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Downloading the CCM Application

CCM Application can be downloaded online for free. It has been made available by the

Departmental of Chemical and Biological Engineering of the Illinois Institute of

Technology, Chicago, IL.

1. Open the following website: http://mypages.iit.edu/~abbasian/CCM/index.php

Home

About

Download

User Manual
Troubleshoot
Acknowledgment
Contact Us
People

PDGPL Home

Cealing Towet

ficale inititar Siocide  AwS Cureonivs  Acid Adesion

Water treatment

Process Design and Gas Processing Laboratory
Oepartment of Chemical and Biological Enginsering
lilinois Institute of Technology, Chicago, IL, 60616

Copyright © 2012, All rights reserved
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ILLINOIS INSTITUTEﬁ}.
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University

2. Click on Download.
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H |

Home

About DOWNLOAD

Download Thank you for your interest in the CCM application.
User Manual

—_— Please fill up the following information in order to proceed with download.
Publications

Troubleshoot (Note: Information provided below is for record keeping purpose only. Your information will remain completely
Contact Us confidential.)

Acknowledgment

People
Full Name = N
Company * ]
Email Address * : I:l
Phone Number N

3. Enter the required information marked with red asterisks (*).

Please note that the information that you provide in the website in for record

keeping purpose only and it is completely confidential.

4. Click Submit.

5. You will be shown the user agreement page.

Copyright © 2012. Illinois Institute of Technology. All rights reserved. n
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Home

About

Downleoad

User Manual
Publications
Troubleshoot
Contact Us
Acknowledgment

People

DOWNLOAD

Please read and agree to the following user agreement before downloading the application.

Fre-Release of Software for the Evaluation of Cost Asscciated with
Utilization of Water (Fresh or Degraded) for Cooling in Thermoelectric
Power Systems

Terms and Conditions of Use, Disclaimer and Liability Limitations

The Software (a3 defined in the Agreement) is being made available to vou,
at no charge, but subject to the terms below, on a pre-release basis for
beta testing. The Scftware remains under dewvelopment. The Software is
believed toc be generally stable, but there is the possibility that errors,
defects, worms and the like may exist, that not all functicnality is
intact and that it may even crash. Further, there is no support of any
kind for this Software.

¥Tou are encouraged to communicate, via e-mail, your thoughts, complaints
and suggestions about and cutcomes achiewved with the Software to its

4 m ] »

B

© | have read and agree to the terms and conditions .

© I have read and do not agree to the terms and conditions.

Next

6. If you would like to agree and download the application then select the option:

“I' have read and agree to the terms of conditions.”

7. Click Next.

8. Click the link to the program and the download should start automatically.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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VERY IMPORTANT

It is very important for you to understand the following before running the CCM

application.

A. If you do not have any Excel file/s open in your computer, you can directly open
the CCM application by double clicking on the CCM application Excel file.
B. If you do have Excel file/s open in your computer
a. Do not directly open the CCM application Excel file.

b. Open a new instance of Excel first.

You can open a new instance of Excel from Start - All Programs -

Microsoft Office = Excel

c. Once you have opened a new instance of Excel, now you can open the
CCM application from File = Open. And select the CCM application
Excel file.

C. If you do have Excel file/s open in your computer and directly try to open the
CCM application Excel file, you will realize that the open Excel file/s disappears.

a. But DO NOT panic. They are safe. They are just hidden.

b. They are hidden because the Excel application is set to hidden mode.

c. The Excel application is set to hidden mode because we had to design the
CCM GUI in such a way that YOU, the user, would be able to interact

with the GUI only, for a user-friendly experience.

Copyright © 2012. Illinois Institute of Technology. All rights reserved. n
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d. If you want your files back, just close the CCM GUL
D. While the CCM GUI is running, you won’t be able to directly open any Excel file.
a. If you HAVE TO open any Excel file while the GUI is running, just open a
new instance of Excel as described in B.b.
b. Once you have opened a new instance of Excel, click File 2 Open. Then

select the file that you want to open.

Copyright © 2012. Illinois Institute of Technology. All rights reserved. n
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Running the CCM Application

Open the CCM application Excel file as described in the VERY IMPORTANT section

above.

1. As a security feature in Microsoft Excel, macros (program codes) are disabled by
default.

2. If you are running the application for the first time, you will see the following
depending on your MS-Excel version (2007 or 2010)

a. MS-Excel 2007

'-;‘ Security Warning Macros have been disabled. Options...

i. Click on Options.

ii. Select Enable this content.

b. MS-Excel 2010

! Security Warning  Some active content has been disabled. Click for more details. Enable Content
i. Click Enable Content.
Once you allow the macros to run, wait for a while. The very first time the application is

run, it will connect to the internet in-order to activate. When this process is complete,

the CCM GUI will appear as follows:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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Ash systems

Water treatment

Cooling Tower

Geale Inhibitor Biocide  Anti-Corrosion Acid Addition

[

Nitrification

Cooling Waler

Process Design and Gas Processing Laboratory

Department of Chemical and Biological Engineering
Illinois Institute of Technology, Chicago, IL, 60616

Copyright © 2012, All rights reserved.
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Understanding the Layout of the application window

New Case
Open Case
/ / Open Case Study
[ =-4—— Quit Program
About T About CCM
Close Case

Blowdown

Condenser

A

Cooling Tower

Scale Inhibilor Biocide  Anti-Corrosion  Acid Addition

I N P

Cooling Water

Water treatment

Process Design and Gas Processing Laboratory
Department of Chemical and Biological Engineering
Winois Institute of Technology, Chicago, IL, 60616

Copyright © 2012, All rights reserved

1. New Case: Start a new blank case.

a. If no case is in progress the following is displayed:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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“ | transformer \
Steamturbine § § 3
-—‘ / Generator >

Substation/

About
User Name : Date : 51182012
Run#: Time : 1:47:18 PM
=~ Electricity
Coal supply Stack Blowdown
i Condenser

A

Scale Inhibitor Biocid

Anli-Corrosion

Cooling Tower

Acid Addition

L

EN .
l B R
2t

-

Water treatment

Nitrificahio

n Soflening

[ Load Defaults

b. If a case is in progress, a dialog appears as follows:

Do you want to start a new case?

Yes

Click Yes to start a new case, OR

Click No to stay with the current case.

2. Open A Case: Opens a previously saved MS-Excel file with the correct format.

More on Opening a Case.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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a. If no case is in progress, an Open Dialog box appears:

==

- |‘, | | Search Documents 2|

£- 0 @

Select Input File

QQ ‘3 » Libraries » Documents »

Organize = New folder

¥ Microsoft Excel | Documents library . _
i Arrange by:  Folder ~
Includes: 2 locations

Bl Desktop
& Downloads

[ Favorites

[ m

. Dropbox

= Recent Places

- Libraries
3 Documents
& Music
[=] Pictures
. Podcasts
B videos Z

File name: - [E{cel Files v]

Tools = [ Open ] [ Cancel ]

Select the correct file to open.

b. If a case is already in progress, the following dialog box appears:

Open Case £3

Do you want to cpen another case?

Yes Mo

Click Yes and the Open Dialog box will appear where you can select the

file, OR

Click No to stay in the current case.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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3. Open A Case Study: Same as Open A Case. But, the case study file is

different than the case file. More on Opening a Case Study.

4. Close Case: Closes a currently running case. The following dialog box appears:

Close Case 3

Do you want to close the case?

es Mo

Click Yes to close the case, OR

Click No to stay with the current case.

5. Exit: Closes the CCM GUI application. The following dialog box appears:

-

Quit Application E3

Do you want to Quit the application ?

Yes Mo

Click Yes to exit the application, OR

Click No to stay with the application.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.



Cooling-water Cost Model (CCM)
Starting a New Project

In order to start a new project:

1. Click on the New Case J icon.

The following appears:

| Cooling-water Cost Model (CCM)

=R

MAIN MENU IOperating Parameters | Cost Parametersl Resultsl
User Name :

=)
Run#:

About

Date :

5/18/2012
Time : 1:47:18 PM
# % ~ Electricity
Coal supply Stack . A e
X
N
a
1<} Substation/
B transformer
§ii

[
Ash systems ——

B

Water treatment

% Load Defaults

Starting a New Case loads a blank GULI. If you browse through the tabs, you can
easily see that the input fields are blank.

In the Main Menu page you can see Date and Time stamps on the right hand

side which are automatically generated based on your system date and time. You
can’t modify this information.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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[T Load Defaults
There is a button at the middle bottom of the Main Menu

page. Clicking on this button fills all the input fields in the GUI with default
values. You can browse through the tabs to see the default values that are
loaded. This is a good way to populate the input fields in the GUI if you don’t
have your own set of all the inputs.

You would still have to type the username and run number in the Main Menu

tab.

[ Load Defaults
If you browse through the tabs, you will see a button on

each page. These Load Defaults buttons are specific to the corresponding page
only. If you change some of the input values in a page and would like to change
them back to the default values then you can click on the Load Defaults button

in that page.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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Some Common Error Flags

Error flags have been incorporated into the CCM GUI application which will pop up if

the inputs are entered incorrectly. The following are some common error flags:

1. Non-numeric Input: All the input fields take numeric values only (except for the
pop-down menus which have predefined sets of inputs that you can select from).
Entering any non-numeric data like a text or a combination of text generates the

following error flag:

-

=

Input Error

oK

Click OK to close the error flag.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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Understanding the Tabs

A. Main Menu: This tab contains the user name and run number fields on the top left

side. On the top right side, there are date and time display fields which cannot be

modified.

MAIN MENU IOperating Parameters | Cost Parametersl Resultsl

User Name :
Run#:

Date :
Time :

5/18/2012
1:47:18 PM

Coal supply Stack
i A

&
X

Ash systems

Water treatment

“ > Electricity - -
PRY A "R Blowdown
»

Substation/
transformer

\
Steam turbine
T ﬁ‘ /_ Generalor

[T Load Defaults

B. Operating Parameters: This tab contains three sub tabs - Plant and Cooling

Tower, Condenser and Water Treatment.

Main Menu OPERATING PARAMETERS | Cost Parameters | Results |

Plant and Cooling Tower | Condenser WATER TREATMENT I

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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a. Plant and Cooling Tower: This tab contains six sub tabs - Plant and

Cooling Tower, Air Temperature, Humidity, Condenser Inlet Temperature,
Demand and Retail Price of Electricity.

PLANT AND COOLING TOWER

PLANT AND COOLING TOWER

i. Plant and Cooling Tower: This page contains the input fields for

the plant and cooling tower parameters. The Load Defaults button on
the bottom of the page is used to load default values to this page only.
On the right side there is a section called Include Parameter
Variations? In this section you can find the five different parameters -
Air Temperature, Humidity, Condenser Inlet Temperature, Demand
and Retail Price of Electricity. You can check the box beside each
parameter listing in order to activate the corresponding tab on the left
side. When a parameter is checked, it is an indication that, that
particular parameter variation is included in the calculation of costs in

the model. Two buttons - Select All and Unselect All are also available

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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which are used to select all the variations and unselect all the

variations respectively.

