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DEPARTMENT OF THE NAVY TELEPHONE NO.

ATLANTIC DIVISION

NAVAL FACILITIES ENGINEERING COMMAND (804) 445-2930
NORFOLK, VIRGINIA 23511-6287 IN REPLY REFER TO:
6280
11413JH

DY JULY [§€7

From: Commander, Atlantic Division, Naval Facilities Engineering Command
To: Commanding General, Marine Corps Base, Camp Lejeune

Subj: STUDY REPORT OF WATER SYSTEM AT MCAS NEW RIVER.AND_CAMP GEIGER

Ref:  (a) MARCORB Camp Lejeune 1tr 11000 PWO of 18 May 87
(b) ESR Study of the Water System at the MCAS New River and Camp Geiger
forwarded by cover 1ltr of 6 Apr 87

Encl: (1) Update of ref (b) (final report)

1. The—following—is In answer to your letter, reference (a), on the Water
System Study, reference (b), enclosure (1) has been updated with appropriate
changes and additions from your comments. The report recommendations for the
most part, can be implemented separately as needs and budget constraints
direct. The study includes design hydraulic analyses for the various parts of
the system which can be provided to engineers for construction plans and
specifications. In the following paragraphs, we address your comments in
detail.

2. Your comments la, 1d, 2f, and 2g about new pipes and pump house
improvements are inter-related, and the new pipes and pump house are
extensively discussed in our report. To provide proper operation of the
system, both a new connection between the MCAS and Camp Geiger and improved
pumping capacity are required. Please see paragraph 7, Schemes I and II
(pages 3, 4, and 5) and Figure 1 (c, d, e, f£) of our report (reference (b))
which is updated as enclosure (1). The pipes and new connection of your
comments la and 2f are the same as our recommendation A on page 7, and which
was based on our hydraulic analysis. Please see paragraphs 6, 7, 8c, figure
1, recommendations A, B, and eaclosures (7a), (7b), (8), and (3). Additionmal
study of a new connection and pumping station improvements is unnecessary.

3. Comment 1b about eliminating Camp Geiger storage reserveirs STC 500 and
509 can be accomplished by adopting Scheme II, page 4, and recommendation A of
our report, enclosure (1).

Your comment, 1b, about replacing the two Camp Geiger elevated tanks, was
not addressed in our study. We did not do an inspection of the tanks and your
A&E inspection report should be the basis of your decision about raplacement.

4. Your comments lc and 1d about fire protection for the MOQ area and Hangar
804 area are covered in paragraph 7f on page 4, recommendations C and D and
enclosure (16) of our report.

These recommendations will provide the necessary fire protection on a cost

effective basis by using the existing ground level storage tank and pump
station instead of a tower as shown below.

Quality Performance ... Quality Results







Subj: STUDY REPORT OF WATER SYSTEM AT MCAS NEW RIVER AND CAMP GEIGER

COST COMPARISON

ESR Recommendation Comment Recommendation

Fire Protection for MOQ '
2 new 750 gpm fire pumps
with controllers, etc. @ 15K 30,0k 1
repiping pump station 20.0 K
Fire Protection for Hangar 80%
Diesel driven 3800 gpm
fire pump - 540 hp 60.0 K 2 60.0 K
installation in AS2003 20.0 K 20.0 K
Pipe
to Hangar, 4C0'-8" PVC @ 8.70 3.5yl 3.54%
from res., 50'-12" PVC @ 17 1.0k 1 1.0 K
450" excavation @ 6/ft. 2.7k 1 2.7 K
Connections, fittings, etc. 5K 5.0 K
Maintenance PV @ 10% - 20 yrs. 3.2K 3
Elevated Water Tank - 0.25 MG 310.0 K
Alt. valve & vault 20.0 K

145.4 K 422.2 K
NOTES :

(1) 1986 means Building Construction cost data
(2) From Aurora Pump Company
(3) Chlorination maintenance costs present value (PV)

25000/yr. x 1.23% overhead = $15 x 2 hrs. x 12 mos. x 8.933 (20 yrs. at
2080 hr/yr hr. mos. yr. 10%)= 3.2 K
(4) 6.5 1b. (65%) HTH x 200,000 gal. res. = 2.6 1b. HTH
50 mg/1 x 10,000 gal. 1 mg/1 chlorine
2






Subj: STUDY REPORT OF WATER SYSTEM AT MCAS NEW RIVER AND CAMP GEIGER

A pipe dedicated to a new tower in the MOQ area should not be needed, but

the tower would-require-anotherincrease in the pumping capacity at the
treatment plant. Also, a tower alone will not produce sufficient pressure for
Hangar 804 fire protection sprinkler system, and a fire pump and pump house
will be needed. When plans to develop the area are progressed to the point
where water requirements are known, we can do another analyses for the area to
determine if an elevated tank is needed and, if so, what size. The tank
should be funded by the development projects. Because of the cost difference
between our recommendation and the tower suggestion ($145.4K versus $422.2K),
we do not think a tower is the way to go, and continue with our
recommendations.

L preserve a chlorine residual of 2 ppm in the existing MOQ area
reservolr, it should be tested once a month. When the test shows 1 ppm, add
2.6 pounds of HTH to the reservoir and operate one of the 750 gpm fire pumps
of the MOQ pump house in a recirculation mode (from the tank to the pump and
directly back to the tank) for 3-1/2 hours for mixing. This should restore
the chlorine residual to 2 ppm (4). The existing recirculation pumps in the
pumphouse are not needed, and should be removed. There should be more than
sufficient room in the pump house for the new diesel fire pump for Hangar 804.

6. Regarding your comment le to construct a pipe loop around the airfield.
Our analysis indicates that one is not needed. The cost of some 6,400 feet of
12-inch PVC with valves, hydrants and fittings is estimated at $180,000.
Please notify us of any information that we are not aware of which would
justify this project.

