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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(aietric) uniZ3 az folows:

Multiply By To Obtain

acres 4,046.873 square metres

Fahrenheit degrees 5/9 Celsius degrees

or kelvins*

feet 0.3048 metres

gallons (US liquid) 3.785412 cubic decimetres

horsepower (550 foot-pounds 745.6999 wattq
(force) per second)

inches 2.54 centimetres

miles (US statute) 1.609347 kilometres

pounds (force) per square inch 6.894757 kilopascals

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
ings, use: K = (5/9)(F -32) + 273.15.
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FORT MONMOUTH, NEW JERSEY, WATFEF ISTRIBUIION SYSTEMS

V'IUME I: PREIIMINARY ASSESSMENT

PART I: iNTP0DUCTI("

Packground

1. Fort Monmouth is located i n the central portion of Monmouth County,

New Jersey, approximately 42 miles* south-southwest of New York City. lort

Monmouth is primarily composed of two' distlinct regions: the main post ana

Camp Charles Wood. The main post covers approximately 627 acres with eleva-

tions ranging from 5 to 30 feet above sea level. Camp Charles Wocd covers an

area of approximately 508 acres and has elevations between 20 and 70 feet

above sea level.

2. Fort Monmouth was established in 1917 to meet national emcrgencies

created by World War I. Fort Monmouth, the military post, was founded in

1925. World War II spawned new development, which included the Camp Charles

Wood area, and by the mid-1940's, Fort Monmouth had developed into a peacetime

training center. The majority of construction in the main post and Camp

Charles Wood was completed by the mid-1950's and has remained essentially

unchanged since that time (T and M Associates 1982).

3. Since the early 1980's, Fort Monmouth has experienced problems with

its water distribution systems. The systems are old (50+ years) and in need

of overall rehabilitation to rectify the existing problems. Rehabilitation

efforts have been implemented since that time but provided no long-term suc-

cess. The US Army Engineer Waterways Experiment Station (WES) (1988) was then

contacted to provide a comprehensive rehabilitation plan as well as guidance

on implementing the recommendations.

* A table of factors for converting non-Sl units of measurement to SI

(metric) units is presented on page 3.
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Purpose

4. The purpose of this report is to assess the current condition of the

Fort Monmouth water distribution systems and analyze the existing problems.

Recommendations based on this assessmert will be made in VoIt me II for the

rehabilitation of both systems.

Scope of Report

5. This report includes a calibrated computer model of the distributioi

systems, field test results for fire flow capacity and internal roughness

(head loss), and overall water quality assessment. Rehabilitation alterna-

tives available for the fort are discussed and will be used in Volume II for

the selection of one or more rehabilitation schemes. This will be accom-

plished through communication between Waterways Experiment Station personnel

and Fort Monmouth personnel based on economic and practical guidelines.
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FART II: SY TEX DESCRIPTION AND COMPI2ER MODEL

Distribution Systems

6. The distrfh'ution systems at Fort Momouth, including botl. the main

post and Camp Charles Wood, contair approximately 30 mii:. , water mains

ranging in diameter from. 0.5 in. to 12 in. In the main post, over 94 percent

of all pipes are unlined cast iroi, ranging in diameter from 6 to 12 in. In

Camp Charles r<ood 42 percent of the rins are 6- to 10-in. unlined cast iror

pipe and 52 percent are 6- to 10-in. asbestos cement. The remaining small

percentage is steel an] PVC (T anO Y Associates, 1982).

7. There are three water storage tank within Fort Monmouth. Two

tanks, located in the main post, are inactive and provilde water for cmrrgenc"

use only. A large ground storage tank (500,000 gal) is flushed periodical>,

with booster pumps but is inactive the majority ot the tine. An elevated

storage tank (250,000 gal) Is presently inactive 100 percent of the time.

Both tanks in the main iort are valved off. An elevated tank in Camp Charies

Wood is the only active tank but provides storage and pressure for the Myer

Center only. It is filled by booster pumps within the Myer Center and does

not significantly affect system pressures outside the immediate vicinity of

the Hexagon. Figures I and 2 show the location of these tanks.

System Schematics and Model. Development

8. A water distribution system can be represented by a network of nodes

and links corresponding to junctions and pipes. A schematic of such a system

or aetwore i1,es line segments and circles to represent pipes and nodes,

respectively. A node is defined as either an intersection ot two or more

pipes or a point where demands are placed upon the system. Schematics are

needed to develop a computerized description of the system.

9. When de-eloping a computer model, it is not usually necessary or

desirable to include every pipe and node that is actually present in the sys-

tem. Eliminating smaller mains (and thus nodes) that do not carry much flow,

called skeletonizing the system, is common practice in computer modeling.

