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INTRODUCTION 

The existing facilities which produce, pump, store, and distribute 
water to the City of Tombstone are of widely varying age and 
condition. Some components of the water system were constructed in the 
1880's and are still in use. Many additions and improvements have been 
made to the system during the past 100 years. While the system is 
generally capable of delivering adequate quantities of potable water 
for domestic use and limited fire flows, there are some deficiencies 
which can and should be remedied. Additional improvements can be made 
to provide better overall system reliability and increased fire flows 
at selected areas of the town. 

The purpose of this report is to characterize and inventory the 
existing water supply facilities; identify and detail system 
deficiencies; and, describe the improvements which have been developed 
for the system. 
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SYSTEM DEMANDS AND DEFICIENCIES 

Current demand on the system has been estimated at 600,000 gallons per 
peak day and 250,000 gallons per average day. 

The existing distribution system in the business district of the city 
is inadequate from the standpoint of fire protection. This represents 
a significant risk to the economic health of the community and 
comprises a major system deficiency. Insufficient "looping" of the 
pipe network, the existing small diameter piping and undersized fire 
hydrants are the specific problems. Available fire flow is 
insufficient in most locations within the central section of the city, 
for the same reasons as for the business district. Required and 
available fire flows for a number of locations are tabulated in the 
appendix to this report. 

The absence of functional chlorination facilities represents another 
system deficiency. The 100,000-gallon storage tank is equipped with a 
chlorinator, however, the feed line is improperly installed. Another 
chlorinator is located at the valve vault in the seven-inch line from 
the large reservoir. However, this unit is not in service. No other 
storage facilities (or wells) are equipped with chlorination equipment. 

The general deterioration and disrepair of the system limits its 
utility and efficiency and should be corrected. Specific deficiencies 
include: 

The pumps, piping and valves in the valve vault in the seven-inch 
line from the reservoir are completely dilapidated and 
non-functional, now submerged in several feet of water; 

The 100,OOO-gallon storage tank and appurtenances are in a state of 
general disrepair; 

The booster pump at well site #3 is improperly sized for the system 
and produces excessive (and potentially damaging) pressures; 

The valve vaults at the pressure reducing stations are in need of 
replacement and are improperly covered; 

A backflow prevention device is not installed on the potable water 
line at the sewage treatment plant. 

3 
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EXISTING EQUIPMENT INVENTORY 

Water is supplied to the storage and distribution system by three 
drilled wells located within the city and seven artesian springs, 

'.';' , located 25 miles to the south in the Huachuca Mountains, via a historic 
seven-inch diameter rolled steel pipe aqueduct. The wells are from 10 
to 40 years old, the spring catchments and aqueduct are over 100 years 
old. The total estimated rate of supply from the wells is currently 

, 

800 gallons per minute (gpm). The rate of supply from the springs has 
averaged approximately 725 gpm in the past, although the current rate 
of supply is unknown. 

Considerable water storage is provided by a 1.1 million gallon concrete 
reservoir, located south of the city, which is filled by the aqueduct 
from the springs. In addition, a ground level storage tank of 
100,000-gallon capacity is located on a hill at the south edge of the 
city and a total of three smaller (25,000 gallons each) storage tanks 
are located at two of the well sites. 

The vast majority of the system's service area is located within a 
single pressure zone. The low pressure boundary is roughly at the 
4,600 foot elevation contour, to the south of the city, and the high 
pressure boundary is roughly at the 4,495 foot elevation contour, 
generally north of the city. These boundaries are established by the 
system highwater as defined by the elevation of the 100,000 gallon 
storage tank (mean water surface elevation = 4689). Services in the 
extreme northwest portion of the service area are located below the 
4,495 foot elevation contour and pressures at these services are 
moderated by means of pressure-reducing valves. Refer to Figure 1 for 
a schematic map of the system and Figure 2 for a map delineating the 
zone boundaries . 

Water is delivered to the system from the 100,000-gallon storage tank 
r r by gravity flow (no pressurization is required due to the elevation of 
',::,; the tank). Water is delivered from the smaller well site tanks by 

means of booster pumps . 

