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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land,
air, and water resources. Under a mandate of national environmental laws, the Agency strives to formulate
and implement actions leading to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet this mandate, EPA’s research program is providing data and
technical support for solving environmental problems today and building a science knowledge base necessary
to manage our ecological resources wisely, understand how pollutants affect our health, and prevent or reduce
environmental risks in the future.

" The National Risk Management Research Laboratory is the Agency’s center for investigation of
technological and management approaches for reducing risks from threats to human health and the
environment. The focus of the Laboratory’s research program is on methods for the prevention and control of
pollution to air, land, water and subsurface resources; protection of water quality in public water systems ;
remediation of contaminated sites and ground water; and prevention and control of indoor air pollution. The
. goal of this research effort is to catalyze development and implementation of innovative, cost-effective
environmental technologies; develop scientific and engineering information needed by EPA to support
regulatory and policy decisions; and provide technical support and information transfer to ensure effective
implementation of envuomnental regulations and strategies.

This publication has been produced as part of the Laboratory’s strategic long-term research plan. It is
published and made available by EPA’s Office of Research and Development to assist the user community
and to link researchers with their clients.

E. Timothy Oppelt, Director
Natlonal Risk Management Research Laboratory




- ABSTRACT

This report summarizes work conducted at the U.S. Navy's Naval Base Norfolk, Naval Air Station (NAS)
located at Sewells Point in Norfolk, Virginia, under the U.S. Environmental Protection Agency's (EPA) Waste
“Reduction Evaluations at Federal Sites (WREAFS) Program. This project was funded by the EPA and conducted in
cooperation with U.S. Navy officials.

The purposes of the WREAFS Program are to identify new technologies and techniques for reducing wastes from
process operations and other activities at Federal sites, and to enhance the implementation of pollution prevention/waste
minimization through technology transfer: New techniques and technologies for reducing waste generation are identified
through waste minimization opportunity assessments and may be evaluated further through joint research development,
and demonstration projects.

Additional support for this Pollutlon Prevention Opportunity Assessment (PPOA) was provided by the Strategic
Environmental Research and Development Program (SERDP), which is a cooperative effort between the DOD, DOE,
and EPA to develop environmental solutions to enhance mission readiness.

Under the Chesapeake Bay Agreement, Naval Base Norfolk is a member of the Tidewater Interagency Pollution
Prevention Program (TIPPP). At Norfolk, the Navy and the EPA have evaluated techniques and technologies to reduce
waste generation from cooling tower operations. A PPOA was conducted at the Norfolk Naval Air Station in June 1994
which identified areas for waste reduction during operation and maintenance of the NAS cooling towers. The study
followed procedures outlined in the EPA's Facility Pollution Prevention Guide. Opportunities were identified for
reducing the generation of waste from cooling tower water treatment operations. Changes in operational and treatment
processes and procedures have been evaluated for their potential to achieye pollution prevention objectives. The options
have been studied for technical and economic feasibility, and are summarized in this report.

This report was submitted in fulfillment of Contract Number 68-D2-0181 by TRC Environmental Corporation,
under the sponsorship of the U.S. Environmental Protection Agency. This report covers the period from 20 June to 30
September 1994. Work was completed as of 30 September 1994.

This report was edited and completed by Lockheed Environmental Systems & Technologles Company under
Contract Number 68-C4-0020.




CONTENTS

Section ' ' Page
DISCLAIMER . . ..ottt it et e e et e e e e e e e e e e e e e i
FOREWORD . . ..ottt e e e e e e e e e e e e e e e e il
ABS T RACT oottt e e e et v
FIGURES.......... e e e s vii
TABLES ................. e e e vii
ABBREVIATIONS ........ e 1S O AU e B viil
ACKNOWLEDGEMENTS .......... R X
INTRODUCTION . ................... e e i 1-1

1.1 PURPOSE ... ..ot e e 1-1

1.2 GENERAL SITE ACTIVITY DESCRIPTION ..... e PR 1-1

13 PREVIOUS POLLUTIONPREVENTION ACTIVITIES .. .. ... ... 1-2

1.4 APPROACH TO THE CURRENT PPOA AT THENORFOLKNAS ......... ... .. ... ... 1-3
BACKGROUND ... e e e 2-1

2.1 COOLING TOWER PROCESS DESCRIPTION ....................................... 2-1

22 COOLING TOWER WATER TREATMENT ...................... et e 2-4

“ 2.2.1  Sources of Contamination and Resulting Conditions ........................0..... 2-4

2.2.2 . Traditional Methods of Control .. ... ... . oonii i i 2-7

SITE ACTIVITY DESCRIPTION ...ttt et ot et i e ainannes 3-1

231 GENERAL PROCESS DESCRIPTION . .. ..ttt et et cie et 3-1

3.1.1 Cooling Tower Discharge Practices . .. ............. e e 3-1

3.1.2 Cooling Tower Maintenance Activities ............................. e 33

32 CHEMICAL ADDITIONPROGRAM . ... e S 3-3

3.2.1  General Procedure for Chemical Procurement .............. e 3-4

3.22  Chemical Descriptionsand UsageData ................... feeees [ 3-4

33 COOLING TOWER DESCRIPTIONS . . ...\ttt tee e et ie et 3-5

33.1 BuildingSP367 ............. R RN 3-5

3.3.2 Buildings SP254and SP256 ......... ..o i e 3-5

333 Bullding V53 ..ot 3-5

334 Buildings SP29andU16 ........... P 3-7

3.3.5 BuildingsSP45andSP91 ......... ... .., PP R 2
OPPORTUNITY ASSESSMENT ........... e AL

4.1 "SURVEY AND DESCRIPTION OF AVAILABLE OPTIONS ........ e [T 4-1

4.1.1  Non-treatment Alternatives . ...t e 4-1

4.1.2  Chemical Treatment Alternatives . ........... e e 4-7

4.13  Non-Chemical Treatment Alternatives ............... PO e 4-11

414 Summaryof Optons ..........ooiiniiiiiiiii i PP 4-20

42 ANALYSIS OF FEASIBLE ALTERNATIVES ....... e e 4-20

’ . 421 BaseConditions ........................ e P 4-22

422  Summaryof ApalyticalResults ................ ... ... ... e 4-22

423 Conventional Chemical Treatment ........ ... ... ... . .. i 4-25

424 DIAS-Aid Tower Treatment XP-300 ..................... e 4-27

425  KDFPIOCESS - et ettt et e e . 4-29

. 42,6  Magnetic Applications Integrated with Solids and Biofouling Control ............ . 4-31

43 RECOMMENDATIONS FOR FURTHERRESEARCH ...........co..loiiiiiiiin... 4-33




CONTENTS (continued)
5 REFERENCES ......... O RO TR ........... 5-1
6  BIBLIOGRAPHY ...................c....cc..... RUUTRRRR e SO 6-1
APPENDIX A PPOA WORKSHEETS . ... ...\ttt i PP e AL
APPENDIX B NPDESDISCHARQELMTS.................., ............ S ‘..,..‘B-l
APPENDIX € MONITORING DATA. .0 .. ..ot C-1
APPENDIX D MATERIAL SAFETY DATASHEETS . ... ..\.c\ooooooeoeeee ST ..D-l

APPENDIX E HAMPTON ROADS SANITATION DISTRICT COOLING TOWER WASTE DISCHARGE
POLICY, INDUSTRIAL WASTEWATER POLLUTANT LIMITATIONS, AND DISCHARGE
REQUIREMENTS ...............ccccoeen... P e . B

APPENDIX F MSDS FOR DIAS-AID TOWER TREATMENT XP-300 ..................... i ... F




Number

NN BN —

Number

WA WN -

FIGURES

vii

Page
Pollution Prevention Program Overview ..................... ... e e 1-2
Typical Three-Loop Air Conditioning Refrigeration System ................ e 2-1
Schematic of Typical Cooling TOWET . .. ... .. oointin i 2-2
Schematic of Typical Forced-Draft Cooling Tower . .. ............ ...t e.. 23
Schematic of Typical Induced-Draft Cooling Tower, CounterflowMethod .................... 2-3
Schematic of Typical Induced-Draft Cooling Tower, Cross Flow Method .............oooul 2-4
Typical System Layout for the KDF Water Treatment System . ................oooovvinnn. 4-13
TABLES
Page
Master Equipment List, Cooling Towers at Norfolk Naval Air Station ....................... 3-2
Treatment Chemicals Currently Used at Norfolk Naval Air Station Cooling Towers ............ 3-6
Current Annual Chemical Purchases and Costs . ... ... .. in it 3-7
General Alternatives for Cooling Tower Water Treatment ............... ...l oot 4-2
Bleed and Makeup Water Requirements and Associated Monthly Costs at Dxfferent Cycles of
TO7e0 1o =yt L3 o)+ WA O R R 4-7
Summary of Treatment Options: Advantages and Disadvantages ....................... ... 4-21
Basic Assumptions for Cost Analysis. ........ ... R e 4.23
Annual Cost SUMMATY . ... .ovennveeneannnn.s e e 4-24
Conventional Chemical Treatment Annual Costs . ........ ..oy 4-26
'DIAS-Aid Tower Treatment XP-300 Annual CoStS . ovveieiiiii s e 4-28
KDF Treatment Annual Costs . ........iuuriiancn .., e 4-30
" Magnetic Treatment Annual Costs .. .........coooeuennan.n. U e L. 4232




ABBREVIATIONS

AMP Amino-Tri(methylenephosphonic) Acid

ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engmeers
BTU British Thermal Unit
-Cd Cadmium
CGC Coast Guard Cutter
"COMNAVBASE Commander Naval Base (Norfolk)
Cu Copper
DBNPA leromommloproplonannde
DOD Department of Defense
, DOE Department of Energy
. EDTA ) Ethylene Diamine Tetra Acetic Acid
' Eh v Electrical Potential
EPA Environmental Protection Agency
FMD Facility Maintenance Department
gal + Gallon
GPH h Gallons Per Hour
; GPM Gallons Per Minute
; HEDP 1-Hydroxyethylidene-1, l-Dlphosphoruc Acid
D KDF Kinetic Degradation Flux
‘ Mg Magnesium
mg/L : Milligrams Per Liter
Mn Manganese -
MSDS Material Safety Data Sheet
: NADEP Naval Aviation Depot
: NAS : Naval Air Station
Ni ' Nickel
NPDES National Pollutant Discharge Elimination System
NRMRL _ National Risk Management Research Laboratory
ppm Parts Per Million
PPOA Pollution Prevention Opportunity Assessment
pt Pint ,
PWC Public Works Command
qt Quart
qv Quaternary Ammonium Compound
. RREL " Risk Reduction Engineering Laboratory
| - SERDP o Strategic Environmental Research and Development Program
SIMA ‘ ' Shore Intermediate Maintenance Activity
TDS ~ Total Dissolved Solids
TIPPP Tidewater Interagency Pollution Prevention Program
uv * Ultraviolet
voC ~ Volatile Organic Compound
WET Water Equipment Technologies
WREAFS Waste Reduction Evaluation at Federal Sites (program)
Zn ' Zinc : o

viii




ACKNOWLEDGEMENTS

The authors wish to acknowledge the help and cooperation provided by Sean Heaney and Buddy Clark of the
U.S. Naval Base Norfolk. Other U.S. Navy employees and officials at the facility were also very helpful and
cooperative. In addition, information provided to us by vendors of equipment and services, as well as the useful project
guidance and review comments of the EPA Project Officer, James Bridges, and the EPA Task Work Assignment
Manager, Kenneth Stone, are appreciated.

~ Thisreport was prepared for the EPA Pollution Prevention Research Branch by Dan Bowman, Jan DeWaters,
Jan Smith, and Scott Snow of TRC Environmental Corporation, under Contract No. 68-D2-0181.




SECTION 1
INTRODUCTION

1.1  PURPOSE

The purpose of this project was to conduct a Pollution Prevention Opportunity Assessment
(PPOA) of the United States Naval Air Station (NAS) at the Norfolk Naval Base in Norfolk, Virginia.
The assessment was conducted under the Waste Reduction Evaluations at Federal Sites (WREAFS)
Program, which is administered by the Pollution Prevention Research Branch in the National Risk
Management Research Laboratory (NRMRL) (formerly Risk Reduction Engineering Laboratory {[RREL])
of the EPA. The study was conducted in accordance with the EPA manual, Facility Pollution
Prevention Guide (EPA/600/R-92/088), which provides a methodology for assessing operations to
identify, evaluate, and implement pollution prevention alternatives.

Poliution prevention in environmental management requires the development of a comprehen-
sive program which continually seeks opportunities to implement cost-effective strategies to reduce
waste generation. PPOAs provide detailed assessments of waste streams, options for reducing
waste generation or preventing poliution, and analyses of alternative operating practices which
generate less waste. Appendix A contains PPOA worksheets for the NAS and includes information
obtained during conversations with base personnel and a three-day site visit. Figure 1 identifies the
key elements of a pollution prevention program showing the interrelationship of the PPOA to the
program. The elements of the pollution prevention program are discussed in detail in the Facility
Pollution Prevention Guide.

The approach for conducting a PPOA at the Norfolk NAS is described in this section, along
with background information about the site. Section 2 provides background information related to
cooling tower operations and water treatment processes. Section 3 describes the current cooling
tower activities and operations that were observed during the NAS site visit. Possible alternative
practices for minimizing these wastes are discussed in Section 4. Recommendations on potential
follow-up activities are also included in Section 4. Appendices include PPOA worksheets
{Appendix A), National Pollutant Discharge Elimination System (NPDES) discharge limits
(Appendix B), discharge data (Appendix C), material safety data sheets (MSDS) (Appendix D), the
Hampton Roads Sanitation District Cooling Tower Waste Discharge Policy with Industrial
Wastewater Pollutant Limitations and Discharge Requirements (Appendix E), and the MSDS for -
DIAS-Aid Tower Treatment XP-300 (Appendix F).

1.2 GENERAL SITE ACTIVITY DESCRIPTION

Commander, Naval Base (COMNAVBASE) Norfolk is the world's largest naval base, providing
and coordinating quality logistic support functions for over 100 ships and 50 aircraft squadrons.
Naval Base Norfolk is also the regional coordinator for the Hampton Roads area, which encompasses
all Naval activities within a 50-mile radius. The Navy employs approximately 109,000 active duty
personnel and about 40,000 civilians in Hampton Roads. .

The Naval Base complex is approximately 5,200 acres and is heavily industrialized. Over 55
percent of the base land holdings have been developed for cument operations, with an additional 25
percent of the land allocated for aircraft runways. The base is comprised of nine subordinate
commands functioning as a consortium of interdependent activities providing core mission and
support services to the largest submarine forces in the world. Core mission facilities include 13,000
feet of runways, 14 piers and 7 miles of ship berthing space. The Naval Base houses the Navy's
largest Supply Center, a Naval Aviation Depot, and a major Military Airlift Command terminal. In
addition, the Naval Base contains the Navy's largest Personnel Support Activity network and the
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Figure 1. Pollution Prevention Program Overview
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largest Navy Family Service Center.
Eighty-five Navy Exchange retail outlets
at 55 locations generate annual revenues
of $80 million. The installation contains
2,100 permanent buildings valued at
$2.9 billion, 37 Bachelor Enlisted and 9
Bachelor Officer Quarters, 3,300 family
housing units, and 160 miles of paved
roads. : ’

The NAS functions as a
subordinate command to the Naval Base,
and is comprised of 598 buildings on
1,266 acres. The NAS employs 10,659
military and 7,685 civilian personnel,
who perform operational support
activities for aircraft and squadrons on

- base.

1.3 PREVIOUS POLLUTION
PREVENTION ACTIVITIES

Under the Chesapeake Bay
Agreement, Naval Base Norfolk is a
member of the Tidewater Interagency
Poliution Prevention Program (TIPPP).
The TIPPP is to identify poliution
prevention opportunities, as well as
develop and implement measures to

eliminate pollution at the source. Under

the auspices of TIPPP, a Hazardous
Waste Minimization Study was
completed in 1992 which identified
several pollution prevention opportunities
at the Naval Aviation Depot (NADEP).
After this initial report, the Navy
conducted a pollution prevention
opportunity assessment for the remaining
activities at Naval Base Norfolk, which
included the examination and assessment
of activities at approximately 140 shops
at the base. :

Previously -completed pollution
prevention studies noted several
hazardous waste management activities -
with opportunities for waste reduction
and minimization. Implementation of
plans generated from these studies have
resulted in a decrease in the amount of
hazardous waste generated yearly at
Naval Base Norfolk, as well as significant




cost savings in decreased waste disposal charges. In addition, the establishment of a recycling
program during the mid-1980s has resulted in the recycling of approximately 30 percent of the solid
waste generated at the base, as well as an estimated savings of $3.4 million during fiscal

year 1992, : .

Pollution prevention efforts undertaken at Naval Base Norfolk include the initiation of a
hazardous waste minimization program which focuses on training, education, and single point
hazardous material issuance. This program was implemented at the Nava!l Air Supply Station Supply
- Department, Naval Supply Center, Norfolk Paint Mart, and Reutilization Store. As a result,
hazardous waste disposal decreased from 408,000 gallons in fiscal year 1990 to 253,000 gallons in
- fiscal year 1992. ' : '

Additional pollution prevention efforts in the areas of electroplating, painting, and depainting
have also reduced the quantity of hazardous wastes generated at the Naval Base. Through the use
of commonly available equipment, the quantity and toxicity of wastewaters generated during
electroplating operations have been reduced. Furthermore, the quantity of heavy metal sludges,
which typically contain chromium, cadmium, silver, and nickel, has also been reduced. The
conversion of the painting facilities at the base from wet to dry booths is expected to increase the
efficiency of paint use which will result in a reduction of the quantity and toxicity of paint wastes,
and will lower volatile organic compound (VOC) emissions. During depainting operations, efforts
have been implemented to minimize sand blast grit generation in the paint shops.

In an effort to reduce solvent usage, aqueous parts washers were installed at the Shore
Intermediate Maintenance Activity (SIMA) and aboard the U.S.S. Theodore Roosevelt at the Naval
Base. The parts washers use high-pressure water and water-based cleaners, rather than solvents, to
degrease the metal parts. An estimated $24,000 in annual operating costs for purchasing solvents

and disposing of cleaning rags has been saved with the implementation of the aqueous parts
washers. ' ‘

1.4 APPROACH TO THE C.URRE‘NT PPOA AT THE NORFOLK NAS

During the PPOA site visit, cooling tower water treatment methodologies and practices at the
NAS were observed and assessed in terms of the types and amounts of waste produced. The site
visit began and concluded with briefings of the Norfolk NAS staff who showed a strong interest in
the goals of the PPOA. During the site visit, operating personnel were interviewed to gain their
perspectives on alternative practices which could lead to reduced waste generation. The operating
personnel provided important input into the characterization of potential alternatives, expressing an
understanding of the importance of minimizing waste while meeting performance needs. '

The Navy and the EPA are currently evaluating techniques and technologies to reduce wastes
generated from cooling tower operations within the Norfolk NAS. Approximately 28 open- system
recirculating cooling towers are currently operated at 19 buildings within the Norfolk NAS. These

© Units range in size from 5 to 300 tons, and are all associated with comfort cooling systems which
Operate on a seasonal basis (approximately 6 months per year). i

Wastes associated with open-system recirculating cooling towers consist mainly of water
treatment chemicals. These are discharged to the environment along with the cooling tower water
discharge (bleed or blowdown). : : : co o :

. Several alternative cooling tower water treatment processes have been identified, consisting
of both chemical- and non chemical-based technologies. Section 4 of this report presents these
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L alternatives, and assesses these treatment options in terms of their technical and economic
feasibility as well as their overall effect on the quantities and the constituents of the waste produced

by each affected process. Finally, selected treatment options are recommended for further
evaluation. -




SECTION 2
BACKGROUND

2.1 COOLING TOWER PROCESS DESCRIPT ION

A cooling tower is an enclosed device designed for the evaporative cooling of water by direct
contact with air. Cooling towers are used in conjunction with air conditioning and industrial process
equipment and act as the heat sink for these systems by providing a continuous source of cool
water for process operations. Open-system recirculating cooling towers are typically chosen for
operation with air conditioning and refrigeration equipment because they are relatively inexpensive
and minimize heat rejection costs while still conserving water. All of the cooling towers at the
Norfolk NAS identified in this PPOA are of the recirculating, open-system type.

A typical three-loop air

Figure 2. Typical Three-Loop Air Conditioning Refngeratlon

System

’ ﬁapomon accepts ; conditiqning refrigeratfon sys.te.am.is
Cooling Tower heat from condenser ‘ : shown in Figure 2. Air conditioning
water i can be thought of as the addition of
l ' : Condenser water g refrigeration to the heating and
rejects heat to i p ventilation of a building in order t0
Pump |—s| Condonser evaporation. ¢} provide cooling and dehumidification
- Condenser water -1 {Gurney and Cotter, 1966). Heat and
: ' l f‘a"fcﬁ‘;%‘fa;’fa‘ from ! moisture from the conditioned space
Refrigeration ] X : are extracted at the air coil where the
Compressor] ™ vop | efigerant refects refrigerant, which is chilled water in
l ' water. i this case, conveys this heat away
; from the conditioned area. The heat
Evaporator Refrigerant accepts is dissipated under low grade
2;?;"""‘ chilled 3 conditions (i.e., with a relatively small
) 5 change in temperature), as the water
Egg{eg,‘;a,f,g;gﬁf‘s i is re-cooled for reuse by means of the
g water cooling tower.
Pump | Coong G| et mtr ez oo
! Cooling towers operate by
R°°m!. ma"’[ ’ef?"’s heat } passing warm water through cool air,
which transfers heat from the water

to the air. The warm air is
discharged, and the cooled water is
then used for air conditioning or other
equipment cooling. Water cooling
occurs in the tower through both

evaporation and the transfer of heat to the air flowing through the water. . To maximize heat tranisfer
and subsequent water cooling, cooling towers are designed to optimize air/water contact. Figure 3
illustrates a typical cooling tower. Water is distributed as evenly as possible across the top of the

tower and is allowed to fall through the tower.

Simultaneously, air is drawn into the tower and is

circulated upwards through the water column, coolmg the water as it falls through the tower.
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Figure 3. Schematic of Typical Cooling Tower

Cooling towers can be classified as natural or mechanical draft systems. Natural draft cooling
towers are designed to take advantage of the temperature differences between the hot air inside the
tower and the cooler air outside. The cooler air entering the bottom of the tower pushes the warmer
air out of the top without the assistance of blowers or fans. Mechanical draft towers, which use
fans or blowers to force air through the tower, may be of either the forced- or induced-draft type
and are generally used with air conditioning units. Typical forced- and induced-draft cooling towers
are shown in Figures 4, 5, and 6. Forced-draft cooling towers have a fan at the air intake, which
forces air into and through the tower; in induced-draft towers, both counter flow (5) and cross flow
{6} have a fan at the air outlet which draws air through the tower.
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Open cooling systems utilizing recirculation have the potential to minimize water consumption
because a much of the process water is recirculated through the tower for reuse. A once-through
system, in contrast, uses a continuous source of cool water which is pumped through the water
jacket of a heat exchanger where it absorbs heat before being discharged. In a recirculating system,
a continuous source of makeup water is required to replenish the water which is evaporated in the
tower during the heat transfer process. Additional makeup water is required as water is lost from
the tower due to tower bleed or blowdown, which is the discharge of system water to control the
concentration of suspended solids and impurities, as described below. ‘

2.2 COOLING TOWER WATER TREATMENT

2.2.1 Sources of Contamination and Resulting Conditions

All natural waters contain various amounts of impurities such as dissolved solids, gases, and a
variety of suspended matter. Gases such as carbon dioxide, oxygen, and sulfur dioxide are
absorbed from the atmosphere and from organic decay to form dilute acids. Dissolved solids,
including mineral salts of calcium and magnesium, as well as iron, silica, and carbonates, are
absorbed from the earth and are the basis of scale-forming water hardness. Suspended solids,
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otherwise known as turbidity, consist of silt, clay, and a variety of organic constituents, including
microorganisms, oils, fats, greases, and sewage. In addition, all waters have the potential to
developing algal and biofilm growths under favorable conditions including sunlight, warm
-temperatures, and abundant.watgr with a high concentration of nutrients.

As water evaporates during the cooling process, impurities and minerals which enter the
tower in the makeup water are left behind and accumulate in the cooling tower and process
equipment. The accumulation of impurities leads to a variety of problems including scale formation,
corrosion, and the fouling of surfaces due to biological growth. These conditions in turn cause heat
transfer losses, metal deterioration, and blockage which decrease the tower efficiency.

2.2. 1.1 Scale-- .

One of the most serious problems which can develop in untreated cooling tower water is that
caused by scale. Scale formation occurs when the solids in the cooling tower water reach their
limits of solubility and precipitate out onto wet surfaces. When the precipitates fall onto mucinous
films, they bind to the metal surface and begin to form scale. Scale is commonly caused by the

precipitation and binding of magnesium, calcium, sulfate, phosphate, hydroxides, and silicate
compounds. : ’ :

Scaling is related to water characteristics such as dissolved salt concentrations, total
dissolved solids, hardness, alkalinity, and temperature. Water hardness is caused by the presence
of dissolved calcium and magnesium salts which remain soluble under many environmental
conditions but precipitate out of solution as scale when exposed to elevated temperatures or exist in

excessive concentrations. As a result, hard water in @ cooling system requires extra attention and
care to prevent scaling. ‘

The presence of scale deposits on heat transfer surfaces results in a reduced capacity for heat
transfer from the water to the air. This in tumn results in higher operating temperatures and higher
power consumption as the air conditioning unit unsuccessfully tries to cool the water. The decrease ]
in operating efficiency and the increased strain on the cooling tower unit may eventually lead to
system degradation and costly system shutdown and repair. ‘ ‘

‘ 2.2.1.2 Corrosion--

Corrosion occurs as metal parts deteriorate and revert to their original (ore) state, resulting in
the loss of structural integrity. Two types of corrosion, general and pitting, commonly occur in a
cooling water system. General corrosion occurs when the corrosion attack is uniform and covers
the entire exposed surface area of the metal. Pitting occurs in small localized areas, for example,
under scale deposits. As a result, rapid penetration of the metal and subsequent failure occurs.

