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1 Introduction

1.1 Purpose

The Treated Water Master Plan (TWMP) is intended to be a comprehensive summary of the City of
Boulder’s (City’s) treated water system, including the Betasso Water Treatment Facility (BWTF), the
Boulder Reservoir Water Treatment Plant (BRWTF), and the associated treated water storage and
distribution facilities. The purpose of this TWMP is to describe and document the City’s treated water
system, provide an evaluation of the current conditions, and offer recommendations for improvements.
This TWMP and its recommendations provide a framework for the management of the City’s treated
water systems in order to ensure reliable and safe treated water supply for the citizens of Boulder.

1.2 Information Sources

Many references were used in the preparation of this TWMP. Specific sources are identified throughout
the document; however, some of the previous reports are summarized below:

e 2000-2010 City of Boulder Annual Reports

e 1999, City of Boulder Water Conservation Futures Study, 1999, Hydrosphere Resource
Consultants, Inc.

e 2000 Treated Water Master Plan, Integra Engineering
e 2003 Boulder Reservoir Water Treatment Plant Predesign Report, MWH
e 2005 Betasso Water Treatment Facility — Facility Improvement Plan, Carollo

e 2007 Integrated Evaluation of the BRWTF Source Water Protection and Treatment Improvements
Study (Integrated Study), Black & Veatch

e 2008 American Water Works Association (AWWA) Peer Review Report, QualServe™
e 2009 Water Quality Strategic Plan, City of Boulder (June 2009)
e 2010 Source Water Master Plan, MWH

In addition, this TWMP includes the information gained through several meetings with the City of Boulder
staff, evaluations performed by MWH, and historical data provided by the City.
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1.3 Report Organization

The TWMP consists of the following items and subsections:

e Section 1 Introduction

Section 2 Description of the existing facilities and resources, including:

>» The raw water supply

» Water treatment facilities

>» Treated water distribution system
» System control

e Section 3 Summary of historical and new water quality regulations and goals

e Section 4 Review of historical treatment and distribution facilities reports and studies

e Section 5 Evaluation of water treatment plant and distribution system facilities

e Section 6 Asset management evaluation, including a summary of Betasso Water Treatment

Facility and the Cherryvale/lris pump stations, and an evaluation of the Boulder
Reservoir Water Treatment Facility and the stranded facilities

e Section7 Recommendations, conclusions, and recommended studies, including:

» Previous study recommendations
» Treatment facilities
» Distribution system

1.4 List of Acronyms

The following list of Acronyms is provided for the benefit of the reader.

AL Action Level

AWWA American Water Works Association

BFC Boulder Feeder Canal

BVCP Boulder Valley Comprehensive Plan
BWTF Betasso Water Treatment Facility

BRWTF Boulder Reservoir Water Treatment Facility at 63" Street
C-BT Colorado-Big Thompson

CCL Contaminant Candidate List

CCR Consumer Confidence Reports

CDPHE Colorado Department of Public Health and Environment
CIP Capital Improvement Program

City City of Boulder

CPE Comprehensive Performance Evaluation
CT Concentration X Time

CWSS Community Water Supply Study

DAF Dissolved Air Flotation

DBP Disinfection Byproducts

D/DBPR Disinfectants/Disinfection Byproducts Rule
EDCs Endocrine Disrupting Compounds

EDSP Endocrine Disruptor Screening Program
ESWTR Enhanced Surface Water Treatment Rule
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FBRR Filter Backwash Recycling Rule

FTE Full Time Equivalents

FY Fiscal Year

GAC Granular Activated Carbon

GAO General Accounting Office

GIS Geographical Information System

gph gallons per hour

gpm gallons per minute

GRW Groundwater Rule

HAA5 five Haloacetic acids

HDPE High Density Polyethylene Pipe

HMWMD Hazardous Materials and Waste Management Division
Hp Horsepower

ICR Information Collection Rule

IDSE Initial Distribution System Evaluation

1&C Instrumentation and Control

IESWTR Interim Enhanced Surface Water Treatment Rule
I0Cs Inorganic Chemicals

kW Kilowatts

LCR Lead and Copper Rule

LRAA Locational Running Annual Averages

MCLs Maximum Contaminant Levels

MCLG Maximum Contaminant Level Goal

MG Million Gallons

MGD Million Gallons per Day

mg/L Milligrams per liter

MDD Maximum Day Demand

MO Motor Operated

MOA Memorandum of Agreement

MRDLs Maximum residual disinfectant levels
MRDLGs Maximum residual disinfectant level goals
NCOD National Contaminant Occurrence Database
NOM Naturally occurring organic matter

NPDWRs National Primary Drinking Water Regulations
NSDWRs National Secondary Drinking Water Regulations
PAC Powdered Activated Carbon

PLC Programmable Logic Controller

PRVs Pressure reducing valves

PSOCs Potential sources of contamination

PWS Public Water System

NTU Nephelometric turbidity units

O&M Operations and Maintenance

psi Pounds per square inch

rpm Revolutions per minute

SCADA Supervisory Control and Data Acquisition
SDWA Safe Drinking Water Act

SOCs Synthetic organic chemicals

SOPs System operating principles

SRF State Revolving Fund

SWAA Source Water Assessment Area

SWAP Source Water Assessment and Protection Program
SWMP Source Water Master Plan

SWPA Source Water Protection Area

SWTR Surface Water Treatment Rule

TCLP Toxicity Characteristic Leaching Procedure
TCR Total Coliform Rule
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TCRDSAC Total Coliform Rule/Distribution System Advisory Committee

TDH Total dynamic head

TENORMs Technologically Enhanced Natural Occurring Radioactive Materials
TOC Total organic carbon

TTHM Total trihalomethane

TWMP Treated Water Master Plan

UCMR Unregulated Contaminant Monitoring Regulation
UDF Unidirectional Flushing Program

UFRV Unit filter run volume

UMMS Utilities Maintenance Management System
USEPA United States Environmental Protection Agency
USPHA United States Public Health Service

VOCs Volatile organic compounds

WTF Water Treatment Facility

WTP Water Treatment Plant

WTRs Water treatment residuals/sludge

WQCC Water Quality Control Commission

WQCD Water Quality Control Division

WQES Water Quality and Environmental Services
WWTP Wastewater Treatment Plant
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2 Existing Facilities and Resources

Effective planning begins with an up to date description of the existing facilities that make up the treated
water system. The City of Boulder's water system consists of raw water collection, storage, and
conveyance facilities, hydropower facilities, two treatment plants, and treated water transmission, storage
and distribution facilities. This section provides an overview of the system including:

e a brief summary of the source water system,

e adescription of the BWTF,

e adescription of the BRWTF, and

e adescription of the treated water distribution system.

