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EXECUTIVE SUMMARY

OBJECTIVES

The main goal othis projectwasto determine if reducing the chloride contribution from
water softeners can aid thwastewateutility in meeting wastewater discharge limits.

Project Objectives:
1. Quantify concentration and mass of chloride in residewaatewater as
contributed by water softeners.
2. Determine to what degree the chloride can be controlled in residential wastewater.
3. Establish costs of controlling chloride by modifying or replacing water softeners
for higher efficiency of salt usage.

BACKG ROUND

Chloride is asignificantthreat to freshwater ecosystems, and as muatidressed in
wastewatedischargeegulations Chloride cannot be removed using standard wastewater
treatment technology; therefore, chloride that arrives in wastewater passegh treatment
plants and enters natural water bodies as treated effluent.

Stringent discharge limits for chloride into natural water and the inability to remove
chloride in standard wastewater treatment technology have motivated wastewater utility
maragers to look for source reductions of chloride to weater treatment plant influent.
Among the sources of chloride to wastewater: road salt, industrial processestsalt
swimming pools, and water softenefhis study examinethe significance of water softener
chloride contrbutions to wastewater effluergnd to what extent that is controllable

Previous studies have addressed water softener chitisdeargeshowever have not
undertaken direct monitoring studies to pr@valbasis fochloride discharge scenarios resulting
from optimization and replacement of water softenEngs studyd s g eratd fdl gaps in
understanding if chloride discharge from water softeners is signifeaaiif, optimization or
replacementfosofteners can aid in chloride reductions to the wastewater stream.

APPROACH

To study the relationship betwebauseholdoftener operation and chloride release to
wastewater streams, four sewershiga® pairs of sewershepm the City of Madisorwere
studied ovetwo monitoring periods 2022014.Thesepairs of sewershed basins were selected
to be monitored for chloride outpurt wastewateto localsewers The two study areas compared
chloride output between a sewershed where households optimizac#egbfteners for higher
efficiency and a sewershed where househadidisothing to their softeners.

Initially, plumbing and softener equipment wergveyed fola majority ofresidence
the four sewershed study areas for baseline informddiaity flow (of water into and out of
homes) conductivity, and 24hour composite chloride concentrations in the wadteved each
sewershedvere measured hebaselineconductivity ancconcentrations ofalcium, magnesium,

xi



chloride, ironandmanganesdatafrom the original source drinking water wellnd daily
weather datsverealsorecorded

Sewershed wnitoringdatawereanalyzed to calculatde averagehloride releasand
wastewater flowfrom each residence. By measurthgse flow and chloride obsenatsand
then extrapolating the data, the amount of chloride contributethtiison Metropolitan
Sewerage DistrictMMSD) inflow by residential water softeners was calculated.

Thecomparisorfrom before and after softener efficiency upgrades were made was
analyzed using neparametric techniqude determine to what extent chloeidutput can be
controlled by alterations to household water softeners.

Following data collection, a cost analysis was perfororethe efficiency upgrade costs
in relationship ® the mass of chloride prevented fremtering the wastewater stream to estimate
the potentiakost of mitigating chloride inflow though home water softener intervention.

RESULTS/CONCLUSIONS

On average.255 KGD chlorideper housavas contributed by home water softerters
wastewater in the monitored sewersheds. The amount range@.Gbto 1.06 KGD per
householdand is comparable to other estimates in south central Wisc&ysoptimizingor
replacing softener27% and47% redctions, respectivelyin chlorideswererealized.The cost
of implementing these upgrades is estimated taf14 per kilogram chloride reduced for
optimization andb11509per 1 kilogram chloride reducdxy replacement (%188 per pound
chloride reducedbr optimization and $,231 per pound reduced by replacement)

APPLICATIONS/RECOMME NDATIONS

This studyébés findings related to tenitorin
wastewater idustry. Through trial and erra¥iMSD developed ananhole monitoringnethod
that yielded consistent results, including the development and use of a flow thomatgtetivity
cell, monitoring plan methods, ande of a combination afevicessuited for the variability of
conditions in manholes.

Findings elated to mass of chloride in wastewater from individual hoasesgll as
findings abouthe possiblereductionsn the mass of chloride in wastewater from softener
efficiency upgrades will be helpful to wastewater industries; estimates provided repihiscan
serve as a guideline to aid in planning source reduction meaAlihesighthe cost of replacing
softenersno doubtvaries bygeographical locatigran idea of the approximate cost peund
of salt removed from the wastewater is estimateatiisistudy and can also assist in planning for
source reduction measures.

