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WAVE Courseware s P . i Assrgnments
' WAVE: Water Application Value Engine

S A T : B2 |- Freesoftware package produced by DuPont (Dow) for the design and modelling of water | | Assignment #5 (2020) was given which solely evaluated
The need for membrane modelling software tools; what WAVE is  INSSS treatment processes using their technologies A=, | students on their usage of WAVE to optimize a UF/RO system:

and how it is used in actual applications; other available software ESSS Supports ultrdfiltration (UF), reverse osmosis (RO), and ion exchange (IX) processes ' y ®" — 4 " Task: Do the example (treatment of mining wastewater)

Polrshmg

Enables the user to design and optimize membrane systems considering parameters such as @ @ a4 outlined in Ch. #5 of the courseware. Then, make any

membrane choice/area, recovery/flux, water quality, operating pressures, recycle streams, @) ssoaampcoiis | suitable improvements to design/operation of that system.
cleaning processes, chemical additives, cost, etc. . Deliverable: Describe the system which was designed and

simulated. Justify design decisions (e.g. element choice,

- | number of stages/passes, etc.) that were made in terms of
Home Feecr Water Ultrafiltration | Reverse Osmosis | Summary Report ~‘.‘. Chemlcal Englneerlng Separatlons course (ChemEng 4MO3) i 3 ‘_ : the feaSibiIity Ofthe System, Capital and Operating COStS, the
T s (0000 s e e . Senior-year elective course (enrolment ~ 60 students) which teaches students separations science concepts i yield of water, the quality of the separation, as well as other

S v v () [][ e[ ) == = Course topics include membranes, settling, centrifugation, adsorption, liquid-liquid extraction, etc. | W factors deemed important using engineering judgement.

Suggested Sub-type: Minimum Design Maximum

e ”SJ e i b —— p—— : . Motivation in incorporate WAVE: offer students the opportunity to use industry tools 4 X
e e [T — - X =  Satisfies Canadian Engineering Accreditation Board (CEAB) indicator for the “ability to use modern/state-of-the-art tools”; —— COurse PrﬂjeCt
e | similar requirements are prescribed by the Accreditation Board for Engineering & Technology (ABET) in the USA ly % | , ; ,

\. ‘ ‘ In groups of 3/4, students were given a choice of one of five

S ——— Y I custom-written case studies involving a separation problem

T - - | KWAVE Courseware B G‘utorials, Assignments & Course Projects =f from a real-world industry:

@ T —— - ——— =  Aseries of five self-quided tutorials (free PDF or . One two-hour class per semester allocated to a ==l A:Separation of H, gas B: Li capture in battery recycling

o | purchasable hard copy) to teach students to use WAVE hands-on introductory WAVE tutorial (2019-) ~— C: Cement dust abatement D: Therapeutic protein purification

it Conductuty-2.561 58St _ Written to introduce the software and to demonstrate One of six assignments per semester allocated E: Removal of PFAS from drinking water

modelling of UF and RO processes with increasing towards asking students to model/optimize an UF/RO Groups were asked to propose a separation technology that

levels of complexity system using WAVE (2020-) could be used in that application, then evaluate it on its

Teaches supplemental concepts of membrane system Where feasible, students were encouraged to use merits (e.g. effectiveness, capital and operating costs, etc.)

design/operation not covered in lectures WAVE in their course project on evaluating separation Groups which pitched a membrane-based process were

Includes relevant examples and student problems P technologies in a real-world application (2020-) y encouraged to use WAVE to perform a techno-economic

assessment on the technology

One group pitched the use of RO membranes for PFAS

removal (Case Study E) and effectively used WAVE to assess

costs in this application (shown below)

WAVE SETUP

Assumptions: Design Setup:

= 95% of organics are rejected by UF, 5% remaining in feed (0.05
x 10 mg/L= 0.5 mg/L)

m 90% recovery of the feed stream

i Chapter 2 considers:
=i Downloading and installing the software; key features of the
=¥> 5] interface; assigning water quality parameters; an example of a 9
! sl real-world problem to be solved using WAVE '

