by all of the

test wells drilled by the Corps of Engineers Plate and

was completely penetrated by Test Well No In Test Wells

and the Pantano is coarse grained consisting of sandy

gravel and gravelly sand with small amounts of interstitial

clay In Test Wells and the Pantano is fine to

medium grained angular sand containing small amounts of

brown clay Corps of Engineers 1974

LOWER BASIN FILL The lower basin fill unit was deposited
after the development of basinandrange topography and comprises
interbedded brown sandy clay silty sand and sandy gravel with

scattered cobbles and boulders Corps of Engineers 1972
The lower basin fill unconforinably overlies the Pantano formation
and is about 235 feet thick in the Fort Huachuca well field
but may thicken toward the San Pedro River Test wells drilled
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bythe Corps of Engineers penetrated 110 to 200 feet of this

unit Cementation is variable in few exposures the entire

unit is strongly cemented but others are weakly cemented

Generally the gravel beds are poorly sorted and individual

beds or layers contain mixture of silt sand pebbles

cobbles and boulders The sandstone beds are also poorly

sorted they rnge from fine to very coarse grained and

contain varying amounts of pebbles The variability in size

sorting and degree of cementation of the materials in this

unit creates aæ aquifer with permeability ranging from poor

to good Yields of wells in the Sierra VistaFort Huachuca

area range from 130 to 900 gpm gallons per minute and

average 430 gpm Roeske and Werrell 1972

TIPPER BASIN FILL The upper basin fill overlies the

lower basin fill and consists of weakly cemented and compacted

clay gravel sand and silt The unit is poorly exposed and

forms steep slopes where it is capped by wellcemented terrace

deposits but erodes to badland topography in places not

protected by these terrace deposits Brown and others 1966
It grades from very permeable fan gravel near the mouth of

streams issuing from the Huachuca Mountains to relatively

impermeable silt and limey clay containing several sandstone

beds in the central part of the basin near Charleston The

upper unit is as much as 620 feet thick in the Fort Huachuca

well field about 250 feet thick in Test Wells Nos and

and only 10 feet thick along the San Pedro River

FLOODPLAIN ALLUVIUM The sediments overlying the upper

and lower basin fill consist of Pleistocene and Recent alluvial

deposits comprising floodplain channelfill and terrace

deposits The last major period of do.wncutting and erosion

formed the present surface of the floodplains along the upper

San Pedro River and its tributaries Terrace deposits extend

from the base of the mountains to the floodplains of the San Pedro
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and Babocomari Rivers These deposits are poorlysorted

mixture of gravel sand and clay and may be as much as 50 to

100 feet thick near the center of the basin This material is

very permeable but as much of it overlies the regional water

table it does not provide significant groundwater storage
Stream alluvium is the youngest terrace deposit and is

as much as 50 feet thick along the San Pedro River where it

overlies the lower unit of basin fill and along the Babocomari

River where it rests on the upper unit of basin fill The

alluvium is very permeable mixture of sand and gravel and

forms productive aquifer along the Babocomari River and

parts of the San Pedro River The stream alluvium of these

rivers occupies the lowest topographic position in the basin

HYDROLOGIC SYSTEM

The ultimate source of all groundwater and surface water

is from precipitation on the land surface The mean annual

precipitation is 16.5 inches at Fort Huachuca elevation

5000 feet and 11.4 inches at Fairbank Green and Sellers 1964
Annual average precipitation in the Huachuca Mountains is about

26 inches Precipitation on the land surface infiltrates into

the soil unless the infiltration capacity of the soil is

exceeded If the infiltration capacity of the soil is exceeded

the excess precipitation becomes runoff and flows overland to

stream channels Significant amounts of water infiltrate to the

groundwater reservoir in certain parts of the San Pedro basin

The processes by which infiltration occur are direct

infiltration from rainfall into the underlying materials

infiltration from runoff that originates in the mountains and

seeps into the alluvial materials adjacent to the mountain

front and infiltration from streamfiow along the channel

course
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The magnitude of direct infiltration from rainfall is not

cOnsidered to be significant The major sources of replenishment

to the groundwater reservoir are mountain front recharge and

channel infiltration

The upper and lower basin fill units are recharged along

the mountain ionts and along the upper reaches of washes

where water flOws from the mountain canyons onto the valley

slopes Streafif1ow in washes originating near the mountain

front seldom raches the San Pedro River except during

torrential sun1her storms or exceptionally prolonged cyclonic

winter precipitation portion of the streamfiow infiltrates

into the permeable material underlying the stream channels and

percolates to the groundwater reservoir but much of the

surface flow emerging from the mountain canyons is lost by

evapotranspiration The groundwater reservoir occurs in the

subsurface and the water level gradient generally parallels

the topographic gradient except near pumping centers

Groundwater emerges as base flow in the San Pedro River and

to minor extent in the Babocomari River where it is again

subject to evapotranspiration loss

The floodplain alluvium along the San Pedro River is

recharged in part by groundwater from the basin fill units

This groundwater is forced to the surface by groundwater

barrier formed by consolidated volcanic and sedimentary rocks

which crop out near the Charleston gaging station Plate

Groundwater discharge to the river channel thus maintains

short reach of perennial flow at the gaging station

An additional source of groundwater input to the area

of interest is groundwater underfiow northward along the axis

of the San Pedro River valley The total underfiow has been

estimated to be 3kOO acrefeet per year at the international
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border and 2800 acrefeet per year at Palominas u.s GeologicalSurvey The difference of 60o acrefeet is lost through evapotranspiration by crops and phreatophytes

GROUNDWATER

water level contour map Plate of the Fort Huachucaarea was prepared based on data from the Corps of Engineersthe Arizona Water Commission and Roeske and Werrel 1973The data indicate the presence of perched mountain frontgroundwater body and regional groundwater body

PERCHED MOUNTAIN FRONT GROUNDWATER The perched groundwater body extends northwestward from the Vicinity of CarrCanyon toward the Fort Huachuca Military Reservation boundaryand extends northeastward toward the San Pedro River Thisoccurrence is Indicated by Unusually high water levels in wellsin the area where the steep groundwat gradient is approximately300 feet per mile In contrast the average gradient in theregional groundwa aquifer is about 25 feet per mile Plate

This perched groundwae body Probably receives rechargefrom streams and springs Which drain the adjacent portion ofthe Huachuca Mountains Downward leakage from this perchedzone recharges the regional groundwa body in limited amounts

REGIONAL AQUIFER The regional aquifer comprises thesaturated portions of the Upper and lower units of basin filland the Pantano formation The water level contour map indicatesthat water enters these units as mountain front recharge fromthe Huachuca Mountains and moves in
northeasterly directiontoward the Babocomari and San Pedro Rivers Plate Thewater level contours comprise prominent lobes Pointing in anUpstream direction in both of these drainages indicating thatgroundwa discharges into the drainage channels These tworivers act as drains for effluent flow from the groundwater system
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Two significant cones of depression have developed in

the area due to pumping in the Fort Huachuca Sierra Vista

area and the Huachuca Vista area The depression cone in the

Fort Huachuca Sierra Vista area is centered about the military

post well field and appears to extend for approximately miles

elongated in northwestsoutheast direction along the mountain

front The cone of depression is approximately 1.5 miles wide

The depression cone in the Huachuca Vista area extends

approximately miles along the Babocomari River elongated

in southwestnortheast direction along the river channel

Heavy pumping in the Huachuca Vista area has apparently

reversed the direction of groundwater flow along the reach

of the Babocomari River for several miles downstream from

Huachuca Vista Groundwater that formerly followed the

Babocomari River to the northeast has been diverted to the

southwest and.enters the depression cone around Huachuca Vista

zone of high transmissivity appears to exist in the

regional aquifer extending northeast from Test Well No

to Test Well No and proposed wells and Plate

The presence of such zone is indicated by distortion of the

4100 and 4150foot waterlevel contours in an upgradient

southwestward direction Test Well No appears to tap

this zone and exhibits transmissivity of 70000 gpd/ft

gallons per day per foot In contrast Test Well No

which is located approximately miles southeast of the zone

of high transmissivity exhibited transmissivity of only

13000 gpd/ft

FLOODPLAIN AQUIFER The water level contours indicate

that the floodplain alluvium receives recharge from groundwater

underfiow in the basin fill deposits of the regional aquifer

system as well as from streamfiow In some reaches groundwater
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is discharged from the stream alluvium and comprises base flow
to the Babocomari and San Pedro Rivers Brown and others 1966Yields of wells producing water from this unit in the BensonSt David area range from 200 to 1800 gpm gallons per minuteand average 770 gpm Yields of wells range from 150 to 2800 gpmand average iooo gpm in the Palominas_Hereford area Part of
this water is derived from valleyfill deposits as well as
floodplain alluvium Roeske and Werrell 1973
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REVIEW AND COMMENT ON DIGITAL MODEL ANALYSIS

PREPARED BY ARIZONA WATER COMMISSION

The Arizona Water Commission has constructed digital

model to evaluate the response of the regional water level in

the Fort Huachuca area to future proposed water developments

The model consists of network or grid or rectangles superimposed

on the study area with appropriate physical aquifer characteristics

assigned to each node of the network based on the available

data The digital model is calibrated by adjusting the aquifer

parameters and boundary conditions of the model until known

water level configuration existing at certain time for the

aquifer can be simulated with an acceptable magnitude of error

The model is verified for different time period than that

used for calibration which consists of simulating known

water level configuration resulting from certain pumpage

stress imposed on the aquifer This verification procedure

confirms that the values of aquifer parameters resulting

from adjustment to particular set of pumpag.e conditions

can be extrapolated to other time periods and for various

rates of water withdrawal

When the model is calibrated and verified to simulate

known water level configurations in the aquifer with an

acceptable level of error various proposed pumpage schemes

can be imposed on the system to predict future water level

configurations

The digital model constructed by the Arizona Water Commission

is bounded on the west by the bedrockalluvial contact of the

Huachuca Mountains and on the east by the perennial San Pedro

River The northern and southern boundaries are north of the

Babocomari River and south of the international border respectively
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The northern and southern boundaries are assumed to be noflow

boundaries and are arbitrarily located far enough from the

pumping centers to insure little or no effect on simulated

water level declines

MODEL INPUT DATA

Input data for the digital model consist of transmissivity

and storage coefficient values assigned to each model node

natural recharge and discharge estimates amount and distribution

of pumpage from the aquifer and initial water level measurements

COEFFICIENTS OF TRANSMISSIVITY AND STORAGE Transmissivity

data for the digital model were obtained from 16 aquifer tests

in the study area Arizona Water Commission l974 Two of

these aquifer tests were conducted in the southern part of

the study area and 14 tests were conducted in the central part

of the study area No aquifer test data were available from

the northern part of the study area Reliability of data from

these aquifer tests varies in accordance with testing conditions

and procedures

The values for transmissivity used in the digital model

February 1974 appear to be of reasonable magnitude except

in the area of the post well field Transmissivity values

assigned to nodes surrounding the post well field are apparently

too large as indicated by the results of simulation runs

Arizona Water Commission 1974

Two aquifer tests in the southern and central portion of

the study area Plate provided data adequate to determine

the coefficient of storage of the aquifer These data were

supplemented by specific yields calculated from drillers logs

As result storage coefficients of 0.05 and 0.10 were

assigned to large areas of the model Arizona Water Commission

1974 Figure Due to delayed drainage conditions in the upper
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portion of the aquifer longterm storage.coeffieients in the

regional aquifer probably range from at least 0.10 to as high

as 0.15 Recognizing this condition the Arizona Water Com

mission assigned storage coefficient of 0.12 to all model nodes

for one set of simulation runs This value of storage coeffi

cient is believed to be the most reasonable

NATURAL RECHARGE AND DISCHARGE Data pertaining to the

annual volume of recharge received by the aquifer in the study

area has been developed by the U.S Geological Survey the

Arizona Water Commission and Harshbarger and Associates

Natural recharge of about 11500 acrefeet per year is received

by the entire study area primarily along the mountain fronts

where streams enter the basin sediments This recharge was

initially distributed to the model based on runoff character

istics along the mountain fronts and adjusted during the

verification process Mountainfront recharge along the

Huachuca Mountains is portion of this total and amounts to

3950 acrefeet which is distributed along the western boundary

of the model in the Fort Huachuca area Arizona Water Commission

197k

In addition groundwater underflow enters the study area

from the south Approximately 3400 acrefeet per year of

underfiow enters the study area at the international boundary

The southern boundary of the digital model is noflow boun

dary and does not consider any recharge from this source

Natural discharge is assumed to equal natural recharge

under prepumping conditions and occurs as groundwater dis

charge to the San Pedro and Babocomari Rivers underfiow out of

the study area and evapotranspiration by phreatophytes along

the Babocomari and San Pedro Rivers In the digital model

this discharge is represented by constant head conditions along

the San Pedro River and the lower reach of the Babocomari River

The model adds or subtracts water at these nodes so that the

water level elevation remains constant
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WATER LEVELS AND HISTORIC PtJNPAGE An Unpublished 1941U.S Geological Survey waterlevel contour map of the studyarea was used as basis for the steadystate calibration ofthe model This map 15 assumed to represent propumping
steadystate conditions in the aquifer when natural rechargewas balanced by natural discharge

Historic pumpage for the period 1940 to 1960 was estimatedbased on population statistics furnished by the Museum Directorat Fort Huachuca for the period 1940 to 1954 Water use wascalculated based on an average 120 gallons per capita per dayPopulation statistics for the fort were not available for the
period 19541967 but pumping records were available for 19601970The average annual water use was computed for the 19601967 periodand assumed to be the same for the 19541960 period Averageannual pumpage data for the 19601973 period was calculated
from data supplied by the Corps of Engineers

Greater uncertainty exists concerning nonmilitary pumpagein the study area Prior to 1954 civilian pumpage in the areawas assumed to be neg1igible For the period 1954 to 1960the average annual pumpage was assumed to be onehalf of the
pumpage for the year 1960 Water use for the period 19601973was obtained from records of water companies serving the area

MODEL VERIFICATION

The verification procedure comprised testing the abilityof the model to simulate changes in the actual water level
configuratjo resulting from pumping The model was first
calibrated by adjusting the aquifer parameters and boundary
conditions until the known 1941 water level configurajo was
approximately reproduced by the model This water level
configuration was then used as the initial condition to simulate
the results of groundwater withdrawals for the period 19411961and 19621973 Simulated water levels were then compared to
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measured water levels and if the error in simulated water

levels was not acceptable the aquifer parameters used in the

model were adjusted new set of initial 19k water levels

was then generated to serve as the initial condition for an
other test run This process was repeated until the differ

ence between simulated and measured water levels was acceptable

The 1973 water level simulation which is based on the

final generated set of 19k1 water levels did not agree with

measured 1973 water levels This lack of agreement was caused

by inherent imprecision in the modeling process and the limit
ed data used construct the 19k water level contour map
Arizona Water commission 197k In the area of the existing
Fort Huachuca well field the difference between simulated and

measured water levels was as much as 30 feet while along the

Baboconiari River this difference was as much as 75 feet

Due to time constraints which limited further experiment
ation and because some portions of the simulated 19k water

level configuration were close to .the measured configuration

nonsteady state calibration and projection runs were executed

using the simulated 19k water levels The 1973 water levels

simulated on this basis differed as much as 50 feet from

measured water levels near the existing post well field

Agreement east of this area was considered good

Simulation of water level declines since 1961 duplicate
the measured decline in the post well field within one to

five feet due to the adequacy of pumpage records for this

period Arizona Water Commission 197k

PREDICTION OF FUTURE WATER LEVELS

Simulation of the long term effects on the aquifer in

the Fort Huachuca area due to projected demands for groundwater
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was based on four alternative population levels for the areafor the years 1980 to 2030 Projected water demands wereobtained by applying an average daily per capita consumptionof 200 gallons to the military population and 160 gallonsto the civilian population These alternative water demandsare summarized in Table Alternatives and IV were chosenfor use in the model in order to bracket the range of Possiblefuture water demands in the area Four model runs were executedUsing Alternatives and IV for two different storage coefficientconfigurat05 as shown ifl Table Pumpage from the civiliansector was distributed according to present patterns of pumpageand population growth while future pumpage front Fort Huachucawas distributed in the East Range area according to the wellfield design supplied by the Sacramento District U.S Corps ofEngineers January 1974

Water level declines in the Fort Huachuca area were simulated for the various alternatives for the period 1974 to 2060The results of these simulations are summarized ifl Tableand clearly illustrate the importance of the coefficient ofstorage in Predicting longterm drawdown effects maximumdrawdown of 80 feet is predicted using storage coefficients of0.05 and o.io distributed over the model in run but ifstorage coefficient of 0.12 is assigned to all nodes the predicted drawdown is reduced to 50 feet This latter value isbelieved to be more realistic Maximum drawdown in the areaoccurs under the conditions of run which Utilizes the maximumwater demand projection and the storage coefficient conuigurajof 0.05 and 0.10

It shoui be recognz that the drawdowns predicted bythe digital model are approximations of the actual drawdownand are subject to errors within the input data as well assome error inherent in the modeling process The longtern valueof the storage coefficient is of primary importance in this
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TABLE -SUMMARY OF ALTERNATIVE WATER DEMANDS

FOR TOTAL STUDY AREA ACRE-FEET PER YEAR

FROM ARIZONA WATER COMMISSION 1974

YEAR 1980 2000 2030

Alternative 7000 8600 10800

Alternative II 1OO 6600 8900

Alternative III 8000 14700 16900

Alternative IV 8000 19000 21300

_________
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TABLE 2.-CONDITIONS FOR DIGITAL MODEL RUNS
FROM ARIZONA WATER COMMISSION 1974

RUN WATER DEMAND STORAE COEFFICIENT

Alternative Nodes either 0.05 or 010
as shown in Figure
Arizona Water Commission
report February 25 1974

Alternative All nodes 0.12

Alternative iv Nodes either 0.05 or 0.10
as shown in Figure
Arizona Water Commission
report February 25 1974

Alternative IV All nodes 0.12
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TABLE 3RESULTS OF DIGITAL MODEL SIMULATION RUNS

ARIZONA WATER COMMISSION 197k

COEFFICIENT MAXIMUM WATER LEVEL AVERAGE HATE OF

RUN OF STORAGE DECLINE FEET DECLINE FEET/YEAR

0.05 and 0.10 80 0.9

.0.12 50 0.6

0.05 and 0.10 160 1.8

012 110 1.2
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analysis and the reliability of future simulation runs is directly
dependent on the real value of the coefficient of storage for the
area

The results of each simulation run indicate that the volume
of groundwater presently discharged from the study area as evapo
transpiration and subsurface underllow would be reduced by 20 to
50 percent depending on the magnitude of pumpage and storage coeffi
cient Arizona Water Commission 1974 This water will be diverted
toward the pumping centers and will decrease the magnitude of de
pletion from groundwater storage

SUMMARY

Verification of the digital model is hampered by lack of
pumping records for the area prior to 1960 and does not duplicate
measured 1973 water levels if verification is extended to 1941
The model does duplicate water level declines in the area of the
post well field from 1961 to 1973 for which time annual pumpage
data are available Arizona Water Commission 1974

The results of four simulation runs indicate that the maximum
water level decline in the Fort Huachuca area will range between
50 and 160 feet for Alternatives and Iv Arizona Water Commission
1974 The average rate of decline ranged from 0.6 to 1.8 feet per
year The simulation runs illustrate that the value of the storage
coefficient in the area is very important in determining the draw
down Variations up to 50 feet in the predicted drawdown result
from relatively small changes in the storage coefficient

Both the magnitude and rate of water level declines for the
period 19742060 simulated by the digital model are modest by
Arizona standards With at least 1000 feet of saturated thickness
of aquifer in the proposed East Range well field the maximum water
level decline predicted by the model is considered to be acceptable
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This indicates that the groundwater supply would be adequate to

mŁØt the maximum projected demand Arizona Water Commission 197k

When additional pump test data from the area southeast of the

military reservation become available the digital model will be

refined These data will be used to adjust the coefficients of

trÆnsmissivityand storage assigned to the model in the cIvilian

sector southeat of the fort Consequently there should be an

improvement of agreement between simulated and measured water levels

in certain arei ot the model However the range of predicted

drawdowns in th aquifer will not change significantly
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POTENTIAL WATER SUPPLY

AVAILABILITy OF GROUNDWATER

Groundwater in the northern San Pedro Basin occurs in the

Pantano formation the upper and lower basin fill units and the

floodplain alluvium Calculations by the Geological Survey
to estimate the volume of recoverable water in these sediments
were based on estimates of the aquifer thickness and specific
yield Appropriate estimates of specific yield for the various

water-bearing zones were based on drillcuttings geophysical logs
and aquifer pump tests Aquifer thickness commonly is determined
from geologic well logs but in the Fort Huachuca area Plate
most wells do not penetrate the complete aquifer thickness The

Geological Survey estimated the saturated thickness of the

aquifer to be approximately iooo feet in the San Pedro Basin south
east of Fort Huachuca but the actual saturated aquifer thickness

may be several hundred feet greater

Calculations by the Geological Survey indicate about

13 million acrefeet of recoverable groundwater in storage in the

aquifer at depths to 1200 feet in the area north of the inter
national boundary west of the San Pedro River east of the

Huachuca Mountains and south of the Babocomari River Corps of

Engineers 1973

Under alternative water demand Table the total volume

of water required in the study area by military and civilian users
for the period 1974 to 2060 is estimated to be about 810 thousand

acrefeet The total volume of recoverable water in storage in

the study area Plate is conservatively estimated to be more
than 15 times greater than the total projected water demand to the

year 2060 Under alternative water demand IV Table the total
volume of water required in the study area by military and civilian
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users for the period 197k to 2060 is estimated to be 1560000 acre

feet The total volume of recoverable water in storage in the

study area is conservatively estimated to be more than times

greater than this total projected water demand Only portion of

the total projected water demand will be withdrawn from groundwater

storage Significant amounts of groundwater are presently lost

from the area of interest via evapotranspiration by phreatophytes

groundwater discharge to surface flow which leaves the area via

the San Pedro River and subsurface underf low decline in the

water table by pumpage from wells would result in interception of

some of the groundwater lost via evapotranspiration under this

condition the magnitude of groundwater depleted from storage in

the aquifer wotild be reduced

LONG-TERN EFFECTS OF PROPOSED EAST RANGE WELL FIELD

The northeastern portion of the Fort Huachuca Military Reser-

vation bounded on the north by the Babocoinari River and on the

east by the San Pedro River is termed the East Range and is the

area Plate proposed for future groundwater development Corps

of Engineers 1972 1974 well field configuration proposed

by the Sacramento Office Corps of Engineers was reviewed and

subsequently modified by Harshbarger and Associates The modified

well field configuration is included in the supplemental report

issued by the Corps of Engineers Janury 197k and is shown on

Plate

Assessment of the longterm effects of the proposed East

Range well field is based on analyses of pumping test data pro
vided by the Sacramento District Corps of Engineers for four

test wells drilled in the area Values of the coefficient of

transmissivity and storage computed for the aquifer in the

area of the proposed well field are shown in Table ranges

from 13000 gpd/ft to 70000 gpd/ft It is believed that the

in the proposed well field will average approximately 60000 gpd/ft

and this value was used in the prediction analysis
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TABLE 1E.--AQUIFER PARAMETERS CALCULATED FROM PUMP TESTS
OF EAST RANGE TEST WELLS

FROM AQUIFER TEST DATA FURNISHED BY ARIZONA WATER COMMISSION

AND CORPS OF ENGINEERS 1973

TEST WELL TRANSMISSIVITY STORAGE

GPD/FT
COEFFICIENT

5Ooo

70000

20000 0.10

13000

Gallons per day per foot of aquifer
at 100 percent gradient

Harshbarger and Associates

1971t
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Only data front Test Well No were adequate to define

value of which will increase with time as pumping proceeds

due to delayed drainage copditions in the aquifer Values for

of 0.12 and 0.15 were used in the prediction analysis

In order to ascertain the effects on- the aquifer of pump

age from the proposed well field the theoretical drawdown of

the water level in the aquifer was computed for the point of

maximum drawdown in the well field which is hereafter referred

to as the centoid The centroid for the proposed well field

is located approximately 0.8 mile north of proposed Well

Plate

It was asümed that the eleven new wells in the proposed

well field will be pumped at an annual average rate of 11 mgd

million gallons per day or at continuous rate of approxi

mately 700 gpm These average annual values rounded are based

on the estimated water requirement for post population of

50000 The drawdown at the centroid of the proposed well field

in the year 2060 after 80 years of pumping is approximately

60 feet Table

The geometry of the proposed well field indicates that the

greatest water level drawdown would occur in proposed Well

due to interference from the other wells Drawdown at Well

would be greater than that computed for the centroid of the well

field primarily due to head losses resulting from groundwater

entering the well through perforated or louvered casing The

computed drawdown in Well is based on the assumption that the

well would have an efficiency of 60 percent The calculated

drawdown in Well after 80 years of pumping is approximately

100 feet Table

Table also compares the results of the model simulation

runs with the calculations based on the pumping test data

Estimates of the drawdown in the proposed East Range well field

are in the same order of magnitude for the digital model and
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TABLE 5.STJNMARY OF PREDICTED DRAWDOwN
IN THE PROPOSED EAST RANGE WELL FIELD 2060

DRAWD OWN IN DRAWD OWN IN
WELL FIELD CRITICAL WELLPUMP TEST ANALySES FEET FEET

SO.12

Ql2000 AF/yr 62
105

T6000o gpd/ft

SO...5

Q12000 AF/yr 60 100
T6000o gpd/ft

DIGITAL MODEL SIMULATION

RUN SO.05 and 0.10 80

RUN S0.12 50

RUN S0.05 and 0.10 160

RUN SO.12 110

Military pumpage only

Total pumpage military plus
civilian Table
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the pump test analysis In view of the character and represent

ation of the aquifer coefficients implicit for each method of

the analysis comparison of results from the two methods in

..dicates there is good agreement

Interference from other groundwater users in the area notably

the towns of Sierra Vista and Huachuca Vista would increase the

calculated drawdowns in the proposed well field Future popula

tion increases in these areas probably will parallel growth of

the fort and the existing cones of depression in these two

communities will probably continue to expand Proposed Wells

and will experience the greatest interference effects

with the Huachuca Vista depression cone and Proposed Well

will experience the greatest interference effect with the Sierra

Vista depression cone Plate The magnitude of these inter

ference effects is difficult to predict due to the uncertainty

of future pumping demands in these areas

Calculations concerning the areal extent of the depression

cone that would be created by the pumpage from the proposed East

Range well field indicate that several hydrologic conditions

may be encountered Extensive phreatophyte growth along the

Babocomari River presently transpires approximately 22O acre

feet of groundwater per year Harshbarger and Associates in

preparation Significant lowering of the water table in the

reach southeast of Huachuca Vista by proposed Wells and

could divert large part of this groundwater now lost to evapo

transpiration which in effect would constitute recharge

source for these wells This recharge boundary would probably

stabilize the depression cone that would be created in the area

by proposed Wells and

possible barrier boundary exists approximately 8000

feet northeast of proposed Well in section 30 of 20

21 where igneous rocks protrude from beneath the alluvial

sediments Brown and others 1966 These igneous rocks would

function as impermeable barriers to groundwater flow and their

presence would accelerate the expected drawdown in wells located

near them
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Proposed Well is located nearest this suspected boundary and
would probably experience the largest effect Under previously
assumed Conditions for pumping period of 80 years the expected
drawdowii in proposed Well wOuld probably be increased about

feet due to this barrier boundary

It is believed the probable effect of the proposed East
Range well field on streamflow in the San Pedro River between
Charleston and Fairbank would be insignificant The available
data indicate that after 80 years of pumping under the proposed
Conditions the drawdown in the aquifer near the San Pedro River
would not be discernible The San Pedro River and the extensive
phreatophyte growth along the river floodplain are sources of
potential recharge to the East Range well field The depression
cone developed by the proposed East Range well field might divert
some groundwater from the floodplain alluvium that is presently
used for transpiration by phreatophytes but would not cause sig

.nificant infiltration of water in the channel of the San Pedro
River
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SUMMA.RY AND CONCLUSIONS

Available water level data indicate the presence of

perched mountain front groundwater body and regional water

table groundwater body The perched groundwater body occurs in

narrow zone extending northwestward along the mountain front

from the vicinity of Carr Canyon toward the Fort Huachuca

Military Resertion The limited extent of the perched ground

water body precludes its consideration as sustained water

source The regional groundwater body comprises the saturated

portions of the Pantano formation upper and lower units of

basin fill and floodplain alluvium Water level contours on

the regional a4hifer indicate that the Babocomari and San Pedro

Rivers act as drains for the groundwater system Two signifi

cant depression cones have developed in the regional aquifer

centered around the post well field in the Fort HuachucaSierra

Vista area and the Huachuca Vista area zone of high trans

missivity appears to exist in the regional aquifer extending

northeast from Test Well No to Test Well No and proposed

Wells and

Results of the digital model analysis indicate that the

drawdown resulting from projected water demands of both military

and civilian users in the Fort Huachuca area will range from 50

to 160 feet depending on the future population level and the

storage coefficient assumed for the aquifer Results of cal

culations based on aquifer tests in the East Range indicate

that the drawdown in the proposed well field for an assumed post

population of 50000 will be about 60 feet after 80 years of

pumping 19802060 with the maximum drawdown of approximately

100 feet occurring in proposed Well assuming an average well

efficiency of 60 percent The digital model incorporates in

terference effects from projected civilian water demands which

were not considered in the pump test analysis and indicates

drawdown of 110 feet for the same military population level

50000 and storage coefficient sO..12 run Table
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These predicted water level declines are Within the same order of
magnitude and in consideration on the character of the input
data for each analytical method the agreement is believed to be
reasonably good

Assessment of the longterm effects of the proposed East
Range well field is based on analyses of pumping test data provided by the Sacramento District Corps of Engineers Table
which indicate that the transmissivity of the aquifer in the
East Range well field ranges from 13000 to 70000 gpd/ft

It is estimated that the interference effects between the
proposed East Range well field and the existing depression
cones around Sierra Vista and Huaehuea Vista would probably not
exceed 20 feet of drawdown over an 80 year period The avail
able data indicate that 80 years of pumping in the proposed
East Range well field will produce no discernible drawdown in
the vicinity of the San Pedro River

The total volume of recoverable groundwater in storage in
the Fort Huachuca area is conservatively estimated to be 15 times
larger than the projected water demand under Alternate
Table for the period 1974 to 2060 and times larger than
the projected water demand under Alternate Iv Table
portion of the projected water demand would be satisfied by
salvage of groundwater that is presently lost to evapotranspi
ration and subsurface underfiow in the area of interest

Review of hydrogeologic conditions and available quantita
tive data in the Fort Huachuca area indicates the following con
clusions

Adequate volumes of recoverable groundwater are present
in the regional aquifer to satisfy the maxiumum project
ed water demand It is conservatively estimated that the
volume of recoverable groundwater in storage in the re
gional aquifer is to 15 times greater than the total
projected water demand
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Projected water requirements for military population

of 50000 could be satisfied by construction of the pro
posed well field on the East Range Drawdown in the

proposed well field after 80 years of pumping would be

on the order of 60 to 110 feet

Future interference effects with civilian groundwater

users in the area are of acceptable magnitude with

proper management plan The depression cone developed

by the proposed East Range well field would not cause

significant infiltration of water in the channel of

the San Vedro River

Future refinement of the digital model will improve

the agreement between simulated and measured water levels

in some areas The magnitude of predicted drawdown in

the regional aquifer will not be significantly affected

by these future model refinements
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INTRODUCTION