PLANT AND COOLING TOWER

Number of Operating Hours - “—L| e atiation=p
Plant and Cooling Tower Operating Parameters Air Temperature -1~
Operating Days / Year Humidity -~
COC - Cycles of Concentration : -
Condenser Inlet Temperature -~
Drift (as % of Recirculating Flow) - = ﬂ Select All
Makeup Water Temperature (°F) - Demand -
Ambient Air Temperature (°F) - Retail Price of Electricity -~ ?( Lpaciecitl]
Relative Humidity (%) -
Makeup Water Flowrate (MGD) - 0.0037

Average Condenser Inlet Water Temp. (°F) -
Average Plant Demand Factor :

Additional Cooling Tower Parameters

NH3 Qverall mass transfer coefficient :

€02 Liquid phase mass transfer coefficient
C02 Vapor phase mass transfer coefficient .
Specific area of cooling tower -

Frontal area of cooling water -

Height of cooling water :

i 11T

[ Load Defaults

ii. Air Temperature: This tab is inactive by default, which means that

the air temperature parameter variation is not included in the costs
calculation by default. When the check box beside Air Temperature is
checked in the Plant and Cooling Tower page, the Air Temperature tab

becomes active. Clicking on the tab shows the following:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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PLANT AND COOLING TOWER ‘ condenser | Water Treatment

Plant and Cooling Tower
AIR TEMPERATURE Air Temperature Parameters

Month Dail{ High Dail:r Low Daily \c{ariation
(°F) (°F) (°F)
23

January
February -
March :
April
May -

June -

July
August
September :
October :

November -

olo|l olo| o|lalo|lo|lo| oo

December

[ Load Defaults

There are three columns - Daily High, Daily Low and Daily Variation.

Daily High and Daily Low columns are the input columns. Daily

Variation column is calculated based on the Daily High and Daily Low

columns. Daily Variation = Daily High - Daily Low. Inputs should be

entered correctly which means that the Daily High value must be a
number greater than the Daily Low value, else the following error

message boxes are shown:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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-

Input Error @

OR

Input Error @

iii. Humidity: This tab is inactive by default, which means that the
humidity parameter variation is not included in the costs calculation
by default. When the check box beside Humidity is checked in the
Plant and Cooling Tower page, the Humidity tab becomes active.

Clicking on the tab shows the following;:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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PLANT AND COOLING TOWER | Condenser | Water Treatment

Plant and Cooling Tower

Humidity Parameters

Air Temperature
HUMIDITY Month Daily High Daily Low Daily Variation
(%) (%) (%)

Condenser Inlet Temperature

January |

Demand

February :
Retail Price of Electricity March -

April -

May -

June -

July -

August :
September :
October :
November :
December :

(=R —N =N =N N N =T T — A — T ]

[#E Load Defaults

iv. Condenser Inlet Temperature: This tab is inactive by default,

which means that the condenser inlet temperature parameter variation
is not included in the costs calculation by default. When the check box
beside Condenser Inlet Temperature is checked in the Plant and
Cooling Tower page, the Condenser Inlet Temperature tab becomes

active. Clicking on the tab shows the following;:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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PLANT AND COOLING TOWER I Condenser | Water Treatment

Plant and Cooling Tower

Condenser Inlet Temperature Parameters

Air Temperature

Daily High Daily Low Daily Variation
(°F) (°F) (°F)

Humidity Month
CONDENSER INLET TEMPERATURE

January - |

Demand February -

Retail Price of Electricity March -
April -
May -

June :

July

August -
September :
October :
November :
December :

olo|lol ol ololo|lo|lo|lo|lo|o

7 Load Defaults |

v. Demand: This tab is inactive by default, which means that the

demand parameter variation is not included in the costs calculation

default. When the check box beside Demand is checked in the Plant

by

and Cooling Tower page, the Demand tab becomes active. Clicking on

the tab shows the following;:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.



Cooling-water Cost Model (CCM)

PLANT AND COOLING TOWER I Condenser | Water Treatment

Plant and Cooling Tower

. . Demad Parameters
Air Temperature

Humidity Month Daily High Daily Low Daily Variation

Condenser Inlet Temperature

January - |
DEMAND

February :
Retail Price of Electricity March -

April

May -

June :

July

August -
September -
October :
November -
December :

(=R =N =R =N N = T A N ]

5% Load Defaults

vi. Retail Price of Electricity: This tab is inactive by default, which

means that the retail price of electricity variation is not included in the
costs calculation by default. When the check box beside Retail Price of
Electricity is checked in the Plant and Cooling Tower page, the Retail
Price of Electricity tab becomes active. Clicking on the tab shows the

following:

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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PLANT AND COOLING TOWER I Condenser | Water Treatment |

Plant and Cooling Tower

. Retail Price of Electricity Parameters
Air Temperature

Daily High Daily Low Daily Variation
(cents/kWh) (cents/kWh) (centa/kWh)

Humidity Month

Condenser Inlet Temperature

January : |

February
RETAIL PRICE OF ELECTRICITY March -

Demand

April -

May :

June :

July -

August
September :
October :
November :
December -

oclo|l ol o|lo|lo| o\ o o|lao| o

[ Load Defaults |

b. Condenser: This tab contains four sub tabs - Condenser Parameters,
Condenser Design, Fouling Buildup, and Turbine Design.

Plant and Cooling Tower CONDENSER | water Treatment

COMDENSER PARAMETERS

Condenser Design Condenszer Parameters

Fouling Buildup # Condenser Compartments
Turbine Design Cleaning Downtime / Compartment (hr) -

Condenser Cleaning Trigger

i. Condenser Parameters: This page contains the input parameters

for the condenser.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.
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Plant and Cooling Tower CONDENSER |Water Treatment

CONDENSER PARAMETERS Defined Dates Cleaning Days
Condenser Parameters

Condenser Design

Fouling Buildup # Condenser Compartments -
Turbine Design Cleaning Downtime / Compartment (hr)

|4l 4

Condenser Cleaning Trigger

Cleaning Trigger - j
M Allowed, (*F*2*hr)/BTU ———————
Design Rf, (°*F*t"2*hr)/BTU o

# of cleanings / year : vl

[Z¥ Load Defaults |

Notes:

Cleaning Trigger :

1) Rf Max - Enter the "Max Rf Allowed" value.

2) Defined Dates : Enter the dates in the "Defined Dates".
( 0 - 365 days)

3) # of Cleanings / year - Select the number of cleanings.

Based on the selection, cleaning dates
are automatically calculated and shown
in the "Cleaning Days" column.

ii. Condenser Design: This page contains the condenser design input

parameters.

Plant and Cooling Tower CONDENSER IWater Treatment'

Condenser Parameters ; .
Condenser Design : Put Equation Here
CONDENSER DESIGN

- U_clean, BTU/(®"2 °F hr) - T Annulus Area, %2 -

PR Fo: U_calc, BTU/R2.°F hr) -

Turbine Design Capacity MW — Rf, (f*2.F hr)/BTU -
W_percent - - W_Ip-turbine, BTUshr -
Turbine Efficiency : H_ueep, BTU/b :
H_throtile, BTUA - — H_elep, BTUb -
Cp, BTU/(Ib.°F): H_lig, BTU/b -
Q1_non-main, BTU/r - W_isentropic, BTU/r :
Plant Efficiency, %HHV - Maximum Steam Flow Rale (MSFR), Ib/hr -
FGD Lime Cost, $ton : Turbine Over Design Factor(X) :
Boiler Efficiency, % - MSFR*X, Ibfhr -
Tube Side Inlet Temp., °F - - Heat Duty (BTU/hr) -
Tube Side Outlet Temp., °F Qutside Heat Transfer Area, #"2 -
Shell Side Temperature, °F - [ Cooling Water Flow Rate, GPM -
Turbine Over Design Factor (FY - [ delta Ft/ delta (10% Load) :

Rf evaluation vector, (ft"2.°F.hr)/BTU : Refer to user manual for detailed description R Load Defaults

T_in evaluation vector, °F : Refer to user manual for detailed description

| | | | |
Initial Guesses T_out, °F: T_shell, °F -

All the fields in gray are not input fields, they are the display fields.

Calculated values are displayed in these fields.
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iii. Fouling Buildup: This page contains the fouling buildup

parameters input fields.

Plant and Cooling Tower CONDENSER |Water Treatment

Condenser Parameters

Condenser Design Fouling Bulldup

FOULING BUILDUP Fouling Profile - | ~|

Turhine Design

Linear / Logarithmic / Induction

&
6th Order Polynomial: Rf=b + Z - ti

i=1

Rexsad

o

Asymptotic Bound -

7 Load Defaults

Based on the selection of the Fouling Profile, required input fields are

highlighted and the rest of the fields are disabled.

iv. Turbine Design: This page contains the entire turbine design input

parameters field.
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Plant and Cooling Tower CONDENSER |\Water Treatment |

Condenser Parameters

Condenser Design Turbine Design
H_elep, BTU/b |
Fouling Build
ouling Buticup H_throttle, BTU/(Ib.°F) -
TURBIME DESIGN S_throttle, BTU.I’UI}.UF} :

Velocity va Annulus Loss Coefficients :
(Refer to user manual for detailed description)
cd - r
c3 -
c2 -
cl:
b:

Assumed Annulus Loss for Given Load Level :
(Refer to user manual for detailed descrption)
100 % LloadLevel - [
90 % Load Level :
80 % Load Level :
70 % Load Level :
60 % Load Level :
50 % Load Level :
40 % Load Level :

72 Load Defaults

c. Water Treatment: This tab contains eight sub tabs - Treatment Options,

Water Delivery, Water Quality Specifications, Nitrification, Softening,

Filtration, Acid Addition and Chemical Addition.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS — Treatment Options —— —
Water Delivery

Water Quality Specifications Nitrification - [
Nitrification Sﬂﬁenmg: r
Softening Filtration -
Filtration Acid Addition - T
Acid Addition Anti-Carrosion - T
Chemical Addition Biocide - I
Scale Inhibitor - T

i. Treatment Options: This page contains the list of all the treatment

options available to be included in the costs calculation. This page

looks as follows:

Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS  Treatment Options

Water Delivery To Boiler From Turbine
Water Quality Specifications. T
—————— R = - —
Nitrification Softening - A

Softening Filtration - Condenser

Acid Addition Anti-Corrosion -

r
-
r

Filtration Acid Addition : ™
r

Ll Biocide - ™

-

Scale Inhibitor :

ﬁ Select All Gooling Tower

i

< Unselect All

- |

— == —

Gooling Water

Selecting a treatment option by checking the box beside the
treatment option means that, that particular treatment is

included in the costs calculation. It also enables the
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corresponding tab on the left side which contains the necessary
input fields for that particular treatment option.

ii. Water Delivery: This page contains all the water delivery input

fields required for costs calculation.

Plant and Cooling Tower | Ccondenser WATER TREATMENT I

Treatment Options

WATER DELIVERY Water Delivery
Water Quality Specifications Velocity in the Delivery Pipeline - fifsec

Nitrification Delivery Distance - miles
Softening Head Increase - m
- Trench Width = Dia. + 2*INPUT : vI in
Fliitraton e

I Pump Efficiency (%) -
Acid Addition

[7 Load Defaults |

Chemical Addition

iii. Water Quality Specifications: This page contains all the water

quality specifications input fields required for costs calculation.
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Plant and Cooling Tower | Condenser WATER TREATMENT I

Treatment Options

Water Delivery Water Quality Specifications

WATER QUALITY SPECIFICATIONS Al 3+ - |— mgIL
Nitrification Ca 2+: T mglL
Softening Fe 2+ mgiL
Filtration K+ —_— mg!L
Mg 2+ : mag/L
Acid Addition Mn 2+ - - ng’L
Chemical Addition MNa + - mg/L
NH4 - N - T mgL
Cl- T mglL
S04 (2) - T mglL
NO3 -N - C mal
PO4 (3) - T mglL
HCO3 - Alk - T mglL
Si02 - T mglL
TSS T mglL
BOD - T mglL

pH :

Charge Balance :

[ Load Defaults

iv. Nitrification: This page contains all the input fields required for

computing the costs if nitrification is selected as a water treatment

option from the Treatment Options page.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS
Water Delivery
Water Quality Specifications
Nitrification
Softening
Filtration
Acid Addition

Chemical Addition

 Treatment Options ——

Nitrification -
Softening -
Filtration :

Acid Addition -
Anti-Carrosion :
Biocide -

Scale Inhibitor :