7. Regarding your comment 2a about testing hydrants and valves. Our
recommendation is based upon experience with older Navy water systems, and was
made as part of an overall inspection and examination program older water
systems. It should be adapted or modified as needed for your system.

8. Your comment 2b was about poor leakage survey results. We agree that your
experience with a leakage survey by Heath Incorporated at Courthouse Bay was a
disappointment. However; some of onr surveys have heen beneficial, and the
unaccounted for water water from Camp Geiger and the MCAS is about 30 percent
of the total produced. Because leakage surveys are inexpensive, we believe
that it should be tried again with another Company. Another reason for a
leakage survey is that excessive leakage areas could indicate locations of

" pipe deterioration. ‘

9. Ycur 2¢ "no comment” was about our recommendation for a soil
resistivity/copper sulfate reference survey of the pipelines. This survey has
already been performed by Menendz-Donnell & Associates, Incorporated, 11999
Katy Freeway #355, Houston, Texas 77079, Contract N62470-83-C-6148, and
pertinent results are now included in enclosure (1). Please see page 6,
section 8(e) of enclosure (1).






Subj: STUDY REPORT OF WATER SYSTEM AT MCAS NEW RIVER AND CAMP GEIGER

10. Your comment 1d about doing "C" factor tests on Flounder and Curtis Roads

T s e STS were not recommended for future

development, but to determine if pigging is necessary at the present time to
provide fire protection in the MCAS EM Club area. Please see fire flow table
for Scheme II on page 5 of enclosure (1) which indicates a residual pressure
of 20 psig for a "C" factor of 90. If the "C" factor tests indicate a factor
of less than 90, the lines should be pigged to increase the "C" factor for
fire protection.

11. Your comment 2e is about future excavation and visual inspection of pipes
for corrosion. These inspections are highly recommended for older systems.
See enclosure (1), page 8¢, Section 8e. At least some inspections should be
done for Camp Geiger and the MCAS, at the present time, see enclosures (2la),
€21b), (23a), (23), -

12. Your comment 2f and 2g about a new pipeline and treatment plant pump house
improvements are addressed in paragraph 2 of this letter.

13. Your comment 2h about maintenance and improvement of pump house 2003 is
addressed in paragraphs 4 and 5 of this report. Improvements can be dome by
in-house design or A&E contract.

14. Your comment 2i is about altitude valve installation; installation should
be done when the pumping capacity of the Water Treatment Plant is improved to
provide proper tower operation.

15. Regarding comments 2j, k, 1, and m about reference (b) recommendations for
replacing existing pipes and valves, and cleaning lines, our recommendations
for these items are to provide a systematic approach for a complete system
inspection and rehabilitation. Unlike the hydraulic analysis based
recommendations, they should be adopted and modified to meet your system needs
and budget constraints.

16. We agree with your paragraph 3 comments about the contract and scope, and
the Marine Corps should not accapt liability for lighting and protecting the
contractor's instruments. Regarding manpower, however, our experience
indicates that arrangements should be made to have at least one PWC
representative accompany the contractor. In case of a pipe rupture, he can
coordinate the government's response for repairs. An alternative is to have
the contractor provide for personnel and equipment to repair leaks and
ruptures if they occur, but it becomes expensive to have then available all
the time on a standby basis.
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17. We hope we have addressed all of your comments and concerns.

18. If you have additional questions, please contact Mr. J. J. Harwood,
Code 1141, LANTNAVFACENGCOM, Naval Station, Norfolk, Virginia 23511-6287, at
(804) 445-2930, AUTOVON 565-2930. !

J. R. BATLEY
By direction






ENGINEERING SERVICE REQUEST
TO STUDY THE POTABLE WATER SYSTEMS
AT THE MCAS NEW RIVER AND
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ENVIRONMENTAL QUALITY BRANCH
UTILITIES, ENERGY, AND ENVIRONMENTAL DIVISION
ATLANTIC DIVISION, NAVAL FACILITIES ENGINEERING COMMAND
NORFOLK, VIRGINIA  23511-6287

Prepared by:
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J.' o WO0D, P.E.

Envirdnmental Engineer

Encl (1)
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1. Introduction

The Marine Corps Base, Camp Lejeune, North Carolina, submitted an Engineering
Service Request for a study of the potable water systems of the MCAS,

New_Rlxex_and_Camg—Geiger.Agekiginaliy3 gach activity had its own water supply
wells, treatment, pumping and storage facilities. An emergency 8-inch line
connected both systems. A new water treatment and pumping plant was built at
the Air Station which now supplies water to both tke Air Station and

Camp Geiger via the 8-inch emergency line.

2. Because of concerns about the reliability of the system, parts of which
are quite old (1940 era), equipment and operational problems, and the need for
a reliable system that will support present needs and future expansion plans,
a complete system study in accordance with the Navy water pipe rehabilitation
guide is needed (Attachment A). The five steps of the study are:

a. Site visit to collect data and make preliminary tests.

b. Hydraulic Analysis to identify improvements that are needed assuming
the existing system is in usable condition.

c. Contracted field examinations to identify parts of the system which are
not in usable condition.

d. Design of system improvements from b and c.
e. Two part construction contract to install the designed improvements.
(1) To replace valves and inspect pipe

(2) Replace pipe (if needed), and construct recommended system
improvements.

3. Step a - Site Visit by Mr. J. Harwood, Code 114 was in April 1986.

This report covers Steps a and b and makes recommendations and provides
cost estimates and scopes of work for Steps ¢ and d whkich are to be
: £-r 2 311 B

accomplished by contract. Plans and specificaticm: for Step & will

Step d.

-

don

iy
(1t}

The report covers operational and hydraulic equipment problems and makes
specific improvement recommendations for adequate water flow, pressure and
: storage for present and future, normal and fire protection needs. It also
addresses problems common to aging water systems.






