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SUMMARY & RECO~ENDATIONS 

1. DOMESTIC WATER TREATHENT 
·~-

As noted in reference (b), the distribution and storage capacity of ~ 
'-'-' the existing Naval Base water system is not adequate to provide the peak 

domestic demands south of Viaduct Road without excessive loss of pressure -::;;:,· 
in the .water main. Reference (b) recommended to alleviate the problem that~ 
~ 1&' water main be constructed from the City of Charleston 2~' water main ~ 
on Meeting Street to the base distribution system near Viaduct Road and ~ 
Hpbson Avenue as noted in-J. E. Sirrine Company Engineering Study of ~0 
1 March 1962. It was also recommended by reference (b) that the J. E. ·~ 
Sirrine Company Study be updated to determine the most economical means of 
meeting the water requirement of the South Naval Base. Efforts since then 
to have the City increase its pressure to the Naval Base have been unsuc­
cessful. 

2. BOILER HATER TREATMEt--."'1' 

The five boilers of the Power Plant Building 32, have received solvent 
cleaning for the removal of scale within the past year and the Public Works 
Department has employed a full time boiler water treatment employee. Ac­
cordingly, the waterside of the boiler is in good condition. It is recom­
mended that boiler water samples continue to be routinely sub~itted to 

· BUHINES for simultaneous analysis in accordance \vith SOUIH~AVFACINST 11330.3F 
of 30 January 1974. Appendix B is submitted for your information and 
assistance. 

3. SWINMING POOL HATER TREATMENT 

Three of the four swimming pools have their backwash water connected to 
the domestic wastewater collection system. Plans are underway to connect 
the backwash from the Officer's Pool to the domestic wastewater collection 
system. All pools were closed for the winter season; however, in discussion 
with Mr. Ernie Croucher and review of the pools, it was noted that the pools 
have adequate water treatment. The pools are adequate with respect to ~,-

pollution abatement with the exception of the Officer's Pool which requires 
the backwash water to be discharged into the domestic waste-.;vater collection 
system. Discharge, in the Spring, of the water from the pools into the 
storm drains does not cause a pollution problem. 

4. COOLING WATER TREATHENT 

The cont:ractor, who is well qualified, treats the water for the cooling · 
towers. Thorough inspection of the contractqr's work is necessary for 
satisfactory cooling tower water treatment results. The contract specifi­
cations· and control procedures should be modified to conform with Appendix D. 
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5. DONESTIC H/\STB-1/\TER COLLECTION & TREATMENT 

Due to the complexity of the domestic wastewater collection system of= 
the Naval Base and engineering co·ntract was recently completed to update t~ .­
As-Built Drawings of the underground domestic·sewer system and storm sewer 4-J..I.~ 
system. Four cross connection were found during the updating of the As~Bu~t 
Drwaings and two projects to correct this condition have been submitted. 

In connection with swimming pools, NAVMED P-5010-3, Chapter 3, state ia 
part that in backwashing filters, discharging wastewaters to sewers, and .~ ..... 
_?dding makeup water, precautions must be taken to prevent cross flow which~ .. ,.. 7 ·might contaminate the pool or the drinking water supply. Dangerous cross lfl-/7' 
connections must be prevented by the use of devices such as surge tanks 
and air gaps. Water from·swimmirtg pools is dumped once each spring into 
storm drains, thereby eliminating contamination hazards. 

Since the City of North Charleston is modifying their wastewater 
treatment plant to provide secondary treatment and the cost for domestic Lf5.3 
wastewater treatment will increase, it is recommended that the domestic 
wastewater flow be carefully monitored to determine th~ exten~ of infiltration. 

6. FIREFIGHTING SCHOOL TRAINING AREA 

The Oil/\.Jater Separator in the present conditi~:m ·allows excessive tf,·;-/ 
infiltration of rain water runoff to enter the sanitary sewer and it is 
reported that spring tides back into the sanitary sewer line. This condi~ion 
should be corrected at an early date. 

7. SOLID WASTE DISPOSAL 

The solid waste collection and disposal from the Naval Base Housing, 
Golf Shop, Commissioned Officer Club, Warehouse and Navy Exchange by )1~. 
competitive contract is economical and environmentally satisfactory and. / 
should be continued. 

Other solid waste is collected and hauled by the station forces to the 
Charleston County facility for disposal under Contract N62467-74-C-1804. The . 

·contract cost for disposal by the County is $2.37 /Ton. It is recommended Jv);·: 
that this contract be continued until engineering studies underway in 
connection with energy r·ecovery have been completed. 

Engineering Service Request No. 5279-169, prepared in December 1975, 
in connection with Waste Cardboard Recycling Program of the Naval Station 
submits information.which should be helpful in the establishment of a 
recycling program for cardboard. 

iii 
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I. INTRODUCTION 

In accordance with Naval Facilities Engineering Command Instruction 
5450.1913 of 15 November 1974, an Environmental Engineering Survey was 
conducted of the Naval Base, Charleston, South Carolina during November ~ 
and December 1975. The Naval Base activities included in the survey are ~ ..... 
the Naval Shipyard, Naval Station, Naval Supply Center, Fleet Ballistic ~ . .,._ 
Missile Submarine Training Center, Fleet and Mine Warefare Training Center, .. 
Navy Regional Nedical Center and Harine Barracks. The water distribution ~ 
s~stem, sewage .c·ollection system and solid waste collection are common to ·~ 

the above activities and the activities are served by one Public \-larks . 
Department; therefore, the environmental engineering survey was conducted 
for the. Naval Base in lieu of separate activities. The survey was coordi­
nated with the Public Works Officer with assistance of the Navy Environmental 
Support Office(NESO). 

II. PERSONNEL CONTACTED 

CAPT Joseph_Lapolla 
LCDR R. G. Baker 
Chief D. W. Sincebaugh. 
Dr. Iverson 

·Mr. R. F. Duncan 
Mr. J. W. Sneed 
Mr. F. T. White 
Mr. Weldon Jones, Asst. 
Mr. Funderburk 
Hr. Earl Acre 
Mr. Mon:ow 
Mr. Braswell 
Mr. Owen 

III. HATER TREATMENT 

A. GENERAL. 

Public Works Officer 
Fleet Training Center 
Environmental Health, NAVREGMEDCEN 
NESO, Port Hueneme, CA 
Head, Design Division, Public Works 
Environmental Engineer, Public Works 
Utilities Superintendent, Public Horks 

. Utilities Superintendent, Pub lie i.Jorks 
_Boiler Foreman, Public Works 
Boiler Foreman, Public Works 
City of North Charleston Sewer District. 
Port Hueneme, CA 
Port Hueneme, CA 

Potable water purchased fr-om the City of Charleston enters the 
Naval Base through four meters; however, two of the lines entering the.Naval 
Base are normally closed and used only during emergencies. The principal 
sources of supply on the Naval Base are a 16" main located near -Commandant, 
Sixth Naval District Headquarters in the old hospital area ao.d a 10" main 
entering at the third street gate. There are two additional water mains--
a 12 inch line north of Noisette Creek and a-8 inch line located at the 
third street gate. Water is stored on the Naval Base in two elevated tanks, 
a 500,000 gallon capacity tank in the COHSIX area and a 25_0,000 gallon 
capacity tank in the South Nava 1 Station nrea. The t~w elevated tanks are 
supplemented by two ground storage tanks, a 1,500,000 gallon tank located at 
Avenue D and Con~issary Store, and a 500,000 gallon steel tank located in 
the South Naval Station area. To keep the water from bcco·ming stagnant. it 
is pumped each week from the 8round tanks into the distribution system. For 
the same reason, the water quality in the 500,000 elevated tank is maintained 
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weekly temporarily, closing a ~alve in the 16 inch main from the City to ~ 
allow the tank water to feed into the distribution system; then opering the~ 
16 inch valve and refilling the tank with fresh City water. The 250,000 ~ 
~allo'n elevated tank in the South Naval Stat ion nrea· usually stays empty (J..l 

unless water is pumped into it since the tank elevation is above the · 
pressure gradient of the distribution system. 

Reference (b) noted that the transmission and stornge capacity of· ~ 
the existing Naval Base water system· is not adequate to provide the require~ 
£low from the principal source of supply to the area south of·Viaduct Road;_;; 
approximately 2~ miles away, without excessive ·loss of pressure. It was ~ 
also n6ted that the low water pressure requires Ptiblic Works to bypass the 

·water softener in Building 123, Fleet Power Plant, and on other occasions in 
the power plant could not be operated because the water pressure was too low 
to feed water to the boilers. It is reported that lmv \vater pressure during 
the summer months restricted water service to the fleet. Additionally, 
reference (b) noted that the low water pressure problem is aggravated qy the 
operation of the Fleet Training Center Fire Fighter School booster pumps. 
The booster pumps t'ake suction fr(Qm the 12 inch fresh water main. This 
causes the water to flucatuate rapidly between 10 psig and 80 psig. 

