The Impossible Triangle:
Balancing Quality, Efficiency, and Cost

Can You Really Have It All?

T. Hall, Water Utility Director, Fargo
Q. Chang, Senior Advanced Technical Specialist, AE2S
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1. Fargo Water Utility Overview
* Water Treatment Plant Overview
« Raw Water
« Plant Performance

2. Impossible Triangle

OUTLINE . Quality
 Efficiency
 Cost

3. Strategies and Innovations to Get
the Job Done




Fargo Water Utility
Overview




« 30 MGD Lime Softening * 15 MGD Integrated Duo
WTP (1997) Membrane WTP (2018)



Fargo Lime Softening WTP

« Fargo Water Treatment Plant (WTP) in operation since 1912
» Current WTP completed in 1997 with a capacity of 30 million gallons per day (mgd)
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Regional Water System

Fargo
Population

137,989
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Fargo Raw Water
Overview




Fargo WTP Raw Water Total Hardness
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Fargo WTP Raw Water Total Hardness
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Rivers are increasingly exhibiting more

extreme variations in water quality.
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Fargo WTP Raw Water - Sulfate

Fargo WTP Raw Water Sulfate
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Fargo WTP Raw Water - TOC

Raw Water TOC
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Fargo WTP Finished Water Goals

Meet EPA Primary Drinking Water Standards
Total Hardness: 115-130 (120) mg/L as CaCO;
TDS: < 500 mg/L

Sulfate: <250 mg/L

Taste and Odor: no complaints
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Fargo WTP Finished Water - Total Hardness

Fargo WTP Finished Water Total Hardness (annual average)
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Fargo WTP Finished Water Sulfate
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Finished Water TOC vs Raw Water Natural Organics

Finished Water TOC
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Finished Water TOC (Annual Average)

Fargo WTP Finished Water TOC (Annual Average)
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Finished Water TOC (Annual Average)

Fargo WTP TOC Removal Rate
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Salinity -TDS (mg/L)
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Fargo WTP Community
Engagement and Recognitions




Public Education

Plant tours to K-12 students, college students, and professionals.




TPO. November 2024

L3 Editorial In Fargo: Award for Good Taste. Reputation for Quality.

In Fargo: Award for Good Taste. Reputation for Quality.

The North Dakota city of Fargo turned to membrane filtration to deal with significant changes and variability in source water

[3) Appeared in print as "Tastes Great. Best Filtered."
(&' By James Careless
© December 2024

9 Top Performer - Plant

2 OA - %l

* MEMBRANE FACILITY ;
OF THE YEAR AWARD! ,..‘

Jessey Pederson, left, membrane plant specialist, and Dan Portlock, water utility engineer, in the treatment plant’s lobby.

Want tap water that tastes really great? Then go to Fargo.

For two years in a row, 2022 and 2023, the output from the Fargo Water Treatment Plant was named the
Best Tasting in the state at the North Dakota Water & Pollution Control Conference. To date, Fargo is

https://www.tpomag.com/editorial/2024/12/in-fargo-award-for-good-taste-reputation-for-quality



Top-Tier

Operation
Staff

AMTA and AWWA announce awardees at the Membrane Technology
Conference & Exposition

9 February 25,2022
Press Releases

The American Membrane Technology Association (AMTA) and the American Water Works Association (AWWA)
announced awardees at the 2022 Membrane Technology Conference & Exposition (MTC) in Las Vegas.

as presented with this year’s Robert O.
Vernon Operator of the Year Award. The award recognizes outstanding contributions by a plant operator working
at a membrane filtration, desalination or water reuse facility that resulted in significant, long-term improvement in
water production and/or water reuse.

Brian Ward
Superintendent
o Fargo Water, Treatmen Plan(




We Care About Water Quality

2024 Water Taste Test

Presented by:

‘\\ S erence
e & : (ACE24) in Anaheim, California. ACE24, which brought an estimated 11,000
ﬁgzngéat?o\;\later Works - R ) water professionals to Anaheim, is the longest-running water conference in
i ' the world, having first convened in 1881.




2024

Presenteta

City of Fargo Membrane Water Treatment Plant

[ ) [ J Fargo, ND
Inrecognition of tanding municipatly owned
drinking water facil three cities with a combined
population of over i dfor visitle,
‘ongoing commitment 10 public education and autreack
Presenedon

2024 Meabrane Tochsology Conference & Exposition
Vet Paim Beach, FL




Impossible Triangle
Quality, Efficiency, Cost




Win Them All
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How to operate two plants
in a way to achieve:

0 Great Water Quality

e High Efficiency

e Low Cost



Operation

trategies

Softening Ozone Filters
Pre Sed Lime Plant Primary 1 [ ot ] Fere
el — -] |0 m - oY Flows
Primay#3 ‘ D-( ] firerea
RO to Secondaries
L acin#1 R Bypass
L Basin#2R0 Bypass
MF/UF Trains Basin#3 RO Bypass RO Skids Degas Disinfection
Train#1 Sid#1 Degasifier #1 Membrane Efient
U, Train#2 sz Degasiter #2
Membrane Plant Train#3 Skid #3 Degasifier #3
Train#e Sk
Red River Flow Train#5 Skid#5
Sheyene River Flow i S
Train#7 Sk #7
Train#s Total
Total
Operation Scenarios
LSWTP MWTP RO Transfer
Scenario No. RED Sheyenne RED Sheyenne
1 X X
2 X X X
2! X X
4 X X X
5 X X
6 X X
7 X X
8 X X X
9 X X X
10 X X X X
11 X X X
12 X X X X
13 X X X X
14 X X X X x