This is desirable because it can reduce computer time as well as make the sys-

tem easier to work with and visualize without jeopardizing the accuracy of the
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model (Walski, 1984). Schematics of both the main post and Camp Charles Wood

areas are presented in Figures I and 2.

10. The primary reason for developing a calibrated mathematical model

of a water distribution system is to enable the user to identify and solve

problems and analyze system changes in a relfinle manner. Computer models

describing the Fort Monmouth systems will be used to evaluate rehabilitation

alternatives (Section VI) and prcvide a basis for common, reliable comparisons

of these alternatives (GUssler and Walski, 1985).

Water Source and Supply

II. Fort Monmouth's potable vater is supplied entirely by the New jei-

sey American Water Company (formerly Monmouth Consolidated Water Company)

under a purchase agreement. Seven intercopnections exist between the New Jer-

sey American Water Company and Fort Monmouth distribution systems; five of

them are presently operating and metered. Three interconections are locat&U

in the main post and two in Camp Charles Wood (Figures I and 2).

Physical Characteristics

12. Once the systev schematic has been developed, a database containing

information on the physical characteristics of each component of the system

such as pipes, nodes, stcrage tanks, pumps, check valves and pressure-reducing

valves should be assembled. Maps showing the location of all system compo-

nents were obtained from the Fort Monmouth Directorate of Engineering and

Dousing (DEH) for this purpose. Pipes u~ed in the computer model wpro

selected from these maps based primarily on diameter, and demand coecentra-

Qicns in a givon area. Pipe mnteri-! diameter, and length were also takCn

from the maps. internal roughness values are also necesnarl and were deter-

mined by field measurements and calibraticr analysis (Sections IV ard V.

Tables I and 2 list all pipe data for both the main fort and Camp Charles

Wood, while Tables 3 and 4 list all node Oata for both syters.

7



U- 2

1*1
.~ '-

C-'

S - U

A
-~

$1

At' J-J

- 0
0~

*1 -t t~ -.

S -'-4
-' 2

z

1 3,

S.. di

~" T ~
r r'

fl#'

di

8



0 rz

'10 0".

-1~

zz
z<

0 4i

wal 0

0F Z

o .7

.4 k '

7,oC-



Water Lemands

13. Water demands at Fcrt Monmouth were estjmated to be 116 gpr, fox the

nain post and 130 gpin for Camp Charles Wood base,' ui monthly wrter bi]]s ficm

the American Water Company over the four-year period of October 1983 through

September 1987. This average flowrate was then divided into svoller demands

placed at appropriate locations within the distr-butlo system. The plzceineat

of these demards at Jndividual nodes as well as v global demar'd factor to

account for seasonal variations of water use was deterined during system cal-

ibration. System demands are shown in Figures I an( 2 as arrov; placed at

nodes. The numerical -alues for denands are listed in Tables 3 and 4 of thi-

section.
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PART III: SYSTEM CONDITION AND PROBLEMS

14. Three main problems have been identified in Fort Monmouth's Water

distribution systems: red water, water quality, and water storage facilities.

The primary problem is "red water." This is due to corrosion of internal pipe

walls of unlined cast iron pipes forming iron and rust deposits (tuberculz-

tion). Given the low volume of water consumed at Fort Monmouth, and thus low

line velocities during normal operation, these iron and rust deposits settle

in the pipe. However, during periods of high demand, these deposits are dis-

turbed and cause discoloration (red water).

15. Tuberculation is present in almost all unlined cast iron pipe,

especially those pipes carrying corrosive water. Water quality data taken at

Fort Monmouth (T and M Associates, 1982) Indicated a Langlier Index between

-1.38 end -1.94. The negative ivdices indicate corrosive water. A review of

water quality data provided by fort personnel indicates a corrosive water was

being supplied to them through 1985. Data from 1986 to present indicate a

noncorrosive water, however. Since Fort Monmouth purchases its water from the

New Jersey American Water Company, it has little control over this factor as

corrosive water may still meet all water quality standards. However, steps

can be taken to control this problem were attempted as a result of a consult-

ing study done in 1982 on the Fort Monmouth water distribution systems (T and

M Associates, 1982).

16. Internal cleai ing (pigging) of the fort's pipes to remove the rust

and tuberculation was recommended. Chemical injectio, at interconnection

sites was also recommended to help control future corrosion. A long-chain

linear phosphate called Calci~uest (branC name) was used for this purpose. It

Is designed to form a protective barrier on metallic surfaces to inhibit

corrosion and to capture icrIc iron. However, the cleaning (pigging) opera-

tion was halted su~stantialiy si-ort of its original goal, and chemical injec-

tiw-. was never inlijolized because the scturce of the problem (tuberculation)

was rct controlled properly.

