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INVESTIGATIONS ND RECOMMENDATIONS

FOR UPGRADING THE WATER SYSTEM AT

FORT HUACHUCA ARIZONA

INTRODUCTION

Authorzaion

The invest1gatio reported herein was authorized

through the District Engineer Sacramento the Departirent

of the Army South Pacific Division Corps of Engineers

Sacramento California through Job No Fort Huachuca

72OM-A Directive No SPD3 dated 27 June 1972

.2 Purpose

Since its reestablishment on Februa 1954 Fort

Huachuca has been serving in several capacities It is now.

under the control of the U.S Army Strategic Communications

Commando

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 Fort future agree that its

expansion has probably reached its expected peak and that

st.ablepopulation 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
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Background

From its establishment in March 1877 to 1939 the water

supply came fromsprings in Huachuca and Garden Canyons

which are located several hundred feet above and southerly

of te building complex 2Q0000 gallon ground storage

masonry basin built in 1911 and another 250000 gallon

concrete groirnd reservoir constructed in 1939 servedas

the sprif collection point This system is known as the

Old Post Reservoir See Sketcn

In 1939 and 1940 Wells and 42 See Tabulation Sheets

and were drilled at the Forts Main Gate Their supply

wa3 delivered via 10 tar lined and coated steel pifle

nearly 20000 feet long.to the Old Post Reservoir via Booster..

Pumps and 2B This was supply main with no connections

See Sketch.42 500000 gallon elevated steel tank wa
installed in 19.41 between the wells and the Old Post Reservoir

near .4th Street and Railroad Avenue. It received its supply

from the serge 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 .4 and See Tabulation Sheets

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

Pumps and 45 take suction Also three million

gallon concrete ground storage reservoir together with dis

tributibn and supply mains were contructed as well as another

500000 gallon elevated steel tank The second e1evatd 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



By 1956 the Wherry MçA and Capehart Housing projects

were constructed for milita 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 a.direct pressure distribution system serving

the ortions of these projects which were located too high

in elevation to receive adequate elevation pressure from the

reservoir In 1958 11/2 million gallon prestressed con

crete tank with high water elevation 223 feet above that

the million gallon reservoir was completed The Therry

Booster Statlo1 was then pumping both into the distribution

mains and into the new reservoir which floats on the distri

bution system See Sketcn

Well see Tabulation Sheet which was drilled

in 1958 was tested and Put into service approximately

the same timea fourth booster pump was installed at Whern

Station

In 1962 three booster pumps were installedhelow the

1-l/ 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 11/2 million gallon reservoir However junction box

was installed so that this sup1y 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 11/2 million gallon prestressed tank and an line

was constructed between Huchuca Canyon Springs and Old Post

Reservoir The 30 year old 10 line from Wells and was



repi.aced by 12 concrete steel cylinder pipe that is con

nected into the 12 Garden Canyon Liie see Sketch The

old 10 line is only usable from the booster station taking

suctionfromthe 1-1/2 million gallon tank to the Old Post

Reservoir

As noteddn page 18 of TEST WLL.DRILLNG AND STUDY OF

HYDROGEOLOGIC CONDITIONS AT FORT HUACHUCA by the Corps of

Engineers April 1972 a.full production well labeled Test

Well No see Tabulation Sheet has been tested at

1650 gpmwith.591 of dràwdown This dapped wellis located

approximately miles northby northeast of.the Forts

central distribution center see Sketch -p16

As supplement to the totalwater supply requirements

of the Fort project was completed in September 1972 to

stdre 2.5 million gallons of secondary treated chlorinated

wastewater plant effluent This source is used in supplying

the separate piping systems for irrigation of the 18 hoje

golf Æourse and Chaf fee parª.de field This recent innovation

is expected to be sufficient to supply all present irrigation

requirements for those aeas that are now or may later be

approved by the medical departments for irrigation with

treated wasteiater plant effluent excepting such areas as

the Post cemeter which is too remote to make construction

of piping to it practical

The above is general summary of events and sigTlifi

cant developments of the water supply facilities at Fort

Huachuca Plate.1 illustrates the present overall suply

and distribution facilities
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II PRESENT SITUATION

Water Tjsaae

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 Tue highest zoene extends from the Post

cemetery at elevatio00 feet to Von Herman Circle at

elevation 4920 feeET ZoneB is from Henry Circle at eleva-

tion 5030 feet to Faison Circle at elevation 48l0feet As

the lowestZoneC extends from the lower edgeof Zone to

the northern boundary of the Fort at elevation 440.0 feet

The present 1972 population of these zones.areas follows

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

1475 1400 1940

7100 2650 7980

2620 1325 3060

The present equivalent 24 hour occupancy population
5T ti-rp.V5

is 12980 Using capacity factor of 1.23the design

population is 15970 Tabulated population reports for

this period were supplied by the Post Housing Office As

indicated in the section 1Purpose this present equivalent

population figure is expected to remain reasonably constant



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 Naiuai Series TM 5813

ZONE

Equivalent POpulation Capacity Factor Design Population

1940 1.23 2385

Required Daily Domestic Demand

2385 150 gpcpd 358000 gallons

Required Fire Demand

1/2 358000 1000 gpm hrs 419000 gallons

S.inOe Fire Demand is greater than Domestic Demand for Zone A.
it viii be used in further analysis

ZONEE

7980 1.23 9800 Design Population

Required Daily Domestic Demand

9800 150 gpcpd 1470000 gallons

Required Fire Demand

.1/2 xl470000 1000 gpm fires hrs

1215000 gallons

ZONEC

3060 1.23 3760 Design Population

Required Daily Domestic Demand

.3760 150.gpcpd 564000 galion

Required Fire Demand

1/2 x.564000 1000 hrs 522000 gallons

The total water equired 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 housin projcts is done by the residents of houses. These

areas are estimated at 150 acres Nonthly 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 ttiis Section These estimates of acreages were derived

frogenerai 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 pek
montris of Nay arid June iould be 240 acres 9000 gpapd

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

Zofle 40 acres 9000 gpdpac 3607000 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

amountof water



SuIDJflary

Total consumption during the peak period of May and

June is as.follows

ZONE

i47000.0 gallons Domestic Demand

1080000 gallons Irrigation

2550000 Total Daily Usage

.564000 gallons Domestic Demand

.. 720000 gallons Irrigation

1284000 Total Daily Usage

Total Daily Usage 46.13000 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 th 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 ftiture will make the future

peak daily.production about the same as the daily design figure

Therefore during the month of extensive irrigation the deriand

occasionally approaches or equals the design daily usage

ZONE

419000 gallons Fire Demand

360000 gallons Irrigation

779000 Total Daily Usage

ZONE
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Water Sources

Springs

Huachuca Canyon Sping 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.f low 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 mihimumof 83 gpm During that same three

Øàr period combined maximum of over- 2300 gpm. was recorded.