Corrosion processes generally proceed rapidly under acidic conditions, and more stowly under
neutral or slightly atkaline conditions. The presence of high concentrations of dissolved solids can
also lead to corrosion. Other factors contributing to corrosion include high temperature, high oxygen

concentration, high velocity of liquid (water) on the metal surfaces, and galvanic action of two
dissimilar metals. ‘ ’

2.2.1.3 Saturation and Stability Index--
Corrosive -aggression and scaling tendencies are related characteristics, both of which depend
to a large extent on the concentration of dissolved solids, temperature, alkalinity, and pH. The

tendency of water to deposit scale when it is alkaline or to attack metals corrosively when it is
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acidic depends on the balance of various constituents in the water. Water described as "in
balance,” explained below, exhibits neither corrosive nor scale-forming characteristics.

The Langelier Saturation Index and the Ryznar Stability Index are commonly used to preclict
scale-forming tendencies or corrosive properties of a cooling water. The Saturation Index represents
the difference between the actual measured pH and the calculated pH at saturation with calcium
carbonate. A positive number indicates that calcium carbonate scale will form, while a negative
number indicates that the water has corrosive tendencies. A stability index of O indicates a water
which is in balance exhibiting neither corrosive nor scale-forming tendencies.  Ryznar's Stability
Index was. developed to provide a closer correlation between the calculated prediction and the
quantitative results in the field. With an optimum value of 6. scale formation can be anticipated at

_values less than 6, and corrosion at values greater than 6.

2.2.1.4 Fouling--

Fouling problems arise from the deposit of solids and the growth of microorganisms on
cooling tower surfaces. Fouling can occur in a cooling tower in a manner similar to scaling. The air .
passing through the cooling tower contains small amounts of contaminants including silt, dust,
organic debris, and other entrained particulates. These particulates can be washed from the air into
the cooling water and become suspended or dissolved solids. The subsequent precipitatior of these
solids onto heat transfer surfaces can leave a silt-like deposit similar to scaling and reduce the
efficiency of the cooling unit. : : '

In addition, these silt-like deposits may provide nutrients for various microorganisms including
algae and bacteria. Common biological growths found in open recirculating water systems include
algae, bacteria, molds, and fungi. The uncontrolled growth of these microorganisms can lead to
reduced water flow, plugged pipes, a loss of heat transfer capability, severe corrosion in areas
surrounding the growths and deposits, and ultimately, equipment failure.

Algae are the most common microbiological growths found in open recirculating water
systems and account for the majority of the problems encountered. Green algae is the type most
commonly found in the fresh-water environment. To survive, algae require &ir, water and sunlight.
When they are exposed to light, algae produce oxygen and consume carbon dioxide. Most algae

- prefer moderate temperatures {60°F to 100°F); however, they can withstand temperatures from

below zero to boiling. In addition, algae require elements such as calcium, phosphorus, magnesium,

“and silicon. As a result, the most abundant algal growths are found in warm, sunny areas, with

large amounts of hard water. . ‘

Bacteria present a minor problem when compared to algae. The most important types of
bacteria are those which react with sulfur and iron. The presence of these types of bacteria may be
noted by increased turbidity in the water, as well as a sulfur or “rotten egg” odor in the water. -
Abundant numbers of bacteria may actually turn the water red, and leave a reddish sludge depasit in
water pipes, nozzles, pumps, and other equipment. '

Fungi and molds are the most biologicaily complex of the three types of microbiological
organisms found in open recirculating water systems. Fungi and molds have a plant body with
many fine, elongated cells that form a fibrous network. They also have a root structure which
attaches them to the cooling tower and provides a base for nutrient gathering. Most commonly,
fungi and molds tend to grow on wooden surfaces; but they can also grow on cement, metal, or
fiberglass. The presence of these microorganisms can result in deterioration of the surfaces to
which they are attached.
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2.2.2 Traditjonal Methods of Control

In the past, various water treatment philosophies and their associated devices have avoided
the problems related to high concentrations of impurities by increasing the bleed or blowdown of
process water from the tower. By increasing the amount of water released from the system, these
treatments are increasing the makeup water requirements and operating the system at low
concentrations of suspended solids. The amount of blowdown necessary to maintain a particular
maximum mineral concentration is related to the operating cycles of concentration, which refers to
the number of times the minerals are concentrated in the system. The cycles of concentration are
defined as the ratio of chloride concentration in the cooling system to the concentration of chioride

_in the makeup water. Conductivity or any dissolved compound could be used in calculating cycles ,
of concentration, but chloride is typically chosen because it is soluble and does not form precipitates
as do calcium, magnesium, carbonate, phosphate, silicate, and occasionally other ions (Meitz,
1990).

Systems which operate at high cycles of concentration minimize the bleed or blowdown rates
and are capable of substantial reductions in makeup water requirements and associated water and
sewer costs. However, the risk of severe scale or corrosion problems increases dramatically with
higher cycles of concentration. Provisions are necessary to handle high solids and higher
concentrations of corrosive ions such as chloride and sulfate, as well as ions that precipitate,
particularly those associated with hardness and alkalinity.  This is traditionally accomplished by

- standard water treatment techniques which include the addition of treatment chemicals to the
circulating water for scale inhibition, corrosion control, and control of microbial growth.

2.2.2.1 Scale Control--

The traditional practice for scale control involves the discharge of cooling tower blowdown to
the sewer, thereby controlling the concentration of dissolved minerals to levels below the saturation
point. However, as the cost of makeup water has increased, this practice has become less
attractive. Scale deposits can also be minimized by maintaining a low system operating pH since
the solubility of most minera! salts increases under acidic conditions. However, the resulting acidity
of the process water will lead to corrosive conditions in the tower. Internal treatment for scale
deposits usually involves the addition of dispersion agents or polymeric materials and scale inhibitors
under slightly alkaline conditions. if the scale-forming ions can be tied up with complexing agents,
their propensity to form precipitates that lead to scaling is reduced.

Among the most widely used dispersants for cooling water treatment are a number of

. bolymers and copolymers, such as polyacrylic acid and its salts, acrylamide-acrylic acid copolymers,
polymaleic acid, sulfonated polymers, and many others. In general, dispersants consist of low
molecular weight polymers (below about 20,000), while those with molecular weights approaching
10° and above are used as flocculents. Other commonly used dispersants consist of chemically
modified natural products such as tannins, lignosulfonates, and carboxymethyl cellulose. In
addition, newly developed polymers are being produced which provide effective dispersion at much
lower concentrations and can be tailored for dispersion of specific foulants.

Scale inhibitors function either by altering the crystalline structure of the scale-forming salts,
or by coating the particles with a film which prevents coagulation.  Polymers such as
polyphosphates, phosphonates, and phosphate esters act as inhibitors for inorganic crystalline
scales such as calcium carbonate and calcium sulfate, and they stabilize iron and manganese.
Polyphosphates retard or delay the rate of precipitation by absorbing onto crystal féces thereby
arresting the growth of the crystal. Stabilization depends on the time interval necessary, the
operating temperature, and the presence of sufficient quantities to effectively prevent precipitation.
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Polyphosphates encourage biological growth and also readily revert to orthophosphates which do
not provide effective protection. Organic additives such as lignins, tannins, and ethylene diamine
tetra acetic acid (EDTA) are often used in combination with polyphosphate treatment. The organics
function by sequestration, reacting with minerals to form insoluble complexes that do not precipitate
and are removed with system blowdown. ‘

Although adding chemical dispersants and scale inhibitors will extend the solubility of many
elements dissolved. or suspended in the water, sventually a saturation point will be reached and
precipitation will occur. In addition to chemical inhibitors, an effective chemical treatment program
for scale inhibition includes a periodic blowdown of the system to limit the concentrations of
dissolved solids. ‘

' 2.2;2.2 Corrosion Control--

Chromates have historically been the most widely used additive for corrosion control.
Typically, an acid feed was administered to maintain the system pH between 6 and 7, thereby
reducing scale problems due to the increased solubility of dissolved minerals at'a low pH.
Chromates were used under these acidic conditions because they are good oxidizing agents in acid
and react to maintain a protective film of oxide at the metal surface. As much as 2,000 parts per
million (ppm) chromate were typically used in the 1960s (ASHRAE, 1973). The toxic characteristics
of chromates provided further protection against microbial growth. Due to environmental concems,
chromates were banned from use in comfort cooling systems in 1980 (EPA, 1990).

Chromates largely have been replaced with non-chromate treatment programs using
polyphosphates, orthophosphates, zinc compounds, nitrites, phosphate esters, phosphonates,
. azoles, molybdates, and silicates. When chromates are omitted, corrosion inhibitors are generally
used at higher concentrations to be effective.

Treating cooling water with chemicals to make it less aggressive (e.g., by dispersion of
suspended solids), offers some degree of corrosion protection, although effective control is typically
achieved by using corrosion inhibitors to form a protective film. Inhibitors may be inorganic or
organic. Inorganic inhibitors, in turn, may be further classified according to those that require
oxygen, such as sodium phosphates, silicates, and borates, and those that function with or without
oxygen, such as chromate and nitrate. Inhibitors may also be classified in terms of their
mechanism, that is whether they function by influencing the anodic or cathodic side of the
electrochemical cell, although this depends largely on conditions of pH, temperature, and oxygen
content. Inorganic inhibitors usually affect the anodic process. In general, chromates, nitrites,
silicates, phosphates, ferrocyanides, molybdates, and borates are considered to be anodic inhibitors.
Anodic inhibitors function either by forming a film on the metal surface or by chemisorption on metal
surfaces. The dosage depends on the temperature, salt content, nature and location of dissimilar
metals, and the ratio of metal surface area to volume of solution. Silicates require close pH
monitoring, which should be maintained between 6.5 and 7.5. ‘Although they are successful in soft
water areas, silicates are not recommended for alkaline waters. High silicate concentrations lead to
precipitation of calcium silicates. Nitrites require relatively high concentrations and close pH control
(usually 7.0 to 9.0). Nitrites decompose and the resuit is serious corrosion at a pH of less than 6.5.
The nitrites are also subject to conversion to nitrates by_nitrobacteria. Although they have a fong
history of use as single-component inhibitors, nitrites and silicates are not acceptable for cooling
tower applications. '

Polyphosphates are widely used corrosion inhibitors that have a long history of use.
Polyphosphates and phosphonates form a protective iron-orthophosphate film which also helps to
prevent carbonate deposition on metal surfaces. However, polyphosphate reverts to orthophosphate
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with possible precipitation as complex calcium phosphates, depending on calcium and
orthophosphate concentration, pH, temperature, and tota! solids concentration. Phosphates tie up
iron ions and prevent the formation of rust, although the phosphates used for corrosion inhibition
lead to the formation of calcium phosphate and resulting scale deposits.

Inhibitors that react with the cathodically generated hydroxide to form an insoluble compound,
such as Mg?®*, Cu®*, Zn?*, Cd?*, Mn?*, and Ni?*, are considered to be cathodic. Cathodic inhibitors
function by forming insoluble hydroxides at cathodic areas, causing cathodic polarization. Norie are
practical corrosion inhibitors when used aione.

“Formulations for corrosion control that contain mixtures of inhibitors generally provide greater
protection than individual components. Corrosion control has historically been effective through the
widespread-use of combinations of polyphosphates, nitrites, chromates, zinc, and silicates.
Although zinc is still widely used in treatment formulations, chromate has been omitted.
Furthermore, non-heavy metal treatment programs in which zinc has been omitted are receiving
increasing attention.

Widely used non-chromate mixtures include zinc with polyphosphate, organic phosphonate,
molybdate, or lignin derivatives. Non-heavy metal formulations in which zinc has been omitted
include combinations of polyphosphates, amino-tri(methylenephosphonic acid). (AMP), and 1-
hydroxyethylidene-1,1-diphosphonic acid (HEDP); mixtures of polyphosphates with phosphonate or
silicate; and combinations of phosphates AMP and HEDP with polymers. Most formulations include
a polymeric dispersant such as polyacrylate, which maintains sediment, scale, corrosion products,
and organic particles in suspension, thereby minimizing the risk of pitting, corrosion under a deposit,
‘and other forms of localized corrosion. Many non-chromate mixtures operate within a relatively
narrow pH range of 6.5 to 7.5, to effectively control corrosion or to prevent the precipitation of
zinc. Formulations which do not contain zinc function cathodically and are more effective with
higher pH values, typically from pH 7.3 to pH 9.5 (Hey and Hollingshad, 1987).

Many organic compounds have been used as corrosion inhibitors. Organic inhibitors function
" by bonding with the metal surface through forces including electrostatic adsorption, chemisorption,
and delocalized electron adsorption. Organic corrosion inhibitors used in cooling tower water
treatment applications include amines, amides, pyridines, carboxylic acids, esters, mercaptans, and
formulations of alkylthiophosphate, organic phosphate esters, and zinc salts. Organic additives and
surface active materials in conjunction with polyphosphates, zincs, or chromates improve the
corrosion inhibition efficiency of the inorganic inhibitor. Organic additives interfere with the
precipitation of inorganic salts and aid in dispersion of suspended solids. : :

2.2.2.3 Fouling Control--

Biofouling results from the growth of microorganisms which plug water distribution holes and
interfere with droplet formation in the tower thereby reducing heat transfer efficiency. Biological
growths historically have been controlled by chemical or mechanical means. Chemical controls
© involve the addition of oxidizing or nonoxidizing biocides and algicides. Among the oxidizing types

are chlorine gas, chlorine dioxide and chlorine donors such as calcium hypochlorite. Although
chlorine is inexpensive and widely used, its biocidal properties are pH-dependent. The pH of the
“water needs to be slightly acidic because the toxicity of chlorine depends to a large extent on the
formation of hypochlorous acid. In a pH range of about 4 to 6, chlorine gas hydrolyzes to form
hypochlorous acid and small amounts of hydrochloric acid. Chlorine is a relatively poor biocide ,
above a pH of about 7.5. This limits its application to cooling tower water treatment because many
corrosion inhibitors operate in the alkaline range. Moreover, chlorine is corrosive and forms toxic
organochlorine compounds. . Discharge regulations for chlorine are more stringent than for other
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biocides because of concerns over its role in the formation of trihalomethanes. Additionally,
chlorination has been shown to reduce the effectiveness of the two most commonly used organic

- phosphates in cooling tower water treatment applications: AMP and HEDP {Tvedt and Wilson,

1985).
. ~
Nonoxidizing biocides include the isothiazolins, dibromonitriloproprionamide (DBNPA),

. quaternary ammonium chlorides, carbamates, and organotin compounds. Quaternary ammonium
compounds (qv) are the largest class of nonoxidizing microbiocides used in water systems. These
compounds exhibit surfactant properties which tend to loosen and penetrate existing biofilm
accumulations thereby facilitating more rapid and effective treatment. Isothiazolin-based
microbiocides have been shown to be particularly effective against biofilm organisms (Richardson,

'1982). DBNPA is relatively effective at low levels, and decomposes into products that are less toxic.
than the parent compound. These characteristics make it an attractive additive for discharge
purposes. Organic sulfur-containing compounds represent another class of nonoxidizing
microbiocides. Most commercially formulated products consist of a mixture of several microbiocides
combined with dispersants and surfactants which increase product effectiveness by breaking up
accumulated slimes and algae.

Due to the ability of microorganisms to rapidly grow and muitiply, they can easily become
immune to many biocides. As a result, microbiocides are added intermittently in large doses, to
minimize the tendency for microorganisms to become resistant to the chemicals. The likelihood of
resistant strains is further ensured by using alternating dosages of two or more different chemical

* formulations. . '

Other traditional methods for controlling the growths of microorganisms include pH -
adjustment and the shielding of wet surfaces from sunlight. Microorganisms need a pH of
approximately 6.5 to grow at optimum rates. Therefore, significant changes in the pH fevels wiill
reduce the growth of the microorganisms. However, a low pH will noticeably increase corrosion
rates and should be avoided. . An elevated pH will increase the formation of scale deposits.
Therefore, a microorganism control program which increases pH must also increase the bleeding rate

. to control the formation of scale deposits. Algae need air, water, and sunlight to survive, and

effectively removing sunlight from wet areas will control the growth of algae. Sheet metal or marine
plywood are usually adequate for this purpose, although inadvertently restricting air circulation
through the cooling tower should be carefully avoided. ,
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... SECTION 3.
SITE ACTIVITY DESCRIPTION

3.1 GENERAL PROCESS DESCRIPTION

Approximately 598 structures are located at the Norfolk NAS. Of these, 18 buildings are
equipped-with air conditioning systems operating in conjunction with evaporative recirculating
'cooling towers for a continuous supply of process water. The air conditioning systems provide
comfort cooling during warm spring and summer months, largely between April and October. The
NAS cooling towers do not operate during the cool season. Table 1 is a master equipment list
showing that 28 cooling towers provide process water for the air conditioners which service these
18 buildings. As described in Table 1, these cooling towers are located on roofs, are adjacent to an .
exterior wall, or are in a courtyard outside of the building. They range in capacity from 5 tons to
300 tons. One cooling tower ton is equivalent to the removal of 15,000 BTU/hour.

Also included in Table 1 is a description of the current tféatment status for each NAS cooling
tower. As indicated, only 10 of the 28 towers are currently receiving chemical treatments for
control of scale, corrosion, and biofouling. The remaining 18 towers are small units that do nat

receive chemical treatment during the operating season. The chemical addition program is discussed
in Sections 3.2 and 3.3. ‘

The last column in Table 1 lists the available System water volume in gallons. The volumes
are used to derive some of the alternative treatment costs in Section 4. These system volumes are
estimated values which have been obtained from Base personnel. System water volumes depend
primarily on unit size, but are also influenced by the cooling tower locations and piping systems.

3.1.1 Cooling Tower Discharge Practices

All cooling towers at the NAS receive makeup water from the City of Norfolk public water
supply. Each of the cooling towers observed during the site visit was equipped with a discharge
valve which directed the tower blowdown into floor drains located in the vicinity of the heat
exchanger and condensed water pump. This equipment was typically situated within the
mechanical room of the particular building being serviced by the unit. The observed flowrates of
fresh makeup water and tower discharge varied from unit to unit.

Facility Maintenance Department (FMD) personnel interviewed during the site visit expressed
confidence that all of the NAS cooling towers (both treated and untreated) drain to the sanitary
sewer; however, this has not been confirmed as fact. As illustrated in the NPDES ‘permit
information and the listing of effluent sources provided in Appendix B, several of the NPDES
permitted outfalls at the NAS are believed to discharge water from areas associated with air
conditioning units. For example, tower blowdown from the two cooling tower units on the roof of
building V53 is directed to a corner roof drain which discharges to the storm sewer at NPDES
permitted outfall no. 112 (previously no. 077).
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TABLE 1. MASTER EQUIPMENT LIST - COOLING TOWERS AT NORFOLK NAS

Equipment # Building Location Size (Tons) Volume (Galloqs)

Céoling Towers Receiving Chemical Treatmlent'

081275 SP367 East Outside 75 . 127

- SP254% ¢ Roof ' 200 ‘ 600

- SP256¢* Roof 200 ‘ " 1,000
028197 V53 : Roof : 150 1,200
028198 ~ vs3 Roof 178 1,400
021087 SP29** -~ West Courtyard 300 v 3,500
024341 Ui1s** East Side 300 2,500
081218 SP45 South Side 125 1,250
093171 sP91 Behind Building 100 ‘ 1,000
093172 SP91 Behind Building : 40 400

Cooling Towers Not Receiving Treatment***

022189 LP13 . Roof East Side , 25 N/A
080394 LP13 Roof West Side 25 - N/A
086933 LP13 Roof West Side .. 28 ' N/A
080385 LP2 . Roof West Side 25 N/A
080386 LP2 Roof East Side 25 N/A

. 080387 LP3 ' Roof West Side 25 N/A
080388 LP3 | Roof East Side 25 N/A
022188 LP4 . Roof East Side 25 : N/A
080389 © LP4 ‘ Roof West Side 25 N/A
052754 $33 Roof , : 20 N/A
086998 $33 ‘ West Side ' 5 . ©ON/A
093369 SP238 South End 20 N/A
097454 SP64 Outside Building 20 N/A
021751 © T26 Roof East Side 20 N/A
085676 T26 Roof West Side 60 ‘ N/A

085677 T26 Roof 60 N/A
050597 u4s . West Side 7.5 N/A
083286 V82 Roof 45 N/A

* Refers to status of treatment at the time of report preparation, -August 1994,

* *Chemical treatment has been instituted at these new units since the site visit in June 1994,
**"The cooling towers currently not receiving treatment are designed for chemical treatment.
~-These two new units have not yet been issued equipment identification numbers.
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Appendix C contains monitoring data collected from stormwater outfall no. 077 { currently
112). As shown in the data reports, the concentrations of zinc and chromium in outfall no. 077
(112) exceeded the NPDES permitted discharge limits on two separate occasions, in the winter of
1993 and in the spring of 1994, respectively. After each exceedance, a sample was collected from
the cooling tower drainage at building V53 in an effort to locate the origin of the.zinc and chromium
discharge. However, on both occasions the samples collected from the cooling tower at building
V53 did not show a correspondingly high concentration of the contaminant of concern. Despite
these inconsistencies, it is believed that the cooling tower at building V53 discharges to NPDES-
permitted stormwater outfall no. 077 {112) (Sean Heaney, Naval Base Norfolk, personal
communication, 1994.).

3.1.2 Cooling Tower Maintenance Activities

Maintenance and operation of the cooling towers and air conditioning units are performed by
the Public Works Command (PWC), under contract to the NAS. PWC personnel do not currently
have a systematic method for managing the NAS cooling towers. As indicated in Table 1 and .
described in Sections 3.2 and 3.3, 10 of the 28 NAS cooling towers are serviced under a chemical
treatment contract to PWC by one of two water treatment specialists. Each of these ten units is
maintained by a treatment representative, whose primary responsibility includes cooling tower water
testing and treatment. Additional responsibilities of the water treatment contractor vary depending
on the details of the contract, but these may include regular cleaning of the tower to remove

. accumulated sludge and debris. :

The remaining towers which are not serviced by a contractor are the responsibility of PWC
mechanics. These units receive no chemical treatment during the operating season, aside from the
occasional addition of biocide to control excessive fouling. PWC mechanics operate under a
"building ownership" system whereby certain mechanics have maintenance duties for certain
buildings. Building maintenance includes the servicing of cooling towers and ancillary equipment.

General maintenance activities for the cooling towers not serviced by a water treatment
specialist include an annual overhaul of each unit, which is performed during the winter months
while the unit is not operating. The annual overhaul consists of external cleaning with brushes and
water flushing, and, depending on the general state of the unit, completely disassembling each unit
for interior cleaning. Interior heat exchanger tubes are cleaned by a process known as "roddening, "
in which a rotating brush is inserted into each tube in combination with a water flush. Although this
process is typically performed only once a year, heat exchanger tubes may be cleaned at other times
if a unit is showing signs of scaling or fouling. Signs of scaling and fouling include a high pressure
drop or small change in temperature across the unit. Cooling towers are normally designed to
operate with a 10°F temperature drop across the tower. ‘ «

Following the annual overhaul, PWC maintenance personnel apply an algicide to each of the
cooling tower units not serviced by a chemical contractor. A one-gailon container of Calgon algicide
is fed by continuous drip to each unit to control biological growth in the system. Some of the
towers may occasionally receive additional biocide during the operating season to control excessive
biological fouling, although application rates and schedules vary.

3.2 CHEMICAL ADDITION PROGRAM

The chemical treatment program instituted at the Norfolk NAS involves PWC personnel, who
purchase the chemicals, and a water treatment contractor, whose responsibilities include testing the
tower water, administering chemicals as needed, and adjusting control parameters such as bleed
and makeup water flowrates. ‘
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Of the 28 cooling towers in operation at the NAS, a total of 10 are currently receiving
chemical treatment. These ten cooling towers, identified in Table 1, are serviced under contract by
one of two cooling tower water treatment specialists who also service other units on base. As
noted in Table 1, four of these units are equipped with chemical pumps and metering systems but
they were not included in a chemical treatment contract at the time of the site visit in June 1994,
Chemical treatment programs have recently been implemented at these four units. In the future,
PWC intends to hire one water treatment specialist to maintain and service all cooling towers at the.
Naval Base Norfolk. The contractor would be required to inspect each tower on a monthly basis and
would chemically treat the towers as needed. Thus, all towers at the NAS will eventually be
included in a chemical addition program,

3.2.1 General Procedure for Chemical Procurement

The procedure for procurement and administration of water treatment chemicals involves a
cooperative effort between the appropriate PWC personnel and the water treatment or chemical
contractor responsible for the unit. Each cooling tower under contract to a water treatment
specialist is inspected periodically to ensure that the tower is operating properly and is receiving
adequate chemical treatment. Operatihg malfunctions are corrected by the contractor. If the
contractor determines that additional chemicals must be purchased, PWC is notified. PWC
personnel order the appropriate materials for delivery to the specific building at the specific zone on
base. PWC orders all cooling tower chemicals in an effort to minimize the purchase of excess
- Materials: After the chemicals arrive on site, the contractor returns to administer the treatments.

PWC personnel who were interviewed during the site visit stated that under no circumstances
do PWC maintenance personnel administer chemicals to the NAS cooling towers, regardiess of
whether or not the towers are maintained under contract by a water treatment specialist. At the '
time of the site visit, however, two towers were observed that were not currently under contract by
a water treatment specialist but that were connected to a chemical holding tank and an engaged
metering pump. Based on these observations, the actual chemical administration procedures as
practiced remain somewhat uncertain. “ ‘

A chemical exchange program exists within each zone on base. Most chemicals are stored in
the mechanical room of the building in which they are used. As more chemicals are needed by a
particular building, PWC will first verify that excess chemicals do not exist in storage at another
building before ordering a new supply. This procedire avoids excess stockpiling of chemicals.
Although PWC is in charge of ordering all cooling tower chemicals, no purchase records are
maintained at PWC. Purchase records are maintained in the Base Supply, building X275. MSD$
files are maintained in the Safety Department, building 2140. '

3.2.2 Chemical Descriptions and Usage Data

The chemicals used for cooling tower water treatment at the NAS are presented in Table 2
along with their primary ingredients, type of control, application rate, and frequency of use.
Appendix D contains the MSDS for each of the chemicals used. These chemicals are applied by the
two water treatment specialists currently under contract to service the NAS cooling towers.
Purchase data for these chemicals were unavailable from PWC. However, typical application rates
for each chemical, shown in Table 2, have been combined with cost information to estimate annual
usage rates and associated costs. Usage rates are based on a six month operating season and
assume that all towers operate with 4 cycles of concentration at 100 percent capacity for 12 hours
per day. A summary of the annual usage rates and costs for each treatment chemical are presented
in Table 3. As described above, the chemicals applied to each of the NAS cooling towers, which
total approximately 814 gallons, are ultimately discharged to the environment through tower bleed.
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The total annual chemical costs for the NAS cooling towers currently receiving chemical treatment
are estimated to be approximately $13,876.