Operation Strategies

Operation variables:

1. Raw water selection: two rivers

2. Flow split between two WTPs

3. Intermediate RO permeate transfer between two WTPs
4. Finished water quality from each plant
5.

13 chemicals

Production Cost Model: A real time chemical cost estimate based
upon real-time water quality monitoring



Team Approaches

Fargo WTP has been working closely with NDDEQ, ND PFA, and
DWR on various projects aimed at improving finished water quality
and enhancing overall plant efficiency.
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Tools in Place for Operational Improvement

A New SCADA System

|§ LS Sheyenne Raw Water Pretreatrnent MFUF B\ Recovery Filtrate RO RO Effluent RO Bypass Czone Disinfection Drainage. Tanks
| RO Concentrate Chernicals Plant Air & Water | RO Mormalization || Power Monitoring || Water Gluality Alkalinity Water Towers  [fWF Water Towers General Metrohim Alarms
Raw Water - Cal.||Raw Water - Sta._ [|Raw Water - Sta._ || WES-T WYQIT-11 Wi12-19 ChemScan124 ChemScands ChemScan1234 || ChemScaniGie Profile Radar Flats
|  THMRO  |[THMFinished R..[| THM Finished ||Finished - Trendi. |[Finishied - CL2 M. | Taste and Gdor .|| nstrcheck || anToc |
H TEMPERATURE TURBIDITY ORP uv254
COMBINED o [ 121w o
INFI_UENT (WQ 3) 8 00 300 o0 2
SAMPLE PUMP FAIL |
b o et et~ L ' ; 1.
pH TEMPERATURE ORP Uv254 REMOVAL CONDUCTIVITY
JET MIX 2448 24 SETTLED WATER (WQ5) | 2aw= 388.4 ]  zam 56.9% 2amn )
EFFLUENT (WQ 4) § " | TURBIDITY MUST BE KEPT e 1 =
SAMPLE PUMP FAIL AT 10 NTU OR BELOW PER
. e LEGAL CONTRACT WITH
v MF/UF SUPPLIER
(FLOW SWITCH) ” o J |7 . A B
pH TEMPERATURE TURBIDITY 1 (East) TURBIDITY 2 (West) uv254 TOTAL CL2
SETTLED WATER .4e i 71 e TR e |
(WQ 5) 8 100 10 10 05 4
SAMPLE PUMP FAIL
|
65 132 M-_‘_AJ‘—HO ‘_7———‘—"—-_0 0 i 0
pH TEMPERATURE TURBIDITY Uv254 (CHEM SCAN 6101) CONDUCTIVITY TOTAL CL2
FILTRATE PUMP  :4ur 24 HR 24 HR 0.008 NTU 24 HR ~ z4mR 964 uSicm|  zaHR 0.000 mgL §
EFFLUENT (WQ 7) & 100 030, K ‘2000 i
SAMPLE PUMP FAIL
_
55 32 s - 01 0 : S Fa"*F" °F0



Information Speed with New SCADA System

Over 100x Faster for Operations Personnel

Past Fargo WTP SCADA System

* 4 mouse clicks to get trend of single data point

« Slight data Retrieval delay

» Data point not trended with other related data
* Limited performance ‘information’

New Fargo WTP SCADA System

» Each mouse click 4 to 6 different trend graphics
» Multiple related data point on each screen

* Graphic load quickly (minimum delay)
« Example screen has 27 trended data points
* 4 mouse clicks get roughly 108 data points trended

uuuuuuuuu

Times about 15 end users 2> 1,500 times faster plant-wide!
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Full WTP Assessment in Seconds to Minutes

E[ MWTP-LSWTP || MFUF Regulatory [[MATP Chem-FI._JLSWTP Chem-F. Disinfection | Distribution Syst.

Plants Flows User: thall Z Y

B R R P XS TR M T : ., A
" | rrendt | Trena2 | Trenaa po— o

Trendd | tes OV m

L) =
[Refresh Screen || Custom Trend |
OZoom O Slider @Pan | Reset |[Realtime =] O Zoom O Slider @Pan |_Reset |Realtime
s Flows s Tower Levels
© »
s
2 LSWTP Flow _High Service Flow Tower4 Towers
10sHaE 126 oD T YT
=
MWTP Flow GSRFill Flow Tower§ Tower 10
3.81 MG 3.95 MGD) 17.5F 255
RO to Secondaries GSR Disch. Flow Tower 6 Tower 11
i 37 Md:E 0.00 MGD 7 26.2FT] 284 ﬂ
M 2 s M sPM  tPM 12w 2aw 4w eaw  eaw  toau  Total Returnto O wPw 2w e W sPw toPM AW 2AM Aw sAw A oA
[t 420213028, cemmes LSWTP 20 Minute Demand (/> 2 Urpr 2021, 2025] Dl Tower7 Tower 12
| | I— )
— tost [ 2 o] 0.45 M 1849 MGD| tost [ 21 L] 25.0 F1 232
OZoom O Slider ©Pan [ Reset |Realtime -] © Zoom O Slider ©Pan [ Reset |[Realtime ] West FargoTower
s Basin Levels Levels
w0
s
= _ HighService  Total Vol. 1% to 14%|

