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Table 2, Implementation Summary for Waste

Reduction Optionsfor the Automatic Division:

Cost savings include water costs, sewer costs, and
RO system costs. In addition SAC liability savings is listed.
Each SAC unit denotes 274 gallons per day,.

Waste  Waste | SAC | Cost SAC | Status |
Reduction Reduced | Reduced | Savings | Liability
Option (gal/yr) (units) ($/yr) | Savings
(3)
Cascade in 297,480 3 892 2,850 recommended
Carousel
Cascadein | 700,150 7 1,318 | 6.650 | recommended
Crest Washer
Spray Rinse 1,005,000 10 3,015 9,500 recommended
in Carousel :
Spray Rinse 876,850 9 2,753 8,550 recommended
Modifications
in Crest
Washers
NPDES Permit 0 9 -1200 8,550 not
recommended
RO Reject for 937,300 9 3,281 8,550 recommended
Carousel
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ABSTRACT

Kurt Manufacturing Company began in 1946 as a machining job
shop. Since then, the company has acquired metal finishing abilities. In
addition, the company offers part cleaning as a service. Both metal
finishing and part cleaning require water for rinsing.

" Specifically, the Machining Division and Kurt Gear Division offers
metal finishing services. The Metal Finishing Line, which contains 16 five
hundred gallon tanks, alone generates five million gallons of waste water
annually.

Cascading rinse tanks and reducing carry-over volume will

individually reduce waste water. Carry-over volume can be reduced by

extending the drip-time, modifying the basket design, and by installing

spray-rinsing.
Cascading rinse tanks can reduce waste water generation by 50% or

2.5 million gallons annually. In addition, an annul savings of 13 thousand

dollars can be experienced. After rinse tanks are cascaded and the carry-

-over volume is reduced, the fresh water flow rates can be optimized to

minimize waste of virgin rinse water. In addition, the characterization of
rinse water will lead to less cleaning of rinse tanks and ultimately less waste
water. Table 1 summarizes each option that was investigated and displays

the implementation status of these options.



Table 1, Waste Reduction Option Implementation Summary for the
Machining Division and Kurt Gear Division:
Cost savings include water costs, sewer costs,
RO system costs, and chemical costs.

Waste Reduction Waste Reduced Cost Savings Status
Option (gal/yr) ($/yr)
Cascade Rinse tanks
Cascade 1 264,000 1,637 implemented
Cascade 2 1,926,000 9,992 not yet
- implemented
Include Tank 15 in 282,000 1. 1,845 recommended
Cascade 2
Cascade Tank 16 and 0 -640 not feasible
Tank 15
Reduce Carry-Over | Waste | Chemicals
Volume* (/yx)
Extend Drip-Time 1950 6,814 1b 2,513 recommended
13 gal
Design New Basket 1350 3,364 1b 1,423 recommended
47 gal
Spray-Rinsing — — . — recommended
Characterize Rinse 72,000 10,059 recommenced
Water
Optimize Flow Rates 922,000 5,716 recommended

Additional work was done at the Automatic Division and Industrial
Product Division. Waste water generation at the Automatic Division can be
reduced by cascading rinse tanks, installing spray rinsing, and using
reverse osmosis (RO) reject water for washing. These options were
investigated to possibly reduce a service availability charge (SAC) liability.

~ Table 2 summarizes the specific options for the Automatic Division.

.
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A. CoMPANY DESCRIPTION

In 1946 Kurt Manufacturing Company began as a machine job shop.
Since then the company has developed the capabilities to die cast, machine,
test, finish, coat, deburr, and assemble. The corporate office of Kurt
Manufacturing Company is located at 5280 Main St. NE in Fridley
Minnesota (55421). Telephone and fax numbers are 612-57 2-1500 and
612-572-9878 respectively.

The company includes a total of nine divisions located at seven
locatmns in the Minneapolis metro area, one in Nebraska, and the ﬁnal
location in Colorado. The general capabilities each of these divisions can
best be described by the SIC codes. Fabricated metal products are
represented with code 3499, which is shared by four divisions. Code 3451,
shared by two facilities, denotes screw machine products. The code for
aluminum die casting is 3363, and the code for electronic material is 3820.
SIC Code 3544 represents special dies and tools, die sets, jigs and fixtures,
and industrial molds. The final code utilized by Kurt Manufacturing
company is 3842, which denotes orthopedic, prosthetic and surgical
appliances, and supplies. Divisions do share capabilities, but each facility
uses these abilities for different jobs. Table I-1 in displays division
information, including the SIC codes, for each division.

Both the Machining Division and Kurt Gear Division are located at the
Main St. address. The Machining Division is not only the largest divisibn,
but also the oldest. The division focuses on the design of anything from
small screw machined parts to large fabrications and machined castings.
Kurt Gear produces various types of high precision gears including spur,
helical, worm, spiral, and coniflex bevel. Both divisions share metal
finishing and heat treating capabilities. A combined workforce of 303
employees facilitate the needs of both divisions and SIC code 3499

represents the product lines of both divisions.
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The Automatic Division, located in Coon Rapids, employs 132 people
to manufacture equipment and parts for industrial use. Capabilities,
denoted by SIC code 3451, of the division include automatic screw machine
operation, centerless grinding, milling and secondary machining.
Customers include the hydraulic, computer, military, medical, and
commercial industries. The address for the Automatic Division is 1292
Northdale Blvd. NW, Coon Rapids (55448). The telephone and fax numbers
are 612-572-4488 and 612-786-6336 respectively.

The Industrial Product Division located at 1325 Quincy St. NE in
Minneapolis (554 13) employs 94 people to fulfill specific needs of industry.
The workholding product line includes power draw bars, high precision
chucks, tooling blocks, and specialty vise jaws. These products are
represented by SIC code 3544. The division telephone number is 612-572-
4424 (800-328-2565) and the fax number is 612-623-3902.

The remaining sections of the company include the Pueblo Division,
‘the Lyman Division, the Theradyne Division, the Kurt Die Casting Division,
and finally the Electronic Division. The Pueblo Division, in Colorado,
“possesses Class 100 clean room facilities. These facilities allow the division
to fulfill the machining needs of the computer industry. The Lyman
Division, in Nebraska, maintains automatic screw machining capabilities,
grinding abilities, and cutter operation capabilities. The Theradyne Division,
in Jordan, manufactures products such as wheelchairs and truck
bumpers. The remaining divisions, Kurt Die Casting and Electronic, are
both located in Fridley. The Kurt Die Casting Division provides customers
with trim dies and die maintenance. Finally, the Electronic Division
increases the capabilities of Kurt Check Gaging Systems.

Each of the divisions will benefit from the reduction of water usage.
Although, this project focuses on the specific needs at the Main St. address
and at the Automatic Division. Some additional work has been done at the

Industrial Product Division.



Table I-1, Division Locations, Contact Information, Number of Employees, and SIC Codes:
Yy is comprised of nine individual divisions. Seven of the divisions are located
in the Minneapolis area, and the remaining divisions are located in Nebraska and Colorado.

Kurt Manufacturing Compan

Division

Address Telephone Fax People | SIC Code
Corporate Headquarters 5280 Main St. NE (612)572-1500 | (612)572-9878 54
' Fridley, MN 55421
Machining and 5280 Main St. NE (612)572-1500 | (612)572-9878 303 3499
Kurt Gear Fridley, MN 55421 '
Automatic 1292 Northdale Blvd. NW | (6 12)572-4488 | (612)572-0801 132 3451
Coon Rapids, MN 55448
Industrial Product 1325 Quincy St. NE (612)572-4424 | (612)623-3902 94 3544
Minneapolis, MN 55413 | (800)328-2565
Pueblo 350 Keeler Pkwy. (719)948-4477 | (719)948-3749 100 3499
Pueblo, CO 81001 ~
Lyman Jeffers and O St. (308)787-1211 | (308)787-1281 103 3451
Lyman, NE .69352
Theradyne 395 Ervin Industrial Blvd. | (6 12)502-9190 | (612)492-3443 92 3842
Jordan, MN 55352 3499
Kurt Die Casting 7585 Highway 65 NE (612)572-4650 | (612)786-6336 155 3363
Fridley, MN 55432
Electronics 7585 Highway 65 NE (612)572-4597 | (612)784-6055 17 3820
Fridley, MN 55432 (800)343-9884
SIC Code Descriptions:
3499—fabricated metal products
345 1—screw machine products
3544—special dies and tools, die sets, jigs and fixtures, and industrial molds
3842—orthopedic, prosthetic, and surgical appliances and supplies
3363—aluminum die casting :
3820—electronic material
- —
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B. Process DESCRIPTICNS

Waste water reduction in the Metal Finishing Line at the Main St.
plant was the primary focus of the project. An additional area of waste
water concern was the overall plant consumption at the Automatic Division.
Finally, some time was spent analyzing the @ metal finishing line at the

Industrial Product Division.

1. Machining Division and Kurt Gear Division

The Metal Finishing Line at the Main St. alone generates six million
gallons of waste water annually. As shown in figure I-1, eight rinse tanks
and eight process tanks form the Metal Finishing Line. A detailed diagram
is included as figure V-3 in appendix C. Each tank in the line has a 500
gallon capacity. Figure I-1 also shows the annual waste generation for each
tank.

Residue metals and surfactants from a preliminary deburring process

are cleaned from the parts during metal finishing. Water soluble coolant

" films, from machining, need washed from the parts.

An automatic hoist moves baskets, which are filled with parts, from
one tank to the next. Tank 1 in the line contains an alkaline, which is used
to clean the parts before any further finishing. An acid cleaner, which is
currently not in use, is contained in tank 2. Tank 4 contains a basic
etchant, which is used for further cleaning of aluminum parts. Aluminum
parts are cleaned further in tank 7 with an acidic deoxidizer. Die cast
aluminum is again cleaned with a nitric acid cleaner in tank 10. To protect
against corrosion, the parts can be treated with chromic acid conversion
coatings in either tank 13 or tank 14. Tank 13 contains a clear iridite, while
tank 14 contains a yellow iridite. The clear iridite coating is chosen when

the parts will not be painted and the yellow finish is applied if the parts are
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to be painted. Steel can also be finished in this line, with the passivate
solution in tank 9.

Reverse osmosis (RO) water is fed to each of the rinse tanks except for
tank 11 which is fed with tap water. Tanks 6 and 5 are operated in counter-
current flow, while the remaining tanks each have fresh water feed. During
operation the parts may be rinsed twice in separate dip-rinse tanks. This
double rinsing occurs after the etchant process (tank 4), after the acid tanks
(tank 9 or tank 10}, and after iridite finishing (tank 13 or tank 14). Tank 9
is used only to passivate stainless steel and tank 10 is used only to clean
die cast aluminum. No process utilizes both Tank 9 and Tank 10. The final
rinse tank (tank 16) is a hot water rinse. Based on operator observation,
the combination of the cold and hot water rinses following the iridite tanks
allows for a smooth iridite finish on the parts.

Multiple processes may be operated in the Metal Finishing Line
throughout any work day. The number of process tanks used depends on
metal type and customer requests. Hence, the number of rinse tanks used
depends on the process tanks used. Primary operation occurs between 6:00
a.m. and 4:00 p.m., Monday through Friday. Additional operation does
occur during the evenings between 4:00 p.m. and 2:30 a.m. Metal finishing
is rarely completed during the weekend.

After the parts are metal finished, they are shipped either to the
customer or for further processing. Additional painting can be
accomplished within the plant or by another source while, anodizing must

be done by another company.

2. Automatic Division

The Automatic Division faces a Service Availability Charge (SAC)
liability. The SAC baseline is defined as the maximum amount of water that
can be disposed of through a sanitary sewer in one working day. The

baseline is specified by a unit, which is 274 gallons. The current SAC



baseline is 43 units per day (11,782 gallons per day), but the facility
operates at 81 units per day (22,194 gallons per day). In general, a faéility
is charged $950 per unit for any excess sewer disposal. Therefore the
Automatic Division must reduce waster water disposal by 38 units (10,412
gallons per day) before the $36,100 SAC liability will be reduced. The main
areas of waste water generation include the RO system and three washer
systems. Possibilities for waste water reduction in each of these areas will
be discussed.

In addition to the SAC liability, the facility has been experiencing
problems with parf quality. Speciﬁcaily, the washer systems have not been
adequately cleaning the spacers. Therefore the primary concern of the plant
is correct this cleanliness problem. The threat bf lost profit from poor part
quality is a greater threat than the Sac liability. Hénce changes that can
reduce the SAC liability may be neglected. Although, these changes can be
made for future cost reduction and for future waste water reduction.

Before the spacers are cleaned, they are placed in a grinding system.
After grinding the spacers move through two separate washing systems. |
The first system, Carousel Washer System, initially washes the spacers with
an alkaline cleaner and a deoxidizer. From the CarbuSel Washer System the
rack of spacers is manually moved to one of two Crest WaSher Systems.
Each of the Crest Washer Systems perform a final cleaning of the spacers
with an alcohol blend. After proper cleaning the parts are immediately
packaged for the customer. Although some of the spacers may be sampled
throughout the day for cleanliness quality. |
a. Carousel Washer System

The primary use of the Carousel Washer System is to perform
preliminary cleaning of parts. The parts move through the system on racks,
which are moved from one tank to the next by an automatic arm. The
system contains 11 tanks each with a 209 gallon capacity as shown in

Figure I-2. Annual waste generation for each tank is included in the figure.

—



No:
:
O

8 .

Tank Description Waste Generation Comments
1 Alkaline Cleaner Alkalume 143 11M gal/year
2 Alkaline Rinse 1.0MM gal/year
3 Alkaline Cleaner Alkalume 143 11M gal/year
4 Hot Alkaline Rinse 457M gal/year
5 Hot Rinse 11M gal/year Waste Feeds 4
6 Rinse 308M gal/year
7 Rinse 11M gal/year Waste Feeds 6
8 Deoxidizer Alkalume 2.5M gal/year
9 Hot Deoxidizer Rinse 0 gal/year Spray Rinse
10 Hot Rinse 1.0MM gal/year Waste Feeds 9
11 Hot RO Rinse 4.1MM gal/year

Figure I-2,Schematic of the Carousel Washer at the Automatic Division:
Only one tank (tank 8) contains a hazardous material. The remaining tanks
can be disposed of to the sewer without any pre-treatment. Tank 8 is cleaned

monthly and the remaining tanks are cleaned weekly.




Parts are first cleaned with an alkaline cleaner in tank 1. The parts
are then rinsed in tank 2 before being cleaned in tank 3 with the same
alkaline cleaner. The parts then proceed through a series of four rinses in
tanks 4, 5, 6, and 7. After the parts are thoroughly rinsed, they are cleaned
with a deoxidizer in tank 8. Tank 9 is a spray rinse, which uses water from
Tank 10, to rinses the parts before they are dip-rinsed in tanks 10 and 11.
Water is also conserved by the use of two cascades, tanks 4 and 5, and
tanks 6 and 7. Each of the tanks is cleaned weekly except tank 8 which is
cleaned mdnthly. All tanks use well water except for tank 11 which uses
RO water. After the parts are cleaned in the Carousel Washer System, they
are moved to one of the Crest Washer Systems for additional cleaning.

b. Crest Washer Systems

Each of the two Crest Washer Systems utilize similar steps to generate
clean parts. In each system the parts are rinsed initially rinsed in an
ethoxylated alcohol blend. Then the parts enter a series of rinsing and
drying steps.

Figure I-3 shows a schematic of the Old Crest Washer Model K#1047.
This washer system contains a total of four tanks. Tank O1 contains the
ethoxylated alcohol blend. The remaining tanks are used for rinsing. Tank
O2 is a hot spray rinse, tank O3 is a dip rinse, and tank O4 is a high

pressure spray rinse. £ach of the tanks uses RC water and has a 25 galon

W

capacity.
1 2 3 4
Tank Description Waste Generation Comments
1 Ethoxylated Alcohol 18M gal/year
2 Hot Alcolol RO Rinse 114M gal/year Soray Rirse
3 kU kinse 249M gal/year
4 High Pressure RO Rinse 114M gal/year Spray Rinse

Figure '3, Schematic of the Old Crest Washer Model K#1047:

The entire system uses RO water and the tanks have a 25 gallon capacity.

All waste water can be disposed of through the sewer

10
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The New Crest Washer Model K#2424, which contains six tanks, is
depicted in figure I-4. Each of the tanks has a 48 gallon capacity. The first
two tanks, N1 and N2, contain ethoxylated alcohol blends. Tank N3 is a

spray rinse followed by rinse tanks, N4 and N5. Tank N6 is a spray rinse

‘combined with a hot air dry. These six tanks also use RO water.

1 2 3 4 5 6
- Tank Description Annual Waste Comments
Generation
1 Ethoxylated Alcohol 34M gal
2 Ethoxylated Alcohol 34M gal
3 Alcohol DI Rinse 114M gal Spray Rinse
4 RO Rinse 265M gal
5 RO Rinse 233M gal
6 RO Rinse 114M gal Spray Rinse and Hot Air
Dry

Figure I-4, Schematic of the New Crest Washer Model K#2424:
The entire system uses RO water and the tanks have a 48 gallon capacity.
All waste water can be disposed of through the sewer
c. RO System
Essentially, the RO system is a membrane system that removes
metals from tap water. Debris and large dirt particles are first removed from
the water through mechanical separation. The water then passes through a
membrane filtration system where calcium, magnesium, iron, and
additional metals are removed from the water. The resistivity of the water is
tested before it is discharged to the holding tank. About one-third of the
water fed to the RO system is passed to the sewer as a reject stream.
Changes can be made to each of the systems to reduce the amount

of water used. Immediate changes to the washer systems can reduce SAC

11



costs significantly. Although these changes may not be feasible for product
quality. Alterations can also be made to the system that will improve
rinsing quality and effectiveness. These changes will reduce overall water
consumption in the long-run, but may not reduce the SAC liability.
Ultimately operating costs from water use and discharge can be decreased
by altering the systems for improved rinsing quality. Operation occurs 24
ours per weekday and for eight hours each weekend day. The system, is
shut down each Monday for about six hours for cleaning. Hence the ‘

cleaning process is operated for 130 hours per week.

