and e
Basid Watef Treatment Math

T T
r

Presented by
R. Trace Blackmore, CWT, LEED AP
Blackmore Enterprises, Inc.

1 Atlanta, Georgia

I AT Training Seminars

W &

ASSOCIATION OF WATER TECHNOLOGIES

| Top 10 Phobias ..

. Acrophobia - Fear of Heights

. Claustrophobia - Fear of Enclosed Spaces

. Nyctophobia - Fear of the Dark

. Ophidiophobia - Fear of Snakes

. Arachnophobia - Fear of Spiders

. Trypanophobia - Fear of Injection or Medical Needles
. Astraphobia - Fear of Thunder and Lightning

. Nosophobia - Fear of Having a Disease

. Mysophobia AKA Germophobia - Fear of Germs
10.Triskaidekaphobia - Fear of the Number 13
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BASIC MATH REVIEW

62013, Blackmore Enterpises, nc. A8 Rights Reserved AT

The Language of Math

What we Say to dogs
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?“tﬁ% Order of Operations
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Parentheses Exponents Multiply Divide
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How to Use the Order of
Operations

2+32(5-1)=7?

PEMDAS

Add 5 + -1 in the parenthesis to get 4.

2+324) =2

Raise the 3 to the second power to get 9.

2+9(4)=?

= Multiply the 9 and 4 to get 36.

2+36=7?
= Add 2 and 36.

Your final answer is 38.

Volume Formulas

AWT ¢
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(7 cube = a3
A

SI Notation

irregular prism = b-h
cylinder = 1 r2 h
pyramid = (1/3) b-h
cone=1/37r2h
sphere = (4/3) I r3
ellipsoid = (4/3) 1 ryryry

1k rectangular prism = a-b-c

MN=3.141592

AWT-

Profix Symbol 1000™ | 10 Decimal Short scale Long scale
yotta | ¥ 1000% [4g% | 1000000 000 00D 000 000 000 0D Septilion  Quadilion
zetta |2 4000” [40%' 1000000000000000000000  Sextilion  Tillard
o3 E 1000° [1g"® | 1000 000 000 0D 000 000 Quintilion  Trilion
pta P 1000° |40 | 1000 000 000 00D 000 Quadrilion  Biliard
wa T 1000* [40" | 1000000 000 00D Trllon Bilion
giga G 10007 [10° | 1000000 000 Billion Wiliard
mega M 10007 |10° | 1000000 Million
Kok 000! [10% 1000 Thousand
hecto |h sonna | 10° | 100 Hundred
deca  da sopn¥ |107 |10 Ten

1000° |40° 1 One
deci |d aoo-4 107! [0 Tenth
centi ¢ 1o00-24 1072 |0.01 Hundrecth
milli |m 1000~! [10°% |0.001 Thousandth
micro |y 10002 [10°% | 0.000 001 hillionth
nano | n 10002 |1g°% | 0.000 000 004 Bilionth  Miliarcth
o p 1000~* | 1012 0.000 000 000 001 Tiilioth  Bdlionth
fomto | 1000°% | 1071%|0.000 000 0O 000 001 Quadrilionth Blliardth
o |a 1000|491 0.000 000 000 000 000 001 Quintilianth Trilionth
zepto |z 10007 |1072" 0.000 00D DOD 00O D00 00D D01 Sextillionth  Trilliardth

v
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1000%

10724 0.000 000 000 000 000 000 000 001 Septillionth  Quadrillionth

AWT ¢
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“ . Algebra Review

2%+4=6
—4=—4

2

2
73

IS R

x=1

2(1)+4=6

AWT ¢

Presentation Download

http://www.awt.org/tt/tt_2013.cfm

\(ﬁ&‘

+ Latest Presentation
+ Algebra Review
+ Conversion Tables

Approach Method .
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What is the next letter?

Oo,T,TFFSSE?

AWT ¢

Cast of Characters

All equations are based on:
= Physics and Chemistry
= Theory
= Referenced in AWT’s Technical
Reference and Training Manual (TRTM)
= Used on CWT Exam

= Assumptions

= “Rules of Thumb"%

The ONLY Rule for This Session

Math is NOT a Spectator sport.

= You MUST work every problem.

© 2013, Biacknore Enterpises, nc. Al Rights Reserved AWT -




iy
Conversion Factors

Remember: Like Terms!

= 1'=12" = 1gl. =4qt.
= 1”7 = 2.54 cm = 1gl. = 3.785 liters
= 12" = 1442" = 11lb. =16 oz.

= 13" =1,7283" = 1 ton = 2,000 Ibs.
= 1 pint=2cups = 1o0z.=28.35grams
= 1,000 ml = 1 liter

Garbage In = Garbage Out .&

5
|
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Water

A clear, colorless, odorless, and tasteless liquid, H,0, essential for
most plant and animal life and the most widely used of all
| solvents.
= Properties of Water:
= Freezes @ 32 °F (0 °C)
= Boils @ 212 °F (100 °C)
= Specific gravity= 1.0
- 8.345 Ibs/gal
= 7.48 gal/ft3
+ Ft3 = 62.43 Ibs.

,,,,, A8 Rights Reserved AWT ¢
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Why Do We Use Water ( 9 )

1f) Bl BTU (Heai)
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What abou Air Cooled Systems?

u §2.43 Heat B 0.02 8TUs of Heat
»
bo g 'y

What we kn6 ,abol N
* 1BTU willtaise 1 Ib. degree °F ﬂ
+ 1ft3of ¢

r weighs 627

B | fi2 of Watsr ! AL e ey
So how man% BTUs will it take to %ﬁﬁe@f didfee °oF?

Iranneit

Co

“ &
Water is 3,171 x’s better at transferring heat!
I
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Understanding Water Treatment

Q
Water Treatment is: B
= 90% Mechanical
= 10% Chemical
Mechanical

We have math equations for both

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Cooling Water

© 2013, Biacknore Enterpises, nc. Al Rights Reserved




Cooling Water Calculations

In order for us to calculate the cooling water equations, we need certain
information:
= General Survey
= Cooling system type
System design
Hours of operation
Loading
Water quality
= System volume
= Technical data
= Product data
= Dosage rates (ppm)
= Product limits
= Contact time
= Product pricing
= Goals for program

Concentration Ratio

Concentration ratio is the name given to the artist previously known as
“Cycles of Concentration”.

| Concentration Ratio = Cycles of Concentration

“CR”




Question?

= So why can’t we indefinitely concentrate the water to decrease waste?

