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

(a) MARCORB Camp LeJeune itr ii000 PW0 of 18 May 87
(b) ESR Study of the Water System at the MCAS New River and Camp Geiger

forwarded by cover itr of 6 Apr 87

(i) Update of ref (b) (final report)

i. me2[nanswer to your letter, reference (a), on the Water
System Study, reference (b), enclosure (i) has been updated wlth 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, id, 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 (i). .Thepipes 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
i, recommendations A, B, and enclosures (7a), (7b), (8), and (9). Additional
study of a new connection and pumping station improvements is unnecessary.

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

Your comment, ib, about replacing the two Camp Geiger elevated ta_ks, 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 replacement.

4. Your comments ic and id 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.
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COST COMPARISON

Fire Protection for MOQ
ESR Recommendation Comment Recommendation

2 new 750 gpm flre pumps
with controllers, etc. @ 15K
replplng pump station

30.0 K 1
20.0 K

Fire Protection for anar 804

Diesel driven 3800 gpm
fire pump 540 hp
installation in AS2003

60.0 K 2

20.0 K
60.0 K
20.0 K

Pipe
to Hangar, 400’-8" PVC @ 8.70
from res., 50’-12" PVC @ 17

3.5K 1
1.0K 1

3.5K
1.0 K

450’ excavation @ 6/ft.
Connections, fittings, etc.
Maintenance PV @ 10% 20 yrs.
Elevated Water Tank 0.25 MG
Aft. valve & vault

2.7K 1
5K
3.2K 3

145.4 K

2.7K
5.0K

310.0 K
20.0 K

"422.2 K

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

25000/zr. x 1.23% overhead 315 x 2 hrs. x 12 mos. x 8.933 (20 yrs. at
2080 hr/yr h--. mo---, yr---? 10%) 3.2 K

(4) 6.5 lb. (65%) HTH x 200,000 gal. res. 2.6 lb. HTH
50 mg/l x i0,000 gal. 1 mg/l c.hloriue
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A pipe dedicated to a new tower in the H0Q area should not be needed, but
the te_=er culd rcqu+/-rc aother ieae i h umpin capacity au he
treatment plant. Also, a tower alone will not produce sufficient pressure for
angar 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, wat 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 contlnuewith our
recommendations.

5. To preserve a chlorine residual of 2 ppm in the existing M0Q area
reservoir, 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 M0Q 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 recirculatlon 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 PVCwith valves, hydrants and fittings is estimated at 3180,000.
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 examinationprogram older water
systems. It should be adapted or modified as needed for your system.

8. Your comment 2b was about poor leakage survey resales. We agree that your
experience with a leakage survey by Heath Incorporated at Courthouse Bay was a
disappointment. However, some of our surveys have hen beneflc!al, 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. Your 2c "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 (i). Please see page 6,
section 8(e) of enclosure (i).
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i0. Your comment id about doing "C" factor tests on Flounder and Curtis Roads
u faerie development. ne tests 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 (i) wb/ch indicates a resldual pressure
of 20 pslg 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.

]_I. Your commeht 2e is about future excavation and visual inspection of pipes
for corrosion. These inspections are highly recommended for older systems.
See enclosure (i), page Be, Section 8e. At least some inspections should be
done for Camp Gelger and the MCAS, at the present time, see enclosures (21a),
(21b), (23a), (23b),

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 done 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, I, 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 Corp:.s should not accept liability for !.ghtng ad protecting the
contractor’s instruments. Regarding manpower, however, our experience
indicates that arrangements should be made to have at least one C
representative accompany the contractor. In case of a pipe rupture, he can
coordinate the government’s responsefor repairs. An alternative is to have
the contractor provide for personnel and equipment to repair leaks and
m,ptures if they occur, but it becomes expensive to have then available all
he 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 contac Mr. J. J. Harwood,Code iii, LANTNAVFACENGC0M, Naval Station, Norfolk, Virglna 23511-6287, at(804) 445-2930, AUTOVON 565-2930.

J. R. BAILEY
By dlrecton
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I. Introduction

The Marine Corps Base, Camp Lejeune, North Carolina, submitted an EngineeringService Request for a study of the potable water systems of the MCAS,New Rvo
"’e L=y, each acClvi=y had ts own water supplywells, 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 the Air Station and
Camp Gelger 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 tudy are:

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

b. Hydraulic Analysis to identify improvements that are needed assumingthe 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.

(I) 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 w.rk for Steps c and d which are to be
accoml:"’ed by contract. Plans and specifictz r Step e -- Oe -"
Step d.

The report covers operational and hydraulic equipment problems and makes
specific improvement recommendationsfor 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 Statlon 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 Ai Station and Camp Gelger
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 Geiger 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.

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 (I)):

MCAS MCAVOY Road between Campbell and Curtis; C 119 (Good)

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

MCAS MOQ Longstaff St; C IIi (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.
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c. A Water budget (enclosure (2)) indicates:

Average demand
Expected usage
Unaccounted for water

896 KGPD
630 KGPD
266 KGPD

I00 x 266 30 percent
890

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

6. a. A skeletonized computer model of the water sstem.was made
(enclosure (3)). The two smaller pumps (enclosure 4)) at the existing MCAS
and Camp Geiger pumping stations were used, enclosure (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 fillin 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 Ib, 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, connecting 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 6xSxlSA Aurora pumps with 15 i/4-inch impellers were

installed at the MCAS pump station, and two at the Camp Geiger pump station,
(enclosure (9)).

b. Altitude values were installed at the to...-ers and the high water leels

set at elevations of 168 feet for all the tewr=. The p.:p were set to ilrn

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 (I0)).
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d. A 48-hour maximum day simulation was made for the improved system andthe results show that the tanks do not empty (figure (l-c and d)). The MCASpump operated for a total of 28 hours out of the 48, and the Camp Geiger pumpoperated 15 hours.

