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Executive Summary

TheGreeley Water & Sewer Departmenf the City of Greeley (Greeley) currently distributes surface

water treated by the Bellvue Water Treatment Plant (WTP) and theg@bake WTPGreeleyis

developingan aquifer storage and recovery (ASRJyogramin the Upper Laramie Aquifer underlying

the Terry Ranch (TR) land parcels develop reliable and resilient water supplieBefore introducing

water from the TR wells into th@otable distribution system, it will be treated for radionuclides using

a highlyselective uranium absorptive mediaalso called singleuse ion exchange (1X) medidhe

introduction of a new water source into an existing distribution system can signifitigrchange a

water systembs chemistry and tr i gndmetalreleaseiForus c¢chal
this reason, the Lead and Copper Rule (LCR) requires water systems to undertake corrosion control

studies (CCS) when changing water sources oiplementing longterm water treatment changes to

evaluate the potential for increase lead and/or copper corrosioithis Technical Memorandum (TM)
presents the tasks that were conducted to evaluat
distribution system when TROs groundwater wil/l bl end wi t
Boyd WTPs. The following three scenarios were examined:

1. Each individual water sources independently, including water from the TR wells;
2. Blend of water treated bythe Bellvue WTP and Terry Ranch wells; and
3. Blend of water treated by the Bellvue and Boyd Lake WTPs and Terry Ranch wells.

Potential challenges, as well as options to mitigate those challenges, are identified and discussed.
This TM also includes a cursoyssessment of chlorine residuals throughout the existing distribution
system and whether booster chlorination stations may be needed once the TR groundwater is
introduced into the existing distribution system.

Results and findings obtained during this evaation are summarized here:

1 The lead and copper concentrations measured at customer taps during the most recent
samplings indicate that cuprosolvency and plumbosolvency are currently veslhtrolled in
Gr e el ey amea. sa@ated acaureences of higkead concentrations(including
concentrations above thdead Action Level of 0.015 mg/L) have been observed at certain
customer taps Althoughthesed o0 not war r ant cortosiom gontmolgreatterd el ey 0 s
(CCThand can be handled directly with theustomers of these propertiesunder the LongTerm
Revisions to the Lead and Copper Rule (LRRwater systems in thigposition will need to initiate
actions, conduct additional samplingand reach out to the affected customers

1 Becausethe Belvue WTRends to form different | ead mineral s
supplies, theexisting lead scalescould be disturbed when water from the TR wells will be
introduced the distribution system. HoweveGr e e | e y 8 slreadyexgerentingseasonal
changes in water source when the Boyd Lake WTP is online in summertime, without widespread
lead or copper releasesTherefore, it is unlikely that the addition of the TR wells will exacerbate
current conditions

1 With regards to copper corrosion, water tréad by the Bellvue WTP is not corrosive towards
copper, but water treated by the Boyd Lake WTP can be corrosive at its lower pH range. Some of
the analyses indicated that water from the TR wells, if used alone without blending, would also
be corrosive towads copper unless a corrosion inhibitor is used. However, the corrosion indices
calculated do not support this observation. Before proposing an alternative C&¥Tctly to control
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Terry Ranchd Water Quality Evaluation Executive Summat

potential copperrelease, additional water quality data should be collecteffom the TR wells to
resolve the conflicting trends observed. Water from the TR wells will not be as corrosive towards
copper upon blending with water treated by the Bellvue WTP or Boyd Lake WTP

1 The overallblend of TR well water shows that under certasonditions, the TR wells may be
aggressive towardsementmortar lined pipes and asbestosement pipes However,these
conditionsare similar or better than those calculatedn water treated by the Bellvue and Boyd
Lake WTPs, suggesting that the introduction of TR well water into the existing distribution system
is not likely change the aggressiveness of the water distributed by Greeley, and may even
decrease it.Moreover,Greeleys distribution systemcontains very little cementbase materials
(only a few percent of theransmission mains and less tharl percent of the distribution system
pipes).

Analyses conduted suggest that a change in CCT is not warranted, howeuvewyas noted thatthe

low pH of the water treated by the Boyd Lake WTP compared to the Bellvue WTP and future TR wells

leads to significant pH variations in the distribution system. Increasing pitthe effluent of the Boyd

Lake WTP would i mprove water quality, decreases t

corrosiveness of the water towards copper pipgand limit changes in pH in the distribution system

Before increasing pH at the effluent ahe Boyd Lake WTP, the consequences of this change would

need to be evaluated more comprehensively, including effect on disinfectant stability,

trihalomethane (THM) formation potential, and others.

This TM also includes a cursory assessment of chlorine idigls throughout the existing distribution
system and whether booster chlorination stations may be needed once the TR groundwater is
introduced into the existing distribution systemResultssuggest that optimizing the use of the 23rd
Street Booster Statbn and Reservoior an upstream reservoicould help reestablish chlorine
residual in the southeastern part of the distribution system where chlorine residual is lower. A
booster chlorination station at the Gold Hill Tank, where water from the TR wellexpected to
connect with the existing distribution system, may also help Greeley maintain a sufficient chlorine
residual throughout its service area. Because booster chlorination stations also increaksinfection
byproduct DBB concentrations, the oveall impact would need to be examined in benebcale tests.
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Section 1

Introduction

TheGreeley Water & Sewer Departmeif the City ofGreeley(Greeley)currently distributessurface
water treatedby the Bellvue Water Treatment Plant (WTP) and the Bdyake WTPGreeley
evaluated several strategies to develop reliable and resilient water sujgd and has narrowed in on
aquifer storage and recoveryASR). ASRill allow for the use of the Upper Laramie Aquifer
underlying the Terry RancliTR)land parcels forgroundwater supply and storage of surface water
treated by the Bellvue and Boyd Lake WT.Prhis project (known as the Terry Ranch Project) will be
developed in several milestones, with the last phases expected f6ear 2100. Before introdudng
water from the TR wells intdhe potable distribution system it will be treated forradionuclides
(mainly radon, uranium, and gross alpha particlesising a highly-selective uranium absorptive
media, alsocalled single-use ion exchange (IXPetailed information can be found irthe Draft
Technical Memorandum titledl'erry Ranch Water Supply Projeefreatment Concept Desigrand
dated of November 16, 2020.

