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Water!Pro- program descriptions, February 2025 Author: Guy Schott,

P.E.; gschott@schotteng.com

Water!Pro is a specialized Excel spreadsheet used by professionals in the drinking water industry

to model chemical and physical water treatment processes.

Listed below are programs within Water!Pro followed by a brief description:

List of Programs:

Water!Pro Program Listing

Section 1 Section 7 Section 15
1 Water!Pro 31 Water Soft 1 61 Ar(V)-TP
2 Pb, Cu & Zn Solids 32 Water Soft 2 62 Ar(V) - Arsenate
3 WaterPro Scenarios 33 Water Soft 3 63 IronMang
4 Coagulants, Acid, Base Section 8 64 Fe(lll) Diagram
5 WP-Coag & Cost Input 34 Packed Tower Section 16
6 WP-Results 35 Spray Aeration TTHMs 65 Anion-Cation Balance!Pro
7 WP-Input-Storage 36 Aeration TTHM Graph 66 Anion-Cation Balance Lab Sheet
8 Pb Diagram 37 Single-Pass Aeration TTHMs Section 17
9 Pb Contours Section 9 67 Definition & Settings
10 3D Pb, DIC & pH 38 AOP (UV -H,0,) 68 References
11 Al Diagram Section 10
Section 2 39 pH Targeting & Graphing
12 Corrosion Modeling 40 Carbonate System
13 CCT Scenarios 41 Acid - Irrigation
14 Indices & Corrosion Modeling Section 11
15 Pb and Copper Guidance 42 Filter Media Evaluation
15 Fid-an-Fix LCRR 43 LRV —Membranes
Section 3 Section 12
16 Pb Diagram Equilubrium 44 UV Trojan D06
17 C-Phosphate 45 Xyelm Wedeco
18 Cu(ll) - f(pH, Alk) 46 Uv Trojan 4L12
19 Cu(ll) Diagram 47 UV 24in Sentinel
20 Buffer Intensity/Cu(ll) Section 13
Section 4 48 Pathogen Log Inact
21 Limestone Contactor 49 Giardia Log Inact (CI2)
22 Limestone Target 1 50 Baffling Factors
23 Limestone Target 2 51 Cyanotoxins
24 Limestone Scenarios 52 Super Chlorination/Acid Cleaning
25 SAR (Sodium Adsorption Ratio) 53 ChemDose(FR)
Section 5 54 ChemDose (PS)
26 Blend 55 ChemDose (Dry)
27 BlendingPro 56 TTHMs, HAAs, CH
28 Blend Scenarios 57 Brand 03
Section 6 Section 14
29 IX Noy, As* 58 Jar Testing
30 NO; - CI" Isotherm 60 Jar Testing - Laboratory

1. Water!Pro - The primary worksheet that models the changes in water characteristics based

on the application of common chemicals used in the drinking water industry. The lists of

chemicals are coagulants, acids, bases, orthophosphate, fluorites and disinfectants. The effects

of these chemicals are seen by the changes in water characteristics such as pH, alkalinity,
acidity, carbon dioxide, DIC, corrosion indices and the solubility of lead and copper. If water
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constituents such as dissolved organic carbon (DOC) and turbidity are entered, then sludge
production and the predicted reduction in DOC are determined based on coagulant dose and
pH. The primary initial water characteristics entered into Water!Pro are TDS, pH, alkalinity,
calcium and temperature. For modeling enhanced coagulation and sludge production, source
water inputs for UV-254, DOC and turbidity are required. Once entered, the user can model
various treatment processes such as coagulation, pH and corrosion control or a combination
thereof.

Water!Pro is laid out into successive “Steps” to be an easy-to-use intuitive program. Water!Pro
is commonly utilized by engineers within the California State Water Resources Control Board —
Division of Drinking Water, private consultants, utilities, State Regulatory Agencies and
Educational institutions throughout the U.S and other countries. Its user-friendly interface
makes it an invaluable tool for any water industry professional.

Example of enhanced coagulation, corrosion control, disinfection and
fluoridation:

A utility has a lake source that is treated through a conventional water treatment plant. The user
inputs the initial water characteristics in Step 1 and the calculated water characteristics and
corrosion indices are displayed in Step 2:

S1G1 Oy Hll Initial Water Characteristics Save Steps 1, 3 & 5 Data
Enter source water characteristics.
Client ID- 1210 Retrieve Steps 1, 3 & 5 Data
Customer Info:|Mara River
Plant Flow Rate: 594 gpm N 855,360 gal/day
TDS: 200 |mg/L 0.00500 mol/L, lonic Strength
pH: 8.10 |field pH is recommended
Total Alkalinity: 130.0 |mg/L as CaCO; 2.598 meg/L
Water Temperature: 15.0  |°C (temp. at which pH was analyzed)
Field Water Temperature: 15.0 |°C (operating temperature at facility)
Calcium (Ca™"): 30.0 |mg/L 749 mg/L as CaCOs
Magnesium (Mg™*"): 19.0 |mg/L 782 mg/L as CaCO;
Sodium (Na"): 210 |(mg/L 457 mg/L as CaCO;
Chloride (CI'): 28.0 |mg/L 395 mg/L as CaCO,
Sulfate (S0,™): 30.0 |mg/L 313 mg/L as CaCOs
Cations/Anions Percent Difference: -0.49% |(3 cations-} anions)/(} cations+3 anions)
If alkalinity 1s unknown, then enter target DIC and click "Find Alk™ button.
Find Alk Target DIC| 300 |mg/LasC
Enter source water characteristics (optional)
UVA-254: 0.124 |1/cm, UV Absarption  %UVT: 752
DOC: 6.00 |mg/L as C (Dissolved Organic Carbon)
Source Water Turbidity: 12.0 |NTU SUVA = 2.07 L/(m™mg)




Initial Water Characteristics Results (before chemical addition)

(water characteristics, corrosion indices, hardness, & lead/copper solubilities after temperature correction)

pH: 8.10 3125 uS/cm (Electrical Conductivity)
Acidity 1334 |[mg/L as CaCO; 2666 meg/L CO:: 0 635 mg/L atm
Bicarbonate ( HCO;): 1566 |mg/L as HCOy 2567 meqg/L 3083 mg/LasC
Carbonate ( CO,%): 0900 |mg/L as CO> 0030 meq/L 0180 mg/l as C
Carbon Dioxide (CO-): 219 |mg/L as COsq) 0.050 meqg/L 060 mg/lLasC 4977 mg/L CaCO,
DIC: 3161 |mg/LasC 2632 meqg/L 3161 mg/L as C (DIC sum)
Hardness (Ca®* + Mg®"): 153.2 |mg/L as CaCO; 3.06 meq/L Cca: 1.50 meg/L Mg**: 1.56 meg/L
Carbonate Hardness: 1285 |mg/L as CaCO, 2.57 meq/L Cca®*: 1.50 meg/L Mg2+j 1.07 meqg/L
Mon-Carbonate Hardness: 24 69 |mg/L as CaCO; 0.49 meq/L Ca®*: 0.00 meg/L Mg2+j 0.49 meg/L
Corrosion Indices | calcite ~| <Select Cystalline Form Recommended
Aggressive Index (Al): 121 [Non-aggressive water for asbestos cement piping »12
Ryznar Index (RI): 7.71 |Tendency to dissolve CaCO3 (for steel piping) 6.5-7.0
Langelier Index, Calcite: 0.19 |Tendency for deposition of CaCO3 (for steel and cast iron piping) =0
CCPP: 288 |mg/L as CaCOj, Calcium Carbonate Precipitation Potential 4-10 mg/L
Bysg + Beoa: 0.148 |mM/pH, Buffer intensity from water and carbonate species
LR: (CI +‘SD42')IA\kZ 0.54 |Mid metal tendency towards mild steel A <05
Select water temp. for Pb & Cu and select copper solid(s) for calculations
| (@ Field Temperature || ") Temperature @ 25C | Cupric Hydroxide [ malachite [] Tenorite Cupric Phosphate
Copper Il at Field Temp 0385 |mg/L as copper |l at dissolution; Cupric Hydroxide, light blue/blue-green
Lead Il at Field Temp. 0.166 |mg/L as lead |l at dissolution; Lead Carbonate (cerussite) CSMR:‘ 0.93
pHas: 8.02  |pH of water if measured at 25°C

The utility uses 5% Acid Aluminum Sulfate (Alum) for coagulation. The targeted reduction of
dissolved organic carbon (DOC) is 35%. Determine the amount of Alum to achieve the goal of 35

% reduction in DOC.

IS ERl Chemical Interim Addition

Source Water Treatment - Pre-Oxidation/ Acid/Base Addition

Sodium Hypochlorite (MNaOCI): ma/L 0.00 mg/L as CaCO
Chlarine Gas (Cl:): mg/L 0.00 mg/L as CaCO,
Hydrochloric Acid (HCI): ma/L 0.00 mg/L as CaCO,
Sulfuric Acid (H.S0,): ma/L 0.00 mg/L as CaCO4
Carbon Dioxide (CO;) % mg/L 0.00 mg/L as CaCO,
Ca(OH); (100% hydrated Lime): mag/L 0.00 mg/L as CaCO,
Ca0 (100% Quicklime): ma/L 0.00 mg/L as CaCO
Soda Ash (Na;CO-): mg/L 0.00 mg/L as CaCO,
Caustic Soda (NaOH): ma/L 0.00 mg/L as CaCO4
Sodium Bicarbonate (NaHCO-): mg/L 0.00 mg/L as CaCO,

Source Water Treatment - Coagulant Addition

Primary Coagulant

‘ 3% Acid Alum*14.3H20

=]

Secondary Coagulant
‘ACH (12.5% &l, 83% Basicity)

=]

5% Acid Alum*14.3H20

70.0

mg/L 4401 mg/L as CaCO,

ACH (12.5% Al, 83% Basicity)

mg/L 000 mg/L as CaCO,




In Step 3 above, the user has a selection of coagulants, base, and acid chemicals to choose from
for the coagulation process and or pH adjustment. Based on the goal of 35% reduction of DOC, 70
mg/L of Alum is added. The dosage is based on dry Alum*14.3 H,0. The amount of acid (H2S0.)
added to the Alum is automatically calculated and processed within the program. The changes in
water characteristics are displayed in Step 4 below:

Interim Results (after chemical addition)

pH: 6.66 |pH of water after chemical addition and before release of CO;
Total Alkalinity: 85.99 |mg/L as CaCO, 1718 meq/L
Acidity: 177.4 |mg/L as CaCO, 3545 meg/L
Carbon Dioxide (CO5) 40.22 |mg/L as COyq 1828 meaq/lL 1098 mg/LasC
Calcium (Ca®): 300 |mg/L Ca® 1.497  meg/L 75  mg/L as CaCO,
CCPP- -69.3 |mg/L as CaCO;, Calcium Carbonate Precipitation Potential
DOC Reduction after Coagulant/Acid/Base Addition
DOC: 390 |mg/LasC DOC Removed = 210 mg/LasC
% of DOC Reduced 35.0% |after coagulant/acid/base treatment
Nonsorbable DOC: 243 |mg/LasC 1.4 mg TSS/NTU removed
Aluminum Added: 0.234 |mMol/L, 6.30 mg/L $33.97 $ per million gallons
Ferric Added 0.000 |mMol/L, 0.00 mg/L $0.00  $ per million gallons
Sludge Production: 409 Ibs per MG 49.0 Kg/1000 m* 350 Ib/day 159 Kg/day

After filtration, the water system disinfects with sodium hypochlorite to 1.5 mg/L; adds
hydrofluosilicic acid for fluoridation with a dose of 0.95 mg/L as F; and raises pH for corrosion
control using caustic soda. The targeted pH goal of the water leaving the treatment plant is 8.0.
Step 5 below displays the chemical dosages and Step 6 displays the changes in water
characteristics and corrosion indices.

511 JGHI Chemical Addition: Finished Water Treatment
Soda Ash (Na,CO,): ma/L 0.00 mg/L as CaCO,
Potash (K;CO3): ma/L 0.00 mg/L as CaCO,
Caustic Soda (NaOH): 357 ma/L 4467 mg/L as CaCO,
Potassium Hydroxide (KOH): mg/L 0.00 mg/L as CaCO,
Sodium Bicarbonate (NaHCO5): mg/L 0.00 mg/L as CaCO,
CaCO; (Limestone): mg/L 0.00 mg/L as CaCO,
Ca(0OH)- (100% hydrated Lime): ma/L 0.00 mg/L as CaCO,
Calcium Chloride (CaCls): ma/L 0.00 mg/L as Cas*
Dﬂhoph‘osphate as PO, > mg/L 0.00 mg/L as P
Carbon‘Diuxide (CO;) % mg/L 0.00 mg/L as CaCO,
Disinfection & Fluoridation
Chlorine Gas (Cly): mg/L 0.00 mg/L as CaCO,
Sodium Hypochlorite (NaOCI): 1.5 mg/L 059 mg/L as CaCO,
Calcium Hypochlorite (Ca(OCl),): ma/L 0.00 mg/L as CaCO,
Hydrofluosilicic Acid (H.SiFg): 1.2 ma/L 095 mglLasF
Sodium Silicofluoride (NasSiFg): mg/L 000 mg/LasF




MFinal Results (after chemical additions in Steps 3 and 95) Recommended

pH: 7.95 |pH of water after chemical addition and before release of CO, 68-800r8593
Total Alkalinity: 128.7 |mg/L as CaCO; 257 meqg/L
Acidity: 1347 |mg/L as CaCO, 269 meg/L
Bicarbonate ( HCO3): 1557 |mg/L as HCOy 255 meq/L 3064 mg/LasC
Carbonate ( 0032'); 0.631 |[mag/L as 0032' 0.021 meq/L 0.126 mg/Las C
Carbon Dioxide (CO,): 3.08 |ma/L as COgpsq 0.070 meq/L 0.84 mg/LasC
DIC: 3161 |mg/LasC 2632 meg/L Sum: 3161 mg/LasC
Sodium (Na”) 41.98 |mg/L Na* 1.83 meq/L 914 mg/L as CaCO,
Calcium (Ca®"): 300 |mg/L ca®* 1.50 meq/L 749 mg/L as CaCO;
Hardness (Ca®" + Mg®): 153.2 | mg/L as CaCO; 306 meg/lL 0.01% A Cation/Anion
Corrosion Indices & Theoretical Lead/Copper Solubilities Recommended
Aggressive Index (Al): 11.9 [Moderately aggressive conditions for asbestos cement piping »12
Ryznar Index (RI): 7.89 |Tendency to dissolve CaCO3 (for steel piping) 6.5-7.0
Langelier Index, Calcite: 0.03 |Tendency for deposition of CaCO3 (for steel and cast iron piping) =0
CCPP: 0.56 |mg/L as CaCO,, Calcium Carbonate Precipitation Potential 4-10 mg/L
LR: (Cr +‘so42');,£\|k; 0.89 |Mid metal tendency towards mild steel ) <05
Bizo + Beos + Broa: 0.182 |mh/pH, Buffer intensity from water, carbonate, and PO, species
Sulfate (3042')_ 722 |mg/L 75.3 mg/L as CaCO, 150 meg/L
Chloride (CI): 28.7 |mg/L 40.5 mg/L as CaCO, 081 meq/L
C§MR: 0.40 |Chloride-to-sulfate mass ratio; recommend <0.6 to reduce lead solder acceleration
Copper Il at Field Temp._: 0.53 |mg/L as copper |l at dissolution; Cupric Hydroxide, light blue/blue-green
Lead Il at Field Temp.: 0.166 |mg/L as lead Il at dissolution; Lead Carbonate (cerussite)
pHas: 7.87 |pH of water if measured at 25°C

Note: The calculated stoichiometry changes in water characteristics are based on complete chemical
reactions with alkalinity. Field research on measured alkalinity before and after treatment has shown
that the addition of coagulants and/or base chemicals do not necessarily show full reaction with
alkalinity (acid) or the addition of alkalinity (base). This may be the results of chemical reactions (<100%
reaction), minor errors in dose calculation related to chemical feed drawn down measurements,
chemical strength and weight, and plant flow meter. For best results in matching the measured plant’s
pH and alkalinity to the output results in Water!Pro, measured alkalinity of source and treated water is
required. For example, after coagulant treatment the plant’s alkalinity is 50 mg/L and pH is 6.5.
However, Water!Pro outputs show alkalinity to be 45 mg/L and pH at 6.2. The user is advised to adjust
the coagulant dose to match up with the physical measurement of the plant’s alkalinity. When adjusted,
the calculated pH should closely match that of the plant’s pH.

2. Water!Pro Scenarios: This program is similar to the program “Water!Pro” but allows the
user to model up to 25 sets of data. It also has the option to allow the program to determine the
chemical dosages based on constraints (Alkalinity, pH and corrosion indices) or dosages may be
manual inputted. After all pertinent information is entered, the user is required to input what
data set to be processed before clicking on the “Process Data” button.



[ Main Menu ][ WaterPro ]

Water!Pro Scenarios - Water Treatment Modeling

Range of Data Sets for complete Processing (max 25) This program expands on the worksheet tab "WaterPro" that allows the user to model simultaneously up to 25 sets of data.
Start Set#: 1 Select choice of chemical via drop-down list. User may manually input dose or allow computer generated dose based on targeted or constraint values.
Process Data
EndSett] 3 Set Numbers
For data inputs, complete |Steps 1-3 | 1 \ 2 \ 3 \ 4 5

N° Initial Water Characteristics Input Project #: CA1710001

1 |Plant Flow (gpm) 147 147 147 147

2 [TDS (mg/L) 120 50 75 200

3 [pH: M 7.00 6.00 6.50 9.00

4 |Total Alkalinity (mg/L as CaCOs) 600 20.00 50.00 100

5 |Temg ire (°C, at which pH was me: ) 10.0 10.0 10.0 10.0

6 |Field Temperature (°C, operating temperature) 10.0 10.0 10.0 10.0

7 |Calcium (mg/L as ca®)y: 5.0 5.0 5.0 15.0

8 |Magnesium (mg/L as Mgz*) 6.0 2.0 20 2.0

9 |Sodium (mg/L as Na") 8.0 25.0 30.0 15.0

10 | Chloride (mg/L as CI) 5.0 5.0 5.0 5.0

11 |Sulfate (mg/L as 5042') 12 1.2 1.2 1.2

12 |Opti

13 [UVA-254/cm (filtered thru a 0.4 um absolute filter): 0.011 0.011 0.011

14 [Dissolved Organic Carbon (DOC), mg/L: 5.0 5.0 5.0

15 [Source Water Turbidity (NTU): 32.0 32.0 32.0
16 2T Interim Chemical Addition: Set# 1 2 3 4 5
17 | Pre-Oxidation/Disinfection, Gas Chlorine (Cly, mg/L):
18 |Pre-Oxidation/Disinfection, Sodium Hypochlorite (NaOCI, mg/L)
19 |Select Acid to Lower pH: None None None None None
20 [Chemical Dose, mg/L (computer generated):
21 |Targeted p?—‘i
22 |Chemical Ddse, mg/L inputted)
23 |Select Base/CO2 Stripping to Raise pH: co, Co, None None None
24 |Chemical Dose, mg/L (computer generated): 0.0 -33.8
25 |Targeted pH. 6.5 65
26 |Targeted Alﬁalinity. mg/L as CaCOs:
27 |Chemical D:‘)se‘ mg/L inputted)
28 [Coagulant Addition
29 |Select Primary Coagulant: ‘QEQD (10% Al, 83% Basicityy W ‘QBQD (10% Al, 83% Basicity) ﬂ |QBQD (10% Al, 83% Basicity) j |QBQD (10% Al, 83% Basicity) ¥ ‘gm (10% Al, 83% Basicity) ﬂ
30 [Primary Coagulant (mg/L):
31 |Select secondary Coagulant: ‘Nu Secondary Coagulant ﬂ ‘Nu Secondary Coagulant ﬂ ‘Nn Secondary Coagulant ﬂ ‘Na Secondary Coagulant J No Secondary Coagulant ﬂ
32 [Secondary Coagulant (mg/L):
33 Chemical Addition: Finished Water Treat t Project #:\ CA1710001
34 |Corrosion Control Set#]| 1 2 3 4 5
35 [Select Base/CO, Stripping to Raise pH: NaOH co, CaCoO; Ca(OH), Na,CO,
36 [Chemical Base/CO, Stripping Dose, mg/L (computer d) 71.8 0.0 0.0 31.3
37 |Upper bound pH: 7.40 7.40 7.40 7.40 7.20
38 [Upper bound Langelier Saturation Index, Calcite (LSI) 0.12 0.12 0.12 0.12 0.02
39 [Upper bound Calcium Carbonate Precipitation (CCPP, mg/L as CaCO;). 1.00 1.00 1.00 1.00 0.50
40 |Chemical Dsse‘ mg/L (manually inputted) -20.0
41 |Other Chemical Additions - Input Manually
42 [Calcium Chloride (CaCly, mg/L)
43 |Onthophosphate as PO.”, mg/L)
44 |Carbon Dioxide (mg/L as COxaq):
45 |Disinfection & Fluoridation Set# 1 2 3 4 5
46 |Chlorine Gas (Cly, mg/L)
47 | Sodium Hypochlorite (NaOCI, mg/L)
48 |Calcium Hypochlorite (Ca(OCl);, mg/L)
49 |Hydrofluosilicic Acid (H,SiF;, mg/L)
50 |Sodium Silicofluoride (Na,SiFs, mg/L)
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Results 1 2 3 7 3
Initial Water Characteristics Project #: CA1710001

Electrical Conductivity (uS/cm): 187.5 781 117.2 3125 2297
pH (field water temperature): 7.00 6.00 6.50 9.00 6.85
Total Alkalinity (mg/L as CaCQOa): 600 20 50 100 100
Bicarbonate (mg/L as HCOZ): 731 24 61 113 122
Carbonate (mg/L as CO%): 0278 0.001 0.007 4.474
Acidity (mg/L as CaCQa): 928.6 132.3 1378 92.7 169.5
Carbon Dioxide (CO5, mg/L): 144.68 49.32 38.59 0.22 30.60
DIC (dissolved inorganic carbon, mg/L as C)- 183.43 18.27 2253 2313 32.30
Hardness - Initial Set#| 1 2 3 4 5
Magnesium Hardness (mg/L as CaCO,): 25 8 g 8 132
Calcium Hardness (mg/L as CaCQO,): 12 12 12 37 37
Total Hardness (Ca®" + Mg®*, mg/L as CaCOa): 37 21 21 46 169
Carbonate Hardness (Ca® + Mg®", mg/L as CaCO.): 37 20 21 46 100
Non-Carbonate Hardness (Ca”* + Mg®", mg/L as CaCOs): 0 1 0 0 69
Cations/Anions Percent Difference, (¥ cations-¥ anions) + (¥ cations+3 anions): -83.53% 4520% 19.20% -12.48%
Corrosion Indices Set#| 1 2 3 4 5
Aggresswe?ﬂdex (Al): 10.8 8.4 8.3 12.5 10.4
Ryznar Index (RI): 913 12.93 11.67 7.87 972
Langelier Index (LI): -1.07 -3.46 -2.59 0.57 -1.44
CCPP (Calcium Carbonate Precipitation Potential, mg/L as CaCOs): -71.75 -100.27 1772 6.27 -54.70
Buffer Intensity (mh/pH): 595 0682 1.08 02 1.19
Larson's Ritiu ((CI + SO ZY/AlKk): 0.01 0.42 017 0.08 071
CSMR (Chloride to Sulfate Mass Ratio): 417 4.17 417 417 0.84
Lead and Copper Project #: CA1710001
pH at field water temperature: 7.00 6.00 6.50 9.00 6.85
Field water temperature (°C): 100 10.0 100 10.0 150
Copper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu(OH),(s): 31.22 164.39 24.06 0.07 6.99
Copper Il (mg/L), Tenorite, black, CuO(s): 287 13.87 209 0.01 0.64
Copper Il (mg/L), Malachite, blue-green, Cuz(OH).COa(s): 0.45 374 064 0.03 0.24
Lead Il (mg/L), Lead Carbonate (PbCQa,., cerussite): 0.137 1.169 0.282 0.165 0.199
Lead & Copper and pH Results (at 25°C water temperature): Set# 1 2 3 4 5
pH (at 25°C water temperature): 6.89 5.89 6.39 8.82 678
Copper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu(OH),(s): 14.86 66.01 10.21 0.04 4.07
Copper Il (mg/L), Tenorite, black, CuO(s): 1.37 508 093 0.00 0.37
Copper Il (mg/L), Malachite, blue-green, Cuz(OH)-COa(s): 031 2.3 0.41 0.02 0.18
Lead Il (mg/L), Lead Carbonate (PbCO4y,, cerussite): 0211 1628 0406 0.244 0.258
Lead Il (mag/L). Basic Lead Carbonate (Pba{COx)2(OH)... hydrocerussite) 1104 5064 1.370 0.155 0.805
n Results after Interim Chemical Addition Project #| CA1710001
Acid Chemical Added None None None None None
Chemical Dose (mg/L): 0 0 0 0 0
Base Chemical Added: CO, CO, None None None
Chemical Dose (mg/L): 0.0 -33.8 0.0 0.0 0.0
Primary Coagulant Added 9890 (10% Al, 83% Basicity) | 9890 (10% Al, 83% Basicity) | 9890 (10% Al, 83% Basicity) | 9890 (10% Al 83% Basicity) | 9890 (10% Al, 83% Basicity) |
Chemical Dose (mg/L):
Secondary Coagulant Added No Secondary Coagulant No Secondary Coagulant No Secondary Coagulant No Secondary Coagulant No Secondary Coagulant |
Chemical Dose (mg/L):
pH (at field water temperature): 7.00 6.50 7.40 10.60 6.85
Total Alkalinity (mg/L as CaCO;). 800 20 50 100 100
Bicarbonate (mg/L as HCO): 731 24 61 27 122
Acidity (mg/L as CaCQ,): 929 55 61 16 169
Carbon Dioxide (mg/L as COgaq): 66 0 5 0 18
Caleium {mg/L as Ca*"): 5 5 5 18 15
Calcium Hardness (mg/L as CaCOa): 12 12 12 a7 37
DOC Reduction and Sludge Production after Coagulant addition 1 2 3 4 5
Dissolved Organic Carbon (DOC, mg/L as C): 5.00 5.00 5.00 - 27.00
% of DOC Reduced post coagulant/acid/base treatment: 0.0% 0.0% 0.0% - 0.0%
Nonsorbable DOC (mg/L): 2.64 264 264 - -
Aluminum Added {mg/L as Al} 0.00 0.00 0.00 0.00 0.00
Ferric Added (mg/L as Fe). 0.00 0.00 0.00 0.00 0.00
Sludge Production (Ibs/MG): 0 [4] 0 0 0
Sludge Production (Ibs/day): 0 0 0 0 0
Sludge Production (Kg/day): 0 0 0 0 0
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115“Final Results after Chemical Addition Project #|

17
113
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
153
159
160

CA1710001
Corrosion Control Chemicals Added: NaOH COy CaCOs Ca{OH), NazCO,
Chemical Dose (mgiL): 718 -20.0 0.0 0.0 313
Onhuphuapﬁate (as POs>. mall):
pH (at field water temperature): 740 9.95 740 1060 720
Total Alkalinity (mg/L as CaCOs): 690 20 50 100 130
Bicarbonate (mg/L as HCO4): 839 14 61 27 158
Carbonate (mg/L as CO:7): 0.80 441 0.06 43
Acidity (mg/L as CaCQa): 839 10 61 16 169
Carbon Dioxide (mg/L as COzsq): 66 0 [ 0 18
DIC (dissolved inorganic carbon, mg/L as C): 183 4 13 14 36
Calcium (mg/l as Ca*) 5 5 5 15 15
Sodium (mg/L as Na*): 49 25 30 15 22
Chloride (mg/L as CI): 5 5 a a 27
Sulfate (mag/L as SO[Z}: 1 1 1 1 32
Hardness - Final Set#| 1 2 3 4 5
|Magnesium Hardness (mg/L as CaCQa): 25 g g g 132
Calcium Hardness (mg/L as CaCQOa): 12 12 12 v ar
Total Hardness (Ca* + Mg®", mg/L as CaCQs): 37 2 21 46 169
Carbonate Hardness (Ca®* + Mg®* mg/L as CaCOs) 37 11 21 22
Non-Carbonate Hardness (Ca* + Mg*, ma/l as CaCDa) 0 9 0 24
Cations/Anions Percent Difference. (¥ cations-} anions) + (¥ cations+3 anions): -65 7% 58.7% 19.3% 44 0%
Corrosion Indices - Finished Water Characteristics Set#| 1 2 3 4 5
Aggressive Tndex (Al) 11.29 12.32 1019 14.01 10.86
Ryznar Index (RI): 8.63 9.59 10.78 7.90 9.15
Langelier Index (LI): -0.61 0.18 -1.69 1.35 -0.97
CCPP (Calcium Carbonate P on Potential, mg/L as CaCOa): -24.79 228 -12.65 2411 -29.29
Buffer Intensity (mM/pH): 314 0342 0.231 161 0.802
Larson's Ratio ((Cl" + SO47)/Alk): 0.01 042 017 008 055
CSMR (Chldride to Sulfate Mass Ratio) 417 417 417 417 0.84
Lead and Copper - Finished Water Characteristics Set#| 1 2 3 4 5
pH (at field water temperature): 7.40 9.95 7.40 10.60 7.20
|Copper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu{OH)x(s): 14.28 0.01 1.26 0.01 3.23
Copper Il (mg/L), Tenorite, black, CuQ(s): 132 0.00 0.11 0.00 0.30
Copper Il (mg/L), Malachite, blue-green, Cuz{OH):COa(s): 031 0.03 0.10 0.07 0.15
Lead Il (mg/L). Lead Carbonate (PbCQaz= cerussite): 0137 0409 0169 0.862 0.173
Lead and Copper, and pH Resuls {at 25°C water temperature) - Finished 1 2 3 4 5
pH (at 25°C water temperature)- 7.29 9.63 7.29 10.30 713
Copper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu{OH)x(s): 6.85 0.00 0.57 0.00 1.92
Copper Il (mg/L), Tenorite, black, CuO(s): 0.63 0.00 0.05 0.00 0.18
Copper Il {mg/L), Malachite, blue-green, Cux{OH}COs(s): 021 0.01 0.07 0.02 0.11
Copper Il {(mg/L), Copper Phosphate, Cua{PO4):*2H:04(s): - - - - -
Lead Il (mg/L), Lead Carbonate, PbCOzy:), cerussite: 0.211 0.392 0.247 0.683 0227
Lead Il {(mg/L), Basic Lead Carbonate, Pba(CO3)z(OH )z, hydrocerussite:

Lead Il (mg/L). Hydroxy-pyromorphite, Pbs(PO4)a(0OH):

0.852

0.418

0.092

0.590
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3. Theoretical Equilibrium Lead (II) & Cu (II) Solubility Program: Allows
the user to evaluate lead and copper solubility before and after the addition of orthophosphate
for a given pH, DIC, chloride, sulfate, TDS, and orthophosphate dose at a temperature of 25°C.
Plotted is the Cerussite and Hydrocerussite controlling solids for targeted TDS and DIC for a pH
range from 6 to 11: Also plotted are the Hydroxpyromorphite curves for different dosages of
orthophosphate for a pH range of 6.6 to 8.4.