, 
/-, 

The dis t ri bution systein ' consists of piping of various materials, sizes, 
r::: c-ondi't t on and age. The central ,portion of the city contains primarily 

older steel pipe of two-, three-, and five-inch diameters. Some 
six-inch diameter asbestos cement (AC) pipe has more recently been 
installed in this area (in Fremont Street, Bruce Street and North 
Street). Other portions of the distribution system (primarily to the 
north, east and west) have been installed more recently and consist of 
mostly six-inch diameter AC pipe. 

Specific data for the water supply system (we l ls, booster pumps and 
storage tanks) have been collected and are tabulated in Appendix A of 
this report. 
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2. Construct new 300,000 gallon storage tank at site of existing 100,000 
gallon tank. (See Figure 3, Sheet 5.) 

3. Install new fire hydrants (in conjunction with new piping) at 
appropriate locations within the central business district. 
Approximately 12 new hydrants (capable of discharging high fire flow 
rates) should be installed. 

The expansion and refurbishment of the chlorination facilities for the 
water system is recommended. These improvements will improve the quality 
of the water delivered and reduce the risk of disease from water-borne 
pathogens. Specifically, the following improvements to the chlorination 
facilities are recommended: 

1. Install chlorinator at the 1 MG reservoir; 

2. Re-install chlorine injection line deeper within the 100,000 gallon 
storage tank and generally refurbish the chlorinator and housing 
facilties; 

3. Install chlorination facilities at each of the three supply wells. 

Improved system reliability and a reduction in future operating and 
maintenance expenses can be accomplished through implementation of the 
following system improvements: 

1. Replace booster pump at Well #3 with a properly specified unit. 

2. Install automatic controls for the natural gas-powered engine at Well 
#2. 

3. Repair or replace the valve vault at the two pressure reducing 
stations. 

4. Refurbish the 100,000 gallon storage tank and appurtenances (install 
screen cover, install safety climber, repaint tank, install overflow 
pipe, refurbish chlorination shed) . 

5. Refurbish valve vault in the seven-inch li,n.~;, ,fr~m ;;th>e. !~i .JM<GI;) srH. 
reservoi r. Booster pump shaul d be repl aced; v.a.l.v,es '. .and , . cp.·rM~"Sl on 
piping should also be replaced. Install new meter .. ' ,: .. : < ',: "." 

6. Insta 11 a target on 1 MG reservoi r to permit water', 1 eve 1 re'ad f~'gs 
from city. 

7. Attempt to reactivate seven-inch line to 100,000 gallon storage tank 
from 1 MG reservoir. 

8. Repair roof panels on 1 MG reservoir. 

5 
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RECOMMENDED SYSTEM IMPROVEMENTS 

A master plan for system improvements has been developed to achieve the 
following goals: 

1. Improve fire flow capability for the central business district ; 

2. Improve bacteriological water quality; 

3. Reduce operating and maintenance expenses and improve system 
reliability. 

The improvement in fire flow to the central business district can be 
accomplished through augmentation and expansion of the existing water 
supply piping in the area, construction of additional water storage 
facilities and installation of larger fire hydrants. Specifically, the 
improvements are as follows: 

1. Construct new distribution piping 

Location Pipe Size (in.) Length (ft.) 

Existing 100,000 gallon storage tank site 
to existing five-inch line at Allen and 
Sixth Street 12 2,350 

Toughnut Street from Second Street 
to Sixth Street 

Second Street from Toughnut Street 
to Allen Street 

Third Street from Toughnut Street 
to Allen Street 

Fourth Street from Toughnut Street 
to Allen Street 

Amm Street from Allen Street 
to Fremont Street 

Sixth Street from North Street 
to Allen Street 

4 

12 1,510 

8 300 

8 300 

8 300 

6 350 

6 2,300 
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9. Install a backflow prevention device at the sewage treatement plant 
water service. 