] selectan

% Unselect All

ik

2

To Boiler From Turbine

Blowdown

i e e I |

Condenser

Cooling Tower

—

Cooling Water

Nitrification

Plant and Cooling Tower | Condenser WATER TREATMENT l

Treatment Optio

ns

Water Delivery

Water Quality Specifications

NITRIFICATION

Sofiening

Filtration

Acid Addition

Chemical Addition

Nitrification

Solids Retention Time :

Percent Solids in Sludge :
Effluent Substrates Concentration -
Effluent Substrates Concentration :
Design SOR :

No. of Units of Split Flow :

% Inert VSS -

% VS5 releasing N -

Recycle Ratio -

Depth of Tank -

Effluent BOD :

ML VSS -

Oxygen Transfer Efficiency :
Overall Oxygen Transfer Efficiency -
Efficiency of pumps :

| - I days
%

mg/L NH4+ (As Nitrogen)
mg/L NO2- (As Nitrogen)
m/day

[l «

¥ Load Defaults

v. Softening: This page contains all the input fields required for

computing the costs if softening is selected as a water treatment option

from the Treatment Options page.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS
Water Delivery
Water Quality Specifications
Nitrification
Softening
Filtration
Acid Addition

Chemical Addition

 Treatment Options —
Nitrification : ™
Softening : ¥
Filtration : I~

Acid Addition : I~
Anti-Corrosion : ™
Biocide : ™
Scale Inhibitor : ™

] select Al
K towoet |

K Unselect All

To Boiler

e
Blowdown

Condenser

From Turbine

— - T

Cooling Tower

- ==

Cooling Water

Softening

Plant and Cooling Tower | Condenser WATER TREATMENT I

Treatment Options

Water Delivery

Water Quality Specifications

Nitrification

SOFTENING

Filtration

Acid Addition

Chemical Addition

Softening

Flocculation Time :
Sedimentation Time :

mins
hours

Inside Hopper Diameter vl m
Depth of Water - vl m

Shaft Rotation Speed :
Excess lime dose added :

Percent solids in sludge -

- rpm
mg/L
%

No. of Units to Split Flow - vl

(7 Load Defaults |

vi. Filtration: This page contains all the input fields required for

computing the costs if filtration is selected as a water treatment option

from the Treatment Options page.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS

— Treatment Options ——

To Boiler From Turbine

Water Delivery

Water Quality Specifications. Rk
. ==
Nitrification SEETY- Blowdown

Softening Fitrration : Condenser

Filtration Acid Addition -

=¥
Acid Addition Anti-Corrosion - T
Chemical Addition Biocide - ™
Scale Inhibitor - I~ i = e

ﬁ Select All Cooling Tower
7 Unselect All Filiration

—- —= -+

Gooling Water

Plant and Cooling Tower | Condenser WATER TREATMENT I

Treatment Options

Water Delivery Filtration

Water Quality Specifications Filtration rate - | vI gal/min ft"2

Nitrification Backwash time - mins
Softening Filter rise rate - inches/min
Backwash rate - gal/min_ft"2
FILTRATION _ _
Depth of sand (inches) : "I inches
Acid Addition Length:Width ratio - -

Chemical Addition Depth of backwash reservair : vl ft
Backwash air scour - vl hp

No. of back wash pumps/reservoir - I

[7¥ Load Defaults |

vii. Acid Addition: This page contains all the input fields required for

computing the costs if acid addition is selected as a water treatment

option from the Treatment Options page.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS

— Treatment Options —

Water Delivery To Boiler From Turbine
Water Quality Specifications Binkcaoosgt)
. =
Nitrification Softening = ™ Blowdown
Softening Filtration - ™ Condenser
Filtration Acid Addiion -
e — T
Acid Addition Ant-Corrosion = ™
Chemical Addition Biocide - ™
Scale Inhibitor - T 1 - ~ ] o =*
ﬂ Select Al Cooling Tower
Acid Addition
< Unselect All ]
.

- —= =y

Cooling Water

Plant and Cooling Tower | Condenser WATER TREATMENT I

Treatment Options
Water Delivery Acid Addition
Water Quality Specifications Contact Time - | mins

Nitrification Side Water Depth : vl m

Length-Width ratio -

Softening
Number of Units : vl
Filtration .
Type of Acid - vl
ACID ADDITION S

Amount of Acid added : mol acid/Liter makeup

Chemical Addition

[7 Load Defaults |

viii. Chemical Addition: This page contains all the input fields required

for computing the costs if any of the anti-corrosion, biocide and scale
inhibitor options are selected as water treatment options from the

Treatment Options page.
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Plant and Cooling Tower | Condenser WATER TREATMENT

TREATMENT OPTIONS

 Treatment Options ——
Water Delivery

‘Water Quality Specifications SincaionEgt]
. = Tt =
Nitrification Softening - ™ Blowdown
Softening Filtration - ™ Condenser
Filtration Acid Addition © T
Acid Addition Anti-Corrosion - ¥
Chemical Addition Biocide - ¥
Scale Inhibitor -
T 10}
ﬂ Select Al Cooling Tower
Scale Inhibitor Biocide Anti-Corrosion
% Unselect All ‘n ‘]I ‘n
1 1 1

- —= =¥

Cooling Water

Plant and Cooling Tower | Condenser WATER TREATMENT I

Treatment Options

Water Delivery Chemical Addition

Water Quality Specifications Average Influent Total Coliform = | | #1100 mL
Nitrification Effluent Total Coliform - MPN/A00mL

Softening Contact time, t : vl mins
Side Water Depth - vl m

Length-Width ratio -

Acid Addition No. of units - —Ll

Filtration

CHEMICAL ADDITION MCA Dose - mg/L
TTA Dose : mg/L
PMA Dose - mg/L
ClOZ2 Dose - mg/L
[ Load Defaults

C. Cost Parameters: This tab contains three sub tabs - Commodities, Utilities,

Services; Cost Factors; and Construction and Processing.

Main Menu | Operating Parametes COST PARAMETERS IHesuItsl

COMMODITIES, UTILITIES, SERVICES | Gost Factors | Gonstruction and Processing |
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a. Commodities, Utilities and Services: This page contains all the input

fields related to commodities, utilities and services which are required to do

the costs calculations.

| COMMODITIES, UTILITIES, SERVICES | Cost Factors | Construction and Processing

Commodities, Utilities, Services Costs

Coal HHV, MBTU/b -

Coal Price, $/short ton

FGD Lime Price, $/short ton
Hydrated Lime / 50 pound -

93% Sulfuric Acid (H2304) / 750 Ib :
Monochloramine (MCA) / b -
Tolytriazole (TTA) / 1b -

Price of Electricity, cents/kWh :
Cost of Electricity, cents/kiWh -
Mechanical Cleaning Cost, k§ -
Water Cost $ / Th. Gal - M

cll 1dcd El

Include Water Pipelining Costs 7 : vl

[ Load Defaults |

b. Cost Factors: This page contains all the cost factors input fields required for

the calculations.
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Commodities, Utilities, Services | COST FACTORS | Construction and Processing'

Cost Factors

Discount factor (%) -
Contingency (%) :

Labor and Maintenance (%) :
Foundation costs (%] :
Auzxillary equipment costs (%) :

[ Load Defaults

c. Construction and Processing: This page contains all the construction

and processing input fields required for the costs computation.
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Commodities, Utilities, Services | Cost Factors | CONSTRUCTION AND PROCESSING |

Materials Unit Cost (USD)

Flat Concrete Wall / cubic yards: l—
Curved Concrete Wall / cubic yards - I—
Elevated Slab / cubic yards - l—
Agratro Costs / fi*2 - I—
Centrifugal Pump for sludge/50 GPM - I
Clarifier Scraper / 30' diameter : |—
Mixer / 1 HP & 1' imp. diameter - I
Flunger Pump / 10 GFPM : |—
Chemical Metering pump / 100 GPH : l—
Dry chemical feed system / 600 Ib/hr |—
Backwash Pump / 15 GPM / f2 - |
Filter sand / "3 - I
Blower costs / 28' diameter or 5110 GPM : [
Filter underdrains + air blower / {2 : l—
20 inch diameter Pipe Costs, $ /18 ft - [
Excavation and Fill, $ / 0.5 cubic yards : l—
Cost of Bedding Material, $ / ft - [
Centrifugal Pump Horizontal split , Single Stage : l—
Cenfrifugal Pump Veriical Split, Single Stage - [

[ Load Defaults ‘

D. Results: This tab is used to display the results. Clicking on this tab does an input

validation first - which means that if any of the required inputs are missing then it
will let you know which specific input is missing by directing you to that input field.
If multiple input fields are missing then the guiding will be done in a particular

order. This message is displayed every time a required input is missing;:
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-

Missing Input @

OK

If all the inputs are entered correctly then clicking on the Results tab displays

two sub tabs - Current Case Summary and Case Study

Main Menu | Operating Parameters | Cost Parameters RESULTS

CURRENT CASE SUMMARY | Case Study |

a. Current Case Summary: This page displays the results of the currently

running case. It displays some important results of the costs calculation as

well as a graph to visualize the important costs.

CURRENT CASE SUMMARY | Case Study |

— Current Case Summary
Cost I RE MM V1 Z003USD) Costs Associated With the use of Degraded Make-up Water
Nitirification Costs N/A 40
Softening Costs : N/A
Acidification Costs - NIA 35 4 3.38
Filtration Costs : 0.33
Chemical Addition Costs - 0.77 53‘0
c w
Total Treatment Costs : 1.10 325
Additional Fuel Costs - 0.96 3 ¥ Water Cost
=] u Total Cost of Treatment
Lost Revenue Due to Operational Limits : 0.13 o 20 )
Cost of Cleaning - WA - Total Cost Due to Fouling
) = u Totale
Lost Revenue During Cleaning Downtime : N/A ‘é’ 15 1 8
Total Cumulative Negative Cost of Fouling (CNCF) : 1.10 = ; .10 110
1.0

Total Water Costs (Including Transport) : 1.18
TOTAL : 338 05

& Print Current Case | E Save Current Case | 00

All the costs are represented in MM$/yr (2009 USD). A N/A symbol in the

costs field means that there is no cost associated with that particular
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description. For example in the above figure, there is no cost due to
nitrification, softening and acid addition because those treatment options
were not selected in the costs calculation.

This page also contains two important buttons:

&% Print Current Case E Save Current Case

and

More on Print Current Case

More on Save Current Case

Case Study: This page is for doing a case study where one or more (up to 5)

cases can be analyzed side-by-side. The page looks as follows:

Current Case Summary CASE STUDY I

Add Current Caseto: Case1 | Case2 | Case3 | Cased Case5|

Clear Case: |
Load Case: |
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case d Case 5
Nitirification Costs
Softening Costs
Acidification Costs
Filtration Costs :

Chemical Addition Costs :
Total Treatment Costs :

Additional Fuel Costs

Lost Revenue Due to Operational Limits
Cost of Cleaning
Lost Revenue During Cleaning Downtime :

Total Cumulative Negative Cost of Fouling :

Total Water Costs (Including Transport) :

TOTAL: I

\
\
|
\
\
\
\
\
\
\
\
\
\
&8 Print Case Study | 4 Clear Case Study | H Save Case Study |

To begin with, the Case Study page is empty.

