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Lab Design: RO/DI High

Purity Water & pH
Neutralization Systems
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- Batch Treatments

stems

- Hybrid Flow/Batch Systems .

Active vs. Passive
Systems

pH Range

5 6 7 8

I Typical Effluent
- Required Range

Passive Systems

- Single direction Treatment
+ Unable to treat strong waste streams

Active Systems

- Can treat in both
+ Can treat waste
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Typical Effluent
Required Range

»




Active Systelﬂs

- Can treat in both directions
- Can treat waste of any strength




System Components:
Control Schemes

Proportional control is the most common control scheme for
pH adjustment systems. It is based on the logarithmic nature
of pH and adjusts the chemical addition proportionally to the
pH reading or any other waste constituent you can measure
in real time.

Caustic Acid Pump

Pump
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System Components:
Tank Agitation

n tank mixers are the ideal chokce for tank agitation
dun ta their capacty.

Rate af Mixing:

1.5 tank valume pumping race reulred for wel
miteed salution,

Due o the Ideal model of the CSTA, multiple stages are
mone efficient then 0ne large stage.

System Components:
Chemical Injection

Sice a CSTR B R i aross e fageRt
injectian must b propey injectad i hand pooert
angs i pH and (o sllow for Tor ather reageni=. The mast
cenan sulfuric acd and

u X
cidtionially, corbon dhoside gas-can be used.
Impartant Consideratian
= T chown 107 reaq e injesct o peoportional o
Rgarithi gH scala.
« Carsful nat to oversize to awokd nstabdl gy n
conmralling pr.
« Dither Reagents adds o s vokameric basks for
addiion weatent




In tank mixers are the ideal choice for tank agitation
due to their capacity.

Rate of Mixing:

1.5 x tank volume pumping rate required for well
mixed solution.

Due to the ideal model of the CSTR, multiple stages are
more efficient then one large stage.




Since a CSTR model allows for uniform pH across the treatment tank, reagent
injection must be properly injected into the mixer wash and controlled to avoid
swings in pH and to allow for adequate mixing for other reagents. The most
common reagents for pH adjustment are sulfuric acid and sodium hydroxide.
Additionally, carbon dioxide gas can be used.

Important Considerations
« Turn down for reagent injection proportional to
logarithmic pH scale.
- Careful not to oversize to avoid instability in
controlling pH.
 Other Reagents adds on a volumetric basis for
additional treatment




Prezi

1st step is develop the flow profile:
Flow profile
The system accepts waste from a 7 floor lab building.
Fixture counts include:
+ 100 Lab Sinks
+ 50 cup sink
- 12 Fume Hoods
- 2 Cage washers

Using the Sizing Calculations

Calculate Flow

Lab Sink Flow= 1 GPM x 100 Lab Sinks = 100 GPM
Cup 5ink = 0.5 GPM x 50 Cup Sinks= 25 GFM
Fume Hood = 0,25 GPM x 12 Fume hoods= 3 GPM

Total Fixture Flow is 128 GPM x 20% diversity factor= 26 GPM

Assuming 1 cage washer operating at 8 GPM,
TOTAL Flow=34 GPM

nd Step Is g your wasta ch

Based on neview of chemicals in buiding use and

mature of the dient the pH range

I N N R

Special Waste Considerations:
Mame

7 N

System selection
Based on 34GPM flow rate over a pH
differential of 4 from neutral

400 Gal. CONTINUOUS FLOW SYSTEM
Flow Through Tank Size
Based on 34 GPM and achieve a 15 minute

residence time.

34G x 15 Min~ 500 gal. total volume.
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+ 12 Fume Hoods
- 2 Cage washers

Using the Sizing Calculations

Calculate Flow

Lab Sink Flow= 1 GPM x 100 Lab Sinks = 100 GPM

Cup Sink = 0.5 GPM x 50 Cup Sinks= 25 GPM

Fume Hood = 0.25 GPM x 12 Fume hoods= 3 GPM

Total Fixture Flow is 128 GPM x 20% diversity factor= 26 GPM
Assuming 1 cage washer operating at 8 GPM,

TOTAL Flow=34 GPM




2nd Step is determining your waste characteristics

Based on review of chemicals in building use and
nature of the client the pH range

Special Waste Considerations:
None




400 Gal. CONTINUOUS FLOW SYSTEM
Flow Through Tank Size

Based on 34 GPM and achieve a 15 minute
residence time.