- Enclosure= (lla) a,d (llb) are excerpts from the 1983 and 1985LANTNAVFACENGCOM fire protection surveys for the MCAS and Camp Geigerrespectively. They show that fire protection capacity overall is good exceptfor three locations at the MCAS. They are the MCQ area, Warehouse 3525 andthe O’Club. The improved system model was used to simulate fire flows atthose and other locations of Camp Geiger and the MCAS. The results aresummarized as follows:

(FIRE FLOWS) SCHEME 1

Flow Resid Subtract Finalcation JC__T GP__M PSI___G PSI___G PSIG
I. Hangar AS 4106 24 7000 61 61 g.t.2. CG Bldg I0 5 1500 60 60 g.t.3. CG BEQ I 1500 59 59 g.t.4. TRL PK 7 1500 55 47 8 l.t.5. MCAS EM Club 33 I000 61 42 19 a.e.6. MCAS O’Club 16 i000 49 24 25 g.t.7. Cont. Fuel Tks 24 3000 61 170 -109 l.t.8. NCO Club i000 (see encl (13)) 40 g.t.

i000 (see encl (14)) 54 g.t.
9. Officers Housing
i0. Hangar AS 840
ii. Warehouse 3525

g.t. greater than
l.t. less than
a.e. about equal

New pump REQ, see encl (16)
New pump and RES REQ, see encl (15)

Comments

20 OK
20 OK
20 OK
20 (l)
20 (2)
20 OK
20 (3)
2O OK
2O OK

f. The NCO Club and MOQ are presently supplied fire flows and pressuresfrom reservoir AS 2002 and pump station AS 2003. These locations were dene byhand computations shown in enclosures (12), (13), and (14). The MCAS O’Clubhand computations are shown in enclosure (20). Warehouse 3525 and Hangar AS840 are remote and require flow and pressur aboe he capaii of preseaequipment. ney will require separate storage tanks and booster pumps (pleasesee enclosures (15) and (16)).

..Scheme II. For this scheme, in addition to improving the MCAS pump stationas shown in enclosure (8), the MCAS to Camp Geiger connection is a 10-inch PVCline from the pump station connecting Camp Geiger near Tower STC 1070 andsouth 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 Aurora6xSxlSa pumps were used in the MCAS pump station. Towers STC 606 and AS 301did not empty during a 48-hour maximum day simulation (Figure le and If). Thetwo MCAS pumps operated 17 and 13 hours respectively.





ocation JCT
Flow
GPM

(FIRE FLOWS) SCHEME 2

Resid Subtract Final
PSIG PSIG PSIG Comments

I. Hangar AS 4106 24
2. CG Bldg I0 5
3. CG BEQ
4. TRL PK 7
5. MCAS EM Club 33
6. MCAS O’Club 16
7. Cont. Fuel Tks 24
8. NCO Club
9. Officers Housing
i0. Hangar AS 840
II. Warehouse 3525

g.t. greater than
l.t. less than
a.e. about equal
e.t. equal to

7000 62 62 g.t. 20 OK
1500 57 57 g.t. 20 OK
1500 46 46 g.t. 20 OK
1500 54 47 7 l.t. 20 (i)
I000 62 42 20 e.t. 20 OK
I000 51 24 27. g.t. 20 OK
3000 63 170 -107 l.t. 20 (3)
I000 (see encl (16))
I000 (see encl (14))
New pump req., see encl (16)
New pump and res. req., see encl (15)

COST COMPARISON

Improve Pump Station

New Pump w/controllers

New PVC Connections
Totals

Scheme I

Same Cost

5 Pumps at 30K 150K

5120’-8" @ 17.25 87K
237K

Scheme II

Same Cost

3 pumps 30K 90K

3500’-10" @ 21 73.5K
163.5K

Scheme I is more costly but it affords extra reserve fire protection storagewater.

NOTES:
(!) Additional lines will be needed at TRL park ee enc!ure (17).(2) 20 PSIG residual can be obtained by cleaning line see enclosure (IS).(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 provideadequate capacity and operation, the condition of the existing system must beinspected, tested and improved to provide reliable service. Appendix B is anoutline of steps for contracts to fly npect - +et -., existingsystem and provide repairs and designs for installing the needed additionalequipment identified by the hydraulic analysis. Appendix B pages I throughVII are scopes of work, cost estimates and costing information. The stepsequences are based on previous examination of the system to determine what isneeded for the next test or examination.

b. Initial flow tests (enclosure (I)) indica=e some corroslon/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 becleaned by pigging. The Langelier water stablization index is slightlypositive, 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 CampGeiger’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 soll 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, Houston, Texas 77079, Contact N62470-83-C-6148.
Enclosuresl, 3..2) and -) are su,.-=n,i._. = survey C= Geger.
Trailer Park and MCAS respectively. The worst locations are labeled "mildly
corrossive", enclosures (21a), (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 railer park area:
I. Award a contract to:

a. Manipulate and t=e o 15 h--draft560 ana nyaran= valves andisolation and maintenance valves 6 inches and larger (I). The test willbe for condition, proper operation and valve leakage (see Attachment B, pagesI to II).