Theoretical Equilibrium Lead (1) & Cu (ll) Solubility Program

Step 1: Inputvalues below in blue:

TDS (mg/L): 200 5.00 mMol/L, lonic Strength
Temperature (°C): 25 77.0 °F
Sulfate (8042'. mg/L): 40 0.42 mMol/L
Chiloride (CI', mg/L): 30 0.85 mMol/L
DIC (mg/L as C): 30 2.498 mMol/L
pH (6-11): 7.20 unit
Orthophosphate: 1.00 |mg/las PO,* | 0.0105 |mMol/L
Alkalinity:| 110.6 |mg/L as CaCO; 2.2093 meg/L
Carbon Dioxide (CO3):| 12.79 |mg/L as CO, 3.49 mg/Las C
Bicarbonate (HCO3): " 110.4 mg/L as CaCO; 2649 |[mg/LasC
Carbonate (0032'): " 0205 mg/L as CaCO; 0.02458 [mg/Las C
Hydroxide (OH):| 0.009 |mg/L as CaCO; 30 mg/as C
Hydrogen (H'):/ 0.003 |mg/L as CaCO3; Alk: HCO, + CO.% + OH - H'

CSMR: 1.33 Clto S04 mass ratio

Step 2: Final Pb & Cu Results - before and after PO4 addition

Lead Il (mg/L):| 0.234 |PbCOj3(s), Cerussite
Lead Il (mg/L 0.549 |Pb(CO3)2(0OH)a(s), Hydrocerussite

0.130 |Tenorite, black, CuO(s)
Copper Il (mg/L [ 0.070 |Malachite, blue-green, Cuz(OH),COs(s):

):
Copper Il (mg/L): 1.40 |Cupric Hydroxide, Cu(OH).(s) light blue/blue-green
Copper Il (mg/L): [

):

When orthophosphate is added:

Lead Il (mg/L):| 0.080 |Pbs(PO4)3(OH)(s), Hydroxypromorphite
Lead Il (mg/L):| 0.234 |PbCOjs(s), Cerussite

)
(mglL)
Lead Il (mg/L):| 0.549 |Pb(CO3)2(OH)s(s), Hydrocerussite
Copper Il (mg/L):] 0.909 |Cupric Phosphate, blue, Cu3(PO4); ¢ 2H20(s)
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4. Theoretical Equilibrium Cu (II) Solubility Program: Plot copper I
speciation for DIC, ionic strength and temperature.

Step 1:

Input values below in blue:

Process Data

TDS (mg/L):| 200 0.0050 |mol/L, lonic Strength
Temperature (°C):| 25 77.0 |°F
DIC (mg/L as C): 30 2.498 |meqg/L
pH (6-8.5):] 7.20 unit Copper Il Calculations
Alkalinity:| 110.6 |mg/L as CaCO,
Copper Il (mg/L):| 1.398 |Cupric Hydroxide, light blue/blue-green
Copper Il (mg/L):| 0.129 |Tenorite, black
Copper ll (mg/L):| 0.098 [Malachite, blue-green

Mnte: proreszinn time can take nn tn 40 =aronds

DIC (mg/L as C): 30

=
=
£

Cu(ll) Speciation

CufeH],°
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5. Arsenic and Corrosion Treatment: A utility has a well source with 80 ug/L of
arsenic. Ferric chloride followed by filtration is proposed to reduce arsenic below the maximum
contamination level (MCL) of 10 ug/L. The initial water characteristics are displayed in Step 1:

MEnter Source Water Characteristics

Total Dissolved Solids (TDS): 151 mg/L 0.00378 mol/L, lonic Strength
pH: 8.10 |unit (field pH is recommended)

Total Alkalinity: 96.0 |mg/L as CaCO, 1.92 meg/L
Water Temperature: 15.0 |°C (temperature at which pH was analyzed)
Field Temperature: 15.0 |°C (operating temperature at facility)
Calcium (Total, Ca2+): 35.0 |mgiL 87.41 mg/L as CaCO;
Chloride (CI: 370 |mg/L 522 mg/L as CaCO,
Sulfate {SOf'): 65.0 |mg/L 67.7 mg/L as CaCO;,

Iron (Fe™): 0 mg/L 0.00 mg/L as CaCO;
Arsenic: 80 ug/L (source water)

In Step 2, the user may select an acid to reduce the source water pH to improve the performance
of the addition of Ferric Chloride. If an acid is selected, the user inputs the targeted pH. Pre-
oxidation of liquid sodium hypochlorite is optional for converting any As(lll) to As(V). The user
inputs the target treated water arsenic concentration.

S10:1 Ml Source Water Chemical Treatment Inputs and Goals

Pre-Oxidation/pH adjusment/Arsenic Treatment
To lower pH before FeCl; addition, select an acid or select none.

Select Acid: (@) Sulfuric Acid ) Hydrochloric Acid (" Carbon Dioxide {_) Nene (no acid added)

pH will be adjusted with Sulfuric Acid (H,SO,).

Input Target pH: ‘ 6.9 |unit, before FeCl; addition
Enter NaOCI pre-oxidation dose to convert As(lll) to As(V), (optional)
Sodium Hypochlorite (NaOCI): | 30 |mgL

Enter Treated Water Goal for Arsenic

Target Treated Water Arsenic : ‘ 5.0 |ugfL (finished water)

Step 3 allows the user to implement corrosion control. The user will decide if pH is to be raised via
Sodium Hydroxide or Soda Ash and/or orthophosphate treatment. Disinfection is the last process
the user may input dose. Once Steps 1-3 are completed, the user is to click on “Process Data” for
the program to process the inputted data. The results are shown in Step 4-6. Step 4 shows the
corrosion indices based on the initial water characteristics. Step 5 shows the chemical dosages of
the chemicals added, changes in water characteristics and corrosion indices. Step 6 shows the
final water characteristics and corrosion indices after corrosion treatment.
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S1CT N Corrosion Control and Disinfection - Finished Water Treatment

Raised pH for corrosion control? ‘ ® ves () No

i@ Sodium Hydroxide

Enter Target pH: 8.10  Junit £ soda Ash

Please select base chemical for raising pH:

Enter Orthophosphate (PO,”) Dose if Applied

Orthophosphate as F’Of': 0.0 ng;’L 0.00 mg/L as P*

Enter NaOCI Dose if Disinfection is Applied

Sodium Hypochlorite (NaOCI).

2.

0

‘mgiL

m Intial Results before Chemical Addition

Theoretical Initial Water Characteristics after Temperature Correction

pH: 8.10 |unit, based on field water temperature
DIC: 1046 |mg/L as CaCO, 233mglLasC
Langelier Index, Calcite (LSI): 0.14 |Tendency for deposition of CaCO;
CCPP: 15 [mg/L as CaCO,

Chloride/Sulfate Mass Ratio: 057  |whwt, CSEAR

Copper Il (Temperature at 15°C): 029 |mg/L, Cupric Hydroxide

Lead Il (Temperature at 15°C): 0.169 |mg/L, Lead Carbonate

ISt Pre-FeCl; Chemical Addition/Water Ch

arateristic Changes

Sulfuric Acid (H-50,): 2290 |mg/L 2337 mg/L as CaCO,
Sodium Hypochlorite (NaOCI): 30  |mg/L
pH: 6.90 |unit

Post-FeCl; Addition/Water Characteristi

cs Changes before Corrosion Control

Total Fe added (Source + FeCl,): 10.76 |mg/L as Fe™

FeCly: 3125 |mg/lL 10.76 mgl/Las Fe™
pH: 6.34 |unit

Total Alkalinity: 458 |mg/L as CaCO; 0.92 meg/L
Langelier Index, Calcite (LSI): -2.0 |Tendency to dissolve CaCO,
CCPP: 846 |mglL as CaCO,
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Post Corrosion Control/Disinfection Water Characteristics

Sodium Hydroxide (NaOH): 4060 |[mg/L 50.80 mg/L as CaCO,
Orthophosphate as PDf‘: 0.0 |mg/L 0.00 mgl as p*
Sodium Hypochlorite (NaOCI): 20  |mg/L

pH: 8.10  |unit

Total Alkalinity: 065.0 |mg/L as CaCO; 1.92 meqg/L
Langelier Index, Calcite (LSI): 0.1 [Tendency for deposition of CaCO,
CCPP: 14 |mg/L as CaCO,

Chloride/Sulfate Mass Ratio: 0.68 |wiiwt, CSF«!R

Copper Il (Temperature at 15°C): 0.28 |mg/L, Cupric Hydroxide

Lead Il (Temperature at 15°C): 0.169 |mg/L, Lead Carbonate

Below is a depiction of the treatment processes with source and final water characteristics:

Source Water Treated Water

pH:| 810 |unit, Field ,l, ¢ Contact Filter T pH:| 810 |unit -
Alkas CaCOs| 960 |mg/L Reactor Media 50ug/L As Alkas CaCO4| 96.0 |mg/L
ron| 0 |mgl [ K80, |NaoCI| @g0 | FeCl | 633 CCPPasCaCO;| 14 |mglL
Arsenic: 80 ug/L 21.8 mg/L 3.0mg/L 31.3mg/lL 39.7mglL 00mg/L 2.0mg/L Arsenic:| 5.0 |ug/lL
CSMR:| 057 |wiiwt Alkanlinity: 74.3 mg/L  Alkanlinity: 45.4 mg/L CSMR:| 069 |wiiwt

1, Percent bypass flow not treated for Arsenic 00 %

6. WP-Cost Input - This worksheet allows the user to input the chemical cost and
characteristics and information on sludge production. The information is used to calculate daily
operating cost based on information inputted in the “WaterPro” worksheet. Below is an example
of the worksheet entry form for selected chemicals. The sludge characteristics and process
handling cost are not displayed.
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Enter chemical, operational and sludge cost and associated characteristics
Note: Associated chemical & operating cost may be artificial. - All data is entered in "Blue”.
Chemical & Operating Cost Input
Aluminum Sulfate $Cost per  |Active % $Cost per $Cost per |$Cost per
Coagulant Dry Ton Strength Ib Acids/Fluorides Dry Ton [Ib
as Aly(03) as Al as Al Sulfuric Acid (H2SO4) $200 $0.10
Alum (Alx(S0O4)3*18H,0) $450.00 8.10 $0.43 Hydrochloric Acid (HCl) $450 $0.23
Alum (Al(SO4)3*14.3H20) $450.00 9.00 $0.43 Carbon Dioxide (CO,) $450 $0.23
Iron Coagulant $Cost per  |Active % $Cost per Hydrofluosilicic Acid (H,SiFs) $2,600 $1.30
Dry Ton Strength Ib Sodium Silicofluoride (NazSiFs) |$2,500 $1.25
as Fe as Fe $Cost per |$Cost per
Ferrous Sulfate (FeSO4*7H,0) $450.00 9.86 $1.12 Bases Dry Ton _|lb
Ferric Chloride (FeCls) $450.00 34.43 $0.65 Caustic Soda (NaOH) $550.00 $0.28
$Cost per Potassium Hydroxide (KOH) $550.00 $0.28
Disinfectants Ton Cylinder Soda Ash (NaCO3) $550.00 |$0.28
Chlorine Gas (Clp) $550 Potash (K,CO3) $550.00 $0.28
Sodium Hypochlorite Product % |Product $Product Sodium Bicarbonate (NaHCO3) |$550.00 $0.28
Strength Specific Cost CaCO; (Limestone) $150.00 _ [$0.08
wtiwt Gravity (SG)|per Gal Ca(OH), (100% hydrated Lime) [$550.00 |$0.28
NaOCl (12.5%) 12.50 1.20 $0.80 CaO (100% Quicklime) $550.00 $0.28
Calcium Hypochlorite $Product/lb Orthophosphate, liquid $/Ib-PO4*
Ca(OCl), 68.00 - $1.00 Orthophosphate as POf‘ $2.00
Product % |Product % |Product % Product Product Cost Product % Dry Weight
Liquid Alum, Acidized Strength Strength Strength Specific Cost per of Aluminum Sulfate
Coagulant of H,S0, |asAl as Alx(0;) Gravity (SG)  |per Gal 1b (Al) Al(S0,);*14.3H,0
0% Acid Alum*14.3H,0 0.00 4.30 8.20 1.335 $0.21 $0.43 48.20
0.5% Acid Alum*14.3H,0 0.50 4.1 7.90 1.310 $0.22 $0.48 46.44
1% Acid Alum*14.3H,0 1.00 4.05 7.70 1.300 $0.22 $0.50 45.26
1.5% Acid Alum*14.3H,0 1.50 4.05 7.60 1.300 $0.22 $0.50 44.67
2% Acid Alum*14.3H,0 2.50 3.95 7.50 1.300 $0.23 $0.53 44.09
2.5% Acid Alum*14.3H,0 3.00 3.95 7.40 1.300 $0.23 $0.54 43.50
3% Acid Alum*14.3H,0 4.00 3.85 7.20 1.300 $0.23 $0.56 42.32
4% Acid Alum*14.3H,0 4.00 3.75 7.00 1.290 $0.23 $0.58 41.15
5% Acid Alum*14.3H,0 5.00 3.60 6.80 1.290 $0.25 $0.65 39.97
7% Acid Alum*14.3H,0 7.00 3.25 6.20 1.280 $0.28 $0.80 36.44
10% Acid Alum*14.3H,0 10.00 2.85 5.30 1.270 $0.30 $1.01 31.15
15% Acid Alum*14.3H,0 15.00 2.25 4.20 1.270 $0.30 $1.27 24.69
20% Acid Alum*14.3H,0 20.00 1.65 3.10 1.260 $0.35 $2.03 18.22
Product % |Product % (Product % Product Product Cost
Liquid Ferric Sulfate Strength Strength Strength as Specific Cost per
Coagulant of H,SO, as Fe Ferric Sulfate |Gravity (SG) |per Gal 1b (Fe)
Ferric Sulfate (Fe»(SO4)5"8.8H20) [0.00 12.00 60.0 1.600 $0.30 $0.48
3% Acid Ferric Sulfate*8.8H,0) 3.00 11.50 57 1.560 $0.50 $0.75
5% Acid Ferric Sulfate*8.8H,0)  [5.00 10.90 54 1.550 $0.50 $0.70
7% Acid Ferric Sulfate*8.8H;,0)  [7.00 9.70 48 1.500 $0.50 $0.61
10% Acid Ferric Sulfate*8.8H20)  ]10.00 8.30 41 1.450 $0.50 $0.50
Polyaluminum Chloride Product % |Product % [Product Cost
(PACI) Liquid Form (Product) |Basicity as Al $Cost per Ib per lb (Al)
PACI (5.3% Al, 90% Basicity) 90 5.3 $8.00 $0.42
PACI (17.2% Al, 80% Basicity) 80 17.2 $10.00 $1.72
PACI (12.2% Al, 70% Basicity) 70 12.2 $5.00 $0.61
PACI (5.3% Al, 50% Basicity) 50 53 $5.00 $0.27
PACI (8.5% Al, 40% Basicity) 40 8.5 $5.00 $0.43
PACI (9.5% Al, 35% Basicity) 35 9.5 $5.00 $0.48
PACI (5.3% Al, 30% Basicity) 30 5.3 $5.00 $0.27
Aluminum Chlorohydrate (ACH)
ACH (12.5% Al, 80% Basicity) 80 [12.5 [$5.00 1$0.63




7. WP-Input-Storage — Worksheet for storing and retrieving up to 100 sets of input data from
“WaterPro” worksheet for evaluation. Data may also be directly inputted into this worksheet for
storage and later retrieved into the “WaterPro” worksheet. Saving and retrieving is in Step 1 of
“WaterPro” worksheet. This process allows the user to quickly go back and forth between data
sets for evaluation without having to manually enter the data each time.

WaterPro Input Data from Steps 1, 3 and § Data is stored below from WaterPro or manually inputted by user
Step 1 WaterPro Input Storage Data Step 3 WaterPro
Alkalinity Water Field Water  Calcium Sodium Chloride Sulfate Pre- Pre- Sulfuric Soda Ash
Data Customer Plant  Flow TDS  pH  CaCO; Temperature Temperature  Ca” Mg Na® o SOy UVA-254 DOC Turbidity| NaOCI cl, HCl Acid CO; Ca(OH), Ca0O  NaCO;
Set# Client ID N Information Flow Units mgiL unit mgiL °c °c mgL moiL mg/L moiL moil dlcm mgiL NTU moiL mgiL moiL mgiL mgiL mgiL mg/L_ mg/L
1 1201 City of McFarland 100 apm 210 920 63.0 15.0 15.0 70 0.0 22.0 97.0 15 0.100 400 0.08 13.0
2 1202 City of Fresno, table 1 100 aom 210 733 34.0 150 150 70 222 220 97.0 15 0.100 400 0.08 13.0
3 1203 Corrosion data2 100 apm T o210 9.40 33.0 250 250 200 0.0 97.0 15 0.100 4.00 0.08 50
1 1204 City of McFarland, Problem 1 1,800 gpm ' 147 945 370 150 150 30 0.0 16.0 205 0.100 400 008 60
5 1205 Corrosion data 100 apm Y210 9.40 33.0 250 250 200 0o 97.0 15 0.100 400 0.08
6 4206 - Tehachapi, WellA  CCl-Tehachapi, Well A lead/Copper Treatmen{ 4100 Umin * 410 750 1600 150 150 740 100 220 270 740 0100 400 008 20
7 1207 - Tehachapi, WellB  CCI-Tehachapi, Well B, leadicopper treatment 100 apm Y a2 7.40 160.0 150 15.0 88.0 0o 38.0 1100 0.100 400 0.08
8 5800844-001, Well MJUSD Browns Valley School, Lead treatment Y o2 710 2280 150 15.0 250 26.0 77 98
9 1209 MJUSD Browns Valley School, Lead treatment N 740 1120 150 15.0 62.0 220 1540 67.0
10 1210 Blue Rock View Apartments, Well Data 100 apm Y 2001 720 2480 150 15.0 1930 740 2170 3260 32
1" 1211-Surfwood Surfwood MWC 400 om 80 680 200 120 120 40 00 210 21
12 1212 Softening 1,800 apm Y 200 741 11565 200 200 702 100 105 96.0 03 80.0 637
13 1213-300618, Well Liberty Park Water Association 150 apm 225 .70 66.0 200 200 384 1430 64.0
14 1214-Potter Valley Potter Valley School 40.0 apm Y 200 6.50 98.0 150 15.0 200 0.0 1.0 17.0
15 Example 1 Mazie Injector 100 gpm ‘ 100 680 80.0 150 150 300 0.0 280 470 0030 100 03 20
16
17 1010501-1-001 Grant Grove  Grant Grove - Artesian Well 100 gm Y 70 6.80 300 150 15.0 50 10 10 07
18 1010501-1-005 Grant Grove Grant Grove - 400 ft Well 100 om 50 6.80 10.0 150 15.0 20 1.0 10 05
19 1010501-Grant Well Blend  Grant Grove - Artesian Well 80.0 gem ' 60 680 20.0 150 150 35 00 10 06 0.030 1.00 03
20 CMT 20000122.00 Elmwood Scen #1 8/7/19 Hardness 100-no ph 224 gpm ' 226 643 361 250 250 105 43 278 912
21 B - CMT 20000122.00 Elmwood Scen #1 8/7/19 Hardness 100-phosg 224 gpm ' 226 643 36.1 250 25.0 105 43 278 912
22 G - CMT 20000122.00 Elmwood Scen #1 8/7/19 Hardness 100-phosg 224 gpm ' 226 643 36.1 250 250 105 43 278 912
23 D- CMT 20000122.00 Elmwood Scen #2 8/7/19 Hardness 80-nophc 224 apm Y 2. 542 361 250 250 105 43 278 91.2
24 E- CMT 20000122.00 Elmwood Scen #2 8/7/19 Hardness 80- phosp, 224 gpm Y 226 542 361 250 250 105 43 278 91.2
25 F-CMT 20000122.00 Elmwood Scen #2 8/7/19 Hardness 80-phosph 224 gpm Y 226 542 361 250 250 105 43 27.8 912

8. Pb and Copper Guidance - This program incorporates the EPA Lead and Copper
Guidance Manual for selecting corrosion control treatment strategies based on water
characteristics and lead and copper tap results. The program will evaluate data from Water!Pro or
the Corrosion Modeling program for suggested corrosion control treatment. The user is provided
with one or more suggested treatment options based on the lead and copper issues at hand. The
suggested treatment options can then be modeled and further evaluated by using Water!Pro or
the Corrosion Control Modeling programs.

Water!Pro™
Guidance for Selecting Lead and Copper Control Str:—ltegies1

EE!‘. Select case that corresponds to system Activate a button to insert initial water characteristis
(a) Fxceeded Lead and Copper Action Levels
(b) Exceeded Lead Action Level Select one: [ WaterPro Data ] [ Corrosion Modeling Data ]

(<) Exceeded Copper Action Level _ -
(d) Exceeded Lead and/or Copper & remove source Fe and/or Mn Field water pH = 7.35 This data is repreduced and calculated
(€) Exceeded Lead and/or Copper & have elevated source Fe 8 Mn levels DIC (mg/L as C) = 1074 from Steps 1 & 2 in WaterPro worksheet.

Calcium (mg/L as Ca) = 13.35

mRecommended Action and Suggested Treatment

First Suggested Treatment Alternate Treatment
Raise the pH in 0.3 unit increments using: caustic soda or Add Orthophosphate, initial dose should be = 0.5 mg/L
caustic potash or soda ash or potash. orthophosphate as P either orthophosphate or blend.