3.3 COOLING TOWER DESCRIPTIONS

« Seven of the cooling towers listed in Table 1 were observed during the site visit, including
towers at buildings SP367, V53, SP254, SP256, SP29, and U16. The observed cooling towers are
among the largest units and, although all were equipped with automated valves and chemical
metering pumps, the four units at buildings SP254, SP256, SP29, and U16 were not yet under
contract for chemical addition. Chemical addition programs have been instituted at each of these
towers since the time of the site visit. :

The remaining NAS cooling towers which are not chemically treated consist primarily of small
units, ranging in size from 5 to 60 tons, with most being 25 tons or less. These towers were not
observed during the site visit because they were not being chemically treated. However, the size
and operation of these additional towers will be considered in the overall assessment of cooling

tower activities and treatment options, since they will be included in any treatment program which
encompasses all NAS cooling towers. -

3.3.1 Building SP367

The cooling tower at Building SP367 is a 75-ton unit located on the east side of the building.
This unit was observed to be continuously bleeding a large amount of water directly into a sump
which, according to base personnel, apparently discharges to the sanitary sewer. The discharge
problem was apparently due to a manual bleed valve which was locked in the open position. The
bleed flowrate is unknown; however, the measured total dissolved solids {TDS) in the tower were
approximately 200 ppm. This rate is identical to that of the makeup water from the city of Norfolk.
This level of TDS indicates that the tower was not effectively recycling water but was operating
instead as a once-through system. Chemicals used regularly in this tower include an algicide and a
scale and corrosion inhibitor, both are fed by a continuous drip. A dispersant used once or twice
per year during startup and shutdown procedures.

3.3.2 Bulldings SP254 and SP256

The cooling towers located at Buildings SP254 and SP256 are new, 200-ton units located on
the roof of each building. These units have automated controls in place to measure conductivity
which is an indicator of TDS. The controls automatically open the tower bleed valve when TDS
measures are greater than approximately 600 ppm. Automatic metering pumps are in place for
continuous chemical addition. Although the controls were observed at the time of the site visit,
chemicals were not being dispensed to these units. A chemical addition program has been
implemented at these cooling towers since that time. Chemicals used regularly in these towers
include an algicide and a scale and corrosion inhibitor. Both are fed by an automated drip system,
and a dispersant is used once or twice per year during startup and shutdown.

3.3.3 Building V53

The two cooling towers at Building V53 are 150- and 175-ton units located on the roof of the
building. These cooling towers are relatively new and are constructed of a plastic material. The
chemical contractor servicing these units expressed dissatisfaction over the performance of the new
material, indicating that the units are not capable of achieving a sufficient temperature drop in
cooling water. Maximum temperature drops achieved across the units were reportedly in the range
of 8°F, not the 10°F temperature drop desired. :
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TABLE 3. CURRENT ANNUAL CHEMICAL PURCHASES AND COSsTS

Annual Annual Cost

Chemical E v ‘ Usage ($/yr)
, : _ {gsllons)
Biocide 34 $660
Scale/Corrosion Inhibitor | 608 $9,909
Dispersant | N - 144 $1,971
Descaler ‘ " 28 $1,336
TOTALS 814 $13.876

These units have automatic controls in place to measure conductivity, and they automatically
open the tower bleed valve when TDS measures greater than approximately 600 ppm. Chemicals
are administered by an automatic metering pump. The pump is designed to remain closed while the
tower bleed valve is open to minimize shortcircuiting of chemicals through the system. The bleed
water from both towers at building V53 is directed to a corner roof drain which is believed to
discharge through stormwater outfall no. 077 (previously no. 112; see Appendices B and C).
Chemicals used continuously in these towers include a biocide and a scale and corrosion inhibitor
with biocide. A dispersant and descaler are both used once or twice per year during startup and
shutdown or for periodic cleanup. . :

3.3.4 Buildings $P29 and U16

The cooling towers at buildings SP29 (one 300-ton unit in the west courtyard), and U16 {one
300-ton unit on the east side) were not reportedly maintained under a service contract at the time of
the site visit, although these units were observed to be connected to chemical tanks and engaged
metering pumps. Information obtained since the time of the site visit indicates that chemical
treatment programs have recently been instituted at these two new units. Each of the units
dischérges to a floor drain located in the mechanical buildings where the condenser and heat
exchanger equipment are located. The chemical treatment programs at buildings SP29 and U16 are
similar to that described above for the towers at V53. Chemicals used continuously in these towers
include a biocide and a scale and corrosion inhibitor with biocide. A dispersant and descaler are
both used once or twice per year during startup and shutdown or for periodic cleanup.

3.3.5 Buildings SP45 and SP91

The cooling towers located at Buildings SP45 (one 125 ton unit on the south side) and SP91
(one 100 ton unit and one 40 ton unit, both behind the building) were not observed during the site
visit. However, these towers are serviced by a chemical contractor in a manner similar to the
method described for the towers at building V53. Cooling tower blowdown is believed to be
discharged to the sanitary sewer from each of these cooling towers. Chemicals used continuously
in these towers include a biocide and a scale and corrosion inhibitor with biocide. A dispersant and
descaler are both used once or twice per year during startup and shutdown or for periodic cleanup.
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| SECTION 4
OPPORTUNITY ASSESSMENT

4.1 SURVEY AND DESCRIFTION OF AV’AILA.BLE OPTIONS

Three alternatives for cooling tower water management and treatment have been identified
during this PPOA: no treatment, chemical treatment, and non-chemical treatment. Table 4 provides
a brief description of methods available for the control of scale, corrosion, and biofouling, including
traditional and more innovative treatment technologies. In the subsections that follow, ten
treatment options are presented, as they apply to these alternatives.

4.1 . 1 Non-treatment Alternatives

Although non-treatment alternatives may eliminate the application and subsequent discharge
of cooling tower water treatment chemicals, the result may be an increased water usage rate to
control the accumulation of suspended solids in the system. In addition, improper treatment and
management of cooling tower water may result in an excessive buildup of scale deposits and
biological fouling that will ultimately result in system failure. "

4.1.1.1 Option 1. No Treatment--

Many of the NAS cooling towers currently have no formal chemical treatment program. One
option for pollution prevention is to extend this practice to all 28 NAS cooling towers. Under this
scenario, the towers would receive annual maintenance as described in Section 3. During the off-
season, the units would be externally cleaned with wire or nylon brushes, the heat exchanger end
plates would be removed, and the tubes would be roddened with a round wire brush to remove

scale deposits as needed. Approximately one gallon of algicide would be added to each unit by
means of a drip feed. ' ‘ .

Refraining from chemical treatment would resuit in the annual consumption of approximately
28 gallons of algicide at a cost of approximately 15 dollars each, for a total of $420.00 per year.
This represents a savings of approximately $13,300 dollars annually in chemical costs, and a
substantial reduction in the discharge of cooling tower water treatment chemicals to the _
environment. However, failure to properly maintain the towers during the operating season results
in the buildup of scale deposits and significant algal growth. This will lead to operational down-time
for the repair work and mid-season cleaning.. This is costly in terms of employee man-hours. In
addition, the operational lifetime of a unit, typically in the range of 15 to 20 years, is significantly
reduced by improper maintenance and also by failure to provide adequate corrosion protection.

Systems clogged by excessive scale deposits often require acid dosing to clear blocked
passageways. This is an aggressive treatment procedure and can be harmful to the materials of
construction, especially where corrosion has already exposed oxidized portions of tﬁe. metallic -
surface. Thus, while a no-treatment option appears to be cost effective in terms of operating

expenses, ultimately, the excess capital expense of new equipment purchases due to system failure
makes this option less attractive.
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4.1.1.2 Option 2. Continuous Bleed-off or Blowdown--

The purpose in. using recirculating cooling systems is to conserve makeup water. Systems
using higher cycles of concentration use less water. Achievable cycles of concentration depend on
the concentration of ions such as calcium and silica in the makeup water, since these ions and °
dissolved solids accumulate throughout evaporative losses which take place in the cooling tower.
The risk of severe scale or corrosion problems increases dramatically with higher cycles of
concentration. Solids and impurities will continue to accumulate until the system water is rernoved
through bleed-off or blowdown. Dissolved oxygen increases in a recirculating system because the
water is aerated during each passage through the cooling tower. In normal practice, a portion of the
recirculating water is removed through system blowdown in order to maintain the concentration of
dissolved solids and gases at a required level, thereby preventing scale deposits and corrosion.

The maximum concentration factors are defined for open cooling water systems according to
the hardness of the water and the type of treatment applied. Systems receiving makeup water of
relatively low hardness or those which receive effective scale-inhibiting treatment may operate at
- high concentration factors, thereby maximizing the portion of recirculating water and minimizing the
makeup water requirements. Without treatment, concentration values of about 3 to 7 are enough to
cause some salts to precipitate out as scale. Various water treatment approaches and devices have,
historically, avoided scale formation by increasing the bleed and makeup water rates rather than
controlling calcium carbonate or silicate formation by chemical or mechanical means.

‘Minimum dissolved solids and mineral concentrations could be maintained by operating the
cooling tower with a continuous supply of fresh water and a maximum flow of tower bleed. A
once-through system would avoid the buildup of solids, gases and impurities in the process water, -
thereby limiting the potential for scale deposits and corrosion, and would eliminate the need for
administration and discharge of chemicals to the environment through cooling tower blowdown.
However, the high operating costs incurred by purchasing large amounts of makeup water make this
a fairly unattractive option. Makeup water requirements and associated costs are reduced drastically
by operating at higher cycles of concentration.

To illustrate this point, consider a 100-ton cooling tower operating at 100 percent capacity for
12 hours per day. Assuming a 10°F temperature differential across the tower, this tower will
circulate approximately 300 gallons of water per minute and approximately 3 gallons per minute
would evaporate. Thus, operating at one cycle of concentration, the makeup water requirements
would be approximately 18,000 gallons per hour, or 6.5 million gallons per month based on 12
hours per day of operation. At a combined water and sewer cost of $3.40 per 1000 gallons {(based
on City of Norfolk 1994 water and sewer rates), this type of operation would incur a monthly
operating cost of $22,000. Operating this same tower at 2 cycles of concentration would
substantially reduce the makeup water requirements to 360 gallons per hour, or 130,000 galions per
month, representing a monthly cost of $443 and a savings of 98 percent. The effect of increasing
cycles of concentration on water consumption and associated costs is presented in Table 5.

Although a continuous bleed would help to reduce the buildup of dissolved solids and gases,
the potential still exists for algal and bacterial growth. Thus, the system may still malfunction
during the operating season if biofouling is allowed to progress. Each cooling tower unit should still
receive an annual overhaul and an application of a one-galion biocide drip, which will increase annual
operating costs accordingly. ‘ ‘ '
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‘ TABLE 5. BLEED AND MAKEUP WATER REQUIREMENTS AND ASSOCIATED
MONTHLY COSTS AT DIFFERENT CYCLES OF CONCENTRATION®

Cycles of . 2 3 4 5 8 10 16
Concentration . '

Evaporation {gpm) 3 3 -3 3 3 3 3
Total Bleed Rate 3 1.5 . 1 0.75 0.4 0.33 0.2
{gpm) - .

Makeup Water 8 45 ' 4 375 . 3.4 - 3.33 - 3.2
(gpm) . . : .

Water Cost $443;09 $335.07 $4297.84 $279.22 $253.16 $247.95 $238.27
($/month)* *

“Assumes a 100-ton open-system recirculating cooling tower operating at full capacity for 12 hours per day,
with a 10°F temperaturs drop across the tower. Pump circulation rate is 300 gpm.

“*Costs are basad on a combined water and sewer cost of $3.40/1000 gallons. Norfolk City water ptices are
currently $1.34/1000 gallons, and sewer prices are $2.06/1000 galions. Since cooling towers at the Norfolk
NAS are generally not provided separate metering systems for drainage, combined rates are charged for makeup
wates. It is obvious from the above table that as the operating cycles of concentration increase, the. volume of
bleed discharged to the drain is substantially reduced. Separate metering systems would allow calculation of a

credit for makeup water which is not discharged to the drain (e.g., evaporative losses), and would result in
substantial savings. '

4,1.2 Chemical Treatment Alternatives

The addition of chemicals to control corrosion, scale deposits and biological fouling represents
a traditionally acceptable method for cooling tower water treatment. In an adequately monitored
system, chemical dosage rates can be adjusted to maintain proper system operation efficiency.
However, the possible storage and handling of large volumes of chemicals represents a potentially
dangerous situation for maintenance and operating personnel. In addition, increasingly stringent:
limitations on the composition of sanitary and storm sewer discharge streams require close
monitoring of water treatment chemical constituents. The Hampton Roads Sanitation District's

Cooling Tower Waste Discharge Policy and Industrial Wastewater Poliutant Limitations are presented
in Appendix E. . ,

4.1.2.1 Option 3. Conventional Chemical Addition Programs-

Chemical treatment programs have been instituted to enable cooling tower systems to operate
at increased cycles of concentration, thereby conserving water use. As discussed in Section 2,
most chemical additives for scale control function essentially by increasing the capacity of the
process water to carry dissolved sofids, allowing higher concentrations of solids to remain in
solution rather than depositing out as scale, while corrosion inhibitors function primarily by forming
a protective film on the metal surface. Historically, chromates were used to prevent corrosion under
acidic conditions because chromates are good oxidizing agents in acid,-and react to maintain a film
of oxide on the metal surface. With an acid feed to maintain a solution pH between 6 and 7.
scaling was not a problem due to the increased solubility of calcium carbonate at low pH.

Environmental concems led to the ban on applying chromate to comfort cooling towers,
implemented in February and May of 1990 (EPA, 1990). Non-chromate programs using phosphates,
polyphosphates, phosphonates and zinc have been substituted for corrosion control, and dispersion
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agents or polymeric materials are typically added to counter scale formation. Section 2 discusses
the chemicals used in cooling water treatment applications.

Although the majority of cooling tower water treatment chemicals in use today have been
formulated with environmental safety in mind, aimost every chemica! used for water treatment can
be harmful or environmentally detrimental under certain circumstances. Phosphorus is typically a
primary component of commonly used corrosion and scale inhibitors, but it is an environmentally
sensitive compound due to its potential effects on ecosystems and its contribution to algal blooms
and entrophication. As shown in Appendix E, the discharge of phosphorus in cooling tower
blowdown is subject to a surcharge when the concentration exceeds 6 mg/L.

With increasingly stringent regulations governing the quality of discharges to sanitary and
Stormwater sewers, the composition and quantity of chemical cooling tower additives have become
a primary concern. The chemicals® effects on the operation of the Base's wastewater treatment
system and their environmental acceptability in the wastewater discharge should be considered.
The ultimate fate of the cooling tower discharges is currently unknown. These drains may lead to
* the sanitary sewer, or they maydrain directly to a stormwater discharge point. These uncertainties -
exacerbate the need for stringent environmental controls regulating the applied treatment chemicals.
Blowdown or tower bleed which fiows to aquatic systems and drift to the terrestrial landscape carry
applied chemicals to locations where natural biota can be damaged through direct poisoning or )
where toxins can accumulate to potentially detrimental levels as they are transferred through the
food chain. . o . . . S :

By their nature, microbiocides used to control biological fouling exhibit toxic and :
environmentally harmful characteristics. Increasingly stringent regulations regarding the composition
of discharge streams draw attention to the proper handling and application of these chemicals. The
use of non-toxic or environmentally friendly alternatives, when available, is always preferred.

Depending on the characteristics of the system, mechanica! cleaning may represent a viable
alternative to chemical treatment for control of biofouling and possibly scale deposits. Either
brushes or abrasive-surfaced balls can be forced through piping systems to scour away deposits.
Additional non-chemical treatment alternatives may also be applicable, as discussed in Options 6
through 10. . . .

4.1.2.2 Option 4. DIAS-Aid Tower Treatment XP-300 --

The chemical scale and corrosion inhibitors currently applied to treated towers at the NAS
generally consist of proprietary mixtures of phosphonates, phosphates and molybdated phosphates,
nitrites, and polymers, as shown in Table 2. The tendency of these traditional materials to bond
with and hold calcium, magnesium and iron is relatively weak and easily interrupted. if the makeup
water hardness increases or the cycles of concentration are increased, control of the metallic

' constituents is lost and scale deposits form. This can be counteracted by additional chemical
dosages or a reduction in the cycles of concentration.

A new generation of water treatment products is available which will reportedly enable cooling
tower systems to operate effectively with zero bleedoff throughout an entire operating season.
DIAS-AID Tower Treatment XP-300, manufactured by DIAS, Incorporated, is an innovative chemical
agent designed to control scale and corrosion under virtually any hardness conditions. The MSDS ‘
for this compound is included in Appendix F. XP-300 consists of a proprietary mixture of several.
environmentally-safe, hydrolytically stable chemical compounds that interact synergistically and
selectively with calcium, magnesium, and iron ions in solution. The mechanisms for scale and
corrosion control include threshold stabilization, sequestration, and crystal modification. In its
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concentrated form, XP-300 is an acid-based material. The acid blend has very little effect on the
alkalinity of water; at a dilution of 100 ppm in water, the pHis at 6.0. The recq'mmended dosage
for cooling tower water treatment applications is approximately 8 ppm. The use of secondary acid
is not required for an alkalinity adjustment since the PH level of the treated water has no effect on
praduct performance.

The effectiveness of XP-300 relies on the fact that scale and corrosion are both related to
changes in the molecular bonding of heavy metals. In the normal cycle of change which takes place
within process equipment, calcium, magnesium and iron ions bond with other elements to form new
cornpounds. XP-300 is stable in water and has a stronger affinity to heavy metals than the other
elements these metals normally bond with, resulting in the formation of a strong chemicai bond
between the molecules of XP-300 and the ions which sre otherwise likely to precipitate out as -
scale. In contrast to the traditional, weaker bonding materials which bond with dissolved minerals
at a ratio approaching one to ten, one molecule of XP-300 will bond with over 3,000 molecules of

-dissolved hardness ions such as calcium, magnesium, and iron. This high bonding ratio allows the
system.to concentrate minerals to any level and remain clean without requiring the addition of fresh
makeup water. In fact, DIAS, Inc. claims that systems treated with XP-300 can operate

" continuously with zero bleedoff.

The DIAS XP-300 water treatment chemical does not contain a pesticide and no claims are
macle for the control of existing biological contamination. However, experimentation and extensive
field testing performed by DIAS, Inc. have shown that when proper treatment levels are maintained,
biological growth does not occur in a clean system. Problems may arise as existing scale deposits
are removed from interior surfaces while they are cleaned by. XP-300 treatment, exposing trapped
algal and microbial spores. Spores existing under these circumstances are usually mature; when
exposed to nutrients in the process water, algal spores will create a bloom, and bacteria, fungi, and
viral cells will enter a reproductive phase. This process could continue until the system is free of all
existing deposits. Once growth is present in a system, it cannot be controlled by adding more XP-
:}OO; rather, a biological control substance must.be used to correct the situation. Oxidizing agents
such as chlorine are normally added for a period of 24 hours to sterilize the system. XP-300 will
decompose in the presence of strong oxidizing agents and must be replaced after microbicidal
treatment.

An additional problem may arise during the initial phases of treatment with XP-300. Large
pieces of scale deposits may break loose from the interior surfaces and plug dispersion holes or.
Spray nozzles. Strainers may require close monitoring during the initial cleanup process if scale
deposits are expected to be present in the system.

DIAS, Inc. developed the DIAS-AID formulation several years ago for use in large tower ,
systems. Field and laboratory studies investigating the possibility of operating a system without
bleed-off have led to the use of DIAS-AID in small cooling systems. The treatment is poured in at
the beginning of the cooling season, the bleed-off is shut down and the system operates with no
bleed for the entire season. This procedure is reported to protect the cooling system from corrosion
and scale without any continued maintenance, provided the chemical remains at the desired
concentration in the system and that biological growth does not develop, as described above.
Approximate monthly addition rates can be calculated based on tower size and existing total
hardness of the water supply. The desired concentration is approximately 8 ppm.

Based on the relatively low operating concentrations and the minimum or zero bieed rates
achievable with DIAS-AID Tower Treatment XP-300, this cooling tower water treatment altemnative
fepresents a fairly attractive option for poliution prevention. Although the ingredients are listed as

proprietary information, the material is reportedly safe for discharge to the sanitary sewer. However,
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as with all cooling tower water treatment chemicals, tower blowdown containing XP-300 should not
be discharged directly to the storm sewer. Given the uncertainties surrounding the constituents of
XP-300, and the increasingly stringent limitations for contaminants discharged to both sanitary and
storm sewer outfalls, this chemical should be administered following the same precautionary
‘guidelines which are applicable to any of the cooling tower water treatment chemicals discussed
above, in Sections 2 and 4.1.2. ‘

_ DIAS tower treatment chemicals are currently used by a number of facilities to treat cooling
towers ranging in size from 50 to over 500 tons. The treatment program appears to be
operationally and cost effective. Most of the contacted facilities that use this method of treatment

' reported substantial savings in chemical costs, some by as much as 50 percent {Mr. Robert
Johnson, Four Seasons, Provo, UT School Systems, personal communication, 1994.). In addition,
makeup water and tower bleed were substantially reduced, in most cases to a "slow drip™ and in
one instance, at an older tower (1967 vintage), to zero bleed for the entire 5- to 6-month operating
season (Mr. Safet Hatic, Hatic Heating, Cincinnati, OH, personal communication, 1994.). Most of
the contacted facilities maintained seasonally operated cooling towers associated with comfort
cooling systems, and had used DIAS chemicals for periods ranging from 2 to 6 years.

While most facilities reported that they had no problems with microbiological growth as long
as the towers were protected from sunlight, one maintenance facility which uses DIAS chemicals on
a number of towers ranging in size from less than 50 tons to over 300 tons implied that they have
experienced occasional down-time due to fouling. The problems described had been infrequent and
were easily overcome with a one-time application of biocide. This particular maintenance facility, in
fact, recommended the DIAS chemicals for application on towers which receive little or no attention
throughout the operating season (Mr. Peter Gruener, York International Corp., Troy, MI, personal
communication, 1994.). A separate facility which operates an older tower reported using a small in-
line filter to remove debris which had entered the system's water from a nearby construction site
(Mr. Safet Hatic, Hatic Heating, Cincinnati, OH, personal communication, 1994.).

4.1.2.3 Option 5. pH Adjustment--

The problems of scaling and corrosion are related phenomena, both being influenced by the
properties of calcium hardness, alkalinity, total dissolved solids, pH, and temperature. Theoretically,
these conditions can be controlled so that the water is in equilibrium and neither corrosion nor
scaling result. As demonstrated by the Langelier Index, a high pH encourages calcium carbonate
scaling, while low pH facilitates corrosion. Adjusting the pH of the water to provide a Stability
Index or Langelier Index which is neither scale-forming nor corrosive is one method. for stabilization,

Adjustment of pH is generally accomplished by adding acid, typically sulfuric, hydrochloric, or
nitric, to sufficiently depress the pH in order to prevent any scaling conditions from developing.
Problems associated with this method of scale control are related to the resulting increased
corrosivity of the water. Hydrochloric acid tends to increase the corrosion rate more than sulfuric
acid, although both hydrochloric and nitric acid allow high salt concentrations in the water because
of the greater solubility of chlorides and nitrates. Sulfuric acid is commonly used for pH adjustment.
Injection of sulfuric acid converts calcium and magnesium carbonates (carbonate hardness) into the
- more soluble suifates, but acid dosages must be monitored to ensure that the concentration of
calcium sulfate remains below the saturation level to avoid precipitation and consequently, scale
formation. The prevention of scale formation also requires limiting the concentration of total
dissolved solids in the system water. This is accomplished by maintaining a controlled continuous
bleed or intermittent blowdown of a small portion of the circulating water. Acid requirements can
be calculated based on a simple equation which accounts for the composition of the makeup water
{including total sulfate concentration, alkalinity, temperature, and operating cycles of concentration).
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The acid is usually injected as near as possible to-the makeup water intake, and is controlled by an
electric motor connected to a pH analyzer installed to the cooling water supply header.

Adjustments in pH must be made based on a given set of environmental conditions at one
point in the system, most typically following the makeup water intake point. As the water passes
through the system, the environmental conditions may change to some degree and the water rnay
become corrosive or scale forming. Frequent testing should accompany any acid dosing program
because the amount of acid used must be limited to maintain some residual alkalinity in the system.
Reducing the pH below 7.0 would result in accelerated corrosion. In addition, the essentially soluble
compounds of calcium and magnesium formed from acid dosing cause a corrosive condition,
requiring close system monitoring. Corrosion inhibitors are often used in conjunction with pH
-adjustment to stabilize the water. A typical pH adjustment program involves adding sulfuric acid to
lower the system pH thereby reducing scaling tendencies. This program should be accompanied by
an inorganic or organic/inorganic corrosion inhibitor.

Adjustments in pH can also be made to prevent corrosive tendencies, while being
supplemented with chemical additives for scale control. Maintaining a pH of 8 in combination with
the addition of polyphosphate for scale control reduces corrosivity and inhibits the conversion of
polyphosphate to the relatively ineffective orthophosphate form. Combinations with zinc introduce a
problem with respect to the stabilization of the zinc ion in soluble form at high pH..

One environmentally attractive option involves adjusting the pH and composition of the water
to deposit an eggshell layer of calcium carbonate, which would protect the underlying metal from
corrosion without interfering excessively with heat transfer or water flow. Temperature variations in
the system result in variable composition of the water, however, preventing uniform protection of
the metal and allowing some sections to be subjected to heavy scale deposits. Additionally, surface
and water conditions often lead to the deposition of a porous layer of calcium carbonate, instead of
the desirable eggshell film. The porous layer significantly reduces heat transfer and promotes
localized corrosion (Encyclopedia of Chemical Technology, Volume 24, 1984). For these reasons,
this method of treatment has generally been unsuccessful.