However in the twoandahalf year period since 19.69 when

the new water line and collection facilities were deve1oped

Huachuca andGarden Canyon Springs have been metred The

greatest daily poductioti wasrecorded as 1190000 gallons

on SeptembŁ 14 1971. The minimum was 9000 gallons on

.Augut 231972

The springs contribute noteworthy amount of good

quality water to the Post water system as well as providing

rplenisbment water to th 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 aainstorm is urbid it will be discharged to the

ground surface thereby peventing contamination of the Post

water system with the muddy material Thewater flow rates

from the springs vary too much to be seriously considered as

basic water source during th dry season when maximum use

occurs. However this water supply provides valuable rest

ing period for the wells during tha spring when snow melts

feed the springs and during the rainy season

9--



Deep Wells

The basic source of potable water for the Post

is from the underground aquifer located about-500 feet below

the gcound surface Pumos 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 the distribution system

As outlined in Part paragraph of this report

the si wells were put into production at various times as

water demands -increased durinq the last 30 years See

--

Tabulation Sheets l6 While all of them were considered

good producers initially significant changes in their capa
city have been noted Listed below in TABLE is comari

son of each from tests performed by Post personnel showing

these öhanges

TABLEI

PRODUCTION PER FOOT
OF DRAWDOWN --

..
1971 PRODUCTION PER

ON INDICATED DATES FOOT OF DRAWDOWN

Well 16 gpn/ft 550 gpn 1963 15.4 gpi/ft 593 gpr
Well 21 gpm/ft 620 -gprn 1963 17.1 gpm/ft 615 gpm
Well 3- 25 gpm/ft 500 gpm 1963 177 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 .gp.m/ft 708 gpm 1958 37.5 gpm/ft 601 gm

This quantity is presently only 450 gpm

At the present water supply capacity from the wells

for 16 hour day as recowended by Army Training Manual TM

58132 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 ha



dropped at the rate of 2-1/2 to per year since 1958

Similar drops have occured in wells in the nearby city of

Sierra Vista

The rmy Corps of Engineers Study that was published

in January1972 included the drilling and developing of well

for productionpurposes Data on this Test Well .5.listed in

the study1s summary is as fo1lois

The well is located in the Northeast 1/4 of Section

l6Twp2lSR2OEofGSREM
Well Depth 807
Casing Diameter .16

Test Rates

Drawdown Specific Capacity

375 gpm 15 feet 25 gal/ft
710gpra 26 fet 27.3 gal/ft

ll5Ogpm 40 feet 28.7 gal/ft
1500 gpm 52 feet 28.9 gal/ft
1650 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 gum 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 putaping equip

ment and transmissionmain for connecting it to the existing

systetn Appronate1 15000 feet of main will be required

Wastewater Effluent

Although it is no.t an allpurpose source stored

effluent from the wastewater plants at which secondary treat

ment and chlorination are provided is being used to irrigate

the 18 hole golf course and Chaf fee parade Ground.s which .col

lectively demand as much as million gallons per day during

the early suxnmer.season



1.8 mililon 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 4fl potable water line is available to add to the

nonpotable supply for irrigation purposes if ever needed

The lowest recorded daily flow as averaged from the two suc

cessively lowest flow days duing the high water ase months

of AprilMay 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 ninimumflow from

thetwo wastewaterplants This storage will..accornmodate

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

subsequent demand of 1213000 gallons on the following days

during the high irrigation period of the year .1..

Further relief of the potable water shortage could be

provided if some of th 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 was tewater 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 1aborator techniciat contains about

mg/lof phosphates This quntityis quite beneficial for

plant life both on land and inwater However profuse plant

growth in the lakes is quite objectionable Therefore the

12



wasbewater.shouldbe used and its use extended to the

maximumpossible 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 addrion to tne extensive construction and main

tenance costs another factor which makes use of nonpotable

water undesirable ln inhabitated areas is the danger of pos
sble cross connections beteen the potable and nonpotable

systems by unkroiing naintenance and constructIon personnel

Booster Punps

General

At present there are 14 existing potable water

ooscer pumps wruich are identified as follos

Rated

In addition to these 14 potable water booster pumos

there are boosters for the non-potable irrigation systems

Facility Location

Booster adjacent to Deep Well
Booster 2A adjacent to Deep Well
Booster 2B adjacent to Deep Well
Booster adjacent to Deep Well
Booster adjacent to Deep Well
Booster adjacent to Deep Well
Booster adjacent to Deep Well
Booster .6A at Wherry Booster Station
Booster 6B at Wherry Booster Station
Booster 6C at Wherry Booster Station
Booster 6D at Wherry Booster Station
Booster 7A at l-l/2M Reservoir
Booster 7B at 1-1/2 Reservoir
Booster 7C at. 1-1/2 Reservoir

Actual Field Test Observations

Capacity

450 gpm
42 700 gpm

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
2.52 feet
240 feet
240 feet
240 feet

13



Wells and Boosters See Tabulation Sheet

Curves 4-1. and and Sketch in APPENDIX Boosters

2A and 2B can take suction from either of two 50000

gallon concrete surge tanks located at Wells and Sketch

depicts the piping connections As shown each well can

pump into either surge tan1 so that either one can be drained

for rpair work

Boosters and discharge into 16 steel main

which connects into the 12 steel cylinder concrete pipe that

supplies the 11/2 million gallon.reservoir The curves fo
these booster pumps curves and 1n the APPENDIX show

design heads of 450 gprn at 700 feet TDH and 700 gprn at 715 feet

TDH The elevation head is about 470 feet .I.f there is 161

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

indicate delivery capacities of 630 gpm and 910 gprn.respectively.

The 161 is from using value of 100 and calculating losses

in 17000 of 12 and 160.0 of 16 pipe Maximum pumpage re
uirements are normally required when the Huachuca springs are

prothicing very little Its flow from where it enters the trans

mission main near HuachucaSpring Road was therefore disregarded

The delivery from the booster pumps if operated at maximum rated

caoacity should therefore be 1540 gpm

An attempt was made to determine the actual unre
stricted flows from these 30 yea 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 ga-se valves

were momentarily opened fully It is reported by Post ooerating

personnel that these three booster pumos cannot be ooerated

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 2B is less than the corn

bined production of Wells and 1040 gprn gainst 1208 gom
See Table IA page 15 and TABLE page 10
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TABLE IA

WELL BOOSTER DELIVERY

Observations by Nocho Roahrig Tencza
11073 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 gpm Motor relatively quiet

BOOSTER 2B Throttled 48 Amp 32 Amp draw

1040 gpm

BOOSTER 2A Throttled per existing operation to pull
32 .5 amps while only it and .3 were
operating

900 gpm

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

780 gpmat central recorder

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

630 gm at meter

BOOSTER Throttlea perexisting operation
while all wellsite boosters were operating

580 gpm at central recorder

BOOSTER Throttled per existing operation
while allwell 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 çprt at central recorder

15



Booster Pump takes suction from the same

surge tank header and discharges to the lower zone distri

bution system on which the mililon gallon reservoir and

the 0.5 rillion gallon elevated tank float SinÆe theother

two boosters and 2B should be able to pump morethan

Well and can deliver7 and since these booster pumps

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

without power being lost from boosting again at the Wherry

Booster Station there should be no need for Booster Pump

2A to be activated under normal conditions

Curve indicates that the shutoff head on

pump 2Ais 295 wherefore whenthe other boosthr pumps

discharging into the distribution system create 45

friction loss this pump should go entirely static. If

the booster pumps from Wells and See Curve

4-5 and Tabulation Sheet were operated together at

unthrotled design flow the friction loss at the discharge

point of Pump 2A into the system wOuld be about 74 feet

See Table II However the actual delive of 2A with

the above described boosters operating at the same time in

throttled condition was 630 gpm See TABLE IIB page l9a

This indicates that the pump curve information may be

erroneous
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TABLE II

FRICTION LOSSES IN WATER TRA1SMISSION SYSTEM TO 3M.G
RESERVOIR 0.5MG ELEVATED TANK WHEN BOOSTER PUMPS

345 APE DISCHARGING AT THEIR RATED CAPACITY
AGAINST STATIC PRESSURE AND AN ESTIMATED 74 FRICTION

LOS

100

See Sketch l3 in APPENDIX

Pump 1550 .12
2800 16
3100 12
2200 12
12001 12
550 12
750 12

2400 14

IL

tr

6/lOOO
7/lOOO
1/lOOO 28

8.4/lOOO .18.5
6.3/lOOD .7.6

9/lOOO
9/lOOO

2.8/lOOO 6.71

Total Friction Loss 729

Northerly

770

820

1530
1470
1270

970

1220
1220

gpm
gpm
gpm
gprn

gpm
gpm
gpm

Southerly

Pump 46 .501 .12 650 gpm L9/lOOO 0.1
900 600 gpiu 0.4/lOOO 0.4

2200 12 1370.gDrl i/1000 16

4300 12 1370 gm /1000 31 81

1150 12 900 gpm 4/lOOO
1750 12 650 apm 9/lOOO .3

1150 12 915 gom 5/lOOO
1050 965 goTTi .3 871000
4500 12 715 gym 2.3/lOOO 10.4

Total Friction Loss 742
Balanced friction loss is about 741

In TABLE II above the booster pump rateddischarges are taken
from heads shown on pump curves and Comparisons with
discharges frOm matchingwell pumps in TABLE page 10 follow