(= 13.91 FT| 12.67 MG

Meadow Ridge 12th Ave E
T 68.49 %] 61.6 %

Brooks Harbor
70.93 %,

GSR

Eagle Run
72.37 %|

WM M 4PM GPM BPM 0PM  T2AM 2AM  4AM AN BAM  10AM
(hor 20:21,2025) o rsnge

— vose [ 2] "

M 2 PM SPM BPM T0PM 12 2AM AN GAM  sAW  foAM
ran Range {ipr 2021, 2025 Chan Fange

fous -] 88

[+ o Maintain GP || Basin Le Reading Reading ading “Reading Reading Reading
T ST — A 5 1o 35280 o it [ SSPD | oot (IS ooyt AL | raier AN o s a6

. I £ Basin Level 375N High Senice Level | 1381 FT, || Coagulant Day Tank|_359GAL| Phosphate Day Tank | 427GALl || Settied Water| 0.702NTU) Lime Plant Efluent|_0.082NTU|
Apr 21, 25 12:51 AM |from 3 ppm to 2.8 ppm il Soiad {| Dogas asinLovel [ #4771 osRLevel [ 1687F1] || NaoH DayTank | 388681 Filtate Wator | 0.008NTU] Combined Efluent|_0.057 Tl
oozt [from 3 py d gea heroLine e eges Sa ; a 7o e waer s

Fargo



Tools in Place for Operational Improvement

Chemical Cost Calculator

Sheyenne Raw Water Pretreatment MiFUF B\ Recovery Filtrate RO RO Effluent RO Bypass Ozone Disinfection Drainage Tanks !
RO Concentrate Chernicals Plant Air & \Water | RO Marmalization || Power Monitaring | Water Quality Alkalinity Water Towers  [[WWF VWater Towers| General Metrohm Alarms = ﬁgﬁtﬂs&'i&&;m&&ﬁ:ﬂfg
Ambient Gas || Sulfuic-PACL-Bi Citric-Anti-H202 [|Fluoride-Phosph. |{Sodium Hydroxide|| Copper Sulfate Dosing Transfer Chlorine Ammaonia Digital Alarms || Lewvel and Press  Notes Ove @
Cost Calculations| " " " - ' Refresh Screen || Custom Trend
Chemical Pump Chemical $/1,000 Calculated Calculated Calculated Calculated CostDay Cost/1,000 Refresh
Chemical Name Tag Name Description Feed Point Cost ($/1b) Dosage $/Day . Finished - Flow Dosage $ /Day $/1,000 Difference Difference |ive Value
PACI 16_CMP_2103 COAGULANT METERING PUME NO. 1 Coagulant-PACL so.28 || 55 PP 0 ﬂ\ 0.00 JI Emgl || o3| o.00 &| NS OFF
PACI ®)16_cmp_2203 COAGULANT METERING PUMP NO. 2 Coagulant-PACL $0.28 55pPM|[ 2,438 § 0.18 § 35 mgi 825 § 0.16 $| ST 6| =002
Sulfuric Acid 53% *)16_cmp_1103 SULFURIC ACID METERING PUMP NO. 1 Sulfuric Acid 1 §0.1023 | 34.68PPM 562 §| 0.04 ¢ 2242 mglL 193 § 0.04 $|[Egea 4| 060§
Sulfuric Acid -53% 16_CMP_1203 SULFURIC ACID METERING PUMP NO. 2 Sulfuric Acid 1 s0.1023 | 3eapem] 04 0.00 § 22.02m. | 04 0.00 $|NGE| G
Sulfuric Acid -53% 16_CMP_1303 SULFURIC ACID METERING PUMP NO. 3 Sulfuric Acid 1 0.4023 | 34.68PPM 0§ o0.00§ 2242 mylL 0§ 0.00 |G| N6
Pretreatment Totals [ so02§l  ozzg| wiwmeo [ 1,019 4| 0.20 &|[IETEEEE) I
Anti-scalant 16_CMP_4103 ANTISCALANT METERING PUMP NO. 1 Antiscalant $3.35 || 2ppM|| o3 0.00 §|| ragmgi || o 3§l 0.00 |G e
Anti-scalant bm_cmp_azna ANTISCALANT METERING PUMP NO. 2 Antiscalant $3.35 || 2ppm|| 660 $i\ 0.05 $|i 148 mgi_ || 254 4 0.05 &|[ T SA0E g 000 E
Antiscalant/RO Totals \ 660 QITHEI 6.13 MGD [ 2s+g| o.05 4| NEEGEE| NGG0E
Flueride @157(2MP761[I3 FLUORIDE METERING PUMP NO. 1 Fluoride $0.22 | oesPemM|| 16 ﬂ\ 0.00 gl 0.7 mgl || 7 4| 0.00 § _ _
Fluoride 15_CMP_6203 FLUORIDE METERING PUMP NO. 2 Fluoride $0.22 || 0.65PPM]|| o]  o0.00 4| 0.7mod | o4 o.00 &G GRS
Phosphate 15_CMP_7103 PHOSPHATE METERING PUMP NO. 1 Phosphate $1.3 | ospem|| os| o004 o.5mgt || ol o.00 §|GE | a00E
Phesphate 15_CMP_7203 PHOSPHATE METERING PUMP NO. 2 Phosphate $1.43 || 2.5pPM|| 319 5'\ 0.00 J 23 mglL 111 § [ 0.02 $|00=z07 4| N
Phosphate 1 Totals ’ﬁmﬁl [ 111 § 0.02 4| [NEE07 5| INEE
Sodium Hydroxide 16_CMP_3103 SODIUM HYDROXIDE METERING PUMP NO. 1 Sodium Hydroxide 1 $0.1985 || 16.67 PPM|| 0 $i\ 0.00 $|i omgi || [E] | 0.00 &| S [ aaE
Sodium Hydroxide *)16_cmp_3203 SODIUM HYDROXIDE METERING PUMP NO. 2 Sodium Hydroxide 1 $0.1985 || 16.67 PPM| 378 $i\ 0.03 $|i omgi || o $ll 0.00 &|EEFEE | m00EE
Chlorine CF_4XX CHLORINE FEEDER SELECTED Chlorine 2 $0.2685 | 375 ma || &i_\ 0.00 JI 35mgl || 40 4l o.01 4| ST |
Chiorine CF_4X CHLORINE FEEDER SELECTED Chiorine 3 $0.2685 || omot || 0 ﬂ\ 0.00 $ omg || o §|o.00 5| NG NGN0E
Chlorine Totals [ 114 § 0.00 § [ 40§ o.o1 &|EEEE 0 TE
Ammenia | AM_CF_1%x AMMONIA FEEDER SELECTED Ammenia 3 5208 || 105 mon| 244 8 0.00 4] 101 mon || so gl 0.0z §|DISEE | EE
Cost/30-Day Cost/ Year Ammonia Totals [ se | 0.0z §|0ETSEE | AN
Difference Difference Finished Totals 5.13 MGD [ 247 $|| 0.05 &| I =a1e 4 | I
Plant Chemical Totals 4,728 § 0.30 § [ 1s5z04)  o.30 | I0EEETS | NG
Plant Power Totals
Plant Combined Totals
THE CITY OF




