Comparing Multiple Membrane Filtration to the Conventional Swimming Pool
Treatment Method
By

Abdulhakem Alhajji, Tyler Gallion, Tyler Harrison, Rob Hulverson, Rob Liggett, Natalia Smith,

Mark St. Fleur, Robert Trujillo

Faculty Advisor: Kiril Hristovski Ph.D.

ARIZONA STATE UNIVERSITY

May 2013



Table of Contents

B o o I iii
T T D TTIUMIEI . om s sasm e v 543 e S R T O e S TV s v
i TR IGTERNE s oot it ot A S5 S B A S R 1
I1. Background INfOTMAtION ........c.ciiieiiioiiiiiieicisiccics ettt e e ee e eses e s s e ennons 4
2.1. Environmental Impacts of water use in the Southwestern United States...............ocooveenenn. 4
2.2. Published and Best Practice Information about Swimming pool Management................... 6
Loss of water in SWIMMING POOIS ... isavissiisisissssiiassissisissnssssnsssmenssesmsssasesssensrenrmereornseseassses 7

L LT T T 9

3.1. Comparing the changes in water quality during the two swimming pool treatment
DIOCESEOS. o cuareessnsssasassvensnessasnsessss sennen sxpesasinaninnssnsnessonsiin o bis ssdonsnas sa b soins i 500SEs UL CENaREI TS SO SRS S s 9

3.1.1. Activities related to swimming pool preparation and treatment via the Multiple

Metibiae FITEHONIVISHON . oo o i tetsremremerrsermsstesraenons 9
3.1.2. Activities related to swimming pool preparation and treatment via the Conventional
Ml U O 11
3.1:3. Bampling Colloction ACHVIHES .....oussenssemsssassmsasssssepssssssasssssiansssstaisesemersssssosmsmmsresnsdaiss 12
3.1.4. Analysis and Trends Assessment of Water Quality Parameters ...............ccocooevevrovrvonnn 15
3.1.5. Calculating LSI to determine Scale FOrmation............coveveeveeeeesereeeesesees oo, 16
3.2. Conceptual Model for Comparing Costs, Water, Energy, and Footprint of‘Conventlonal
and Multiple Membrane Filtration Treatment Methods...............oceevvvereremeessooeees oo 17
3.2.1. Conceptual Model for Estimating the Water FOOUPIINt...........c.oveoveeeeeeeeseseeeeseeeseresnns 17
3.2.2. Conceptual model for Estimating Energy FOOtPIint ..........ccoveeveveveerreres e, 20
3.2.3. Conceptual Model for Estimating the Carbon FOOtPriNt...........cccevevreerereresrerseorsrssnesns 21

3.2.4. Creating a comparison of the Costs for Multiple Membrane Filtration and Conventional

TIRAIMENLS ...c.vucuieineresiectcetsic et esenssssssssaessssssssssebss e ast st bemeesesssestassenstansssesenssesannssonsens 24
D Bl S i it e omomosmnemenmmm syt s e neAwA S N e A4 A R A A 05 26
4.1. Results and comparison for the changes in water quality during the two swimming pool
LrCAtMIENT DTOCESEBE .o o s o o s e P s e v s mmmvmmrmanne 26
4.1.1 Conductivity Results for MMF pool and Conventionally Treated Pools ........................ 27
4.1.2. Total Hardness Results for MMF pool and Conventionally Treated Pools..................... 29
4.1.3. Total Dissolved Results for MMF pool and Conventionally Treated Pools................... 31
4.1.4. LSI Results for MMF pool and Conventionally Treated POOIS .........oovevevereeeeeere 32



4.2. Results and comparisons for Costs, Water, Energy, and Carbon Footprint of Conventional
and Multiple Membrane Filtration Treatment Methods. .............cvveveeeeeeereeeeeeeeeeeerereeeeenan 35

4.2.1 Results and Comparison of Estimated Water Footprint of Conventional and Multiple
Membrane Filtration Treatment MEthodS .........cciuecuererererieicsesecesiieieeseseeeseseeesesssesssssasssens 36