Additionally, it was noted in reference (b) that by contract 
NBY37325, the J. E. Sirrine Company, Engineers - Architects, in a Uti~ities 

· · Systems Study for the Naval Base had made certain recommendations for the 
improvement to the potable 'tvater distribution system. One recommendation 
which has not been implemented and should be considered at this time is to 
install a new 16 inch water main from the City main to the Naval Base 
distribution system. This main will be approximately 3700 feet long, 
connected to a 24 inch city main in Meeting Street and to the base distribution 

_system near the intersection of Viaduct Road and Hobson Avenue. 

B. POTABLE WATER TREATHENT 

Water purchased from the City of Charleston requires only 
chlorination \Jhen . .and .if the free chlorine content is. ies.s than 0. 2 mg/1. 
Water treatment by the City of Charleston consists of pre and post chlori­
nation, coagulation and filtration~ 

Potable water is purchased 
approximately 10¢ per 1000 gallons. 
for the Naval Base is acquiried at a 

C. INDUSTRIAL WATER TREATMENT 

on a '!sliding scale11 rate and averages 
At today' s inflationary. ~osts, water 
reasonable cost. 

External and internal boiler feedwater treatment and cooling water 
treatment is the limit of industrial water treatment for the Naval Base. 

(1) Boiler Water Treatment 

One hundred and three (103) boilers serve the Naval Base. The 
boilers are fired with four types of fuel consi'sting of coal-automatic 
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stoker fired (5 boilers), oil-gun type burner~ and gas-gun type burners. ~ 
The four fuels used are coal, Navy Special Oil, No. 2 fuel oil and natural ~ 
gas. Since the low pressure hot water boile~s do not require water ~. 

trea~ment, they are not discussed in this report. ~ 

= a. Building No. 28, BOQ No. 6, has a boiler with an input of ~ 
3,450,000 BTUs/hr, operates at a gauge pressure of 26 to 32 pounds per ~ 
square inch, has a chemical feeder and a sample cooler, is fired on Navy ~ 

Special Oil. T~e boilers were manufactured by PA\VNEE. Chemicals used for ~ ......,. 
boiler water treatment ar~ trisodium phosphate, caustic soda and tannin. ·~ 

a 

b. Building No. 28, BOQ Nq. 5 has a -boiler with an input capacity 
of 3,864,000 BTUs/hr, operates at· pressures between 30 and 40 pounds per 
square inch, has a sample boiler water cooler and chemical pumps. Chemicals 
used for boiler water treatment are tannin, trisodium phosphate and caustic 
soda. The boiler is fired on Navy Special Oil. At the time of the visit 
the boiler was undergoing an annual overhaul consisting of opening up the 
firesides for cleaning and inspection, making minor repairs, checking of all 
controls and pressure relief valves and shop testing the blowdown valve. 

c. Building No. 44 of the South Naval Base has two boilers which 
have an input capacity of 20,000,000 BTUs/hr each, are water tube boilers 
provided "tvith deaeration heaters, have boiler \vater. sample coolers and 
chemical feeder~. Boiler water treatment is provided by sodium:Sulphite and· 
caustic soda. At the time of the visit, the Red Shriver Boiler Repair 
Company of Charleston was replacing all boiler tubes in Boiler No. 2. The· 
tube failure was the result of fireside deteriation. Navy Special Oil is 
used to fire the boilers. 

d. Building No. 69 which provides heat for the Naval Station 
BEQs operates at a pressure of 11 to 20 psig, is fired on Navy Special Fuel 
Oil, has an input capacity of 6,787,000 BTUs/hr and has sample boiler water 
coolers and chemical feeders. Chemicals used.for boiler water treatment are 
trisodium phosphate, tannin and caustic soda. 

e. Building No. 61, Fleet Ballistic Missile Submarine Training 
Center, has two boilers with an input capacity of 10,047,500 BTUs/hr for each 
boiler, operates at a pressure of 185 psig, chemicals for water treatment are 
fed through. the condensate tank and sample boiler water coolers are installed. 
Boiler water treatment is provided by use of trisodium phosp.hate, caustic· . 
soda and· tannin. · 

f. Building No. 2 has two· boilers which operate at 125 psig, are 
provided with sample boiler water coolers.and chemical feeders. The boilers 
are fired on Navy Special Oil and -chemicals which provide boiler water 
treatment are trisodi;.uqr phosphate, caustic soda and tannin. Boiler No. 1 
was retubed in March 1975 and Boiler No. 2 in December 1974. Boiler No. 1 
has an input capacity of 17,009,000 BTUs/hr while Boiler No. 2 has an input 
capacity of 12,000,000 BTUs/hr. This plant is seventeen (17) years old. 
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g. Building No. 648, Naval Station Correction Center has a boile~ 
with an inpu·t capacity of 1, 725,000 BTUs/hr, operates at a pressure of 12 to 
18 psig, is fired· on No. 2 fuel oil and is "shot fed" boiler water trcatme~. 
Chemicals for boiler water treatment are trisodium phosphate, caustic· soda~ 
and tannin. 

. h. Building No. 640, the Chief Petty Officer's Club, has a boiler~ 
that operates at a gauge pressure of 6 to 10 pound per square inch, has an~ 
input capacity of 1,380,000 BTUs/hr, {s oil fired on No. 2 fuel, has a ~ 
sample boiler water cooler and a chemical feeder. Chemicals used for wate~ 

'-.::! 
~reatment are trisodium phosphate, tannin and caustic soda. s 

i. Building No. 71, Navy Exchange Cafeteria, has two boilers with · 
an input capacity ·of 5, 022,000 BTUs/hr for each boiler, operates at a gauge 
pressure of 50 to 52 pounds per square inch, is fired on Navy Special Oil and 
has a sample boiler water cooler and chemical feeder. Boiler water treatment 
is provided by caustic soda, tannin and trisodiumphosphate. 

. j. Building No. 123, Active Fleet Power Plant, contains four boilers 
which operate at a gauge of 150 pounds per square inch, are provided 
with a water softener, deaeration heater, chemical feeders an1 sample coolers. 
Navy Special Oil is used as fuel for all boilers. Boilers No. 1 and No. 2 
have input capacities of 19,200,000 BTUs/hr each. A minimum water pressure 

. ~ 

in the adjacent water main of 30 pounds per square inch is required to ~-~~~ 
operate this Bo_:i..ler Plant, wh.ich provides steam to the Active Fleet. 

k. The new hospital of the Naval Regional He.dical Center has three 
boilers with input capacities of 20,922,000 BTUs/hr each. All boilers 
operate at a pressure of 90 to 100 pounds per square inch gauge, and are 
fired on natural gas with No. 2 fuel oil backups. The boilers are provided 
with chemical feeders and sample coolers. Chemicals used for boiler treatment 
are trisodium phosphate, caustic soda and tannin. JAll hospital boilers are 
of Cleaver Brooks Manufacturer. 

1. Building No. 72 has boilers which have been idle since 1972. 
Consideration is being given to overhauling the boilers and placing them 
into operation. These boilers are fired on natural gas and Navy Special 
Oil, operated at a pressure of 125 pounds per square inch and when placed into 
operation ~lL ree~Lve the same water· treatment as ·other boilers. 

' 
m. Building Nil 62 has two boilers with an input capacity of 1,171.,000 

BTUs/hr each. The boilers are low pressure boilers which operate at a 
pressure of 6 to 10 pounds per square inch.and are fired on No. 2 fuel oil. 
Operation of the boilers are required year around and chemical treatment 
of the boiler water is not required since th7 boiler operates at low pressure. 

n. Building No. 1137, the Naval Station Nursery, has an input 
capacity of 1,338,880 BTUs/hr, operates at ~ gauge pressure of 6 to 10 pounds 
per square inch and is fired on No. 2 fuel oil. This boiler, as the boiler 
in Building No. 68, is used only for heating in the winter season. Since 
the boiler operates at a low pressure the boiler water requires no treatment. , 

4 
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At the time of the visit the boiler was receiving the annual overhaul. 

o. The boiler in Building No. 68, has an input capacity of· >0 

z;oo8,320 BTUs/hr., is oil fired on No. 2 fuel oil, operates at ~ to 10 pou~s 
per square inch pressure. Since this is a low pressure boiler, ·chemical · 

~ treatment of the boiler water is not required. 

<./-) 

p. Building No. 86, the Officer's Club, has a boiler with an ~ 
input capacity of 3,144,800 BTUsn1r, and the boiler operates at a pressure~ 
of ~0 to 13 pounds per square inch. ·The boiler is fired on No. 2 fuel oil~ 

S9 

q. Building No. 32, the Shipyard Power Plant, has five boilers, 
each capable of providing 60,000 pounds of steam per hour while operating at 
a pressure of 415 pounds per square inch. The boilers are equipped with 
chemical pump feeders, boiler water sample coolers and are coal automatic 
stoker fired. Chemicals used for boiler water treatment are trisodium 
phosphate, caustic soda and sodium sul.phite. 