2.1 Raw Water Supply

The City of Boulder derives its water supply from two surface water sources, the upper watershed of
Boulder Creek and the upper Colorado River basin via the Colorado-Big Thompson (C-BT) Project
transmountain diversion. The raw water supply system is described in detail in Volume 4 — Source Water
Master Plan (SWMP).

2.2 Water Treatment Facilities

221 Betasso Water Treatment Facility (BWTF)

The BWTF, located west of the city near Sugarloaf Mountain, was originally constructed in 1964. It was
expanded to its present capacity in 1976. At about the time of the expansion, 50 MGD became widely
accepted as the design capacity of the BWTF. Operational experience and an evaluation of historical data
indicate that the actual capacity is somewhere between 35 and 40 MGD when considering operational
goals of <0.1 NTU, 95% of the time. Further stress tests are needed to confirm the true capacity of
BWTP. Over the years, numerous minor improvements have been made to the plant and a major
upgrade to the chemical systems was completed in 1996. At present, another major upgrade is planned
that will improve the solids handling systems and enhance filter performance. The existing plant is
depicted schematically on Figure 5-1. Treatment consists of coagulation, flocculation, sedimentation,
filtration, and disinfection. Polyaluminum chloride and alum are used as coagulants. Facilities to feed
powdered activated carbon for taste and odor control are available, but not used. Except for the polymer,
which is a component of the polyaluminum chloride compound, no polymer is used at present for
coagulation/flocculation. The plant has four covered double-deck flocculation/settling basins, with
horizontal paddle wheel flocculators and solids collection equipment on the lower level. Solids are
discharged to sludge drying beds where they are dried prior to offsite disposal by land application. The
filtrate and decant from the drying beds drains by gravity to the sludge filtrate equalization tank and is
pumped to the spent backwash equalization (SBE) basin of the recycle pretreatment facility.
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Figure 5-1: BWTF Process Schematic
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There are eight constant-rate, mixed-media (anthracite, sand, and garnet) filter units. Filtered water is
dosed with fluoride and disinfected by chlorination. Lime and carbon dioxide are added for corrosion
control prior to discharge to dual clearwells. Surface washing capability is provided and the filter media is
supported by Leopold underdrains. Filter backwash is discharged into the SBE basin. From the SBE
basin, the filter backwash water is pumped to the dissolved air floatation (DAF) process where it is
thickened. Subnatent is returned to the head of the plant and mixed with raw water for treatment.
Thickened residuals are sent to the lagoons. Filter backwash can also be discharged to the filter to waste
tank and then pumped back to the head of the plant.

The following paragraphs describe the BWTF process facilities in greater detail. An inventory of the major
components of the BWTF is provided in Table 5-1.

Table 5-1: Betasso Water Treatment Facility Design Data
Item Design Data Notes
Design Flow 50 (million gallons per day) MGD
Raw Water Supply

Although the design flow for the BWTF is 50

24inches, 20 MGD MGD, the actual capacity is likely to be 40 MGD

Lakewood Pipeline (short term emergency conditions up e
or less, due to seasonal variations in water
to 30 MGD) uality, flow splitting, pretreatment, and filter
277 MGD quality, piiting, p ,

performance and process equipment conditions

(short term emergency conditions up that limit the capacity.

to 40 MGD, longer term emergency
conditions up to 30.1 MGD)

Barker Pipeline

Pressure Reduction

Controlled through the Betasso hydro generation
facility or the new VAG valve

Controlled through the Lakewood hydro
generation facility or the Mockveld valve

Barker Pipeline VAG PRV

Lakewood Pipeline 24-inch Mokveld PRV

Influent Flow Measurement

Barker Vault The Parshall flume is located in the lime room
Type | Differential pressure under the steel walk plates. There is an

Lakewood Vault ultrasonic level indicator that is located on a
Type | Differential pressure stilling well in the lime room. This stilling well is

Combined connected by a 2" diameter line to the flat portion
Type Parshall flume of the flume from the bottom. This 2" line and
Size 5 feet stilling well can be located from the filter gallery

basement. The ultra-sonic level indicator on this
stilling well measures the water level and the
flow into the plant and then SCADA calculates
flow from this level. There is a 2" hypochlorite
line that runs perpendicular to the flow of the
Level Measurement Ultrasonic level sensor water downstream from the stilling well 2" line.
This line is within the flow of water and could be
compromising the accuracy of the ultra-sonic
flow indication. This line is slated to be moved to
above the maximum water level of the flume in
the winter of 2010 for this reason.
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Flocculation Zone

79.5'x 36.5' x 10'

Sedimentation Zone

85' x 71" x 11" lower level plus
85' x 107" x 8' upper level

Flocculators

Horizontal paddle, 6' diameter

Stages

3

Sludge Collector

Chain and flight

Detention Time

Flocculation — 25 minutes
Sedimentation — 2 hours

Item | Design Data Notes
Rapid Mix

Type Pumped Diffusion

Flow 800 gpm Installed in 2006.

Pump Type Horizontal Centrifugal
Flocculation/Sedimentation
Number of Basins 4

Type Rectangular over/under

Dimensions

Filter level control

Compressed air level sensor

Filtration
Number 8 New media in 1995, recapped with anthracite
Type Mixed — anthracite/sand 1998, recapped #4-8 with anthracite again in
Surface Area, each 1,056 ft2 2009.
Loading Rate @ 50 MGD 4.7 gpm/ft2

Loading rate value is with one unit offline.

An old level sensor that utilizes compressed air
to read the still-well level of the basins is located
in the lime room. This level sensor is the master
filter level control and provides feedback to the
filters and tells them whether to increase or
decrease flows to keep the basins and filters at
the correct level. This instrument is on a still-well
that is connected to the 36" filter flume header.