3. Industrial Products Division

A metal finishing line is currently not in use. Operation requires

generous amounts of hazardous material disposal. The type of part does
not allow for proper drainage of chromic acid. Hence an excess amount of
chromic acid is carried from one tank to the next.

The process is similar to the one at the Main St. Plant where the parts
are cleaned with an alkaline solution and an etchant. After cleaning the
parts proceed to a chromic acid iridite line, where a conversion coating is
applied. The problem occurs with the iridite half of the line, when the parts
hold generous amounts of chromic acid. Hence, the first of three rinse
tanks is quickly contaminated with chromic acid and must be disposed of
as a hazardous material. Preliminary assessment of the problem was done

and brief suggestions were made.

C. KeY PEOPLE

Many people contributed to the success of waste water reduction at

Kurt Manufacturing Company. Table II-2 lists primary contributors and

12
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contact information and appendix E contains a full listing of resources

contacts for the project.

Table II-2, Important Contributors to the Project:
Contact information for contributors and company position is listed below.

- Name Position Company Telephone
Karl DeWahl! | Senior Engineer . MnTAP (612)627-1904
Roger Knaus Operator Kurt Manufacturing 7¢z ‘1‘6&2)57)2-4565
Dave Muncy Operator Kurt Manufacturing 74; 2 JﬁJ«Q)'S?Q- 1500

Jim Sjoselius EHS Manager Kurt Manufacturing 7‘]5 2(612)572-4627
Chris Wiege Contractor Climatronics, HAVAC/R 7;»;2(91%?427 -4940

 First, Karl DeWahl who is a senior engineer for the Minnesota
Technical Assistance program (MnTAP) served as and an intern advisor.
Karl contributed his technical knowledge about the metal finishing industry.
Karl also provided valuable advice based on his engineering experience.
: Next, Roger Knaus and Dave Muncy who are the current operators of
the Metal Finishing Line at the Main St. Plant each supplied information
wékbout the history of and current operatioq of the Metal Finishing Line.
Roger also provided warnings about the changes made to the process. Input
from Dave included concerns about the current operation procedure.
Jim Sjoselius, Corporate Environmental Health and Safety Manager at
Kurt, provided valuable insight into the waste water problems. Jim
contributed with his knowledge and experience of health and safety issues
regarding the project.
Finally, Chris Wiege who is an independent contractor completed the
plumbing necessary for installing the cascades in the Metal Finishing Line.

Input from Chris included plumbing options and ideas for constructing the

new weir systems.
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A. WASTE VOLUME

Currently, five million gallons of waste water is produced annually
by the Metal Finishing Line. Before being drained to the sewer all waste
water is gathered in a one thousand gallon tank where pH monitoring
and adjustment occurs. An additional 10,500 gallons of hazardous
material from the same process is disposed of annually. This hazardous
material includes 1,500 gallons of chromic acid, four thousand gallons of
aluminum deoxidizer, and five thousand gallons of nitric acid. The

primary concern is to reduce waste water generation

B. MANAGEMENT METHOD

Presently, the only method of waste management employed is pH
adjustment of the waste stream. Figure V-4 in appendix C shows a
diagram of the pH adjustment system. This method accounts only for
the waste water and not the hazardous materials. Increased
documentation of hazardous material disposal and improved
maintenance of the waste water will each improve waste management.
In addition, improved communication between shift employees will help

refine current management methods.

C. REASONS FOR RESEARCHING OPTIONS

The primary reason for researching waste water reduction options
is to decrease operating costs for the Metal Finishing Line. In addition,
the overall plant waste water discharge will be reduced. This reduction

allows the facility to operate within its pre-determined SAC limit which is

15



currently 147 SAC units or 40 thousand gallons daily. Health and safety
of process operators is the final reason for system modifications.
Analysis of this system will also eliminate inaccurate use of caustic for
manual pH adjustment of Tank 11 rinse water and therefore chemical
cost will be reduced. ' ‘

Waste water generation can be reduced directly by cascading rinse
tanks and by reducing fresh water flow rates. Although, reducing the . ,
fresh water flow rate cannot be performed unless rinse water quality will
not be diminished. Therefore, process changes which reduce
contamination of rinse water must occur so that the fresh water flow
rates can be optimized. Methods that can be used to reduce this carry-
over include, drip-time extension, spray-rinse implementation, and
basket modification. Finally, development of a cleaning schedule which
includes water quality testing will reduce both annual opérating costs
and process down-time. Specific modifications to the Metal Finishing

Line and their benefits will be discussed.

D. CascaDE RINSE TANKS

1. Type of Process Change

Implementation of cascading significantly reduces waste water
volume produced by the Metal Finishing Line and decreases the annual
operating cost of the process. Counter-current rinsing within the Metal
Finishing Line requires equipment modification. This equipment
modification includes weir construction and plumbing. In addition, an
equipment change will be required to reduce the use of caustic for
manual pH adjustment. Specifically, stainless steel tanks will be

replaced with poly-propylene tanks. The combination of nitric acid and

16
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ammonium biflouride is corrosive to the stainless steel and after time
cause the tanks to crack and leak.

Waste water can be reduced by employing counter-current rinsing
or cascading the tanks, as shown in figure II-1. Essentially, fresh water
is fed to the final rinse tank. The waste water from that tank is fed to
another tank in the line. Theoretically, this scheme can continue until
all of the rinse tanks are connected together. The parts are passed in the
opposite direction of the water flow. Therefore, the final rinse tank will

contain the cleanest water as compared to all of the rinse tanks in the

line.
Direction of Operation
e —— FI‘CSh water
] [ ] | l
1 2 3
To drain
‘—-._.._.

Figure II-1, Simple Schematic of Counter-Current Rinsing:
The water from one tank is fed to the one just before it.
The final tank in the line receives fresh water.

Counter-current rinsing can be applied to a process where
chemical process baths are also utilized. Figure II-2 shows how the
concept of cascading rinse tanks can be used in conjunction with
chemical tanks. This cascading allows water, that would have been
waste, to be re-used. New contaminants are never introduced into the
rinse water. Rather chemicals from the process bath are rinsed in one
tank and fed to the previous rinse tank in dilute concentrations. In
general, the chemicals are passed from one rinse tank to another. Water

is fed to the bottom of the tank to force dirt and contaminants away from

17



the tank bottom, over the weirs and out of the tank. Although plumbing
codes discourage fresh water from being fed to the bottom of the tank.

Direction of Operation

u i |
1 ?he'micai 2 s
Bath ’ '

To drain

Figure II-2, Rinse Tanks Cascacz7 »:#+*n z Chemical Process Line:
Fresh water is fed to the final rinse tank and zts waste water is fed to the
rinse tanx jus. uejore it. The soi contaired in the waste water from
rinse tank 2 is the same component as in the chemical Hath.

Counter-current rinsing has been emniployed in past anc. was
discontinued because of a lack of sufficient overflow from one tank to the
next. Insufficicic vverflow occurred pecause the water ievel in each tank
in the cascade series was even. Flow from one tank to the next can be
forced by decreasing the water level in each tank. The last rinse tank in
the series of cascades will have the highest water level and the first tank
in the cascade series will have the lowest water level. For example, in
figure II-2 tank 1 will have a lower water level than tank 2. |

Four possibilities for cascadmg rinse tanks within the Metal
F1n1sh1ng Line have been investigated. Flgure II-3 shows where
cascading can be incorporated into the current system. ~ Calculations in
section 1-f of appendix A show how the Wa_ter level difference was
calculated and tablé [I-1 summarizes these water level differences.
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Table II-1, Water Level szference;s_ Jor Cascadmg Options:
Fluids calculations are shown in section 1-f of appendix A.

\.,/‘

Cascade Connection

Water Level Difference (inches)

Tank 15 to Tank 12

Tank 12 to Tank 11
Tank 11 to Tank 8
Tank 4 to Tank 2

12
i
1.2

a. Cascade 1

The first option is to modify the first seicti}_onmot“ the line. Currently, -

2 0.64 oo

the second tank remains inactive. This tank can be converted to a rinse
tank. Then the third tank, currently the alkaline rfrfse can be converted

' to an etch tank. This conversion, allows the next three tanks to be used

as rinse tanks as originally designed. The Waste water from tank 4 will
alsg be fed to tank 2 as shown in ﬁgure II-3. ~Ess~ent1ally, Cascade 1 will

vconnect four rinse tanks——Tank 6, Tank 5, Tank 4, and Tank 2—through

e ‘c counter—current rinsing,
, ) - ""'”'b~ CascadeZ

l

Cascade 2 will contain three rinse tanks—Tank 12, Tank 11, and

L ;;,i.;;Tank 8 A low pH in tank 11 causes the stainless steel tank to corrode

= and begm leakmg water. Therefore, pH is controlled W1th the manual

'add1t10n of caustic solution. By feeding the waste water from tank 11 to

xtank 8, corros1on of tank 8 also becomes a problem Hence
' _polypropylene tanks will replace the two stainless steel tanks These new

_tanks.will eliminate the need for manual pH momtorlng

:”c Include Tank 15 in Cascade 2.

Tank 15 can be included in Cascad 2 Because convers1on

; “.coatmg 1s an option as specified by the customer not every type of part
-+ needs to be d1pped into either of the 1r1d1te tanks (Tank 13 or Tank 14)

‘ Hence, r1nse Water containing chromic ac1d may cause a. problem when

- -iridite is'not 'specified for the part. Installat1on of a valve system will

| ) ' ‘proh1b1t the problem of iridite contaminatic
be used to direct the waste water flow from Tank 15 to elther; Tank: -

from occumng Valves can
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Figure II-3,
Cascade
Possibilities for the
Metal Finishing
Line at the Main St.
Plant:

The arrows depict
the path of the
waste water.
Cascade 1 and
Cascade 2 will
each reduce waste
water generation
and annual
operating costs.
Extension of
Cascade 2 to
include Tank 15
will also reduce
waste water
generation and
annual costs. The
option of cascading
Tank 16 and Tank
15 will not reduce
waste water.

Final
Rinse 16
Cascade Tank 16 and Tank 15
15 To drain
Include Tank 15 in
Yellow
itidite 14 Cascade 2
Clear
Iridite 13
12
: I CASCADE 2
11 Tanks 12, 11, and 8
Nitric
Acid 10
Passivate 9
. el T drain
Desmutt
7
6 Current
: Cascade
2 CASCADE 1
Change tp Rinse Tanks 6, 5, 4, and 2
Etch 4
Change tp Etch
S
Change to Rinse
. el To drain
Alkaline
Wash 1
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12 or to drain. Essentially, a valve system will allow cascading only
when the iridite tanks (Tank 13 and Tank 14) are in use.
d. Cascade Tank 16 and Tank 15

The other option is to operate Tank 16 and Tank 15 as counter-
current rinsing tanks. Currently, Tank 16 operates as a heated dead

rinse and therefore heating costs for Tank 16 will be increased.

2. Benefits of Cascading Rinse Tanks

Appendix A, section 1-b shows the calculations of annual savings
and of annual waste water reduction. In each cascade, the fastest
previous fresh water flow rate was assumed to be the new fresh water
flow rate for the cascade. In addition, it was assumed that the chemical
costs for the rinse water would decrease with a decrease in waste water
generation. Total cost and savings values are shown for all of the tanks
in the Metal Finishing Line and for the rinse tanks alone.

a. Cascade 1

Modification for Cascade 1 will included moving the etch tank
(Tank 4) from its current position to Tank 3. Tank 2 is currently not in
use and therefore will be converted to a rinse tank. Three dip rinses after
the etch tank provide a better rinse than two dip rinse tanks. By
including tank 2 in the cascade, waste water generation will be reduced
by 264 thousand gallons annually and annual operating costs will
decrease by $1,637.

b. Cascade 2

Implementation of this cascade will reduce waste water generation
by 1.9 million gallons each year and an annual savings of $9,992.
Cascade 2 requires the construction of two new tanks. These two tanks
will eliminate the safety concerns about handling caustic solution.
Chemical costs will also be reduced because caustic solution will only be

used in the automatic pH adjustment of the waste water.
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Maintenance of Tank 11 water pH between 9 and 10 requires
about a half gallon of 50% caustic solution. When Tank 11 is used,
caustic solution is added to the tank manually after each dip-rinse. Acid
is rinsed from the parts with this alkaline rinse water. Then the pH of
the Rinse water drops drastically. Without any caustic addition, this
trend continues until the pH reaches a value of about 2 and maintained
for the duration of operation. Figure V-2 in appendix B, section 1-2 .
shows the pH profile of the rinse water in Tank 11. Hence, maintaining a
PH of 9 requires about 10 gallons of 50% caustic solution throughout
any one day of operation when Tank 11 is ﬁsed for rinsing.

c. Include Tank 15 in Cascade 2

By including Tank 15 in Cascade 2, annual waste water generation
will be reduced by an additional 282 thousand gallons. A additional
operating costs savings of $1,845 will be experienced. Finally, clean
rinse water can be maintained for use after the conversion coating is
applied.

d. Cascade Tank 16 and Tank 15

Employing counter-current rinsing with tank 16 and Tank 15 does
not result in any monetary or waste water reduction benefits. Although,
a clean final rinse can be obtained. Temperature data is found in table

V-29 in section 1-b of appendix B.

3. Economic Analysis

The economics of each cascade option will be discussed and
summarized in Table II-2. In each case, the payback period is calculated
after taxes assuming a 50% tax rate. In addition, a five year project
lifetime and 15% rate of return is assumed. All economic calculations
are shown in appendix A, section 1-e in the following tables; Table V-1 1,
Table V-12, Table V-13, Table V-14, and Table V-15.
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a. Cascade 1

Cascade 1 only requires plumbing and therefore the capital
investment of $500 is minimal. Down-time can be avoided by modifying
the tanks during the cleaning process. Annual savings of $1,637 or
$819 after taxes will also be small. A payback period of eight months, a
discounted cash flow rate of return of 162% and a net present value of
$2,243 can be expected. Based on a five project lifetime the net present
value is $2,243.
b. Cascade 2 m “ é;*i 5: < - <

Implementation of Cascade 2 will lead to a larger annual savings than
Cascade 1. After a payback period of 15 months, an annual savings of
$9,992 o?@f,ggé after taxes will be experienced. Because of the

- construction of new tanks, the total capital investment exceeds the

minimal costs of plumbing. The tanks, constructed of polypropylene and
having a ten year lifetime, will cost $1,800 each from UNIFAB, Inc. of St.

Louis Park. Tank installation will cost an estimated $200 per tank.

- Added costs included $1,000 and $425 for plumbing and down-time

- respectively. Ultimately the total capital investment will be $5,425. The

discounted cash flow rate of return is 88% and the net present value is
$11,322.
c. Include Tank 15 in Cascade 2

Including tank 15 in Cascade 2 will save an additional $1,845
annually or $923 after taxes. Plumbing costs result in a minimal capital
investment of $500. A seven month payback period and 184%
discounted cash flow rate of return can be expected. Finally, a net
present value of $2,592 will be experienced.
d. Cascade Tank 16 and Tank 15

As stated earlier Cascading Tank 16 and Tank 15 will result in no
monetary savings. This option will cost $640 annually due to increased

electric cost for heating the fresh water feed to Tank 16. Hence,
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employing counter-current rinsing to Tank 16 and Tank 15 yields no

monetary benefits.

Table II-2, Economic Analysis Summary for the Cascade Options for
the Metal Finishing Line at the Machining and Kurt Gear Divisions:
Calculations are based on a five year project lifetime and
a 50% tax rate. Appendix A, section 1-e displays all ealculations.

Options Cascade | Cascade Include Cascade
1 .2 Tank 15 in | Tank 16 and
Cascade 2 Tank 15~
Capital 500 5,425 500 S —
Investment ($)
Annual Savings 1,637 9,992 1,845 -640
($/year)
Equipment — 10 —_ —_
Lifetime (years) |
Payback Period 8 15 7 —
({months)
Net Present Value 2,243 11,322 2,592 —
($/year)
Discounted Cash 162% 88% 184% —_
Flow Rate of
Return

E. REDUCE CARRY-OVER VOLUME

1. Type of Process Change
Carry-over volume exists in two forms. The first form of carry- over

volume is any type of solution that is trapped within holes of parts or
freely drains from parts and racks. Extension of drip-time, and
modification of the part basket will each reduce this type of carry-over
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volume. The second type of carry-over volume exists as a film, which

?\olo(a 107 5,05
adheres to the part and basket. Spray rinsing will reduce the chemical ¥ Vgc\
film that can be carried from one tank to the next. “Thix em‘ g kmfaw
+ ! /\J f Y
The use of each process tank dictates the annual carry-over gfd ;\ g }ff 13:%&

volume from each tank. For example the alkaline wash tank is needed for
every part, but the passivate tank is only used for finishing stainless
steel. Spray rinsing installation and basket modification requires

equipment changes. Drip-time extension requires a process change.

2. Benefits of Reducing Carry-Over Volume

The reduction of carry-over not only reduces chemical costs, but
also allows the reduction of the fresh water flow rate. Therefore
chemical, water, and sewer costs can be reduced.