The water sides of Boilers 11 and 12 have recently ·been 
solvent cleaned by contract and, more recently, boilers 9, 10, and 13 have 
been solvent cleaned by contract. The contractor disposed of chemical 
clean out wastes NaHF (NaF) by hauling these wastes from the site by tank 
truck. The power plant normally consumes 150 tons of coal per day and 
disposes of 12 to 15 tons of ash. Ash is disposed on ·base where needed such 
as fill for low areas on unpaved roads. 

(2) Cooling Water Treatment 

The cooling water of the cooling towers for the air conditioners 
is treated by contract N62467-74-C-0357. The Naval Base is serviced by 
approximately sixty {60) cooling towers with twenty-one (21) cooling towers 
in use the year around .. The cooling towers ·examined were found to be free 
of scale and corrosion. e:ii~'f'.tfu.~pr6auit~:,:are used in the treatment of the 
cooling tower water by the contractor. Accordingly, the cooling tower treat­
ment is effective and free of pollution. The contractor of contract 
N62467-74-C-0357 is TECHNICAL SPECIALITIES CORPORATION of Decatur, Georgia. 
The air conditioning units range in size from 5 tons to 1000 tons. Appendix 
"A" is a copy of the type pG:>llution Control Honitoring Report furnished each 
month by the contractor. Appendix D is furnished as a guide for cooling 
tower water treatment. 

The four swimming pools of the Naval Station arc under the 
cognizance of the Special Services Officer. At the time of the survey all 
pools were closed for the winter season. In conversation with the Special 
Services Officer, it was learned that the chlorine restduals are maintained 
between 0.5 and 0.75 ppm and the pH.is maintained between 7.2 and 7.6 which 
is within prescri~ed limits. 
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IV. WATER POLLUTION CONTROL 

A. General 
:-::::. 

. . • ""-0 

Several water pollution deficiencies were found and investigated. = 
These deficiencies are analyzed and discussed in the following paragraphs. 

B. Domestic Wastewater Svstem 
<...>.> 
,_.... 

In reference (b), it was noted that an engineering contract was i~ 
IJrogress to provide As-Built Drawings of underground utility systems and .:;;; 
locate cross connections between sanitary and storm sewers. Several crosss 
connections were found by the engineering contractor and projects are being 
prepared for the separation of these se\ver lines. 

The wastewater is treated by the City of North Charleston under 
contract N62467-68-C-0334. Cost of wastewater treatment is on a sliding 
scale rate depending upon the quantities of waste\vater involved. The cost 
for this service to the Naval ~ase is approximately 20~ per 1000 gallons 
of wastewater. 

The City of North Charleston is adding secondar¥ treatment to their 
wastewater treatment plant which is being designed by Metcalf and Eddy, Inc. 
The Navy's share of the cost for the secondary treatment addition will be 
based upon the volume of wastewater from the .Naval Base as compared with 
theoverall volume of wastewater treated by the City of North Charleston. A 
·project MCON P-022, FY77 has been submitted to finance the Navy's share of 
this project. Since flow is the basis ·of the contract service, it becomes. 
important that the volume of Naval Base Wastewater be accur'ately determined. 

Page 3, paragraph 2. Technical Provision of Contract N62467-68-C-0334 
provides that all service furnished by the Contractor (City of North 
Charleston) shall be measured by suitable metering equipment of standard 
manufacture, to b.e furnished, installed, maintained, calibrated and read by 
the contractor at his expense. A $10,000 connection charge payment was made 
by the Navy for the government's pqrtion of the metering expense. At the 
present date there is no meter on t}:l.e Naval Base Wastewater line prior to its 
flow into the North Charleston Sewer District (NCSD) lift station. Two 
wastewater lines enter the lif.t station, one from the NCSD (a metered pressure 
line) and one from the Naval Base (a gravity flow line which is not metered). 
The lift station is provided with. a venturi meter on the discharge side of · · 
the pumps. The venturi meter does not operate since solids ;in the wastewater 
continuously stop-up it. Accordingly, the vohune of wastewater from the 
lift station is estimated using the time cl9ck. recording on the three pumps 
which operate at three different speeds and operate independently as well 
as together. ·iJnder these conditions, it is not likely that 2 percent accuracy 
in determining'. the Naval· Base flow can be maintained as required by the 
service contract. 

In conversation with Mr. Morrow of NCSD on 19 Nov 1975, it was 
noted that the Naval Base wastewater flow doubles during periods of heavy 
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'"" rain and that the flow incre3ses at the time of hi!ih tide. If this - " 
condition continues after the known cross connections have been corrected, ~ 
additional action for the elimination of infiltration is required. Normall~ 
the three prime sources of excess. water are infiltration into individual ~ 

building services, infiltration into gravity sewer lines and-water over-
<:;:;. 

flowing manhole covers. The first source is impractical to eliminate, but ~ 
the other two sources may be evaluated by a remote television inspection of~ 
the collection system and evaluation of all manholes to insure that they ~ 

are watertight and are high enough to' prevent storm water from flowing into~ 
""" them. ·-.:::;1 

:=$ 
./-

Present costs for remote television inspections are approximately 
$1.30 per lineal foot. This includes costs of minor repairs that can be 
corrected by grouting the jnside ~f the-pipe. If required, a project for 
major repairs can be developed based upon information-gained in the inspection. 
It is also probable that remote television inspection will locate possible 
cross connections which allow tidal waters from the storm drains to back 
int_o the sanitary sewer lines. 

Inspection of the domestic wastewater collection·system is desirable 
because reduction of the wastewater flow will reduce the service."_.c.ha:rg~ 
paid the NCSD and repair of sewer pipes now may preclude the requirement to 
replace them in the future. 

C. 'Hater Treatment Bach.-wash Hater 

As previously noted all potable water is purchased from the City 
of Charleston. The City of Charleston's water treatment consists of pre and 
post chlorination, coagulation and filtration. After the water enters the 
Naval Base distribution system, it is sampled. at. five separate points and 
chlorine added to maintain ~ chlorine re-sidual between 0.2 and 2.0 mg/1. 

Backwash from three of the four·swimming pools is discharged into 
the san~~ary sewers. Plans are underway to connect the backwash from the 
fourth pool into the sanitary sewer. Environmental· Protection Agency's 
limitation of discharges from swimming pools into surface drainage system is 
a maximum of 40 mg/1 for suspended solids and 0.2-mg/1 for chlorine 
residual. Discharges from swimming pools are required to be monitored for 
flow daily, pH weekly, suspended solids monthly and-chlorine residual 
monthly. Accordingly, to avoid the need for separate treatment -_g_nd ll}Onitoring., 
the backwa~li~wa(~;_;.-- ji\~_s t be discharged into th~ s'anitary sewe:r;. This 
connect~-pq-~~nl'l:W-~il~?··an ·air· gap to avoid hydraulic backing up of sewage 
in the ii66t.,..:-~ 

All ·pools ~l're provided with pressure gauges at inlets and outlets 
to filters, a recirculation control vacuum switch is provided, rate of flow 
indicators are provided at outlet lines of filters. Test kits for residual 
chlorine and pH are provided for each pool. All pools have diatomaceous 
earth filters except pool no. 92 which has a sand/gravel filter. Pool no. 
92 is being converted into an indoor pool. Pool no. 92 has a capacity of 

7 



' 
•• tv 

-...;::> 

529 swimmers, pool 639 (CPO pool) has a capacity of 340 swimmers, pool 184,; 
(Officer's pool) has a capacity of 216 swimmers and pool NS59 has a capaci~ 
of 662 swimmers. f 

D. FIREFIGIITING TRAINING AREA 

The Fleet Training Center '·s fire fighting school is operated to 
train Navy personnel in the techniques of firefighting under simulated 
fire conditions. The school is operated Honday through Friday on a year- ~ 
round basis. Firefighting training requiring the combustion of fuels to 
simulate fire conditions is conducted in a period of time of less than 2 
hours per day and is accomplished between the hours of 9 a.m. ·and 3 p.m. 

The following types and quantities of fuels are normally used 
over the period of one year. 

Distillate No. 2 Fuel Oil - 75,000 gallons 
Motor Gasoline 10,000 gallons 
Liquid Propane Gas 450 lbs. 

As noted in reference (c), Military Construction Project.P-703 has been 
funded at an estimated cost of 1.9 million dollars for design by Contract 
N00025-74-C-0004, Firefighting School Smoke Abatement, criteria has been 
developed for design of smoke abatement systems for Fleet Training Center 
Fire Fighting Schools. Sinca FTC Fire Fighting School Abatement projects 
are required at,Norfolk, Charleston and Hayport, a standard design is 
being developed for FTC Norfolk, Virginia, which will be the site adopted 
for the Fleet Training Center, Charleston. At this date the design con­
tract is 60% complete and construction for the Norfolk Fire Fighting 
School is scheduled to begin 15 May 1976. 