Based on research findings in this studyISD updated their best practices guideline
for water softeningRevisions to the pdated best practices guideline, availablé\ppendixD,
included changes ithe gallons usgper household per dagnd increased the standard for
minimum hardness removaifficiencyfrom the former 2011 versioithis guideline is often
used byfor water softener companies and households in setting up exsften maximum
efficiency and chloride pollution preventiamour basin

Given that resultfrom this studyshow reductiong chloride dischargéroughboth
replacing and optimizing softenetsingsoftener treatments asurce reduction gasure can
be expected to preveahloridepollution, however cannot be relied on as a sole strétagy
MMSD to achieve their 20,000 pound per day chloride reduction foaMMSDto meet
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discharge limits, with a goal eéducing20,000poundsof chloride per dayfrom their influent
water softener efficiency upgradesybe one part of a muifacetedpollution prevention
campaign
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CHAPTER 1: INTRODUCT ION

BACKGROUND ON CHLORIDE POLLUTION

Chlorideis the negatively charged ion of salts, such as sodhlaride or potassium
chloride It is naturallyfoundin fresh and saltwater bodies, as@ssential to biotic lifeln
freshwater, chloride concentration is usually betwe@0@ mg/I(Hunt, Herron and Green
2012) Naturally occurring sources of saltfreshwater include seawater intrusion or spray, or
ionsdissolved intggroundwaterAnthropogenic chloride contributions include road salt, water

softeners, industrial sources, urban and agricultural runoff, discharge from wastewater treatment

plants, anail and gas well drilling (Benoit 1988pverabundance ahloridehowevercan harm
freshwater and terrestrial ecosystensfreshwater aquatic ecosystems,israpts
osmoregulation, reproduction, apknt growth activities in freshwat@dunt, Herron ad Green
2012) On land, presence of chloride, primarily in irrigation waterindibit crop growth due to
salinization of soil&nd cause legal issues for property and water rigtuk 2015).

Chloride is a particular problebecause of its persistenicewaterbodies. Traditional
mechanical and chemical/biologicahstewater treatmeptocesses dnot remove chloride in
effluent; thereforeldoride passes through the system as effluent atypisally discharged into
freshwater bodie@MMSD 2015. Techologies such as reverse osmosis that can remove
chloride are expensive, energyensive processes with high residual streams.

Chloride Concerns at theNational Level

Chloride is regulatetdy the Environmental Protection Agency (ER#S)a water pollutant
underthe Federal Water Pollution Control Act, also knowiCésan Water ActUnder section
304(a)(1) of the Clean Water Act (33 U.S.C 1314(a)(1)) the EPA is required to set limits based
on latest scientific knowledge on water quality criteria for thegutain of health, welfare,
biodiversity of identifiable specie$hese criteria are not laysowever, they are intended to be
used as a suggestion for regulatory measures.

The 1972 amendments to the Clean WAwrincludeparameters for pollution discharge
to natural water bodies. Pollution discharges must be permitted biattonal Pollution
Discharge Elimination Syste(NPDES) The EPA recommendatioasorementioned are used
as a guideline for states to madecisionson levels for pollutant discharge.

In 1986 the EPA set the criterioof chlorideat 250 mg/l (EPA 1986)n 1988, research
expanded this limit to what is mently the EPAchronic limitfor chloride 0f230 mg/ICl and the
acute limit at 860 mg/l (Benoit989 (EPA 204).

Chloride Concerns at theLocal Level

In Wisconsinthe Wisconsin Department of Natural Resources (DQMNRninisters and
enforces théederalNPDESrequirement as the Wisconsin Pollutant Discharge Elimination
System (WPDES). The Madisondttopolitan Sewerage District (MMSD) WPDES permit
allowschloridedischargepased on an invertebrate chronigitity, of 395 mg/L of chloride
and an acute toxicity of 757 mgiVis. Admn. Code NR 106.80)he chronic toxicitylimit
equates to abouttgaspoorof salt per gallon of wateOver fifty municipal treatmemlants in

the stateincluding MMSD, currenthhave ef fl uent <chloride | evel
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guality standard and therefore are operating with a temporary Eloaanceto exceed the
Wisconsin Water Quality Standardeesep e r mi t s a r (Bectidrv283.15 Wis. Stats.)o

Figure 1 MMSD Effluent Chloride Concentration

MMSD Effluent Chloride Concentration (annual avg., mg/L)
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For MMSD, the variance allows for a chloride concentration of 481 mg/L and 214,000

pounds peday as a weekly average. It requirashioridesource reduction and pollution
prevention plan to be implementeddaeductiongo be made over timéNR 2014).MMS D 0 s
current permit states that aftectober 12015, theeffective limit will be430 mg/L. In each

permit term, reductions are expected until a weekly average below 395 mg/l can be maintained.