After identifying possible appropriate treatment strategies listed above, the following Water Treatment Checklist should
be consulted. The criteria listed under a specific freatment method must be met in order for that treatment to be selected

Caustic Soda or Sodium Bicarbonate Soda Ash or
Li Ci P ium Hydroxide (baking soda) Potash
pH==72 DIC==5mg/LasC DIC<5mgiLasC 2<DIC<25mgllasC
Calcium < 60 mg/L Ca pH will not increase
Alkalinity = 100 mg/L as CaCO, above 8.3.
Aeration Sodium Silicate Orthophosphate Polyphosphate (blended phosphate
pH==72 DIC <10mg/lLas C pH in the range of 7.2-7 8 pH70-78
DIC > 10mg/L as C Iron > 0.20 mg/L or (for all cases) DIC>=5mg/lLasC
See Aeration Feasibility Tree Manganese > 0.05 mg/L or Lead & Copper Iron > 0.20 mg/L or
Red or black water complaints 5<=DIC <50mg/lLas C Manganese > 0.05 mg/L or
Lead Red or black water complaints or
5<=DIC <50mg/lLas C Calcium precipitation is a problem
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9. Corrosion Indices and Chemical Treatment - This program provides the user up
to 500 sets of water quality data to be inputted and evaluated for corrosion control and

treatment. It allows side-by-side data evaluation and corrosion control treatment.
Corrosion Indices and Chemical Treatment

Range of Data Sets to Process (max 500):;| 45 47 (Start/Finish)
m Water Quality Data - User Input m Indices Water Quality Results
~ ~ ~ ~ ~ ~
Data Stes Sy TS Alkalinity ~ Calcium  Temp. C°  Temp C°  Chloride  Suffate o, DIC  Aggressve Ryznar  Langelier ~ GCPP Buffer  Larson's
Sete or Name e mer PH mgl  mgl  forpH for Field mgl  mglL pH mgl  mgl Index Index Index mgl  imensty  Ratio GSHR
& CaCO, ca Test Operations cr 50> COsaq asC Al RI u as CaCO, mMfpH (I + S0.* Ak
1 Cal Water Oroville (0410005) 60 780 370 76 15.0 15.0 28 15 | 1] 780 [E 92 106 1010 115 491 0.071 015 187
2 SFWP (0410006) 27 680 172 37 150 150 18 31 | 2| 680 6 58 9.0 12.33 276 1590 0228 034 0.58
3 Tanks-End Roselawn HS 82516 744 690 3317 796 228 228 1712 72 | 3| 69 746 99.9 17 724 017 2220 3110 133 2378
4 Room 1S Sink, Roselawn HS 8112116 802 720 1400 839 270 270 4| 720 148 376 17 752 -0.16 6.97 0701 NA NIA
5 Room 1E Sink, Roselawn HS 82516 715 7.30 1400 839 270 270 1726 16 | 5| 730 119 368 118 7.40 -0.05 473 0576 175 107.88
6 Well 1, Roselawn High School ~~ 2/24/11 863 700 2531 1170 200 200 202 1000 | 8| 700 474 726 118 714 -0.07 668 2050 052 0.20
7 7
8 Chamisal WA, Well 1 12616 683 740 2200 1050 200 200 1800 1310 | 8| 740 240 842 118 7.24 007 541 1530 063 122
9 25340 Caminno De Chamisal ~ 1/26/16 706 690 2230 1060 200 200 1800 1310 | 9 | 690 524 6738 116 7.46 -0.28 -28.50 2470 162 122
10 Chamisal WA, Well 1 84315 720 690 2280 1020 200 200 1800 1310 | 10| 690 535 803 116 7.48 -0.29 -20.80 2210 159 122
11 25340 Caminno De Chamisal 8/13/15 723 7.00 2300 98.0 200 200 160.0 131.0 11 7.00 429 66.9 17 740 -020 -18.70 1.860 158 122
12 12
13 Twain Harte CSD - Ditch-Raw 7119116 16 633 73 21 150 150 09 41 13| 633 77 39 79 14.00 -384 -19.70 0.185 132 021
14 Twain Harte CSD - Well 01 7131114 119 670 850 200 150 150 25 39 14| 670 369 305 103 am -1.51 -65.40 1.290 1123 064
15 15
16 Del Rio - Well 01 713114 300 753 169.0 368 150 150 16.3 152 16 753 105 434 1.7 791 -0.19 -6.24 0526 435 1.07
17 Del Rio - Well 01 300 753 169.0 20 150 150 16.3 152 17| 753 105 434 104 1043 -145 -20.80 0526 435 1.07
18 18
19 Wel 1, Robley Properties MWC 528114 530 760 2700  §7.0 150 150 1560 2500 | 19| 760 139 685 121 7.30 0.15 8.32 0713 056 0.62
20 Wel1, Robley Properties MWG 811714 640 700 2100 910 150 150 1560 2500 | 20| 700 429 62.1 116 772 0.36 3150 1.830 044 0.62
21 Wel 1, Robley Properties MWG ~ 5/28/14 530 760 2700 570 150 150 1560 2500 | 21| 760 139 685 121 7.30 015 8.32 0713 056 0.62
22 Wel 1, Robley Properties MWC 811714 640 700 2100 910 150 150 1560 2500 | 22| 700 429 621 116 772 -0.36 3150 1.830 044 0.62
m Chemical Addition Inputs m Indices Water Quality Results After Chemical Addition
Hydrated Cabon | Ortho- N N N N
Soda Ash C;“Z““ Mie Limestone S;‘f:;‘c peslol phusp:ate Post  Post  Fluoride stesor Alkalinty ~ Galcium GO, DIC  Aggressive Ryznar Langeler GOPP  Buffer
Na:CO:  (TON caom, OO S0, Cont PO Cl,  NaOCl  H,SiF, Nons pH  mgl  mgl  mgl  mol Index index  Index  mglL Intensiy
2 2SO0, 2 5 e
[ S— mal mg/L ol el ol mgl  mgl  mglL CaC0O;  Cad COy 856 Al RI U asCaCO; mMipH
1 Cal Water Oroville (0410005) 7.80 370 76 13 92 106 10.10 -1.15 -4.91 0.071
2 SFWP (0410006) 6.80 172 37 6.1 58 90 1233 276 -15.90 0228
3 Tanks-End Roselawn HS 6.90 3317 796 746 999 1.7 724 -017 -22.20 3110
4 Room 1 S Sink, Roselawn HS 720 1400 839 149 376 1.7 752 -0.16 -6.97 0.701
5| Room1ESink RoselawnHS  7.30 1400 83.9 119 36.8 118 740 005 173 057
8| Wel1,RoselawnHighSchool 700 2534 1170 474 736 118 714 007 688 2050
7
220 8 Chamnisal WA, Well 1 754 2200 1050 123 58.2 123 6881 037 2.1 0.62€
220 9| 2530CaminoDeChamisal 713 2230 1060 305 618 119 722 004 306 1390
220 10 Charnisal WA, Well 1 713 2280 1020 316 633 138 725 006 445 1440
220 11| 25340 Caminno De Chamisal ~ 7.31 2300 98.0 210 609 12,0 710 011 8.01 1.010
2
13|  TwainHarte CSD -Ditch-Raw 633 7.3 21 77 39 79 1400 384 1968 0.18%
14 Twain Harte CSD - Well 01 670 850 200 369 305 103 971 -1.51 -65.38 1.29¢
15
16 Del Rio - Well 01 753 169.0 36.8 105 434 1.7 791 -0.19 -6.24 0.52€
17 Del Rio - Well 01 753 169.0 20 105 434 104 1043 -1.45 -20.78 0.52€
18
3.0 19 Well 1, Robley Properties MWC 753 2673 57.0 16.3 68.5 120 737 008 464 0.830
3.0 20 Well 1, Robley Properties MWC 6.98 2078 91.0 449 62.1 116 775 -0.39 -34.55 1.90C
150 21 Well 1, Robley Properties MWC 856 2888 57.0 16 68.5 131 6.36 1.10 332 0324
150 22| Well1, Robley Properties MWC 725 22838 91.0 25 2.1 119 741 008 540 1230
23
24 Bajamont SWTP 800 412 178 09 10.1 113 898 049 207  0.054

10.

Limestone Contactor - Limestone treatment is used for dissolving minerals into the water
for the purpose of corrosion control. The application of this program is used for determining
limestone bed depth for meeting corrosion control parameters. The characteristics of the water
to be evaluated along with filter loading rate and limestone particle size design parameters are
inputted and the limestone bed depth is calculated plus the new water characteristic. This
program has built-in pre-acid treatment to lower the pH for waters with elevated pH. This feature
is especially useful for water systems that have desalination where pH is greater than 7 and needs
to be lowered for enhancing the limestone treatment process. In addition to this program, the
user has the option to have populated in tabular form (see below) the changes in water
characteristics, corrosion indices, limestone bed depths and solubility of copper as limestone is
dissolved. An example of the tabulated results is given below which the data can be used for
graphing illustrations. In this example, the starting pH was 8 with an alkalinity 4.3 mg/L. For
limestone to dissolve, 80 mg/L of carbon dioxide was injected to lower the pH to 5.1. The
limestone reactor was designed based on the starting pH of 5.1 and alkalinity of 4.3 mg/L. The
pre-treatment of carbon dioxide and post treatment of limestone contactor were modeled in the

“Limestone Bed Contactor” program. The results in “Step 4” can be automatically exported to
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“WaterPro” and “Blend” worksheets for further modeling. The “Limestone Bed Contactor”
program is a valuable tool for small to large applications.

Limestone Bed Contactor
Corrosion Control and Treatment Process Analysis Program - Version 2.4

Initial Water Characteristics Copy Data to Waterpro IEZE3l nitial Results Before Chemical Addition
Enter source water characteristics. 1 Theoretical initial water characteristics after temperature correction.
System Name: Testing Spain Copy WaterPro Data Here pH= 8.00 field pH 31.3  uSicm (Electrical Conductivity)
TDS = 20.0 malL 0.50 mMolsiL, lonic Strength Equilibrium pH = 978 maximum pH that can be achieved based on initial TDS
pH= 8.00 field pH is recommended Acidity = 441 mall as CaCo,
Total Alkalinity = 43 mg/L as CaCO, 0.09 meg/L Carbon Dioxide (CO;) = 0.08 mg/L as COuuy 0579  mail, Atmospheric equilibrium COz
Total Calcium = 2.00 mglCa* 499  mgil as CaCO, DIC = 1.05 mg/L C, dissolved inorganic carbon
Water Temperature = 18.0 °C (temp. at which pH was analyzed) Langelier Index, Calcite = -240 |Tendencyto dissalve CaCO3 (for steel and castiron piping)
Field Water Temperature = 18.0  |°C (operating temperature at facility) CCPP = 70  |mglL as CaCO,, Calcium Carbonate Precipitation Potential
CI‘: 42 mg/L 59 mgil as GaC0, CaCoOs, pKsp = -8.341 [at 18 Ctemperature and 20 ma/lL TDS
50,7 = 50 mall 52  mgil as CaCO, Bio+ Beos = 0.005 |mW/pH, Buffer intensity rom water and carbonate species
CaC0, Solubility Product, pKsp = -5.8100 |at 25°C, program default LR: (CI + Saf VAlk = 26 High meta\‘tendencﬂowards mild steel
Da you wantta change the Solubility Praduct of CaC0.? ®ves (Mo Copperll = 0.03  |mg/L; Cupric Hydroxide, light blue/blue-green
User GaC0, Solubility Product, pksp = -5.4798 l Please enter pKsp and temperature Pre-treatment results of water characteristics if acid is added.
Relative Temperature for pKsp = 25.0 e values. pH= 4.59 Carbon Dioxide (COs) = 2843 moll as COyyy
Enter Pre -Treatment Dose for Lowerin Equilibrium pH = 81 maximum pH that can be achieved based on initial TDS
Carbon Dioxide (COy) +- mg/L 57.0 mgil as CaCOy Acidity = 66.5 mg/L as CaCOy DIC= 788 mglC
Hydrochloric Acid (HCI) mall 000 mglas CaCO, Total Alkalinity = -0.8 malL as CaCo, 002 meglL
Sulfuric Acid (H:30.) 5.0 ma/L 510 mgil as CaCO, CCPP = -65.8 mg/L as CaC0,, Calcium Carbonate Precipitation Potential
WLimestone Bed Contactor Parameters mmasults (After Chemical Addition of Limestone)
Enter parameters for contacter and chemical addition. pH= 7.87 pH of water after chemical addition TDS 86 mg/L
Superficial Velocity = 9.0 gpmift 36.67 cm/min Total Alkalinity = 62.9 mag/L as CaCOy 126  meqlL
Limestone Particle Diameter = 1 043 cm, (0.1te 3.2cm) Total Calcium = 2753 mg/L ca® 68.7 mgil as CaCO,
Limestone Porosity, € = 0.6 DT 0.8 080 N Carbon Dioxide (CO,) = 18 ma/L as COyay 048 mglLasC
Sphericity (roundness), U= 1 080 range: 0.4-09 DIC = 15.5 mg/L C, dissolved inorganic carbon
Mass % of Limestone Particles = 1 95 % exposed surface area of CaCOy Langelier Index, Calcite = -0.27 Tendency to dissolve CaCO3 (for steel and castiron piping)
CaC0; (Limestone) = ) 63.8 mg/L, based on 100% exposed surface area CCPP= -2.09 mg/L as CaC0,, Calcium Carbonate Precipitation Potential
You may enter "Target pH" to determine Limestone concentration and depth of contactor. Bz + B‘:m = 0.099  |mh/pH, Eu‘ﬁ'er intensity from water and carbonate species
2 -
TargetpH = 7.87 l Target pH I £ (Ccln;pse?i\ iMIK - E S? Eg?ﬂ,mgﬁl;swy?gme‘ light blue/blue-green
Depth of Contactor = 8.27 feet 99.2 inches 252 cm
[ Copy Step 4 results into WaterPro.wks ][ Copy Step 4 results into Blend.wks - Source 1 ] Empty Bed Contact Time = 687  minutes
Limestone Dissolved = 531 pounds per million gallons of water ireated 241 Ka/MG

Enter Limestone dose increment: 2 mag/L
Press "Process Data" to calculate table of limestone bed contactor data from initial characteristics to solubility:

Calculated Data from Initial to Equilibrium for Limestone Bed Contactor

CaCo0, Dose pH Total Alk CO; DIC,asC Calcium, as Ca** Bio* Beos CCPP L Copperll Depth of Contactor EBCT Dissolved
mgiL unit mgiL mgiL mg/L mg/L mWipH mg/L mgiL ft inches cm minutes 1bs/MG
0.00 459 0.8 28.4 7.88 20 0.145 -65.41 -B8.72 =1000 0 0.0 00 0.00 00
200 509 12 283 8.12 28 0110 -63.41 -5.59 =1000 007 09 22 0.06 167
4.00 5.42 32 277 8.36 36 0.159 -i142 -483 964 44 015 18 46 012 333
6.00 5.62 52 26.8 8.60 4.4 0.220 -b0.45 -4.24 375,62 023 27 7.0 0.19 50.0
8.00 577 72 26.0 8.84 52 0277 -57 46 -3.98 191.30 031 37 94 026 667
10.00 5.89 92 251 9.08 6.0 0328 -65.48 -370 112.93 0.39 47 120 033 834
12.00 5.09 11.2 243 9.32 6.8 0372 -5351 -3.46 7310 0.43 5.8 146 0.40 100.0
14.00 6.08 132 234 9.56 76 0.411 -5151 -3.26 50.44 057 6.8 174 0.47 1167
16.00 6.16 15.2 225 9.80 8.4 0.442 -49.53 -3.08 36.43 0.66 8.0 203 0.55 133.4
18.00 623 172 2186 10.04 92 0.469 -47 55 -2.92 2725 076 91 232 083 150.1
20.00 6.29 19.2 208 10.28 100 0.490 -4587 277 20.95 0.86 104 263 072 166.7
22.00 6.35 212 19.9 10.52 108 0.508 -4359 -2.64 16.47 0.97 11.6 29.6 081 183.4
24.00 6.41 232 19.0 10.76 116 0517 -41.59 2.5 13.18 1.08 13.0 330 0.90 200.1
26.00 6.47 252 181 11.00 124 0524 -38.61 -2.39 1071 120 144 365 1.00 216.8
28.00 6.52 272 17.3 11.24 132 0.526 -37.63 -2.28 8.8 132 15.8 403 1.10 233.4
20.00 6.57 292 16.4 1148 140 0525 -3564 217 7.22 145 174 442 121 250.1
3200 6.63 nz 155 172 148 0520 -33.65 -2.07 B.14 159 190 484 132 266.8
34.00 6.68 332 146 11.96 156 0511 -3167 -197 519 173 208 528 144 2835
36.00 6.73 352 128 12.20 16.4 0.499 -20.68 -1.87 441 1.89 226 575 157 3001
38.00 678 372 129 1244 172 0485 -27 69 =177 376 205 248 626 17 3168
40.00 6.84 392 120 12.68 180 0.467 -2570 -1.68 322 223 26.8 68.0 1.85 3335
42.00 6.89 412 111 12.92 188 0.445 -2372 -1.59 276 242 291 738 2.01 350.2
44.00 6.95 432 103 13.18 196 0.423 -2173 -1.49 237 263 31.6 80.2 219 366.8
46.00 7.00 452 9.4 13.40 204 0.398 -19.74 -1.40 2.03 2.86 343 87.2 238 3835
48.00 7.06 472 8.5 13.64 212 0.370 -17.75 -1.30 173 an 37.3 949 2.59 400.2
50.00 713 492 7.6 13.88 220 0.341 -15.76 -1.21 147 2.40 407 1035 282 416.9
5200 720 512 68 1412 228 0309 1377 111 124 372 446 1133 3.09 4335
54.00 727 532 59 14.36 236 0.275 -11.78 -1.00 1.03 409 491 1247 3.40 450.2
56.00 7.36 552 5.0 14.60 244 0.240 -9.80 -0.89 0.84 453 54.4 138.2 377 466.9
58.00 7.46 57.2 42 14.84 252 0.204 -7.e1 -0.76 0.67 5.07 60.9 1594.7 4.22 483.5
60.00 757 592 33 15.08 26.0 0.167 5.82 -0.62 052 578 69.4 176.3 481 500.2
62.00 771 61.2 25 15.32 263 0.130 -2.83 -0.45 0.28 6.79 815 207.0 5.64 516.9
64.00 7.89 63.2 17 15.58 276 0.095 -1.84 -0.25 0.25 8.58 103.0 261.6 713 533.6
65.73 8.10 64.9 1.1 1577 253 0.071 012 -0.02 0.16 17.36 2084 520.4 14.43 548.0
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11. Limestone Tal‘get—This program will determine the Limestone and carbon dioxide
dosages for water data in Step 1 to achieve targeted treated water values of Calcium

concentration and the Langelier Saturation Index entered in Step 2. After limestone treatment,

the user has the option (Step 5) to blend this water with the initial or RO water in Step 1 for

corrosion control or go directly to post limestone treatment corrosion control using NaOH. The

program allows up to six sets of data input for various scenarios. It is used by companies that

design limestone contactors.

Saline Source Water Desalination

Process l

3

/
Step 4: Water T
Characterlstlc
2504 co2 NaOH
M Water (optional)
Characteristic | Step 6: Water  Step 8: Water

Step 5: % Bypass

“ Characteristic ~ Characteristic

Bypass Blending of Desalinated RO Water

Enter CaCO; Solubility Product, pKsp: -8.7000 To process all 6 data sets at once, complete data input
Process Sets 1-6
Relative Temperature (°C) for pKsp: 20.0 for each set and press the "Process Sets 1-6" button.
Set 1 MLimestone Treatment and Water Characteristics Results
mwmer Quality Before Limestone Treatment su":m,:mvjd(H(z(S;g:;: 105(2 mgt aggeg
o " " arbon Dioxide B k mg/L, adde
Enter Initial or Desalinated RO Water Characteristics . )
T 210 T pH: 5.03 before limestone contactor
H: 5 2'8 ?ﬁd Hi ded Limestone (CaCOs): 77.7 mg/L as CaCO;, added
) p : . ield pH is recommende oS- 398.7 pTh
Total Alkalinity: 1.7 mg/L as CaCO, pH: 7.46 post limestone contactor
Total Calcium:| ~ 0.90  |mg/L Ca™ 22 mglLas CaCO, Total Alkalinity:| 794 |mg/L as CaCO,
Temperature: 25.0 °C (temp. at which pH was analyzed) Total Calcium: 32.0 mg/L Ca** 79.9 mg/L as CaCO,
_ Fie:lc.l Temperature: 22.0. _ °C (operating temperature at facility? Carbon Dioxide (CO,): 52 mg/L as COyaq)
Theoretical Initial Water Characteristics after Temperature Correction. Water Temperature: 2 oG
Carbon Dioxide (CO;): 19.5 mg/L as CO;aq) Langelier Index, Calcite (LSI): -0.30 Tendency to dissolve CaCO;
Langelier Index, Calcite (LSI): -5.6 Tendency to dissolve CaCO, CCPP: -5.0 mg/L as CaCO,
CCPP: -44.6 mg/L as CaCO; Depth of Contactor: 5.2 feet 62.7 in 159 cm
Enter Pre-Limestone Treatment Dosage (H,SO,) for Lowering pH. EBCT: 62 minutes

This is an optional treatment process before the addition of CO,.

—— - - Blending of bypass RO water with Post Limestone Water
Sulfuric Acid (H,SO,): 0.0 mg/L, added before calcite beds Enter % of bypass RO (Step 1 water) to be blended with treated Limestone water
pH: 5.28 when H,S0; is added pH check | [ % bypass ROwater:]  60.0 __ |60/40 RO/Limestone Blending Ratio
~
MEnter Limestone Bed Contactor Parameters MGOMO RO/Limestone Blending Ratio Results
Superficial Velocity: 6.3 gpmif 15.4 m/hr 25.7 cm/min oS 3521 mglL

Particle Diameter: 0.43  Jem, (0.1t03.2cm) pH: 6.66

Limestone Porosity, €: 0.6 Total Alkalinity: 32.8 mg/L as faCO;
A P +
Sphericity, U: 0.8 range: 0.4 - 0.9, (roundness) Tf)’a_' Calcium: 13.3 mg/L Ca 333  mglL as CaCO,
Mass % of Limestone: 95 % exposed surface area of CaCO; Carbon Dioxide (CO;): 134 mg/L as COyaq)
Water Temperature: 22 °C
Enter Limestone Treatment Targeted Values Langelier Index, Calcite (LSI): -2.10 Tendency to dissolve CaCO,
CCPP: -30.2 mg/L as CaCO,

Calcium:
Langelier Index, Calcite (LSI):

32 mg/L Ca?" targeted value
-0.30 values of -0.05 or less

Post Limestone Corrosion Control Targeted Values using NaOH

Langelier Index, Calcite (LSI): 0.10 Targeted value
Minimum CCPP: 1.0 mg/L as CaCOs

SICTOX: Hll Chemical Stability/Corrosion Control Results applying NaOH

NaOH Added: 13.65 mg/L
H: 8.79 final
Total Alkallnlty: 49.9 mg/L as CaCOs,
Total Calcium: 13.3 mg/L Ca* 33.3  mg/L as CaCO;,
Carbon Dioxide (CO,): 0.1 mg/L as COyaq)
Langelier Index, Calcite (LSI): 0.13 Tendency for deposition of CaCO,
CCPP: 1.1 mg/L as CaCO;,
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12. Limestone Scenarios - This is a continuation of the Limestone Target program that allows
the user to model up to 50 sets of data. For each data set, the user inputs the parameters for the
limestone contactor, the RO water characteristics, percent by-pass flow and treatment

constraints. The user has the option of selecting what set of data to be processed.

saline Source Water Desalination vvv
S >
Process l T T Limestone
(calcite)
RO Water :iig“;‘] o, Contactor

Characteristics

" >
Post Limestone
Water Characteristics .

Chemical for

raising pH Finished Water

RO % Bypass

Bypass Blending of Desalinated RO Water

Blended Water Characteristics
Characteristics

Range of Data Sets for complete Processing (max 50) vB_w
Start Set#| 1 Process Data ~
End Set#:| 1 Set Numbers
For data inputs, complete m 1 | 2 3 | 4 5 ] | 7 | 8
m/umestn‘ne Bed Contactor Design Parameters
Superficial Velocity (gpmfﬂz}: 9.0 9.0 9.0 9.0 9.0 9.0 6.6 6.6
Particle Diameter (0.1 to 3.2 cm): 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43
Limestone Porosity, e: 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sphericity, w: range: 0.4 - 0.9 (roundness): 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Mass % of Limestone (% exposed surface area of CaCOa): 95 95 95 95 95 95 95 95
CaCO; Solubility Product, pKsp: -8.70 -8.70 -8.70 -8.70 -8.70 -8.70 -5.48 -5.48
Relative Temperature (°C) for pKsp: 20.0 20.0 20.0 20.0 20.0 20.0 250 250
Initial Desalinated RO Water Characteristics
TDS (mg/L): 320 320 320 320 320 320 300 300
pH: M 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Total Alkalinity (mg/L as CaCOa): 20.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Elicarbnnatre (mg/L as HCOJ): Input only if Alls is not available
Calcium (mgiL as Caz*}: 09 09 08 08 08 08 08 08
Magnesium (mg/L as Mg*): 3 5 5 5 5 3 3 5
Sodium (mg/L as Na*): 3 3 3 3 3 3 3 3
Chloride {mg/L as CI): 4.2 50 50 50 50 4.2 4.2 5.0
Sulfate (mg/L as S047%): 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Temperature (°C, at which pH was measured): 10 10 10 10 10 10 10 10
Field Temperature (*C. operating temperature): 10 10 10 10 10 10 10 10
LMl Pre-Limestone Acid Addition, Optional 1 2 3 4 5 8 7 8
Sulfuric Acid (HzS04, mg/L, added before calcite beds): 10.0
L1 XMl Targeted Values for Limestone Reminerization
Calcium (mgil as Ca*"): 32.0 32.0 32.0 32.0 32.0 32.0 32.0 32.0
Langelier Saturation Index, Calcite {LSI) (values of -0.05 or less): -0.30 -0.30 -0.30 -0.30 -0.30 -0.30 -0.30 -0.30
515 M RO/Desalination Bypass
Bypass % of RO water not treated by Limestone filtration: 60 60 60 60 60 60 60 60
S1C Ml Finished Water Contraints
Blend (RO + Limestone Filtrate)
Upper bound pH: 5.30 5.30 5.30 5.30 5.30 5.30 5.30 5.30
Upper bound Langelier Saturation Index, Calcite (LSI): 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Upper bound CCPP (mg/L as CaCOs) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.10
Select Chemical for raising pH NaOH | NaOH CO; |Na;CO, |Ca(OH);| CO; None | NaOH
Chemical Dose, mg/L (computer generated): 5.0 -5.5 13.1 4.6 4.0
Chemical Dose, mg/L (manually inputted): 10.0 -10.0
Disinfection - Input Dose
Chlorine Gas (Clz, mg/L) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Sodium Hypochlarite (NaOCI, mg/L)
mp&ndium Adsorption Ratio (SAR)
Information Adjusted SAR
Soil Water Temperature (°C, in root zone): 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Partial Pressure, Pegz. (CO2 atm of imigated water): 0.00070|0.00070|0.00070|0.00070|0.00070|0.00070 | 0.00070|0.0007C
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32 1G]l Sodium Adsorption Ratio (SAR)

9
40
41
42
43
44
45
46
47
48
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52
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54
55
56
57
58
59
&0
61
g2
B3
B4
85
86
&7
B8
B9
70
71
72
73
74
75
76
77
78
79
80

Information Adjusted SAR

Soil Water Temperature (°C, in root zone): 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Partial Pressure, Peog, (CO2 atm of irigated water): 0.00070|0.00070|0.00070|0.00070|0.00070|0.00070|0.00070|0.00070
Soil Water Entry for Plant Rhizosphere Root Zone

Partial Pressure, Pggz, (CO; atm of soil water in rhizosphere): 0.00180|0.00180|0.00180(0.00180|0.00180|0.00180 |0.00180 [ 0.00180
Soil Water Entry for Drainage Water below Root Zone

Partial Pressure, Pzgz, (COz atm of soil water in rhizosphere): 0.00180(0.00180 | 0.00180(0.00180|0.00180 (0.00180 [0.00180 [0.00180
Leaching Fraction (LF) (fraction of water leached below root zone): 5.000 5.000 5.000 5.000 0.400 0.400 0.400 0.400
Results - Initial RO Water Characteristics

after Temperature Correction 1 2 3 4 5 & 7 8
Bicarbonate (mg/L as HCO): 2437 12.19 12.19 12.19 12.19 12.19 12.19 12.19
Carbon Dioxide (mg/L as COzaq): 467 234 2.34 2.34 2.34 234 234 234
Langelier Index, Calcite (LSI): 31 3.4 34 3.4 3.4 3.4 37 37
CCPP (mg/L as CaCOs): -13.8 -10.0 -10.0 -10.0 -10.0 -10.0 -12.3 -12.3
[HCO:)/[SO«] (mol/mal): 767 3.84 3.84 3.84 3.584 3.84 384 3.84
Larson's Ratio [CI + 2504 )/[HCO57] (mol/mal): 0.6 1.2 1.2 1.2 1.2 1.1 1.1 1.2
Larson's Ratio [(CI + S04 2)Alkalinity] (CaCOx/CaC0s): 0.6 1.2 1.2 1.2 1.2 1.1 1.1 1.2
Total Hardness (Ca®* + Mg®. mgiL as CaCOs): 14 60 22 84 22 84 2284 2284 14.60 14.60 22 64
Carbonate Hardness (Ca®* + Mg®", mg/L as CaCOs): 1460 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mon-Carbonate Hardness (Ca2+ + Mgz*. mg/L as CaCQOa): 0.00 12.84 12.84 12.84 12.84 4.61 4.61 12.684
Cations/Anions Percent Difference: -10.15% | 13.74% | 13.74% | 13.74% | 13.74% | -0.03% | -0.03% | 13.74%
Pre-Limestone Treatment Dosage (H;50,)

pH (after added HzS504): 7.00 7.00 7.00 7.00 7.00 7.00 7.00 4.95
Post Limestone Water Characteristics & Design