Well No
IL

11

Booster Pumps
Static Friction Total Discharge

Head Head Head GPM

269
269
278
241

74
74
747

74

3..I .3

343
352
315

770

770

710

650

Well Pumps
Dis charge

GPM

760

611
575450
601

Esbimated 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
17



when all booster pumps in the well site areas are

operating at tn1r rated capacity against botn the static and

74 friction head they will pump approximately from pumo

curves

Booster 725 gom

Booster 755 gpm

Booster 7.05 gpm

Booster 680 gpm

Booster 2A goes static 45 fr loss

2865 gpm

MAXIMUM RATED BOOSTER PUMP CAPACITY INCLUDING BOOSTER PUMPS

2B IS.2865 1540 4405 gpm

However the and boosters are hrottled by

adjusting the outflow gate .valves.of each Operating personnel

explained that this practice limits the booster capacities to

match the welipurtip capacities when the friction loss is low

with only one booster pump operating As result the fric

tioii loss corresponding to this reduced flow less than 45
that Booster Pump 2A is able to contribute flow to the

systerm This condition was observed in the field See Tables

IA Il-A arid IlB 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 manual operation

when water use requirements are low and operation personnel

may want to rest other pumps for servicing or for keeping

2A in operating condition for serviäe during times of low

water use

18



TABLE IlA

FRICTION LOSSES IN WATER TRANSMISSION SYSTEM TO 3M.G
RESERVOIR 0.5M.G.ELEVATED TANK WHEN BOOSTER PUMPS
42A ARE OPERATING AT OBSERVED DISCHARGES WITH

USUAL THROTTLED CONDITION

S. 120

See Sketch 13A in APPENDIX

Northerly

Puthp 43 1700 12 780 gpm 1.9/lOoo 32
5200 16 880 gpm 6/lOOO 3_I

.3100 12 880 gpm 3/l000

2200 12 830 gpm 1/lOOO
1200 12 730 gpn 7/lOOO

550 12 600 gprn l.1/lOOO
750 12 750 gpm 7/lOOO

.2400 14 ía 750 goin 81/10001

23.8

Southe

Pump 2A 1300 12 900 go 4/lOOO
4300 12 800 gprn 01/10001

1150 12 600 corn 1/lOOO 31

1750 17 450 gpm 7/lOUO
1150 12 610 gpm 2/lOOO

1050 12 610 gprtl 2/lOOO 31

4500 12 460 gorn 7/lOOO

20.1

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
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TABLE Il-B

FRICTION LOSSES IN WATER TRANSMISSION SYSTEM TO N.G
RESERVOIR 5M ELEVATED TANK WHEN BOOSTER PUMPS
2A AND ARE OPERATING AT OBSERVED

DISCHARGES WITH USUAL THROTTLED CONDITION

120

See Sketch..13B in APPENDIX

12
16
16
12
12
17
12
12
14

580 gpm
480 gpm
930 gpm

1370 gprn @-

1300 gpm
1230 gpm
1080 gpm
1350 gpm
1350 gpm

1.1/lOOO
0.271000
0.6/lOOO
5.2/lOOO
4.9/lOOO
4.3/lOOO
3.5/lOOO
5.1/loO.b
2.4/l.OOO

0.1
0.1

16

10.8
5.2
1.9

5.8

Balanced friction Loss 45

At flow from pumps TABLE IlA friction loss was 22
or difference of 23 The flow drop from Booster was

200 gpm less than when only purnps.2A and were operating
The Booster curve indicated that balanced friction loss

should have been 30 This would indicate that the factor

shQuld have been loier but this one curve is not entirely

conclusive evidence for decisiv 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 highr
friction was actually being developed

Northerly

Pump 50
1500
2800
3100

.. 200
1200
550

.75
.2400

Southerly

.4551

Pump 50 12 580 gpm@ l.l/lOOO
.. 900 16 100 gpm 0.1/lOOO

2200 16 680 gpin 0.4/lOOO
4300 12 1310 gpm 49/1000

.1150 12 900 gpm 2.4/lOOO
1750 12 .650 pm 1.4/lOOO
1150 12 1060 gprn 3.3/lOOO
1050 l2@ 1110 gprn 3..6/lOOO
4500 12 .840 gpm@ 2l/lOOO

0.1
0.1
0.9

21.0
2.8
2.5
3.8

9.5

44.5
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Boosters at Wells and See Tabulation

Sheet Curves and and Sketches and in APPENDIX

Booster pumps at each of these well sites have as

much or more capacity for discharge against the maxinum head

developed in the transmission mains than the well pumps can

furnish to the espectiVe 50000 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

HôwØver due to the throttling conditinsmentioned

above the.comined flow as noted in TABLE IA1 page 15 is

only2050 gpi According.to TABLE page 10 and.Tabulation

Sheets 3-6 total Well Producion 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

Booster Pumps 6A 6B 6C and 6D Sea Sketch ll

and Tabulatioh Sheet l0 each have maximum positive suction.

head of 37 irornthe million gallon reservoir maximum

static headof 260 feet is reached at the pump levels when

the 11/2 million gallon reservoir is full Actual operating

conditions are noted in TABLE IV Page 22

Whery Boosters
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Observations 11/20/72
by Nocho Roahrig Tencza

Pumps
on

6A-6B
6A-6B6C

6A-6B--6C--6D

1960

This total coifirmed by observation again
on 11/27/72

Observations on 11/27/72

urn
On Time

Pump Discharge 10 Station
Pressure Outlet

Hydxant 900

on Rucker

None

6A 6B

GA SB

SC

LZ7rJ7
6C 6D

111 Psi

107 psi

.113 Psi
115 Psi

112 Psi

110 to
115 Psi

TABI IV

FRICTION LOSS EXAMINATION

FROM

WHERRY BOOSTER STATION

.Pumps
On

Discharge
GPM

6A1 560
.6B 590

420

.6D 680

TOTALS 2350

Discharge
GPM

560
1120

1520

1960

1025 AM

1032AM 109 psi 109 Psi

1036AM 112psi

1030 AM 114 Psi 112 psi

l0.44 AM 116 Psi 115 Psi
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Elevation differential from the hydrant on Rucker

to aoproximatelv 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 Spsi maximum friction loss in the

piping system during maximum pump discharge at 1030 A.M

to 1100 A.M on .a Monday nothing which is considered to

be an average water use period Two of the four pumps

were operating just prior to starting the tests

The fourWherry boosters which have total capa

city of 1960 qpm re 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 approximatel 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.bocster

