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Part 1: Data-Recorded Measurements and Laboratory 
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Summary of Inorganic Analyses – Dow NF270. 

Analyte Units Feed Permeate Concentrate 

pH, field standard units 7.35 7.16 7.59 

Conductivity, field micromho/cm 2083 1452 3063 

Total Dissolved Solids mg/l 1216 752 2162 

Metals, Cations 

Aluminum mg/l ND ND ND 

Ammonia mg/l 2.24 2.03 3.30 

Barium mg/l 0.07 0.03 0.14 

Beryllium mg/l ND ND ND 

Cadmium mg/l ND ND ND 

Calcium  mg/l 79.95 34.30 153.50 

Chromium mg/l ND ND ND 

Copper mg/l 0.01 0.16 0.02 

Iron mg/l 0.05 ND 0.13 

Lead mg/l ND 0.06 ND 

Magnesium mg/l 29.75 11.05 59.25 

Manganese mg/l 0.03 0.01 0.06 

Molybdenum mg/l ND ND 0.02 

Nickel Mg/l ND ND 0.023 

Potassium mg/l 25.50 18.21 36.50 

Sodium mg/l 211.50 161.02 257.50 

Strontium mg/l 1.15 0.47 2.28 

Vanadium mg/l ND ND ND 

Zinc mg/l 0.06 0.14 0.07 

Anions 

Alkalinity, bicarbonate mg/l as CaCO3 164 107 266 

Alkalinity, total mg/l as CaCO3 168 108 262 

Arsenic mg/l ND ND ND 

Chloride mg/l 402 378.50 442.50 

Nitrate mg/l as N 4.5 5 ND* 

Nitrite mg/l as N ND ND ND 

Orthophosphate mg/l as P 0.86 ND 2.43 

Silica mg/l 8.10 7.23 8.90 

Sulfate mg/l 266.50 ND 752 

micromho/cm = micromho per centimeter  P = phosphorus 
mg/l = milligrams per liter    ND = not detected 
CaCO3 = milligrams as calcium carbonate  *MDL of 4 mg/l on concentrate samples 
N = nitrate 

  



Handheld Analytical Measurements/Readings

Part 1 (June 2017)

Date 6/1/2017 6/2/2017 6/2/2017 6/2/2017 6/3/2017 6/3/2017 6/4/2017 6/4/2017 6/5/2017 6/5/2017 6/6/2017 6/6/2017 6/6/2017

Membrane

Feed Temp, degF 85 85 85 85 85 86 85 86 85 85 86 85 86

Pressure, psi

Pumped Feed 35 35 35 30 37 30 30 36 35 30 35

Recycle/Concentrate 30 30 30 30 33 25 30 32 35 30 33

Flow, gpm

Permeate 1.65 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.57 1.5 1.6 1.55

Concentrate 0.6 0.6 0.6 0.5 0.6 0.5 0.6 0.4 0.6 0.6 0.6 0.6 0.6

Recycle 0.6 0.6 0.6 0.65 0.6 0.6 0.65 0.65 0.6 0.62 0.6 0.6 0.6

Conductivity, uhmo/cm

Feed 2138 2067 30 1600 2060 2058 2083

Permeate 1469 1422 1488 1445 1452

Concentrate 3225 3131 3094 3082 3063

pH

Feed 7.41 7.41 7.33 7.36 7.35

Permeate 7.16 7.28 7.15 7.05 7.16

Concentrate 7.56 7.58 7.48 7.52 7.59

Metering Pump

Stroke Speed % 55 55 55 55 25 26 26 26 30 30 35 30 25

Stroke Length % 50 49 49 48 25 26 26 26 30 30 32 30 70

Tank Level 20 20 20 20 20 20 20 20 20 20 20 20 20

Run Hours 2214 2229 2229 2250 2254 2263 2279 2288 2300 2308 2325 2300 2332

Calculations

Membrane area 82 82 82 82 82 82 82 82 82 82 82 82 82

Calculate system recovery 73% 73% 73% 76% 73% 76% 73% 80% 73% 72% 71% 73% 72%

Calculate arraye recovery 58% 57% 57% 58% 57% 59% 56% 60% 57% 56% 56% 57% 56%

Calculate Flux, gfd 14.5 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 13.8 13.2 14.0 13.6

Dow NF270



Summary of Inorganic Analyses – CSM NE. 

Analyte Units Feed Permeate Concentrate 

pH, field standard units 7.48 7.35 7.85 

Conductivity, field micromho/cm 2059 1402 3113 

Total Dissolved Solids mg/l 1254 724 2054 

Metals, Cations 

Aluminum mg/l ND ND ND 

Ammonia mg/l as N 2.35 2.08 3.01 

Barium mg/l 0.09 0.02 0.20 

Beryllium mg/l ND ND ND 

Cadmium mg/l ND ND ND 

Calcium  mg/l 81.4 28 174.50 

Chromium mg/l ND ND ND 

Copper mg/l 0.02 0.06 0.04 

Iron mg/l 0.05 ND 0.12 

Lead mg/l ND ND ND 

Magnesium mg/l 31.75 5.20 76.75 

Manganese mg/l 0.02 ND 0.06 

Molybdenum mg/l ND ND ND 

Nickel mg/l ND 0.06 ND 

Potassium mg/l 25 19.50 34 

Sodium mg/l 257.50 209.50 340.50 

Strontium mg/l 1.20 0.31 2.73 

Vanadium mg/l ND ND ND 

Zinc mg/l 0.09 0.07 0.10 

Anions 

Alkalinity, bicarbonate mg/l as CaCO3 167 93 297 

Alkalinity, total mg/l as CaCO3 164 92 294 

Arsenic mg/l ND ND ND 

Chloride mg/l 374.5 351 408 

Nitrate mg/l as N 4.20 4.50 ND* 

Nitrite mg/l as N ND ND ND 

Orthophosphate mg/l as P 2.22 ND 5.92 

Silica mg/l 9.50 9.10 10.50 

Sulfate mg/l 251.5 ND 685.5 

micromho/cm = micromho per centimeter  P = phosphorus 
mg/l = milligrams per liter    ND = not detected 
CaCO3 = milligrams as calcium carbonate  *MDL of 4 mg/l on concentrate samples 
N = nitrate 