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Concentrating Compounds

Solubility Curve

Grams of sclutel100g H:0

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Tomperature (°C)

'Georgia Sweet Tea

Regular Sweet Tea
Nutrition Facts

Serving Size (83g)
Servings Per Container

Amount Per Serving
Calories 280  Calories from Fat 180
——————————————

Georgia Sweet Tea
Nutrition Facts

Serving Size (83g)
Servings Per Container

Amount Par Serving
Calories poy: s Calories from Fat 180
————————————————

% Daily Value* % Daily Value

Total Fat 21g 32% Total Fat 21g 32%
Saturated Fat 13g 65% Saturated Fat 13g 65%
Trans Fat Og Trans Fat Og

Cholesterol 0mg 0% Cholesterol Omg 0%

Sodium 115mg 5% Sodium 115mg 5%

Total Carbohydrate 259 8% Total Carbohydrate 404g  128%
Dietary Fiber 4g 16% Dietary Fiber 4g 16%
Sugars 19g Sugars 400g

Protein 2g Protein 2g

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Concentrating Too Much

CaCo, Solubility

S

ANk oD N @
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.
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Effect of CaCO; Scale on Efficiency

AWT ¢

o
525
g — % Energy Increase]
fi
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15
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0
o 0005 001 0015 00; X 3 0035 004 0045

2 0025 00:
Scale Thickness (inches)

0.05
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Calculating the Maximum
Concentration Ratio

= Maximum Concentrations for "AWT-X410"
= Silica
= Alkalinity
= Hardness
= Check product specifications

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Calculating the Maximum
Concentration Ratio

Maximum Concentration ppm
= Limiting factors Makeup Water ppm

= Maximum Ratio

Substituent Limit Raw Max Ratio

Silica 150 12
Alkalinity 600 50
Hardness 1000 95

= The lowest number is your limiting factor

© 2013, Blackmore Enterpises, nc. Al Rights Reserved = AT

Tower Cond.
Makeup Cond.

800
120

= Concentration Ratio

Tower Cl~ — o Rati
Makeup Cl = = Loncentration Ratio

165
ol

02013, Blackmore Enterprises, nc. Al Rights Reserved AWT
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= How much do I use?
= How big is the system?

= System volume
= Determined by:
= Compound addition Ve
= Water piping and holding area determination
= Makeup volume
= Determined by:
= Mass balance equation

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Estimating Volume in System

= Estimating volume:
= (Ft3g x 7.48)+ PG

ik
= Definitions:

= Ft3 = Cubic feet of tower basin

= PG = Gallons in linear feet of pipe
= MraL'x 7.48

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Compound Addition

= If we add a known weight of any non-scaling compound, we can
calculate the volume once that compound is totally dispersed
throughout the system.

= Most common in cooling tower is sodium chloride (NaCl)
= Also commonly used compounds: a:
= Moly

= Nitrite

02013, Blackmore Enterprises, nc. Al Rights Reserved E AT
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Compound Addition (salt sizing)

= Estimate the system size based on:
= Piping
= Sump dimensions

= *add 0.5 -1 Ib. of salt Eer 1000 estimated gallons.

120,000 x NaCl

Cl; — Cli) 1.65
= Definitions: @ ) BN

= NaCl; = Lbs. of salt added to the system
= Cl¢ = Final chloride result
= Cl = Initial chloride result

= 1.65 is the conversion factor to convert Ibs. of NaCl added to CI tested

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Why 120,000? &~
= 1 Ib. of any substance in 1000 gallons of water will yield 120 ppm of
that substance.

= Let’s prove this:
= Water weighs 8.345 Ibs. per gallon
= So, 1000 gallons of water weighs 8,345 Ibs.

= So let’s put 1 pound of substance “X” in 1000 gal. (8,345 Ibs.) of water.
= Now let’s convert that to pounds per million:

1 1,000,000
*T8345 | ierscanitaneven 120
x 1000 1 lb. x 1000
s 120
1000gal ge

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

1 (Ib) = 120,000 (ppm/gal)

- Other Compound Addition Equations

- = Salt:

120,000 x NaCl, 73,229 x NaCl,
(L™ ;—Cl” D165 € ,—c )
= Nitrite: 120,000 x NaNO,

(NaNOzf - NuNOZ‘)

= Molybdate:
120,000 x Na’Mo0,, 93,750 xNa*Mo0,,
(Mo0,f — Mo0,i) 1.28  (MoO,f — Mo0,i)

02013, Blackmore Enterprises, nc. Al Rights Reserved
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3 :
Where do these conversion factors
come from?

= Sodium molybdate (Na,Mo0O,) to molybdate (MoQ,)

il [ o8 sas0z[8 smoos[8 wsos[8 ses00 R R ]
EEET L | EGEEE

mw=205.92 mw=159.94

What we add _
What we test

7

205.92

159.94
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Knock Yourself Out!

Hock
1 New Desgnation
IA_Orignal Desgnation

Atomic Mass,
R
& Transition Metals —————\
3 P i eyl o TR R
3k B [VE VB VIB VIIB ~— VIIE —\ [B [IB
T o
% v [c e [Co|Ni n
L y »
e e
s . 341
v | Hg
6 liao B ) 8355 o521 502 loa2a o 0
B £ (Mass Wumbers in Paversheses are
s om the most sable of common

woope
Rare Earth  dbock / fblock

jertaass e ey o -
Ce Pr [N |Pm | Sm| Eu | Gd | Tb | Dy |Ho | Er | Tm | Yb | Lu

Lanthanide Sorios |11 |hits oot s o % 75 gt o hes™ e e
Ac || Th U Am | Cm Es |Fm |Md | No | Lr

Actinide Series (22703 [[2320¢ 15 243) j247) 1) _jas) i7) k2s8) y28) a60)
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System volume

= Makeup volume

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Evaporation Rate #}

E =0.001 XxRR x AT X F'

@j

= Definitions:

= E = Evaporation

= RR = Recirculation Rate (tonnage x 3)

= AT = Temperature differential across tower
= F’ = Sensible loss of heat (0.8 - 0.9)

© 2013, Blackmore Enterpises, nc. A1 Righis Reserved

0.001?

= It takes 1,000 (970) BTU’s to evaporate 1 Ib. of water
1l

00870 - 001

© 2013, Blackmore Enterpises, nc. Al Rights Reserved = AT

Evaporation Rate #}

E =0.001 XxRR x AT XF'

= Definitions:

= E = Evaporation B €]

= RR = Recirculation Rate (tonnage x 3)

= AT = Temperature differential across tower
= F’ = Sensible loss of heat (0.8 - 0.9)

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Why a Ton?

A= Sensible heat of ke

= Latent heat of fusion of ice is 144 BTU’s per pound 27 [emfest srivson ofiee

* 2000 Ibs. x (144 btu's/24 hours) 0 Latert hat o aporzatn

et
= 12,000 btu’s per ton of water per hour E= Sensible heal of steam

F* N 5#’

= A chiller ton removes 12,000 btu’s/hr *'*

480
absolut 251 +144 +180 970
e btu/lo

|

AWT ¢
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Tonnage x’'s 37?