Tools in Place for Operational Improvement
Power Cost Analysis

Ravs VWater Pretreatment MEUF l BW Recovery l

Filtrate RO RO Effluent RO Bypass
Chemicals Flant Air & Water | RO Normalization

Ozone Disinfection Drainage Tanks
Water Quality Alkalinity Water Towers  [[WWF Water Towers|

General Wetrohm Alarms
Digital Alarms || Trend-Distribution TrEnd-GEnEratDr

Refresh Screen Custom Trend
kw

TP Campus =
HSP Station = 227 1840
(12%)

Conventional
WTPiRed River
Raw Water
PS/Residuals =
600 (31%)

TP Campus =
1008

Conventional
WTPIRed River
Raw Water
PSiResiduals =
00 (31%)

HSP Station = 230
(12%)

WWTP - Process =
678 (45%)

MWTP - Process=
887 (48%)

MWTP - Pracess
120 (50%)
@ HSP Station ® MWTP - Process @ MWTP - Non-Pracess @ HSP Station @& MWTP - Process @ MWTP - Non-Process
@ Conventional WTP/Red River Raw Water PSiResiduals @ HSP Station ® MWTP - Process © MWTP - Nun-Prucess| @ Conventional WTP/Red River Raw Water PSiResiduals
REALTIME UTILITY CONTRIBUTION (WTP CAMPUS) DIESEL TANK LEVEL
zahm 3500

|Aggregate Gost Of Eneray b ¢/KWh |

Instantaneous Costing Rates (uses currentvalue of kW as KWH, 30 days far Manth): | o

HEP Station 1362 HR|__ 52688 $0AY| 9,060 SRATH| Load Management Off

MWTP - Process 5__2.6_$JH§1 1,264.32 $ﬂ[mﬂ 37,929.60 $MTH

MWTP - Mon-Process [ 13.02 $I.H.HJI atzassoav| 937440 $MTH) \When Load Managem’ent is

Comventional WTPIRR PEiRsdl| 3600 $HR|  864.00 $DAY]  25,920.00 $MTH| . o . i

Total 11436 MR 2,744.64 $DAY]  62,339.20 $MTH| Athe! Ut"lty Contribution

should be kept below the
threshold of 550 kW.