Both concentration and mass of chloraeed to be taken imtaccount for these limits.
MMSD provides wastewater treatment services to approximately 350,000 people,

businessesand institutions in the Greater MadisaMisconsin area. On average, MMSD

receives and treats 4fillion gallons of wastewater each dayitkih 20-hours, that water is

returned to | ocal streams as t-lewldaréaendnt, but, &sl

is typical forcurrentwastewater treatment plateichnology does not remove dissolved solids.

The treatment needed to remakdorideinvolvesadding unconventional and costly processes,

such as reverse osmosisthe existingplant. Subsequently, aboomemillion pounds of
chloride pass t hr ou ghigulihBobeSsheowsphe average anaual h

DNR water quality standard limit of 395 mg/L.

As seen inTablel below, approximately 57%f all influent chlorideestimaed to come
toMMSDO6s Ni ne Sp rTreatgent Piafa NEVW TR i daest@ter softeners
(AECOM 2015) Thehigh percentages partially due to the fact thatrohking water in
Southcentral Wisconsin has hard wdsseFigure2 US Water Hardne$sin Madison WI, for
example, watecomes from twentghree deep wells with a total hardness rarfg#00 to over
500 mg/L as CaCO@boutl8 to30gpg) (Madison WatetJtility 2015). In a cross connection
survey conducted by tidadison Water Utility (MVU) in 20122014 96% of respondents
reported having an ion exchange water softener (Madi¢ater Utility 2014. Extrapolating the

percent of homes with water softenemiMWU 6ssur vey t o MMSDO6s tot al

we ek .
concentration of chloride in effluent for the Ninpriags Water Treatment Plant compared to the

uent
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105,000wastewater connections is expected that there are approximately @0Qsofteners in
MMS DO s s e.rSefterers arausesl a residential hoares commercial facilities among
many reasons, priarilyt o pr ot ect the plumbing systemds ho
scale buildup, which can subsequently increase the energy costs of heating water for domestic
use(WaterQuality Researctoundation 2009

Figure 2 US Water Hardness

CONCENTRATION OF HARDNESS AS CALCIUM CARBONATE,
IN MILLIGRAMS PER LITER

Hawaii

PUERTO RICO
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Mean hardness as calcium carbonatd A8QAN watermonitoring sites during the 1975 water year. Colors
represent streamflow from the hydrologinit areaMap edited by USEPA, 2005. Modified froBriggs and others,
1977.(USGS 2013)

Table 1 Estimate Sources of Chloride to MMSD Inflow

Annual Average Annual Average
Chloride Source Chloride Mass
Percent of Total
(Ib./day)
Background from Potable Water Supply Wells 11,491 8%
Typical Contribution from DomestiWastewater 11,829 8%
Zeolite Water Softener Contribution 80,500 57%
Industrial Input 25,000 18%
NSWTP Chemicals, Septage and Hauled Waste 3,138 2%
Road Ddcing 10,000 7%
TOTAL 141,958 100%

(AECOM 2015)

PROJECT GOALS

Project goals werto quantify the concentration and mass of chloride in residential
wastewater as contributed by water softeners, to determine to what degree chloride can be
controlled in residential wastewater, and to establish costs of controlling chloride by modifying
or replacing water softeners.



PROJECT TEAM

The project team includet¥adison Metropolitan Sewerage District, Water Quality
Research Foundation, Salt Institute, Cargill, water softener de@etienbrand Inc., Culligan
Total Water, Capital Water Sefter,and FoxSoft Water), Madison Water Utility, Process
Research Solutions, LLCGapndWE Badger Volunteers.

PROJECT FUNDING

Table 2 Project Funding

Source Amount

Water Quality Research Foundation $50,000

Salt Institute $15,000

Cargill $5,000

Water Quality Professionals $2,340 contributed optimizations

$9,450contributions for softener replacements
in kind support
$500 In kind training for volunteers

Madison Water Utility $9,450contributions for softener replacements
in kind support
$3,600 In kind support for sampling
WE Badger Volunteers $4,000 In kind support for surveys
Process Research Solutions $6,000in kind support for data analysis
Madison Metropolitan Sewerage District $9,450contributions for softener replacements

$14,000 research and data analysis
$10,000 staff time for project overview
$3,000 intern time for report writing
$4,700Monitoring crew labor
$5,150Equipment

Total Funding $150,000




CHAPTER 2: METHODS AND MATERIALS

SITE SELECTION

Two neighborhoodwith two sewersheds each, totalimyf sewersheds in the City of
Madisonwereselected fothis study. Neighborhoods were selected based on certain criteria:
1 Small,30-35 homesewershedéwith similarly aged homeghat were a the
upper end of a sewer line to allow feolation of thesewerarea,
1 Sewers serving the homes should be similar size,
1 Had twosewersheds inlose proximity of each othedrawing similar source
water,
1 Sewersheds should be made upmfy singlefamily residential units,
1 And manholes at the lower end of the sewershed will allow monitoring equipment
to be installed.