Backwash
Backwash Rate 5to 15 gpm/ft2 Low rates (5-7 gpm), high rates (13-17 gpm)
Wash Water Pumps
Number 2 1-5 hp emergency backup pump
Capacity, each 972 gpm
Wash Water Supply Tank
Type Welded steel
Diameter 32.5 feet
Water Depth 32 feet
Capacity 200,000 gallons
Spent Backwash Equalization (SBE) Basin
Type Concrete walls, asphalt-concrete floor
Dimensions 41 ft wide x 121 ft long x 18 ft high Clari-Vac® sludge removal
Water Depth 13 ft (height of overflow weir)
Capacity 700,000 gallons
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Item | Design Data | Notes
Dissolved Air Floatation (DAF)
DAF Th|cken1(_e;pe Nordic Water Products™ ;3gmer can be added to aid in thickening SBE
Capacity 1MGD 9
Chemical Systems
Alum Liquid
Storage Tanks Two at 12,700 gallons each
Feed Pumps Two at 66.12 gph
Average Dosage 10-12 mg/L
Polyaluminum Chloride Liquid
Type Sumaclear® 820B
Four at 1165 gallons
Storage Tanks Four at 900 gallons
Feed Pumps Two at 69.66 gph
Average Dosage 5-7 mg/L
Powered Activated Carbon Slurry
Bulk Storage Tank 48,800 gal
Feed pumps One at 69.66 gph
Dose 5-7 mg/L
Lime
Storage Hoppers 2
Capacity, each 25 tons
Feeders
Number 1,1
Type 1 Volumetric screw, 1 Metered Pump
Rate 3,800 Ib/day
Average Dose 25 mg/L
Fluoride Liquid Hydrofluorosilicic acid
Storage Tank One at 8,450 gallons
Feed Pump
Number 1
Type Pulsa
Range One at 12.73 gph
Average Dose 0.9 mg/L
Carbon Dioxide Gas
Type Tomco® feed system
Disinfection
Type Sodium hypochlorite 10% solution
Storage 5 tanks at 4,000 gallons, each
Average Dose
Pre 1.5 mg/L
Post 1.3 mg/lL
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Item Design Data Notes
Clearwell
Number 2
Type Welded steel
Capacity
Tank 1 2.5MG
Tank 2 1.7 MG
Overflow Elevation 6,378
Water Depth 34 feet

Treated Water Transmission

Flow Measurement

Venturi Tubes

Sunshine Canyon Pipeline

30-inch, 50 MGD

Boulder Canyon Pipeline

24-inch, 10 MGD

Solids Handling

South Lagoons

Number 2
Length 200 feet each; 400 feet total
Width 50 feet
Surface Area 10,000 ft2 each; 20,000 ft2 total
Side Water Depth 5.1 feet
Freeboard 1.5 feet
Working Depth 3.6 feet
. 269,500 gallons each;
Working Volume 539,000 gallons total
North Lagoons
Number 2
Length 143 feet
Width 48 feet
Surface Area 7,000 ft2 each; 14,000 ft2 total
Depth 4 feet
Volume 208,000 gallons each;
416,000 gallons total
Residuals Drying Bed
Type Concrete Pad
Length 120 ft
Width 75 ft
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2.2.1.1

Hydroelectric Generation

_

Four hydroelectric generation facilities are currently in service that generates power from the raw water

feeding BWTF. Table 5-2 provides a summary of these facilities.

Table 5-2: Summary of Raw Water Hydroelectric Generation Facilities
Hydro Name Placed into Service | Capacity in kW 2009 Annual kWh 2006 Annual Revenue
Betasso Hydro 1987 -
Lakewood Hydro 2004 6,400 16 Million $922,969
Silverlake Hydro 1999 3,200 10.7 Million $596,328
Boulder Hydro 2001 10,000 11.8 Million $286,788
Total 19,600 38.5 Million $1,806,085
2.2.1.2 Pressure Reduction

Pressure reduction on the Barker Pipeline is controlled through the hydroelectric facility or by a VAG-
Armaturen pressure reducing valve (PRV). Pressure in the Lakewood Pipeline is reduced by a Mockveld
PRV on site. A strainer is installed ahead of the PRV to keep larger material out of the PRV. The
Mockveld PRV reduces the incoming pressure from about 300 pounds-per-square-inch (psi) to
approximately 10 psi. A rupture disk designed to fail at 50 psi is installed in a branch line on the
downstream side of the PRV. This safety system discharges to a natural drainage downhill from the PRV
station. The Lakewood Pipeline also has a hydroelectric turbine/generator that is used for pressure
reduction.

2.2.1.3 Raw Water Blending
Raw water from the Silver Lake/Lakewood Reservoir and Barker Reservoir sources is metered and

blended together in a yard vault a short distance south of the plant. The vault also houses valves for
controlling the total amount of flow and the relative proportions of water from each source.

2214 Flocculation/Sedimentation
The plant has four flocculation/sedimentation basins. Two were constructed as part of the original plant in

1963 and the other two were added when the plant was expanded in 1975. Basins are two-level with
flocculation and sedimentation on the lower level and sedimentation on the upper level. Water enters the
basin at the west end of the lower level and passes through three stages of flocculation aided by
horizontal paddle wheels. The flocculation zone has baffles hanging from the ceiling between flocculators
and it appears that this arrangement allows the flow to pass through the flocculation zone by a direct path
that does not promote optimal flocculation. After flocculation the water passes into sedimentation. On the
lower level of the basin settled sludge is moved by a chain-and-flight collector to a trough at the east end
of the basin where it is conveyed by an auger to a draw off pit where a manually actuated mud valve
allows for periodic draw off to the sludge drying beds. Process flow rises along the east end of the basin
to the upper level. Vertical baffles made from redwood boards staggered to provide baffled slots are
provided to distribute flow at the upstream and downstream ends of the upper level. Basins 1 and 2 have
the original mechanical variable speed controls to vary the flocculator drive speed. These are old and
worn and are hard to adjust making it difficult to fine-tune the flocculator speed. Basins 3 and 4 have been
retrofitted with electronic variable speed units, which are very easy to adjust to facilitate optimization of
process operation.
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2.2.1.5 Filtration
There are eight filters, four built with the original plant in 1964 and four built when the plant was expanded

in 1976. Filters are mixed media with simple perforated tile underdrains manufactured by Leopold. The
mixed filter media contains anthracite, quartz sand, and garnet. The filter media was replaced in 1995 and
was recapped with anthracite in1998 due to media loss (this media loss was likely the result of buoyancy
caused by entrained air that has now been fixed). The filters were again recapped in 2009.