= What we know:
= A chiller removes 12,000 BTU’s per hour per ton

= A tower is sized to remove the chillers 12,000 btu’s plus 3,000 btu’s for
the chiller’s parasitic heat.
= A tower ton is 15,000 BTU’s/hour

|= Let's do another proof:
= Water weighs 8.345 Ibs. per gallon
= Flow rate is in Minutes, but tonnage is based on Hours

= Flow rate using pounds per hour:
= 8.345 x 60 = 500.7
= So, 500.7 is our flow constant per 1 degree Fahrenheit.
= Towers are usually designed at a 10° AT, so, 500.7 x 10 = 5007
= Now let’s put them together:
= 15,000/ 5007 = £3

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

AWT

Factors for Non-HVAC

= Absorption chillers:
= Tonnage x's 4*

= Others:
= Use actual recirculation rate
= +10 GPM of evaporation per 1,000 GPM of flow @ 10°F AT

*30,000 BTU's at AT 15°F

AWT ¢

02013, Blackmore Enterprises, nc. Al Rights Reserved
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E =0.001 XRR x AT xXF'

E = 1.8 Gallons per Ton?

11b. 1 Gal.

15,000 BTU' YO L
o 1000 BTUs 8.345 b/ gal

How many BTU’s in a tower Ton?
How Many BTU’s to evaporate 1 Ib. of water?
How much does a gallon of water weigh?

I
I
[ ]
2013, Backmor Eneprses, o, AL g Resried - Ty
Blowdown
P B=—t
T CR-1 "~ CRxMU

“The solution to pollution is dilution”

= Definitions:

= B = Bleed, controlled or uncontrolled
= E = Evaporation

= CR = Concentration ratio

= MU = Makeup in gallons

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Makeup

_EXCR

E+B=MU =
CR-1

= Definitions
= E = Evaporation
= B = Bleed, controller or uncontrolled
= CR = Concentration ratio
= MU = Makeup

02013, Blackmore Enterprises, nc. Al Rights Reserved

AWT
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Mass Balance

E
E=0001 XRR x AT xF'  B=re E+B=MU
(2]
= Open Recirculating Cooling System

Cooling Tower

62013, Blackmore Enterpises, nc. A8 Rights Reserved

System volume

akeup volume

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Feed Rates

= Now that we have a system
begin to calculate dosage
= We have two method

volume and daily makeup rate, we can
f@r our products.
to consider and calculate:

= Entire system dosé€ (slug)
Atire system volume up to the recommended product ppm!

= Maintenance dose
= To maintain the recommended product ppm

02013, Blackmore Enterprises, nc. Al Rights Reserved
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o

SI’)@ Feed

V x ppm

120,000 = lbs. of product needed

= Definitions:
= V = System volume
= ppm = ppm of product needed

© 2013, Blackmore Enterpises, nc. A1 Righis Reserved s AT

Maintenance Feed

MU X ppm

m = lbs.of product needed

= Definitions:

= MU = System makeup
= ppm = ppm of product needed
= CR = Concentration Ratio

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

02013, Blackmore Enterprises, nc. Al Rights Reserved = AWT

AWT
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Surveying a new system

= System data (what we get from the survey)
= 1- 250 ton tower
* GPM ?2?
= AT =10°F
Operates 14 hr/day
Maximum concentration ratio: 5
= Note potential problems
= Dead legs r
= Idle equipment
= Low flow
= Skin Temperatures
= Contamination source:
= Now we need to calculate the rest!
= System volume
= Mass balance

©2013, Blackmore Enterprises,Inc. Al Rights Reserved

Example, system volume

= We “walked” the system and y e following:

& @a 270 x 7.48= 2,020 gal.
a

it 0.33 035 0.167'

7T 2
3.14 x (0.167 x 0.167) x 1,200
3.14 x 0.028 x 1,200 = 105.5
105.5 x 7.48 = 789 gal.

= Tower basin: 12'x15'y4
= L'xW'x H' x 7.48

= Pipe: 1200’ of 4” pipe
= MraL'x 7.48

2,020 + 789 = 2,809 estimated gallons in system

2013, lackmore Enerprses,Ic. A Rigts Reserved AWT

Example, Compound Addition

= Compound Addition:
= Salt 120,000 x NaCl
(Cl™ ;—Cl” D165

= Estimated volume: 2,800 gallons
= Salt added: 2 Ibs.
= Initial CI- reading: 120 ppm
= Final CI- reading: 180 ppm

120,000 x 2

P T 1.65=2,424 gallons

© 2013, Blackmore Enterprises, Inc. Al Rights Reserved AWT:
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What did this procedure save us?

estimation salt
= 2,809 - 2,424 =
385 gallons

A 200 ppm biocide will be overfed 0.64 Ibs. per dose
If fed daily, over a year’s time that is an extra 235 Ibs.

62013, Blackmore Enterpises, nc. A8 Rights Reserved

@System volume

= Makeup volume

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Example, Mass Balance

E

E =0.001 XRR x AT XF' B=——
CR-1

E+B=MU
= System data:

= 1- 250 ton tower

= 1- 750 gpm condenser pump
E =0.001 x750 x10 x 0.8

E=6gpm

(6.0)(840) = 5,040 gpd

Loading Factor %

© 2013, Biackmore Enterprises, nc. Al Rights Reserved AT
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Example, Mass Balance

E

=CrR-1 E+B=MU

E = 5,040 gpd B
= System data:
= 1- 250 ton tower
= 1- 750 gpm condenser pump
= AT =10°F
= Operates 14 hr/day 5,040
= Maximum concentration ratio: 5 B = -1 1,260 gpd

©2015, Backnore Enterpises, . Al ights Reserved e
Example, Mass Balance
B=12
E = 5,040 gpd co E+B=MU
= System data:
= 1- 250 ton chiller
= 1- 750 gpm condenser pump
= AT = 10°F
= Operates 14 hr/day 5,040 + 1,260 = 6,300 gpd
= Maximum concentration ratio: 5
© 2013, Blacknore Emerprses .9 Riges Reserved AT
Mass Balance
B = 1,260
E = 5040 Mu = 6,300
O«
Cooling Tower
¥ "e
AWT ¢

02013, Blackmore Enterprises, nc. Al Rights Reserved
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System volume

akeup volume

62013, Blackmore Enterpises, nc. A8 Rights Reserved

| )
: é\]
Example, Product Dosing (SX9g)
Y X ppm = lbs. of product needed

120,000
i SYStsern data:l 2.A241X 100 _ 2.02 b. X410
ystem volume 120000 - 2 s.of

= 2,424 gallons
= Product data: SGxH,0, = product weight per gal.