During the survey it was noted that the oil-water separator for · 
the Fire Fighting School was not operating properly and that the overfl"ow 
line to the Cooper River was closed within the oil-water separator. Since 
the drainage area of the oil-water separator is extensive, the rainfall 
runoff is large in volume and should be bypassed to the Cooper River 
rather than overloading the oil-water separator and flowing into the 
sanitary sewer. With the overflow line to the Cooper River closed, there 
exists a major source of infiltration into the sani.tary sewer collection 
system during rainy weather. It is also necessary to prevent the Cooper­
River from backing into the oil-water separator during unusual '~spring 
tide" conditions. AFFF, pK and protein foam are used during;training. 

E. BOILER PLANT DISCI~RGES 

One hundred and three (103) boilers serve the Naval Base, 
Charleston, S.C. The boilers blowdown lines as well as the floor drains 
discharge into the waste water collection system. 
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In the past the sanitary sewer system has accid~ntly been contaminated 
with oil from a broken fuel line within the boiler plant. Public ~o~ks. 
has learned from past experience that it is necessary to be aware of 
possible oil spills in the boiler plants which could result in oil 
contaminating the sanitary sewer collection system with resulta~t un­
desirable conditions and complaints from the City of North Charleston 
in connection with their treatment plant o~eration. 

F·. OIL POLLUTION PREVENTION 

During the survey it was noted that an oil/water separator 
located at the south end of Building C-26 (a marine engine shop) dis­
charges into the Cooper River. _Since the discharge of solvents into 
adjacent rivers is not allowed, it is recommended that th~ discharge be 
connected to the sanitary sewer c"ollection system. 

G. INDUSTRIAL WASTE TREATMENT 

The chrome waste treating facility, located adjacent to Ship 51 
was· visited. The facility ~.;ras described as being undersized. and would not 
operate properly in. the automatic. position. When the system is used, it· 
is operated on a batch process basis and a Quality Assurance Chemist 
(Code 134) takes samples. At the time of the visit, fourteen (14) drums 
(55 gallons per drum) were full of chromate sludge. A request to have 
a contractor remove the material was being made. The former contractor 
was TRI-DE~~ SANITATJON of Charleston. Cost of disposal is quite ex-
.pens·ive and the "cost is increasing. The disposal area formerly use9- by 
the contractor is the Ladson Landfill which is now closed. Plans are 
unden.;ray to replace and relocate the chrome waste treating facility to 
an area north of Building No. 3. 

Also in the past, chrome (Crz03) and mercury wastes have been 
removed by the Gross Laboratories of Greer, S.C. At present the Berkeley 
County Landfill is being contacted in connection with disposal of heavy 
metal wa~tes. 

Since dispos,~-~- qf heavy met~wa:stes "i~$· becomi'Ilg a problem for the­
C~arleston Naval. ·.§h.i.,py-~J:~, . .Navy: Ex1-ii:tonm.ental $4jlpqrt Qf;t:'ice, (NESO)·,.. by 

~ .... copy of this report, i·s:-:.i>eang ·requested to furnish recommendations and· 
.C.:..:::p:" guidance iif·conn~&l:l:on with disposal of these wastes·~ 

The battery shop was visited and it was noted that tpe battery 
cells are well sealed to prevent acid spills during the charging operations 
(up to 1500 amperes x 3 ea. at 400 volts). The cells are vented through 
the roof of ·the.shop. Acid is stored in twci 5,000 gallon glass lined 
vats and is mixed with distilled water in two additional glass lined vats. 
The distilled water is stored in two wooden vats. In the battery overhaul 
and acid waste treatment area, a tank (20 feet x 10 feet x 6 feet deep) is 
fill~d with acid, then neutralized with soda ash before it is drained 
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into the domestic sewer system. Battery acid and rinse are drained into ~ 

a concrete box with 8-inch walls and the wast~s drained into neutralizing 7 
tanks. A small mixer is used when soda ash is dumped into the neutra- .!... ~. 
lizing tanks. A pH monitor had been installed but did not operate; ~~ 
therefore, litmus type paper was being used to determine when _the end yt!~~C' .I 

point is reached. To avoid future problems with the faulty pH meter, -"__,..ff_~ct'. 
it is recommended that a double check with litmus paper be made before )r}l!·, ... ~J . . 
and after neutralization of the acid. , . £1 · ;/ 

._.. 

V. SOLID HASTE. DISPOSAL · <--'1 
<..>-> 

'-.:::1 

,f. The Naval Base disposes of solid waste by_ two methods as follows: 

1. Solid waste is delivered-by the Navy at a rate of approximately 
100 tons per day, 5 days per week to the Charleston County "tvaste disposal .._. 

Sl 

facility for disposal. For services furnished under contract N62467-74-C-1804, 
the government pays the Charleston County at a rate of $2.37 per ton of 
solid waste delivered to the county's solid waste disposal plant located 
at Romney and America Streets, Charleston, S.C. The Charleston County Haste 
Disposal Facility is operated in compliance with the Environmeptal Health 
and Sanitary Regulations of the Public Health and Environmental Authorities 
and shall have received all approved operating permits, appro~als and 
variances required by the law. 

In connection with solid waste disposal, a Solid Waste Transfer 
Station is being designed by A/E Contract N62467-76-C-0131. At present 
a letter is being prepared by the Charleston Naval Shipyard Public ~-larks 
outlining the requirements for the waste transfer station. 

~ ·2. Solid waste from the Naval Base housing area (NOQ' s and Marine), 
Commissioned Officer's Club, Golf Shop (Bldg. 1261), Navy Exchange (Bldg. 656) 
and Navy Exchange Warehouse (Bldg. 1198) is disposed of by Contract 
N62467-74-B-0486 with the TRIDENT SANITATION SERVICES, INC. of Charleston, 
S.C. Under the te.rms of the contract, the contractor furnishes all labor, 
transportation, materials, equipment and supervision necessary to perform 
the collection and disposal of garbage, refuse and trash. Under the 
same contract TRIDENT SANITATION SERVICE, INC., also collects and disposes 
of solid wastes o·f the Naval Weapons Stp.tion, Charleston. . , .. 

. . . . ~-

Navy Civil Engineering Laboratory conducted a survey in 1974 v~~~ 
evaluating the Cll:itr)~_ston Nav.al Shipyard Solid Waste System ana has -- · 
developed a repor'f'"'~ddressing the possibility of s'olid waste ;disposal in 
a refuse derived fuel system. 

The former landfill site and area which is used for a wood "give 
away" program was visited. It is realized that giving away wood (boards, 
wood pallets, etc.) can be a problem. The area is aesthetically unpleasing 
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SANITARY ENGINEEHING GUIDE FOif 
BOILER HATER TREATHEt..'T CIU~CK SERVICE 

1. Information. N.i\VFACINST 11330.9 provides informati' n concerning = 
Ul 

services fut'nished by the Bureau of Hines (BUHINES) inc .uding monthly 
boiler water and condensate sample ·testing. This service is· being use~ 
by most boiler plant operators at ·naval activities to compare results = 
of· their tests with those obtained under controlled conditions by .~ 
another labor3tory. This type of service is similar to that used by :::;~ 

public and private utilities. Differences be t\.;een plant and laboratory 
re~ults usually indicate need for· modification of the operators' test 
procedures and/or updating of test reagents. This verification of local 
test results is essential to insure the adequacy of local treatment. 
Experience has shown several instances of major tube failures in spite 
of local test results indicating no ch~mical problems with the water. 
Utilization of the Bu~1INES laboratories to confirm local testing is prudent 
and most strongly. reco~~ended. Upon request from an activity, BU~ITNES 
will provide sample bottles, pipe tests sections and testing at no cost 
to the activity. · 

2. Procedures. Addressees should collect and submit boiler. water·and 
condensate check samples and condensate line ~orrosion test sections to 
BUHINES as follows: 

a. Procuring and shioping of sanolc bottles. Request the n~~ber of 
bottles necessary from Bli}1IliliS to implement boiler water testing program. 
One pint bottle is required for each s~~ple (boiler water and condensate). 
The bottles require ·no special packing and should be returned to BlJHUIES 
in the container as received, after sampling, to: 

U. S. Department of the Interior 
Bureau of Mines, Boiler Water Service 
College Park, Maryland . 20740 

b. Sampling. One sample of boiler water and one sample of condensate 
should be submitted monthly for one shore-based'steam boiler plant operating 
over 15 psig pressure. Activities having steam boilers o.pcrJ="lting_ under 
15 psig and who are treating the boiler W[!tcr should ~uLmit one sample 
semiannually~ Activities u!>ing contr:1ct boiler W;J.ter te~tin~ and treat­
ment services or any other te:sting service approved by SOLJfllNAVFACEt-:GCOH 
should submit samples to BUt-ilNES quarterly. 

c. Procuring and installing of corrosion test sections. Condensate 
line corrosion te!;;t sections !;;!tould be requested irom HUMlNES and installed 
at the start of each heating scnson. The test sections come with iustal­
lation instruct-ions which should he followc;d very closely. A corrosion 
test section should he placed in each major cond<'nsate return systt'm. The 
numhcr of tt'st sections in~tallecl should he bn~;ed on sLw of system, the 
number of return runs, and pr_cvious corrosion problems. 
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d. R~guircd tests 

(1) By plant op0ra tor. Hhere pas sib le, the plant oper'ator should 
conduc;t tests for causticity, total dissolved solids (TDS), phosphate, = 

"-" 
sodium sulfite (if used) and tannin on the boiler water check samples 

0..> 

to be submitted in accordance Hith para~r.:tph 4. b above. Also, conduct "" 
pH, hardness and specific conductance tests on the condensate sample.· 
Record results in pencil on N1\VFAC Form 14 70, "Report of Boiler \~ater .~ 

Check Sample," original and one copy. Enclose the completed form with :;;~ 
the sample. 