The introduction of a new water source into an existing distribution systeamn significanty changea
water systend shemistryand trigger various challenges includingorrosion metal release
disinfectant decay, increases in disinfection byproduct (DBP) formation, and many oth&. this
reason,the Lead and Copper Rule (LCRYquireswater systems to undertakecorrosion contol
studies (CCSWwhen changing water sources or implementing losgrm water treatment changesto
evaluate the potential for increase lead and/or copper corrosioithe LCRalso requiresPrimacy
Agencies(for Greeley, the Primacy Agency is ti@mlorado Department of Public Health and
Environment CDPHEJ}o review and approve the addition of a new source or lotgrm change in
water treatment before it is implemented by water systemBrimacy Agencies may require systems
to resume Standard Monitoring for LCRcompliance(i.e., collecttwo samplings per yeaat a greater
number of siteg or take other appropriate steps such as increasg WQP monitoring or revaluatng
their corrosion control treatment{CCT before implementing the proposed changes

This Technical Memorandum (TMiresentsthe tasks that were conducted tevaluate the effect of

the TR wells on Greel eynwenT B greusdwatarvgll bldnd with suifdtceu t i on s
water treated by the Bellvue and Boyd WTPEhis evaluationis important because the introduction

of groundwater from the TR wellwill represent a new water source anthe TR treatment process

will representa longterm change in water treatment strategyand any changes in water quality can

impact the stabiltyof t he sy st e mad. B this evaluatios, hedatlowimgtlarde scenarios

were examined:

1. Each individualwater sources independentlyincluding water from the TR weljs

2. Blend of water treated by the Bellvue WTP and Terry Rametlls; and

3. Blend ofwater treated by the Bellvue and Boyd Lake WTPs and Terry Ranehs.
Potentialchallenges, as well a®ptions to mitigate those challenges are identified and discussed
ThisTMalso includes a cursory assessment of chlorine residuals throughout the existing distribution

system and whether booster chlorination stations may be needed once the gieundwater is
introduced into the existing distribution system
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Terry Ranchd Water Quality Evaluation Section 1

This desktop evaluatiorof water quality was conducted as part of Work Order 6 under the Contract
for Ownerod6s Advisory Services associated with
Environmental Impact Statement (EIS).

1.1 Organization of the Desktop Corrosion Control Study Report

The following outlines the sections of this TM:
1 Section 1: Introduction and organization of th&M;

1 Section 2: Background information on the current LCR, corrosion and metal release, and
corrosion control options

1 Section 3: Description ofcreeley) water system, includingcurrent water sourcesand WTPs
future water source from the TR wellgnd distribution system

1 Section 4:Corrosion control evaluationincluding lead and copper concentrations, water quality,

corrosion tendenciescorrosion indices and CCT
1 Section 5:Disinfectantresidual under the current conditions and expected conditions
1 Section 6: Conclusions and recommendations
1 Section 7: Limitations; and
1 Section 8: References.

The report is supported by Appendix &vhichpresents a detailed background on corrosion including
impact of corrosion on different distribution system materials, effect of water qualitydicators,
corrosion indices, and importance of hydraulic conditions. Information on corrosion control strategies
including pH andalkalinity adjustment, and phosphateand silicatebased agents is also presented.
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Section 2

Background Information

This section introduces the current LCR, presents technical information about corrosion and metal
release in general, and describes corrosion control options available to water systems.

2.1 Lead and Copper Rule

ForColoradowater systems the LCR iglescribedin Title 5 of the Colorado Code of Regulations
Series1002 Water Quality Control CommissioRegulation No. 118 Colorado Primary Drinking
Water Regulations (32CR 100211), and more specifically in Section 11.26

The main purposeof the LCR is to protect public health by minimizing lead and copper levels in
drinking water, primarily by reducing water corrosivity. Recognizing that lead and copper are rarely
present in raw water sources but instead come from pipes, fittings, and fires of service lines and
premise plumbing, the requirements of the LCR include sampling at customer taps instead of utility
owned portions of the water system. The LCR is a treatment technique, meaning it relies on Action
Levels (ALs) for lead and coppénstead of maximum contaminant levels (MCLs), and may require
monitoring of water quality parameters (WQPs) to assess complianthe ALs are the following:

1 Lead: 90th percentile of tap water samples less than 0.015 mg/L or 15 pg/L (i.e., no more than
10 percent of the samples can exceed 0.015 mg/L for lead);

1 Copper: 90th percentile of tap water samples less than 1.3 mg/L (i.e., no more than 10 percent
of the samples can exceed 1.3 mg/L for copper).

Exceedances of these ALs or WQPs may trigger actiond thiater systems must implement to
decrease lead and copper concentrations at customer tapshese actions may include
implementing CCT, source water monitoring and/or treatment, public education, and lead service
line replacement.