The water supply for the Fort Huachuca area is primarily
obtained from groundwater sources although part of the Fortts water
supply comes from springs in the nearby Huachuca Mountains Ground
water began to be extensively pumped ih the early 190s for domes
tic and commercial Uses From 190 to 1973 total of more than
3000 acre-feet of grodwater wag removed from storage in the Fort
Huachuca area resulting in maximum waterlevel decline of almost 60
feet Annual pumpage varied considerably from year to year during
this period As result of these declines concern has been expressed
about the future of the water supplyfor the Fort and surrolmding area

The Arizona Water Commission began study of the groundwater
resources of the upper San Pedro River Valley in late 1972 to
determine the adequacy of the water supply for proposed subdivisions

assist local governments in their water resource planning efforts
and provide input data to the State Water Plan Subsequently
the Los Angeles District Corps of Engineers requested the Com
mission to prepare special report evaluating the adequacy of Fort
Huachucas water supply based upon the Commissions regional studies
This report was prepared in response to that request

Thirpose and Sco
The purpose of this study was to determine the adequacy of

the water supply of the upper San Pedro River Valley in general and of
the Fort in particular Computer groundwater modeling techniques were used
to simulate the groundwater basin iecause this allowed evaluation of long



term effects under variety of basin conditions and water demands

This report summarizes the study method presents results

of the model studies in the Fort Huachuca area to date and presents

conc1usions regarding the adequacy of the Forts water supply

Present Status of the Regional Study

The Arizona Water Commission is continuing the study of the

water resources of the upper San Pedro River Valley Additional data

are expected to become available in portions of the study area out

side of the Fort Huachuca area which will enable the computer model

to be further refined Additional reports will be prepared covering

the entire study area when the model has been refined to the fullest

possible extent using all data that can reasonably be expected to be

come available

Water Supply Adequacy

Unlike those areas in the United States possessing an ade

quate surface water supply the mining of groundwater in Arizona is

commonly accepted practice Thus the mining of groundwater in

Arizona is consideredto be an adequate means of supplying water if the

supply so derived falls within normal practice in Arizona

Unlike some other areas in the United States the mining

of groundwater in many parts of Arizona does not necessarily lead to

disaster In these areas although the annual renewable supply may

be small relative to the demand the volumes of water in storage are

truly vast and with proper management and use can provide sustained

yield for extended periods of time In fact no water supplies in

these areas have failed in nearly thirty years of intensive groundwater

mining
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The evaluation of the adequacy of Fort Huachucas water supply

is presented in this report based upon the above guidelines and with

due consideration for those aspects unique to the Fort

Location

The Fort Huachuca area which includes the Fort itself and

the adjacent communities of Sierra Vista and Huachuca City is located

in the San Pedro River Valley in southeastern Arizona The main

Fort facilities arid the adjacent communities lie on gently sloping

alluvial plain at the eastern foot of the Huachuca Mountains and at

the western e4ge of the San Pedro River Valley The area is within the

Basin and Range Physiographic Province and the upper San Pedro ground

water basin

Ge ohydio logy

Runoff from the mountains is the primary source of recharge

to the water-bearing sediments in the Fort Huachuca area Only

small portion of the runoff reaches the groundwater reservoir where it

moves eastward downgradient toward the San Pedro River and then north

ward along the trough of the valley Some of the groundwater appears

as surface flow in the San Pedro River and in the lower portion of

the Babocomari River

The aquifer system is considered to have been in approximate

equilibrium prior to 191-FO that is inflow was equal to outflow

Some groundwater was being pumped for domestic and stock purposes but

not enough to significantly change the water levels Increasing

pumpage after 1910 resulted in significant water level declines in the

Fort area
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conditions on the areas of prime interest within the studr area

The model solves the mathematical equations describing

groundwater flow using finite difference solution technique to

analyze the changes that occur between group of interconnected

nodes of finite size that have been assigned appropriate physical

characteristics The node system used for this study is shown on

Figure with each square or rectangle representing node The model

was programmed for water table conditions

The modeling procedure consists of three steps collec

tion and preparation of model input data calibration of model
and projection of future water-level declines

MODEL INPUT DATA

The first step in modeling procedure is the collection and

preparation of data that defines the overall hydrologic system For

this study Lnput data to the model included trailsmissjvjty and

storage coefficient values which describe the physical characteristics

of the aquifer natural recharge and discharge water level

elevations and the amount and distribution of pumpage

Transmissjvjty

Transmissivity is the ability of an aquifer to transmit

water and measure of this ability can be determined from aquifer

tests conducted in pumped well This study used transmissivity data

obtained from 16 aquifer tests three of these tests were conductod by

the Arizona Water Conmiission staff in 1973 two were conducted by the

Geological Survey in 198 and 1960 eight were conducted the U.S
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Corps of Engineers in 1971 and 1973 one was conducted by the

Bureau of Reclamiation in 1966 and two were conducted by priJate con
sulting firms in 1973

The values of transmissivjty from these tests ranged from

10000 gpd/ft to 260000 gpd/ft.- Two tests were conducted in the

southern part of the study area and tests in the central part of

the study area No aquifer tests were available from the northern

part of the study area Data from these tests were of quite variable

reliability because testing Conditions were sometimes less than desir
able The most complete data were from work done by the Corps
of Engineers in the East Range of Fort Huachuca

Initial values of transmissivjty assigned to the model were
based on all of these tests and were subsequently adjusted during
th calibration step The final magnitude and distribution of

values for the Fort Huachuca area as used for this report are shown
on Figure

trage Coefficient

The storage coefficient of an aquifer is the volume cf
water released from storage in one square foot vertial colunin when
the water table or pieometrjc surface declines one foot

Only two aquifer tests with sufficient data to determine
reasonably good values of the storage coefficient were available in
the study area aquifer test in the southern part of the study
area gave an value of .05 and test in the central part yielded an
value of .10 These data were supplemented by calcating the specific

jJ The value of 260000 gpd/ft as reported in USGS WSP 1819-D isapparently much larger than the actual value because the type ofanalysis used did not take delayed drainage into account After personal discussion with the author of the report value of 100 000gpd/ft was selected as being more realistic
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yieldVof the water-bearing sediments in the study area from available

water-well drillersis logs These calculations were based on methods
used in C-eological Survey WaterSupply Paper 169 In water-
table aquifer specific yield is approximately equal to the storage
coefficient

Values ranging generally from to 10 percent were obtained fr
specific yield calculations set of storage coefficient values basod
on these calculations were assigned to the model nodes in the Fort
Huachuca area as shown on Figure and not changed However due to
the delayed drainage characteristics of the aquifer it was felt that
after several years of Pumping the storage coefficient values could
be somewhat higher than those shown on Figure Therefore another
set of storage coefficient values were assumed by assigning an

value of .12 to all nodes in the model This value was assumed on
the basis of average long term storage coefficients determined for

nearby alluvial basins It was felt that using these two sets of

storage coefficient values in the model would allow bracketing of
the possible range of storage coefficients and for purposes of this

report permit evaluation of the impact of this range on the adequacy
of water supply

Natural Recharge and Dische
Data developed by the Geological Survey the consulting

firm of Harshbarger and Associates and by the Water Commission indica
ted about 11500 acre-feet of natural recharge to the aquifer is

Specific yield is the ratio in percent of the volume of watergiven mass of saturated rock or soil will yield by gravity to thevolume of that mass



received annually by the entire study area Recharge to the aquifer
occurs Primarily along the mountain fronts where streams enter the
valley Natural discharge which is assumed to equal natural recharge
under pre-pumping Conditions occurs as inflow to the San Pedro arid
Babocomari Rivers groundwater underflow and evapotranspiration

The natural recharge of about 11500 acre-feet was initially
distributed to the model by the Commission based upon estimated run
off conditions along the mountain fronts and subsequently adjusted
during the calibration process Figure shows the final magnitude
and distribution of recharge for the Fort Huachuca area as used in the
model

WaterLevel Elevations

An unpublished 191 water-level map of the study area was
obtained from the

Geological Survey files in Tucson The map
is based upon limited data but is the earliest map available with
depth to water and groundwato elevation information The groundwater
elevations given on this map were based upon old and somewhat inaccurat
topographjc maps Using the 191 depth_to_water data and current
topographic maps the grounawate elevations were recalculated and the
water-level elevation contours redrawn as shown on Figure This
modified version of the 191 map was used as basis for the steady-
state or equilibrj condition calibration

The 1961 water_level map in Geological Survey water
Supply Paper l819-D was used as check point to provide partial verification during the 19Li_i973 period

In order to update the 1961 map water_level measurement data
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From 196 to 1951 the Fort was closed and only small

crew of civilian employees were based on the Fort for fire

protection and custodian maintenance

In 1951 the Fort was occupied by the Air Force and later in

the year by certain Army units The combined Air Force-Army

strength cdtsisted of 10300 troops and support personnel

for the yeâs1951 and 1952

Effective y1 1953 the Fort was placed in an inactive

status Post population at this time consisted of two of1icer

and fifty civilian personnel

average annual daily per capita consumption of 20

gallons was used to estimate annual water use at Fort Iluaclutca

in the 190-195 period The 120 gpd/capita was Water

Commission estimate based on the low level of development Jn

the area during this period

From 195 to 1967 the Fort was designated as the Army

Electronic Proving round There were no figures available

relating to the number of personnel assigned to the Fort

in this period However water use data for the 1960 to 19/0

period were available Since the mission of the Fort between

195 and 1960 was essentially the same as for the period

19601967 average annual water use for the 1960-1967 period

was computed and applied to the 195-i-1960 period

The following table shows the estimated annual pumpage de

veloped from the above data and assumptions for Fort IIuachu.ca between

19-f0 and 1960
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Year Fort Population Annual Puinpage AF
l90 5500

1911 5500

19-i-2 10500 5110

1913 10500 5110

1911 10500 5110

1915 20250 2720

1916-50 INACTIVE UNKNOWN ASSUMED NEGLIGIBLE

1951 10300 1380

1952 10300 1380

1953 INACTIVE UNKNOWN ASSUMED NEGLIGIBLE

195---60 NOT AVAILABLE 2580

Average annual pumpage for the 1960-1973 period was calcu

lated from Fort Huachuca pumpage data provided by the Corps of Engin

eers and is as follows

Year Average Annual Pumpage AF
196067 2600

196773 3300

Prior to 1951 water use in the Fort Huachuca area off of

the military reservation was considered to be negligible for modeling

purposes Water use data are not available for the 1951-1960 period

so it was assumed that the average pumpage during that period was

about onehalf of the pumpage for the year 1960 The water use for the

19601973 period was developed from available records of the private

water companies serving the area The estimated average annual

2-19-



punipage for the 195-1973 period for the offpost portion of the Fort

Huachuca area is shOn on the following table

Year Average Annual Pumpage AF
195-6Q 300

196068 900

196873 1200

CALIBRATION OF MODEL

Model calibration using historic water levels recharge

pumpage and discharge is prerequisite to use of the model for pro

jection of future conditions To the extent possible verification

was also conducted to determine if the model would adequately sirnu

late future waterlevel declines in response to projected pumpage

In addition these steps allow the adjustment and refinement of the

data point out the sensitivity of the model to data inaccuracies

and help determine areas where more data is needed

The model was structured with constant-head boundary on the

eastern side by no-flow boundaries on north and south sides and by

recharge boundary on the western side The constant-head boundary

can be line source or line sink depending on what is necessary

to hold the prescribed nodes at predetermined head The model removes

or adds enough water to such nodes that the water elevation remains

constant In the case of this model the San Pedro River was assumed

to be constant-head boundary along the entire eastern boundary of

the model The model nodes along the Babocomari River were also

assumed to be constant head from the San Pedro River to point cot.tr
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miles west of the confluence The constanthead nodes are shown on

Figure

For modeling purposes the north and south boundaries were

assumed to be no-flow boundaries although the aquifer actually extends

across both of them These boundaries were described as such becase

when the system was in steady state condition the waterlevel contours

were essentially perpendicular to both boundaries When pumping begins

to cause water-level changes near these boundaries the contours will

not remain perpendicular In the real system these changes would

induce flow to enter the modeled area from outside In the case of

no-flow boundary however the boundary would create an image well

effect causing the simulated drawdowns to be greater than they actually

would be

For this model it would have been better to have made the

north and south boundaries constant-head but there was not

enough data in the boundary areas to adequately define the situation

Instead the boundaries were located far enough from the pumping areas

to insure little or no effect on the simulated well field declines

The western boundary is recharge boundary with fixed amounts

of recharge assigned to boundary nodes These amounts were obtained

by using the estimates of total recharge and dividing it based on

the drainage area feeding given node and the average rainfall occur

ring in that drainage area

The calibration step utilized both steady-state and non

steady-state conditions The steady-state condition was used to doscribe

the water levels prior to 19O when the aquifer was assumed to be under

natural conditions i.e natural recharge is equal to natural dis

charge and both are constant In obtaining this condition the storage

coefficients for all nodes were set equal to zero This constraint
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forced the model to change waterle-vel elevations in all nodes ex

cept constant-head nodes until configuration was obtained that

balanced the inflow with the outflow for all nodes This simulated

steadystate configuration was used as starting point for the non-

steaystate model to determine if the model would duplicate changes

that had occurred since 19O If the non-steady-state model did

not close well wish the rneasured water levels the aqiiifer parameters

such as and recrge were changed in given nodes and new steady-state

contours were siirru.lated

The final simulated 1911 steady-state water-level config

uration is sho on Figure along with the rneasured 1911 water

levels As cai.be seen the simulated levels do not match the measured

levels Part of the lack of fit is caused by inaccuracies in the

model itself while part of the problem is due to the limited well

data used to draw.the 1911 contour map It is also possile that sonic

of the wells along the Babocomari River used for contourthg purposes

were not representative of the regional water table but were actually

representing perched wa.ter tables In addition the lack of precise

ground surface elevations at indiVidual well sites introduces an error

of about five feet because of the necessity of interpolating surface

elevations from topographic map The simulation of water-level

configuration with the same shape as the measured one was also made

difficult by finite amount of computer storage which limited the

number of nodes in the model In order to locate the northern boundary

of the model sufficient distance from the Fort to make boundary

effects negligible and still keep the width of nodal column in the
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Fort area to maximum of .5 miles it was necessary to make nodes

north of the Fort Huachuca area as wide as miles These large

nodes especially when they are constant head make it difficult to

perform fine adjustments to the model Table compares simulated

water-level elevations at various nodes around the Fort with measured

levels The maximum difference in these nodes is 30 feet which is

quite close considering the probable accuracy of the measured 191

levels The difference between the two levels may be as much as 75

feet in nodes along the Babocomari River indicating that the parameters

are in error there that the nodes are too large or to combination

of these For modeling purposes the area of the Babocomari River

was assumed to have low transmissivity however after reviewing

data that the Bureau of Reclamation obtained from drill holes at

Charleston Dam site it appears that the may be greater than presently

assumed In addition the Babocomari River may operate as constant-

head boundary approximately mile farther west than assumed at this

stage

The simulated 191 configuration as shown on Figure was

used in this report because of time constraints which limited further

experimentation Because portions of the configuration were close

to the actual it was decided to continue with the non-steady-state

calibration and the projection runs When time permits further changes

will be made to the model These changes include decreasing the size

of the nodes in the northern part of the study areas now that additional

computer storage has become available incorporating additional data

which will be collected later in the year and experimenting with

changes in transmissivity values and constant-head elevations along
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the lower reach of the Babocomari River better match between

measured and siinulated 1911 water levels may be obtained as result

of these model changes

Table

measured

Comparison of simulated 1911 water-level elevations with the

levels in feet above mean sea level at selected nodes 3J

I-

3J Rounded to nearest five feet

nodes simulated measured

row column 1911 water level 1911 water ivei

13 13 1180 1175

13 11 1185 1185

11 13 1195 1175

11 11 1200 1185

15 13 1210 1180

t-5 11 1210 1190

16 13 1210 1185

16 11 1215 1195

17 13 1215 1195

17 11 1220 1190
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Starting with the simulated 1911 water-level values with the

system in steady-state condition the effects of pumpage within the

modeled area were simulated for the periods 19-i-1 to 1961 and 1962 to

1973 These periods were delineated because the pumping data prior to

1961 were based entirely on estimates while those after 1961 were

based on existing records of pumpage The simulated 1961 water levels

were looked at but were not compared to the measured 1961 water levels

node bynode because the 19-i-1 levels used as base were in error

and the pumpage estimates were questionable It was felt that if the

simulated water levels did compare to the measured it would be

coincidence The simulated 1961 water levels were used to calculate

the simulated changes between 1962 and 1973 which were used as the

basis for determining how well the model was calibrated Two different

storage coefficient configurations were used to test the sensitivity of

the model output to variations in these parameters Figure shows

the simulated 1973 water levels obtained from these two runs and as

can be seen there is little difference in resulting water levels

Table compares the measured 1973 water -levels with the simulated

1973 levels The agreement is good east of the Fort but differences

became larger near the Fort with as much as 50 foot difference in

water levels The difference between the two simulated water levels

was only five feet in all nodes which indicates that using two differ

ent storage coefficient configurations has no.t significantly effected

the water levels up to 1973 However the difference between these

two simulated water levels will become larger at given node as

pumpage continues into the future
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Table

Comparison of measured 1973 waterlevels with simulated levels

in feet above mean sea level

19 ter levels

node measured 1973 storage coef storage coef
Row Column water-level ason Fig all 0.12

13 13 1160 1165 1170

13 11 1165 1170 1175

11 13 1165 1175 1180

11 11 1170 1175 1185

15 13 i6o 1175 185

15 11 1165 1180 1185

16 13 135 1i180 1185

16 11 1110 1185 1190

17 13 1150 1180 1185

17 11 1115 i8o 1185

The measured water--level changes from 1911 to 1973 Figure

were used as check on the closeness of calibration The actual

maximum declines in the center of the Forts well field are 20-25

feet greater than the simulated declines shown on Figures 10 and 11

while the declines few miles from the Fort compare quite well The

difference in the center of the well field could have been caused by

too low pumpage estimate for the period between 1910 and 1961 or by

Rounded to nearest five feet
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too high transmissivity being used for the present well field area

as indicated by the presence of the large cone of influence and the

reversal of gradient that has occurred In addition the coarseness

of node size could have resulted in the center of the well field not

having simulated values as large as those observed When historic

pumpage is assigned to model node it distributed over the

entire area of the node The well field falls in three nodes thus

the model operated as if the well field had an area of three square

miles when in actuality all of the wells fall within an area that

is slightly larger than one square mile

Table compares the average measured waterlevel declitiw

with the average simulated declines for some selected nodes in the

Fortts well field for 1911973 Table compares the declines from

1961 to 1973 for the same nodes

Table

Comparison of measured waterlevel declines and simulated

declines in feet for selected nodes for the period 191-F11973

Simulated averge
node average measured decline 19L1_1973

________ _______ decline storage coef storage coel
row column 19L1.l 1973 as on ig all 0.12

16 11 30 22 16

16 12 -i-0 27 21

16 13 1-f5 32 25

16 50 32 25

17 11 32 23 17

17 12 29 23

17 13 53 35 29

17 52 38 31
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Table

Comparison of measured water-level declines and simulated

declines in feet for selected nodes foi the period 19611973

iiuulaLed average

node average m.easured jiJ 1961-.192

_______- ________ decline storage coef storage coef.

row colunifl 1961 1973 as on Fig all-O.12

16 11 10 10

16 12 20 13 10

16 13 15 15 12
16 10 15 11

17 11 15 11

17 12 20 13 10

17 13 15 11 12

17 15 16 12

The preceding two tables indicate that the model is calibrat

better for the 1961-1973 period than for the 19-i-1 -1973 period This

would seem to indicate that the estimated pumpages between 190 and

1961 at the Fort Itself are not as large as actually occurred Also

the transinissivity values that were assigned to the nodes surrounding

the well field were apparently too high as indicated by the fact tIiaL

simulated waterlevel declines are less than the measured declinc

for 1961 to 1973 for nodes on the edge of the well field

In summary it has not been possible to date to closely

duplicate the measured 1911 and 1973 water levels with model simulitc

water levels The 1973 measured and simulated water levels devJatc by

as much as 10 feet. This deviation is due the difi ronce betwecn LIiu
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measured and simulated 191 water levels the poor estimate of pum

page between 191 and 1961 and to errors in the hydrologic parameters

used however it has been possible to duplicate within few feet

the measured 1961 to 1973 waterlevel declines with model simulated

declines in the Fort Huachuca area This indicates that the storage

coefficients modeled reflect the actual values fairly well Therefore

some confidence can be paced in the model to predict at least rela

tive changes in water levels in response to future pumpage

PROJECTION OF FUTURE WATER-LEVEL DECLINES

Projection of the long terre effects on the groundwater

reservoir in the Fort Huachuca area resulting from future demands for

groundwater was the last step in the simulation modeling procedure

This section of the report provides the basis for estimating four

possible levels of future groundwater puJiipage considers the impact

of the Charleston Dam Project on future water demands describes the

projection runs uing two pumpage estimates and presents the results

of the projections rims

Thature Pump age

Four alternative population levels for the lort hluachuca

area for the 19802030 period were considered Alternative is based

upon the 1972 OBERSpopulation projections for water resources siU

area The OBERS projections were disaggregated to the county

level and subsequently to the study area based upon the 1970 census

distribution of population as follows

Office of Business Economics OBE U.S Depurtiieiit of Commerceand the Economic Research Service ERS U.S Department of Agriculture

multicounty delineation consisting of Cochie Santa Cruz liutaand Pinal Counties 33



1970 1980 2000

sub-area 743600 928600

Cochise County 61 900 69300 88500 105900
Study Area 22000 33500 42500 55000

The projcted population data in Alternative fOr Fort

Huachtica assumes rojected post population based on the present

DA stationing plan esulting in night-time population of 20500

persons

Alternative

1980 2000 2O0

Fort HuachUca Area 30600 31200 31 800

Fort Reservation Only 20500 20500 20500

Remainder of Study Area 2900 11300 23200

Total Study Area 33500 12500 55000

The remaining three alternatives used population levels at

Fort Huachuca that were specified by the Corps of Engineers in order

to assess the effects of both lower and higher levels of demand than

Alternative on the aquifer system and are as follows

Alternative Ii

1980 2000 2O0

Fort Huachuca Area 22100 22700 23300

Fort Reservation Only 12000 120O0 112000

Remainder of Study Area 2900 11300 23200

Total Study Area 25000 31000 16500



Alternative III

1980 2000 200

Fort Huachuca Area 35100 51800 52200

Fort Reservation Only 25000 10000 10000

Remainder of Study Area 2900 20200 31800

Total Study Area 38000 72000 8--ooo

Alternative IV

1980 2000 200

Fort Huachuca Area 35100 61800 62200

Fort Reservation Only 25000 50000 50000

Remainder of Study Area 2900 32200 Y300

Total Study Area 38000 90OO 106500

Projected annual water demands for Fort Huachuca and the re

mainder of the study area were developed by applying average daily

per capita water use to the projected population levels Projected

water demands for Fort Huachuca were computed on the basis of an avera

daily per capita consumption of 200 gallons and the assumption that

golf course and parade ground irrigation would be accomplished using

sewage effluent All other projected water demands in the study area

are based upon an average daily per capita consumption of 160 gallons

The daily consumption levels at Fort Huachuca are reflective of the

historically higher water consumption levels experienced at the Fort

relative to the surrounding area summary of estimated annual water

use in acrefeet for each alternative level of population in the study

area are as follows
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Alternative

FortHuachucaArea

FortReservationOnly

RemainderofStudyArea

TotalStudyArea

FortHuachucaArea

FortReservationOnly

RemainderofStudyArea

TotalStudyArea

FortHuachucaArea

FortReservationOnly

RemainderofStudyArea

TotalStudyArea

2000

2700

2000

2000

11000

9000

3700

170

2030

6oo

2yoo

30O

8900

20

11000

9000

5900

16900

FortHuachucaArea

FortReservationOnly

RemainderofStudyArea

TotalStudyArea

AlternativeIV

1980

7O0

5600

So

8000

198020002OO

6oo6oo6600

6oO6Oo1600

Soo21001300

700086001O8o

AlternativeII

1980

SDO

2700

500

5i00

AlternativeIII

1980

7500

56OO

Soo

8000

2000

300

11200

5800

19000

20

13300

11200

8000

21300
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Charleston Dam Project

The Charleston Dam project is feature of the authorized

Central Arizona Project and plans call for its construction con

currently with the main portion of the project The Dam will be loca

ted just dawnstreani from the old tawnsite of Charleston Studies by tho

Bareau of Reclamation indicate the project will provide on average o.I

12000 acrefeet per year of new water yield

Studies by the Arizona Water Commission indicate that when

Charleston Dam is finished it could supply all the projected demands

in the Fort Huachuca area except for Alternative IV In the case

of this level of population all but approximately 1000 acre-foet/yor

could be supplied by the project

Projection Runs

For this report the alternatives that were modeled were

chosen to bracket the possible future populations Alternative was

used because present growth rates indicate that it is the most probable

population projection Alternative.IV was used because it has the

highest level of development at the Fort that the Army considered

possible and would have the greatest impact on the groundwater rosor

voirof any of the alternatives considered

Because of the possible range in the distribution and magrii

tude of storage coefficients in the modeled area it was decided to

--- use tsets of values for each alternative as explained earlier All

other model parameters were not varied because there is more certainty

as to their value and because the variation of has the most direct
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effect on longterm drawdois in situation where groundwater is being

mined For example if there was no inflow to or outflow from basin

the average drawdown would be decreased by one-half if the storage

coefficient were doubled

The model runs made and the assumptions used for each are

as follows

Run Population Level Storage Coefficient

Alternative Nodes either 0.05 or 0.10

as shown in figure

Alternative All nodes at 0.12

Alternative IV Nodes either 0.05 or 0.10

as shown in figure

.1 Alternative IV All nodes at 0.12

It was assumed that any increase personnel at the Fort

would not take place before 1980 For this reason all runs assume

the same abnual pumpage for.the first seven years of the projection

1971980 as used for 19681973 For the remaining three periods

1980-2000 2000-2030 and 2030-2060 the average pumpage for the

period was assumed to be the same as the pumpage at the beginning of

the period This assumption requires about seven percent less water

than would be pumped if the average of the beginning and ending values

for each period had been used

The total water demands of each alternative were distributed

within the model to selected nodes using present patterns of pwnpage

and population growth as guide except in the case of the Fort itself

The pimpage from the Fort was assigned using schedule distributing
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the pumpage between the existing well field and the proposed East

Range well field as supplied by the Sacramento District Corps

of Engineers

ults of Simulation Runs

Figure 12 shows the water_level declines between 197-2060
in the Fort Huachuca area for Run The maximum decline was about

80 feet which is an average decline of 0.9 fest/year over the period
Results indicate that the amount of water presently being used by

phreatophytes and being discharged to the rivers from the aquifer sys
tern would be reduced by about 30 percent

Figure 13 shows the waterlevel declines over the period

for Run The declines are less than those for Run because of

the difference in storage coefficient which makes more water available

for each foot of drawdown experienced Thus with the same demand t1ic

maximum drawdown in well field as well as the size of the cone of

depression reduced The maximum decline over the period was

feet which is an average decline of 0.6 feet/year Discharge by the

aquifer system was reduced by only about 20 percent because of the

larger storage coefficient

Figure shows the water--level declines over the period

for Run with an average maximum decline of 1.8 feet/year This

run affects the aquifer discharge by about percent

Figure 15 shows the waterlevel declines over the period for

Run Because of the larger storage coefficient the declines are

less than Run with the maximum decline having an average rato of
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.2 feet/year In addition the amount of water leaving the aquifer

as discharge has only been reduced by about 35 percent

Figure -6 shows waterlevel profiles along section A-As at

the end of the pro j.ection period for all runs The approximate

boundaries of th Forts present well field and their proposed East

Rarige well field are also shown ill runs s.how the effect of tIie largi

pumpages in the forts present well field which is unfavorably located

close to an impe.meable groundwater boundary the Huachuca Mountains

The effect of th difference in storage coefficients is clearly

evident in comparing Runs and which have maximthn difference of

25 feet for the same demand The importance of the storage coefficient

is even greater at higher demands as can be seen by the 50 foot

difference between Runs and with the maximum demand The effect

of heavy pumping in the East Range to supply the Alternative IV demand

is indicated by the shifting of the lowest point of the profile to

the northeast

Figure 17 is comparison of declines for each run from 197

to 2060 for model node just east of the present well field and

lying between the two well fields As shown in the figure the rate

of decline in each run becomes relatively constant for the last

years

SUMMARY

Because of concern over the adequacy of the water supply

for Fort Huachuca the Los Angeles District of the Corps of Engineers

requested that the Arizona Water Commission evaluate the adequacy

of the Forts water supply based upon regional studies that the
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Commission had begun The Commission had decided that because of

the size of the area and the importance of long-term effects

digital model could be used to good advantage to simulate the response

to future water demands and would facilitate comparative analysis of

inaccuracies in input data and population projections Further the

digital model allows refinement of the data through simulation of

known conditions and locations of areas where additional data are

needed

Data within the study area are scanty and lacking in many

areas but fortunately tIe greatest concentration of fairly reliable

data is in the vicinity of the Fort itself Because very little

storage coefficient data were available for the study area it was

necessary to use two sets of configurations in order to allow

bracketing of the possible range of storage coefficients

The verification of the model was hampered by the lack of

available pumpage data around the Fort prior to 1960 as well as the

lack of aquifer data especially west of the present Fort well field

The model does not duplicate the actual 1973 water levels It does

however come within one to five feet of duplicating the decline in

the Post well field from 1961 to 1973 This close duplication ol

measured water-level changes indicates that in the vicinity of the

Fort the model can give reasonable projections of water-level changes

resulting from future water demands

The results of the four model runs indicate that the draw

down will range between 50 and 160 feet for population growth Alterna

tives and IV The average maximum decline ranged from 0.5 to .8

feet/year The effect of the storage coefficient on drawdown is quite

important giving 50 foot difference in water levels between the
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two runs for Alternative IV water level demands

Table shows comparison of the average declines fQr all

model runs for four nodal area in the East Range well field The

location of these four nodes is sho on Figur 21

Table5

Comparison of average declines in feet for four nodes iii

the East Range field

Water level Difference in Decline Between Run
Decline ft and Runs 23 -i-

Year Run Run Run Run 1.