4. Details

Operational and hydraulic equipment problems

a. Each system, Camp Geiger and the Air Statiom, have two elevated water
storage towers. The new Air Station treatment and pumping plant is located at
the Air Station near Camp Geiger. Treated water is pumped into lines going to
Camp Geiger in one direction and the Air Station in another. Apparently,
there is insufficient pumping capacity to fill the Air Station and Camp Geiger
tower at the same time during periods of high water usage.. The lines to the
Air Station must be closed to fill the furthest Camp Geaiger tower (STC 606).
Water is still stored in a Camp Geiger reservoir and pumped into the system
when needed to augment the Air Station pumps, and for emergencies.

b. Other reported problems were insufficient fire protection in the MOQ
area; keeping the chlorine residual at the MOQ reservoir; insufficient fire
protection for Hangar 840; the pumps at Camp Geiger loose their prime if the
water level in the Camp Geiger ground storage reservoir gets too low;

Camp Geiger elevated tower STC 1070 overflows before tower STC 606 fills
unless the STC 1070 valve in the tower feed line is throttled; and much of the
system is old and felt not to be reliable.

c. Recommendations to provide deluge sprinkler water supplies for
Hangar 840 were also requested.

This report will provide specific recommendation that address these
problems and improve the system to support present needs and future planned
expansions.

S5e

a. Information about population, water consumption, future plans and
operation and facility problems were gathered during the site visit in
April 1986. Preliminary tests to determine the condition of the pipe
interiors were made and the following "C'" factors were measured
(enclosure (1)):

MCAS MCAVOY Road - between Campbell and Cuztis; € = 112 {Cncd)

(This line was reported to have been previously cleaned by
"pigging") o

MCAS - MOQ Longstaff St; C = 111 (Good)
Camp Geiger D Street; C = 74 (Fair)

b. The results hold no surprises. The older Camp Geiger pipes are fair
and the newer, probably cement lined, and cleaned pipes are in good condition.







c. A Water budget (enclosure (2)) indicates:

Average demand 896 KGPD
Expected usage 630 KGPD
Unaccounted for water = 266 KGPD

100 x 266 = 30 percent A good part of the 30 percent is probably
890 leakage. This would also be expected from
old parts of a water system.

6. a. A skeletonized computer model of the water system was made

(enclosure (3)). The two smaller pumps (enclosure (4)) at the existing MCAS
and Camp Geiger pumping stations were used, enclosuve (5). A 48-hour extended
period simulation was made for a maximum day (2.5 x average water usage). The
results are graphically presented in Figure la for Tower STC 606. Note how
Tower STC 606 empties. This agrees with the operating experience if the Air
Station is not valved off during Camp Geiger filling periods. A tower
emptying is unacceptable. Notice that it empties about 0700 hours and does
not recover during a maximum day of water usage.

b. A second simulation was made for the existing system using the large
MCAS pumps (enclosure (4)). The results, shown in Figure 1b, also show Tower
STC 606 emptying.

7. Two schemes were analyzed by computer model to resolve the hydraulic
problems. Scheme I uses both MCAS and Camp Geiger pump stations and Scheme II
uses only the MCAS pump station.

a. Scheme I - The computer model was improved by adding another 8-inch
PVC line from the MCAS pump station to Camp Geiger, comnecting at the
Camp Geiger ground level reservoir, (enclosures (6a) and (7)). The flow rate
to the reservoir is controlled by an orifice plate and altitude valve
(enclosure (6b)). The MCAS pump station was modified as shown in enclosure
(8), and three new 6x8x18A Aurora pumps with 15 1/4~inch impellers were
installed at the MCAS pump statiom, and two at the Camp Geiger pump station,
(enclosure (9)).

b. Altitude values ware installed at the towers and the high water levels
set at elevations of 168 fezt for all the towars., The pumps were set to rurn
on and off at the following tower water levels:

Tower HWL LWL
MCAS Pump STC 310 168 162
Camp Geiger Pump STC 606 168 158

c. The two MCAS tank low water levels (LWL) were set at 162 feet to
provide adequate fire reserve stored in the tower. The LWLs were set at
158 feet on the two Camp Geiger tanks because there is not enough storage
capacity in the Camp Geiger elevated tanks for normal fluctuating operating
demands and fire reserve. The fire reserve for Camp Geiger will have to come
from the ground storage tanks. (Please see enclosure (10)).
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d. A 48~hour maximum day simulation was made for the improved system and
the results show that the tanks do not empty (figure (l1-c and d)). The MCAS
pump operated for a total of 28 hours out of the 48, and the Camp Geiger pump
operated 15 hours.

e.__Enclosures—(1la)and(1ib)>are excerpts from the 1983 and 1985
LANTNAVFACENGCOM fire Protection surveys for the MCAS and Camp Geiger
respectively. They show that fire pProtection capacity overall is good except
for three locations at the MCAS. They are the MCQ area, Warehouse 3525 and
the 0'Club. The improved system model was used to simulate fire flows at
those and other locations of Camp Geiger and the MCAS. The results are
summarized as follows:

(FIRE FLOWS) SCHEME 1

Flow Resid Subtract Final
Location JcT GPM PSIG PSIG PSIG Comments
1. Hangar AS 4106 24 7000 61 - 61 g.t. 20 OK
2. CG Bldg 10 5 1500 60 - 60 g.t. 20 OK
3. CG BEQ 1 1500 59 = 39 7 ge S0 oK
4. TRL PK 7 1500 55 47 8+ 1ats 20 (1)
5. MCAS EM Club 33 1000 61 42 19  a.e. 20 (2)
6. MCAS 0'Club 16 1000 49 24 25 g.t. 20 OK
7. Cont. Fuel Tks 24 3000 61 170 =109 . Vol v20(3)
8. NCO Club 1000 (see encl (13)) 40 g.t. 20 OK
9. Officers Housing 1000 (see encl (14)) 54 g.t. 20 0K
10. Hangar AS 840 New pump REQ, see encl (16)
11. Warehouse 3525 New pump and RES REQ, see encl (15)
gets greater than

l.t. = less than
a.e. = about equal

f. The NCO Club and MOQ are presently supplied fire flows and pressures
from reservoir AS 2002 and pump station AS 2003. These locations were dcne by
hand computations shown in enclosures (12), (13), and (14). The MCAS 0'Club
hand computations are shown in enclosure (20). Warehouse 3525 and Hangar AS
84C are remote and require flow and pressures above che capacicies of presenc
equipment. They will require separate storage tanks and booster pumps (please
see enclosures (15) and (16)).