More on Performing a Case Study

More on Print Case Study

More on Save Case Study
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Performing a Case Study

The Case Study page is empty to begin with and it looks like this:

Current Case Summary CASE STUDY I

Add Current Caseto: Case1 | Case2 | Case3 | Cased Case5|

Clear Case: |
Load Case: |
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case 5
Nitirification Costs
Softening Costs
Acidification Costs
Filtration Costs :

Chemical Addition Costs :
Total Treatment Costs :

Additional Fuel Costs

Lost Revenue Due to Operational Limits

Cost of Cleaning

Lost Revenue During Cleaning Downtime :
Total Cumulative Negative Cost of Fouling :

Total Water Costs (Including Transport) :

TOTAL:

|
|
\
\
|
\
|
|
\
\
|
\
\
&% Print Case Study | < Clear Case Study | H Save Case Study |

e In order to enter the Results tab we need to have a case (a complete set of
inputs). Otherwise, we will encounter a missing input error message box.
In this case we will load all the input fields with default values by clicking on
Load Defaults button in the Main Menu page. We will also enter the user name
and run number. For e.g.: user name = IIT, run number = R1

e Once we have a case, its results are computed immediately. Clicking on the
Results tab displays the Current Case Summary.

e In the Case Study page, we can add the current case into any of the 5 cases - Case
1, Case 2, Case 3, Case 4 and Case 5.

e Inorder to do that, we click any of the buttons beside Add Current Case to:
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Add Current Caseto: Case1 Case? | Case3 | Cased | Casze5

e Suppose we want to add the current case to Case 1. We click on the Case 1 button

beside Add Current Case to and this is what we get:

Main Menu I Operating Parameters] Cost Parameters RESULTS l

Current Case Summary CASE STUDY l

Costs Associated With the use of Degraded Make-up Water

Add Current Caseto : Case3 | Cased4 | Cased |

Clear Case: Caset | 40
_35
(=]
Load Case: Caset | 230 -
- 2.5 u Water Cost
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § %:.G & Total Gost of Treatment
=15 u Total Cost Due to Fouling
Nitirification Costs : | NiA | | | | 2.0 a Total Costs
Softening Costs : | NIA ‘ | | | = 05
Acidification Costs : | NiA | | | | 0.0 i T T T
A [}
Filtration Costs | 0.33 | | | et gme? e cumet gase®
Chemical Addition Gosts - [ o] | | |
[Sialiiaimentiostsy | 1.10 ‘ | | | Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs : | 0.96 ‘ | | | u Tatal Cost Due to Fouling
Lost Revenue Due to Operational Limits - | 0.13] | | | 4 Acid Adcition - 0& W
Costof Cleaning : | NiA | | | | = = Acid Addtion - Captial
2 Chemical Adciition - 0& M
Lost Revenue During Cleaning Downtime : | N.'A‘ | | | = I ' Ghemical Adcition - Captial
Total Cumulative Negative Cost of Fouling : | 1.10] | | | =2 u Nitrification - O&H
E':_‘ u Nitrification - Capital
Total Water Costs (Including Transport): | 1.18| | | | g & Filtration -0 &N
= uFiltration - Capital
TOTAL: | 3.38\ | | | 0 = Softening - 0 & W
_ \ ! ! N ! R ! o " uSoftening - Capital
& Print Case Study ‘ < Clear Case Study | H Save Case Study | ot 5@[:31’ oo ges® st  Water Gost

e We can see that the important costs information is populated in the Case 1
column and two graphs are also displayed on the right side.

e We can also see that the Clear Case and Load Case options for Case 1 are now

available.
Clear Case: Case1
Load Case: Case1
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Clicking on Case 1 button beside Clear Case will clear the Case 1 column and the

Case 1 part of the graph. We will be able to see this later when we will add some

more cases to this case study.

When a case is added to a particular case study, all the input information of that

case is saved temporarily in the program. Load Case feature is used to access that

information. We will explore this option later.

Now, let’s suppose we want to manipulate some of the input parameters. In this

example, we will add Nitrification to the current case. And add the results to Case 2.

This is what we get:

Main Menu I Operating Parametersl Cost Parameters RESULTS

Current Case Summary CASE STUDY l

Add Current Caseto :
Clear Case:

Load Case:
Costs in : MMS$/yr (2009 USD)

Nitirification Costs :
Softening Costs
Acidification Costs :
Filtration Costs
Chemical Addition Costs :
Total Treatment Costs :

Additional Fuel Costs :

Lost Revenue Due to Operational Limits

Cost of Cleaning :

Lost Revenue During Cleaning Downtime
Total Cumulative Negative Cost of Fouling :

Total Water Costs (Including Transport) :
TOTAL :

&% Print Case Study ‘

{Casc3 | Case4 | Case§ |

Case 1 Case 2 |

Case 1 Case 2 |

Case 1 Case 2 Case 3 Case 4 Case §

[ NiA | 0.81| [ [
| NiA | NiA | | |
[ NiA | NiA | [ [
| 0.33 0.33 | |
[ 0.77 | 0.77| [ [
[ 140]  194] | |
[ 0.96 | 0.54 | [ [
| 0.13] 0.13 | |
[ NiA | NiA | [ [
| NiA | NiA | | |
| 1.40] o067 [ [
[ 148] 148 | |
| 338] 377 | |

< Clear Case Study ‘ H Save Case Study ‘

Costs Associated With the use of Degraded Make-up Water

m Water Cost

= Total Costs

5]

oot et o gmet o

u Total Cost of Treatment
u Total Cost Due to Fouling

-

MMS/yr (2009 USD)
5

0

Costs Associated With the use of Degraded Make-up Water

u Total Gost Due to Fouling

Acid Addition - 0& K

m Nitrification - O&K
u Nitrification - Capital
m Filtration -0 & M

u Filtration - Capital

u Softening - O &M

= Softening - Capital

gﬁe\ 03531‘ Ggsﬂg’ msa" 5@25 = Water Gost

u Acid Addition - Captial
Chemical Addition - 0& M
u Chemical Addition - Captial

Now, we will add ALL the treatment options from the Treatment Options page and add

that case to Case 3.
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Current Case Summary CGASE STUDY

] - o th the use of Dogra ko-up Water
Add Current Case to: | Cased | Case§ Costs Associated With th f Degraded Make-up W
ClearCase: Case1 Case2 Case3 | 5.0
4.5
040
Load Case: Case1 Case2  Case3 | %3.5
2 3.0 m Water Coat
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § 25 = Total Cost of Treatment
;2,U u Total Cost Due to Fouling
Nitirification Casts : | Nm| 0.81 | 0.81 | | "E" 1.5 = Total Costs
. 1.0
Softening Costs : [ wa|  wa[ s3] | =05
Acidification Costs - | NiA | N/A | 0.02 | | 00 -
Fillrfion Costs - [ 033 033 033 | gt et gae? gaseh e
Chemical Addition Costs : | 0.77 | 0.77 | 0.77 | |
oalllzakicnibosiat | 1.10 | 1.91 | 2.7¢ | | Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs : | 0.96 | 0.5 0.53 | [ u Total Gost Due to Fouling
Lost Revenue Due to Operational Limits : | 0.13] 0.13] 0.13 | 3 Acid Adition - 0& N
— u Acid Addition - Captial
Cost of Cleaning | NIA | NIA | NIA | | a
X X ] Chemical Addition - 0& M
Lost Revenue During Cleaning Downtime : | N/A | N/A | NA | | 24 | u Chemical Adition - Captal
Total Cumulative Negative Cost of Fouling: | 1.10| 0.67 | 0.66 | | = . | u Nitrification - D&M
5 u Nitrification - Capital
o ater Costs (Including Transport) : 1.18 1.18 1.18 gL T u Filtration -0 & M
Total Water Costs (Including Transport g2
= u Filtration - Capital
TOTAL: | 338 a77| 460| | 0l u Softening- D&M
. = Softening - Capital
4 Print Case Stud 4 Clear Case Stud Save Case Stud @3\ ase‘l @“3 25 b ustr’ u Water Cost
y y ¥ ¥ G v G v ¢

These are the three cases that we have added so far:

o Case 1: All default values (Filtration, Acid Addition and Scale Inhibitor are
default treatments).
e C(Case 2: All default values + Nitrification.

e Case 3: All default values + All treatment options.

Next, we will explore the Load Case feature.

e Click on Case 2 beside Load Case. We will see a LOADING ... sign and it takes a

while for the case to load.
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Main Menu | Operating Parameters | Cost Parameters RESULTS |

Current Case Summary CASE STUDY |

u Total Cost Dueto Fouling
Acid Addition - O& M

u Acid Addition - Captial
Chemical Addition - 0& M

m Chemical Addition - Captial

m Nitrification - O&M

u Nitrification - Capital

u Filtmtion-0 &M

u Filttion - Capital

u Softening- 0 &M

= Softening - Capital

u Water Cost

Add Current Caseto :  Cacs | | Case 2 | Case 3 | Case d ‘ Case 5 | Costs Associated With the use of Degraded Make-up Water
Clear Case: Case1 | Case 2 | Case 3 | Case 4 ‘ Case 5 | 5.0
4.5
Load Case: Case1 | Case2 Case3 | Case 4 ‘ Case 5 | § 15
=10 m Water Cost
Costs in : MMS$/yr (2009 USD) Case1 Case2 Case3  Cased  Case§ s2 = Total Gost of Treatment
gz_ u Total Gost Due to Fouling
Nitirification Caosts : NIA 0.81 0.81 g 1. = Total Costs
Softening Costs NIA NIA 0.83 B
Acidification Costs NIA N/A 0.02 0.
Filtration Costs 0.33 ' " Voot gwe? gmet gue®
Chemical Addition Costs 0.77
[cialle=mentEostsk 1.10 osis Associated With the use of Degraded Make-up Water
Additional Fuel Costs 0.96 0.54 0.53
Lost Revenue Due to Operational Limits 0.13 0.13 013 6
Costof Cleaning : NIA N/A NIA g
Lost Revenue During Cleaning Downtime : NIA N/IA N/A : 4
Total Cumulative Negative Cost of Fouling : 1.10 0.67 0.66 *‘g.:.
] £
Total Water Costs (Including Transport) : | 1.1a| 1.1s| 1.18| | %;2 1
TOTAL : [ 338 377] as0] | ) ]
&% Print Case Study | "'-" Clear Case Study | [ save Case Study | o e’ aﬁ"?’ gﬁ‘a

e Now click on Case 4 beside Add Current Case to.

Current Case Summary CASE STUDY I

Add Current Caseto: Case ! | Case 2 | Case 3 ‘ Case 4 Costs Associated With the use of Degraded Make-up Water
Clear Case: Case1 | Case 2 | Case 3 ‘ Case 4 | Case 5 |
Load Case: Casef | Case 2 | Case 3 ‘ Case d | Case 5 |
u Water Cost
Costs in : MMS$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § = Total Gost of Treatment
u Total Cost Due to Fouling
Nitirification Costs N/A 0.81 0.81 0.81 = Total Gosts.
Softening Costs : N/A NIA 0.83 NIA
Acidification Costs : N/A NIA 0.02 NIA -
_— Y
Filtration Costs : 0.33 033 0.33 0.33 c#“ c,aﬁ"l c,a*‘s o w-e"
Chemical Addition Costs : 077 0.77 0.77 0.77
calllzaimentCox g 1.10 1.91 2.76 1.91 Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs : 0.96 0.54 0.53 0.54 u Total Cost Due to Fouling
Lost Revenue Due to Operational Limits 0.13 0.13 0.13 0.13 6 Acid Addition - 0& M
Costof Cleaning NIA N/A N/A NIA g . ‘c‘:‘: @T:':“d-tcﬂﬂ:;l .
mical on -
Lost Revenue During Cleaning Downtime : N/A HIA NIA NIA : 4 | u Chemical Addition - Captial
2
Total Cumulative Negative Cost of Fouling : 1.10 0.67 0.66 0.67 =3 . | | u Nitrification - 0&M
E- u Nitrification - Capital
otal Water Costs (Including Transport) : 1.18 1.18 1.18 1.18 - u Filtration - 0 &M
Total Water Costs (Including Transport Ez
= u Filtration - Capial
TOTAL : [ 338 377 4e0| 377 ol » Softening - 0 &1
= Softening - Capital
é Print Case Study | ! Clear Case Study | B Save Case Study | G"f“’\ c_ge%'l' 5@“3 c_asg" Ggs"“ u Water Cost

e We can see that Case 4 and Case 2 are identical.