In theory, cooling tower water treatment through pH adjustment represents a fairly attractive
alternative, since this method of treatment avoids the addition of organic and 'inorganic ,
contaminants potentially present in conventional water treatment chemicals. The tower blowdown
should neither be high in acidity {corrosive) nor alkalinity (scale-forming), and should be safe for
discharge. In practice, however, this method requires a high degree of system monitoring to
maintain the pH within a relatively narrow, ideal range for proper operation. The potential for
inadequate treatment is significant, due to the narrow range of acceptable operating parameters and
variations at different points within the system. As discussed above, a typical pH adjustment
scheme involves the addition of supplemental chemicals for control of scale deposits and corrosion.

~ 4.1.3 Non-Chemical Treatment Alternatives

Non-chemical methods for cooling tower water treatment typically involve the application of
physical mechanisms to control corrosion, scale deposits, and biological fouling. The treatment
technologies described below vary widely in terms of cost effectiveness and reliability. In addition,
some of the treatment technologies may primarily apply to only a certain type of problem, either
scale, corrosion, or biofouling, and may not represent a comprehensive treatment program.
However, all of the non-chemical treatment altematives minimize the generation and discharge of
contaminants since the addition of chemicals is avoided. )
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4.1.3.1 Option 6. Zeolite or Base Exchange and lon Exchange Processes--

Non-chemical methods of water softening can be used to control scale deposits by removing
dissolved mineral components while simultaneously avoiding some of the undesirable consequences
associated with chemical softening techniques such as high salt concentrations and increased
corrosivity, Zeolite or base exchange and ion exchange processes are based on the exchange of
harmful constituents in the water for less harmful components. A softening plant of this type
requires careful consideration of the quality of water entering the softener because the bed of
exchange material will be adversely affected by the presence of suspended and dissolved solids
which may precipitate from solution. Also, depending on the characteristics of the intake water, the
soft water produced may be somewhat corrosive in nature and the system may require additional
corrosion protection. High bicarbonate concentrations in the makeup water will cause a rapid
increase in alkalinity subsequent to passage through the exchange bed.

Although they eliminate the discharge of treatment chemicals, zeolite and ion exchange
processes are generally quite expensive and require a significant power source for operation.
Additionally, these units are used for scale control only and may increase the risk of corrosion.

4.1.3.2 Option 7. KDF Process--

As part of an innovative, non-chemical approach to cooling tower water treatment, Water

. Equipment Technologies (WET) has developed a process which utilizes a metallic alloy for the

control of corrosion, scaling, and biological fouling (Stenger and Dobbs, 1993). The alloy consists
. of a special formulation of copper and zinc, and is referred to as "KDF" (kinetic degradation flux).
The KDF process takes advantage of the difference in electrical potential (Eh) between zinc and
copper. The Eh for zinc is -0.76 millivolts, and the Eh for copper is +0.34 millivolts. When
sufficient surface area of the alloy is éxposed to water, a redox reaction occurs between the
dissimilar metals, with zinc acting as the anode and copper acting as the cathode. The resulting
electro-chemical reactions and the rise in pH supposedly provide a water treatment process which
controls the formation of hardness scale, biofilm development, chlorine removal, and ionic heavy
metal reductions.. :

Chlorine is removed through its conversion to zinc chioride. Heavy metals are removed by
plating out onto the copper sites. Corrosion inhibition is achieved because zinc ions in solution are
available and react with corrosive ions. Biofilm accumulation and bacterial growth are controlled by
the formation of hydroxyls, or OH radicals, formed when some of the water reacts with zinc {(Zn +
2H,0 = Zn(OH), + H,). These hydroxyls, along with redox shock occurring as a resuit of the
electrochemical reactions between the metallic copper and zinc ions, are believed to interfere with
the normal cellular activity of bacteria and algae. Microorganisms are generally limited to survival
within a relatively small range of redox potential. The passage of water through KDF causes a rapid
and reversible reduction in Eh of about 500 millivolts, which results in a disruption of electron
transport mechanisms, possibly causing subsequent damage to the microbial cell walls.

The scale reduction phenomena associated with the redox process media is a function of the
source water quality, pH, total dissolved solids, bactericidal properties of the media, and the change
in redox potential between the untreated source and the redox-media treated water. It is possible
that a shift to a reducing environment disrupts the formation of the crystalline structure of the
mineral constituents. Previously deposited insoluble calcium and magnesium salts are gradually
removed by continuous contact with redox-treated water. The electrochemical reactions interfere
with the crystalline structure of limescale, resulting in the formation of a powdery scale when the
water dries in the splash areas of cooling towers, and no scale deposits on the heat transfer
surfaces. Additionally, the KDF media controls scale formation by inhibiting biofilm formation, since
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biofilm formations provide the mucilage that aliows mineral precipitates to adhere to surfaces and
thus accelerates the formation of scale deposits. -

KDF is manufactured with varying proportions of pure copper and zinc, depending on the
application, in several forms including granules, filament or wool, wire or brush, and powder. The
KDF wool, where the refined alloy is formed into strands or filament, is used in recirculating lcops
and lends itself to cooling tower applications. KDF wool cooling tower treatment equipment is
available in two types of configurations, depending on the requirements of the cooling tower. One

configuration uses plastic modules that contain the KDF wool. The modules float in the splash area.

of the tower, providing economical treatment by utilizing the hydraulics of the system. A-second
design uses KDF wool contact chambers in an external side stream loop to recirculate the tower
water through the KDF wool. Figure 7 shows a typical system layout for the KDF treatment system.

Typical System Layout

KDF Contact
Chambers

Cooling Tower

NN

AN 4

Heat Pump Solids Separation
e Exchanger ,

- Pump

Figure 7. Typical System Layout for the KDF Water Treatment System

A separator is recommended to filter the hard scale and solids removed from the .tower and
piping system by the KDF wool. Pre-filtration in the 50 micron range is strongly recommended to
reduce sediment loading of the KDF wool media. Recirculating cooling tower water passes first
through a prefilter for solids removal, and then through a KDF wool contact chamber placed next to
and outside the cooling tower water basin, before flowing back into the basin of the cooling tower.
Contact chambers are constructed of corrosion resistant Schedule 80 PVC material, secured by
victaulic coupling, and supported by heavy duty aluminum support legs. The chambers hold
replaceable KDF wool cartridges. Contact chambers can be manifolded for abtaining flow rates of

~ up to 300 gpm. Each chamber has a maximum flow rate of 15 gpm. Each contact chamber
measures 13.5" x 13.5" x 58", and weighs 78 pounds.




The following factors affect performance of KDF wool systems:

e Increased contact time improves performance.
® Water should not exceed pH 8.5. , .
® Warmer water temperatures result in more reactive performance; cool temperatures reduce
performance. ‘
L Higher total dissolved salt concentrations result in better performance.
L4 Sequestering agents for preventing corrosion or scale should not be used in front of the KDF
media. ‘ ‘

L KDF Redox Wool can be cleaned and restored to active life by ﬁnsing in low pH water. The
media should be rinsed with normal fresh water after it has been restored.
L 4 KDF Redox media should not be allowed to dry out after becoming wet.

The performance life of KDF wool will vary, depending on characteristics of the system and
the fresh makeup water, but it typically lasts a year or longer provided that the water coming in
contact with the media is under a pH of 8.5. Based on studies conducted at 12 Florida test sites,
the average performance life of KDF wool, when applied to systems using Florida water, is . -
approximately 6 months. Exposure to air significantly shortens KDF performance life, as will
sediment buildup. Spent material may be recycled through local scrap dealers for metals recovery.

The KDF system has been developed to eliminate the use of cooling tower chemicals, and
requires approximately half as many labor hours as a chemical treatment system for operation,
monitoring, and maintenance. This is largely because the system is self-regulated by changes in pH.
Treatment activity increases when in contact with the lower pH makeup water. The increase in
activity serves to raise pH, which tends to stabilize the process until it is exposed to additional
makeup water at a lower pH. A rise in the pH to neutral or alkaline conditions helps to protect
operating equipment against corrosion. The cost of using KDF on a normal basis for cooling tower
treatment is comparable to chemical treatment costs. The normal application rate is approximately 5
pounds of wool for a flowrate of 10 gallons per minute.

A demonstration project was conducted on two existing circular, fiberglass Protec comfart

- cooling towers located at a mid-sized hotel in Fort Lauderdale, Florida (Stenger and Dobbs, 1993).
The two towers were rated at 700 and 225 tons, and were regularly receiving chemical treatment v
prior to the demonstration project. During the demonstration, the larger tower continued to be
chemically treated by a service contractor, while the smaller tower was treated with KDF wool. The
KDF and chemically treated cooling towers were then compared for corrosion rates, bacterial
growth, and scaling tendencies. Results are somewhat variable, due in large part to mechanical
difficulties, vandalism, and severe weather (hurricane) which disrupted system performance. In

-general, the two towers operated at similar cycles of concentration (approximately 4.5 to 5) and
exhibited comparable biofilm development. The KDF system demonstrated slightly enhanced scale
control and corrosion inhibition as compared with the chemically treated system.

~ In 1993 there were approximately 20 cooling systems ion operation using this technology.
The sites were located in south Florida, Michigan, California, Oklahoma, Sweden, Japan, and
mainland China. KDF systems promote pollution prevention through the potential elimination of
“treatment chemicals which are ultimately discharged to the environment. The primary waste
consists of a spent metallic alloy, which may be sold as metal scrap for recycling. However, the
KDF systems have had occasional difficulty in providing adequate control of biological fouling. As a
result, additional biocide applications may be necessary. These biocides would uitimately be
discharged to the environment. .
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Several facilities in south Florida with the KDF system were contacted and have reported
variable results. All of the contacted facilities operate their cooling towers year-round and use them
for air conditioning as well as for process cooling operations. Tower sizes range from 100 to 500
tons. Most facilities have used the KDF treatment system for approximately 2 years. None reported
the addition of supplemental chemicals, although several facilities have had numerous problems with
microbiological fouling. One facility, which operates two 300-ton cooling towers for comfort
cooling systems, was reportedly happy with the system but was forced to discontinue use because
of excessive fouling. Service contractors had agreed to administer a periodic acid shock to control
biological growth. The treatments were never administered and growth continued to clog the
system until finally the KDF was removed and traditional chemical treatment resumed (Mr. Richard
Conway, Oceantree Condominiums, Singer Island, FL, personal communication, 1994.).

Other facilities reported discontinued use because of excessive growth in the system (Ms.
May Ellen, Abe Schwartz Air Conditioning and Refrigeration, West Palm Beach, FL, personal
communication, 1994.). However, several of the contacted facilities reported satisfactory resuits
with the system and would recommend this treatment methodology to others {Mr. Don Murray,
Capital Bank Property Management Division, North Bay Village, FL; Mr. Richard Needle, Symbiosis
Comp., Miami, FL; Mr. Steve Burgroff, Hollywood, Inc., Hollywood, FL, personai communications,
1994.). it is unclear what factors may have contributed to these differences in operating
experience. The variability may be due to localized conditions in the water supply. As described
above, a makeup water with a pH below 8.5 is necessary for the KDF media to function properly.

Most of the facilities which experienced satisfactory results reported operating costs which
were comparable to those associated with traditional chemical treatment programs. In cases where
the KKDF costs were slightly higher, however, most maintained that they were willing to pay the
added costs to avoid the handling and storage problems associated with treatment chemicals.

4.1.3.3 Option 8. Magnetic Applications--

Magnetic devices are currently used for scale and cofrosion control at approximately hine hot
water boilers and two steam boilers at Naval Base Norfolk. The devices provide effective protection
in the absence of chemical treatment, and supposedly provide permanent protection which will
minimize maintenance demands and extend the life expectancy of process equipment by reducing
scale and corrosion rates. Magnetic boiler feedwater treatment has been in prototype testing aboard
the U.S. Coast Guard Cutter (CGC) Mellon since August, 1989, and has functioned effectively in
place of boiler water treatment chemicals. In addition to environmental benefits, the need for.
periodic acid and manual cleaning is eliminated. Once installed, the units are virtually maintenance
free and retain their strength indefinitely. Magnetic treatment systems are passive instruments in
that they do not require a source of electrical power. r : ‘ ‘

Magnetic water conditioning units consist of magnetic devices which are permanently

installed onto the outside of process equipment through which the water travels. When applied to

recirculating open-system cooling towers, the units are installed on the makeup water line, the
- cooling tower retumn line, and the condenser inlet. Additional units can be installed on the chill
water loop for additional protection. The principle on which this treatment technology is that water,
which is a natural conductor, will generate electric current when moving through a magnetic field.
Many compounds, especially conductive mineral compounds, will dissolve and break down into a
smaller particle mass when passing through the magnetic fiel » and will remain in solution. In
addition, the polarity of some molecules will be reversed by passing through the magnetic field. The
applied field technology modifies the crystalline structure of the concentrating minerals (calcium
carbonate) in the water. The result is similar to that achieved by the chemical crystal-modifier,
polymalaeic acid. The calcium in this cycled-up system changes into a Structurally weak caicite

4-16




flake and aragonite form, a talc-like non-adherent powder, which can be removed using bleed-off
and separation techniques.

When magnetic water conditioners are installed on an earth-grounded stee! pipe, they hold the
pipe as the generator's negative field or stator. Liquid flowing through the pipe becomes the
positive pole, supplying the electric energy. Not only do the units create a substantial magnetic
field, they also generate a measurable flow of electrons into the water as the pipe becomes
negatively charged. This flow of electrons resuits in a continuous, cathodically protected system
through which positively charged water flows. ' :

Water is an excellent electrical conductor, and the presence of minerals enhances this
characteristic. As groundwater flows by limestone rock, which form the basis for water hardness,
the water carries a positive electromagnetic potential with respect to the rock. The difference in
potential between water and rock causes mineral salts to dissolve into solution. The water's
positive potential increases the saturation capacity for mineral salts, resulting in high levels of
dissolved minerals in the form of orthorhombic crystals, creating the characteristics of a hard water.

The difference in potential between water and process equipment is the reverse of that
between water and limestone rock. When mineral-rich water enters a piping system, it loses its _
‘positive electromagnetic potential as frictiona! electricity generated by the flow of water through the
' pipe and causes electrons to be transferred from the water to the pipe. Dissolved minerals
precipitate out onto process equipment in the form of rhombic crystals known as scale.

Applying magnetic treatment to water imitates the phenomenon which occurs in the earth
when limestone dissolves. When water containing mineral saits flows through a pipe which is
equipped with a magnetic water conditioner, the molecules interrupt the lines of force generated by
. the magnet and create a positive electric current and a positive static charge on the water. The
magnetic field amplifies the potential in the water to the point where the potential of the water is
greater than that of the process equipment, causing the precipitated minerals to redissolve and
remain in solution. Additionally, as the minerals in the water (calcium, iron, magnesium, etc.) pass
through the magnetic field and generate a minor electrostatic charge, charged iron particles become
a nucleation point for calcium and precipitate out of solution into suspension. This provides a form
of corrosion control because the system is able to operate with a higher level of solids and pH and ,
has the natural buffering tendencies associated with this mode of operation.

Additional advantages of magnetic treatment include the lower surface tension of the
magnetized water, caused by the polarized water molecules. The performance characteristics of this
water are enhanced such that the water performs like soft water without soft water's typical
corrosive tendencies and turbidity. The lower surface tension is accompanied by an increased

"flowrate, resulting in reduced energy consumption and operating costs for the pumping equiprnent.
The magnetically conditioned water will support unprecedented concentrations of dissolved solids,
enabling cooling tower systems to operate with higher soluble mineral content and higher cycles of
concentration. This results in overall water savings. When combined with filtration and ion ‘
exchange processes, magnetized water results in enhanced filtering capabilities because the
associations clustering around the suspended particles are broken up as the polarized molecules
become aligned. This creates more solvent fiuid flow which impregnates the membrane or filter
medium more efficiently. The higher impregnation efficiency results in higher filtration efficiency
which, when combined with the dissolved scaling properties of the water, maintains filter longevity
free of mineratl buildup and thereby reduces replacement and maintenance costs. .




The following effects are noted by the manufacturer of one type of magnetic water
conditioning system which is used at the Naval Base Norfolk:

L] The pipe and the water become statically charged. The pipe becomes negative, the water
positive. i ‘

T e The negative pipe receives cathodic protection.

o The water molecule is dipolar with two hydrogen atoms that are positive static charges and an
oxygen atom that has a negative static charge. ‘

o Positive hydrogen is attracted to the negatiVe pipe and dissolves any scale or corrosion;
hydrogen cannot react with a clean pipe. ‘

o Negative oxygen atoms are repelied by, and cannot corrode, a negative pipe.
L Negative carbonate ions (scale) are also repelled by the negative pipe.

o The ionization action weakens the hydrogen bondinQ of water molecules, theréby réducing
surface tension.

@ The ionization action also produces hydroxy! ions.

® The dominant mineral in hard water is calcium carbonate, which forms calcite that interfocks
to form hard scale in pipes. Magnetic water conditioners change the morphology of calcium
carbonate to aragonite—a fragile, non-scaling, heat-transparent, needle-like form of calcium
which does not adhere to piping.

© Aragonite particles are kept in solution. Previously existing corrosion and scale accumulations
will be gradually dissolved by the newly formed hydroxyl ions, which clean the pipe walls.

L Magnetic water conditioners repel scale and attract hydrogen which dissolves scale and then
forms a hydrogen film, thus protecting the clean pipe against corrosion.

® Positively charged water kills iron algae and other cathodic molds and algae that grow in
showers, swimming pools, fountains, lakes, cooling towers, and petroleum fuels.

® Magnetic water conditioners precipitate suspended solids and compress dissolved solids,
- thereby producing clear water without chemicals or filters and make softening unnecessary.

L4 When scale and corrosion phenomena are no longer present, there are three significant
changes in the system: '

- pH stabilizes, usually in the range of 7.4 to 8.0, due to the reduction of hydrogen;
- the available oxygen {aerobic activity) increases noticeably; and

- energy savings occur, because fewer BTUs are required per degree of temperature
change due to more effective heat transfer through clean pipes and equipment.

Magnetic water treatment systems eliminate the application and subsequent discharge of
water treatment chemicals, representing an attractive alternative for pollution prevention. However,
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although some of the literature suggests that magnetic water conditioners will provide complete
water treatment for cooling tower applications, in practice they have been ineffective or marginally
effective at controlling biological fouling, algae, and biofilm growths (M. Hegy, Water Treatment
Technologies, Inc., Naperville, IL, personal communication,- 1894.). Mechanisms used for scale and
corrosion control are apparently ineffective for controlling biological growth. As aresult, the
magnetic systems, like other corrosion- and scale-control systems, typically require a supplemental
treatment program for controlling biological growth. If a traditional chemical biocide program is
instituted, the reduced surface tension of the magnetized water results in substantial reductions in
biocide requirements; 20 to 25 percent of the original biocide dosages have been reported as
adequate when applied in conjunction with a magnetic water conditioner (M. Hegy, Water Treatment
Technologies, Inc., Naperville, IL, personal communication, 1994.). Other possible control
technigues include sidestream solids removal, ozone disinfection, and the application of bromine or
chlorine in a solid tablet form which is delivered by an automated dispenser. :

Magnetic water treatment systems have been successfully applied for control of scale and
corrosion at several open-system recirculating cooling towers. More specifically, these units have
been used at over 40 installations in the midwestemn U.S. as the primary component in an integrated
technologies program combining magnetic systems with additional technologies for solids removal
and biofouling control. The magnetically treated systems typically operate at cycles of
- concentration 25 to 50 percent greater than other systems, and they are accompanied by a 75 to
90 percent reduction in the original biocide application rates where traditional biocides are used.

A magnetic treatment system was tested during a demonstration project performed during the
1993 cooling season on three 400-ton recirculating open-system cooling towers located at retail
outlets in lllinois and Wisconsin. No chemical additives were applied to any of the three towers, and
no additional treatment was provided to contro! biofouling. All three systems performed effectively,
meeting or exceeding the goals of the performance demonstration. Bleed rates were reduced by 50
percent at one location while still operating the system at much higher levels of dissolved solids and
conserving makeup water substantially. ‘ :

- Typically, additional equipment will be installed to operate in parallel with the magnetic
Systems to control biological growth and fouling. Successful treatment has been obtained using
centrifugal separators mounted next to the system, through which approximately ten percent of the
system flow is passed for solids removal. In areas where microbial growth is particularly
problematic, for example in warmer, humid climates, the additional protection is provided by a
bromine, chlorine, or iodine float which administers biocide continually at low concentrations on a
self-regulating basis. These units are reportedly simple to operate and cost effective. ‘

4.1.3.4 Option 9. Alternative Sterilization Techniques: Uhtraviolet Light Treatment, Ozonation---

Ultraviolet (UV) sterilization lamps provide a non-chemical alternative for control of microbial
growth. UV systems are generally uneconomical for large quantities of water, but may represent an
attractive option for smaller units. The advantages of UV treatment are that the water undergoes no
chernical change, chemical interaction between the water and pipes is not encouraged as in many
scale-control techniques, an overdose is impossible, no chemical odor is produced, and the
discharge of treatment chemicals to the environment is eliminated. UV treatment is generally more
expensive in terms of capital and operating costs than chemical treatment {Gurney and Cotter,
1966), and is reportedly not a very reliable method of treatment (M. Hegy, Water Treatment
Technologies, inc., Naperville, IL, personal communication, 1994.).

Two types of UV lamps are available, including one unit that is contained within a horizontal
cylinder which fits into the water pipe, and another that is mounted within an air space and
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irradiates its surroundings. The first type of lamp is recommended for cooling tower water
treatment applications because the second application may not directly expose all of the water to
UV rays and allow some of the water to remain untreated. The lamp contained within a cylinder
through which makeup water is passed ensures treatment of all water entering the system.
Precautions for operation include regular cleaning of the lamp and adequate removal of suspended
solids from the makeup water since organisms protected from UV exposure by suspended matter
will not be affected. :

Ozone treatment is a relatively new technology that is finding increasing applications in the
water treatment industry. Ozone (O,) is an allotropic form of oxygen. It is the second most
powerful oxidizing agent known and is several times stronger as an oxidizing agent than chlorine
{Echols and Mayne, 1990). Ina cooling tower, ozone reacts with the organic debris and microbes
to form oxidation products. The oxidation products formed. then react with other microbes, fouled
surfaces, and scale. Theoretically, ozone controls scale by removing the organic mucinous deposits
on which scale forms. Furthermore, the carboxylic and dicarboxylic acids formed from the oxidation
of fatty acids in cell membranes react to form scum and chelated complexes which prevent further
scaling and assist in removing scale deposits. Corrosion protection is achieved because ozone, like
chromate, is a strong oxidizing agent under acidic conditions. Metals react with ozone to form a
protective oxide film on the metal surfaces.

For maximum effectiveness, ozone is injected in a loop that is external to the tower and
carries the full volume of circulating water. The amount of ozone necessary for treatment is
typically on the order of 2 to 3 grams per 100 tons of cooling tower capacity per hour (Echols and
Mayne, 1990). Although some studies have demonstrated complete, effective treatment of cooling
tower water using ozone alone, the effectiveness of ozone in preventing corrosion and scale
formation may be questionable. Ozone has, however, exhibited excellent microbiological control in
pilot cooling tower investigations as well as in case studies (Strittmater, et al., 1993). As with UV
sterilization, ozone probably does not represent an effective stand-alone cooling water treatment
program. Ozone treatment is costly and is recommended primarily for larger cooling tower )
applications, typically greater than 500 tons. Thus, although the use of 0zone minimizes the
discharge of water treatment chemicals to the environment, the size limitation alone may eliminate
ozone from consideration at the Norfolk NAS since the largest NAS cooling towers are 300-ton units
and most of the units are quite small (less than 100 tons).

4.1.3.5 Option 10. Sidestream Tfeatment-- ‘

The primary goal of any cooling tower water treatment program is to minimize the total
amount of blowdown and fresh water makeup necessary by operating the tower at the maximum
possible cycles of concentration. The practice of sidestream treatment involves the constant
treatment of a fraction of the recirculating water to remove dissolved salts and suspended matter.
Conventional practice sets the average cycles of concentration at four to six cycles for average
water quality. If designed and performed efficiently, sidestream treatment can increase the cycles of
concentration to 15 or more, and may even enable the system to operate with zero bleed or
blowdown, depending on the scaling tendencies of the makeup water (Spear and Matson, 1984).
Sidestream treatment can be cost effective, depending on the fresh makeup water composition and
cost. Alternative techniques which may be applied through. sidestream treatment are reverse
osmosis, ion exchange, softening, electrodialysis, filtration, and centrifuge treatment. As with other
- hon-chemical approaches to cooling tower water treatment, sidestream treatment potentially
minimizes the addition and subsequent discharge of cooling tower water treatment chemicals.

Sidestream treatment for solids control is an effective mechanism for controlling suspended
solids concentrations and the resultant microbiological fouling, and may eliminate many problems
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associated with scale deposits in open recirculating cooling water systems. This technology may be
used alone or in conjunction with other types of treatment, depending on the characteristics of the
makeup water and the desired operating conditions. Sidestream filters have been used for a number
of years for the removal of suspended solids in cooling water. A sidestream filter is a unit. which
continuously diverts a very small portion of the recirculating water, typically 1 to 10 percent; filters
it for particulate removal; and then retumns it to the system. Systems are available which
automatically back-wash for ease of operation. Commonly used media include sand, anthracite, and
combinations of both. A sidestream centrifuge represents a more recent technological development.
It operates in a similar manner, except that a centrifuge unit replaces the filter for solids removal.
While filtration'is capable of removing light-weight particles from the system water, centrifugal
separation removes denser particles. These two processes can be performed simultaneously with a
combined filtration/centrifuge device known as a “hurricane filter,” which has operated successfully
to eliminate clogged strainers and fouled condenser coils at a facility in Washington, D.C.
Sidestream filtration and centrifuge separation both represent economical methods to effectively

“reduce suspended solids to a minimum and to control deposits from foulants. Filter or centrifuge
flowrates can be calculated with a simple equation that takes into account existing and desired

- suspended solids concentrations, and water losses due to system blowdown and evaporation.

Sidestream solids removal techniques are often recommended in conjunction with additional
scale and corrosion treatment applications, as described above. For example, the KDF process
(Option 7) uses a filter for suspended solids removal to enhance the effectiveness of the metallic
media. Sidestream solids removal systems are also recommended for use in conjunction with
magnetic water conditioners, primarily for control of suspended solids and bacterial growth.