For lead and copper samigs collected from customer taps, samples consist of firsiraw samples,

i.e., one liter of water that has stood motionless in the plumbing system for at least six holssless
otherwise advised bytheir Primacy Agencywater systems onStandard Monitoring must caxduct two
samplings per yeamat customer taps between January 1 and June 30, and again between July 1 and
December 31 Systems onReduced Monitoringcan collectsamples once per three yearsluring the
months of June, July, Augusbr Segember. The numbers of lead, copper and WQP samples are
based on population servedSystems onStandard Monitoring must collecttwice as manycustomer

tap samples as systems on Reduced Monitorin@Greeley was on Reduced Monitoring with triennial
samplingsat 50 customer taps until 2017. Following the lead crisis in Flint, Ml, CDPHE required
Greeley to sample for lead and copper annually at the Reduced Monitoring number of taps, i.e., 50.

The LCR requires large water systems servimpre than 50,000 people(which includesGreeley to
optimize theirCCT this includes monitoring for lead and copper at customer taps, and WQPs at taps
and distribution system entry points for one year to allotve Primacy Agencyi.e., CDPHEp

designate an adequate treatment foeach system.n the current LCR, e WQPs are specific to
corrosion control and may include the following parameters: pH, alkalinity, orthophosphate (when an
inhibitor containing a phosphate compound is used), silica (when an inhibitor containing a silicate
compound is used), calcium, conattivity and water temperatureln July 1998, CDPHE assigned
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Terry Ranchd Water Quality Evaluation Section Z

wide range ofpH (7.0 to 8.9) and alkalinity (20 to 125 mg/L CaCQ) to represent optimal corrosion

control treatment (OCCT) for Greelekc cor di ng t o CDPHBBQE museltet er of Jul
monitored at thedistribution system entry points every two weeks, and at distribution system sites

twice per sixmonths.

The LCR has undergonseveralrevisions since its original publication in 1991More recently, he
LongTerm Revisions to thé.ead andCopper Rule (LCRR) wepaiblished by the U.S. Environmental
Protection Agency (USPA as a final regulationon January 15 2021. The LCRR aims at reducing
lead exposure in drinking water with a focus on the most-ask communities. The following presents
the main areas of change brought by the LCRR:

Identifying the areas most impacted;

Strengthening drinking water treatment requirements;
Aggressivelyeplacing lead service lines;

Increasing sampling reliability;

Improving risk communication; and

Protecting children in schools and childare facilities.

o gk wdhPE

Thecurrent LCR includes three options to control corrosion in distribution systems: 1) alkalinity and
pH adjustments; 2) calcium hardness adjustment, and 3) addition of a phosphat# silicatebased
corroson inhibitor. The LCRR eliminates the calcium hardness adjustment option, recognizing that
calcium carbonate (CaCg£) scales do not effectively passivate lead or copper pipinghe LCRR also
specifies that orthophosphateor silicatebased corrosion inhildiors should be used, recognizing that
polyphosphates do not offer protection against lead or copper release.

2.2 Corrosion and Metal Release

Corrosion is an electrochemical interaction between a metal surface (e.g., a pipe wall) and water.
While it is importart to understand and control corrosion, metal release into the water is the process
that drives drinking water regulations and presestthe greatest risks to public health. Pipe scales
that build up on the metal surface are also important, and can include/d types of compounds:

1) passivating films that form when pipe material and water react directly with each other; and

2) deposited scales that form when substances in the water (e.g., iron, manganese, aluminum,
calcium) precipitate or sorb to, and then build up on the pipe surface. Appendix A presents detailed
information about corrosion.

Erosion of pipe internal surfaces iad linings is a phenomenon that differs from metal corrosiomas
explained further in AppendiA It derives from aggressive waters, and mainly affects cemembrtar
lined pipes and asbestosement pipes. These pipes are composed of various calcidrased
compounds that can dissolve in aggressive waters.

Many factors influence corrosion, sometimes in conflicting ways. Distribution system materials play
an essential role in the process, and water that may be passivating for one material maycbaosive

for another. Likewise, many water quality parameters need to be considered when examining the
corrosiveness of a water sourceand changes in water qualityfrom the use of a different water

supply or change in treatment processjan also exacerhte corrosion and metal releaseThese
complexities formthe rationale that was used todevelop indices of corrosion and aggressiveness,
such as the Langelier Saturation Indeft.SI) the Chlorideto-Sulfate Mass Ratio (CSMRand others
Lastly, distributbn system hydraulic conditions such as water velocity, water usage and flow direction
also influence corrosion. Appendix A provides detailed information about each factsponsible for
corrosion and metal release
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Terry Ranchd Water Quality Evaluation Section Z

2.2.1 Lead Corrosion Control Theory

When assesing water quality data for lead release or plumbosolvency, it is beneficial to assess the
mechanism controlling | e asevicelmesarspiemiseptuinbing. 8rownn
et al. (2013) summarized three primary mechanisms for lead corrosi@ontrol:

1 pH and alkalinity adjustment to form passivating lead carbonate scales (Phitiperal scales)

1 Maintenance of a high oxidation reduction potential (ORP) to form passivating lead oxide scales
(Pb(IV)mineral scales) and

1 Addition of achemicalcorrosion inhibitorsuch asorthophosphate or silicatebased compounds.

The potential forGreeleyto rely on these mechanisms to control lead iits distribution system is
discussed in Sectiord4.3.1.1.