Next, we will clear Case 1.
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e C(lick Case 1 beside the Clear Case.

Main Menu } Operating Parametersl Cost Parameters RESULTS l

Cooling-water Cost Model (CCM)

Add Current Caseto: Case Case § | Costs Associated With the use of Degraded Make-up Water
Clear Case: [Case2 | Case3 | Cased | 50
4.5
=40
Load Case: Case1  Case2 Case3 | Cased | § 15 -
= 3.0 - m Water Cost
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § =25 5 Total Gost of Treatment
;i.ﬂ - u Total Cost Dueto Fouling
Nitirfication Costs | | 0.81 0.81 0.81 £15 - = Total Costs
Softening Costs [ [ wa| o083  wa Sl
Acidification Costs | | Iy 0.02 NiA | 0.0 -
Filtration Costs | IR EEE et gae? gase® gaset gae®
Chemical Addition Costs | | 0.77 | 0.77 | 0.77 |
lotalilaknenticostzE | | 1.91 | 2.76 | 1.91 | Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs | | 0.54 | 0.53 | 0.54 u Total Gost Due to Fouiing
Lost Revenue Due to Operational Limits | | 0.13] 0.13 0.13 3 Acid Adition - 0& M
Cast of Cleaning | | NIA | NiA | A | = = Acid Addition - Captial
X i a Chemical Addition - 0& M
Lost Revenue During Cleaning Downtime : [ [ N/A | N/A | N/A | 24 - u Chemical Adtion - Captial
Total Cumulative Negative Cast of Fouling : | | 0.67| 0.66 | 0.67 | = | | u Nitrfication - D&M
5 u Nitrification - Capital
Total Water Costs (Including Transport) : 1.18 1.18 1.18 g2 u Filtration -0 &M
=
= u Filtrstion - Capita|
TOTAL: | | a77]  aeo| a377| ol = Softening - 0& 1
; = Softening - Capial
Print Case Stud: < Clear Case Stud Save Case Stud 5% A as“'l 250 3 Foid b % s u Water Gost
= y y 1 y < et ¢ ¢ ¢

e Case 1 column becomes empty and the Case 1 graph disappears as well.

e C(lick Case 1 beside Load Case.

¢ Once the Loading is complete, click Case 5 beside Add Current Case to. This is

what you will see:
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Current Case Summary CASE STUDY

a Costs Associated With the use of Degraded Make-up Water
Add Current Caseto: Case1
Clear Case: {Case2 | Case3 | Cased Case§ ‘ 50
4.5
=40
Load Case: Case1 | Case2 | Case3 | Cased  Case5 ‘ § 15
= 30 u Water Coat
Costa in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § g25 = Tatal Cost of Treatment
;2,0 u Total Gost Due to Fouling
Nitirification Casts : [ [ 0.81| 0.81| 0.81| NA | [E15 u Total Costs
1.0
Softening Costs | | na| 083 nia | wa | |=os
Acidification Costs | | NiA | 0.02 A | NIA 0.0 -
Filtration Costs [ | 0.33] 0.33 0.33 | 0.33 et gme? gae® et guse®
Chemical Addition Costs : | | 0.77 | 0.77 | 0.77 | 0.17
[etallzatmentiests, | | 1.91 ‘ 2.76 ‘ 1.91 | 1.10 Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs - | | osaf 053] 05 09 a Total Gast Dus o Fouling
Lost Revenue Due to Operational Limits : | | 0.13 \ 0.13 \ 0.13 | 0.13 6 Acid Addition - 0& M
Caostof Cleaning : | | NA | NiA | iy NIA g IZ?HT:L:F“SL )
mical lon - I
Lost Revenue During Cleaning Downtime : | | N/A ‘ N/A ‘ NIA | NIA ; 4 | ' Ghermical Adition - Captial
Total Cumulative Negative Cost of Fouling : | | 0.67 | 0.66| 0.67| 1.10 =1 | | . u Nitrfication - O&H
5 u Nitrification - Capital
Total Water Costs (Including Transport): | [ 148 1.48| 1.18| 1.18 g2 ~ wFiltration -0 &N
= = Filtration - Capital
TOTAL : | | a77] 40| 377 338 ] u Sofening 0 &1
;" ! \ R \ . = Softening - Capital
rint Case Study = Clear Case Study ve Case Study 2 25 25 25 2 ' Water Gost
Print Case Stud Clear Case Stud | Save Case Stud et caet case® st (me

e Asyou can see, Case 5 is exactly the same as Case 1. This means that clearing the
case doesn’t clear the temporary data related to that case stored in the program.
Clearing a case only erases the information that is being displayed in the case
study page.

e The only way to overwrite the temporary data related to a particular case (e.g.
Case 1) is to add a different case to it. Let’s add Case 3 to Case 1.

e In order to do that, we will load Case 3 first then we will add it to Case 1.
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Main Menu | Operating Parameters' Cost Parameters RESULTS |

Current Case Summary CASE STUDY |

Add CurrentCaseto: Case! ‘ Case 2 | Case 3 | Case 4 | Case 5 |
Clear Case: Case 2 | Case 3 | Case 4 | Case § |
Load Case: Case1  Case2 | Case 3 | Case 4 | Case 5 |
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case 5
Nitirfication Costs : 0.81 0.81 0.81 0.81 NIA
Softening Costs : 0.83 NIA 0.83 NIA NIA
Acidification Casts 0.02 NIA 0.02 NIA NiA
Filtration Casts : 0.33 0.33 0.33 0.33 0.33
Chemical Addition Costs 0.77 0.77 0.77 0.77 0.77
Total Treatment Costs : 2.76 1.91 2.76 1.91 1.10
Additional Fuel Costs 0.53 0.54 0.53 0.54 0.96
Lost Revenue Due to Operational Limits : 0.13 013 013 0.13 0.13
Costof Cleaning : NIA NIA NIA NIA NIA
Lost Revenue During Cleaning Downtime NIA NIA NIA N/A NIA
Total Cumulative Negative Cost of Fouling : 0.66 0.67 0.66 0.67 1.10
Total Water Costs (Including Transport): | 1.18| 1.18| 1.48| 1.48] 1.18
TOTAL : | aso] 377] ae0o| 377] 338
& Print Case Study | £ Clear Case Study | B Save Case Study |

Cooling-water Cost Model (CCM)

Costs Associated With the use of Degraded Make-up Water

m Water Gost

25 u Total Cost of Treatment
u Total Cost Due to Fouling
= Total Costs

c,sb“ c,zﬁ-e'l‘ c,n'ie% c,ubeh c,aﬂ°"'

Costs Associated With the use of Degraded Make-up Water

u Total Cost Due to Fouling
Acid Addition - 0& M
u Acid Addition - Captial
Chemical Addition - 0& M
m Chemical Addition - Captial
m Nitrification - 0&M
u Nitrification - Capital
uFiltmtion-0 &M
u Filtrstion - Capital
u Softening- 0 &M
= Softening - Capital
et ol b ceh ee®
(%5 [ () [ ) u Water Gost

@

-

MIMSyr (2009 USD)

=

e Next, we will clear Case 5, Load Case 1, and add Case 1 to Case 5.

Main Menu | Operating Parameters | Cost Parameters RESULTS I

current Case Summary CASE STUDY |

Add Current Caseto: Case! | Case 2 | Case 3 | Case 4 | Case 5 |
Clear Case: || Case1 || Case2 | Case 3 | Case d | Case 5 |
Load Case: Caset | Case 2 | Case 3 | Case 4 | Case § |
Costs in : MMS/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case 5
Nitirification Costs 0.81 0.81 0.81 0.81 0.81
Softening Coss : 0.83 NIA 0.83 NIA 0.83
Acidification Costs 0.02 NIA 0.02 NIA 0.02
Filtration Costs : 0.33 0.33 0.33 0.33 0.33
Chemical Addition Costs : 0.77 0.77 0.77 0.77 0.77
Total Treatment Costs : 2.76 1.91 2.76 1.91 2.76
Additional Fuel Costs : 0.53 0.54 0.53 0.54 0.53
Lost Revenue Due to Operational Limits : 0.13 0.13 0.13 0.13 0.13
Costof Cleaning : NIA NIA NIA NIA NIA
Lost Revenue During Cleaning Downtime : NIA NIA NIA NIA NIA
Total Cumulative Negative Cost of Fouling : 0.66 0.67 0.66 0.67 0.66
Total Water Costs (Including Transport): | 1.18| 1.18| 1.18| 1.18| 1.18
TOTAL: | 4s0] 377| 480 377 a4s0
& Print Case Study | £ Clear Case Study | B Save Case Study |

Costs Associated With the use of Degraded Make-up Water

30 = Water Cost

u Total Cost of Treatment
u Total Cost Due to Fouling
= Total Costs:

MMSiyr (2009

Som=mR L
cmowmowm

ctﬂ»‘\ (-,#al c,ale% c,zﬁ‘h c,aﬁeﬁ

Costs Associated With the use of Degraded Make-up Water

u Total Cost Due to Fouling
Acid Addition - 0& M
u Acid Addition - Captial
Chemical Addition - O& M
u Chemical Addition - Captial
m Nitrification - O&M
u Nitrification - Capital
u Filtration -0 &M
u Filtrstion - Capita|
u Softening - 0 &M
= Softening - Capital
2 A 61’ 53 1] b 2 5 Water Cost
[V S L " vy 1 Water Cos

S

-

~

MMSyr (2009 USD)

o

e As we can see, Case 5 is identical to Case 1. But, the values are different from

what we had loaded from Case 1 before.
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Saving a Case

A case can be saved as an MS-Excel file. Saving a case is useful because:

e Itisarecord of complete input and output information which can be accessed
anytime.
e It can be opened (loaded) into the program in order to change some of the

parameters and/or in order to do a case study.

In order to save a case, go to Results > Current Case Summary and click on Save

Current Case.

A Save As dialog box appears with a suggested file name (which is

username_runnumber):
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Documents library

= Includes: 2 locations
Bl Desktop

& Downloads

. Dropbox

| Recent Places

il Libraries
@ Documents

J’ Music

[l Pictures

-

[¥] Save As
)< |[= » Libraries » Documents » - | ¥4 || Search Documents ol
ot
Organize = Mew folder ﬁz i @

Arrange by:  Folder ~

i »

File names: m

Save as type: ’Excel Workbooks

Authors: Michael Walker

= Hide Folders

Tags: Add atag

Tools - [ Save ] ’ Cancel l

Title: Add a title

You can change the location to wherever you want to save the file.

Click on Save.

A SAVING... sign is displayed. Once the save is complete the sign disappears.

Copyright © 2012. Illinois Institute of Technology. All rights reserved.



Cooling-water Cost Model (CCM)

Main Menu | Operating Parametersl Cost Parameters RESULTS

CURRENT CASE SUMMARY | Case Study |

— Current Case Summary

e Costs Associated With the use of Degraded Make-up Water
Nitirification Costs - 081 50
Softening Costs - T s
Acidification Costs - T 0z
Filtration Costs :
Chemical Addition Costs
Total Treatment Costs :

460

= Water Cost

m Total Cost of Treatment
= Total Cost Due to Fouling
u Totals

Additional Fuel Costs :

Lost Revenue Due to Operational Limits -

Cost of Cleaning :

Lost Revenue During Cleaning Downtime -

Total Cumulative Negative Cost of Fouling (CNCF) :

Total Water Costs (Including Transport) : 1.18
TOTAL : I 4.60 0.5

&% Print Current Case H B SaveCurrenICasel
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Saving a Case Study

Saving a case study is similar to saving a case. The difference is that if you save a case
study, a complete input - output information for each case in the case study is saved.
Along with that, a case study report sheet is also saved which shows the information in

the Case Study page of the GUL

In order to save a case study, go to Results > Case Study and click on Save Case

Study.