Filters are operated on a constant rate basis with backwashing manually initiated on a run time basis. The
old loss-of-head meters are in place, but ultrasonic level sensors are used instead. A flow meter and a
rate of flow control valve are installed on each filter effluent line to control flow. Turbidity meters installed
on each filter effluent provide one of the essential parameters used in operating the plant. Particle
counters were installed in the mid-2000’s on each filter and the combined filter effluent.

Backwashing is accomplished by gravity flow from the backwash reservoir. Finished water is pumped
from the plant clearwells to the backwash reservoir to provide sufficient hydraulic head for the
backwashing process. Backwash flow is controlled by a flow meter and rate control valve in the line from
the backwash reservoir. A surface wash system is provided to enhance cleaning of media during
backwashing. The filters at BWTF also have filter to waste capability.

2.2.1.6 Chemical Addition
Chemical systems include facilities for the addition of the following chemicals:

e Alum
>» Primary coagulant.
Stored and fed as liquid.
Fed in the influent line with a chemical application stinger
Fed alone at times or fed along with PACI, see below.

vVVYY

e Chlorine
>» Fed at a single location prior to sedimentation or at the effluent of each of the four
flocculation/sedimentation basins, manual flow control.
» Fed after filtration for disinfection and to maintain a residual out into the distribution system,
PLC controlled flow pacing, and no residual trim.
» Used a gas chlorine system until early 2000 when the process was converted to aqueous
chlorine, (sodium hypochlorite, NaOCI, “bleach”) primarily for public and employee safety.

¢ Polyaluminum Chloride

» Prior to 1998 meeting the then current filtered water turbidity limit of 1 NTU 95 percent of the
time was often difficult particularly during the spring runoff season when raw water alkalinity
and pH are lower than normal and TOC concentrations become elevated. These conditions
combine to reduce the effectiveness of alum coagulation. To address this problem, the
existing alum storage tank and feed equipment was adapted to the use of Polyaluminum
chloride (PACI) (Sumaclear®) as a coagulant aid. In 2008, the existing storage tanks and feed
pumps were relocated and two new tanks were installed. Alum and PACI are fed together at
the head of the influent channel flume.

» The addition of PACI made a significant difference in performance resulting in current
average filtered water turbidities of 0.024 NTU (average of last 3 years). However, plant staff
is still studying alternative application points and optimal combinations and locations of
alum/PACI feed points to optimize the process to reliably meet the regulatory requirements.
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e Powdered Activated Carbon (PAC)

» A system is available for delivery of powdered activated carbon. This system mixes the
powdered activated carbon with water to create and store slurry, as well as feeds the slurry to
the raw water influent flume to control taste and odor. This system was rehabilitated and
upgraded as part of the 1996 plant improvements and is only occasionally utilized

» In 2010 PAC was also used to treat the filter backwash water.

e Polymer
» The plant does not currently have a flocculant aid polymer system.
» Polymer is used for plant recycle pretreatment and sludge thickening

e  Fluoride
>» Fluoride is added to the water after filtration.
» Liquid hydorfluorosilicic acid is stored in a single tank.
» Added to the flow in the finished water flume.

e Lime

» Lime slurry is fed into the finished water flume to increase alkalinity.

» Hydrated lime is stored in two silos installed in 1996 as part of the plant upgrade. Silos have
bin activators and air fluff systems to improve the lime feed.

» Lime blenders installed in 1996 did not work well and were redone in 1997. Among other
modifications, the concentration of the lime slurry was increased from 3% to 20% resulting in
overall better performance with less scaling in the hoses. Even with these modifications,
maintenance is still high.

e Carbonic Acid
>» Fed to the raw water through a diffuser upstream of the rapid mixer.
>» Fed to the finished water through a diffuser in the final filtered effluent pipe upstream of the
clearwells to adjust final pH for corrosion control, PLC controlled pH trim.
» 50 ton storage cylinder located in yard just south of main plant building.

e Chemical systems can be monitored through the SCADA system but many are manually
operated except as noted above. With respect to the manually controlled chemical feed systems,
chemical feed rates are manually calculated to match flow depending on solution strength and
process requirements and metering pumps are manually adjusted to attain the desired feed rate.

e Chemical Mixing
» Mixing of treatment chemicals with influent flow utilizes a mechanical pumped diffusion flash-
mixer which was installed in 2006. Installation of the system reportedly did not improve
treatment. The system is sized to provide mixing at a plant flow of 46 MGD and should be
more than adequate for current flows of 20 to 30 MGD. The rapid mix system is limited in its
effectiveness.
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2.21.7 Residuals
The residuals drying lagoons collect sludge from the sedimentation basins, the SBE basin, and the DAF

thickener. Decant from the residuals drying lagoons is sent to the residuals filtrate recovery tank and then
on to the SBE basin that discharges to the DAF. Waste filter backwash water is conveyed to the spent
backwash equalization tank and then on to the DAF. Filter to waste flows are conveyed to the filter to
waste recovery tank and then returned to the main flow stream just upstream of the rapid mixer. The
concrete pad is used for drying and storing the dried residuals. Polymer is used for both plant recycle
water and sludge thickening.

The DAF and variable speed pumping system were installed in 2000 to improve the quality of the
backwash water returned from the basin to the head of the plant and deliver it steadily to eliminate “slug”
loading on the plant process created by the existing backwash water return system. A 700,000-gallon
equalization basin to hold filter backwash water and sludge lagoon decant was also constructed at this
time. Modifications were made to the filter effluent piping to convert the old backwash water holding tank
to a filter-to-waste holding tank.

In 2006 the existing sludge drying beds were demolished and new deep bed sludge dewatering lagoons
were constructed. The City also experimented with modifications to the north lagoons to replicate sand
drying bed functionality, but these modifications proved to be problematic due to the clogging of the sand
and afforded no improvement to the residuals handling process.

222 Boulder Reservoir Water Treatment Facility (BRWTF) at 63™ Street

The BRWTF was originally constructed in 1971 to provide additional water treatment capacity during
summer peak flow periods and to treat water from the City’'s C-BT/Windy Gap source. The plant is
normally operated in the range of 3.5-8.5 MGD but is commonly run at up to 12 MGD during peak
demand periods. The current treatment capacity of BRWTF is 16 MGD. A process schematic for the
existing facility is shown on Figure 5-2.