Implementation of the system improvements described above will 
dramatically improve the ability of the City of Tombstone's water system 
to provide safe, potable water for domestic use as well as provide water 
in sufficient quantities for fire protection of the central business 
district. 
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Project Tombstone Water 

Job No. 60157-01-10 

Well #1 

SOURCE OF SUPPLY 

Date September 27, 1985 

Compiled By DRV, EHB 

Location Allen St. E. of 6th St. Sec 11 T20$ R22E 

Date Drilled 1941 Di scharge El evat i on_4_5_56 ___ Source ____ _ 

Depth of Hole -=--6=----:12~f~ee.;;....t'__ ___ Depth of Cas i ng _________ _ 

Type of Casing Steel Diameter of Casing 4" 
~~~------ -~------

Perforations Unknown 
~~~~---------------------

Drilling Method ---'N:.:.;.A-'--_____ Well Construction ---:N..;:..A-'---______ _ 

Pump Setting 511 feet Static WL (1969) _4...:..;3:...,::0---'-fe::....;e:...,::t ______ _ 

Pumping WL (1969) 490 feet Pumping Rate _2=2=----:;5---aLJ9P"-'-m"--____ _ 

Specific Yield 3.75 gpm/ft. 

POWER AND PUMPING EQUIPMENT 

Motor Type Franklin Electric, Subm. RPM ___ H. P. ---,6:....:..0 __ 

Voltage 480 Phase ....,;3=---__ Cycles 60 Amperes ______ _ 

Serial Number 00968 Model Number 2870015000 
~~~~~------

Frame ________ Discharge Head Type __________ _ 

Discharge ____ Shaft ____ Shaft Tubing ___ Column __ _ 

Suction Pipe ___ Air Tubing _____ Lubrication ______ _ 

Pump Manufacturer __________ Pump Type _--:S....:..;u.;::,cbm-"---.'-----'-T-=.ur'---'b=---ci'--'--'n--=-.e_ 

Size Stages ____ TDH ____ Capacity ___ _ 

Serial Number 314047 Impeller _____ Curve Number __ _ 

SHEET 1 OF 9 
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Project Tombstone Water Date September 27, 1985 

Job No. 60157-01-10 Compiled By DRV, EHB 

SOURCE OF SUPPLY 

Well ~#~2 _______________ __ 

Location Camino San Rafael Sec 1 T20S R22E 

Date Drilled 1967 Discharge Elevation 4425 Source ----- -----

Depth of Hole .=..60::..;0'--=-fe.=..e::..;t=---___ Depth 0 f Cas i ng _35_2_-_4_86_-_6_0_0 __________ _ 

Type of Casing ----=S:.,.::t~e.=..el.:.....-_____ Diameter of Casing 12" - 10" - 6" 

Perforations 3/8" x 6" 4 per foot - torch cut, 276' - 590' 

Drilling Method NA Well Construction NA 
~~--------------

Pump Setting 465 feet Static WL (1967) _2=-.:.7--"-6_f:....;:e-=-e...::....t ______ _ 

Pumping WL (1967) 338 feet Pumping Rate _3;:,..,:0:.,.::0--"-'gpc..:cm"------____ _ 

Specific Yield 4.8 gpm/ft. 

POWER AND PUMPING EQUIPMENT 

Motor Type Gas - Waukesha RPM 1760 H. P. --=9:....:.,.0_ 

Voltage ____ Phase ___ Cycles ____ Amperes ____________ _ 

Serial Number 2BL90 Model Number 
----===~---- -----------

Frame ________ Discharge Head Type Amarillo, gear 

Discharge ____ Shaft __ -_-__ Shaft Tubing ___ Column __ _ 

Suction Pipe Air Tubing 445 feet -- Lubrication -------

Pump Manufacturer Layne & Bowler Pump Type Vertical Turbine 

S; ze ---=8::...." _____ Stages --.:2=...:3=---__ TDH ____ Capac i ty ___ _ 

Serial Number _S-'-9_00'-'0...;;;;:L ___ Impeller _____ Curve Number __ _ 

SHEET 2 OF 9 

.. ~ ':- , _ ..... ~ .. . -: ", . .. ' .. ~ . -



l 

-I 
I 

. I 

I 

! 

-. I 

! 
: 

. I 

! 

i 
! 

• j 

, J 

I 
J 

Project Tombstone Water Date September 27, 1985 

Job No. 60157-01-10 Compiled By DRV, EHB 

PUMPING EQUIPMENT 

Booster Stat ion _W:..:..:e::....:l--=.1-=-2 -=B:..::o...::.o.::...s t.::..:e::..:.r ________________ _ 

Location Camino San Rafael Sec 1, T20S, R22E 