..Scheme II. For this scheme, in additiom to improving the MCAS pump station
"as shown in enclosure (8), the MCAS to Camp Geiger connection is a 10-inch PVC
line from the pump station comnecting Camp Geiger near Tower STC 1070 and
south of Tower STC 600 instead of to Camp Geiger reservoir (enclosures (7a)
and (7b)). Altitude valves were set the same as for Scheme I, and two Aurora
6x8x18a pumps were used in the MCAS pump station. Towers STC 606 and AS 301
did not empty during a 48-hour maximum day simulation (Figure le and 1f). The
two MCAS pumps operated 17 and 13 hours respectively.






(FIRE FLOWS) SCHEME 2

Flow Resid Subtract Final

Location JCT GPM PSIG PSIG PSIG Comments
1. Hangar AS 4106 24 7000 62 it 62 =p.too g OK
2. CG Bldg 10 5 1500 57 = . 57 g.t. 20 OK
3. CG BEQ 1 1500 46 = 46 g.t. 20 OK
4. TRL PK 7 1500 54 47 7° Lit. 220%1)
5. MCAS EM Club 33 1000 62 42 20 e.t. 20 OK
6. MCAS 0'Club 16 1000 51 24 27 - g.t. 20 OK
7. Cont. Fuel Tks 24 3000 63 170 101" - 1.8 220 £3)
8. NCO Club 1000 (see encl (16))
9. Officers Housing 1000 (see encl (14))
10. Hangar AS 840 New pump req., see encl (16)
11. Warehouse 3525 New pump and res. req., see encl (15)
g.t. = greater than
l.t. = less than
a.e. = about equal
e.t. = equal to

COST COMPARISON

Scheme I Scheme II

Improve Pump Station Same Cost Same Cost

New Pump w/controllers 5§ Pumps at 30K = 150K 3 pumps = 30K = 90K

New PVC Connections 5120'-8" @ 17.25 = 87K 3500'-10" @ 21 = 73.5k
Totals 237K _ 163.5K

Scheme I is more costly but it affords extra reserve fire protection storage
water,

NOTES:
(1) Additional lines will be needed at TRL path - see enclagur 2 (17 ).

e R G

(2) 20 PSIG residual can be obtained by cleaning line - see enclosure €18).
(3) Storage tank and pump will be needed at site - see enclosure (19).







8. Conclusions

a. In addition to adding pipes, pumps, etc., to the system to provide
adequate capacity and operation, the condition of the existing system must be
inspected, tested and improved to provide reliable service. Appendix B is an
outline of steps for contract ici i isti

system and provide repairs and designs for installing the needed additional
equipment identified by the hydraulic analysis. Appendix B pages I through
VII are scopes of work, cost estimates and costing information. The step
sequences are based on previous examination of the system to determine what is
needed for the next test or examination.

b. Initial flow tests (enclosure (1)) indicace some corrosion/scale
build-up inside the pipes, but not enough to seriously affect operation.
However, the 8-inch lines along Curtis and Flounder roads are suspect for low
"C" factors, and should be tested. If C is less than 90, the pipe should be
cleaned by pigging. The Langelier water stablization index is slightly
positive, and therefore pigging is an appropriate method for cleaning and
restoring "C" factors. At this point, it suggested that the Navy
Rehabilitation Guide, Attachment A, be read for information about
rehabilitating older systems.

c. Scheme I affords more automatic reserve water storage with Camp
Geiger's reservoirs and pumps. There is, however, sufficient storage
available from the MCAS treatment plant reservoirs for daily operations and
fire needs. Camp Geiger's reservoir and pump station can still be retained
for emergencies and used manually for its additional capacity.

d. The trailer park area use is minimal at present, and no improvements
are recommended.

e. Part of the testing and inspection of the existing system is
excavation of the pipes to inspect for signs of corrosion. The excavations
should be done where the soil is most corrosive and the worst pipe conditions
would be expected to be found. These locations are generally identified by a
soil resistivity/copper sulfate (cathodic protection) survey. This survey has
been performed by Menendz-Donnell and Associates, Incorporated, 11999
Katy Freeway #355, Hous:on, Texas 77079, Conract N62470-83-C-6143.
Enclosuresf31), 232) and /23) are summaries of tha survey for Camp Geiger.
Trailer Park and MCAS respectively. The worst locations are labeled "mildly
corrossive", enclosures (2la), (22a), and (23a), and are located on maps
(enclosures (21b), (22b), and (23b)). These locations were evaluated from the
survey data readings by the relationship in Attachment F of the Water Pipe

' Rehabilitation Guide.







Recommendations for system improvements excluding the trailer park area:

l. Award a contract to:sé

a. Manipulate 3 nd hydrant valves and
560 isolation and maintenance valves 6 inches and larger (1). The test will

be for condition, proper operation and valve leakage (see Attachment B, pages
I to II).

b. Perform a sonic leakage survey on all the ex
There are about 25 miles of pipe. (See Attackment B
and costs)

terior station pipes.
» pages I to VI for scopes

¢. Excavate and inspect the pipes for external condition at locationms
identified as corrosive from enclosures (21), (22), and (23) (see Attachment B
page VII - pipe examination for scope).

d. Perform "C" factor flow tests for pipes on Flounder and Curtis
Roads by method shown in "Water Rehabilitation Guide", Attachment A.

e. Prepare plans and specifications to replace leaking or inoperative
valves, hydrants, and pipes from paragraphs la, 1b and lc; also prepare plans
and specifications for the following list of improvements:

LIST OF IMPROVEMENTS FOR DESIGN AND CONSTRUCTION

A. 1Install 10-inch PVC line from MCAS treatment plant to Camp Geiger -
Scheme II, see enclosures (7a and 7b).

B. Modify the MCAS pump house piping and install new pumps in MCAS and
Camp Geiger pump houses as shown in enclosures (8) and (9). The pumps will b
controlled by pressures at Towers STC 606 and AS 310 as shown in the
enclosures and in paragraph 6b of this report.