4.2.2. Comparison of Estimated Energy Footprint of Conventional and Multiple Membrane
B TaOn T ool rierl VRIS .movisasmancoimsisuaoinsissinsssensusds i G s e e S G 37

4.2.3. Comparison of Estimated Carbon Footprint of Conventional and Multiple Membrane
Filtration Treatment Methods.........coceiiiieiniuieiiicisecesstein st ces et seseseeseessesssesesssssenas 41

................................................................................................................................................... 48
SOUTCES LA ..ttt ettt ee e e e e eaeesesseeseesesese et e s e e e et e e e 52
PAPDRIIIIE A iiiitiasansosnnressssnmsearasassonsnsssoassssansannsmsns sAmkms Y8 SERF RN SRS RS S eRS S B SR S R 54



2.1
2.2

3.1

32
4.1

List of Tables

o B T 5
Lake Havasu City Water RAtes. .........uuiiitiiriiiiiiiei et ee e e e e e e e 6
MMF Sampling Schedule............oouiiiii e 14
Conventional Sampling Schedule..........c.civciiiiiriiiiiinirnieersrnseneenenserssessnsessens 15
Location of Species Results M APDERAX A.c...vvviiivisivismmanaia v 35



3:1
3.2
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

4.10

4.11

4.12

4.13

4.14

4.15

Al
A2
A3
A4
AS
A6
A7
A8
A9
Al0
All
Al2
Al3
Al4

List of Figures

Example of label used for pool water SAmPples .............coevueerueesinessieeeeeeinnnnn, 13
Swimming Pool Mass Balance Conceptual Model..................oceivueeiuuniiiiieeinn. 18
Conductivity Averages for Multiple Membrane Filtration.................cc.ccvuveevnnnnnn.. 27
Conductivity Averages for Conventional Pool Treatment Method........................... 28
Total Hardness Averages for Multiple Membrane Filtration.............coccoeveivevnevnnnn.. 29
Total Hardness Averages for Conventional Pool Treatment Method......................... 30
Total Dissolved Solids Averages for Multiple Membrane Filtration......................... 31
Total Dissolved Solids Averages for Conventional Pool Treatment Method................32
LSI Averages for MMF and Conventionally Treated POOIS...........ccvvvevueeeneenenn. . 33
Estimated Yearly Water Footprint for MMF and Conventional Treatment ................ 36
Estimated Electricity Footprint for Treatment of Small Pools with MMF and
Conventional Treatment Methods. ............cvuuiiiiiiiiiii e, 38
Estimated Electricity Footprint for Treatment of Medium Pools with MMF and
Conventional Treatment Methods. .................uuiiiiiuieiie e 39
Estimated Electricity Footprint for Treatment of Large Pools with MMF and
Copvehtional Treatinetit MOthOE. ..ovvvoss s i i e s s s e vens venmares 40
Estimated Carbon Footprint for Treatment of Small Pools with MMF and Conventional
Treatment MethodS. ......uiuiie i e 42
Estimated Carbon Footprint for Treatment of Medium Pools with MMF and
Conventional Treatment Methods. ............co..iiiiiiiiiiiiie e, 44
Estimated Carbon Footprint for Treatment of Large Pools with MMF and Conventional
B L L . 46
Monetary Costs over a Ten Year Period for Treating Pools with MMF and Conventional
Pool Treatment Methods..........c.uuiviiuiiiieiie e e 48
Temperature Averages for Multiple Membrane Filtration ................cocovevueevnivn.n., 55
Temperature Averages for Conventional Pool Treatment Method........................... 55
pH Averages for Multiple Membrane Filtration..................cc.ovvuueiueeeieeineeinennn, 56
pH Averages for Conventional Pool Treatment Method..............oovvvvnevneineinnei 56
Calcium Hardness Averages for Multiple Membrane Filtration............................ 57
Calcium Hardness Averages for Conventional Pool Treatment Method..................... 57
Fluoride Averages for Multiple Membrane Filtration....................ooeeeeeeevvieie, 58
Fluoride Averages for Conventional Pool Treatment Method.............oovvuevvveneeenn, 58
Chloride Averages for Multiple Membrane Filtration.................c...coeevvvneeevnennin, 59
Chloride Averages for Conventional Pool Treatment Method................c.....oooviii .. 59
Sulfate Averages for Multiple Membrane Filtration..................ccovvuiveeeeeeeenn, 60
Sulfate Averages for Conventional Pool Treatment Method...............cccoovvvvvvvnni, 60
Nitrate Averages for Multiple Membrane Filtration...............oooeeeeeeueeeii, 61
Nitrate Averages for Conventional Pool Treatment Method....................ccoevevvnn.. 61