  



Handheld Analytical Measurements/Readings

Part 1 (June 2017)

Date

Membrane

Feed Temp, degF

Pressure, psi

Pumped Feed

Recycle/Concentrate

Flow, gpm

Permeate

Concentrate

Recycle

Conductivity, uhmo/cm

Feed

Permeate

Concentrate

pH

Feed

Permeate

Concentrate

Metering Pump

Stroke Speed %

Stroke Length %

Tank Level

Run Hours

Calculations

Membrane area

Calculate system recovery

Calculate arraye recovery

Calculate Flux, gfd

6/6/2017 6/7/2017 6/7/2017 6/8/2017 6/8/2017 6/9/2017 6/9/2017 6/10/2017 6/11/2017

86 86 86 86 86 86 86 86 86

35 37 40 40 40 40 40+

33 33 35 36 35 35 39

1.65 1.65 1.7 1.6 1.6 1.6 1.6 1.5 1.5

0.63 0.67 0.8 0.63 0.6 0.63 0.6 0.6 0.65

0.63 0.63 0.6 0.6 0.62 0.63 0.6 0.7 0.65

2114 1610 2094 2059

1430 1403 1402

3226 3183 3113

7.75 7.22 7.48

7.8 7.03 7.35

7.9 7.43 7.85

25 25 30 25 30 25 30 30 30

70 70 70 70 70 70 70 70 70

20 20 20 20 20 20 20 19 19

2333 2352 2359 2375 2388 2396

85 85 85 85 85 85 85 85 85

72% 71% 68% 72% 73% 72% 73% 71% 70%

57% 56% 55% 57% 57% 56% 57% 54% 54%

14.0 14.0 14.4 13.6 13.6 13.6 13.6 12.7 12.7

CSM NE



Summary of Inorganic Analyses – Hydranautics Nano BW. 

Analyte Units Feed Permeate Concentrate 

pH, field Standard units 7.54 7.18 7.61 

Conductivity, field micromho/cm 2085 1361 3030 

Total Dissolved Solids mg/l 1194 700 1956 

Metals, Cations 

Aluminum mg/l ND ND ND 

Ammonia mg/l as N 1.85 1.33 2.10 

Barium mg/l 0.09 0.03 0.17 

Beryllium mg/l ND ND ND 

Cadmium mg/l ND ND ND 

Calcium  mg/l 77.90 30.35 151 

Chromium mg/l ND ND ND 

Copper mg/l 0.02 0.05 0.02 

Iron mg/l 0.05 ND 0.12 

Lead mg/l ND ND ND 

Magnesium mg/l 30.65 10.85 60.60 

Manganese mg/l 0.023 ND 0.05 

Molybdenum mg/l ND ND 0.02 

Nickel mg/l ND ND ND 

Potassium mg/l 24 17 35.5 

Sodium mg/l 251.50 185 348 

Strontium mg/l 1.15 0.43 2.24 

Vanadium mg/l ND ND ND 

Zinc mg/l 0.04 0.06 0.07 

Anions 

Alkalinity, bicarbonate mg/l as CaCO3 170 94 278 

Alkalinity, total mg/l as CaCO3 172 96 286 

Arsenic mg/l ND ND ND 

Chloride mg/l 371.5 330.5 453 

Nitrate mg/l as N 3.3 3.7 ND* 

Nitrite mg/l as N ND ND ND 

Orthophosphate mg/l as P 1.19 ND 2.97 

Silica mg/l 10.85 9.85 12.55 

Sulfate mg/l 238.5 ND 620.5 

micromho/cm = micromho per centimeter  P = phosphorus 
mg/l = milligrams per liter    ND = not detected 
CaCO3 = milligrams as calcium carbonate  *MDL of 4 mg/l on concentrate samples 
N = nitrate 

  



Handheld Analytical Measurements/Readings

Part 1 (June 2017)

Date

Membrane

Feed Temp, degF

Pressure, psi

Pumped Feed

Recycle/Concentrate

Flow, gpm

Permeate

Concentrate

Recycle

Conductivity, uhmo/cm

Feed

Permeate

Concentrate

pH

Feed

Permeate

Concentrate

Metering Pump

Stroke Speed %

Stroke Length %

Tank Level

Run Hours

Calculations

Membrane area

Calculate system recovery

Calculate arraye recovery

Calculate Flux, gfd

6/11/2017 6/12/2017 6/13/2017 6/14/2017 6/14/2017

86 85 85 85 86

58 55 57 55 58

53± 51± 55 51 55

1.45± 1.4± 1.35 1.35 1.3

0.65 0.8± 0.6 0.5 0.6

0.63± 0.75± 0.7 0.75 0.67

2030 1999 2075 2085

1300 1290 1363 1361

3015 3003 3044 3030

7.51 7.31 7.28 7.54

7.42 7.12 6.91 7.18

7.31 7.51 7.29 7.61

70 80 75 75 75

30 30 30 30 30

19 20 20 20 20

2468 2488 2514 2521

75 75 75 75 75

69% 64% 69% 73% 68%

53% 47% 51% 52% 51%

13.9 13.9 13.0 13.0 12.5

Hydranautics Nano BW



Summary of Inorganic Analyses – Koch Membrane Systems SR200. 