* "X410” 1.13 x 8.345 = 9.43 Ibs. per gallon
= Dosage rate: 100 ppm

= Specific gravity: 1.13 Product lbs needed u d
Product lbs. per gallon gallons of product

2'02—021 llons X410
oz O gallons

0.21 *128 = 27 oz

© 2013, Blackmore Enterpises, nc. Al Rights Reserved = AT

Example, Product Dosing
(Maintenance)

MU X ppm

= lbs.of product needed

120,000 X CR
6,300 x 100
« System data: 120,000 x5 = 105 lbs-of X410
= GPD Makeup
= 6,300 gallons SG x HZO“ = product weight per gal.
= Concentration ratio 1.13 x 8.345 = 9.43 Ibs. per gallon
oD Product lbs needed
Product data: ————————————— = gallons of product

. 410" Product lbs. per gallon

= Dosage rate: 100 ppm 1

.05
= Specific gravity: 1.13 943 BLlgalions X410

0.11 * 128 = 14.08 0z

02013, Blackmore Enterprises, nc. Al Rights Reserved = AWT
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Pump Settings

= We added 27 oz. of “X410” to the system to achieve a 100 ppm
concentration in the bulk water.

= Now we need to maintain the 100 ppm concentration of “X410.”
= 14 oz. Daily

= Equipment:
= 14.4 gpd pump
= Controller set on percentage time

‘ Like Terms

= Our pump is rated in GPD and we calculated our dosage in Ounces???

= First, we need to convert a 14.4 GPD pump output into something we
can use (ounces)

o Gallons per day
Gallons per hour
Gallons per minute
Ounces per minute

v

= 14.4 gpd/ 24 hrs = 0.6 gph
= 0.6/60=.01gpm
0.01 x 128 = 1.28 ounces per minute

AWT ¢

©2013, BlackTore Enterprises, . Al Rights Reserved

AWT-
F 7
Pump Setting, Con’d
|| = Pump Output: Dose per day
= 1.28 ounces per minute @ 100% Daily periods
= 0.64 opm @ 50%
14 oz
= 0.32 opm @ 25% Y p—— 0.17 o/p
* 0.128 opm @10%... 100%  x% ik
[i#2850.17
= Daily dose of X410 17 = 1.28X
= 14 oz. 128 1.28
X%=13.3%

| = 14 hours operation

= We will set the controller to pump for 1 minute every 10 minute
period

+ (14 X 60)/10=

= 84 ten minutes periods

02013, Blackmre Enterprises, nc. Al Rights Reserved
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‘ Pump Sizing

= 13% ??
= Is this a proper setting for a pump?

apin®
o of PV
2 S
ould © 02:33“" i
apiod9 P“s“a‘;e itnin ©
e o 40
e entir® ¢ Use a:

+ Smaller pump
+ Less concentrated product

2013, Blackmore Enterprises, nc. Al Rights Reserved

Non-Oxidizing Biocides

(Volume Dose)

q@
Lo xippm _
>0 #° 120,000
S datan Pl
A VStsemt ata'l 3@ 2424x250
- ystem volume — Y = S.
= 2,424 gallons 2203000

Ibs. of product needed

Product lbs needed
Product lbs. per gallon
1.012 x 8.345 = 8.45

= gallons of product

= Product data:
= Dosage rate: 250 ppm !
= Specific gravity: 1.012 845 0.6 gallons of product
= Contact Time: 4 hours

0.6 x 128 = 77 oz of product needed

©2013, BlackTore Enterprises, . Al Rights Reserved

A¢
o
&

‘ “ Pre-Bleed?

E X CT.

u =LC,

C — LC = Prebleed setting

= Definitions:
= E= Evaporation (gpm)
= CT= Contact time (minutes)
= V= System volume (gallons)
= u= Makeup water conductivity
= LC= Lock out concentration
= C= Normal conductivity setpoint

02013, Blackmore Enterpises, nc. Al RIghts Reserved
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Oxidizing Biocides

= Slow and steady
= Don’t want spikes

= Options:
= Volume feed on schedule
= ORP Control

Oxidation Reduction Potential,
the tendency of a chemical species to acquire electrons and thereby be reduced

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Price Determination

(Product(s)dose X doses per year X cost per unit)
+Equipment
+Service fees
Riete ...

Price

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

OTHER EQUATIONS

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Half Life

0.7xV 14xV
B

Half life = Quarter life = — 5

= Definitions
= V = volume
= B = bleed rate (blowdown) gpm

*natural log(2) = 0.69
natural log(4) = 1.38

©2013, Blackmore Enterpises,Inc. Al Rights Reserved

Theoretical Biocide Feed

CT.
ppm + ()

= Definitions:
= ppm = required ppm of product
= CT = Contact time (minutes)
= HL = Half life (minutes)

Theoretical Biocide Feed

Half lif 07xV
ppmXCT, alj life =
ppm+ () B
= System data: B= (1260> — 1.5 gpm
= System volume 840
= 2,424 gallons 0.7 x 2424 3
- Bleed —1s5 - 1,131.2 min.
= 1,260
= (needs to be in gpm for half life) 250X240, _.
= Operates 14 hr/day 250 + ( 1,131.2 )_303 ppm
= Product data:
= Dosage rate: 250 ppm
= Specific gravity: 1.012
= Contact Time: 4 hours (240 min)
© 2013, Biacknors Emrpriss, . A Righs Reserved AW
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Feeding Our Calculated Biocide

V X ppm
120,000 = lbs. of product needed
2,424 x 303
120000 =6.12 lbs.
Product lbs needed
Product lbs. per gallon = gallons of product
1.012 x 8.345 = 8.45
6.12
= Product data: 845 0.72 gallons of product

= Dosage rate
= (with bleed for 4 hours)
= 303 ppm
= Specific gravity: 1.012
= Volume 2,424

0.72 x 128 =92 0z

62013, Blackmore Enterpises, nc. A8 Rights Reserved

The Cgst of Antiquated Equipment

/0
- 903?— = 13 oz per dose
= 130z x 7 doses & 91 oz extra per week

= 91 oz x 52 weeks per 4,732 oz extra per year
= 4,732 /128 = 37 g%extra per year
= Almost a 55 gallon r@:or‘th!
= How much does a 55 gallon drum of bio%?t?

= Product v
= Shipping
= Onsite storage regulations
= Disposal...