4.1.4 Summary of Options

Table 6 provides a summary of the 10 options for cooling tower water treatment discussed
above. Advantages and disadvantages related to each option are presented.

4.2 ANALYSIS OF FEASIBLE ALTERNATIVES

The treatment alternatives presented in this section have been selected for further analysis
based on their potential applications at the cooling towers operating at the NAS. The selections are
based on a combination of cost effectiveness, size limitations, reliability and ease of implementation,
and concerns over the amount and composition of wastes discharged to the environment through
cooling tower blowdown. Four of the options discussed above have been analyzed, including
{1) conventional chemical treatment, (2) DIAS-AID tower treatment XP-300, (3) KDF process

~ treatment, and (4) magnetic applications integrated with solids and biofouling control.
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4.2.1 Base Conditions

Due to the variable nature of activities concerning the NAS cooling towers and difficulty in
obtaining tower-specific operations data (i.e., chemical volume and cost data), a base condition or
set of conditions has been established to enable the analysis of pollution prevention alternatives.
The base condition consists of a hypothetical 100-ton cooling tower with 1,000 gallons of system
water which operates at 4 cycles of concentration with a 10°F temperature drop across the unit.
The tower operates at 100 percent capacity for 12 hours per day, 6 months per year. The pump
recirculation rate is 300 gpm. At these operating conditions, the tower will evapérate water at a
rate of 3 gpm; tower bleed is equal to 1 gpm. The total makeup water requirements for the tower
are 4 gpm, or 86,400 gallons per month. Base conditions for the analysis, including a description of
the cooling tower, the makeup water characteristics, maintenance, and cost assumptions, are
included in Table 7. Water and sewer costs presented in the table and used in the analysis
represent actual rates paid by Naval Base Norfolk to the City of Norfolk public water supply.

- Makeup water characteristics are based on information provided by contractors servicing some of
the NAS cooling towers, and from the City of Norfolk Public Water Supply, from the most recent
quarterly grab sample collected at the 37th Street location. :

Subsequent to this one-tower description is an extended base condition which assumes that’
all 28 cooling towers at the Norfolk NAS operate under similar conditions (e.g., 4 cycles of '
.concentration, 10°F temperature drop, 100 percent capacity for 12 hours per day, 6 months per
year). The various tower sizes, as listed in the Master Equipment List, Table 1, have been used to
calculate application rates and treatment_costs for the four treatment options analyzed in the
following sections.

Maintenance costs, including maintenance agreements with treatment specialists and costs
implemented by PWC maintenance staff, have not been included as part of the following economic
analysis. All four of the options analyzed would require a regular service contract to ensure that the
towers are receiving adequate water treatment and maintenance. A small degree of variability may
exist in the level of service required by the four different treatment options, for example, the DIAS
XP-300 treatment option and the magnetic applications option reportedly minimize system
maintenance demands, and the KDF system is said to require as little as half as many operating
labor hours as a chemical treatment system. However, since these differences are not quantifiable
and are expected to be only slight, they have not been considered as differentiating factors in the
analysis. : .

Similarly, portions of operating equipment were not included in the analysis because these
pieces of equipment are considered to be necessary for all of the cooling towers, regardless of the
method of treatment applied, and would not contribute differentially to any of the four treatment
options analyzed. The equipment included in this assumption consists of solenoid valves and
conductivity meters used to control tower bleed and blowdown operations.

4.2.2 Summary of Analytical Results

Table 8 includes summaries of annual operating costs and annualized equipment costs for
each of the four treatment options included in the analysis, both for treating a 100-ton tower and
for treating all 28 cooling towers at the Norfolk NAS. The results indicate that the DIAS water
treatment option is the least costly of the four treatment options primarily due to lower water usage
and lower equipment costs. Conventional chemical treatment is more costly than any of the other
three alternative treatment technologies primarily due to high water consumption and the use of
expensive chemicals. However, the variability among all four options is relatively small while the
variability among the three alternatives to conventional chemical treatment is smaller.
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TABLE 7. BASIC ASSUMPTIONS FOR COST ANALYSIS

Cooling Tower Assumptions® .

Tower Size (ton) : 100
Temperature Difference (°F) v . 10
Operating Capacity (%) v 100%
Operating Time {months/year) 6
Hours of Operation/day (hrs/day) o 12

Approximate System Water Volume (gallons) . 1,000

Makeup Water Chéracteristics"

Total Hardness (mg/L) 80
Calcium Hardness (mg/L) 46
pH ) 6.8
fron (mg/L) ‘ v 0.083
Chloride (mg/L) ‘ : : 17.5
TDS (mg/L) ' ' 200

Water Consumption Rates

GPH Evaporated = size of tower (ton) X 1.8

GPH Bleed = GPH Evaporated/(cycles of concentration - 1)
GPH Makeup = GPH Evaporated + GPH Bleed

Cost Assumptions

Cooling Tower Life Expectancy (years) - 20
Interest Rate (%) , ~ , 10%

Water and Sewer Cost ($/1,000 gallons) : . $3.40

Equipment Assumption

Cooling towers are assumed to have equipment in place for tower bleed (solenoid valves and
conductivity meters). Therefore, no capital recovery cost is attributed to the purchase of this
equipment. . . ‘ '

Maintenance Assumption ‘ ; ‘
Maintenance costs are assumed to be equal for all treatment options, therefore, these costs
are not included in this analysis. Maintenance costs may, however, be somewhat lower for
the DIAS and Magnetic systems because of the reportedly lower maintenance demands of
these systems. :

* Cooling tower assumptions used to generate the costs for all NAS towers are the same
as those used for the 100-ton tower. ‘

Water characteristics based on information provided by water treatment specialists and
the City of Norfolk public water supply (37th Street WTP). Prices are based on current
combined water and sewer costs at Naval Base Norfolk.
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It should be noted that although the DIAS chemical treatment option represents the most
economically attractive treatment option, chemical wastes generated by the system are ultimately
discharged with tower blowdown. Chemical wastes are generally avoided with the KDF and the
Magnetic systems; however, as discussed in Section 4.1 .3, additional biocides may be necessary
with the KDF system to control biological fouling. Biocide costs have not been considered in the
analysis of the KDF treatment system because of their sporadic use.

The annualized costs presented in Tables 8 through 12 have been estimated based on a
number of qualifying assumptions, as outlined in Table 7 and Section 4.2.1. Additional variability
has been introduced between the four options presented due to the inconsistencies in the types of
costs associated with each treatment technology. While the costs for chemical treatment options,
including conventional chemical application and DIAS-AID Tower Treatment XP-300, consist largely
of the annual costs incurred through chemical purchases, the costs associated with the KDF system
-and the magnetic application technologies consist largely of one-time capital expenditures with
minimal annual operating costs. Capital expenditures have been annualized for the purposes of the
current analysis, assuming an appropriate life expectancy for the various pieces of equipment. Since
the entire analysis is based on a typical cooling tower life expectancy of 20 years, the life
expectancy for all associated equipment is also limited to a maximum of 20 years. Salvage value
has not been considered in this analysis. )

As a result, options which rely heavily on one-time capital expenditures are closely affected by
. the assumed equipment lifetime expectancy and may appear more expensive as the cooling tower
lifetime expectancy shortens. As a case in point, the magnetic pipe protectors discussed in Section
4.2.6 are guaranteed for the lifetime of the cooling tower. Operating a cooling tower beyond it's
typical 20 years, as is often practiced, would extend the capital costs for the magnetic units over a
greater number of years and thereby reduce the annualized costs accordingly. -

Costs and assumptions associated with each of the four treatment options included in the
analysis are described in the following sections.

4.2.3 Conventional ‘Chemical Treatment

The annualized application rates and costs associated with conventional chemical treatment
are summarized in Table 8. Chemical application rates and costs are based on the method of
treatment currently applied to the cooling towers at buildings SP367, SP254, and SP256. The
application rates are primarily based on system size, or tonnage, and thus the estimates for all 28
NAS cooling towers have been obtained by scaling up according to the combined tonnage
represented by all of the towers.

Equipment costs are not directly proportional to the number of units being treated. While
automated metering eduipment, including chemical feed pumps, a 7-day clock, and a controlier, is
standard for the administration of chemicals to the 100-ton tower, chemicals are administered by a
simple drip feeder unit to towers which are smaller than 75-ton capacity. As shown in Table 1, 19
of the 28 NAS cooling towers are 60 tons or less. .
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TABLE 9. CONVENTIONAL CHEMICAL TREATMENT ANNUAL COSTS

100-ton Tower

All NAS Towers

Water Consumption

Cycles of Concentration 4 4
GPH Evaporated 180 3,886
GPH Bleed 60 1,289
GPH Makeup 240 5,154
Gallons/yr Consumed 525,600 11,287,260
Annual Water Cost 81,787 - $38,377
Chemical Uso®

Biocide Use (quart/100 ton/week) 0.5 0.5
Annual Biocide Consumption (gaf) - 3.3 70
Biocide Unit Cost ($/gal) $15.00 $15.00
Annual Biocide Cost ($) $49 $1,047
Scale/Corrosion Inhibitor Use (quart/100 ton/day) 1 1
Annual Scale/Corrosion Inhibitor Consumption (gatl) 46 . 880
Scale/Corrosion inhibitor Unit Cost {$/gal) $11.00 ‘ $11.00
Annual Scale/Corrosion Inhibitor Cost ($) $502 $10,780
Dispersant Use {(gal/100 ton/yr) 30 30
Annual Dispersant Consumption (gal) 30 644
Dispersant Unit Cost (gal) $13.50 $13.50
Annual Dispersant Cost 3405 48,699
Equigmem )

Chemical Feed Pump Unit Cost** 4320 $320
Chemical Feed Pump Quantity ) 2 18
Life Expectancy of Chemical Feed Pump {years) 10 10
Net Present Value - Chemical Feed Pump $887 $7.881
Drip Feeder Unit Cost® ** N/A $25
Drip Feedgr Quantity N/A 38
Life Expectancy of Drip Feeder (ysars) N/A . 10
Net Present Value - Drip Feeder N/A . 81,316
7-day Clock Unit Cost 3125 $125
7-day Clock Quantity 1 9
Life Expectancy of 7-day Clock (years) .10 10
Net Present Value - 7-day Clock $173 $1,659.
Controller Unit Cost $525 $525
Controller Quantity 1 -9
Life Expectancy of Controller {years) 10 10
Net Present Value - Controller $727 . $6,547
Total Annualized Equipment Cost $210 $2,044
Annual Conventional Chemical Treatmsnt Cost $2,953 $60,948

*Based on chemicals used to treat coofing towers associated with buildings SP367, SP254, and SP256.
. * *Chemical feed pumps are assumed to be used on cooling tower units equal to or larger than 75 tons.

* * *Drip feeders are assumed to be used on cooling tower units smaller than 75 tons.
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The total annual costs of conventional chemical treatment for the 100-ton tower and for all 28
NAS cooling towers are $2,953 and $60,954, respectively. In addition to costs, the total annual
consumption of biocide, scale and corrosion inhibitor, and dispersant is included. in Table 9.
Consumption rates for the three types of treatment chemicals when applied to all 28 NAS éoming
towers total 70, 140, and 644 galions per year, respectively. As described above, this treatrnent -
option would result in the discharge of these total amounts of chemicals to the environment through
the cooling tower blowdown. .

4.2.4 DIAS-Aid Tower Treatment XP-300

The annualized application rates and costs associated with DIAS-AID Tower Treatment XP-
300 are summarized in Table 10. Application rates are based on recommended dosage rates
provided by representatives of DIAS, Incorporated. The general application rate recommended for
makeup waters up to 300 ppm hardness is 2 gallons per 100 tons per month; however, based on
conditions of the Norfolk NAS makeup water, specifically 80 ppm hardness, the recommended site-
specific application rate was actually 0.5 gallons per 100 ton per month. A conservative estimate of
1 gallon per 100 ton cooling tower capacity per month was chosen for use in this analysis. The
one-time application of an additional 2 gallons of DIAS-AID XP-300 is recommended for each tower
at start-up.

The total chemical consumption rate for DIAS. XP-300 treatment of all 28 NAS cooling towers
is 185 gallons per year at an annual cost of $14,606. This represents a substantial savings over the
consumption rates and costs associated with conventional chemical treatment, which total
approximately 854 gallons per year at an annual cost of $20,526. Additional savings are realized in
- water costs. Since the DIAS treatment technology operates with little or no bleed, reductions are
achieved in the addition of makeup water. For the purposes of this analysis, makeup water
requirements have been estimated to account for tower evaporative losses only. The actual water
consumption rates may increase slightly with an increased tower bleed, although representatives of
DIAS, Inc., support the assumption that a zero tower bleed can be achieved with XP-300 treatment.
It should be noted, in addition, that the installation of a separate metering system which would
enable separate billing for water and sewer rates at the NAS cooling towers would resuit in further
savings, since sewer charges would be eliminated from the makeup water costs. Norfolk city water
supply prices are currently $1.34/1000 gallons, while the combined water and sewer price is
$3.40/1000 gallons. »

DIAS-AID Tower Treatment XP-300 represents an attractive option for cooling tower water -
treatment. The technology is economically attractive when compared to conventional chemical
treatment, and represents a substantial reduction in the amount of wastes discharged to the
environment through cooling tower blowdown. However, although wastes are reduced, this option
does generate wastes which are supposedly safe for discharge to the sanitary sewer but whose
composition is uncertain because of the proprietary mixture involved. The MSDS for DIAS-AID
Tower Treatment XP-300 is included as Appendix F.

4-28




TABLE 10. DIAS-AID TOWER TREATMENT XP-3OO ANNUAL COSTS

100-ton Tower All NAS Towers

Water Consumption .

Cycles of Concentration® N/A ‘ N/A

GPH Evaporated _ . 180 3,866

GPH Bleed Negligible— All DIAS users contacted stated that

they operate with zero or minimal bleed off.

" GPH Makeup 180 3,866
Gallons/yr Consumed 394,200 8,465,445

Annual Water Cost - $1,340 $28,783

Chemical Use

DIAS Use 2 gal at start-up + 1 gal/100 ton/month**
Annual DIAS Consumption (gal) .- : 8 i 185
DIAS Unit Cost ($/gal) o $79.00 $79.00
Annual DIAS Cost ' g $632 ~ $14,606
Equipment .
Pump Dispenser Unit Cost‘ : - $61 . $61
Pump Dispenser Quantity ‘ ' 1 ' 28
Life Expectancy of Pump Dispenser*** 20 - .20
" (years)
Total Annualized Equipment Cost %7 $201
Annual DIAS Chemical Treatment Cost ‘ $1,979 $43,589
* Cycles of concentration do not apply to the DlAS-Aid system due to zerb bleed.
**  The recommended usage rate for hardness levels up to 300 ppm is 2 gallons/100

-ton/month; however, for the relatively soft water (hardness-80 ppm) used at NAS, the
recommended usage rate is 1/2 gallon/100 ton/month. Therefore,
1 gallon/100 ton/month is a conservative estimate. . .
i Pump life expectancy is based on proper pump use (i.e., for DIAS chemicals only}. The
use of other materials in this pump may significantly reduce its expected lifetime.
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4.2.5 KDF Process

Annual treatment costs for the KDF process are summarized in Table 11. Since this treatment
technology does not typically include the addition of chemicals, costs consist of annual water
consumption and annualized equipment costs for the KDF media and associated equipment. Costs
include the KDF unit and associated KDF media cartridges. Replacement cartridges cost $188 each
for ten units and $125 each for a purchase of 26 or more. A prefilter unit for solids removal is
included in the associated equipment costs presented, although replacement filter cartridges have
not been included in the analysis because the frequency of replacement depends on the site-specific
conditions experienced. Installation costs have been estimated to be zero or minimal since NAS on-
_site personnel should be able to install the new equipment. The equipment costs for the KDF
system are based on system volume, in gallons of water. Estimated system volumes for the larger
NAS cooling towers were obtained from Naval Base personnel and are presented in Table 1. System
volumes for the smaller systems were unavailable. The make and model numbers of
representatively sized units were used by KDF personnel to estimate associated system volumes to
determine appropriate equipment requirements. Since essentially all of the system volumes are
estimated and the cost of replacement filters for solids removal has not been included, the actual
sizing of the KDF systems and their associated Costs contain some degree of error.

The total chemical consumption rate for DIAS XP-300 treatment of all 28 NAS cooling towers
is 185 gallons per year at an annual cost of $1 4,606. This represents a substantial savings over the
consumption rates and costs associated with conventional chemical treatment, which total
approximately 854 gallons per year at an annual cost of $20,526. Additional savings are realized in
water costs. Since the DIAS treatment technology operates with little or no bleed, reductions are
achieved in the addition of makeup water. For the purposes of this analysis, makeup water
requirements have been estimated to account for tower evaporative losses only. The actual water
consumption rates may increase slightly with an increased tower bleed, although representatives of
DIAS, Inc., support the assumption that a zero tower bleed can be achieved with XP-300 treatment.

The KDF system may reduce the consumption of makeup water and associated costs.
Although the cycles of concentration for operating a system treated with KDF media may be
increased over a system treated with conventional chemicals, the actual ability of KDF treatment to
achieve an increase in cycles of concentration. remains unclear. However, based on the site-specific
conditions of the Norfolk NAS cooling tower makeup water, the towers are expected to operate at 5
cycles of concentration when the KDF treatment system is applied. This represents a 25 percent
increase in cycles of concentration over the operating cycles estimated for conventional chemical
treatment. :

‘Annualized costs for the KDF treatment system are $2,430 for the 100-ton tower and
$47,750 for treatment of all 28 NAS cooling towers. As described above, the costs are based on
estimated system volumes and do not include the costs for replacement fiiters used for solids
removal; therefore, there is some degree of errof associated with these costs. The KDF equipment:
vendor indicated that the capital equipment cost for all 28 NAS towers may represent an
overestimate because some of the smaller cooling tower units may not require full-sized KDF
equipment. i : .
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TABLE 11. KDF TREATMENT ANNUAL COSTS

- ‘ 100-ton Tower -__All NAS Towers

Water Consumption A
Cycles of Concentration 5 5
GPH Evaporated ' 180 3,866
GPH Bleed - . 45 966
GPH Makeup - 225 ' 4,832
Gallons/yr Consumed - | . _ 492,750 10,581,806
Annual Water Cost ' $1,675 $35,978
Chemical Use
None | : N/IA .. N/A
Equipment* 7

'KDF Equipment Capital Cost** ' u $2,759 ~$43,062
Life Expectancy of KDF Equipment (years} 10 ‘ 10
Net Present Value-KDF Equipment ‘ $3,823 $59,665
KDF Media Cartridge Unit Cost , 8125 ' $125
Quantity of KDF Media Cartridges 2 | 30
Life Expectancy of KDF Media 9 9
Cartridge*** (months) ' ,
Net Present Value-KDF Media Cartridge o $2,599 $38,982
installation Cost : ' ~ $0 . %0
Total Annualized Equipment Cost $754 ‘ $11,587
Annusl KDF Treatment Cost - - $2,430 . $47,565

Equipment costs are based on system volume (galions) as quoted by equipment vendor.
re The capital equipment cost for all NAS towers may be an overestimate because some of the smaller units at
the NAS may not require full size KDF equipment.
hlid KDF media cartridge life expectancy varies with the makeup water characteristics. The best/worst case

scenario is a 12/6 month life; therefore, a 9 month life was chosen for this analysis.
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The annualized costs for the KDF treatment System represent a 15 to 20 percent savings over
the cost of conventional chemical treatment, and a 10 to 20 percent increase above the cost of
applying DIAS-AID Tower Treatment XP-300. However, unlike the DIAS-AID chemical application,
the KDF system uses no chemicals and thus produces no wastestream, other than spent metallic
alloy which can be sold as metal scrap for recycling. Based on operating experience discussed in
Section 4.1.3, biological fouling can be a problem with systems using the KDF treatment
technology. As a result, additional biocide may be needed on an occasional basis to control fouling.
The associated costs of biocide treatment, along with the additional wastestreams produced, cannot
be quantified since the use of biocide would be variable and unpredictable. However, the potential
use of additional biocide can be qualitatively considered to make this treatment alternative less
attractive, both economically and for poliution prevention. ' '

4.2.6 Magnetic Applications Integrated with Solids and Biofouling Control

Equipment requirements and annualized costs for equipment, water consumption, and
chemical use associated with the proposed magnetic applications technoiogy are presented in Tabile
12. Equipment costs include magnetic pipe protectors, sidestream centrifuge separators for solids
removal, an optional bromine dispenser for control of biological fouling, and a one-time installation
fee. Equipment requirements are based primarily on tower size, although for the smaller units a
direct correlation cannot be made since a minimum number of units is required to service each unit.
A discount has been applied to the installation fee when considering the application of all 28 NAS
. cooling towers. Additional savings in installation costs could be realized by contracting PWC
maintenance personnel to perform the installation activities. Installation costs for all 28 NAS cooling
towers total $11,620, which represent 8O percent of the total annualized equipment costs.

Consumption of makeup water is based on the reported ability of the magnetic treatment
application system to increase the operating cycles of concentration by 25 to 50 percent. For the
burposes of this analysis, a conservative estimate of 25 percent has been éssumed, which reduces
the makeup water requirements and associated costs relative to those associated with conventional
chemical treatment. ‘

Bromine application at low concentrations (0.25 to 0.5 ppm) by means of a bromine float has
been suggested as an optional method for control of biological fouling, although this is not
considered standard equipment and is usually applied only in situations which are particularly
Susceptible to fouling problems. This option was included here to provide an all-encompassing
. treatment technology, and to remain conservative in suggesting alteratives to chemical treatment.
Annual costs for the bromine float have been estimated based on tower size and required dosage
rates, and do not consider limitations due to minimum requirements for shipment volumes. If it is
determined that the additional protection is unnecessary, elimination of the bromine float and
associated equipment would slightly reduce the annualized costs.

The total annualized costs for the proposed magnetic treatment technology option are $2,286
for the 100-ton unit, and $51,609 for treating all 28 NAS towers. As described in Section 4.2.2,
the annualized costs for the magnetic treatment unit may be slightly inflated by assuming a 20 year
lifetime expectancy for the cooling tower; since the magnetic units are guaranteed for the lifetime of
the cooling tower, extending the lifetime beyond 20 years would reduce the estimated annualized
Costs accordingly. These costs may be additionally inflated by including the full installation costs,

“which may not be applicable in this case since PWC personnel may be available for equipment

installation. ’ ‘ ’
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TABLE 12. MAGNETIC TREATMENT ANNUAL cosTs

100-ton Tower

Water Consumption

All NAS Towers

Cycles of Concentration 5 5(25% > than normal)
GPH Evaporated 180 ‘ : 3,866
GPH Bieed 45 966
GPH Makeup 225 4,832
Gallons/yr Consumed - 492,750 10,581,806
Annual Water Cost 81,675 .$35,978
- Chemical Uu
Annual Bromine Float Consumption* 10 156 1b
Bromine Fleet Annual Cost $85 , $1,184
Equipment
Pipe Protector Unit Cost (Supply & Return Line) $975 $975
Pipe Protector Quantity (Supply & Return Line) 3 84
Life Expectancy of Pipe Protsctor (ysars) 20 ' 20
Pipe Protector Unit Cost {(Makeup Line) $375 $375
F’ipe.Protector Quantity {(Makeup Line) 1 ‘ 28
Life Expectancy of Pipe Protector {years) ) 20 20
Centrifuge Separator Unit Cost $295 o $295
Centrifuge Separator Quantity 1 . 28
Life Expectancy of Centrifugal Separator (years) 5 5
Net Present Value—Centrifuge Ssparator : .$6'63 $18,551
Bromine Dispenser Unit Cost $15 . $15
Bromine Dispenser Quantity 1 ' 28
Life Expectancy of Bromine Dispenser {years) 20 20
Installation Cost - . $500 . $11,820
Total Annualized Equipment Cost $526 $14,446
Annual Magnetic Treatment Cost $2:286 $51,608

*Bromine float may or may not be necessary for control of biological fouling.
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The annualized costs for treatment by magnetic applications technology are largely
comparable to the KDF treatment system. Costs for treating the 100-ton tower are slightly lower
for the magnetic systems, while the KDF system is more economical when treating all 28 NAS
cooling towers. This variability is due largely to volume discounts applied to the KDF system
equipment prices. Due to the estimating techniques used to develop costs for each of the
technologies, ‘and the questionable nature of installation costs and additional biocide requirements,
the difference in costs between the magnetic system and the KDF technology is negligible. - The
magnetic system costs are 20 to 30 percent lower than the costs for conventional chemical
treatment and 15 to 18 percent higher than the costs associated with the DIAS-AID chemical
treatment program. ‘

As with the KDF system, the magnetic treatment application represents a slightly more
expensive treatment option than the DIAS chemical option but may be more attractive for poliution
prevention because of the reduction in wastes generated by this process. The proposed treatment
sy‘s;tem,‘including the bromine float, would discharge approximately 10 pounds per year of bromine
into the 100-ton cooling tower water, or 150 pounds per year into all 28 NAS cooling towers.
These bromine wastes may potentially be eliminated depending on site-specific conditions
experienced at the Naval Base Norfolk. :

4.3 RECOMMENDATIONS FOR FURTHER RESEARCH

Based on the research performed as part of this PPOA, and based on the results of the
analysis presented above, further investigation is recommended. The treatment technologies
described in Section 4.2 all represent potential alternatives to conventional chemical treatment. All
three options, including the DIAS-AID Tower Treatment XP-300, the KDF process, and the magnetic
treatment application combined with integrated technologies, are attractive economically as well as -
for pollution prevention. Recommendations for further research include site visits to facilities which

. employ each of these three types of treatment technologies in order to gather operating data and to
observe the systems in operation. Additional information gained through site visits would be used
to select an appropriate technology option to be used in a demonstration project designed to
evaluate the potential for effectively treating the NAS cooling tower water systems.

4-34




SECTION 5
REFERENCES .

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. "Corrosion and
water treatment,” Handbook of Systems. Vol. 36, No. 12.1973.

Echols, Joseph and Sherman T. Mayne. "Cooling tower management using ozone instead of
multichemicals,” ASHRAE Journal. 34-38. June 1990. ‘

Encyclobedia of Chemical Technology. Water (Industrial Treatment). Vol. 24:377-384. 1984.