Because drinking water always contain some alkaligjtlead carbonates are important lead mineral
found in drinking water distribution systemswWhen onlythe pH and carbonate concentrationsire
considered, here are two forms ofead carbonateminerals that predominate under water quality
conditions that are typtally encounteredin drinking water: cerussite (PbCG{pand hydrocerussite
(Ps(CO3)(OH}). These minerals form under different conditiondiydrocerussite is the dominant
lead carbonate when pH is high or the dissolved inorganic ban (DIC)oncentrationis low, while
cerussite is more prevalent when DI€oncentrationis higher and pH is lower. The approximate
domains of the two minerals are showmiFigure2-1. In general, hydrocerussite is more stable than
cerussite and is the form of lead carbonatéhat can lead to the lowest overall theoretical lead
solubilities. Hydrocerussite tends to dissolve at pH below approximately 8.5, unless DIC
concertrations are low. Cerussite is less stable anchn bemore prone to sloughing, leading to lead
release, when water quality is not favorable to its production. Howevergdistribution systems with
relatively low amounts of leadbearing plumbing material§which is expected irGr e e lsystgnd,s
either form of lead carbonatei.e.,cerussite or hydrocerussite can effectively control
plumbosolvency if water quality conditions are stabl@hus, ae of the key elements to limit lead
corrosion and release is tanaintain stable water quality and distribution conditions, which preserve
the stability of the passivating lead carbonate minerals and limit plumbosolvency. If water quality
conditions change such that the dominant mineral form is no longer thermodynanliggavorable,
the water system may experience increases in lead as one mineral scale dissolves and the other
forms.
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Figure2-1. Contour Diagram of TheoreticaLead CarbonateSolubility
Thisdiagram represents a pure system with varying hydrogen ion and carbonate species concentrations, at 25°C and
Il =0.005 mol /L. Concentration units are |l og (mg Pb/L). Loca
respectively. The boundary line mition between the domains of the lead carbonate minerals is approximate
Source:AwwaRF and TZW1996)

2.2.2 Copper Corrosion Control Theory

Copper piping, which is commonly used for both service lines and premise plumbing, is most
vulnerable to corrosion wherit is newly installed. That is because, over time, copper pipe naturally
forms a scale of insoluble minerals that ©6passiva
metallic pipe wall.These scales typically manifest as duplex films, with a thirykr of the
semiconductor cuprite(CweQg) in contact with the metal pipe wall, overlain with a porous layer of
relatively insoluble cupric salts such amalachite (C.CQ(OH)s) or tenorite (CuQs)) (Schockand
Lytle, 2011). However, the formation of mlachite and tenorite is relatively slow; prior to formation of
these minerals, copper corrosion is controlled by the metastable cupric hydroxide (Cu(h]) which
is more soluble. Prior to formation of malachite or tenorite, high DIC water may lead to rapid
carbonate complexation that can disrupt the formation of the cuprite underlayer, leading to
increased copper corrosion. Therefore, except at high pHlues, high DI@oncentrationsthat may

be protective of iron piping may actually be aggressive to new copper pipifilgis is shown inFigure
2-2, which delineates between water conditions that were considered corrosive and noncorrosive
towards copper.Water quality conditionghat fall in the grey shaded area oFigure2-2 are

considered to be corrosive towards copper unless a corrosion inhibitor such as orthophosphate
(identified as PO in Figure2-2) is used.
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Figure2-2. Conditions that are Corrosive to Copper as Defined by thead and Copper Rule Working Group
(LCRWG of the National Drinking Water Advisory Committee (NDWAC)
Source: Roth et al. (2016)

In addition to the general corrosion ofopper piping described above, copper piping can be
vulnerable to pitting corrosion. Although pitting corrosion has been studied by many researchers, the
mechanisms controlling pitting are not currently well understood. Partially, this is because there are
multiple factors that can cause pitting, complicating analysig general, it has been demonstrated

that high pH water (pH 9) with low IZ concentrations(5 to 10 mg/L as C) and low free chlorine
residuals can result in copper pittinglL(ytle and Schock,2008). Chloride and sulfate may also impact
pitting corrosion. Historically, chloride was considered to be the most important ion when considering
pit formation and sulfate was not thought to be a factor. However, research by Edwards et al. (1994)
suggeststhat there is a temporal factor to the influence of chloride and sulfate on pitting corrosion;
chloride was found to initially increase corrosioyet lead tothe formation of passivating scales over
time, while sulfate was found to initially have no impaon copper corrosion but increased copper
corrosion over time, presumably by modifying the scale minerology away from passivating scales.

2.3 Corrosion Control Options

The selection of a corrosion control strategy needs to consider water quality, as well as distribution
system materials and hydraulic conditions. If corrosion control is deemed necessary, the general
approaches that can be used are the following:

1 Akalinity and pH adjustmeniwhich affects DIC concentrationor
1 Use of corrosion inhibitors to form less soluble metal compounds (e.g., carbonates, silicates, or
phosphates) that adhere to the inner pipe walls.

Calcium hardness adjustment that increases CaG@recipitation is often practiced to protect
cementbased pipes, but it does not directly affect corrosion of lead, copper or galvanized materials.
AppendixA presents detailed information about corrosion control strategies.

If a corrosion inhibitor is deemd necessary, its dosage needs to be carefully determined using
laboratory, bench and/or pilot tests, pipe racks, pipop or metal coupon tests, with appropriate
monitoring methods.
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Section 3

Description of the Water System

In addition to serving the City of Greelethe GreeleyWater & Sewer Departmenalso servethe
municipalities of Windsor, Milliken andEvans which represent approximately 15 percent of

Gr eel ey 6s waactceorr ddi ennga ntdo Water Masterd>hardlrs 2015 ,0appBoximately
96,500 people received water from Greeley. Population passed the 100,000 mark to reach
approximately 108,000 pe@le in 2017.