1980 -2 -2

i1990 20 -6

2000 30 -10

2010 38 -13 27

2020 -16 12

2030 53 -18 52 18

200 61 -22 62 22

2050 68 -2 72 27
2060 26 81 29

In Table the total model-simulated water--lavel dccliiiu

is given for Run The difference in the decline between Run

and the decline for each of the other model runs is shown as plus

or minus value for the remainder of the runs

Table points out the importance of the storage coofl.iciuni

in effecting the magnitude of the declines Runs arid 1. iiav Lii

2-



same pumpage demand but different values of The average amount o.1

decline is much greater for Run than it is for Ran -F which has the

higher storage coefficient For both Alternatives and 1V the use oL

the higher storage coefficient configuration may result in waterlevel

declines being different by as much as 150 perceuL Additional aqailcr

tests would be desirable in the study area in order to obtain beLtut

understanding of the actual storage coefficient values Continued

data collection over period of several years will also onable some

refinement to be made to the storage coefficient estimates

In general the simulated declines over the projection

period are modest by Arizona standards However it is probable that

the large withdrawals for Alternatives III and IV from the Forts

present well field as specified in the model would dewater portions

of the aquifer underlying this well field as well as portions of the

aquifer underlying Sierra Vista by the end of 2060 The severity ci

this impact would depend upon the actual thickness of the aquifer in

these areas It would be possible in actual operations to moderate

this impact by shifting pumpage to the East Range well field where

greater thickness of saturated alluvium is available With the sirnu

lated declines resulting from the largest water demands used in this

study there would be 500-800 feet of saturated thickness remaining

under the East Range well field at the end of 2060

The model predicts reductions in the aquifer discharge to

the rivers ranging from 20 percent to about 50 percent for the four

runs This would reduee base flows as well as and probably reduce

the water supply available to phreatophytic vegetation along portions

of the San Pedro and Babocomari Rivers The most severe reduction
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in discharge occurred in Run which reflects the highest water

dematid and the lower storage coefficient configuration

Future improvements of the model will include some adjust

nents of the distribution north of the Forts well field in addition

to sensitivity study on the effect of changing the estimated early

pumpges In addItion sensi-tivity studies will be conducted regarding

the effect on the hiodel of changing the transniissivi-ty near the conflu

ence of the San Pedro and the Babocomari Riveis and to explore the data

inputs necessary tb force the model to fit the observed watur level

data

CO NCLUS 10 NS

The conclusions presented in this report regarding the grounJ

water supplies of the Fort Huachuca area are drawn from model studies

that will continue to be perfected and upgraded with the addition of

new data that should improve the accuracy of predictions The con

clusions have been arrived at and therfore must be judged considering

the accuracy of the predicted impacts vis vis the safety factors of

remaining saturated thicimess and operational water management optiorni

available to the area Ths following conclusions have been drawn

The digital model of the groundwater reservoir in the

Fort Huachuca area has primarily due to time constraiiit

not yet been verified to the degree that permits unoquiv

ocable reliance Nevertheless it is concluded thot

model as presently developed is able to give reasonable

prediction of the range of possible effects oW the tuLi.ire

demands for water on the groundwater resource
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On the basis of studies to date it is evident that the

effects of the projected groundwater demands for all

demand levels considered have large impact on the

groundwater reservoir The impacts of the Alternative

population levels are within the range of experience

elsewhere in Arizona and within the ability of the

reservoir to physically provide water supply There

fore the conclusion of the Arizona Water Conunission is

that the groundwater supply of the Fort Huaduca area

is adequate for Alternative the most probable level

of population growth for the Fort Huachuca area Al

though not included in the projections it can be con

cluded that the water supply is also adequate for

Alternative II lower population level in which the

Fort population is projected to remain at its current

level

The studies to date also indicate the impacts of the

large withdrawals for Alternative population levels UI

and IV from the Forts present well field on the water

resource are unacceptably severe as the aquifer under

lying this well field as well as that under the adjacent

portion of Sierra Vista probably would be dewatered by

2060 However the impact in this area can be relieved

through water management option that would place

greater share of the demand on the proposed East Range

well field where greater groundwater supplies are avail

able Thus it is preliminarily concluded that an ade
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quate water sqpply could be developed for the area for

ternatives and IV from the groundwater reourcq

çdlab3.e to pvt ThiaciPlea

ase4 on tndies by the Bureau of Reclamation the

4izona Water Oonvnission concludes that the authorized

gjiarleston Da pro3ect could supply sufficient nte to

itpet aU of te pro3ecte4 water demAnds in the Fort

fljiachuoa .are with no tuther 4epletion of the ground

pate suppliq except tot Alternative fl For tbS

pppulation lqel all but 1000 acre-feet/year pould

be supplied the Project tbi 4thdrawal would have

nilrlmal- impact ott the groundwatex resource

It 14 preliminarily concluded that effects the pro-

4ected groundwater puapage for all population levels would

reduce base flows as well as possibly reduce the water

suppty available to pbreatopbytic vegetation aong

portions the 8aa Petro and Babocomari Rivers
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The City of Sierra Vista Arizona is adjacent to the

easterly boundary of the Post Some existing Post wells are

located near this boundary In evaluating optional approaches

for providing an adequate water system for the Post the

effects that the various optional methods will have on the

water systems in the City will be considered

Background

Fort Huachuca qas established prior to the beginning of

this century but was reestablished on February 1954 and is

now serving in several capacities It is now under the control

of the U.S Army Communications Command The present popula
tion is about 12000 PART II of this report entitled Inves
tigation and Recommendations for Upgrading the Water System at

Fort Huachuca Arizona dated February 1973 describes histori

cal and present conditions at the Post

Although the present population appears to be stable the

environmental conditions are quite desirable for many types of

future military development testing training and research

missions The Post contains in excess of 75 square miles

This large area allows for extensive additions of both working

and residential facilities as needs may require

Proposed new water wells on the East Range would have an

estimated supply capacity of 11500 gpm Information on the

locations shown on Plate and capacities of the wells are

based on the most recent hydrogeologicalinformation made

available through the Sacramento District Office

PART II of this report describes the present water system

conditions It contains alternative construction items but not

estimated costs for satisfying present needs The budget cost

estimates for these conditions are provided in this PART

Although PART II shows that daily maximum of about 400

gallons of water per person is used the daily average in the

maximum use month is 330 gallons per capita per day gpcd and
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PREFACE

This CONCEPT DESIGN REPORT consists of two parts

PART was completed in January 1974 and addresses

itself basically to three Alternatives or Conditions of

population of Fort Huachuca for which an adequate water

system should be provided There are subheadings or

optional approaches under the basic Alternatives

Budget Cost Estimates are presented for all Alter

natives and the options in PART

PART II was completed in February 1973 and consists

of an in-depth evaluation of existing water supply storage

and distribution facilities at Fort Huachuca together with

conclusions and recommendations of steps needed to

adequately serve the present strength or population of

Fort Huachuca

No Budget Cost Estimates are contained in PART II

tabular summary of all significant information is

presented on page of PART
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INTRODUCTION

Purpose

The purpose of PART of this report is to evaluate the

existing potable water supply and distribution facilities at the

Post and consider various alternatives and budgeting costs for

adequately serving the Post under existing and possible future

conditions

tabulation of these Alternatives brief outline of work

to be accomplished and Budget Cost Estimates for them are shown

in TABLE on page

Considerations

Three basic design populations are considered in this PART

an existing population of 12000 an assumed year 1980 population

of 25000 an assumed year 2000 population of 50000 Methods

for providing water systems to serve the various populations are

described under Roman Numerals for existing population II for

25000 population and III for 50000 population The Roman Num

erals are followed by small letters to reflect variations within

these alternatives and by etc to reflect optional

solutions to the variations in the alternatives Budget estimates

on page reflect costs for Alternative either in year 1974 or

1977 Costs for II and lila indicate additional costs after 1977

Discussions with Post personnel resulted in siting of the

assumed increases in population for the Post as is delineated on

Plate and Plate

Plate indicates the concept location and sizes of addi

tional water transmission mains necessary to utilize the water

developed from new deep wells

Plate indicates the electrical power system necessary to

energize the new deep well pumps
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the normal daily average is 220 gpcd This figure is higher

than is usually thought to be normal figure of 300 gpcd

is considered to be reasonable quantity for estimating

future water use during the 1970s only

These per capita uses are based on present potable water

use conditions whereby the golf course and Chaffee Field are

irrigated with wastewater treatment plant effluent The 300

gpcd figure will be used through the year 1980 when it is

estimated that the Post population may be 25000 In years

beyond year 1980 there should be more conservation and reuse

of water so that facilities for serving the estimated addi

tional 25000 population in year 2000 will be based on more

normal 200 gpcd figure

The possibility of using natural gas or oil fueled engines

for driving pumping equipment at new wells in lieu of electric

motors was considered However because of the limitations on

the supply and availability of gas and oil it is felt that

electric power would be more realistic energy source

PLATES and follow the narrative portion of

PART of this report The clearance lines along the airport

runways have been developed by the Post There is tO be no

construction of residential or operations facilities closer

than 3000 from the runway In the next 1500 foot strip only

facilities such as storage and other types of installations

not normally occupied by full time personnel are to be utilized

The shaded areas for future populations are the general loca

tions that the Post personnel felt would be developed for

housing and use by the additional population

PLATE shows the existing water system skeleton and

PLATES and show additional water well and water trans

mission facilities tied into the existing water system and the

power lines to operate the pumps
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II CONCEPT DESIGN ALTERNATIVES

General

The d1Scuj5 herein will describe investigations and
optional Solutions for providing the potable water require
ments to the Post under present Conditions and under the
estimated future population conditions The discussion of the
various design concepts as outlined in TABLE on the preced
ing page will provide descriptions of each of the alternatives
TABLE II on page 29 indicates sizes and horsepower for recom
mended new well pumps Detailed estimated costs of all alter
native conditions are shown on pages 30 through 37

Alternative

Present Population in 1974 Using Existing Wells

The concept for this Alternative will utilize only the
existing water sources that are now in service As now oper
ated the equipment delivers about 3090 gallons per minute gpm3.LThis is not sufficient to deliver the 4.613 million gallons per
day mgd presently used during the month of May even when
pumping is continuous for the entire 24 hours If the existing
wells were provided with new pumps discharging at maximum capa
city directly into the distribution system they would all need
to operate at least 20.1 hours daily for month or more to

supply the monthly maximum demand of 4.613 mgd If changes are
made in the existing wells and pumping equipment as listed
below the required 4.613 mgd could be delivered by operating
all pumps 22.2 hours per day Neither of these situations are

satisfactory because they do not allow for any emergency break
downs of pumping equipment as recommended by TM-5-813-2 How
ever since the design concept Changes in presently inadequate
equipment can supply the demand in 22.2 hours the major expen
diture for new well pumps in wells other than and cannot
be justified for the 2.1 hours less pumping per day
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The following items in PA II pages 48 through 52 of

the report would be complied with

Construct as described Pressure zone changes

Construct as described Booster pumps from Zone ce

to Zone

The existing pumping system would be replaced with

new subnarible pumps in well Nos and that

discharge directly into the transmission main to

the 1-1/2 million gallon reservoir 10 inch

27 stage 200 horsepower 600 gpm each

Construct as described New 1.5 million gallon

reservoir

Construct as described Add to and integrate al

pump controls

Construct as described Redevelop Well No

Construct as described Plug abandoned water lines

Construct as described Valve changes

The reasons for omitting items and which

were additional recommendations of PART II are as follows

Item is the recommendation to include Test Well to the

existing system This recommendation wl1 now be included in

Alternative Ia Items and refer to charges in the present

situation at Well and that were eliminated by Item

Item does not need to be added until wastewater use for

irrigation of other areas is approved by the Medical Depart

ment Item in the development of additional wells are to

be included in other Alternatives Item refers to equip

ment changes that would not necessitate immediate capital

expenditures
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Alternative Ia

Present Population in 1977- Add Test Well

Ial Optional Solution Minimum Requirements

PART II indicates that pumping and other operating

equipment should be added to Test Well which currently

exists only as drilled cased and capped well Then

water transmission line would be constructed to connect Test

Well to the existing 18 inch line at Libby Field Also

new pumping equipment with combined capacity of 1200 gpm

would be placed in well Nos and This would increase

the delivery to the system by 160 gpm The total pump

delivery would then be 3090 gpm 1500 gpm 160 gpin 4750

gpm Army TM-5-813-2 requires that the pumps furnish the

required water demands- by operating maximum of 16 hours

daily The pumping facilities would then deliver the 4.613

mgd in 16.2 hours Good engineering design practice for

water supply from wells should provide for the system to

deliver the demand when the largest well is temporarily out

of service Therefore with Test Well pump out of service

the total pumping rate would be 3250 gpm which would supply

the 4.613 mgd requirement in 23.7 hours These pumping rates

are close enough to the Army manual to be considered satis

factory

The following items in PART II on pages 48 through

52 of the report would be complied with

Construct as described Pressure zone changes

Construct as described Add Test Well pumping

equipment and transmission main

Construct as described Booster pumps from

Zone Ct to Zone
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The existing pumping system would be replaced

with new submersible pumps in well Nos and

that discharge 1200 gpm directly into the

transmission main to the 1-1/2 million gallon

reservoir

Construct as descrIbed New 1.5 million gallon

reservoir

Check and repair switch gear on well.and booster

pumps at well Nos and

Construct as described Add to and integrate

all pump controls

Construct as described Plug abandoned water

lines

Construct as described Valve changes

The reasons for the omission of items and

are the same as those explained for Alternative on page

Consideration was given to either abandoning or rehabilitat

ing existing well No which is described under item How

ever if abandoned there would be insufficient water supply

to satisfy the criteria The chance of success with rehabili

tation is somewhat questionable It is therefore thought best

to continue its present operation

In looking to the future as will be described later

in Alternative II of this report for future population the

transmission line under Item above will need to be larger

than an 18 inch to carry future flows from other wells in

the same general area Sizes shown on lines on PLATE for

Ia are for serving Test Well i5 only Sizes determined in

Alternative II indicate that larger line should be constructed

under Alternative Ia in order to save the expense of construct

ing another line for transporting water from any future wells

in the area
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Electric power and pump control lines would also be

constructed from the central transformer station near the

Administration Building to the site of Test Well They

would be of such size and number to serve all future equipment

that may be installed in the well field However in order to

compare costs for minimum equipment against those large enough

to serve estimated future well pumps budget costs for the

required smaller water and electric lines are determined

separately

Ia2 Optional Solution Optional Solution

Including Sizing for Future Requirements

This solution is the same as Solution above except

that the water transmission line is sized larger to serve

future well pumps The electric power line is larger for

serving future pumps and begins at the central transformer

station instead of using section of smaller existing

line near the station.

Alternative lb

Present Population in 1977 Other Modifications

Alternative and Alternative Ia discussed minimum modifi

cations to the existing water system for providing potable

water supply for the present Post population expected through

1976 Alternative will not meet the standards in TM 5-813-2

This section of the report will discuss other options or

possible methods of serving the same existing population The

options would improve the water system so that it meets the re
quirement that the well field produce the required daily demand

for water in approximately 16 hours In addition the well

field would be capable of delivering the maximum daily demand

while the highest capacity well pump is temporarily out of

service The remaining wells would be pumped more than the

desired 16 hours to compensate for the well taken out of ser
vice but this would be only temporary situation
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The existing pumping facilities are composed of boosting

equipment at each well site If the well pumps have 75%

efficiency and the booster pumps have 75% efficiency the

overall efficiency is about 56% This does not include

losses from extra starting of booster pumps due to unavoid

able imbalance of the volume delivery of the two pumping

systems Therefore power costs could be cut about 30% by

removing and replacing all existing well pumping systems and

replacing them with new well pumps discharging directly into

the water transmission system However this would entail

capital expenditures greater than would be justified since

present equipment is in good enough operating condition to

last another 20 years This should be the case at wells Nos

and

The following discussions are possibilities for modifica

tions and additions that can provide economical and adequate

water supply facilities other than those described under

Alternatives and Ia The items and in PART II

pages 48 through 52 would be necessary under all options

Ibl Optional Solution

Well No would be abandoned because of its original

poor specific capacity and its continued dropping of capacity

1958 test 14 gpm/ft drawdown recent 6.2 gpm/f drawdown

Wells No and would be provided with new pumps

discharging directly into the water transmission line to the

1.5 million gallon reservoir The existing booster equipment

would be detached As explained on 14 of PART II the

motors that drive Boosters and 2B draw excessive current

when operated under full flow conditions In order to prevent

electrical overloading the booster pumps are throttled by

gate valves to the extent that their combined outflow is 168

gpm less than Well and production
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Booster Pump 2A is connected to the same suction

header as Booster Pumps and 2B but delivers to the lower

pressure Zone It is used only rarely when boosters

and 2B are not operating and discharging directly to Zone

B1t Boosters and are capable of supplying

the lower pressure zone In addition Booster 2A is also

gate-valvethrottled because its electric motor draws exces

sive current It was indicated on 18 of PART II that

Booster Pump 2A should be valved off from the system

TestWell which is presently drilled cased and

capped and 1000 gpm well to be drilled in the northeast

well field would be drilled and cased Both wells would be

equipped to discharge directly into the water transmission

line to the Zone water distribution system along with

the existing pumpage from boosters at Wells No and

The total pump delivery would then be 5310 gpm This would

furnish the 4.613 mgd demand in 14.5 hours If the 1500 gpm

well pump is temporarily out of service the remaining pumps

delivery of 3815 gpm would provide the 4.613 mgd in 20.2 hours

Both of these conditions would be adequate

Ib2 Optional Solution

Another alternative solution would consist of adding

Test Well pumping equipment another new completely equipped

1000 gpm well deactivating existing Well No replacing

booster pump No reconstructing the starting and control

sensing equipment for booster pump No and booster pumps

Nos 2A and 2B and of lowering the Well Nos and well

pump bowls The equipmen at well Nos and would discharge

about 1100 gpm at an overall efficiency of about 50% for the

well and booster pumps
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The renovated equipment together with he other pump

ing equipment as discussed above woul4 furnish 52.10 gpm The

4.613 mgd would be delivered in 14.8 hours with all pumps

operating and in 20.8 hours with the 1500 gpm pump out of

service These conditions would be adequate

This alternative solution is not thought to be as

desirable as Optional Solution because the resulting pumping

efficiency at Wells Nos and is low and the equipment is

quite old Replacement of this pumping equipment is desirable

However for comparison purposes these changes will be esti

mated in the tables

Ib3 Optional Solution

Another alternative solution would consist of adding

Test Well pumping equipment another new completely equipped

1000 gpm well de-activating existing Well No replacing

pumps in Well Nos and replacing the pump in Well No

with 700 gpm capacity pump connecting all well pumps to the

water transmission main to the 1.5 million gallon reservoir

in Zone This would also require new 12 main from Well

No to the 16 water transmission main

Because of the proximity of Wells Nos and

to the City of Sierra Vista it would be desirable to utilize

other wells in preference to these However the City is

growing to the east and new City wells for water supply to

serve its additional population might logically be located

east because of both the .change in population center and the

underground water availability The most recently constructed

wells in the City have been at the City Park and east of State

Road 92 There appears to be little influence between wells

in the City and those on the Post However because of the

close proximity of Well Nos and their combined pumpage

should be held at about 1200 gpm
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If the Well No pump was connected directly to the

water transmission line leading to the present 1.5 million

gallon tank rather than through the booster pumps into Zone

the present triple pumpage from boosting at the well-

site and at the Wherry Booster Station could be prevented

However the pumping head would be considerably greater and

friction head loss in the transmission main to the 1.5 million

gallon reservoir would be increased about 100 feet This

added friction loss would also be applied to the pumps in

Wells Nos and The capital costs for changing the pumps

in the wells and constructing 3000 foot 12 water trans
mission line to the existing water main at the Well No
site would be quite high

This solution would provide total pumping capacity of

5430 gpm and with the Test Well pump temporarily out of

service 3930 gpm The 4.613 mgd requirement would be satis

fied in 14.2 hours with all pumps operating and in 19.6 hours

with the highest capacity pump not operating This would be

satisfactory condition

Since both the booster and well pumps at Well No
are still in good condition the added expense for changing

the pumping equipment at all three wells could not be justi
fied The change is therefore not practical at the present

time

Several years in the future possibly year 2000

additional people might be located in Zone near the water

transmission main to the 1.5 million gallon tank which floats

on the Zone distribution system Distribution lines to

serve them would be connected to the water transmission main

which connects to the 1.5 million gallon reservoir It would

be desirable to have the 1900 gpm from the well pumps serve

the population directly from the line to the 1.5 million
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gallon reservoir in addition to helping maintain the optimum

water level in the tank If the Well No pump and its

booster pump were old enough to warrant replacement the

changeover as suggested above would be desirable The

drain-off from the water transmission main into the Zone

distribution system would shorten the effective length of

the water transmission line This would result in lowering

of the friction losses and lowering the pumping heads

Ib4 Optional Solution

The average daily potable water requirements during

maximum use month as discussed in PART II of this report is

4.613 mgd During desired 16 hour pumping day the total

output of the six well boosters is 3.22 mgd Therefore

daily deficit of 1.393 million gallons may occur during the

three high demand months of May June and July The cumula

tive deficit for this 90 day period of high use would be

about 125 million gallons If reservoir containing 125

million gallons existed at proper location it could make up

the deficit so that the existing pumps would need to pump only

16 hours per day at this present rate of production

It would be possible to construct reservoir with

capacity of 125 million gallons at site approximately two

miles south of the intersection of Garden Canyon Road and the

road to the Main Entrance of Fort Huachuca The water surface

elevation would be set at 5140 30 feet higher than the 1.5

million gallon reservoir Its supply would be from the Garden

Canyon Springs Well Boosters and 2B via the piping system

that presently connects these sources to the 1.5 million

gallon reservoir and surplus from Zone via the Wherry

booster station See Plate PART II for location

4-
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Reviewing the information concerning spring water
production on page of PART II it is estimated that Garden
Canyon Springs would contribute about 10 million gallons to
ward the reservoirs capacity during 12 month period Thewell pumps would have to provide the remaining 115 million
gallons during the month period when the wells are meeting
the demand in less than 16 hours per day of average pumpingtime

Referring to Chart PART II 8a it has been
determined that the total well production for 1972 excludingproduction for May June and July is 630 million gallons or
2.33 mgd This daily production could be supplied by the well
boosters in 11.6 hours This would allow well boosters
and 2B to supply daily average of 274560 gallons to the
125 million gallon reservoir during the remaining 4.4 hours
of pumping schedule Over month period this will accumu
late to 75 million gallons

The additional 40 million gallons necessary to ôom
pletely fill the reservoir would be supplied from Wells- Nos

and through the Wherry booster station discharging
to the 1.5 million gallon tank booster station for liftingthe water from 12 water transmission line at the intersection
with the Garden Canyon 12 water line to the 125 million gallonreservoir would be required Also an elaborate system of con
trol valves and sensing equipment for maintaining optimum water
elevations in the 125 million gallon reservoir the 1.5 million
gallon tank and the reservoirs in Zone would be required

The 125 million gallon reservoir would be used to
offset the severe withdrawal rate from the 1.5 million gallon
tank during the three high use months As mentioned in PARTII aPproximately 7.2% of the population depends on the 1.5
million gallon tank either directly or indirectly through the
Old Post Boosters It has been recorded that during the
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irrigation season about million gallons have .beenith-

drawn from this tank in two hours even though well boosters

and 2B and the Wherry boosters were supp1ing jt con

tinuously The 125 million gallon resrvo.ir uit be capabla

of supplying 200.0 gpm for hours to the millon gallon

reservoir This could be accomplished with booster pumps

with capacity of 500 gpm each Their pumping capaqty could

furnish the gne million gallons that boosters and 2B an4

Wherry Booster station are not able to pump during maximum

use periods

All the other changes indicated Alternative

previously discussed would alsO need to be made These

changes include the addition of booster pumps from Zone

to Zone newi.5 million gallon reservoir replacement

of pumps in Well Nos and and reconditioning and re
placing equipment and materials

This concept of 125 million gallon reservoir witi

booster pumps to serve Zone has been considered as an

alternative suggestion to the concept of additional wells

and transmissionmains The operating costs for pumping

time would be only slightly more than for other Options

However the cost of constructing the covered reservoir

booster station and control equipment is excessive Also

the complicated control system would be quite difficult to

keep operating properly This option should not be seriously

considered but will be included in the cost estimates for

comparison purposes
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Alternative II 25000 Population in Year 1980

Required Demand and Production

Data summarized in PART II of this report shows that

the present population uses an average of 330 gpcd in May

which is the maximum use month In accordance with require

ments of TM-5-813-l the water quantities to serve the future

additional population of 13000 to reach the 25000 total is

as follows By using the 1.15 capacity factor for the total

population times 150 gpcd would require 172.5 gpcd for the

13000 additional persons or an additional water supply of

2240000 gpd The fire demand for this population is 50%

of 2240000 fires requiring 1000 gpm each for hours

or 1600000 gpd The domestic requirement is therefore

the higher demand However because the climate is arid and

warm and because of the historical water use record described

in PART II water use of 300 gpcd is considered more

realistic quantity This would be an additional supply of

13000 300 3900000 gpd This added to the 4.613 mgd

actual usage quantity for the current population makes

total maximum water supply requirement of 8513000 gpd

If pumps are provided to deliver the 3900000 gallons

of water in 16 hours their combined capacity will need to be

4070 gpm This could be supplied with new wells and pumps

producing the 1000 gpm rated capacity of each well in the

northeasterly area of the reservation

The proposed sources of the 4070 gpm of additional

water supply would be four wells Information on the locations

and capacities of the wells are based on the most recent hydro

geological information made available through the Sacramento

District Office
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Test Well construction is aasu..ed be cpmpletd

and placed in service to adequately sipp1y 1974 ieed see

PART II of this report The four wells dasigiatad Qn PLATE

as an. would be drilled and caed ar equipped

with pumping treatnnt and water transitission faqi.JJ.1.ias

Water Treatment

The chemical quality of the water from the test wells

as reported in the most recent hydrogeo.logic report is quite

good The only treatment required would be chlorination

disinfection ad possibly fluoridation

Water Transmission Lines

The additional wells would be connected to the water

transmission line from Test-Well 45 as indicated on Plate

by II The water transmission lines as shown on the ittap are

sized so the friction loss from Well to the upper area of

Zone of the distribution system at total design flows is

about 59 feet or 25 psi This is considered reasonable

friction loss for use of optimum size pumps and motors and pr

equitably balancing operating and capitalization costs

Storage

Zone

Since for this 1980 Alternative no additioral

population is anticipated in Zone no additional gallons

of storage will be necessary However as described on page

32 of PART IIthe two existing reservoirs are 62 and 34 years

old respectively in 1973 By the year 1980 they will be 69

and 41 years old and will have served normal useful 1if
Therefore they would be replaced with 500000 gallon reser

voir and the old reservoirs would be torn down
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Zone

About 1500 of the additional 13000 population

are expected to be located in Zone as shown on Plates

and PART II of this report indicates that popula

tion in Zone is 7980 capacity factor of 1.23 or 9800

The sum of 7980 and 1500 equals the total of 9480 This is

considered to be stable population and so no capacity factor

will be added The water supply requirements in Zone will

therefore be.considered to be for 9800 as described in PART II

page of this report The storage requirements will be the

same existing 1.5 and the new 1.5 million gallon tank as de

scribed on page 33 of PART II of this report

Zone

About 11500 of the additional 13000 population

are expected to be located in Zone as shown on Plates

and PART II Qf this report indicated that population in

Zone is 3060 capacity factor of 1.23 or 3760 The sum

of 3060 and 11500 equals total of 14560 This is con

sidered stable population therefore no capacity factor will

be added Since the present domestic water use in Zone

from PART II page of 564000 gpd is quite close to actual

use the additional requirements for future population should

be added to it The 564000 gpd and the 300 gpcd for the

11500 people make total domestic requirement of 4014000 gpd

The storage tank and reservoir whose water is

floating on the water distribution system in this zone also

supplies the water source for booster pumps to supplement the

well pump supply to Zone However the well water supply

and pumping facilities that were indicated as needed by Alter

native Ia for year 1977 would provide for the higher zones

so that storge in Zone would not be affected by the needs

of the higher zones The storage requirement to comply with

TM-5-8l3-4 is that required for 50% of the domestic demand in
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Zone 1000 gpm for fires of hours duration This

would be 4014000 50% 1000 60 2487000
gallons This is less than the existing 3500000 gallons

and so no added storage facility is needed

Booster Pumps

In PART II two additional booster pumps with capacity
of 535 gpm 513000 gallons in 16 hours pumping against

about 230 feet of static head and about 30 feet of friction

head or TDH of 260 feet are designated to pump from Zone.C
into Zone Because of the additional population of 1500

requiring 300 gpcd or 450000 gpd another pump of the same

capacity would be added This would then be total of more

booster pumps from Zone Ct to Zone than now exist

Controls

The central control panel is located in the mechanical

room of the main Administration Building The additional

booster pumps will require new control panel at headquarters
and another at the pump house The receiving-transmitting

equipment would be constructed adjacent to and integrated into

the existing control panel In order to assure that pumps in

all wells are operated occasionally the controls should alter
nate the operation of pumps in Test Well No .5 new Wells Nos

and with existing booster pumps at Wells Nos
and Control signal transmission lines would be

extended to the new wells on the electric power poles to the

new well sites New booster pump controls at Burns and Hatfield

Street should alternate their pump operations with the Wherry
Booster Station pumps

Power

In order to serve the new well pumps and controls
extension of electric power lines and equipment and control

signal lines would be required to each of the new well sites
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Wastewater Treatment Plant Effluent

It is anticipated that the Post medical officials

will approve more extensive use of treated wastewater for irri

gation by year 1980 reasonable assumption would be that the

area around the administration building would be added to the

areas presently being irrigated with wastewater effluent The

wastewater effluent pump at plant shown on PLATE that

discharges into the inch asbestoscement transmission line

to Chaffee field tank about 8000 gallon capacity has capacity

of 500 gpm at 225 TDH Elevation differential is about 175

and friction loss about 50 The wastewater effluent pump is

controlled from an electric probe in the 8000 gallon tank

Since the wastewater effluent pump cannot keep up with the

booster from the tank wastewater effluent pumping capacity

would be increased If the pumping capacity is increased by

250 gpm 250000 gallons could be delivered in hours which

is reasonable length of time for daily irrigating so as to

have it completed in one work shift If more than the 250000

gpd is to be used the irrigation time could be extended to

accommodate the requirement

The added friction in the transmission line at 750 gpm

would be 60 feet This added friction would lower the delivery

capacity of the existing pump to almost zero discharge The

existing wastewater effluent pump at wastewater plant should

therefOre be moved to the 8000 gallon tank for standby and

two new pumps installed at the wastewater plants Their capa

cities would be about 500 gpm at 285 TDH and 250 gpm at 285

TDH They would be about 50 Hp stage 10 and 30 Hp 12 stage

size respectively

When the new pumps are installed an additional control

probe and control equipment would be required for the automatic

operation of the pumps

3-1-21



Alternative lila 50000 Population in Year 2000

Required Demand and Production

As recommended in TM-5-813--l the additional water

required for serving an additional future population of 25000

to reach the 50000 total is 150 gpd 1.0 capacity factor

However the historical usage during recent years in the maxi

mum use month is 330 gpcd with maximum use daily of 400 gpcd

Because of the arid and warm climate the 150 gpcd water equire

merit is considered low Also because of the emphasis being

piaced long term on wastewater euse the present 330 gpcd is

considered to be too high for the future The population base

will be higher and etensive water reuse should be in operation

by the year 2000 200 gpcd is therefore estimated to be

reasonable water use for the added 25000 people in the year

2000 The additional water required is computed as 25000

population 200 gpcd 5000000 gpd This figure added to

the 8.513 mgd required for the original 25000 population makes

maximum water supply requirement of .13.513 mgd

Since wells and casings may be expected normally to

have useful life of 50 years Wells Nos and

would be abandoned New Well Nos and would be re
drilled cased perforated and developed in the same area