b. Perform a sonic leakage survey on all the exte;ior station pipes.There are about 25 miles of pipe. (See Attachment B, pages I to VI for scopesand costs)

c. Excavate and inspect the pipes for external condition at locationsidentified as corrosive from enclosures (21), (22), and (23) (see Attachment Bpage VII pipe examination for scope).

d. Perform "C" factor flow tests for pipes on Flounder and CurtisRoads by method shown in "Water Rehabilitation Guide", Attachment A.
e. Prepare plans and specifications to replace leaking or inoperativevalves, hydrants, and pipes from paragraphs la, Ib and ic; also prepare plansand specifications for the following list of improvements:

LIST OF IMPROVEMENTS FOR DESIGN AND CONSTRUCTION
A. Install 10-inch PVC line from MCAS treatment plant to Camp GelgerScheme II, see enclosures (7a and 7b).

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

C. Provide for an inspection of the AS 2003 pump house and make anyneeded repairs to place it in proper operation. The pump house has piping torecirculate water through Reservoir AS 2002. Install a chlorinator in thepump house and recirculate chlorinated water through he =eservoir ii order okeep 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, (seeenclosure (16)).

E. Provide a ground level reservoir and fire pump for fire protection atWarehouse 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 valvesshould close at elevation 168 feet.

NOTES
(I) Exclusive of trailer park, valves about 511 plus I0 percent for countingerrors 560.





2. Purchase and stock replacement valves, pipe and pipe repair parts forthose valves and pipes identified in recommendations la, Ib and le. Usingplans and specifications from le above, award a second contract to excavateand replace the leaking valves and repair the worst pipe leaks identified inla and lb. Attachment B pages Vl and VII are special specifications forvalve repair work, pipe examination and unit costs. When the number ofthat LLeed 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 wherethe soll is most corrosive and the pipe exteriors would be expected to be theworst. These locations will be identified by the cathodic protection surveyresults in Ic. The information from this survey is to be used with the resultof la and Ib to plan the sequence of valv and pipe excavation
replacements/repalrs.
The pipes, especially the exteriors of the older pipes, should be examined atcorrosive soil locations. Leaking valves and attached pipes at thesecorrosive areas should be the first to be excavated, inspected and the valvesreplaced. If a pipe or valve, in a corrosive location, is excavated and theexterior of the pipe is in good condition, it can be assumed that other pipesof 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 frominspections of paragraph 3 and "C" factor tests of id.

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

6. Award a construction contract to replace pipes of paragraph 5 and makeimprovements recommended in this report and designed by paragraph If.





WATER PIPE REHABILITATION GUIDE

ATTACHMENTS

A. Condensed Guide
B. Hydraulic Analysis
C. Hazen Williams "C" Factor Flow Test
D. Laboratory Analysis Form
E. Pipe Costs, Water Treatment Information, and Economic Analysis
F. Copper Sulfate Reference Electrode Measurements

INTRODUCTION

I. 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 conditions. 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 fireflow 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 inspection.

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 Ccontains 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
k,lA .

e = or simple pip calculaon gu full ule computer
modeling. They can be performed by the activity engineering office, by
LANTNAVFACENGCOM via ESR, or by an A&E 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.

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 connecting 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

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 alone,
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 deterioration 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.
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The method of cleaning pipes selected for cleaning will depend uponthe 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 clnng hn,@
b= done by either mechanical pigs or rodding.

Unlined pipes with rust tuberculatlo (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.

i0. 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 determln
their magnitude and suitable corrective actions. These analyses are
specialized and should be performed via ESR or contract.





II. Operation Plan: Before any testing or repair work begins, a completeoperation plan showing the valves and hydrants to be used and all accesspoints 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 ofequipment (especially valves) can be stocked, water users can be advised ofinterruptions in service, and arrangements can be made for traffic, or otherproblems that may occur,





CONDENSED GUIDE ATTACHMENT A

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

I. PROBLEM GO TO STEP

Loss of Pressure
Red Water
Excessive Breaks and/or Wear
Excessive Leakage
Poor Maps and/or Records

II
II

III
II or III

IV

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

III. Waterhammer IV. Upgrade
and/or Maps and/or
Cavitation Records
Analysis
Leakage Survey

Vo Hydraulic Analysis to
Determine System
Component Needs
(Size & Condition)

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

VI
(7c)

Valves/Pipes
Field Test Valves
Leakage Survey
Soll Restivlty and Copper

Sulfate Reference
Survey (Cathodic Protection
Survey)

Excavate and Inspect Pipes

VII
(7a,b)

Valve and Internal Pipe
Condition

"C" Factor Flow Tests,

To determine where to excavate and
inspect pipes.

If exterior is poor, pipeis to be
replaced.

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

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

Pressure Tests
Sample for Water
Chemical Makeup

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

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





VIII. Internal Inspection
(Td) Langelier Index, and

Chemical Test Results.
Inspect insitu pipe
interior.

IX. Pipe Rehabilitation

Select pipe rehalitatlon method from IX
below.

Pipe is Cement Lined
and/or Calcium Buildup
(+) Lanelier Index

Pipe is unlined rust
tuberculation, red wter
(-) Lanelier Index

Special Circumstances

Low Silica High Silica
Soft, poor Hard, firm
pipewall plpewall
bonding bonding
(Pig Lines) (Clean*)

Low Silica High Silica -Sandblast & Expoxy Coat
Soft, poor Hard, firm -Insitu Plastic Lining
plpewall pipewall
bonding bonding
Pig & Treat** Clean* &
Water Cement Line Pipes

*Mechanically Clean.
**Treat to positive Langelier index and add sodium hexametaphosphates.
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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
when ppropr for h yte being tudied. Computer model wter and
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 eisting 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 conservative.
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.