3.1 CurrentWater Sources

Greel eyds water sources include direct river dive
reservoirs, shares in several irrigationompanies and opportunities for exchanges with neighboring
entities (Figure3-1). More specificallyGr e el ey 60 s doriginatds fromgurfaca wager from
four river basins: Cache la Poudre River, Laramie RiM8ig Thompson River, and Gwado River.
These water sources are retained in shigh-mountain reservoirs located in the Poudre Basin
namelyBarnes Meadow, Comanche, Hourglass, Peterson, Milton Seaman, and Twin L@keeley
also uses a plains reservoir systerthat consists in three lakes (Boyd Lake, Lake Lovel, and
Horseshoe Lake) to provide storag® meet summer demand. In addition, Greeley can store a
portion ofits allocation ofthe Colorado Bigrhompson(GBT)Project in Lake Granby, Horsetooth
Reservoir and Carter Lakéo meet water demand.Greeley also owns a portion of the/indy Gap
Project.Water from theGBT and Windy Gafransmountain Projects originates from the Upper
Colorado River Basin.

I Peterson
1,183 AF Comanche Hourglass Twin Lake

2,629 AF 1,693 AF 275 AF High I
Mountain |
Reservoirs

Barnes Meadow

2,349 AF

e o e e e o o - - —— - —

Lake Estes
c-81
‘ Big Thompson River
Pinewood
c-B1

Seaman

5,008 AF
Flatiron Bellvue
Horsetooth
CaT Greeley
Legend . Boyd Lake
OO e | S
« Pipeline s ‘ ... o
«» Canal Lake Horseshos Boyd Lake
» Treated Water Transmission Lines Loveland Lake C-BT

C-BT 81

Figure3-1. Greeley Water Resources
Source:City of GreeleyyProduction Rate Summary and System Review Technical Memorandum (891
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3.2 Existing WaterTreatment Plants

Greeley owms and operates two drinking watetreatment plants (WTPs)the Boyd LakeNTP located
east of Loveland, and the Bellvue WTP located north of Fort Collins.

3.2.1 Bellvue Water Treatment Plant

The Bellvue WTP was established in @9 and operates year aroundlt is supplied byhigh-quality
surface water from the six highmountain reservoirsdescribed in Section 3.1as well asthe Laramie
Poudre Tunnel Projecthe GBT Projectand the Windy Gap Project

The Bellvue WThhas adesign capacity of 32million gallons per day (MGDJut limitations from the
transmission pipes leaving the plant restricts the capacity to 22 MGD, according to the 2016
Production Rate Summary and System Review Technical Memorandufallowing raw water settling
ponds, chlorine dioxide is addedo decrease DBP formation and oxidize iron and manganese
Chemical addition includegpowdered activated carbor{PACWhen needed, and chlorineand soda
ash (sodium carbonate)oefore rapid mixing In the rapid mixeralum, a polymer, and caustic soda
(sodium hydroxidepre added.Following focculationon plate settlersand sedimentation chlorine, a
filter aid polymer and caustic sodare added beforefiltration. Disinfection is performedwith free
chlorine. Caustic sodais used to ircreasepHto 7.7 to 7.8 and control corrosion in the distribution
system

3.2.2 Boyd LakeWater Treatment Plant

The Boyd Lake WT®Ras established in 1964 and typically operates from April to October each year.
It is supplied by surface water from th€BT Projet, the Windy Gap Project, anthe three lakes of

the plains reservoir system described in Section 3.Greeley operators adjust the water source
blend toreach an alkalinity of 30 mg/L as CaCf{)and preferably 40 to 45 mg/L.

The Boyd Lake WTP ham approvedcapacity 0f40 MGD, conditional on maintaining effluent water
quality, but aging infrastructure and raw water quality have limited the capacity to approximately
32 MGD(according to the 2016 Production Rate Summary and Sysm Review Technical
Memorandum). Like the Bellvue WTP, ater is treated using a conventionaprocessthat begins with
raw water settling pondsfollowed bychlorine dioxideto inactivate microorganisms and improve
tastes and odors coagulation with alum ad a cationic polymer in aapid mixer, flocculation(a PAC
slurry is added at one of thdlocculation basing, sedimentationin tube settlers, addition of a
cationic polymer and chlorineand filtration on dual media Disinfection is performedwith free
chlorine. Like the Bellvue WTP, caustic soda is used to increase foH7.2 to control corrosionin the
distribution system.

3.3 Gr e e IDistybdtisn System

From the WTPs, treated water is delivered to Greeley througi3lhiles of transmission pipdines,
14 inches in diameter and greaterThesummary of pipe materials presented iffable3-1 indicates
that the majority of the transmission pipes & made of steel with small amounts of @ast iron pipes
(CIP)and ductileiron pipes (DIP)

From the Bellvue WTP to Greelevo transmission pipdines with a combined capacity of 20MGD
(according to the 2003Water Master Plan distribute water by gravityOne of the transmission
pipelines is predominantly 27inches in diameter, and splits into two 2@nch pipes.The second
transmission pipdine leavesthe Bellvue WTRt 38 inches in diameterand decreases to 30inches
and then 27 inches(its predominant sizg until it reaches Greety. A number of customers are served
directly from these transmission lines
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From the Boyd Lake WTP, two transmission piipes provide water to Greeley: a 2¥hch diameter
pipeline and a 34-inch pipdine. The ®mbined capacity is40 MGD according to the 2003Nater
Master Plan As opposed to theBellvue WTRransmission pipdines, water from the Boyd Lake WTP
is pumped through the transmission piplines to reach Greeley.