AlS
Al6
Al7
Al8
Al9
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A3l
A32
A33
A34
A35
A36

Phosphate Averages for Multiple Membrane Filtration.....................coooeivvvniinnnnn, 62

Phosphate Averages for Conventional Pool Treatment Method......................c....... 62
Barium Averages for Multiple Membrane Filtration...............ccooeviiiiniiniiniiniinnenn, 63
Barium Averages for Conventional Pool Treatment Method.........................ooueeee. 63
Calcium Averages for Multiple Membrane Filtration..............ccoovvviviiiinieinnnnnnn. 64
Calcium Averages for Conventional Pool treatment Method.................cc.cvevvnennnnn. 64
Potassium Averages for Multiple Membrane Filtration.....................cooooevviinin. 65
Potassium Averages for Conventional Pool Treatment Method................cccoevveenenne. 65
Magnesium Averages for Multiple Membrane Filtration................cccvvveeneunerennnnn, 66
Magnesium Averages Conventional Pool Treatment Method................cevvvneevinnnn.. 66
Sodium Averages for Multiple Membrane Filtration.................co.oeveeiueiinaenninnnn, 67
Sodium Averages for Conventional Pool Treatment Method.................cvveuinvunnnn.. 67
Phosphorus Averages for Multiple Membrane Filtration.....................coevvurevnneans 68
Phosphorus Averages for Conventional Pool Treatment Method............................ 68
Sulfur Averages for Multiple Membrane Filtration...................coocvviiniiinnennnnnnn, 69
Sulfur Averages for Conventional Pool Treatment Method..............cccoevvevvvevvnnii 69
Silicon Averages for Multiple Membrane Filtration................ccocoeivviuiiineiniinnnn.. 70
Silicon Averages for Conventional Pool Treatment method.............c.covvvveevevnnnn.... 70
Strontium Averages for Multiple Membrane Filtration................ccccoceviiiivinnnnnn. 71
Strontium Averages for Conventional Pool Treatment Method.............coovvveveen..... 71
Alkalinity Averages for Multiple Membrane Filtration..................cocevvviineeneinnn. 72
Alkalinity Averages for Conventional Pool Treatment Method............................... 72



Executive Summary

The purpose of this study was to investigate and compare the environmental effects of two
swimming pool treatment methods, a conventional treatment method in a multiple
membrane filtration (MMF) method, developed by Lathrop Pools in Lake Havasu City, Arizona.
The first objective used to achieve this goal was to assess the changes in water qualities during the
two treatment methods and analyze how these treatment methods impacted the water quality of
the pool. The second objective was to create a model that estimated the water, energy, and carbon

footprints of each process and compared cost over a ten-year horizon.

To achieve the first objective, water samples were taken at various stages in the treatment
methods and transported to Arizona State University’s Goldwater Lab under strict protocol. Lab
analysis was conducted along twenty-one different parameters and the results graphed. Five
parameters were used to determine the Langelier Saturation Index (LSI), which predicts scale
formation and corrosion. To achieve the second objective, a conceptual mass balance model was

developed to estimate the annual water, energy and carbon footprint of each treatment process.

The results of this study show that the MMF treatment method yields a better water quality,
removing a higher concentration of ions and minerals. The MMF method conserves as much as -
percent more water and uses almost-less energy than the conventional method. The MMF
method proved to be more cost-effective than conventional treatment for all but one scenario.

The only area that the conventional method proved more advantageous was they carbon footprint
as the MM method uses a diesel generator to run its pumps, which produce more

carbon dioxide than the conventional treatment method.

Note: Redacted areas are proprietary production values.