A test was conducted to compare the carry-over from the original
drip-time of five seconds to an increased drip time of 30 seconds. Table
1I-3 shows that the initial carry-over volume is decreased by 60%. This
decrease in carry-over volume will decrease the annual chemical costs.
For example, if the drip-time were increased and the carry-over volume
was reduced by 60%, an annual chemical cost savings of $3,574 can be

expected. Calculations are shown in appendix A, section 1-c.

Table II-3: Carry-Over Volume Estimation for a Typical Load
Carry-over was estimated for some drip-time after the basket was moved
Jfrom one tank to the next. Increasing the drip-time does prevent chemicals
Jrom being carried into the next tank and therefore chemical cots will
decrease. After the drip-time was increased to 30 seconds, carry-over
volume was reduced by as much as 0.38 gallons or 60%

Drip-Time Volume Drip-Time Volume
5s 0.60 gallons 30s 0.25 gallons
Ss 0.63 gallons 30 s 0.25 gallons

Because drip-time extension is only an option for the tanks that
are not heated, spray-rinsing may be the best option for the heated

tanks. Spray-rinsing washes the chemicals back into their respective
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tanks. This option also provides an additional method for n'nsing. parts.
Spray rinsing will also replenish evaporative losses experienced by the
heated process tanks.

A test results showed that the current basket design allows 270
gallons of solution to be carried from one tank to the next each year. By
designing the baskets to reduce this carry-over volume up to two
thousand dollars in chemical costs can be saved annually. In addltlom, .
the process time will not be increased at all.

Current basket design allows for a variety of parts to be metal '
finished. Baskets can be designed to remove some of the mesh material,
but still have the ability to carry the largest parts. The sides of the
baskets can be removed or be made smaller. In addition, the bottom of
the baskets can be replaced with rails or bars. Small baskets, which fit

inside the original basket, can be constructed to hold small parts.

3. Economic Analysis

The first carry-over reduction option, increasing the drip-time,
significantly reduces the carry-over volume, but also increases the
process time. Although annual chemical costs will decrease by $3,574,
extended process time will potentially cost $18,889 annually. Process
time losses will only be experienced if the line is operating at full
capacity. Appendix A, section 1-c shows the savings calculation and the
extended process time cost calculation is shown in section 1-¢

Process time can also be claimed be decreasing the length of the
rinse time. Less contaminaciﬂ.n‘ wiil ocrur pecause the carry-over vc'ume
has been decreased. Hence, less rinsir 2 time is necessary o clean the

rarts.

Another option of altering the basket design does not increase the
process time and will save $1,423 in annual chemical costs.

Calculations are also shown in appendix A, section 1-c. Although, this
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value assumes that all basket mesh will be eliminated for every cycle.
Capital cost for altering the baskets will only be the cost of labor and has
not yet been determined. The final option of spray-rinsing needs further

investigation.

F. CHARACTERIZE RINSE WATER TO REDUCE TANK CLEANING

1. Type of Process Change
Currently, a rinse tank is cleaned when rinse water looks ‘dirty’ or

has not been cleaned for ‘a while’. Once each week the ‘dirty’ rinse water
is dumped. The tanks are then scrubbed and partially inspected for any
visible cracks. Fresh water fills the tank. This cleaning process does not
included any prior testing of ‘dirty’ water. The tanks are drained rather
quickly, but scrubbing of one rinse tank requires 45 minutes of down-
timme. This current system permits wasting rinse water and requires

extensive down-time. A maintenance change of characterizing ‘dirty’

rinse water with conductivity and pH readings can decrease down-time

and wasted rinse water. Although, conductivity and pH readings provide
indirect measures of contamination. Therefore cleaning limits need to be
chosen carefully. Additional care needs to be taken with the conductivity
meter. In general conductivity meters are quite sensitive and must be

calibrated on a regular basis.

2. Benefits of Characterizing Rinse Water

Some of the rinse tanks need to be cleaned more often than others,
but on average each tank is cleaned 36 times per year. Currently, no
system exists for determining when rinse water needs to be dumped. If
tanks do not need to be cleaned as often operation down-time will be

reduced significantly. In addition, waste water generation will be
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decreased. Conductivity and pH data are located in table V-28 and table
V-30 respectively in appendix B section 1-a and section 1-c.

For example, if the tanks are cleaned out only 18 times per year,
down-time is reduced by 108 hours annually and waste water generation
will be decreased by 72 thousand gallons annually. Annual savings of
$879 can be expected in water and sewer costs and potentially $9180 in
down-time can be saved each year. Down-time savings can only be .
experienced at full capacity operation. Calculations assume that the |
tanks are cleaned half as much and hence only 9 thousand gallons of
water is used for cleaning. The down-time calculation is shown in

appendix A, section 1- b.

3. Economic Analysis

The only capital cost required to characterize rinse water is $500
for a bench-top conductivity meter. The actual savings and payback can
only be calculated can only be done once it is determined how often the
tanks will be cleaned. Although, an economic analysis was conducted on
a scenario of cleaning the tanks half as much. By cleaning the tanks
half as often $879 in water and sewer costs can be saved annually after a
payback period of 16 months. A 15 % rate of return was assumed.
Assuming a 50% tax rate, the annual savings will be $440. In addition,
the net present values after five years will be $973 and the discounted
cash flow rate of return is 84%. Section 1l-e in appendix A shows the
economic calculations. ' '

In addition to water cost and sewer cost savings, less Adown-time
will be experienced. This decrease in down-time from cleaning ca
potentially result in an additional annual savings of $9, 180_for a total
annual savings of $10,059. The new payback period is then only one
month with a discounted cash flow rate of return of 1008%. The net

present value is $16,360 for a five year project lifetime.
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G. OrPTiMIZE FRESH WATER FLOW RATES

1. Type of Process Change

The present process does not control any of fresh water flow rates.
Although, three rinse tanks— Tank 12, Tank 8, and Tank 6—each have a
solenoid valve that times the flow of fresh water. The solenoid valves
have programmed intervals to deliver fresh water for seconds and wait for
10 seconds. The remaining tanks each have a manual valve which
delivers fresh water. Optimization of fresh water flow rates will keep
clean rinse water from being wasted. In addition, the solenoid valves can
be adjusted to deliver fresh water only when the rinse tanks are being

used. Each of these options will require a process change.

2. Benefits of Optimizing Water Flow Rates

The conductivity and pH of the rinse water was monitored

‘periodically for a number of weeks. During this time an experiment with

decreased flow was conducted. The test results showed that by

‘decreasing the fresh water flow rate, the water quality did not decrease

significantly. This test suggested that the current fresh water flow rates
allow virgin rinse water to be wasted. Essentially, optimization of fresh
water flow rates will efficiently utilize rinse water and will ultimately

reduce operating costs.

3. Economic Analysis

Fresh water flow rates can only be optimized after cascading is
implemented. Ideally, the flow rates should be verified after any type of
process change. Optimization of flow rates will cost nothing, but will

save on annual water and sewer costs.
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H. IMPLEMENTATION

Each of the options has the possibility to reduce waste water

generation and to decrease annual operating costs. The changes require

either small equipment changes or simple process modifications. The

options of employing counter-current rinsing was fully investigated.

Preliminary research and testing was done on the remaining options, and

further investigation may be necessary before any modifications can be

made. Progress of each waste reduction option is found in the Table II-4.

In addition, cost savings and waste reduction volume is included.

Table 4, Waste Reduction Option Implementation Summary:
Cost savings include water costs, sewer costs,
RO system costs, and chemical costs.

Waste Reduction Waste reduced Cost Savings Status
Option (gal/yr) ($/yr) ‘
Cascade Rinse tanks
Cascade 1 264,000 1,637 implemented
Cascade 2 1,926,000 9,992 not yet
implemented
Include Tank 15 in 282,000 1,845 recommended
Cascade 2
Cascade Tank 16 and 0 -640 not feasible
Tank 15
Reduce Carry-Over | Waste | Chemicals
Volume* (/yr)
Extend Drip-Time 1950 6,814 1b 2,513 recommended
: 13 gal
Design New Basket 1350 3,364 1b 1,423 recommended
47 gal
Spray-Rinsing — — — recommended
Characterize Rinse 72,000 10,059 recommenced
Water*
Optimize Flow Rates* 922,000 5,716 recommended

*estimated values based on examples
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1. Cascade Rinse Tanks

a. Cascade 1

Cascade 1 was recently implemented and therefore problems
cannot be reported at this time. One anticipated problem is the inability
to have enough overflow. The fresh water flow rate will need to be
adjusted accordingly. Although, at the time of implementation no initial
prbblems were sighted. Figure V-5 in appendix C shows a detailed
diagram of the weir construction of Tank 2.
b. Cascade 2

Problems with implementation occurred with obtaining materials
for modifications. In addition, problems with stopping production
became an issue. Materials are currently ordered and this option will be
implemented when the new tanks arrive.
c. Include Tank 15 in Cascade 2

| Quality issues prohibit this opﬁon from being implemented

immediately. Although, with testing and success of the other cascades

- the Metal Finishing Line can easily be modified to included this option.
~d. Cascade Tank 16 and Tank 15

This is option is clearly not feasible because of the added cost for
heating. Although if rinse water quality becomes an issue, the Metal

Finishing Line can be adapted to accommodate this cascade.

2. Reduce Carry-Over Volume

Extension of the drip-time requires additional testing. Another
drip-time (possibly 15 seconds) should be tested. This test will show if
the carry-over volume plateaus at a given drip-time. The difficulty of
modifying the baskets needs to be investigated. Spray-rinsing will
definitely help reduce the carry-over volume and replenish evaporative

losses. Although, the economic feasibility needs to be investigated.
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Concern about increasing the entir¢ process time has been
expressed. Once the drip-time is increased, process time can be saved
by reducing the allotted time for rinsing. Because chemicals will be
allowed a longer time to drain less rinsing is necessary. This option
requires contact with customers because of a procedural change. In
general, contact of customers is resisted due to the number of customers

=

and variety of products.

3. Characterize Rinse Water to Reduce Tank Cleaning

Better characteristics need to be determined before this option can
be implemented. The current method of defining ‘dirty’ rinse water is so
subjective that it is difficult to set conductivity and pH limits. In
addition, tanks are not cleaned when the rinse water 10oks dirty’ if
production cannot be halted. Essentially, rinse tanks are only cleaned if

it is convenient to stop production.

4. Optimize Fresh Water Flow Rates
This option cannot be implemented until each of the cascades are

in place. Ideally, the fresh water flow rates should be adjusted each time

a change is made to the metal finishing line.
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III. Waste Reduction Options:
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. Waste Volume

A
B. Management Method
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. Cascade Rinse Tanks
. Spray-Rinsing

. RO Reject Options

G. Implementation
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A. WaAsTE VOLUME

The Automatic Division, currently discharges five million gallons of
waste water annually. The majority of this water is used for washing
spacers. Specifically, the Carousel Washer System generates just over
three million gallons of waste water each year and the Crest Washer
Systems produce just over one millidn gallons of waste water annually.>
The remaining waste water is generated by the RO System, domestic use

and other maChi\nes.

B. MANAGEMENT METHOD

No current method exists for managing waste water. Although,
part quality is thoroughly tested each day. Karl DeWahl from MnTap _
was contacted in March 1997 about the waste water generation.
Appendix D is a copy of his report of the situation. In addition, table V-
33 in section 2-a of appendix B lists the original conductivity data from

his visit.

C. REASONS FOR RESEARCHING OPTION

The primary reason for investigating waste reduction options is to
avoid a SAC liability. The facility has a SAC baseline of 43 units or 12
thousand gallons per day, but operates at 81 units or 22 thousand
gallons per day. Each SAC unit greater than the baseline limit costs
$950. Hence, the facility will be charged $36,100 for 38 units greater

than the allowed baseline. -
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Three general process modifications and equipment changes can
individually reduce waste water generation. Rinse tanks within the
carousel washer and crest washers can be cascaded. Additional spray
rinsing can be implemented in the carousel washer to reduce waste
water generation significantly. Finally, two options exist for the RO reject
water. The first option is to obtain a permit for RO reject discharge and

the other is to use the RO reject water for the carousel washer.

D. CASCADE RINSE TANKS

1. Type of Process Change

Currently, two sets of tanks—Tank 4 and Tank 5, and Tank 6 and
Tank 7—employ counter-current rinsing within the Carousel Washer

System. These two sets can be connected together for only one series of

-cascaded tanks. One of the Crest Washer Systems can also be modified

-to included a cascade. Specifically, waste water from Tank N5 can be

used to feed Tank N4. Plumbing modifications will be necessary for

cascading rinse tanks.

2. Benefits of cascading Rinse Tanks

By cascading the tanks in the Carousel Washer System, waste
water generation can be reduced by 297 thousand annually or by three
SAC units daily. Annual savings will be $892 and the SAC liability will
be reduced by $2,850. An additional waste water reduction of 700
thousand gallons annually or seven SAC units daily. Annual savings will
increase by $1,318 and SAC liability will decrease by $6,650
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3. Economic Analysis
Calculations, in appendix A (section 2-b and section 1-d), were

made after taxes and assuming a 50% tax rate. In addition, a five year
project lifetime and 15% rate of return was assumed. It was also
assumed that SAC liability reduction was only experienced within the
first year of the project. Results are tabulated in Table III-1.

Plumbing modifications for cascading in the Carousel Washer )
System will cost $1000. After a nine month payback period, a gross
annual savings of $892 or after taxes a savings $446 will be experienced.
An additicnal savings for SAC liability of $2,350C is also possibie. The net
present value will be $1 735 and the discounted cash flow rate of return
will be 122%. |

A capital investment of $1,000 includes all plumbing modifications
needed to cascade Taﬁk NS and N4. After three months, a gross annual
savings of $1,318 or after taxes a savings of $659 will be experienced. In_
addition, SAC liability will be decreased by $6,650. The discounted cash
flow rate of return will be 319% and the net present value will be $4,100.

Table III-1, Economic Analysis Summary for the Cascade
Options for the Automatic Division:
Calculations are based on a five year project lifetime, 15% rate of return,
and a 50% tax rate. Appendix A, section 2-d displays all calculations.

Options Cascade in Cascade in Crest
Carousel Washer Washers

Capital Investment ($) 1,000 1,000

Annual Savings ($/year) 892 9,318

SAC Liability Reduction ($) 2,850 6,650
Payback Period (months) 9 3

Net Present Value ($/year) 1,735 4,100

Discounted Cash Flow 346% 319%

Rate of Return
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E. SPRAY-RINSING

1. Type of Process Change

Spray-rinsing is currently used within the Carousel Washer
System and the Crest Washer Systems. After equipment modifications,
an additional spray-rinse can be employed within the Carousel Washer
System. Tank 2, a dip rinse tank in the Carousel Washer System, can be
replaced with a spray-rinsing system and waste water from Tank 4 can
be used for spray-rinse water. The current spray-rinses within the Crest
Washer Systems can be modified to use waste water from the dip-rinses
rather than fresh water. Specifically, Tank O3 waste water can be used
to feed the spray-rinse in Tank 02 and Tank N4 waste water can be used

to feed the spray rinse in Tank N3.

2. Benefits of Spray Rinsing

By installing additional spray-rinsing in the Carousel Washer

‘System, annual waste water generation can be decreased by one million

~gallons annually or by 10 SAC units daily. Hence annual costs are

decreased by $3,015 and the SAC liability is decreased by $9,500.
Annual waste water generation can be decreased by an additional 877
thousand gallons or nine SAC units daily if modifications are made to the
Crest Washer Systems. Annual savings will increase by $2,753 and SAC
liability will decrease by $8,550.

3. Economic Analysis

Appendix A (section 2-b and section 1-d), shows the economic
analysis calculations. These calculations assume a 50% tax rate, a five
year project lifetime and 15% rate of return. It was also assumed that

SAC liability reduction was only experienced within the first year.
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Payback period calculations were made using an after taxes cash flow.
Taoie [i1-2 summarizes the resuirs.

Installation of spray-rinsing in the Carousel Washer System will
save the most annually and will reduce the SAC liability the most as
compared to all options. After a capital investment of $1,500 and a
payback period of two months, an annual savings of $3,015 or after
taxes a savings of $1,508 can be expécted. The SAC liability can also be ‘
reduced by $9,500. The net present value is $7,684 and the discounted
cash flow rate of return is 346%

Modification of the Crest Washer Systems will require a capital
investment of $1,000. After a one month payback period, an annual
savings of $2,753 can be expected. After taxes the annual savings will be
$1,377. The SAC liability can also be reduced by $8,550. The net
present value is $7,332 and the discounted cash flow rate of return is

493%.

Table III-2, Economic Analysis Summary for the Spray-Rinsing
Options for the Automatic Division:
Calculations are based on a five year project lifetime, 15% rate of return,
and a 50% tax rate. Appendix A, section 2-d displays all calculations.

Options Spray-Rinse in Spray-Rinse
Carousel Modifications in
Crest Washers

Capital Investment ($) 1,500 1,000
Annual Savings ($/year) 3,015 2,753
SAC Liability Reduction ($) 9,500 8,550
Payback Period (months) 3 1
Net Present Value ($/year) 7,684 7,332
Discounted Cash Flow 346% 493%

Rate of Return
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F. RO REJECT OPTIONS

1. Type of Process Change
Essentially, two options exist for the RO reject water. The water

can be discharged to the storm sewer with a NPDES permit. The other
option is to use the RO reject water in the Carousel Washer System,
which is an actual procedural change. The current procedure uses city

well water in most rinse tanks.