HICDULIC

I. Determine the total metered demand for as long a period as convenient (t
least one year) and compute the average, lowest and peak days.

2. Divide system into areas according to type of structures (housing,
commercial, industrial piers storage maintenance:
power/steam plants, etc.).

3. Compute the expected consumption for each area in GPD.

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

b. Piers 50 GPCD x (number of 24-hour ships personnel)

c. Other known water usage GPD

d. Expected water consumption Total of Lines (a), (b), and (c)

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

f. Total expected consumption sum of all areas from (d)

g. Unaccounted for water total metered daily (average) Line (f)

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

i. Average Day GPM demand (Assign to each junction) (Line (e) +
Line (h)) divided by 1,440

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

k. Peak Hour GPM (eac__h 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)).

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

I0





Gallons Per Minute on Maximum Day for each junction by hour

Midnight 6 A.M.
6 A.M. 9 A.M.:
9 A.M. II A.M.:

Ii A.M. II A.M.:
5 P.M. 8 P.M.:
8 P.M. Midnight:

NOTES:

(0.45 (2) x Line (e) + Line (h)) divided by 1,440
(3.60 x Line (e) + Line (h)) divided by 1,440
(5.63 x Line (e) + Line (h)) divided by 1,440
(2.81 x Line (e) + Line (h)) divided by 1,440
(3.04 x Line (e) + Line (h)) divided by 1,440
(0.79 x Line (e) + Line (h)) divided by 1,440

(I) Hourly industrial/commercial, etc. variations may be different from
houslng/barracks patterns, but considering them the same does not
ordinarily introduce much error. If the industrlal/commerclal
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

ii





4. Criteria for Analyses:

a. Maximum day and peak hour minimum system pressure greater than 35 psig

5. 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

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 (i) should meet fire protection flow/pressure
requirements for sprlnklered and non-sprinklered buildings in accordance with
MIL-HABK-IO08 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
(MB 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=II0
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."
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WATERFLOW TEST DATA

MEASUREmeNTS:
STATIC RESIDUAL FLOW AVAILABLE REQUIREDLOCATION PSI PSI GPM CPM @ 20 PSI PM @ PSI

New Exchange

Vehicle Shop 4157

M0Q Area

Warehouse 3525

Hangar 840

O-Club

70" 50 965 1600 II00 @ 20

62 60 1230 6000 1250 @ 20

63 12 200 180 500 @ 20

60 12 150 135 e 1800 @ 40

64 I0 380 340 2500 @ 20

70 20 630 630 e I000 @ 20

These areas depend upon the two 750 GPM @ 85 PSI booster pumps inBu1ding 2003 to Rrovide the required pressure and volume. Only one of thetwo pumps is operational and thls’pump is set on "manual" rather thanautomatic. Tests were conducted on the basis of "normal" conditions.

8. ENGINEERING RECOMMENDATIONS

a. Priority:

These recommendations involve major llfe safety hazards or conditionswhich could severely impact on the acclvy’s abiliy to accomplish vitalmissions, and are those for which attention and resources should be directed.
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7. WATER SUPPLY SYST

a. Description: The water supply for fire protection and domestic use isfurnishe through- single 8-inch main from the adjoining Marine Corps AirStation New River Water Treatment Plant. The water is delivered undersufficient pressure to maintain 600,O00-gallon and 272,000-gallon concretereservoirs located at Camp Geiger. From these reservoirs two 700 GPMautomatic electric pus and one 900 GPM manual-start pump take suction andpump into the distribution system and two lO0,O00-gallon elevated tanks. Thewater supply and distribution system is adequatE.

WATERFLOW TEST DATA

MEASUREMENTS:
STATIC RESIDUAL FLOW AVAILABLE REQUIREDLOCATION PSI PSI GPM GPM @ 20 PSI GPM @ 20 PSI

Bldg. TC-gIO 63
"A" St. and lOth St.
Hydrant #6-72-8

31 1500 1770 1500

Bldg. TC-I047
llth St.
Hydrant #6-78-8

65 56 1180 2745 I000

NOTE: Three main breaks occurred during the water flow test, therefore noadditional tests were made during this survey. The water supply isconsidered adequate in all of the areas of Camp Geiger, butthecondition of the mains is questionable as evidenced from thisexperience.
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Locat i on [.illi’l lil rl t

290 . 501 ,07000

291 -. 535 8500
292 --. 529 9700
i’J.93 --. 57
i94 --. 49_’ ]01"10 probab I y
295 -, 491 35000 ]ossi b I y
296 -. 498 8CICiO0 poss i b I y
297 -. 461 110CiO possibly
298 -. 529 12000 pr,-0bab I y
299 -. 378 9700 possibly
300 .. 303 1900 poss i b i y
3i.’) I -. 3(33 84CiC) poss i b I y
302 -. 42 49CI0 probab I y