Pump No. -.:1:.--________ _ 

Man u fact u rer ---..:F----'l--=-o-'-'-wa:J<y'--____ _ 

Capacity 450 GPM 

Driver Waukesha Gas 

Rotating Speed 3,500 RPM 

Pump No. 

Manufacturer ---------
Capaci ty __________ _ 

Driver -------------
Rotating Speed ________ _ 

Emergency Power ---------

Remarks: 

Type 3 Stage 

Model JOL Size 8 

TDH 610 feet 

HP 40 

Voltage __________ _ 

Type ___________ _ 

Model 

TDH ___________ _ 

HP -------------
Voltage __________ _ 

SHEET 3 OF 9 

o 



l 

1 

". i 

i . 

. ,~.' 

... ; . ~ ', ' .... 

Project Tombstone Water 

Job No. 60157-01-10 

Date September 27, 1985 

Compiled By DRV, EHB 

STORAGE RESERVOIRS AND TANKS 

Name Well 2 

Location Camino San Rafael 

Type Ground Level 

Construction Welded Steel 

Sec 1 T20S R22E 

Date Constructed ----

Capacity 25,000 gallons Dimensions 20 feet dia., 12-foot ht. 

Base Elevation Overall Height Overflow Elevation ------ ----- ------

Height to Bottom ________ Operating Head Range ______ _ 

Inlet Piping _____ Outlet Piping ________ Riser Piping ___ _ 

Overflow Piping ___ Drain ________ Water Source ______ _ 

Level Control --------------------------
Opt i ona 1 Equi pment _____________________ __ 

Date Last Inspected _______ Cathodic Protection ______ _ 

Painting System: Interior _______ Exterior _______ __ 

Date Last Painted 
-~-----

Remarks:, piping: 

SHEET 4 OF 9 
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Project Tombstone Water Date September 27, 1985 

Job No. 60157-01-10 Compiled By DRV, EHB 

SOURCE OF SUPPLY 

Well #3 -------------------------------------
Location North Drive Sec 1 T20S R22E 

Date Drilled 1976 Di scharge El evat i on_4'-.:...5=-20'------__ Source ____ _ 

De p th 0 f Ho 1 e ~89"_'0'____'__f~ee_=____t'______ Dept h 0 f Cas i ng ..;..60-'--0'-' ________________ _ 

Type 0 f Cas i ng -'P:......;.:...::E:..:... -,S::..:t:...::e--=.e 1--'--____ D i amete r 0 f Cas i ng _1=----=2=-11 ____ _ 

Perforations 3/16 11 x 311 12 per foot, 340' - 590' 

Drilling Method NA Well Construction NA 
~--'---------

Pump Setting 550 feet Static WL (1976) _3=----=3=----=3~fe=----=e:..:t~ _____ _ 

Pumping WL (1976) 520 feet Pumping Rate 210 gpm (300) 

Specific Yield 1.60 gpm/ft. 

POWER AND PUMPING EQUIPMENT 

Motor Type Franklin Sumbersible RPM 3515 H • P. ---.:6:...=.0_ 

Voltage _4..:.,.;6:...;:0 __ Phase _....::..3 __ Cycles ___ 6_0 __ Amperes ____________ _ 

Serial Number 76-120-84 Model Number ___________ _ 

Frame ________ Discharge Head Type __________ _ 

Discharge Shaft Shaft Tubing Column 

Suction Pipe Air Tubing Lubrication 

Pump Manufacturer F1 owa~ Pump Type Subm. Turbine 

Size 811 Stages 7 TDH 564 Capacity 300 gpm 

Serial Number Impeller Curve Number BLKL 

SHEET 5 OF 9 
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Project Tombstone Water Date September 27, 1985 

Job No. 60157-01-10 Compiled By DRV, EHB 

PUMPING EQUIPMENT 

Booster Stat i on _W.:..:..;e=-.:1~1--=-3 -=B:.;::o~o.::...s t.::.,:e:..:,r ________________ _ 

Location North Drive Sec 1, T20S, R22E 

Pump No. , --.:1=---________ _ Type 8 Stage Centrifugal 

Manufacturer Gilbert 
~~=:..:.~-----

Model 77-736 {5-1/4" impeller} 

Capacity 300 GPM TDH 580 feet 

Driver Newman Electric HP 60 

Rotating Speed 3,500 RPM Vo ltage __ ~4:...=8-=-0 _______ _ 

Pump No. __________ _ Type ___________ __ 

Manufacturer Model ---------
Capaci ty __________ _ TDH __________ _ 

Driver --------------
HP _____________________ _ 