Environmental Protection Agency (EPA). “'Prohibition of Hexavalent Chromium Chemicals in Comfort
Cooling Towers; Final Rule.” Federal Register, Vol. 40, No. 749. January 3, 1990.

Gurney, J.D., and L.A. Cotter. Coo/ihg Towers. Maclaren & Sons, LTD. London. 1966.
Hey, G.W., and W.R. Hollingshad. Corrosion Control in Cooling Tower Systemsf Inhibition Theory
and Practical Applications. NT-87-09-1. 1987.

Meitz, Amanda K. "Cooling toWer water treatment in ;che 1990s," ASHRAE Journal. 28-32. June
1990. ‘ , ,

Richardson, Denise S. "Cooling-water System Biofouling," Chemical Engineering. Vol. 89 (25):103-
104. December 13, 1982, o :

Spear, K.F., and J.V. Matson. "Enhance Cooling-Water Reuse with Sidestream Softening," Power.
Vol. 128 {12):35-40. 1984. .

Stenger, Larry and Thomas Dobbs. Reduction snd/or Elimination of Cooling Tower Treatment
Chemicals. Proceedings of the Watertech Expo '93 conducted by Industrial Water Treatment
.Magazine, 56-68. 1993.

Strittmatter, R.J.; B. Yang, and D.A. Johnson. "Comprehensive Investigation on the Application of
Ozone in Cooling Water Systems; Correlation of Bench-Top, Pilot Scale and Field Application Data," .
Ozone: Science and Engineering. Vol. 15 (1):47-80. 1993. :

Tvedt, T.J., Jr., and D.A. Wilson. Effect of Chlorination on Phosphonates used for Scale Inhibition
in Cooling Water. Proceedings of the Corrosion 85 Technical Symposia. Boston, MA. March 25-
29, 1985, S : ‘ :

5-1




SECTION 6
" BIBLIOGRAPHY

Cheremisinoff, Nicholas P., and Paul N. Cheremisinoff. Cooling Towers, Selection, Design and
Practice. Ann Arbor Science Publishers, Inc. Ann Arbor, Michigan. 1981.

Encyclopedia of Chemical Technology. Dispersants. Vol. 7:842-846. 1979.
Encyclopedia of Chemical Technoldgy. Corrosion and Corrosion Inhibitors. Vol. 7:1 35-138. 1979.

National Association of Corrosion Engineers. Cooling Water Treatment Manual, 1971.




APPENDIX A

PPOA WORKSHEETS




Frm__ Nava! Bass Norfolk Poltution Prevention Preparsd 8y___Bowman
- Asssssment Wortsheets

siw_ N Virginia Checkad By__DeWaters

Dete_yune 19 Proj. No._01645-0111-00008 | Shoet 1 of 1 _Page__of
woémm ASBESSMENT OVERVIEW

—d

Estabdlish the Pollution Praventon Progesm
. Exowtgo Level Decrcion

Pokcy Statement

Consensus

- Name Task Force

Organaze Program
State Goals

V.

-
|

Compiste Preii YA

Conact Data
s
Estabksh Prontes

1

Write Plan
mrwﬁm
Otwecaves

mpqmoa
Stacies
Deveiop Scheaule

Y

+  Name Assessmaent Teamnis)
«  Review Data and Sita(s)

c Ontailed A

Orgar

and Dx 4 N

Comptete Fessibility Anaiyses
Techmucal
- Enwronmentat
Econorme

Y

Write Assessment Repornt —I

Y

implamant the Plan
Sealect Projects
Ottam Funang -~
Insta®

Y

Measure Progress
~  Acqurg Data N
- Anatyze Results

¥

I

Maintain Pollution Prevention Progeam I




Firm__Nava! Base Norfolk Poltution Prevention | Prepared 8y_ Bowman___
Assessment Workshoets
sie_Norfolk, Virginia Checked 8y___DeWaters
Data_June 20-22.1994 | proj. No. 01645-0111-00008 | Sheet 1 of 1_ Page_ of
2 ‘
Fmm: U.S. Navy

Plant: Naval Base Norfolk

Departmant: Naval Alr Station

Ars:

Stroet Address:

Chy:

Stata/Zip Code: Norfolk, VA

Telephone: (205) 639-6451

Major Prodiucts:

8iC Codes:

EPA Generator Number:

ajor Unit:
mum

Operstions: Management, support, and maintenance of facilities. equipment, and personnel

employed in U.S. Naval operations

Faciiities/Equipment Age: Variable

A-3




Fiem_ Norfolk Bage Norfolk Poilution Prevention Prepared By__ Bowman
. Aszssssment Wockisheets
Site_Norfofk, Virginia - Checked By__ DeWaters
Dets_June 20-22.1994 ____ | proj. No. _10645-0111-00008 | Sheet_1 of 2 Pege__of __
Procses UnitOperstion: CHEMICALLY TREATED COOLING TOWERS (SP367, SP254, SP256. V83, siP29,
V18, SP4S, SPP)
Operstioa Type: Dc«mm X Discrets
00 Bateh or Ssmi-Baten O other
' Status
Document Compiete?] Current?| Last | Usad in this | Document ,
. {YMN) (Y/N) | Revision | Report (YN)| Number | Locstion
Proeouﬂowbhgm Y Y Y
Mmm!y
Design Y Y Y
Opersting A Y Y
FlowAmount Measurements
Stresm water flow N
Anatyses/Assays
Strean water quatity .Y Y Y
Process Description A4 Y Y
Operating Manusis N :
Equipment List Y Y Y
Eauigment Specificstions Y Y Y
| Piping and Instrument Diagrams N
Piot and Evatuation Plan(s) N
wmmosw N
Hazardous Waste Manests N
Emission inventories N
Annusi/Slennisi Reports N
Environmental Audit Reports N
PermitPermik Appiicstions Y Y Y
Batch Sheet(s) N
mm&aﬂomohgmm N
Product Composition Shests M
Materisl Satety Data Sheets v Y Y
Inventory Records Y Y Y
Oparator Loge N .
Production Schedules Y Y Y
) A4




_Norfolk Base Norfolk —_—
Fium No Muﬂon’rm Prepared By___Bowman
sus_Norfolk Virginia ‘ Chacked By__ DeWaters
Dats_June 20-22.1904 ___ | proj. No. 10645-0111-00008 | Sheet.2 of 2 Page__of __
wax;m'r PROCESS INFORMATION
Process UnitOperation: UNTREATED COOLING TOWERS (LP13, LP2. LP3, LP4, $33. SP238, SP64, T26.
- U438, va2)
Operstion Type: [ centinuous X Discrew
D Bateh or Somi-Bateh O other
- Status
Oocument . Compiets?| Current?| Lest | Used in this | Document
‘ {YMN) (YMN) Revizion | Report (YAN)| Number | Location

Procass Fiow Disgram k Y Y

MeterislEnergy Balsnce

Design ' Y Y Y

Operating Y Y Y

Fiow/Amount Moasurements

Stream M

Anslysas/Assays

Stresm N

Process Description Y Y Y

Operating Manusis N

Equipment List Y Y Y

Equipment Specifications Y Y Y
mmmowm ]

Piot and Evsiuation Plan(s) L

Work Flow Disg N

Hazardous Wasts Manifests N
{Emission inventories N

AnnusiBlennisl Reports N

Environmentsl Audit Reports N

PermitPermit Applications Y - Y Y

Batch Sheel(s) N

Materials D N

Product Composition Shests N

Msterial Safety Dats Sheets N

inventory Records N

Operator Logs N

Production Schedules Y Y Y




Poliution Prevention Prepared By__ Bowman
Asscasment Worksheets
stte_Norfolk, Virginig Checked By eWaters
Dete_June 20-22, 1994 _____ | Proj. No. 01645-0111-00008 | Sheet 1 of_1_ Page__of __
4 SIZE SECTION 3, TARLE 2
Description
Attributs Stream No.__ Straam No. Straam No,
Namna1D ]
Source/Suppiler
Comporent/Attridvte of Concemn
Annual Censumption Rate
Overall

Component(s) of Concern

Purchase Prics, $ per

Overall Annusi Coat

Delivery Mods'

Shipping Container Size & type® .

Storage Mode’

Transter Mode*

Empty Contsiner Disposal Managament®

Shelt Lite

Supplier Would

- accept expired material? (Y/N)

- sccept shipping containers: (Y/N)

| - revise expirstion data? (YN)

Acceptable Substitute(s), ¥ sny

Altsrnste Supplier(s)

Notes:  1.2.g., pipeline, tank car, 100 bb! tank truck, truck, etc.

2. 0.9., 55 gal crum 100 1 paper bag, tank, ete.

3. 0.g., outdoor, wershouse,

undsrground,
A. e.g., pump, foridift, pneumatic transport, conveyor, ele,

*. 8.5, crush and tandfill, clean end recycle, return to supplier, ete.
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Firm 'Naval 188 rolk
sia_Norfolk, Virginia

Date ne 1

Polkstion Pravention
© . Assessmant Worksheets

Proj. No. 01645-0111-00008

Prepared By__Bowman
Checksd By eWaters

Sheet_1_of_1_ Page__ of

-« WORKSHEET

PRODUCT SUMMARY

NO PRODUCTS FROM OPERATION

$Stiream No.

Stream No. __ _

NameD

ComponentAttridute of Concem

Annus! Consumption Reate

Oversll

Component(s) of Concermn

Annusl Revenues, $

Shipping Mode

Shipping Container Size & type

Onaits Storsge Mode

Containers Returnsbdle (YN)

Shelt Life

_{Rework Possible (YN)

Customer Would

- reiax specification (Y/N)

- gccopt larger contsiners (Y/N)




"

| Frm__Naval Base Norfolk Poltution Frevention Prepsred By__Bowman
she_ Norfotk, Virginig Checked By DeWatars
Dste_June 20-22, 1694 | proj. No. 01642-0111-00008 [ Sheet_1 of 3 Page__of _
. . WORKSHEET WASTE STREAM SUMMARY
6 CHEMICALLY TREATED COOLING TOWERS
Dascription
Attributs StresmNo___ |StresmMo.__| StreamNo__ |
Wasts tD/Name: Bised water Bieed water Bleed water
. Source/Origin Chemical addition | Chemical addition| Chem:cal adguion
§ Component or Proparty of Concemn See Tadle 2 See Table 2 See Table 2
| Annusl Generation Rste (units galions ) 342 ' 607.6 1444
; , | Overs . Unknown Unicnown Unknown
P Component(s) of Concem Boeado Scale/Corrosion | DispersanvAnutoulan:
. |Cest of Disposal ina
| Unit Cost S per:) NA
; Overall (per yesr)
; . |Method of iRansgement’ POTW/NPDES POTWNPDES |POTWNPDES
: discharges discharges discharges
' Containers Raeturnable (Y/N) N N N
: RAasistive] Rating Rsting Rating
Priority Rating Criteris® we (W) R RxW (R) RxwW (R) RxW
Reguistory Compliancs
Trestment/Disposal Cost
[ Potential Lisbitity
, Waste Quaniity Generatad
L Weaste Hazard
; Safety Hazerd
: Minimization Potential
Petential to Remove Bottieneck
Potential By-product Recovery
3um of Priority Rating Scores L{RxW) L(Rxw) Z(Rxw)
Pricrity Rank ‘
Notes: 1 For example, sanitary landfill, hazardous wests landfill, on-sHa recycle, incinerstion,
combustion with hest recovary, distilistion, dewstering, elc.
2 Rste eech stream in sach cstagory on a scaie from 0 (none) to 10 (high).
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Fiem__Ngval Base Norfolkc m";m Prepared By Bowman
she_Norfolk, Virginia ‘ Checked By DaWaters
Deta_June 20-22. 1994 ___ | proj. Mo. 01642-0111-00008 | Sheet_2 of 3 Page__of _ |-
. WORKSHEET WASTE STREAM SUMMARY
6 CHEMICALLY TREATED COOLING TOWERS
‘ . Description
Atribute StresmNo.___ |StresmNo.__ [ Streammo___
Waste I¥Name: Bleed water
Compongnt or Property of Concsm See Table 2
Annual Generstion Rate (units_gsiions ) 28.1
| Overs Unknown
Component(s) of Concem Nonzcid descaier
Cest of Disposal
Unit Cost (S per:__)
Overall (per year)
! N
wuumw . POTW/NPDES
Containsrs Retumable (Y/M) N : |
' " | Reistive} Rating Rating | Rating | )
Pricrity Rating Criteris® fwewml ® [Rxw| ® | Rxw ® |[Raw
Reguistory Complisnce
Trestment/Disposal Cost -
Potentiel Lisbility '
Waste Quantity Genersted |
Wasts Hazsrd
Safety Hazard
- Minimizstion Potentiai
Potential to Remove Bottteneck
Sum of Pricrity Rating Scores Z(Rxw) Z(RxwW) L({RxwW)
Priority Renk
Motss: § MWWMWMMMWMm
combdustion with haat recovery; distilistion, .
tmmmnmmm-mmummwwy




Fim__ Naval Base Norfolk mw Prepared By_ Bowman
Sie__Norfolk, Virginia - Checkad By Waters
Oaste_June 20-22,1994 | proj. No. 01642-0111-00008 | Sheet_3 of 3 Page__ of _
WORKSHEET VASTE STREAM SULMARY
6 UNTREATED COOULING TOWERS
Description
Asribuie Muo.;__&__ Stream No._____ smmm==_
Wasts ID/Name: Bieed water
Seurce/Origin Chamical adgition
Component or Property of Concomn Ses Tedie 2
Annual Genarstion Rate (units )
| Overalt ) Unknown
Cemponent(s) of Concem v Biccides . ‘ .
Cost of Disposal NA
wcea(Sponé
| Overall (per yoar)
Method of Management' POTW/NPDES
cischarge .
Contsiners Returnsble (Y/N) N
Reiztive] Reting ‘ Rating Rating
Priority Rating Criteria® We. (W) m RxW m) RxwW R) RxwW
Rogulstory Compliance :
Treatment/Disposs! Cost
Potantiel Liability
Waste Quantity Generated
Waste Hazard
Satety Hazard
Minimization Potential
Potential to Remove Bottiensek
Sum of Priority Rating Scores IRxw) Z(RxW) Z(RxwW)
. | Priority Renk
Notes: 1.mwmmmmmmmmm
combustion with hest recovery, distiltation, dowetoring, ete.
zMMMhMMM-mMO(m)b1O(NQaL
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Fim__Naval Base Norfolk Poliution Prevention Prapared By___ Bowman
, o Assssament Worksheets . § ‘
| she__Norfolk, Virginia Checked By DeWaters
Dete_Jume 20-22.1994 | prof. No. 01645-0111-00008 | Sheet_1_of_1_ Page__of

| Mesting format (0.g., brainstorming, nominal group technique)  Brainstorming

Meeting Coordinstor Jan DeWaters

Meeting Participants Dan Bowman. Jan DeWaters, Sam Heaney. Scott Snow

List Suggeuba Options Rationala/Remarks on Option

SEE ATTACHED
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IL

NAVAL BASE NORFOLK
NORFOLKX, VIRGINIA
PPOA BRAINSTORMING SESSION
COOLING TOWER OPERATIONS
6/20/%4 TO 8/22/94

dPPORTUNﬂ'IES TO REDUCE WASTE GENERATION
INPUT MATERIALS

mﬂymmammwuanwﬂbrmdmumdbeswmduu
materials

msﬂqmmdmmammmMeﬁahMmmnwly

Reduce coraunptbn rates whare faasble

Emmuﬁmmmmsedhwhmmadowmmmnumquired
bafore shelf lives expire : -

.

WASTE MANAGEMENT

Reduce waste watérvolum from cooling towers where possible
Ensure wastewater enters appropriate disposal system (Le. sanitary sewer system, not
NPDES stormwater system)- a contracior for the base may perform this tasiymthe near

tl::cycle l_‘:,f'n:! reuse ma:aﬁals whom possiia (e.g., containers for chemicals used in
atme

AWARENESS

Communicate environmental if;lomﬁon and objectives to employees

Periodic "ttiendry' inspections of areas 1o assess environmental status

Ensure enployees understand environmental impacts of all processes and materials
wemymmbﬁucmwwmmmmHomm

INVESTIGATION BY PROCESS

CURRENT COOLING TOWER OPERATIONS

Reduce water rates by lbowering bleed levels and e g scale corrosion,
Soduca disd\aroe by lowering mploying v

A-12




Redmdnnicdmaqanmtomwmm.mmmemicalusa

| against wastewster ge
 Ensure all drainage of wastewator enters appropriate discharge system (Le., sanitary

sower sysiem, not NPDES stormwrater system)- a contractor for the base may perform
this task in the near future

B.  ALTERNATIVE COOLING TOWER OPERATIONS

identlly akernative mathods for cooling tower operations. The methods identified were
2s follows: . , _

(1) No treatment
(2) Continuous bised-off or biow down
(3) mmwmm

'(4) DIAS-Ald Tower Treatment XP-300

(5

(6) %ﬂewmmmmcmmemes
process \

(8) tic ‘

4 e P vesmon

(10) Sidestreaam treatment

_‘Asswfeaswydburulodedmssesz

(1) Convsntional chemical sddition

(2) DIAS-Ald Tower Treatmant XP-300
(3) KDF Process

(4) Magnetic applications

Recommend procasses for demonstration at the Naval Base Norfok
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Naval Norfolk Pollution Prevantion Prepared By Bowman
. - Azssasment Worksheats .
8its__Norfok, Virginia__- Checked By DeWaters
| Date_June 1994 Prof. No. 01645-0111-00008 | Sheet 2 of 10 Page__of __
WORKSHEET ' OPTION DESCRIFTION
8 COOLING TOWER MANAGEMENT OPTIONS

Option Name Continuous blead-off or blowdown

aWMmm ABowwdértoeonﬁnuousiydrainfmmhatower thus

reducing scale and corresion. This reduces chemical consumption, but vastly increases water

‘lconsumption

Waste Stream(s) Attected: Cooling towsr discharge water

Input Materisiis) Affectec: Chemical treatments - scale and cormrosion inhibitors, biocides. an¢

dispersants/antifoulants.

Product{s) A¥ected: NA

indicate Type: X Source Recuction

X Equipmant-Relsted Change
«X..- Parsonnel/Procedure-Related Change
-X_ Msterisis-Reisted Change
O RecyctingReuse
- Onsits — Material reused for original purpose
— Oifslte e Material used tor a lower-quailty purposs
— Matarial sold
Originally propesed by: TRC - Date: &R20-8722/94
Reviewad by TRC Date:  &/20-8/22/94
Approved forstudy? X yes ne By: TRC

Roeson for Acesptanca of Rejection Potential option for cooling watse treatment
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Firm__Naval Base Poliution Prevantion ay an
aval Base Norfolk _ it Prepsred By__Bowman _
site__Norfolk, Virginia : . Checked By__DeWaters
Date_June 20-22, 1984 ___ | proj. No. 01645-0111-00008 | Shoet_3 of 10 Page__of __
WORKSHEET : OPTION DESCRIPTION .
8 . COOLING TOWER MANAGEMENT OPTIONS

Briefly describe the option: Addition of biocides, scale, and corrosion inhibitors, -

and dispersants/antifoulants. This reduces water consumption and protects the cooling

units, but increases chemical consumption and waste generation.

Waste Stresm(s) Affectsd: Cooling tower discharge water_

" [input Materisis) Attected: Chemical treatments fisted above.

Product(s) Affacted: NA

Dﬂocyesngmm
— Onsite e Misterisl reused for original purpose
— Ofisite - Material used for a lower-quality purpose
—— Material soid
Originaily proposed by: TRC Dete:  8/20-6722/94
Reviewed by TRC Date:  €/20-8/22%94
Approved for study? X vyes no B8y: TRC

Reason for Accepiance or Rejection mmopﬁonlummmmm

A-15




Firm__Naval e N Pollution Prevention Prapared By Bowman
Asssesment Worksheets
sus_Noriolk, Virginia ______ , Checked By___DeWaters
‘Date_Juns 20-22, 1904 | proj. No. 01645-0111-00008 | Sheet 4 of 10 Page__of __
WORKSHEET * OPTION DESCRIPTION

COOUNG TOWER MANAGEMENT OPTIONS

Option Name DIAS-Aid Tower Treatment XP-300

Briefly describe the option: A chemical treatment that is purported to allow no bleed

from smafl cooling towers and minimal bleed from larger ones and uses low application
rates. '

© - [Wasta Stream(s) Aftectsd: Cooling tower discharge water

input Materiei(s) Affacted: Chemical treatments Ested above.

- | Procuct(s) Affected: NA

Indicate Type: X source Reduction
X Equipment-Ralsted Change
X_ Porsoanel/Procsdure-Related

_X_ Matsriais-Reisted Change
0] RecyciingMeuse |
-— Oneits e JEEterial reused for original purpose
-, Ofisite —— Mistorial usad for a lower-guality purpose
, == Mstariai scid
Originally proposed by: TRC Dets:  §20-2722/%4
Reviswed by TRC - Date: &720-§/22/94
Approvedforstudy? X yes no By: TRC
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Firm__ Naval Base Nodolk

Poiliution Prevention

Prepared By ' Bowman -

Assessmant Worksheets
stts__Norfolk, Virginia Checked By__DeWaters
Date_June 20-22, 1994 | proj. No. 01645-0111-00008 | Shest_1_ef 10 Page__of __
woaxs:m OPTION DESCRIFTION
8 " COOUNG TOWER MANAGEMENT OPTIONS

Option Name No treatment

Briefly doscribe the option: Units are not tresated for scale or corrosion, aithough they

may receive a biocide. Units are cisaned with brushas in the off-season.

Waste Stream(s) Affected: Cooling tower discharge water_

Input Material(s) Atfectad: Chemical treatments - scale and comosion inhibitors, biocides, and

‘ldispersants/antifouiants.

Procduct(s) Affectsd: NA

indicate Type: X Source Reduction

O RecyciingReuse
: — Onsite — aterial reused for original purpose
- Offsite — liaterial used for 8 lower-quallty purposs

 |originalty propesed by: TRC

Reviewed by TRC Dats: @20-672294

Approved forstudy? X yes By: TRC

Rmmmum Putnwombntacooangmmmm
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Briefty dascribe the option: By managing pH levels, scale-forming minerals can be

Fum__Naval g se Norfolk Pollution Prevention Prapared By___Bowman
. Assessment Workshoets
stte_ Norfolk, Virginia Checked By__ DeWaters
Date_June 20-22 1094 | proj. Mo. 01645-0111.00008 | Sheet S of 10 Page _of
| WORKSHEET OPTION CESCRIPTION
8 COOLING TOWER MANAGEMENT OPTIONS
" |Option Name pHAdiustmenf

kept in solution &s saits and corrosivity can be kept in check. Incraased acidity can damage

equipment. Requires high level of monitoring. May require corrosion inhibitors as well.

Wasts Stream(s) Aftected: Cooling tower discharge water

-

input Msterialis) Aftected: Acid added to cooling water andpossible corrosion inhibitors.

{ _ Matericis-Relsted Change
Dmcye&sgmm
-— OTsile — Material reused for original purpose
— Ofinite e Material used for a lower-quality purpose
- =__umm
Originally proposed by: TRC Dete: @20-222/04
. Reviewsd by TRC Dete: @20-8/22/94
! Approved for study? X yes no By: TRC

Resson for Acceptance or Rejection Potential option for cooling water trestment
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Fim__Naval Bass Norfolk Poliution Prevention Preparsd By___Bowman
) _ Asssasment Worksheets _
sits__Norfolk, Virginia Checkad By___DeWaters
Dato_june 20-22. 1994 | proj. No. 01645-0111-00008 | Sheet_6 of_10 Page__of __
WORKSHEET - OPTION DESCRIPTION :

COCLING TOWER MANAGEMENT OFTIONS

Option Name Zsolite or base exchange and ion exhange process

Briefly describe the option: A water softening process in which harmful water constituents are

removed and replaced by less harmful materials. May incraase comosivity.

- |Wasts Stream(s) Affected: Cooling tower discharge water

Input Materisi(s) Affected: Acid added to cooling water

Product(s) Affected: NA

Indicate Type: m&umnm

X Equipment-Rsisted Change
X_ Personnsi/Procadure-Reiated Change
X _ Msierizis-Reiated Change
[ RecyctingReuse .
— Onsite - Meterial reused for eriginal purpose
— Offsite — Bterial used for a lower-quelity purpose
—. Masterial soid
Originaily proposed by: TRC Oste: @20-872204
Reviewsd by TRC : Date: @20-822/04
Approved forstudy? X yes no By: TRC

Rmsnmlméfﬂm Potential option for cooling water treatment




Bowman

Naval Bass No Poliution Pravention Prapared By_
) Acressment Workshests
site__No Vi . ] ’ ' Chocked By__ DeWaters
Dete_June 20-22, 1994 | proj. No. 01645-0111-00008_ | Sheet 7 of 10 Page__ of
WORKSHEET OPTION DESCRIFTION
8

COOLING TOWER MANAGEMENT OPTIONS

OpuonummFProcou

Briefty descride the option: A matallic alloy (copper/zinc) is uud to control corrosion, scaling.,

and biological fouling. The mathod does not inciude chemical treatment, atthough additional

bioddes‘maybenecemryfomontddﬁouﬁng.

| Waste Streamis) Affectad: Coocling tower discharge water

Input Msterials) Affectsd: Metallic alloy placed in system. Possible chemicals (biocides) added

o cooling water,

Product(s) Affactact: NA

indicate Type: X source Reduction
X W—nmm
- x Wmma
x Mstarisie-Reictsd Change

Dﬁocyd!nyﬂm
: Onsite
Oifsite

HMaterial reused for criginal purpose

HMatarial soid

WMMQWW

Ortginaily proposed by: TRC

Date:  6/20-8/22/%

Reviewed by TRC

Dsts: @20-8/22/94

Approvid forstudy? X yes

Reszon for Accaptencs or Rejsction Potsntial option for codling water trestment
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Firm__Naval Base Norfolk Poliution Prevention Prepered By__ Bowman
7 Assezsment Worksheats :
Sita_ Norfolk, Virginia : Checked By DeWaters
Date_.June 20-22. 1994 - | proj. No._01645-0111-00008 | Sheet_8 of 10 Page__ of __
’ WORKSHEET OPTION DESCRIPTION | |

-8 COOLING TOWER MANAGEMENT OPTIONS

Option Name Magnetic Applications

Briefly describe the option: The units provide permanent protection against scale

and corrosion. They force minerals into solution by generating an electric field in the cooling

water, thereby changing its potsntial. This electric charga protects against scale buildup and

corrosion, but is not proven efiective against biological agents. Sidestream centrifuge units

and optional bromine float ars installed for control of bikogical fouling.