pi-obabl y coiiosive
I’l i i d i y co’i-,-,s i ve
m i I d I y coiios i ve

nlildly co-iosive
coiios ve
coiios ’ve
coiros ive

coii-o i

coros ive

corios ive

coitos ive

cotos Ive

OiiCIS ve

Locat i on Pot ent i a I re.s i st ante Conlnlert

291 -. 535 8500 nl i I d I y co--os i ve
292 ....9 9700 mildly corrosive
293 -. 537 7300 mi Idly corrosive
290 -. 5Ci J. 7C)00 pt-,ba b I y c,:,t-r’os i ve
::’94 -. 492 501ZiCl pt’obab i y col-ros i ve
298 -. 529 1200CI pl-obab I y cc,i’ros i ve
302 -. 42 4900 probably corl-osive
295 -. 491 35000 poss i b I y cc,-’os ive
296 -. 498 80000 poss i b i y cot-ros i ve
297 -. 461 11000 poss i b I y cc,iic,s i ve
299 -. 37 9700 poss i b I y cot-t-os i ve
300 -. 303 1900 p,:,ss i b i y coos i ve
301 -. 303 t3400 poss i b I y co’r,:,s i ve
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Loat i or, Pot ent i a I -es i st ar,ce ori’iri1r,t

310
311
31;

313
314
315
316
317

555
534
531
55E:
539
455
47
496

25000
1200
3800
15000
17000
15000
6300

rniIdly cor-c0sive
probably co--os ive
mildly corrosive
mildly co-rosive
probably co-osi ve
p,:,ss i b i y co--os i ve
possibly
probably coros ive

Locat i or, Pc,t er,t i a i res i st ance Cc,rn rller,t

310 -. 555 4500
312_ -. 531 1
313 -. 55E’.
311 -. 534 ;-25000
314 -. 539 15000
317 -. 496 6300
315 -. 455 17000
316 -. 47 15000

mildly corrosive
n i I d I c,-,-r’os i ve
nildly cc,rrosive
probably co-rosive
p-obably cc0ros ive
pobably coosive
possibly corosive
possibly co-osive





/_..oc"





Loca ion Potential resistance Corflrflert

II -.523 6600
13 -.523 7000
61 -.566 5700
68 -.5030001 10000

70 -. 5030001 I0000
9 -. 50t
102 -.50t 6100
114 -.566 10000
1 -.42 6000
2 -.42 5400
3 -. 422
4 -.422 6800
8 -. 49 4300
12 -.523 17000
14 -.413 7700
15 -.413 2200
16 -.413 II00
6[2 -.566 -000
63 -. 5- I0700
66 .406 1400
69 --.5030001 -’.’ 1000
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ATTACHHENT B

WATER PIPE SYSTEM REHABILITATION
STEPS TO DETERMINE CONDITION OF EXISTING

SYSTEM AND MAKE IMPROVEMENTS

Contracts

I. To Locate Areas for Inspection and Test:

A. Field Test Valves and Leak Survey Pages I, II and Ill for Scopes:

B. Cost Estimate Pages IV V and VI

If. To inspect and Test System:

A. Excavate Pipes (from Cathodic Protection Survey Locations in
enclosures (21) (22) and (23))
(Inspect and Record Pipe Condition) Page VII for Scope

B. Do "C" factor flow tests on Curtis and Flounder Roads (Attachment A)

C. Purchase and Install Valves (From I-A above)
(Inspect and Record Pipe Condition) Page VII for Scope

Construction Project to Improve System:

Install Pipes/Pumps etc., (From recommendations page 7 of report)

Replace Pipes/Hydrants etc., (From IIA and IIC above)

Clean Pipes if needed (From lib and IIC above)

III.

A.

B.

C.





SCOPE OF WORK
PIPE AND VALVE INSPECTION
LEAKAGE DETECTION SURVEY

AND DESIGN OF VALVE REPLACEMENT WORK

General Intention. It is the intention of this contract to provide a surveyef the potable wager valve and distribution systems at the MCAS, New River andCamp Geiger, Camp Lejeune, North Carolina.

NOTE The term "Engineer" shall refer to the parties associated with therecipient of this contract.

The term "Navy" shall refer to the office designated to act for theNavy.

i. General Requirements. The engineer shall furnish all labor and materialnecessary to perform a survey of the underground valve and distribution linesin accordance with this specification.

a. Workmanship. All work shall be accomplished as directed by and to thesatisfaction of the Navy.

The Navy Public Works Department shall furnish station plans of theexisting water distribution system. Also, the Navy shall be responsible tooversee the manipulation of necessary valves as required, and provide otherminor assistance during the survey. Normally it is anticipated that theContractor shall perform his work with minimum requirements from the PublicWorks Department.

b. Scheduling the work. Immediately after award, the Contractor shallmeet with the Navy and prepare a schedule of work. The Contractor shallconduct his operation so as to cause the least possible interference withnormal operation of the activity. The normal working hours are from 7:30 A.M.to 4:30 P.M., Monday through Friday.

c. Security Requirements. No employee or representative of theContractor shall be admitted on the site unless he furnishes satisfactoryproof that he is a citizen of the United States or if an alien, that hisresidence within the United States is legal.

I. Services. The engineer shall conduct on-site surveys of the fresh waterdistribution systems to determine the location of inoperative valves, leaksand other sources of water waste. There are approximately 25 miles of waterlines to be surveyed and 560 valves and 215 hydrants to be tested.