34G x 15 Min~ 500 gal. total volume.
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s Reverse Osmosis
.Storage Tank

- Recirculation Pump (s)
- Ion Exchange (DI)

- UV (Ultraviolet lamps)
- Final Filter

- Instrumentation

- The Loop (plumbing)




Pretreatment Train

Dual Softener Particle Carbon
Assembly Filter Filter

City Water Soft Water

Particle Filter




Post RO Polishing System
in The Loop

RODI Feed

Back Pressure Valve

P
- =

Optional For Additional Bacterial Separation
TOC Control

—.

0.03-0.45 Micron
Storage Tank With Ozone " . i
System, Level Control, —
Hydrophobic Vent Filter, &
Optional Nitrogen Gas To Distribution Loop
Purge B —— ———
18 MEG-OHM
or Less

Mixed Bed lon Exchange Resin




Design Conditions
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Alkalinity
Total Hardness
Free Chlorine
Turbidity

Values (US unit) Values (S| unit)
80 GPM 18.2 m3/h (TBD by supplier)

Recirculation 125 GPM 28.4 m3/h @ 90 psig = 6.4 kg/fcm?2
Parameters Unit DI Water

| Supply Pressure 70 £10
Temperature % 55-77

Resistivity @ 25°C Mohm-cm = 10
TOC =300

Bacteria CFU per ml <10
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RODI Case Study
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RODI Case Study

24 inghes

15 ek sl (1T i

EET L

A g
i .
)

alore

[




Sofftener Capacity Cales
C-100E
80.0 gpm
100 ppm (CaCOy)

10 #

total hours in service

150 lbs salt/ regen
B0.0 gal conc. Brine
161.3 gal dilute Brine
101.2 gal dilution Water
30 minutes
2.00 gpm

33.8 inches
201 16

56 gpm / f°

.00 gpm [ 1f

15.1 gpm

20.1 gpm

gallons ! yr

Ibs salt / yr

RODI Case Study

Softener Capacity Cales
GC-100E
B0.0 gpm
150 ppm (CaCOy)
10 it
24 inches
15 Ibs salt/ ft*
0 (grains / ft° resing
k-grains capacity
441 gallons
7.0 total hours in service
150 lbs salt / regen
B0.0 gal conc. Bring
161.2 gal dilute Brine

101.2 gal dilution Water
30 minutes

800 gom /

33.8 inches

20,1 gpm
gallons [ yr

Ibs salt | yr







RODI Case Study

Sodium Bisulfite (NaHSO;) Injection

ENTER THE DATA REQUIRED IN YELLOW

Flawrate {gpm)
Feed Cl, (Frae Chloring) Concentration (ppm) *
0 |mass flow rate of Ol ; {mgdmin)

NaHS0; Concentration (%)

NaHS0; Required *or*
03 |galhr of NaHS0; Required
| 30 |Tank Volume (gallons)

[T22 ] rank service prior to refilling (days)

= Based on an estimate of typical city water
= Design basiz provided

RODI Case Study




RODI Case Study

Sodium Bisulfite (NaHSO;) Injection
ENTER THE DATA REQUIRED IN YELLOW

Flowrate (gpm) |
Feed Cl, (Free Chlorine) Concentration (ppm) *

757.00 |mass flow rate of Cl, (mg/min)

35.0% |NaHSO; Concentration (%)
mg/min Na,SQ, Required
gal/day of [ 35.00% |NaHSO, Required *or*

[ 0.103 |galhrof | 35.00% |NaHSO; Required
Tank Volume (gallons)

Tank service prior to refilling (days)

NOTES
1 = Based on an estimate of typical city water
2 = Design basis provided
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RODI Case Study




Case-specific: Case 1 - 60 gpm BW30-400-1G

System Details

Feed Flow 1o Stage | 96.00 gpm Pass | Permeate Flow  60.00 gpm Osmotic Pressure:

Raw Water Flow to Sysiem 8000 gpm Pass | Recovery T5.00 % Feed  5.06 psig
Feed Pressure 2 psig Feed Temperature 550F Concentrate 1967 psig
Flow Factor 1.00 Feed TDS 481.16 mg Average 12,36 psig
Chem. Dose None MNumber of Elements 15 Avcrage NDP 215.27 psig
Total Active Area 6000.00 112 Average Pass | Flux 14,40 gfid Power 16.42 KW

Water Classification: Surface Supply SDI < 5 Specific Energy 4.56 K'Wh/kgal

i Cone Perm Avg e O] Perm
Element  #PV #Ele Flow TDS
) i {gpm} )
25046 .
22879 .00 46. 8.7 2347
BW30-400-1G A.18 21374 364 19726 11

pd

r\di ted Feed
After Rec Cl

Design Warnings

-None-
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conditions and applicable laws may differ from one location to another and may change with time, customer 1s responsible for determining whether products
are appropriate for customer’s use. FilmTec Corporation and The Dow Chemical Company assume no liability, if, as a result of customer's use of the ROSA
membrane design software, the customer should be sued for alleged infringement of any patent not owned or controlled by the FilmTec Corporation nor The
Dow Chemical Company.

Design Warnings

-None-

Solubility Warnings

-None-

Stage Details

Perm Flow Perm TDS Feed Flow Feed TDS Feed Press

(gpm) (mg/h) (gpm) (mg/l) (psig)
1 0.09 4.53 2.01 48.00 720.46 250.46
2 0.10 4.39 2.33 43.47 T795.32 244.06
3 0.11 4,26 2.74 39,08 884,32 238.52
Perm Flow Perm TDS Feed Flow Feed TDS Feed Press

(gpm) (mg/l) (gpm) (mg/l) (psig)
| 0.12 4.04 3.33 34.82 992.14 228.79
2 0.13 391 4.05 30.79 1121.83 224.79
3 0.14 3.78 5.04 26.87 1284.57 221.46
Perm Flow Perm TDS Feed Flow Feed TDS Feed Press

(gpm) (mg/l) (gpm) (mg/1) (psig)
1 0.08 3.55 5.96 46.18 1494.21 213.74
2 0.08 3.39 6.89 42.63 1618.13 207.59
3 0.08 3.24 8.00 39.24 1757.28 202.12

Stage | Element Recovery

Stage 2 Element Recovery

Stage 3 Element Recovery

Permeate Flux reported by ROSA is calculated based on ACTIVE membrane area. DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED, AND
NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, IS GIVEN. Neither FilmTec Corporation nor The Dow
Chemical Company 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. FilmTec Corporation and The Dow Chemical Company assume no liability, if, as a result of customer’'s use of the ROSA
membrane design software, the customer should be sued for alleged infringement of any patent not owned or controlled by the FilmTec Corporation nor The
Dow Chemical Company.

Scaling Calculations



Permeate Flux reported by ROSA is calculated based on ACTIVE membrane area. DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED, AND
NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, IS GIVEN, Neither FilmTec Corporation nor The Dow
Chemical Company 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. FilmTec Corporation and The Dow Chemical Company assume no liability, if, as a result of customer's use of the ROSA
membrane design software, the customer should be sued for alleged infringement of any patent not owned or controlled by the FilmTec Corporation nor The

Dow Chemical Company.

Scaling Calculations

pH

Langelier Saturation Index
Stiff & Davis Stability Index
Tonic Strength (Molal)
TDS (mg/l)

HCO3

cOo2

CO3

CaS04 (% Saturation)
BaSO4 (% Saturation)
SrS0O4 (% Saturation)
CaF2 (% Saturation)

Si02 (% Saturation)
Mg(OH)2 (% Saturation)

To balance: 165.92 mg/1 Cl added to feed.

Raw Water
9.30
0.73
1.42
0.01

279.42
30.00
0.02
3.47
0.43
46.66
0.07
63.43
415
4.09

Adjusted Feed
9.30
-2.07
-1.34
0.01
481.16
30.00
0.02
3.47
0.00
0.00
0.00
0.11
4.15
0.00

Concentrate
9.24
-1.01
-0.77
0.03
1914.69
115.57
0.09
17.44
0.01
0.00
0.00
6.69
17.14
0.00
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RODI Case Study




dse Study

RO-MESOT MAKE-UP + POLISHING
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Thank you for viewing!
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