(2) By BUt-1INES Laboratory. This laboratory will perform c.heck 
tests for causticity, TDS, phosphate sulfite (as received) and tannin 
(where applicable) on the boiler water sample and will record its results 
opposi.tc the operator's results on NAVFAC Form l470. The laboratory lvill 
perform pH, hardness and specific conductance tests on the condensate 
sample and report results. The original of the completed NAVFAC Form 1470, 
together with sample bottles for the next submission, will b'e returned 
promptly to the activity. The condensate line corrosion test sections 
will be evaluated as to the type, cause and rate of corrosion. · Copies 
of reports will be forwarded to SOUTHR~VFACE~GC0~1 for review and comment 
on the adequacy of the boiler water treatment program. 

e. Action bv activity on·results of tests. Immediately upon receipt 
of the laboratory reports on boiler water.and condensate, the operator 
should compare his results with the laboratory results. If there is 
significant difference between these results, the operator should take 

·~action to insure that his testing procedures are in conformance with the 
instructions furnished with the test kits or as modified by SOD~HNAVFACENGCO}i 
Adjustment in feedwater· treatment may be indicated by reports on corrosion 
test sections. 

f. Test equipment. Necessary chemical reagents, test kits for perform­
ing daily boiler wate;r tests, and condensate corrosion test sections may 
be obtained directly.from Bill1INES at no cost to the activity. Form-BWS 6, 
available from BUMINES, will be used for this purpose. 

3. Form Availability. NAVFAC Form 1470 ~ay be obtained from~cogn"izance 
symbol ll stock points under stock number 0105-009-0000 in' accordance with 
NAVSUP P2002. All check samples submittc;d to Bill1INES must be accompanied 
by this form. 
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SANITARY ENGINEEinNG GUIDE FOR 
COOLING TOHER \~ATER TR.EATHENT 

1. General. Coolini towe- water treatment has two main objectives. ~ 
The first, scale and corrc .ion control, is necessary to protect the coolirtg 
tower, heat exchanger and piping from scale deposits and corrosion. Scale~ 

will decrease the effectiveness of tltc heat.~xchangcr and deqrcasc the ~ 
00 

effective size of pipes. ·Corrosion will cause early failure of metal ·o 
5I surfaces, especially in the heat exchanger tubes. The second, ~lgaccide 

treatment, controls the growth of algae in th~ cooling tower. This is 
important because the algae will clog the cooling tower and decrease its 
efficiency. Appendix~ is a technical guide for use in contracts specification . . . . ' . 

2.· Bureau of Hines Ass is t.::mce. The treatment program presented in this· 
manual is based upon treatment practices of the Bureau of Mines Industrial 
C~oling Hater Treatment Service \vhich provides recornmendations for cooling 
tower treatment for naval activi~ies under NAVFAC Instruction 11330.10. 
The Bureau of }fines provides analysis of bleedoff water samples and treat­
ment recommendations at no cost to the activity. 

3. Glossary 
• .. 

Algae - A slime that grows on cooling towers which ·is most often 
green. The term is used in the general sense and not the strict scientific 
sense and includes all biological growths~ 

Algaecide - A substance used to kill algae • 

. Blcedoff Water - Water which is discharged from the cooling tower 
system to control the stability of the circulation water. 

Circulation Hater - Hater in the cooling tower system \vhich circulates 
between the cooling tower and the condenser. 

Concentration - The number of times· the dissolved solids in the 
circulation water arc more concentrated than those in the makeup water; 
expressed as a ratio; 

Condenser - Where heat enters the cooling water system and leaves ·the 
refrigerant system. 

Conductivity - An indirect measur~ment of the dissolved solids 
concentration which is based upon the ability. of water to conduct electricity. 

Cooling Tower - Where heat leaves the cooling tower system due .):o 
evaporation of a portion of the circulation water. 

Appendix "D" 
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........ 
Corrosion - Deterioration of metal surf~ces; when the metal dissolves=' 

'-0 

in water. 

Makeup Hater - Water which enters the cooling tower system to replac~_ 
water lost due to blecdoff, evaporation and windage losses. 

Scale - Deposits of solids in the cooling tower system whi_ch usually~ 
result from the circulation water being high in total dissolved solids •. ;; 

~ 

Windage 1,osses - Hater lost from the cooling tower due to wind blow­
ing water away from the cooling _tower. 

4. Cooling,Tower Treatment Principles 
• 

Figure I provides a schematic sketch of a typical cooling tower system. 
Nost makeup -"tvater is obtaine~ from treated river or well water t.;hich may 
be either soft and corrosive or hard and scale forming. As th~ water is 
circulated through a cooling tm.;er it becomes concentrated due to evaporatior 
If the makeup water is corrosive, increasing the concentrations causes 
the water to become less corrosive and a point is reached where the water 
stabilizes. As the concentration of dissolved solids further increas_es, 
the water begins to have more scale forming tendency. The scale forming 
tendency continues to increase as the cooling tower >-mter becomes more 
concentrated. 

To prevent scale and corrosion in the cooling tower system, the 
dissolved solids concentration in ·the circulating -.;.;ater is maintained at 
the concentration -.;.;here the water is stabilized (at equilibriu..rn). Assuming 
the makeup water has a constant chemical character, this is accomplished 
by setting the blcedwater rate from the cooling·tower so that the evaporatior 
which concentrates the water is balanced by bleeding \-later from the tower. 
Too high a bleed rate will cause too low a dissolved solids concentration. 
Too low a bleed rate will cause too high a dissolved solids concentration. 
Since the bleed rate is to compensate for evaporation, higher bleed rates 
are required during hot weather when evaporation is greatest. 

Chemicals are added to the cooling tower circulation water to assist 
in the prevention of scnlc and corrosion. This is necessi~y becau§e the 
water will not a h<~ays be e>:ac t ly .stable. The chemica 1 s have the property' 
of preventing scale and corrosion wht:n the \-Jater is relatively close to a 
stable condition and reducing bleedof[ requirements. 

Algae will grow in the cooling towC'rs e-specially when the tower is 
exposed to sunlight. To prevent the growth of algae, algaecidcs should be 
fcd"to the recirculating water as required. 
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54 Blccdoff Rate Control 

Bleedoff water from cooling tower sys~cms usually is discharged 
from circulation pipes bctHcen the air condi.t ioncr conucnser ;:;nd the cooUng 
tower rather than from the tower sump. This arrangement is preferable q;> 

because blcedoff water will not flow wl1e· the cooling tower circulating ~ 
pump is not in operation, thus v:asting water and reducing the stability ;::: 
of the water. Some of the older cooling towers have their bleedo££ line"d 
Clischargi.ng from the coo} ing to~~r pan. This results in b lc.cdoff \o/a ter s 
flowing even \o/hen the cooling tower is not in operation. An ideal location 
for the blcedof£ line is at the high area of the circulation piping just 
ahead of the cooling tm.,rer inlet manifold above the \o/ater leve-l in the 
tower s~~p. This location does not result in water being wasted and puts 
the bleedoff control valve convenient for adjustment when the cooling 
tower is inspected. 

· The bleedoff water rate may·be us~d to-maintain the circulation water 
at a stable condition with respect to scale and corrosion control. When 
makeup water is added, if the bleedoff rate is too high, the total dissolved 
solids concentration decreases and the water becomes corrosive and its 
use is excessive. If the bleedoff rate is too low, the total dissolved 
solids concentration will increase and the water ~il.l have a scale forming 
tendency. However, control of scale and corrosion by bleedoff alone~ 
without water treatment, is usually uneconomical. 

The bleedoff rate for a cooling tower system depends upon the 
characteristics of the makeup water, the system's size and daily weather 

-,·conditions. The number of. times the makeup \-later may be concentrated 
depends upon the makeup water characteristics and must be determined by 
a chemical ana lysis. The cooling tm.,rer system's size affects the 
required bleedoff rate in that larger systems require high blcedoff rates 
because.they have larger evaporation rates. Heatper conditions affect 
required bleedoff rates because during warmer weather more evaporative 
cooling is required and the bleedoff rate· must be higher. 