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 gm is delivered direct to the 11/2 reservoir
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the Wherry boosters would need to pump 1420 600 2020 gpm

for 24 hours If operated 16 hours per day as recommended

by the manual Wherry area boosters would need combined

capacity of 3030 gpm which is 1070 gm in excess of the

existing combined capacity

When additional booters are installed in the

Wherry area they should however be located ba take suction

from the 18 inch main ad discharge to the 14 inch main on

Craig Street because the piping in the present booster build-

ing is already loaded to capacity The new boosters should

be of similar size to the existing ones There should be

two new boosters added with each having capacity of about

535 gpm against.the static headplus about 30T offriction

head

Old Post Boosters See Tbu1ation Sheet No 10 and

Sketch i1 in APPENDIX No curves are available .Booste

pums7A 7B and 7C are inanifolded in weatherproof build-

ing about 100 .to the north of the 1-1/2 million gallon

reservoir Installedin 1962.the boosters have positive

suction headof from 20 feet to 37 feet Each is rated for

500 gpm at 240 TDH The usage in Zone 1A1 to which these

pumps discharge is reported by Post water system personnel

to be low enough so that not more than two pumps ever operate

at the same time The maximum aily demand for water in

Zone TTAU served by these boosters from calculations shown

under II PRESENT SITUATION l.c page is 818250 gallons

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

operating about 14 hours per day

summary of the relationships between the boosters

their supply mains and their terminal storage facilities

are depicted in Sketch l3



Water Distribution System

General

Although there is relatively large percentage of

steel pipe in the distribution system maintenance oersonnel

report that there are no unusual problems due to leaks or

corrosion While Plate depicts the watertransmjssjo

lines and the main feeder lines1 the effectiveness of the

system is discussed below fr each pressure zone

Traismission Lines

The transmission line from Well and boostr

station to the.ll/2 mi11ior.ga11on reservoir is 12 steecylindercon

crete pipe except or 1600 of l6steel.pipe at the lower

end This steel.pipe was installed in 1969 andso is assumed

to be in good conditionS The line from Garden Canyon Springs

12 steeJ cylinder concrete transmission line is also

assumed to be in good condition since normal estimated life

of this type pipe is 50 years

The pipelines from Wells3 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 AC 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 million gallon

elevated tank floating on the systeu and thence northerly to

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

Zone Old Post Area

Water is supplied In limited quantities to Zone

from Huachüca Canyon Springs via an AC line installed

from systei of filter beds in the C.anyonto the older

portion of the Old Post Reservoir The major supply is

pumped viaa. 30 year old 10 steel pipe to both portions

of the Old Post Rservoirby Boosters 7A 7Ban.d %7C

which take suction from the 11/2 miLlion gallOn reservoir

All distribution mains are .8 and size of either cast

iron or asbestoscement mater

There are pressure reducing valves in the system

to prevent excessive pressures in the lower areas of the

system This sytem 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 landscaoing

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 OldPost Reservoirs is quite

adequate but that duing the dry nd hot season the 1-1/2

million gallon reservoir is almost einpited several times

each summer This lowering of water level7 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 l0 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 feetor 13 psi of pressure This pressure in inade-

quatØ for automatic washing machines flushometer valve

toilets et ThesØresidences shouldtherefore be served

from the higher pressure zone When these.residences are

served from Zone 7A 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 11/2

million gallonreservoirinstead 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 th areas

The above discussed pressurezone 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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Zone

Zone comorising that area from elevation 5020

to elevation 4810 is served from the 1-1/2 million gallon

reservoir floating on the distribution systerct This zone

obtains its supply fron Garden Canyon Springs Booster

Pumps and 2B via 16 and 12 steel cylinder concrete

pipe and from the Wherry Booster Stª.tion which draws from

the million gallon reservoir and discharges into the

distribution system The 14 A-C main into which the

booster pumpsdischarge and the other branch lines in the

sytemare adequate for servingthe zone and are mostly

AC pipe reported to be in good condition There are

pressure reducing valves in the system for preventing

excessive pressures tne loqer areas

This distribution system satisfies about 55% of

the total daily demand It is estimated that approximately

40% of Zone total demand during dry summertime is being

used for irrigation..of landscaping

Zone

Zone extends from the lower end of Zone to

the Northern and Eastern limits of the Fortes boundary

The principal supply is from Wells and dis

charging thru 16 and 12 looped mains These mains are

connected to the 500000 gallon elevated steel tank and the

million gallon reservoir which float on the system and

thereby maintain the required pressure in the distribution

system ri altitude valve on the elevated tank prevents

its overflow since it fifls up before the million gallon

reservoir becaus of friction loss in the ionger lin.es to

the million gallon reservoir
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Gererally 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

d. Discussion of another Pressure Zone

A.fourthpressure zone could be established to

provide reduction in power usage due to 1essboosting and

lessvariation inpressureswithinthe zones This extra

zone nould require its own storage facility In fact

good prà.ctice is to have pressure zones with not over 100

feet of ressure head variation in each zone This criteria

would require zones in the presently populated areas on

the Fort There are now pseudopressure zones being

operated by means of pressure reducing valves located in

two of them to maintain practical pressures in the lower

araas of the zohes where pressures would otherwise be

excessive The preseit method of control has advantages

and disadvantages some of which are as follows

Cl 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

Cc lesser number of booster pumps are

needed to provide adequate standby capacity for breakdowns
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Less transmission pipingis required

between the booster pumps and the storage 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

12T1 pipeline and appurtenances as well as several other

pipe changes and transmissio main replacement aon Smith

Avenue and revision of and addition of booster pumps

piping pumphouse and dontrols

Disadvantages

Approximately 15% of the potable water

use.d is lifted about 100 feet higherthan wotild be necessary

if there were fully independent zones

There are occasional problems encountered

in maintaining the pressure reducin- valves at the desired

settings

Summary

In view of the above discussion it is concluded

that retention of an additions to the existing storage

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

facilities forall of the populated area however in order

to satisfy pressure requirements in the area immediately

below the 11/2 million gallon reservoir this area should

be placed in the higher Zone Offsetting this would

be an areain Apache-Flats that could be removed from Zone

and pJaced in Zone

Storage additions are discussed under the heading

WATER STORAGE REQUIREMENTS1T of this report
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Water Storage

Zone As

This zone serves the upper area bf 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 ay that water can be transferred from

to but not from to the southerly compartment of

Thes.e facilities are known as the Old Post Reservoir

they serve Zone It can be seen in Sketch l4that at

present the south l00000 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.wallseparating the twocopartments 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 ar interconnectedso that the water surfaces arelevel

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 ir conjunction with reservoir would be

to construct the sides higher on reservoir Another

method would be to put an altitude valve on eservoir and



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 thought 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 purposes i358000 gallons per day Water storage

requirements for fire purposes for this zone in accodrance

with TM58134 1110345223 are 358000 Ællon.sx50%

.1000 gpm 4hours 60 minutes 419000 gallons as shown

in II PRESENT SITUATION l.c. Totaiwater usage includ

ing irrigation is 779000 gallonsper day. This is the

cldestarea of the Post and Post administrators do not
/5
expect any expansion of building or personnel in this zon

These reservoirs have been operated for several years with

100000 gallon compartment valved of for emergency fife

use This then alwaysallows for utilizing 250000 gallons

30000galloh or total of 280000 gallonsfor normal

storage and the additional 100000 gallons for.emergency use

by manual operation gate valve

Since the 280000 gallons of storage is not adequate

for that recommended by TM-5-8l3-4 criteria and since the reser

voirsare quite ôldthe facility should have additional new

storage to conform with the 419000 gallon estimated requirement

Zone .B

Storage for this zone consists of 11/2 million

gallon prestressed concrete gr.ound reservoir.