2. Benefits of RO Reject Options
By discharging the RO reject water through the storm sewer or by

using this water to feed the Carousel Washer System, waste water will be
reduced by 937 thousand gallons per year or by nine SAC units per day.
Obtaining a permit will only allow the SAC liability to be decreased, but
the option of using the RO reject water for the Carousel Washer System

will add water and sewer savings. Specifically, annual savings will be

‘f$3,281 and the SAC liability will be decreased by $8,550. The increased

regulatory burden of maintaining the permit will also be avoided by using

RO reject for the carousel washer.

3. Economic Analysis

Appendix A (section 2-b and section 1-d) shows the economic
analysis calculations. These calculations assume a 50% tax rate, a five
year project lifetime and 15% rate of return. Payback period was
calculated with an after taxes cash flow. It was assumed that SAC
liability decreases will only be experienced in the first year. Table III-3
summarizes the results

By using RO reject water to feed the Carousel Washer System,
$3,281 can be saved annually or after taxes an annual savings of $1,641

will be experienced. Capital investment will be $1,500, which includes a
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storage tank for $500 and any plumbing. A payback period of three -
months is éxpected with a net present value of $1,640. The discounted
cash flow rate of return is 328%. The option of obtaining a NPDES
permit requires an annual fee of $1200 and an application fee of $85.

Table IIIF3, Economic Analysis Summary for the RO Reject
Options for the Automatic Division: .
Calculations are based on a five year project lifetime, 15% rate of return, -
and a 50% tax rate. Appendix A, section 2-d displays all calculations.

Options NPDES Permit RO Reject for
Carousel

Capital Investment ($) 85 1,500

Annual Savings ($/year) -1,200 3,281

SAC Liability Reduction ($) 8,550 8,550
Payback Period (months) —_ 3

Net Present Value ($/year) — 1,640

Discounted Cash Flow —_ 328%

Rate of Return - '

G. IMPLEMENTATION

All of the options, except for one, are recommenced. Each option
will reduce waste water generation and hence, decrease annual water
and sewer costs. In addition, the options can significantly reduce SAC
liability. Table II-4 summarizes the savings possibilities, waste reduction

potential, and status of each option.
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Table II-4, Implementation Summary for Waste Reduction Options:

Cost savings include water costs, sewer costs, and

RO system costs. In addition SAC liability savings is listed.

Each SAC unit denotes 274 gallons per day.

Waste Waste SAC Cost SAC Status
Reduction Reduced | Reduced | Savings | Liability
Option (gal/yr) (units) ($/yr) | Savings
($)
Cascade in 297,480 3 892 2,850 recommended
Carousel
Cascade in 700,150 7 1,318 6.650 recommended
Crest Washer
Spray Rinse 1,005,000 10 3,015 9,500 recommended
in Carousel
Spray Rinse 876,850 9 2,753 8,550 recommended
Modifications
in Crest
Washers
NPDES Permit 0 9 -1200 8,550 not
recommended
RO Reject for 937,300 9 3,281 8,550 recommended

Carousel

Essentially, implementation of each of the options is resisted for

two reasons. First, any type of change to the current cleaning system

risks harming product quality. The second problem is a general

resistance to change and a low priority status of water conservation.

The option of obtaining a permit is not recommenced because of

increased regulatory burden of reporting and because of the increased

cost of maintaining the permit. In addition, a permit does not decrease

the generation of waste water.
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IV. Waste Reduction Options:
Industrial Product )
Division
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The Industrial Products Division performs metal cleaning and
finishing for bomb casings. The parts are cleaned in one line of tanks
and finished in another line of tanks. The area of concern is the second
line of tanks where the casings are finished. In this line, the parts are
dipped into an iridite tank and proceed through a series of three dip-
rinse tanks. The carry-over volume from the iridite tank is so large that
the first rinse tank quickly becomes contaminated and needs to be
disposed of as hazardous material.

A preliminary analysis of the situation was done when the line was
not in operation. Therefore only qualitative suggestions to reduce
hazardous material disposal can be made. Carry-over volume can be
reduced directly by increasing the drip-time over the process tank, or by
tilting the casing for better drainage. Spray-rinsing can be used either
above the process tank or in place of the first drip rinse. Finally, the first
dip-rinse tank can be changed to a drip tank. A drip tank serves as an
empty tank where solution can drain from the part and later be pumped
back into the original process tank. Each of these options‘ can be

investigated for possible application and economic feasibility.
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Appendix A

A. CALCULATIONS

1. Machining Division and Kurt Gear Division

An example calculation is shown for each set of calculations. If more
than one situation occurred, the spreadsheets for each different situation
follow the example calculation.

a. Original Operating Costs and Water Usage

The evaporation rates were determined using figure V-1. Each heated
tank has a temperature range, therefore the evaporative rate was calculated
for each limit. Then an average value was found and used in further
calculations. Tank dimensions are 78 inches by 43 inches. A sample
calculation for Tank 1 is shown and table V-1 summarizes the evaporation

rates for the four heated tanks.

Doe —

7.4
lhﬁ
o

| 04

il

T
!

o B e e koo i
ol T o8 LS00 MSHE 1RNE0 LA 500 3SRRd LA 1L L0
80 100 (20 140 160 180 20

Figure V-1, Evaporation Rate Trend:
Evaporation rate is found assuming relatively still air (D1).
The dimensions of the tank are 78 inches by 43 inches.
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Sample Calculations for Tank 1

Sus face Peo-

Q3 [#3in) L_ljﬁj - 72,298™

12m&
Tarde ! 150°F e 180°F

o |SOSF 0. ;W)M’L} v (Qmmplo\—)

@-\% e ) (22248 = 23390l o

. 180°F o.z_o,ox;w)w [feom plot)
(0 2opde /i) (23290 &%) =nlboaedling

« Averaag  (2.33 r ) 2 qadng
= s.swlml

Table V-1 , Evaporation Rates for the Heated Tanks:
Evaporation is negligible when the water temperature is less than 90°F

Tank Temperature Range (°F) Evaporation Rate (gal/hr)
150-180 3.5
4 - 100-160 - 2.0
13 120-125 1.1
14 130-140 ' 1.5

Chemical costs were based on the amount purchased in one year.
Table V-2 shows the chemical prices, chemical volume, and annual costs.
The chemical usage column shows the total amount of chemical used in one

year. The chemical process tanks are changed periodically throughout the
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Appendix A

year. Pure chemical is not added to the tank. Instead a solution of

chemical dissolved in water is used to fill the tank. Table V-2 also shows

the concentration of each process bath. The chemical changes column

shows the amount of chemical used when the tanks are cleaned. Finally,

the extra column shows the amount of extra chemical used for replenishing

the process bath. It was assumed that this volume was lost from carry-over.

Alkaline
Etch
Deoxidizer
Passivate
Nitric
Pik-Aidl
Clear
Yello

Table V-2: Annual Chemical Costs:
All values are on an annual basis. Prices were found on billing statements.

>

Chemical Carry-Over
Tank Usage Changes Extra (gal) Price per
1 2,700 1b 2,250 1b 450 1b 900 $0.95 1b
4 2,571 1b 2,256 1b 315 1b 840 $0.82 1b
7 367 gal 300 gal | 67 gall 1,340 |$7.60 gal
9 4,497 1b 2,943 1 |1,554 Ib 264 $0.18 1b
10 85,356 Ib 52,965 1b 132,391 Ib| 2,752 $0.18 Ib
10 2,876 Ib 1,500 1 | 1,376 Ib|] 2,752 $2.56 1b
13 70 b 32 1b 38 1b 608 $6.60 1b
14 350 Ib 63 b 288 1b 2,300 $9.00 1b
Annual Costs Process Tank
Concentrations
Tank Changes Extra Total Cost Tank
1 $2,137.50 $427.50 $2,565.00 1 | 8oz/gal
4 $1,849.92 $258.30 $2,108.22 4 |6 o0z/gal
7 $2,280.00 $509.20 $2,789.20 7 5%
9 $517.97 $273.44 $791.41 9 50%
10 $9,321.84 $5,700.82 $15,022.66 10 100%
10 $3,840.00 $3,522.56 $7,362.56 10 | 8 oz/gal
13 $211.20 $250.80 $462.00 13 | 1 oz/gal
14 $562.50 $2,587.50 $3,150.00 | | 14 | 2 oz/gal
Totals $20,720.93 $13,530.12 $34,251.05

Fresh water flow-rates were determined using the bucket method.

The amount of time needed to fill a five gallon pail was recorded. Three

measurements were taken and the average flow-rate was calculated from

these measurements.
The rinse water is changed an average of 36 times per year. Each

) time 500 gallons of water is drained through the sewer. Hence, an
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additional 18 thousand gallons was added to the total water usage and
generation.

Water and sewer charges are found directly on billing statements.

The disposal charge for hazardous materials is specific for each material and
were found on account statements. The value for the RO system is based on
the materials needed for a given time period and the amount of RO water
produced during this time period. Material cost was found on a purchase
order.

It was estimated that fresh water is fed to the tanks for four thousand
hours per year. Three tanks—Tank3, Tank 11, and Tank15—have manual
valves and hence the water is fed to these tanks for the full time. The
remaining tanks—Tank 6, Tank 8 and Tank 12—have automated valves
which alternate between feeding water and not feeding water. Therefore
fresh water is fed to these tanks only half the time and two thousand hours
per year was used for calculation purposes.

Table V-3 shows the current operating costs for the Metal Finishing
Line. Additional chemical costs are for waste pre-treatment. The alkaline
solution cannot be frothy when emptied into the sewer and the etch solution
must be neutralized with sulfuric acid before sewer disposal. The caustic
and acid costs are for the automatic pH adjustment system. It was
assumed that each rinse tank utilizes equal amounts of chemical for pH
adjustment. Although, Tank 11 consume more caustic solution because of

manual pH adjustment.
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Table V-3, Annuai Operating Costs for the Metal Finishing Line:

Appendix A

18

800

0 0025

00000 |

Total values are shown for all of the tanks and for the rinse tanks alone.
(gal/hr) Water (galfyr) Price Data ($/gai)
Evaporation Flow Generation| Evaporation Usage Disposai | Disposal Water Sewer RO System
3.5 3,500 29,400 32,900 sewer 0.00 0.001 0.0025 0.0027
.001 0. 0025 0.0027 Sy
- SRS i RN
0.001 0.0027

0.001

0,000

"0.0000

0.0027

Total

4780000

4 823'540

Water 4,749,500 68,040 4,808,300
Hazardous 10,500 QV\,S % (/g{y e < 4 7 34 Gl ¢ é" j
low e Volvwie < 4, 4?0 0000py
Annual Costs($/yr) Chemlcal Cost ($/yr)
Disposal Water Sewer RO System All Total
Clep 83M Defcam
0.00 32.90 8.75 88.83 2,565.00 390.00 2,955.00 | $3,085.48
0.00 0.00 0.00 0.00 0.00 $0.00
Caustic Acid
190006 323
. Clepo 30B Acid
0.00 28.80 30.00 77.76 2108.22 | 1,415.50 | 3,523.72 | $3,660.28
Caustic Acid

Clepo 503
6,040.00 4.00 0.00 10.80 2,789.20 2,789.20 $8,844.00
Caustic Acid
190508 $7:000:83 %

Pik Aid

80

Acid
1,245.00 9.74 0.00 26.30 791.41 0.00 791.41 $2,072.45
14,715.00 0.00 0.00 0.00 15,022.66 | 7,362.56 | 22,385.22 | $37,100.22

Caustic Acid

380.00;

Iridite
1,005.00 0.50 0.00 1.356 462.00 200.00 662.00 $1,668.85
2,010.00 1.00 0.00 2.70 3,150.00 200.00 3,350.00 | $5,363.70
Acid

Caustic

254

Disposal Chemicals Total
Ali} $25,015.00 $37,999.17{ $90,402.22
Rinse $0.00 $1,542.62 | $28,607.24
0.0% 4.1% 31.6%

e 0000




Appendix A

b. Annual Savings and Water Reduction

A sample calculation is shown for Cascade 2. Table V-4 shows the
results for Cascade 1, Table V-5 shows the results for Cascade 2, Table V-6
shows the results for including tank 15 in cascade 2, and Table V-7 shows
the results for cascading Tank 16 and Tank 15. Annual savings for cleaning
the tanks less often are shown in table V-8. It was assumed that the rinse
tanks would be cleaned half the time. Potential savings from decreased

down-time is not included in this table, but the calculation is also shown.

Sample Calculations for Annual Savings and Decreased Down-Time

Tank 8 cost Sor Cascade 2.
New Op@rm+an, cosA.

C)wwm& CO:D(— |190.00 + 3,23, dlcﬁ 25/%_4/\,
O 55Ume_ LQOOW“’W for the mew Slow rate.

[oooquL) (2000 ) = 1O L
b}Q&/\/

/]\—?rom cudomedkad \/tL\U'QSLXé’_G/W\
from POL(‘+ O..

Leom c\eamf\%. \&OOOCFJ(%M.
%O*&QOW\Q(O&\GY\. = I,Z‘%moocwlw

Fetol Woeqe = \§, 000 W/ng@«)
QQW\Oi\(\‘\ﬁ% potec i Led 4o tonk \Z .

1n e Cscadg
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Sample Calculations continued
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Table V-4, Cascade 1:

Annual Savings and waste water reduction for the rinse tanks alone and for all of the tanks.

3,500

32,500

0.001

(gal/hr) Water (galfyr) Price Data ($/gal)
Tank | Evaporation Flow Generation |[Evaporatiol Usage | Disposal | Disposal Water | Sewer | RO System
1 35 29,400 sewer 0.00 0.0027

0.0025

Total New 4 496 ooo 68 040 4, 559 540
gallfyr Original 4,760,000 68,040 4,823 540
Reduced 264,000 (1] 264,000
5.5% 0.0% 5.5%
Water New 4,485,500 68,040 4,544,300
Original 4,749,500 68,040 4,808,300
Reduced 264,000 0 264,000
5.6% 0.0% 5.5%
Hazardous New 10,500
Orlginal 10,500
Reduced 0
0.0%
Annual Costs($iyr) Chemical Cost ($/yr)
Tank Disposal Water Sewer | RO System All Total
Clep 83M Defoam
1 0.00 32.90 8.75 88.83 2,565.00 390.00 2,955.00 $3,085.48
Caustlc Acid
Clgpo 308 Acid
3 0.00 28.80 30.00 77.76 2,108.22 1,415.50 | 3523.72 $3,660.28

‘ Ciepo 503

Caustic Acid

4.00

2,789.20

2,789.20

$8,844.00

Caustic

9 1,245.00

9.74

791.41

$2,072.45

14,715.00

22,385.22

$37,100.22

Iridite

New Costs
Totals

Alt

Rinse
%Rinse

Old Costs
Totals

All

Rinse
%Rinse

Savings
Totals
All
Rinse

Nitric
13 1,005.00 0.50 0.00 1.35 462.00 200.00 662.00 $1,668.85
14 2,010.00 1.00 0.00 2.70 3,150.00 200.00 3,350.00 | $5,363.70

Chemicals

Total

$37,999.18

$88,765.43

$1,542.63

$26,970.45

4.1%

30.4%

Chemicals

Total

$37,999.17

$90,402.22

$1,542.62

$28,607.24

4.1%

31.6%

Disposal Water Sewer

RO System

Chemicals

Total

$0.00 $264.00 $660.00

$712.80

-$0.01

$1,636.79

$0.00 $264.00 $660.00

$712.80

-$0.01

$1,636.79
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)\35 h (}f 53 L
AN Table V-5, Cascade 2.
Annual savings and waste L ter reduction for the ninse tanks alone and for all of the tanks.
[(gaifhr) Water (galgrr ) Price Data ($/gal)
Tank | Evaporation Flow GeneratioﬁIEs‘iagoratiod Usage Disposal | Disposal Water Sewer RO System
35 3,500 1# 29400 32,900 sewer 0.00 0.001 0.0025 0.0027
0.00

Eomnee i B G G B R e e T e e )
n—_-im--m_—-umi

New
gallyr _ Original 4760000 68040 4,823,540 7 6
Reduced 1,926,000 0 1,926,000 (’ /U#’)\ﬁ 4; & 654 A date f}&f/\i @ é}a & 4£%
40.5% 0.0% 39.9% é\n, 4
b' &
Water New 2823500 68,040 2,882,300 Wiy 000 by f g y
Original 4749500 68,040 4,808,300
Reduced 1,926,000 0 1,926,000 redvees Lede I 'W’ 7,{5 & ’ijh
40.6% 0.0% 20.1% e
Hazardous  New 10,500 X% éég‘%’gﬁ“ g
Original 10,500 2
Reduced 0 1 Me\m
0.0%
Annual Costs($/yr) Chemical Cost ($/yr)
Tank Disposal Wair Sewer | RO System All Total
Clep 83M Defoam
7 0.00 32.90 875 8883 | 256500 | 390.00 | 2.955.00 | $3,085.48
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 $0.00
Caustic Acid

sENE L e e
Clepo 308 Acid

4 0.00 28.80 30.00 77.76 210822 | 141550 | 352372 | $3,660.28
3 S0 S

debo 503

2,789.20 2,789.20
Caustlc Acid
o o MR R
9 1,245.00 9.74 0.00 26.30 791.41 0.00 791.41 $2,072.45
10 14,715.00 0.00 0.00 0.00 15,022.66 | 7,362.56 | 22,385.22 | $37,100.22
us __Acid

e

. 0.00 1.35 462.00 200.00 662.00 $1,668.85
14 2,010.00 1.00 0.00 2.70 3,150.00 200.00 3.350.00 $5,363.70
austi Acil

New Costs
Totals Chemicals Total
All $37,615.95| $80,410.60
Rinse $1,159.40 | $18,615.62
%Rinse 3.1% 23.2%
Old Costs
Totals Chemicals Total
All $37,999.17 | $50,402.22
Rinse $1,542.62 | $28,607.24
%Rinse 4.1% 31.6%
Savings
Totals| Disposal Water Sewer | RO System Chemicals Total
All $0.00 $1,926.00 | $4,815.00 | $2,867.40 $383.22 $9,991.62
Rinse $0.00 $1,926.00 | $4,815.00 | $2,867.40 $383.22 $9,991.62
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Table V-6, include Tank 15 in Cascade 2:

Annual savings and waste water reduction for the rinse tanks alone and for ali of the tanks.