Using these criteria, the City dfadison Engineering Departmadentified a few
potential neighborhoods. Madison Metropolitan Seweiatrict(MMSD) crews reviewed the
manholes and determined which would be suitable for monitdrogations were confirmed as
viable for the study during the week of Jukp 12013, whera test pilot of the monitoring
programyielded successful resultsr conductivity \ersis time of daylater describeih Chapter
2).

Neighborhoods selected were Spring Harbor and Glensteyvn inFigure3. Within
those neighborhoods, two similar adjacent sewersheds were selestedsi@dPair A, Spring
Harborneighborhoodconsistedf the Tomahawk and RisssewershedsandSewershedPair B,
in the Glenway neighborhopdonsistedf Meyer and WinnemaSewershed€achsewershed
had29to 49 single family residential homes. Maps of individual sewersheds are included for
reference in Appendix A.

Figure 3 Neighborhood Identification, Study Sewershed Pair Map
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Both pairs of sewersheds, A and B, asrved byMWU. Pair Ais served byMWU 0 s
Well 14, and Pair Bs served by MWWWVell 12. Well 14 hasonsistentlyhigher chlorides and
hardness thawell 12.

Following selection of the study neighborhoptiiee Madison Water Utilitynstalled
6SmMet ersd, which digitally send water usage
included in this study, except for one house in thes&i sewershed, and one house in the
Winnemac sewershed, hadwMWU Smat Metersinstalled before the studifWU 6 s S mar t
Meters allowed therojectto acces$ourly water use for each home.

MONITORING PLAN AND METHODOLOGY
Overview

This studywas conducted in strategic periods to minimize weather related effects as well
as to Imit road salt inflow into the sanitary sewer systenbelgann the summerof 2013with a
surveyby MMSD of home softener equipment in the selected sewersheds. MWU set up a
schedule of municipal well monitoring twllect background water quality information to
characterize the water entering the homes in the sewershed during the wastewater monitoring
periods and to inform later analysis, and MMSD deployed manhole monitoring equipment to
measurdlow, conductivity, and chlorideconcentrationn wastewatebeginning inSeptember
2013 Following baseline data collection, houses in two sewershedspiveretreatments
consisting of water softener optimizationreplacementContinual monitoring ended in
December 2013ui was resumed for another period of monitoring in 20¥dather datavere
also collected throughout.

Baselinelnformation
Water Softener and Water Use Survey

In June througugust 2013surveys of all homesin the four sewershed areas
commencedo gathe background informatiarResidents were primed for surveys with a mailing
(Appendix B. The mailing contained an introductory letter with general information about the
study, and a postage ppaid appointment postcard to set up a time for the surveyMWBD.

Onsite surveysook placeJulythroughAugust 2013 byJW-Madisin& WE Badger
VolunteersVolunteerswere organizethto two teamsmade up of twar threevolunteers each,
led by a team leader who coordinatedMMMSD for scheduling, assistancachquality control.
The volunteer teams were trained in their first week of servidedaywater quality
professiona who educated teams abaatrious type®f softeners awel as many of the other
home water infrastructure items that they might entsufuring theiin-home surveys.
Volunteers also went through training from the MMSD laboratory staff on h@nofeerly use
water hardness field tekits.

Homes that responded with the appointment post card were visited first in each
sewershednitial response rate of the appointment post card was BR@%dencethat did not
respond were visitedsingon the ground canvasinghere volunteers started on one random
addressn the sewershed neighborhoad went down the block knocking on doors until a
resident responded and was willing to tékesurvey.