Rotating Speed ________ _ Voltage __________ _ 

Emergency Power ________ _ 

Remarks: 

SHEET 6 OF 9 
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Project Tombstone Water 

Job No. 60157-01-10 

Date September 27, 1985 

Compiled By DRV, EHB 

STORAGE RESERVOIRS AND TANKS 

Name Well 3 

Location North Drive 

Type Ground Level 

Construction Welded Steel 

Sec 1 T20S R22E 

Date Constructed ----

Capacity 2 @ 25,000 gallons Dimensions 20 feet dia., 12-foot ht. 

Base Elevation Overall Height 12 feet Overflow Elevation ----- -----

Height to Bottom ________ Operating Head Range ______ _ 

Inlet Piping _____ Outlet Piping _______ Riser Piping ___ _ 

Overflow Piping Drain Water Source --- ------ --------

Level Control --------------------------
Opt i ona 1 Equi pment _____________________ _ 

Date Last Inspected Cathodic Protection ------- ---------

Painting System: Interior Exterior ------- ------------
Date Last Painted ---------

Remarks:, piping: 

SHEET 7 OF 9 
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Project Tombstone Water 

Job No. 60157-01-10 

Date September 27, 1985 

Compiled By DRV, EHB 

STORAGE RESERVOIRS AND TANKS 

Name City Tank 

Loca t ion _---=S'-=E:......-=-<1I_4:....z.,--==-Se.=...:c=--=1-=..1 L-' ---=T--=2-=-OS-=-,<....-:...:R.:;:...22::...:E=----_____________ _ 

Type Ground Level 

Construction Welded Steel 

Date Constructed ----

Capacity 100,000 gallons Dimensions 2S.9S-ft. dia., 12-foot ht. 

Base Elevation 4,674 Overall Height 29.7 ft Overflow Elevation __ _ 

Height to Bottom ________ Operating Head Range ______ _ 

Inlet Piping 411 & 611 Outlet Piping _----'-6'_' __ Riser Piping ___ _ 

Overflow Piping 411 dia. Drain 411 dia. Water Source -------

Level Control 

Opt i ona 1 Equi pment _____________________ _ 

Date last Inspected _______ Cathodic Protection ______ _ 

Painting System: Interior Exterior ------- ---------
Date last Painted -------

Remarks:, piping: 
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Project Tombstone Water 

Job No. 60157-01-10 

Date September 27, 1985 

Compiled By DRV, EHB 

STORAGE RESERVOIRS AND TANKS 

Name Reservoir 

Location NE 1/4, Sec 14, T20S, R22E 

Type Ground Level Date Constructed ----

Construction Reinforced Concrete 

Capacity 1.1 million gallons Dimensions 78' x 93' x 20' 

Base Elevation 42861 Overall Height ~ Overflow Elevation 41 882 

Height to Bottom Operating Head Rang~ 

Inlet Piping 7" Outlet Piping 7" Riser Piping 

Overflow Piping 4" Drain 7" Water Source artesian springs 

Level Control 

Opt i ona 1 Equi pment _____________________ _ 

Date Last Inspected _______ Cathodic Protection ______ _ 

Painting System: Interior Exterior ---------- ----------------
Date Last Painted ------------

Remarks:, piping: 
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Location 

Hwy 80 at Mobile Home Pk 

Hwy 80 at Lookout Lodge 

Fitch and 4th 

Fremont and 4th 

Allen and 6th 

Fremont and 6th 

North St . behind School 

Ria Ho Rd and San Rafael 

Fremont and 7th 

.. .... . .. : .. " 

APPENDIX B 

Fire Flow Reguirements 
Available ISO Required 

Fire Flow (gpm) Fi re Flow (gpm) 

600 1,000 

550 1,000 

550 1,000 

500 1,750 

500 2,250 

500 2,500 

650 1,250 

250 750 

500 2,250 
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RESULTS OF COMPUTER MODELLED DISTRIBUTION SYSTEM ANALYSIS 

The following data represents the results of one "run" which simulated a 
fire flow of 2,500 gpm at Allen and 2nd Street (Node No. 54). Other 