Top Elevation 5110

Bottom Elevation 5080
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Completed in Nay 1958 this tank is in good condi

tion needing Ofli 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 7A 7B and 7C to the Old Ppst

reservoirs

The storage requirement for this area in accordance

with TM58134 E.lll0-345223 is 1470000 gallons 50%

l.000gpm.x fires hours 60 minutes 1215000 gallons

as shown II PRESENT SITUATION 1.ct The otal calculated

water use including irrigation is 2550000 gallons per day

These water uage 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 maximurti

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 ifl view

of the actual experience discussed above even when some admin

istrative restrictions have been imposed on irrigation it is

quite essentiai thai an additional storage facility be provided

If the added storage has 1500000 gallons capacity it would

obviate requirements for additional storage in Zone

Zone

Located in this Zone is million gallon concrete

grouid 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

welimaintained It has ben re-roofed fairly recently so

that no major maintenance is required at present

50000Q gallon elevated steel tank also floats

on Zone and operates at the same elevation as the3

ITllllon gallon reservoir

Top Elevation 4887

BottQm Elevation 4870

Tnis tank fills up sooner tnan txie mlllion gallon

resevoir which is fed thru longer transmission lins An

altitu.e valve has therefore been installed on it to prevent

overfloq

This tank and rservor not only furnish storage

for Zone but ar the storaqe and suction source for the

Wherry booster station which furnishes waterto Zones

and The daily water requirements for this Zone as

described in II.l..pae ar l284000.gallons Th stor

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

223 are 564O00 gpd 50% 1000 gpm.x hours 60 minutes

522000 gallons

On one recorded occasion curing the summer irriga-

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

water storage durin.g day period was depleted to as low as

l6500Q0 gallons before operating booster pumps could replace

the deficit The fastest recorded depletion during a2 hour

period has been 400000 gallons Since the lowest storage

volume of record 1650000 gallons still exceeded the

140.8500 gallon storage equirement the storage is consid

ered adequate

34--



TABLE NO

RESERVOIR WATER DEPTHS DAILY
STORAGE SHORTAGES DURING CRITICAL PERIOD

JUNE 1971

RESERVOIR DEPTHS WHEN FULL

Old Post

ll/2 Million

Million and
1/2 Millibn Tank 16.0 feet

Following depths are at 1201 A.M of date shown.

Water.poduction is to midnight of date shown

All pumping facilities iere operating at maximum

existin ópeatingprpduction capacity at all

times

1fl4i
.LV iJ

11th

12th

13th

14th

15th

16th

17th

18th

19th

20th

Post Shortage.

8.5 10000

9.0

9.0

87 5000

82 20000

6.0 90000

7.0 60000

7.5 45000

8.5 10000

8.5 10000

8.7 NA

9.0 feet

29.0 feet

Old
Date

3M
11/2 Shoftage 0.5

27.5 75000 12.5

11.O 900000 12.5

11.0 900000 11.0

19.0 5007000 13.5

10.0 950000 14.5

10.0 950000 13.0

2.0 1300000 13.5

.26.0 150000 10.5

7.0 1100000 12.5

6.0 1150000 10.5

NA NA NA

Shortage

250000

250000

350000

175000

1057000

210000

175000

385000

250000

385000

NA



Thursday 17

Friday 18

Saturday 19

20

Continuation TABLE NO

SUMMARY OF MAXIMUM WATER USE

Total Reservoir
Shortage

TOTAL DAILY
POTABLE WATERUSE

Total Water Sum of Production
Production Reservoir DepletionJune. .1971

Thursday 10

Friday 11

Saturday 12

Sunday 13

Monday .14

Tuesday 15

Wednesday 16

335000

1150000

1250000

680000

1075000

125O000

1535000
Irrigation

.580000

1360000

4286000

4850000

4946600

4185000

4628700

4919000

5070900
Holiday

4464700

5037800

5101000

4950800

4376600

.4580000

5204000

.4115900

5244700

.5222800

1545000

CHARTS NOT

5014500

OPERTING



Discussion of Storaae Facilities

It was evident on the recording charts that the

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

regularly lowered 10 feet to 13 feet in 11/2 hour period

beginning at 00 g.M during this critical pericd This

is the time from 600 P.M to 730 P.M when residents

inall zones are alowedto turn on their lawr sprinklers

This rate of withdrawal of 650000 gallons in 1l/2hours

is 4400 gpm greater than all four Wherry boosters and

Booster 2B can supply

The problemof drastic withdrawal in. the 1-1/2 million

gallon tank during the 6-730 PM domestic irrigation period may

be resolved ii tw 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 .llow for present hourly irrigation schedues to be

followed and still havel..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 considered 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 strict.y for special local requirement and

are not cdnsideredas 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 consideredas Fort Huàchucas potable water stOrage

Generally speaking valving and metering of the lines

aPd pumps is adequate. Swing check valves continue to be

used to protect te 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 dependon 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 be considerable amount of effort expended

and facilities constructed to develop and utilize the water

from springs in Gardenand 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

pumoing 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 deielopment of program allowing more rain

and snow water to reach the springcharging areas Officials

of the Post Foresty Department and the Engineers Office

suggested several methods for assistIng in thIs endeavor

Feflcing 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 phreatopiiites and strip cutting of timber so

that snow lodged in tree croqns would be minimized and so

there would be more open areas for runoff to occur Also

cleanup of deadfall woud provide more water absorption

in the spring collection area

Some additional collection of water from the springs

could aso be made At Saw Mill Spring located above the

Boy Scout camp ii Huaiuca 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 water line would

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

could be coliected 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 posibly 200000 gallons per day

during deluge rain periods Although the cost of develop

ing this area would probably be considerably less than

developg the Saw Mill Spring agaln it is not considered

practical as 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 intalled at each booster pumping

unit not all of their recorders are operative It would

be useful to repair all meters and make rgu1ar 24 hour

readings of each It appears that some servicing needs

to be done on the automatic control panelalso Post

operations personnel reported that the meter installed on

the wastewater effluent line leading to the Golf Course

irrigation sytem was not operating properly Thi.s should

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

Conclusibns

Pressure Zone Changes

Better utilization of available pressure may be

accomplished bychaging the distribution systern.seriing

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 deactirated or removed

Similarly certain portion of Mills Circle residents would

benefit by changing this water system from Zone to Zone

Pressures as .lo 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 Jue

30 1972 The maximum capacity of the six wells is 5.24 mgd

on 24 hour bais andevidently 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 LU 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 Vage 34 It isestimated that prior to

September 1972 025 .mgd was being used during summer days or

supplementing the treated wastewater lagoon SUPi for golf

course irrigation This will no longer be necessary and so the

24 hour pumping of aliwells could supply the daily water re

quirements The deficit on the basis of 16 hour pumping of

wells is 5.0 mgd 3.49mgd 1.51 mgd Additional sources of

water therefore need to be introduced as soon as practicable

-4i-



Wells and

It can be noted from Tabulation Sheets and

that the bowl settings on Wells 4l 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

elirinate the low efficiency of operation now prevailing with

the .doule pumping system

d. Well ...

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 caacitv

Test Well

Test Well located in the east Range has been

proven to be high production well This well could be

equipped and connected t.o the water system as an additional

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

has maximum specific capaci.t or yield at 1500 gm and so

this should be practical pumping rate for it In order

to maxiirUe efficiency of pumping facilities and controlling

Operation the deep well pump should discharge directly into

the transmission main The punp should be capable of dis

chargingagainst both elevation head and friction of 60

An l8 transmission main should be construbted from

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

main is constructed of asbestos-cement or cement lined pipe

withsnooth bore IC 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.x 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 enlarged

to 24 the friction loss would be 2.7 7.0 0.65 15.0

28 Since it is estimated that the larger pipe would cost

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

ation was given to looping the new main with the existing 1211

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 thcugnt to be justifiable

Well Purro Ivieters

The arrangement of existing supply lines and booster

pumps at the well sited is adequate However there are no

meters on well pump discharge piping to determine flows

It has been found that tle storage caacity of tne

prestressed l5 million gallon reservoiris not sufficient to

provide storage for emergency fire protection during maximum

hourly use In fact frequently during.peak demand periods

1000000 gallons above pirrtping replacement capacities sere

used during hour period Although two additional booster

punos are recommended they ii1l only nrovide 65000 gallons

per nour As discussed in 116 7aber Storae Zone

new 1.5 million gallon reservoi. should be constructed at

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

elevation as the 1.5 million gallon rservoir

Zone Storage
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Sprinc Production