C. Provide for an inspection of the AS 2003 pump house and make any
needed repairs to place it in proper operation. The pump house has piping to
recirculate water through Reservoir AS 2002. Install a chlorinator in the
pump house and recirculate chlorinated water through tlie reservoir iu order to
keep the chlorine residual.

D. Design and construct a new fire pump house which will take water from

. Reservoir AS 2002 and service a deluge sprinkler system in Hangar AS 408, (see

enclosure (16)).

E. Provide a ground level reservoir and fire pump for fire protection at
Warehouse AS 3525, and the contaminated fuel tanks, enclosures (15) and (19).

F. Provide Towers STC 606 and STC 1070 with two-way altitude valves.
Repair the altitude valves at Towers AS 310 and 4130 if needed. All valves
should close at elevation 168 feet.

NOTES:

(1) Exclusive of trailer park, valves = about 511 plus 10 percent for counting
errors = 560.






2. Purchase and stock replacement valves, pipe and pipe repair parts for
those valves and pipes identified in recommendations la, 1b and le. Using
plans and specifications from le above, award a second contract to excavate
and replace the leaking valves and repair the worst pipe leaks identified in
la and 1b. Attachment B - pages VI and VII are special specifications for

valve repair work, pipe examination and unit costs. When the number of valves

that need replacement is known from la, the unit costs of Attachment B,
page VI can be used to develop a cost estimate for this second contract.

3. The excavations and pipe inspections should start at those locations where
the soil is most corrosive and the pipe exteriors would be expected to be the
worst. These locations will be identified by the cathodic protection survey
results in lc. The information from this survey is to be used with the result
of la and 1b to plan the sequence of valve and pipe excavation
replacements/repairs.

The pipes, especially the exteriors of the older pipes, should be examined at
corrosive soil locations. Leaking valves and attached pipes at these
corrosive areas should be the first to be excavated, inspected and the valves
replaced. If a pipe or valve, in a corrosive location, is excavated and the
exterior of the pipe is in good condition, it can be assumed that other pipes
of the same age in a less corrosive location will also be in good condition.

4. Clean by "pigging" those lines found to have internal buildup from
inspections of paragraph 3 and "C" factor tests of 1d.

5. Change Order the design contract le to provide plans and specs to replace
pipes found to be deteriorated from paragraph 3.

6. Award a construction contract to replace pipes of paragraph 5 and make
improvements recommended in this report and designed by paragraph 1f.






WATER PIPE REHABILITATION GUIDE

ATTACHMENTS

A. Condensed Guide

B. Hydraulic Analysis

. Hazen Williams "C" Factor Flow Test

. Laboratory Analysis Form

. Pipe Costs, Water Treatment Informatiom, and Econom1c Analysis
. Copper Sulfate Reference Electrode Measurements

INTRODUCTION

1. Rehabilitation of Navy water pipe lines is expensive and is becoming
more of a problem because of the age of the systems. Many were installed in
the 40's and 50's and have deteriorated to the point where they are no longer
adequate to meet current or future demands, and pipe rehabilitation may be
needed. The guide assists in determining where and what type of
rehabilitation is appropriate. Much of the updated information for this guide
was obtained from comments and publications by the Army Corps of Engineers,
Waterways Experimental Station, Vicksburg, Mississippi and from numerous Navy
and Municipal Water Works Departments.

2. Prior to the beginning of a pipe rehabilitation project, the scope of
the rehabilitation should be developed through a study of the system needs and
tests made to determine existing conditioms. Typically, a complete study
should include:

a. if needed, updating the system maps showing piping, sizes,
elevations, hydrants, service connections, valve locations, pumps, and storage.

b. estimation of current and future water usage and fire flow rates
in each section of the system.

c. hydraulic analysis to determine required pumping, storage, and
pipe flow capacities (sizes and friction factors).

d. Valve and pipe flow testing to determine valve conditions and
actual pipe friction flow factors.

e. leakage survey.
f. pressure and leakage testing.
g. interior and exterior corrosion inspectionm.

h. recommendations regarding cleaning, relining, repairs, or
replacement.

Attachment A






3. Some of the above items may not be applicable or can be quickly
assessed for a particular system or problem. The information contained in
this guide should help to determine if a separate study is needed, or to
select which items to include as part of the design effort. A system study
can be done in-house by Public Works Engineering, by the EFD, or by a separate
contract.

4. The Guide also provides information for conducting the study.
Attachment A is a condensed reference guide; Attachment B contains information
for conducting the hydraulic analysis; Attachment C contains three methods for
performing flow tests to compute the friction flow factor and evaluate the
interior condition of a pipe; Attachment D is a laboratory analysis form
showing the parameters to be determined from water samples to compute the
water's tendency to scale or corrode (Langelier Index), and indicate its
removability (silica content); Attachment E contains water treatment
information, pipe cleaning and replacement costs and an economic analysis
guide. LANTNAVFACENGCOM Code 114 can provide assistance for in-house studies
or for obtaining a contract. Point of contact is Mr. J. Harwood at this
Command, commercial (804) 445-2930 or AUTOVON 565-2930 or FTS 955-2930.

DISCUSSION
5. The most common problems which lead to water pipe rehabilitation are:
a. insufficient pipe flow capacity (low pressures);
b. excessive pipe breaks and leaks;
c. red water problems; and
d. a combination of the above.