Participation in the survey was voluntary and homeowners had an opportunity to opt out.
Although this study did collect information through a surveindividual homeowners or
residents,his study did notequirelnstitutional Review Board or Research Ethics Bq#rB or
REB) approval fohuman subjects researdbe to the fact thahe survey, as seen in Appendix
B, did not focus on people and theipinions, perception®y choices only on products,
methodsandprocedures related to-homewatertreatment and usagPata about individual
survey responseasgerenot publicly publishedMeasure weret aken t o protect the
names and persadnaformation.
One volunteer tearper residencadministered surveys to participating households in
person orally. In some cases, respondents asked to fill out the suweting themselves rather
than through the aural interview @&method. Volunteers allowed these respondents to
complete the survey in writing. Due to the fact that many of the survey questions were
guantitative in nature, this multiple method of administering surveys likely did not have an
impact on responses.
As each team visited home, one team member took the lead omigitk the
homeowner tdearn about thbome,administeringhe surveygathering other general
information about h e hveam ¢réasnent processes and water use. In addlithat
volunteer performed hardness tests with the useagfent impregnated pageststrips When
held briefly under a water flovthe stripgurn a designated color to indicate the range of
hardness in the water. This quickly allows a person to determiroh wiaiter flows in a building
are softened cold water, hot water, water to showers and bathrooms, water to kitcheie=tc.
otherteammembeg at her ed i nf or mati on a toakwater sammes,h o me 6 s
and tested the hardness of the watgering the softenersing a HACH hardness test kit
Samples tested for hardnesswalsot aken fr om outsi de the hose bi
laboratory to be tested for Calcium and Magnesium. Results were translated to hardness; results
analyzed byte MMSD labv er y consi stent with MWUG6s reports
whereas other testing methods were not, as will be later disci$ssdalso recordephotos,
serial numbes; and softenemake/model and ¢tent setings.The second volunteeeviewed
the plumbingsystem and determinedahy other treatmemtevicesare presentThey also
adjustedsofteners to regenerate an2(per the softener industry standarsl) that the softener
brineflows would occur in as many residences as possible aathe time of the day.
Out of thel47 of homes in th013study group, 13%vereapproached for the survey
With 52 homessuccessfully surveyed byhe WE Badger volunteergesponse rate was
approximately389%. Of the total 2013 study group, there were 15 houses that opted out or were
not able to be surveyed, and lB@mes where volunteers did not have success compteéng
survey aftenumerousattemptedsisits.

BackgroundMunicipal Drinking Water Quality

To coincide with each manhole monitoring periadter sampleweretaken fromthe
drinking water distribution system entry point associated ®aith of the two wells that serve
the sewershedSamples were collectegpproximately once a wedky MWU andsentto a
certified drinking water laboratory to be analyzed for chloride, calcium, magnesium, iron, and
manganeseoncentrationsAdditionally, samples were tested in the field usMdVvU 6 s
conductivity meterThese dataharacterizé the drinking water entering the residences.



Manhole Data Collection

Manholes were monitored am initial trial and then two main monitoripdpases, each
phase measurindpfv, chlorideconcentrationandconductivity. Three phases are as follows:
Trial Phasé July 2013
Phase I September 2013 to December 2013
Phase 2 July 204 to August 2014
Equipment used in manhole monitoring for this project included:
1 1SCO730 Bubbler flow module
1 Portable Sampler, ISCO 6712C
§ ThermoScientific™ Orion Star™ A322 Conductivity, TDS, Salinity, Resistivity and
Temperature Portable Waterproof Meter
1 45 degreenotched plywood weir
1 ISCOModel 2160 Area VelocitfFlow Metering Inserts
1 Flow through cell
All manhole monitoring was calucted by MMSD staff in the dowmeammanhole of each
sewershedror all devices in the four manholesanufacturer instructions for routine cleaning
and quality control checkserefollowed. Each manholevasvisited daily, Monday through
Saturdayby MMSD personneto check that the equipmewasoperating properly antb take
the 24hour composite wastewater sample to MMS® ¢ elaboratdryifoe ahloride analysis.

Chloride Measurement

Chloride was measured in two wagsorderto compare results for accuraghloride was
measured in theanhole via 1) a daily composite sample of chloride concentrationnd
hourlywith aflow throughprobe for conductivitywhich can be related to chloride concentration
if other ionic specieare notpresentn significant quantities.

A daily average chloride concentration was determined by collectingha@dvastewater
composite sample in each sewershti ISCO 6712C Portable Samplefhie samplewas
programmed tdakea 120 mLsample of wastewatewvery 10 to 20 minutet® createa daily
composite chloride sample at each giier 24 hours, the bottle was taken from the manhole to
the MMSD laboratoryor analysisand a new empty bottle was put in its place to begin the
collection process for the current dayis was done everyay except for Sunday, when crews
were not working. Machines were recalibrated to take the sample over a longer period of time on
Sundays.