Although additional water sources can be developed

from springs theirproduction is practically nil during

peak demand periods and so it is not considered racb.ical to

develop rore springs except for the purpose of lessening

overdra from the aquifers at the well sites

i. Old Post Reservoir

The Old ost Reservoir has about 70000 gallons of

storage capacity that is not being used and another 100000

gallons.that is valved off for emergency use on-ly 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

recoipmend.ed in this report

Booster Pumps 2A and 2B

There rØ no pressure control valves on the dis

charge side of Booster Pumps and 2B However there is

no unusual water hainme in the piping when pumps are turned

on and off The amp meters indicate that the motors are

overloaded when now is not throttled Pump curves ndicate

that there should be no overload Also the motor on pump

is very noisy indicätih some malfunction- Post operating

personnel say that they cannot turn on Booster 2Aand

2B without trippinq the circuit breakers This situation

should beinvestigated and appropriate inodificationsor 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 Tell was open and continuously draining

ater from it wtnout the operator being aware of

tell-tale devide in theoperating room could prevent this

happening

bandoned Lines

It was observed that the gate valve on the old

potable water inlet to tne wastewater lagoon was leaking

It would be advisable for this line the old line to the

11/2 million gallon reservoir and any other lines that

have been abandoned to be cut off and plugged

in Booster Replacerent

Under existing opara1ng conditions Booster Purrip

is delierng only about 300 apm against 500 TDT-I instead

of its design capacity of 450 gpm against 710 TD Its

motor is very noisy and sounds like may be defective

Since this pump and motor are 3- years old thej should be

replaced instead of repaired

Wastewater Reuse

The treated astewater from the two plants has been

used successfully for irrigating the golf course andChaffee

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 par day of treated wastewater available for

irrigating areas now being irrigated with potable water

These additionalareas would have to be approved by the

Medical Department Some of these areas might be those
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around Greeley Hall and Barnes Field as well as other 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 heeded for irrigation Although the Post cemetery

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

from the available wastewater source to be considered for use

of iasteater If tne hedcal Department should permit use

of wastewater plant effluent for irrigation of the hospital

ground there is possi.oility that the abandoned 10 water

transm1ssOn main could be used as portion of the transmis

sion system for the effluent surge tank is used for

settling particles that ma spall off from its interior The

mg/i of phosphates in the vastewater make it unsuitable for

use in the lakes because it creates.profuse plant growth The

plant growth is desiraDle on land and so the wasteciater snould

be used to the utmost for land 1rrigat1ol

Wherry Booster Additions

The Wherry Booster Statioi has no been able to keep

witn the peak demands in Zone TTB Tney also create objec

tlonaDie ater hammer wnen starting and stopping and so should

have spring loaded check valves on their discharge lines The

eisc1ng piping sste in the booster station and building are

rot adaptable to epanson It is therefore necessary to con

struct anotner booster station This preferably should take

suction from the 18 pe ad tne 12 plpe nov discharging

overnead into the million gallon reservoir and snould also

be tapped underground and connected to the suction header

Automatic Controls

The pump control system is not yt being utilized

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 thought to be an overload 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

withgate valves to prevent exhausting the storage insuc

tion reservoirs Laster than the well pumps can fill them

.A more efficient method of controlling the discharge would

beto install acontrQl valve in conjunction with an orifice

plate for sensing head differentials to control- the flow to

constant quantity under varying head conditions

Storae Level Adjustments

The well pump storage tank water levels and the

booster pump shutoff at low reservoi.r 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

.operatiig differential is only about feet in the 10 foot

dee reservoirs rather than desirable feet

Irrigation Scheduling

As temporary means of operating the present water

systemuntilconstruction 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 andto have opposite sides of streets or alternate

blocks of houses to irrigate on only 2day 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 I-Iuachuca7 water supply system

This section lists recommendations for the major factors

involved in adding to and changing the existing system and

its operatioi to provide adequate water service to the Post

facilities Some other minor factors that could probably

be accomplished by Post personnel were discussed under

Conclusionss above and are not repeated below Either

planning for or acually processing the following .recornmenda

tions should be started as soon as prcticable- Location of
recommendations thru are shown on PLATE NO 2.

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 Puinpin Equipment Transmission Main

The existing test well 1ocatd in Section 16

should be equipped with well pumping equiprent 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 he other wells The panel should have motor

running lights onffautomatic switch and an indicator

.totalizerrecorder showing meter performance

An 18 transmission main should then be constructed

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

See Sketch 16
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Additional Storage

1.5 million gallon storage reservoir should be

constructed at the same site and top water level working

elevation as the existing ll/2.million gallon reservoir ir

Zone It should be interconnected with the existing

reservoir supply piping

Additional Booster Pumps

new booster station consistinq of two pumps

with capacity of 535 gpm each and necessary housing should

be constructed to supplement the Wherry booster station

The pump should -akØ suction from the l8.main near
Hatfield aid Burns Streets and discharge into the 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 sequenced and
alternated with pumps 6A 6B 6C and 6D The 12 main

that discharges overhead into the million gallon reservoir

should also be tapped underground ad connected to the

booster station suction header with 12 pipe

Booster Pump Replacement

Booster Pump and motor should be replaced

However as.desdribedin Conclusions paragraphs and

above the present double pumping station should be elimi

mated and replaced with well.pumps discharging directly into

the transmission main



Power Supplies Motors

The motors on all pumps should be checked out

and should be replaced if ovarloaded 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 all pumps in the area can be operating

simultaneously

Pump Controls

Pump controls should be arranged or suppleieited

for activating and alternating the starting seauence of

booster pump numbers and the proposed new test

well puir fron water elevations in the million gallon

reservoir..

Similarly the controls for the four Wherry booster

pumps and the proposed two neq booster pumps nearby should

be siplemented to activate the new pumos and to alternate

their starting sequence with the existing pumps Activation

should be sensed from water elevations in the 1-1/2 milljo

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 %2 should continue to be activated from sensors

in the 1l/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 origiral

capacity ..
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Plug Abandoned Lines

The valves on the steel lines at the wastewater

treatment lagoon and near the ll/2 million gallon reservoir

should be removed nd the lines plugged toprevent 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 befoe

they start sucking air Inlieu oflowering present pumps

it would increase operating efficiency by an estimated 100%

if new pumps were installed in the wells and discharged

directly intothe distributiofl 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 Chaffee

Field area should be extended to any other locations sucI-

as areas around Greely Hall Barnes Field House and barracks

complexes which the Medical Deoartmnt will approve for the

use of treated wastewater in Zone Wastewater pumping

facilities should then be expanded to transport and pressur

ize the approximately 0.25mgd of surplus wastewater no
available to the proposed new irrigation lines
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rn Additional Well Development

Drill equip and connect to the existing water

system new water well ata location directed by the

Corps ofEngincers from information either already developed

or to be developed This would be used for supplementing

the existing water sources as additional supply may be

needed in the future due to increases in averageper capita

uses or possible population increaes

Booster Pumping Station Replacement

As equipment at the and well site

booster pumping stations deteriorates it would be desirable

to eliminate the low effi.diency of double pumping by install

ing purrs in thewellsto discharge direct to the transmis

Sian mains
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TABULATION SHEET NO

DEEP WELL AND PUMP NO Floor Elev 4641.00

Information
Not available

DRILLED 1939

DRILLER W.E Lane Warren Arizona

DIANETER 14 inches

CASED DEPTH 703 ft Elev 3938

STATIC WATER LEVEL 489 ft EIev. 4152 1958

519 ft Elev 4122 1971

RUNNING WATER LEVEL 520 ft 500 gpm Elev 4121 1958

558 ft 594 gpm Elev 4083 1971

TOP OF BOWL SETTING 560 ft Elev 4081

PUMP

PRIME MOVER

Submersible

New pump after first test



TABULATION SHEET NO

DEEP WELL AND PUMP NO Floor Elev 4641.2

DRILLED 1940

DRILLER Lane Warren Arizona

DIAMETER 14 inches

CASED DEPTH 710 ft ElØv 3931

STATIC WATER LEVEL 490 ft Eiev 4153 1958

516 ft Elev 4125 1971

RUNNING WATER LEVEL 520 ft 750 gpm Elev 4124 1958

552 ft 615 gpm Elev 4089 1971

TOP OF BOWL SETTING 560 ft Elev 4081

PUNP Wintroath Pumps Inc
Aihambra California
Serial f2803
Elev C/L discharge 4642.5