Analyte Units Feed Permeate Concentrate 

pH, field standard units 7.59 7.14 7.88 

Conductivity, field micromho/cm 2108 1129 3721 

Total Dissolved Solids mg/l 1204 516 2408 

Metals, Cations 

Aluminum mg/l ND ND ND 

Ammonia mg/l as N 2.00 1.57 2.4 

Barium mg/l 0.09 ND 0.23 

Beryllium mg/l ND ND ND 

Cadmium mg/l ND ND ND 

Calcium  mg/l 75 10.40 193.33 

Chromium mg/l ND ND ND 

Copper mg/l 0.02 0.04 0.02 

Iron mg/l 0.05 ND 0.12 

Lead mg/l ND ND ND 

Magnesium mg/l 30.87 1.67 82.67 

Manganese mg/l 0.02 ND 0.06 

Molybdenum mg/l ND ND 0.02 

Nickel mg/l ND ND ND 

Potassium mg/l 23 14.50 40.33 

Sodium mg/l 255.67 166.67 390 

Strontium mg/l 1.15 0.10 3.07 

Vanadium mg/l ND ND ND 

Zinc mg/l 0.04 0.03 0.07 

Anions 

Alkalinity, bicarbonate mg/l as CaCO3 172.7 48 362 

Alkalinity, total mg/l as CaCO3 174 48 394 

Arsenic mg/l ND ND ND 

Chloride mg/l 390.33 272.33 614 

Nitrate mg/l as N 3.60 3.80 3.30 

Nitrite mg/l as N ND ND ND 

Orthophosphate mg/l as P 1.57 ND 4.05 

Silica mg/l 11.53 9.67 14.70 

Sulfate mg/l 242 ND 687.67 

micromho/cm = micromho per centimeter  P = phosphorus 
mg/l = milligrams per liter    ND = not detected 
CaCO3 = milligrams as calcium carbonate  *MDL of 4 mg/l on concentrate samples 
N = nitrate 

 



Handheld Analytical Measurements/Readings

Part 1 (June 2017)

Date

Membrane

Feed Temp, degF

Pressure, psi

Pumped Feed

Recycle/Concentrate

Flow, gpm

Permeate

Concentrate

Recycle

Conductivity, uhmo/cm

Feed

Permeate

Concentrate

pH

Feed

Permeate

Concentrate

Metering Pump

Stroke Speed %

Stroke Length %

Tank Level

Run Hours

Calculations

Membrane area

Calculate system recovery

Calculate arraye recovery

Calculate Flux, gfd

6/14/2017 6/15/2017 6/15/2017 6/16/2017 6/17/2017 6/17/2017 6/18/2017 6/18/2017 6/30/2017

86 86 86 86 86 86 86 86 88

35 70 76 85 88 93 98 73

30 68 73 80 85 90 95 70

1.65 1.65 1.65 1.6 1.6 1.6 1.65 1.65 1.65

0.62 0.65 0.62 0.62 0.6 0.6 0.6 0.62 0.6

0.62 0.62 0.62 0.62 0.62 0.6 0.65 0.6 0.6

2091 2075 2033 2032 2028 2034 2108

1107 1047 1000 1000 971 995 1129

3627 2560 3640 3748 3830 3779 3721

7.33 7.53 5.92 7.34 5.96 7.11 7.59

6.7 6.76 5.92 6.59 5.96 7 7.14

7.5 7.41 5.92 7.53 5.96 7.59 7.88

75 75 75 80 80 80 50 50 0

30 30 30 30 30 30 30 30 0

20 18 16 14 13.8 13.8 28 28

2534 2560 2571 2584 2586 2612 2629

85 85 85 85 85 85 85 85 85

73% 72% 73% 72% 73% 73% 73% 73% 73%

57% 57% 57% 56% 57% 57% 57% 57% 58%

14.0 14.0 14.0 13.6 13.6 13.6 14.0 14.0 14.0

Koch Membrane Systems SR200



1 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

APPENDIX B 

 

Part 1: Reverse Osmosis Projections 
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3 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

 

 

Projections with DOW FILMTEC NF270-4040 for 80% 

Recovery 
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

1 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Overall

Source: Well Water (Brackish)

System Recovery: % 80.000

Internal Recovery: % 80.000

Temperature: °F 86.000

Total permeate: gal/min 14.400

Average Flux: gfd 14.050 
Unit Overall

Recycling flow: gal/min 0.000

Fouling Factor: 1.000

Feed Pressure: psi 79.582

Total P Elements: psi 10.046

Brine Pressure: psi 69.533

 

Cations Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

Ca2+ 36.88 36.88 36.88 182.99 0.35

Mg2+ 11.82 11.82 11.82 58.65 0.11

Ba2+ 0.03 0.03 0.03 0.15 0.00

Sr2+ 0.51 0.51 0.51 2.53 0.00

Na+ 221.51 221.51 221.51 1057.57 12.50

K+ 19.18 19.18 19.18 91.57 1.08

Fe2+ 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.00 0.00 0.00 0.00 0.00