Conductivity of the wastewat@rasmeasured usin@rion Thermo Scientific
Conductivity Probeevery 1 to 15 minutesneasuredn micro Siemenger centimeter (uS/cm).
Thesedata wererelayed to a data logger which was visited biweekly to manually download the
information to acomputer

Flow Measurement

For this study, residentialastevater flow, the water coming ouof individual homes,
was measured in two waf@ comparisoras well
1. MWU provided hourly drinking water flow data per home in the form of gallons per
hour, fromSmart Metersnstalled in homes,
2. and manhole monitoring



MWU assembled hourly drinking water usage data sent digitally totilitg via the

Smart MetersThe data for each residence in the sewersheds during the manhole monitoring time
periods were transferred to one projeetmparticipant in Microsoft Excel®preadsheets.
Hourly water usage data were summed for all of the residences in each sewershed to determine
hourly water usage per sewershed and average hourly usage per residenogéersate for
residences without SmartéNer data, the average hourkage per residence times the number of
missing residences was added in. In this way, all residences in the sewershed were accounted for.
It became evident that sometimes a resideStiahrt Meter may not send the flow data for some
time periods, but thesend the totalized flow data at some later time during the day. This
especially was the case during the first monitoring periodarfdll of 2013 when the MWU
Smart Metehad been recently put into operation. The drinking water usage data were summed
to a per day basis so that hourly variation was eliminated.

In the manhole, flowwas measuredontinuously in gallons per minute by the portat3@
bubble flow module for areaelocity metersampler and fortfive degreév-notchweir in each
manholeThe ISCO continual flow data waaggregated into a daily flow measure by Flow Link
Software, and were downloaded by trained district monitoring crews weekly. Information from
FlowLink Software wagxported to Microsoft Excel® spreadsheet forrBaith theflow meter
and conductivityprobehad to be manually collected from each manhole by a monitoring crew
staff personExcel macros were also used to transform the manhole wastewater data from GPH
and GPM to GPD (gallons per hour or gallons per minute to gallordaggr

Evolution of Monitoring Methods

In July 2013MMSD completed ane weekest for manholeata collection in the Winnemac
manholeDevices to install flow measurement, conductivity anbride were installeds seen

in Figure4. After success ithe trial phasef testing, equipment was purchased and installed for

the full scale project. Each offortfldwe f our sewe
conductivity, and chloride with the equipment and methods developkd trail phaseuring

the 2013 Phaserhonitoring.After initial complications witiPhase 1 monitorindata collection,

this method of collection was ended in December 2013aa®tond phase of monitoring efforts

was planned for 2014.

Phase built upon lessons learnedtime trial andPhase 1 further adapting the
measurement techniques witaw equipmet and methods for both flow and chloride
measurementuring Phase2, weirs were removed and replaced WBCO Model 2160 Area
Velocity Flow MeteringInsers (Figure5). The flow metering insertsere installed o all four
manholesn the study to mitigat®'-notchweir clogging.Problems withags and grease
cloggingthe V-notch weirs complicating flow measurementere alleviated with theew
device.Working with suppliers and thouse monitoring services creMMSD also mitigated
manhole data collection complications with tteelopnent of aflow-through celffor
conductivity readingsThe flow-through cell allowed conductivity readings to be takea a
chloride sample was drawn intfeeinstalled samr, as opposed to the original method of a
single probeplaced directly in the wastewater streaMSD tested the ISCO Flownsertand
flow through cellin June of 2014 and started monitoring all thenitaring locations through
August 22, 2014.

For the purpose of improving data collectiorPimase2, manhole monitoring locations in
two sewersheds were changed or moved. In the Risser Sewershed, the manhole where Phase 1
monitoring was conducted was chadgo a manhole down the street with better conditions for



in sewer monitoring, see Appendix A, Phase 2 Monitoring Locations Magssré&sulted in
removing thee addresses in tiessersewershedrom the studyThe position of monitoring
equipment was @nged in the Tomahawk sewershed for Phase 2, resulting in removal of
seventeemaddressefrom the sewershestudy ara (Appendix A)

In addition to changing equipment and locations for monitoring, preceding the Phase 2
monitoring period, educationaieasures were also taken to prevent the weir clogging
interferences seen in Phase 1. Homeseemmer s wer
Appendi x E. The handout provides information
should not belfished. In addition, the city of Madison jetted and cleaned sewer lines before re
installation of monitoring equipmenAll monitoring ceased, and equipment was removed in
August 2014

Figure 4 Manhole Monitoring Equipment and Setup
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ISCO 6712C Portable Sampler Orion Conductivity Probe Setup in Manhole

Figure 51SCO Flow Insert - Phase 2 Monitoring Equipment
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Weather Data

Weather datavereused in analysis to evaluate weather impacts on monitoring data.
Daily total precipitation and dailyninimum, maximum, and medaemperaturevereobtained
from the Wisconsin State Climatology Office 8ather for the Spring Harbor pair of sewersheds
came fron the Charmany Farmeatherstation, and weather data for the Glenway pair of
sewersheds came fraime Arboretum weather statioRrecipitation and temperature were
recorded bcause precipitatiocanimpactwastewater flow in the manhole via inflow and
infiltration.