The required blcedoff rate may be ~pproximated by the following 
equation: 

B = 3 T (1) 
100 (C.:.l) 

B = Bl~edof_f rate, gpm 

T = Tons of air conditioning .served 

c "" Concentration of the circulation water 
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Equ:~tion (1) is b<1.sed upon a 10°F temperature differential bet\o~een :;; 
the 
of 

inlet and outlet of the cooling tower, air conditioner coefficient ~ 
u.:> 

performance of 3.2, and a 1:4 windage loss to bleedoff ratio. 

~ 

The bleedoff rate predicted by equation (1) is a point of dcpartura~ 
because the equation is based upon aver<1.ge conditions. Variations in ~ 
weather conditions, air conditioner efficiency and windage losses will·· ,_. 
require adjustment of the blccdoff rate. Also, steam <1.bsorption units o-. 

"· require about twice the blecdoff rate predicted by equation (1). ·~ 

After 24 hours, the concentration of the circulation \..rater should 
be checked to insure that it is at the proper value. If the concentration 
is too high, the bleedoff rate should be increased. If the concentration 
is too low, the bleedoff rate should be decreased. 

The amount of makeup "t..rater entering the system can be estimated by 
the following equation: 

M = T.;..:_C ___ _ (2) 
100 (C-1) 

M = Makeup water flo\v, gpm 

T =Tons· of air conditioning served 

C = Concentration of the circulation water 

, Equation (2) is based upon a 10°F temperature differential between 
the inlet and outlet of the cooling tower, air conditioner coefficient 
of performance of 3.2 and 1:4 windage loss to bleedoff ratio. 

For steam absorption air conditioning units the makeup water flow 
rate predicted by equation (2) must be.doubled. 

6. · Circulation Water Concentraiion Measurement 

The concentration of c;.ooling tower circulation ,.;rater may be determined 
by three different parameters: total dissolved solids,- ·chluridc·s, and 
conductivity: M~asuremcnt of the total dissolved solids provides a precise 
determination of tl1e circulation water concentration, but a well rquipped 
laboratory is required to mnke the tc!;t. Consequently, total.<.Iissolved 
solids arc measured when cooling tower sys.tem treatment programs are 
initiated, but the test is too cumbersocie foi.day-to-dny use. 

Chlorides can be measured in five or six minutes with an inexpensive 
field test kit. The chloride ion is present in most water supplies and is 
very soluablc so it is useful for detcnuining_circulation water conccntrati 
in small cooling tower sys~ems. 
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For daily work, concentration is most often detennined by measuring ~ 
the conductivity of the circulaLion water. Conductivity is directly ""' 

'...;::> 

related to tot::J.l dissolved solids and can be measured instantaneously o,; 

with an inexpensive mct.cr. For large cooling tower systems·, permanent 
conductivtty meters arc often used to control automatic bleedoff control~ 
:Valves. :nformation on s.uitable ch).oridc test kits and conductivity <-"' 

meters arc described in Section XII. ~ 
• 
"" 7. Scale and Corrosion.Control 

a. General. Water treatment program for scale, corrosion and algae 
control may be accomplished by (1) station forces using either federal 

' stock chemicals and commercial feeders, (2) station forces using con~ercial 
chemicals and feeders, (3) contract for chemicals, feeders and technical 
service with station force operation and (4) cohtractor providing all 
labor and materials. U9ually method (3) is employed to minimize labor 
costs at large activities and method (4) is employed at s~all activities 
where limited .technical personnel are available, e.g. Reserve Training 
Centers. ·Appendix A is attached hereto for use as a guide -.;.;here it is 
desired to accomplish all or part of this program by contract. 

b. By Station Forces. The following procedures may be follm-1ed 
•where all_gov~rrument labor and material is used. 

Sodium hexa'U.etaphosphate should be fed to cooling tmver 
circula~ion ~ater to provide scale and corrosion protection. For the 

·phosphate to be effective, the concentration of the water should be 
-adjusted to help maintain its stab:Llity with respect to scale and . 
corrosion. Under this condition a slight scale forming condition exists 
which can be readily controlled by the. phosphate. Corrosion is also 
reduced by the phosphate film on metal surfaces. 

The chemical concentration should be maintained between 20 Qg/1 
and 30 mg/1 as phosphate in the circulation water. Sodium hexa.."':1ctaphosphatc 
is available through the Federal Supply Service, F~N 6810-531-7805, in 
the glassy bead or plate form as 67% polyphosphate. This· requires 1/3 
pound of phosphate beads or plates per 1,000 gallon~ of water for 3rrmg/l 
total phosphate. 

When initiating the phosphate treatment, a shot of phosphate 
"should be .fed to the sy$tCm to raise. the polyphosphatc concentration to 
60 mg/1. This will r<.·quirc 2/3 pound of pho~:phate bends or plates per 
1~000 gallons of water in the cooling tuwer sy·::;tcm. The total phosphate 
should then be ·monitored unti 1 it drops below 30 mt~f I. It should then 
be maintained between 20 mg/ 1 and 30 mg/1. 

Phosphate can be continuously fed to cooling tower systems in 
tllc Hquid form with chcmLcal f(•cd pumps or hy su!lpending the phosph::J.tC 
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glassy beads in the circulation water where it can dissolve. Concentrate( 
solutions c:tn be made by dissolving 1 to 3 pounds of plate polyphosphate 
per gallon in a chemical holding tank. Hot water is often required 9? 

. di.ssolvc the phosphate. The concentrated solution should be pumped 1Eto 
the circulating water. The chemical feed ptunp shoul 1 be set to feedr-l/3 
pound of phosphate per 1, 000 gal "tons of makeup water that enters the~ 
cooling tower system. .;; 

51 

The solution· tank should be sized to hold the phosphate required 
for nine days of operation •. The chemical feed pump should be cont:rollcd 
by a timer and be capable of accurately feeding the required amount of 
chemicals. 

Cooling towers which serve less than 150 tons of air condition­
ing do not require a sufficient amount; of phosphate to justify the 
installation of chemical feed equipment. For the smaller systems sod~Th~ 
hexametaphosphate in the glassy bead form can be suspended in the cooling 
tower pan in a flm-1 through cloth bag. Five pounds of phosphate beads 
per 25 tons of air conditioning ·served will maintain about 20 mg/1 of 
total phosphate in the circulation water. The bags should be inspected 
weekly and refilled when· half of the beads dissolve ·away • 

• 
Total phosphate should be monitored in the cooling tower sy~tem 

circulation water. If the phosphate level is above 30 mg/1, the amount 
of phosphate fed should be decreased. . If the phosphate concentration 
is below 20 mg/1, the amount of phosphate f~d should be increased. 

8. Algaecide APplication. Chemical algaecides should be applied to 
cooling towers on an as needed basis. Algae is a greater problem in 
·cooling towers located in direct sunlight than in· those located in 
shady areas because algae is largely dependent upon sunlight for grow·th. 
When it is feasible, covering coolipg towers provide a very effective 
means for reducing algae problems in towers. 

When shading a cooling tower does not provide adequate algae pro­
tection, ~n· algaecide should be fed to the tower on an as required-ba;is. 
Only commercial .a1r>.:1C'ci.dcs re~istered \vith the Environ~1~·n6tl Pr;)tt~ction' 
AgC'ncy urt_dt·r F<•der:t l I.n:;<'ct_ici de, Funi~ic i.tle :tnd l~ndt!nti'c iclc: /I.e t. (.as :unt•ndc 
should he tt:H•cl. The.: .alg:wcitlc should ht• rC'~~i.st(•n·tl ~;pc.:cific.:1lly fur usc 
in cooling tow~rs and should only be used as S!H!cified on its label. 
Algaccides which arc suitable for usc in cooling towers are readily 
available through water treatment product suppll.ers. · 

9. Cooling Tow<'r Syst<•m Treatment Egui.pment (For Contract or Station 
"force Opc·rnt ion) 

A. Automntic nlN•doff Co.ntrol. Automatic bleC'doff control consists 
of n conductivity llll!tc:r sensor, imuwrsed in the cooJi.nr; tower system 
circulnt:f.on water, which controls a solc•noid blcPdoff valve. The bleedof: 
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controller opens the solenoid valve when the CQ nductivity of the circulatio,_h 
water reaches the upper limit of the desired ran0e and closes the valve -= 

'0 
when the conductivity reaches the lower limit of the desired range. u-> 

Automatic blecdoff control systems can be installed on any 
coo.ling tower system, but is of marginal value on systems which serve 
less than fifty t~ns. 

t'--'> .,. 
b. Autom:1tic Blcedoff ~nd Chemical F0ed Control. Automatic blcedoff ·~ 

. ""' and chemical feed control systems are similar to automatic blcedo££ contro! 
systems except that the chemical feed pwnp feeds the chemical solution 
in proportion to the amount of makeup lvater that enters the system. This 
system provides excellent control over the amount of treatment chemicals 
in the circulation lvater because the chemical concentrations in the bleedoff 
water are more uniform. The system is suitable for cooling tower systems 
which serve more than 150 tons;o but is usually used on systems serving 
250 tons or more. 

c. Semiautomatic Chemical Feed Control. Semiautomatic chemical 
feed control consists of a chemical feed pump and solution tank which 
are controlled by a timer. Setting the pumping rate and periods of 
operation of the pump controls the amount of treatment chemicals fed each 
day. This amou;t is determined by calculating the amount of chemicals 
lost through bleedoff and adjusting the chemical feed rate to maintain 
their proper chemical level in the circulation water. This.control 
system is usually used in cooling tower systems ~vhich serve greater than 
100 tons of refrigeration. 