2. Detail Requirements.

a. Conduct a water leakage survey of all potable water mains, laterals,feeders, hydrants and valves. Manipulate valves and hydrants to insure properoperation. Detection of the leaks can be accomplished by the use ofelectronic sonic devices ore other instruments or means. The use of these





instruments shall be by trained and qualified persons. Detecting locating,
and quantifying water leaks shall be carried out from the surface. During the
survey, there should normally be no need to expose the underground pipes or
valve. Identify, when possible, pipe material (i.e., P.V.C., R.C.,
asbestos-cment or cat rnn)o V1 !ekge cn be deter_ine b =e!ecti-el
flowing hydrants, manipulating valves, noting hydrant flow rates and listening
to valve leakage noises with sonic electronic equipment (leak detector). Make
cassette recording tapes of the valve leakage noise at various leakage rates
for each valve size and type. This can be done by manipulating a valve and
measuring flows from a connecting hydrant in an isolated part of the system.
These tapes then can be used to facilitate subsequent vale leakage tests.

he tapes with leakage noises and associated flows will become the property of
the Navy upon completion of the Contract.

3. Provide a draft written report to include a description of the systems, a
description of the survey identifying and locating by sketch or table hydrant
and valve numbers and each leak showing location and flow. In addition to
valves located on the map, each valve will be identified by number or number
scheme so that it can be cross referenced to the map. The following
information shall be given for each valve:

Valve number, location, (map number, grid)
Valve size, rotation to close (right, left)
Valve opens/closes completely and freely (Y/N) describe if no
Valve leakage (much, some, little, none)

NOTES: (i.e., Buried, hard to gain access and why, etc.

Include a representative leak repair cost per type of leak, and a list
locating valves and hydrants with conditions and rehabilitation
recommendations. Also, provide design plans and specifications showing the
locations, sizes,details of the valve replacements with cost estimates. The
draft is for comments and will be followed by a final report which will also
address the draft comments.

4. The Marine Corps Base, Camp Lejeune shall be furnished two copies of the
draft and the original final report, plans and specifications after it has
been reviewed, corrected, collated, summarized, indexed and bound. Provide
one copy of the draft and final reports to each of code 405, 408, 1013G, 2011B
and 114, Atlantic Division, Naval Facilities Engineering Command, Naval
Station, Norfolk, Virginia 23511-6287.

5. Time for Completion. The work and a draft report shall be completed
within ninety days after date of receipt of a notice of award authorizing the
contractor to proceed. The Navy review time is 15 days, and the final report
is required 15 days after the review.

6. The Marine Corps will:

a. Provide (i) experienced personnel to monitor valve operation, (2)
appropriate lights and shelter boxes for protection of the engineer’s
measuring instruments.

II





b. Make available old and current system prints to facilitate locating"abandoned" but flowing lines.

c. Provide all necessary labor and materials to repair any leaks caused
by valve manipulation or aceidential breaks in accordance with a schedule to
be determined by the Government.

d. Furnish to the englneer all available drawings of the water
distribution and collection system that are needed for the contract.
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COST ESTIMATE FOR VALVE/PIPE INSPECTIONS

Cost estimate inspect 560 valves (6 inches and larger) and 215 hydrants and
hydrant valves. Assume average size 8 inches (adjusted for increased
difficulty closing larger sizes), four persons testing 16 valves/day and
25 hydrant and valves/day (I engineer/3 technicians).

Review records,
interview personnel,
obtain inf. on pipe
and valve cond. and
age.

Man Days
Proect Manager ngineer Technician Typist

2. Plan Valve Tests

3. Field Test Valves and Hydrants (2) 44 persons
44 days
147

Write report and
cost estimate for
design contract

Man days
Day cost/persons (2)
Subtotals

4

1 51 132 4
144 128 112 96
144 6528 14,784 384

Totals
OH&P at I00 percent
Contingencies at 5 percent

21,840
21,840
2,184

Valve Inspections 45,864

Expenses:

Travel 4 persons at 304/Roundtrip 1,216
Per Diem days: Records and Planning 4 days

Inspect and test 44 days
6 weekends 12

60 days x 4 @ 50 12,000
Car rental i car x 60 days @ 50/day 3._q000
Total Expenses 16,216

Total valve inspection and test cost (45,864+16,216) 62,080
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COST ESTIMATE FOR LEAKAGE SURVEY

Man Days
Project Manager Engineer Technician Typist

A&k
Review records/maps
Plan Survey

2p x 2 days
4 M.D.

Report 3 4
4

Rate 144
432

112 96
448 384

Total 1264
OH and Prof @ 100% 1264

Subtotal 2,528

Survey 25 mix day 17 days x 600/day
1.5 miles

10,200

Expenses:

Travel 2 persons at 304/Roundtrip 608
Per Diem 17 days + 3 weekends

23 days for 2 persons x 50 2300
Car 23 days at 50 1150

Total Expenses 4,058

Total leakage survey contract 16,786

Total Valve pipe leakage contract
Valve Inspections
Pipe Leakage

62,080
16786
78,866

SAY 80,000

NOTES:
I) 511 valves counted on water map and estimated in pump houses + I0 percent

for map and count errors 560 valves and 215 hydrants
(2) 560 valves/16 valves/day 35 days + 215 hydrants/25 per day 8.6 days

Total 44 days
(3) Man Day Costrs: Project Manager Engineer Technician Typist

Cost/hour 18 16 14 12
Cost/day 144 128 112 96
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SPECIAL SPECIFICATIONS FOR VALVE REPAIR WORK

Excavate the valve and examine the exteriors of connecting pipes for corrosion
and pitting. When the valve is removed examine the interior of the connecting
pipes for cement lining or corrosion buildup. Determine the type of
icrutt!on (Rust tubercu!tion, sce!e), ts thce, hrdnFa eolor nd

adherance to pipe walls. Interior pipe examination should also be made during
valve inspection work. If the pipe exteriors or interiors are deteriorating
or have a rust buildup, record this for future pipereplacement. Replace
valve with a properly operating, non-leaky valve.