Where corrosive (aggressive) water exists, red water, loss of
capacity, and excessive breaks are common occurrences. The rusting of the
pipe interiors, which causes red water, also results in flow inhibiting
tubercles and a weakening of the pipe wall. Scale forming water deposits a
calcium carbonate layer on the pipe walls and protects it from rusting.
However, excessive deposits will reduce the smoothness of the pipe wall and
cause excessive friction resistance to flow. More importantly, deposits will
reduce the internal diameter of the pipe, resulting in a greater impediment to
the flow. Sometimes, both rusting and scaling exist is the same system due to
a change in the chemical makeup of the water from location to location, or to
a change in the water source or treatment. Rehabilitation can include
restoring the flow capacity of existing pipes by cleaning (e.g., "pigging"),
cleaning followed by cement-mortar lining, pipe replacement or addition.






PROCEDURE

6. Unless the system is known to be hydraulically adequate, the basis for
flow capacity decisions should be the results of a hydraulic analysis to
determine what sizes and what friction factors are required for the pipes to

provide adequate flows (see Attachment B). These analyses can range from

ede adeguacy 1 i alculatio o fu scale computer
modeling. They can be performed by the activity engineering office, by
LANTNAVFACENGCOM via ESR, or by an ASE contract. Comparing the required pipe
sizes with the existing sizes determines the replacement decision. Except for
unusual circumstances (such as large sizes or locations where replacement is
very expensive), it is more economical to replace the pipe with a larger pipe
or supplement it with a new parallel pipe, than to clean it and add a second
pipe to provide the additional capacity.
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7. Testing prior to Rehabilitation (select tests which are consistent
with the existing system/problem). These tests should be done by an A&E
testing contract.

a. Valve leakage and Pipe Flow Tests

Experience with Navy water systems show that many valves leak and
cannot be sufficiently closed to sectionalize the systems. Often valves are
frozen and cannot be operated at all. This is especially true for older or
saltwater systems. Test valve conditions by manipulating them for free
operation. Test valves for leakage by flowing a downstream hydrant while
manipulating the valve. Leakage can be observed by a change in the hydrant
flow, and heard in the valve by sonic listening devices. A small amount of
leakage will not seriously affect pipe flow and pressure tests, but will
determine the quantity of water needed for pressure tests. All leakage may
not be detected and judgement is needed to estimate how much of the detected
leakage can be tolerated. Excessively leaking valves are to be replaced. A
sufficient supply of replacement valves should be stocked to prevent undue
testing delays. The exterior and interior of comnecting pipes are to be
examined for size, type of material, corrosion, scale and cement lining while
they are exposed for valve work.

Prior to selecting a water pipe for rehabilitation, the pipe is
next flow tested as prescribed in Attachment C for its Hazen Williams "C"
(friction factor). The results will be compared with the required "C" factors
from the hydraulic analysis of paragraph (6) to decide if the present
conditions are adequate, or pipe cleaning is desired. Take a sample of the
water from the system where the pipe is located and field measure the
temperature and pH. Have the water analyzed by a laboratory and the Langelier
index computed. The lab analysis forms are shown in Attachment D. The
hydrant flow tests can also be used in the field by a pipe cleaning contractor
to determine if the cleaning has met specifications; by an inspector to check
the results of a cleaning operation; by maintenance to determine the internal
condition of a pipe; and by engineers performing a hydraulic study of the
water system.






b. Pressure and Leakage Tests

Prior to rehabilitating a water pipe selected from 7a, make
pressure and leakage tests according to AWWA C600-44, Section 4.1 and 4.2.
Test pressures should be those determined as a result of the hydraulic
analysis (including surge and factor of safety). Older valves often leak and
high pressures cannot be obtained with a hand pump. A motor-driven pump may

- i i 0 1 ervice connections if the
pressure tests could damage customer's plumbing. All ruptured pipes may not
need replacement. The rupture and maximum pressure, prior to rupture
(corrected to the elevation of the rupture point) will be the basis for
deciding if the pipe is to be cleaned or replaced. If the pressure test
causes a break in a pipe length (not in the joint), and the break can be
attributed to a weakening of the pipe wall because of rusting, the pipe should
be replaced. If the break is a result of a joint failure (not pipe strength),
restoration should be considered. The rupture pressure should also be
considered. If the elevation corrected pressure is substantially above the
maximum pressure determined for that location from the hydraulic analysis,
replacement would not be indicated based upon pressure test results alome,
especially for an older pipe. In the absence of a surge or water hammer
analysis, a rupture pressure one and one-half times the expected maximum
should be acceptable. The decision to replace or restore the pipe should then
be based upon economics. If leakage is high and water is scarce or expensive,
the economic analysis should include the cost of repairing leaks identified by
the leakage survey, and the cost savings associated with reduced water
leakage. Bear in mind that cleaning and cement-mortar lining will reduce
leaks, but cleaning alone will not.

c. Pipe Examination (Exterior)

Prior to cleaning a water pipe selected from 7b, copper sulfate
potential measurements as shown in Attachment F and electrical resistivity
tests as specified in U.S. Navy Corrosion Prevention and Control Manual
(NAVDOCKS MO 306, Section 2) should be made for the system. Excavate the
pipes where the tests indicate corrosive soils, and examine the exterior for
deterioration. Rust, pits, and soft spots will be noted. Striking suspicious
looking places with a hammer will often reveal soft or deteriorated pipe.

Note pieces flaking off when struck. If a pipe is fairly new and is found to
be badly deteriorated on the outside, replacement with an exterior protected
pipe is indicated. If the pipe is old, and the exterior deterioratiom is
minimal, it can be assumed that there are many more years of useful life
remaining for the pipe, and restoration should be considered. Exterior
examination of pipes should also be made during valve replacements and repairs.

d. Pipe Examination (Interior)

While the pipe is excavated for 7c, remove a section of the pipe
and examine the pipe interior for lining (cement), and type of interior
buildup. Examine the interior of the insitu pipe, as well as the removed
spool. Determine the type of incrustation (Rust tuberculation, scale), its
thickness, hardness, color, and adherance to pipe walls. Interior pipe
examinations can also be made during valve repair/replacement work.