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Retention Time

V—D
T

2,809
= Definitions:

= V= System volume 1,260
= B= Bleed (gal/day)
= D= Number of days

= 2.23 Days

= Volume= 2,809 Gallons
= Bleed= 1,260 Gallons/Day

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Decay Formula
P 2303 xV (l(;g C,—logCp)

| = Definitions

= T=Time

= V = Volume
= C; = Initial concentration (ppm)
= C; = Final concentration (ppm)
B = Bleed rate

T ———— Ty
Decay Formula in Practice
P 2.303 x V (log C; — log Cf)
B B
7 _ 2:303 X 3,500 (log 10,000 — log 200)
= 1
| * Definitions T=13,695 Minutes
\ \T, y C"fe T=13,695/1440
R = Volume
+ 3,500 Gallons T=9.5 Days
= C; = Initial concentration (ppm)
= 10,000 ppm
= C; = Final concentration (ppm) .
= 200 PPM )
= B = Bleed rate -
= 1gpm e
T ——— rroen

b&‘

* Glycol Calculation

T-C
(100—(}

Y=6

| = Definitions:

= V = Volume

= T = Target concentration
= C = Current concentration |
= G = the amount to be drained and filled with 100% glycol

02013, Blackmore Enterprises, nc. Al Rights Reserved AT




b&‘

* Glycol Calculation

T=
(100—C) w

15,0002 = ¢
= Definitions: 100-10
= V = Volume
= 15,000 Gallons =
= T = Target concentration G 3’333
= 30%
= C = Current concentration
= 10%
= G = the amount to be drained and filled with 100% glycol

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Velocity

0.408 X gpm
PZ

= Definitions:
= GPM = gallons per minute
= P2 = Pipe interior diameter squared

= Flow through 1” coupon assembly
= 3-5FPS
= 8- 13 GPM

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

LSI, RSI, PSI

= It all starts with the Saturation pH (pH):
12.3-(log CaH + log Malk + (0.025 x°C) - (0.011xvTDS))

= LSI= pH- pH,
= -3t03
= <0 non-scaling tendency
* >0 scaling tendency
= RSI= (2 x pH,) - pH
= Oto12
* <6 = scaling tendency
= >6 = non-scaling tendency
= PSI= (2 x pH;) - pHeq
= pHeq= (1.465 x log Malk) + 4.54
= 0to12
= <6 = scaling tendency
= >6 = non-scaling tendency

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Computer Programs

7% Spread Report Design - LS| Test
Ele EOR Locate Eormat Shests Help
|SlElE] Bl sl 4150 @] = oim|r|N|=<|e| =

et =0 =18 rlul| sls[3 O-0-| #|8]]exx

[ [Guemmoe "I'

70 wmoos  mm

© 2013, Blackmore Enterprises, nc. Al Rights Reserved AT

iPhone App

Hot Tub & Poat

2013, lackmore Enerprses,Ic. A Rigts Reserved AWT

Slide Rules

msTRUCTIONS es

* STABILITY INDEX CALCULATOR Association of Water
Technoiog

: o awt.org

SCALNG TENCENCY = |+ LSS SCALING NORE CORROUI TENGENGY

2013, Blackmore Enterprises, Inc. All Righis Reserved AWT:
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O s

PARTS PER LN

10 DETERMINE

#Ca LOCATE ppm VALUE FOR Ca AS CaCOs ON THE 5
(i PROCEED MORLZONTALLY 7O Tit ph - 780

OOV 10 THE pCa SCALE e :gm

ALK LOCATE ppm VALUE FOR ‘M ALK Ca AS CaCOn OF TOTALSOLIDS - 400 ppm
THE ppm SCALE PAOCEED HORIZONTALLY T0 THE i iy
RIGHT DIAGONAL LINE DOVYN TO THE ALK SCAL L soato
TOTAL SOLIDS {CGATE ppm VALUE FOR TOTAL SGLIDS O THE R s
SCALE PROCEED HORIZONTALLY TO THE bl ]

PROPER TEMPERATURE LIKE UP TO THE <" SCALE e ot

6 2013, Blackmore Enterpises, nc. Al Righis Reserved

Boiler Calculations

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Ten Minute Break

Please be back in

00:00

Halftime Trivia
Who do we know these Rock artists as?

Paul David Hewson
David Robert Jones
Declan Patrick McManus
John Michael Osborne
Reginald Dwight

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Who Are They?

Paul David Hewson Bono
David Robert Jones David Bowie
Declan Patrick McManus Elvis Costello
John Michael Osborne Ozzy Osborne
Reginald Dwight Elton John

AWT

Taking The Test

You have 3 things that are working against you when you start to take
the test:

= Unfamiliar with process

= Worried about time limit

= Ability to reason is very low

scratch"b'apg

=/

B

#12 Mary had a little lamb, its fleece was white as snow. What is
the tensile strength of the lamb’s fleece at room temperature?

A

nfamifiabwithprocess
rriedsabouttime imit

/,1 ,
fu:

KEEP
s D@ @2 CALM
/ ¥ (€ / AND USE
; THE

FORCE

scratch paper!

AWT
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Boiler Calculations

62013, Blackmore Enterpises, nc. A8 Rights Reserved E AT

Boiler Calculations

= General survey:
= Boiler system type
= System design
= Operating hours
= Loading
= System volume
= Technical data:
= Product selection
= Dosage rates
= Concentration
= Specific gravity
= Pricing
= Etc...

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

Maximum Concentration Ratio

Boiler water . )
—————— = concentration ratio
Feed water

= Limiting factors (ASME 0-300 PSI Firetube Boiler)
= Silica 150 ppm
= Alkalinity 700 ppm
= Hardness 300 ppm
= Conductivity
= 3500 ppm neutralized (TDS)
= 7000 ps/cm un-neutralized

= The lowest number is the limiting factor

© 2013, Biacknore Enterpises, nc. Al Rights Reserved
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Shaken or Stirred

= Neutralized or un-neutralized conductivity?
= ASME Limits
= 7,000 ps/cm un-neutralized
= 3,500 ppm neutralized
= TDS x 1.35
= 3500x 1.35 = 4,725
= Plus the OH- conductivity factor = £7,000 ps/cm

© 2013, Blackmore Enterprises, Inc. Al Rights Reserved : AT

Maximum Concentration Ratio

Feed Water ASME

Impurities Residuals Limits
Total
Hardness 0.5 ppm 300 ppm
Total
Alkalinity 23 ppm 700 ppm
silica 3 ppm 150 ppm
7000
Conductivity 140 ps/cm us/em
62013 Blackmore Enerrses, Ic. Al Righis Reserved E AT

' ASME Recommended Boiler Control Limits

c
ASME Recommended Boiler Control Limits %ME

Watertube Firetube SENIING THE STANOARD
Pressure. 0300 301-600 0300
Feedwater
Oxygen <0.007 <0007 <0.007
Iron <010 <005 <010
Copper <005 <0025 <005
Hardness <05 <03 <10
PH 83-105 83105 83105
Toc <1 <1 <10
oil <1 <1 <1
Boiler Water
silica <150 <%0 <150
M Ak <1000 <850 <700

Un-Neut. Cond

02013, Blackiore Enterpises,Inc. Al Rights Reserved
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|
* *

The “Magic” Equation &

FW=CR+MU=E+B

= Using the information you have, you can factor out what information
you need.
= Feedwater = E + B or CR + MU

Condensate return = MU - FW

Makeup = (E + B) - CR 3

Evaporation = FW - B Def'"""on:\:N Feedwater

SRR S CR = Condensate return
MU = Makeup
E = Evaporation
B = Bleed

1 boiler HP = 34.5 Ibs. of steam/hr

‘ What is a Horsepower?