PRIME MOVER U.S Asbestos Protected Motor
Sria1 No 1000340

Type CVF NRR
H.P 125 Ph
Power 2300 volts 60 excess
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TABULATION SHEET NO

DEEP WELL AND PUMP NO Floor Elev 4619.3

inches

Elev 3817

Elev 4148 1958

Elev 4116 1971

700 gpm ElØv 4115 1958

760 gpm Elev 4073 1971

Elev 3969

U.S Motor Hollowshaft

H.P 200 phase
Power 2300 volts 60 cycles 46 amps
Speed 1770 RPM

New pump after first test

1942

Unknown

1816

802 ft

47.1 ft

503 ft

504 ft

546 ft

650 ft

DRILLED

DRILLER

DIAMETER

CASED DEPTH

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP OF BOWL SETTING

PUMP

PRIME MOVER

Worthington
Size 12 M903 stage
Serial VTP 23671

56--



TABULATION SHEET NO

DEEP WELL ND PUMP NO Floor Elev 4619.3

DRILLED 1942

DRILLER- Unknown

DIAMETER 18 inches

CASED DEPTH 807 ft Elev 3812

STATIC WATER LEVEL 462 ft Elev 4157 1942

490 ft Elev 4129 1971

RUNNING WATER LEVEL 480 ft 700 gpm Elev 4139 1942

505 ft 610 gpm Elev 4115 1971

TOP OF BOWL SETTING 555 ft Elev 4064

PUMP Pomona
Serial B737
Elev C/L of Discharge 46201

PRI MOVER General Electric Motor
Model 12 330.6

Type KF
H.P 125

2300 volts3 phase 29.2 amps
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TABULATION SHEET NO

DEEP WELL ND PUNP NO Floor Elev 4610

DRILLED 1942

DRILLER Unknown

DIAMETER 18 16 inches

CASED DEPTH 800 ft

STATIC WATER LEVEL 454 ft Elev 4156 1958

489 ft Elev 4121 1971

RUNNING WATER LEVEL 504 ft Elev 4106 700 gprn 1958

583 fi Elev 4027 576 gpm 1971
Throttled to 450 gprn

TOP OF BOWL SETTING 650 ft Elev 3960

PUMP 2721 Worthington
12M90E8stage
Serial VTP 23673

PRIME MOVER U.S Electrical Motors
Model Hollowshaft J1422422

Type H.V

Speed 1770 RPM
Power 2300 volts phase 60 cycles
H.P 200
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TABULATION SHEET NO

DEEP WELL AND PUMP NO

DRILLED

DRILLER

DIAMETER

DEPTH

CASED DEPTH

DIANETER

STATIC WATER LEVEL

RUNNING WATER LEVEL

TOP BOWL SETTING

Ground Elev 4642.7

Feb 15 1958

J.R Sharp Bisbee Arizona

16 18 inches

Oto 803 803to 1230

803 ft

16 I.D 5/16 Wall Welded Plate

Pipe with 11/4 x12 Drive Shoe

Perforated from 500 to 760

492 ft Elev 4151 1958

516 ft Elev 4127 1971

Not available in 1958

532ft 600 gpm Elev 4111 1971

570 ft Elev 4073

Johnson Submersible
Serial JR 5981

Type 10 DS 14 stages
H.P 150

Model 1S5OB31OD
Power 440 volts phase 60

Capacity 750 gpm 555 TDH

PUMP

cycles
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TABULATION SHEET NO

DEEP WELL AMD PUMP NO Test Well Ground Ee1v about 4426

1971

Beylik Drilling Inc
La Habra California

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

DRILLED

DRIR

DIAMETER

CASING DEPTH

STATIC WATER ELEV

RUNNING WATER ELEV

TOP OF BOWL SETTING

PUMP

PRIME MOVER
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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
TypeA
15OHP
2300 Volts

BOOSTER PUMP NO 2A

United Iron Works
Oakland California
Size6 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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TABULATION SHEET NO

BOOSTER PUMPS NO and

Floway Pumps Inc
P.O Box 104 Fresno California
Item .1 D4EA 18-68-C--0272

Size 12 Type 0J1H stages
900 gpm 320 TDH

Serial 683l6l

Prime Mover
U.S Electric Hollowshaft
Serial 1422438

Type V1 Design Code
H.P 100

Power 2300.volts 23.5 amps phase 60 cycles
Speed 1770 RPM

BOOSTER PUMP NO

Johnston Vertical Pump
Serial J1 3338

Prime Mover
General Electric Motor
Model K.62266 C88A
H.P 75 440 volts

.Type Code

Speed 3550 RPM
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TABULATION SHEET NO 10

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

PUMP FairbanksMorse
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

TypeK2K

SEE TABLE 24 hour duty

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

PUMP Worthington
Serial 440411
500 gpm 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

63



riTOTADIFFERENT/AL/-/Ar7

z0

____
Io4r --

___

__
I-

çy
___-- ___.L.---H

-..----.IJo

----G-
Or

.--- .G.------

.-
...--

oi
t3EFFICiENCYINPERCENT

____



JN73d Nt N3I1d.d

tj 00..---

.0

--
-.-

-..------ -.--
1.-

--
_I-.---
--.---

.- -- ---.---

n-

.\. ..
-I

-\-
-------------

__-

--T-TT
i-
iLI-- 2J ---.---

-o-- -..-
-0

34Nl.QH iwN 3dIa7io

--



TOTALDIFFERNTIALHEADIN.F.EET

VVVV
ti.V

VV

_VVVVVVVVVVV
--

VTVVVVVVV
VV

VT
__---.---V.V VJVTh

VVV
VVJ

VVVV

f1VVVV4rT
VVVV --

VVL--

VVVgiVVVV-V--V--VVVVVV
VVVVVVV

OVVVVHVVVV.VVV

__VVVVVVVVVVVVVVV

----------

V-V

EFFiCiENCYiNPERCENT

____.0



TOTALHEADINFEET

cLJJ
P1MO rv\JjO

ii

---Li ....\
-I--I

--0-------------------- P..

0__

NPSHR

I---

TE1L--.-..-

----------

--

PFCIENCY



FEETTOTALDYNAMICHEAD

-o

______J._.EFfICIENCY

--

--

o.