10. Cleaning of Cooling Tower Systems 

a. New Systems. Before placing a new cooling tower system in 
operation, it should be thoroughly flushed out to remove debris, grease 
and corrosion products. Common materials. used for cle~ning are tri­
sodium phosphate, sodium carbonate and sodium hydroxide. The·follow­
ing solution strengths are reconuncnded: trisodium phosphate and sodium 
hydroxide-- one pound per fifty gallons of water-in the circulatio~ 
system; and sodium carbonate - one pound per thirty gallons of water. · 
The solution should be circulated in the cooling tmver sys"t~m -for f-our 
hours or as :recommended. by the equipment manu.facturer. After cleaning, 
the system should -be dr:tincd, flushed, refilh•d with fresh w.:it.cr -and 
placed in operation. Scale and corrosion trealment and blcedo[[ control 
should be started immediately. 

· b •. Old Syst~ms. Cooling water systems wl1ich have been in service 
for some ti.me and h·avc accumulated scale or corrosion .products, as 
indicated by increased temperature or pressure di ffer<-·nti al throu.gh_ 
the rondenst·rs, should he thoroughly cleaned out by chemical and/or 
mcchanicnl menns. Chemf.cal clt·aners (ava.ilable through Fc·dcral Stock) 
usually consi.st of pot.Jclt~rcd .acid (~;ulphmnic acid)) a corro!d.on inhibitor, 
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n wetting agent ;md pH indicator. lnstn1ctions of the chemical m:1nufacturcr 
(outside of p.:tckat:;e) on the usc of the p<1rticular cleaner should be ' 

'0 

carefully followed. Too high a chemical dosage, too long an application~ 
or insufficient neutralization could accelerate corrosion of the system. ~ 

Hechanical clcani 5 of condenser tubes may be necessary. This 
may be accomplis bed \vith rot'ary cutters or \vi re brushes. After clean­
ing, the system should be drained, flushed, refilled tvith fresh water 
and placed in operat:io n. Cooling tower treatment should be- resumed 
immediately. 

11. Test Sections. To allow evaluation of the effectiveness and adju~t­
ment of the treatment program, install a new, clean 1 or 1~-inch line, 
on one of the tmvers, taking off from the main pipe to, the coo ling tower 
and discharging into the tmver separately. This line should be equipped. 
with a valve, so that the velocity of water thraJgh it can be adjusted 
to approximately that of the. principal flotv. Two unions should be 
installed bett.;een the valve and the cooling tm·:er to receive a 6 to 10-
inch nipple. The nipple should be of the sa.ae material as the main 
cooling tmver piping. The nipple should be left in the test· line for 
about 90 days, and then sent to the Bureau :of ~·fi,nes for evaluation of 
the effectiveness of the treatment progra~. Further instructions on 
this procedure- should be obtained from: . . 

U. S. D.epartment of Interior 
Bureau of Mines 
Boiler Hater Service 
College Park, l-ID 20740 

12. Coolin~ Tower System Test Equipment. 
should be similar to the following which 
Company, Box 907, A~es, Iowa 50010. 

Conductivity Heter 

HACH Conductivity Het.er 
Model 2510 
Price: $225 

Test equipment and procedure 
is available from HACH Che~ical 

Power Requirement: ~ ZH9 1.4 volt mercury ce~l~ 
Battery Life: Approximately 500 hours. 

Phosphate Measurement Kit 

l~Cll Orthophosphate Kit 
Model ro.:19 
Price: $21 
Range: 0-50 mg/1 

- ._. ....... - .... ~. --·-- ·- .. D.O.[) i2 8 2 



TO BE USED FOR fif\NPLE PUI\POSES ONLY 

TECHNICAL ri\OVISIONS 
FOH INCLUSION IN . 

COOLING TOWER SYS'l'EN HATER TRF:A'rMENT 
SPECIFICATIONS 

I-> 

'-0 
"1::1 
c:l 

SECTION X. TECHNICAL PROVISIONS FOR COOLING TOHER SYSTEH WATER TREATHENT 

X.l. General. Furnish technical servic.es and materials for treatment 
of the station's cooling tower systems to prevent scale, corrosion and 
biological growths. 

X. 2. l-fakeup \-later Characteristics. Makeup water comes from the 
station 1 s potable· w·ater source which has the· following analysis: 

pH 
Color 
Turbidity 
P Alkalinity 
MO A1Jcalini ty 

· Total Hardness 
Non-Carbonate Hardness 
Carbonate Hardness 
Total Dissolved Solids 
Specific Conductance 
Calcium 
Magnesium 
Sodium 
Potassiwn 
Hydroxide 
Bicarbonate 
Carbonate 
Sulfate 
Chloride 
Nitrate 
Iron 
Maeanese 
Silica 
Fluoride 
Chlorine Residual 

.Tho contractor shall verify the above analysis. 

• 
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X.3. SyGtcms Trcntcd. 
be trented ns indicated 

The followinG cooling tover systems· shnll 

Bldg. 
No. 

Cooling Loud 
Tons 

Compressor 
Unit 

Steam Absorption 
Unit 

Treo.tment 
Eg,uipmcnt 

Coupon Couos:i 
Test Reqj.i~rec ---

1-.j 

Exam:ele 
.,, 

<.;.> ,.._, .. ., 
8 25 

J.O 100 
J.8 275 
20 275 

KEY 

a. 
b. 

c. 

d. 

X 

X 
X 

X 
d 
c2 
bl 
b2. 

X ~ 

X 
X 
X 

Automatic Bleedoff Control (consider o·n systems 50 tons & lar. 
Automatic Bleedoff and Chemical Feed Control (consider for 
systems 150 tons and larger) 
Semiautomatic Chemical Feed-.Coritrol (consider on systems 
larger than 100 tons) 
Manual Contrpl (consider on systerr.s under 50 tons) 

1.· Supplied by contractor 
2. Furnished by goverp~ent 

X.4. EnvirOTh~ental Protection. The treat~ent progra~ used shall 
be such that bleedoff water and other discharges from the cooling tower 

., ··system vill be suitable for discharge directly into the natural drainage 
system without any detrimental impact upon the receiving stre~ quality 
or violating any applicable federal~ state or local pollution abatement 
regulation or law. 

X.4.1. Scale and _Corrosion Preventi-on Chemicals. The follm.ring 
limitations shall be satisfied in the absence of upplicable regulations. 
Hexavalent chromium shall not exceed 0.1 m~/1~ zinc shall not exceed 
1.0 mg/1, copper shall not exceed l.O.mg/1, chlorine residual shall not 

. exceed .2 mg/1 and the pH shall be between 6. 0 and 9. 0 in bleedoff" water 
fro~ the cooling tovers. -·. ~ -

X.4.2. Al1~necidcs. Alcaecides used shall be re~b;tered with the 
Environrne:ntal Protect,'ion Ar~ency uncler the Federal Insecticide, Funeicide 
and Rodenticide Act, as rune:ndcd ('( U.8.C. 136 (et seq_.)) !';pecificn.lly for 
use in coolin~ towers. ·~1e algaecide !';ball be u~cd n.s ~pecified on it~ 
label. Before any nleaecide is used, the contractor shall furni~h the 
Officer in Charge of Construction D. specimen label vith the product's 
registration number and application instructions. 

2 .! 
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X.5 Clcanine. The contractor ::;hal~ flush and clean all cooling (J.) 

towers of scale, trash, mud, dirt, n.lr:;ac, slime o.nd other foreien materia~ 
within .15 days of the effective date of the contract and before the intra'-"· 
duction of the water treatment chemicals 1c• the system. ·U.) ......, 

X.6 Water Tre~tmcnt. The contractor shall furnish the labor, ~ 
.m"aterial (including chemicals) and equipment to treat the co9ling tower ·~ 
circulation \-."ater. Essentially, treatment shall consist of the following: 

X. 6.1 Consistent control of the circulation waters so that its 
concentration ratio is within the range that the chemical treatment 
program provided will adequately control scale and corrosion. A 
concentration ratio of at least 1;5 should be maintained. 