PIPE EXAMINATION (EXTERIOR)

Excavate about 7 feet of pipe where the tests shown in Corrosion Survey
indicate corrosive soils, and examine the pipe exteriors for deterioration.

Rust, pits, and soft spots will be noted. Striking suspicious looking places
with a hammer will often reveal soft or deteroriated 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 deterioration is minimal, it

can be assumed that there are many more years of useful life remaining for the

pipe. Exterior examination of pipes should also be made during valve

excavation and replacements.
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ATTACHMENT C
HAZEN WILLIAMS "C" FACTOR

BY FLOW TEST

This flow test is to evaluate the internal condition of a pipe in regard to
its resistance (friction) =o wa=er flow for a given plpe slze (i.e., ncreased

roughness or decreased diameter because of internal pipe buildup).

Energy in the form of pressure is needed to overcome the friction resistance.
As the flow increases, the friction increases and there is a pressure (energy)
loss to overcome the friction and maintain the flow.

This flow test measures the pressure (energy) loss between two pressure gages
on a pipe line for a given hydrant flow. The flow is related to the pressure
loss and the friction factor "C" by the Hazen Williams formula below.

Hazen Williams Formula: V 1.318 C R0"63 S0"54

Where V is the water velocity in feet/second, C is the Hazen Williams factor,
R is the hydraulic radius equal to one fourth of the pipe diameter in feet
(D/4) for a pipe flowing full, and S is the hydraulic gradient in feet/foot.

The line is valved so that all the measured water that is discharged through
the flow hydrant passes both gages (Figure I).

The "C" values are computed on Form 1 using a modification of the
Hazen Williams formula where again C is the Hazen Williams factor, p is the
pressure loss in (psig), d is the internal pipe diameter in inches, L is the
pipe length between gages in feet, and Q is the flow hydrant discharge in
gpm. The Form i graphs solve the equation for the flow with C=I00 from L/zp
and d values. The pipe C factor is then calculated by dividing the actual
flow by the graph flow. Examples are shown following Form I.

Modified Hazen Williams: C

NOTES:

4.52 x L U 0.54 x Q

P x d
4./

(I) STATIC PRESSURES (STAT) are pressures taken prior to opening a hydrant and

flowing water (little or no flow of water). If the pressure gage
fluctuates, it is the average of the fluctuations.
RESIDUAL PRESSURES (RESlD) are pressures taken after a hydrant is opened
(large flow of water is being maintained).

(2) Three calibrated (0 to i00) psig pressure gages with fittings to connect
them to hydrant nozzles or hose bibs are required.





3. The test is most accurate when performed during the hours of low water use
(night time). In most cases, the error caused by water usage during the day
is not great. The "C" value calculated during the day can be used because
water usage flow is generally much less than the fire hydrant test flow.
(Exception if a gage is mounted on a building hose bib, water usage to the
building through the relatively small building connection can seriously affect
h= eults.)

4. Pipeline length "L" can be scaled from water system maps in feet.

5. This method has been used many times and the form is easy to fill out and
use in the field.

6. All inoperative and leaky valves should be replaced prior to flow testing.

7. Be sure to open all line valves and close hydrants when the tests are
completed.

8. The test may be made while the line is set up for cleaning. Figure 2 is a
typical "pigging" set up. If a valve (VD) is attached to the downstream end
of the pipe, it can be closed between pig runs, and the upstream valve (VU)
opened to pressurize the line. The test can then be made in the normal manner
from a hydrant between the upstream gage mounted on the launcher, and the
downstream gage near the retrieval "T".

9. The parallel pipe method of testing the internal condition of a water pipe
to measure its Hazen Williams "C" factor may be used in lieu of three gages(Figure 3). It should be used for larger diameter pipes (10-inch and above).
The method requires laying hose between hydrants, but is more precise and a
smaller head loss can be accurately measured (see Method 2 for details). A
differential pressure gage is used to measure the pressure drop. This is an
advantage for larger pipes because it avoids the immense discharge of water
that is required to produce the head loss needed when the three gage method is
used on larger pipes.

Note:
The differential gage should be a Dwyer Model 4205B or equivalent.
under 200.

Cost is

i0. Figure 6 shows how a flow test can be made when the pipe cannot be
isolated because of inoperative or leaking valves. The valves must be
completely open. Gages i and 3 are mounted on hydrants connected to lines
that have functioning valves that can be closed so that Gages I and 3 reflect
the pressures at the left and right pipe junctions. A small amount of leakage
through the operative valves should not significantly affect the results.

Judicious use of this method to allow testing with inoperative or leaking
valves identified during the preliminary valve tests should reduce the numberof valves that have to be repaired or replaced for the A/E pipe testing and
inspection contract.

The equation is cumbersome to use, but it can be done with a programmable
calculator. A computer program in basic is available from this office.
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METHOD I THREE GAGE
PROCEDURE (FIGURE i) USE FORM 1

A. Fill in heading information (i) through (7).
B. Complete sketch.
C. Enter the upstream (furthest from the flow hyarnt) end dev=trcam

(closest to the flow hydrant) static pressures on line (9). Enter the
larger of the two on line (8). Subtract lines (9) from (8) on line (i0).
One column should be "O", and the other column should contain a pressure
difference that compensates for ground surface elevation differences
between the two gages.