Savings just for adding tank 15 are found by subtracting the values from table V-5.

N i

al/hr) Water (gaifyr) {Price Data ($/gal)
Tank | Evaporation| Flow  |Generation|Evanoratiol tieana | Miemmmai | ~iemnemy T v, 0
1 35 | 13800 | 29400 1 "menn T amee 7 o

T m——

SR T T T

K

New

Aegrnrteg U

—
i ot g w (g

gaifyr Qriginal 4,760,000 68,040 4,823,540
\ Reduced 2,208,000 0 2,208,000
46.4% 0.0% 45.8%
Water New 2,541,500 68,040 2,600,300
Original 4,749 500 68,040 4,808,300
Reduced 2,208,000 0 2,208,000
46.5% 0.0% 45.9%
Hazardous New 10,500
Qriginai 10,500
Reduced 0
0.0%
Annual Costs($/yr) o Shemical Last (Shr
Tank | Disposal Water Sawer | 70 Svstem A i 3B
! i Cleg 824
1 0.00 32.90 7E o823 | 2EsE4S
2 0.00 0.00 2.CC ! .00 i 5.5

1,245.00

10 14,715.00

14 2,010.00

Ny

0.00

New Costs

Totals|

All

'$25,015.00

Disposal

_Chemicals

T @37 AR AR [ &

Rinse{ _ $0.00 f ¥y eRn
%Rinse 0.0% 249
Old Costs
Totals{ Disposal | Chemicals|  Total
All|_$25015.00 337,99, >
Rinse $0.00
%Rinse 0.0%
Savings
Totals| Disposal Water Sewer | RO System Chemicais Total
All $0.00 $2,208.00 | $5,520.00 | $3,628.80 $383.22 $11,740.02
Rinse $0.00 $2,208.00 | $5,520.00 | $3,628.80 $383.22 | $11,740.02
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Table V-6, include Tank 15 in Cascade 2:
Annual savings and waste water reduction for the rinse tanks alone and for all of the tanks.
Savings just for adding tank 15 are found by subtracting the values from table V-5.

Appendix A

Tl am

-—_ 26,800 -m- 0,001
W 000

SEEEE e 9@%@%“&

{gal/hr) Water (galfyr) Price Data ($/gal) _
Tank | Evaporation Flow Generation |[Evaporation| Usage Disposal | Disposal Water Sewer RO System
1 35 3,500 29400 | 32,900 sewer 0.00 0.001 0.0025 0.0027
0.001 0.0025 0.0027

SRR s S AR
00025 | 00w |

RE T W e
4000 _% 0.0000 —

0.0027
e

- WMWW@%

galiyr Original 4760000 68040 4823540

Reduced 2,208,000 0 2,208,000
46.4% 0.0% 45.8%
Water New 2,541,500 68,040 2,600,300
Original 4,749,500 68,040 4,808,300
Reduced 2,208,000 0 2,208,000
46.5% 0.0% 45.9%
Hazardous New 10,500
Original 10,500
Reduced 0
0.0%
Annual Costs($/yr) "_{Chemical Cost ($iyr)
Tank Disposal Water Sewer | RO System ) All Total
. ! Clep 83M Defoam
1 - 0.00 32.90 8.75 88.83 2,565.00 390.00
2 0.00 0.00 0.00 0.00 0.00
Amd

-

Acid
1,415.50

Clepo 308

352372

7 6,040.00 4.00 0.00- 10.80 2 789 20

791.41 $2,072.45
22,385.22 | $37,100.22

9 1,245.00 9.74 0.00 26.30
10 14,715.00 0.00 0.00 0.00

: Iridite Nitric
13 1,005.00 0.50. 0.00 1.35 462.00 200.00 662.00
14 2,010.00 1.00 0.00 2.70 3,150.00 200.00 3,350.00
Caustic Acid

New Costs
Totals Chemicals Total
All $37,615.95 | $78,662.20
Rinse $1,159.40 | $16,867.22
%Rinse 3.1% - 21.4%
Old Costs
Totals Chemicals Total
Al $37,999.17 | $90,402.22
Rinse 3 $1,542.62 | $28,607.24
%Rinse 0. 0% : T 1% 4.1% 31.6%
Savings
Totals| Disposal Water Sewer | RO System Chemicals Total
All $0.00 $2,208.00 | $5,520.00 | $3,628.80 $383.22 | $11,740.02
Rinse $0.00 $2,208.00 | $5,520.00 | $3,628.80 $383.22 | $11,740.02
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Table V-5, Cascade 2:

Annual savings and waste water reduction for the rinse tanks alone and for all of the tanks.

(galihr)

ater (galfyr)

Price Data ($/gai)

Tank { Evaporation| Flow

GenerauonlEvaporauod Usage ! Disposal

Dlsnosal |

e X

!

2 enn

)

1 LYy -

2,040

2,327,208
;::,':,’: Chiginal 4,78C,2CC ::,: Z
Reduced 1,926,000 0 \
40.5% 0.0%
Water New 2,823,500 68,040
Original 4,749 500 68,040
Reduced 1,926,000 0
40.6% 0.0%
Hazardous New 10,500
Qriginal 10,500
Reduced 0
0.0%
- Annuai Costs($/iyr) ,u-m i vu,‘. sy di \
Tank Disposal Water | Sewsl oo Symenty i N\ _sat i
( Lueposi f sica: o i
1 0.00 3290 3.73 38.33 i 2.365.u /] wﬂ N .o ) 3
2 0.00 000 0o OUu t 000 [ i b

9 1,245.00

791 41

10 14,715.00

1
i
L 16,022 68
|

Caustic

14| 201000

New Costs

Totals 1S e |
Al 5.95 { $80,410.60 |
Rinse| 401 $18,615.62 |
%Rinse " 7270%
Old Costs
Totals| Disposal |- T avamisi=? T~ 1 |
All]_$25015.00 J: $37,999.17 | $90,402.22
Rinse $0.00 $1,642.62 | $28,607.24
%Rinse 0.0% 4,170 21.0%5
Savings .
Totals| Disposal water sSewer | RO System chemicals jotal
All $0.00 $1,926.00 | $4,815.00 | $2,867.40 $383.22 $9,991.62
Rinse $0.00 $1,926.00 | $4,815.00 | $2,867.40 $383.22 $9,991.62

W,



N

. L

Table V-7, Cascade Tank 16 and Tank 15:
Values are shown for the rinse tanks alone and for all of the tanks.

al/hr) Water (galfyr) Price Data ($/gal)
Tank | Evaporation Flow Generation [Evaporation| Usage Disposal | Disposal Water Sewer
1 35 3,500 29,400 32,900 sewer 0.00 0.001 0.0025

--— 12 000 16800 28 800 _ 0 025 —
A0 % fﬁ? Q%m Et@#

il : R0 L i ‘
_ RCRA o 0027
Fhkey §\ G800 : : [

Total New 4 760 ooo ss 040 4, 823 540
gallyr Original 4,760,000 68,040 4,823 540
Reduced o 0 0
0.0% 0.0% 0.0%
Water New 4,749,500 68,040 4,808,300
Original 4,749,500 68,040 4,808,300
Reduced 0 0 0
0.0% 0.0% 0.0%
Hazardous New 10,500
Original 10,500
Reduced 0
0.0%
- ‘Annual Costs($/yr) Chemical Cost ($/yr) )
- Tank | Disposal Water Sewer | RO System All Total
- Alkaline Defoam
1 -~ 0.00 32.90 8.75 88.83 2,565.00 390.00 2,955.00 $3,085.48
2 - 000 0.00 0.00 0.00 0.00 0.00 0.00 $0.00
- Caustic ACId

Etch ACId

4 0.00 28.80 30.00 77.76 2,108.22 1,415.50 3,523.72
Caustic Acid
Deox
2,789.20 2,789.20
Caustic
v Acid__
9 1,245.00 9.74 0.00 26.30 791.41 0.00 791.41 $2,072.45
10 14,715.00 0.00 0.00 0.00 1502266 | 7, 362 56 | 22,385.22 | $37,100.22
Causti
Iridite Nitric
13 1,005.00 0.50 0.00 1.35 462.00 200.00 662.00 $1,668.85
14 2,010.00 1.00 0.00 270 3,150, 00 200. 00 3,350.00 $5,363.70

B %mﬂ“’@ Q@
L oies0 1 b00 3
New Costs
Totals| Chemicals Total
ANl $37,999.17 | $90,402.22
Rinse $1,542.62 | $28,607.24
%Rinse 4.1% 31.6%
Old Costs
Totals Chemicals Total
All $37,999.17 | $90,402.22
Rinse $1,542.62 | $28,607.24
%Rinse 4.1% 31.6%
Savings
Totals| Disposal Water Sewer |RO System Chemicals Total
Al $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Rinse| _ $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
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Table V-8, tanks are Cleaned Less Often (Half as Much, . Sl
Values are for the rinse fanks alone and for(all of the tank)s. Cov xc@«é‘mé /Z“‘
| (galihr) Water (galfyr) Price Data ($/gal)
Tank | Evaporation Flow Generation |Evaporation| Usage Disposal | Disposal Water Sewer
35 3,500 29,400 32,900 sewer 0.00 0.001 0.0025

%ﬁ i
| 0001 | o oooo o 0027
T o0t o hbs L

Total New l ' 68,040 4 191,540

galfyr Original 4,760,000 68,040 4,823,540
Reduced 72,000 0 72,000
1.5% 0.0% 15%
Water New 4,677,500 68,040 4,736,300
Original 4,749,500 68,040 4,808,300
Reduced 72,000 0 72,000
1.5% 0.0% 1.5%
Hazardous New 10,500
Original 10,500
Reduced []
0.0%
Annual Costs{$/yr) ._|Chemical Cost ($/yr)
Tank Disposal Water Sewer | RO System All Total
Clep 83M Defoam
1 0.00 32.90 8.75 88.83 2,565.00 390.00 2,955.00 $3,085.48
2 0.00 0.00 0.00 0.00 0.00 $0.00

Caustic. .. |. .. Acid

%

Clepo 308 |
3000 7776 | 210822

2,789.20 $8,844.00

ieid .

 PikAid N
g 1.245.00 574 500 %630 0.00 79141 _| $307245
16 | 1471500 0.00 0.00 0.00 736256 | 2238522 | $37.10022

New Costs
Totals Chemicals Total
All $37,542.16 | $89,523.11
Rinse $1,085.61 | $27,728.13
%Rinse 2.9% 31.0%
Old Costs .
Totals Chemicals Total
All $37,999.17 | $90,402.22
Rinse $1,642.62 | $28,607.24
%Rinse 4.1% 31.6%
Savings
Totals| Disposal Water Sewer | RO System| | Chemicals Total
Al $0.00 $72.00 $180.00 $170.10 $457.01 $879.11
Rinse $0.00 $72.00 $180.00 $170.10 $457.01 $879.11




Table V-7, Cascade Tank 16 and Tank 15:

Values are shown for the rinse tanks alone and for ail of the tanks.

alfhr) Water (galfyr) ‘ |Price Data ($/gal
Tank | Evaporation Flow Generation |Evaporation| Usage | Disposal | Disposal Water Sewer RO System
1 3.5 3,500 ! 29,400 ! 32,900 sewer 0.00 0.001 0.0025 0.0027

New

galtvr Criainal 8,
Reduced 0 0 0
0.0% 0.0% 0.0%
Water New 4,749,500 68,040 4,808,300
Original 4749500 68,040  \4,808300
Reduced 0 0 0
0.0% 0.0% .0%
Hazardous New 10,500
Original 10,500
Reduced 0
0.0%
Annual Costs($iyr) |Chemical Cst (Siyr)
Tank | Disposal Water ewer | RC :ivstami AN
T T keiine || Nemam
1 0.00 32.90 I 156500/ ' 3% 0
2 0.00 0.00 { non

1,245.00

14,715.00

New Costs
Totals | el Telh
All} $37,999.17 | $90,402.22
Rinse| 3154252 | $28.607.24 |
%Rinse 4.1% 31.5%
Old Costs
Totals| Chemicals Total
All $37,999.17 | $90,402.22
Rinse | 31,048, e PLO,0U7 .. ¢ |
%Rinse 4. 1% J1.0%
Savings
Totais{ Disposal Water Sewer | RO System Chemicals Totai
All $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Rinse $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
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Estimated carry-over volume was calcu{atéd and then subtracted from

the original number. Table V-9 and table V-10 show the annual savings

from increased drip-time and from a modified basket design respectively.
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Table V-9, Increase Drip-Time to reduce Carry-Over Volume:
All values listed in the table are annual values.
It was assumed that the drainable carry-over was reduced by 60%.

Appendix A

Chemical o oo, twdExtra 1) 160Wrlis W] Carry-Over
v Tank Usage Change$ Pounds (gal) . | Price per
i ~ Alkaline 1 2700 b 2250 b 450 bl 860 $0.95 b
Yt Etch| 4 2571 b 2256 b 315 b] 840" $0.82 b
Deoxidizer| 7 347 _gal 300 gal 47 _gal 938 $7.60.. gal|
Wt Passivate] 9 4497 b | 2943 b 1554  b| 264 | $0.18 b
Nitric 10 75634 b 52,965 b 22,669 b 1,926 $0.18 b
Pik-Aid 10 2,601 b 1,500 - b 1,101 b 2,202 $2.56 b
Clear 13 59 b 32 b - 27 b 426 $6.60" b
Yeilow 14 247 b 63 b 184 ib 1,472 $9.00 b
New Values'
Annual Costs
Tank | Changes Extra Total Cost
1 $2,137.50 $427.50 $2,565.00
4 $1,849.92 $258.30 $2,108.22
7 $2,280.00 $356.44 $2,636.44
9 $517.97 $273.44 $791.41
10 $9,321.84 $3,989.75 $13,311.59
10 $3,840.00 $2,818.56 $6,658.56
13 $211.20 $175.73 $386.93
14 $562.50 $1,656.00 $2,218.50
Totals $20}20.93 $9,955.71 $30,676.64
Original Values
Annual Costs
Tank__| Changes Extra Total Cost
1 $2,137.50 $427.50 $2,565.00
4 $1,849.92 $258.30 $2,108.22
7 $2,280.00 $509.20 . $2,789.20
9 $517.97 $273.44 $791.41
10 $9,321.84 $5,700.82 $15,022.66
10 $3,840.00 $3,522.56 $7,362.56
13 $211.20 $250.80 $462.00
14 $562.50 $2,587.50 $3,150.00
" Totals  $20,720.93  $13,530.12 $34,251.05
Savings
Annual Savings _
Tank Changes Extra Total
1 $0.00 $0.00 $0.00 —
4 $0.00 $0.00 $0.00
7 $0.00 $152.76 $152.76
9 $0.00 $0.00 $0.00
10 $0.00 $1,711.07 $1,711.07
10 $0.00 $704.00 $704.00
13 $0.00 $75.08 $75.08
14 $0.00 $931.50 $931.50
Totals $0.00 $3,574.41 $3,574.41
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Appendix A

(oo assvmpfiun /
N < Table V-10, Basket Modification to Reduce Carry-Over Volume: 3
Y, - It was assumed that carry-over was only reduced for the non-heated tanks. s o b
- L Bry
Chemical Extra Carry-Over
Tank Usage Changes Pounds (gal) Price per]
Alkaline 1 2700 b 2250 Ib 450 ib 900 $0.95 b |&%
Etch 4 2571 b 2256 b 315 Ib 840 $0.82 b 2‘7;
Deoxidizer] 7 354__gal| 300 gal| 54  gall 1070 | $760 gal] 77 <old
Passivate 9 4497 b 2943 b 1,554 Ib 264 $0.18 b 14075 K
Nitric{ 10 82,178 Ib | 52,965 Ib 29,213 b} 2482 $0.18 b |20 ¢ol
Pik-Aid] 10 2741 b 1,500 Ib 1,241 b] 2482 $256 b | -~ :
Clear{ 13 53 b 32 Ib 21 Ib 338 $660 b |.5% &si»_
Yellow| 14 316 b 83 b 254 b] 2,030 | $9.00, b |.c% oole
New Values
\ Annual Costs
Tank Changes Extra Total Cost
1 $2,137.50 $427.50 $2,565.00
4 $1,849.92 $258.30 $2,108.22
7 $2,280.00 $406.60 $2,686.60
9 $517.97 $273.44 $791.41
10 $9,321.84 $5,141.51 $14,463.35
10 $3,840.00 $3,176.96 $7,016.96
13 $211.20 $139.43 $350.63
14 $562.50 $2,283.75 $2,846.25
Totals  $20,720.93 $12,107.49 $32,828.42
\) O;iginal Values . )
N Annual Costs
Tank Changes Extra Total Cost
1 $2,137.50 $427.50 $2,565.00
§ 4 $1,849.92 $258.30 $2,108.22
7 $2,280.00 $509.20 $2,789.20
o 9 $517.97 $273.44 $791.41
10 $9,321.84 $5,700.82 +$15,022.66
10 $3,840.00 $3,522.56 $7,362.56
13 $211.20 $250.80 $462.00
14 $562.50 $2,587.50 $3,150.00
Totals  $20,720.93 $13,530.12 $34,251.05
Savings
Annual Savings
Tank Changes Extra Total
1 $0.00 $0.00 $0.00
4 $0.00 $0.00 $0.00
7 $0.00 $102.60 $102.60
9 $0.00 $0.00 $0.00
10 $0.00 $559.31 $559.31
10 $0.00 $345.60 $345.60
13 $0.00 $111.38 $111.38
14 $0.00 $303.75 $303.75
" Totals $0.00 $1,422.63 $1,422.63
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d. Electric Cost for Cascading Tank 16 and Tank 15

-

Table V-29 in appendix B, section 1-b shows the temperature data

used for the following calculation.
Co= | B¥U] W °F
\% [ew®
453 643¢ = =\ Wr

2% 3\ o> = ] L\QOSCKO"O
9. 96wt pru = 2,778 X107 Kwihu

AT=9°F o (122-19)°F Lrom Temperaw dada 3

Q- E___@QJ \Yb‘rM %55‘{3@(;&@ 29%nom>(<u

NS%(OW\‘\TN\\(SI%Q ! ngSC}Kt
Q= LA et ( mmx;o-";,,w»cJ
< BTuc
Q = SkwW
5 O@M % —~ 13
N electrc
Costs
)
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e. Economic Analysis

The calculations for the economic analysis are explained below. Table
V-11 shows the economics for Cascade 1, table V-12 shows the economics
for Cascade 2, and Table V-13 shows the calculations for including Tank 15
in Cascade 2. Table V-14 shows the economics of purchasing a conductivity
meter without considering the annual savings from decreased down-time,
while table V-15 shows the economic analysis when down-time is

considered.