WATER SOFTENER OPTIMIZATION AND R EPLACEMENT
Treatment Recruitment

To address the studyobés second goal of esti
from home water softeners can be colttid with higher efficiency softeners, homeowners in
two sewersheds received assistaogpgradevater softener efficiencyApproximately eight
weeks after théirst phase of monitoring was started, homeowners in the Meyer and Risser
Sewersheds were dacted to make improvements to their water softenersesitiencem
thesesewersheds received a letter from MMS&htin the first week of Novemberfhese letters
available inAppendix C,gave background on the study, explained the offer for effigienc
upgrades, anthstructed homeowners to contact their water softener service organimation
participate in the program. Four Madisarea watequality companies scheduled appointments
with the interested homeowners and completed the dpgrar optimizaons. Companies and
district staff both followed the initial letter with phone calls and visits to houses that did not
respond to the original mailin@articipation in the efficiency upgrade program was completely
voluntary, but was incentivizdaly a new upgradedoftenerand thepotentialsavings on
softener salt purchases and home energy bills from more energy efiitamers

SoftenerOptimization & Replacement

RisserSewershedesidencesvere offered free optimizain of their existing softener and
Meyersewershed houses were offered free replacement of their existing water softeners.
Participation in softener upgrades was voluntary; sewershed homemrnesglents in the
treatment areas (Risser and Meygere aked to contact their water softening service
companies to set up appointments for replacement or optimization inatatks. quality
professionals from the four aboweentioned companies were given forms, available in
Appendix C to record initial obserteons and to track changes ma@empanies filled out
formsfor all houses they attempted upgrades on, and then forms were sent back to MMSD for
results to be compiled into a spreadsheet. Actp@nization and replacement treatments were
not standardizedut instead left on a case by case basisligeretion of thavaterquality
professionals who wereompleting thevork. For the purposes of the study, optimizasiorere
provided gratis by the water quality companies involved in the study, howevezettmvoices
were stillprovided for the cost benefit analysis of softener optimization. Costs for replacing
softeners were split between MMSD, MWU, the Water Quality Research Foundation and the
water quality companies.

11



CHAPTER 3: MONITORIN G RESULTS

SURVEY AND OPTIMIZATION/REP LACEMENT PARTICIPATI ON RESULTS

Response rate for the survey of all homes in the studyomafowever, participation in
the efficiency upgrades was higit48% and88% for optimization and replacement
respectivelyOut of the32 addresses in the Meyer sewershed study 28gmrticipated in the
program to replace their softener, dadr opted out odid not respond. Residents with
softeners received one of four different models, depending on their service company. All new
sdtenersinstalled, regardless of company had a minimum efficieney@ffOgrains hardness
removedper pound of salt consume@ut of the33 addresses in the Risser Sewershed study
area, b participated in the program to optimize their softetididid notrespond,wo houses
did not have water softenemadone houséad water service disable@ut of the 16 that
participated, three of the housd not receive optimizations because their model of softener
could not be optimized in any walhirteen housetotal had optimizations completed on their
water softeners.

DRINKING WATER QUALITY

As seen inmTable3 andTable4, the drinking water supplied to the Glenway area
sewershed pair Byy Well 12 has an avage of 3mg/L chloride while that supplied to the
Spring Harborsewershed pair Agrea by Well 14 averages 1dfgy/L chloride. Thewide
difference in concentratiorseen in the source water is atsflected in conductivity; the
conductivity in the Glenay area (50QuS/cm) is about half of that of the Spring Harbor area
(1000uS/cm). Having more mineral content, Well 14 averages a hardness of 460 mg/L as
CaCOa3 (27 grains per gallon or GPG) while Well 12 averages a haain28 mg/L as
CaCO03 (17 GPG)aording to results from the MWU. Hardnessasurementsom samples
takenout si de of the homes & hos eandtestedsintilediMED by
Lab, confirm these resul{&ee Appendix F).

Ironandmanganespresence are nédctorsin either study areavell. Iron and
manganese can deposit on softener media, blinding ion exchange sites and essigfigient
hardness removal. Iron and manganese wermaasuredn significant amounts at either well
site.