Sulfuric Acid (H2S04, mg/L, added before calcite beds): 10.0
Carbon Dioxide (COz, mg/L, added before calcite beds): 352 36.4 36.4 36.4 364 36.4 34.2 246
pH (after H:S04 and CO; additions befare calcite beds): 6.07 579 579 579 579 579 5.61 473
Limestone (mg/L CaCOs, dissolved): Tr7 Tr7 7T T7.7 T7.7 777 777 777
TDS (mg/L): 388 388 388 3088 308 308 378 378
pH: 7.59 763 7.63 7.63 7.63 763 7.89 7.94
Total Alkalinity (mg/L as CaCOs): a7 7 877 87.7 877 877 B7.7 B7.7 775
Bicarbonate (mg/L as HCOz): 1191 106.9 106.9 106.9 106.9 106.9 106.9 94 5
Carbon Dioxide (mg/L as COzz): 5.9 47 47 47 47 4.7 2.6 2.0
Calcium (mgil as Ca®*): 320 320 320 320 320 320 320 320
Calcium Hardness (mg/L as CaCQs): 799 799 79.9 79.9 799 79.9 79.9 799
Sulfate (mg/L as SO47) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 14.8
Field Water Temperature (°C): 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Langelier Saturation Index, Calcite (LSI): 0.30 0.30 -0.30 -0.30 -0.30 -0.30 0.30 0.30
CCPP (mg/L as CaCOa): -57 -4.7 -4.7 -4.7 -4.7 -4.7 -3.2 27
[HCO: /(SO (mol/mal): 37.38 33.54 33.54 33.54 33.54 33.54 33.44 9.98
Larson's Ratio [CI" + 2504 )/[HCO5] (mol/mal): 0.11 0.14 0.14 0.14 0.14 013 013 0.29
Larson's Ratio [(CI" + S04 ) Alkalinity] (CaC0:/CaCOs): 0.11 0.14 0.14 0.14 0.14 0.13 0.13 0.29
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Depth of Contactor (feet): 7.86 8.34 8.34 8.34 8.34 8.34 8.23 870
Depth of Contactor (meters): 2.39 2.54 254 2.54 2.54 254 2.51 265
Empty Bed Contact Time, EBCT (minutes): 6.53 6.93 5.93 5.93 6.93 5.93 9.33 9.86
Superficial Velocity (ft/min): 1.20 1.20 1.20 1.20 1.20 1.20 0.88 0.88
Blended Results of RO + Limestone 60/40 | 60/40 | 60/40 | 60/40 | 60/40 | 60/40 | 60/40 | 60/40
TDS (mg/L): 351 351 351 351 351 351 3N 3
pH: 7.36 746 7.46 7.46 746 7.46 7.60 760
Total Alkalinity (mg/L as CaCOs): 511 411 411 411 411 411 411 37.0
Bicarbonate (mg/L as HCO5): 62.3 50.1 501 501 50.1 501 501 451
Carbon Dioxide (mg/L as COzz4): 5.1 3.3 3.3 3.3 3.3 3.3 2.4 22
Calcium (mg/L as Ca*): 13.3 13.3 13.3 13.3 13.3 13.3 133 13.3
Calcium Hardness (mg/L as CaCQOa): 333 333 333 333 333 333 333 333
Sulfate (mg/L as SO 5.0 50 5.0 5.0 50 5.0 50 59
Field Water Temperature (“C): 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Langelier Saturation Index, Calcite (LSI): -1.39 -1.38 -1.38 -1.38 -1.38 -1.38 -1.25 -1.29
CCPP (mg/L as CaCOs): -12.5 -5.9 -5.9 -5.9 -5.9 -5.9 -7.0 6.6
[HCO3 1[S04 (molimal): 19.57 15.73 15.73 15.73 15.73 15.73 1572 793
Larson's Ratio [CI" + 2504 2)/[HCO57 (mal/mol): 0.22 0.30 0.30 0.30 0.30 0.27 0.27 0.44
Larson's Ratio [(CI" + SO42)Alkalinity] (CaC0s/CaCOs): 0.22 0.30 0.30 0.30 0.30 0.27 0.27 0.44
Final Water Characteristics: 1 2 3 4 5 3 7 8
Results after Chemical Addition NaOH NaOH C0O; |Ma;CO;|Ca(OH)z| CO; None NaOH
Chemical Dose, mg/L (computer generated): 50 55 131 46 4.0

Chemical Dose, mg/L (manually inputted):

TDS (mg/L): 357 354 351 351 351 351 331 333
pH: 9.22 8.32 §.31 8.31 8.30 §.02 7.35 8.32
Field Water Temperature (°C): 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Total Alkalinity (mg/L as CaCOs): 60.8 44.6 36.4 50.8 44.6 36.4 39.2 39.3
Bicarbonate (mg/L as HCO=): 54.6 53.4 45.9 60.8 53.4 46.4 477 47.0
Carbon Dioxide (mg/L as COzs): 0.07 0.49 0.43 0.57 0.51 0.85 4.04 0.43
Calcium (mg/L as Ca™): 13.3 13.3 13.3 13.3 15.8 13.3 13.3 13.3
Magnesium (mg/L as Mg™): 3.0 5.0 5.0 5.0 5.0 3.0 3.0 5.0
Sodium [mg/L as Na’): 8.7 5.1 0.7 8.6 5.0 3.0 3.0 4.7
Chloride {mg/L as CI'): 6.2 7.0 7.0 7.0 7.0 6.2 6.2 7.0
Sulfate (mg/L as 80,7): 5.0 5.0 5.0 5.0 5.0 5.0 5.0 8.9
Hardness - Final 1 2 3 4 5 B 7 8
Total Hardness (Ca™* + Mg®*) (mg/L as CaCOs) 457 53.9 53.9 53.9 50.1 457 45.7 53.9
Calcium Hardness (mg/L as CaCQa): 33.3 33.3 33.3 33.3 39.5 33.3 33.3 33.3
Magnesium Hardness (mg/L as CaCOs): 12.4 206 206 206 206 12.4 12.4 206
Carbonate Hardness (Ca®* + Mg®") (mg/L as CaCOa): 457 438 37T 499 43.8 38.1 391 38.6
Mon-Carbonate Hardness (Ca®* + Mg™) (mg/L as CaCOs): 0.0 101 16.2 4.1 16.3 76 6.6 15.3
Percent Difference of Anion/Cations (A%): -7.02% | 433% | 1.78% | 468% | 864% | 018% | -090% | 467%
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Percent Difference of Anion/Cations (a%): -T02% | 4.33% | 1.78% | 4.88% | 8.64% | -018% | -0.90% | 4.67%
Corrosion Indices -Final
Langelier Saturation Index, Calcite (LSI): 0.45 -0.50 -0.58 -0.46 -0.45 -0.86 -1.51 -0.56
CCPP (mg/L as CaCOs): 5.00 -2.4 -2.5 -2.3 -2.0 -3.7 -10.5 -2.4
[HCO;‘]E[SO.{E] (mol/mol): 20.35 16.81 14.46 19.14 16.81 14.62 15.02 5.30
Larson's Ratio [CI" + ESO.{E]I[HCOg,'] (mol/mol): 0.21 0.28 0.33 0.25 0.28 0.29 0.28 0.42
Larson’s Ratio [iCrr + SO.{Z}.fAIkaIinity] (CaCD4/CaCOs): 0.23 0.34 0.39 0.30 0.34 0.36 0.33 0.49
SAR & Irrigated Water Calculations 1 2 3 4 5 6 7 8
Naftotal mail) ] 87 | .81 .07 | 86 | 50 | 30 | 30 | 47
Carbon Dioxide (mg/L as COz,, 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
pH: 7.95 7.82 7.75 T7.87 7.82 7.75 7.76 7.76
Sodium Adsorption Ratio (simplified method): 0.56 0.30 0.04 0.51 0.28 0.19 0.19 0.28
Sodium Adsorption Ratio (adjusted SAR "Rigorous method"): 0.44 0.24 0.03 0.41 0.22 0.14 0.14 0.21
SAR & Soil Water Calculations - In Rhizosphere Root Zone
Carbon Dioxide (mg/L as COzz,): 36 36 36 36 36 36 36 36
pH: 7.54 741 7.34 747 741 7.35 7.36 7.36
Sodium Adsorption Ratio (adjusted SAR "Rigorous method"): 0.39 0.21 0.03 0.36 0.19 012 012 0.19
SAR of the Drainage Water when LF is Considered
Sodium Adsorption Ratio (adjusted SAR of the soil water including LF)] 0.08 0.05 0.01 0.08 0.43 0.28 0.29 0.41
TDS (mg/L): 7 7 70 70 878 878 828 833
Electrical Conductivity (ECdw): 112 111 110 110 1.371 1.371 1.203 1.302
Adjusted SAR Classification Management Considerations
=1 Excellent Mone
1-2 Good Little concern, add pelletized gypsum periodically
2-4 Fair Aerify soil, sand top-dress, apply pelletized gypsum, monitor soil salinity
4-3 Poor Aerify soil, sand top-dress, apply pelletized gypsum,leach sail regularly,

monitor soil salinity closely
8-15 Very Poor Requires special attention; consult water quality specialist
=15 Unaccept: Do not use
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13. SAR - Sodium Adsorption Ration — for evaluating irrigation water quality parameters used in the
management of sodium-affected soils.

Initial Water Characteristics
Enter initial water characteristics based on laboratory or field analysis.
Project: Plant A
Source Point: Canal Water
Date of Sample: March 11, 2017
TDS = 735 mg/L 0.018  mol/L, lonic Strength
Water Temperature = 12.0 °C (temp. at which pH was analyzed)
pH = 9.03 field pH is recommended
Total Alkalinity = 204.0 mg/L as CaCO; 4.08 meqg/L
Ca’ = 46.5 |mg/L 2.32  megq/L
Mg?* = 175  |mgiL 1.44 meq/L
Na® = 177.6  |mg/L 7.73  meq/L
Information for Adjusted SAR
Soil Water Temperature = 15.0 °C (temperature of water in root zone)
Partial Pressure, Pcoz = 0.00070 |CO; atm of the irrigated water
Soil Water Entry for Plant Rhizosphere Root Zone
Partial Pressure, Pcoo = | 0.00180 |C02 atm of the soil water in rhizosphere
Soil Water Entry for Drainage Water below Root Zone
Partial Pressure, Pcoz = 0.00180 |CO, atm of the soil water in rhizosphere
Leaching Fraction (LF) = 0.400 |[fraction of water leached below root zone
Theoretical water characteristics & SAR calculations based on
irrigated and soil water temperatures.
General Initial Water Characteristic Calculations at Temperature of 15C
pH = 8.99 Ecw= 1,148  uS/cm or 1.15 dS/m
HCO;3 = 224.3 |mg/L 3.68 meqg/L
CO3 = 11.8 |mg/L 0.395 megqg/L
Carbon Dioxide (CO;) = 0.38 |mg/L as COxaq) 8.63E-06 mol/L
SAR & Irrigated Water Calculations at Temperature of 15C
Carbon Dioxide (CO,) = 1.41 |mg/L as CO,(aq) 3.21E-05 mol/L, at 0.0007 atm partial pressure
pH = 8.45 |pH of irrigated water if air and water were at carbon dioxide equilibrium
Sodium Adsorption Ratio = 5.63 |simplified method
Sodium Adsorption Ratio = 6.55 |Adjusted SAR "Rigorous method"
SAR & Soil Water Calculations - In Rhizosphere Root Zone
Carbon Dioxide (CO,) = 3.64 |mg/L as COyyq) 8.26E-05 mol/L, at 0.0018 atm partial pressure
pH = 8.05 |pH of soil water if air and water were at carbon dioxide equilibrium
Sodium Adsorption Ratio = 6.04 |Adjusted SAR "Rigorous method"
SAR of the Drainage Water when Leaching Fraction is Considered
Sodium Adsorption Ratio = 11.7 |Adjusted SAR of the soil water including leaching fraction.
TDS of the Drainage Water = 1,838 |mg/L 0.046  mol/L, lonic Strength
Electrical Conductivity (ECgyy)= 2,871 |uS/cm 2.87 dS/m

Adjusted SAR Classification Management Considerations

<1 Excellent None

1-2 Good Little concern, add pelletized gypsum periodically

2-4 Fair Aerify soil, sand top-dress, apply pelletized gypsum, monitor soil salinity

4-8 Poor Aerify soil, sand top-dress, apply pelletized gypsum, leach soil regularly,
monitor soil salinity closely

8-15 Very Poor Requires special attention; consult water quality specialist

>15 Unacceptable Do not use
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14. Corrosion Modeling — This program was specifically designed for evaluating lead/copper
treatment but also provides valuable information on the changes in water characteristics when
base chemicals are added or the applied air-stripping of CO,. The user inputs the water
characteristics and selects a treatment chemical to be modeled. The program calculates the
changes in water characteristics, corrosion indices and lead and copper solubility that is populated
into a table along with the incremental chemical dosages. The tabulated results make it easy for
scanning for appropriate targeted dosage. The data results are also graphically plotted for visual
evaluation. The user may also use the data for plotting other graphs of interest.

Below is an example of using caustic soda as a corrosion control chemical based on the starting
water characteristics in Step 1 in the worksheet. The treatment results are computer generated in
the table below that shows the incremental changes in corrosion indices, lead and copper
dissolution and water characteristics as the dosage of caustic soda is increased. Graphs of the
results are also plotted for visual evaluation.

Water!Pro™

Corrosion Control Modeling Program

m Enter Characteristics of Water to be Treated mcmmical Selection & Constraints

System Name: E le 5
Sys em Pam(: xample Wgt:%ro Cop¥°Data Select Corrosion son =
ource rFoint . Caustic Soda (NaCOH)
Control Chemical
Date of Sample: Data Here WaterPro
TDS = 151 mg/L Enter Constraints:
pH = 6.40 [field pH is recommended Upper limit dose to plot: 100.0 |mg/L
A |
Total Alkalinity = 49.4 mg/L as CaCO; Upper Bound pH: 8.0
Calcium (total) = 350 |mg/L Ca* 87.41 mg/L as CaCO;,
Water Temperature = 15.0  |°C (temp. at which pH was analyzed) STVl Enter PO,* dose if added with chemical from Step 2
Field Water Temperature = 15.0  |°C (operating temperature at facility) Orthophosphate as PO,> 0.0 1mg/L
Al
Cr= 37.0 |mg/lL 52.2 mgl/L as CaCOs Activate button "Plot Data" to plot
SO = 65.0 |mg/L 67.7 mgl/L as CaCOs Plot Data any new data entered in Steps 1 to
Mg = 5.4 mg/L 222 mg/L as CaCO;, 3.
Plotting Points for Graphs
Ortho- pH  Alkalinity Langelier CCPP Copper Il Lead Il Buffer Aggressive  Ryznar
Dose phosphate atField as CaCOs; DIC Index as CaCO; at 25°C at 25°C Intensity CO, Index Index
mg/L mg/L Temp. mg/L mg/L C LI mg/L mg/L mg/L mMW/pH mg/L Al RI
0.00 0 6.40 49.40 23.48 -1.84 -78.61 13.100 0.506 1.130 42.60 10.00 10.07
2.00 0 6.44 51.90 23.48 -1.77 -74.55 11.200 0.466 1.120 40.40 10.07 9.99
4.00 0 6.49 54.40 23.48 -1.71 -70.46 9.650 0.431 1.110 38.20 10.13 9.90
6.00 0 6.53 56.91 23.48 -1.64 -66.35 8.320 0.401 1.100 36.00 10.20 9.82
8.00 0 6.58 59.41 23.48 -1.58 -62.22 7.190 0.375 1.070 33.80 10.26 9.74
10.00 0 6.63 61.91 23.48 -1.51 -58.06 6.210 0.353 1.050 31.60 10.33 9.65
12.00 0 6.68 64.41 23.48 -1.45 -53.88 5.360 0.334 1.010 29.40 10.39 9.57
14.00 0 6.73 66.92 23.48 -1.38 -49.68 4.620 0.317 0.973 27.20 10.46 9.49
16.00 0 6.78 69.42 23.48 -1.31 -45.47 3.980 0.302 0.928 25.00 10.53 9.40
18.00 0 6.83 71.92 23.48 -1.24 -41.23 3.410 0.289 0.877 22.80 10.60 9.32
20.00 0 6.89 74.42 23.48 -1.17 -36.97 2.910 0.277 0.821 20.60 10.67 9.23
22.00 0 6.96 76.93 23.48 -1.09 -32.69 2.460 0.267 0.758 18.40 10.75 9.14
24.00 0 7.03 79.43 23.48 -1.01 -28.38 2.060 0.258 0.689 16.20 10.83 9.04
26.00 0 7.10 81.93 23.48 -0.92 -24.06 1.700 0.250 0.615 14.00 10.92 8.94
28.00 0 7.19 84.43 23.48 -0.82 -19.71 1.370 0.243 0.536 11.80 11.02 8.83
30.00 0 7.29 86.94 23.48 -0.71 -15.34 1.080 0.236 0.451 9.63 11.14 8.70
32.00 0 7.41 89.44 23.48 -0.57 -10.95 0.805 0.231 0.361 7.46 11.27 8.56
34.00 0 7.57 91.94 23.48 -0.40 -6.55 0.556 0.226 0.268 5.31 11.44 8.37
36.00 0 7.80 94.44 23.48 -0.16 -2.12 0.333 0.222 0.175 3.21 11.68 8.13
38.00 0 8.18 96.95 23.48 0.22 2.30 0.149 0.222 0.103 1.37 12.07 7.74
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The data in Step 1 above is inputted manually or can be imported from the “WaterPro”
worksheet. The Step 1 data may also be exported into the “WaterPro” worksheet for evaluation.

Generated Graphs
pH & Alkalinity vs. Dosage Copper & Lead vs. Dosage
9.00 120 14.00 0.600
8.00 -
_—_ | 100 1200 \ L 0500
7.00 //
= — 10.00
6.00 // 80 3 3 \ L 0400 =
h -
_— £ £ 8.00 N B
5.00 — E &
T T 60 2 = \ \ L 0300 £
4.00 == £ 8 6.00 — B
= =) T —— [
3.00 0 2 S .00 \ - 0.200 =
2.00 ’ ~
b 20 2.00 NN - 0.100
1.00 : T~
0.00 0 0.00 ~ 0.000
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00
Caustic Soda, mg/L Caustic Soda, mg/L
s DH e Al kaliNity s COPPEr (ME/L) e lead (mg/L)
pH & CCPP vs. Dosage pH & Buffer Intensity vs. Dosage
9.00 10 9.00 1.2
8.00 S0 8.00 | / -
7.00 l,/ L -10 700 \‘ _ F10E
P L 20 N s
6.00 = 6.00 08 ¢
e 305 N\ £
5.00 - £ 5.00 Z
3 P fao S g N\ -
4.00 s 4.00 S
/ r-50 G N £
3.00 / 1 0 ° 3.00 \\ 04 <
2.00 L 70 2.00 %
02 a
1.00 L -80 1.00 \\
0.00 -90 0.00 0.0
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00
Caustic Soda, mg/L Caustic Soda, mg/L
s DH e CCPP = DH e Buffer Inte nsity
Copyright © 96-13 Schott Software, all rights reserved. Published by ChemSW(707)864-0845;p/n11068;01/01/13

15. CCT Scenarios - This program was designed specifically for lead/copper corrosion control. The
program allows up to 50 sets of data to be modeled for corrosion control. The user selects the
corrosion control chemical for each data set and input corrosion control constraints that will allow
the program to determine the dose based on user inputted constraints. The user also has the
option to manually input the corrosion control dose by-passing the corrosion control constraints.
The user has the option of selecting what set of data to be processed.
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Set Numbers
For data inputs, complete Steps 1 - 1 2 \ 3 4 5 6 7 8 | 9 \ 10 \ 1 \ 12 |
Initial Water Characteristics Input Project #:
TDS (mgil) 147 147 147 147 120 200 320 200 190
pH: ) 6.80 6.80 6.80 6.80 6.20 7.00 7.20 7.00 7.00
Total Alkalinity (mg/L as CaCOa) 100.0 100.0 100.0 100.0 51.0 50.0 50.0 50.0 50.0
Temperature (°C, at which pH was measured): 220 220 220 220 15.0 250 250 250 250
Field Temperature (°C, operating temperature): 15.0 150 150 15.0 15.0 22.0 220 220 220
Calcium (mg/L as Ca™"): 20.0 15.0 15.0 15.0 6.8 5.0 5.0 5.0 5.0
Magnesium (mg/L as Mg*"): 14.0 150 150 15.0 6.8 50 50 50 50
Sodium (mg/L as Na): 30.0 15.0 15.0 15.0 6.8 5.0 5.0 5.0 5.0
Chloride (mg/L as CI): 27.0 27.0 270 27.0 15.0 5.0 5.0 5.0 5.0
Sulfate (mg/L as SO, ) 32.0 32.0 32.0 32.0 21.0 10.0 10.0 10.0 10.0
Corrosion Control Constraints
Upper bound pH: 7.30 8.00 8.60 7.20 7.20 8.60 8.60 7.30 8.00
Upper bound Langelier Saturation Index, Calcite (LSI): 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Upper bound GCPP (mg/L as CaCOa): 0.50 0.50 2.00 0.50 0.50 0.50 0.50 0.10 0.10
Select Chemical for raising pH KOH NaQH CO; NaOQH NaQH CO, NaOH CO; CO; Na;CO; | NaHCO; | Na;CO;

Chemical Dose, mg/L (computer generated): 257 -30.4 13.4 497 95 56 112 85
Chemical Bose, mg/L (manually inputted): 17.4

Orthophos?nhate (as PO.~, mg/L) (manually inputted): 2.00 3.00
Disinfection and Fluoridation Entry - Optional

Post Cl, mg/L):

Post NaOCI (mg/L): 3.00 3.00

Fluoride (H;SiFs, mg/L): 2.00

23 mmasuhs for Initial Water Characteristics

Electrical Conductivity (uS/cm): 230 230 230 230 188 313 500 313 297
pH (field water temperature): 6.85 6.85 6.85 5.85 6.20 7.02 7.22 7.02 7.02
Total Alkalinity (mg/L as CaCOs). 100.0 100.0 100.0 100.0 51.00 50.00 50.00 50.00 50.00
Bicarbonate (mgilL as HCOy ) 1219 | 1219 | 12198 | 1219 | 6221 | 6089 | 6084 | 65089 | 60.89
Carbonate (mglL as CO.%): 0.038 | 0038 | 0038 | 0038 | 0.004 | 0.034 | 0.057 | 0034 | 0.034
Acidity (ma/L as CaCO,): 169.4 | 169.4 | 1694 | 169.4 | 2105 | 70.80 | 62.82 | 70.80 | 70.83
Carbon Dioxide (GO, mg/L): 30.56 30.56 30.58 30.56 7010 917 5.88 9.17 918
DIC (dissolved inorganic carbon, mg/L as C): 32.33 32.33 32.33 32.33 31.38 14.50 13.54 14.50 14.50
Total Hardness (Ca™ + Mg®, mgiL as CaC0Qy): 107.6 99.2 99.2 99.2 44.98 33.08 33.08 33.08 33.08
Carbonate Hardness (Ca** + Mg”, mgil as CaCDy) 99.9 99.2 992 99.2 4498 | 3308 | 3308 | 3308 | 3308
Mon-Carbonate Hardness (Caz’ + Mgz‘. maglL as CaCO.) 7.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cations/Anions Percent Difference, (¥ calions-Fanions) = (Fcations+Fanions): 0.44% |-13.03% [-13.03% |-13.03% | -22.29% | -21.06% | -21.03% [ -21.06% | -21.11%
Corrosion Indices Set# 1 2 3 4 5 6 i 8 9 10 11 12
Agaressive Index (Al) 10.5 104 104 104 9.1 9.3 10.0 9.3 9.3
Ryznar Index (RI) 9.47 972 972 972 1160 | 1092 | 1079 | 1082 | 1094
Langelier index (LI): -1.31 | -144 | 144 | 144 | 270 | -195 | -1.79 | -1.95 | -1.95
CCPP (Calcium Carbonate Precipitation Potential, mg/L as CaCO4): 5323 | 5475 | -5475 | -5475 | 12656 | -2158 | -15.01 | -2158 | -21.58
Buffer Intensity (mhl/pH): 1.18 118 1189 118 1.43 0.40 0.27 0.40 0.40
Larson's R‘atio ((CI + 50" JAlk) 0.71 0.71 071 0.71 0.84 0.35 0.35 0.35 0.35
CSMR (Cﬂﬂfide to Sulfate Mass Ratio): 0.84 0.84 0.84 0.84 0.71 0.50 0.50 0.50 0.50
Lead and Copper

pH at field water temperature: 6.85 6.85 6.85 5.85 6.20 7.02 7.22 7.02 7.02
Field water temperature ("C): 15.0 15.0 15.0 15.0 15.0 22.0 220 22.0 22.0
Copper Il {(mglL), Cupric Hydroxide, light blue/blue-green, Cu{OH)(s): 6.99 6.99 6.09 6.99 51.82 1.56 0.85 1.56 1.56
Copper Il (mg/L), Tenorite, black, Cud(s): 0.64 0.64 0.64 0.64 458 0.14 0.08 014 014
Copper Il (mg/L), Malachite, blue-green, Cu;{0H}LCO4(s): 0.24 0.24 0.24 024 116 012 0.08 012 012
Lead |l (mg/L), Lead Carbonate (PBCO,.), cerussite). 0199 | 0199 | 0199 | 0199 | 0467 | 0258 | 0242 | 0258 | 0.257
Lead & Copper and pH Results gat25°c water temperature):

pH (at 25°C water temperature): 6.78 6.78 678 6.78 6.13 7.00 7.20 7.00 7.00
Copper |l (mglL), Cupric Hydroxide, light blue/blue-green, Cu(OH)u(s): 4.07 4.07 407 407 | 2875 | 1.3 0.73 1.31 1.31
Copper |l (mgiL), Tenarite, black, Cud(s): 037 037 0.37 0ar 262 012 0.07 012 012
Copper Il (mgiL}, Malachite, blue-green, Cuz(OH),CO4(s): 0.18 0.18 0.18 0.18 0.85 011 0.08 011 011
Lead Il (mg/L), Lead Carbonate (PbCOs., cerussite) 0258 | 0258 | 0258 | 0258 | 0589 | 0.277 | 0281 | 0277 | 0.277
Lead |l (mg/L), Basic Lead Carbonate (PBa(CO4),(0H)y., hydrocerussite): 0.805 0.805 0.805 0.805 2424 0.580 0.488 0.580 0.579

Range of Data Sets for complete Processing (max 50)

Corrosion Control Treatment - Distribution System and Lead/Copper

Process Data ‘

Start Set#: 9
End Set#:| 9
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BT FAResults after Chemical Addition NaCO; | MaoH | CO; | MaoH | NaoH | co, | Waom | co; | cos
Chemical Dose, mg/L (computer generated): 257 -30.4 13.4 497 95 5.6 -11.2 -8.5
Chemical Dose, mg/L (manually inputted): 17.4