X.6.2. Prevention of scaling and corrosion on waterside surfaces of 
condensers and cooling \-."ater piping. Co~rosion shall not exceed 2 mils 
penetration per ·year (mpy) as shown by use of test coupons in Section x·.10.2. 

X.6.3. Prevention of accumulations of trash, mud, dirt and preci~itate 
in the cooling water system. 

• 
X.6.4. Elimination of algae and biological growth_ in the cooling tower. 

X. 6. 5.. The treatncnt shall not cause deterioration of wood or metal 
components of the cooling tower system. 

X.7. Treatment Equin~ent. Coo~ing tower system treatrr.ent equipment 
shall be furn1shed by the contractor as specified in Section X.3. 

X.7.1. Automatic Bleedoff Control. ·Automatic bleedoff control shall 
consist of a permanently installed conductivity meter which nonitors the 
circulation water and automatically actiYites a remote controlled bleedoff. 
valve which maintains the concentration ratio of the circulation -wat.er within 
the limits specified in Section X.6.1. 

X.7.2 Automatic Bleeooff ~nd Chemical Feed Control. Automatic-bleedoff 
and chemical feed control shnll con~ist of conductivity ffieter which controls 
both the blc.:edoff nnd chemical feed of the coolinG to~er ~y:;te:m. 'l'he 
bleedoff shall he controlled to Jnaintain the concentraU.un ratio r~s 
specified in. ~kction X. 6.1. The chr:rnical feed ~hnll "Le control] ed :..o 
thu.t :Lhe proper amount of chemicals are auLqlllat.ically fed to replace those 
lost through bleedoff. 

X.7.3 Semiautnm~tic Ch~rnical Feed Control. Scrninutomatic chemical 
feed control shall con:.;int of n chemical feed sy~;tern which is controlled 
by n vnriuble timer. 
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X. 7. 4 Mnnuo.l Control. Nn.nun.l control cons 1 str; of a mo.nuo.lly control!ed 
bleedoff valve and the u:;e of slow dissolvin~ chcrnico.ls to maintain pro1le1==' 

'..0 

levels of scale and corrosion prevention chemicals. "-"" 

X.8. Chemical Feedinr: and Bl ecdoff Control F.quirment Installation. ~ 
All chemical feeding equipment which is supplied by the contractor shall 

"-"" 
be installed in a J.ocation desiGnated by the contracting officer. Shop ... ~ 
drawings of chemical feeding equipment shall be approved by the contractijjg 
officer. .~ 

.1-

X.8.1 Pumns. Pumps shall have a capacity which is compatible with 
the chemical feed requirements of the individual cooling tower system 
served. The chemical feed rate should be variable over a range that will 
meet all the cooling system req_uirements. Adjustments necessary to 
accomplish capacity control shall be siw~le and positive. The pump 
shall be of noncorrosive construction and shall have an internal checking 
device or shall be provided with an externally mounted noncorrosive 
check valve. The p~~p shall be capable of discharging against a pressure 
of not less than l~ times the line pressure at the point of connection. 
The pump shall be driven by a 120 volt, single phase, 60 cycle, open drip-

. proof gear-head type, electric motor. 

X.8.2 Pumu Oueration. When required, the p~~p operation shall be 
controlled by an auto~atic adjustment which will proportionate the chemical 
·feed at a step rate in accordance with the _bleedoff rate. In addition~ 
a manual switch shall be provided for the pump to allow control of the 
pump independent of the feeding regUlator·. 

X.8.3 Chemical Solution Tank. Chemical solution tanks shall be 
constructed of noncorrosive material, be cylindrical in shape with a 
hinged cover. The tank shall have a sufficient capacity to require 
recharging only once per seven days during normal operation. The charging 
concentration chosen shall be such as to_prevent deterioration o~ the 
chemical solution durine the. seven day period and prevent concentration 
of ingredients in the chemical solution. The tank shall be provided with 
a valved cold water line and, if necessary, a valved hot water fill·line 
with a suitaole air gap. The tank shall have a g·raduatcd sie;ht glass _or 
have other suitable device to indicate the quantity of so~~tion in_the tank. 
In addi t.ion, the tank chnll be equipped with a stli table rernovabJ e ·perforated 
noncorro~ivc basket for dis~olving chemical!~ in the tn.nk.. 'A suitable 
elect.r_-ic mixing dt:vice shall be provided with the tq,nk. 

X.8.4 Autornntic m cedoff Control. .Autornntic ble<::doff control ::;hall 
consist of a. con<.luctivi~y meter tho.t monitors the circulation wnter ·and 
controls o. ::;olcnoid valve that rer.;ulatcs blecdo.ff water to Jnaintain the 
concentration as given in Section X.6.l. 

X.8.4.o.. Conductivity Mclcr. The conductivity meter shall be complete 
vith nn immersible ::cnnor to continuously monitor the circulnt'lon wn.ler, 
shnll hnvc ternpe:ra.Lurc cornpe:nnation, no 1neclmni cnl moving pat'tn an<l operate 
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on the square wave generator principle eliminntins quadrature error :; 
effects. The sensor shall consist of epoxy in!3ulatcd carbon electrodes 
nnd shnll not require .plutinizing. The meter !3hall have a visual rcadout9 set 
point adjustment with a ranGe between 200 micromhs/cm and h,OOO Jnicromhs/~m 
and a red p .. Lot light indicating basin water conductivity above set ~ 

point. The unit shall operate from n l20 volt, sinGle phase, 60 hertz <..:.> 

power source. 
~-

X.8.4.b. Solenoid V~lve. The solenoid valve should be equipped ;ith. 
a 120 volt, 60 hertz water proof-solenoid coil and be rated at 125 psig and 
1800F. The valve shall have a brass body and stainless steel wetted 
surfaces rated at 125 psig and l800F. 

X.9. Treatment Proera~. The successful bidder shail submit to the 
contracting officer, and obtain his approval, prior to cor.~enc~~ent of 
service, the progra.ta outlining the procedure he proposes to follow in 

. accomplishing the work specified herein. The program shall state _(;} the 
amount, type, methods of feeding a.~d controlling of chemicals to be 
used and (2) the n~~ber a.~d nethod of controlling the concentrations to 
be maintained in the circulation water. Shipping, handl.ing and _storage 
instructions shall be furnished w~th the program outline. Shop drawings 
of the corrosion tester installation shall be approved by the contracting • officer; 

X.lO. Treatment Control. The contractor shall monitor the treatmen~ 
throughout the'duration of the contract. 

·' X.lO.l Circulation ~:rater Testing. The contractor shall test the 
circulation water from each cooling tower system treated at least once 
per month for pH, conductivity, treatment chemical residual and specific 
substances used for treatment that present a pollution hazard when pr~sent 
above a certain level. Su~stances that p~esent a pollution prpblem include, 
but are not limited to, chro~ium, copper ·and phenols. Potentially polluting 
substances not used in the treatment_procram need not be monitored. -Chemical 
tests shall be done in accordance with "Standard Hethods for the Examination 
of Water and Wastewater," 13th Edition, i971, or a test kit based upon· 
"Standard Hethods." Analysis reports shall be presented to the contracting 
officer. 

X.l0.2 Corrosion TcstinP. Corronion te~ting shall be in accordance 
with AS'l'M, Dn8e-·ro, t·let.hod B, ~~~~tanda.rd Ne:thods of 'l'e~;t for COHHOSIVI'l'Y OF 
WA'fER IN 'l'!LE J\I~::jfo:NC£ OF' HEAT 'l'HAHSFEH, COUl'Of':! 'l'E~i'l'. "·' Coltpons ;,hnll be 
installed in the cooling·to\/e:r t;y::;tem ns is depicted in Fie;ure 3 of the 
AS'l'r-1. D2G88-'(0. 'l'he coupons shall be installed at the beginning of the 
contract and replaced every 90· duy8. 'rhe coupons r.hnll be prepared -and 
tested by an independent testing laboratory suito.ble to the contracting 
officer. 'l'he laboratory report shall be :pre!:lented to the cont.ructing . 

.. 
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officer und (for each coupon) shall include the corrozion 
penetration per year (mpy) nnd n verbal description based 
D2G88-'{0, po.ra~ruph 5·. 

rate 
upon 

in mils 
AS'rM, 

" I ,_. 
'-0 

'-0 

4-' 

X.ll. 
(date} 

·throu0h 

Duration of the Contract. The contract shall become effectiv'@ 
"-" 

and !>ho.ll be up1)licable to all services per·· )rm~d hereunder·· 
(date) • ~ 

• . • • • . ..J». 

~- X.l2. Reauired Laboratory Facilities. All work shall .be perforned~ 
a contractor who has made·arranr;ements with a certified water testing s 
laboratory acceptable to the contracting officer in the field. Evidence. 
of this arraneement shall be submitted by the low bidder within five days 
after bid opening and prior to award. The contracting officer reserves 
the right to periodically collect and submit sa~ples of the circulating 
water to an independent laboratory for analysis to _check on the contractor'~ 
performance of the work. 

• 

• 
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