17. Overall water quality is another problem ,t Fort Monmouth. Water

quality tests comparing samplew taken at the interconections (supply poit;)

and at locations within Fort Monmouth's distribution syster&, Ulow a substan-

tial decrease in the quality of water within the fort's distributiou rystems,

especially in the main pcst. The following deteriorations in water qualit)

11



were cited: higher corrosIvity, higher suspended solids, drastic increases in

iron concentrations, slightly higher P:anganese levels, dramatic decreases in

chlorine residuals (nearly zero), and presence of iron bacteria. At the time

of these tests (1980) the potable water within the Lain post failed to meet

the Safe Drinking Water Act water quality standards.

18. A more recent survey oJ over 600 water quality records (1984-88),

supplied by the New Jersey American Water Co. and Fort Monmouth, show the same

trends for increased iron concentrations and decreased chlorine residuals

within the fort's systems. Sixty percent of all samrlis failed to meet New

Jersey Safe Drinking Water Act secondary standards for chlorine residuals, and

45 percent failed for iron concentrations :,cd total turbidity (see Table 5).

FUrthermore, these failures showed pc spatial trends within the fort as all

areas exhibited failures. It is important to note that the quality of water

delivered by the American Water Company is acceptable.

19. When examining the water quality deterioration more closely, it is

evident that internal corrosion (tuberculation) is the source of Fort Mon-

moutb's water quality problems. This coupled with low water velocities

creates a stagnant environment suitable for producing higher turbidity levels,

increased iron concentrations, and the presence of iron bacteria. In addi-

tion, the presence of ferrous ions imposes a chlorine demand upon the water,

thus causing a decrease in chlorine residuals (Rich, 1963).

20. An attempt to control this problem was made by installing sodium

hypochlorite injection sites at the interconnections. This would boost the

available chlorine levels within Fort Monmouth's distribution systems. The

injection sites were placed at the five active interconnections (three in the

main post and two In Camp Charles Wood) and equipped with flow control devices

for the correct release of the chemical into the system (birdsall Corporation,

1984). This practice was also halted after short use, because of problems

with the chemical injectors being insensitive to low velocities which are com-

mon for the fort. Chlorine injection has not been reinitialized since that

time.

21. The water storage facilities in the main post are also a problem

source. Presently, there are two storage tanks: one 250,000-gal elevated

storage tank and one 500,000-gal ground storage tank. The elevated storage

tank is closed and contains water that is to be used for fire purposes and

emergencies. The water in the tank is stagnant and could possibly pose

12



serious health hazards if introduced into the distribution system due to the

loss of the chlorine residual over time. The ground water tank is closed the

majority of the time. It is flushed periodically with booster pumps present

adjacent to it. Flushing does not take place frequently, and the water con-

tained within the tank is stagnant and poses a possible health hazard if

introduced into the system. The elevated storage tank in Camp Charles Wood is

operated in an acceptable manner. It is filled by booster pumps in the base-

ment oi the Hexagon Building and provides adequate water and pressure to the

Hexagon Building.

22. As a result of the 1982 consultant study (T and M Associates,

1982), all storage tanks, including the elevated tank in Camp Charles Wood,

were inspected. The main post elevated tank was cleaned and painted both

interior and exterior, while the ground tank was not rehabilitated. The Camp

Charles Wood tank was cleaned and painted on both the interior _rnd exterior.

23. While iaintenance of this type is desirable, it does not solve the

problem of water quality within the tanks. An operating policy that allows

all storage facilities to fill and drain on a regular basis (preferably daily)

is necessary to insure acceptable water quality within the tanks.

13



PART IV: FIELD MEASUREMENTS AND OBSERVATIONS

24. Fire flow tests and head loss tests were conducted at both the fla-ir

post and Camp Charles Wood. The putpose of these tests - to determine system

pressures and flowrates under stressed conditions as well as the extent of

internal roughness -n the pipes. These tests i ]o give the opportunity to

visually characterize the water and to test system con.ponents such as fire

hydrants and valves.

25. Field inspectiou revealed that system components were in goo3 con-

dition and worked reliably. Ihis observation is in agreement with a compre-

hensive look at system components by T and i Associates (1982). The color of

the water flo-witg from the hydrants, however, was noticeably red. This was

especially true at the main post. Red water was seen for the duration of

testing (4 days) which indicates a true area-wide red water problem and not

just localized sediment stirred up by temporarily high flows.