Al3+ 0.00 0.00 0.00 0.00 0.00

Mn2+ 0.01 0.01 0.01 0.05 0.00

NH3/NH4(as N) 2.03 2.03 2.03 9.61 0.13
 

Anions Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

HCO3- Alk(CaCO3) 108.00 107.90 107.90 516.55 5.08

CO32- Alk(CaCO3) 0.00 0.23 0.23 6.53 0.00

Total Alk (CaCO3) 108.00 108.13 108.13 523.08 5.08

Ortho-PO43 0.10 0.10 0.10 0.49 0.00

SO42- 5.00 5.00 5.00 24.81 0.05

F- 0.00 0.00 0.00 0.00 0.00

Cl- 381.00 381.00 381.00 1833.25 17.94

Br- 0.00 0.00 0.00 0.00 0.00

SiO2 7.80 7.80 7.80 37.59 0.35

NO3--N 1.13 1.13 1.13 5.43 0.05

NO2--N 0.00 0.00 0.00 0.00 0.00

Sulfides (as S2) 0.00 0.00 0.00 0.00 0.00

B 0.35 0.35 0.35 0.68 0.27

AS (III) 0.00 0.00 0.00 0.00 0.00

AS (V) 0.00 0.00 0.00 0.00 0.00
 

TDS: 821.300 821.300 821.300 3949.640 39.230

Conductivity (µs/cm): 1452.000 1309.468 1309.467 6302.278 61.234

pH: 7.160 7.160 7.160 7.780 5.880

Flow: gal/min 18.000 0.000 3.600 14.400
 

Summary Product: Dosage:

pH adjusted using: HCL 0.000 mg/L

Selected product: AWC A-102 Ultra 0.600 mg/L
 



Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

2 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Stage 1 Stage 2

Total Elements: 12 6

Total Vessels: 2 1

Elements / Vessels: 6 6

Net Osmotic Pressure: psi 21.485 39.430

Net Driving Pressure: psi 57.650 49.002

Req'd P/Stage: psi 76.289 73.839

Feed P: psi 79.582 73.839

Permeate Throttle/P: psi 3.292 0.000

Boost P: psi 0.000 0.000

Concentrate P: psi 73.839 69.533
 

Stages output

Membrane 
Model:

 
 

Permeate 
Flow:

 
gal/min

Average 
Flux:

 
gfd

System 
Recovery:

 
%

Feed 
Flow / PV:

 
gal/min

Concentrate 
Flow / PV:

 
gal/min

P:
 

psi

Osmotic P:
 

psi

Net Driving 
P:

 
psi

Stage1  10.667 15.610 59.259 1.101 9.000 3.667 5.743 21.483 57.650

1 BW30LE-4040 1.003 17.620 11.149 1.102 9.000 7.997 1.602 10.414 65.075

2 BW30LE-4040 0.961 16.869 12.013 1.102 7.997 7.036 1.292 11.741 62.301

3 BW30LE-4040 0.917 16.112 13.040 1.101 7.036 6.119 1.023 13.381 59.503

4 BW30LE-4040 0.872 15.308 14.246 1.101 6.119 5.247 0.792 15.444 56.533

5 BW30LE-4040 0.820 14.406 15.635 1.100 5.247 4.427 0.597 18.078 53.204

6 BW30LE-4040 0.760 13.344 17.166 1.097 4.427 3.667 0.437 21.483 49.282

Stage2  3.733 10.927 50.909 1.113 7.333 3.600 4.306 39.414 49.002

1 BW30LE-4040 0.768 13.488 10.474 1.081 7.333 6.565 1.126 23.460 49.815

2 BW30LE-4040 0.713 12.525 10.863 1.078 6.565 5.852 0.925 25.995 46.255

3 BW30LE-4040 0.656 11.520 11.209 1.074 5.852 5.196 0.754 28.867 42.544

4 BW30LE-4040 0.596 10.464 11.467 1.069 5.196 4.600 0.611 32.085 38.644

5 BW30LE-4040 0.533 9.356 11.581 1.063 4.600 4.067 0.493 35.625 34.552

6 BW30LE-4040 0.467 8.209 11.493 1.057 4.067 3.600 0.398 39.414 30.318
 



Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

3 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Summary Scale - Precipitation Potentials (mg/L)
 

CaCO3
Ca3(PO4)
2

CaSO4 SrSO4 BaSO4 CaF2 SiO2 FeCO3 FeS MnCO3 FePO4 Fe(OH)3 Al(OH)3 Mg(OH)2

96.821 0 0 0 0 0 0 0 0 0 0 0 0 0

Summary Scale - X Saturation

CaCO3
Ca3(PO4)
2

CaSO4 SrSO4 BaSO4 CaF2 SiO2 FeCO3 FeS MnCO3 FePO4 Fe(OH)3 Al(OH)3 Mg(OH)2

9.705 0.984 0 0.001 0.092 0 0.396 0 0 0.631 0 0 0 0
 



Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

4 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Carbonate Scales Precipitation Potential X Saturation Saturation Index