Fargo



Tools in Place for Operational Improvement

Treatment Cost Model

Primary costs per Million Gallons Membrane Plant Primary Costs per Million Gallons

2000 800

(&3

=
&) “
=

Q
$92024 3 $117:2024 a 2 5152024 9r1£2024 192024 9132024 91742024 912172024 912512024
9/11/2024 512024 91197202 9232024 91272024 Sr312024 9762024 SM1/2024 911562024 9182024 Si23r2024 9272024
B Lim:Dian: B Membrans Plan: Date
B Coagulant B sulfuric Acid Anti-Scalant W Electricity B Sodium CIP Chemicals

Hydroxide
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Tools in Place for Operational Improvement

Environmenta

WwQ132 WwQ18 WQ19 Red Shey WQ13 WQ18 Tep  Red Shey WQ13 WQ18 Tsp
Bromate Bromste Bromste Bromste River  River Geosmin Geosmin Geosmin River River MIB  MIB  MIB
Geosmin Geosmin MIB  MIB
ugl  uwgl wgl PPT PPT PPT PPT  PPT PPT PPT PPT FPT  FPT
3/18/25 <0.150 0292 0238 6025 3558 <1.000 <1.000 <1.000 4.845 1.393 <1.000 <1.000 <1.000
v 3119/25 <0150 0384 0.198 3439 2982 <1.000 <1.000 <1.000 3.504 1.446 <1.000 <1.000 <1.000
3/20/25 0.168 0259 0.199 5183 3040 <1.000 <1.000 <1.000 5071 1.088 <1.000 <1.000 <1.000

? 2125 <0150 0229 0181 5055 2907 <1000 <1.000 <1.000 2963 1.155 <1.000 <1.000 <1.000
= 2122125 2821 <1000 <1.000 <1000 <1000 3020 <1000 <1.000 <1.000 <1.000
22325 2085 1150 <1000 <1000 <1000 2728 <1.000 <1.000 <1.000 <1.000
P TR T T W SR TR T TR S S T SR S| 3/24/25 <0150 0176 <0.150 4522 <1000 <1.000 <1.000 <1000 2549 <1.000 <1.000 <1.000 <1.000
: RO o T e I 3/25/25 <0.150 0245 0.152
wE o wmogme m oo AR CUTE S anezs <0150 0228 <0150 <1000 <1000 <1000 <1000 <1000 <1.000 <1.000 <1000 <1.000 <1.000
7 MWIP / LSWP' /' Combin 227/25 <0150 0250 <0150 22382 <1000 <1000 <1.000 <1.000 2433 <1.000 <1.000 <1.000 <1.000
228125 <0150 0196 <0.150 3567 <1000 <1000 <1.000 <1000 2719 <1.000 <1.000 <1000 <1.000
Geoswin 3120125 2944 <1000 <1000 <1000 <1.000 2759 <1.000 <1.000 <1.000 <1.000
- 2720125 2901 <1000 <1000 <1000 <1000 293¢ <1000 <1.000 <1.000 <1000
: 23125 <0150 0185 <0.150 <1000 <1.000 <1.000 <1.000 <1000 <1.000 <1.000 <1.000 <1.000 <1.000
. 4125 <0150 <0150 0180 2154 <1000 <1000 <1.000 <1000 1838 <1.000 <1000 <1.000 <1.000
E 4225 <0150 0194 0157 1688 <1000 <1000 <1.000 <1000 1501 <1.000 <1000 <1.000 <1.000
o 4 4225 <0150 0327 0.182
B 4425 <0150 0327 <0.150
. . : 45125 2526 <1000 <1.000 <1000 <1000 2010 <1.000 <1.000 <1.000 <1.000
Raw Water Geosmin Concentrations : 46125 2489 <1000 <1.000 <1000 <1.000 1750 <1.000 <1.000 <1.000 <1.000
. -\, 4725 0156 0219 0182 1056 <1000 <1000 <1.000 <1000 <1.000 <1.000 <1000 <1.000 <1.000
(Taste & Odor Cau5|ng) e o e 45825 <0150 0235 0205 1289 <1000 <1000 <1.000 <1000 1168 <1.000 <1000 <1.000 <1.000
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MIB 41225 1820 <1000 <1.000 <1.000 <1000 <1000 <1.000 <1.000 <1000 <1.000
10.00 ¢ 41425 <0150 0311 0288 <1000 <1.000 <1000 <1.000 <1.000 <1.000 <1.000 <1.000 <1.000 <1.000
5.00 41825 <0.150 <0150 1002 <1.000 <1000 <1.000 <1.000 <1.000
“‘ ‘ 5 41825 <0.150 <0150  1.484 <1.000 <1000 <1.000 <1.000 <1.000
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Tools in Place for Operational Improvement

Treatment Cost Model

& Jar Test Dose Caclulator
Insert  Pagelayout  Formulas 2 Tell me what you want to do

iy ocu vl 6 &N SE= ¥ | wapre General B [vema 83d Good Neutra! 2= B
Paste V%:ow ;P . Iu- - DA~ erge & Center ~ $ ~ % » 3 4§ Conditional Formatas [ Bl cxolanatory Note 1 | insert. Delete Format

z ‘ormat Painter Formatting = Table - N - -

Clipboard ) Font i Alignment 1) Number i) Styles Cells
Al Y fe Jar Tests
A B8 (53 D E E G H I L9 | Kk | L | ™ N o P