Note: You must have at least one case added to the case study in order to save or print a

case study.

A Save As dialog box appears with a suggested file name. Choose the location where

you would like to save the case study file and click on Save.
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[

] Save As

®v| m » Computer » Local Disk (C:) » Users » JAYA » Desktop » v|4’r¢|| Search Desktop P|
Organize « MNew folder == - @
@' Music “* Name Date modified Type Size =
|| Pictures
. Podcasts

E Videos

m

*d, Homegroup

m

18 Computer
&, Local Disk (C)

€l Network ~ ||| il | »
File name: hd
Save as type: ’Excel Workbooks v]
Authors: Michael Walker Tags: Add atag Title: Add a title
* Hide Folders Toocls - Save | [ Cancel l

A SAVING... sign is displayed. Once the save is complete the sign disappears.

Main Menu | Operating Parametersl Cost Parameters RESULTS |

Current Case Summary CASE STUDY I

Add Current Caseto: Casel | Case 2 | Case 3 | Case 4 ‘ Case 5 | Costs Associated With the use of Degraded Make-up Water

Clear Case: Case1

Case 2 | Case 3 | Case d ‘ Case § |

Load Case: Case1

Case 2 | Case 3 | Case 4 ‘ Case 5 |
u Water Cost

Costs in : MMS$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case § = Total Cost of Treatment
u Tatal Cost Due to Fouling
Nitirification Costs : 0.81 0.81 0.81 0.81 0.81 = Total Costs
Softening Costs 0.83 NIA 0.83 N/A 0.83
Acidification Costs : 0.02 NIA 0.02 NIA 0.02
Filtration Costs 0.33
Chemical Addition Costs 0.77 S AVI N G
an
[Lelalliieamentiosiak 2.7¢ osts Associated With the use of Degraded Make-up Water
Additional Fuel Costs : 0.53 0.54 0.53 0.54 0.53 u Total Gost Due to Fouling
Lost Revenue Due to Operational Limits 0.13 0.13 0.13 0.13 0.13 6 » Acid Addition - 0& M
Cost of Cleaning /A N/A N/A N/A NIA = = Acid Adition - Captial
g -_ Chemical Addition - O& M
Lost Revenue During Cleaning Downtime NIA NIA NIA N/A NIA = 4 » Chemical Addition - Catial
Total Cumulative Negative Cost of Fouling : 0.66 0.67 0.66 0.67 0.66 = u Nitrification - O&M
E- u Nitrification - Capital
Total Water Costs (Including Transport): | 1.18| 1.18] 1.18| 1.48| 1.18 a2 u Filtration -0 &M
= u Filtration - Capital
TOTAL: | aso| 377[ as0| 377 460 . = Softening -0 & I
] A 1 3 A 5 "Sonenno- Gl
&% Print Case Study | = Clear Case Study | ‘ E Save Case Study I %' et oest” past as® u Water Cost
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Printing a Case

You can save a case and print it whenever you want. You can also print a case directly

from the GUIL.

Note: Even if you print a case directly from the GUI, we recommend you to save the
case immediately. Saving a case is beneficial due to the reasons presented in the Saving

a Case section above.

In order to print a case, go to Results > Current Case Summary and click on Print

Current Case.

A Generating Report To Print ... sign appears.

Main Menu | Operating Parametersl Cost Parameters RESULTS I

GURRENT GASE SUMMARY | Case Study |

r Current Case Summary

CoatzlinEIM Sy (2009 ]USDX Costs Associated With the use of Degraded Make-up Water

Nitirification Costs | 0.81 5.0
Softening Costs : 0.83 480
Acidification Costs -

Filtration Costs -
Chemical Addition Costs :
Total Treatment Costs :

Additional Fuel Costs : = Water Cost
Lost Revenue Due to Operational Limits : ¥ Total Cost of Treatment
. ™ Total Cost Due to Fouling
Cost of Cleaning -
u Totals

Lost Revenue During Cleaning Downtime :
Total Cumulative Negative Cost of Fouling (CNCF) : 0.66
Total Water Costs (Including Transport) : 1.18 1.0 -
TOTAL : I 4.60 0.5

| 45 Print Current Case | B Save Current Case | 00 -
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After successful generation of the report, an Excel file named “temp [Read Only].xIsx”

opens into the Print Preview mode.

If you want to print just click Print icon on the top left side.

Once you are done printing or if you don’t want to print anything, close the Print

Preview mode and close the “temp [Read Only].xlsx” file.

Note: If you don’t close the file and try to return to the GUI, you will find that the GUI
is unresponsive to clicks. Just close the “temp [Read Only].xlsx” file and go back to the

GUL
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Printing a Case Study

Since there can be one or more cases in a case study, in which case there will be too
many pages to print, printing a case study only prints the one page Case Study Report

sheet.

In order to print a case, go to Results > Case Study and click on Print Case Study.

A Generating Report To Print ... sign appears.

Main Menu | Operating Parameters | Cost Parameters RESULTS I

current Case Summary CASE STUDY |

Add Current Caseto: Case | Case 2 | Case 3 | Case 4 ‘ Case § | Costs Associated With the use of Degraded Make-up Water

Clear Case: Case1 | Case 2 | Case 3 | Case 4 ‘

Load Case: Case | Case 2 | Case 3 | Case 4 ‘

- - u Water Cost
Costs in - MM$/yr (2009 USD) Case! Case2 Case3 Cased N = Tuta Costof Treatment
= = = u Total Cost Due to Fouling
Nitirification Costs : 0.81 0.81 0.81 0.81 EIEE = Tofal Costs
Softening Costs - 0.83 NIA 0.83 NIA H "Q "
Acidification Costs 0.02 NIA 0.02 N/A ] N
Filtration Costs :

Chemical Addition Costs :
Total Treatment Costs :

with the use of Degraded Make-up Water

Additional Fuel Costs :
Lost Revenue Due to Operational Limits 0.13 0.13 0.13 0.13 0.13 6

u Total Cost Due to Fouling
Acid Addition - 0& M
» Acid Addition - Gaptial

Costof Cleaning : NIA NIA N/A NIA NIA =3
X X i . g l Chemical Addition - 0& M
Lost Revenue During Cleaning Downtime : NIA NFA NIA N/A NIA = 4 ' Chemical Addition - Captial
Total Cumulative Negative Cost of Fouling : 0.66 0.67 0.66 0.67 0.66 = u Nitrification - &M
E u Nitrification - Capital
Total Water Costs (Including Transport): | 1.48] 1.18] 1.48] 1.48] 1.18 g? & Filtration -0 &M
= u Filtration - Capital
TOTAL: | 460 377 4s0| 377 460 . #Softening - 0& M
- = \ a N . = Softening - Capital
I é Print Case Study ‘ | Clear Case Study | B Save Case Study | (X 5@31‘ ot gt et u Water Gost

”

After successful generation of the report, an Excel file named “temp [Read Only].xIsx

opens into the Print Preview mode.

If you want to print just click Print icon on the top left side.
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Once you are done printing or if you don’t want to print anything, close the Print

Preview mode and close the “temp [Read Only].xls” file.

Note: If you don't close the file and try to return to the GUI, you will find that the GUI
is unresponsive to clicks. Just close the “temp [Read Only].xls” file and go back to the

GUL
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Opening a Case

A saved case can be opened in the CCM GUI. Opening a case will load all the input
information into the GUIL This is useful if we want to do a case study by changing some

of the parameters of the case.

U

—\licon.

In order to open a case, click on the Open Case

A dialog box appears asking for the file to be opened as follows:

Select Input File 53
(] p
- - = » Libraries » Documents » ¥ | ¥4 | | Search Documents ,Ol
R

Organize * Mew folder s 0 @

(] Microsoft Ecel 4  Documents library

Includes: 2 locations

Arrange by:  Folder ~

4.0 Favorites
B Desktop
& Downloads =

| »

m

| Dropbox

v
=i Recent Places

4 o Libraries
[ 3 Documnents
» J‘ Music
> k= Pictures
> | Podcasts
> B Videos hi hi

File name: - [Excel Files V]

Tools - ’ Open l ’ Cancel l

If an Excel file is selected that is not a correct input file then the following error message

appears:
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Invalid Input File, Please select the correct CCM Input File (Must be a
Single Case File).

OK

If the correct file is selected then, the following screen appears:

Stack Blowdown

Cooling Tower

ocide  Anti-Corrosion Acid Addition

., 8y "
t Filtration
: Saaass s u
T m m [’
Te'e

Ash systems

Water treatment Cooling Water

Process Design and Gas Processing Laboratory
Department of Chemical and Biological Engineering
lllinois Institute of Technology, Chicago, IL, 60616

Copyright © 2012, All rights reserved.

The progress bar shows the progress of importing the data to the GUI. Once it is

complete all the input fields are loaded with the values from the file and the Main Menu

page of the GUI will be visible as follows:
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=]

Cooling-water Cost Model (CCM)

BlE R

MAIN MENU IOperating Parameters | Cost Parametersl Resultsl

User Name : ur
Run#: R1

About |

Date : [ 518012
Time : 2:05:21 PM

Coal supply Stack P

| |
Steam turbine

Water treatment

Substation/
transformer

To Balter Tram Terbine

Blowdown l

Condenser

[

Cooling Tower

Scale Inhbitor Brocide  Anbi-Corrosion Acid Addition

y Fillration
—————

Nitrification

Cooling Water

[ Load Defaults |

Now you can view the results by clicking on the Results tab.
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Opening a Case Study

A saved case study file can be opened in the CCM GUI. Based on the number of cases
added to the case study, a saved case study file can contain anywhere between 1 to 5
complete sets of input-output information. For e.g., if three cases were added to a case
study as Case 1, Case 2 and Case 3, and the file was saved, then the saved file contains
four sheets - Case 1, Case 2, Case 3 and Case Study Report. Case 1, Case 2 and Case 3
sheets contain complete sets of input-output information about those particular cases
whereas Case Study Report is a one page summary which contains the same

information that is available in the Case Study page of the GUI.

So, when we open this case study file, each sheet (only the ones that contain the
complete input information which means Case Study Report sheet is excluded) are
imported in order and the respective columns in the Case Study page of the GUI are
populated accordingly. Since all the input fields in the GUI display the input
information one case at a time, they keep on changing for each case until the very last
case. So, when a case study file is opened, the input fields display the information from
the very last case that is imported. For e.g., if a case study file contains three cases -
Case 1, Case 2 and Case 3, then the input fields in the GUI display the inputs from Case

3 because it is the last case to be imported.

e
In order to open a case, click on the Open Case Study \:‘ icon.
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A dialog box appears asking for the file to be opened as follows:

(=]

- |‘-f | | Search Documents yel |

- 0 @

Select Input File

s
UU j » Libraries » Documents »

Organize « MNew felder

> (@ Microsoft Excel  —  Documents library Arrange by Folder
Includes: 2 locations :

| »

4.7 Favorites
Bl Desktop
4 Downloads

m

/| Dropbox

| Recent Places

4 Libraries
[ 3 Documents
> J? Music
> =] Pictures
» . Podcasts
» E Videos 7

File name: - [Excel Files v]

Tools ~ ’ Open ] ’ Cancel l

If an Excel file is selected that is not a correct input file then the following error message

appears:

Invalid File [5m]

"“‘-.I Invalid Input File. Please select the correct CCM Input File (Must be a
' Single Case File).

OK

If the correct file is selected then, the following screen appears:
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To Boiler From Turbine
- T
Coal wm Stack Blowdown
Condenser

=S I ] Importing 1 of 3 .. A—
- Boiler )
et Cooling Tower
S
L"._) ocide  Anki-Corrosion Acid Addition .
3 - [
Ash systems S

Coaling Wal
‘Water treatment ooling Water

Process Design and Gas Processing Laboratory
Department of Chemical and Biological Engineering
Illinois Institute of Technology, Chicago, IL, BO616

Copyright © 2012, All rights reserved.