1 HP=
1 HORSEPOWER + 746 watts
33,000 foot-pounds * 2,545BTU's
2013, Blacknore Enerprises, . Al Rights Reserved AT
=0

* *

The “Magic” Equation &

FW =CR+MU=E+B

= What we know: E=?
= 150 HP Boiler E=150x 34.5 = 5,175 lbs/hr

Definitions:
FW = Feedwater
CR = Condensate return
MU = Makeup
E = Evaporation
B = Bleed

02013, Blackmre Enterprises, nc. Al Rights Reserved 5 AWT
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Blowdown

e E B_lSthx34.5
TCR-1 To30-1
= What we know:
= 150 HP Boiler B=178.4 Ibs/hr
= Concentration ratio: 30

+ E=5,175

= Definitions:
= E = Evaporation, steam generation Ibs./hr.
= CR = Concentration Ratio

62013, Blackmore Enterpises, nc. A8 Rights Reserved

Condensate Return k“-&’

FW"‘SXMO):CR

100 — (

My

100 — (22290300
200

| = What we know:

o RS 0.30 x 5,175 = 1,553 Ibs/hr

= MU tds= 200

| = Definitions:

= FW,4 = Total dissolve solids in feedwater

= Mu,, = Total dissolved solids in makeup water —

= CR = % condensate returned fw
< 3

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

|
* *

The “Magic” Equation &

FW =CR+MU=E+B
=« What we know: E= 150 x 34.5 =5,175
= 150 HP Boiler
= 30% Condensate Return
= Concentration ratio: 30

Definitions:
FW = Feedwater
CR = Condensate return

MU = Makeup
E = Evaporation
B = Bleed

02013, Blackmore Enterprises, nc. Al Rights Reserved

AWT ¢

AWT ¢

38



|
* *

The “Magic” Equation &

FW = CR + MU =5175+B

CR= 5,175 X .30 =1,552.5 tersrouncun)

= What we know:
= 150 HP Boiler
= 30% Condensate Return
= Concentration ratio: 30

Definitions:

FW = Feedwater

CR = Condensate return
MU = Makeup

E = Evaporation

B = Bleed

<0
* *

| The “Magic” Equation &

FW =1,553+ MU =5,175+ B

= What we know: 57 _ )
+ 150 HP Boiler o= 1784 (erremtin
= 30% Condensate Return

= Concentration ratio: 30

Definitions:
FW = Feedwater
CR = Condensate return
MU = Makeup
E = Evaporation
B = Bleed

FW =CR+MU=E+B e
The “Magic” Equation &

FW = 1,553+ MU = 5,175 +178

= What we don’t know: CR+MU=E+B

. Mu Mu = (E + B) - CR
= FW Mu = 5,353 - 1,553
Mu = 3,800
Definitions:
FW = CR + MU FW = Feedwater
FW = 1,553 + 3,800 CR = Condensate return

FW = 5,353 MU = Makeu;_)
E = Evaporation
B = Bleed

02013, Blackmire Enterprises, Inc. Al Rights Reserved
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The “Magic” Equation B

%@§R+MU=E+B

5353 = 1,5§ 5800 =5,175+178
O)finitions:
FW = Feedwat
o CR = Cssd::s;e return
MU = Makeup

E = Evaporation
B = Bleed

FW =CR+MU =E+B
5,353 =1,553 + 3,800=5,175 +178
Mass Balance
Vent
Return
Cond
Deaerator
Chemical :
Feed Heat
Feedwater Exchange
Purmj
Chemical Feed
External
Treatment
Chemical Feeds
Makeup Blowdown

FW=CR+MU=E+B

Converting from Lbs/Hr to Gal/Hr

5,353 = 1,553 + 3,800 = 5,175 +178
= Water weighs 8.345 Ibs./gal

= FW= 5,353/ 8.345 = 641 g/h

= CR= 1,553 /8.345 = 186 g/h

= MU= 3,800 / 8.345 = 455 g/h

= E= 5,175/ 8.345 = 620 g/h

= B=178/8.345 = 21 g/h

Definitions:

FW = Feedwater
CR = Condensate return
MU = Makeup
E = Evaporation
B = Bleed

02013, Blackmore Enterprises, nc. Al RIghts Reserved
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FW =CR+MU =E +B
Transforming The Equation From
Gal/Hr to Gal/Day

641 = 186 + 455 = 620 + 21

= Hours in a day= 24

= FW= 641 g/h x 24 h/d = 14,904 gpd

= CR= 186 g/h x 24 h/d = 4,464 gpd

= MU= 455 g/h x 24 h/d = 10,920 gpd

= E= 620 g/h x 24 h/d = 14,880 gpd

= B= 21 g/h x 24 h/d = 504 gpd

Definitions:
FW = Feedwater
CR = Condensate return
MU = Makeup
E = Evaporation
B = Bleed

© 2013, Blackmore Enteprises,Inc. Al Rights Reserved AT

Capacity
Ibs. in grains
6 20,000

*10 25,000

15 30,000 Softener EquathﬂS

Total Hardness ppm
17.1
&

Grains per gallon X gallons req.before regeneration
Grains capacity

= grains per gallon

= cubic feet of resin needed

= 1 grain of hardness/gallon = 17.1 ppm of total hardness (as caco,)

= @ 10 Ibs. of salt per cubic foot, you will yield 25,000 grains of
capacity, or 427,500 ppm of total hardness capacity (per ft3)

= Resin Repalcement:
= Resin Capacity= Mr2H’ x 66%

© 2013, Blackmore Enteprises,Inc. Al Rights Reserved AWT

How do we get 17.1??