The method of cleaning pipes selected for cleaning will depend upon
the type of material to be removed. If the water analysis indicates a low
(less than 5 ppm) silica content and the pipe interior inspection reveals that
the material inside the pipe is a soft and loosely bonded calcium scale
(positive Langelier index), polly pigs can be used. If the water analysis
indicates high silica content (above 5 ppm), and the corrosion or scale
material is hard and/or firmly bonded to the pipe walls, then cleaning should

be done by either mechanical pigs or rodding.

Unlined pipes with rust tuberculation (negative Langelier index) are
to be mechanically cleaned and cement lined as specified in AWWA Standard
C602-76. An alternative to cement lining (which is expensive) is cleaning
followed by water treatment. The treatment is to raise the Langelier Index to
a slightly positive value, followed by the addition of sodium
hexametaphosphate for corrosion control. The equipment needed for treatment
is listed in Attachment D.

8. Repair or rehabilitation of valves and pipes identified for work and
not needed for tests should be done by a construction or maintenance repair
contract. Work should be done first on those valves and pipes that are known
to need work and are connected to each other. The other valves that need work
should be done next. When the valves are opened or removed and the interior
of the pipes connected to the valves are examined for interior conditions and
identification of linings, those that show more than minimal internal
corrosion during this inspection should also be considered for replacement or
rehabilitation in addition to those pipes already identified during the
testing contracts. This procedure may require an incremental contract or two
contracts, but should result in the best water system at the lowest cost.

9. Each system decision is site specific and should be considered in
light of its own test data. Under normal circumstances, it will be found that
rehabilitation cost increases can be expected as follows: Lowest in cost is
pigging, then cleaning and lining, and the most expensive is pipe replacement
for the larger sizes. Also, replacement will be indicated in more cases for
the smaller size pipes (less than 10-inch) than the larger pipes. Water
treatment items to consider, cleaning/lining costs for pipes, and an economic
analysis guide are listed in Attachment E.

10. Excessive breaks can be the result of pipe deterioration caused by
corrosion or cavitation, excessive pressures caused by system surges, or water
hammer. Surging can be seen on a pressure gage connected to the system.
Corrosion can be noted by the color of water (red water) from a fire hydrant
at the start of a flow test. Cavitation generally occurs at pumps, pipe
diameter changes, valves, fittings, etc., and can be identified by sound.
Cavitation sounds like gravel or popping at or near the fittings or pump.
Water hammer can be noted by banging or thumping noises in the system,
especially when a pump stops or a valve or hydrant is suddenly closed. Rust
(red or black water) problems were addressed in paragraph (5). When ,
warranted, water hammer and/or cavitation analyses should be made to determine
their magnitude and suitable corrective actions. These analyses are
specialized and should be performed via ESR or contract.







11. Operation Plan: Before any testing or repair work begins, a complete
operation plan showing the valves and hydrants to be used and all access
points for the work should be made and reviewed by all the parties involved.
The plan should be submitted in advance so that an adequate supply of
equipment (especially valves) can be stocked, water users can be advised of
interruptions in service, and arrangements can be made for traffic, or other
problems that may occur.







CONDENSED GUIDE - ATTACHMENT A

This condensed guide is a quick reference to be used as a supplement for the
Rehabilitation Guide". The arrows indicate a probable sequence of
steps, and use of condensed guide should be tailored to site specific

conditions. ( ) denotes asseciated paragraphs—inthe guidance.

"Pipe

I.

II.

VI
(7¢)

VII
(7a,b)

PROBLEM

Loss of Pressure

Red Water

Excessive Breaks and/or Wear
Excessive Leakage

Poor Maps and/or Records

Determine Fire and
Domestic Water and
Pressure Needs
(Present & Future)
Go to Step V

Hydraulic Analysis to
Determine System
Component Needs

(Size & Condition)

Valves/Pipes

Field Test Valves

Leakage Survey

Soil Restivity and Copper
Sulfate Reference
Survey (Cathodic Protection
Survey)

Excavate and Inspect Pipes

Valve and Internal Pipe
Condition
"C" Factor Flow Tests,

Pressure Tests
Sample for Water
Chemical Makeup

GO TO STEP

II
I1I
III
I or*“III
Iv

III. Waterhammer IV. Upgrade

and/or Maps and/or
Cavitation Records
Analysis

Leakage Survey

If existing pipes are inadequately
sized, replace or add pipe unless
unusual circumstances exist.

To determine where to excavate and
inspect pipes.

If exterior is poor, pipe is to be
replaced.

Repair/replace valves needed for
tests. Others noted for
construction contract.

Low "C" factor due to corrosionm is
often accompanied with excessive
internal pitting and weakening of
pipe wall.

If pipe strength from pressure
tests is inadequate, replace pipes.

Take water sample for Langelier Index,
Silica, and Calcium Content.







VIII.

(74)

IX.

Internal Inspection
Langelier Index, and
Chemical Test Results.
Inspect insitu pipe
interior.

Pipe Rehabilitation

Select pipe rehalitation method from IX

below.

Pipe is Cement Lined

Pipe is unlined, rust

and/or Calcium Buildup

tuberculation, red water,

(+) Langelier Index,

(-) Langelier Index

Low Silica High Silica

Low Silica

High Silica -

Soft, poor Hard, firm
pipewall pipewall
bonding bonding
(Pig Lines) (Clean*)

*Mechanically Clean.

Soft, poor Hard, firm
pipewall pipewall
bonding bonding

Pig & Treat** Clean* &

Special Circumstances

-Sandblast & Expoxy Coat
-Insitu Plastic Lining

Water Cement Line Pipes

**Treat to positive Langelier index and add sodium hexametaphosphates.







ATTACHMENT B
HYDRAULIC ANALYSIS METHOD FOR STEP 6
OF THE WATER REHABILITATION GUIDE

While this method does not have to be rigidly followed, it is included as a

guide for hydraulic analyses of water systems and should be used or adapted
] S ] . . b S
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pressure demands are to be modified according to available information. For
example, the future growth of a station may not be 25 percent to 50 percent as
presented herein. All future planned water using projects served by the water
system shall be located on a map or in a table, indicating average, daily and
peak water consumptions. These values will be added to existing water demands
for the appropriate computer model demands.