Greeleyp s di st r i leangistsof four prgssute eames interconnected by pump stations and
pressurereducing valves (PRVsas illustrated inFigure3-2. Gr e e [firislyed water storage tanks
are locaed at four sites(2003 Water Master Plany:

1 23rd Avenue: Four reservoirs with a total capacity of 37 MG;
1 Mosier. A twocelled reservoir with a totatapacityof 15 MG;

1 Gold Hill A single reservoir witla capacity ofl5 MG, and

1 Zone 4 A single 2MGelevated storage tank.

In general, water from the Bellvue WTP fsimarily delivered to Zone 1, but it may also be delivered
to Zones 2 and 3 via the Mosier Pump StatioiwWater from the Boyd Lake WTP is primarily delivered
to the Gold Hill Reservoir, which sergeZone 3, but it can also serve Zones 1 and\da PRVsZone4

is supplied by pumpingvater from Zone 3.

Greel eyds distri but89mibesd pipesAesommarl af distributian byatelre s 4
pipe materials is presented irErrar! Reference source not found.and a summary oftustomer

service ling(i.e.,the pipe segments from thewvater meter to the buildingg materials is shown in
Table3-3. Error! Reference source not foundndicates thatthe dominant pipe material is CIP

followed by DIP and C900 PV®lost service Ines are made of copperAlthough there are still a few
service lines for which the material has not been identifiedhére are no known lead service lines in

Gr e e Isezvicdasea

Table3-1. Materials of the Transmission Pipelines from the WTPs to Greeley

Material Diameter (inches) Length (feet) Proportion of Systeny{%
Cast iron pipe (CIP) 20 to 36 134,593 16.7%
Concrete 27 35,985 4.5%
Ductile iropipe (DIP) 16t060 108,276 13.%2%
Polyvinyl chloride (PVC) 24 340 <0.1%
Steel 14 to 60 527,256 65.4%
(M The proportion is based on a total pipe length &06,450 feet.
Tabld2.Pi pe Materials Present in Greele

Material Diameter (inches) Length (feet) Proportion of Systenmy{%
Asbestos cement pipe (ACP] 6 1,868 0.1%
C900 plyvinyl chlori@VC) 410 16 613,027 23.8%
Cast iron pipe (CIP) 210 48 1,115,566 43.3%
Copper 1t03 1,180 <0.1%
Ductile iron pipe (DIP) 3t036 802,607 31.1%
Galvanized iron pipe (GIP) 2t03 999 <0.1%
Polyvinyl chloride (PVC) 2t03 3,261 0.1%
Steel 12 to 36 40,948 1.6%
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(1) The proportion is based on a total pipe length &,579,456 feet.
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Tabl8-3.Cust omer Service Line Materials Prefd
Material Number of Service Ling Length (feet) Proportion (%)
Unknown 27 873 0.1%
Cast iron pipe (CIP) 24 3,600 0.3%
Copper 28,343 1,025,184 97.1%
Ductile iron pipe (DIP) 253 21,428 2.0%
Polyvinyl chloride (PVC) 72 2,584 0.2%
Crossinkedpolyethylen®EX) 68 2,359 0.2%

() The proportion is based on a total pipe length df,056,028 feet.

3.4 Terry Ranch Wells

As mentioned in Section 1, the new water supply will consist of groundwater from an ASR system
underlying the TR land parcels. The well locations are illustrated in

Figure3-3. Before introducing water from the TR wells into the existing distribution system, it will be

treated for radionuclides (mainly radon, uranium, and gross alpha particles) usmyighly-selective
uranium absorptive mediaalso called singleuse ionexchange (IX The media provider confirned
that treated water has no measurable changes itotal dissolved solids(TDS, ion constituency, pH,
dissolved gags or physical characteristics. In other words, the water produtéom this passive
absorption piocess is essentially the raw groundwater withowadionuclides Detailed information is
presented in the Draft Technical Memorandum titlederry Ranch Water Supply Projeefreatment

Concept Design2020).

At the time his TM was prepared,te treatment processproposed was involvingpumping water
from the TR wells into detention ponds with af2our storage capacity. After stabilization, the water
will be redirected to an equalization tank (EQ) to equalize the flow frone various wells pumping at
different rates, ensure a consistent feed rate and quality to thebsorptive IXmedia, and provide the
contact time needed to remove radon. Following equalization, water will be pumped through the
absorptive IXmedia for radionuclide removal. Each treatment train will consist of two vessels
operated in a lead/lag configuration to improve efficiency of usage of tladsorptive X media with
the vessels. Postontactor chlorine gas or sodium hypochlorite will be fed at a dose ramgifrom 1
to 3 mg/L Ck to provide4-og inactivationof viruses as required by the Groundwater Ruland to
control biological growth in the pipeline to Greeley. The simplified process flow diagram is presented

in Figure34.

From the TR WTP, water will lm@nveyed through a 32-mile pipeline. Two options were considered
when this TM was prepared: a single 3@ich steel, epoxyined pipe, or dual 24inch steel, epoy-

lined pipes. Tle pipeling(s)wi | |

connect

t o

Greel eyds

di

stri

western part of Greeley, wherthe TR WTP watewill be blendedwith water fromthe Bellvue and

BoydLake WTPs.
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Figure 3-3. Terry Ranch Aquifer Storage and Recovery Well Locations
Source:Draft Technical Memoranduntitled Terry RanchGroundwater Quality Characterizatior® Sampling and Analysis
Methods and ResultgJanuary 5,2021)
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Figure3-4. Flow Diagram for the Proposed Treatment Process for the Terry Ranch Wells
Shaded treatment processes refer to the future aquifer storage and injection process.
Source:Draft Technical Memorandum titledrerry Ranch Water Supply Projeefreatment Concept Desigif2020)

| Brown» Caldwell

33

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of thiswuu
GreeleyWater Quality Eval_20202-08_FINAL