Orthophosphate (as PO, mg/L): 2.00 3.00

pH (field water temperature): 7.00 8.00 8.33 7.20 7.20 8.62 8.62 7.30 8.00
Total Alkalinity (mg/L as CaCQ,): 115.0 1322 100.0 116.8 113.2 50.6 576 431 50.0
Bicarbonate (mg/L as HCOy): 140.0 169.6 119.6 1422 137.8 58.8 66.8 52.4 60.2
Carbonate (mg/L as COs™): 0.063 0.718 1.122 0.100 | 0.08% 1.310 167 0.057 0.327
Acidity (mg/L as CaCO.) 1709 | 1373 | 1003 | 1527 | 1483 486 55.2 52.3 51.5
Carbon Dioxide (CO;, mg/L) 2466 2.80 1.00 1587 | 1551 0.22 0.25 410 0.94
DIC (dissolved inorganic carbon, mg/L as C): 343 323 240 323 314 119 135 114 12.2
Calcium (mg/L as Ca”’)- 20.0 15.0 15.0 15.0 6.8 50 5.0 5.0 5.0
Magnesium (mg/L as Mg®") 14.0 15.0 150 15.0 6.8 50 5.0 5.0 5.0
Sodium (mg/L as Na*): 375 298 15.0 227 354 59 9.1 5.0 5.0
Chloride (mg/L as CI'): 27.0 27.0 27.0 270 15.0 6.4 6.4 5.0 5.0
Sulfate (mg/L as SO.7): 320 32.0 320 32.0 210 10.0 10.0 10.0 10.0
Magnesium Hardness (mg/L as CaCQO,): 577 61.8 618 618 280 206 206 206 206
Calcium Hardness (mg/L as CaCO,): 499 375 375 375 17.0 125 125 125 125
Total Hardness (Ca®" + Mg®", mg/L as CaCO,): 1076 992 992 992 450 331 331 331 331
Carbonate Hardness (Ca®" + Mg®", mg/L as CaCO.): 1076 992 98.1 992 450 331 331 331 331
Non-Carbonate Hardness (Ca” + Mg®", mg/L as CaCO,): 0.0 0.0 12 0.0 0.0 0.0 0.0 00 00
Cations/Anions Percent Difference, (5 cations-¥ anions) + (3 cations+3 anions): 081% | -1047% | 12 49% | -11 70% [ -12 27% | -19 14% | -16 7A% | -15 78% | -21 07%
Corrosion Indices - Finished Water Characteristics Set#| 1 2 3 4 5 6 7 9 10 11 12
AggresslVE‘\ﬂdEX (A): 10.7 1.7 1.9 108 10.5 11.4 11.5 10.0 10.8
Ryznar Index (RI): 9.20 8.35 8.28 9.24 9.92 9.37 9.33 10.76 9.94
Langelier Index (L1): -1.10 -0.17 0.02 -1.02 -1.36 -0.38 -0.36 -1.73 -0.97
CCPP (Calcium Carbonate Precipitation Potential, mg/L as CaCO,): -41.29 215 023 -27.61 -29.62 283 -2.75 -11.72 -5.21
Buffer Intensity (mM/pH): 1.05 0147 0.10 072 071 0.07 0.08 021 0.06
Larson's Ratio ((CT + 50,7 )Alk): 062 0.54 071 0.61 0.38 035 0.30 041 0.35
CSMR (Chloride to Sulfate Mass Ratio)- 0.84 0.84 0.84 0.84 071 0.64 0.64 0.50 0.50
Lead and Copper

pH at field water temperature: 7.00 8.00 8.33 7.20 7.20 862 862 7.30 8.00
Field water temperature (°C): 15.0 150 150 150 15.0 220 22.0 220 220
Copper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu(OH),(s) 497 0.49 0.18 2.95 2.89 0.03 0.03 0.61 0.12
Copper Il (mg/L), Tenorite, black, CuO(s) 0.45 0.04 0.02 0.27 0.27 0.00 0.00 0.06 0.01
Copper Il (mg/L), Malachite, blue-green, Cux(OH),CO4(s) 0.19 0.06 0.04 0.14 0.14 0.02 0.02 0.07 0.03
Lead Il (mg/L), Lead Carbonate (PbCOs,), cerussite): 0.184 0.166 0170 0176 0175 0.221 0.219 0.243 0.216
Lead and Copper, and pH Results (at 25°C water temperature) - Finished

pH (at 25°C water temperature): 6.94 793 823 713 713 8.58 8.58 7.28 7.98
Capper Il (mg/L), Cupric Hydroxide, light blue/blue-green, Cu(OH)4(s): - 0.30 011 1.75 1.71 0.03 0.03 - 010
Copper Il (mg/L), Tenorite, black, CuO(s): - 0.03 0.01 0.16 0.16 0.00 0.00 - 0.01
Copper Il (mg/L), Malachite, blue-green, Cus(OH).CQa(s): - 0.04 0.03 0.11 0.11 0.01 002 - 0.03
Copper Il (mg/L), Copper Phosphate, Cus(P0.).*2H,04(s): 0.40 - - - - - - 011 -
Lead Il (mg/L), Lead Carbonate, PbCQOay,, cerussite: - 0.218 0.223 0.229 0.229 0238 0236 - 0233
Lead Il (mg/L), Basic Lead Carbonate, Pb,(CO3);(0OH),,), hydrocerussite: - 0.309 0227 0576 0.571 0.146 0.151 - 0229
Lead Il (mg/L), Hydroxy-pyromorphite, Pbs(PO.)5(OH),., 0.067 - - - - - - 0019 -
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16. Buffer Intensity — For graphically evaluating the changes in buffer intensity versus DIC and
alkalinity. Also graphed are CCPP values versus pH based on water DIC, TDS, calcium and

temperature.
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17. Blend - This is an easy program for determining the changes in water characteristic of two
blended sources. This has several applications from reducing chemical contaminate concentration
to changing the water characteristics for easier treatment to a more desirable outcome before
delivery to customers. The initial water characteristics and flow rates for each source are entered.
The results are the blended water characteristics along with corrosion indices.

Below is an example of blending two waters. The primary source has very low alkalinity and the
other source has much higher alkalinity. The two sources are blended to raise the alkalinity and
mineral concentration. The user can adjust the flow for each source to target a water
characteristic blend. There is also a drop-down menu for the units of flow (MGD, gpm, ML/day,
L/min, L/sec & m3/hr.) to select from.

Water!Pro Blending Modeling Program

T source Water 1 mﬂlended Source
Enter Initial Raw Water Characteristics & Parameters Blended Results Waters 1 and 2
Source Paint: Old well Source Point: Old well & Mew well
Date of Sample: July 26, 2017 Date of Sarmple: Movernber 1, 2005
Plant Flow Rate: 40 gpm T57,600 galiday Cornbined Plant Flow Rate: 000 |(gpm 144,000 galiday
TDS: 398 |[mol 0.0093 moliL, 1S 1 TDS: 3H |mgl 0.0088 mollL, 15
pH: T.ha pH: T35
Total Alkalinitu: 977 |mgl az CaCO, 195 meglL Total Alkalinitu: 511 mgl az CaCO, 1.021 meglL
Wwater Temperatiire: 0.0 |°C (ternp. at which pH was analyzed) Bicarborate [HCO,: 622 ol 1.019 megll
Field ‘water Temperature: 0.0 |°C [operating termperature at Facilib ] Carbonate [C0,*7): 0061 (gl 0.002 megL
Calcium [Ca™]: 320 ol 799 a=zCaCO, Wwiater Temperatire: 100 |°C. Field
MMagresiurm [Ma®: 30 = 124 asCaCO, Calcium [Ca™): 133 |mol 333 azCallO,
Sodiurm [Ma'): 00 |mal 218 asCaCO, hlagriesium (Mg ): a0 rngfL 124 asCaCO,
Chloride [C1]: 42 mal B9 asCalO, Sodium [Ma']: 280 |mgl E10  asCaCO,
Sulfate [50,7): 50 gl 52  asCalO, Chloride [C1]: 4.2 magl B9 asCalO,
Mitrate: B0 |mglash N Sulfate [50,%): 50 moll 5.2 asCaCO,
L a-254: 003 |¥ern, UV Absorption hlitrate: 85 gl as K
DoC: ] 1.0 mgl az C [Dizsolved Organic Carbor)) DIC: 1365 |mglasC
Source Water Turbiditu: 0.3 MNTU SUYA = 3 LW m™mg) Acidity: E26 |mol az CaCO,
Source Water 2 Carbon Dioxide [CO,): 513 mgl as CO;,,
Enter Initial Raw Water Characteristics & Parameters L A-254: 0.030  |¥cm, UV Absorption
Source Paint: Tew well DOC: 10 |mol as C [Dissolved Organic Carbon)
Date of Sample: July 26, 2007 Source Water Turbidity: 0.3 |NTU SIva = 2.07 Um™mna)
Plant Flow Pate: [=01] gprm 86,400 galiday Hardness
TDS: 320 [mgll 0.0080 malil, 1S 1 Total Hardrness: 457 |mgl as CaCO,
pH: F.on Carbonate Hardress: 457 |mgl as CaCO,
Total Alkalinitu: 200 |mgl as CaCO, 0.40 meglL Mon-Carbonate Hardrness: 0a mglL az CaCO,
‘“Water TernperatLre: 0.0 |°C [ternp. at which pH was analyzed) Cationstanions 2 Difference: | 26.30% [[Tcations-Fanions)i{ ¥ cations+¥anions)
Field ‘W ater Temperature: 10.0 |°C [operating ternperature at Facility) Corrosion Indices
Calcium [Ca™): 09 |mgl as Ca®* 22 asCaC0O, Aggressive Index [Al]: 106  |Moderately aggressive conditions
MMagresiumm [Mg™): 30 mglL 124 asCaCO, Fyznar Inde:x [Rl): 1014 |Tendency to dizsolve CaCO3
Sodium [Ma'): 400 |moll 871 asCaCO, Langelier Saturation Index: <133 |Tendency to dissolve CaCO3
Chloride [C1]: 42 mglL 59  asCaCO, CCPP: -1280  |mgl as CaCO,
Sulfate (50,7 50 |mol 5.2  asCaCO, Biyzn + B 0.243  (mtdpH, Buffer intensity
Mitrate: 41 |mgl asi LR (CF + SO, palk: 022  |Light metal tendency
L a-254: 003 Yo, UV Absorption CShiR: 0.84 |ChloridedSulfate hass Ratio
Do A 1.0 mal az C [Diz=solved Organic Carbon)
Source Wat_er Turbidity: 0.3 MTL SLYVA = 3 L m™mg) m!!:z _ Copy Blended Results into other Worksheets
Copy blended results into Copy blended results into
[ WaterPro.wks ] [ CorrosionModeling.wks ]

18. Indices - This worksheet is strictly designed for modeling water characteristics for corrosion
control treatment. Up to 500 sets of data may be evaluated at once or the user selected set. The
user inputs the initial water characteristics and selects treatment and dosage for that set of data.
After computer processing, the before and after water characteristics related to corrosion control
are calculated.
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Corrosion I

dlic and Ch

Range of Data Sets to Process (max 500):| 45 47 (Start/Finish)

Water Quality Data - User Input

Indices Water Quality Results

Alkalinity ~ Cal 3 °  Chloride  Sulfate o cepp :
Data Site # Sample 108 alinity alcium  Temp. C° Temp. C° loride 3 02 pic Aggressive  Ryznar Langelier Buffer Larson's cull Bl He
Set# or Name Date gL pH mg/L L for pH for Field mg/L mg/l pH mgilL mg/L Index Index Index mg/L Intensity Ratio CSMR L gl 25
CaC0; ca® Test Operations cr S0 COgts) asC Al RI L asCaCO;  mM/pH (O + SDAWAIK
1 Cal Water Oroville (0410005) 60 7.80 37.0 76 15.0 15.0 28 15 1 7.80 13 9.2 10.6 10.10 -1.15 -4.91 0.071 0.15 1.87 024 0.19 773
2 SFWP (0410006) 27 6.80 172 37 15.0 15.0 18 31 2 6.80 61 58 920 12.33 276 0.228 034 0.58 330 039 6.73
3 Tanks-End Roselawn HS 8/25/16 744 6.90 337 79.6 228 228 1712 72 3 6.90 746 99.9 "7 724 017 3.110 133 2378 9.06 021 6.89
4 Room 1 S Sink, Roselawn HS 8/12/16 802 720 1400 839 270 270 4 720 14.9 376 "7 752 0.16 0701 NA N/A 145 024 7.21
5 Room 1 E Sink, Roselawn HS 8/25/16 75 730 1400 839 270 270 1726 16 5 730 1.9 36.8 18 740 -0.05 0576 175 107.88 113 023 7.31
6 ‘Well 1, Roselawn High School 224 663 7.00 2531 170 200 200 202 100.0 6 7.00 474 736 18 714 007 2050 052 020 669 019 6.97
7 7
8 Chamisal WA, Well 1 112616 683 710 2290 105.0 200 200 160.0 131.0 8 710 340 642 18 124 -0.07 541 1530 063 122 473 019 .07
9 25340 Caminno De Chamisal 1126/16 706 6.90 2230 106.0 200 200 160.0 1310 9 6.90 524 678 16 746 028 -28.50 2170 162 122 780 020 6.87
10 Chamisal WA, Well 1 81315 720 6.90 2280 102.0 200 200 160.0 1310 10 690 535 693 16 748 029 -29.80 2210 159 122 794 020 6.87
11 25340 Caminno De Chamisal 81315 723 7.00 2300 98.0 200 200 160.0 1310 1" 7.00 429 66.9 "7 740 020 -18.70 1.860 158 122 613 020 697
12 12
13 Twain Harte CSD - Ditch-Raw 7119/16 16 633 73 21 15.0 15.0 09 41 13 633 77 39 79 14.00 384 -19.70 0.185 132 0.21 2030 149 6.26
14 Twain Harte CSD - Well 01 731114 19 6.70 85.0 200 15.0 15.0 25 39 14 6.70 36.9 305 103 971 -1.51 -65.40 1.290 123 0.64 10.00 022 6.63
15 15
16 Del Rio - Well 01 7/3/14 300 753 169.0 36.8 15.0 15.0 16.3 152 16 783 10.5 434 1.7 7.91 -0.19 6.24 0.526 435 1.07 1.80 0.16 7.46
7 Del Rio - Well 01 300 753 169.0 20 15.0 15.0 16.3 152 17 783 10.5 434 104 1043 -145 -20.80 0526 435 1.07 180 0.16 746
18 18
19 Well 1, Robley Properties MWC 5128114 530 7.60 270.0 87.0 15.0 15.0 156.0 250.0 19| 7.60 13.9 68.5 121 7.30 0.15 8.32 0713 0.56 0.62 143 021 7.53
20 Well 1. Robley Properties MWC 81114 640 7.00 2100 91.0 15.0 15.0 156.0 2500 | 20| 700 429 621 16 72 036 31.50 1830 044 0.62 480 024 6.93
21 Well 1. Robley Properties MWC 512814 530 760 2700 57.0 15.0 15.0 156.0 2500 |21 760 139 685 121 730 0.15 8.32 0713 056 0.62 238 0.16 753
22 Well 1. Robley Properties MWC 81114 640 7.00 2100 91.0 15.0 15.0 156.0 2500 | 22| 700 429 621 16 M2 036 31.50 1830 044 0.62 811 018 693
23 23
24 Bajamont SWTP 54 8.00 412 178 180 180 38 29 24| 800 09 101 13 898 -049 0054 020 131 013 023 795
2 Coloma SWTP 50 770 250 158 18.0 18.0 24 29 25| 770 10 63 107 9.80 -1.05 0.056 026 083 018 023 7865
26 Well 24 - Paseo 190 820 100.0 230 15.0 15.0 77 55 26| 820 13 242 119 8.04 0.08 0105 017 140 024 0147 812
27 27
28 Cal Water Oroville (0410005) 60 7.80 37.0 76 15.0 15.0 28 15 28 780 13 9.2 106 10.10 -1.15 4.91 0.071 0.15 187 024 0.19 773
29 SFWP (0410006) 27 6.80 7.2 37 15.0 15.0 18 31 29 6.80 61 58 920 12.33 276 15.90 0.228 034 0.58 330 039 6.73
30 30
Corrosion Indices and Chemical Treatment
N Chemical Addition Inputs step 4 Indices Water Quality Results After Chemical Addition
Caustic ~ Hydrated Sulfuric Carbon iho- 7
Sogansn  C2U8 Cme. Umestons Se O eae ot Post  Fluorde stesor Aidiniy Cddum  C0, DI ggressve Renar Langelier CCPP  Bufer  LISONS cn e e
Na,CO, CaCo, N cl, NaOCl  HSiF, pH  moL molL. molL  molL Index Index  Index  moL Intensity CSIR
NaOH Ca(OH)z HzS04 COz ¢ as PO mgiL Name caco. 2 asC Al RI u Caco, mMpH © +350.F mgiL mgiL 25°C
[LI—, mglL moiL ol el ot mol g moL. ac0;  Cd COau 5Cac0; miip Yk
1 1 Cal Water Oraville (0410005) 7.80 37.0 76 13 92 106 1010 -1.15 -491 0.071 0.15 1.87 024 0.19 773
2 2 SFWP (0410006) 6.80 172 37 6.1 58 9.0 1233 -276 -15.90 0.228 034 058 3.30 039 673
3 3|  TenkeEndRosswnHs 690 3317 795 746 999 17 724 017 2220 3110 133 2378 905 021 689
" 4| RoomiSSinkRoselawnHS 720 1400 829 148 75 17 752 015 697 0701 NA NA 145 026 721
5 5 Room 1 E Sink, Roselawn HS 7.30 1400 839 119 368 118 7.40 -005 173 0576 175 107.88 113 023 7
6 6 Well 1, Roselawn High Schoal 7.00 2531 170 474 736 118 714 -0.07 -6.68 2050 052 020 6.69 019 697
7 7
8 220 s Charmisal WA, Well 1 754 200 1050 123 sez 423 681 037 221 os6 083 122 184 019 751
9 220 9 25340 Caminno De Chamisal 713 2230 1060 305 618 119 722 -004 -3.06 1.390 162 122 422 019 710
10 -22.0 10 Chamisal WA, Well 1 713 2280 1020 316 633 118 725 -0.06 -445 1440 159 122 438 019 710
1 220 11| 2530caminnoDeChemisal 731 2300 S0 210 609 120 710 oM 0t to0  1s 122 282 01y 728
12 12
13 13| Twain Hare CSD - Ditch-Raw 633 73 21 77 39 79 1400 -384 -19.68 0.185 132 021 2030 149 6.26
14 14] Twain Harte CSD - Well 01 6.70 85.0 200 369 305 103 971 -151 -65.38 1290 1123 064 1000 022 6.63
15 15
16 15 Del Rio - Well 01 75 600 38s 05 434 117 701 019 624 0S26 435 107 180 045 745
17 17 Del Rio - Well 01 753 169.0 20 105 434 104 1043 -145 -2078 0526 435 107 1.80 016 746
18 18
19 30 19| Wellt,RovleyProperties iwe  7.52 2673 570 63 685 120 737 008 454 080 055 082 044 009 745
20 30 20| Well1RodleyProperties WG~ 698 2078 910 449 621 118 775 039 2455 1900 043 082 036 009 691
21 150 21| Well 1, Robley Properties MWC 8.56 2888 57.0 16 685 131 6.36 1.10 232 0324 060 062 041 019 845
22 15.0 22| Well 1, Robley Properties MWC 7.25 2288 91.0 265 621 119 741 -0.08 549 1230 048 0.62 464 017 718
23 2
28 2 Bajamont SWTP s00 412 178 09 101 113 ese 049 207 00s¢ 020 131 013 02 795
25 25 Coloma SWTP 770 250 158 10 63 107 9.80 -1.08 -340 0.056 026 083 0.18 023 765
26 26 Well 24 - Paseo 820 100.00 230 13 242 119 8.04 0.08 0.82 0.105 047 140 0.24 017 812
27 27
26 26| calwaterOrovile (0410005 780 37.00 13 ez 08 1010 115 491 0071 015 1e7 024 019 773
29 29 SFWP (0410006) 6.80 1720 37 8.1 58 90 1233 -276 -15.90 0228 034 058 330 039 873
30 30

19. BlendingPro — This program is an extension of the “Blend” program except the user can

blend up to six sources. Any source that has an input flow rate will be included in the blend
calculations. To exclude a source from the blended results, enter a zero value for that flow.
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Water!Pro Blending Modeling Program (Blend up to Six Sources)

T Source Water 1

Enter Initial Raw Water Characteristics & Parameters

Source Water 4

Enter Initial Raw Water Characteristics & Parameters

Source Water
Date of Sample:

SW Treated
November 1, 2014

Source Water
Date of Sample:

Well 321

November 1, 2014

Plant Flow Rate: 100.0  [gpm T 227 mar Plant Flow Rate: 0 gprm 0.0 mdhr
TDS: 300 mg/L 0.0075 maliL, IS TDS: 310 mg/L 0.0078 maliL, IS
pH: 7.00 pH: §.00
Total Alkalinity: 80.0 |mg/L as CaCOs Total Alkalinity: 58.0  |mg/L as CaCOs
Water Temperature: 18.0  |°C (temp. at which pH was analyzed) Water Temperature: 15.0  |°C (temp. at which pH was analyzed)
Field Water Temperature: 18.0  |°C (operating temperature at facility) Field Water Temperature: 15.0  |°C (operating temperature at facility)
Calcium (Ca*') 5.0 mg/L 125  mg/l as CaCO; Calcium (Ca™') 5.0 mg/L 125 mg/l as CaCOz
Magnesium (Mg™): 10.0  |mgll 412 mglL as CaCOs Magnesium (Mg™): 10.0  |mglL 412 mg/L as CaCOs
Sodium (Na’): mg/L 0.0 mgl as CaCOz Sodium (Na"): myg/L 0.0 mgll as CaCOz
Chloride (CI'): 55  |mg/lL 78  mg/l as CaCOy Chleride (CI): 50  |mg/lL 71 mg/l as CaCOz
Sulfate (S047): 50 |mglL 83 mgl as CaCOs Sulfate (S047): 150  |mg/L 156  mg/l as CaCO;
Nitrate: 10.0  |mg/lL ) Nitrate: 3.0 mg/L
UVA-254 0.075  |4/cm, UV Absorption UVA-254- 0.075  |1/cm, UV Absorption
~ ~
DOC: 50 mg/L as C (Dissolved Organic Carbon) DOC: 50 mg/L as C (Dissolved Organic Carbon)
Source Water Turbidity: 3 NTU SUVA = 1.5 L/(m*mg) Source Water Turbidity: 3 NTU SUVA = 1.5 L/(m*mg)

Enter Initial Raw Water

Source Water 2
Characteristics & Parameters

Enter Initial Raw Water

Source Water 5
Characteristics & Parameters

Source Water Well 140 Source Water Well 151
Date of Sample: MNovember 1, 2005 Date of Sample: MNovember 1, 2005
Plant Flow Rate: 0 gpm 0.0 m3hr Plant Flow Rate: 0 gpm 0.0 m3thr
TDS: 100 mg/L 0.0025 maliL, IS TDS: 200 mg/L 0.0050 maliL, IS
pH: 6.60 pH: 6.50
Total Alkalinity: 425 |mg/L as CaCOs Total Alkalinity: 50 |mgl as CaCOs
Water Temperature: 18.0  |°C (temp. at which pH was analyzed) Water Temperature: 250 |°C (temp. at which pH was analyzed)
Field Water Temperature: 18.0  |°C (operating temperature at facility) Field Water Temperature: 22.0 |°C (operating temperature at facility)
Calcium (Ca*') 5.6 mg/L 14.0  mg/l as CaCO; Calcium (Ca™') 5.0 mg/L 125 mg/l as CaCOz
Magnesium (Mg™): 100 [mg/L 412 mgll as CaCOy Magnesium (Mg™): 100 |mg/L 412  mgll as CaCO;
Sodium (Na’): mg/L 0.0 mglL as CaCOz Sodium (Na'): mg/L 0.0 mglL as CaCOz
Chloride {CI'): 120  |mg/L 125 mg/L as CaCOz Chloride (CI'): 120  |mg/L 125  mg/L as CaCOz
Sulfate (SO4°) 8.0 mg/L 329 mg/l as CaCO; Sulfate (S04°) 8.0 mg/L 329 mg/l as CaCO;
Mitrate: 10 mg/l Mitrate: 40 mg/l
UVA-254: 0.07v5 |1fem, UV Absorption UVA-254: 0.07v5  |1/fcm, UV Absorption
~ ~
DOC: 5.0 mg/L as C (Dissolved Organic Carbon) poc: 5.0 myg/L as C (Dissolved Organic Carbon)
Source Water Turbidity: 3 NTU SUVA = 1.5 L/(m"mg) Source Water Turbidity: 3 NTU SUVA = 1.5 L/(m"mg)

Enter Initial Raw Water Characteristics & Parameters

Source Water 6

Enter Initial Raw Water Characteristics & Parameters

Source Water Well 143 Source Water Well 177
Date of Sample: November 1, 2005 Date of Sample: November 1, 2005
Plant Flow Rate: 0 gpm 0.0 m3ihr Plant Flow Rate: 100.0 [gpm 227  m3fhr
TDS: 300 mg/L 0.0075 mollL, IS ] TDS: 200 mg/L 0.0050 moliL, IS
pH: 7.00 pH: 7.00
Total Alkalinity: 1000 [mg/L as CaCQOs, Total Alkalinity: 60.0 mg/L as CaCO,
Water Temperature: 120 |°C (temp. at which pH was analyzed) Water Temperature: 250  |°C (temp. at which pH was analyzed)
Field Water Temperature: 220  |°C (operating temperature at facility) Field Water Temperature: 220 _ |°C (operating temperature at facility)
Calcium (Ca™"y 120  |mgll 300 mg/l as CaCO, Calcium (Ca*"y 50 mg/L 125 mgl/L as CaCO,
Magnesium (ng) 100 |mglL 412 mg/l as CaCO, Magnesium (Mgm): 100 mg/L 412  mg/l as CaCO,
Sodium (Na"y 16.0  |mglL 327  mglL as CaCO, Sodium (Na") 250 |mglL 544  mg/L as CaCO,
Chloride (CI'): 100 |mglL 104  mglL as CaCO, Chloride (CI'): 100 |mgll 104 mg/L as CaCO,
Sulfate (S0.7): 50  |mglL 71 mg/l as CaCO, Sulfate (SO.™): 50 |mgll 71  mg/l as CaCO,
Nitrate: 20 |mall Nitrate: 0 |mgl
UVA-254: 0.075  [1/cm, UV Absorption UVA-254: 0.075  [1/cm, UV Absorption
pdc: 50 mg/L as C (Dissolved Organic Carbon) poc: 50 mg/L as C (Dissolved Organic Carbon)
Source Water Turbidity: 3 NTU SUVA = 1.5 Li(m*mg) Source Water Turbidity: 3 NTU SUVA = 1.5L/(m*mg)
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Blended

Results

Blended

Results

Blended Sources: Waters 1,2 and 3 Blended Sources: Waters 1,2, 3,4,5and 6
Combined Plant Flow Rate: 100.0 |gpm 227  m3hr Combined Plant Flow Rate: 2000 |gpm 454 m3fhr
TDS: 300 |mgll 0.0075 maollL, IS TDs: 250  |mgiL 0.0063 moliL, IS
Ph: 7.00 Ph: T.00
Total Alkalinity: 80.0 |mg/L as CaCOz Total Alkalinity: 70.0 mg/L as CaCO;
Bicarbonate (HCO=): 974  |mg/L Bicarbonate (HCOz): 85.3 mg/L
Carbonate (CO3~) 0.050 |mg/L Carbonate (CO;%) 0.046 |mg/lL
Water Temperature: 180 |°C. Field Water Temperature- 200 |°C, Field
Calcium (Ca™) 5.00  |mg/L 125  mg/L as CaCOs Calcium (Ca™*) 500 |mglL as Ca®™ 125  mg/l as CaCOx
Magnesium (Mg™): 100  |\mgll 412 mgll as CaCO; Magnesium (Mg™*): 100  |mglL 412 mgll as CaCO;
Sodium (Na*) 0.0 mg/L 0.0 mgl as CaCOs Sodium (Na™): 125  |mglL 272 mgll as CaCOs
Chloride {CI'): 55 mg/L 78 mg/L as CaCO; Chloride (CI): 78 mgiL 10.9 mg/L as CaCOaz
Sulfate (S0472): 80  |mgl 83 mgll as CaCOs Sulfate (S047) 65 |mgl 68 mgil as CaCOa
Nitrate: 10.0 mg/L Nitrate- 5.0 mg/L
Dic: 2356 |mg/LasC Dic: 2048 |mg/LasC
Acidity: 116.4 |mg/L as CaCOs Acidity: 100.7 |magiL as CaCOs
Carbon Dioxide (CO): 16.02  |mglL as COzsy Carbon Dioxide (COz): 1361 |mgiL as COxaq
Hardness Hardness
Total Hardness:: 537 |mg/L as CaCO; 1.07  megll Total Hardness:: 53.7 |mg/L as CaCOs 1.07  meqgl
Carbonate Hardness: 537  |mg/L as CaCOQ; 1.07  megll Carbonate Hardness: 53.7 |mg/L as CaCO, 1.07  megl
MNon-Carbonate Hardness: 0.0 mg/L as CaCO3 0.00 megl MNon-Carbonate Hardness: 0.0 mg/L as CaCOs 0.00 megl
Cations/Anions % Difference: -28.3% |(} cations-} anions)/(} cations+} anions) Cations/Anions % Difference: -4.1% |{}cations-} anions)/(} cations+} anions)
Corrosion Indices Corrosion Indices
Aggressive Index (Al): 10.0  |Extremely aggressive conditions Aggressive Index (Al): 99 Extremely aggressive conditions
Ryznar Index (RI): 10.71  |Tendency to dissolve CaCO3 Ryznar Index (RI): 1073 |Tendency to dissolve CaCO3
Langelier Saturation Index: -1.85  |Tendency to dissolve CaCO3 Langelier Saturation Index: -1.66  |Tendency to dissolve CaCO3
CCPP:- -34.16  |mg/L as CaCQz CCPP: -29.55 |mg/L as CaCOs
Buzo + Booa: 0.684 |mM/pH, Buffer intensity Bhzo + Beos: 0.581 mM/pH, Buffer intensity
LR: (CI +‘SO42').fAIk: 020 |Light metal lende‘ncy LR: (Cl- +‘SO42'}I’A\k: 0.25 |Light metal tendgncy
CSMR: 0.69  |Chloride/Sulfate Mass Ratio CEWR: 119 |Chloride/Sulfate Mass Ratio
UVA-254: 0.075  |1/em, UV Absorption UVA-254: 0.075  |1fem, UV Absorption
ndc: 50 mg/L as C (Dissolved Organic Carbon) pdc: 50 mg/L as C (Dissolved Organic Carbon)
Source Water Turbidity: 3.0 NTU SUVA = 1.5 L{im"mg) Source Water Turbidity: 3.0 NTU SUVA = 1.5 L{{m"mg)

Copyright ® 1936-2023 Schott Software, all rights resery

ed.