Table 3 Well 12 Water Supplying the Glenway Areal Pair B

o _ Hardness Chloride | Conductivity | Iron Manganese
Monitoring Period | Collected Date
mg/L as CaCO] GPG mg/L puS/cm pa/L pa/L
10/21/2013 280 16 3 520 <2 0.70
10/29/2013 284 17 3 494 <2 <0.25
11/6/2013 282 16 3 489 <2 <0.25
11/12/2013 273 16 3 492 <2 <0.25
1st Phase 11/20/2013 280 16 4 <2 <0.25
11/26/2013 288 17 3 <2 <0.25
12/3/2013 283 17 3 <2 <0.25
12/11/2013 285 17 3 <2 0.30
12/18/2013 282 17 3 <2 <0.25
12/26/2013 283 17 3 <2 <0.25
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7/18/2014 3
2nd Phase 71242014 280 16 5
Table 4 Well 14 Water Supplying the Spring Harbor Areai Pair A
o . Hardness Chloride | Conductivity | Iron Manganese
Monitoring Period | Collected Date
mg/L as CaCO{ GPG mg/L pS/cm pa/L po/L
10/21/2013 456 27 90 1060 <2 <0.25
10/29/2013 459 27 117 999 <2 <0.25
11/6/2013 459 27 118 1001 <2 <0.25
11/12/2013 457 27 117 1003 <2 <0.25
11/20/2013 456 27 122 <2 <0.25
1st Phase 11/26/2013 461 27 117 <2 <0.25
12/3/2013 454 27 117 <2 0.40
12/11/2013 456 27 119 <2 <0.25
12/18/2013 460 27 118 <2 0.30
12/26/2013 457 27 116 <2 0.60
12/30/2013 116
5/9/2014 112
Interim 5/23/2014 118
6/4/2014 111
6/20/2014 112
7/2/12014 109
2nd Phase 7/18/2014 114
7/24/2014 448 26 119

WASTEWATER FLOWS

Wastewater flow measurements in ffrenahawkSewershed manhole takenNfay and
June2013for thetrial phaseof monitoring isshown inFigure6. Resultsvere consistent with
MWU readings and were therefore confirngdviable for the full scale monitoring fmasel
scheduled for SeptemberZ®

During thePhase 1 monitoringp September 2013heresultsdid not replicate the 2013
trial results.Obstacles t@robes collecting accuratkataincluded:

1 Debrisclogged monitoringveirs leading to inaccurate flow readingg/hen
clogged, the flow readings would continueattificially increase untithe system
flushed its self or washanuallyflushed,
low or irregular flows leading to inconsistertr@uctivity readings
chloride sample bottlefdled to different depths evethough they were set to
collect the same aliqudondaythroughSaturday (12@l) attimed incrementsf
every 10 minuteand every 20 minutesn Saturday through Monday,

1 clogging in the suction liredue to eitherincorrect settings or a suction linethvi

insufficient flow depthavailable from which to draw a sample
Throughout théirst phase omonitoring, MMSD woked to troublshoot each issu&IMSD
created data sheets for field crews to document a variety of parameters during each 3ite visit
mitigatethe clogging of weirs, MMSD crewscreased site visitation and attention to weir
cleaning during visitdEven with increasedisitation and cleaningmphasis, the weirsill
caughtsubstantial debridue to the lowflow environment.
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data for validation. Manhole wastewater flow should genebalgquivalent tevater meter flow

Phase 1 manholeastewateflow datawerecompared with MWUSmart Meter flow

due to the fact that most water coming in to a house also gets put down the drain as wastewater
The two would not be an exact match duevaporationlandscaping water use and its
infiltration into the groungdor waterimports/exports to and from the home

As seen irFigure?7, flow monitoring fromPhase Inanholemonitoringcomparedvith

MWU Smart Meter datedhadno correlationIn all of the sewersheds, the wastewater flow was
greater than the drinking water floBased on observations, the manhole wastewater flow was

measured higher than in reality as the water Jevad therefore flow ratécreased over the
weir due to manhole and weir clogging.
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Figure 7 Phase 1, 2013 Wastewater Flow Comparison
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Risser Sewershed
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Phase& wastewater flow resultseen inFigure8 below, showed aorrelationas a result
of improved monitoring techniquelh these figures, wastewater flow measured in the manhole
is compared to MWU drinking wer usage&smart Meter data and daily precipitatioihe MWU
drinking water usag8mart Meter data and measured wastewater flow data track closely together
except for peak events. Areas where wastewater and Smart Meter data do not correspond can be
explain@l t hrough a few exception scenarios. A con
constructed through logical combination of the two datasets to reflect the most likely actual
flows.

Peals in the measured wastewater flane assumetb be manhole clogging evisn
Therefore, m that caseMWU drinking water usage data were selected as representative of daily
wastewater flow and used in further data analysis.

Figure 8 Phase 2, 2014 Wastewater Flow Comparison and Composite

Phase? - Spring HarboNeighborhood, Pair AVastewater Flow Results Comparison

Phase 2 Glenway NeighborhogdPair BWastewater Flow Results Comparison

There were time periods when the MWU drinking water usage data were greater than the
manhole wastewar flow data, for example in the Risser Sewershdedgare8, from 8/9/14 to
8/19/14 Weather dataorresponding to that time period show many dayseodprecipitation
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