CaCO3 96.821 9.705 0.987

MgCO3 0.000 3.167 0.501

SrCO3 0.000 0.527 -0.278

BaCO3 0.000 0.004 -2.423

FeCO3 0.000 0.000 0.000

MnCO3 0.000 0.631 -0.200
 

Phosphate Scales Precipitation Potential X Saturation Saturation Index

Ca3(PO4)2 0.000 0.984 -0.007

Mg3(PO4)2 0.000 0.000 -5.620

Sr3(PO4)2 0.000 0.000 -8.618

Ba3(PO4)2 0.000 0.000 -17.520

FeHPO4 0.000 0.000 0.000

Fe3(PO4)2 0.000 0.000 0.000

Mn3(PO4)2 0.000 0.000 -17.413

FePO4 0.000 0.000 0.000

AIPO4 0.000 0.000 0.000

MgNH4PO4.6H2O 0.000 0.000 -3.485
 

Sulfate Scales Precipitation Potential X Saturation Saturation Index

CaSO4 0.000 0.000 -3.532

SrSO4 0.000 0.001 -3.143

BaSO4 0.000 0.092 -1.034
 

Fluoride Scales Precipitation Potential X Saturation Saturation Index

CaF2 0.000 0.000 0.000

MgF2 0.000 0.000 0.000

SrF2 0.000 0.000 0.000

BaF2 0.000 0.000 0.000

FeF2 0.000 0.000 0.000
 

Metal Hydroxide and Oxide Scales Precipitation Potential X Saturation Saturation Index

Mg(OH)2 0.000 0.000 -4.290

Fe(OH)2 0.000 0.000 0.000

Mn(OH)2 0.000 0.000 -6.088

Fe(OH)3 0.000 0.000 0.000

MnO2 0.000 0.000 0.000

Al(OH)3 0.000 0.000 0.000

Ca(OH)2 0.000 0.000 -9.628
 

Sulfide Scales Precipitation Potential X Saturation Saturation Index

FeS 0.000 0.000 0.000

MnS 0.000 0.000 0.000
 



Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

5 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Silicate Scales Precipitation Potential X Saturation Saturation Index

CaSiO3.H2O 0.000 0.000 0.000

MgSiO3.H2O 0.000 0.037 -1.428

Mg3Si2O5(OH)4 0.000 0.001 -2.871

Al2Si2O5(OH)4 0.000 0.000 0.000

Na2F6Si 0.000 0.000 0.000

SiO2 0.000 0.396 -0.402
 

Scales above 100% saturation

CaCO3 Saturation is 9.71 X; [Saturation Index is 0.99]

MgCO3 Saturation is 3.17 X; [Saturation Index is 0.50]
 

Critical Indices Guideline Status

CaCO3 SI (CCNI) 0.987 < 2.300 OK

Mg(OH)2 SI -4.290 < 9.200 OK

SiO2 (MSI) 0.000 < 10.000 OK

Antiscalant Precipitation Index (API) 8.161 < 9.900 OK

Ca3(PO4)2 SI (MPI) -0.007 < 4.200 OK

CaSO4 SI -3.532 < 0.500 OK

BaSO4 SI -1.034 < 3.000 OK

SrSO4 SI -3.143 < 1.000 OK

LSI 1.387  OK

Stiff&Davis Index 1.581  OK
 

Chemical dosing: AWC A-102 Ultra HCL

Calculated Dosage: 0.600 mg/L 0.000 mg/L

Total Dosage (modified by user): 0.600 mg/L N/A

% Concentration: N/A 37.000%

Density: 1.120  g/cm3 1.184 g/cm3

Dosing Pump: 0.037 ml/min 0.000 ml/min

Hours of Operation/Day: 24 hour(s) 24 hour(s)

Consumption per:

Day 0.130 lbs 0.000 lbs

Week 0.909 lbs 0.000 lbs

4 Weeks 3.634 lbs 0.000 lbs

Year 47.372 lbs 0.000 lbs

5 Years 236.862 lbs 0.000 lbs
 
 

Insert your additional comments below:

 
DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED, AND NO WARRANTY OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE, IS GIVEN. American Water Chemicals Inc does not assume any obligation or liability for results 
obtained or damages incurred from the application of this information. Because use conditions and applicable laws may differ from one 
location to another and may change with time, customer is responsible for determining whether products are appropriate for customer’s 
use. American Water Chemicals assumes no liability, if, as a result of customer's use of the Proton membrane aqueous chemistry 
calculator, the customer should be sued for alleged infringement of any patent not owned or controlled by American Water Chemicals Inc.



4 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 

Projections with DOW FILMTEC NF270-4040 for 

Maximum Recovery 
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

1 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Overall

Source: Well Water (Brackish)

System Recovery: % 92.657

Internal Recovery: % 92.657

Temperature: °F 86.000

Total permeate: gal/min 16.678

Average Flux: gfd 16.270 
Unit Overall

Recycling flow: gal/min 0.000

Fouling Factor: 1.000

Feed Pressure: psi 121.679

Total P Elements: psi 6.737

Brine Pressure: psi 114.903

 

Cations Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

Ca2+ 36.88 36.88 36.88 520.02 0.00

Mg2+ 11.82 11.82 11.82 166.67 0.00

Ba2+ 0.03 0.03 0.03 0.42 0.00

Sr2+ 0.51 0.51 0.51 7.19 0.00

Na+ 221.51 221.51 221.51 2937.45 6.29

K+ 19.18 19.18 19.18 254.35 0.54

Fe2+ 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.00 0.00 0.00 0.00 0.00