Pumping equipment also would need to be replaced because its

normal useful life is estimated at 25 to 35 years New well

pumps would discharge directly into the mains thereby eliminat

ing the booster equipment Existing Well Site No would riot

be redrilled bedause the site has not been productive Well

Site No would not be redrilled because of its proximity to

Well No and the City of Sierra Vista Well No will have

been operating for 32 years Well Nos and would pump

to the transmission main to Zone This would require new

water tranSmission line from Well No to the intersection with

the discharge line from Well No
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The 13.513 mgd water requirement would be supplied

by the redrilled wells the new wells assumed to have been

drilled under the 1980 construction program and new wells

on the east range with an estimated capacity of 1000 gpm

each Information Ofl the location and capacities of the new

wells are based on the most recent hydrogeological informa

tion made available through the Sacramento District Office

The six wells designated on Plate as and

would be drilled cased and equipped with pumping treat

ment and water transmission facilities See TABLE II

Water Treatment

The chemical quality of the water from the test wells

as reported in the most recent hydrogeolOgical report is

quite good The only treatment required is therefore chlori

nation for disinfection and possibly fluoridation

Transmission Lines

The existing cast iron asbestos cement and steel

lined and coated water transmission lines can normally be

expected to have useful life of 75 years They should not

require replacement by year 2000 However the normal useful

life of steel lines might be 25 years The existing 12 and

16 steel lines may need replacement

The new east-range wells should be connected to

water transmission line from Well constructed at the location

indicated on Plate The water transmission lines as shown

on the map are sized so that the friction loss from Well and

to the upper area of Zone of the distribution system at

total design flows is about 62 feet or 27 psi This is con

sidered reasonable friction loss for use of optimum size

pumps and motors and for equitably balancing operating and

capitalization costs
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Storage

Zone

Since for this Alternative no additional

population is anticipated in Zone additional storage

facilities will not be necessary new 500000 gallon reser
voir would have been built in the year 1980 construction pro
gram This reservoir would be in good condition and so no

other storage facilities will be required in Zone

Zone

About 2000 of the additional 25000 population

are expected to be located in Zone as shown on Plate A1
PART II of this report estimated population in ZOne as

7980 with capacity factor multiplier making total of 9800

design population The stable population in Zone With

25000 total population in 1980 is 9240 Adding 2000 people
ih year 2000 would make total of 11240 This is considered

to be stable population and so no capacity factor will be

added The added Water demand as described for the year 1980

populatIon is 1500 3b0 gpcd 450000 gallons and fo the

eat 2000 population 2000 200 gpcd 40oooO gallons Adding

these to the 2550000 gpd from PART II page makes tOtal

demand of 3400000 gpd for Zone This ambthtt piis the

779000 gpd required fOr pumping into ZOne makes total

Of 4479000 gpd Fire demand storage in accordance with

58134 would be 50% of 4179000 g1lons fires each

using 1000 gpm for hours 2569500 gpd

Under the 1980 construction ptogram ne 15OO000
gallon reservoir in addition to the existing 1500000 gallon
resetvojr WOuld have been constructed to float on the distri
bution system1 Since the two reservoirs prOvide for 3000000
gallons of storage floating on the distribution system no
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additional storage is indicated The existing reservoir

should still be serviceable if it receives good maintenance

Zone

About 23000 of the 25000 additional population

are expected to be located in Zone as shown on Plates

and Alternative II discussed earlier estimates the

1980 population in Zone at 14560 This makes total of

37560 in year 2000 This population is considered stable and

so no capacity factor will be added Using water require

ment 4014000 gpd for the 1980 population and 200 gpcd

23000 4600000 gpd makes total water requirement in this

zone of 8614000 gpd

The million gallon reservoir and 500000 gallon

storage tank floating on the distribution system in this zone

supplies the water source for booster pumps to supplement the

well pump supply to Zone However storage here is not

considered requirement for the higher zones because adequate

storage supply and pumping for them is to be provided The

storage requirement in accordance with TM58l3-4 is therefore

that required for 50% of the domestic demand 1000 gpm for

fires of hour duration This would be 8614000 gallons

50% 1000 60 4.79 million gallons

Since the existing reservoir and elevated tank will

be about 55 years old and their normal useful life might be

expected to be 50 years they would be replaced with 5000000

gallon reservoir that would satisfy the total storage require

ment

Booster Pumps

In PART II two additional booster pumps with capacity

of 535 gpm 513000 gallons in 16 hours pumping against the

static head and about 30 feet of friction head about 260 were

to be installed to pump from Zone into Zone
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An additional pump with the same characteristics would have

been installed under ALTERNATIVE II for construction in year

1980 The 2000 added population in this phase of development

at 200 gpcd would require 400000 gpd in Zone Therefore

another pump with the same characteristics 535 gpm at 260 TDH
would be added This would then be total of booster pumps
that lift water from Zone storage into Zone Since

the Wherry boq.ster pumps will be over 40 years old all pumps
interconnecting steel pipe valves and meters would be replaced

Controls

The cntral control panel is located in the mechanical

room of the main adininsitration building All additional pump
ing equipment should be controlled from the same central panel
This will require an additional control panel adjacent to and

integrated into the existing central equipment However the

existing panel will be over 35 years old which is its normal

useful life and so it would be completely replaced with one

new panel In order to assure that pumps in all wells are

operated occasionally the controls should alternate the opera
tion of pumps in TestWell Wells

and with existing booster pumps at

Wells Nos and

Power

In order to serve the new well pump and controls
electric power lines and equipment and control signal lines

would be extended to each of the new well .sites With normal

maintenance power lines may last for 75 years and so no power

line changes would be required

26



Alternative Ilib 50000 Population in Year 2030

General

It is expected that in year 2030 the population at

Fort Huachuca will remain at 50000 people Due to the

expected technological advances in water distribution use
and reuse it is assumed that the daily per capita consump
tion will remain the same as in the year 2000 described for

Alternative lila In addition it is assumed that the demands

for all types of irrigation will be automatically controlled

by computer Therefore the actual daily demand for well pro
duction will be about 50000 200 gpcd or 10 million gallons

The water sources in year 2030 may be the same as in

year 2000 or may come from other sources such as the Charleston

Dam Reservoir This would be hydrogeological discussion which

is not covered in this report

Water wells pumping equipment transmission storage

and pumping controls may have been outmoded or their practical

life exhausted Some of these are discussed in relation to

their normal life

Assuming that the same type of water sources and

equipment are used as in 1980 several changes would need to

be made by or before the year 2030

The useful life of drilled and cased wells is normally

under 50 years Therefore the wells existing in year 1980

or earlier would require replacement These wells would con
sist of the wells discussed in Alternative II earlier The

wells drilled and equipped in year 2000 would probably be

satisfactory
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The normal ilfe of pumping equipment may be

expebted to be 25 to 35 years Therefore all pumping

equipment installed by year 1980 will have needed replace

ment by about year 2015

The normal life of concrete lined and coated steel

cast iron or asbestoscement transmission mains may be

expected tç maximum of 75 years Therefore transmission

mains except where disturbed or damaged by outside factors

would not require replacement

The normal useful life of concrete water storage struc

tures may be expected to be 50 years Therefore tanìks or

reservoirs constructed by or before year 1980 would have

required replacement by or before year 2030

Controls for all types of equipment including pump

motors and water elevation sensing devices may very well be

outmoded by newly developed electronic equipment and operations

might be controlled by computer There is also the possibility

that even power transmission may by sound waves laser

beams or other methods now thought to be exotic Therefore

there is possibility that even controls and power transmission

equipment installed in the year 2000 might be replaced by year

2030

Another situation that will undoubtedly be developed

will be reuse of 100% of wastewater not only for irrigation

but for general use for potable purposes

Because of the uncertainties in long term prediction

regarding development of equipment and methods of operation

no estimates for this year 2030 Alternative will be made
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BUDGET COST ESTIMATE

ALTERNATIVE

Item Costs
NO Description 1974

Pressure Zone Changes $13600

Two Additional Booster Pumps and new
Building at Burns Hatfield Streets
including connecting piping power
and controls 36550

Booster Pump Replacement with

Deep Well Pumps discharging directly
into transmission main 75150

New 1.5 million gallon Storage Tank
and connecting piping 252700

Pump Controls additions 5700

Redevelop Well No and lower pump 1-

bowls 15400

Plug Abandoned Water Lines 1000

Check Valve Changes 6000

Total $406100

Say I1OOOO
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BUDGET COST ESTIMATE

ALTERNATIVE laW
MINIMUM REQUIREMENTS

Item Costs Costs 1977

No Description 1974 Added 7%/yr
22.5% Total

All items under Alternative

except rehabilitating Well
No assumed not to have
been done in 1974 $390700 $87907 $1.786O7

Check and recondition
electric switch gear at

Well Nos 3000 675 3675

Complete pumping equipment 414950 9336Il 5083lL
and transmission main for

Test Well i15 including
pump water treatment

equipment meter valves

piping pump house and

fence transmission main18 electric power ser
vice using existing line

to airport and control

equipment and signal
wires

Total $808650 $990596

Say $810000 $990000
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BUDGET COST ESTIMATE

ALTERNATIVE Ia

INdLUDING SIZING FOR FUTURE REQUIREMENTS-

Costs 1977
Item Costs Added 7%/yr
No Description 1974 22.5% Total

All items under Alternative
Ia1 $808650 $18l916 $q9o5q6

Extra for larger size trans 113850 25616 139466
mission lines to serve
future 11 pumps and

larger Ææd longer power
transmission lines and

equipment for the
future well pumps

Total $922500 $1130062

Say $920000 $1130000
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BUDGET COST ESTIMATE

ALTERNATIVE Ib1

OPTIONAL SOLUTION

Costs 1977

item Costs Added 7%/yr
No Description 1974 22.5% Total

All items under ALTERNATIVE
Ia2 922500 $207562 $1130062

Drill and case and corn 198700 44708 243408

pletely equip new
1000 gpm capacity
well and connect
to the water trans
mission main power
source including
control equipment

Total $1121200 $1373470

Say $1120000 $1370000
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BUDGET COST ESTIMATE

ALTERNATIVE lb

OPTIONAL SOLUTION

Costs 1977
Item Costs Added 7%/yr
No Description 1974 225% Total

All items under ALTERNATIVE $315550 70.998 386518
except item Deep Well
Pumps and Item which
is the reconditioning of
Well No

Complete pumping equipment 113850 25616 139166
and transmission main for la2
Test Well as described
in ALTERNATIVE la2 14114950 933614 5083114

including sizing for future la1
estimated needs

Construct and completely 198700 114708 2k31Oa
equip new 1000 gpm capa
city Well and connect
to the water transmission
main power source and
control equipment

Replace motor on booster 25100 5648 30748
pump No overhaul
motor starters and re
place transfOrmers for
booster pump Nos
and 2B and overhaul
switch gear for booster
pump Nos and
and all pumps at Well
Nos and Also
lower bowls on Well
pump Nos

Total $1o6815o $13o81485

Say $1070000 $1310000
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BUDGET COST ESTIMATE

ALTERNATIVE Ib3
OPTIONAL SOLUTION

Costs 1977

Item Costs Added 7%/yr

No Description 1974 22.5% Total

All changes under Alternative 043050 2314687 1277737

Ib2 except rehabilitating
booster pumps and

equipment

Add new well pumps in Well 175100 39398 214498
Nos and and corn

pletely equip new 12
transmission lines
from existing No well

pump discharge line to

the transmission line
to Zone

Total $1218150 $I1492235

Say $1220000 124.90000
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BUDGET COST ESTIMATE

ALTERNATIVE Ib4

OPTIONAL SOLUTION

Costs 1977
Item Costs Added 7%/yr
No Description 1974 22.5% Total

All changes under 406100 $91373 $497473
Alternative

New 125000000 gallon 15050000 3386250 1843625M
reservoji new
pump booster station
in new building
additional control

panels and equipment
to tie the operation
into all existing
controls

Total $15L5610O $18933723

Say 15500000 18900000
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BUDGET COST ESTIMATE

ALTERNATIVE II

___ Costs 1980
Item Costs Added 7%/yr
No Description 1974 60.6% Total

All items under Assumed constructed
Alternative Ia2 in 1977 $1130062

Construct and completely $1122200 $680053 $1802253
equip and house new 100.0

gpm capacity wells
It and ti

Ett and
connect them to the
water transmission
main power source
and control equipment

Booster pump 50 Hp 6900 4181 11081
connected to existing
header of Burns and
Hatfield Street
Booster Station

Additional central 39900 24180 64080
control panel
integrated into

existing control
panel

Water feeder mains 71500 43330 114830
interconnecting
existing 24 18
and 12 transmission
mains

new 500000 gallon 125000 75750 200750
reservoir and removal
of existing
reservoirs

Irrigation pumps and 39600 23998 63598
irrigation main

Total $1405100 $2256592

Say $iL.iO000 2260000
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BUDGET COST ESTIMATE

ALTERNATIVE lila

Costs 2000

Item Costs Added 4%/yr

No Description 1974 177.0% Total

All items under Alternative II Assumed constructed
in 1980 $2256592

Construct and completely equip 2697600 4774752 7472352
and house new 1000 gpm capa
city wells

and and connect them

to new water transmission

main power source and

control equipment

New 5000000 gallon reservoir 841500 1489455 2330955
connected to piping from

existing 3000000 reservoir
Remove old reservoir and

elevated tank

Booster pump connected to 6900 12213 19113

existing header of Burns and

Hatfield street Booster station

Complete new central panel to 61000 107970 168970
control all pump operations
sense and record reservoir

levels and to meter and

record flows.

Feeder main interconnecting 239750 424357 664107

existing 18 and 12 trans-
mission mains

Replace 12 steel mains 209300 370461 579761

Replace pump Wherry Booster 59300 104961 164261
station replace pump
Burns and Hatfield Street
station and add new pump
valves controls etc

Drill and completely equip new 608600 1077222 1685822
wells at sites of Well Nos
13 and install new pumping

equipment in Well No and

connect to 12 main to Well

transmission main __________ __________

Total $4723950 $13085341

Say 3-138 $L.72O000 $13100000
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INVESTIGATIONS ND RECOMMENDATIONS
FOR UPGRADING THE WATER SYSTEM AT

FORT HUACHUCA ARIZONA

INTRODUCTION

Authorization

The investigation reported herein was authorized
through the District Engineer Sacramento by the Department
of the Army South Pacific Division Corps of Engineers
Sacramento California through Job No Fort Huachuca
72-OM-A Directive No SPD-3 dated 27 June 1972

Purpose

Since its reestab1jshnt on February 1954 Fort
Huachuca has been serving in several capacities It is now
under the control of the U.S Army Strategic Communications
Command

In contrast to its 73 year history previous to 1954
development of permanent facilities and increased personnel
has been accomplished in rapid but orderly manner
Sources knowledgeable of the Forts future agree that its
expansion has probably reached its expected peak and that
stable population conditions will prevail it is there
fore appropriate that the existing water supply and dis
tribution system be reevaluated and that recommendations
be made to modify the current situation to one that will
fully satisfy the needs of the present which in turn will
satisfy the future



Background

From its establishment in March 1877 to 1939 the water

supply came from springs in Huachuca and Garden Canyons

which are located several hundred feet above and southerly

of the building complex 200000 gallon ground storage

masonry basin built in jJ1 and another 250000 gallon

concrete ground reservoir constructed in 1939 served as

the springs collection point This system is known as the

Old Post Reservoir See Sketch

In 1939 and 1940 Wells and 42 See Tabulation Sheets

and were drilled at the Forts Main Gate Their supply

Was delivered via 10 tar lined and coated steel pipe

nearly 20000 feet long to the Old Post Reservoir via Booster

Pumps and 2B This was supply main with no connections

See Sketch 500000 gallon elevated steel tank was

installed in 1941 between the wells and the Old Post Reservoir

near 4th Street and Railroad Avenue It received its supply

from the surge tank at Well via 12 steel line connected

to Booster Pump 2-A See Sketch

Increased activity in 1942 due to World War II required

the construction of Wells and See Tabulation Sheets

3-5 and three 50000 gallon surge tanks from which Booster

Pumps and take suction Also three million

gallon concrete ground storage reservoir together with dis

tribution and supply mains were constructed as well as another

500000 gallon elevated steel tank The second elevated tank

was disconnected in 1946 by the War Assets Administration

See Sketch These wells and the springs constituted

the water supply facilities up to 1954 At that time the

springs were discontinued as source
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By 1956 the Wherry MCA and Capehart Housing projects

were constructed for military personnel assigned to the

Electronics Proving Ground and their families At this time

the Wherry Booster Station consisting of three booster pumps

drawing from the million gallon reservoir was constructed

to pump into direct pressure distribution system serving

the portions of these projects which were located too high

in elevation to receive adequate elevation pressure from the

reservoir In 1958 1-1/2 million gallon prestresseci con

crete tank with high water elevation 223 feet above that in

the million gallon reservoir was completed The Wherry

Booster Station was then pumping both into the distribution

mains and into the new reservoir which floats on the distri

bution system See Sketch

Well see Tabulation Sheet which was drilled

in 1958 was tested and put into service At approximately

the same time fourth booster pump was installed at Wherry

Station

In 1962 three booster pumps were installed below the

1-1/2 million gallon tank to take suction from that tank to

supply the Old Post Reservoir The supply main from Well

Pump Booster and 2B was then to discharge overhead into

the 1-1/2 million gallon reservoir However junction box

was installed so that this supply main could serve either the

1-1/2 million gallon and/or the Old Post Reservoirs

In 1969 as result of 1966 study WATER RESOURCES

OF FORT HUACHUCA MILITARY RESERVATION SOUTHEASTERN ARIZONA

GEOLOGICAL SURVEY WATER SUPPLY PAPER 1819 12 concrete

steel cylinder pipe was installed from Garden Canyon Springs

to the 1-1/2 million gallon prestressed tank and an line

was constructed between Huachuca Canyon Springs and Old Post

Reservoir The 30 year old 10 line from Wells and was
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replaced by 12 concrete tee1 çyi.nder pipe that is con
necd into the 12 Garden Canyon Line see Sketch The

old 10 me is only usable from the booster statton tacthq

suction fron the 1-1/2 million gallon tank to th Old Post

Reservoir

As noted on page 18 of TEST WELL DRILLING AND STUDY OF
--

HYDROGEOLOiC CONDITIONS AT FORT HUACHUC by th Corps

Engineers April 197 full prodiction well labeled Test

Well No see Tabulation Sheet has been tested at

1650 gpm wj.th 59 of drawdown This capped well is located

approximaty mies north by northeast of the Forts

central distribution center see Sketch 16

As supplement to the total water supply reqtijrements

of the Fort project was completed in September 1972 to

store 2.5 million gallons of secondary treated chlorinated

wastewater p1ait effluent This source is used in supplying

the separate piping systems for irrigation of the 18 hole

golf course and Chaf fee parade field This recent innovation

is expected to be sufficient to supply all present irrigation

requirements for those areas that are now or my later be

approved by the medical departments fpr irrigation with

treated wastewater plant effluent excepting such areas

the Post cemetery which is too remote to make construction

of piping to it practical

The above is general summary qf events and signifi

cant develqpments of the water supply acilitjes at Fort

Huachuca Plate illustrates the present overall supply

and distributionfaci1ities
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II PPESENT SITUATION

Water Usage

Domestic and Fire

The population consists of two classifications

24 hour occupancy and hour occupancy This report will

separate the population into those occupying each of

primary water pressure zones See Plate at end of this

Section The highest zone Zone extends from the Post

cemetery at elevation 5200 feet to Von Herman Circle at

elevation 4920 feet Zone is from Henry Circle at eleva

tion 5030 feet to Faison Circle at elevation 4810 feet As

the lowest Zone extends from the lower edge of Zone to

the northern boundary of the Fort at elevation 4400 feet
The present 1972 populations of these zones are as follows

24-hour 8-hour Equivalent 24-
Zone Occupancy Occupancy hour occupancy

1475 1400 1940

7100 2650 7980

2620 1325 3060

The present equivalent 24 hour occupancy population

is 12980 Using capacity factor of 1.23 the design

population is 15970 Tabulated population reports for

this period were supplied by the Post Housing Office As

indicated in the section Purpose this present equivalent

population figure is expected to remain reasonably constant
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The following calculations and evaluations of demand of

the potable water system are based on the criteria set forth in

the U.S Army Corps of Engineers Manual Series TM 5-813

ZONEA

Equivalent Population Capacity Factor Design Population

1940 1.23 23.85

Required gaily Domestic Demand

25 150 gpcpd 358000 gallons

Required Fre Demand

358000 1Q00 gpm hrs 41900Q ga1.ons

Since Fire Demand is greater than Domestic Demand for Zone

it i1l be used in further analysis

ZONE

7980 1.23 9800 Design Population

Required Daily Domestic Demand

9800 150 gpcpd 1470000 gallons

Required Fire Demand

1/2 1470000 1000 gpm fires hrs

1215000 gallons

ZONEC

3060 1.23 3760 Design Population

Required Daily Domestic Demand

3760 150 gpcpd 564000 gal1on

Requrei Fire Demand

1/2 564000 1000 gpm hrs 522000 gallons

The total water required in all zones for required
daily domestic and fire demand is 419000 1470000
564000 2453000



Irrigation

Using irrigation maps furnished by Buildings

Grounds section it is estimated that there are 90 acres of

lawns trees and shrubs in public areas not irrigated by resi

dents This does not include the golf course and Chaffee Field

which are irrigated with wastewater effluent contractor is

hired to operate the manually controlled irrigation systems in

these public areas Irrigation of similar plant life around

the housing projects is done by the residents of houses These

areas are estimated at 150 acres Monthly water production

records indicate that actual usage increases during the irri

gation period by approximately 2.0 M.G.D See Chart at the

end of this Section These estimates of acreages were derived

from general site maps

It is generally accepted practice to estimate that

9000 gallons per acre per day are necessary to maintain good

lawn growth Therefore irrigation demand during the two peak

months of May and June would be 240 acres 9000 gpapd

2160000 gallons per day This estimate is fairly close to

the observed increases in the recorded water production for the

two maximum usage months Average irrigation demand estimates

according to Zones is as follows

Zone 40 acres 9000 gpdpac 360000 gpd

Zone 120 acres 9000 gpdpac 1080000 gpd

Zone 80 acres 9000 gpdpac 720000 gpd

2160000

There is standing Fort order that there shall be no

irrigation on Wednesday This allows reservoirs to be partly

replenished prior to Thursday The contractor that irrigates

public areas not adjacent to residences usually waters at night

when other irrigation is low Seeds for grass and plants for

landscaping are furnished by the Post therefore some control

is exercised over the planting of things that would use large

amount of water
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Summary

Total consumption during the peak period of May and

June is as follows

ZONEA

419000 gallons Fire Demand

360000 gallons Irrigation

779000 Total Daily Usage

ZONEB

1470000 gallons Domestic.Demafld

1080000 gallons Irrigation

2550000 Total Daily Usage

ZONEC

564000 gallons Domestic Demand

720000 gallons Irrigation

1284000 Total Daily Usage

Total Daily Usage 46l300 gallons on an

irrigation day

This figure represents the amount necessary to satisfy

the criteria set forth in the TM 5-813 series manuals and

is also the actual maximum use It should be noted that the

maximum daily water production figure was set in June 1972 at

5.34 M.G.D See Chart Subtracting the 250000 gallons that

was used for golf course watering which will be replaced by

wastewater plant effluent in the future will make the future

peak daily production about the same as the daily design figure

Therefore during the months of extensive irrigation the demand

occasionally approaches or equals the design daily usage

3-11-8



C
H

A
R

T

M
O

N
T

H
LY

W
E

LL
P

R
O

D
U

C
T

IO
N

1
0
0
0

G
A

L
L
O

N
S

F
O

R
T

H
U

A
C

II
tJ

C
A

A
R

IZ
O

N
A

P
R

E
P

A
1
E

D
F

R
O

M
P

O
S

T
R

E
P

O
R

T
S

y
e
a
r

1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

J
a
n
u
a
ry

4
2
8
8
7

6
2
8
2
4

5
5
5
6
2

5
9
5
1
7

6
4
1
5
1

N
A

5
9
9
9
4

F
e
b
ru

a
ry

4
0
4
4
3

7
0
1
9
2

6
3
3
1
7

5
7
8
9
3

7
1
8
3
9

5
0
7
9
8

5
8
8
8
5

M
a
rc

h
7
7
9
0
2

1
1
0
2
6
6

7
7
4
8
1

8
0
8
2
4

8
2
1
1
3

9
2
9
0
9

8
4
9
5
7

A
p
r
il

8
2
8
3
7

8
9
4
0
2

8
0
7
8
1

9
7
6
2
3

9
4
8
4
6

8
3
8
6
0

9
8
2
8
2

g
i

N
a
y

J
u
n
e

J
u
ly

9
5
9
7
1

1
0
5
5
7
7

9
0
7
1
8

1
1
4
6
4
4

1
1
9
9
5
9

7
9
6
6
8

1
2
0
7
2
2

1
2
4
4
9
6

9
4
0
6
5

1
1
6
5
0
5

1
4
0
4
2
6

9
5
4
1
5

1
2
3

2
3
7

1
2
5

6
8

3
9
9
6

0
2

1
1
7
4
1
7

1
3
1
2
2
2

8
7
3
4
0

1
2
9
1
3
7

1
1
1
0
3
8

1
0
6
9
0
8

A
u
g

u
s
t

6
7
4
6
9

7
7
9
6
2

7
9
9
7
5

8
6
7
1
3

7
7
6

5
5

7
2
5
1
3

8
4
0
5
4

S
e
p
te

m
b
e
r

6
4
4
9
2

7
1
6
7
3

9
5
5
7
3

9
6
5
0
6

7
9
3
2
7

8
8
9
8
6

6
6
2
4
6

O
c
to

b
e
r

7
3
4
4
8

7
3
0
3
8

1
0
5
4
6
5

1
0
4
0
8
9

6
7
0
7
3

6
8
9
3
0

6
5
4
0
7

N
o
v
e
m

b
e
r

6
5
3
7
5

7
0
3
5
0

7
5
5
3
7

7
2
2
6
9

6
0
7
7
5

7
0
6
6
9

5
2
8
6
6

D
e
c
e
m

b
e
r

5
5
5
1
5

5
1
8
3
7

5
9
0
2
8

6
0
6
6
6

4
8
0
6
6

5
6
3
7
1

T
O

T
A

L

A
V

E
R

A
G

E

M
o

n
th

ly

D
a
il
y

8
6
2
6
2
4

9
9
1
8
1
5

1
0
3
2
0
0
2

1
0
6
8
4
4
6

9
9
4

3
6
7

7
1
8
8
5

8
8
6
5
1

8
6
0
0
0

8
9
0
3
7

2
3
6
0

2
7
2
0

2
8
2
0

2
9
2
0

Il
u
a
c
h
u
c
a

a
n
d

G
a
rd

e
n

C
a
n
y
o
n

S
p
ri
n
g

c
o
ll
e
c
ti
o
n

s
y
s
te

m
s

c
o

n
tr

ib
u

ti
n

g
to

w
a

te
r

s
y
s
te

m



II
II
I

Ii

C
T

-T
A

R
T

M
A

X
IM

U
M

D
A

Y
W

A
T

E
R

P
R

O
D

U
C

T
IO

N
B

Y
M

O
N

T
H

S

M
il
li
o
n

G
a
ll
o
n
s

F
O

R
T

H
U

A
C

H
U

C
A

A
R

IZ
O

N
A

P
R

E
P

A
R

E
D

F
R

O
M

P
O

S
T

R
E

P
O

R
T

S

y
e
a
r

M
o
n

th
1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

1
9

7
1

1
9
7
2

J
a
n
u
a
ry

2
.0

1
3
.0

0
2
.6

9
2
.2

2
3

.8
1

N
A

4
.8

5

F
e
b
ru

a
ry

1
.8

9
3
.3

7
3
.5

5
3
.2

1
3
.4

5
3
.2

9
3
.6

3

M
a
rc

h
3
.8

7
5
.1

6
3
.7

2
4
.1

9
3
.8

2
5
.1

9
4
.2

5

A
p
r
il

4
.3

4
4
.6

4
4
.1

5
4
.3

7
4
.0

0
3
.9

3
4
.1

5

M
a
y

4
.2

0
4
.8

0
5
.0

0
4
.9

6
4
.9

0
5
.1

4
5

.0
9

J
u
n
e

4
.8

3
4
.7

1
4
.9

6
5
.0

2
N

A
5
.0

7
5

.3
4

J
u
ly

4
.4

6
3
.5

4
4
.4

9
4
.9

4
5

.3
0

4
.9

5
5
.0

5

A
u
g

u
s
t

2
.6

9
4
.0

5
3
.1

9
3
.9

2
4
.6

5
3
.5

7
4
.1

3

S
e
p
te

m
b
e
r

2
.9

3
3
.2

5
4
.3

4
4
.3

0
4
.1

6
5

.2
2

3
.3

4

O
c
to

b
e
r

3
.3

9
3
.0

2
4
.5

6
4
.4

8
3

.4
1

3
.3

0
3

.5
4

N
o
v
e
il
ib

e
r

2
.6

2
2
.9

3
3
.4

2
3
.5

6
3
.3

4
2

.7
4

2
.2

9

D
e
c
e
m

b
e
r

2
.5

6
2
.2

5
2
.5

6
2
.7

6
2

.9
7

2
.6

0

1
-



Water Sources

prings

Huachuca Canyon Springs are closer to the Post and

higher than the Garden Canyon Springs but they develop less

flow serious attempt by the U.S Geological Survey to

monitor total spring flow in each canyon from 1960 to 1963
indicated that during the driest period in sixty years
Huachuca Canyon produced about minimum of 20 gpm and Garden

Canyon yielded minimum of 83 gpm During that same three

year period combined maximum of over 2300 gpm was recorded

However in the two-and-a-half year period since 1969 when

the new water line and collection facilities were developed
Huachuca and Garden Canyon Springs have been metered The

greatest daily production was recorded as 1190000 gallons

on September 14 1971 The minimum was 9000 gallons on

August 23 1972

The springs contribute noteworthy amount of good

quality water to the Post water system as well as providing

replenishment water to the two lakes at the golf course and

the officers club The pipelines are being provided with

automatic discharge valves so that when the first water fol
lowing rainstorm is turbid it will be discharged to the

ground surface thereby preventing contamination of the Post

water system with the muddy material The water flow rates

fromthe springs vary too much to be seriously considered as
basic water source during the dry season when maximum use

occurs However this water supply provides valuable rest

iriod for the wels during the spring when snow melts

feed the springs and during the rainy season
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Deep Wells

The basic source of potable water for the Post

is from the underground aquifer located about 500 feet below

the ground surface Pumps from wells drilled into this

aquifer discharge into adjacent surge tanks Booster pumps

taking suction from these tanks deliver water on demand to

the various storage reservoirs which float on the pressure

zones in tie distribution system

outlined in Part paragraph of this report

the six weils were put into production at various times as

water demands increased during the last 30 years See

Tabulation Sheets 1-6 While all of them were considered

good producers initially significant changes in their capa

city have been noted Listed below in TABLE is compari

son of each from tests performed by Post personnel showing

these changes

TABLEI

PRODUCTION PER FOOT
OF DRAWDOWN 1971 PRODUCTION PER

ON INDICATED DATES FOOT OF DRAWDOWN

Well 16 gpm/ft 550 gpm 1963 15.4 gpm/ft 593 gpm
Well 21 gpm/ft 620 gpm 1963 17.1 gpm/ft 615 gpm
Well 25 gpm/ft 500 gpm 1963 17.7 gpm/ft 760 gpm
Well 32 gpm/ft 450 gpm 1963 40.7 gpm/ft 611 gpm
Well 10 gpm/ft 650 gpm 1963 6.2 gpm/ft @575 gpm
Well 25 gpm/ft 708 gpm 1958 37.5 gpm/ft 601 gpm

This quantity is presently only 450 gpm

At the present water supply capacity from the wells

for 16 hour day as recoimnended by Army Training Manual TM

5-813-2 would be about 3500000 gpd However these wells

have been pumped as much as is necessary to meet the daily

demand While the quality of the water has not changed notice

ably in the last 30 years the level of the water table has
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dropped at the rate of 21/2 to per year Since 1958
Similar drops have occured in wells in the nearby city of
Sierra Vista