The progress bar will show the progress of importing data from the case study file.

Depending on the number of cases present in the file, the progress bar notifies which

case is being imported.
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Cooling-water Cost Model (CCM) =5
Bz X About
Main Menu } Operating Parameters] Cost Parameters RESULTS
Current Case Summary CASE STUDY I
. Costs Associated With the use of Degraded Make-up Water
Add Current Case to : Case 3
Clear Case: Case1 | Case2 Case 4 | 5.0
4.5
=40
Load Case: cCaset Case 2 Case 3 Case 4 Case 5 | % 35
e 30 n Water Cost
Costs in : MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case 5 225 u Total Gostof Treatment
;2,0 u Total Cost Due to Fouling
Nitirification Costs : [ 0.1 NiA | [ NiA | 215 u Total Costs
. 1.0
Sofiening Costs [ o8] oz [ oss] =05
Acidification Costs : [ 0.02] 0.02 | | 0.02 0.0
) ) n
Fillration Costs [ 03] o33 | NIA | e eaeh gase® et guse®
Chemical Addition Costs [ orr| e [ oo
e lllamenttoster | 2.76 | 2.00 | | 1.60 | Costs Associated With the use of Degraded Make-up Water
Additional Fuel Costs | 0.53 0.53| | 0.53| a Ttal Gost Duc o Fouling
Lost Revenue Due to Operational Limits | 0.13| 0.13| | 0.13| 6 Acid Addition - O& M
Costof Cleaning : | NIA| NIA| | NIA| = & Acid Addition - Captial
) ) ! 2 Ghemical Adiition - 0& M
Lost Revenue During Cleaning Downtime : [ NA | NA | [ NA | =4 m u Chemical Addition - Captial
Total Cumulative Negative Cost of Fouling : | 0.66 | 0.66 [ 0.66 | g [ | u Nitrification - O&M
51 u Nitrification - Capital
Total Water Costs (Including Transport): | 118 1.18| [ 1.18| &2 & Filtration -0 &M
= u Filtration - Capital
TOTAL: | 4.6l:l| 3.B4| | 3.44| 0 u Softening - 0 &M
= = Softening - Capital
J rint Case Stu < Clear Case Stu ve Case Stu 2 a8 Pt 28! 2 u Water Cost
Print Case Study ¢ Clear Case Study | Save Case Study et et et et case®

Once all the cases are imported, the Case Study page is displayed.

Even though the input fields in the GUI will contain the input information from Case 5
(in this example as shown in the picture above because Case 5 is the last case to be
imported), we can easily load the input fields with the input information from other

cases by clicking on the appropriate button beside Load Case.

More on Performing a Case Study.
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Formal Report Sheet for a Case

Cooling-water Cost Model (CCM)

A saved case contains only one sheet named “CCM INPUT” which contains the

complete input-output information. The top part of the sheet contains the input

information and the bottom part contains the output information.

A report sheet looks like this in MS-Excel:

A B C
1 CCM REPORT
2
3 OPERATING PARAMETERS
a
] User Name T
b Run # F1
7 Date 4/20/2012
8 Time 2:43:40 AM
9
o
11
12 Io. of operation hours 24/hes
13
14 Plant and Cooling Tower Operating Parameters
15 Operating Days/Year 365
16 COC - Cycles of Concentration 4
17 Drift (as % of Recirculating Flow) 0.001
18 Makeup Water Temperature (* F) 80
19 Ambient Air Temperature (* F) B3
20 Relative Humidity % 60
21 Makeup Water Flowrate (MGD) 792
22 Average Condenser Inlet Water Temp (°F) 90
23 Average Plant Demand Factor 1
24
25 Additional Cooling Tower Parameters
26 MH3 Ovwerall mass transfer Coefficient 0.002
27 CO2 Liquid Phase mass transfer coefficient 0.00000008
28 CO2 Vapor Phase mass transfer coefficient 0.000008
29 Specific area of cooling tower 147.54
30 Frontal area of cooling tower 17300
31 Height of cooling tower 11
32
33
34
35 Aijr Temperature Parameters
M4 4 » M| CCM INPUT . Sheet2 Sheet3 . ¥2
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Detailed CCM Report Sheet looks like this:

CCM REPORT
OPERATING PARAMETERS

User Name 1T

Run # R1

Date 4/20/2012

Time 2:43:40 AM

No. of operation hours | 24 I hrs

Plant and Cooling Tower Operating Parameters

Operating Days/ Year 365

COC - Cycles of Concentration 4

Drift (as % of Recirculating Flow) 0.001

Makeup Water Temperature (° F) 80

Ambient Air Temperature (° F) 85

Relative Humidity % 60

Makeup Water Flowrate (MGD) 7.92

Average Condenser Inlet Water Temp (°F) 90

Average Plant Demand Factor 1

Additional Cooling Tower Parameters

NH3 Overall mass transfer Coefficient 0.002

CO2 Liquid Phase mass transfer coefficient 0.00000008

CO2 Vapor Phase mass transfer coefficient 0.000008

Specific area of cooling tower 147.54

Frontal area of cooling tower 17300

Height of cooling tower 1.1

Air Temperature Parameters

Consider Variation? No

Month Daily High Daily Low
January 85 85 F
February 85 85 F
March 85 85 F
April 85 85 F
May 85 85 F
June 85 85 F

Copyright © 2012. Illinois Institute of Technology. All rights reserved.




Cooling-water Cost Model (CCM)

July 85 85 F
August 85 85 18
September 85 85 F
October 85 85 F
November 85 85 F
December 85 85 F
Humidity Parameters

Consider Variation? No

Month Daily High Daily Low
January 60 60 %
February 60 60 %
March 60 60 %
April 60 60 %
May 60 60 %
June 60 60 %
July 60 60 %
August 60 60 %
September 60 60 %
October 60 60 %
November 60 60 %
December 60 60 %
Condenser Inlet Temperature Paremeters

Consider Variation? No

Month Daily High Daily Low
January 90 90 F
February 90 90 F
March 90 90 F
April 90 90 B
May 90 90 B
June 90 90 F
July 90 90 B
August 90 90 I
September 90 90 I8
October 90 90 F
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November 90 90
December 90 90

Demand Parameters

Consider Variation? No

Month Daily High Daily Low
January 0.85 0.85
February 0.85 0.85
March 0.85 0.85
April 0.85 0.85
May 0.85 0.85
June 0.85 0.85
July 0.85 0.85
August 0.85 0.85
September 0.85 0.85
October 0.85 0.85
November 0.85 0.85
December 0.85 0.85

Retail Price of Electricity Parameters

Consider Variation? No

Month Daily High Daily Low

January 9.87 9.87 (C/kwh)
February 9.87 9.87 (C/kwh)
March 9.87 9.87 (C/kwh)
April 9.87 9.87 (C/kwh)
May 9.87 9.87 (C/kwh)
June 9.87 9.87 (C/kwh)
July 9.87 9.87 (C/kwh)
August 9.87 9.87 (C/kwh)
September 9.87 9.87 (C/kwh)
October 9.87 9.87 (C/kwh)
November 9.87 9.87 (C/kwh)
December 9.87 9.87 (C/kwh)

CONDENSER
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Condenser Parameters

# Condenser Compartments 2
Cleaning Downtime/ Compart. (hr) 12
Condenser Cleaning Trigger Method # of Cleanings

Max Rf Allowed, (°F*ft"2*hr)/BTU 0.00E+00
Design Rf, (°F*ft"2*hr)/BTU 3.53E-04
# of Cleanings / Year 0
Defined Dates Cleaning Days

Condenser Design

U_clean, BTU/ (ft"2*°F*hr) 500
Fo 0.85
Capacity MW 550
W_percent 38.137
Turbine Efficiency 0.9
H_throttle, BTU/Ib 1397.9
Cp, BTU/ (1b.°F) 0.999
Q1_non-main, BTU/hr 1.66E+08
Plant Efficiency, %HHV 36.8
FGD Lime Cost, $/ton 20.6
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Boiler Efficiency, % 89
Tube Side Inlet Temp., °F 90
Tube Side Outlet Temp., °F 110
Sheel Side Temperature, °F 130
Turbine Over Design Factor, Ft 1
Annulus area, ft"2 225
U_calc, BTU/ (ft"2*°F*hr) 425
Rf, (ft"2*°F*hr)/BTU 0.000352941
Wt_lp-turbine, BTU/hr 716345748.4
H_ueep, BTU/Ib 1076.86649
H_elep, BTU/1b 1070.520261
H_lig, BTU/Ib 97.964
W_isentropic, BTU/hr 795939720.4
Maximum Steam Flow Rate (MSFR), 1b/hr 2479304.172
Turbine Over Design Factor (x) 1.1
MSFR*x, Ib/hr 2727234.589
Heat Duty, BTU/hr 2577321672
Outside Heat Transfer Area, ft"\2 210172
Cooling Water Flow Rate, GPM 257783.9302
AFt/A(10% Load) 0.02

Rf evaluation Vector, (Ft*2.°F.hr)/BTU

0
0.00025
0.0005
0.00075
0.001

T_in evaluation Vector, °F

40
55
70
85
100

Initial Guesses
T_out, °F 110
T_shell, °F 160
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Fouling Buildup

Fouling Profile Sixth Order Poly
Rf buildup (t = days) Polynomial
Avg. Rf 0
Linear / Logarithmic / Induction

a 1.50E-04
b 0.00E+00
@ 0.00E+00
6th Order Polynomial

c6 3.64E-19
c5 -4.30E-16
c4 1.99E-13
c3 -4.30E-11
2 3.82E-09
cl 3.94E-08
b 4.06E-07
Bound 2.00E-05
Turbine Design

H_elep, BTU/Ib 1029
H_throttle, BTU/(Ib.°F) 1397.9
S_throttle, BTU/ (1b.°F) 1.762
Velocity vs Ann Loss Coeffs.

c4 2.89E-11
c3 -1.67E-07
2 3.11E-04
cl -1.75E-01
b 3.39E+01
Assumed Annulus Loss for Given Load level

100 % Load Level 6
90 % Load Level 8.3
80 % Load Level 7.1
70 % Load Level 5.9
60 % Load Level 5.1
50 % Load Level 5.2
40 % Load Level 5.1

WATER TREATMENT

| Treatment Options

Cooling-water Cost Model (CCM)
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Nitrification Yes

Softening Yes

Filtration Yes

Acid Addition Yes

Anti-Corrosion Yes

Biocide Yes

Scale Inhibitor Yes

Nitrification

Solids Retention Time 15 | days
Percent Solids in Sludge 15 | %

Effluent Substrates conc. 0.6 | mg/L NH4+(As Nitrogen)
Effluent Substrates conc. 0.36 | mg/L NO2-(As Nitrogen)
Design SOR 12 | m3/m2/d
No. of Units to Split Flow 2

% inert VSS 20 | %

% VSS releasing N 80 | %

Recycle Ratio 0.45

Depth of Tank 5| m
Effluent BOD 58 | mg/L
MLVSS 2000 | mg/L
Oxygen transfer efficiency 10 | %

Overall Oxygen transfer efficiency 12 | %
Efficiency of pumps 75 | %
Softening

Flocculation time 30 | min
Sedimentation time 2 | hours
Inside hopper dia 4 | m

Depth of water 5| m

Shaft rotation speed 3 | rpm
Excess lime dose added 30 | mg/L
Percent solids in sludge 5| %

No. of Units to Split Flow

Filtration

Filtration rate 5 | gal/min.ft2
Backwash time 5 | min

Filter rise rate 24 | in/min
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Backwash rate 62.6 | gal/min.ft2
Depth of sand (inches) 48 | in
Length:Width ratio 1