The BRWTF generally operates during the peak demand months and can be shut down for the remainder
of the year. Several factors dictate the use of the BRWTF, including the relatively high cost of treating
water at the BRWTF as compared with BWTF, best use of water resources, and periodic shutdowns at
the BWTF or portions of the distribution system. When factors such as the costs of the raw water and raw
and treated water pumping are considered, the cost of treated water from the BRWTF is approximately
twice the cost of treated water from BWTF.

The following paragraphs describe the BRWTF process facilities in greater detail. An inventory of the
major components of the plant is provided in Table 5-3.

City of Boulder Treated Water Master Plan Update — Volume 5 (Final October 2011) Page 5-14



_

Table 5-3: Boulder Reservoir Water Treatment Facility Design Data
Item Design Data Notes
Design Flow Rate 16 MGD (avg.)/20 MGD (peak)
Raw Water Supply
Boulder Feeder Canal | 30 MGD
Storage , , ,
Boulder Reservorr | 12.800 acre ft 20.MGD peak capacity can only be ach|§ved with
Raw Water Pumps adjustment of. DAF float scraper mechanisms and
Type Verical urbine .resolutlon of finished water pump performance
issues
Number 3 1
Capacity 5,600 gpm 2,800 gpm
TDH 27 feet 27 feet
Rated hp 60 30
Influent Piping
Flow Measurement
Type Magnetic Flow Meter
Operating Range 0-25 MGD
Flash Mixer
Type | Pumped Diffusion Flash-Mixer
Static Mixer
Size | 42 inches
Flocculation/Clarification
Flocculation Basins
Number 3
Type 3-Stage Rectangular/Serpentine
Dimensions 29'x 41.5'x 11" swd
Detention Time (ADF) 18 minutes
Flocculator Units
Type Vertical Shaft, Hydrofoil
Number Per Basin 6
- Rated h d 2 Surface loading rate at 8 MGD per basin; current
Clarification Basins L .
limit based on float scraper elevation
Number 3
Type Dissolved Air Flotation (DAF)
Dimensions 29' x 39" x 11' swd
Detention Time 17 minutes
Surface Loading Rate 4.9 gpm/ft2
Skimming Mechanism
Type Reciprocating
Number Per Basin 1
Rated hp 05
Recycle Pumps
Type Horizontal End Suction
N“”ébae;a(g tlyJ”'tS 5564gpm Common to all DAF Basins
TDH 250 feet
Rated hp 75
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Item Design Data Notes
Air Compressor System
Type Rotary Screw
Number of Units 2
Capacity 45 scfm
Pressure (Maximum) 125 psig
Rated hp 15
Saturator Vessels
Type Vertical
Number of Units 2
Vessel Diameter 6.5 feet
Vessel Height 14 feet
Packing Depth 4 feet
Operating Pressure 60-90 psig
DAF Float Pumps
Type Progressive Cavity
Number 3
Capacity 34 gpm
TDH 20 feet
Rated hp 3
Filtration
Number 4
Type Constant-head
Media Mixed - anthracite/sand/garnet
Surface Area, each 930 ft2
Loading Rate 5 gpm/ft2
Backwash
Wash Water Pumps Filter loading rate with one filter offiine at 20 MGD
Number 1
Capacity, each 1,071 gpm
Wash Water Supply Tank
Type Welded Steel
Diameter 36 feet
Water Depth 25 feet
Volume 190,000 gallons
Recovery Tank
Type Concrete
Diameter 65 feet
Water Depth 25 feet
Capacity 620,000 gallons
Return Pumps
Number 2
Capacity, each 900 gpm
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Item Design Data Notes
Chemical Systems
Polyaluminum Chloride Liquid Sumaclear 803B

Storage Tanks

Two at 10,000 gallons each

Feed Pumps
Number, feed rate Two at 108 gph each
Type Peristaltic, WM 624U Primary Coagulant
Feed Range 1.8 to 216 gph total
Average Dosage
Source: Reservoir 0.09 mg/L (active polymer)
Source: Big Thompson 0.03 mg/L (active polymer)
Aluminum Sulfate
Storage Tanks Liquid
Feed Pumps Two at 7,000 gallons each
Number, feed rate Two at 108 gph each
Type Peristaltic, WM 624U Alternate Primary Coagulant
Feed Range 1.8 10 216 gph total
Average Dosage
Source: Reservoir 50 mg/L
Source: Big Thompson 25 mg/L
Cationic Polymer (Peak) Liquid Peak Poly

One at 100 gallons (storage);

Storage Tanks One at 30 gallons (day)
Feed Pumps
Number, feed rate One at 186 maximum gph
Type Progressive Cavity
Feed Range 0to 186 gph
Average Dosage

Source: Reservoir

0.1t0 0.3 mg/L

Source: Big Thompson

0.1t0 0.3 mg/L

Coagulant/flocculation aid

Caustic Soda (NaOH)
Storage Two at 11,500 gallons each
Feeder
Number, feed rate Two at 42 gph each pH adjustment
Type Pulsa 880
Feed Range 0to 84 gph
Average Dose 15 mg/L
Fluoride
Storage Hydrofluorosilicic acid
Feeder: 9,000 gallons
Number, feed rate One at 12.75 maximum gph Background levels of fluoride are between 0.2-0.3
Type Pulsa 680 mg/L depending on source
Feed Range 0t012.75 gph
Average Dose
Source: Reservoir 0.7 mglL
Source: Big Thompson 0.7 to 0.8 mg/L
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Item | Design Data | Notes
Disinfection
Type | Liquid Sodium Hypochlorite
Storage Tanks
Type Circular, FRP
Number 4
Volume 1,875 gallons each
Maximum Dose Range
Pre-DAF 5 mg/L
Post-DAF 5mg/L At 20 MGD
Final Filtered Effluent 5mg/L
Metering Pumps
Type Gear
Number 3 3
Capacity 0.6-5.5 gph 5.5-30.5 gph
TDH 70 feet 70 feet
Rated hp 05 0.5
Clearwell
g:g?:ﬁ; 185, 00(: gallons Located below filters 1 and 2
Treated Water Storage Reservoir
Number 1
Type Concrete, rectangular
Capacity 2.34 MG
Overflow Elevation 5,181
Water Depth 19 feet
Treated Water Supply
High Service Pumps
Zone 1
Pumps Pump performance issues limit several pumps to
Number 6 flows in the range of 2,400 — 2600 gpm
Capacity, each 2,800 gpm ’
TDH 260 feet
Motor hp, each 250
Residuals Handling
Lagoons, Rectangular, Asphalt
Type Lined
Number 4
Dimensions 280’ x 70’
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Figure 5-2: Boulder Reservoir Water Treatment Facility Process Schematic
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2.2.21 Raw Water Intakes
Raw water can be brought into the BRWTF in two ways, by diverting it from the BFC or by pumping from