Explanation of Economic Calculations

NPV‘-‘— ()0 . %_ C’; Ca C&@»M \/V\/\)MWM
= Ure) (g CMH@«Q

L« ey O rakt o nfRouy,

) %%kw} (800nims 15%)
LW\*@%> N e of progeot
DCFRR. dracon~dod C@&NHMM’Q of ralioonm
Lt NPV=D Lt r e the verralil

Cunek o Sehot §o-r

Praste S Poent o Fany bocde. Porrercl
\ madeo &P/QGD\'.

N ug ar
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Table V-11, Economic Analysis for Cascade 1:

Appendix A

A 50% tax rate was assumed and a 15% rate of return was assumed

hours down price/hour down
0 $85.00
Savings ($/year) Savings ($/month) Down Time ($) Cascade ($) Meter ($)
1,636.79 136.40 0.00 500.00 0.00
Cash Flow/year Liners ($) Total Cost ($)
$818.40 - 0.00 500.00
Year Payback Time NPV @15% r DCFRR
0 -500.00 s ‘ '
1 211.65 711.65 162.4% 311.93
2 830.48 618.83 162.4% 118.89
-3 1,368.59 538.11 162.4% - 45.32
4 1,836.51 467.92 162.4% 17.27
5 2,243.40 406.89 162.4% 6.58
per year $2,243.40 $0.00
Payback Time
years 0.69 0.00
months 8.26
Payback Period for Cascade 1
-$2,500.00
$2,000.00 +
$1,500.00 +
@®
> $1,000.00 +
Q.
=
$500.00 +
$0.00
o
-$500.00
Years
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Table V-12, Economic Anlysis for Cascade 2:
A 50 % tax rate and 15 % rate of return was assumed.

Appendix A

hours down price/hour down
5 $85.00
- |Savings ($/year) Savings ($/month) Down Time ($) Cascade ($) Meter ($)
9,991.62 832.64 425.00 1,000.00 0.00
~Cash Flow/year Liners ($) Total Cost ($)
$4,995.81 4,000.00 5,425.00
Year Payback Time NPV @15% r DCFRR
0 -5,425.00
1 -1,080.82 4,344 .18 88.2% 2,654.71
2 2,696.73 3,777.55 88.2% 1,410.68
3 5,981.56 3,284.83 88.2% 749.61
4 8,837.93 2,856.37 88.2% 398.33
5 11,321.73 2,483.80 88.2% 211.67
per year $11,321.73 $0.00
Payback Time
years 1.27 0.00
months 15.27
Payback Period for the Cascde 2
$12,000.00
$10,000.00 |
$8,000.00 |
$6,000.00 +
®34,000.00
>
o
= $2,000.00 4
$0.00 . : l ' ' '
9 05 15 2 25 35 45 5
-$2,000.00 +
-$4,000.00 |
-$6,000.00 T
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Table V-13, Economic Analysis for adding Tank 15 to Cascade 2:
A 15% rate of return and 50% tax rate were assumed.

hours down price/hour down
0 $85.00
Savings ($/year) Savings ($/month) | Down Time ($) | Cascade ($) Meter ($)
i,043.0°0 153.75 | .00 | 500.0¢" 0.00
casin riowsyear Liners ($) iotat Cost ($)
$922.51 | I 0.00 I 500.00
Year | ~aybacx lime | "NPV@15% | r | DCFRR
] i -500.U0 . { - |
I i | 302.18 g‘ &77.18 [ 1855% | 32541
' 2 ; 999.73 | 69755 L 183.5% {11478 _ |
3 1 1,60€.30 | @657 | 183595 | 4049 |
4 c 2,132.75 [ _®2745 | 1835% | . 1428 |
5 | 2,592.40 ; 453.65 | 183.8% | 504 |
per year $2,592.-4) $0.00
Payback Time |
years 0.61 0.00
months 7.27
Payback Period Adding Tank 15 to Cascade 2
$3,000.00 -
$2,500.00 |
$2,000.00 4
® $1,500.00 }
>
o
2 $1,000.00 +
$500.00 +
$0.00 + / ; ; } : — ;
5 1 1.5 2 25 3 35 4 45 5
-$500.00
Years
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Table V-14, Economic Analysis for a Conductivity Meter Without Down-Time Savings:

A 50 % tax rate and 15% rate of return was assumed for calcualtions.

Number of Tanks hours down price/hour down
0 13.5 $85.00
Savings ($/year) Down Time ($) | Total Savings ($/year) Savings ($/month)
879.11 0.00 879.11 73.26
Cash Flow/year Meter ($) Total Cost ($)
$439.56 500.00 500.00
Year Payback Time NPV @15% r DCFRR
0 -500.00
1 -117.77 382.23 83.7% 239.27
-2 214.60 332.37 83.7% 130.24
73 503.61 289.02 83.7% 70.89
4 754.93 251.32 83.7% 38.59
5 973.47 218.54 83.7% 21.01
per year $973.47 $0.00
Payback Time
years 1.34 0.00
months 16.07

Payback Period for the Conductivity Meter
$1,000.00

$800.00 |
$600.00 -}

$400.00 +
®
> $200.00 |
o
=

$0.00 t f
[ 05 1

-$200.00 +

-$400.00

-$600.00

Years

Appendix A
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Table V-15,. Economic Analysis for a Conductivity Meter with Down-Time Savings Included:

A 50% tax rate and 15% rate of return was assumed.

Number of Tanks hours down price/hour down
8 135 $85.00 ) .
Savings ($/year) | Down Time($) | Total Savings ($/year) Savings ($/monti )
879.11 9,180.00 10.059.11 838.26
Cash Flowlyear Meter (5) Total Cost ($)
$5,029.56 500.00 500.00
Year [ Pavback Time | NPV @ /5% r r " DCFRR !
0 -500.00 b . ! I !
1 387353 | 4373 3 t 1N05 094, T ag47g |
2 | 767860 | 3.802.07 ] 1005 904, bo4a1,92 !
3 1098362 | 3.307.02 3 1008 3%% P 372 1
4 13.859.28 2.875.67 [ 100A oo N3¢ |
5 | 16,350.87 - 250058 I 4NNF 997, 003 |
per year $16,359.87 $0.00
Payback Time
years 0.11 0.00
months 1.29
Payback Period for the Conductivity Meter
$18,000,00
$16,000.00 -+ ,?
$14,000.00 +
$12,000.00 +
$10,000.00 | '
®
>$3,000.00
[+ N
=
$6,000.00 +
$4,000.00

$2,000.00 +

35 4

45

Years

Appendix A
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« j f. Water Levels for Cascaded Tanks

A sample calculation is shown for the calculation of tank water level

and table V-16 summarizes the results for each set of connections.

Table V-16, Water Level Differences for Each Set of Connections:
The desired water level difference for between the two tanks is summarized.
This water level difference is necessary for constant overflow.

Connection Water Level Difference (inches)
15 to 12 1.2
12 to 11 1.0
11to 8 1.2
4 to 2 0.64

Sample Calculation of Tank Water Level

) B (A N

14 \ \]é_@ L—_(log»r 37+4)y
4 prom Yhe Z
| ends.

] L= 140
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Appendix A

2. Automatic Division

a. Original Operating Costs and Water Usage

The original operation costs were calculated similar to the costs of the
Metal Finishing Line in section 1-a. Although, chemical costs were not
included for the washer systems and the total hours of operation was
assumed to be 6,700 annually. Table V-17 shows the results for the
Carousel Washer System and table V-18 shows the results for the Crest

Washer Systems.
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Table V-17, Current Operating Costs for the Carousel Washar Systam:
Waste water generation, annual costs and SAC usagels included.

Water (gallyr) Price Data ($/gal)

oo ;,» < Y
‘.M-'M f
S

B s jocetic 1
Total 3,256 020 3,255,672
gallons/day 9,303
SAC Units/day 34

Annual Costs($/yr) I heated
Tank Disposal Water Sewer DI System Total tanks
10 87

All Tanks|
Rinse Tanks|




‘\//‘

Table V-18, Current Operating Costs for the Crest Washer Systems:
Waste water generation and annual costs is inciuded.

Appendix A

Flow (galfhr)

Water (gallyr)

Price Data {$/gal)

Generation

Disposal

Disposal

Water

Sewer

Di System

sewer

Annual Costs($iyr)

Disposal

Water

DI System

Disposal

$0.00

$0.00

0.0%

b7,108.98

wnlen

b6,626.19

93.2%
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b. Annual Savings and Water Reduction

Annual savings for cascadine and Spray rinsing were calculated 'n the
same way as in section 1-b. Tre annu il savines for the antions or the
Carouszel Washker Svstem are saown in tohla V.10 cnd tabla 7700 Tot'e o
21 andi Table V-22 shew the crmual coavinges S the cpdoas Sern oo

L R T 1
R i e o iR ¥ L e e = ,»«.1.Se

Ay.14 R iy vy e o o
WaSacT Sysienis.
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Table V-19, Cascade in the Carousel Washer System:
Annual Savings are shown for the rinse tanks alone and for all of the tanks.

Water (gallyr) Price Data ($/gal)
Tank |Flow (gallhr) | Generation Usage Disposal | Disposal Water Sewer DI System
1 S_mmm 3 868 0.00 o.ooA 0 0. oooo

IIE Smmm Hlﬂmil ooomo I

Total 3058540 2, m% 192
Original 3,256,020 3,255,672
Savings 297,480 297,480

gallonsiday 850
SAC units/day 3
Annual Costs($lyr) heated
Tank Disposal Water Sewer DI System Total tanks

$5166.48 |

b16,027.20
$10,788.34
67.3%

Savings
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Table V-20: Spray-Rinsing in the Carousel Washer:
Values are shown for all of the tanks and for the rinse tanks alone.

Water (gallyr) Price Data ($/gal)
Tank |Flow !gallhr) Generation Usage Disposal | Disposal Water DI System
10868 10868 | 0.00 0.001 | 2 _0.0000

Total 2,251,020 2,250,672
Original 3,256,020 3,255,672
Savings 1,005,000 1,005,000

gallonsiday 2,871
SAC units/day 10

Annual Costs($Iyr) : heated
Tank Disposal Water DI System Total tanks
0.00 10.87

0.00
N B : . X

Original Costs

516,027.20 |
510,788 .34
67.3%

nlen

Savings

Total

53,015.00
53,015.00

oo len
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Table V-21, Crest Washer Systems Cascade Options:

Values are shown for the rinse tanks alone and for all of the tanks.

Appendix A

Water (galiyr) Price Data ($/gal)

Tank |Flow {gal/hr) Generation| Usage Disposal | Disposal

Water

Dl System

sewer

uz 304 828204
Original 1,756,154 1,756,154

Savings 876,850 927,950
gallonsiday 2,505
SAC unitsiday 9

Annual Costs($/yr)
Tank Disposal Water Sewer DI System

47.25

$191.52
$191.52

(o] o£
Savings
Disposal Total
$0.00 $2,752.93
$0.00 $2,752.93

75



Appendix A

Table V-22, Spray-Rinse Options for the Crest Washer Sytstem:
Values for the rinse tanks alone and for all of the tanks are shown.

Water (galiyr) Price Data ($/gal)
Tank |Flow ﬁm_:i Generation Usage Disposal | Disposal | Water Sewer DI System

17,500 _ 0.00

SR A
a,»%m&%w&&mﬁwwy

wuw.woa 828,204
Original 1,756,154 1,756,154
Savings 876,850 927,950
gallonsiday 2,505
SAC unitsiday 9
Annual Costs{$/yr)
Tank Disposal Water | Sewer DI System
1 0.00 17.50 35.00 47.25

$19152
_si91.52

$2.752.93
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c. RO Reject Potential

The calculation for the potential annual savings from the use of RO
reject water for the Carousel Washer System is shown below. Table V-34 in
appendix B, section 2-b shows the average daily RO reject volume of 2,678

gallons, which was used for the following calculations.

2, Bap). L%sma_@ - 437,300 qal /e
R

Mm =7 ﬁOnOO’/W
Sewen. =7 290.0075/%_

}

Of”ﬂ)?)DO’M <$o.00l A_zSio.z)c)y_gj;;H

et

= #3180.55
Annued SGLV{V\C&,S
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d. Economic Analysis

Economic calculations were performed in the same manner as in
section 1-d. Table V-23 and table V-24 show the economic analysis for the
Carousel Washer System. Table V-25 and table V-26 show the economic
calculations for the Crest Washer Sy_siéms. Finally, table V-27 shows the

economics of using the RO reject water for the Carousel Washer System.

»

78



N’

Appendix A

Table V-23, Economic Analysis for Carousel Washer System Cascde Option:
' A 50% tax rate and 15% rate of return was assumed.

Annual Savings SAC Savings ‘
Carousel ($/yeart) Crest ($/year) Carousel ($) Crest ($) DI ($)
892.44 0.00 2,850.00 0.00 0.00
-Annual SAC Cash Flow/year |Cash Flow Year 1
Savings ($/year) Savings ($) $446.22 $1,871.22
892.44. 2,850.00
Costs
Cascade($) Spray ($) DI ($) Other ($) Total Cost ($)
1,000.00 0.00 0.00 0.00 1,000.00
- Year Payback Time NPV @15% r DCFRR
0 --1,000.00 » I
1 627.15 1,627.15 122.2% 842.32
2 964.55 337.41 122.2% 90.42
3 1,257.95 293.40 122.2% 40.70
4 1,513.08 255.13 122.2% 18.32
5 1,734.93 221.85 122.2% 8.25
per year 1,734.93 $0.00
Payback Time
years 0.75 0.00
months 8.01
Payback Time for Carousel Cascde
$2,000.00
$1,500.00 +
$1,000.00 +
®
> $500.00 +
o.
z
$0.00
-$500.00 |
-$1,000.00 @

Years
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Table V-25, Economic Analysis for the Cascade Options for the Crest Systems:
A 50% tax rate and a 15% rate of return was assumed.

Annuail Savings SAC Savings
Carousel ($/yeart) Crest ($/year)  [Carousel ($) Crest ($) DI ($)
1,317.56 0.00 0.00 6,650.00 0.00
Annual SAC Cash Flow/year [Cash Flow Year 1
Savings ($/year) Savings ($) $658.78 $3,983.78
1,317.56 6,650.00
Costs
Cascade($) Spray ($) Di ($) Other ($) Total Cost ($)
1,000.00 0.00 0.00 0.00 1,000.00
Year Payback Time NPV @15% r DCFRR
0 -1,000.00 :
1 2,464.16 3,464.16 319.0% 950.86 -
2 2,962.29 498.13 319.0% 37.53
3 3,395.45 433.16 319.0% 8.96
4 3,772.11 376.66 319.0% 2.14
5 4,080.64 327.53 319.0% 0.51
’ per year 4,099.64 $0.00
Payback Time
years 0.21 0.00
months 2.57
Payback Time for Cascade Tank N5 and N4
in the Crest Washer System
$5,000.00
$4,000.00 +
$3,000.00 -
®
> $2,000.00 -
o
=
$1,000.00 -
$0.00
4
$1,00000 &
Years
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Table V-26, Economic Analysis for the Cascade Options for the Crest Washer Systems:

A 50% tax rate and a 15% rate of return was assumed.

[Annual Savings : SAC Savings
Carousel ($/yeart) Crest (Slyear) Carousel ($) Crest ($) RO ($)
2,752.93 0.00 0.00 8,550.00 0.00
Annual SAC Cash Flowlyear |Cash Flow Year 1
Savings ($/year) Savings ($) $1,376.47 $5,651.47
2,752.93 8,550.00
Costs
Cascade($) Spray ($) RO ($} Other ($) Total Cost ($)
0.00 1,000.00 0.00 0.00 1,000.00
Year Payback Time NPV @15% r DCFRR
(o] -1,000.00
1 3,914.32 4,914.32 493.0% 95296
2 4,95513 1,040.81 493.0% 39.14
3 5,860.18 905.05 493.0% 6.60
4 6,647.18 787.00 493.0% 1.11
5 7,331.53 684.35 493.0% 0.19
per year 7,331.53 $0.00
Payback Time
years 0.10 0.00
months 1.16
Payback Time for Spray Rinse Modifications
In Crest Washer System
$8,000.00
- - $7,000.00 +
$6,000.00 -+
$5,000.00 +
9 $4,000.00 +
>
* 0.00
> $3,000.00 ¢
$2,000.00 +
$1,000.00 +
$0.00 (
-$1,000.00
Years

Appendix A
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Table V-27, Economic Analysis of RO Reject Option:
A 15 % rate of return and 505 tax rate was assumed.