1
7000 %X 120,000 = 17.1

= A grain is a unit of measurement, mass, based upon the weight of a
single seed or “grain.”
= 7,000 grains = 1 pound
= (1 grain = 0.065 grams)

© 2013, Blackmore Enterpises, Inc. Al Rights Reserved AWT ¢
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Softener Equations

.~ = MU total hardness= 25 ppm
= We want the resin to last 2 days before regenerating

= MU= 10,920 gpd Total Hardness ppm .
T e grains per gallon
| = 10Ibs. of salt yields 25,000 grains of capacity
25 PPM g
——— = 1.46 Grains
W73t

Grains per gallon X gallons req.per regeneration
Grains capacity

= cubic feet of resin needed

1.46 x 21,840
25,000

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

= 1.28 Ft3 of resin

Softener Equations S-’

. = Softener Dimensions: Resin Capacity= MNrZH’ x 66%
= Diameter: 12" 12"
« Height: 65" —==1
a2 ; = 0.5’
65"
— =542
12

3.14 x (0.5 x 0.5) X 5.42
3.14 X 0.25 X 5.42 =4.25

425 % 0.66 = 2.8 Ft3 of resin

02013, Blackmore Enterprises, nc. Al Rights Reserved AT
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Boiler Product Equations

Based on our mass balance equation

FW=CR+MU=E+B

5,353 = 1,553 + 3,800 = 5,175 +178

All in Ibs. per hour

AWT ¢

‘ Sulfite

SO. 1.6
(0, % 7.88) + (Fim—=)=Na,S0;, 0{\

ESTIMATED O, CO|
FOR CAl

= Definitions:
= 0, = O, content from chart
" SO;Req= SO; required
= CR = Concentration Ratio
= FW = Feedwater
= Na,SO;, = Ibs. of dry Na,SO5
per 1,000,000 Ibs of FW

210 X
DEAERATER USE 0.007

R —— T — T
02 Content Graph
2| O
AUGE 1b
g §12 y
2164 &
5 4] E 10l >
% 12 8|
10 &
5115 e [l e
-
4 20 16]
2p ]
2 b~2g]
2 o 50 70 90 110 130 150 170 190 210 230 250
TEMPERATURE, °F
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Sulfite

0, % 7.88 + (Zne™)=Na,S0;,

2x7.88+ (*9)=
B o BRI 1517651 (2:4)=18.16
= FW Temp= 190°F #
ESTIMATED O; CONTENT OF FEEDWATER
= 45 PPM residual required WA e e A TING 50 DEMAND) |
= CR= 30
= Definitions:
= 0, = O, content from chart o0)
* SO5 = SO, required B
= CR = Concentration Ratio friy
= FW = Feedwater oo
= Na,SO;, = Ibs. of dry Na,SO; 15
per 1,000,000 Ibs. of FW m
== 7 = m—— |

62013, Blackmore Enterpises, nc. A8 Rights Reserved

How Much Do We Need?
2% 7.88+ (*29=18.16,

= 18.16#= Ibs. neec /day
= Our Boiler FW = {
= 5,353 x24 =

= 128,472/ 1

= So, 18.16 x 0.12¢

Phosphate

Ca+ (—‘*—POC:LS):DSP

= Definitions:
= Ca = Calcium hardness in feedwater
= PO, = Desired phosphate residual in boiler
= CR= Concentration Ratio
= DSP = Disodium phosphate per 1 mil Ibs. of FW

= Conversions:
= Sodium Tripolyphosphate:
= DSPx0.83
= Sodium Hexametaphosphate:
= DSPx0.72

02013, Blackmore Enterprises, nc. Al Rights Reserved
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Phosphate

PO,X15, _ 3015, _
Ca + (T)—DSP 0.5+ ( 30 )—
| = What we know: 0.5+ (1'5):2#

= Cal Hardness: 0.5 ppm in FW
= We want 30 ppm PO, residual
= Concentration ratio= 30
= Definitions:
= Ca = Calcium hardness in feedwater
= PO, = Desired phosphate residual in boiler
= DSP = Disodium phosphate per 1 mil Ibs. of FW
= Conversions:
= Sodium Tripolyphosphate:
= x0.83
= Sodium Hexametaphosphate:
= x0.72

©2013, Blackmore Enterprises,Inc. Al Rights Reserved

How Much Do We Need?

05+ =2,

= 2, = Lbs. needed per 1,000,000 Ibs. of FW flow/day
= Qur Boiler FW = 5,353 Ibs/hr
= 5,353 x 24 = 128,472 Ibs/day
= 128,472/ 1,000,000= 0.128

= So, 2x0.128 = 0.256 Ibs of DSP per Day
= The product is only 30% active:
= 0.256 x (100/30)= 0.85 Ibs per day of product

= What if your product was in the hexameta form?
+ 0.85 Ibs. x's 0.72 = 0.612 Ibs @

[
[

© 2013, Blackmore Enteprises,Inc, Al Rights Reserved

Alkalinity

lon P=0 P<M/2 P=M/2 P>M/2 P=M

OH 0 0 0 M M
co, 0 2p M 2(M-P) O
HCO; M M-2P 0 0 0

© 2013, Blackmore Entrprises,Inc. Al Rights Reserved
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‘ Alkalinity

P
(0.67 x FWCaH)+(FWMgH'FWMNk+ﬁ):#

= FWc,y = Feedwater calcium hardness*
= FW,y, = Feedwater magnesium hardness*
= FWy,x= Feedwater M alkalinity

= Pa= Required boiler water P Alkalinity*
= CR= Concentration Ratio
- #= Ibs. of NaOH per 1,000,000 Ibs. of FW flow

= *as ppm CaCO;
= 0.67 is the molar ratio for 2(PO,)" and 3Ca*

2013, Blackmore Enterprises, nc. Al Rights Reserved

‘ Alkalinity

(0.67 X FW o) +(FWygu-FWyynct22)=#NaOH

FWey = 0.7 ppm
'mgn = 0. m 300
C e o (0.67 X 0.7)+(0.2-12+7)

* Pay= 300 ppm

. G (0.469)+(0.2-12+20)

(0.469)+(0.2 + (-12) +20)

(0.469)+(-11.8+20)=8.7 Ibs.

NaOH to KOH =x 1.4

©2013, Blackmore Enterprises, . Al Rights Reserved

‘ How Much Do We Need?

(0.67 x 0.7)+(o.2-1z+%)=8.7 Ibs.

= 8.7 Ibs. is the amount of 100% active product required for 1,000,000
Ibs. of FW flow/day
= Our Boiler FW = 5,353 Ibs/hr
= 5,353 x 24 = 128,472 Ibs/day
= 128,472/ 1,000,000= 0.128
= So, 8.7 x0.128 = 1.11 Ibs. of 100% active product/day

| = What if we have a 50 % active product:
= 1.11 x (100/50) = 2.22 Ibs of product/day

02013, Blackmore Enterpises, nc. Al RIghts Reserved

AWT ¢

AWT-

46



Polymer

ppm _
CR

| = Definitions:

= ppm = The required product concentration (ppm)
= CR = Concentration Ratio

= #'s = Ibs. of product per 1,000,000 Ibs. of FW flow

= Typical boiler water programs are designed for 30-45 ppm of active
polymer

62013, Blackmore Enterpises, nc. A8 Rights Reserved AT

Polymer
ppm 5
kT FS
= Definitions:
= ppm = 360 ppm
= CR=30
399 _ 12 #'s/day

30 _ “ }
AWT

© 2013, Blackmore Enterpises, nc. Al Rights Reserved

How Much Do We Need?