: Jar Tests |

5 PACL density 1.343 DADMAC density 1.051 Jar size (L) 20

5 Stock sol. (mg/L) 20,000 Stock sol. (mg/L) 20,000  Starting DOCI:]

i PACL price/lb  $0.485 DADMAC price/lb  $1.490

5 Calculated dosages

o Jar: 1 2 3 4 5 6 1 2 3 4 5 6

7 PACL 80% 80% 80% 90% 90% 90% 80% | 80% 80% 90% 90% 90%

| ratio
8 DADMAC 20% 20% 20% 10% 10% 10% 20% 20% 20% 10% 10% 10%
9 total 1 2 3 i 2 3 1 2 3 1 2 3
dose
10 (mglL) PACL 0.8 1.6 24 0.9 1.8 27
11 DADMAC 0.4 08 1.2 0.2 0.4 06
PACL 80 160 240 90 180 270

12| vol. (ul)

e Jar | pabmac 40 80 120 20 40 60

” Turbidity (NTU)

15 DOC (mg/L)

5 DOC removal (%)

17 [ price/MG $8.21 $16.41 $24.62 $6.13 $12.25 $18.38

18|

19
20| ) :

Jar doses ® <
Ready

Daniel Haman [}

> AutoSum ~
Fill -
& Clear~

& O

Sort & Find &
Filter ~ Select ~

Editing
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Tools in Place for Operational Improvement

Treatment Cost Model

& =

Insert

Membrane plant flow planner - Excel Daniel Haman B

Pagelayout  Formulas Data  Review View Help  Q Tell me what you wantto do

£ Share

100%

fm dcu Calibri fn A b : i = . jo,
Paste EB, Copy - B I U A .9 ; I Insert Delete Format e Find &
- ¥ Format Painter ' - - - @ Clear~ Select -
Clipboard ] Font Alignment Number Styles Cells Editing
A8 2 fe MWTP Raw (WQ7 metrohm)
A B C | D E F G H I J L M N o P Q R S T Vv

- 2 2 = i 2 = ~ : 2 L= = = 2> 2
2 MWTP Influent # of RO Skids RO to Degas | RO Bypass | MWTP effluent | Total effluent

3 (MGD) to Degas % Recovery (MGD) (MGD) (MGD) (MGD) C |

4 15.42 4 78% 6.23 12 7.43 16.54 |

5

6

e Palk M alk Tot Hard Ca Hardness| Mg Hardness Non-Carbs |Test Date/Time C

8 IMWTP Raw (WQ7 metrohm) 6 198 461 206 255 263 4/14/259:00 |Use WQ7 on scada metrohm "M1 Raw" when blended

9 |Est. Finished MWTP 40 91 42 50 51 RAW WATER RED

10 |Actual MWTP (WQ 13) 0 40 91 42 50 51 n/a using

1 4 minimum hardness =90

12 LSWTP infl. RO to 2ndaries LSWTP effl.| UF Backwash

13 (MGD) skids (MGD) (MGD) (MGD)

14 6 2 | su 9.11 0

15

16 palk Malk Tot Hardness | Ca Hardness| Mg Hardness | Non-Carbs |[Test Date/Time Comments
17 Primary #1 tests 59 78 210 151 59 132
18 |Primary #2 tests 4/5/25 9:00
19 |Primary #3 tests 34 52 205 120 85 153
20 Average Primaries 47 65 208 136 72 143
21 Est. Finished LSWTP 46 143 93 51 97
22 |Actual LSWTP (WQ 18) 46 143 93 51 97 n/a using
23
24 [Est. at High Service [ o 1 a4 [ 120 | 720 ] 50 I [
25 |(uses "Actual” values) High Service hardness target: 120
26
27 ROTotH 20 Estimated Lime Plant Primaries Hardness Targe
28 RONCH 10
29 ROCaH 10
30 RO M Alk 10
31 Type in gray cells.
32
33
34
35
36
37|

o

| Sheetl | sheet2 | @ < »

Ready i - +
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Tools in Place for Operational Improvement

Continuous Monitoring

Metrohm LSWTP Pre-Treatment Total Hardness
Trend Mode

Realtime E"

P11 -u,--r?"-‘

ned

-
=
= { LL'L
s00 JJ—'LH—\K
O zoom s i

450
OPFan 225
mg/L m
® Slider

as0
OReset e

£

e —

260

225

100
s

‘ Detailed Export = e
25 War 8, 2021
: |

6:49:50 AM

Interval Size

W e R o5 T T i
5 MIN Last i




Accurate Cost to Produce
Water at Each Plant and
Finished Water Quality from
Each Plant are Key to Achieve
the Impossible Triangle




Big Three

Major Cost to

Power Chemical
Produce

Water

Landfill
(sludge)