Section 4

Corrosion Control Evaluation

This section summaizesthe data analysis caducted to evaluate thepotential effects of introducing
treated groundwater fromthe TR welk on G r e e ldistrib@ien system This evaluationincludes
analysis of lead and copper data, water qualiiy relation to corrosion and metal releasecorrosion
indices, andsuitable CCT

4.1 Lead and Copper Data

Greeleyserved fewer than100,000 peopleuntil 2016 and was on Reduced Monitoring for LCR
compliance Thus, it was eligible taneasure lead and copper aB0 customer tapsonce every three
years As explained in Section 2.1, CDPHE required Greeley to sample for lead and copper annually

at the Reduced Monitoring number ofustomertaps starting in 2017.At t he same t i me,

population increased to over 100,000people, and thus,50 customer tap samples vere required.

Detailedlead and copperresults wereprovided for the most recent samplings, and data summarized
in Consumer Confidence Reports weresed to complement this evaluationGreeley sampled for lead
and copper at customer tapsaccording to Reduced Monitoringequirements in 2014 and 2017 (30
and 50 taps, respectively)Greeley alscsampled in July 2018, August 2019 and August 2020as
required by CDPHE in response to the Flint, MlI, lead crigisr thesesampling evens, lead and

copper concentrationswere measured at50 customertaps.

4.1.1 Lead Sampling Results

Lead concentrations measured iltbr e e | e y 0 s sydtensduring theumiost recent samplings
are summarized inTable4-1. These results show that the 90th percentiles déad concentrations
werewell below the AL 00.015 mg/L during all samplings

Tabled-1. LeadConcentrations Measured During Recent LCR Samplings

Sampling 90th Percentile Maximum Concentratio Number of
Period (mg/L) (mg/L) Samples Collected
2014 0.00191) N/A 30
2017 0.0043Y) N/A 50
2018 0.0047 0.0138 50
2019 0.0047 0.0179 50
2020 0.0029 0.0064 50

N/A: Not available

(1) Source:Consumer Confidence Reports

TheFinal LCRRpublished in January 2021adds a lead Trigger Level of 0.010 mg/L based on the
90th percentile to compel water systems to take proactive action$.the 90th percentile lead level
exceeds this Trigger Level, systemare required to take various actions based on whether they
practice CCT and whether they have lead service lines (LSLs) or service lines made of unknown
materials. Water systems ofReduced Monitoring are also required to sample annually at the
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standard number of distribution system sitesTable4-1 indicates that dl samplings conducted by
Greeley since 2014 have shown 90th percentilefor lead less than the Trigger Level of 0.010 mg/L.

The LCRR proposes o-fndihidx 6 pr o @gensCECT dned WQPs that requirevater systems
to conduct additional samplings ifndividual customer tap(s) exceed 0.015ng/L for lead. Within five
days of this finding, systems need to collect WQP sample(s) at or near the site(s) where lead
concentrationsexceeded 0.015mg/L and collect followup lead sample(s) within 30 days at each
site where lead concentrations exceeded 0.015 mg/L. Systenadso need to notify the affected
customer(s) withinthree daysif follow-up sample(s) exceed 0.015ng/L for lead. In addition,
systems need to recommend solutions tds Primacy Agencywithin six months of the end of the
monitoring period when the high lead concentrations were measurefable4-1 indicates that the
maximum lead concentrations werdigh during certain samplings. In Summer 2019wo of the
samplescollectedhad lead concentratiors greater than0.015 mg/L, suggesing that lead solubility,
or plumbosolvency may notbe wellcontrolled throughoutthe entire distribution system When
examining individual lead results more closelyhree customeraddressesrepeatedlyshowedhigher
lead concentrations during the 2018, 2019 and 2020 sampling (2530 55 th Avenue, 4207 West
22nd Street Road, and 2589 53rd Avenuk suggesting that lead material may be localizdd this
zoneof Gr e e Isesvicdarea. In this area,the distribution systemmainly consists of cast iron and
ductile iron pipes.According to the LCRRequirements described at the beginning of this paragraph
Greeley would have had to undertake 0 -and-h idpxo6essfollowing its 2019 samplingif the
LCRR were effective during that sampling

4.1.2 Copper Sampling Results

Copperconcentratiors measuredat G r e e lcustgntesstapsduring the most recent samplings are
summarized inTable4-2. Results indicate that the 90th percentiles of copper concentrations were
below theAL of 1.3mg/L during all samplings Based on the 90th percentiles and maximum
concentrations providedcopper solubility, or cuprosolvency, appears to be wetintrolled in

Gr e e Isystgnd s

Tablel-2. Coper Concentrations Measured During LCR Samplings Since 2015

Sampling 90th Percentile Maximum Concentration
Period (mg/L) (mg/L)
2014 0.26(1) N/A
2017 0.291) N/A
2018 0.27 0.37
2019 041 0.75
2020 <0.2 0.25

N/A: Not available
(1) Source:Consumer Confidence Reports

4.2 Water Quality

This section compares water quality fror eel ey 86 s e x i swithwaterqualitt er sour ces
anticipated from the TR wellsWater quality data for awide range ofparameters responsible for

corrosion and metalreleaseare presented here. Thes@arametersinclude water temperature, pH,

total alkalinity, TDS,chloride, sulfate,total hardness,calcium, magnesium(free chlorine isanother

important parameter anddiscussed in detail in Sectiorb). Iron and manganeseare also discussed
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in this section; not because they are responsiblfer corrosion or metal release, but because their
presence informs the selection of CCT.