26. The volume of water and pressures supplied by the New Jersey Ameri-

can Water Company were adequate for fire protection the majority of the time.

Pressures were monitored at select interconnection sites over a period of

time. These results are listed in Table 6 as average pressures during the

time of testing. The results show that adequate pressures are being supplied

to Fort Monmouth even under stressful conditions. Camp Charles Wood did show

low pressures during the tests performed with alternate interconections shut,

but on the whole were adequate. Other weak areas are shown in Tables 7 and 8.

The tests were performed during the middle of June on an extremely hot day

with temperatures reaching nearly 1000 Fahrenheit. During the time of test-

ing, a water alert was put into effect by Monmouth County officials requesting

voluntary conservation of water use. Thus, the period of testing, combined

with the tests that were performed, put the Fort Monmouth water distribution

systems under severe stress.

27. Tables 7 and 8 list all fire flow tests results for both systems.

The observed flows and pressures were used to calculate the theoretical flow

at a residual pressure of 20 psi which is used as a standard by the Army and

Insurance offices for evaluating fire flow capacities. The following equation

is used to calculate the flow at 20 psi (Walski, 1984):

14



Q Qt 'Ps -P2 \.54

20 st0Q0= Qt -Pt /

where

Q20 = discharge aE residual pressure corresponding to 20 psi, gpm

Qt = discharge during test, gpm

P = residual pressure with no hydrants open, psi

P2 0 
= residual pressure during fire condition = 20 psi

Pt = residual pressure during test, psi

These calculated flows were then compared to Army flow standards (EM 1110-3-

166, 1984 and MIL-HDBK-1008, 1985) for buildings and occupancies to determinc

if the observed flcws were acceptable or unacceptable. Six of the fifteen

tests proved unacceptable. However, four of these six failures occurred in

tests with interconnections shut. This scenario would involve a doubly cata-

strophic event (e.g. fire and main break) and should be noted as a measure of

system reliability instead of true fire flow capacity. Thus, only two fail-

ures (Riverside Dr. and Megill Ave) occurred under normal operating condi-

tions. These areas will be evaluated in further detail after a rehabilitation

scheme for the entire fort has been developed (WES Volume II report). Inter-

nal roughness was also measured in several pipes. The results of these tests

expressed as C-factors and equivalent sand grain roughness height are given in

Table 9. The measurement of C-factor gives an estimate of the amount of

internal roughness inside the pipe. A high C-factor indicates smooth pipe

(low roughness height), while a low value indicates a rough interior surface.

A typical range of C-factor is from 40 (old, rough) to 130 (new, smooth).

Most cast iron pipes tested at Fort Monmouth exhibited very low C-factors.

This is expected given the age of the system (majority over 50 years) and the

fact that most of the pipes have cever been cleaned. The asbestos ceplent

pipes present in Camp Charles Wood exhibit a highet C-factor. This is also

expected because internal roughness of cost iron pipes may be caused by tuber-

culatlon due to corrosion of metallic surfaces, a condition known to exist at

Fort Monmouth. Internal buildup in asbestos cement pipes would be more llkel)

to occur from scale-forming water which is not present at Fort Monmouth.

15



PART V: COMPUTER MODEL DEVELOPmENT AND CALIBRATION

28. Wher developing a computer model for the analysib of water distri-

bution systems, it is important that the mathematical (computer) model be an

accurate represeltation of actual fielc conditions. This is known as model

calibration. Calibration may be achieved by adjusting input variables

describing the system such as water usage and pipe roughness until head. nd

flows predicted by the model match field measurements such as those oberved

in fire flow tests. These measuremeitts (Table 7 nnd 9) provide Pet1dd hydrau-

lic infor-nation, namely flows and pressures, for many different operating con-

ditions. Thus, this information provides a wide range of values to accuLately

calibrate the system.

29. System calibration was performed using a nonlinear optimiz ,tion

technique developed by Sharp and Chase (1988). The underlying principle of

this technique is to minimize the differences between observed (measured) and

predicted (modeled) heads. This is accomplished by adjusting variables within

the computer model. The variables used in calibrating the Fort Monmouth

models are pipe roughness (C-factor), nodal water demand, and global demand

factor. The C-factors and water usage determined by calibration are given in

Tables 1-4. Other calibration results for both systems are presented in

Tables 9 and 10.

30. Global demand factors of 1.44 and 2.28 were determined during sys-

tem calibration for the main post and Camp Charles Wood, respectively. These

values are multiplied by every nodel demand to account for seasonal or tem-

poral variatioib In the demand pattern. These values were verified from

instantaneous flow measurements taken in the field and dividing this measured

flowrate by the 4-year average demand used in the model. An average value of

2.? was obtained, which shows reasonably good agreement with the cal~hration

results.