Boulder Reservoir. Direct diversion from the canal is preferred because water will flow to the plant by
gravity, which saves the cost of pumping from the reservoir. The quality of the water diverted from the
canal is also generally better and easier to treat. The City has investigated options of replacing the BFC
with a pipeline directly from Carter Lake. This would further improve source water quality. The BFC only
operates for about 6 months (April 15 — October 15) coinciding with the irrigation season. BRWTF is
required to use water from Boulder Reservoir when the BFC is offline.

Raw water from the BFC is diverted through a bar screen set into the side of the canal channel. The
screen is manually cleaned and requires an operator to inspect and clean it several times per day. Water
is conveyed to the plant by gravity in a 42-inch pipeline.

Alternatively, water can be pumped from the reservoir by vertical turbine pumps that draw water through
an intake strainer mounted in the reservoir. The intake strainer was recently replaced with a fixed level
intake that enhances operator flexibility in avoiding certain seasonal raw water quality problems such as
algae or manganese.

2,222 Flocculation/Clarification
In 2005, the single flocculation/sedimentation basin was removed and replaced with two new flocculation

and DAF clarifier trains. This work included the installation of a 42-inch influent pipe, insertion style flow
meter, flash mixing, static mixer, and a flow splitter box to feed each of the trains. In 2010, a third
flocculation/DAF train was added to improve plant redundancy. Since the DAF trains were installed, the
effluent turbidity has significantly improved from a typical value of 2.5 NTU to less than 1.0 NTU. The DAF
basins also provide much higher solids concentration as compared to the old flocculation/sedimentation
basin, which eases the load on the residuals handling process.

2.2.2.3 Filtration
There are four filters, two built with the original plant in 1972, and two built when the plant was expanded

in 1998. Filters are mixed media, garnet and silica sand with anthracite cap. Operations Staff report that
media loss during backwashing is not a problem.

Two filters are used when the plant is operating in the range of 3.5-8 MGD. A third filter is put on line
when the treatment rate goes above 8.5 MGD. The fourth unit is kept clean and ready for service when
another unit requires backwashing.

Water for backwashing the filters is pumped from the finished water clearwell to a backwash reservoir.
Backwashing is accomplished by gravity flow from the reservoir. A surface wash system is also installed
on each filter. Backwash water and various plant drains are routed to a recovery tank which is pumped
back to the head of the plant without any additional treatment. In 2010 yard piping improvements were
made to allow for the backwash water to be pumped to the residuals lagoons.

During the design of the DAF system, consideration was given to discharging backwash water to the
sanitary sewer system rather than recycling it to the head of the water treatment plant. However,
permitting issues related to this disposal method prevented it from being implemented.

The filters currently do not have filter to waste capability.
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2.2.24 Chemical Addition
Chemical systems include facilities for the addition of the following chemicals:

e Carbonic Acid
>» Raw water pH adjustment for enhanced coagulation by stabilizing the influent pH and
improved TOC removal
» Stored as liquid CO, in 60 ton outdoor tank
>» Fed at chemical injection vault in yard
» PLC controlled flow pacing and pH trim

e Polyaluminum Chloride (Sumaclear®)
» Primary coagulant
» Stored and fed as liquid
> Fed either at the flash mixer or the static mixer prior to the flocculation/DAF train flow splitter
box
» Manually controlled flow pacing from SCADA

e Aluminum Sulfate
» Alternative primary coagulant
» Stored and fed as liquid
» Fed either at the flash mixer or the static mixer prior to the flocculation/DAF train flow splitter
box
» Manually controlled flow pacing from SCADA

e Cationic Polymer (Peak)
» Coagulant/flocculation aid
» Stored and fed as a liquid
» Fed at the flocculation/DAF train flow splitter box
» Manually controlled pump speed from SCADA, no flow meter

e Sodium Hypochlorite
» Fed at Pre- or Post-DAF locations
» Fed after filtration for disinfection and to maintain a residual out into the distribution system
» PLC controlled flow pacing and chlorine residual trim

e Fluoride
> Fluoride is added to the water after filtration
» Liquid Hydrofluorosilicic acid is stored in a single tank and added to the flow in the finished
water flume
» Manually controlled flow pacing from SCADA

e Sodium Hydroxide
» Raw water contains sufficient alkalinity that supplemental alkalinity addition is not required.
Final pH adjustment using caustic soda is the only chemical stabilization adjustment made for
corrosion control.
» PLC controlled flow pacing and pH trim
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o The City has recently installed a temporary sodium permanganate (NaMnOQ,) feed system at the
Raw Water Pump Station to assist with taste and odor and manganese removal from the
Reservoir water. Insufficient information is available at this time to assess the effectiveness of this
system.

¢ Chemical Mixing

» Mixing of treatment chemicals with influent flow utilizes a mechanical pumped diffusion flash-
mixer followed by a static mixer.

» The application points for final chlorination, fluoride, and sodium hydroxide are located in the
42-inch plant effluent pipe, which was designed for an ultimate plant flow of 24 MGD.
However, since the current plant flow rate is typically in the range of 3.5-8 MGD, velocities in
the pipeline are low resulting in poor mixing.