Al3+ 0.00 0.00 0.00 0.00 0.00

Mn2+ 0.01 0.01 0.01 0.14 0.00

NH3/NH4(as N) 2.03 2.03 2.03 26.67 0.08
 

Anions Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

HCO3- Alk(CaCO3) 108.00 107.90 107.90 1419.65 1.67

CO32- Alk(CaCO3) 0.00 0.23 0.23 61.38 0.00

Total Alk (CaCO3) 108.00 108.13 108.13 1481.03 1.67

Ortho-PO43 0.10 0.10 0.10 1.39 0.00

SO42- 5.00 5.00 5.00 70.50 0.00

F- 0.00 0.00 0.00 0.00 0.00

Cl- 381.00 381.00 381.00 5114.56 5.89

Br- 0.00 0.00 0.00 0.00 0.00

SiO2 7.80 7.80 7.80 104.97 0.10

NO3--N 1.13 1.13 1.13 15.16 0.02

NO2--N 0.00 0.00 0.00 0.00 0.00

Sulfides (as S2) 0.00 0.00 0.00 0.00 0.00

B 0.35 0.35 0.35 1.10 0.29

AS (III) 0.00 0.00 0.00 0.00 0.00

AS (V) 0.00 0.00 0.00 0.00 0.00
 

TDS: 821.300 821.300 821.300 11016.710 15.480

Conductivity (µs/cm): 1452.000 1309.468 1309.467 17585.449 20.089

pH: 7.160 7.160 7.160 8.150 5.400

Flow: gal/min 18.000 0.000 1.320 16.680
 

Summary Product: Dosage:

pH adjusted using: HCL 0.000 mg/L

Selected product: AWC A-102 Ultra 1.545 mg/L
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

2 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Stage 1 Stage 2

Total Elements: 12 6

Total Vessels: 2 1

Elements / Vessels: 6 6

Net Osmotic Pressure: psi 28.278 97.795

Net Driving Pressure: psi 66.771 56.755

Req'd P/Stage: psi 87.854 116.568

Feed P: psi 121.679 116.568

Permeate Throttle/P: psi 33.826 0.000

Boost P: psi 0.000 0.000

Concentrate P: psi 116.568 114.903
 

Stages output

Membrane 
Model:

 
 

Permeate 
Flow:

 
gal/min

Average 
Flux:

 
gfd

System 
Recovery:

 
%

Feed 
Flow / PV:

 
gal/min

Concentrate 
Flow / PV:

 
gal/min

P:
 

psi

Osmotic P:
 

psi

Net Driving 
P:

 
psi

Stage1  12.354 18.080 68.635 1.123 9.000 2.823 5.111 28.269 66.771

1 BW30LE-4040 1.175 20.641 13.060 1.123 9.000 7.825 1.573 10.838 76.229

2 BW30LE-4040 1.127 19.793 14.405 1.123 7.825 6.698 1.216 12.572 73.100

3 BW30LE-4040 1.076 18.887 16.059 1.124 6.698 5.622 0.912 14.854 69.754

4 BW30LE-4040 1.016 17.839 18.069 1.124 5.622 4.606 0.659 17.941 65.882

5 BW30LE-4040 0.941 16.527 20.432 1.123 4.606 3.665 0.454 22.229 61.038

6 BW30LE-4040 0.842 14.790 22.979 1.118 3.665 2.823 0.297 28.269 54.622

Stage2  4.324 12.656 76.590 1.254 5.646 1.322 1.665 101.758 56.755

1 BW30LE-4040 1.197 21.023 21.205 1.150 5.646 4.449 0.644 36.524 77.643

2 BW30LE-4040 1.026 18.017 23.237 1.139 4.449 3.423 0.416 46.455 66.541

3 BW30LE-4040 0.806 14.160 24.074 1.117 3.423 2.616 0.262 58.937 52.294

4 BW30LE-4040 0.566 9.945 22.756 1.086 2.616 2.050 0.167 72.432 36.728

5 BW30LE-4040 0.508 8.928 27.178 1.082 2.050 1.542 0.105 95.924 32.971

6 BW30LE-4040 0.220 3.861 13.534 1.030 1.542 1.322 0.071 101.758 14.261
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

3 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Summary Scale - Precipitation Potentials (mg/L)
 

CaCO3
Ca3(PO4)
2

CaSO4 SrSO4 BaSO4 CaF2 SiO2 FeCO3 FeS MnCO3 FePO4 Fe(OH)3 Al(OH)3 Mg(OH)2

437.23 2.079 0 0 0 0 12.327 0 0 0.031 0 0 0 0

Summary Scale - X Saturation

CaCO3
Ca3(PO4)
2

CaSO4 SrSO4 BaSO4 CaF2 SiO2 FeCO3 FeS MnCO3 FePO4 Fe(OH)3 Al(OH)3 Mg(OH)2

87.458 78.452 0.001 0.001 0.247 0 1.13 0 0 2.784 0 0 0 0
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

4 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Carbonate Scales Precipitation Potential X Saturation Saturation Index