$1,000
$900
$800
$700
$600
$500
$400
$300
$200
$100

S0

Chemical Cost

Chemical Expense

$564
$475

2019

$599
$482
$408
I $366
2020 2021

B MWTP Chemical S/MG

$522
$455 I

2022

$891

§745

$508
$443

2023 2024

LSWTP Chemical S/MG




$180
$160
$140
$120
$100
$80
$60
$40
$20
S0

Power Cost

Power Expense

$20 $20

2019 2020

$132
$122 $120
$18 I = I =
2021 2022 2023

B MWTP Power S/MG B LSWTP Power $/MG

$126

$24

2024




Cost to Produce Water

Chemical + Power Expense
$1,000

$915

$900
$800 $767
$700 $626 $619 5629
$600 »585 $563 $577 geqs $569
. $499 $500

500
$400
$300
$200
$100

SO

2019 2020 2021 2022 2023 2024

B MWTPS/MG B LSWTP $/MG



Salinity -TDS (mg/L)

1000 |

900

800

700

600

500

400

300

200

100

LSWTP and MWTP Finished Water Quality

LSWTP
Salty . Hard and Salty
Soft ‘ Hard
MWTP
50 100 150 200 250

Total Hardness (mg/L as CaCO,)

300

The finished water
from the Membrane
WTP is much softer,
lower TDS , and
lower TOC.
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LSWTP and MWTP Finished Water Quality

1000 To match the water quality from the

900 MWTP LSWTP will have to:

200 LSWTP 1. Lower Total Hardness

Salty . Hard and Salty 2. Lower TDS

700
B 600 -
= 1. Use more lime and soda ash to
2 500 O drive up chemical cost
Ig 400 /. 2. Produce more sludge to increase
3 landfill cost

300 Soft ‘ Hard

200 MWTP

100 What will be the total cost impact?

0 L
0 50 100 150 200 250 300

Total Hardness (mg/L as CaCO,) Far OFO
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Annual S adder on Chemical and Power

$3,500,000
$3,000,000
$2,500,000
$2,000,000
$1,500,000
$1,000,000

$500,000

S0

Production Cost Impact

Chemical and Power Annual Cost Adder at LSWTP

1000

w /. i — $3,019,672
/o
0 soft @ Hard
e $1,297,000  $1,321,883
$1,058;26%
959,363
° $810,455
I I [l I
2019 2020 2021 2022 2023 2024
B Annual Savings Running MWTP  —Auverage

vvvvvvvvv
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Strategy to Run Both Plants

Knowing the membrane process is more cost-efficient, the plant
staff relies more on the MWTP to manage both water quality and
production costs.

1. Maintain high production at the membrane water treatment plant (WTP).

2. Transfer RO permeate to the lime-softening WTP to support overall system
performance.

3. Slightly elevate total hardness in the effluent from the lime-softening basins
to reduce lime and soda ash usage and associated chemical costs.

4. Minimize scaling in the primary softening basin and downstream processes to
help lower operations and maintenance (O&M) expenses.

sssssssss

FAR MORE



Supporting Projects

A series of projects/programs aimed at enabling Fargo WTP
staff to operate both plants with optimal cost efficiency and
water quality:

1. Red and Sheyenne Raw Water Intake Projects
2. Raw Water Meter/Valve Vault Project (with photos)
3. Grow Our Own Staff
« Routine Staff Training Program
« Conferences/Workshop
4. Empowering our staff to develop innovative solutions.

uuuuuuuuu
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Supporting Projects — Intake Projects




Supporting Projects - Raw Water Valve Vault

71 FargoMembrangWTP - Main Window

Preveatment || MFUF | BWRecovery ||  Fitvate | RO | RoEffluent || RoBypass | Ozone Disinfection “77
Fiont Ar 5 Wt |0 Normalzat.[Power Motor o] viater Qualty | Reports | Water Towars [[wr viater Towa]  Ganera !
wal Alarms || Power Alarms || Trending

Ked Kiver Pump Station RED RIVER VALVE VAULT
T 42" INFLUENT
Brv-21
L
T LSWTP
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0.0% 0.00 MGD|
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Sheyeme fiver
G S .
oy
RWP-103
G | e
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Reai
ntuent Fiove
7.50 MGD 90.7%
. MWTP
(B BFV-1022
nfuent o
Sheyenne River Pump Station SHEYENNE RIVER VALVE VAULT
o 30" INFLUENT
P11 10m0 s
30" O\lRFLOW
orv-221
- e ==
[ Recent Notes FapYiater fiient 7 Waniain._ [ Basin Level S o Day Tank [*Tubid feading Teadng
I Red fiver to Membrane 53 MGD| | Fitrate Basin Level [_15.7 F1 ]
" SufuricDay Tank |38 GAL Fuoride Day Tank [ STGAL || Raw wate BANTU embrane Efuent [0.054NTU
Chlorine: Increased Sheyenne to Membrane £Q Basin Level ECETTT] (D oide Ray Terk 1 e lembrane Effuent
Coagulant Day Tank [_6920GALl Phosphate Day Tank [ 466 GAL | setted Water Lime lant efuent [0.062NTU
sdk Red Riverto Lime Softening 6MGD) || Ew Basin Level E
Membrane Effluent CL2 Deigas pashi el NaOH Day Tank 300 GAL Filtrste water  [0.036NTU ~ Combined Effiuent [0.057 NTU

lan 14, 20 2:59 PM Sheyenne to Lime Softening
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Supporting Projects — Routine Training Program