2.2.2.5 Finished Water Storage and Pumping
Finished water flows by gravity to a 2.34 million gallon concrete finished water storage reservoir located

on the plant site. The original plant construction included an 185,000 gallon clearwell located below filters
1 and 2. No additional clearwell was built when the new filters 3 and 4 were added. Flow from filters 1 and
2 is piped to the clearwell while the effluent piping from filters 3 and 4 is connected to the clearwell outlet
pipe such that it flows directly to the finished water storage reservoir without passing through the
clearwell. In 2005, baffles were installed in the 2.34 million gallon finished water storage reservoir in order
to allow the operational flexibility to operate the clearwell at lower levels while continuing to meet the
requirements of the Colorado Department of Public Health and Environment (CDPHE) with respect to
clearwell detention time, and to meet the City’s own 1.5-log Giardia removal goal using disinfection.

Water is pumped from the finished water storage reservoir into Zones 1 and 2 of the water distribution
system by high-service pumps located on the plant’s lower level. There are six pumping units, three
installed in 1972 when the plant was originally built, the fourth installed in 1996 when the new filters were
added, and fifth and sixth installed in 2005 with the DAF pretreatment improvements. All of the pumping
units are constant speed, horizontal split case type, rated for 2800 gpm.

All treated water produced at the BRWTF is pumped into the distribution system. This is the main reason
the cost of treated water from the BRWTF is approximately twice the cost of treated water from the
BWTF. This cost differential is a dominating factor, along with water quality, in determining plant
production and water resource usage.

2.2.2.6 Residuals
In 2005, four asphalt lined residuals lagoons were construction on the west end of the site. Sludge is

wasted from a single float channel located at the end of the three DAF trains and is pumped from the
channel using progressive cavity pumps which discharge to the lagoons. A second, and utilized as an
emergency sludge discharge point, is to the City’s wastewater system, which flows by gravity to the IBM
lift station and is lifted to the 75" Street Wastewater Treatment Plant (WWTP).
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2.3 Treated Water Distribution System

Treated water is distributed to customers throughout the City’s service area by a system of buried pipes.
The City has over 400 miles of distribution piping. Most of the piping was installed in the 1950s through
the 1970s and was typically cast iron pipe and ductile iron pipe. The distribution system also includes
facilities for controlling pressure within the system, storing water to provide reserves for peak demand and
emergency situations and for the generation of electricity using excess pressure in the system. The Water
Utility Planning Area and associated distribution system is shown on Figure 5-3. Figure 5-4 shows a
schematic of the water distribution system and associated zones.

231 Pressure Zones

Elevations within the City’s service area range from approximately 5,150 to 5,750 feet. To facilitate the
maintenance of water pressures within an acceptable range in all parts of the system, the distribution
system is divided into three zones based on topographic relief. The approximate service elevation range
for each zone is as follows:

Zone Service Elevation (USGS Datum)
1 Up to 5420
(approximate elevation of Gunbarrel storage tank overflow)
Up to 5615
(approximate elevation of Kohler/Maxwell storage tank overflows)
Up to 5852
(approximate elevation of Chautauqua, Devil's Thumb, and Booton storage tank overflows)

In general, Zone 1 includes the east and northeast sections of the service area. Zone 2 covers the largest
portion of the service area including the downtown area and the University of Colorado. Zone 3 extends
along the west side of the service area. Zone 3 is separated by lower Zone 2 elevations along Boulder
Creek. Pressure reducing valves (PRVs), hydroelectric generators, and pumping facilities allow the
controlled flow of water between the various pressure zones.
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Figure 5-4: Water Distribution System Schematic

HWL: 5615.6
WATER DEPTH: 23.5FT

T T o N MOKVELD PRV
‘ e - : I====7
. . ‘ | |
BARKER RESZRVOR - . ( LAKEWOOD RESERVOR | ! j]} I ! |
- s | ; s U
~ - [ KOSSLER RESERVOR | "~ o TN ! i
— . —_ . — | Clearwell Storage Tank :
|—'-\ s ‘ }___________l I cw #1 CW #2 l BOOTON
TN | o i 2500 gy 1| mese
S | LAKEWOOD HYDRG, I BETASSC WATER WATER DEPTH: 34FT WATER DEPTH: 34FT | | WATER DEPTH: 21FT
[BOULDER HYDRO, Tt T T | TREATMENT FLANT !
DEVILS THUMB CHAUTAQUA d : | :@3 : I |
1 | | | I
VOL: 5.0 MG vo.s8o0 MG | | T T 77 | | I !
HWL: 5851.8 HWL: 5853.2 | | | |
WATER DEPTH: 21FT WATER DEPTH: 25.1FT | | | :
. T |
‘ | BETASSO HYDRO - P |
! I
T ;
ZONE 3 | CRODELL HYDRO !
_Z _ _ _ _ _ _ _ |
7ZONE 2 R — - o B E ! SUNSHINE PRV
[ B |
I | | | I |
N 0 ! | i | ! iaﬁ | ZONE 3
| } ' e |
! | | T i | ZONE 2
t :@: ORODELL PRV I |
KOHLER I ! i R | /\
| KOHLER HYDRO @ | - - - - - - - ! : |
[ 39105 ! | 101 PEARL i L
WATER DEPTH: 23.7FT | ____ | [ 1 | MAXWELL
| 1 I
| e
# | : : | VOL: 9.5 MG
I_SUNSHINE_HYDRQ [

|
i
!
yzi ! —_ —_ —_ —_ —_ —_
|
T MAXWELL PR

BOULDER RESERVOIR

(63rd STREET)

KOHLER PR WELL PRV %
———— |
LR
ZONE 2 : i
= - - - - - - __ - - e e L |
ZONE 1 S
|
CHERRYVALE PUMPING STATION IRIS PUMPING STATION #2 | | E@J |
]
|I———-— - P I—T T T T T T T T T T T T I | :
' 6|—> [ ! 5 I L_MAXWELL HYDRO_ |
I
| : e sone 2
m #2 I I - = - = - = - = - = - - - - - - - - - - - - - - — = ]
I | [ #2 I ZONE 7
| @—— | ! U_'/_l | e —
| | | 1 ~ ~.
GUNBARREL ! # [ ! i ! 3
L 20 4 | 4{ . | : [ | EBOULDER RESERVOR |
L: 2. -
HWL: 5420.0 : } I : T T T T T T T T T T T T . V0L 4170 MC )
WATER DEPTH: 20FT | @ | I | } | L — -
l ; LN | b o] e| 5] |
I | ‘ \
| } IRIS PUMPING STATION #1 } }
,,,,,,,,,,,,,, |
e ! ! oo |
|
|
|
|
|

WATER TREATMENT PLANT | | L ________________ \ \BOULDER
CANAL

|
|
|
|
i
|
L@_ ! FEEDER
|
|
|
|
|
|
|
|
|
|

City of Boulder Treated Water Master Plan Update — Volume 5 (Final October 2011) Page 5-25



_

2.3.2 Treated Water Transmission

Treated water is conveyed to the distribution system by gravity from the BWTF and by pumping from the
BRWTF. In general, water from BWTF feeds into Zones 2 and 3. Zone 1 is fed primarily from the BRWTF
with supplementary flow from BWTF through Zone 2. Recent improvements to the pipes and pump
stations fed from the BRWTF allow better distribution of water from Zone 1 into Zone 2, which enlarges
the area that can be fed from the BRWTF.