Hydraulic analyses should ordinarily be done by hand computations, and
computers used when the system is so looped or complicated as to make hand
computation tedious or impossible. Hand computations are easier to review
than checking computer input/output data. Simple sketches facilitate
reviewing both hand and computer computations.

Wherever possible, water distribution systems should be skeletonized and
reduced by using equivalent pipes. This will decrease hand computations and
model input data, reduce the opportunity for mistakes and the time needed for
corrections. Skeletonizing will also make the results more comservative.
Takeoff's from a computer models's main looped system can be done by hand
computations. Water distribution maps showing pipe sizes, lengths, materials,
junctions, junction elevations, demands and model pipe/junction identification
notations are needed to understand computer data inputs and results. Pump
curves should also be included, along with a sketch of the pumps and all the
elevated towers, showing their elevation relationship with each other and to
the common datum used for the distribution maps. Pump station and other
significant minor losses should be carefully computed and included in the
model data or hand computations.







1.

Determine the total metered demand for as long a period as convenient (at

HYDRAULIC ANALYSIS

least one year) and compute the average, lowest and peak days.

2.

commercial, industrial, piers, storage, maintenance, training, hangars;

Divide system into areas according to type of structures (housing,

power/steam plants, etc.).

e

Compute the expected consumption for each area in GPD.

ae.

Housing/Barracks = 90 GPCD x (number of 24-hour persons)
offbase residents (e.g., civilians) = 1/3 of a 24~hour resident

Piers = 50 GPCD x (number of 24-hour ships personnel)
Other - known water usage GPD
Expected water consumption - Total of Lines (a), (b), and (c)

Daily consumption per junction = Lines ((a) + (b), + (c)),
divided by number of junctions in the area

Total expected consumption = sum of all areas from (d)
Unaccounted for water = total metered daily (average) - Line (f)

Unaccounted for water/junction = Line (g)/total number of
junctions

Average Day GPM demand (Assign to each junctiomn) = (Line (e) +
Line (h)) divided by 1,440

Maximum Day GPM (each junction) = (2.25 x Line (e) + Line (h))
divided by 1,440 - -

Peak Hour GPM (each junction) = (4 x Line (e) + Line (h))
divided by 1,440

Fire flows for each area - Add the maximum fire consumption GPM
at most critical appropriate junction to the Average Flow
for that junction (Line (i)).

Extended period simulations (EPS) - Flow variations during the
day.







Gallons Per Minute on Maximum Day for each junction by hour

Midnight - 6 A.M.: (0.45 (2) x Line (e) + Line (h)) divided by 1,440
6 ALM. - 9 AM.: (3.60 x Line (e) + Line (h)) divided by 1,440
9 AM. - 11 AM.: (5.63 x Line (e) + Line (h)) divided by 1,440
11 A.M. - 11 AM.: (2.81 x Line (e) + Line (h)) divided by 1,440
5PM. - 8P.M.: (3.04 x Line (e) + Line (h)) divided by 1,440
8 P.M. - Midnight: (0.79 x Line (e) + Line (h)) divided by 1,440
NOTES:

(1) Hourly industrial/commercial, etc. variations may be different from
housing/barracks patterns, but considering them the same does not

ordinarily introduce much error.

If the industrial/commercial

non-housing/barracks water using facility (Line (c)) consumes a large
portion (more than 25 percent) its total area consumption, it should be
computed separately for growth, peaking, and hourly variations (i.e., for
hourly variations, it should not be included in EPS demands as part of
Lines (c) and (e), but added to the hours of the EPS according to its own
past hourly usage patters).
(2) Twenty percent of maximum day for early AM hours = 0.2 x 2.25 = 0.45
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4., Criteria for Analyses:
a. Maximum day and peak hour minimum system pressure greater than 35 psig

b. Pumps sized so all peaks can be met with the largest pump down (out of
service).

c. Fire pump suction greater than 20 psig when taking suction from a
distribution system oA

d. Elevated tanks should not empty during Extended Period Simulations
(EPS).

e. Storage will be for at least one average day's demand or fire
protection needs plus 1/2 average day's demand, whichever is greater.

f. If fire protection is provided by system water pumps, elevated tank
altitude valves should close when pumps are turned on.

g. Water supply/treatment should be able to provide the maximum day's
demand in one day, or the average day's demand and replenish water within
48 hours used for the greatest fire, whichever is greater.

h. Hazen Williams "C" friction factors tests will be done in accordance
with Navy "Water Pipe Rehabilitation Guide" - Attachment C.

i. Fire Flow Analysis, Line (1) should meet fire protection flow/pressure
requirements for sprinklered and non-sprinklered buildings in accordance with
MIL-HABK-1008 30 April 1985 (MHB). Hose stream demands can be divided between
the hydrants that can service the building (See MHB Section 5 and Table 5-2).
Sprinkler requirements not computed directly from the sprinkler system layout
can be determined by the flow computed from the density design and areas
(MHB Section 6 and Table 5-1).

j+ The model will be calibrated by changing 'C" factors and optionally
the pipe diameters, so that "C" factor field tests and model results (flow and
pressure) are reasonably close. The computer calibration pressure results
should be less than those found in the field tests (i.e., greater head losses).

5. Computer simulations will be run to determine how well the criteria of
paragraph 4 are met. System changes in pumping, changing "C" factors to C=110
and pipe diameters to nominal diameters (to simulate pipe cleaning), and
making pipe additions will be selectively made until the computer model
results are adequate. The pipes that are found to need cleaning will be noted
for Step 7 (testing) of the "Water Pipe Rehabilitation Guide."

12
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