Annual Savings : SAC Savings
Carousel ($/yeart) Crest ($/year) Carousel ($) Crest ($) RO ($)
3,280.55 0.00 0.00 0.00 8,550.00
Annual SAC Cash Flowfyear |Cash Flow Year 1
Savings ($/year) Savings ($) $1,640.28 $5,915.28
3,280.55 8,550.00
~ Costs
Cascade($) Spray ($) RO(S) Other ($) Total Cost ($)
0.00 0.00 1,500.00 0.00 1,500.00
Year \ Payback Time NPV @15% r DCFRR
0 -1,500.00 ' o L
1 3,643.72 5,143.72 327.6% 1,383.27
2 4,884.00 1,240.29 - 327.6% 89.70
3 5,962.52 1,078.51 327.6% 20.98
4 6,900.35 937.84 327.6% 4.91
5 7,715.86 815.51 327.6% 1.15
per year 1,640.28 $0.00
Payback Time
years - 0.23 0.00
months 277
Payback Time for RO Reject Tank and Plumbing
$8,000.00
$7,000.00 }
$6,000.00 {
$5,000.00 1
® $4,000.00 }
> $3,000.00 +
a.
Z $2,000.00 1
$1,000.00 +
$0.00
/
-$1,000.00 +
-$2,000.00 ?
Years
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3 B. TEST RESULTS

Appendix B

1. Machining Division and Kurt Gear Division

a. Conductivity Data

Table V-28, Conductivity Readings Measured in uS/cm:
Readings were taken throughout the day.

Events are noted by the given date.

Tank | 3 | 5| 6 | 8 11 |12 15 | 16 |well| RO | city (c}] city (h)
6/27/97 | 2:45 | 751519/141]{1161|5720]/16| 85| 9 1
N 6/30/97 | 3:00 |83 [571] 14 [ 996 [1311[36] 1 | 2 1
| 4:15 | 74 |555] 12 [ 985 (1411|39] 1 | 1 1
7/1/97 | 3:25 | 77 |1391] 20 1595 103043 8 | 3 7
7/2/97 | 10:15 { 59 |222] 5 | 818 {2400{17| 58 | 3 |601] 1
10:50 || 51 [206] 6 | 905 ]| 1847 |22| 53| 3 |{643]| ©
1:15 | 53 {181 5 | 767 | 1730|30| 47 | 4 |587| 0O
tanks 2:15 | 54 |210| 13 (831 |1685[24| 55| 3 |635] O
cleaned ' _
7/3/97 | 10:30 ] 0 | 0| © 0 [ 527l 0] 0] o0]s506] 0
W[ 7/7/97 (1000 0 [ 0| O 0 | 516 | 0] 0|0 1]513]| 0 388 418
1:15 18 {162] 0 | 115| 813 |6 | 0 |10[546] O 297 430
3:30 || 55 (353} 7 | 218 |1545|16| 0 |21]450| O 286 361
) 7/8/97 | 10:30 || 61 {200 5 [ 303 |1302|11] 45 [10/289]| 0O 132 284
‘ 11:30 | 39 [188] 4 | 351 |1138]11]| 29 |21[459] 0 | 281 477
1:30 || 59 |210] 3 | 389 |1872|16| 47 | 19 j '
, 2:20 || 75 |259] 3 | 426 | 1599 | 13| 50 | 20
7/9/97 | 8:45 [112]237] 3 | 525[2030] 7 |109] 19 | 509
cascade | 1:15 [101[135| 2 | 508 | 1404 | 12 |120| 12 | 578
15,16
7/10/97 | 10:15 | 61 [105{ 0 [260]| 598 | 4 | 7 | 4 |[305] ©
11:15 || 87 [104] 3 | 3597 | 663 | 5 |122] 7 |515] O
12:45 || 96 |105| 5 | 641 | 236 | 3| 71| 2 |316] ©
1:15 [70{60| O [ 317 | 312 | 1|84 | 2 |360] O
7/11/97 | 10:00 | 61 |129] 2 [ 526] 717 | 5| 78 | 2 [561] O
11:00 || 93 {155| 3 | 716 |1155| 5 [111] 1 [575]| O
12:00 [ 98 [142] 2 | 678 ] 890 | 5 |121] 4
2:00 |98 |109] 0 | 578 761 | 7 [109| 3 [499] O
#[7/14/97 | 10:15 |103| 75| 2 | 605 | 754 |0 | 0 | O |760] ©O
slow flows | 10:45 [|116/ 36| 5 | 631 630 | 2 30| 0 [552] O
1:15 J161]164| 2 619 680 | 51972 | 52| 0
4:00 |87 |72 2 | 732] 585 | 3 [ 82| 2 [556] 0O
7/15/97 | 9:00 | 70]32] 5 [ 163] 261 | 7 | 20| 7 {161] O
1 12:00 | 58275 5 | 92 | 97 {2 ] 14| 1
7/16/97 | 9:15 | 82 [539] 10 | 324 [ 2480 |12} 29 | 4
11:30 [[103{265( 6 | 81 [ 1400| 9 | 8 | 4 [226] O
‘ 1:00 [[138{306] 6 | 61 [1600|11] 7 | 4
) Fi 7/18/97 | 3:30 |94 {180] 5 [ 630 | 758 | 8 | 93| 3
- W[ 7/23/97 | 11:15]89 94| 2 {125]| 738 | 9 |30 ]| 5
12:00 [} 39 [133] 3 | 182 |1345|14| 51| 9
2:00 [|192{374| 6 | 740 | 143517 | 88 |30
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Table V-28 shows all conductivity readings of the rinse water. Fresh
water flow-rates were decreased on July 14. The conductivity of the rinse
water did not change signiﬁcantly with the reduced fresh water flow-rates.
This suggest that the virgin rinse water is being drained. Tank 11 is fed
with city well water and hence the conductivity readings are significantly
greater than the rest of the rinse water.

b. Temperature Data

In general, the RO water has a higher temperature than the city well
water. The temperature of the water in Tank 16 and Tank 15 was recorded
throughout the days when the two tanks were cascaded. All of the recorded
'temperature readings are found in table V-29. From these numbers an
average temperature change could be determined. From that value the

additional cost for heating Tank 16 was calculated.

Table V-29, Temperature Readings:

The temperature difference between the set temperature of 136°F
and the actual temperature for tank 16 is recorded. This temperature
difference was used to determine the additional electric cost
needed for heating the water if constant overflow occurs.

Temperature (°F)

Date Time | well | Tank 11 | Tank 15 | RO [Tank 16 AT
7/9/97 | 8:45 62 62 82 72 120 16
1:15 66 64 100 76 136 0

7/10/97 | 10:15 66 65 87 75 135 1
11:15 62 64 87 76 | 136 0

12:45 61 64 89 79 123 13

1:15 63 61 94 75 136 0

17/11/97 | 10:00 60 62 101 75 119 17
11:00 59 60 102 75 123 13

7/14/97 | 10:15 71 71 75 80 123 13
10:45 69 72 72 78 136 0

1:15 80 72 85 80 136 0

4:00 60 60 96 81 136 0

7/15/97 | 9:00 58 61 _ 102 78 126 10
7/16/97 | 11:30 65 65 101 79 135 1
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c. pH Data

Table V-30, pH Readings:
Events are noted by the given date. Readings were taken throughout the day.
In general, the pH of the rinse water in each tank plateaus after a certain point

Appendix B

is reached. The rinse water pH does depend on the pH of the fresh water.
Tank| 3 5 6 | 8 11 ] 12 | 15 | 16 |well| RO | city | city
- : {cold) | {hot)
6/27/97 | 2:45 19.19]10.83] 8.22 {3.03] 7.00 | 5.30 | 4.01 |4.87 5.74
6/30/97 | 3:00 19.15)10.937.913.13|{7.00[5.18|6.41 ]5.71 3.75
4:15 19.15110.91 [ 8.11 {3.14| 7.00 | 5.00 | 6.34 |5.54 6.04
7/1/97 | 3:25 |8.97110.49|7.83 [2.78]| 7.26 |4.78 | 5.10]5.51 5.39
7/2/97 110:1519.0110.28}7.39[2.96|8.54 |5.413.97[5.27|7.61{ 5.08
1:15 #9.0310.21| 7.39 {2.90}| 8.09 | 4.63 | 4.05 [5.95{7.49{ 5.39
tanks 2:15 1 8.97110.32|7.65|2.91| 8.11 | 4.56 | 4.02 |5.99|7.44 | 5.67
cleaned
7/3/97 110:30(6.53 | 6.33 | 6.36 [8.46| 7.62|7.52|5.13 |6.23|6.69| 5.60
7/7/97 110:00(8.21| 6.17 | 5.85(6.72{7.42[5.14]4.9614.99{7.41|5.19| 7.28 | 7.02
1:15 [ 9.06 | 10.67| 7.41 |4.01| 7.00 | 5.56 | 5.39 [4.52|7.57 | 4.62 | 7.39 | 7.00
3:30 1 8.95[10.75|7.39 |4.01} 7.00 | 4.86 | 5.19 |4.01{7.54| 5.43 | 7.44 | 7.00
7/8/97 110:30(8.66|10.52|7.96 |3.09|6.28 |5.28]3.95{3.91{7.50|5.51| 7.24 | 7.03
11:3048.9710.63{8.11 {3.07| 3.59 {4.58| 3.89 [3.92]|7.51|5.73| 7.37 | 7.10
1:30 19.00]10.75]| 7.69 |2.99{6.53 | 5.16 | 3.92 |3.91
: 2:20 (18.99110.70) 7.44 12.9916.57 [ 4.78 | 3.81 |3.86
> 7/9/97 8:45 19.00 1 10.66 | 7.49 |3.10| 6.72 | 5.74 | 3.67 |4.10|7.55] 5.50
cascade 15,| 1:15 [[9.00 | 10.29| 7.34 |{3.01| 7.04 | 5.43 | 3.62 |4.68|5.58 | 7.55
16 '
7/10/97 [10:15}18.94|10.03 | 8.14 {2.92]|7.27|{5.10| 3.62 |4.54|7.45| 5.32
11:15)8.95]10.06 | 7.74 {2.86] 7.59 | 5.07 | 3.50 |4.12|7.50| 4.68
12:45) 8.79110.02 | 7.40 {2.84]| 7.90 {4.89 ] 4.38 {4.39]7.39]| 5.64
1:15 1894 | 9.98 | 7.03 |2.8417.94 {4.76 | 3.34 |4.37]|7.48] 5.51
7/11/97 110:00(8.92{10.24 | 7.42 {2.95{ 7.53 | 5.27 | 3.63 |4.79|7.49| 5.92
11:00( 8.97 110.247.14 |2.96] 7.59 | 5.29 | 3.5514.96|7.52| 5.72
12:004 8.96 | 10.26 | 7.51 [2.94|7.61 {5.49[3.91 {5.14
2:00 [(8.96110.02|7.32|2.95|7.76 | 5.43 | 3.45 [4.80]|5.59| 7.52
7/14/97 [10:15)9.84] 9.60 |6.90{2.85|7.81 {6.06 | 5.63 |7.54|7.54 | 5.50
slow flows [10:45] 8.96 | 9.54 | 6.56 {2.81{ 7.89 | 5.56 | 4.96 |5.19]{7.03 | 5.40
1:15 || 8.86 | 9.61 |7.13 2,93 8.03 |5.53|3.695.18|7.29]| 5.44
4:00 | 8.96| 9.61 | 7.07[2.85|7.75]|5.00| 3.685.47{7.39| 5.05
7/15/97 | 9:00 |9.05[10.62]7.32!3.08]7.00|5.14|4.13(5.53{7.59{5.15
12:0049.07 [ 10.65| 8.18 13.95{ 7.38 | 5.20] 3.92 |5.18]
7/16/97 |9:15 |9.02{10.69] 7.58 |3.40{6.10{5.97|4.30{5.48
: 11:30) 9.05| 10.85{ 8.03 {4.20| 4.95[4.93|4.45[4.66|7.62] 5.57
1:00 |9.06 |11.01|7.94{3.75|6.44 | 4.95]| 4.33 |4.37
7/18/97 | 3:30 8.90] 9.98 | 6.37 [2.96] 7.55|4.80 | 3.29 |4.33
7/23/97 |11:15(8.62]10.23|6.55(3.18]6.47 |4.25] 3.27 [4.01
12:00) 8.64 | 10.36 | 6.47 {3.27(10.01{ 4.02 | 3.56 {4.01
2:00 || 8.6210.36} 5.01 |3.33] 3.94 {4.50| 4.50 |4.01
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Table V-30 shows all pH readings of the rinse water. Fresh water
flow-rates were decreased on July 14. After the floe-rates were decreased,
the pH of the rinse water did not change significantly with the reduced fresh
water flow-rates. This again suggests that the virgin rinse water is being
drained. Because Tank 11 is fed with city well water, the pH change is not
on the same scale as the other rinse tanks. RO water generally maintains a
pH of about 5 and city well water usually has a pH of about 7.

d. pH and Conductivity Measurements when Tanks were Cleaned
: _Table V-31 summarizes the pH.and conductivity measurements for
the.' days when the tanks were cleaned out. These measurements show the

variability and inconsistency of rinse tank cleaning.

Table V-31, pH and Conductivity Measurements when Tanks are Cleaned:
Readings were taken before the tanks were drained
and cleaned. The conductivity is measured in uS/cm.
Only some of the tanks are cleaned each week.

Date | 7/3/97 7/11/97 7/18/97 |
Tank uS/cm pH uS/cm pH pS/em pH

| 54 8.97 94 8.90
5 210 10.32 | 180 9.98
6 13 7.65 5 6.37
8. 831 291 678 2.96 630 2.96
11 1685 8.11 |
12 24 456 | 5 5.49 |
15 | 55 4.02 121 3.91 93 3.29
16 3 5.99

e. Tank 11 Profile Data _

| Specific concern was expressed about the pH of the rinse water in
Tank 11. Manual addition of caustic was not done throughout the testing
day. Hence the natural course or the rinse water pH and conductivity could

be monitored. Table V-32 shows the collected rinse water data.
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Table V-32, Tank 11 Rinse Water Measurements:
Conductivity and pH measurements were taken throughout the day.

Time pH Time (min) | Conductivity (1S/cm) comment
{min) .
0 6.32 0 776 \
5 2.73 5 447 % after parts rinsed
10 2.73 10 471 %
15 2.75 15 430  ~y
20 8.57 20 902 caustic was added
27 5.91 27 801 \ after parts rinsed
35 6.01 - 35 854 ‘
40 6.11 40 692  \
50 6.73 50 678 A\
60 6.32 60 614
65 6.41 65 683 \, &= 6%
75 3.09 75 641 \ after
80 3.13 80 539 \
85 3.14 85 369 \
90 3.15 90 399  \
95 2.55 95 471
] __100 2.57 100 1667 A= 1%
) 105 2.59 105 629 \
‘* 110 261 | 110 | 700 \
115 2.64 115 702 |\
120 2.33 120 689 LY, , after
125 2.34 125 795  \ a=1pc
130 2.36 130 508 \ -
140 2.38 140 668
145 2.19 145 1969 A= (301 ) after
150 2.21 150 3180\ K _(2{1Y 2512
155 2.23 155 757 '\
160 2.24 160 1085 Y\
165 2.24 165 944 M
170 2.11 170 1380 \ after parts rinsed
175 2.11 175 1064 \ A=d 25
180 2.12 180 438  \
185 2.13 185 720 N _
190 2.09 190 7760 \ after parts rinsed
195 2.09 195 4580 '\ &L= 7040
230 2.04 230 5320 \,,
235 2.03 235 3810
240 2.03 240 5610 '
245 1.99 245 7710 . after parts rinsed
. 250 2.01 250 7900 VY \ |&= 4090
) 255 | 2.07 255 7660 \
265 2.13 265 6940 N
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Because of the concerns caustic solution is added to the tank
manually. One option is to install an pH metering pump control system.
Before this could be done, the necessity of such a system needed to be
- investigated. Figure V-2 shows the pH proﬁle of the rinse water in Tank 11.
 The pH profile shows how the pH of the water drops quickly until a value of

pH 2 is reached.

pH Profile of Tank 11 Rinse Water

10.0

p1l

S
o

;
J

0.0 ‘ : : : - : : : : ; ;
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

Time (min)

- Figure V-2, Plot of the Rinse Water pH for Tank 11:
The peak at 9.5 occurred after caustic solution was added to
the tank manually. After parts are rinsed, the pH drops
drastically until it reaches a value of about pH 2.
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2. Automatic Division

a. Conductivity Measurements

A preliminary assessment of the waste water generation problem at
the Automatic Division was conducted on March 19, 1997. Karl DeWahl,
MnTAP, collected conductivity and water flow measurements from the
Carousel Washer System. The report can be found in appendix D. Table V-
33 summarizes the conductivity measurements of the rinse tanks within the
Carousel Washer System.