CaCO3 437.230 87.458 1.942

MgCO3 7.862 30.498 1.484

SrCO3 7.218 4.702 0.672

BaCO3 0.000 0.034 -1.471

FeCO3 0.000 0.000 0.000

MnCO3 0.031 2.784 0.445
 

Phosphate Scales Precipitation Potential X Saturation Saturation Index

Ca3(PO4)2 2.079 78.452 1.895

Mg3(PO4)2 0.000 0.000 -5.644

Sr3(PO4)2 0.000 0.000 -8.628

Ba3(PO4)2 0.000 0.000 -17.522

FeHPO4 0.000 0.000 0.000

Fe3(PO4)2 0.000 0.000 0.000

Mn3(PO4)2 0.000 0.000 -19.671

FePO4 0.000 0.000 0.000

AIPO4 0.000 0.000 0.000

MgNH4PO4.6H2O 0.000 0.001 -3.252
 

Sulfate Scales Precipitation Potential X Saturation Saturation Index

CaSO4 0.000 0.001 -3.251

SrSO4 0.000 0.001 -3.062

BaSO4 0.000 0.247 -0.607
 

Fluoride Scales Precipitation Potential X Saturation Saturation Index

CaF2 0.000 0.000 0.000

MgF2 0.000 0.000 0.000

SrF2 0.000 0.000 0.000

BaF2 0.000 0.000 0.000

FeF2 0.000 0.000 0.000
 

Metal Hydroxide and Oxide Scales Precipitation Potential X Saturation Saturation Index

Mg(OH)2 0.000 0.000 -3.302

Fe(OH)2 0.000 0.000 0.000

Mn(OH)2 0.000 0.000 -5.856

Fe(OH)3 0.000 0.000 0.000

MnO2 0.000 0.000 0.000

Al(OH)3 0.000 0.000 0.000

Ca(OH)2 0.000 0.000 -8.670
 

Sulfide Scales Precipitation Potential X Saturation Saturation Index

FeS 0.000 0.000 0.000

MnS 0.000 0.000 0.000
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

5 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Silicate Scales Precipitation Potential X Saturation Saturation Index

CaSiO3.H2O 0.000 0.000 0.000

MgSiO3.H2O 0.000 0.305 -0.516

Mg3Si2O5(OH)4 0.000 0.866 -0.062

Al2Si2O5(OH)4 0.000 0.000 0.000

Na2F6Si 0.000 0.000 0.000

SiO2 12.327 1.130 0.053
 

Scales above 100% saturation

CaCO3 Saturation is 87.46 X; [Saturation Index is 1.94]

MgCO3 Saturation is 30.50 X; [Saturation Index is 1.48]

SrCO3 Saturation is 4.70 X; [Saturation Index is 0.67]

MnCO3 Saturation is 2.78 X; [Saturation Index is 0.44]

Ca3(PO4)2 Saturation is 78.45 X; [Saturation Index is 1.89]

SiO2 Saturation is 1.13 X; [Saturation Index is 0.05]
 

Critical Indices Guideline Status

CaCO3 SI (CCNI) 1.942 < 2.300 OK

Mg(OH)2 SI -3.302 < 9.200 OK

SiO2 (MSI) 6.934 < 10.000 OK

Antiscalant Precipitation Index (API) 9.688 < 9.900 OK

Ca3(PO4)2 SI (MPI) 1.895 < 4.200 OK

CaSO4 SI -3.251 < 0.500 OK

BaSO4 SI -0.607 < 3.000 OK

SrSO4 SI -3.062 < 1.000 OK

LSI 2.606  OK

Stiff&Davis Index 2.426  OK
 

Chemical dosing: AWC A-102 Ultra HCL

Calculated Dosage: 1.545 mg/L 0.000 mg/L

Total Dosage (modified by user): 1.545 mg/L N/A

% Concentration: N/A 37.000%

Density: 1.120  g/cm3 1.184 g/cm3

Dosing Pump: 0.094 ml/min 0.000 ml/min

Hours of Operation/Day: 24 hour(s) 24 hour(s)

Consumption per:

Day 0.334 lbs 0.000 lbs

Week 2.340 lbs 0.000 lbs

4 Weeks 9.358 lbs 0.000 lbs

Year 121.992 lbs 0.000 lbs

5 Years 609.958 lbs 0.000 lbs
 
 

Insert your additional comments below:

 
DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED, AND NO WARRANTY OF MERCHANTABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE, IS GIVEN. American Water Chemicals Inc does not assume any obligation or liability for results 
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO DowNF270 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

6 / 6 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

obtained or damages incurred from the application of this information. Because use conditions and applicable laws may differ from one 
location to another and may change with time, customer is responsible for determining whether products are appropriate for customer’s 
use. American Water Chemicals assumes no liability, if, as a result of customer's use of the Proton membrane aqueous chemistry 
calculator, the customer should be sued for alleged infringement of any patent not owned or controlled by American Water Chemicals Inc.
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60 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 
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5 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

Projections with CSM NE4040-40 for 80% Recovery 
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Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO CSMpermeate 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

1 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Overall

Source: Well Water (Brackish)

System Recovery: % 80.000

Internal Recovery: % 80.000

Temperature: °F 86.000

Total permeate: gal/min 14.400

Average Flux: gfd 14.050 
Unit Overall

Recycling flow: gal/min 0.000

Fouling Factor: 1.000

Feed Pressure: psi 77.161

Total P Elements: psi 10.073

Brine Pressure: psi 67.086

 

Cations Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

Ca2+ 28.00 28.00 28.00 138.93 0.27

Mg2+ 5.10 5.10 5.10 25.31 0.05

Ba2+ 0.02 0.02 0.02 0.12 0.00

Sr2+ 0.31 0.31 0.31 1.54 0.00

Na+ 217.02 217.02 217.02 1039.62 11.37

K+ 20.00 20.00 20.00 95.81 1.05

Fe2+ 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.00 0.00 0.00 0.00 0.00

Al3+ 0.00 0.00 0.00 0.00 0.00

Mn2+ 0.00 0.00 0.00 0.00 0.00

NH3/NH4(as N) 2.08 2.08 2.08 9.84 0.14
 

Anions Raw water (mg/L) Balanced Feed (mg/L) Recycling + Feed (mg/L) Reject (mg/L) Permeate (mg/L)