D. Open the flow hydrant and when the gages are steady, ead all three
gages. The residual pressures, are entered on line (Ii) with the upgage,downgage and flow hydrant pressures in their respective places. Add lines(I0) and (ii) for upgage and downgage totals (line 12)), then subtract thedowngage total from the upgage total for p Line (13). Multiply p by1,000 and divide by line length L Line (14).

E. Enter Figure 4 with flow hydrant residual pressure (line (ll-flow)).
Cross to appropriate hydrant nozzle curve then down to hydrant flow(GPM). Enter hydrant flow in numerator, line (15). Enter Figure 5 with1,000 x Ap/L from line (14). Draw straight line from 1,000 p/L throughpipe diameter to C=I00 flow (GPM). Enter this flow in denominator ofline (15). Solve line (15) for "C" factor.
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METHOD 2
FORM 1

HAZEN WILLIAI "C"
FACTOR BY HYDRANT FLOW TEST FORM

PA/ALLEL PIPE METHOD

PROCEDURE (FIGURE 3) USE FORM

Fill in heading inf. (i) through (6).
Complete sketch.
Connect garden hose from hydrants to differential pressure gage (upstream
hydrant to high pressure). Open upstream and downstream hydrants and
bleed air from hose.
Note any initial pressure before flowing hydrant. Enter on line (12 DN).
Open the flow hydrant, read differential pressure again and enter on
line (12 up). If differential pressure is greater than 5 pslg, reduce
flow hydrant discharge. If differential pressure is less than 0.5 psig,
increase flow by using two hydrant nozzles, the 4-1/2 inch pumper
connection, or flow two hydrants and use two flow hydrant gages. Correct
by substracting initial pressure (12 DN) from final pressure (12 up) and
enter as mp on line (13). Multiply mp by 1,000 and divide by length (L)
Line (14). Continue the same as Method I i.e.,look up hydrant flow on
Figure 4, flow for C=I00 from Figure 5, and calculate C from Line 15.
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ATTACHMENT E
APPROXIMATE COSTS FOR CLEANING (1983)

Cleaning Methods:

I. Polyurethane Pigs
2. Hydromechanlcal Scrapers

3.00 $ 5.00 per linear ft.
4.00 $ 6.00 per linear ft.

APPROXIMATE COSTS FOR RELINING (1983)

(1983)
Cement-Mortar Lining (1983)

Pipe *Relining Cost *Insituformpiameter ($/LF) Relining Cost (/LF)
2-inch N/A N/A
3-inch N/A N/A
4-inch N/A N/A
6-inch $18.00 $ 9.50 $ 13.508-inch $20.00 $21.00 $ 30.00lO-inch 23.00 $26.00 $ 37.0012-inch $26.57 $38.00 $ 53.0014-inch 30.00 $51.00 $ 72.0016-inch $35.00 $67.00 $ 94.0018-inch 35.00 $84.00 $120.00

*Costs include cleaning with cable pulled scrapper
*Costs do not include repaying, line bypassing, or curb reconstruction

Pipe replacement costs per linear foot (1983 Means) includes material,installation, O&P. Does not include excavation, backfill, bypassing, thrustblocks, etc.

Ductile Iron PVC
Siz____e Class (250) Tyron Joint Class 150 (S.D.R. 18)

4-inch $ 9.20
6-inch $ 10.40
8-inch $ 15.15
10-inch $ 19.25
12-inch $ 24.00
14-inch $ 31.00
16-inch $ 35.00
18-inch $ 44.00
20-inch $ 48.00
24-inch $ 56.00

$ 5.80
$ 7,00

$13.45
$19.80

Street fire hydrant (including 6-inch gate valve, connecting pipe, thrustblock), $1,800/hydrant.

GATE VALVES

4-inch 6-inch 8-inch 10-inch 12-inch 14-inch 16-inch375 460 685 $965 i,175 2,200 2,975
NOTE:
Use above if better costs are not available.
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WATER TREATMENT INFORMATION

When the costs of replacement or cleaning and cement lining are compared with
cleaning and water treatment, the following costs should be added to the
latter.

I. Present value of treatment equlpment (20-year life)

a. To raise Lanelier index (pH & alkalinity)

Small Systems: (Less than I MGD) Soda ash feeders & solution tank.

Large Systems: (More than I MGD) Lime feeders, slaking tanks,
sedimentation tanks, filters, CO2 addition.

b. For corrosion control (small & large)

Chemical feeders Sodium Hexametaphosphate.

2. Present Value (20 years) of annual

a. Operation & maintenance costs,

b. Energy costs,

c. Chemical costs.

3. Present value (20 years) estimation of annual water cost savings in
leakage reduction that would result from cement lining or pipe replacement.
(Significant only if leakage is large and water is expensive).
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ECONOMIC ANALYSIS

I. Cost of New Pipe I

III. Cost of Pigging or Cleaning without Lining

If water is aggressive (negative Langelier Index),
add to III.

a. Cost of treatment equipment i

b. Annual costs

O&M

Power

Chemicals

Leakage 2

Total X 8.933 3

Total III

Select most cost effective I, II, or III.

NOTE: Power escalation rate is ommitted above but should be considered on a
case by case basis (unusually high power costs or large repair projects
( I0 MGD)).

(i) From equipment venders.
(2) Cost of estimated leakage reduction expected from new pipes or cement

lining. (In absence of better information, leakage can be taken as
one-half of the unaccounted for water).

(3) Discount rate for 20 years at i0 percent.
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