16



PART VI: REHABILITATION ALTERNATIVES

31. Alternatives to rehabilitate Fort Monmouth's water distribution

systems should focus on water quality (namely, red water and chlorine resid-

uals) and a tank operating policy. The condition of both systems is poor,

particularly the main post. The pipes are old and have received minimal

system-wide rehabilitation over thc years. Thus, a comprehensive rehabilita-

tion plan is necessary to solve Fort Monmouth's water distribution problems.

Efforts directed toward specific areas will only solve short-term, loca]iz7d

problems and not the overall problems present.

32. This study shows that corrosion is the major cause of poor water

quality at Fort Monmouth. As already discussed, it is the cause of red water

and a source for a decreasing chlorine residual. To alleviate this problem,

tuberculation must be removed from the - pes. Then, corrosion must be con-

trolled to prevent new tuberculatioil in the future. There are several mea-

sures that can be taken to accomplish both of these tasks.

33. A routine flushirg program will help remove the irva anu :usc sedi-

ments from the pipe. However, it cannot stand alone as a method for the

removal of tuberculation, especially in the badly deteriorated pipes at Fort

Monmouth. Internal cleaning is necessary, and "pigging" is a common and reli-

able way of removing internal buildup. Pigging can be very effective if prop-

erly planned and coordinated with a dependable, qualified contracting firm

(Sharp, 1988). Mechanical scraping will also remove the internal corrosion

but should always be accompanied by lining because the metal scrapers tend to

penetrate into the pipe walls and expose corrosion pits.

34. To control future corrosion after the pipes li xc been cleaned,

internal lining must be present. This can be done by either chemical injec-

tion or mechanical means such as cement lining. Howevei, given the relatively

small diameter of pipe present at Fort Monmouth, mechanical lining can be

shown to be cost-intensive based on capital costs (Waiski, 1985). Also, since

chemical injection sites are present on the fort, they can be utilized to help

cut costs. Another alternative for system rehabilitation is replacement.

Although this is usually economically infeasible for an entire system, pip.

candidates for replacement of several specific pipes way greatly help the

entire system. Table 12 defines the chcces for rebabilitati-'I klternatives

suitable for Fort Monmouth. The alternatives listed will help s. .... th
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water quality and quantity concerns. The costs Thown are based primarily or

telephone conversations with contracting companies wb specialize in one or

more of the alternatives. These costs provide general guidance only and are

shown to display the relative differences in cost between the alternatives.

35. The assessment scale is used to help order the alternativeb. A

range of 1 to 5 has been adopted. A value of 5 corresponds to an extremely

good rating while a value of I corresponds to an extremely pcct rating. Thus,

the alternatives witb the highest sum correspond to the best rehabilitation

efforts. Cost is not reflected in this summatioii, but should be weighed

accordingly. Each alternative has an amount of inconvenience to the operatcr

(owner) that should also be considered. Cement cleaning and linirg, for

instare, has a higher capital cost then pigging and chemical inje-tion. How-

ever, chemical injection is potentially labor intensive and susceptible to

mechanical failure. it is Lils type of trade-off that cannot be quantified in

numbers alone, but needs careful thought aud insight.
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PART VII: CONCLUSIONS AND RECOMMENDATIONS

(PHASE II STUDIFS)

36. A second phase (Volume I) of this study is necessary to address

all problem areas adequately. The problems at Fort Monmouth are not uncommon,

but large in magnitude. The alternatives given in Table 12 will resolve the

major problems. However, there are other problems which must be addressed in

the second phase of this study.

37. The developed computer model will be expanded to include the New

Jersey American Water Co. system. Then, using this model, the following prob-

lem areas can be examined:

a. Adequate water storage for Fort Monmouth.

b. The possibility of removing excess storage.

c. Defining an operating policy for the storage facilities needed.

d. Tderttifyln stagnant areas within the fort and scenarios (valv-
ing, alternating interconnections, looping, flushing) to elimi-

nate them.

38. Another problem to resolve is bringing the chemical injection sites

back into operation. This Is necessary for the addition of chlorine or a cor-

rosion inhibitor. These injection sites wil] be checked for flow sensitivity

and proper injection concentrations. If necessary, a manufacturer's represen-

tative will be brought to the fort so that these sites will operate correctly.

Proper chemical injection is necessary for a successful rehabilitation plan at

Fort Monmouth.