EUes We Work For You - Water Treatment
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Plant Innovations and
Operations Creativities
to Get the Job Done




Membrane Replacement Schedule

a Accelerate UF membrane replacement schedule:

« Release the stress on the operation team to
repair broken fibers

* Increase MWTP treatment availability to manage
the overall cost and production

a Steady pace to replace RO membranes
« Competitive RFP to reduce the replacement cost
« Manage RO permeate quality



Select Appropriate Technology

e Liquid Oxygen (LOX) —VSA Installation
* Annual usage reduction: 624 tons

- 2017-2018 (Ave): 1,065 tons

- 2022-2023 (Ave): 441 tons
« Cost reduction: $88,875 in 2024.




Data Driven Operation Decision to Improve Water Quality

T&0 Removal and Bromate Formation Mitigation

120

30

100 25
=< 80 | 20 —
& / <
£ 6b
o 60 15 =2
o3 )
- — i ®
40 10 =
o
20 5 ()

0 | 0

Contact Time (min)

-#-geosmin =e=MI|B =<Bromate

Fargo WTP T&O Ozone Pilot Study (2013)



Creative Plant Operation — Sludge Thickening

MWTP

Sludge

LSWTP

Sludge Plant

Solids content increased from
37% up to 41% on an average.

What is the impact?




Creative Plant Operation — Sludge Thickening

MWTP

Sludge

LSWTP

Sludge Plant

$1,600,000

$1,500,000

$1,400,000

$1,300,000

$1,200,000

$1,100,000

$1,000,000

$116,280

$1,378,315 $1,378,315

2024 Landfill Cost to Date 2024 Landfill Cost without extra
settling time

Compared to 2023 Data




Staff Go Above and Beyond

0.02 N Standard acid solution
for online hardness and
alkalinity instrument:
Home-Made

* 40% sulfuric acid: $0.53-$0.77/1b
« Weekly Usage: 80-100 mL

« Annual Cost: $6-$9

Annual Saving: $40,000




Staff Go Above and Beyond

1. Feed chlorine to Filtrate 9. Rinse the 15t stage lead
45 wetwell elements
20 : 2. Feed sodium bisulfite to 10. Replace the RO element
s . ; quench chlorine residuals interconnectors
g
2 ’]’ 3. Relocate anti-scalant feed 11. Replace RO brine seals
o H s .
%, —3 it point 12. Relocate 1t stage lead RO
25 !.‘. I 1 : H - .
_ L] : J ’l 4. Install an inline mixer elements
Z 20 £
ZT ﬁ \/V’ / ' o1t 5. Feed hydrogen peroxide to RO  13. Blackboxes monitoring
a 15
£ o A it g5t ﬂ. i o edolls, feed 14. Bacteriological testing (HPC)
’ 6. Test various anti-scalants 15. Membrane autopsy
5 . .
7. Test a biocide (NSF approved) 16. Cleaning study

0 ) .
5/21/21 6/10/21 6/30/21 7/20/21 8/9/21 8/29/21 9/18/21 8.  Evaluated various CIP regimes

Date . .
1) Circulate time/flow rate
» 1st Stage DP  « 2nd Stage DP

2) Soaking time
3) CIP chemicals



Cost

Efficiency

. MWTP Design: $1.30 million annually

* RO Transfer line
* Biological GAC after ozone-peroxide
» Cost information analysis tools

. LSWTP Solids Production Avoidance ($1,7-$3.3 million)
. Ozone: Phase 2: $60,000 annually

» VSA System Installation

. MWTP Sludge Settling: $100,000-$150,000 annually

« 2024 to landfill: 37% > 41%
» Hauling less water
« Less sludge plant polymer use ($38,000)

. Analyzer Reagent Savings: $40,000 annually
. What's left: More than $200,000 annually

* Increase MWTP/RO operation
* RO CIP Optimization
« Lime softening WTP process optimization

rrrrrrrrr
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Cost

Efficiency

$4,000,000

$3,500,000

$3,000,000

$2,500,000

$2,000,000

$1,500,000

$1,000,000

$500,000

S0

Cost Efficiency

5-Year Average Saving Stack

B Home-made Reagent

B MWTP Sludge TS
Improvement

m Ozone VSA

W LSWTP Solids Production
Avoidance

B MWTP Design (RO
Transfer Pipe and GAC)

Fargo



What is in the
Near Future?




Master Planning: Next 2-3 Years

Every 7 years or so....

Assess Whole Water System
« Water Plant

« Raw Water Supply

« Water Distribution System
* Future Financial Needs

Work In-progress

 LSWTP Processes Rehab

« Treatment Process Optimization (COZ2, Ozone,...)
« City-wide AMI project

» Lead Service Line Replacement

555555555
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QUESTIONS?

THANK YOU! -

jﬁﬁ‘ T. Hall, Water Utility Director, Fargo S
Do S Q. Chang, Senior Advanced Technical Specialist, AE2S
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FAR MORE Think Big. Go Beyond.