The Army Corps of Engineers Study that was published
in January 1972 included the drilling and developing of well
for production purposes Data on this Test Well listed in
the Studys summary is as follows

The well is located in the Northeast 1/4 of Section
16 Twp 2lS R2OE of SRB

Well Depth 807
Casing Diameter 16

Test Rates

Drawdown pecific Capacity

375 gpm 15 feet 25 gal/ft
710 gpm 26 feet 27.3 gal/ft1150 gpm 40 feet 28.7 gal/ft1500 gprn 52 feet 28.9 gal/ft1650 gpm 59 feet 27.9 gal/ft

Site Surface elevation 4426
Static Water elevation 4144

This data indicates that optimum usage of the well
would be at 1500 gpm or 1.44 mgd for 16 hour pumping sche
dule At present the well is capped awaiting allocation of
money and engineering plans for construction of pumping equipment and transmission main for connecting it to the existing
system Approximately 15000 feet of main will be required

Wastewater Effluent

Although it is not an all-purpose source stored
effluent from the wastewater plants at which secondary treatment and chlorination are provided is being used to irrigatethe 18 hole golf course and Chaf fee Parade Grounds which col
lectively demand as much as million gallons per day duringthe early summer season
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1.8 million gallon concrete lined lagoon was completed

about September 1972 adjacent to Plant to supplement

the existing 0.7 million gallon earthen lagoon at Plant

valved potable water line is available to add to the

non-potable supply for irrigation purposes if ever needed

The lowest recorded daily flow as averaged from the two suc

cessively lowest flow days during the high water use months

of April May June July and August in 1972 was .1213000

gallons The two lagoons with capacity of 2.5 million

gallons will provide storage for two days of minimum flow from

the two wastetater plants This storage will accommodate

demand of as much as million gallons on any one day and

subsequent demand of 1213000 gallons on the following days

during the high irrigation period of the year

Further relief of the potable water shortage could be

provided if some of the other areas now being irrigated with

potable water could be irrigated with wastewater This change

would depend on approval of the medical department and addi

tion of pumping and piping for handling the wastewater The

areas around the residential areas and school playgrounds may

not be approved for irrigation with wastewater plant effluent

however even though the residential irrigators are the major

users of potable water for this purpose

The phosphate content of the wastewater was measured to

determine if it would be acceptable for replenishment of the

evaporation from the lakes in lieu of using potable water

The wastewater as tested and analyzed with our equipment and

confirmed by the Post laboratory technician contains about

mg/i of phosphates This quantity is quite beneficial for

plant life both on land and in water However profuse plant

growth in the lakes is quite objectionable Therefore the
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wastewater should be used and its use extended to the

maximum possible for irrigation of land plants and the low

phosphate spring or well water should be used for replenish

ing the water evaporating from the lakes

In addition to the extensive construction and main

tenance costs another factor which makes use of nonpotable

water undesirable in inhabitated areas is the danger of pos
sible cross connections between the potable and nonpotable

systems by unknowing maintenance and construction personnel

Booster Pumps

General

Facility

Booster
Booster
Booster
Booster
Booster
Booster
Booster
Boos ter

Booster
Booster
Booster
Boos ter

Booster
Booster

2A
2B

6A
613

6C
6D
7A
713

7C

Rated

Capacity

450 gpm
700 gprn

700 gpm
900 gpm
900 gpm
900 gpm
700 gpm

560 gpm
590 gpm
520 gpm
680 gpm

500 gpm
500 gpm
500 gpm

TED

700 feet
270 feet
715 feet
320 feet
320 feet
320 feet
290 feet
252 feet
252 feet
252 feet
252 feet
240 feet
240 feet
240 feet

Actual Field Test Observations

In addition to these 14 potable water booster pumps
there are boosters for the non-potable irrigation systems

At present there are 14 existing potable water

booster pumps which are identified as follows

Location

adjacent to Deep Well
adjacent to Deep Well
adjacent to Deep Well
adjacent to Deep Well
adjacent to Deep Well
adjacent to Deep Well
adjacent to Deep Well
at Wherry Booster Station
at Wherry Booster Station
at Wherry Booster Station
at Wherry Booster Station
at 1-1/2 Reservoir
at 1-1/2 Reservoir
at 1-1/2 Reservoir
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Wells and Boosters See Tabulation Sheet

Curves 4t1 and and Sketch in APPENDIX BbosterS

2A and 2B ca take suction from eitherOf two 50000

gallon concrete surge tanks located atWells and Sketch

depicts the piping connections As shown each well can

pump into either surge tank so that either one can be drained

for repair wok

Boosters ff1 and 2B discharge into 16 steel main

which connect into the 12 steel cylinder concrete pipe that

upplieS the 1-1/2 million gallon reservoir The curves for

these booster pumps curves and in the APPENDIX show

design heads 450 gpm at 700 feet TDH and 700 gpm at 715 feet

TDH The elevation head is about 470 feet If there is 161

feet of friction head or total head of 631 feet the curves

indicate delivery capacities of 630 gpm and 910 gpm respectively

The 161 is from using value of 100 and calculating losses

in 17000 of 12 and 1600 of 16 pipe Maximum pumpage re

quirements are normally required when the Huachuca springs are

producing very little Its flovi from where it enters the trans

mission main near Huachuca Springs Road was therefore disregarded

The delivery from the booster pumps if operated at maximum rated

capacity should therefore be 1540 gpm

An attempt was made to determine the actual unre

stricted flows from these 30 year old boosters but it was

found that they were valve throttled so that full flow was not

being developed The amprneter on the booster pump motors regis

tered excessive current usage when these restricting gate valves

were momentarily opened fully It is reported by Post operating

personnel that these three booster pumps cannot be operated

simultaneously without throwing the circuit breaker However

Post personnel report that impellers have been examined within

the last five years and that they show no wear and should still

deliver their design capacity As result of the throttling

the combined flow of Booster and j2B is less than the com

bined production of Wells 411 and 42 1040 gpm against 1208 qnm

See Table IA page 15 and TABLE page 10
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TABLE IA

WELL BOOSTER DELIVERY

Observations by Nocho Roahrig Tencza
1-10-73 on charts in control panel and

meter dial on 2A

BOOSTER Throttled 32.5 Amp draw

300 gpm Motor is very noisy

BOOSTER 2B Throttled 47 Amp draw

830 gprn Motor relatively quiet

BOOSTER 2B Throttled 48 Amp 32.5 Amp draw

1040 gpm

BOOSTER 2A Throttled per existing operation to pull
32.5 amps while only it and were
operating

900 gpm

BOOSTER Throttled per existing operation
while only it and 2A were operating

780 gpm at central recorder

BOOSTER 2A Throttled per existing operation
while all well site boosters were operating

630 gpm at meter

BOOSTER Throttled per existing operation
while all well site boosters were operating

580 gpm at central recorder

BOOSTER Throttled per existing operation
while all well site boosters were operating

450 gpm at central recorder

BOOSTER Throttled per existing operation
while all well site boosters were operating

440 gpm at central recorder

BOOSTER Throttled per existing operation
while all well site boosters were operating

580 gpm at central recorder
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Booster Pump 2A takes suction from the same

surge tank heder and discharges to the lower zone istri

hution system on which the million gallon reservoir and

the 0.5 rniiiio.n gallon elevated tank float Since the other

twO boosters and 2B should be able to pump mQre than

Well an can deliver and since these booster pumps

deliver water direct to the 1-1/2 milliQn gallon reservoir

without power being lost from boosting again at the Wherry

ooster Statiqn there should be nonee for Booster Pump

2A to be activated under normal conditions

Curve indicates that the shut-off head on

pump 2A Is 295 Therefore when the other booster pumps

discharging into the distribution system create 45

frition loss1 this pump should go entirely static If

the bOOster pumps from Wells and See Curve

4-S and Tabulation Sheet were operated together at

unthrottled design flow the friction loss at the discharge

point of Pump 2A into the system would be about feet

SeS Table II However the actual delivery of .2A with

the above described boosters operating at the same time in

throttled condition was 630 gpm See TABLE IIB page 19a

This indicates that the pump curve information may be

erroneous
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TABLE II

FRICTION LOSSES IN WATER TRANSMISSION SYSTEM TO 3M.G
RESERVOIR 0.5M.G ELEVATED TANK WHEN BOOSTER PUMPS

345 ARE DISCHARGING AT THEIR RATED CAPACITY

AGAINST STATIC PRESSURE AND AN ESTIMATED 74 FRICTION
LOS

100

See Sketch 13 in APPENDIX

Total Friction Loss 72.9

Northerly

Pump

Pump 1550 12 770 gpm 2.6/lOOO 4.0
2800 16 820 gpm 7/lOOO
3100 12 1530 gpm 1/lOOO 28

2200 12 1470 gprn 4/lOOO 18

1200 12 1270 gpm 3/lOOO 76
550 12 970 gpm 9/lOOO
750 12 1220 gpm 9/lOOO

2400 14 1220 gpm 2.8/l000 6.7

Southerly

12 650 gpm 1.9/lOOO 0.1
600 gpm 0.4/lOOO 0.4

12 1370 gpm 7.4/lOOO 16.3
12 1370 gpm 74/lOOO 31

12 900 gpm 3.4/lOOO
12 650 gpm 9/lOOO
12 915 gpm 5/lOOO
12 965 gpm 3.8/lOOO 4.0
12 715 gpm 2.3/lOOO 10.4

50
900

2200
4300
1150
1750
1150
1050
4500

Total Friction Loss 74.2

Balanced friction loss is about 74

In TABLE II above the booster pump rated discharges are taken

from heads shown on pump curves and Comparisons with

discharges from matching well pumps in TABLE page 10 follow

Booster Pumps
Static Friction Total

Head Head HeadWell No
269
269
278
241

74
74
74-
74

Discharge
GPM

770

770

710
650

343
343
352
315

Well Pumps
Discharge

GPM

760

611

575450
601

Estimated present quantity
value of 100 was used for these calculations because

that is standard practice for older pipes some of which are

ferrous such as these and it was not known what the friction

coefficient should be
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When all bopster pumps in the well Łite areas are

operating at their rated capacity against both the satic and

74 friction head they will pump approxImately frOtrt pump

curves

Booster 725 gpm

ooster 755 gpin

ooster 705 gpm

Ilooster 680 gpm

ooster 2A goes static 45 fr loss

2865 gpm

MAXIMUM RATED BOOSTER PUMP CAPACITY INCLUDING BOOSTER PUMPS

IND 2B IS 2865 1540 4405 gpm

However the and boosters are throttled by

adjusting the ôutf low gate valves of each Operating personnel

explained that this practice limits the booster capacities to

match the well pump capacities when the friction loss is low

with only dne booster pump operating Asa result the fric

tion loss corresponding to this reduced flow is less than 45

so that Booster Pump 2-A is able to contribute flOw to the

system This cOndition was observed in the field See Tables

IA li-A and 11B and Sketch 14

Since Booster Pump 2A cannot theoretically be used

during maximum water requirements it should normally be

valved off from the system and used only by manual operation

when water use requirements are lpv and operation personnel

may want to test other pumps for serviding or for keeping

2A in Operating condition for seivice during times of low

water use
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TABLE Il-A

FRICTION LOSSES IN WATER TRANSMISSION SYSTEM TO 3M.G

RESERVOIR 0.5M.G.ELEVATED TANK WHEN BOOSTER PUMPS

2A ARE OPERATING AT OBSERVED DISCHARGES WITH

USUAL THROTTLED CONDITION

120

See Sketch 413A in APPENDIX

Balanced friction loss is about 22

value of 120 was used for these calculations because

it was observed from pump curves under actual operating

conditions that the pressure against the pumps from fric

tion losses did not indicate that higher friction was

actually being developed

Norther

Pump

Souther

Pump 2A

1700 12 780 gpm 1.9/lOOO 3.2

5200 16 880 gpm 0.6/1000 3.1

3100 12 880 gpm 2.3/lOOO 7.1

2200 12 830 gpm 2.1/lOOO 4.6

1200 12 730 gpm 7/lOOO

550 12 600 gpm 1/lOOO

750 12 750 gpm 1.7/lOOO

2400 14 750 gpm 8/lOOO

23.8

1300 12 900 gpm 4/1000

4300 12 800 gpm 0/lOOO

1150 12 600 gpm 1/lOOO

1750 12 450 gpm 7/1000

1150 12 610 gpm 2/lOOO

1050 12 610 gpm 2/lOOO

4500 12 460 gpm 0.7/lOOO 3.2

20.1
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TABLE 11.-B

FRICTION LOSSES IN WATER TRANSMISSION SYSTEM TO M.G
RESERVOIR 0.5M.G.ELEVATED TANK WHEN BOOSTER PUMPS

ff2A AND ARE OPERATING AT OBSERVED

DISCHARGES WITH USUAL THROTTLED CONDITION

120

13B in APPENDIXSee Sketch

At flow from pumps TABLE 11A friction loss was 22

or difference of 23 The flow drop from Booster was

200 gpm less than when only pumps 2A and were operating

The Booster curve indicated that balanced friction loss

should have been 30 This would indicate that the factor

should hVe been lower but this one curve is not entirely

conclusive evidence for decisive assumption

value of 120 was used for these calculations because it

was observed from pump curves that the pressure against the

pumps from friction losses did not indicate that higher
friction was actually beingdeveloped

Nbrthery

Pump

Southerly

Pump

50 12 580 gpm l/lOOO
500 16 480 gpm 2/lOOO
800 16 930 gpm 0.6/lOOO
100 12 1370 gpm 5.2/lOOO 16.1
200 12 1300 gpm 4.9/lOOO 10.8

00 12 1230 gpm 3/lOOO
550 12 1080 gom 5/lOOO
750 12 1350 gpm 171000

2400 14 1350 gpm 2.4/lOOO 5.8

45.5

50 12 580 gprn /1000

900 16 100 gpm l/lOOO
2200 16 680 gpm 0.4/lOOO 0.9
4300 12 1310 gpm 4.9/lOOO 21.0
1150 12 900 gpm 2.4/lOOO 2.8
1750 12 650 gpm 1.4/lOOO 2.5
1150 12 1060 gpm 3.3/lOOO 3.8
1050 12 1110 gpm -3.6/lOOO 3.8
4500 12 840 gpm 2.l/lOOO 9.5

44.5

Balanced friction Loss 45



Boosters at Wells and See Tabulation

Sheet Curves and and Sketches and in APPENDIX

Booster at each of these well sites have as

much or more capacity for discharge against the maximum head

developed in the transmission mains than the well pumps can

furnish to the respective soooo gallon tanks from which the

boosters take suction Their total capacities are shown in

TABLE II page 17 as 2865 gpm against maximum operating

pressures

However due to the throttling conditions mentioned

above the combined flow as noted in TABLE IA page 15 is

only 2050 gpm According to TABLE page 10 and Tabulation

Sheets 3-6 total Well Production from Wells and

should exceed 2420 gpm This indicates that the total booster

outflow was being throttled excessively in the data noted in

TABLE IA page 15

Wherry Booster

Booster Pumps 6A 6B 6C and 6D See Sketch 11

and Tabulation Sheet 10 each have maximum positive suction

head of 37 from the million gallon reservoir maximum

static head of 260 feet is reached at the pump levels when

the 1-1/2 million gallon reservoir is full Actual operating

conditions are noted in TABLE Iv Page 22
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TABLE IV

FRI 2TION LOSS EXAMINATION

FRQM

WHERRY BOOSTER STATION

Observations on 11/20/72
Nocho Roabrig Tencza

Pumps Discharge Pumps
On GPM On GPM

6A 560 6A 560

590 6- 1120

6c 420 6A-6B6C 1520
6D 680 A-6CD 1960

TOTALS 2350 1960

TIis tpta confirmed by observation again
oi 11/27/72

Observations on 11/27/72

Pumps Pump Discharge 10 Staion Iiydrant900
On Ti Pressure Outlet $.on Ruck

None 1O5 AM

6A 10 AM 109 psi 109 psi 113 psi

6A 1036 AM 112 psi psi 45 psi

6A
6C 1030 AM 114 psi psi i2 psi

6C 6D 1044 AM 116 psi 115 psi 110 to
115 psi
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Elevation differential from the hydrant on Rucker

to approximately below the tank overflow 5105 4860

245 106 psi The above readings on the gauges which were

furnished by the Post Fire Department and read as accurately as

practicable indicates about psi maximum friction loss in the

piping system during maximum pump discharge at 1030 A.M

to 1100 A.M on Monday morning which is considered to

be an average water use period Two of the four pumps

were operating just prior to starting the tests

The four Wherry boosters which have total capa

city of 1960 gpm are not capable of maintaining the water level

at the top of the 1-1/2 million gallon reservoir during maximum

demand Installation of new booster or repair of booster

would relieve the four Wherry boosters pumping require
ment by the difference between the 1200 gpm well production

and the 830 gpm capacity of booster when pumping alone

or 370 gpm These calculated differences in flows are based

on 24 hour operation

Maximum water requirements in Zones and

are approximately 72% of the total requirement The calcu

lated total is 4.93 mgd but actual use from TABLE page 34

is 5.25 mgd The usage in the two zones is therefore actu

ally measured as 3.78 mgd or 2620 gpm If 1200 gpm of this

requirement is satisfied by boosters and 2B after booster

is replaced the Wherry boosters would need capacity

of 1420 gpm if all boosters are operated 24 hours per day

However if one of the or 2B boosters is not operated so

that 600 gpm is delivered direct to the 1-1/2 reservoir
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th Wherry oQss wpd fleed pump 1420 600 2020 gpi

for 24 hours If pperated 16 hours per day as Qrnmended

by the rnarua1 Wherry area boosters would need combined

capacity of 3030 gpm.which is 1070 gpm in excess Qf the

existing combined capacity

When additional boosters are installed in the

Wherry area they should however be located t.pake suction

from the 18 nch main and discharge to the 14 inch main on

Craig Street because the piping in the present booster build

ing is alredy loaded to capacity The new boosters should

be of simila size to.the existing ones There should be

twç new bopsters added with each having capacity of a. bout

535 gpm against the static head plus about 30 of friction

head

Old Post Boosters See Tabulation Sheet No 10 and

Sketch ill in APPENDIX No curves are available Booster

pumps 7A 7B and 7C are manifolded in weatherproof build

i1g ahput 100 to the iorth of the 11/2 milijon ga1pi

reservoir Installed in 1962 the boosters have positive

qtjon 1ead of from 20 feet to 37 feet Each is rated for

50Q gpn at 40 DH The usage in Zone IAI to which these

pumps jscharg is repOrted by Post water systm persorne

tç be eioug1- so that not more than two pumps ever oprate

at th ame tjme The maximum daily dmand fpr Water in

Zone served by these boosters from calqulatipns showti

under PRESENT SITUATION 1.c page is 818250 ga1os

per day This can be satisfied by two of the existing pumps

operatiflg about 14 hours per day

summary of the relationships between the bqosters

their supply mains and their terminal storage facilities

are depicted in Sketch 13
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Water Distribution System

General

Although there is relatively large percentage of

steel pipe in the distribution system maintenance personnel

report that there are no unusual problems due to leaks or

corrosion While Plate depicts the water transmission

lines and the main feeder lines the effectiveness of the

system is discussed below for each pressure zone

Transmission Lines

The transmission line from Well and booster

station to the 11/2 million gallon reservoir is 12 steel cylinder con

crete pipe except for 1600 of 16 steel pipe at the lower

end This steel pipe was installed in 1969 and so is assumed

to be in good condition The line from Garden Canyon Springs

12 steel cylinder concrete transmission line is also

assumed to be in good condition since normal estimated life

of this type pipe is 50 years

The pipe lines from Wells ff4 and are

cast iron of adequate size out to the 16 cast iron collector

main located in Brainard Road This 16 line is connected to

12 cast iron line at Carter Street and to 12 cast iron line

at Well outlet on Brainard 12 cast iron main runs

from the intersection of Brainard Road and Carter Street to

the populated area It serves the smaller lines along the

way to Cushing Street where it connects to 14 A-C trans

mission line which is connected to the bottom of the three

million gallon reservoir which floats on the line

12 steel main runs from this Well outlet on

Brainard southerly thence westerly to 0.5 million gallon

elevated tank floating on the system and thence northerly to

form loop with the above described Carter Street 12 main
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Water Pressure Zone Analysis

Zone Old Post Area

Water is supplied in limited quantities to Zone

from Huachuca Canyon Springs via an A-C line installed

from system of filter beds in the Canyon to the older

portion of the Old Post Reservoir The major supply is

pumped via 30 year old 10 steel pipe to both portions

of the Old POst Reservoir by Boosters 7A 7B and 7C
which take suction from the 1-1/2 million gallon reservoir

All distribution mains are and size of either cast

iron or asbestos-cement mater

There are pressure reducing valves in the system

to prevent excessive pressures in the lower areas of the

System This system distributes approximately 17% of the

total daily potable water demand of the Fort It is esti

mated that about 42% of the water used during peak demand

periods in summer is used for irrigation of the landscaping

around the residences in the cemetery and on the parade

field along Grierson Avenue

The water system maintenance personnel report

that the booster plant for the Old Post Reservoirs is quite

adequate but that during the dry and hot season the 1-1/2

million gallon reservoir is almost empited several times

each summer This lowering of water level however is

frOm use in the lower pressure zones rather than excessive

use in Zone
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Maintenance personnel report that there are

complaints of low pressure at residences near the 1-1/2

million gallon reservoir when its water level is lower than

normal about 10 from top Examinations of relative ele
vations in the area indicate that ground elevations of some

residences around Mills Circle are as close as 50 feet below

the low water levels in the tank Since the houses are built

above ground level some of their upper stories could have

only 30 feet or 13 psi of pressure This pressure in inade
quate for automatic washing machines flushometer valve

toilets etc These residences should therefore be served

from the higher pressure zone When these residences are

served from Zone At at least one fire hydrant should be

kept on the lower pressure zone for emergency use from the

lower system

The Apache Flats area and both Motor Pool areas

see Sketch 15 are at elevations at least 90 feet below the

lower water level in the 1-1/2 million gallon reservoir 39 psi
and so these areas could be adequately served from the 1-1/2

million gallon reservoir instead of the Old Post reservoirs
It is desirable to make these changes in pressure zones to

save boosting the water when it is not necessary Also the

larger storage facility will provide more water for emergency
use in the areas

The above discussed pressure zone changes can be

made by installing total of about 2000 feet of pipe at

six locations and 100 feet of pipe at one location The

locations are shown on Sketch Number 15
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.one comprising that area om.elevaticx.20

to levtion 4810 is srved from the 1-1/2 rnilJion

rservpirfloating çn the distribution system This zone

obtains it supply from Garden Canyon Springs Booster

Pumps an 2B via 16 and 12 st.e1 cylinder concrete

pipe arid forn the Wherry Booster Station which draws from

tI nillion gallon reservoir and discharges irtp the

r.btiqp ytem The 14 A-C main intç whick the

booster purnps discharge arid the other branch Jines in the

system ae dequate for serving the zone and are nost1y

A-C pipe reported to be in good condition T.e re are

press e.ducing valves in the system for prevening

excessive pressures in the lower areas

This distribution system satisfies about 55% of
tie total daiy demand It is estimated that approximately

40% of Zone total demand during dry summertime is being

used for irrigation of landscaping

ZoneC

Zone extends from the lower end of Zone to

the N9thrn and Eastern limits of tlie Forts boundary

The princpa1 supply is from Wells and dis

çhgjig thu 16 and 12 looped mains These mains ae

connecte4 tp the 500000 gallon elevated steel tank and the

mi11ioi gallon reservoir which float on the system and

thereby maintain the required pressure in the djstibution

system An altitude .valve on the elevated tank prevents

its overflow since it fills up before the million gallon

reservoir because of friction loss in the longer lines to

the million gallon reservoir
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Generally speaking Zone distribution system

serves several warehouses family housing laundry

the golf course and two wastewater treatment plants

Of the remaining portion of daily demand to be accounted

for about 49% would be for domestic needs and 51% for

irrigation

Discussion of another Pressure Zone

fourth pressure zone could be established to

provide reduction in power usage due to less boosting and

less variation in pressures within the zones This extra

zone would require its own storage facility In fact

good practice is to have pressure zones with not over 100

feet of pressure head variation in each zone This criteria

would require zones in the presently populated areas on

the Fort There are now pseudo-pressure zones being

operated by means of pressure reducing valves located in

two of them to maintain practical pressures in the lower

areas of the zones where pressures would otherwise be

excessive The present method of control has advantages

and disadvantages some of which are as follows

Advantages

One storage facility provides reserve

for emergency that is larger than would be available at any

particular point if the same storage quantity was split into

additional reservoirs at different elevations

One storage facility is less costly per

gallon to construct and maintain than two facilities

lesser number of booster pumps are

needed to provide adequate standby capacity for breakdowns
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Less transmission piping is required

between the booster pumps and thestorage facility As an

example storage facility might be desirable at elevation

4960 to serve zone from elevations 4760 to 4860 This

would require the storage reservoir at least 8000 feet of

12 pipeline and appurtenances as well as several other

pipe changes and transmission main replacement along Smith

Avenue and tevision of and addition of booster pumps

piping pumThouse and controls

Disadvantages

Approximately 15% of the potable water

used is lifted about 100 feet higher than would be necessary

if there were fully independent zones

There are occasional problems encountered

in maintaining the pressure reducing valves at the desired

settings

Summary

LLi V.LW J.L L1L JJiJV

that retention of and additions to the existing storage

facilities at the present working elevation are the pre
ferred method of upgrading the storage and booster pumping

facilities for all of the populated area However in order

to satisfy pressure requirements in the area immediately

below the 1-1/2 million gallon reservoir this area should

be placed in the higher Zone Offsetting this would

be an area in Apache Flats that could be removed from Zone

and placed in Zone

Storage additions are discussed under the heading

WATER STORAGE REQUIRENENTS of this report
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Water Storage

Zone

This zone serves the upper area of the Fort which

has about 17% of the total potable water demand Storage

consists of the following facilities

200000 gallon ground masonry reservoir

Top Elevation 5271.5

Bottom Elevation 5256.4

250000 gallon ground concrete reservoir

Top Elevation 5264.5

Bottom Elevation 5255.0

As shown in Sketch 16 these reservoirs are inter

connected in such way that water can be transferred from

to but not from to the southerly compartment of

These facilities are known as the Old Post Reservoir

they serve Zone It can be seen in Sketch 14 that at

present the south 100000 gallons compartment in is used

for fire reserve only Huachuca Springs water flows into

the south compartment continuously In addition an open

port in the wall separating the two compartments allows

overflow of water from the south compartment into the north

one This entire reservoir is higher than However

the bottom of the north compartment of and the reser

voir are interconnected so that the water surfaces are level

This results in the upper part of the north compartment of

with storage volume of about 70000 gallons being non
usable The only practical way that this storage volume

could be utilized in conjunction with reservoir would be

to construct the sides higher on reservoir Another

method would be to put an altitude valve on reservoir and
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valve off and use the full capacity of reservoir as the

primary storage however this would cause water in the

reservoir to stagnate Although these two facilities

are 62 and 34 years old they appear to be in good enough

condition to serve for several more years However it is

not khought to be feasible to construct additional struc

tural material on top of to revise the water level in it

Water storage requirements for this zone for

domestic pürppses is 358000 gallons perday Water storage

requirements gor fire purposes for this zone in accodrance

with TM 58l3.4 EM 1110345223 are 358000 gallons 50%

1000 gpm hours 60 minutes 419000 gallons as shown

in II PRESENT SITUATION l.c. Total water usage includ

ing irrigation is 779000 gallons per day This is the

oldest area of the Post and Post administrators do not

expect any expansion of building or personnel in this zone

These reservoirs have been operated for several years with

100000 gallon compartment valved off for emergency fire

use This then always allows for utilizing 250000 gallons

30000 gallons or total of 280000 gallons for normal

storage and the additional 100000 gallons for emergency use

by manual operation of gate valve

Since the 280000 gallons of storage is not adequate

for that recommended by TM-5-813-4 criteria and since the reser

voirs are quite old the facility should have additional new

storage to conform with the 419000 gallon estimated requirement

Zone

Storage for this zone consists of 1-1/2 million

gallon prestressed concrete ground reEervoir

Top Elevation 5110

Bottom Elevation 5080

3-1132



Completed in May 1958 this tank is in good condi

tion needing only normal maintenance It floats on the

Zone distribution system which serves the central popu

lated area of the Post which has about 55% of the total

potable water demand This reservoir also acts as the suction

source for booster pumps 4t7A 7B and 7C to the Old Post

reservoirs

The storage requirement for this area in accordance

with TM58134 EM 1110345223 is 1470000 gallons 50%

1000 gpm fires hours 60 minutes 1215000 gallons

as shown in II PRESENT SITUATION l.c The total calculated

water use including irrigation is 2550000 gallons per day

These water usage figures do not include the 779000 gallons

lifted into Zone and so the total storage requirement

must be based on the 3329000 gallons daily and the maximum

hourly usage On several occasions during the summer irriga

tion season 1000000 gallons have been drawn from the reser

voir in hour period with all booster pumps operating as

discussed under II 3.b page 14 The storage at this loca

tion needs to be increased to accommodate the domestic and

irrigation requirements of Zone of 2550000 gallons and

the 779000 gallons pumped to Zone from Zone In view

of the actual experience discussed above even when some admin

istrative restrictions have been imposed on irrigation it is

quite essential that an additional storage facility be provided

If the added storage has 1500000 gallons capacity it would

obviate requirements for additioiial storage in Zone

Zone

Located in this Zone is million gallon concrete

ground storage reservoir that floats on the Zone distribu

tion system which serves about 28% of the potable water demands

Top Elevation 4887

Bottom Elevation 4870
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Although this unit is 30 years old it has been

well maintained It has been re-roofed fairly recently so

that no major maintenance is required at present

500000 gallon elevated steel tank also floats

on Zone and operates at the same elevation as the

million gallop reservoir

Top Elevation 4887

Bottom Elevation 4870

ThJ tank fills up sooner than the million gallon

reservoir whJ.qh is fed thru longer transmission lines An

altitude valve has therefore been installed on it to prevent

overflow

This tank and reservoir not only furnish storage

for Zone but are the storage and suction source for the

Wherry booster station which furnishes water to Zones

and The daily water requirements for this Zone as

described in 11.1 page are 1284000 gallons The stor

age requirements in accordance with TM 5-813-4 EM 110-343-

223 are 564000 gpd 50% 1000 gpm hours 60 minutes

522000 gallons

On one recorded occasion during the summer irriga

tion season June 1971 See TableV on pages 35 and 36 the

water storage during day period was depleted to as low as

1650000 gallons before operating booster pumps could replace

the deficit The fastest recorded depletion during hour

period has been 400000 gallons Since the lowest storage

volume of record 1650000 gallons still exceeded the

1284000 gallon storage requirement the storage is consid

ered adequate

_____-
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TABLE NO

RESERVOIR WATER DEPTHS DAILY
STORAGE SHORTAGES DURING CRITICAL PERIOD

JUNE 1971

RESERVOIR DEPTHS WHEN FULL

Old Post 9.0 feet

11/2 Million 29.0 feet

Million and
1/2 Million Tank 16.0 feet

Following depths are at 1201 A.M of date shown

Water production is to midnight of date shown

All pumping facilities were operating at maximum

existing operating production capacity at all

times

Old 3M
Date Post Shortage 1-1/2 Shortage 0.5 Shortage

10th 8.5 10000 27.5 75000 12.5 250000

11th 9.0 11.0 900000 12.5 250000

12th 9.0 11.0 900000 11.0 350000

13th 8.7 5000 19.0 500000 13.5 175000

14th 8.2 20000 10.0 950000 14.5 105000

15th 6.0 90000 10.0 950000 13.0 210000

16th 7.0 60000 2.0 1300000 13.5 175000

17th 7.5 45000 26.0 150000 10.5 385000

18th 8.5 10000 7.0 1100000 12.5 250000

19th 8.5 10000 6.0 1150000 10.5 385000

20th 8.7 NA NA NA NA NA
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Continuation TABLE NO..V