Depth of backwash reservoir 4 | ft
Backwash air scour 5 | hp

No. of back wash pumps/reservoir 2

Acid Addition

Contact time 5 | mins

Side Water Depth 3 | m
Length:Width ratio 4

Number of units 2

Type of acid H2504

Amount of acid added 0 | mol acid / Liter makeup
Chemical Addition

Average Influent Total Coliform 10000 | #/100 mL
Effluent Total Coliform 23 | MPN/100 mL
Contact time, t 15 | mins

Side Water Depth 3 | m
Length:Width 1.25

No. of units 2 | mg/L/hr
MCA Dose 52 | mg/L

TTA Dose

PMA Dose mg/L
ClO2 Dose mg/L/hr
Water Delivery

Velocity in the Delivery Pipeline 6 | ft/sec
Delivery Distance 10 | miles

Head Increase 0 | meters
Trench Width = Dia.+2*INPUT 12 | inch

Pump Efficiency (%) 90
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Water Quality Specifications

Al3+ 0.2 | mg/L
Ca2+ 415 | mg/L
Fe2+ 0.504 | mg/L
K+ 16.3 | mg/L
Mg2+ 10.7 | mg/L
Mn2+ 0.317 | mg/L
Na+ 942 | mg/L
NH4-N 21 | mg/L
Cl- 106 | mg/L
SO4(2-) 86 | mg/L
NO3-N 3.6 | mg/L
PO4(3-) 45 | mg/L
HCO3- Alk (as CaCO3) 177 | mg/L
5i02 8.54 | mg/L
TSS 25 | mg/L
BOD 319 | mg/L
pH 7

Charge Balance 0.003035607

COST PARAMETERS

Coal HHV, MBTU/1b 11.67
Coal Price, $/short ton 54.25
FGD Lime Price, $/short ton 20.60
Hydrated Lime/50 pound 34
93% Sulfuric Acid (H2S04)/750 1b 185
Monochloramine (MCA)/Ib 0.46
Tolytriazole (TTA)/1b 2.75
Price of Electricity, ¢/kwh 9.87
Cost of Electricity, C/kwh 6.835
Mechanical Cleaning Cost, k$ 13.5
Water Cost $/Th. Gal Secondary Wastewater - Low
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Manual Input 0.5
Include Water Pipelining Costs? Yes
Discount factor (%) 12
Contingency (%) 35
Labor and Maintenance (%) 8
Foundation Costs (%) 25
Auxiliary Equipment Costs (%) 15
Materials Unit Cost (USD)
Flat Concrete Wall/cubic yards 387
Curved Concrete Wall/cubic yards 793.68
Elevated Slab/ cubic yards 617.47
Aerator Costs/ft"\2 15
Centrifugal Pump for sludge/50 GPM 4000
Clarifier Scraper/30' dia 50000
Mixer /1 HP & 1'imp. Dia 7000
Plunger Pump/10GPM 12000
Chemical Metering pump/100 GPH 3000
Dry chemical feed system/600 1b/hr 500000
Backwash Pump/15 GPM/ft"2 20000
Filter sand/ft"\3 4.5
Blower costs/28' dia or 5110 GPM 28800
Filter underdrains+air blower/ ft"\2 175
20 inch dia Pipe Costs, $/18 ft 127
Excavation and Fill, $/0.5 cubic yards 12.04
Cost of Bedding Material, $/ft 7.8
Centrifugal Pump Horizontal split, Single Stage 34600
Centrifugal Pump Vertical Split, Single Stage 21000

RESULTS

CASE SUMMARY
Costs in MM$/yr (2009 USD)
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Nitrification Costs 0.81
Softening Costs 0.83
Acidification Costs 0.02
Filtration Costs 0.33
Chemical Addition Costs 0.77
Total Treatment Costs 2.76
Additional Fuel Costs 0.53
Lost Revenue Due to Operational Limits 0.13
Cost of Cleaning N/A
Lost Revenue During Cleaning Downtime N/A
Total Cumulative Negative Cost of Fouling 0.66
Total from Water Costs 1.18
TOTAL 4.60

Costs Associated With the use of Degraded Make-up Water
5.0
4.60

4.5

4.0
Q35
7]
o
o 30 276 = Water Cost
8 25 u Total Cost of Treatment
o &
b = Total Cost Due to Fouling
=
% 20 m Totals
=1 1.8

1.0

0.66
0.5
0.0
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DETAILED OUTPUT

Yearly Total Yearly Avg Yearly Max | Yearly Min

Tertiary Treatment (1000 $US) (1000 $US) (1000 $US) (1000 $US)
Nitrification - Capital 404.87

Nitrification - O&M Fix 269.91

Nitrification - O&M Var. 139.80

Variable O&M (Electricity, N) 139.80 0.19 0.19 0.19
Nitrification Totals 814.58

Softening - Capital 240.17

Soft - O & M Fix 248.28

Soft- O & M Var. 339.35

Variable O&M (Lime, S) 126.86 0.17 0.17 0.17
Variable O&M (Electricity, S) 21.06 0.03 0.03 0.03
Variable O&M (Soda Ash, S) 191.43 0.26 0.26 0.26
Softening Totals 827.80

Acid Addn. - Capital 11.10

Acid Addn. - O&M Fix 7.40

Acid Addn. - O&M Var 0.00

Variable O&M (Acid, A) 0.00 0.00 0.00 0.00
Acid Addition Totals 18.50

Filtration - Capital 192.94

Filter - O & M Fix 128.63

Filter - O & M Var 6.45

Variable O&M (Electricity, F) 6.45 0.01 0.01 0.01
Filtration Totals 328.02

Chemical Addition - Captial 75.05

Chemical Addition - O& M Fix 50.03

Chemical Addition - O& M Var 643.51

Variable O&M (MCA, C) 577.16 0.79 0.79 0.79
Variable O&M (TTA, C) 66.35 0.09 0.09 0.09
Chemial Addition Totals 768.59

Water Source Costs 520.53

Water Transport - Capital 366.63

Water Transport - O & M Fix 29.33
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Water Transport - O & M Var 267.02

Variable O&M (Electricity, Water Supply) 267.02 0.37 0.37 ‘ 0.37
Water Trans. & Supply Totals 1183.51

Yearly Max:
Yearly Avg: 12-hr Yearly Min:

Cost Impact of Fouling Yearly Total 12-hr period period 12-hr period
Fouling Buildup (Rf), (F*ft"2*hr)/BTU 0.00 0.00 0.00
Condenser Inlet Temperature, F 90.00 90.00 90.00
Condenser Perceived Demand 1.00 1.00 1.00
Mass Flow of Steam: LP Stage, Ib/hr 2644031.01 2714637.99 2624361.37
Shell Temperature, F 128.35 138.93 125.43
Makeup Water Flow, 1000 gal 2891834.56 3961.42 3961.42 3961.42
Heat Rate Loss, BTU/hr 25885.81 118740.58 52.37
Base Cost of Electricity, 1000 $US 329310.30 451.11 451.11 451.11
Sales, 1000 $US 475536.60 651.42 651.42 651.42
Max Possible Revenue By Demand (MPRD), 1000 $US 146226.30 200.31 200.31 200.31
Power Production (Turbine Follow Mode), MWh 4818000.00 6600.00 6600.00 6600.00
Lost Production (Wloss), MWh 1698.03 2.33 11.32 0.00
Lost Production (Downtime), MWh 0.00 0.00 0.00 0.00
Base Coal Flow, 1b 3831436147.59 5248542.67 5248542.67 5248542.67
Base Coal Cost, 1000 $US 103927.71 142.37 142.37 142.37
Unused Fuel "Savings" During Downtime, 1000 $US 0.00 0.00 0.00 0.00
Excess Coal Feed Required, 1b 19430992.08 26617.80 122098.29 53.86
FGD Lime Flow, Ib 381790000.00 523000.00 523000.00 523000.00
FGD Lime Price, 1000 $US 3932.44 5.39 5.39 5.39
Unused Lime "Savings" During Downtime, 1000 $US 0.00 0.00 0.00 0.00
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Formal Report Sheet for a Case Study

A saved case study contains variable number of sheets based on the number of cases
added to the case study. In this example, there were 5 cases added to the case study.
Therefore there are sheets named - Case 1, Case 2, Case 3, Case 4 and Case 5 which
contain the complete input-output information for each of those cases. Besides the
standard input-output sheets there is one additional sheet named “CCM CASE

REPORT” that contains a summary of all the cases along with two graphs.

A case study report sheet looks like this in MS-Excel:
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C D E F G

CCM REPORT

OPERATING PARAMETERS

M|

W oo =l faw

User Name IIT]
Run # Rl
Date 472042012
Time 2:41:37 AM|

PLANT AND COOLING TOWER

W w | w e pa P | B | P | P | | | | Pt | | | |
BEEprasBREYsnRERhEEBER YL RERESE

a5
H A4 F M

INo. of operation hours | 24|brs
Plant and Cooling Tower Operating Parameters

Operating Dayz=, Year 365
COC - Cycles of Concentration 4
Drift (as % of Recirculating Flow) 0.001
Makeup Water Temperature (* F) 80
Ambient Air Temperature (* F) 85
Felative Humidity % 60
Makeup Water Flowrate (MGDY) 7922834423
Average Condenszer Inlet Water Temp (°F) 90
Average Flant Demand Factor 1
Additional Cooling Tower Parameters

INEH3 Owerall mass transfer Coefficient 0.002
C0O2 Liquid Phaze mass transfer coefficient 000000008
Q02 Vapor Phasze mass transfer coefficient 0.000008
Specific area of cooling tower 147.54
Frontal area of cooling tower 17300
Height of cocling tower 11

Air Temperature Farameters

CASE1 ~CASE2 CASE3 . CASE4

CASE 5

CASE STUDY REPORT - Sheet2 - Sheet3 %1

The detailed Report sheet for Case 1, Case 2, Case 3, Case 4 and Case 5 is the same as

the detailed Report sheet for a single case as shown here.

The Case Study Report sheet looks like this:
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CASE STUDY SUMMARY

Costs in MM$/yr (2009 USD) Case 1 Case 2 Case 3 Case 4 Case 5
Water Cost 1.18 1.18 1.18 1.18 1.18
Softening - Capital 0.24 - 0.24 - 0.24
Softening - O & M 0.59 - 0.59 - 0.59
Filtration - Capital 0.19 0.19 0.19 0.19 0.19
Filtration - O & M 0.14 0.14 0.14 0.14 0.14
Nitrification - Capital 0.40 0.40 0.40 0.40 0.40
Nitrification - O&M 0.41 0.41 0.41 0.41 0.41
Acid Addition - Captial 0.01 - 0.01 - 0.01
Acid Addition - O& M 0.01 - 0.01 - 0.01
Chemical Addition - Captial 0.08 0.08 0.08 0.08 0.08
Chemical Addition - O& M 0.69 0.69 0.69 0.69 0.69
Total Cost Due to Fouling 0.66 0.67 0.66 0.67 0.66
Total Cost of Treatment 2.76 1.91 2.76 1.91 2.76
TOTALS 4.60 3.77 4.60 3.77 4.60
Costs Associated With the use of Degraded Make-up Water
5.0
4.5
a 4.0
535
@ 3.0 = Water Cost
S8 9.
a 25 ® Total Cost of Treatment
& 2.0 ® Total Cost Due to Fouling
:’EE 1.5 ® Total Costs
=1.0
0.5
0.0
A 1 % A 9
(v R v S v
Costs Associated With the use of Degraded Make-up Water
m Total Cost Due to Fouling
6 Acid Addition - 0& M
= = Acid Addition - Captial
xn Chemical Addition - 0& M
=2
a4 ] O ] ® Chemical Addition - Captial
& ] [ m Nitrification - O&M
__';:.. u Nitrification - Capital
g2 ® Filtration - O & M
= m Filtration - Capital
0 m Softening-0 & M
A 9 a A 5 u Softening - Capital
s as®T astT et es® = Water Cost
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