Waste Stream(s) Affected: Cooling tower discharge water

Input Material(s) Afiectad: Magnatic systems attached to piping on units. Possible chemicais
(biocides) added to cooling water. : ‘

Product(s) Affected: NA

indicate Type: X source Reduction .
- X_ Equipment-Related Change
«X.. PersonnslProcedure-Relsted Change
«X_ WKaterials-Reiatad Change

[ RecyclingReuse '
— Onsite e Material reused for original purpose
- Offsite e Msterial usad for a lower-quality purpose
. — Material soid
Originally proposed by: TRC Oste: &20-8/22/94

Reviewed by TRC ‘Date:  G/20-8/22/94

Approved for study? X yes ne By: TRC

Resason for Acceptance or Rejection Potential eptionfor cooling water trastment
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Firm__Naval Base Norfolk Peitution Prevontion Prepared 8y___Bowman
Asssssment Workshoets ' —
Site_ Norfolk, Virginia = Checked By___DeWaters
Date__June 20-22. 1994 : Prol. Ne. _01645-0111-00008_ Shoct_g_of 10 Page__ ot
V/ORKSHEET OPTION DESCRIPTION

8 COOLING TOWER MANAGEMENT OPTIONS

Option Name Altsmative starilization techniques (0zone, ultraviolet light)

Briefly describe the option: Using 0zone or ultraviolet fight, cooling water is treated to kill

biological agents. Both maynotaffacﬁvﬂyeommlmh or cotrosion, and their appllcauoms
appear limited, : :

Wasts Stream(s) Affected: Cooling tower discharge water

input Materiai(s) Affected: Uliraviolet or ozone treatment systems

Productis) Affectsd: NA

indicste Type: & source Reduction

Originally proposed by: TRC Dete:  &20-8/2204

Reviewad by TRC Date: 6/20-8/22/54

Approvad forstudy? X  yes no By: TRC

mmm«m Potential option for cooling water treatment
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Firm__Naval Base Norfolk Poliution Prevents Prepsred B8y__Bowman

sio_Norfolk, Virginia Assessment Worksheets Chacked By__DeWaters

Oate__June 20-22, 1984 Sheet 10 of 10 Page__of __

' Proj. No. 01645-0111-00008 .10
WORKSHEET OPTION DESCRIPTION

COCLING TOWER MANAGEMENT OPTIONS

_ |Option Name Sidestream treatment

Briefly describe the option: Bydivertingaporﬁonofmecooﬁngwaterfmm the system

and constantly treating it, bleed can be drastically reduced or eliminated. Several treatment

processes can be applied to the sidestream, including reverse osmosis, ion exchange,

softening, electrodialysis, filtration, and centrifuge treatment. These techniques are normally

usedhcon}uncﬁonwithmtmrmmmtod\nobgy.

Wasts Strsam(s) Affectad: Cooling tower discharge water

input Material{c) Affectsd: Treatment equipment and controls

Product(s) Aftectad: NA

X_ Eguipment-Rolated Change
X eiatsd Change
X_ Msterisis-Reistad Change
3 RecyciingReuss v
— Onsite ___thlmhruiginnlpurpou
- Offsite ___Ilauhlu.dbnbwmmym
— soid
Originally proposed by: TRC Dste:  €720-6722/94
Reviewed by TRC Date: &20-422/9¢
Approvedforstudy? X yes no By: TRC
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Fiem__Naval Base Norfolk 'm':'m Prepsred By Bowman
ie_Norfolk, Virginia : Checked By__DeWaters
| Deta_June 20-22, 1864 Prol. No. 01645-0111-00008 | Sheet_1 of 4_ Page__ot __
9 CONVENTIONAL CHEMICAL COSTS - 100 TON TOWER'

Purchaced Equipment $2,580

Meterisls

inetalistion

Usitky Connections

Enginesring

Start-up and Training

Other Capital Costs

Total Capits! Costs $2,580

Chanpe in Dispossl Costs -
Change in Raw Matsrial Costs $-47°
Change in Other Costs
Annusl Net Opersting Coet Savings $-47 )
, (n years) = Total Capital Costs - xxx! )
. Annusl Net Operating Cost Savings
' Coumwvdhno'w

'muumwmmmwwmmmmwmmm

troatment.  Annual costs for trestment can be found in Table & No trestment costs are denved by assuming the
tower operates at 2 cycies of concentration. wau“'mmmso.m”rguondm«eomm
with an annual consumnption of 788,400 gallons. Anmbieﬁdseaudﬂ!mmd.mnmglgaHmd

biccide is used annually at $15 per gallon. This totals $2.656 annually for no treatment.

3 anwﬁ«mwhdmmmmmmmmmmw
chemical costs, the payback period cannot be calcuiated for this option. Economic analysis of chemical :
mmmmbm:ﬂﬂ@.“ﬂmmm%mmﬁmm-




Fiem__Naval Base Norfolk Poiiution Prevention Prepared By Bowman
) Assecsment Worksheets ~y .

sne_Norfolk, Virginia Checked By___DeWaters

Dete_June 20-22, 1994 - Prol. No. 01645-0111-00008 | Sheet 2 of 4 Page__of __

WORKSHEET ‘ PROFITABIITY

9 DIASCHEM?CAL'YREAYNEM’-INTONTOWER'
Capital Costs ‘
Purchased Equipment $51

tisiariale

Instalistion

Utillty Connsctions

Engineering

$tart-up and Training

Cther Capital Costs

~ Totsi Capitsl Costs $51

mmmm

Change in Dispoeal Costs

" Change in Raw Materisl Costs $7242

Change in Other Costs

memwm $724

) - - Tots! Capital Costs . 0.08°
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Utility Connections
Enaineert .
Start-up and Training
Other Capitsl Costs
Total Capital Costs $5,518

incrsmentsl Annual Operating Costs
Changs in Dispossi Costs

Change in Raw Materiel Costs $6887
Change in Qiher Costs

Annual Net Oparsting Cost Savings $688

Psyback Period (in years) o : _Total Cxs e w

Annusi Net Operating Cost Savings
' Cosammdbnomm

'Mewhmwmmmhmﬁmmwmhrnbm Arnual
costs for treatment can be found in Tabie 10. No treatmant costs sre carived by assuming the tower operates at
2 cycies of concentration. Watsr and sewer costs ere $0.0034 per gaZion of water consumed, with an snnugl .
consumption of 783,400 gzlons. An snnual Biocide cost of $15 is added, sssuming 1 galion of biocide is uted
annualy &t $15 per gation. This totals $2.596 annually for no trestment. : ‘

3 Wmmdmmmmmh;naammwnmmmymm
costs associaiad with non-treatment which cannat be quantified. An untrsated tower requires a high degres of

mmmwwmaamm
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Firm__Naval Base Norfolk Poilution Prevention Prepared By Bowman
Assessment Worksheets o
Sits_ Norfolk, Virginia Checked By__DeWaters
Date_June 20-22. 1884 ____ | proj. No. 01645-0111-00008_ | Sheet & of 4 Pags__ of __
WORKSHEET ‘ PROFTTABILITY
9 MAGNETIC TREATMENT - 100 TON TOWER'

Capital Costs
Wmmu.ws
Hoterlals
inetalistion $500
Utisty Connections
Engineering
Start-up snd Treining
Other Capital Costs

Total Capital Costs $4,995

WMMM

Change in Disposal Costs
Change in Raw Mataris! Coats $936°
Change in Other Costs

Annusi et Operating Coet Savings $53¢°

Payack Period (in yeers) = Jotat Capitsl Costs . 59

. Arnual Net Operating Cost Savings

' Costs are comnpased to no treatment.

'mmhmwmmmummmwmmmm.mm
Annual costs for tresiment can be found in Table 11. No treatment costs are derived by assumng the tower
cperates st 2 cycies of concentration. Water and sewer costs ars $0.0034 per gation of water consumed. with
an annual consumption of 788,400 gafions. An annwai biocide cost of $15 is added, assuming 1 galion of biocide
is used anrually st $15 per galion. This totais $2.908 annuslly for no trsatment,

3 mmuwmmmmmnuhmamm.mmnmm
mmwmmwﬁehmum An untrsated towsr requires a high
mammmmmnmmwmm:mbwuuuwu
mmummmmmumwbmnuwmmm.mmm
wwmmwmmdam ’
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APPENDIX B

NPDES DISCHARGE LIMITS
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4-Hix. Comp.
4-Hx. Comp,
-Hir. "Cowp.
)
Ry,

]

4-ix., Oowp.

1/3 Months Grab
1/3 Montha

4-H#ir. Comp.
4-Hir. Comp.
4-tic. Comp.
4-1tr. Cowp.
4-tix. Comp.
4-iir. Comp.
4-lir. Oowp.

Estizata

© Grab
Grab

MOMTTORING REQUIREMENTS [a)

1/3 Montha
1/3 Monthe
1/3 Monthe
1/3 Honthe
1/3 Montha

1/3 Monthe
1/3 Monthe
1/3 Montha
1/3 Months

1/Honth
1/Month
1/Month
1/Month

)i 2nd quarter

until the permit’s expiration date,
408 (stormater ruoft and
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VPUGS Pormit No. VASPO442]
" Fect Sheet Page of
UPDATED April 13. 1994

"MORFOLE. NAVAL BASH = - SEYELLS POINT
mxnmmmmmnumm'

OUTFALL NMAMEER(S) - o SOURCES O M umw. AG’WITIES.
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COMMRUERSE NOFF ENVIFOMENTAL PRSM [EFT

NORFOLE. MAVAL BASE -
POINT SOURCE DISCHARGES

VPCES Perait No.
Fact Sheet Page
UPDATED April 1§

SENELLS POINT

INTO THE ELIZASETH RIVER

el

—
» 199

Jun 23.%3  9:04 No.COT B0

VASC0442]

SV rem—

1
4

non-contact cooling, deperm station |
943 002 ~8.44 MG | F/F senool site runoft, O/¥ sep.
884 | 93 | Lovoey ' 0.936 MG | &, luge, taet (3rs &1 sep, CRULIAUNSUIIGIUNAL, 32004
N/A ! 804 J1o3ee: I wm 18°,
(1] 00s | LO203s N/D 18°, paved areas, D Ave.
& | 006 {1o20es N wp 8, paved areas, D Ave.
889 | 807 |to2086_J 6.082 w5 | 157, paves areas. parking, 34 S:.
818 | e28 | x02049 N/D 21°, CEP 89/6S, parking, paved, 34 S:.
o1 | eov | k02015 fe.e01 1 187, CEP 12/134, gravel, paved. 3¢ St,
e 810 | 102028 § 0.¢03 M3 118°, CEP 8/9/96/121/66/183, B Ave, 34 St.
013 | 811 | 102017 18°, paved, parking, A Ave., 34 St.
012 | 102802 127, parking, A Ave & 34 i:.
814 | 013 | 102003 o 120. CEP 7, paved. several sheds
0174 | e14 | JO2042 2, lame, & MUY, L1832, wrenated, piniy
01T | e1s W3 O, large, OFF EMIISUNWION, Basnion Div, 4 ave., pret
0K | s N8I, T-large, O 21N, Baepten 81, % ive, i T,
wa | e17 5 0 1%, a1, st nnin 191, pomt. pring, mptaied
uml as 30°, parking, paved, roads ‘
s | a1 24%, D/D ops, parking, paved
N/A | w2e 24°, parking. road, gravel. paved
‘ L N/A § 021 13, CEP 203, D/D ops Tavel, paved
1eam | 022 leswwi | WD | untnown size, details obscured by stean
0160T | 023 | wuminn w died, 20 48, OB w10 104 8t poved, vegetated
s18c | 024 fHO2038 | 0.12 0 | ML facilty), X Ton, o4 S, pored, 01 o1y, cvelly
923 ] BD2e87 N/D 67, Decatur Ave, paved. limited
N/A | 026 | mo2es9 N/D $°, liaited, paved :
219 | e27 iho2es2 §e.eerus | e, 2 86, paved, parking, Decatur Ave.
N/A | 028 | Go2ees N/D

N7 WIESUE, Mo APPLICINE/ T LA

B-10

8°, Decatur Ave.
, B TILLIGE OF QUG muma' SN, VOUE ]




: e LT F LG0T
comm&‘BﬁEE NGET Ehl.FOHENTHL PROM DE:? Jun 23.33  a:0d Ho.(v \

VPCES Perait No. VASOC442)
Bact Sheet Page of
UPDATED April 1S, 1994

POINT

HORFULK NAVAL BASH - sE¥ElLLS ‘
POINT SOURCE DISCHARGES INTO wiLLOUGEY BAY/ELIZABEIH RIVER

CUTRALL NUMEER(S) vn.o' SOURCES OF EFFLUBNT, UNUSUAL Acrmnm.
02 | 029 8y DOV, 809, TUUIHINL Serets, B dve, saved
N/A | @38 18%, paved, linjted
01 | 31 fooeer le.013 s | 24° 2 ¥ 143, paved, parking
Na_| 032 | ro2e74 N/D 10°, Decatur Ave., paved
033 | 033 | rozer6 Je.084 1 | 2¢-, w 135 '

023 | o34 | ro2e73 f e.008 30 | o, 1 1t 1o 2 0w s29l/138, 3 0ldgs e, tasds, pares
wal 03s Irozess | wo 16, limfted, paved, Decatur Ave.
WA | 036 | FO2ess ' N/D 1 10%, same
N/A { 637 | ED2119 N/D 8%, same
Nsa | 838 | go2109 ND | 8°, same
826 1 039 1E02079 §9.008 WG | 10, ¢ anwermisinyt, esie: iy o1, pared, parkis
WA | 840 | ED2006 N/D 8. limited, paved, Decatur Ave.
WA 841 |Bo2ee¢ | wD 8°, same.
7 | 42 1 E02061 N @011 MG {1, 9315, puved. peskisy, U2, it § trcate g1,
N7A | 843 | ED2092 N/D _ 07, limired, paved, Decatur Ave.
WA | s44 | pO2833 N/D 8, same
838 | 843 | D247 $.081 3 3, Tdarge, (ntreanectd, @ Y, 5. Sejers, el gravel, priey
29730 | 246 | DO2048 N/D 187, Decatur Ave., paved. parking
N/A | 847 .| CO2828 N/D unknown. paved. parking
01 | s 017 19.001 MG |11, restsoraat roet, Secstws im, powd, publy
032 | 8¢9 Jo02014 §O.881 M3 | 15°; Decatur Ave., paved, parking
03> | w56 | o003 §0.001 85 | 247, 0 6, Decatur ave.. paves. pariic
N | es1 | cozen N/D 12°, lsited. paved, garking
834 | #52 | 02013 N/D X', larveatreat, & WAL, pomdigree prhing, 68 topt. 11
035 | &3 Ipozess §e.013 5 |, oo TSI, 108 Taghes, povetyrem, purkiag '
037 | 832 | En2ee) N/D 15, barpe repais, sefivent. buia; wvelitianl, dreeds
Q| ess {aozeed | wp 18", @ SSLSAISCIIN ek farn, 1 rod
830 | 936 | A02001 | 0.001 MG | 1, 0 5150, peredsgeanet, oo, Regmirisg Statim
BI~K RETEIND, MoK ASLICE LT, R LILLIORS OF GALLOK, O/TOLLITETE ST, LACes RIaTe

B-11




COMNRVBRIE NGRF ENVIROMENTHL FRGH DE?T

Q:0% No.QO0T FP.id

Jun 23,94

VPCES Parmit No, Vaoeo4421
: rou mﬁr(’:';srf&:‘

FOINT 30URCS DISCHARGé:’::;f Yy E‘SEARéizgggiy:ggzilRD&DBIVILLCUGHBT BAY
QUIFALL MASER(S) rox SOURCES OF EFFLuENT, UNUSﬂu.AegstﬂnES.
NA_] es7 | eosere N/D 30, Llarge, tatreatt w essocaen, esnicanees, 130001043, pke’g
L A} 838 | DOsesy .021 e Uelaape, larre bog 0% sep/attling Msts, § uvuinnntm
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N/a_| 063 | Bosgey R/D 8, vepetsted
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N | e74 { pocers N/D 137, gravel. SEABEE ops srea, Lag 54
82 1 013 | WA o019 w0 | 0, coniten e % wes io Botfest in.
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- 837 | o83 N/A
03 | o7 N/A 5.881 M |35 v 88, A/C retrofit/eepais ops

N/A | 088 |- wN/a - N/D 4°, paved, parking
939 | s8y NIA ' N/D 18°, v g8, Ax Tetrofit/repair

N/ 890 N/A , N/D e, paved, parking -
4¢3 91 N/ZA 0.989 )3 13", v 38, A/C Tetrofit/repair, paved rd.

LY I 12°, paved, parking
Wa | 993 N/A N/D 4°, same

064 | 894 NA_§6e.029 5 |, ¥ 1E/7301951%, $108 bowt pesair 11 31, X 1enit

Wa | e9s N/A N/D 4°, paved, parking :

NA | #9¢ N/A N/D 4%, same

WA | 9 N/A N/D 4%, same

WA | ese NA § wm 4°, same

86s | 99 NA_ 38.002 M2 | 15°, V.4/28, paves rosdvays, A/C repairs

e6s | 199 NA_Be.o14as5 |30°, v 4728, same

861 1 101 | N/a_ Fe.e3 | 1e-, V28, sime
088 182 N7A 9.602 )0 [12°, v 28, same

069 | 103 N/A $.912 MG § i2°, v 28/29/41, paved rdways, A/C Tepais
876 184 N/A $.887 MG 13°, ¢ ey, peved tinaps, I resdits coppert

21 183 N/A 0.001 M5 |-, v 38/135/7143 stesn cleani O/¥ 3
N/A ' 2.3°, ¥V 27, ac support/repair L
87 197, V 27, ssme. fnsustrisi drainage
73 87, ¥ 27, same, same ‘
§74 3°, V 27, 1308, Same

@73 13°, Vv 47, izne, sane, psved, rosdway
97¢ 8°, toadway, paved

3 ! %, 2 sinrsiniun, e TesisIsappet, prvet, coaderp
10, T S35, seutd buat o, K copeistrmport, peved, ooy '
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s 10 Pietoey 81, oear 2 4, 3 L Totnn, wiete  f
, W us Jeusn foaatte (e mmen, e L oy v—
CREEX MGD, ad o, je1 eugine sasg cell, se1a] ops, indsrosis) btage, Megs,
CULVRT TIDAL paved, restwps, titilly faflpenced frec-{los stresg
l 082 116 N/A $.019 )0 | %', harge, seved, seads, A% vz ool 9 arny
| 12 | Wa_ Be.e33 |34 137, paved, vegerated. 1iaites runvay
L 984 | 118 N/A lo.nz NG 137, vegetated, Toad ‘
tﬂ! 119 N/A l..lﬂ! MG ] 12, Yagetated, ¥ side Mason Ck Bridge
L1 [} 120 N/A l 0.015 M3 3, Lagge, pared, rweve/tativey o @ of 1P 164, rests
' 487 121 N/A N/D 24%, vegetated 3723 betveen paved
e | 12 XA 20005 w3 | i wpeusiet 1l 9 1y, e, vetloads, Sellinges v,
NzA 123 N/7A $.881 MC 18°, paved, s? 312, taxivay
859 124 N/a 0.902 WG | ~e-, Stesn, limited stora
R ) 128 N/A 0.981 1C | ~6*, sape -
892 | 126 N/7A 29001 1G | ~g~, Steady voluae sresn discharge
B3 127 | W 0001 05 | 6%, srem linited storm
N | 128 N/7A N/D —67; vegetated limited stora
094 129 N/A 8.681 13 12°, paved, Yegetated, $ of P 63
998 | 130 N/ 8001 WG | 12°, pave, Yegetated, S of SP 63
996 131 N/A 'O.“S 17 § 12, paved, ¥ of 3P ¢s
081 12 | W §0.684 15 | ir, ot 3 UL, L owiomebisg, & 12, restmps
104 133 N/7A 9.806 M3 § i 2 UL 1 Srmen, ae Inaedieg, 1 oy,
108 | 134 MASONS MGD 3”8 U° bet culvert, Baoens Ot oI ey, sevent isterasts
10 | 13s wa_lo.ee2 0 . 2 B, 13ted; 43, U we, 3 off-base leputs
N/A | 136 N/A ' N/D 18°, sP g6, pved, maty‘g donn .
N/a | 137 N/A ' N/D 2] 8. paved, yegetated, rvad l
1] 138 | wa 801 G | 21 SP 86/87. paved, mar) s storage i
112 | 130 N/A $.006 M5 | 3s5°, s» 89/88/87, pived, mat}‘s storage 1
13 { 140 N/A i $:92 3G | 3, a1 sy, el loating (g2s1, oiy. Hidase, pved, teqesated
113 | 141 N/A .02 10 | %", weiy. eftetase, ildattal, siwd, wpensiod, are g farg
UER R, Trey Wﬂlﬁlﬂlﬂﬂ%
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Microbac mid Atiantic Division Fage 1
€04 Morris Crive

tewport Neus VA 23608

(994182%-1900

AIR « FUEL « WATER « FOOD WASTES

/o CERTIFICATE OF ANALYSIS

Navy Public Works Center Date Reported 4/12/94

Attn: Mervill Asheraf: v Cate Received 4/04/94
Environmental Department,2140 Order Ne 9404-20108
Xorfolk, VA 23511-309% Invoice No 0
Cust § #0902
farmit No

Just P.O. N62470-30-B-4698
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BAVY G DIVISOWERITAL LABCRATORY
Sy I-H4, Come TN
Rertoll, Yirginis 235)1-c0v8
Phane (804) 443-0850 Fan (B04) 443-3852

"+ SARPLE ANALYSIS REPORT -

To:  NS-CHS-NOMMOUTINE  EEANGY

, Poine of Comtait: SEAR mANEY '
HOG 6, COOE M '
SORFOLK W T3SV Repert Oats 1 O3/117t9%
s 4443000 AN 4443000 ,
Job Crder Ne.: 133003 Receipe Bate ¢ alﬂna\,
Sample 19 ] -8 Coliected By iR -
Saple Ratrias [§{-7}: ]

gpn—,
Callection Site : ¥°S3 COFTOP COOLING TOMER
Indmtrisl Usote Coge:
Sanple Peint Cude H

(" 4 . coLLEeT COLLECT  ANALYSIS ARALTSIS  ANALYSIS ANALTST

LARS. Y HOAT meTe e SATE Tine BATR Ting [ ¢4 -] INrTIaL
WIS 2 U 0007 w0007 s 7S SN 12:1:00  200.7 s
s 7 w002 @k @S0 woeiem t2iem 007 s
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serfelk, Virginia 33114008
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178008 Wetsaen P 1Y VT [ ISV} l\n” 888%¢
Microbac Mid-Atlantic Division
84 Mervis Drive

Nee purt Nrwa, VA 1406
LG50  FAX: BOU/SIS- 1299
AIR « FUEL . WATER . FOOD - WASTES

CERTIFICATE OF ANALYSIS

Navy Public Works Center
Bnvironmental Departmens
Bldg. 2140

Norfolk, VA 23%511-6038

‘ Attn.: Merzill Ashcraft

) Contract #: MN§2470-90-8-469%
DATE: ) February 21,1993

CLOCATIAN: . reson Ls i
DATE/TINE RECEIVED: 02/04/93 @ 1630
CRAB 22

LABORATORY 1.D8: 0293 373 =
SAMPLEE: B. Gates .
CATE/TIME SAMPLED:  02/04-93 @ 1140
SAMPLE 8: $471-547S
PEERMIT DATE/TIME
ANALYSIS LINITS. METHOD/MOL RESULT ANALYST | ANALYZED
Y% xXx 4131 1 é ®g/L . Martine 63/13/53 &
o . 2900
; TOC XXX 415.1 1 S mg/L J. Willet:t 02/11/92 g
‘ ‘ - 1590
5 . pH 6-9 170.1 *=s  §.92 @ 13.7C B. Gates oz/g¢/sa 2
- - 114
Phencl 0.04 420.2 o0.01 0.02 mg/L L. Gaskill 92/09/93 &
. 1441
Phosphozous 0.69 365.2 o0.0% 0.55 mg/L L. Gaskill 02/11/93 @
. ‘ 0830
Cadmiunm 0.04 213.1 0.01 <0.01 mg/L L. Rivera . 02/09/93 ')
o . 1000
Copper T XXX 220.1 08.0% <0.05 mg/L L. Rivera 02/!5!9/93: ]
. : 081
Chromium 0.11 + 218.1 0.10 <0.1 mg/L L. Rivera 02/09/93 @
S . 0940
: 2ine 0.22 289.1 0.0S 0.28 mg/L L. Rivera ,02,/09/93 ¢
: : Z0930
’ ‘ Nickel - Xxx 249.1 0.1 <0.1 mg/L L. Riveza 02/09/923 ¢

c v 0830
‘ FLOW: 0.40 Liters/Sec ’

. N
blanato ol B3 700 20
- . .




HAVY K SIVIROOQUTAL MPAATIEET
Sldy. 2-148, Coue 739
V742 Nerylent sversm
Sertelk, Virginia 23311-400g
Phene (806) &43-0830 ¢ (30¢) “S.-ISI

* LANPLT ANALYSIS REPORT -

"0t COMEVEASE NAS-EKW0UTINE : . aten: LY GluLss

RLC K6 COOC D4 -ukd - - :

BORFERE WA 23811 _ ) ~ Bepere Bate: $9/09/93
(B04) &44-3009 : :

Job Order Ns. : 1252002 . - Becelpt Sater  00/81/93

Saple 19 t V53 CoOLIng TOMR-GRAR
Sampio Metriz s ¢

~ SANPLE COLLECTION I1RFORNATION -

Collection Site: v-53 cooLing Touex

Caliectas py: ”"”
Commanszy: :
A3 SuwLTy
" : , Colloet  Colleet  Arwiysis  Anetysis Anatyst
Lak® Test Result WRits e Sate Time Sete tise Nethed Init
3FYTRTY et 000 U mest . 3.00¢ ®019 W o/ 1243 200.?7 ]
-oerd 0.019 agn 8007 /81 w30 orerres 20 0.7 L.
cu_t 0.053 =g/t 0.006 9/01/93 130 oI . uaxn 200.7 ane
w_t 0.615 U agn 0.0t  ov/ci/v3 R /5193 1329 200.7 e
"t 0.02 UV st .02 ev/01/v3 un L 2317, ] 1320 0.7 L)
- 9.0 wits 6,100  09/01/93 %39 /01793 % 130.1 AR
- N 0.162 [, 0.002 09/01/93 3o 0/ 1% ° 0.7 [ ]

c7




APPENDIX D

MATERIAL SAFETY DATA SHEETS
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RS ™I | camec DEFATS SKIN WITX PROLOXGED CONTAGT

RN+ MR+ 3.