HCO3- Alk(CaCO3) 92.00 91.86 91.86 438.67 4.31

CO32- Alk(CaCO3) 0.00 0.30 0.30 8.34 0.00

Total Alk (CaCO3) 92.00 92.16 92.16 447.02 4.31

Ortho-PO43 0.10 0.10 0.10 0.49 0.00

SO42- 5.00 5.00 5.00 24.81 0.05

F- 0.00 0.00 0.00 0.00 0.00

Cl- 351.00 351.00 351.00 1689.02 16.49

Br- 0.00 0.00 0.00 0.00 0.00

SiO2 8.80 8.80 8.80 42.41 0.40

NO3--N 1.02 1.02 1.02 4.89 0.05

NO2--N 0.00 0.00 0.00 0.00 0.00

Sulfides (as S2) 0.00 0.00 0.00 0.00 0.00

B 0.33 0.33 0.33 0.65 0.25

AS (III) 0.00 0.00 0.00 0.00 0.00

AS (V) 0.00 0.00 0.00 0.00 0.00
 

TDS: 753.160 753.160 753.150 3623.330 35.630

Conductivity (µs/cm): 1402.000 1192.203 1192.202 5738.396 55.607

pH: 7.350 7.350 7.350 7.970 6.060

Flow: gal/min 18.000 0.000 3.600 14.400
 

Summary Product: Dosage:

pH adjusted using: HCL 0.000 mg/L

Selected product: AWC A-102 Ultra 0.600 mg/L
 



Projection by: Robert McCandless

Client name: BC

Project: DWPR / Pass2RO CSMpermeate 80pct

Location: United States / Arizona / Scottsdale

AWC Proton 3.031.03
(release date: June 25, 2017)

2 / 5 American Water Chemicals Inc does not assume any obligation or liability for results obtained or damages incurred 
from the application of this information.

Unit Stage 1 Stage 2

Total Elements: 12 6

Total Vessels: 2 1

Elements / Vessels: 6 6

Net Osmotic Pressure: psi 19.873 36.388

Net Driving Pressure: psi 57.650 49.002

Req'd P/Stage: psi 75.148 71.407

Feed P: psi 77.161 71.407

Permeate Throttle/P: psi 2.013 0.000

Boost P: psi 0.000 0.000

Concentrate P: psi 71.407 67.086
 

Stages output

Membrane 
Model:

 
 

Permeate 
Flow:

 
gal/min

Average 
Flux:

 
gfd

System 
Recovery:

 
%

Feed 
Flow / PV:

 
gal/min

Concentrate 
Flow / PV:

 
gal/min

P:
 

psi

Osmotic P:
 

psi

Net Driving 
P:

 
psi

Stage1  10.667 15.610 59.259 1.100 9.000 3.667 5.754 19.871 57.650

1 BW30LE-4040 0.998 17.523 11.087 1.102 9.000 8.002 1.603 9.630 64.717

2 BW30LE-4040 0.957 16.801 11.956 1.101 8.002 7.045 1.294 10.849 62.049

3 BW30LE-4040 0.916 16.079 12.996 1.101 7.045 6.130 1.026 12.357 59.382

4 BW30LE-4040 0.872 15.318 14.230 1.101 6.130 5.258 0.795 14.257 56.572

5 BW30LE-4040 0.824 14.469 15.671 1.100 5.258 4.434 0.599 16.695 53.437

6 BW30LE-4040 0.767 13.468 17.299 1.098 4.434 3.667 0.438 19.871 49.742

Stage2  3.733 10.927 50.909 1.113 7.333 3.600 4.321 36.376 49.002

1 BW30LE-4040 0.759 13.328 10.349 1.080 7.333 6.574 1.128 21.622 49.221

2 BW30LE-4040 0.708 12.424 10.762 1.077 6.574 5.867 0.928 23.929 45.886

3 BW30LE-4040 0.654 11.485 11.148 1.073 5.867 5.213 0.757 26.555 42.417

4 BW30LE-4040 0.598 10.498 11.467 1.069 5.213 4.615 0.614 29.517 38.770

5 BW30LE-4040 0.539 9.457 11.668 1.064 4.615 4.077 0.495 32.807 34.925

6 BW30LE-4040 0.477 8.369 11.691 1.058 4.077 3.600 0.399 36.376 30.909
 





6 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 

Projections with CSM NE4040-40 for Maximum Recovery 
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60 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 

 

 

 

 

mshroll
Text Box
98



7 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

Projections with Hydranautics NANO-BW-4040 for 80% 

Recovery 
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8 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 

Projections with Hydranautics NANO-BW-4040 for 

Maximum Recovery 
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60 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 
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9 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

Projections with KMS 4040-SR200 for 80% Recovery 
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10 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 

Projections with KMS 4040-SR200 for Maximum 

Recovery 
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60 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study 
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11 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

APPENDIX C 

 

Part 2: Phases A and B Pilot Operational Data 
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13 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

APPENDIX D 

 

Part 2: Phases A and B Water Quality Summary 

 

 

  

mshroll
Rectangle

mshroll
Snapshot

mshroll
Text Box
133



15 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

APPENDIX E 

 

Part 2: Membrane Autopsy Report 
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17 Hybrid NF/RO Sodium Chloride Removal Process: Phase 2 Pilot Study  

 

APPENDIX F 

 

Nanofiltration Membrane Element Data Sheets 
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