\

Table V-33, Conductivity Measurements from the Carousel Washer System:
All tanks receive city well water as a feed stream except for
Tank 11 which receives RO water as a feed.

Tank : Conductivity (uS/cm)
2 T 394-396
4 395-410
5 395-405
6 394-399
7 360
9 L. 397-404
10 T 375-380
11 - 4

b. Meter Readings

After the original 30-day waste water generation study, specific areas
of the plant were monitored for waste water generation. Meter readings
indicated that the Carousel Washer System generated most of the waste
water as compared all systems. Tank 9 was converted from a dip-rinse to
a spray-rinse. In addition, the four tank dip-rinse series— Tank 4, Tank 5,
Tank 6, and Tank 7—was converted to two sets of cascaded dip-
rinses—Tank 4 and Tank 5, and tank 6 and Tank 7. After these

modifications were made to the Carousel Washer System, an additional 14-
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day study was conducted. Table V-34 shows the meter readings from the /\)

14-day study. In addition, the top portion of the table displays the meter

N

readings which determined the areas of high waste water generation.

Table V-34, Meter Readings at the Automatic Division:
All values are recorded in gallons. The total column is the sum of the RO Feed
(RO system Usage) and Washer (Carousel Washer System Usage).

Date RO Feedj RO Stored RO Reject Washer Total Readin§=
20-May 6677
21-May 8032 5214 2818 |35.1% 9520 17552
22-May 7432 4834 2598 135.0% | \ 8470 15902
F | 23-May 5833 3808 2025 {34.7% | - 7016 .| 12849
T | 27-May 14020 9220 4800 |34.2% 3144 17164
28-May 5239 3438 1801 [34.4% 8997 14236
29-May 6817 4432 2385 |{35.0% 9373 16190
F | 30-May 7497 4886 2611 |34.8% 9390 16887
M 2-Jun 15663 10165 5498 |35.1% 21197 36860
3-Jun 6020 3935 2085 [34.6% 14219 20239
4-Jun 6280 4105 2175 |{34.6% 3114 9394
S5-Jun 6694 4342 2352 135.1% 9170 15864
F 6-Jun 7510 4885 2625 |135.0% 10070 17580
M 9-Jun 13468 8770 4698 |34.9% 15472 28940 )
10-Jun 5183 - 3349 1834 |35.4% 7188 12371 )
11-Jun 7104 4604 2500 [35.2% 9303 16407 ‘
12-Jun 4071 2672 1399 [34.4% 3491 . 7562
F 13-Jun 2821 1856 965 |34.2% 2081 4902
14-day study
begins
T 17-Jun 15019 9801 5218 |34.7% 29279 44298 50650
18-Jun 4975 3249 1726 |34.7% 2884 7859 11840
19-Jun 4276 2827 1449 |133.9% 1114 5390 9040
F 20-Jun 11980
M| 23-Jun 30010
Th| 26-Jun 37260
27-Jun ' 19690
M| 30-Jun : 21000
1-Jul ' 32640
2-Jul ' 13860
Th 3-Jul 10620
T 8-Jul 34620
9-Jul 19370
10-Jul 15630
F 11-Jul 17510
14-day study ends
M 14-Jul ' 22790
15-Jul 15900
16-Jul 20400 )
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C. PROCESS DRAWINGS

Figure V-3 shows a deta:led schematlc of'the Metal leshmg L1ne

P1p1ng, heating units, and control valves are Wn on the dlagram A

: drawmg of the pH adjustment system is shown i in figure V—4 Finally, ﬁgure

V-5 shows a drawing of the weir construc’uon used for Cascade 1 and

suggested for Cascade 2.
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Pump:
Ogiﬁgw - Air @ tank 13 for draining Conductivity
Main DI Water @ tank 7 used to mix desmutt Meter
Prain @ Electric
—p DI Water Float used as ;
Well Water Control Valve Water Level Meter . . Hgiﬁgg
16 14 13 9 ¢ s 4 £
1S 11 10 8 6

|
' '
B |

| To Blower
T@Blower g

Figure V-3, Process and Instrumentation Diagram:
Essential elements of the Metal Finishing Line are
shown in this diagram. This is a top view. The front
side of the line is at the top of the page and the back
side of the line is at the bottom of the page.
The back side of the line faces the wall.

Sump: goes to pH
Adjustment Tank
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Acid
Alkaline
AIR PUMP _
SUMP
Overflow
Tank Capacity
______________ HIGH .
LOW: 300 gallons
MEDIUM: 500 gallons
HIGH: 700 gallons
‘ ) TOTAL: 1000 gallons | F | . . MEDIUM B )
.
Control ................. LOW .............................................................
alve *
Impeller
pH Prob pH Probe

To Sewer

Figure V-4: Schematic of the pH Adjustment System for the Metal Finishing Line.
Throughout processing waste water enters the tank through the sump line,
but when the tanks are cleaned waste water enters the tank through the
air pump line. The pH probe inside the tank triggers pumps to add sulfuric acid
and caustic when the pH is above 9.5 and below 5.5 respectively. While the pH is
being adjusted, the control valve closes to keep the waste water from entering
the sewer. Once the pH has reached a valid number the valve opens and
: waster water is emptied into the sewer. Finally , the second pH probe _
> monitors the pH of the water entering the sewer. An alarm will light up when
the waste stream pH is outside of the regulated range (5 to 10).

94




Appendix C

(a) Front View

(b} Side View

Figure V-5, Diagram of Weir Construction:
(a) The weir itself is located on the outside of the tank.
One side is two inches wide and the other is
three inches wide. The slope helps push water
down the drain. The drain opening in shown.
(b) One inch holes are evenly spaced in a straight line.
These holes are in the side of the tank and allow

flow into the outside weir. o5
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Appendix D

D. ADDITIONAL INFORMATION

Karl DeWahl from MnTAP visited the Automatic Division in March
1997 to access the facilities waste water generation. Rinse water
conductivity measurements and water flow rates were collected for the
Carousel Washer System. Water reduction options, which can also improve
rinse quality, were suggested. The four suggestions include reusing RQ
water, redesign or modify current tank system, check carousel arms for -
leaks, and clean tank walls. After this initial meeting in March, the
Carousel Washer System was modified to include a spray rinse in Tank 9
and two sets of cascaded rinse tanks—Tank 4 and Tank 5, and Tank 6 and

Tank 7. The report is attached on the following pages.
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" Jim Sjosehus e W Apnil I; 1997
. "_KurtManuﬂctunng Company ' & y
' 5280 MainSt -

‘M.mnmpohs MN 55421

| Dm hm Sjosehus

' On 3/ 19/97 we collected water ﬂow rates and bath comiucuvxty measnrerents at the Northdale ﬁcxhty
" 'We did not have a faciliry water use total to compare, but the sum of the individual flows seems
considerably less than I expected to find based on your general comments. Further ¢fforts 10/identify other
" -water uses o leaks may be necessary. However, the readmg taken do suggest a number of possible, ways
to reduce water usage and probably also to improve rinsing effectiveness. I will summarize the flow and
. - conductivity data we collccwdandthmprescntthe conclusxons Idmwfromthe damandwhatlsee as your
water reducuon,altemauves

; Theﬂows_weldent;ﬁcdwere: o S o '
. L Co ~ conductivity(ps) ‘estimated gpy- e tcd m . cstlma ue
. domegtic water 20 gpd x # of people oot calculated - : $-/yr "
carmlselwashermnk#lalkcleancr . ' '~ small Co- Sy
tank #2 minse . 394-396 480,000 20 - 1536
. tank #3 -alk cleaner = . . . S smal - - -
tank #4 beated rinse. . 395410 . 120,000 . 05 . - 384
tank #5 heated rinse .+ 395405 120,000 .05 - . 384
tank #6° rinse - . .. 394-399 240,000 ‘1 768
tank #7 nnse = - © . 360 : © 240,000 . - 1. . . 768
tank #8 desmut. , ' * small C - .-
" tank #9 rinse (dow@ 397-404 - 1,440,000 6 . 4608
tank #10 heated rinse +375-380 - 600,000 - 25 - 1920 |
-tank #11 hot DI nnse _— 4 ‘ 240,000 1.0 - 768
crestconsoletank#l alk cleaner o small . - ity -
_ tank #2 deadnnse ' : small - -
. tank #3 spray rinse ‘ow190s o/t & D 1,032,000 . 22 . - 3302
'?:tank#4nnse>c¢\1maug Fou S 168,000 - . 0.7 . ©. 537
. 'tank #5 rinse 168,000 0.7 5375,
.t tank #6 &7 dry C no water use
ubratory deburting - . . T " unknown’
thermal deburring . o : N unknown
'coolantmake-up g e : ‘unknown .
: - total = over4 848,000 L. over $1S, 500

Note that the water cost docs not reflact the addxtloml cost of prowdmg deionized water.
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U uUr My Miviar

1. YEYIRX lubn 19.VQ raa olL4s D& 4{08
- 'AppendixD '
3 Obs & Conclusi
' 1. hmmscnywae:mmnconducumofabom 190ys. Sevenofthee:ghtnmcmkshad

conductivities around 400ps. which did not noticeably change as parts loadswerebroughtmmthetanks or
" taken out. Pagts as they were ; mnmsedmaddmonal rinses as theywcntthtoughthe ﬁrst7 did not como
. intd-contact with cleaner water.
.Conclusion - Fresh water feeds to each tank is not producing fresh water results Parts goa ioto “used"
v watzrtha!hastwwethelomccomammanonoftapwater
- 2. The DI rinse had a significantly lower conductivity than:- any othe: nnse but this conducnvny did not
: moreaseaspanswereplaoedmthetank. L
Conclusion - The de-ionized water is being under-utilized, Itis bemg sent to dmm m,mrly vugm '
condition - it is certainly much cleaner than the tap water being used for most of the rinsés.
3. Tanks turn-over their volume in 25 minutes for tank #9 and 300 mmutes for tanks #4&5 compa:ed to
"'Mk 6?&& the.time between Joads.of roughly 5 mimute for eachtank. -
Conclusxon The tanks are too large for efficient rinsing. - Cantaminants rinse off parts and are d:sperscd &
5 5(“5:4‘8’ ‘diluted in a large volume of water, and then arc only slowly purged-from the system. I estimate tank
‘fop Vfao volumes at roughly 150 gallons each, while the space a loaded rack can fit in is about- 8 gallons MMM th
4. Inletsandouﬂctsarelocatedmthmmcbesofeachothcrontanks4&5 : xl‘ﬁ'”“&
5. Tank conductivity occasionally spiked when a carousel arm carrying no load entered a tank.
Conclusion - The welded tubular, carousel structurc may have pin-bole leaks that serve to transport far -
greater amounts of contaminants from tank to tank than the than parts carry-over does. 4
6. Conductivity changed slightly with locatmn, The ccater of the tank had thc lighest conductmty, while
. s ,armnearthcwallhadthe lowest. . )
, s '~ Conclusion - There is very little mxxmg in the rinse tanks. Contammanrs are moved away from surﬁaces by
t K)'. . ¢ diffusion - a slow process. ‘
=~ " - - 7. Thereis.a small build-up of scale or solids on the walls of most of the tanks This may be a source of _
. buﬂ'enng or internal stumgc of ionic contanunatton that may serve to make the rinse water chmcr than 1t
' needs to be. . .

Watet use reductum_opn g o S 3 -
~ A. Reuse the DI water. Cascade it back into previous rinses as many tirmes as p0551b1e urml its,
*+ conductivity or other characteristics show it is degraded worse than tap water. Other chaxactensucs that
. . might be important are pH, turbidity, and oil content. We did not measure the conductmty on any- rinises in
" the Crest corisole wash, but odds are that e.ﬁlucm could be mused on the c:u'ouscl system also, and' could be
used in one of three ways:
.* Replace the present carousel DI feecL cutting overall DI water consumpixon. _
‘e Add flow (greater tank turn-over and mixing) to ‘cascaded rinses. ' -
-o. " Replace tap water flow on up stream rinses if the DI, watcr from cascading tank #9 water .
becomcs too conta:mnatcd to replace all the fresh water fceds '

B Redes:m or modxfy the tank system I reahze the catousel washcr was not desxgncd forthc cun'ent .
. product and that there is a value in rctaining capacity for future flexibility. ‘
' . Reduce the gfféctive size of the tanks to improve turn-over, mixing and the purging of .
‘ contammants " One way to accomplish this without replacing the current tanks is to £ill unused
space with removable foam blocks (care is required to avoid creating recesses where T
" - . contaminants can accumulate and perhaps rccontaminate parts) A sccond way would be to
) o , mount new small tanks inside the current tanks. '

i
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1

.= Improve flow ffom inlets to outlets. Inléts and outlets on tariks 4 & 5 are within inches of each - )
' " other, allowing fresh water to sliort circuit through the tank. This should be corrécted. Most .
‘of the tanks have inlets and outlets on oppositc sides of the tank at the same level. This is OK '
. but coujd be further improved by using plastic hose to feed fresh water to the bottom of the , .
" tank so diagonal flow is achieved (an air break would be needed to prevent back siphoning). =
. This couild also be used with foam spacers, discussed above, if fresh water feed is distributed .
*,-over the botfom of the tank or from behind any spacers - flow-would be-through any cracks or
seams and should effectively purge these recesses. R ' - '

_ Improve mixing so water currents move high contaminant ‘concgntratiqhs a;vay from part.
* . " surfaces. This can be accomplished by increasing rinse flow (use cascaded rinses so flows go
_through all tanks); installing pumps to recirculate rinse water within a tank; or have the. -

L .-, scarousel Jift and descend 5-10 timies in each tank. fof edch step.
' \_' ," .~.,"" :.‘.“. "'ll . . ' " . . - . o
"7+ C." Check the tubular arms of the carqusel for leaks that can carry significant volumes of liquid from -

" tank to tank. . The simplest solution is to drill 3/8” holes at the top and bottom of each vertical 'arm so the .-

drin becomes free draining: Alternatively identify leakers and seal them, - ' ' :

"+ 'D.  Clean séalé ind 'solids from tank walls, - |
“, . -Thope this.ibformation is useful, pledse let me kmow if I can be of farther assistance.. Please share this
"+ letter with both the supervisor that was so helpful to us and with the cleaning foom operators. This
information is important.to their understandjng of the problem, and they may both have other-useful
information about the water use problem and ideas for solutions, _— T
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E. LIST OF RESOURCE PEOPLE

a. Resource People Involved at All Locations
Table V-335 lists the resource people that were involved with the
project at all locations. The specific relationship and contact information of

each person is cited in the table.

Table V-35, Contact People for General Information about the Project:
Names addresses and telephone numbers are included in the table. In
addition, a brief relationship to the project is listed. :

O

5280 Main St, NE
Minneapolis, MN

Contact Telephone Address Relationship to

Number Project

Karl DeWahl | (612)627-1904 MnTAP Intern Advisor
1313 5® St. SE
Minneapolis, MN
55414-4504
Pat Dick (612)572-4426 Kurt Manufacturing general
Company information

about water
usage and waste

5280 Main St, NE
Minneapolis, MN
55421

55421 generation
Jim Sjoselius | (612)572-4627 Kurt Manufacturing Intern
' Company Supervisor

b. Machining Division and Kurt Gear Division

Contacts listed in Table V-36 are directly related to water conservation

at the Machining Division and the Kurt gear Division. The people listed

included those involved with the general operation of the Metal Finishing

Line and those people involved with any of the implementation process. In

addition, contact information for the chemical supplier and is included. The

final contact listed provided information about the billing process for both

) sewer charges and water charges.
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Table V-36, Contacts Specific to the

Machining Division and Kurt Gear Division:

Appendix E

People listed include those which can provide general information and those
that can provided specific information about implementation and success.

5280 Main St, NE
Minneapolis, MN

Contact Telephone Address Relationship to
Number : Project
William (612)378-7581 Industrial Chemical chemical
Balnchet and Equipment supplier for
3230 E. Hennepin Ave. | Metal Finishing
Minneapolis, MN Line
55413
Roger Knaus | (612)572-4565 Kurt Manufacturing Metal Finishing
R Company Line operator
5280 Main St, NE (day shift)
Minneapolis, MN
55421
Judy Meltham | (612)572-3529 City of Fridley water charges
and sewer
charges
‘ information
Marty Meyer | (612)926-6713 UNIFAB, Inc. polypropylene
- 3850 Edgewood Ave. tank
St. Louis Park, MN construction
’ 55426
Dave Muncy | (612)572-1500 Kurt Manufacturing Metal Finishing
Company Line operator

(night shift)

55421
Bruce Powers | (612)572-4419 Kurt Manufacturing Maintenance
Company Supervisor

5280 Main St, NE
Minneapolis, MN
53421

Chris Wiege

(612)427-4940

Climatronics, HVAC/R
11833 Douglas Dr. N.
Minneapolis, MN
55316

plumbing and
weir
construction
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c. Resource People Involved at the Automatic Division
Table V-37 lists the resource people that were involved with the

project at the Automatic Division.

Table V-37, Contact People for Information about the
Project at the Automatic Division:
Names addresses and telephone numbers are included in the table.
In addition, a brief relationship to the project is listed.
Contact Telephone Address Relationship to
Number Project
Laura Engen | (612)602-4712.| Metropolitan Council | SAC information
Environmental Services
‘Mears Park Centre

230 E 5% St.

St. Paul, MN

55101-1633
Mike Frantz | (612)572-4549 Kurt Manufacturing Maintenance
: = Company Department

1292 Northdale Blvd.
Coon Rapids, MN

' 55448 .
Tom Loeschke | (612)572-4488 Kurt Manufacturing -Quality
Company Supervisor

1292 Northdale Blvd.
Coon Rapids, MN
55448
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