domestic maximum day demands were also distributed throughout the 
remaining service area. The resulting flows in each pipe and pressures 
at each mode are shown on Sheets 5 thru 8. The residual pressure at the 
fire flow location is 49 psi, other system pressure ranged from 39 to 
111 psi. A pipe flow velocity of 6 feet per second occurs in the 12 inch 
main (Pipe No. 82) from the tank and peak flow velocity of 12 feet per 
second occurs in the 8 inch pipe for one block approaching the hydrants. 

Numerous additional model runs were made by CBA simulating various pipe 
size and fire flow combinations. These computer runs were used to locate 
and confirm areas needing new distribution pipe improvements. 

A key map identifying the location of pipes and nodes referred to in the 
attached output has not been included with this report . 
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CELLA BARR ASSOCIATES 

Project Name: Tombstone Water System Date Prepared: October 11, 1985 
Engineer: EH Burgess 

Proj ect No. ---=6:..;;0-=..1 =-.:5 7~-...::.0-=..1--=1~0 _____ _ Owner/Developer: City of Tombstone 
W P Code: __ --..:....:FO=-=3~9.=..J1 ,!....-=-:EH~B~-~17--..l..:(1~) __ 

ITEM 
NO. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

ESTIMATED 
QUANTITY 

3,860 

900 

2,650 

12 

1 

4 

1 

1 

1 

2 

UNIT 

LF 

LF 

LF 

Ea. 

Ea. 

Ea. 

Ea. 

Ea. 

Ea. 

Ea. 

PRELIMINARY COST ESTIMATE 

DESCRIPTION 

12" AC pipe* 

8" AC pipe 

6" AC pipe 

Fire hydrants 

300,000 gallon 
storage tank 

Chlorination facil-

ESTIMATED 
UNIT PRICE COST 

$_---=2;.:....7..:...;.5;....::.0 $ 106,150.00 

$ 20.00 $ 18,000.00 

$ 18.00 $ 47,700.00 

$ 1,500.00 $ 18,000.00 

$125,000.00 $ 125;000.00 

ities $ 5,000.00 $ 20,000.00 

Booster pump 
(reservoir) 

Booster pump 
(Well #3) 

Automatic Controls 
(Well #2) 

$ 15,000.00 $ 15,000.00 

$ 30,000.00 $ 30,000.00 

$ 9,000.00 $ 9,000.00 

Repair valve vaults $ 2,500.00 $ 5,000.00 

*Cost of new pipe installation is partially dependent upon the trenching 
techniques which can be employed. If difficult trenching (requiring the use 
of explosives) is encountered, the cost will be much higher than if 
installation can be accomplished with standard trenching tethniques. The 
cost shown above for this item has been adjusted to include difficult 
trenching for roughly one-third of the total length. If more or less 
difficult trenching is encountered, the cost will be higher or lower than 
this figure. Soil borings should be taken prior to bidding of this wprk to 
establish the level of trenching difficulty. 



CELLA BARR ASSOCIATES 

Project Name: Tombstone Water System Date Prepared : October 11, 1985 
Engineer: EH Burgess 

Project No. 60157-01-10 Owner/Developer: City of Tombstone 

. I WP Code: F0391, EHB-17 (2) 

PRELIMINARY COST ESTIMATE 

ITEM ESTIMATED ESTIMATED 
NO. QUANTITY UNIT DESCRIPTION UNIT PRICE COST 

, -1 
II. 1 Ea. Reservoir target $ 2,500.00 $ 2,500 . 00 

12. 1 LS Reservoir roof repair $ 500 . 00 $ 500.00 

13. 1 Ea. Backflow prevention 
valve $ 1,500.00 $ 1, 500 .00 

14. 1 LS Refurbishment of valve 
vault between storage 
tank & reservoir $ 25 2°00.00 $ 25,000 .00 

Subtotal - Construction Costs $ 
-423 2350.00 

- , , 

Engineering & Contingencies @ 15% $ 63 2 500 .00 

Total Costs for Improvements $ 486 ,850 .00 

, 
_ J 

" ~ .. -- " . - - .. -. _.- -:. . .. . -.. . -.. .. 
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