369 = 12 #'slday
30

= 12 Ibs. is the amount of product required for 1,000,000 Ibs. of FW
flow/day
= Our Boiler FW = 5,353 Ibs/hr
= 5,353 x 24 = 128,472 Ibs/day
= 128,472 / 1,000,000= 0.128

= So, 12 x 0.128 = 1.5 Ibs. of product/day

- |

02013, Blackmore Enterprises, nc. Al Rights Reserved E AWT
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Chelant

100

BW,
(FW it FWeetFW ) (¢ X )

[
/OEDTA

= FWqy, = Feedwater total hardness x 10

= FWg = Feedwater iron x 17.9

= FWc,= Feedwater copper x 15.7

= BWc= Required boiler water chelant residual (1-3 ppm)
= CR= Concentration ratio

= %gpra= % EDTA in product
= *Hardness, Iron, Copper are calculated using 38% EDTA

How Much Do We Need?

111+ X S2)=11.4,

= 11.4, = The amount of product we need per 1,000,000 Ibs. of FW
| flow/day
= Our Boiler FW = 5,353 Ibs/hr
= 5,353 x 24 = 128,472 Ibs/day
= 128,472/ 1,000,000= 0.128

= So, 11.4 x 0.128 = 1.46 Ibs of product per Day

© 2013, Blackmore Enterprises, Inc. Al Rights Reserved 1 AWT:

Chelant
(FWor FW et FWgy )+ (T8 X 22)
= FW;y = 0.2 ppm total hardness x 10
= FWg = 0.5 ppm iron x 17.9
= FWc,= 0.01 ppm copper x 15.7
= BWc= 2ppm
= CR= 30
= %gpra= 20 % EDTA in product
((0.2 x 10)+(0.5 x 17.9)+(0.01 x 15.7))+(% X % =
(2+8.95+0.157)+(0.066X5)=
(11.1)+(0.33)=11.4,
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Boiler Product Equations

Based on our mass balance equation

FW=CR+MU=E+B

5,353 = 1,553 + 3,800 = 5,175 +178

All in Ibs. per hour

62013, Blackmore Enterpises, nc. A8 Rights Reserved
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Steamline Treatment

FWpH<8.3 FW pH >8.3
Bicarbonate alkalinity equation: Carbonate alkalinity equation:
079 0.35 ,
My = Pae F

| = Definitions:
= M,y = Bicarbonate (total) alkalinity in condensate return
= P, = Carbonate alkalinity in condensate return
- F=

= 4 - 6 ppm of 50% neutralizing amine (any blend) p &

= Allows for recycling of amines

= 1 - 3 ppm of 100% active filming amines

= Emulsions are normally 5-10% active [~
[ .

©2015, Bickmore Eterprises, . A Rights Reserved AT
Steamline Treatment
Bicarbonate alkalinity equation: Carbonate alkalinity equation:
079 035,
Mnlk Palk
2 x5=0.08,
| = Definitions:
= pH of condensate = 8.5, so we will use the carbonate equation
* Payx =23 ppm
= F'=5ppm >

(© 2013, Blacknore Enteprises,Inc. Al Rights Reservecd = AWT
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How Much Do We

938 o 5=0.08,
23

= 0.08; = The amount of product we need per
flow/day
= Our Boiler:
= E = 5,175 Ibs/hr
= 5,175 x 24 = 124,200 Ibs/day
= 124,200/ 1,000,000 = 0.124

= So, 0.08 x 0.124 = 0.009 Ibs/ of product per

= Let’s change to a 5% active product
= 0.009 x (100/5) = 0.18

Need?

1,000,000 Ibs. of STEAM

Day o
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Thermodynamic Properties of Saturated Steam
condensed table)

Specific
Absolute| Steam
Gauge o [ENRDY Latent | Enthaipy | VOIUme
Temp | orsat| Teat lof Steam (/1)
(psig) u, (Btu/Ib) | (Btu/Ib) | yo i
(psia) (Btu/Ib) (density)
Vacuum
oosss | 32 |0 |07
02 | 5 10635 | 1085
i ol 7 [ 1036.3 | 1106 | 33
s 162 1001 [ 113
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Testing Math
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T

= pH = -log;o(H*)

Salinity

= Salinity = 1.806 x CI

Temperature Conversion

= °F to °C
o 5
( F—32)§

= °C to °F
(°C+32)§

o1



Correcting for Volume Additions

W ver
sV

= Definitions:
= TV= Total volume (sample + acid, caustic, H20 etc.)
= SV= Original sample volume before any additions
= VCF= Volume correction factor

Graduated
Cylinder

© 2013, Blackmore Enterprises, Inc. Al Rights Reserved : AT

AC
&

“ Test Manipulation, Titration

PP—ppm,
&) ﬂ:@
&)

= Definitions:
= V, = New sample volume

= V, = Original sample volume p
= ppmg = standard ppm count per drop |

= ppm, = new ppm count per drop

© 2013, Blackmore Enterpises, Inc. Al Rights Reserved

Molarity

= Mole:
= 1 molecular weight of any substance expressed in grams.
= 1 mole of sodium is 23 grams

= Molar Solution (1M):
= 1 molecular weight of any substance in 1 liter of water

= Equivalent:

= The molecular weight of any substance expressed in grams which will
supply or react with one Mole of (H*) in an acid-base reaction

= Normality (N):
= A 1 N solution contains 1 equivalent weight of any substance expressed
in grams, in 1 liter of water

02013, Blackiore Enterpises,Inc. Al Rights Reserved AT
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0.02N Sulfuric Acid

T vaon|16 2006]8 vs[8 weemi]8 a8 wseas
H|S|OlO|O|O
wenocra] wanwn | oncen | owoe | owen | owom

= This means that one liter of sulfuric acid solution contains 0.02
equivalents of sulfuric acid.
= Molecular weight = 98g
= The equivalent mass is one half the molar mass, since each molecule
of H,SO, supplies two hydrogen atoms to neutralize alkaline materials.
= 1 equivalent of H,SO, = 98g/2 = 49.05g
W = (V)(N)(E)

1 o

H

Definitions: W = (1 liter)(0.02N)(49.05g )

W= Weight (grams)

Vf V°|”m°} So, 0.98 grams of H,SO, diluted to 1 liter
N= Normality Will give you 0.02N H,SO,

E= Equivalent weight
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Questions
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