[707)322-2001;pn 068 Jure 7, 2023

Copy Blended Results into other Worksheets: Waters 1,2 & 3

Copy Blended Results into other Worksheets: Waters 1,2, 3,4,5& 6

Copy blended results inte
WaterPro.wks

-
Copy blended results into
CorrosionModeling.wks

Copy blended results inte

WaterPro.wks

Copy blended results into
CorrosionModeling.wks

20. Blending Scenarios - This is the last program development that allows the user to

compare different

blending scenarios.

Blending Scenarios - Water Characteristics, Corrosion Indices and Lead/Copper
Blend up to 10 Sources & 5 Blended Sets

Process All 5 Scenarios

Enter the set numbers to  Process Process Process Process Process
Up to 10 sets of water characteristics can be inputted be process for each scenario: __ S€t1 £33 et Set4 Set5
The user has the option to blend consecutive sets of data and up to 5 sets of scenarios. Start Set# 1 7 1 1 2
Set Numbers End Set#| 2 10 10 3 6
[For data inputs, CompleteStep1 | 1 | 2 | 3 | 4 | 5 6 | 7 | 8 | 9 | 10 | case1 | Case2 | Case3 | Case4 | Case5
N° mlnitial Water Characteristics Blend 1-2 | Blend 7-10 | Blend 1-10 | Blend 1-3 | Blend 26
1 [Flow (any units) 100 400 320 300 200 150 300 250 200 150 500 900 2,370 820 1,370
2 |TDS (mglL): 200 100 300 310 200 200 320 200 190 56 120 214 | 220 202 218
3 |pH 7.00 | 660 | 7.00 | 800 | 650 | 7.00 | 800 | 750 | 7.00 | 6.50 6.69 7.41 7.03 6.81 6.85
4 | Total Alkalinity (mg/L as CaCOs) 80 42.5 100 58 50 60 150 100 50 25 50.0 93.1 747 69.5 62.3
5 |Temperature (°C. at which pH was measured): 18.0 18.0 12.0 15.0 25.0 25.0 25.0 25.0 25.0 25.0 18.0 25.0 20.5 15.7 17.7
6 |Field Temperature (°C, operating temperature): 18.0 18.0 22.0 15.0 22.0 22.0 22.0 22.0 22.0 22.0 18.0 22.0 20.3 19.6 19.3
7 [calcium (mg/L as ca®") 5.0 5.6 5.0 5.0 5.0 5.0 25.0 5.0 5.0 5.0 55 5.0 7.6 53 5.2
8 [Magnesium (mg/L as Mg>") 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
9 |Sodium (mg/L as Na*) 5.0 8.0 10.0 12.0 5.0 15.0 20.0 22.0 24.0 12.0 7.4 20.1 13.4 84 9.7
10 |Chloride (mg/L as CI') 5.5 8.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 10.7 75 9.3 10.4 9.8
11 |Sulfate (mg/L as SO 8.0 12.0 10.0 15.0 12.0 10.0 10.0 10.0 10.0 10.0 8.0 75 7.3 6.8 8.1
12 |Nitrate (l‘ﬂE—J/E as N): 10.0 1.0 2.0 3.0 4.0 0.0 10.0 10.0 10.0 10.0 2.8 10.0 54 25 2.0
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Results - Initial Water Characteristics Blended Results

after Temperature Correction 1 2 3 4 5 6 7 8 9 10 Blend 1-2 | Blend 7-10 | Blend 1-10 | Blend 1-3 | Blend 2-6
PH (at field temperature): 7.00 6.60 6.92 | 8.00 6.52 | 7.02 8.02 | 752 7.02 | 6.52 6.69 7.41 7.03 6.81 6.85
Acidity (mg/L as CaCOs): 116.9 | 928 | 1509 | 60.2 | 116.0 | 850 | 1541 | 112.8 | 70.8 | 59.1 97.7 107.7 105.4 121.7 102.8
Carbon Dioxide (as COz(aq) 16.3 221 224 1.2 29.0 11.0 27 58 9.2 15.0 21.0 6.6 13.5 23.0 17.8
Bicarbonate (mg/L as HCO;): 97.4 51.8 121.8 | 70.0 61.0 731 1806 | 121.5 | 60.9 30.5 60.9 1131 91.0 84.7 76.0
DIC (mg/L as C) 236 16.2 30.1 14.2 19.9 17.4 36.5 255 14.5 10.1 17.7 241 21.6 23.0 19.8
Hardness 1 2 3 4 5 6 7 8 9 10 Blend 1-2 | Blend 7-10 | Blend 1-10 | Blend 1-3 | Blend 2-6
Magnesium Hardness (mg/L as CaCO) 41.2 41.2 41.2 41.2 41.2 41.2 41.2 41.2 412 41.2 41.2 41.2 41.2 41.2 41.2
Calcium Hardness (mg/L as CaCOs) 12.5 14.0 12.5 12.5 12.5 12.5 62.4 12.5 12.5 12.5 13.7 12.5 19.1 13.2 12.9
Total Hardness (mg/L as CaCOs) 53.7 55.2 53.7 53.7 53.7 53.7 1036 | 53.7 53.7 53.7 54.9 53.7 60.2 54.4 54.1
Carbonate Hardness (mg/L as CaCO;): 53.7 425 53.7 53.7 50.0 53.7 1036 | 53.7 49.9 25.0 50.0 53.7 60.2 54.4 54.1
Non-Carbonate Hardness (as CaCOs): 0.0 12.7 0.0 0.0 3.7 0.0 0.0 0.0 3.7 28.7 4.9 0.0 0.0 0.0 0.0
Cations/Anions Percent Difference: -19.6% | 4.5% |-21.8%| -0.2% | -3.7% | 5.4% | -5.9% | -7.1% | 22.2% | 305% | -1.7% -6.6% -3.2% -11.3% -5.9%
Corrosion Indices 1 2 3 4 5 6 7 8 9 10 Blend 1-2 | Blend 7-10 | Blend 1-10 | Blend 1-3 | Blend 2-6
Aggressive Index (Al) 9.99 9.36 | 10.01 | 10.85 | 9.30 9.88 | 11.97 | 10.60 | 9.80 9.00 9.52 10.47 10.18 9.76 9.75
Ryznar Index (RI): 10.64 | 11.41 | 10.48 | 10.09 | 11.42 | 10.76 | 7.68 9.83 | 10.91 | 11.87 11.21 9.91 10.24 10.98 11.00
Langelier Saturation Index -182 | -240 | -1.78 | -1.05 | -245 | -1.87 0.17 -1.15 | -1.95 | -2.68 -2.26 -1.25 -1.61 -2.09 -2.07
CCPP (mg/L as CaCOs) -34.15 | -47.43 | -4413 | -6.20 | -60.29 | -24.83 | 2.91 | -13.04 | -21.58 | -33.89 -44.73 -14.69 -28.50 -47.77 -38.34
Buffer |nte"§itY(Bqu + Boos . mM/pH): 0.692 | 0.728 | 0.937 | 0.077 | 0.916 | 0.478 | 0.178 | 0.292 | 0.399 | 0.467 0.743 0.324 0.588 0.875 0.704
Larson's Ratio ((CI' + SO4”)/AlK): -1.82 | -2.40 | -1.78 | -1.05 | -245 | -1.87 | 017 | 115 | -1.95 | -2.68 -2.26 -1.25 -1.61 -2.09 -2.07
Chloride Sulfate Mass Ratio (CSMR) 0.69 0.67 | 0.50 033 | 042 0.50 | 0.50 0.50 | 0.50 0.50 1.34 1.00 1.27 1.53 1.21
Lead and Copper Solubilities at 25°C 1 2 3 4 5 6 7 8 9 10 Blend 1-2 | Blend 7-10 | Blend 1-10 | Blend 1-3 | Blend 2-6
PH (at 25 tem ): 6.96 6.56 | 6.91 792 | 6.50 7.00 | 8.00 7.50 | 7.00 6.50 6.65 7.41 7.01 6.74 6.81
Copper Il at 25°C, (mg/L): 2.09 520 | 2.85 013 | 7.08 149 | 0.28 0.60 1.31 5.20 4.07 0.70 1.72 3.61 2.77
Lead Il at 25°C, (ug/L) 0.252 | 0.385 | 0.248 | 0.230 | 0.390 | 0.265 | 0.218 | 0.223 | 0.277 | 0.528 0.333 0.226 0.252 0.286 0.286

21. Water Softening — There are three (3) worksheets for “Single and Two-Stage Lime/Soda-
Ash Softening Process.” The programs calculate the amounts of lime/soda ash required based
on target hardness and pH. Bar diagrams of the water analysis are displayed for visual
understanding of water characteristics before and after treatment which also includes
recarbonation. The outcome of the final hardness (Ca/Mg) is inputted by the user. The program
will predict the pH, alkalinity, and recarbonation based on the hardness output.

Flow Diagram 1 is for a single-stage lime/soda-ash softening for removal of calcium hardness

only. This worksheet should only be used for waters with low magnesium.

Diagram 1:

Single-Stage Lime/Soda-Ash Softening Process
Selective Calcium Removal Only
For waters with high calcium, low magnesium (<= 10 mg/L as Mg ** ), carbonate hardness and with/without noncarbonate hardness

Flocculator/Clarifier

Recarbonation

Filter

Raw Water -
l pH:| 8.01 ¢
Alk:| 44 pH:| 10.60
Ca Hardness:| 33 [mg/LCaCO, 79 |Alk:
Mg Hardness:| 21 |mg/L CaCO,
Total Hardness:| 54 |mg/L CaCO,
Quicklime, CaO: 20 mg/L v
or Hydrated Lime, Ca(OH),: 26 mg/fL
Soda Ash, Na,CO;: 0 mg/fL

Waste Sludge, CaCO,(s)

5,576 |Kg/day

v

pH:

10.36

Alk:

40.5

5
>

Carbon

Dioxide

pH:| 8.62

Alk:| 40.5

L:( -0.19

13.0 mg/L, CO2

29.6 mg/L, CaCO3

1863.5 Kg/day

Softened
Water

Ca Hardness:

Mg Hardness:
Total Hardness:

30

21

51

mg/L CaCO,

mg/L CaCO,
mg/L CaCO,

Flow Diagram 2 is for a two-stage lime/soda-ash softening for removal of calcium and magnesium

hardness.
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Diagram 2:

Two-Stage Excess Lime/Soda-Ash Softening Process
Process Designed for the Reduction of Source Waters with High Calcium &
Magnesium Carbonate Hardness (>40 mg/L as CaCO;) and some Noncarbonate Hardness

| Excess Lime Treatment | First Stage Recarbonation | Second Stage Recarbonation and Filtration |
| | |
pre 1115 Flocculator - 1st Stage . Flocculator - 2nd Stage . Filter
Raw Water Clarifier #1 Recarbonation Clarifier #2 Recarbonation
T ~ T
pH: | 7.50
l Alk: | 232 |mgfLcCaco; v l v
CaHardness:| 210 |mg/LCaCO; pH:| 10.16 pH: : o] 675 | pH:| 653
Mg Hard 106 |mg/L CaCO. Alk: eAcRe Alk: |.|:
Total Hardness:|_ 316 |mg/L CaCO; Soda Ash:| 89.8 |mg/L
mg/L CacO; CaHardness:| 40 |mg/LCacO;
Quicklime, Ca0:| 241 |mg/L co, Waste Studge co, Mg Hardness:| 50 |me/LCaCO;
or Hydrated Lime, Ca(OH),;| 319 |mg/L Waste Sludge me/L Excesd Lime + CaCO,s) [ 220 |mg/L  Total Hardness:| 80 |mg/L cacOs
€aC0s(s) & Mg(OH),(s) mg/L as CaCO; from NCH reaction mg/LasCacO; Al meg/L CaCO;
(70,008 gy [20.674]Kgiaay

Flow Diagram 3 is for a single-stage lime softening for removal of calcium and magnesium
hardness. No soda ash is added in this model.

Diagram 3:

Single-Stage Lime+ Excess Lime Softening Process
For Waters with High Calcium, Magnesiumm, and Carbonate Hardness

Flocculator/Clarifier Recarbonation Filter
Raw Water
l pH:| 7.50 ¢
Alk:| 232 pH: H pH:
Ca Hardness:| 210 |mg/LCaCO; | 663 |Alk: \IPTY Alk| 68.0
Mg Hardness:| 106 |mg/LCaCO, beoosse oo I.I:
Total Hardness:| 316 |mg/LCaCO, Softened
31.0 mg/L, CO2 Water
Quicklime, Ca0:| 241 |mg/L Kglday Carbon 705 e/, CacO3 CaHardness:] 102 |mg/L CaCO,
or Hydrated Lime, Ca(OH),: 319 mg/L Waste Sludge, Dioxide | %444 Kg/day Mg Hardness: 50 mg/L CaCO,
€aC0;(s) & Mg(OH),(s) Total Hardness: 152 mg/L CaCO,

22. Counter-Current Packed Tower - A packed tower is characterized as a cylindrical
column filled with packing material. Contaminant water is distributed over the top of the
packing material and trickles down through the packing, while air is being simultaneously forced
up through the bottom of the packed tower transferring the compound from the water to the
air stream. The tower interior and packing material are designed with re-distributors to force
the water to flow down over the packing and avoid short circuiting down the walls of the tower.
A blower is placed at the bottom of the tower forcing air up through the tower and exiting at
the top. The compound in the vapor phase exits the top of the tower with the air as an exhaust
stream. This program is to be used as an aid in the design of a “Packed Tower”.

Below is an example how the Counter-Current Packed Tower Program can be used in designing
a packed tower for the reduction of TrichlorOethylene (TCE):
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Counter-Current Packed Tower Air-Stripping Program

Target Compound mAir-Stripping Tower - Design
Enter cl istics of target p i or select from drop list. Results.
Target compound : CoHCl3 Trichleroethylene, TCE : Kia (applied Safety factor): 0.75 affects tower length
Henry's constant (H,): [ 427.7 atm 0.325 Dim (Lyyo/Lyir) Tower x-Area: 0.251 m? 27 ft*
Molecular weight: [ 131.39 g/mole Tower diameter: 0.565 m 1.85 ft
LeBas Molar Volume (V5): [ 107.1 cm*/mole Tower height: 7.87 m 25.82 ft
Atomic Diffusion Volume (Dg): [ as m/sec Tower volume: 1.98 m’ 69.8 t*
Enter Starting and Ending Compound Concentration: Calculated Power Requirements:
Influent concentration: 100 ug/L Source Water Ppiower (brake power): 0.33 KW 0.447 HP
Desired effiuent concentration: 5 ug/L Treated Water Poump (POWer): 112 KW 1.50 HP
Proi(power): 145 Kw 1.94 HP
Reactor Operating Conditions Cost per day: $5.22 per 24 hrs of operations per day
Enter operating conditions.
Design water/air Temperature: 15 °c 59 °F Calculated Variables:
Total pressure of gas: 1 atm 1.013 Bars (Qui/ Qt120) min: 2.92
Pressure drop through Packed Tower: 100 N/m?/m 0.402 inches (Qair/ Qutz0) 11.67
Flow rate: 1000 m®/day 183 gpm Quifiow: 0.135 m’Isec 4.77 ft'/sec
Air-to-Water ratio factor, S 4.00 Stripping factor (1.2-10);  try 3.25 Quaterfiow: 0.01154 mYisec 0.408 ft'/sec
Blower & Pump Power Requirements Stripping Factor, S: 4.00
Blower efficiency (Effy): 35 % Number of Transfer Units (NTU): 3.633
Pump efficiency (Eff,): 80 % Height of Transfer Unit (HTU): 217
Electrical cost: 15 cent per KW-Hr Optimum Tower Design Calculated Values:
Pump/blower in senice per day: 24 hours Stripping Factor, R: 3.25
Minimum tower volume: 1.95 m’ 69.0 ftt
Packing Material Tower height: 8.64 m 28.36 ft
Enter packing characteristics or select from drop list. Tower diameter: 0.537 m 176 ft
Type of packing material: Nor-Pac Nor-Pac { 38.1mm) : ky, Liquid phase mass transfer coefficient: 3.0764E-04  [m/sec Onda model
Nominal diameter size of packing (d ,): 381 mm 1.50 inches kg, gas-phase mass transfer coefficient: 1.17386-02  [m/sec Onda model
Nominal surface area of packing (ay) : 144.0 m?m?® (ap) K.a, overall Liquid phase mass transfer rate constant: 0.02871 1/sec
Critical surface tension of packing (o): 33 dyne/cm 0.033 N/m K,a (w/Safety factor): 0.02154 1/sec
Packing factor for material (C,): 17 dimensionless G,y, air mass loading rate: 0.6600 Kg/(m’-sec) 0022017  Kmol/(m*sec)
L,,, water mass loading rate: 26.07 Kg/(m*sec) 2.55963 Kmol/(m?-sec)
L/G: 111.69 Kmol/(m”sec)Kmol/m”-sec)
Volume vs. L/G L, water loading rate: 67.74 gpm/ft®
45 Density of Water: 999.09 Kg/m® 6237 los/f’
Density of air: 1.226 Kg/m®
20 (u,) Viscosity of water: 1.145€-03 Kg/m-sec 1.145 cp, 2.77 Ib/ft*hr
(ug) Viscosity of air: 1.79€-05 Kg/m-sec 0.018 cp, 0.043 Ib/ft*hr
35 / Surface tension of Water: 0.07351 N/m 73.50 dynes/cm
p/(ug): 88,9585  |sec’m’
20 u/(p.Da): 1,581.68
/ Ug/(pgDg): 1.8524
~ Molecular liquid diffusion coefficient (D,): 7.2448E-06  [cm/sec 7.2448E-10  mfsec
£ 23 Molecular gas diffusion coefficient (Dg): 7.8654E-02  |cm/sec 7.8654E-06  m’/sec
E / C*,, aqueous phase conc. in equilibrium w/air: 25.00 ug/L
$20 a,, specific surface area for mass transfer: 100.85 m’/m?
L/ G 69.8 Kg/(m’sec)/Kg/(m’sec)
s F, parameter: 2.000
a, parameter: -2.171
1.0 a, parameter: -0.7803
a, parameter: -0.249
05 Ep : 0.38859
M, parameter: 0.003075
00 y-axis: 0.003075
0 50 100 150 200 250 300 350 400 Air Flow, Gre: 0.166 Ke/sec
L/G, [Kmol/(m?*sec)/Kmol/(m?*sec)] Delta P loses (blower): 79.71 N/m? 0.7971 mbars
P;,(inlet pressure to packed tower): 102,192 N/m? 1.02 Bars

23. Spray Aeration of TTHMS - This program is to model total trihalomethanes (TTHM)
reduction through spray aeration. Empirical models are used to calculate the percent reduction
of each of the THM species. There are two models. Model 1 calculates the reduction of TTHM
for one recirculation cycle. It also provides the power cost based on the recirculation pump
operating 24 hours per day. Model 2 calculates the steady-state concentration of TTHM in a
tank after several days of operations. The operational parameter may be based on user
constraints or actual tank operations via SCADA.

Below is an example in using Model 1 for calculating the reduction for TTHM for one
recirculation treatment path:
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TTHM Compounds for Spray Aeration

Enter influent concentration of TTHM compounds.

Chloroform, CHCl; 78 ug/L 60% TTHM
Bromodichloromethane, CHBrCl, 13 ug/L 10% TTHM
Dibromochloromethane, Br,CICH 26 ug/L 20% TTHM
Bromoform, CHBr; 13 ug/L 10% TTHM
Total Trihalomethanes, TTHMs 130 ug/L 100%

Spray Aeration Operating Conditions
Enter operating conditions and spray nozzle information.
Water temperature 22 °c 71.6 °F
Recirculation flow (spray) 75 gpm 284 L/min
Nozzle Sauter RAean Diameter (SMD, D32) 690 um, 0.069 cm 0.0272 inches
Nozzle angle of spray 60 degrees
Distance from nozzle to water surface 4.6 ft 1.40 m
Head pressure to nozzle 14.2 psi 10.0 m, 0.99 Bars
Pump Power Requirement:
Pump efficiency (Eff,) 50 %
Electrical cost 15 Cent per KW-Hr

mSpray Aeration Process - Results

Treated effluent of TTHM Compounds:

% Reduction of TTHMs Compounds:

Chloroform, CHCl; 26.4 ug/L 66.2%
Bromodichloromethane, CHBrCl, 4.8 ug/L 63.1%
Dibromochloromethane, Br,CICH 10.3 ug/L 60.4%
Bromoform, CHBr; 5.0 ug/L 61.5%

Total Trihalomethanes, TTHMs 46.5 ug/L 64.2%
Calculated Power Requirements:

Ppump (POWeT) 0.93 KW 1.24 HP
Cost per day $3.33 per 24 hrs of operations per day
Spray Information:

A/W, unit air-to-water volumetric ratio 3,156

h,vg average droplet travel distance 4.8 ft 1.45 m

to the website listed below.

http://www.bete.com/

For nozzle selection and Sauter Mean Diameter (SMD, D32), you may go
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24. Advanced Oxidation Process (AOP) - Hz202/UV - The advanced oxidation
process (AOP) Excel program uses hydrogen peroxide and ultraviolet lamps to produces
hydroxyl radicals for targeting organic compounds of concern. The first part of the program
(Single Dose Program) allows the user to evaluate up to two target compounds based on water
characteristics, UV lamp specifications, target compound characteristics and hydrogen peroxide
dose. The treated compound results are given for four types of reactor flow models (plug flow,
tanks-in-series, complete mixed flow and dispersion flow).

The second part of the AOP Excel program (H.0, Dosage and Flow Range Program) allows the
user to view the results for a dose range of hydrogen peroxide and for a reactor flow range for a
set dosage of hydrogen peroxide for one of the four selected reactor flow models.

Below is an example how the Single Dose Program can be used in targeting Geosmin and MIB
taste and odor compounds:

Advanced Oxidation Process (AOP) - H,0 ,/UV Program
Single Dose H,0, Modeling Program

B1CT Bl Reactor and Water Characteristics Targeted Compound
Enter reactor voll [flow and water p S. Enter ct istics of target pounds or select from drop list.
Project Name: Water Treatment Plant Target Compound (1): Geosmin |Gensmln M
Sample Point: After filtration, before UV Reactor Molecular Weight: 182.3 g/mol
Reactor Flow Rate: 400 gpm 0.025 m’/sec 25 Lisec k HO- with target compound: 1.40E+10 ) L/(mol-sec)
Reactor Volume: 50 gallons 0.189 m? 189.3L Compound Concentration: 122 ng/L N 6.69E-10 Moles
pH: 8.00 field pH is recommended Target Compound (2): MIB ‘ 2Methylisoborneol (MIE) H
Total Alkalinity: 170 mg/L as CaCO3 Molecular Weight: 168.28 g/mol
Iron: 0.00 mg/L as Fe (Il) 0.000 mMol/L k HO- with target compound: 8.20E+09 A L/(mol-sec)
Manganese: 0.00 mg/L as Mn (ll) 0.000 mMol/L Compound Concentration: 54 ng/L ) 3.21E-10 Moles
UVA-254: 0.040 1/cm, UV Absorption for cell path length of 1 cm 91.2% UVT
TOC: 2.90 ] mg/L as C 0.241 mMol/L m Results of Target Compounds
Initial Concentration: 122 ng/L 54 ng/L. HoOuit EE/O
UV System Specification and H,0, Dosage Reactor Models: T=0.13min| _ Geosmin MIB mg/L KWh/Kgal
Enter UV specifications and H,0, dosage. Plug Flow Reactor 5.3ng/L 8.6 ng/L 3.50 3.02
Number of UV lamps: 8 lamps in operation 4 Tanks-In-Series; Ts= 4 12 ng/lL 11.9 ng/L 3.51 3.67
UV Wavelength of light: 254 nm UV light absorbed by H,0,: 5.5% Completely Mix Flow Reactor 29.5 ng/L 19 ng/L 3.53 5.32
Nominal Lamp Power: 9 KW per lamp Dispersed Flow Reactor; Pe= 35 6.7 ng/L 9.3 ng/L 3.51 3.17
Ballast Power: 75% (20 - 100%) UV light absorbed by H,0,: 5.46% H,0, dosage: 4 mg/L
Lamp efficiency: 12%  |(5-50%); 10 - 20% for MPUV and 25 - 40% for LPUV lamps Save input data in Steps 1 - 4: B B B B B
H,0, dosage: 4 mg/L 0.118 mMol/L Retrieve input data in Steps 1 - 4: ll n El ll B Last Retrieve #1

The example above is based on a conventional surface water treatment plant with membrane
filtration that has AOP treatment after its membrane filters for the reduction of taste and odor
compounds. The water characteristics of the permeated water are entered into Step 1. In Step 2,
the user selects up to two target compounds from drop-down menus that will automatically fill in
the characteristics of that compound. If the targeted compound is not part of the list, the user
may enter the name of the compound and associated characteristic. In Step 3, the user inputs the
specifications of the UV reactor and target H,0, dosage. Step 4 displays the results based on 4
types of reactors. To better predict the results, it is recommended that before and after
treatment samples be taken so that the model can be calibrated (adjust lamp efficiency) to
improve predicted results.