F AMD PROCEDURE
/8 I8 KSRRAL OFZRATION.
FLUSA THOROUGHNLY WITH PRECT MATEZR, PFOR AT LEAST 1S NINUTES.
GET MEDICAL ATTEZHTION. *
isow  ° FLUSK MITH FRESH WATER. REMAVE WETTED CLOTHES AND SROES.

e WATER, DO ECT IEJUCE VOXITING. GRT MEDICAL. .
. N A%”:c-. REVER ANYTRIZE AY WOUTH TO AN UNCOXSCIOUS

;‘:: .
L,

ARG mmOwemay ) D TN N e Ra Nakes ez 1
T QUM < AS LU LA

mﬁz—d.\d;ﬂ-ﬁ"tﬁ‘?‘l‘h-ﬁ?} e

o P W FHS .

R y49194

"1 Myrcted dr

= ) * PRESAURY. CONTA
€ e CONTACT MITH AC

-
| P

| T

; !m oF g E’S‘A’m OR DISTOSAL

. L . O— ). . S oasoemmssasen |
mmmmxmmmmummxm.

FOTASSTEN OFINGXIDE - CAG #13310-38.3
WATER - CAS #7712-18-3
SGDIUN SITLICATE - CAR #1344-08-8
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0% ©A/17/%0
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Y WEITH FRRSA AT 52 AT 1. ' s,
xngmrx.“‘ Tz ron LEAST 1S MINUTES, GPT

TLUIN WITI FREST WATER, WASH wITm coar AND waTER
3 o REMOVE CONTAMSEATES C: AxD’ Gnoes

GIVE MILX QR WMATER. 2m TONITINR. GET WKEDICAL An::é:ou.

. e e

Sovmecy AL AL X DILT T DY TETURN 10): —
'1.11-’:-”‘!. ey
¥
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g
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: g 3
TRADE SECART RECISTRATION: €94984-00-1-5038P, €34984-00-1-3038P
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ATERIAL SIAFETY DATA SHEE | b i LAY ]
CARI-B:00-9F0C IST-MON-TR: 1-800-3£3-49C6 a": .:;."."‘;
; HX 534 L) - R DRIVE EMERGENCY PHONE NG,
’VOR’A HICEIGAN 48.5C 13-£38-32CC
REGTLATORY [REFERENCE I
’ ox 06/2‘/93
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1ATERAL SAFETY DATA SHEET
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- u.aiécu..&u..) JUJ—QUZ'-.:
D STY T TUERGENCY mou:.‘ s
U e 0L A ———— no
H IVgK!A g'}cu{gégd%ége . 313-(58-51&2
: AL
’ OX 03/24/93 . FEAENCE
B i crzianohs ST 5 - NGT APPSR S SRS TR AL OSURE
ral:d pg 3 I, : IEICND LT vaLix i WRIGHTED AVERAQ .
- M 0% LA KEB=10 SR
7'ﬁ:mmuarmmmx':.xztami olarziTolitie - =e——aaia
Y POL;‘ 0 DIO! ¢‘2 lmABLI = = R
KYRIEYLENE -~ =
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MATERIAL SAFETY DATA SEET

' ) 7
PRODUCT NAME: FORMULA 1109 MANUFACTURED FOR: .
CATE PREPARED: May ', 1990 COASTLING L7y
P. 0. »ox 1247
EMERGENCY PHONE ¢: (703) 461-0200

ALEAANCRIA, w31 ::313
(703 461-0205 “*3%3

Active Ingredient Yormulas: Ny (CS_WHCL)) 3/CyHq83he CAS Mo : 142-39+6/221-04-1
lm.l:xnoayu: B8land of disodium athylens basasltniocacbanate/

sodis dimethyldicniocacbamate; Nabam/Sodam
DOT Snipping Weme: Noa=haszardous (aoc Taqulaced)

Do: dazacd Class: Non-haszacdous CETRCLA RQ: 10,000 b

», »

Appeazance: Light amber. colored liquid pE: 11.8
Odox: $light ammonia odorx

. Solubility In Water: Complete
Specilic Gravity {R0m1): 1.04 L :
BAZARDQUS INGREDIFICTS
‘ ‘ , [y oy ,
Disodium ethylens bisdithiscarbanate 4.5 Not availacle
Socdium dLm:hyldLmoeubamn 4.5

Net availatle

Ethylene thioures CAS ¥No. 96487 Approx. 0.1 ot availanie

- .

Flaash Poiat (mathod): >200°F (Fensky-martens)
Madia: Mo fire hazard. ‘

Procecures: Net appilicable.

Uydsogen sulfide and flammable by-products may te
Usneratad under extzenme heat or

. Throshold Limir Valua: Mot available,

B22ucts OF Ovezaxposure: Exace effects unkaown. Materisl i3 harmful §f swallowed ane
Tay cause ircitaciom on ekiz or eye contact. Acute orsl LD¢y for rats on Nabaa is
393 mg/kg and en Sodam 1 g/kg. :

Emazgeacy Fizse Aid Procedurss:

: . Flush Lxmediately vich water. Get madical accencion.
$kia; Wash with sosp and vatsr. Get medical aztention if irzitation
' persiscs. .
Ingestien: Dzink promptiy a large quanticy of milk, egg wvhites, gelazin
solution oxr if these are ast availladle, drink lazge Quantisies of
: watez. Call a physician izzediacely.
Zahalation: -

: Kove to fxesh air. Get medical attencion irzadiacely.

A e i.:ti';:.‘,-.:.‘.g. R . . B
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Naterial 44 3tadle. .

Inco-pumuty: Strong acids ang oxidizing agencs.

Ragazrdous Becompositicn Products; lydrogen sulfide M2y be produced j¢ Rescec 23 nign
teaperatures. Cacbon disulfide 84y be produced oq concact wich stiong ac:ids.
Mnor.ayh:uroauim 3y be produced oa contact with , Combination of 833, as:ias

Steps o Be Takes 2z, Bvent sacarial 34 Rolsssed Or Spilled: Collees a1y 3zillea

Saterial. o noc 2iush directly ¢o viste treactment facility or wacer Coucsey.
Raste Disposal xathod: Materia) 45 4 Pesticids and muse pe disposed ot in 4 meanes
APproved by gra Resourcy Coaservation and Recovery ace. RC2A wasce cose: il

. Speciic Pesacng) 2zotective

Bgud, : : ‘
Zyes: Chamical 90991es whicn 8Z¢ duse~ and Plash-proot or face snielq.
Skia: Ispervious elothing, Tubber gloves end boocs, .o

dNone

hopuanq: .
Othar: Satecy shover/eye wasn locacey g irmediace azeas.
quu,uuoa Roquiremanty; Provide lecal exhause,

FPracautions ¢ 34 Takas 3 Randling ang Stozing: Keep from freezing ans Sempeszices
SL40°T.  seoze in 4 cool place svay from acids.
Other Prscauticny; Insuze containers arce tigntly closed wnen "ot in use.

Toxze SUnsTances CarTaoL ace (*SCa): a1y Components of cnyy Feoduct are ifaces :» the
Toxie Substances Control Ace Lavontory. :

COPREXBNSIVE mvIncioizag XEspousE, coemisarion um EIABIZITY ACT (Crméia; -
Reporztanly Quanzicy o 3,300.poun¢.s. g :

mmm M: AN wm ACT (SARA Title ITT) - Sacticn 313 K;za::
Cu'.ogez&u: .
Acute Haalth: ' Tes
‘ Cannicvllultb: . Yas ’ :
"“C No . ". )
Suddan Release o2 Pzessurs:; Mo ’ o o
ive; o o

) - 3 I. .."
Chroaie Rsaleh; Lthylene thioures (cas No. 9§=¢3<7) 44 lisced as an w:tc!ilud huzan
Cazcinogen prrp) 2nd as 2 posaidie huran cazeinogen {Geoup 28 < IARC) P '
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The internscion qng tisas in *Als maserins’y <B0Ls " Ehoet S%pLied fron sevices Selioves
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K toe or M SEpsse of
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Material Safety Data Sheet
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SECTION 1+ MATERIAL lDlNﬂﬂCATION AND INFORMATION
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R R t SECTION-¢ - REACTIVITY HAZARD- DATA . : W— _)
! STASILTY | Convmoms HAZAAROY Tation
‘ n.:n:.“ To dveid A.vold .s?untn texperatures :: ::::",u ]
| uALu} Strong Oxidizing Agents, Strong Alkall . B
| ! [ Oresmpertion Sresvere Carbon Momoxide, Cardon Dicxide, Small Amounss or Hydrocarbons
f l  |'sECTION S - HEALTH HAZARD DATA ‘

o PRIMARY ROUTES ) tensnes Riageesos 0 Mol Hosarsons
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o , - Aeceeginy Sause.irritatich: May ceuse tissus darage.
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! 38, [3X 5% A08 DATSisis oF
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FSECTION 6 - CONTROL AND'PROTECTIVE MEASURES'
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CUther 2,
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APPENDIX E

HAMPTON ROADS SANITATION DISTRICT
COOLING TOWER WASTE DISCHARGE POLICY
INDUSTIRAL WASTEWATER POLLUTANT LIMITATIONS
AND DISCHARGE REQUIREMENTS




COOLING TOWER WASTE DISCHARGE POLICY

o | Cooling tower chemicals containing the following constituents should not be
o discharged 10 the sewer system without prior authorization from the Industrial Waste
Division: C ‘ . ‘

1) Copper (Cu)
| . : ' 2) Chromium (Cr)
| | % Znemm
4) Tributyl tin (TBT)

Material Safety Data Sheets (MSDS) may not always refiect the presence of the
: above constituents. The user is responsible for ensuring that these paramneters are not
; ‘ prasent in thair cooling tower chemicals.

P The discharges of cooling towar chamicals/wastes to0 the sewer system are also

L L subject to the District’s limitations (sttachment 1) and to Section 301 (attachment 2)
of the District’s Industrisl Wastewater Discharge Regulations, items (h), (n], (r), (s),
{u, (x), and (y). »

Wastes generated as a resuit of cooling tower system start-up cleaning, periodic
maintenance, or system shut-down shall not be discharged to the District’s system
without specific authorization from the Industrial Waste Division. Tha District may
require that the wastewater be coflected from thess operations and held until analysis
showing compliance with District limitations is received and District authorization is
given, ,

All cooling tower discharges which ars accepted by ths District must be
matered for billing purposes. Billing based on estimates or proration of short duration 7
metering studies will not be allowed. RN

The use of cooling tower maintenance chemicals which contsin ghosphorus (P},
usually present in the form phosphate (PO, may resuit in a surchargs for tota!
phosphorus concantrations in excess of 6 mg/l. The surcharge is in accordance with

: the District’s Rate Scheduls and is assessed at the rate of $114.00 per hundred
g pounds. , . . : '

10/5/92 :
' ' Attachment (3)
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INODUSTRIAL WASTEWATER POLLUTANT UIMITATIONS
{ATTACHMENT 1) '

ALL PARAMETERS IN mg/l EXCEPT pH

FLOW IN THOUSAND GALLONS PER DAY (K) .
PARAMETER 0-10K  10-20K . 20-30K 30-40K  40-200K ' 200400K

0000000000003 000000000000000000000008000000000000000000000000000

ARSENIC 05 . 04 0.3 02 01 - 005
CADMIUM 0.5 0.4 0.3 0.2 0.1 0.05
~ CHROMIUM 100 8.0 60 40 2.0 1.0
| «COPPER 10.0 8.0 60 4.0 2.0 f 1.0
, \ CYANIDE 2.5 2.0 1.5 1.0 0.5 0.25
| LEAD 5.0 4.0 3.0 2.0 1.0 05
MERCURY 005  0.04 - 0.03 0.02 001 0.005
| NICKEL 50 4.0 3.0 20 1.0 05
| PHENOLIC . ' o |
COMPOUNDS 5.0 40 3.0 2.0 1.0 05 —
7 SILVER _ NOTE 10 075 05 025 0125
- vIING 10.0 8.0 6.0 4.0 2.0 1.0
| | O&G (NON- | | : | ‘
. SAPONIFIABLE) 500 .~ 400 300 . 200 100 50
pH 250 =250 =250 =50 250 250
| - GPD GPD GPD
*NOTE: SILVER 0-1000 1000-5000 5000-10000

6.25 3.125 1.25
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BART III -

DISCHARGE REQUIREMENTS
{ATTACHMENT 2)

Erohihited Waxte Discharges

No person shall discharge or cause to bs discharged into any portion of
tha sewerage system, dirsctly or indirectly, any wastes which may violate
any law or governmental reguiation or have an adverss or harmful effect
on the sewerags systam, maintsnance personnel, wastawater trsatment
plant personnsl, processes, or equipment, trestment plant effluent quality,
siudge quality, public or private property, or which may otherwise
endanger the public, the local environment or create a nuisancs.

{-]]

(e}

(d)

(e)

Discharge; of the following are prohibited: . -

-Any gascline, banzene, naphtha, solvent, fusl oil or any liquid.

solid, or gas that may cause flammabie or explosive conditions,
inciuding, but not limited to, wastestreams with 8 closed cup
flashpoint of less than 140 degress Fahrenheit or 60 degrees
Centigrade using test methods specified in 40 CFR 261.21.

Any toxic or poisonous solids, liquids or gases in such quantities
that, slone or in combination with other wastewater constituents,
may interfers with the sewage treatment process or sludge
disposal, cause scute worker hesith and safety probierns, materially

/increase the cost of treatment, or constitute a hazard to any

beneficial stream use, including recreation, ascribed 1o the raceiving
waters of the effluent from the sewage treatment plant.

Any waste having a pH lower than 5.0 or having any detrimental
characteristics that may cause injury or damage to persons or
property. '

Any solids or viscous substances that may cause obstruction to
flow or be detrimental to sewarage system operations. These
objectionable substances include, but are not fimited t0. asphait,
dead animals, offsl, ashes, sand, mud, straw, industrial process
shavings, metals, glass, rags, feathers, tar, plastics, wood, whoie

- blood, pasunch manure, bones, hair and fleshings, sntrails, paper

dishes, paper cups, milk containers, or other similar paper products,
sither whole or ground.

Any significant quantities of unpolluted water such as rainwater,
' Stormwater, groundwater, strest drainage, yard drainage, water
from ysrd fountains pond or lawnsprays. :




n

)]

()

(i)
1

{k)

UM

{m)

{n)

(o)

)

(a)

(r)

(s)

Any water added for the purpose of diluting wastes which would
otharwise excesd applicable maximum concantration fimitations for
8Ny wastewater constituent. "

Any petroleum of mineral based oils (non-saponifiabie) and/ or 3ny
anima! or vegetadble based oils, fats, or grezses which in excess
concentrations wouid tend to cause interferencs, pass through, or
adverss effects on.the sswerage system, ss determined by the

Any wastes with excessively high BOD, COD, or decomposable
organic content or any significant Quantities of wastewarer with 3
CODmBODnﬂocxmdlnqskwm. ,

Any strongly odorous wastss or waste tending to create odors.

Any waste contsining dissoived suifides in amounts which would
be hazardous; cause damage to the sswerage system, or create a
public nuisance.

Any substance promoting or causing the promotion of toXiC gases.

Any wastes that will incresss the temperature of the treatment
plant influent to greater than 104°F (40°C).

Any wastes fequiring the introduction of an excassive quantity of
chiorine or any othaer compound for sswage traatment purposes.

Any sxcessive amounts of deionized water, distilled water, steam
condansate, heating and/or air conditioning condensate or cooling
water, and discharges from heat pumps. ‘

Any wasts producing excessive discoloration of wastewater or
treatment plant influent.

Any waste contsining :ubsuncu that may precipitate, solidify, or
become viscous at temperatures between 50°F {10°C) and 100°F
(38°C). : . ‘

‘Any significant quantities of garbage or waste that is -mt ground

sutficiently to pass through a 3/8 inch screen.

Ariv excessive quantity of blown-down or bieed water from cooling
towers or other evaporative coolers exceeding one-third of the
makeup water.

Any significant quantities of singls pass cooling water.




)

)
v}

{w)

{x)

{y}

Any quantities of radioactive materisl wastes which are in
violations of applicable local, State, and Federal regulations.

Any significant quantities of inorganic material.

Any discharge of any poliutant released st s flow rate and/or
poliutant concentration that would result in interference, cause
advsrse stfects or pass through at the treatrnant punt.

Any discharge not in compliance with all standards as sst forth in
40 CFR Chapter |, Subchapter N, Parts 401-471 (Nanonal
Categorical Stanidards).

Any significant quantity of Tow Toxxc Organics (TT O) which
exceeds 2.13 mg/l, or in which any one toxic organic compound
exceeds 1.0 mg/l, or in which the BTEX (Benzene, Toiuene,
Ethvlbcnzenc and Xylene) concentration cxcnds 1.0 mgll

Conccntntxons of any constituent listed in. Appendix D which
axceed the particular limitations set forth therein will not be
discharged by any person who discharges 50,000 gailons or more
or. any day of the calandar year, directly or indirectly, into the
sewerage system. Dischargers with 8 flow of less than. or

- significantly greater than, 50,000 gailons per day will be given

limitations for constituents included in Appendix D on a case-by-
case basis, ukmg into consideration. but not limited to, the
foliowing: '

1) Quantity, rate, and method of discharga. '
2) Proximity to the District treatment plant receiving the waste.

- 3) Size and type of the treatment plant which receives the waste.

4) Method of siudge disposal empioyad by the treatment plant
receiving the wastes.

5) Other discharges to the same treatmant plant which may, in
combination with the aforementioned discharge, form toxic
substances o¢ any constituent having adverse effects on
treatment structures and processes or which cause a nuisance.




APPENDIX F

MSDS FOR DIAS-AID TOWER TREATMENT XP-300
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D/NS

XP-300

Revision Date: 11/25/82  Phone 1-600-332-DIAS
DIAS, Incorporated 24 Hour Emergency Phone
4510 Commaercial Ave. 1-800-442-4112
Kalamazoo, M1 49001

[ secon1 " OSHA HAZARD CLASSIFICATIONS ]
Corrosive to eyss and imtatng to skin.

[ secron 2 HAZARDOUS COMPONENTS B |
The componems of tfus product compnse propretary formaton. '

[secnions PRECAUTIONARY LABEL INFORMATION |

Thus secton not applicabie t non-biocides.

| SECTION 4 ‘ ARST AID INFORMATION , " |

EYE EXPOSURE Flush immediataly with copious smounts of tap watsf of normal safing (mumimum of 15 minutes). Take exposed md;\ndual
™ 3 haaith care professional, preferably an ophthaimoiogist, for Rther evatusbon, :

SKIN EXPOSURE Wash exposed mammﬁmpmdmcﬁtmnmm&mmmmmq and wash thor-
oughiy befors reuse. If iritstion persists consuit 3 hesith cars professional.

INHALATION: H exposure by inhalation is suspected. immediataly move exposad individual to fresh aie. if individua! experiences naosea,
headache, dizziness. has difficulty in bresthing or is cysnotic, saak s health care peofessional immedistely.

INGESTION: DO NOT INDUCE VOMITING. Rinse mouth with copious amounts of warter or milk, first irrigate the escphagus and dilute
stomach contents by siowly giving ons (1) to two (2) glasses of watst or mik. Avoid giving aicohol or aicohoi ralated products. in cases
mrcmmmmlismcmmmmwmﬂoNOTGNEFLUIDSBYMOUH-LMcmdiu:noomlhgmonulmo
product seek medécal assistance immediataly; take individual to nasrest medical faciiey. -

NOTE TO PHYSICIAN: No specific antidots is known. Probable mucosal damage may contraincicata the uss of gasuic lsvage. Treat
symptoms. Calt DIAS, Inc. for product information st §-800-332-3427. ‘ -

[secrions PRIMARY ROUTES OF EXPOSURE | ‘ |

Eye Exposurs: Canmsﬂcmmymmmmmnm(mm)nmﬁmnngmdwu.mcmméa- -
Son and first aid me . .

Skin Exposure: mmmammmmmmdwwhwm
Inhsistion myummwumaWMummwmwmum
kegestion: No data is avaiable on human ingestion.
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| secione TOXICOLOGICAL INFORMATION

Acwts Elfects:

Acuts Oral LOS: 2000 mp/kg

Acine Dermsl LDS: 2500 mg/kg

Acits inhslation LCSE 20 mpA

krritant Eects:

Sansitizntion Effect: No evidence of sensitization.

Carcinegenic Petomtiast Notksted in sny of OSHA Standard, ssction 1$10.1200, not testad by DIAS. Inc.

Ocher Higith EfSects: None known.

m-*~—

rSfL'TION 7 ENVIRONMENTAL TOXICOLOGICAL INFORMATION
| SECTION 8 PHYSICAL AND CHEMICAL PROPERTIES
Appestance Dark Amber Liquid

Odoc Mid

Oensy@2°C_ . 120GML

Ragh Poimt 22°F

Freuzing Point rc

Boiing Point ‘ ‘ nF g

Solubilty Compietaly in water

pH 19

pH{I0ppmin watet) oo 80 .

Vaper Pressurs NotTested - , -

O/W Partition Cosfficient . Not Tested ’ )
Oxidlizing/Reducing Prop ———__Not Tested

| secrioN 9 FIRE AND EXPLOSION INFORMATION

Rasmmable Limits: Neot appiicsble.
Extinguishing Modis: Water fog, carbon dicxide, foam, dry chernicals.

| SECTION 10 ' REACTIVITY INFORMATION

Stabiliey: Stable. _
mmwﬁm Exposure to fire can generats oxides of phosphorous, ritrogen, and/or carbon.

| sEcTion 11 HANDLING PRECAUTIONS

Rubier gioves and safety Glesses or goggles required.
Eve-wash fountaing in the work éres are recommended.

ovams

® o,

—————
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| secion 12 SATISFACTORY MATERIALS OF CONSTRUCTION |
Mexgiss .

TeSon

"ne

Bena-n Rubber

Vion

Neoprene

Potyethyiene

Nose: The matariais fsted above have been tasted wich XP-300. The use of other msterials not isted sbove may be hazardous and resultin
mmgnmsucnmumhwmpmuﬂyandmlmmaummmmmkmﬁmummmhmmd
¥y the user. : :

| secon 13 SPILL LEAX. AND DISPOSAL PROCEDURES B

mmamutmrhcﬁy':ndunulsmmmmwmhw or pumping spilis or lesks of thes produc: to the
aousTn! sewer.

DRTPOSAL GUIDELINES . : .
Bata: Follow federal, state 3nd local reguistions gaverning the disposal of wasts matarisis.

Cantaminated Materisis DmnnincilmmMMM:thhmﬂa&Wtﬁwmmmcrmwm
weste management unit if off-site management is required, contact 3 compsny experienced in industrial waste managemant Thes product
& not soacificaily listed in 40 CFR 261 33 3 Resource Conservaton and Recovery Act {RCRA) hazsrdous waste. Howsver, spil or lak
fes:dusis may maet the mmmmuwuummmummmmmmmmdm material t be disposed
dan&wmﬂmnlaﬁnnmmgmhmmwm«mm

Containor Dispesal: Emoty containers, as defined by appropriats sections of the ACRA, ui not RCRA hazardous wastes. However, insure
procper mansgemant of any residuals remaining in container. . . ‘

| s&cTion 14 TRANSPORTATION AND SHIPPING INFORMATION ]
DOT Skipping Neme: ORM-8, N.OS. (XP-@ Acid), NA 1760 ’

[secmonis ' REGULATORY INFORMATION - 1

:f:bwh_g rﬁ:uum 38 known 10 apply to the usa and disposal of this product Additional fadarsl, state and local tegulatons may
applicable. - :

wummamaanmmm

mmmm»mm

SARA 313 Texic Chemicais List: m&mmwmmmmamumm
m(mm&ﬂmmwumu No components 6f this product are kisted.
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RCRA (Revearce Conservation and Recevary Act) Livied Hazardess Wastes: No components of this product are ksted.
CWA (Clona Water Actt: No components of this product sre fsted. )
FOA: This product not spproved for food contact uses.

TSCA: Af components ore Ested on TSCA inventory.

AARAC This product it not 8 registerad pesocide.

{SMIS/NPCA Ratings: Hesith 2 Rammabiity 1; Rasctivity |

NFPA RATINGS. Haakh 2 Remmabiity 1; Reactivity !

Various stote Right To Know Acts: Proprietary information is avadable should you reguire further informaton on specrfic proprietary
chemicais or inerts. Plesss contact DIAS, inc. . ‘

o

wmwnmmumwmmmummummamMnmmmma
wmmdmmmuwmdmmmumm«ummmmm
i3 not described in the Product Dats Sheet is the responsibility of 8se usac This Matenal Safety Oata Sheet was prepared o
comply vath the 0SHA Hazard Communicaton reguiations. .

DlAs.lncmmuﬁ:mﬁmwﬁmmhwmwhumrﬁumwonlcmdmm
mmwwwmmhnmmmmmmmmawmmmum
US® CONTMY o such dirsctions,. - ' .

&!unuuwcm«mmummﬁmdwﬁu.mummmmmmﬂo
IMPUED WARRANTY OF MERCHANTABIUTY OR FITNESS OF THE GOOOS FOR ANY OTHER PARTICULAR PURPOSE. No such
warranves shall be implied by lew and no sgent of sallar is autherized to siter thus werranty in anty way except in writng with 3
specific refersnce to this warranty.
mmmmmmunwmmmnmmmmdmmm
2Qard to whether such 3 claim is based upon dreach of warranty ortort.

Mcmamm”dwmwmmwmmw.wutnmwarﬁmuonimc:m-
dance with the commercisl arbrsdon neles of the Amencan Arbitration Associaton, and judgement upon the awsrd rencgered
wm«wu,mumnmmmwmmw