$UMMARY OF MAXIMUM WATER USE

June 1971

Thursday 10

riday 11

Saturday 12

Sunday 13

Monday 14

Tuesday 15

-Wednesday 16

Thur day

Friday

Saturday

335000 4286000

1150000 4850000

1250000 4946600

680000 4185000

1075000 4628700

1250000 4919000

1535000 5070900
Irrigation Holiday

580000 4464700

1360000 5037800

1545000 5014500

CHARTS NOT OPERATING

5101000

4950800

4376 600

4580000

4803700

5204000

411590.0

5244700

5222 800

ota1 Reservoir

Shortage

Total Water
Production

TOTAL DAILY
POTABLE WATER USE

Sum of Production
Reservoir Depletion

17

18

19

20
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DISCUSSiOn of Stora9e Facilities

It was evident on the recording charts that the

water level in the 1-1/2 million gallon reservoir was

regularly lowered io feet to 13 feet in 1-1/2 hour period

beginning at 600 P.M during this critical period This
is the time from 600 P.M to 730 P.M when residents
in all zones are allowed to turn on their lawn sprinklers
This rate of Withdrawal of 650000 gallons in 1-1/2 hours
is 4400 gprn greater than all four Wherry boosters and

Booster 2B can supply

The problem of drastic withdrawal in the ll/2 million
gallon tank during the 6-730 PM domestic irrigation period may
be resolved in two ways An additional 1.5 million gallon
storage facility can be connected to the present tank or

the irrigation schedule could be modified so that only
small part of the total domestic irrigating is done at any
one time The additional 1.5 million gallons of storage
would allow for present hourly irrigation schedules to be

followed and still have 1.5 million gallons of storage for

emergencies
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Miscellany

500000 gallon elevated steel tank stripped of

vital appurtenances in 1946 has been kept painted but is

not considere available for use and no plans are known

for putting it back into service

Several 10000 gallon tanks are used by specialized

industries such as cold storage and the laundry Their

purpose is strictly for special local requirements and

are not consideredas part of the system storage There

are also six 50000 gallon surge tanks used at the six

wells However only storage units described for zone

storage with total capacity of 5000000 gallons will

be considered as Fort Huachucas potable water storage

Generally speaking valving and metering of the lines

and pumps is adequate Swing check valves continue to be

used to protect the booster pumps These create serious

water hammer and should at least be spring loaded checks

There are at least two instances where gate valves are used

to shut off an abandoned line that was part of the existing

system or connects to lower pressure zone It would be

better to cut the abandoned lines and block the ends rather

than depend on valves that may leak past the seat or that

may have gates rusted out Only those valves entirely

necessary for emergency connection between pressure zones

should be left in place

There has been considerable amount of effort expended

and facilities constructed to develop and utilize the water

from springs in Garden and Huachuca Canyons These water

sources have not contributed materially to the peak demands

because these demands occur when spring flows are very low
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The spring flows however are effective in relieving the

pumping of water from the aquifers supplying the wells when

there are large flows from the springs during rainy periods

The total water production of the springs could be

increased by development of program allowing more rain

and snow water to reach the spring-charging areas Officials

of the Post Forestry Department and the Engineers Office

suggested several methods for assisting in this endeavor

Fencing could be constructed so that debris and pollution

from people using recreation areas would not get onto the

spring-charging areas There could also be selective spot

clearing of phreatophites and strip cutting of timber so

that snow lodged in tree crowns would be minimized and so

there would be more open areas for runoff to occur Also

clean-up of deadfall would provide more water absorption

in the spring collection area

Some additional collection of water from the springs

could also be made At Saw Mill Spring located above the

Boy Scout camp in Huachuca Canyon maximum of possibly

200000 gallons per day during deluge rain periods could

be collected However construction of damming and

filtering system and about miles of .6 water line would

be required It is not considered to be practical to
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develop this spring for the limited quantity of water that

could be collected. Another spring is evident along the

roadway up Garden Canyon This is adjacent to the trans

mission line from the upper collection points and so could

be developed to collect possibly 200000 gallons per day

during delue rain periods Although the cost of develop-

ing this ara would probably be considerably less than

developing ihe Saw Mill Spring again it is not considered

practical source during peak demand periods and so

if developed would be only for purposes of saving the

mining of water from the aquifers at the well site

While meters are installed at each booster pumping 1-

unit not all of their recorders are.operative It would

be useful to repair all meters and make regular 24 hour

readings of each It appears that some servicing needs

to be done on the automatic control panel also Post

operations personnel reported that the meter installed on

the wastewater effluent line leading to the Golf Course

irrigation system was not operating properly This should

be repaired and daily reading of it should be reinstated
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III CONCLUSIONS AND RECOMMENDATIONS

COnclusions

Pressure Zone Changes

Better utilization of available pressure may be
accomplished by changing the distribution system serving
both upper and lower motor pool and Apache Flats areas from
Zone to Zone pressure reducing valve currently pre
vents damage to the fittings in this area due to excessive
pressure This valve should be deactivated or removed
Similarly certain portion of Mills Circle residents would
benefit by changing this water system from Zone to Zone
Pressures as low as 13 psi are experienced throughout the
summer months in this area

Production

The peak daily water pumped from the 50000 gallon
supply reservoirs at the wells was 5340000 gallons on June
30 1972 The maximum capacity of the six wells is 5.24 mgd
on 24 hour basis and evidently an additional 100000 gallons
was pumped from storage in the 50000 gallon reservoirs The
maximum well capacity on 16 hour pumping basis is 3.49 mgd
The minimum wastewater treatment plant effluent is 1250000
gallons per day About 1.0 mgd of this water is being used
for irrigation on the golf course and Chaf fee Field The maxi
mum water used on any one day was 5.25 on Thursday June 17
1971 See TABLE page 34 It is estimated that prior to
September 1972 0.25 mgd was being used during summer days for

supplementing the treated wastewater lagoon supply for golf
course irrigation This will no longer be necessary and so the
24 hour pumping of all wells could supply the daily water re
quirements The deficit on the basis of 16 hour pumping of
wells is 5.0 mgd 3.49 mgd 1.51 mgd Additional sources of
water therefore need to be introduced as soon as practicable
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Wells and 42

It can be noted from Tabulation Sheets and

that the bowl settings on Wells and have reached their

limits Both will require bowl lowering in the near future

It would be desirable to install new pumps and motors for

these wells that would have sufficient head characteristics

to discharge directly into the transmission main This would

eliminate the low efficiency of operation now prevailing with

th double pumping system

Wejl

project for increasing the specific capacity of

Well would be worthwhile Since its capacity has been

good in the past but is now about 60% of original capacity

it would be expected that well driller could economically

acidize and surge and redevelop it to its original capacity

Test Well

Test Well located in the east Range has been

proven to be high production well This well could be

equipped and connected to the water system as an additional

source of supply The well has been tested to 1650 gpm and

has maximum specific capacity or yield at 1500 gpm and so

this should be practical pumping rate for it In order

to maximize efficiency of pumping facilities and controllinc

Operation the deep well pump should discharge directly into

the transmission main The pump should be capable of dis

charging against both elevation head and friction of 60

An 18 transmission main should be constructed from

the well to the 18 main now serving Libby Field If this

main is constructed of asbestoscement or cement lined pipe

with smooth bore factor for friction of 120 can be used
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Under these conditions an 18 pipe from the well to the

million gallon reservoir 22000 would develop fric

tion loss of 0.86 22.0 19 If additional flow of 1280

gpm is introduced later making total of 2780 qpm friction

loss would be 2.7 22.0 60 If the main was enlarqed

to 24 the friction loss would be 2.7 7.0 0.65 1-5.0

28 Since it is estimated that the larger pipe would cost

50% more than the 18 the 18 pipe should be used Consider

ation was given to looping the new main with the existing 12
main on Carter Street However the friction loss in the

existing looped system from the presently connected wells was

not thought to be excessive under present pumping conditions

Therefore expenditure of funds for the line over to the new

main is not thought to be justifiable

Well Pump Meters

The arrangement of existing supply lines and booster

pumps at the well sites is adequate However there are no

meters on well pump discharge pipinq to determine flows

Zone Storage

It has been found that the storage capacity of the

prestressed 1.5 million gallon reservoir is not sufficient to

provide storage for emergency fire protection during maximum

hourly use In fact frequently during peak demand periods

1000000 gallons above pumping replacement capacities were

used during hour period Although two additional booster

pumps are recommended they will only provide 65000 gallons

per hour As discussed in Water Storage Zone

new 1.5 million gallon reservoir should be constructed at

the same site and at the same high water and working level

elevation as the 1.5 million gallon reservoir
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Spring Production

A1tiough additional water sources can be developed

from springs their production is practically nil during

peak demand periods and so it is not considered practical to

develop more springs except for the purpose of lessening

overdraw from the aquifers at the well sites

Old Post Reservoir

The Old Post Reservoir has about 70000 gallons of

storage capacity that is not being used and another 100000

gallons that valved off for emergency use only This

100000 gallons is available only by opening gate valve

manually However the situation has operated satisfactorily

since 1939 Since no changes in water use in the zone are

anticipated no changes in equipment or operations will be

recommended in this report

Booster Pumps 41 42A and 2B

There are no pressure control valves on the dis

charge side of Booster Pumps 4l and t2B However there

no unusual water hammer in the piping when pumps are turned

on and off The amp meters indicate that the motors are

overloaded when flow is not throttled Pump curves indicate

that there should be no overload Also the motor on pump 4l

is very noisy indicating some malfunction Post operating

personnel say that they cannot turn on Booster 42A and

il2B tithout tripping the circuit breakers This situation

should be investigated and appropriate modifications or re

pairs implemented Since the well pumps require modifying

and lowering and since booster pumping and electrical switch

gear are quite old and not operating efficiently it would be

desirable to eliminate the booster system and install new

well pumps that discharge directly into the transmission main
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Operational Controls

On one occasion it was observed that the surge

tank drain at Well was open and continuously draining

water from it without the operator beinc aware of it
tell-tale device in the operating room could prevent this

happening

Abandoned Lines

It was observed that the gate valve on the old

Potable water inlet to the wastewater lagoon was leaking
It would be advisable for this line the old line to the

1-1/2 million gallon reservoir and any other lines that

have been abandoned to be cut off and plugged

Booster Replacement

Under existing operating conditions Booster Pump

41 is delivering only about 300 gpm against 500 TDH instead

of its design capacity of 450 gpm against 7l0 TDH Its

motor is very noisy and sounds like it may be defective

Since this pump and motor are 34 years old they should be

replaced instead of repaired

Wastewater Reuse

The treated wastewater from the two plants has been

used successfully for irrigating the golf course and Chaffee

Field at maximum rate of about 1.0 mgd The minimum aver

age daily flow of any day period from the two treatment

plants is about 1.25 million gallons There is therefore

250000 gallons per day of treated wastewater available for

irrigating areas now being irrigated with potable water
These additional areas would have to be approved by the

Medical Department Some of these areas might be those
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around Ge1ey Iial and Barnes Field as well as pther less

definable areas Prior to September 1972 an estimated

250000 gallons per day maximum of potable water was being

used for golf course irrigation This potable water will no

longer be needed for irrigation Although the Post öemetery

is one of the larger irrigated areas its location is too far

from the available wastewater source to be considered for use

of wastewatez If the Medical Department should mit tse

of wastewater plant effluent for irrigation of the hospital

groundthereisa possibility that the abandoned 10 water

transmission main could be used as portion of he transmis

sion system or the effluent if surge tank is used for

settling particles that may spall off from its interior The

mg/l of phosphates in the wastewater make it unsuitable for

use in the lakes because it creates profuse plant growth The

plant growth is desirable on land and so the wastewater should

be used to the utmost for land irrigation

Wherry Booster Additions

The Wherry Booster Station has not been able to keep

up with the peak demands in Zone They also create objec

tionable water hammer when starting and stopping and so should

have spring loaded check valves on their discharge lines Th

existing piping system in the booster station and building are

not adaptable to expansion It is therefore eçessary tO con

struct another booster station This preferably should take

suction from the 18 pipe and the 12 pipe now discharging

overhead into the million gallon reservoir and should also

be tapped underground and connected to the suction header

Automatic Controls

The pump control system is not yet being ut1ized

continuously and so there is some question as to whether the

pumping facilities are being operated at maximum efficiency
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Although according to the curve data sheets the

motors were quite adequately sized to operate the booster

pumps under all head conditions some of the pumps are being

throttled to prevent what is thouciht to be an overlod on

the motors at lower head conditions The 12 discharge valve

for booster pump 2B was found to be about 85% closed Other

booster pumps at the well sites are also being throttled

with gate valves to prevent exhausting the storage in suc

tion reservoirs faster than the well pumps can fill them

more efficient method of controlling the discharge would

be to install control valve in conjunction with an orifice

plate for sensing head differentials to control the flow to

constant quantity under varying head conditions

Storage Level Adjustments

The well pump storage tank water levels and the

booster pump shut-off at low reservoir levels are controlled

by Mercoid switches with sensing line connected to the

booster pump suction lines rather than to the reservoirs

This makes them difficult to adjust properly and so the

operating differential is only about feet in the 10 foot

deep reservoirs rather than desirable feet

Irrigation Scheduling

As temporary means of operating the present water

system until construction of recommended facilities can be

completed irrigation might be staggered by administrative

direction so as not to concentrate it during any short period

of time and to have opposite sides of streets or alternate

blocks of houses to irrigate on only day alternating

basis Commercial irrigation might similarly be alternated
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Recommendations

The previous sections of this report have described

the current status of Fort Huachucas water supply system

This section lists recommendations for the major factors

involved in adding to and changing the existing system and

its operation to provide adequate water service to the Post

facilities Some other minor factors that could probably

be accomplished by Post personnel were discussed under

Conclusions above and are not repeated below Either

planning for or actually processing the following recommenda

tions should be started.as soon as practicable Location of

recommendations thru are shown on PLATE NO

Pressure Zone Changes

The boundary between Zones and should be

changed by connecting water mains and by blocking the ends of

others at seven locations as shown on Sketch No 15

Well Pumping Equipment Transmission Main

The existing test well lOcated in Section .16

should be equipped with well pumping equipment capable of

delivering about 1500 gpm of water directly into the trans

mission main thru adequate water pressure control equipment

against head of 520 feet at the inlet to the main The

pumping equipment should be controlled from the central

control panel and have its starting and stopping sequenced

with pumps at the other wells The panel should have motor

running lights on-offautomatic switch and an indicator

totalizer-recorder showing meter performance

An 18 transmission main should then be constructed

from the well pump to tie into the 18 main at Libby Field

See Sketch 16
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Additional Booster Pumps

new booster station Consisting of two pumps

with capacity of 535 gpm each and necessary housing should

be constructed to supplement the Wherry booster station

The pumps should take suction from the 18 main near

Hatfield and Burns Streets and discharge into the 14 main

at discharge pressure at the entrance into the 14 main

of 230 feet or 100 psi

The pumps should be controlled from the central

control station and have starting and stopping sequences

alternated with pumps 6A 6B 6C and 6D The 12 main

that discharges overhead into the million gallon reservoir

should also be tapped underground and connected to the

booster station suction header with 12 pipe

Booster Pump Replacement

Booster Pump and motor should be replaced

However as described in Conclusions paragraphs and

j.above the present double pumping station should be elimi

nated and replaced with well pumps discharging directly into

the transmission main

Additional Storage

1.5 million gallon storage reservoir should be

constructed at the same site and top water level working

elevation as the existing 1-1/2 million gallon reservoir in

Zone It should be interconnected with the existing

reservoir supply piping
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Power Supplies Motors

The motors on all pumps should be checked out

and should be replaced if overloaded by the pumps at maxi

mum load conditions The electrical power equipment at

the site of Wells and should be reconditioned or

replaced so that al.l pumps in the area can be operating

simultaneously

pmp Controls

Pump controls should be arranged or supplemented

for activat4.ng and alternating the starting sequence of

booster pump numbers andthe proposed new test

well pump from water elevations in the million gallon

reservoir

Similarly the controls for the four Wherry booster

pumps and the proposed two new booster pumps nearby should

be supplemented to activate the new pumps and to alternate

their starting sequence with the existing pumps Activation

should be sensed from water elevations in the 11/2 million

gallon reservoir but none of these pumps should start until

pumps at the site of Wells and are unable to keep the

reservoir full

The automatic controls for pumps at the site of

Wells and should continue to be activated from sensors

in the 1-1/2 million gallon reservoir to maintain the water

level as near the overflow as practicable

Redevelop Well

Well should be acidized and redeveloped by

well driller to obtain as nearly as practicable its original

capacity

3-1150



Plug Abandoned Lines

The valves on the steel lines at the wastewater

treatment lagoon and near the 1-1/2 million gallon reservoir

should be removed and the lines plugged to prevent leakage

Any other abandoned lines not found during the investigation

for this report should also be plugged

Reset Well and Pump Bowls

Bowl settings on Well and Well pumps are

fairly close to the danger point and should be lowered before

they start sucking air In lieu of lowering present pumps

it would increase operating efficiency by an estimated 100%

if new pumps were installed in the wells and discharged

directly into the distribution main

Valving Changes

Install spring loaded check valves on all booster

pump discharge lines on which patented slam valves are not

currently installed Wherry booster pumps particularly need

these valves

Extend non-potable irrigation system

The wastewater irrigation lines in the Chaf fee

Field area should be extended to any other locations such

as areas around Greely Hall Barnes Field House and barracks

complexes which the Medical Department will approve for the

use of treated wastewater in Zone tB Wastewater pumping

facilities should then be expanded to transport arid pressur

ize the approximately 0.25 mgd of surplus wastewater now

available to the proposed new irrigation lines
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Additional Well Development

Drill equip and connect to the existing water

system new water well at location directed by the

Corps of Engineers from information either already developed

or to bedeveloped This would he used for supplementincr

th existing water sources as additional supplymy be

needed in t1e future due to increases in average per capita

uses or possible population increases

Bo.pster Pumping Station Replacement

equipment at the and well site

booster pumping stations deteriorates it would be desirable

to eliminate the low efficiency of double pumping by install

ing pumps in the wells to discharge direct to the transmis

sion mains
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TABULATION SHEET NO

DEEP WELL AND PUMP NO Floor Elev 4641.00

PUMP

Elev 3938

Elev 4152 1958

Elev 4122 1971

500 gpm Elev 4121 1958

594 gpm Elev 4083 1971

Elev 4081

Submersible

PRIME MOVER
Information
Not available

New pump after first test

DRILLED

DRILLER

DIAMETER

CASED DEPTH

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP OF BOWL SETTING

1939

W.E Lane Warren Arizona

14 inches

703 ft

489 ft

519 ft

520 ft

558 ft

560 ft
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TABULATION SHEET NO

DEEP WELL AND PUMP NO

DRILLED

DRILLER

DIAMETER

CASED DEPTH

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP OF BOWL SETTING

Floor Elev 4641.2

1940

Lane Warren Arizona

14 inches

710 ft

490 ft

516 ft

520 ft

552 ft

560 ft

PUMP Wintroath Pumps Inc
Aihambra California
Serial 2803
Elev C/L discharge 4642.5

PRIME MOVER U.S Asbestos Protected Motor
Serial No 1000340
Type CVF NRR
H.P 125 Ph
Power 2300 volts 60 excess

Elev 3931

Elev 4153 1958

Elev 4125 1971

750 gpm Elev 4124 1958

615 gpm Elev 4089 1971

Elev 4081
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TABULATION STEET NO

DEEP WELIJ AND PUMP NO Floor Elev 4619.3

PUMP Worthington
Size 12 M903 stage
Serial VTP 23671

PRI MI MOJER U.S. Motor Ho11owshat
I-I.P 200 phase
Power 2300 volts 6Q cycles 46 amps

Speed 1770 RPM

Nw pump after first test

1942DRILLED

LRI
...

Unic.own

DI4ER 18 16 inches

CASED DER 802 ft Elev 3817

STATIC WAERLE VEL 471 ft E1ev 4148 1958

503 ft Elev 4116 1971

RUNNING WATER LEVEL 504 ft 700 gpm Elev 4115 19.58

546 ft 760 gpIi Elev .4013 1971

TOP OF BOWL ETTING 6-50 ft Elev 3969
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TABULATION SHEET NO

DEEP WELL AND PUMP NO

DRILLED

DRILLER

DIAMETER

CASED DEPTH

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP OF BOWL SETTING

Floor Elev 4619.3

1942

Unknown

18 inches

807 ft Elev 3812

462 ft Elev 4157 1942

490 ft Elev 4129 1971

480 ft 700 gpm Elev 4139 1942

505 ft 610 gpm Elev 4115 1971

555 ft Elev 4064

PUMP Pomona
Serial ffB737
Elev C/L of Discharge 4620.1

PRIME MOVER General Electric Motor
Model 12 3306

Type KF
H.P 125

2300 volts3 phase 29.2 amps

3-1157



ThULATXON SHEET NO

bEEP WELL Nb PUMP Floor Elev 4610

PUMP

454 ft Elev 4156 1958

489 ft Elev 4121 1971

504 ft Elev 4106 700 gpm 1958

583 ft Elev 4027 576 gpm 1971

Throttled tO 450 gprn

650 ft EleV 3960

2721 Worthington
12M90E stage
Serial VTP 23673

PRIME MOVER U.S Electrical Motors
Model Hollowshaft J1422422

Type HV
Speed 1770 IPM
Power 2300 volts phase 6.0 cycles
H.P 200

1942

Unknown

18 16inches

800 ft

bRILLED

DRILLER

DIAMETER

CASED bEPTh

STATIC WAThR LEVEL

RU1NliG WATER LEVEL

TOP OF BOWL SETIING
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TABULATION SHEET NO

DEEP WELL AND PUMP NO

DRILLED

DRILLER

DIAMETER

DEPTH

CASED DEPTH

DIAMETER

Ground Elev 4642.7

Feb 15 1958

J.R Sharp Bisbee Arizona

16 18 inches

Oto 80316 803to12308
803 ft

16 I.D 5/16 Wall Welded Plate

Pipe with 11/4 1211 Drive Shoe

Perforated from 500 to 7601

492 ft Elev 4151 1958

516 ft Elev 4127 1971

Not available in 1958

532 ft 600 gpm Elev 4111 1971

570 ft Elev 4073

Johnson Submersible
Serial JR 5981

Type 10 DS 14 stages
H.P 150

Model 1S5OB3lOD
Power 440 volts phase 60 cycles

Capacity 750 gpm 555 TDH

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP OF BOWL SETTING

PUMP
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TAIOi SHET NO

DEEP WEI ND UM NO Test Well -Ground Eelv abbut 4426

DRiLIED

DRILLER

DIAMETER

CASING DEPTH

STATIC WATER LV
RUNNING WATER ELEV

TOP OF BOWl.1 SETTING

PUMP

PRIME MOVER

Beylik Drilling Inc
La HAbrCa1ifofæia

16 inches

800

4144

4118 ft 710 gpm Test Pump
4085 ft 1650 gpm Test Pump

415 ft Elev 4011 Test Pump

Temporary Peerless Turbine

Temporary GMC Diesel Engine

This Test Well has been capped

pending authorization for further

development

1971
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TABULATION SHEET NO

BOOSTER PUMP NO

United Iron Works
Oakland California
Size M.S stage
Job 4135
Date 53139
Rated 450 gpm 710 head
Elev C/L Pump 4637

For additional information -see Curve

Prime Mover
Ideal Electric Manufacturing Co
Model 228053
Type
150 HP
2300 Volts

BOOSTER PUMP NO 2A

United Iron Works
Oakland California
Size M.S.-C stage
Job 8830
Date 12341
Rated 700 gpm 270 head
Elev C/L Pump 4638.5

For additional information see Curve

BOOSTER PUMP NO 2B

United Iron Works
Oakland California
Size M.S.C stage
Job 8829
Date 11041
Rated 700 gpm 710 Head
Elev C/L Pump 4638.5

For Additional information see Curve

Prime Mover
U.S Electric

1422438
100 H.P
2300

NOW United Centrifugal Pumps
580 Second Street
Oakland Calif
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T.UtTN

NO .4 ii4

Floway Pup Irc
P.O 104 Frsro Ca1ifoiiia

p4A 1868C--0272Se 12 Type OMH stages
90Q 9pfl 320 TDH

$ejaJ 4683l6i

I4ve
.J iectric.Ho11owshaft
Sil 1422438

.Dsign Code

100

Pç.k.qer 2300 volts 23.5 amps phase 60 cycles
Seea 1770 RPM

BOOST NQ

Johnston V.rtiCa Pump
$erial JW 3338

rJIi Mover
Gen eral Electric Motor
Model ic 6266 ç88A
li.P 75 440 volts
Type Cde
Speed 3550 RPM
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TABULATION SHEET NO 10

BOOSTER PUMPS NO 6A 6B 6C and 6D are identical

PUMP Fairbanks-Morse
5814 K56070
5814 K66690
5814 K67516

K67509

PRIME MOVER Fairbanks-Morse
50 H.P 1770 RPM
440 volts 59 amps phase
S.F 1.15

Type

SEE TABLE 24 hour duty

BOOSTER PUMPS NO 7A 7B and 7C are identical

PUMP Worthington
Serial 440411
500 gpin 240 TDH
3600 RPM 81/2 impeller

PRIME MOVER Marathon Electric
Model XE 364 USTDR5AA

Type TDR-BE
H.P 50

Power 480 volts 53 amps 60 cycles
Serial 52273
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Fox Robert 1972 Water Resources of Portion of San Pedro
River Valley Arizona

Heindi L.A 1952 Upper San Pedro Basin Cochise County in
Ground Water in the Gila River Basin and Adjacent Areas Arizona Summary
by L.C Halpenny and others US Geological Survey Open File Report 69-
86

John Carollo Engineers 1971 Water Supply Study Phase Fort
iluachuca Arizona prepared for Sacramento District Corps of Engineers

Post Engineer Fort Huachuca 1970 Analysis of Water Resources
Fort Huachuca Arizona

US Army Engineer District Los Angeles Corps of Engineers 1969
Master Plan Analysis of Existing Facilities US Army Garrison Fort -Luachuca
Arizona

US Army Engineer District Sacramento Corps of Engineers 1970
Summary of Ground Water Supply Conditions Fort Huachuca Arizona

1971 Water Supply Investigation Interim Report

________ 1972 Final Report on Test Well Drilling and Study of
Conditions Fort iluachuca Cochise County Arizona

Geographic Setting Fort 1-luachuca is located in Cochise County south
eastern Arizona in the Basin and Range Lowland province about 15 miles north
of the Mexican Border and 75 miles southeast of Tucson The south and south
west boundaries of the reservation follow the crest of the Huachuca ountains

northwest trending mountain range The west boundary extends from the
northern end of the range north to Babocomari River To the north and north
east the boundary extends along the Babocomari almost to the San Pedro
River near Charleston The main post area of Fort Huachuca is situated on
the northeast flank of the Huachuca Mountains between elevations 4700
feet and 4900 feet The ground surface slopes gently to the northeast and
is Cut by nwnerous drainage ravines Immediately east of the main gate is
the town of Sierra Vista. Private homes and ranches are scattered to the
east and southeast The main post area and the East Range are shown on the
topographic map Inclosure

Place Names and Locations The entire reservation is referred to as Fort
Iuachuca and its boundaries as reservation boundaries Inclosure The
town of Sierra Vista is east of the main post area adjacent to the reserva
tion boundary and is rapidly extending eastward The Post Well Field is
between the post and Sierra Vista The northern part of the reservation is
divided by State Highway 90 running northwest from Sierra Vista The area
east of the highway is called the East Range Garden Canyon is the largest
canyon on the east side of the Huachuca Mountains its mouth is about miles
south of the post living quarters area Preexisting wells are referred to

by numbering system used by the US Geological Survey For example the well
about miles northeast of the post with water elevation 4154



PART

Authorization The overall Upper San Pedro River Basin ground water study

was authorized by TWX dated 20 June 1972 from the Department of the Army

to STPATC0M subject Water Resources Fort Huachuca SPD letter dated

15 November 1972 subject Water Supply Study Fort Huachuca Arizona
assigns technical responsibility to the Sacramento District in all

engineeringgeological aspects of the study Authorization and funding for

field exploration was contained in Directive No SPD1 dated 21 August 1972

and SPD4 dated 29 March 1973 Foundation and Materials Branch was requested

to develop an exploration program prepare plans and specifications and

supervise and administer contract work by Sacramento District Service Re
quests 511.1R 73.2 dated September 1972 and 51l.1R 73.3 dated 16 April

1973

Purpose and Scope The present study which is continuation of study
that began in 1970 is intended to make an overall assessment of the water

resources at Fort Huachuca and the long range impact of water resources on

the growth and development of the Post and surrounding areas It is co
operative project with contributions being made by the Tucson office of the

US Geological Survey and the Arizona Water Commission The Los Angeles

District has responsibility for coordination with other agencies and for

putting the compiled data into single report Inasmuch as the Sacramento

Districts responsibility is limited to engineering and geological aspects
this report will be restricted to discussion of geologic field work test

well drilling and results updating previous reports on geohydrologic con
ditions and making recommendations on areas that are considered to be the

most promising for future ground water development Information on recently

completed field work including construction and testing of new test wells

is contained in Part II of this report

References The following published and unpublished reports contain infor
mation pertinent to the present San Pedro Basin ground water study

Blanton and Cole 1958 Investigation of Existing and Proposed Water

System at Fort Huachuca Arizona prepared for Los Angeles District Corps of

Engineers

Blanton and Company 1973 Investigation and Recommendations for

Upgrading the Water System at Fort Huachuca Arizona prepared for Sacramento

District Corps of hngineers

Brown S.G Davidson E.S Kister L.R and Thomasen B.W 1966
Water Resources of Fort Huachuca Military Reservation Southeastern Arizona

US Geological Survey Water Supply Paper 1819D 57

Davidson E.S and Wnite N.C 1963 San Pedro River Valley in

Annual Report on Ground Water in Arizona Spring 1962 to Spring 1963 by

ND White R.S Stulik E.K Morse and others Arizona State Land Depart
ment Water Resources Report 15 6876

141



Inclosure is numbered 2120 22bbb which indicates that it is in

T2LS R2OE Section 22 The code bbb places it in the northwest corner

of the section see of reference This well is known as the

spatial resolution well Post production wells are known as Post Wells

through The test wells that have been drilled and tested to evaluate

the area near Libby Field and the East Range are referred to as Test Wells

through Using the USGS system East Range test wells are designated as

follows

Test Well 2120 16 aac

Test Well 2120 15 acd

Test Well 2120 16 adb

Test Well 2120 35 ccb

Test Well 2120 11 bcd

Test Well 2120 13 cbb

Test Well 2121 17 bcc

Climate and Rainfall The climate of the area is mild sunny and dry
Mean yearly temperature is 61 Average annual precipitation is about