25. pH Targeting - This program calculates the volume (mL) of an acid, coagulant or base
chemical for user targeted pH. Plotting points and graphs are automatically generated. The
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sample volume (i.e., 200 mL) and water characteristics (pH, alkalinity, temperature and TDS) are

inputted. The user selects a chemical (acid, coagulant or base) and inputs the % strength and

specific gravity of chemical to be titrated. A targeted pH is entered. With a click of a button, the

volume (mL) of chemical titrated and associated dosage (mg/L) is calculated along with the

amount of alkalinity consumed or added. In addition to this program, the information may be

used to determine chemical feed rate for plant flow rate. Another section of the program

calculates the amount of alkalinity consumed or added with user inputs of sample volume,

selected chemical, % strength, specific gravity and volume titrated. The pH Targeting program

has two separate sections for acid/coagulant and base chemical computations.

Applications: (Jar testing, Titration for endpoint pH, Chemical feed rate and chemical usage)

Below is an example how the program can be used in targeting pH using acid and base

chemicals.

pH Targeting Program for Acid/Coagulants and Base Chemicals

pH Acid/Coagulant Targeting Titrating Program

pH Base Targeting Titrating Program

m33mple Volume and Water Characteristics
Enter volume and water characteristics of le to be titrated

Sample Volume and Water Characteristics

Enter volume and water characteristics of le to be titrated
Sample Volume = 1,000.0 |mL Sample Volume = 1,000.0 [mL
TDS = 100 mg/L 0.00250 mol/L, lonic Strength TDS = 100 mg/L 0.00250 mol/L, lonic Strength
Total Alkalinity = 66.0 mg/L as CaCO3 Total Alkalinity = 30.0 mg/L as CaCO3
pH = 7.00 field pH is recommended pH = 6.00 field pH is recommended
Water Temperature = 15.0 °C (temp. at which pH was analyzed) Water Temperature = 15.0 °C (temp. at which pH was analyzed)

mAcidlCoagulant Titration for Target pH

m Base Titration for Target pH

Select Acid or C Ch | and Enter S.G., % Strength and Target pH

Select Chemical

Sp. G. % Strength

Select Base Ch | and Enter S.G., % Strength and Target pH

Select Chemical

Sp. G. % Strength

Acetic acid {white vnegar) [+ | 1.00 0.600

(-]

Sodium Bicarbonate 1.84 50.000

Enter target pH = 4.80 |ta_rget pH for Acetic Acid (White Vinegar) addition

Enter target pH = 9.00 Itarget pH for Sodium Bicarbonate addition

Note: Activate button anytime there is a

Activate button to process data change in Steps 1 or 2.

Apply

Activate button to process data ‘ Note: Activate button anytime there is a

Apply change in Steps 1 or 2.

mﬂtration Results

Calculated volume of acid titrated required for target pH

IETE it-ation Results

Calculated volume of base titrated required for target pH

pH = 4.80 pH after Acetic Acid (White Vinegar) addition pH= 9.00 pH after Sodium Bicarbonate addition
Total Alkalinity = 1.20 mg/L as CaCO3 Total Alkalinity = 109.16 [mg/L as CaCO3
Total Alkalinity Consumed = 64.80 [mg/L as CaCO3 Total Alkalinity Added = 79.16  |mg/L as CaCO3
Acetic Acid (White Vinegar) = 24.862 |mL per 1000 mL sample volume Sodium Bicarbonate = 0.144  |mL per 1000 mL sample volume
Acetic Acid (White Vinegar) = 149.17 |mg/L Sodium Bicarbonate = 132.82 |mg/L

mChemical Feed Rate (vol/time) Calculation

Enter plant flow rate and operating hours and select appropriate units

IR Chemical Feed Rate (volitime) Calculation

Enter plant flow rate and operating hours and select appropriate units

Flow Rate = 1,000.0 |gallons/min Flow Rate = 1,000.0 |Liters/min
Operating Hours per Day = 11 Hours Operating Hours per Day = 24 Hours
Chemical Feed Rate = 94,103.4 |mL/min ) Chemical Feed Rate = 23 |calhr A
Chemical Usage per Day = 62,108.3 |Liters for a 11 hour operating period per day Chemical Usage per Day = 54.9 Gallons for a 24 hour operating period per day

Step 5: Alkalinity Consumed based on Volume Titrated

IETT A <alinity Added based on Volume Titrated

Fertic Chloride (1] | Vauee |Acetic Acid (CHucoOH); p= 4649 Sadum Hythoxide ] Vahes
Specific Gravity|  1.460 Ending pH: 4.80 Specific Gravity| 1.100

% Strength:|  1.000 % Strength: 0.600 % Strength:[  5.000

Sample Volume (mL): 1,000 Sample Volume (mL): 1000 Sample Volume (mL):| 1,000

Volume Titrated (mL):| 7.942 Volume Titrated (mL): 24.862 Volume Titrated (mL):| 0.328
Consumed Alkalinity (mg/L):| 107.26 | Consumed Alkalinity (mg/L): 64.73 Added Alkalinity (mg/L):| 22.57

Copyright © 2011 Schott Software, all rights reserved.

Published by ChemSW(707)864-0845;p/n11068;7/1/11

Below are examples of generated graphs and plotting points from Steps 1 and 2:
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Temperature (C) =20.9 Temperature (C) =15 3 H Alkalinity =215 mg/L
perature (C) pH vs CO, Dosage perature (C) pH vs CO, Stripping alinity =215 me/
70 85
o8 8.0
6.6
75
64
i 70
o \
~—— 65
60 | —
_/-—/
oo | —
58 -
56 55
0 50 100 150 200 250 300 350 400 o 50 100 150 200 250 300 350 400 450 500
Starting CO2 Conc. = 63.8 mg/L €O, Dosage, mg/L Ending CO2 Conc. =400 mg/L Starting CO2 Conc. = 445 mg/L €O, Removal, mg/L Ending CO2 Conc. =
- . . Temperature (C) =20 . .
Temperature (€)=20.9 PH vs Sulfuric Acid Dosage pH vs Sodium Hydroxide Dosage
7.0 85
68 8.0
66
75
6.4
: \ )
62 /
65
60 | —
6.0
58
56 55
0 20 40 60 80 100 120 140 0 50 100 150 200 250 300 350 400
Starting Alkalinity =215 mg/L Dosage, mg/L Ending Alkalinity =91.5 mg/L Starting Alkalinity =215 mg/L Dosage, mg/L Ending Alkalinity =670.4 mg/L
Acid Chemicals - Plotting Points for Graphs CO, Stripping and Base Chemicals - Plotting Points for Graphs
| This section is dedicated to Carbon Dioxide treatment | This section is rotated among selected treatments  This section is dedicated to Carbon Dioxide removal | This section is rotated among selected base treatments
CO, Dosage Alkalinity €O, bic Sulfuric Acid Dosage Alkalinity co, pic CO; Stripping Alkalinity co, DIC  [NaOH Dosage Alkalinity co, pic
mg/L pH. mg/L mg/L mg/L C mg/L pH. mg/L mglL mg/L C mg/L pH mg/L mg/L mg/L C mg/L pH mg/L mgl _ mglC
0 6.80 215.0 63.8 69.0 0 6.80 215.0 63.8 69.0 0 6.00 215.0 444.9 173.0 o 6.00 215.0 408.7 163.1
7 6.75 215.0 70.8 709 3 6.78 2119 66.5 69.0 10 6.01 215.0 434.9 170.3 8 6.03 225.0 399.9 163.1
14 6.71 215.0 778 728 6 6.75 208.9 69.2 69.0 20 6.02 215.0 424.9 167.6 16 6.06 235.0 391.0 163.1
21 6.68 215.0 84.8 747 9 6.73 205.8 7.9 69.0 30 6.03 215.0 4149 164.9 24 6.09 245.0 382.2 163.1
28 6.64 215.0 91.8 766 12 6.71 202.7 746 69.0 40 6.04 215.0 4049 162.1 32 6.1 255.0 373.4 163.1
35 6.61 215.0 98.8 786 15 6.68 199.7 77.3 69.0 50 6.05 215.0 394.9 159.4 40 6.14 265.0 364.7 163.1
42 6.58 215.0 105.8 805 18 6.66 196.6 80.0 69.0 60 6.06 2150 384.9 156.7 48 6.17 2751 355.9 163.1
49 6.55 215.0 112.8 824 21 6.64 193.6 826 69.0 70 6.07 2150 375.0 153.9 56 6.19 285.1 347.1 163.1
56 6.53 215.0 119.8 843 24 6.62 190.5 85.3 69.0 80 6.09 2150 364.9 151.2 64 6.22 2951 338.3 163.1
63 650 2150 1268 86.2 27 660  187.4 88.0 69.0 % 6.10 2150 355.0 1485 72 6.25 305.1 3204 1631
70 6.48 215.0 1338 88.1 30 6.58 184.4 90.7 69.0 100 6.11 215.0 345.0 145.8 80 6.27 3151 320.7 163.1
m 6.46 215.0 140.8 90.0 33 6.56 181.3 93.4 69.0 110 6.12 215.0 3349 143.0 88 6.30 3251 3118 163.1
84 6.44 215.0 147.8 91.9 36 6.54 178.2 96.1 69.0 120 6.14 215.0 3249 140.3 96 6.32 335.1 303.0 163.1
91 6.42 215.0 154.8 93.8 39 6.52 175.2 98.8 69.0 130 6.15 215.0 315.0 137.6 104 6.35 345.1 2943 163.1
98 6.40 215.0 161.8 95.8 42 6.50 1721 101.5 69.0 140 6.16 215.0 305.0 134.8 112 6.37 355.1 2855 163.1
105 6.38 215.0 168.8 97.7 45 6.48 169.1 104.2 69.0 150 6.18 215.0 204.9 1321 120 6.40 365.1 276.7 163.1
12 6.36 215.0 175.8 99.6 48 6.46 166.0 108.9 69.0 160 6.19 215.0 284.9 129.4 128 6.43 375.2 267.9 163.1
19 6.34 215.0 182.8 101.5 51 6.45 162.9 109.6 69.0 170 6.21 215.0 274.9 126.6 136 6.45 385.2 259.1 163.1
126 6.33 215.0 189.8 103.4 54 6.43 159.9 1122 69.0 180 6.23 215.0 264.9 123.9 144 6.48 395.2 250.3 163.1
133 6.31 215.0 196.8 105.3 57 6.41 156.8 114.9 69.0 190 6.24 215.0 255.0 121.2 152 6.50 405.2 2415 163.1
140 6.30 215.0 203.8 107.2 60 6.39 1837 176 69.0 200 6.26 215.0 245.0 1185 160 6.53 415.2 2327 163.1
147 6.28 215.0 210.8 109.1 63 6.37 150.7 120.3 69.0 210 6.28 215.0 235.0 1157 168 6.56 4252 2239 163.1
154 6.27 215.0 217.8 111.0 66 6.35 1476 123.0 69.0 220 6.30 215.0 225.0 113.0 176 6.58 435.2 2151 163.1
161 6.25 215.0 224.8 113.0 69 6.33 1446 125.7 69.0 230 6.32 215.0 215.0 1103 184 6.61 445.2 206.3 163.1
168 6.24 215.0 231.8 1149 72 6.31 1415 1284 69.0 240 6.34 215.0 205.0 107.5 192 6.64 456.2 197.5 163.1
175 6.23 215.0 238.8 116.8 75 6.30 138.4 1311 69.0 250 6.36 215.0 195.0 104.8 200 6.67 465.2 188.7 163.1
182 6.21 215.0 245.7 118.7 78 6.28 135.4 133.8 69.0 260 6.38 215.0 185.0 1021 208 6.70 4752 179.9 163.1
189 6.20 215.0 2528 120.6 81 6.26 1323 136.5 69.0 270 6.41 215.0 175.0 99.4 216 6.73 485.3 171.2 163.1
196 6.19 215.0 259.8 1225 84 6.24 129.2 139.2 69.0 280 6.43 215.0 165.0 9.6 224 6.76 495.3 162.3 163.1
203 6.18 215.0 266.8 124.4 87 6.22 126.2 141.9 69.0 290 6.46 215.0 155.0 939 232 6.80 505.3 153.6 163.1
210 6.17 2150 2738 126.3 90 6.20 1231 144.5 69.0 300 6.49 215.0 145.0 912 240 6.83 515.3 144.8 163.1
217 6.16 215.0 280.7 128.2 93 6.18 120.0 147.3 69.0 310 6.52 215.0 135.0 884 248 6.87 525.3 136.0 163.1
224 615 2150 2878 130.1 % 617 117.0 1499 69.0 320 655 2150 125.0 857 256 6.90 535.3 1272 1634
231 614 2150 2947 132.0 % 615 1139 152.6 69.0 330 659 2150 115.0 83.0 264 6.94 5453 1185 1631
238 6.13 215.0 301.7 134.0 102 6.13 1109 155.3 69.0 340 6.63 215.0 105.0 80.3 272 6.98 555.3 109.7 163.1
245 6.12 215.0 308.8 135.9 105 6.11 107.8 158.0 69.0 350 6.67 215.0 95.0 775 280 7.03 565.3 100.9 163.1
252 6.11 215.0 315.7 137.8 108 6.09 104.7 160.7 69.0 360 6.72 215.0 85.1 74.8 288 7.07 575.3 922 163.1
259 6.10 215.0 3227 139.7 m 6.07 101.7 163.4 69.0 370 6.77 215.0 75.1 721 296 712 585.4 83.4 163.1
266 6.09 215.0 329.8 1416 14 6.05 98.6 166.1 69.0 380 6.83 215.0 65.1 69.3 304 7.18 595.4 747 163.1
273 6.08 215.0 336.8 1435 "7 6.03 95.5 168.8 69.0 390 6.91 215.0 55.1 66.6 312 7.24 605.4 65.9 163.1
280 6.07 215.0 343.8 1454 120 6.00 925 1715 69.0 400 6.99 215.0 45.1 63.9 320 7.31 615.4 57.2 163.1
287 6.06 215.0 350.8 147.3 121 6.00 91.5 1715 68.8 410 7.10 215.0 35.1 61.2 328 7.39 625.4 486 163.1
294 6.05 215.0 357.7 149.2 420 7.25 215.0 252 58.4 336 7.48 635.4 40.0 163.1
301 6.04 215.0 364.7 151.1 430 7.48 215.0 153 55.7 344 7.59 645.4 315 163.1
308 6.03 215.0 371.8 153.1 440 7.88 215.0 58 53.0 352 773 655.4 232 163.1
315 6.03 215.0 378.8 155.0 442 8.00 215.0 4.4 52.5 360 791 665.4 15.4 163.1
322 6.02 215.0 385.8 156.9 364 8.00 670.4 126 163.4
329 6.01 215.0 3928 158.8
336 6.00 215.0 399.7 160.7
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26. Carbonate System — Alkalinity and the Carbonate System — The carbonate system
components are calculated based on alkalinity, pH, water temperature and TDS. The carbonate
species are graphed, and the quantity of acid and base are calculated for defined pH values.
Listed below are the forms of alkalinity and acidity:

. Caustic alkalinity: the amount of strong acid (mmol/L) required to lower the pH of a
sample to pH(COs%).

. Total acidity: the amount of strong base (mmol/L) required to raise the pH of a
sample to pH(COs%).

. Carbonate alkalinity: the amount of strong acid (mmol/L) required to lower the pH of
a sample to pH(HCO3).

. Carbon dioxide acidity: the amount of strong base (mmol/L) required to raise the pH
of a sample to pH(HCO3).

. Total alkalinity: the amount of strong acid (mmol/L) required to lower the pH of a
sample to pH(CO,).

. Mineral acidity: the amount of strong base (mmol/L) required to raise the pH of a
sample to pH(CO,).

This is a great program for learning and understanding the carbonate system. A graphically
example of the carbonate system is given below:

Logarithmic Concentration Diagram

CT,CO3 = 107(-2.44) M; DIC (mglL as C) = 43.64; Alk = 150 mg/L; pH = 7; Temp = 25C; 1.S. = 0.0025 mol/L
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28. Acid-Irrigation Program_—This program models three different acids (Sulfurous Acid,
Sulfuric Acid and Carbon Dioxide) for irrigation water pH adjustment to improve crop yield. The
user has the option to input feed rate in pounds/hour and the program will calculate the pH of
the irrigation water. Or, the user can input the irrigation water targeted pH, and the program
will automatically calculate the chemical dose by clicking on the “process” button. Chemical
cost per acre-ft is determined for each chemical based on user input cost for chemical. The
user can also model the combination of chemicals such as sulfuric acid and carbon dioxide. The
treated water results for each chemical and combination thereof is alkalinity, pH, acidity, dose in
mg/L and the CCPP along with field application and cost.
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Acid-rrig'Pro Vers

ion1.3

Program for modeling water pH and alkalinity changes based on the addition of dry sulfur, sulfuric acid, and carbon dioxide

Source Water Characteristics - Blue Entries

mﬂ Results of Carbonate Speciation

TOS: S00 mgiL 00125 malll T&1uSlem pH: 5.50 Irrigation water based on water temperature
pH: 58.50 Mustbe > 2 CCPP: -5.6 mall as CaCO;, Calcium Carbonate Precipitation Poter
Tatal Allkalinity: 17067 mgll asCaCO. 3410  meqll Bizarbonate, HC O, 200.00 mail 3275 megl 3337 mall
‘water Temperature: 23.0 “C (temperature at which pHw az analyzed) Carbonate, 00,5 3.89 mall 1296E-01 meqil 0.78mglL .
\fater Temperature: 23.0 °C [irrigation w ater temperature) Hydrowide, OH': G.238E-02 |mall 3.080E-03 meqll
If alkalinity iz unknown, then enter the reported laboratory HCO,," and click = Find Alk™ be Find Alk | Hydrogen lon, H*: 3.87E-06 | mall 3.162E-06 meqil
Target Bicarbonate, HCD;‘l EE.50 1 mallasHCO,” 1090 megll 13 1mgll asC Carbonic Acid, HCO.": 133 mall 4. 286E-02 meqil 0.257 mall
Cationf&nions: mgil megiL CaCl;  Ibstac-in Ibstac—ft Carbon Dioride, CO;: 3.433E-01 | mgll 4. 25TE-02 meqll 0.257 mgll
Caleium [Ca®"): 3566 175 89.06 8.08 9696 Sum of Alkalinity (OH + HOO, + 005 -H': 3.4105  meglL
Magnesium (Mg="): H0.63 6.65 F32.66 15.32 213.78 Bicarbonate, HCO, ™ 164104 magll asCaCO; 328 mi¥lallL
Siodium (Ma®): G314 296 148,33 15.44 185.28 Carbonate, 0O, 6.45 mall as CaCO: 6.473E-02 mMalll
Chloride [C1): 702 274 136.95 2135 26380 Hydrowide, OH 1.541E-01 | moll asCaCO; 3.050E-03 mialll
Sulfate (50,7): 110.05 2.23 114.63 24.94 233.23 Hydrogen lon, H*: 1.583E-04 |mall asCaCO; 3.162E-06 mMalll
Total Hardness [Ca®* +Mg™): .43 4213 - CO; or HC0;" 215 mglL as CaCO. 2 143E-02 mMallL
Carbonate Hardness: 3.28 164.0 - - Dizsolved Inarganic Carbor (OIC): 40.40 magll asC 3.36 mMalfl
Mon-Carbonate Hardness: 515 2573 - - Allealinity (OH + HCO, + 00,5 - H): 170.65 mall azCaC0; 1705 mMalil
Cation!fnions Fatio: 135 meqiLimeqiL Acidity [HCO, +H,CO. +H - OH): 166.0 mall az CalC0; 332 meqiL
Product Chemical Strength [ Muiti-Acids: [ operational Flow and addition of Multi-Acids
Elemental Sulfur [S): 99.9 *2 Strength or Purity Pump Flaw: EO0 apm 36,000 gallhr. 0.86 MG
Carbon Dioride (CO): 100.0 % Strength Elemental Sulfur [S5], 33,935 10.75 poundsthaur 258.0 Ibsiday 7.0 kgl
Sulfuric Acid (H50,): 93.0 % Strength Carbon Dioxide, 1005 0.00 poundsthour 0.0 Ib=iday 0.0Kgld.
Sulfuric Agid, 333 0.00 poundsthour 0.0 Ibsiday 0.0kagld
EE:! . Source Water Applied Chemical Modeling (1, 2, 3, 4) I Sualfur [dry) product cost [$1 per b, 0.E0 $#lpound 1200 #ib-Ton 1323 3Metri
Carbon Dioxide product cast ($] per I 0.60 $pound 1200 #lb.-Ton 1323 #Metri
Flow and Carbon Dioxide (CO;) Addition Sulfuric Acid product cost [#] per [b. 0.60 $lpound 1200 #1b.-Ton 1323 $Metri
Pump Flow: 600 gpm 36,000 galthr. 0.36 MGO Treated Water Results after Chemical Addition(s)
Carbon Dioxide, 1002 5010 poundsthaur TeZd4  Ibslday F27.7 Kalday pH: 5.50 unit
Chemical product cost [$) per Ib 0.60 $pound 1200 #b.-Ton 1.323 $#Metric-Torg Tatal Alkalinity: .5 magll asCaC0; 203 meqil
Dptional: For program to caloulate carbon dioride dose based ontarget treated water pH: Carbon Dioside, CO;: 58.52 mall 266 meqil
Target pH: T 650 [ Process | Acidity: 2343  |mgllasCaCO, 4639  meql
Treated Water Results after CO, Addition CoRP: -13.0 mall as CaC0s, Calcium Carbonate Precipitation Poter
pH: E.50 urit Treated \Water 2.E52 Bcre-ft F182  acre-in
Toatal Alkalinity: 70,7 mgll as CalCO; 341 meqglL Suilfur [dry): 97.30 Ibstac-ft a1 Ibstac-in
Carbon Diozide, COx: 358.15 mgiL 4 .45 megiL Sulfurous Acid (H50,): 9153 mall 65.3 mail az CaCd,
Bcidity: 333.9 mgll asCaCO; 787 meqil Carbon Dioxide [CO,): o.00 lbstac-ft 0.00 Ibsiac-in
cCPP: -138.3 mall 2z CaC0., Caleium Carbonate Precipitation Patential Carbon Dioxide [CO,): 0.0 mall 0.0 mall az CaCO,
Treated Water: ZE52  |Acreit 82 Acrein Sulfuric Acid [HzS0,): 0.00 Ibstac-ft 000 Ibstac-in
Carbon Dioxide (CO,): 272,45 Ibstzc—ft 2270 lbslac-in Sulfuric Acid (HS0,1: 0.0 mall 0o mall az CaCO,
Carbon Dioride (CO): 100.2 mgil 22758 mgll asCall; Sulfur [dry) cost, $: 558.35 ¥ per Bore-ft per day B5.45 ¥ perHa-day
Carbon Dicuide, CO, cost, §: 163 47 $perfcre-ft per day 15325 4 per Ha-da Carbon Dicuide, CO; cost, $: .00  per Acre-ft per day .00 $ perHa-day
Sulfuric Acid, H;S0, cost, : 0.00 ¥ per Acre-ft per day 0.00 $ perHa-day
Flow and Elemental Sulfur !SI Addition Total Cost, $: 58.38 ¥ per Acre-ftper day E5.45 $ perHa-day

Pump Flow: BO0 gpm 36,000 galthr. 0,86 MGD
Elemental Sulfur (5], 99,95 10.75 poundsthour 258.0  Ibsiday 7.0 Kalday
Chemical product cost [$) per Ib 0.32 $pound G0 $b.-Torn 705 $iMetric-Ton

Dptional: For program to calculate sulfur (dry] dose based on treated water pH:
Target pH: 5.50 | Process |
Treated Water Results after Sulfur Addition (H Sulfurous Acid
pH: 5.50 unit
Toatal Alkalinity: 101.8 mgll as CalCO; 203 meqglL
Carbon Diozide, COx: 58.53 mgiL 266 meqiL
Bcidity: 234.9 moll asCaCO; 463 meqil
CCPP: -113.0 mail az CaC0,, Calcium Carbonate Precipitation Potential
Hydragen Sulfite (HSO0;7): TE.53 4 ionin solution
Sulfite [50,%): Z3.40 %4 ion i zolution
Treated 'water: ZB5Z Aore-fi 82 Acre-in
Sulfur (dry): 7.3 lbstac-ft a1 Ibstac-in
Sulfur Diaxide [S0;) 2146 poundsthaur 5150 Ibsiday  194.2 Ibsiac—ft
Sulfurous Acid (HS0.): 9153 mall E3.9 mgll asCaC0;
Sulfur [dry] cost, §: 3174 § per fore-ft per day 3491 #perHa-day

Flow and Sulfuric Acid (H,S0,) Addition

Pump Flow: 500 gpm 36,000  galthr. 0.86 MGD
Sulfuric Acid. 333 2179 poundsthour 523.0  lbsiday 237.2Kgiday |
Chemical product cost ($) per b 0.60 $pound 1200 #lb.-Ton 1.323 $/Metric-Taorg

Optional: Faor program o caloulate sulfuric scid dose based ontarget treated water pH:

Target pH: B.50 Process |
Treated Water Results after H,S0, Addition
pH: 5.50 unit
Tatal Allkalinity: 1018 mgll azCaCO. 203 megiL
Carbon Dioxide, CO;: 5853 mail ZEE megiL
Diddity: 2343 mall azCaCO.  4.E3 meglL
CCPP: -13.0 mall az CalC0;, Calcium Carbonate Precipitation Potential
Treated W ater: il Aore-fi F82 Aocre-in
Sulfuric Asid (Hx50,): 197.23 lbstac—ft 1644 lbslac-in
Sulfuric foid (HpS0,): E7.5 magil 633  mgll asCaCO;
Sulfuric Acid, H;50, cost, $: 118,34 $per fcre—fi per day 132868 # perHa-day

Forms of Alkali

ity and Acidity based on initial water characteristics:

Caustic alkalinity: the amount of strong acid (mioles!L) required to lower the pH of a sample to

pHICO3)=  10.86 = [OH-]-[H]-[HCOy]- 2[H:C04 = 0.000  miloliL, [0 mgil as HCI)
Total aci - the amount of strong base [miolesiL] required o raise the pH of a sample to

pHICO3") = 10.86 = 2[H:.C0y7]+ [HCO,- ]+ [H]-[OH]= 3318 mMoliL, [132.7 mgil as MaOH)

Carbonate alkalinity: the amount of strong acid [mialesiL) required ta lower the pH of a3 zample to

Sulfurous Acid Curve vs. pH

L s S|

Carbonate Curve vs. pH

85

100

TOS {mg¥L): 800

105 110 115

120



29.

30.

Super Chlorination/Acid Cleaning Program_- This program was developed to
assist water professionals in determining the volume of liquid chlorine and acetic acid (5% white
vinegar) for disinfecting groundwater wells. The user has the option of selecting a strong acid
(HCl or H,S0,) for other applications. When sodium hypochlorite (NaOCIl) is added to water, it
dissociates into HOCl and OCI" products. HOCI has approximately 80 to 100 times more
disinfecting power than OCI". The lower the pH, the more HOCl is present and less OCI
formation. When NaOCl is added alone, the pH of the water will increase and greater
formation of OCI" will occur. Adding an acid directly into the well (don’t mix directly with
chlorine) plus the addition of NaOCI will provide better disinfection than adding NaOCl alone.
The user inputs the desire pH and chlorine concentration, and the program will calculate the
volume of acid and NaOCl to be added to the well source.