39. Phase 2 of this study will also include a compzehensive study of

the -elected rehabilitation plan. This will include a methodical approach

starting with coutract specifications arel selection, leading to implementation

and completion oi the chosen alternatives. These decisions will be made in

FY89 by lort Monmouth and WES personnel.
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Table 1

Physical Characteristics - Main Fort

Pipe Pipe

Pipe Diameter Length Hazen Williams

Number Node Node (in.) (ft) C-Factor 1aterial

1 1 3 12 660 20 Cast Iron

2 2 3 8 130 20 Cast Iron
3 3 4 8 650 20 Cast Iron
4 2 5 12 1110 20 Cast Iron

5 5 6 12 640 20 Cast Iron

6 7 74 8 880 22 Cast Iron

7 7 8 8 450 22 PVC

8 7 9 8 900 22 Cast Iron

9 9 10 ( 685 22 Cast Iron
10 10 11 12 200 22 PVC
11 10 12 8 815 22 Cast Iron

12 6 12 8 700 22 Cast Iron

13 12 13 8 190 22 Cast Iron

14 11 13 6 675 22 Cast Iron
15 11 14 12 450 22 Cast Iron

16 15 75 12 890 130 PVC

17 14 16 6 755 130 Asbestcs Cement

18 15 17 10 610 130 Cast Iron

19 17 18 10 925 130 Cast Iron

20 15 18 10 1650 130 Cast Iron
21 15 19 10 2290 130 Cast Iron
22 20 76 8 750 100 Cast Iron

23 20 21 8 1020 10 Cast Iron
24 21 22 12 825 94 Cast Iron

25 23 24 6 830 94 Cast Iron

26 27 28 6 825 94 Cast Iron

27 29 30 8 850 94 Cast Iron

28 22 23 12 210 94 Cast Iron

29 23 28 8 280 94 Cast Iron

30 28 29 8 295 94 Cast Iron

31 23 31 12 200 20 Cast Iron

32 31 32 12 165 20 Cast Iron
33 6 31 12 590 90 Cast ircn
34 21 24 12 215 94 Cast Iron

35 24 27 12 215 94 Cast Ircr.

36 27 30 12 245 94 Cast Tror

38 25 33 6 960 94 Cast Ioi

39 33 34 6 225 86 Cast Irol.

4C 30 12 1615 86 Cast Ioi
41 34 35 6 755 86 Cast Trci

42 34 37 6 1075 86 Cast Iron

43 37 38 6 890 86 Cast I ron

(Continued)
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labIle 1 (Continued)

Fipe -Pp e
'ipe Diamreter Lcigth Hazen Williams

Number Node Node (in.) (ft) C-Factor Material

44 69 73 6 1415 86 Cast Iroi,
45 36 42 8 1315 51 Cast Iron
46 35 36 12 65 90 Cast Iron
47 35 41 12 700 101 Cast licr
48 35 39 6 290 51 Cast Tror:
99 f,5 6 1130 51 Cast il01,

50 29 69 8 215 85 Cast Iron
51 LI 43 '2 655 101 Cast Iror.
52 24 25 6 85 93 Cant lroll
53 42 43 6 210 51 Cast Iron
54 41 45 6 870 102 Cast lIrn
55 39 4, 6 1110 102 Cast Iron
56 45 4o 6 65 102 Cast Iron
57 43 44 12 410 qq Cast Iron
58 44 68 10 700 99 Cast Iron
59 67 68 6 80 99 Cast Iron
60 66 67 6 420 99 Cast Iron
61 65 66 0 370 90 Cast Iron
62 64 65 6 950 100 Cast Iron
63 63 66 6 805 100 Cast Iron
64 62 67 6 775 100 Cast Iron
65 61 68 10 825 100 Cast Iron
66 61 62 8 495 100 Cast Iron
67 62 63 8 410 16C Cast Iron
68 63 64 8 225 100 Cast Iron
69 52 64 8 265 100 Cast Iron
70 57 70 6 550 103 Cast Iron
71 51 55 6 400 103 Cast Iron
72 51 52 8 220 103 Cast Iron
73 56 57 6 220 103 Cast Ircn
74 54 55 8 220 103 Cast Iron
75 56 71 6 780 104 Cast Iron
76 53 54 8 625 104 Cast Iron
77 38 53 8 330 104 Cast Iron
78 48 53 8 690 104 Cast Iron
79 48 49 8 150 104 Cast Iron
80 49 54 6 400 104 Cast Iron
81 50 51 8 150 103 Cast Iron
82 49 50 8 75 103 Cast Iron
83 46 48 8 310 103 Cast Iron
84 47 50 6 220 103 Cast Iron
85 46 47 6 245 103 Cast Iron
86 43 47 6 1180 101 Cast Iron
87 57 58 6 560 88 Cast Iron

(Continued)
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Table I (Concluded)