15 inches at Post Headquarters and as much as 25 inches in the mountain

range Summer thundershowers fall mainly on the plains but often are

accompanied by very little rainfall in the mountains Conversely the

steady winter rains fall more heavily in the mountains than on the flat

areas Thus in the 1964 Administrative Report of the US Geological

Survey Figure shows heavy rainfall in July and August 1961 at Fort

iluachuca but practically no runoff in Garden Canyon Figure 10 of USGS

Water Supply Paper 1819D shows that most of Garden Canyon runoff in 1959

63 occurred in the winter months

Evaporation is major factor during most of the year According to

the USGS most of the sununer rainfall and most of the canyon runoff is

taken by evapotranspiration before it can percolate into the alluvium and

contribute to ground water recharge

Geologic Setting

The Huachuca Mountains on the southwestern boundary of the fort are

faulted complex of granite carbonate rocks conglomerate and claystone

ranging in age from Precambrian to Tertiary The San Pedro Basin northeast

of the mountains is filled with alluvial sediments referred to as basin

fill The basin fill is 360 to 800 feet thick Bedding dips gently away

from the mountain front toward the San Pedro River The basin fill over

lies variably cemented gravelly sediments referred to as the Pantano Forma

tion which is faulted and tilted to the southwest toward the mountain

front detailed description of the geology is presented in USGS Water

Supply Paper 1819D

geologic description of the basin sediments follows

Stream alluvium and Lightreddishbrown to light brown sand

terrace deposits gravel and clay locally derived

Thickness 0100 feet



Upper-Unit of Basin Fill Reddishbrown gravel sand and silt some

red and green clay and limy silt Thick
ness 163 to 331 feet in test well area

Lower Unit of Basin Fill Lightgray to brown gravel and sandstone

strong to weakly cemented lenticular

locally derived cobbles and pebbles of

quartz granite limestone quartzite
and rhyolitio tuff The gravels are poorly
sorted and contain mixture of silt sand
cobbles and boulders The sandstones con
tain interstitial clay Thickness 100 to

420 feet in test well area

Pantano Formation Dark reddishbrown to brownishgray gravel

sand and silt variably cemented boulders

as much as feet in diameter fragments

composed of purple to red thyolitic tuff
gray to pink felsitic tuff purple to dark

green andesite red and maroon shale and

siltstone light yellow granite dark gray

limestone and light gray to white quartzite
Thickness is 663 feet in Test Well 774

feet drilled in Test Well near Libby

Field

Geology of the Test Well Area Ground surface in the test well area is

covered with terrace deposits or stream alluvium The stream alluvium

mostly occupying the floors of dry washes that are typical of the desert
was probably derived chiefly from the terrace deposits and perhaps the upper

part of the basin fill It consists of sand or sand and gravel in various

proportions with few cobbles in some areas In the East Range where Test

Wells through are located the terrace deposit ranges in thickness from

35 to 70 feet It consists mostly of sand with varying though generally

low anmunts of reddishbrown clay The upper few feet contain higher

percentage of clay generally in the range of 20 to 40 percent and in

few locations the near surface material is sandy clay few small gravel

particles and thin streaks of caliche are present near ground surface

The upper and lower units of basin fill which underlie the terrace

deposits were described in detail in the previous report Ref In the

test wells just drilled the upper unit consists of clay fine to coarse

sand and 1/4 to 1/2inch gravel in various combinations Some layers

exhibit high degree of sorting some show little sorting in the size

ranges between clay and small gravel degree of sorting is shown through
out by distinct lack of larger gravel sizes and cobbles The most common

soil types found are sand and clayey sand followed by sandy clay and sand
or claysand combinations containing small gravels Brown reddish brown
and tan are the most common colors although light gray greenish gray and

maroon clays are found in the eastern part of the area The light gray clay

Ii



is limey Cementation is generally weak or nonexistent and the material is

easily drilled In the seven test wells drilled in the East Range area the

thickness of the upper unit ranges from 163 feet in Test Well to 331 feet

in Test Well

The lower unit of basin fill is similar to the upper unit as far as

soil types are concerned Sand and clayey sand are the most common types

except in Test Well which has more clay and sandy clay The lower unit

has scattered thin zones containing cobbles and few layers or lenses con

taining small gravels Overall color is generally lighter shade of brown

than the upper unit or it is brownish gray At some locations the lower

part of the lower unit is darker in color because of the increasing number

of dark brown and maroon sand grains It appears to be reworked Pantano

Formation Cementation and hardness are highly variable although there is

generally gradual increase in both with depth Overall the layer is

slightly more consolidated and cemented than the upper unit The drilled

thickness of the lower unit in the East Range area ranges from 139 feet in

Test Well to 420 feet in Test Well

The Pantano Formation which underlies the basin fill is slightly

demented to moderately well cemented dark brown to reddish brown conglomerate

It was encountered in all four test wells and was penetrated completely by

Test Well In Well it extends to depth of 1295 feet and is 663 feet

thick In Test Wells .4 and the Pantano Formation is coarse grained

consisting chiefly of sandy gravel and gravelly sand with small amount of

interstitial clay In thefour new test wells the formation is either much

finer grained or else the cuttings were ground up to large extent by drill

ing In Test Wells and cuttings from the Pantano are mostly fine

to medium grained angular sand containing small amount of brown clay Geo

physical logs indicates that the formation has alternating thin layers of

harder more cemented and softer rock with slight increase in cementation

and decrease in porosity with increasing depth

Underlying the Pantano Formation is hard well cemented volcanic con

glomerate which is thought to be the Bronco Volcanics The cuttings recovered

from Test Well were obviously ground up by drilling They consisted of

angular to subround fine to coarse sand mostly dark green dark gray brown

and maroon volcanics with few small grains of calcite which were probably

fracture fillings in larger fragments The geophysical logs as well as the

drillg tIme log indicate that the formation Is considerably harder more

cemented and tighter than the Pantano Formation In Test Well it extends

from 1295 feet to 1501 feet the bottom of the well

Ground Water Conditions The test drilling just completed was intended in

at least one location to define the vertical limits of the aquifer that is

to locate the bottom of the Pantano Formation and explore the formation

directly beneath it The Pantano was fully penetrated by Test Well and

hard well cemented volcanic conglomerate with low porosity and permeability

was encountered at 1295 feet The volcanic conglomerate is not considered to

be water producer except in fracture zones and the aquifer can therefore



be defined as the saturated part of the upper and lower units of basin fill

and the Pantano Formation

The geohydrologic characteristics of the upper and lower units of basin

fill are highly variable within short distances and are predictable only

in general way It would be expected that the deposits would be coarser

grained near their source which is thought to be the Huachuca Iountains

and the mountains to the southwest and west and would gradually become

finer grained with increasing distance from the mountains This is only

partly true however Boulders and cobbles apparently decrease with dis

tance from the mountains and gravel sizes may also decrease but sand and

siltyclay deposits do not follow predictable pattern In the East Range

area stream currents have apparently played major role in determining

aquifer characteristics by the sorting and deposition of the finergrained

materials The only pattern suggested by test drilling indicates more

permeable band of deposits extending from Test Wells and through Test

Well to Test Well and less permeable area to the south and southeast

where Test Wells and are located There is no.information concerning

the area north and west of Test Wells and Test Wells and

have the lowest specific capacity and highest proportion of fines of any

of the East Range test wells Yet Well is only mile southwest of Test

Wells and and about mile northwest of the spatial resolution well

which had moderate specific capacity 16 gpm/foot Test Well is the

easternmost well

The highly variable character of the basin fill deposits is best illus

trated by Test Well and the associated observation well which was drilled

100 feet to the west The drill cuttings from the two wells had very little

similarity from ground surface to 468 feet the depth of the observation

well About 20 percent of the formation penetrated by Test Well was clayey

to the point of having very low permeability but about 45 percent of the

observation well had similar conditions The observation well was extended

beyond the 350foot depth originally planned to insure that sufficient

thickness of permeable material had been penetrated to make an adequate

hydraulic connection with Test Well Drill cuttings and geophysical logs

from Well suggested that it would be good producer yet the specific

capacity was relatively low This suggests the liklihood of barrier

around the well that restricts inflow from the surrounding aquifer That is

consistent with the low permeability of the basin fill at the observation

well

Another indication of differing aquifer characteristics is the range of

values for specific capacity of the different wells specific capacity is

measure of well productivity It is obtained by dividing the pumping rate

in gallon per minute by the drawdown in feet and is expressed as gpm per

foot of drawdown Average figures for all the wells in the East Range

area for which pumping data are available are tabulated below For compari

son the specific capacities of the Post wells are also included



Well Designation Specific Capacity

Test Well 22 gprn/ft
Test Well gpm/ft
Test Well 29 gpm/ft
Test Well 21 gpm/ft
Test Well 23 gpm/ft
Test Well 10 gpm/ft
Test Well 8.6 gpm/ft

Spatial Resolution Well 16 gpm/ft

Post Well 15.4 gpm/ft at 593 gptn

Post Well 171 gpm/ft at 615 gpm
Post Well 17.7 gpm/ft at 760 gpni

Post Well 40.7 gpm/ft at 611 gpm
Post Well 6.2 gpm/ft at 450 gpm
Post Well 375 gpm/ft at 601 gpm

Information on Post Wells from Blanton and Company report reference

Values are for 1971 production

Previous reports have suggested that theupper unit of basin fill is

better water producer than the lower unit The recent test well drilling
indicates that this is not necessarily true and that permeability is related

more to clay content than consolidation and cementation It also suggests
that either unit can be more permeable than the other depending on local
conditions of sorting and deposition For example Test Well has 208.5
feet of upper basin fill that is saturated but has the lowest specific

capacity Well has theleast saturated upper basin fill 1.8 feet and
the highest specific capacity Test Well apparently draws mostly from
the lower unit of basin fill Test Well which is second to Well as

good producer has only 81 feet of saturated upper basin fill and apparently
produces mainly from its 320 feet of lower basin fill

In spite of the highly variable nature of the basin fill deposits they
are considered to be the primary water producers in the East Range area The
Pantano Formation was thought to be barren except in fractured zones prior
to the first test drilling It now appears that it produces mainly through

pore space between grains Geophysical logs as well as drill cuttings sug
gest that it can produce small to moderate amounts of water although it

is not nearly as permeable as the basin fill units This conclusion is

also supported by pumping tests in Test Wells and which produce entirely
from the Pantano

The Pantano Formation Is considered to be the basal unit of the aquifer
The ronco Volcanics which underlie the Paitano at least in the vicinity of
Test Well is hard well cemented formation Well cuttings and geo
physical logs indicate that it is essentially impermeable except in fracture

zones
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The four new test wells were drilled between the 4100 and 4150foot
ground water contours where the water table gradient is relatively flat

Inclosure Water levels at the new test wells are consistent with pre
vious measurements and the most recent water level measurements in the

East Range area indicate that the ground water surface has remained essen
tially stable since the previous report was issued in April 1972 Water
levels for those wells In the East Range area that can be measured are
tabulated as follows

Water Depth Water Depth
Well Designation September 1973 Elevation February 1972 Elevation

Test Well 277.45 41426 277.1 4142.9
Test Well 275.54 4149.5 275.05 4150.0
Test Well 282.0 4144.0 281.8 4144.2
Spatial Resolution

Well 326.02 4154 326.3 4.1537
Test Well 149.19 4137.8
Test Well 213.20 4133.5
Test Well 243.55 4145.8
Test Well 156.50 4142

Although the water level has been stable in the East Range and other areas
that are not pumped appreciably the most recent water level measurements
which were made September to November 1973 indicate that the steady decline
of the water table reported previously is continuing in the areas that are

heavily pumped The best information available indicates that the decline
since the last water level measurements were made ranges from to feet in
the Post Well FieldSierra Vista area However some of the previous readings
went back as far as 1968 Still the maximum rate of decline is as much as

1.8 feet per year which is similar or slightly higher than that reported pre
viously Although distinct cones of depression have not formed in newly de
veloped areas the declining water table is following the residential and

commercial development to the east and southeast and is expected to continue
with further expansion of Sierra Vista Little reliable information is avail
able fOr the Huachuca City area but it is apparent that the water table is

declining perhaps on the order of foot or less per year The cone of de
pression around Huachuca City does not appear to be expanding rapidly and is

still separate from the cone at Sierra Vista

new ground water map has been prepared as part of the present investi
gation Inclosure The main differences between it and previous maps are

slignt modifications in the 4100 and 4150 contours to reflect recently de
termined water levels in Test Wells through change in the configura
tion of the cone of depression surrounding the Post well field and the elimina
tion of the ground water ridge or nose east of Sierra Vista. The information
obtained from the new test wells is reasonably consistent with previous data

and the slight revisions in the ground water contours in the East Range re
quires no explanation The change at the Post well field is result of new

readings that suggest previous readings from two wells were in error probably
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due to malfunctioning air line measuring devices The new readings
which are believed to be reliable indicate that the lowest part of the
cone is elevation 4117 at Well This eliminates the 4100foot contour
around Well as previously shown and shifts the 4150 contour to the
southwest and west The 4150 contour is also expanding to the east as

result of increased pumpage in that direction at residential and commercial

developments The prominent nose that appeared on previous maps about
miles east of the Posts main gate has disappeared as significant feature
because of new water level measurements in that area It appears now that
old measurements made in shallow stock wells represented perched water
level Readings from recently drilled deep wells reflect entirely different
water levels and water table configuration

Although the revised ground water map represents minimal number of
new water level readings it represents the best information available
Other water level measurements would be highly desirable especially in
some key wells but unfortunately they are impossible to obtain Many
privatelyowned wells are not designed for taking water level readings and
can only be measured when the pump head has been pulled for repairs or other
reasons However the map depicts the conditions that would be expected
namely that the water level is continuing to decline in heavily pumped areas
and that the cone of depression is gradually extending into the recently
developed areas where pumpage has been increasing In areas that are isolated
and have not been developed extensively for water production such as the
East Range the water level has remained essentially stable since February
1972 It is somewhat encouraging that the cones of depression surrounding
the post well field and the Huachuca City areas have not expanded more than
they have

Results of Test Well Drilling The recent test well drilling confirms much
of the information obtained from the previous investigations namely that
the water table is very flat in the East Range that the primary water
producers are the upper and lower units of basin fill that the Pantano
Formation has low to moderate permeability that the basin fill deposits
are highly variable laterally as far as soil types and permeabilities are
concerned that the vertical boundaries between geologic units are fairly
regular and predictable and that the aquifer in the East Range is suffi
ciently permeable to make feasible new well field there New information
resulting from the 1973 drilling include determination of aquifer thick
ness at one location Test Well and an extension of detailed knowledge
of geologic conditions into large area of the East Range This permits

realistic well field design based on aquifer permeability The drilling
and test pumping have also made major contribution to the digital model

analysis that is being done by the Arizona Water Commission The digital
model when verification has been completed will be used to analyze well
locations and interactions to determine the best pattern to be used in
future well field as well as the broader consideration of how the water
supply is going to react basinwide to various projected population figures



Location and Design of New Well Field As the april 1972 report ref

pointed out there are four distinct areas of Fort Huachuca that might

be consiered as potential locations of new wells North of the post

proper and west of Highway 90 Libby Field area and westward where ground

water Is in the Pantano Formation the Post Well FieldSierra Vista

area where the basin fill units are thick and produce most of the ground

water being used the strip of alluvial apron extending southeast of

the Post Well Field to the mouth of Garden Canyon and the East Range

area Area was explored by Test Wells and in the previous test well F-

drilling The water table there is only few feet higher in elevation

than it is in the East Range test wells and the aquifer is the lower yield

ing Pantano Formation Wells located in this area would be difficult and

expensive to construct and would be low to moderate producers larger

number of wells would therefore be needed for given quantity of watr

and pumping costs would not be appreciably louer than from other areas

Initial costs of extra wells would partly or perhaps wholly offset the cost

of pipeline to bring water in from other areas The area is not considered

feasible for the location of well field Area the present Post Well

Field is overdrawn at the present and is too vulnerable to developments

on private land in and around Sierra Vista Area is small and it too is

vulnerable to private developments such as Tenneco to the east and south

east

The East Range area is the only one worth serious consideration Its

only real disadvantage is the distance from there to the use area in the

main post It has several advantages which are discussed in the following

paragraphs

The East Range is an extensive area comprising about 44 square miles

The city of Sierra Vista is developing along its southwestern boundary and

auachuca City is just outside its northwest corner However most of it

is isolated from developments at the present and in the foreseeable future

Its size provides great deal of isolation from private developments that

might compete with the post for water and also permits sufficient spread

between production wells to minimize Interference of wells with each other

Of all the areas that might be considered the East Range is least likely

to be affected by city or private wells

The testing that has been done in the East Range provides reasonable

assurance that the aquifer in selected areas is permeable enough for con

struction of good production wells The saturated basin fill ranges in

thickness from 153 to 443 feet in the test wells and where it consists of

the coarsergrained sand or gravel facies wells that will produce 1000

gpm or more can probably be constructed The upper part of the PantaflO

Formation will also contribute smaller but significant amounts of water

According to the US Geological Survey Ref 020 plate

ground water in the East Range moves down gradient in general northeast

direction and is forced to the surface by ground water barrier formed

by consolidated volcanic and sedimentary rocks along the San Pedro River
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and to lesser extent by consolidated rocks in the valley of the Babocomari
River Ground water reaching the San Pedro River maintains short reach
of perennial flow at the Charleston gaging station Thus these two areas
act as natural drains for excess ground water in this part of the basin

well field as contemplated in the East Range area may intercept and
make use of large part of this overflow which is now being lost to evapo
transpiration

One of the major objectives of the present study was to determine
through use of the digital model the reaction of the ground water basin
to different water production levels needed to support several alternate

population figures and time periods These alternates are listed in Table

They include post population figures ranging from 12000 present population
to maximum of 50000 and time period from the present to 2030 Growth
of Sierra Vista and surrounding communities is being estimated by the
Arizona Water Commission and is taken into account in the analysis

In order to analyze the effects of water withdrawal it is necessary
to know the location and production levels of future wells well field
has therefore been designed for the East Range area that can meet water
requirements for post population of up to 50000 Pertinent data on
water requirements and wells required are shown in Table locations of

proposed wells are shown on Plate The locations of the proposed wells
have been reviewed by the consulting firm Harshbarger and Associates to

insure that optimum well locations are being used The well field location
and design viii be analyzed by the digital modelwhen verification is completed
but the results are too late for discussion in this report

The first step in designing well field is to determine what water
consumption will be for the different projected population figures The
methods used to determine water requirements are suuunarized in the following
paragraphs

Although some water is obtained from the collection systems in Garden
and Iluachuca Canyons the flow rates vary considerably and these sources
are not considered to be reliable Peak requirements occur during the
time of greatest irrigation demand and least production from Garden and
Huachuca Canyons therefore these sources cannot be considered as con
tributors to the peak demand and it is assumed that the entire water supply
will be produced from wells Irrigation water for the golf course and
chaf fee Parade Ground presently is supplied by effluent from the post
sewage plants after first undergoing secondary treatment and chlorination
Therefore these two areas need not be included in determining irrigation

requirements

Much of the information on well production and water consumption was
obtained from the report by Blanton and Company reference According
to the report the capacity of the well field as it is presently operating
is 3.49 million gallons per day mgd if the pumps are operated only 16
hours day in accordance with the requirements of TN 58132
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The total water required to meet domestic and fire demand for the present

population equivalent population of 12980 is 2.453 mgd The daily te
quiretnent for irrigation excluding the golf course and Chaff ee Field is

2.160 zngci during the MayJune season of heavy irrigation Those figures

re used to obtain maximum per capita per day water consumption value
which was in turn used to calculate maximum water requirements for other

projected population figures It was assumed that irrigation needs for

both public areas and residences would grow in the same ratio as at the

present and in direct proportion to the increasing population This maxi
mum or peak water requirement was used to determine the number of wells

needed Actual average daily water consumption was calculated from well

production records kept by Fort Huachuca personnel This actual water

consumption value is used to determine the reaction of the ground water

basin to water withdrawal

To determine the number of additional wells required to meet future

water needs it was assumed that each of the new wells would be capable of

producing 1000 gpm Pumping 16 hours day each new well could contribute

96QpOQ gallons per day to the peak water requirement In practice however
each new well including Test Well would only be required to produce
about 665000 gpd to meet average water needs on year round basis

Of the deeper wells on the East Range five are considered to be

good producers Test Wells and Spatial Resolution Well and

three are considered to be poor or mediocre producers Test Wells

and The lowproducing wells are roughly in an eastwest line from

to 2.5 miles north of reservation boundary Inclosure The good

producers are generally to the north and west Completely definitive cover
age of the East Range by test wells is precluded by its size and related

economic and time factors However it is believed that adequate informa
tion is available to define less permeable area in the southern part of

the East Range and more permeable area to the north and west The pro
posed well field is laid out according to this concept New wells are

spotted near the higher producing test wells where definitive information

is available and near the Spatial Resolution Well which is moderate

producer The other wells are spread out over the area in moreorless
random pattern except that spacing is at least one mile At that spacing
mutual interference between wells will occur if adjacent wells are pumping
at the same time but the interference will be minimal

The proposed wells have letter designations from through which

suggests construction priority If the area is developed as well field
it is assumed that Test Well which is full size 16 inch well will

be put on line first Logically the sequence of development would start

in this area which will require less pipeline and work to the northeast

Evaluation of Present Well Field Although the present well field is capable

of producing 3.49 mgd it should be noted that Post Well appears to be

deteriorating and may be in the beginning stages of failure Since 1958

the specific capacity of the well has decreased from 14 gpm to 6.2 gpm
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This may reflect deterioration of the well casing after 31 years or else
the water level has declined so far that the main.producing zone is nowthe less perneable lower part of the basin fill and/or the Pantano Formation In either case cleaning and renovating the well would not be
worthwhil infact the casing has probably corroded to the extent that
äidizing or other method of cleaning may cause the casing to fail It
should be assumed that the useful life of Well will soon end Wells and

are also questionable Accoroing to Blanton and Company Peference 51Thpump bowls are so close to the dynamic water level that they are in
danger of sucking air The Blanton report recommends lowering the pump bowlsor preferably nstal1ing new pumps Wells and are only about 750 feet
apart they were drilled in 1939 and 1940 and they have only about 150 feet
of saturated basin fill When new well field in the East Range is putinto production it seems desirable to shut down one or both This would
relieve some of the pressure on the present well field and would save the
expense of renovating pumps in wells whose value is questionable

Conclusions Since the groundwater study was begun in 1970 large amountof data has been collected andanalyzed The major contribution has beenthe results of test well drilling and pumping but also includes informationthat was available from the US Geological Survey and from the post engineersoffice as well as from water companies in Sierra Vista and Huachuca City and
private individuals throughout the area The data have been updated as much
as possible during the drilling and testing operations of 197172 and 1973The following conclusions are based on an assessment of all data collectedsince the study was begun by the Sacramento District in 1970

With the exception of few small areas where perched water is
present all of the saturated materials in this part of the San Pedro Basin
are part of single aquifer that is they are hydraulically connected

All deep wells in the area including the post wells the Sierra
Vista and Huachuca City semipublic wells and private wells draw their
water from this aquifer

The water.level in the areas where wells are concentrated and are
heavily pumped has declined for number of years and is continuing to
decline at rate that is controlled by pumpage

Cones of depression developed around the Sierra VistaPost Well Fieldand Huachuca City areas are expanding slowly and at Sierra Vista the coneis beginning to follow the new residential and commercial development to
the east

Recharge to the ground water basin is less than the water beingwithdrawn

The major water producing zone of the aquifer consists of the
coarser grained layers of the upper and lower basin fill units



Permeability in the basin fill units is more dependent on sorting

and content of fines than on depth or cementation

There are wide lateral variations in permeability within short

distances in the basin fill units and these variations can be predicted

only in general way

The upper part of the Pantano Formation is slightly permeable and

can produce smaller but significant amounts of water which is probably

produced through interconnected pores rather than through fractures as as
sumed prior to test well drilling

The only area within the reservation boundaries that is worth con
sidering for large scale ground water development is the East Range

The Post Well Field needs to be modified for the following reasons

Cl The wells are overpumped during periods of high water usage

The wells are spaced too close to each other and to nearby Sierra

Vista City wells

Three wells Wells and are deteriorating because of water

level decline and/or other reasons and have limited life expectancy

Recommendations Inasmuch as this report is being completed prior to veri
fication of the Arizona Water Commissions digital model it should be under
stood that some modification of recommendations might be necessary to reflect

conclusions reached in the computer aualysis of data Ilodifications if any
would probably be minor however and would likely involve only changes in

the configuration of the proposed well field Questions concerning water

resources required to support future population growth can be answered

better when the computer analysis is completed Recommendations contained

here are intentionally restricted to considerations dealing directly with

immediate post water requirements and in general way to future ground

water development

The need for the East Range well field is obvious and development

should begin there as soon as design and construction funds can be obtained

Development should start by putting Test Well into production
to relieve pressure on the Post Well Field This is necessary for the

present post population

As soon as possible ost Wells and should be phased out and

replaced by constructing and putting Well into production

In general the priority suggested by designations of proposed

Wells through should be followed as additional water is required unless

economics of distribution system or land usage suggests modification of

priorities



Because there is considerable lateral variation in aquifer con

ditions construction of production well at any location must be pre
ceeded by drilling pilot hole and logging it geologically and geophysically

as the initial part of the construction contract

The basic design for future production wells as suggested by test

well drilling should be as follows

Depth 800 feet

Well type Nongravel packed

Drilling Method Conventional or reverse rotary

Grout stirf ace seal Approximately 75 lineal feet

Casing diameter 16inch I.D

perforations horizontal louver 48 square inches of

opening per foot

Development By swabbing or bailing and pumping
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PART II

Introduction In order to continue the investigation of the ground water
supply conditirns at Fort Huachuca Arizona another exploratory drilling
program was authorized during tne summer of 1972 Specifications were
prepared or the drilling of four additional small test wells with
smaller observation well to be drilled 100 feet away from designated
test well The contract for the test drilling was awarded to Keith
Rising of Lamar Colorado description of the procedures followed to
drill develop and test pump the wells is contained in this section

Field Work For the most part the field work consisted of technical supervision of the drilling developing and test pumping of the wells The test
wells are all located in the East Range area of Fort HuachucaInc1osure

Notice to proceed was given on May 1973 and the contractr began to move
in his equipment The contractor was requested to drill the observation wellid Test Well first in order to furnish information to the Arizona Water
Cniss1on at the earliest time for use in their digital model However
due to the busy.constructioa season in the area the contractor was unable to
hire sufficient men to do the developing and pumping concurrently with the
drilling operation He then decided to drill and case all the holes first
and then go back for the developing and pumping with his own crew This
plan was followed to the completion of the contract

Cuttings were sampled continuously during the drilling and geologic logs
Inclosure sheets through 16 were made on the basis of the drill samplesThe US Geological Survey ran sieve analyses of tne samples Geophysical logsInclosure Wells run after the completion of drilling of
each well correlate with the geologic logs and the combined information
was used to set up the perforation schedule for each well The geophysical
logs also define the major geologic units in the wells

water quality analysis of each well sample was made by the US Geological
Survey and the results are in Inclosure sheets through The Preven
tive Medicine Unit of the base hospital ran bacteria analysis of each sample

Test Well Construction generalized picture of the test wells can be seen
graphically in Inclosure Tabulated data for each well along with graphicsection through the wells are shown ui Inclosures The drill rig was JoyModel 300 that had been modified to be equivalent to Model 350 The wells
were drilled by the standard rotary method Drilling fluid pumped from oneend of small sump by means of National Cl50 63/4 12 mud pump
passes down the inside of the drill stem and out of the bit It lubricates
the bit stabilizes the walls of the hole and carries the cuttings up the
hole to be discharged over shaker screen Various sized toothed tncone
roller bits were used to drill the holes
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The small observation well was drilled first using 97/8inch bit to .a

depth of 51 feet 77/8inch bit was then used to advance the hole to

bottom at 468 feet The adjacent Test Well Number was advanced to

1305 feet with 133/4inch bit Due to the hardness of the materials

encountered at this depth it was decided to reduce the bit size to 77/S

inch to complete the hole to 1501 feet This small heavyduty tncone

bit had chisel shaped compacts instead of teeth

The other three Test Wells Numbers and were drilled to an approxi

mate depth of 1000 feet using 133/4inch bits The upper partof each

hole was drilled with slightly larger bit to facilitate the placement of

neat cement grout surface seal

Upon completion of the drilling of each hole geophysical logs were run by

Welex Corporation of Santa Fe Springs California The logs consisted of

induction electric spontaneous potential compensated acoustic velocity

and compensated density These logs were used to determine formation and

unit contacts porosities and to aid in setting up the perforation schedules

for the casing The geophysical logs are included as Inclosure Wells

through

The casing for the observation well is standard 4inch pipe with threaded

collars Perforations are 1/8 21/4inch milled slots having four vertical

rows and two horizontal rows per lineal foot to give 21/4 square inches of qpen
ing per lineal foot The perforation schedule is shown in Inclosure

Casing for the Test Wells conforms to ASTN Spec A3670 and API Std 5LX

grade X52 It is 10 inches I.D with standard 1/4inch wall thickness The

perforations are 1/8 27/8 full flow horizontal louvretype slots Eight

vertical rows with 12 openings per row provide 331/2 square inches of

opening per lineal foot of perforated casing The perforation schedules for

the Test Wells are shown in Inclosure The casing is collared and came in

30foot lengths or slightly longer The casing sections are joined by welding

and the bottom sections are sealed with fieldwelded steel plates

In Well the 10inch casing extends to 1305 feet Below this depth the

77/8inch hole is open to the bottom at 1501 feet In Well the casing

extends to 810 feet and the hole is open to the bottom at 1002 feet In

both cases the materials encountered near the bottom were considered to be

cemented enough to stand open without casing

After casing was set in each hole the grout surface seal was emplaced

packer was set at the prescribed depth and neat cement grout was pumped

through 11/4inch grout pipe by means of Worthington 41/2
pump Surface seal depths are shown in Inclosure The extra depth of

seal in Well was intended to provide adequate support for the casing which

was hung in the hole

Development Initial development of the wells was started with the drill rig

Cuttings were pumped from the mud pits and fresh water was added to thin the
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mud With the bit on bottom this thinned fluid was circulated in the hole

to flush out all the fine cuttings and some of the remaining mud cake After

this initial development the drill rig was moved and bailing rig was set

in place Bailing approximately 23 hours with an 8inch ID bailer 23

feet long was required for each hole small threeinch bailer was used

in the observation well and in the smaller diameter section of Well

The development stage of the contract was completed by installing turbine

pump in each well and pumping and surging each for approximately 20 hours

to clean out the remaining mud and pull sand in to open up the formation

The wells were pumped at low initial rate and were surged whenever the

water cleared As development progressed the pumping rate was increased

until the wells were producing at least 400 gallons per minute The pump

used for developing and testing had 71/2inch bowls with 19 stages and was

powered by Ford 428 V8 industrial engine Water levels were measured by

means of an electric probe Water flows were measured with three or

fourinch orifice in sixinch pipe and calibrated piezoineter tube

Test Pumping Wells and were tested at five pumping rates varying

from 175 gpta to 450 gpm Water levels were measured at timed intervals

during drawdown until the pumping level stabilized Then the pump was shut

off and water levels were measured to determine the rate of rebound When

the water level stabilized at the highest pumping rate the well was pumped

for 24 hours to determine transmissivities and to see if there would be any

short term boundary effects on the aquifer Well was tested at four rate

varying from 175 gpm to 400 gpm Water level measurements were taken in

Well and the observation well simultaneously during the various pumping

tests The final pump test was run continuously for five days Trans

missivity and the storage coefficient were calculated from the results of

this test Boundary effects were also checked Specific capacities of

the wells at various pumping rates are in Inclosure the drawdown rebound

curves are in Inclosure sheets through

Following the pump tests the wells were sterilized with granular calcium

hypochiorite 11TH and let stand for 24 hours The chlorine was then

pumped to waste and water samples were taken for standard water quality

analyses which were run by the US Geological Survey The results are in

Inclosure sheets through Bacterial analyses were done by the

Preventive Medicine Unit of Fort Iuachuca the results were negative

Upon completion of the contract the Test Wells were capped and locked
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Fort iuachuca Arizona