--.-..-.-
____

-----

---

.-
____.-..-

.....--

--

HO5POWER

.0.0



IL
lL

L

G
.D

IN
C

IN
Y

O
N

5
P

R
/f

V
C

O
kI

4
E

C
T

/O
W

..
5
Y

S
T

E
M

H
O

U
S

IN
G

j9
1

W
4

T
E

R
U

P
P

1
J
/t

c
1
q
iy

Y
O

A
f

H
v
i

S
P

IN
G

o
ii
C

T
IO

i

N
o
r

T
O

5
C

L





L
L

iL
L

f7
H

L
/A

C
/-

/I
J
C

A

H
O

J/
N

G

W
iL

W
E

hL

/9
4
/

W
A

T1
W

.5
J
P

P
L
Y

O
L
D

P
O

S
T

R
E

S
E

R
V

O
IR





L
J

A
O

T
T

o
S

cA
L
E

W
h

L
L

W
/-

L

M
/i
d
/O

N
G

A
L
-

P
R

5
7
R

E
5
5
E

L
T

A

/O
3
7

R
E

S
E

R
\/

O
J
i

5
8

w
i

üP
P

L

I
t



W
E

LL
W

E
LL

.O
L
D

P
O

S
T

iE
$
R

V
O

l

M
IL

L
IO

N
G

A
L

P
R

E
S

T
R

E
S

S
E

I

/9
6
9

-P
R

E
S

E
N

T

W
A

T
E

R
S

U
P

P
L

Y

s
c

W
E

LL

W
E

N
O

T
7
O

.S
C

A
I_

E



/0
D

p
e
s
s
e

/0

1
/

/1
c
2
S

V
a
lv

e

P
U

A
4
P

N
o

E
L
E

v
ro

/S
o
o
s
7
L
e

P
w

ip
4
t6

3
7
0

W
e
ll

P
u
7
7
p

O
is

c
h
4
6
4
2
.Z

8
Q

5
S

u
rq

e
T

a
s
/c

4
6
3
8
.3

T
o
p

S
u
rq

e
7
k

4
6
4
8
.3

P
O

M
P

N
c

E
L
-v

A
T

/O
N

S

ô0
0
5
7
e
-

P
L
.m

p
2
4

E
3

S
S

5
o
a
te

-
P

u
m

4
6
3
5

W
e
/I

P
m

p
D

.s
c
/

4
4
Z

Z
8
a
s
e

.5
u
q
e

T
h
n
/c

4
3
4

T
h
p

.S
iq

e
T

q
n
A

4
q
q
.4

/2
S

le
e

L

T
h

3
M

T
a

n
k

q
o

e
7L

Q
c
i

9
0

/0
.8

e
n
1

-W
e
/I

P
w

n
p

/0

C
l

2
1 -
J

N
O

T
T

O
S

C
A

L
1

e
re

7
0

1
e

s
e

rv
c



-_
8

L
L

P
U

M
P

S
U

R
T

A
//

2
-

2
6
0
0
0

G
A

L

i0
S

C
T

/O
IV

1
0
V

P
L
O

4
5

E
C

T
/0

N

L
IN

H
/0

/0
D

R
E

s
3
fe

/D
R

E
5
3
R

-
9
/4

/
V

E
R

r

io
O

.3
Y

/0
k

P
U

M
P

N
d

E
L
E

V
A

T
IO

N
S

S
0
0
S

T
E

J
P

U
M

P

W
E

1
I-

P
u
M

P
b
/S

c
H

8
4
5
E

.5
U

R
G

T
A

N
K

T
O

P
8
A

S
T

A
il
/A

P
U

M
P

N
o

E
/.
.E

V
//
T

/O
N

S

ôO
o
S

T
.E

R
P

U
M

P

W
E

P
U

M
P

is
c

8
4
5
E

S
u
R

G
E

T
1
9
N

K

T
O

P
.5

V
R

E
T

4
/v

/

P
U

M
P

A
/c

E
L
E

V
A

T
IO

n
/S

4
6
/8

4

4
6
.2

Q
/

4
6
1
-9

.3

4
6
2
9
.3

4
6
/8

.4

4
6
2
0

4
6
/9

.3

4
6
2
3

0
0
5
7
.E

R

W
E

LL
P

U
4

s
5
4
.S

E
$U

R
G

E

T
O

P
.5

IR
G

1

ic
/

/N
r4

/u
d

I3
0

0
s
T

E
R

P
U

M
P

M
O

T
O

R

8
-

1
2

R
E

D
U

C
E

R

i2
C

L
4
Y

T
O

N
y
y
i
r
r
r

/2
O

.5

T
h

R
E

S
E

/V
O

/I

P
U

M
P

4
6
0
.9

0
/s

c
/i

4
6
/0

8

Y
4
N

Ic
4
/O

.O

7
4
v
/r

4
Z

o
.O

N
O

T
T

O
S

C
A

L
E



IL

/7
_

T
E

S
T

/9
/

iR
s
Y

s
P

R
L
/N

G
P

LO
W

/4
rR

/0
8
1
S

F
D

C
IA

t/
A

1
-

W
E

L

3
8
/1

4
R

/s
b
g

/0
Iw

L
ic

rd
e

jy
7
R

C
O

/0
P

R
E

5
3

W
IT

C
H

W
E

A
T

H
E

P
O

0
F

W
I

L
7

IN

/O
S

T
E

L

3
c
7
c
O

G
L
L
0
N

C
0
N

C
R

7
S

T
O

R
A

G
E

L
A

Y
O

U
T

W
E

L
L

fr
6

N
O

T
7
0

S
C

A
L

E



L
i.

II
L
L

E
D

z
o
X

3
6

P
R

E
-F

A
S

P
U

M
P

H
O

U
S

E

_
.L

L
4

U
N

b
E

rG
O

U
N

P
R

O
M

M
IL

L
IO

N

G
A

L
S

T
O

R
A

G
E

R
E

S
E

V
/0

R

IN
T

A
K

E
ry

e

_
8
4
IZ

E
D

L
J
C

E
R

fl
R

io
O

Y
E

G
R

A
D

E

P
U

M
P

T
Y

P
P

A
N

N
E

I

S
W

IN
C

H
E

C
K

V
A

L
V

E

0
.5

G
.V

T
Y

R

R
E

D
U

C
E

R
7
y
P

.4
o
/S

C
H

A
R

-6
E

/O
A

B
O

V
E

G
R

A
D

E

O
O

5
T

E
i

P
U

M
P

S
4
d

4
-5

0
0

G
P

M
P

U
M

P
.5

4
-S

O
H

.P

7
S

O
R

P
M

E
A

c
/-

/
M

O
rO

i

8
-

/4
R

E
b
U

C
E

R

N
O

T
7
0

S
C

A
L
E

T
o

IM
/L

L
./
O

N
G

A
L

S
T

O
R

A
G

E

R
E

S
E

/V
O

J
I\



I
i

J
L

/0
/0

rO
O

L
I

0
S

T

/0

P
L

A
N

G
C

7
P

C
M

P

L
0

/0
6

R
E

O
II
C

E
R

o
.s

C
R

A
N

E
iz

5
S

V
A

L
V

E

-
4

R
E

U
C

E
e

7
A

P
U

M
P

M
Q

T
0
F

G
-4

/E
D

U
C

E
R

6
O

.S
L

Y
V

A
L
V

E

O
-G

R
E

/J
U

C
E

R

/0
P

R
E

S
5
E

R

/0
P

LU
G

G
E

D
F

L
A

N
G

E

-9

2
Z

V
L
.J

2
R

E
5
R

V
O

/1

/V
O

T
Y

O
s
c
A

L



iL
J
_

L
L

J
L

Z
r

7
A

7
1
9

7
C

P
0

3
T

R
E

5
R

V
O

JR
S

L
E

G
E

N
D

z
A

2
8

rc
.B

O
o

$
rE

P
U

M
P

N
U

M
B

E
R

S

N
O

T
7
o

S
C

A
L
E



IS

SSSS

It
I/

IS

5-

1/
I/S

ii
I..

t-

cm

.5

-- I_i

-S

5-5--

-V5- _y

5/

5-
N5-

// --

\\ \\ .1

55555 5555 SS\ \..\ /5SSS5 SI

\\
II

._i

II \\\

//

//
Th

___555 _____SS \I.i._________

.S--

//._/
/.1\\\ .1

I- .--
-/ /\

\_
-5--

_____________1I I- _SS_555\

s-

-5v .i
5_S/ 551 S/
I-

55 55/.-- ./
t/ \\

55

-- /_ /I_ 5555

SCALE
2O i--

55

ii._.__.

.5

1517

5/

\-

BB FELD
.- 555- LE475 /d7

55

/55

S.

5-_\

5555555

/-
S55.

-----ft

\\ SSS5s .5 /5

/ii \C 5_I

-S

ELEV48l
5-

5-

.5

TE5T WELL
CONA/EC TION

SKETCH