Pipe Pipe
Pipe Diameter Length Hazen Williams

Number rode Node (in.) (ft) C-Factor Material

88 58 59 8 405 88 Cast Iron
89 59 62 8 640 88 Cast Iron
90 59 60 8 530 88 Cast Iron
91 60 72 6 580 88 Cast Iron
92 52 70 8 160 103 Cast Iron
93 53 71 4 275 104 Cast Iron
94 61 72 6 310 87 Cast Iron
95 38 73 6 235 85 Cast Iron
96 6 74 8 1690 22 Cast Iron
97 14 75 12 880 11,0 PVC
98 16 76 8 115 100 Cast Iron

100 100 1 12 Check valve
101 101 8 8 Check valve
102 102 42 12 Check valve
122 16 22 12 950 100 Cast Iron
142 37 46 6 590 90 Cast Iron
155 55 56 6 300 103 Cast Iron

(Sheet 3 of 3)



lable 2

Camp Charles Wood Physical Characteristics

Pipe Diam. Length Hazeu Williams
No. Node Node (in.) (ft) C-Factor Material

1 1 2 8 420 94 Asbestos Cement
2 2 3 8 870 94 Asbestos Cement
3 3 4 8 890 94 Asbest-. Cement
4 3 5 8 1830 94 Asbestos Cement
5 5 6 8 1700 94 Asbestos Cement
6 6 7 8 670 94 Asbestos Cerient
7 7 27 6 790 94 Asbestos Cereit
8 8 9 6 840 94 Asbestos Cement
9 9 10 6 360 94 Asbestos Cement

10 10 11 6 160 94 Cast Iron
11 2 11 8 1470 94 Asbestos Cement
12 9 12 6 710 106 Asbestos Cerient
13 12 13 6 95 106 Asbestcs Cement
14 13 14 6 520 118 Cast Iron
15 15 37 6 780 118 Cast Iron
16 13 15 4 320 90 PVC
17 15 16 6 235 90 Cast Iron
18 16 17 6 290 90 PVC
19 12 17 6 150 98 Asbestos Cenent
20 16 18 6 140 90 Cast Iron
21 18 19 4 150 90 PVC
22 19 20 6 350 130 Asbestos Cement
23 20 21 6 1330 97 Cast Iron
24 21 22 6 200 97 Cast Iron
25 22 23 8 925 20 Asbestos Cement
26 23 24 6 380 20 Steel
27 21 24 6 890 20 Steel
28 24 25 8 150 20 Steel
29 20 44 6 1330 130 Asbestos Cement
30 23 26 8 575 20 Asbestos Cement
31 25 26 6 720 130 Asbestos Cement
32 26 29 8 130 130 Asbestos Cement
33 28 29 8 140 130 Asbestos Cement
34 19 28 6 1090 130 Asbestos Cement
35 8 27 6 300 82 Asbestos Cement
36 28 30 8 80 97 Asbestos Cement
37 30 31 8 305 97 Asbestos Cement
38 31 42 6 835 98 Asbestos Cement
39 8 31 8 515 90 Cast Iron
40 29 43 6 1070 94 Cast Iron
41 30 32 6 1070 47 Cast Iron
42 7 32 8 845 47 Cast Iron
43 33 34 6 70 52 Cast Iron
44 34 35 6 50 52 Cast Iron

(Continued)



Table 2 (Concluded)

Pipe Diam. Length Hazen Williams
No. Node Node (in.) (ft) C-Factor Material

45 35 36 6 720 52 Cast Iron
46 14 37 6 55 118 Cast Iron
47 37 38 6 95 118 Cast Iron
48 36 38 6 465 60 Cast Iron
49 38 39 6 490 60 Cast Iron
50 39 45 6 1185 60 Cast Iron
51 36 40 6 1615 20 Cast Iron
52 40 41 8 2065 20 Asbestos Cement
53 33 41 8 2500 20 Asbestos Cement
54 22 33 8 880 20 Asbestos Cement
55 17 42 6 195 98 Asbestos Cement
56 32 43 6 220 47 Cast Iron
57 25 44 6 320 130 Asbestcs Cement
58 40 45 6 1145 20 Asbestos Cement
100 100 1 8 Check Valve
101 101 33 8 Check Valve

| I IMood



Table 3

Fort Monmouth Main Site Node Data

Node No. Elev. (ft) Demand GPM x 1.44 = Total Demand

1 20 0
2 21 8
3 18 2
4 12 4
5 17 3
6 11 1
7 21 1
8 15 0
9 15 0

10 16 0
11 16 1
12 16 0
13 17 0
14 15 0
15 19 3
16 16 0
17 21 23
18 25 19
19 16 0
20 12 0
21 16 4
22 15 0
23 16 3
24 15 0
25 13
26 15 0
27 14 0
28 13 0
29 12 0
30 14 1
31 13 0
32 12 0
33 20 0
34 13 3
35 16 0
36 14 3
37 12 0
38 10 1
39 13 0
41 13 0
42 8 5
43 10 0
44 8 0
45 13 8
46 12 0