Geologic Log
Test Well No

0.0 Terrace deposits

Gravelly sandy clay reddish brown moderately plastic
dry sand and gravel are angular to rounded maximum
size 21/2 inches sand is fine to medium mostly fine

1.6 Caliche with sand and gravel reddish gray

4.6 Sand brown fine grained well sorted clean abundant
mica

15.0 Sand is slightly lighter brown color angular to rounded

30.0 Sand is light brown to gray few medium size grains

44.0 Sand is fine to medium grained trace of tan clay

62.0 pper Unit of Basin Fill

Sand medium brown fine to medium grained angular to

rounded clay content varies from to 10 percent

67.0 Sandy clay tan moderately plastic about 30 percent
fine to medium grained angular to rounded sand

70.0 Clayey sand tan fine to medium grained some calicne
clay content variable generally 30 to 40 percent
moderately plastic

101.0 Sandy clay tan moderately plastic sand content varies

from 15 to 30 percent fine to medium grained

103.0 Clayey sand fine to coarse 30 to 40 percent tan

moderately plastic clay

105.0 Sandy clay as at 101.0 feet

138.0 Sand fine to medium grained angular to rounded well

graded numerous maroon colored grains trace of tan clay

147.0 Sandy clay tan moderately plastic 20 to 35 percent
fine to medium sand

158.0 Clayey sand fine to coarse angular to rounded clay is

tan moderately plastic clay content variable from 10

to 40 percent

APPENDIX INCLOSURE SHEET



Test Well No contd

189.0 Sandy clay tan moderately plastic 10 to 30 percentfine to coarse sand

195.0 Sand fine to medium angular to rounded mostly darkbrown and maroon trace of tan clay

208.0 Sandy clayclayey sand about equal amounts of moderately plastic tan clay and fine to coarse grainedangular to subrounded sand

230 Lower Unit of Basin Fill
Clayey sand fine to medium with few coarse grainsmore volcanjcs than above angular to subround about40 percent tan clay

250.0 Sandy clay similar to 2300 feet with predominanceof tan clay 30 to 40 percent fine to medium sand

258.0 Sand fine to medium grained scattered coarse grainsangular to subround trace of tan clay

262.0 Clayey sand fine to coarse angular to subround 10to 30 percent tan clay

268.0 Sand fine to coarse trace of tan clay

272.0 Clayey sand as at 262.0 feet

282.0 Sand fine to medium grained scattered coarse grainsangular to rounded to 15 percent brown moderatelyplastic clay scattered streaks of clay

335.0 Clayey sand fine to medium grained clay contentvaries from 15 to 30 percent

345.0 Claycy sand as at 335.0 feet with scattered small
gravel fragments

264.0 Clay content decreases to less than percent

378.0 Clayey sandsandy clay about equal amounts of brownclay and fine to mediuxa grained sand

390.0 Clayey sand fine to medium with few coarse grains10 to 15
percen moderately plastic brown clay Thinclay streak at 401

APPENDIX INCLOSURE SHEET



Test Well No contd

410.0 Sand mostly fine to medium grained mostly angular
clay content varies from to 10 percent most of sand

grains are dark brown and maroon looks like reworked

Pantano Formation

490.0 Sand as at 410.0 feet with scattered small gravel

fragments

550e0 Pantano Formation

Sand fine to medium with few coarse grains angular

to subround most grains are brown maroon green
mostly volcanic rocks cuttings have been ground up

by drilling slightly to moderately cemented becoming

harder with depth Little change in cuttings from

550.0 to bottom of well drilling time increases

slightly

1004.0 Bottom of well

APPENDIX INCLOSIJRE ShEET



Fort Huachuca Arizona

Geologic Log
Test Well Nb

0.0 Terrace deposits

Clayey sand reddish brown sand is mostly fine

to medium some coarse angular to subround
variable amount of lean clay

3.5 Clayey Sand as above with scattered small gravel
10 to 20 percent reddish brown clay

20.0 Sand mostly fine to medium grained few coarse

grains angular to subround trace to percent
reddish brown clay

52.0 Upper Unit of Basin Fill

Sand mostly medium to coarse angular to

subround trace of brown clay

.93.0 Clayey sand fine to coarse angular to

subround sand with 20 to 30 percent brown
moderately plastic clay

105.0 Sand is fine to medium grained 10 to 20

percent brown clay

130.0 Clayey sand as above 20 to 30 percent brown clay

150.0 Clayey sand as above 30 to 40 percent clay

158.0 Sand fine to medium angular to subround less

than percent clay

164.0 Sandy clay brown moderately plastic 30 to 40

percent fine to medium grained sand

181.0 Clayey sand fine to medium grained Few coarse

grains 30 to 40 percent brown moderately
plastic clay

198.0 Sandy clay-clayey sand cuttings are mixture of

fine to medium sand and brown clay in varying

proportions probably layers of sand and sandy clay

215.0 Lower Unit of Basin Fill

Sandy clay brown moderately plastic 10 to 20

percent fine to medium sand
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Test Well No Contd

245.0 Thin layer of fine to medium sand may be slightly

clayey

248.0 Sandy clay as at 220.0 feet

263.0 Sand fine to coarse angular to subround

mostly medium to coarsetrace of brown clay

279.0 Clayey sandy gravel gravel is fine subangular

to rounded sand is fine to coarse 10 to 20

percent brown moderately plastic clay

284.0 Sand fine to medium mostly fine angular to

subrounded trace of brown clay

289.0 Sandy clay brown moderately plastic

294.0 Sand fine to medium with few coarse grains

angular to subround variableamount of brown clay

315.0 Clayey sand same as at 294.0 feet with 10 to 15

percent brown clay

330.0 Sand fine to medium angular to subround

few coarse grains trace to about percent

brown clay may be thin layers of clay or

clayey sand

431.0 Thin streaks claycy sand sand is fine to

medium coarse

436.0 Sand as at 330.0 feet

450.0 Clayey sand fine to medium angular to subangular

few coarse grainstrace to 10 percent brown clay

463.0 15 percent light brown clay

485.0 Clayey sand as at 450.0 feet

510.0 Slight increase in number of dark brown and

maroon sand grains continues to increase with

depth decrease in quartz grains

551.0 Sand fine to medium few coarse grains angular

to subrounded clean darker grains continue to

increase looks like reworked Pantano Formation
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Fort Huachuca Arizona

Geologic Log

Test Well No

0.0 Terrace deposits

Sandy clay reddish brown moderately plastic
small amount fine to coarse sand

1.0 Clayey gravelly sand fine to coarse with

small gravel angular 30 to 40 percent reddish

brown lean clay

3.5 Sandy clay reddish brown lean clay as above
15 to 20 percent mostly fine sand

5.0 Clayey sand mostly fine to medium grained
few coarse grains and scattered gravel

angular to subround 10 to 20 percent reddish

brown lean dry clay few streaks of caliche

13.0 Sand fine to coarse grained angular to sub
round thin streaks of hard sandy clay 16 to

20 feet

35.0 Upper Unit of Basin Fill

Sand mostly fine to very fine slightly cemented

40.0 Clayey sand fine to medium sand with to 15

percent reddish brown clay

44.0 Clayey sand fine to medium coarse well graded

46.0 Sand fine to coarse angular to subround trace

of clay

57.0 Gravelly sand fine to coarse sand with about

40 percentl/4 to 3/8inch gravel angular to

subangular few rounded gravel content de
creasing from 59.0 feet

60.0 Sand fine grained contains scattered gravel

Coarser grained with more gravel at 70.0 feet
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Test Well No Contd

72.0 Gravelly sand fine to coarse angular

sand with 30 to 40 percent angular

to subround gravel trace of clay

85.0 Sand fine to coarsemostly angular
scattered small gravel thin streaks of

sandy clay 94.0 to 97.0 feet

97.0 Clayey sand sand as at 85.0 feet with to 10

percent brick red to brown clay Clay content

decreases below 105 feet

107.0 Sand fine to medium grained finer at 116.0 feet
trace of clay Clay content to 10 percent at

118 feet

120.0 Sand as at 107 feet with thin layers of clayey

sand clay content to 15 percent

140.0 Clayey sandsandy clay about equal amounts of

fine to medium sand and lean brown clay
more sandy from 149 feet Grades to clean

sand at 157 feet

157.0 Sand fine to medium grainedangular to subround

160.0 Sandy clay brown moderately plastic variable

amount of fine sand

166.0 Clay reddish brown lean small amount of

very fine sand

174.0 Sand fine to coarse with few small gravels
cuttings are angular

182.0 Sandy clayclayey sand varying proportions of

fine to coarse sand and brown lean clay few

small gravels

198.0 Sand fine to coarse with few small gravels
angular clean

207.0 Gravelly clayey sand fine to coarse sand with

about 25 percent gravel up to 1/2 inch size
mostly angular to subangular to 15 percent clay

213.0 Sandy clay light brown lean fine to medium

sand scattered coarse sand and small gravel
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Test Well No Contd

230.0 Sand fine to coarse well graded mostly angular

237.0 Clayey sand grading to sandy clay fine to coarse

sand with increasing amount of light brown clay

252.0 Sand fine to medium grained angular

254.0 .Clayey sand sand as at 252 feet with 15 to 30

percent light brown clay

258.0 Sand fine grained well sorted clean

268.0 Clayey sand fine to medium grairLed angular sand

with variable amounts of lean brown clay clay content

10 to 40 percent

300.0 Lower Unit of Basin Fill

Sandy clay light brown lean 10 to 40 percent

fine to medium sand

305.0 Clayey sand fine to medium grained sand with

highly variable amounts of light brown lean clay
some thin layers of clean sand

360.0 Sand fine to medium grained angular trace to

10 percent brown clay

405.0 Sand mostly fine grained slightly coarser below

422.0 feet angular to subround

445.0 Mostly medium grained sand trace of clay

497.0 Sand is fine grained trace to 10 percent

brown clay abundant quartz and feldspar grains

give overall medium gray color slightly cemented

570.0 Sand fine to medium grained angular to subround

slight increase in darker colored grains slightly

to moderately cemented cementing increases with

depth

600.00 Darker colored grains more abundant with increasing

depth probably reworked Pantano
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Test Well No Contd

632.0 Pantano Formation

Sand fine to rnediur grained cuttings are mostly

fine and angular probably being ground up
mostly dark colors with small amount of

quartz overall brorn coloi moderately

cemented hardness cementation continues

to increase with depth

685.0 Cuttings are mostly medium grained angular 10
percent fine

693.0 Fine to medium coarse cementation seems to

vary as reflected by drilling rate

780.0 Mostly fine grained but probably being

ground up by bit

880.0 Cuttings are fine to coarse angular sand

less grinding with new bit Grain size seems

to vary with bit condition and hardness cementation

1000.0 Overall color is grayish brown cuttings are

fine to medium

1080.0 Cuttings are fine to coarse angular to subangular

1095.0 Gravelly Sand fine to coarse sand and small

gravel angular to subangular some gravel

particles are fragments of soft shale Sandy siltstone

1104.0 Sand fine to coarse angular to subround

scattered gravel size fragments of light reddish

brown sandy siltstone

1220.0 Fine to medium mostly fine no gravel sizes

1295.0 Volcanic ConglomerateBronco Volcanics Drilled

wtth 77/8 inch bit Hole not cased from

1304 Cuttings are fine to coarse sand mostly
medium to coarse angular to subround grains

are almost all dark colorsdark green dark

gray brown maroon few small grains of calcite

very hard well cemented

1501.0 Bottom of Well
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Fort Huachuca Arizona

Geologic Log
Observation Well Site

0.0 Terrace deposits

Sandy clay light reddish brown lean clay dry
contains large percent of fine sand

1.0 Clayey sand reddish brown very fine and medium
grained angular sand skip graded 40 to 60 percent
reddish clay

3.0 Clayey sand reddish brown fine to coarse grained
but mostly medium to coarse angular about 10 to 15

percent lean clay

12.0 Sand reddish brown mostly fine to medium grained
angular small amount of reddish clay

15.0 Sand is fine to coarse angular

24.0 Jpper Unit of Basin Fill

Sand medium to coarse slightly cemented

30.0 Sand is medium grained angular cemented

40.0 Sand is fine to medium grained few rounded grains
small amount of clay

43.0 Clayey sand very fine to fine grained 25 to 35
percent reddish brown clay

46.0 Sand very fine to fine grained appears to be clean
partly cemented slightly

75.0 Clayey sand medium to coarse sand and scattered
gravel up to 1/2inch size 10 to 15 percent clay

84.0 Silty gravelly sand medium to coarse sand with few
small gravels and 15 to 20 percent silt or lean clay

96.0 Sand alternating with sandy clay mostly medium
grained sand with varying percent lean clay or silt
mottled brick red and brown

104.0 Sand fine to medium grained angular to subround
to 10 percent reddish brown silt Sand gets finer

with depth
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Observation Well Site contd

115.0 Sand is very fine to fine grained appears to be clean

148.0 Sandy clay brown firm small amount of fine to med
ium sand

151.0 Sand fine to coarse but mostlyinedium few gravels
up to 1/2inch size

160.0 Sandy gravel subround to angular gravel up to 3/4inch
size about 20 percent medium to coarse sand clayey

near bottom

175.0 Sandy clay brown firm small amount of fine to medium
sand

178.0 Sandy gravel subround to angular gravel up to 3/4inch
size about 20 percent medium to coarse sand

187.0 Gravelly sandy clay brown lean clay with about 25 per
cent sand and gravel up to 3/4inch size

192.0 Clayey sandy gravel angular to subround gravel up to
3/4inch size with about 15 percent lean brown clay

204.0 Sandy gravel coarse sand and gravel up to 3/4inch
size angular to subround

210.0 Gravelly clay brown lean sandy clay with 30 to 40
percent angular to subround gravel up to 1/2inch size

225.0 Clayey gravel gravelly clay clay and gravel as at
210.0 feet in variable proportions

243.0 Clayey gravel as at 225.0 feet 10 to 20 percent lean
borrow clay cobbles 2430 to 247.0 feet

.253.0 Sandy clay brown firm 10 to 15 percent fine to
coarse sand few small gravels Gravel content in
creases at 255 feet up to 40 percent

255.0 Gravelly sandy clay brown firm gravel content highly
variable sand mostly fine or coarse gravel and coarse
sand in sandy clay matrix
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Observation Well Site contd

285.0 Lower Unit of Basin Fill

Sandy clay brown to light gray lean low percent

fine sand scattered gravel and coarse sand grains

318.0 sandy clay as above but sand content highly variable

to 30 percent

345.0 Sandy clayclayey sand about equal amounts of lean

brown clay and fine to medium sand few coarse grains

360.0 Clayey sand mostly medium grained small amount is

fine grained 10 to 15 percent lean brown clay

380.0 Saud fine to medium grained streaks of brown clay

overall to 10 percent clay

400.0 Clayey sand fine and coarse sand skip graded with

15 to 25 percent brown cay Clay content increase

to almost 50 percent at 410 feet

413.0 Sandy clay grayish brown 30 to 40 percent grayish

brown clay

446.0 Sand fine to medium grained few coarse grains

cemented

468.0 Bottom of observation well
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Fort Iluachuca Arizona

Geologic Log
Test Well No

0.0 Terrace deposits

Gravelly claycy sand reddish brown sand is
fine to coarse but mostly coarser sizes
angular to subround gravel is mostly fine
angular to rounded 25 to 40 percent
reddish brown clay

5.0 Claycy sand reddish brown sand is fine to

medium grained angular to subround 30 tO
40 percent reddish brown clay

16.5 Clayey sand as above but clay content is

to 10 percent

24.5 Clay content estimated 30 percent

265 Clay content estimated to 10 percent

33.5 Sand mostly medium grained high percent
of quartz grains trace of clay

34.5 Sand is clean mostly quartz angular to rounded

39.0 Upper Unit of Basin Fill

Sandç fine to medium angular to subround
overall brown color trace of reddish
brown clay

56.5 Sand is moderately cemented fine grained

66.0 Sand contains to 10 percent reddish brown clay

74.0 Sand fine to coarse angular to rounded
gradation varies well graded to poorly graded clean

85.0 Sand mostly medium and coarse contains
small amount of clay at 85.0 feet increase

to 10 to 15 percent at 90.0 feet

90.0 Clayey Sandsandy clay probably in alternating layers
light brown and light gray sandy clay alternating
with medium to coarse sand gray clay is limey
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Test Well No Contd

107.0 Clay light brown soft moderately plastic
small amount of fine to medium sand as

thin streaks

110.0 Color alternates from light greenish gray
to light brown

150.0 Color is mixed light gray almost white
and light brown no more than percent
fine sand

170.0 Clayey sand fine to medium angular to

subround low percent brown clay at 170.0

feet increase to 25 percent at 179.0 feet

188.0 Sand fine to medium grained angular to subround

less than percent brown clay

194.0 Claycy sand sand as at 188.0 feet with about

25 percent brown clay at 194.0 feet clay

content varies from about 10 to 30 percent

255.0 Sandy clay brown soft moderately plastic
contains about 30 to 35 percent fine to coarse sand

265.0 Clay brown stiff highly plastic very small

amount of fine sand

308.0 Color change to dull maroon

317.0 Thin streak is sandy color change to brown

340.0 Clay contains to 10 percent fine sand and

scattered small angular gravels

370.0 Lower Unit of Basin Pill

Clayey sand brown sand fine to coarse mostly

medium to coarse scattered angular pea gravel
30 percent lean clay

380.0 Thin streak of clean sand

382.0 Clay content varies from to 20 percent

398.0 Thin streaks of clean sand from 398.0 to 400.0 feet

400.0 Clayey sand fine to coarse angular to subround

clay content varies from about 10 to 30 percent
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Test Well No Contd

478.0 Sandy clay brown moderately plastic to 10

percent fine to medium grained sand

500.0 Clay brown moderately plastic contains

less than percent fine to medium sand

598.0 Clayey sand fine to coarse mostly medium to

coarse angular to subround about percent

brown clay some evidence of cementation

600.0 Pantano Formation

Sand fine to coarse angular to subround mostly

darker colors some gray granitic roch and white

quartz slightly cemented hardness and cementation

increase with depth contains small amount of

interstitial clay

620.0 Sand fine to coarse angular to subroundless than

percent brown clay

740.0 Gravelly sand fine to coarse angular to sub

angular sand and 1/4-to 3/8inch gravel few flat

pieces of soft brown shale claystone 30 to 50

percent gravel trce of brown clay

780.0 Gravel content is no more than 15 percent

800.0 Sand fine to coarse mostly angular scattered

small gravels trace of brown clay slightly

cemented.

840.0 Sand is mostly medium to coarse scattered small

gravels

920.0 Sand is fine to medium few coarse grains angular

to subangular trace of brown clay slightly to

moderately cemented

935.0 Sand is fine to coarse angular to subangular trace

of brown clay

964.0 Sand contains numerous fragments of brown shale

1005.0 Bottom of hole
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INCLOSURE is omitted because of bulk It

consists of geophysical logs for Test Wells

and Logs for each well consist of

Induction Electric Log

Cnpensated Acoustic Velocity Log

CQnpensated Density Log

These logs are available in the file copies of

the report in the Los Angeles and Sacramento

Districts
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY UTAH

STATION I.D.313841110164701

WATER QUALITY ANALYSIS DATE 740114

STATE CODE

LOCATION OL1

BEG IN

DATE

730917

HAILING ADDRESS

TUCSON ARIZ

RECORD

NO
16607

FT IIUCHUCA TEST WELL NO

LEAD DISS

MANGANESE DISS

POTASSIUM DISS

SODIUM DISS

CADMIUM DISS

SELENIUM DISS

PROS ORTHO DISS AS

MO2 NO3 AS DISS

HARDNESS TOTAL

HARDNESS NONCARS

RESIDUE DISS CALC SUM 220

CATIONS MaIL
CALCIUM DISS 40
MAGNESIUM DISS

POTASIUM DISS

SODIUM DISS lB

BORON DISS

IRON DISS

MAGNESI UM.DI SS

SILICA DISS

SULFATE DISS

PHOSPHATE DISS ORTHO

MERCURY DISS

ALKTOT AS CAC03
PH

CONDUCTIVITY

ANIONS

BICARBONATE

CARBONATE

CHI.ORIDE DISS

FLUORIDE DISS

SULFATE DISS

MG/L

0.04

0.0

0.0

00
12

5.6

0.28

0.0

170

7.9

21

0.3

0.6

END

DATE

D-20-2o 35CCB FT HUACHUCA TW NO
COUNTY PROJECT AGENCY

CODE 003 CODE 02306 CODE

TIME TYPE NO OF SAMPLE
DETR I.D

320012

BICARBONATE

CALCIUM DISS

CHLORIDE DISS

FLUORIDE DISS

SOURCE

GROUND WATER

MGI

207

40

5.5

0.2

CARBONATE

CHROMIUM IEXAVALENT

COPPER DISS

0.01

1.6

18

0.004

0.09

0.79

150

0.0
SODIUM PERCENT

RES DISS TON/AFT

SAR

MAJOR tONS

12

1.6

357

MG/

207

0.0

55

0.2

5.6

N02 HO3 AS 079
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BEG

DATE
730828

Dai 20 IIBCD FT. HUACHUCA Th NO

COUNTY PROJECT AGENCY

CODE 003 CODE 02306 CODE

TIME TYPE NO OF

ET

FT HUCHUCA TEST WELL NO

MG/L

CARBONATE

CALCIUM DISS

CHLORIDE DISS

FLUORIDE DISS

LEAD DISS

MANGANESE DISS

POTASSIUM DISS

SODIUM DISS

CADMIUM 0135

SELENIUM DISS

P1103 ORTHO DISS AS

NO2 HO3 AS 0133

HARDNESS TOTAL

HARDNESS HOHCARB

RESIDUE DISS CALC SUM

BORON DISS

CAR BO ATE

CHROMIUM HEXAVALENT

COPPER 0155

IRON DISS

MAGNESIUM DISS

SILICA DISS

SULFATE DI SS

PHOSPHATE DISS ORTHO

MERCURY DISS

ALKTOT AS CACO3

PH

SODIUM PERCENT

RES DISS TON/AFT

SAR

CONDUCTIVITY

0.040

0.001

6.6

29

6.1

0.09

0.0

139

7.8

23

0.25

0.6

281

MAJOR IONS

CAT IONS

CALCIUM 0153

MAGNESIUM DISS

POTASIUM DISS

SODIUM DISS

MG/L

36

6.6

1.2

16

AN IONS

BICARBONATE

CARBONATE

CHLORIDE DISS

FLUORIDE 0135

SULFATE DISS

NO2 HO3

MG/L
170

3.5

0.1

6.1

0.56

APPENDIX INCLOSURE SHEET

UNITED STATES DEPART4ENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY UTAH

WATER QUALfTY ANALYSIS

STATION I.D
313716110171601

STATE CODE

LOCATION

END

DATE

DATE 731009

MAILING ADDRESS

TUCSON ARIZ

SOURCE

GROUND WATER

SAMPLE RECORD

I.D NO.

170

36

3.5

0.I

.0

.010

1.2

16

.005

0.03

0.56

120

185



UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY UTAH

STATION I.D.3I3613I10I61901

WATER QUALITY ANALYSIS DATE 740114

BEG IN

DATE
730903

BICARBONATE

CALCIUM DISS

CHLORIDE DISS

FLUORIDE DISS

LEAD DISS

MANGANESE DISS

POTASSIUM DISS

SODIUM DISS

CADMIUM DISS

SELENIUM DISS

PHOS ORTHO DISS AS

NO2 NO3 AS DISS

HARDNESS TOTAL

HARDNESS NONCARB

RESIDUE DISS CALC SUM

D2I..20 I3CBB FT HUACHUCA Tvl NO.8

PROJECT AGENCY
CODE 02306 CODE

TYPE NO OF SAMPLE
DETR I.e

320009

MAILING ADDRESS

TUCSON ARIZ

BORON -DISS

CARBONATE

CHROMIUM HEXAVALENT

COPPER DISS

IRON DISS

MAGNESIUM DISS

SILICA DISS

SULFATE DI SS

PHOSPHATE DISS ORTHO

MERCURY DISS

ALKTOT AS CACO3
PH

SODIUM PERCENT

RES DfSS TON/AFT

SA

CONDUCT VITY

ANIONS MG/L
BICARBONATE 199

CARBONATE 0.0

CHLORIDE DISS 3.1

FLUORIDE DISS 0.2

SULFATE DISS 8.0

NO2 HO3 AS 0.03

STATE CODE

LOCATION 0I-

COUNTY

CODE 003

END

DATE
TIME

1430

FT HUCHUCA TEST WELL NO.8

RECORD

NO
16598

MG/L

99

35

3.1

0.2

0.005

0.08

.3

26

0.0

0.003

0.1

0.03

120

0.0

213

SOURCE

GROUND WATER

MG/L

0.04

0.0

0.0

0.001

0.0

7.4

33

31

0.0

163

8.0

32

0.27

1.0

321

CAT IONS

CALCIUM DISS

MAGNESIUM DISS

POTASIUM DISS

MG/L
35

7.4

.3

MAJOR IONS

SODIUM DISS 26

APPENDIX
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FT HUCHUCA TEST WELL NO

CARBONATE

CALCIUM DISS

CHLORIDE DISS

FLUORIDE DISS

LEAD DISS

MANGANESE DISS

POTkSSIUM DISS

SODIUM DISS

CADMIUM DISS

SELENIUM DISS

PHOS ORTHO DISS AS

NO2 NO3 AS II DISS

HARDNESS TOTAL

HARDNESS HONCARB

RESIDUE DISS CALC SU1

CAT IONS

CALCIUM DISS

MAGNESIUM DISS

POTASIUM DISS

SODIUM DISS

MG/I
37

7.6

.2

25

MAJOR IONS

BORON DISS

CARBONATE

CHROMIUM HEXAVALENT

COPPER DISS

IRON DISS

MAGNESIUM DISS

SILICA DISS

SULFATE DL SS

PHOSPHATE DISS ORTIIO

MERCURY DISS

ALXTOT AS CACO3

PH

MG/L
200

0.0

3.2

0.2

77
0.06

002

0.0

0.0

0.001

0.02

7.6

.33

7.7

0.31

0.0

164

7.8

30

0.27

1.0

STATION 0.3136131 10161901

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY UTAH

WATER QUALITY ANALYSIS

021 20 I3CBB FT HUACHIICA NO

COUNTY PROJECT AGENCY

CODE 003 CODE 02306 CODE

STATE CODE

LOCATION

BEG

DATE

730903

END

DATE

DATE 7401 14

MAILING ADDRESS

TUCSON ARIZ

SOURCETIME TYPE NO OF SAMPLE

DETR I.D
0700 320008

RECORD

NO
16595 GROUND WATER

MG/LMG/I

200

37

3.2

0.2

0.002

0.08

1.2

25

0.001

0.006

0.06

120

0.0

214

323

SODIUM PERCENT

RES DISS TON/AFT

SA

CONDUCTIVITY

AN IONS

BICARBONATE

CARBONATE

CHLORIDE DISS

FLUORIDE DISS

SULFATE DISS

HO2 HO3 AS
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY UTAH

WATER QUALITY ANALYSIS DATE 740114

STATION I.D.3136131101619o1

BEG

DATE

730908

E$D

DATE

D2I-2O E3CBB FT HUACIIUCA TW NO.8
PROJECT AGENCY

CODE 02306 CODE

TIME TYPE NO OF SAMPLE

DETR 1.0
0800 320010

MAILING ADDRESS

TUCSON ARIZ

SOURCE

GROUND WATER

FT HUCHUCA TEST WELL NO

CHLORIDE DISS

FLUORIDE DISS

LEAD DISS

MANGANESE DI
POTASSiUM 0153

SODIUM DISS

CADMIUM DISS

SELENIUM DISS

PHOS ORTHO DISS AS

NO2 NO3 AS DISS

HARDNESS TOTAL

HARDNESS NONCARB

RESIDUE DISS CALC SUM

PH

SODIUM PERCENT

RU DISS TON/AFT

SA

CONDUCTIVITY

CAT IONS MG/L
CALCIUM DISS 36

MAGNESIUM 015$ 7.6

POTASIUM DISS 12
SODIUM DISS 26

MAJOR IONS

STATE CODE

LOCATION oq
COUNTY

CODE 003

RECORD

NO
16601

BICARBONATE

CALCIUM DISS

MG/L

199

36

3.5

0.2

0.003

0.04

1.2

26

0.0

0.003

01

0.06

120

00

215

BORON DISS

CARBONATE

CHROMIUM HEXAVALENT

COPPER DISS

IRON DISS

MAGNESIUM DISS

SILICA DISS

SULFATE DI SS

PHOSPHATE DISS ORTIIO

MERCURY DISS

ALKTOT AS CACO3

14G/L

0.03

0.0

0.0

0.03

0.0

7.6

33

8.3

0.31

0.0

163

8.2

32

0.27

I.0

330

AN ON

BICARBONATE

CARBONATE

CHLORIDE DISS

FLUORIDE DISS

SULFATE DISS

MG/L

199

0.0

3.5

02

83

NO2 NO3 AS 0-.06
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STATION LD
313622110142001

STATE CODE

LOCATION

BEGIN

DATE
730816

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WRD CENTRAL QW LAB SALT LAKE CITY .UTAH

WATER QUALITY ANALYSIS

D-21-2i I7BCC FT HUACFWCA NO.9
COUNTY PROJECT AGENCY

CODE 003 CODE 02306 CODE

FT HIJCIIIJCA TEST WELL NO

BICARBONATE

CALCIUM DISS

CHLORIDE DISS

FLUORIDE DISS

LEAD DISS

MANGANESE DISS

POTASSIUM DISS

SOD1UM DISS

CADMIUM DISS

SELENIUM DISS

PHOS ORTHO DISS AS

HO2 HO3 AS DISS

HARDNESS TOTAL

HARDNESS HOHCARB

RESIDUE DISS CALC SliM

SAMPLE RECORD

I.D NO

BORON DISS

CARBONATE

CHROMIUM HEXAVALENT

COPPER DISS

IRON DISS

MAGNESIUM DISS

SILICA DISS

SULFATE DI SS

PHOSPHATE DISS ORTHO

MERCURY DISS

ALKTOT AS CACO3

PH

SODIUM PERCENT

RES DISS TON/AFT

SAR

CONDUCTIVITY

0.030

8.3

32

5.7

0.09

156

7.9

27

0.27

0.8

312

MAJOR IONS

CAT IONS MG/L
CALCIUM DISS .35

MAGNESIUM DISS 8.3

POTASIUM DISS .0

SODIUM DISS 21

ANIONS

BICARBONATE

CARBONATE

CHLORIDE DISS

FLUORIDE DISS

SULFATE DISS

1102 1103
AS

MG/L

190

3.4

0.9

5.7

0.22

1.....__
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END

DATE

\DATE 731009

MAILING ADDRESS

TUCSON ARIZ

SOURCE

GROUND WATER

MG/L

TIME TYPE NO OF

DETR
29

Wi/L

190

35

3.4

0.9

0.010

1.0

21

0.03

0.22

120

202