Unless otherwise notedthree years ofdata collected between January 2017 and December 201
finished water from the Bellvue and Boyd Lake WTPs and distribution system sitgsere WQPs are
measuredwere used.Because Greeleypegan serving more than 100,000 people in 2017WQP
results obtained from10 distribution system sampling sitesvere used.

For the TR wellswater quality data obtained from fivaVingfoot Water Resourceproductionwells
(WWR; numbered WWRto WWR5) and twotemporary monitoring wells oexploratory boreholes
(EB1 and EB2) were examined.Three types of tests were conducteftom these wells and
boreholes: composite, deptkspecific, and packer testsFor this analysis, only the composite
samplescollectedfrom the discharge lineafter 48 hours of pumping were used because they are
most representative of water that will be used once the TR WTP is online and treated groundwater is
introduced i n Gr ee l|Depthgrecifiddnd packer teaisampleswers sfiminatedn .
becausethey are collected from specific screened intervals or aquifer zanenly, and thus, do not
representan entire well or borehole A pilot treatment plant wasoperated for 30 days from

November to December 2020at EB2 to evaluate the proposed treatment strategfor the TR wells
which isdescribed in Sectior3.4. To evaluate the water quality at EB, samples collected from the
composite tests and at the pilot plant influent, before any treatment, were usethese limitations

led to a handful of data points, at the mostfor the target parameters.

Consistent with information received from the provider of thebsorptive IXmedia that will be used at

the TR WTHit was assumed that water quality would not changdtar treatment. Additional

information can be found in the Draft Technical Memorandum titleterry Ranch Water Supply

Project- Treatment Concept Desigi2020). Thus. water quality observed in untreated TR well water

was used to evaluate the impact ofthim ew wat er source on Greeleyds exi

Waterquality data from the BellvueNTP Boyd Lake WTPs and TR wells are summarized able

4-3. Figure4-1 to Figure4-22 illustrate data providedfor the most critical parameters responsible for
corrosion and metal releaseas made available, in the current and future water sources, as well as
in the distribution system Additional figures were included in this sté to illustrate seasonal
variability, wheneveiobserved with the data providedln the Boxand-Whiskers plots, the vertical
lines represent the minimum and maximum concentrations, the bottom and top of the boxes
represent the 10th and 90th percentiles, rgpectively, and the dash illustrates the average
concentration.Each parameter is discussed in the sections below.

Asmentioned in Section 1the following three scenarios were examined:

1. Each individual water sources independently, including water frometi R wells

2. Blend of water treated by the Bellvue WTP and Terry Ranch well water; and

3. Blend of water treated by the Bellvue and Boyd Lake WTPs and Terry Ranch well water.

Because the Boyd Lake WTP is only used in summertirBegnario 2is applicable to wintertime only
and thus, water quality data obtained only in wintertime were uséor the Bellvue WTRor this
scenario.Likewise, Scenari@ is expected to occur only in summertime, and thus, summer water
quality data were used for theBellvue WTP for this scenario-or Scenarios 2 and 3equal
proportionsof water fromeach sourcewere examinedrecognizing that the individual water sources
would represent extremavater qualityconditions, and any water blends would represent
intermediate conditions. Also, the limited water quality data available for the TR wells when this TM
was prepared did not justify a more extensive analysis.
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Terry Ranchd Water Quality Evaluation Section 4

Tablel-3.Summary of Water Quality from Greeleyds Curren
. Bellvue WEP Boyd Lake WTP TR Wells
Paramete|  Unit -~ . . .
Minimum Average Maximun Minimum Average Maximun EB1 EB2 WWR | WWR | WWRB & WWR | WWR
Temperature °C 2.0 114 210 8.9 194 232 NA 16.2 13.6 17.4 155 12.6 13.6
pH 7.04 7.8 8.86 7.00 7.23 8.28 NA 7.15 8.01 7.67 793 7.91 707
Alkalinity ”é%/(":?os 20 36 70 45 79 111 164 | 197 184 182 188 202 172
TDS mg/L 52 73 121 241 356 494 298 254 272 250 242 277 254
Chloride mg/L 16 8.7 11.6 9.1 17.4 24.4 3.5 4.5 3.8 42 3.9 41 4.7
Sulfate mg/L 6.0 14.4 18.0 75.0 137.4 2300 31.9 17.7 19.6 17.2 16.5 14.3 14.9
Hardness rr&%lc_:%os 17 28 58 90 124 185 113 161 128 125 169 172 157
Calcium mg/L 7.2 111 20.8 36.0 49.6 74.0 38.9 48.7 41.7 31.8 42.9 488 41.9
Magnesium| mg/L 1.0 84 20.0 7.3 16.9 29.8 5.8 9.6 59 6.0 9.0 10.5 10.7
Iron mg/L 0.001 0.004 0.014 ND 0.002 0.042 0.365 | 0.015 0.014 0.036 0.030 0.063 0.077
Manganese| mg/L 0.001 0.006 0.023 0.003 0.017 0.033 0.005 | 0.016 0.00L7 0.009 0.025 0.024 0.016
Free chlorin| mg/L G 054 1.04 2.74 0.74 137 1.90 -- -- -- -- -- -- --

NA: Notavailable
ND: Nondetect

(M) For the Bellvue WTRyater quality datacollected between January 2017 and Decembe2019 were used except forchloride and sulfatewhich include data collected in
2020.
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Figure4-1. Water Temperature Measured at the WTP Effluents
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Figure4-2. Water Temperature Measured at the WTP Effluents and Distribution SysteWwiQP Sampling Sites
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Figure4-4. pH Measured at the WTP Effluents and in Distribution SystelVQP Sampling Sites
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