(Continued)



Table 3 (Concluded)

Node No. Elev. (ft) Demand GPM x 1.44 = Total Demand

47 13 0
48 11 0
49 12 0
50 11 0
51 11 0
52 11 0
53 10 0
54 11 0
55 11 7
56 9 0
57 7 0
58 9 1
59 8 0
60 7 2
61 9 0
62 11 1
63 11 0
64 11 1
65 12 0
66 10 1
67 7 0
68 7 1
69 11 1
70 11 0
71 8 0
72 10 0
73 9 0
74 15 1
75 17 0
76 16 0

Interconnection "E" 20 Supply Pressure: 63 psi
Interconnection "F" 15 Supply Pressure: 65 psi
lnterconnection "C" 8 Supply Pressure: 69 psi



Table 4

Camp Charles Wood Area Node Data

Nude No. Elev. (ft) Demand GPM x f.44 = Total Demand

1 32 10
2 34 0
3 44 0
4 63 10
5 68 0
6 67 40
7 68 0
8 53 0
9 39 0
10 50 0
11 50 10
12 46 0
13 43 0
14 36 0
15 47 0
16 50 C
17 47 0
18 48 0
19 47 0
20 48 0
21 56 0
22 53 0
23 49 0
24 48 0
25 47 4
26 48 10
27 55 0
28 46 0
29 43 0
30 46 0
31 48 0
32 53 15
33 47 0
34 47 0

35 47 0
36 39 0
37 40 0
38 36 0
39 34 0
40 43 0
41 32 0
42 47 0
43 52 0
44 48 0
45 43 50

Interconnection "A" 32.0 Supply Pressure: 55 psi
Interconnection "B" 47.0 Supply Pressure: 60 psi



Table 5

New Jersey Safe Drinking Water Act (Nov 1985)

Percent
Failed

Water Quality Units of Samples
Parameter Measure Limits (Within Fort)

Chlorine Residual ppm Free available chlorine residual 60
shall range from 0.2 @ pH up to
7.0, 0.3 @ pH 7.0 to 8.0, and
0.4 @ pH 8.0 to 9.0

Iron mg/i 0.3 45

Turbidity NTU 5 45

Table 6

Time-Averaged Measured Interconnection Pressures

Interconnection Site Average Pressure
(see Fig. 1 and 2) (PSI)

A (Main Fort) 55

F (Main Fort) 63

C (Charles Wood) 69
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Table 10

Calibration Results for Main Pest

ouserved Predicted
Number of Head Eead

Location Hydrants Flowed (ft) (ft)

Riverside Dr. 0 153 160

Memories Lane 0 156 160
1 116 111
2 72 58
3 52 31

Messenger Ave. 0 162 160

1 129 138
2 108 122

Irwin Ave. 0 159 160
1 136 139
2 127 126
3 99 104

Nicodemus 0 163 160
1 112 141

Gosselin 0 150 160

Memories Ln 0 167 160

(Interconnection "F" Closed)

Nicodemus 0 158 160
(Interconnoction "F" Closed) 1 66 71

Riverside Dr. 0 166 157
(Interconnection "C" Closed) 1 79 84

2 45 49



Table 11

Calibration Results for Camp Charles Wood

Obcerv-- Predicted

Number of Head Head
Location Hydrants Flowed (ft) (ft)

Megill at Golf Course 0 181 174
1 101 106
2 89 99

Wake Ave. 0 177 170
1 140 126
2 113 93

Midway Ln. 0 172 169
1 139 137
2 112 103

Marivellas 0 168 169
1 121 113
2 98 106
3 84 95

Alongopo 0 151 152
1 93 105
2 68 78

Megill 0 147 153
'Interccnnection B Closed) 1 89 68

Storage Area by Railtozd 0 160 169
] 62 67



Table 12

Pehabilitation Alternatives

Appruxinate Customer/

Cost Hydraulic Environmental

Alternative ($/ft) Improvement Reliability Convenience Tctal

Replacement 50-60 5 5 2 12

Clean ard 20 4 4 4 12

Cement Line

Clean and 25 4 2 3 9

Calcite Line

Pig and 2.50 + $20 K/yr 3 3 4 10

Cherical
Injectlcn