¥ ABN PIND

Chapter 3 considers:

Key UF terminology and concepts (e.g. elements, modules, skids,
trains, etc.); modelling, analyzing, and optimizing UF processes;
interpreting simulation results; handling UF design warnings

Train Train
| |l

WAVE implemented for the Recent graduate hired Students encouraged to use || Courseware edits and updates,
first time; one (optional) in- through NAMS grant to new WAVE courseware; WAVE || as needed; industry/academia
class WAVE tutorial was given || upgrade courseware materials usage evaluated in a collaborations sought to
using materials from the and innovate how WAVE is dedicated modelling upgrade WAVE
courseware used in class assignment implementation N

L L0 L A e
AET T T CEssRa

Courseware conceived; simple
first edition contained only a
single chapter on UF/RO
processes

= ~12 gfd flux is acceptable

= Requires concentrate flow recycle (where 30% is recycled)

WAVE variables Input Value Ohio Case Study Range
(without any treatment)

Feed water 10,000 m3/day 10 million L/day

il

‘ Chapter 4 considers:
B Key RO concepts and terminology (e.g. stages, passes, etc.); using
8 heuristics to design, model, and optimize RO systems; interpreting

4
i

g |

(10,000 m3/day)
Water Type Well Water Groundwater Number of
. Pressure
Organics 0.5 mg/L 1-10 mg/L

Next Steps costs Note:The mformaﬂpn on this screen is project-specific
. . ; ; . = The addition of a chapter outlining the usage of WAVE's process — T e
simulation results; handling RO system design warnings , P 4383 J . N
4 costing feature (shown on theright)
- 3-Stage System g - The addition of a chapter involving the simulation and ke These Cot the ew Defat |

Chemical

L e Lo L= | optimization of IX processes in WAVE e s Sy R G - Student Feedback

3-Pass System . Continuous formulation of new assignment problems for students %
z from real-world case studies (e.g. dairy, oil-and-gas industries, etc.) P meerosee R e . = @ Student feedback regarding WAVE has been largely positive:
Chapter 5 considers: If you are interested in collaborating on this initiative, feel free to o fosenie TN S =8 " “Thewave software is pretty cool, | would've liked to work with
Assembling UF and RO processes in a single system; considering

reach out to us via email: o | = | it more but the semester was so busy that | think 1 tutorial and
additional system design features (e.q. concentrate recycles, Ryan: laruerj@mcmaster.ca David: latulid@mcmaster.ca

1 assignment was all we could really do with it with the
ining time in th ter.”

antiscalants, etc.); solving an integrated UF/RO real-world dadlagliuge 70 UL LU S S

problem; further error-handling (e.g. ion solubility)

Vessels (PV)
Temp. Range 5° C-25° C, Design N/A per stage

Temp.at15°C Elements per 6
- 2 6.5-7.5 PV

Total Dissolved Solids ~395 mg/L 50-500 mg/L Membrane BW30HRLE-440 BW30HRLE-440 BW30HRLE-440
(TDS) Type

3

“WAVE was an interesting addition and again kept

ACkn 0W|edgements tutorials/assignments varied and interesting...”

“I liked the exposure to Wave but it seemed really rushed. | wish

—-I?I st We would like to thank the following individuals/organizations: NAMS for the Education Initiative J&& ZWZS cm;)er ed in mct))re S l:f\' V;{e ba;el);tzlkcceld al;;)ut C.IP e
k.- ié N AM s Fellowship to David Latulippe (2020), Isabella Monaco for her work on advancing the courseware, Jeff % ackwasning memoranes. Atthe end of the day Vaveis a

Cobbledick, Caleb Funk, Garth Parker, and Jack Gilron for their input and advice, as well as Ana Arezina for ek L fmd e i e A W’.l fggpect garbage
, out and that's what | feel that | am doing. | wish the WAVE
sharing examples of student work.

tutorials were more fully integrated through the course.”
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