CT Calculator - cT (mg/L x min) is the nomenclature for chlorine residual (mg/L) multiplied
by disinfection contact time (minutes). The CT value is used to determine log inactivation of the
pathogen Giardia cyst. The log inactivation for Giardia cyst is calculated based on the following

parameters:
Chlorine Residual pH Working volume of reactor
Water Temperature Flow through reactor Reactor baffling factor

Up to 31 operating scenarios can be calculated. CT compliance is required for all public drinking

water facilities throughout the U.S. that treats surface water and/or ground waters under the

direct influent of surface water. The baffling factor of a reactor is determined through a tracer
study or is assigned by the regulatory agency. A partial display of the worksheet is given below:

CT Calculator for
Giardia Lamblia Cysts by Free Chlorine

Reactor Data for Peak Hourly Flow CT Results
Reactor Type Baflfing Required Working Chlorine Effective q . Calculated
or Factor Log Flsry Rt Volume, Teomp, pH Residual, Contact Time, Regtured Calccl:lated (;T R;act-lro Log
Description t1o/T Inactivation gpm gallons © mg/L minutes (o i (CTealc/CTrea) Inactivation
Clearwell, no baflling 0.10 1.0 500 189,446 174 7.7 0.80 38 28 30 1.08 1.1
Clearwell, 3 baffles 0.40 05 500 189,446 174 7.7 0.20 152 13 30 2.33 1.2
Pipeline 0.90 0.5 2,500 35,000 30.0 7.7 1.00 13 9 13 1.40 0.7
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31. LRV - Membranes - The log removal value (LRV) membrane program is used to verify
that the membrane filtration system is achieving the required or desired pathogen log removal
of Cryptosporidium and Giardia cyst. This program uses a rigorous computational approach
(Darcy) that calculates separately the air and water flows through a cut fiber. In addition to
calculating the LRV, the by-pass flow (leakage) and number of broken fibers are determined.
The following information in the table below is required:

User Input:
Membrane Information Membrane Integrity Membrane Operating Data
Test (MIT) Data
Volume of Pressurized Start/Ending Flow Rate
Membrane Pressure
Lumen Diameter Pressure Hold Time Transmembrane Pressure
(TMP)
Potting depth or defect Back Pressure Volumetric Concentration
length Factor (VCF)
Capillary Constant Air Temperature Water Temperature
Contact Angle Membrane Integrity
Test (MIT) Data
After data is entered, the following results are calculated:
Output Results:
1. Filter Flux Rate, GFD (gallons per day per square-foot)
2. ALCR, Air-to-Liquid Conversion Ratio (the flow of air to the flow of water

through one cut fiber)

PDR, Pressure Decay Rate from MIT results (psig/min and mbar/min)

Number of Broken Fibers

Defect Size, ug (resolution size opening based on MIT end pressure)

A I Il

Water Bypass, mg/L (the flow of water bypassed during membrane
operation)

7. LRV (log removal value of Cryptosporidium and Giardia cyst based MIT and
membrane operating results); LRV = -log(water bypass/plant flow)

32. Cyanotoxins —This program calculates the log and % oxidation of Microcystin-LR (MC-LR)
and Cylindrospermopsin (CYN) based on free chlorine residual for various pH, temperature,
working volume, and tank baffling factor.

Below are examples of the oxidation program for MC-LR and CYN using free chlorine residual.
Each constituent program has three models depending on the initial water quality parameters.
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Microcystin-LR Reduction via Free Chlorine Residual

Cylindrospermopsin (CYN) Reduction via Free Chlorine Residual

[\ [T [] Bl CT Calculation for Microcystin-LR (MC-LR)

WCT Calculation for Cylindrospermopsin (CYN)

Enter water quality parameters:

Enter water quality parameters:

pH 8.0 unit Results: pH 8.5 unit Results:

Temperature 22 °c cT 1.21E-01 [mol - sec Temperature 10 °c CcT 6.14E-02 |mol - sec
Initial MC-LR 70 ug/L CcT 143 mg/L - min Initial CYN 500 ug/L CcT 72.5 mg/L - min
Final MC-LR 1 ug/L Log (%) Reduction | 1.8, (98.6%) |unit Final CYN 0.7 ug/L Log (%) Reduction | 2.9, (99.9%) |unit
mlnitial Microcystin-LR (MC-LR) Calculation Wlnitial Cylindrospermospsin (CYN) Calculation

Enter water quality parameters: Enter water quality parameters:

pH 8.0 unit Results: pH 8.7 unit Results:

Temperature 22 °c cT 1.21E-01 [mol - sec Temperature 20 °C CcT 2.96E-02 |mol - sec
Operating CT 143 mg/L - min |Initial MC-LR 70 ug/L Operating CT 35.0 |mg/L-min [Initial CYN 15 ug/L

Final MC-LR 1 ug/L Log (%) Reduction | 1.8, (98.6%) |unit Final CYN 0.7 ug/L Log (%) Reduction | 1.3, (95.5%) |unit
mlnitial Microcystin-LR (MC-LR) Calculation Wlnitial Cylindrospermopsin (CYN) Calculation

Enter water quality parameters: Enter water quality parameters:

pH 8.0 unit Results: pH 8.8 unit Results:

Temperature 22 °c cT 1.37E-01 [mol - sec Temperature 15 °c CcT 5.92E-02 |mol - sec
Chlorine Residual 1.18 |[mg/L Operating CT 162.3 mg/L - min Chlorine Residual 1.00 [mg/L Operating CT 70.0 mg/L - min
HRT ] 275 minutes Initial MC-LR 37 ug/L HRT 1 1400 minutes Initial CYN 33 ug/L
Baffling Factor 0.5 t10/T Final MC-LR 0.3 ug/L Baffling Factor 0.5 tyo/T Final CYN 0.7 ug/L

Final MC-LR 0.3 ug/L Log (%) Reduction | 2.1, (99.2%) |unit Final CYN 0.7 ug/L Log (%) Reduction | 1.7, (97.9%) |unit

33. ChemDose —This program is used for calculating chemical dosages. Based on the

characteristics of the chemical solution, the dosage is calculated based on chemical feed and

plant flow rates. The user may choose from a drop-down list of units for volumes and flow

rates. This program is ideal for water professionals for doing quick dosage calculations or to

check hand calculations.

The second dose program (ChemDose(PS)) will calculate chemical dosages based on chemical

specification and chemical feed pump settlings (% stroke/speed). The third dose program is

primarily for mixing dry chemicals such as alum, soda ash, NaF, etc.

ChemDose!Pro

Chemical Feed Dose Calculator (pump rate) for the Water and Wastewater Industry

Solution Crock Mixing (1)

Solution Crock Mixing (2)

Solution Strength, Specific Gravity and
Chemical Dose Calculations

[Enter Characteristics of Solution & Mixing Parameters

Solution Strength, Specific Gravity and
Chemical Dose Calculations

Enter Characteristics of Solution & Mixing Parameters

Name of liquid product: Polymer Blend 960 Name of liquid product: Zeta Floc 20, pDADMAC
Specific gravity of product: 1.29 Specific gravity of product: 1.03

Product solution strength: 100 % 1 |Product solution strength: 100 %
Chemical product cost ($) per pound: “2.00 $/lb Chenmical product cost ($) per pound “2.00 $/lb
Volume of liquid product mixed: 10.00 gal 1 |volume of liquid product mixed: 1.00 gal
Volume of water mixed with liquid product: 10.00 gal 1 |volume of water mixed with liquid product: 4.00 gal
Mixing Results Mixing

Total solution volume: 20.00 gal Total solution volume: 5.00 gal
Specific gravity of solution mix: 1.15 Specific gravity of selution mix: 1.006

Chemical solution strength of mix: 56.33 % Chemical solution strength of mix: 20.48 %

Enter Feed Pump Rate, Plant Produ and Hrs. Operated
Chemical feed pump rate or usage: 14 mL/min Chemical feed pump rate or usage: 2 mbL/min
Plant flow rate or production 240 gpm Plant flow rate or production: 240 gpm
Hours operated: 20.0 hours Hours operated: 20.0 hours

R Its - Ct | Dose Calculations for Polymer Blend 960 Results - Chemical Dose Calculations for Zeta Floc 20, pPDADMAC
Chemical Feed Dose: 99.40 mg/L Chemical Feed Dose: 4.54 mg/L
Chemical Feed Dose 829.4 Ibs/MG Chemical Feed Dose 378 Ibs/MG
Solution Used (56.33% Strength): 4.44 galiday Solution Used (20.48% Strength): 0.63 gal/day
Solution Used (56.33% Strength): 31.1 gal/iweek Solution Used (20.48% Strength): 4.44 gal/week
Liquid Product Used (Polymer Blend 960): 222 gal/day Liquid Product Used (Zeta Floc 20, pDADMAC): 0.13 gal/day
Liquid Product Used (Polymer Blend 960): 15.53 galiweek Liquid Preduct Used (Zeta Floc 20, pDADMAC): 0.89 gal/week
Plant production per day: 28,800 galiday Plant production per day: 28,800 gallday
Chemical cost per day (Polymer Blend 960): 47.78 $/day Chemical cost per day (Zeta Floc 20, pDADMAC): 2.18 $/day
Cost per gallon of treated water: 0.166 cent/gal Cost per gallen of treated water: 0.008 cent/gal
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ChemDose!Pro

Chemical Feed Dose Calculator (pump settings) for the Water and Wastewater Industry

Solution Crock Mixing (1)

Solution Crock Mixing (2)

Solution Strength, Specific Gravity and Solution Strength, Specific Gravity and

Chemical Dose Calculations Chemical Dose Calculations

Enter Characteristics of Solution & Mixing Parameters Enter Characteristics of Solution & Mixing Parameters

Name of liquid product Polymer Blend 960 Name of liquid product Zeta Floc 20, pDADMAC

Specific gravity of product: 1.29 Specific gravity of product: 1.03

Product solution strength: 100.00 % Product solution strength: 100.00 % )

Chemical product cost ($) per pound: "2.00 $/lb Chemical product cost ($) per pound: “2.00 $/b

Volume of liquid product mixed: 1.00 gal Volume of liquid product mixed: 1.00 gal ]

Volume of water mixed with liquid product: 0.00 gal Volume of water mixed with liquid product 4.00 gal )

Mixing Mixing Results

Total solution volume: 1.00 gal Total solution volume: 5.00 gal

Specific gravity of solution mix: 1.29 Specific gravity of solution mix: 1.006

Chemical solution strength of mix: 100 % Chemical solution strength of mix: 20.48 %

Enter Feed Pump Settings, Plant Production and Hrs. Operated Enter Feed Pump Settings, Plant Production and Hrs. Operated

Chemical feed pump capacity rating: 30.00 gal/day Chemical feed pump capacity rating: 15.00 gal/day

Chemical feed pump stroke setting: 296 % Chemical feed pump stroke setting: 20 %

Chemical feed pump speed setting: 30 % Chemical feed pump speed setting: 20 %

Plant flow rate er production: 240 gpm Plant flow rate or preduction 240 gpm 1

Hours operated: 15.0 hours Hours operated: 20.0 hours

R Its - Ch | Dose C ions for Polymer Blend 960 Results - C ical Dose Calculations for Zeta Floc 20, pDADMAC

Chemical feed pump rate (calculated): 7.00 mL/min Chemical feed pump rate or usage: 1.58 mL/min

Chemical Feed Dose: 99.44 mg/L Chemical Feed Dose: 3.58 mg/L

Chemical Feed Dose: 829.7 Ibs/MG Chemical Feed Dose 29.8 Ibs/MG

Solution Used (100% Strength): 167 gal/day Selution Used (20.48% Strength): 0.50 gal/day

Solution Used (100% Strength): 11.66 galiweek Solution Used (20.48% Strength): 3.50 galiweek

Liquid Product Used (Polymer Blend 960): 1.67 gal/day Liquid Product Used (Zeta Floc 20, pDADMAC): 0.10 gal/day

Liquid Product Used (Polymer Blend 960): 11.67 gal/week Liquid Product Used (Zeta Floc 20, pDADMAC): 0.70 galweek

Plant preduction per day: 21,600 gal/day Plant production per day: 28,800 gal/day

Chemical cost per day (Polymer Blend 960): 35.88 $/day Chemical cost per day (Zeta Floc 20, pDADMAC): 1.72 $/day

Cost per gallon of treated water: 0.166 cent/gal Cost per gallon of treated water: 0.006 cent/gal
ChemDose!Pro

Chemical Feed Dose Calculator for Dry Chemical Mixing #1

Solution Strength, Specific Gravity and
Chemical Dose Calculations
Enter Characteristics of Solution & Mixing Parameters

Hydrated Chemical
Anhydrous Chemical

Modifying Existing Solution Strength
and Specific Gravity
Enter Characteristics of Solution & Mixing Parameters

Hydrated Chemical
Anhydrous Chemical

Name of Dry Chemical: Alum *14.3H,0 Mame of Dry Chemical: Alum *14.3H20
Commercial purity of dry chemical: 100 % Commercial purity of dry chemical: 100 %
Percention (100% pure material). 98 % Percent ion (100% pure material). 98 %

Weight of dry chemical added to water: 100 Kg Weight of dry chemical added: 10.8 Kg

Volume of water mixed with dry chemical: 500 L Volume of water mixed with dry chemical: 200 gal )
Chemical/lPhysical Mixing Results: Chemical/lPhysical Mixing Results:

Total solution volume: 54295 L Total solution volume: 201.23 gal
Specific gravity of solution: 1.105 Specific gravity of solution: 1.008

Chemical solution strength: 16.35 % Chemical solution strength: 1.38 %

Enter Chemical Feed Rate, Plant Production and Hrs. Operated
Chemical feed rate or usage: 420 mL/min Specific gravity of solution: 1.105

Plant flow rate: 110 gpm Chemical solution strength: 16.35 %

Hours operated: 240 hours Volume of solution remaining: 20 gal )
Solution Used: 7324 galiday Results - Chemical/Physical Blend

Results - Chemical Dose Calculations Total solution volume: 2212 gal
Chemical Feed Dose: 182.2 mgiL Specific gravity of solution mix: 1.017

Chemical Feed Dose: 1,520.6 Ibs/IMG Chemical solution strength of mix: 2.85 %




34. Jar Testing —This worksheet is designed to assist operators in preparation of stock solution
for coagulant jar test or any other chemical of interest. Based on desired dose for each jar
testing, the volume of milliliters injected is automatically calculated based on percent solution.
Below is an example of the spreadsheet output:

Jar Testing Stock Solution Preparation Program

Jar Test Stock Solution Preparation (1) Jar Test Dosage Results (1)

1. Enter Product Characteristics 1. Stock Solution Characteristics

Name of Liquid Chemical: ACH Specific Gravity of Stock Solution: 1.0046 " 1mL=10.05 mg/L

Specific gravity of liquid chemical: 1.3 % Strength of Stock Solution: 1.0000 ¥ 10,000 mg/L, ACH

Chemical solution strength: 50 % 2. Enter in blue the Jar volume and desired dosage for each jar

2. Preparation of Stock Solution Jar Vol (mL) 2000 2 Liter

Enter Volume of stock solution: 500.00 mL Jar1 Jar 2 Jar3 Jar 4 Jar 5 Jar 6
Enter Targeted % Stength of stock solution: *1.000 Dose Dose Dose Dose Dose Dose
3. Stock Solution Results Dose, mg/L 5 10 15 20 25 30
Add 7.73 mL of product solution (Step 1) to 492.27 mL of Delivered Vol

water (Step 2) to make a 1 %, 500 mL stock solution (mL) 1 2 3 3.99 4.99 6

35. TTHMs, HAAS, CH - The theoretical disinfectant by-product concentration for total
trihalomethanes, haloacetic acids and chloral hydrates are calculated based on chlorine and
bromide ion concentrations, water age, pH, temperature, and dissolved organic carbon (DOC).
The user can learn what changes in the disinfectant by-products may occur when one or more of
the water parameters are changed. Below is an example of the model:

TTHMs/HAA6/CH Modeling Program TTHMs/HAA6/CH Modeling Program
Predictive Raw-Water Models for Predictive Coaqulated-Water Models for
TTHM, THAA, CH and Respective Species TTHM, THAA, CH and Respective Species
m Enter Information m Enter Information
for Predicted THMs, HAA6, CH formations for Predicted THMs,HAA6, and CH formations
Sample Point Raw Water Sample Point Settled Water
Raw Water DOC = 450 |mg/LasC DOC = 4.08 |mg/Las C
Applied Chlorine dose (Cly) = 2.2 mg/L Applied Chlorine dose (Cl,) = 2.0 mg/L
Contact time (t) = 100.0  |hour Contact time (t) = 100.0 [hour
Bromide ion concentration (Br) = 0.10 [mg/L Bromide ion concentration (Br) = 0.10  |mg/L
pH = 7.50 pH = 7.50 mdaefav::: based on
Water Temperature = 20.0 |°C Water Temperature = 200 |°C parameters
IEET YA Results - Predicted THMs, HAAG & CH IEETY Results - Predicted THMs, HAAG & CH
Trihal hanes (THMs) Trihalometh (THMs)
CHCl3 (chloroform ); R? = 0.87 125.5 ug/L 1.051 umol/L CHCl; (chloroform ); R? = 0.91 49.9 ug/L 0.418 umol/L
CHCI,Br (bromodichloromethane); R? = 0.90 35.9 ug/L 0.219 umol/L CHCI,Br (bromodichloromethane); R? = 0.83 29.3 ug/L 0.179 umol/L
CHCIBr, (dibromochloromethane); R? = 0.89 5.7 ug/L 0.027 umol/L CHCIB; (dibromochloromethane); R? = 0.32 4.8 ug/L 0.023 umol/L
CHBr3 (bromoform); R? = 0.61 0.2 ug/L 0.001 umol/L CHBr; (bromoform); R? = 0.72 0.6 ug/L 0.002 umol/L
TTHM (total trihalomethane ); R? = 0.90 173.6 ug/L 1.298 ) umol/L TTHM (total trihalomethane ); R? = 0.89 114.7 ug/L 0.623 ) umol/L
Haloacetic Acids (HAAs) Haloacetic Acids (HAAs)
CHCI,-CO,H (dichloroacetic acid ); R? = 0.83 27.3 ugll  0.212 umol/L CHCI,-CO,H (dichloroacetic acid ); R? = 0.88 13.6 ug/L 0.106 umol/L
CCl3-COH (trichloroacetic acid); R? = 0.87 50.1 ug/L 0.307 umol/L CCl3-COH (trichloroacetic acid); R? = 0.93 225 ug/L 0.138 umol/L
CH,CI -CO,H (monochloroacetic acid); R?=0.14 2.8 ug/L 0.029 umol/L CH,ClI -CO,H (monochloroacetic acid); R?=0.36 1.7 ug/L 0.010 umol/L
CH,Br-CO,H (monobromoacetic acid); R? = 0.43 0.3 ug/L 0.002 umol/L CH,Br-CO,H (monobromoacetic acid); R? = 0.35 0.5 ug/L 0.004 umol/L
CHBr,-CO,H (dibromoacetic acid); R? = 0.77 0.7 ug/L 0.003 umol/L CHBr,-CO,H (dibromoacetic acid); R? = 0.84 1.4 ug/L 0.006 umol/L
BrCI-COH (Bromochloroacetic Acid); R? = 0.76 10.0 ug/L 0.062 umol/L BrCI-CO,H (Bromochloroacetic Acid); R? = 0.87 12.9 ug/L 0.081 umol/L
Total HAAs; R? = 0.87 9.8  ugll 0616  umollL Total HAAs; R = 0.92 410 ugll 0344 umollL
Chloral Hydrate (CH) Chloral Hydrate (CH)
C,HClI3 (OH), (chloral hydrate); R?=0.81 17.5 ug/L 0.106 umol/L C,HClI3 (OH), (chloral hydrate); R? = 0.87 9.6 ug/L 0.058 umol/L

36. Br & O3 - There are two programs in this worksheet. The first model predicts the formation
of bromate based on input parameters of DOC, ozone concentration, contact time, bromide ion
concentration and pH and with or without ammonia. The second program is an ozone decay
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model. Based on water quality parameters of DOC, applied ozone, bromide ion concentration,
pH and alkalinity, the ozone concentration is predicted after a given contact time. Below is an

example of the bromate and ozone modeling programs:

Bromate Modeling Program
Predictive Models for Bromate Formation
with & without Ammonia

MEnter Information

for Predicted Bromate Formations

Ozone Modeling Program
Predictive Model for Ozone Decay

mEnter Information

for Predicted Ozone Decay

DOC = 410 |[mg/LasC
Transferred/Utilized Ozone (O3) = 1.1 mg/L
Contact time (t) = 20.0 |minutes
Bromide ion concentration (Br) = 0.09 |mg/L
pH = 7.50
Ammonia (NHz-N) = 0.40 |mg/L

DOC = 450 [mg/LasC
Transferred/Utilized Ozone (O3) = 20 |[mg/L
Contact time (t) = 2.0 minutes
Bromide ion concentration (Br) = 0.10 |mg/L
pH = 7.00
Alkalinity = 100 |mg/L as CaCOs

m Results - Predicted Bromate

m Results - Dissolved Ozone

Bromate without Ammonia

Dissolved Ozone

37. Arsenate Removal -Thisisa simple program that predicts the amount of iron coagulant

BrOs (bromate ); R* = 0.73 3.1 ug/L 0.024  umol/L DOs; R? = 0.66 0.19 mg/L
Bromate with Ammonia Copyright © 96-13 Schott Software, all rights reserved.
BrO; (bromate ); R?=0.78 3.5 ug/L 0.028 umol/L Published by ChemSW(707)864-0845:p/n11068;01/01/13

needed for the reduction of As(V) through filtration.

Predicted Arsenate Removal Program using Iron Coagulant for pH range 6.5 - 8.

A simplified isotherm equation predicts arsenate removal using iron coagulant (FeCls).
Model predicts arsenate removal to within +/- 13 percent (90% confidence) at pH 6.5-8.

Data Set 1:

Enter Source Water Parameter
Arsenate, As(V)] 200  Jug/L

m Enter Fe (Iron) Dosage

Fe (Iron)]  5.00 mg/L
FeCls:- calculated| 14.52 [mg/L

m Arsenate Results

Fe:As(V) 25 wt/wt

% As(V) Removed 875 |%
As(V) Removed| 174.9 |ug/L
As(V) (treated water)| 25.1 ug/L

Chemical Feed Rate for FeCls

Specific gravity of liquid chemical 1.37  |wt/wt
Chemical solution strength 34 % wt/wt
Treatment Flow 150 gpm
Calculated chemical feed rate 17.7  |mL/min

Data Set 2:

Enter Source Water Parameter

Arsenate, As(V)| 25 |ug/L

m Enter Fe (Iron) Dosage

Fe (Iron) 2.00 mg/L

FeCls:- calculated 5.81 mg/L

LIC JEHN Arsenate Results

Fe:As(V) 80 wt/wt
% As(V) Removed 73.6 %
As(V) Removed 18.4 ug/L

As(V) (treated water) 6.6 ug/L

Chemical Feed Rate for FeCl;

Specific gravity of liquid chemical 1.37  |wt/wt
Chemical solution strength 34 % wt/wt
Treatment Flow| 1,500 [gpm

Calculated chemical feed rate 70.8 mL/min

38. IronMag - The stoichiometric oxidation for iron and/or manganese are predicted based on
the oxidants of chlorine, ozone, oxygen, chlorine dioxide and potassium permanganate. The
user inputs the concentration of iron and/or manganese that are dissolved in water and the
oxidant chemical concentrations are calculated along with predictive changes in pH and
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alkalinity. An example of user input of water characteristics with high levels of iron and

manganese (Step 1) and the stoichiometry calculations of iron and manganese oxidation (Step 2)

is given below:

mlnitial Water Characteristics

Enter initial water characteristics based on laboratory and field analysis.
System Name: Santa Rosa
Source Point: Well 01
Date of Sample: 12/12/2014
Plant Flow Rate = 50.0 |gpm 72,000 gallons/day 0.072 MGD
TDS = 200 mg/L 312.5 uS/cm (Electrical Conductivity)
pH = 7.00 |field pH is recommended
Total Alkalinity = 364 mg/L as CaCO; 7.27 meqg/L
Water Temperature = 25.0 |°C (temperature at which pH was analyzed)
Field Water Temperature = 25.0 |°C (operating temperature at facility) Adj. pH = 7.00
Iron(ll) = 1.0 mg/L
Manganese(ll) = 1.00 |mg/L
For determing the HOCI concentration based on the above water characteristics and liquid/gas dosages:
NaOCI or Cly, mg/L = | 3.3 |mg/L 2.56  mg/L as HOCI 0.74  mg/L as OCI
m Results Predicted Change in
Stoichiometry of Iron and Manganese Oxidation Water Characteristics
Oxidant Fe?* Mn** | (Fe?* + Mn?")| Ibs/IMG | Alkalinity pH
1 | Chlorine required, mg/L as HOCI = 0.63 1.29 1.93 16.1 358 6.96
2 |Ozone required, mg/L as O3 = 0.42 0.87 1.29 10.8 360 6.98
3 |Oxygen required, mg/L as O, = 0.14 0.29 0.43 3.6 360 6.98
4 |Chlorine dioxide required, mg/L as CIO; = 0.24 2.46 2.70 22.5 358 6.96
5 |Permanganate required, mg/L as KMnO,4 = 0.94 1.92 2.86 23.9 361 6.98
mOperating Cost - Enter associated cost for Iron and Manganese
Oxidant Chemical Energy Miscellaneous Total Cost
$/1b $/IMG $/MG $/MG
1 |Chlorine as Cl, $3.00 $7.00 $1.50 $56.70
2 |Ozone as O3 $5.00 $12.00 $2.00 $67.82
3 |Oxygen as O, $5.00 $9.00 $2.00 $29.12
4 |Chlorine dioxide as ClO, $6.00 $5.00 $3.00 $143.04
5 |Permanganate as KMnQO4 $4.00 $4.00 $4.00 $103.49

39. Anion-Cation Balance!Pro - This worksheet calculates the total anion and cations
(Meq/L) based on the input individual measured ions. The results of the anion/cations are

compared for quality control. The results are automatically entered into a laboratory form for

printout. A partial view of the program is given below:
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Anion-Cation Balance!Pro™

Anions Cations
Concentration Calc. Concentration Calc.
ma/L Meg/L mag/L Meqg/L
BO, - Al -

Br - B** -

Cr 15 0.42310 Ba®" -
CO,* - Ca™* 35 1.74659
CrO,~ - cr -

F' -

HCO. 122 1.99944 Cu®* -
HPO,~ - Fes* -
H.PO, - Fe* -

HS" - H” ;
HSO, - K* -
HSO, -

I - Li* -
NO, - Mg®* 10 0.82288
NO, - Mn* -
OH - Mn** -
PO.* - Na® 10 0.43498
g% - NH." -

Si0,* - Pb** -

SO.7 - Sre -

SO.5 25 0.52049 n* -
Total Anions 2.94303 Total Cations 3.00445
Calculated TDS, mg/L = 1550 Calculated IS, mol/L = 0.00452

The acceptance ion balance criteria has been set at:

The percent difference is:

40. Anion-Cation Balance!Pro Lab Sheet - results from the “Anion-Cation Balance”

-1.03%

Acceptable

worksheet are copied into this worksheet for printout.
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