The BRWTF can deliver treated water to Zone 1. The facility is located in the northeast side of town and it
delivers treated water into this area of town. It also can be delivered to the remaining portion of the
distribution system via two transmission mains. A 16-inch line runs adjacent to the Diagonal highway from
the plant to the Iris Pump Station #1 and Iris Pump Station #2. The other is a 24-inch main that connects
the plant to the Cherryvale pump station. The recent improvements to those systems allow more flexibility
in pumping to either Zone 1 or Zone 2.

Water from the BWTF is conveyed to the City’s distribution system by two major transmission mains. One
pipeline follows Boulder Canyon and the other enters by Sunshine Canyon. Both pipelines originate at the
BWTF clearwells and are individually metered. The accuracy of these flow meters has been questioned.
Replacement of the existing meters with new factory calibrated units would be necessary to achieve
certifiable accuracy.

Parts of the Boulder Canyon pipeline were used to transport water into Boulder before the BWTF was
constructed. Sections of this line were constructed of pipe manufactured before the turn of the century
(1896). From the BWTF, a 24-inch pipeline runs to the Orodell Hydroelectric/PRV station where pressure
is reduced. In the early 2000’s the original pipe that was still in service below the Fourmile PRV station
was rehabilitated by lining with high-density polyethylene pipe. A new control valve was installed at the
Orodell Hydroelectric/PRV station to provide backpressure to the turbine as well as two turbine bypass
control valves and the Fourmile PRV station was abandoned in 2005. This effectively increased the
capacity of the Boulder Canyon Pipeline to approximately 20 MGD.

The City of Boulder’s 2008 Utilities Division Annual Report summarizes the testing of the capacity of the
Boulder Canyon pipeline. The following is an excerpt from the report:

“The capacity of the Boulder Canyon Pipeline was determined in order to facilitate taking
the Sunshine Canyon pipeline out of service for inspection. The Sunshine Canyon
Pipeline has been in continuous service since it was constructed in the 1970’s. To take
the Sunshine Canyon Pipeline out of service, the Ultilities Division has estimated that we
will need to be able to move 20 MGD through the Boulder Canyon Pipeline.

A bypass pressure reduction valve station was added outside the Orodell Hydro Station
to allow more water past the hydraulic restriction at Orodell but the capacity of the
pipeline was not fully tested. To move 20 MGD down the Boulder Canyon Pipeline,
pressures higher than those initially set in the controls of the bypass pressure reduction
valve were needed. The controls were adjusted and the flow test completed during high
system demands in July 2008.

The flow test was conducted up to downstream pressure of over 100 psi which
corresponded to flows of over 17 million gallons per day without noticeable vibration or
cavitation in the bypass valves. However, at that point in the test the existing internal
bypass and the external bypass valves needed coordinated adjustment to continue to
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increase the flow through the external bypass valve. At this point the test was concluded
to ease reinstatement of normal operation.”

The Sunshine Canyon pipeline conveys water from the BWTF into Zone 3. This welded-steel, 30-inch
pipeline was built at the same time as the BWTF making it about 45 years old. Pressure and flow are
regulated at the Sunshine Canyon Hydroelectric and PRV stations.

After reducing pressure from the BWTF through the Orodell and Sunshine Hydro/PRV stations, water
flows through a series of transmission pipes into Zone 3 storage tanks, Booton (far north), Chautauqua
(central), and Devil’'s Thumb (far south).

Zone 2 is fed from Zone 3 through PRVs at the 101 Pearl station near the downtown area, and at Maxwell
in the north and Kohler in the south. It is also fed from Zone 1 via the Iris and Cherryvale pump station in
the northeast and southeast respectively.

2.3.3 Treated Water Facilities
The following discussion provides descriptions of the major facilities in the water distribution system. A
summary of facility characteristics is provided in Table 5-4.

Table 5-4: Treated Water System Facilities Design Data
Item | Design Data Notes
Pressure Reducing Stations
Zone 3
Sunshine PRV Two at 6-inch Bailey Polyjet®
One bypass PRV in Hydro building | Bypass vault piping was recently modified, but not
Orodell PRV Two smaller PRV in separate the PRV vault. A PRV was installed upstlream ﬁear
: Boulder Hydro for Betasso Hydro capacity testing
PRV structure outside. .
and it discharges raw water to Boulder Creek.
Zone 2
101 Pearl PRV Two at 10 inches, Bailey Polyjet®
Kohler PRV Qne at8 |pches and one at 10
inches Bailey
Maxwell PRV Qne at8 |pches and one at 10
inches Bailey
Zone 1
One at 8 inches and one at 2 Iris #1 constructed 1996, electric controls installed in
Iris #1 PRV . 2010 and 8 inch PRV internal parts and gasket
inches
replaced
Iris #2 PRV Qne at8 inches and one at 2 Iris #2 constructed in 2010
inches
Cherryvale PRV Qne at 8 inches and one at 2 Cherryvale PRV was not updated as part of 2010
inches refurbishment.
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Item | Design Data Notes
Hydroelectric Stations
Zone 3
Sunshine Hydro
Upstream Pressure 300 psi
Downstream Pressure 75 psi 2009 usage: 3,007,938 kWh ($84,397 in revenue)
Pump/Turbine Units 1
Capacity 800 kW
Orodell Hydro
Upstream Pressure 220 psi
Downstream Pressure 42-120 psi 2009 usage: 700,343 kWh ($25,897 in revenue)
Pump/Turbine Units 1
Capacity 200 kW
Zone 2
Kohler
Upstream Pressure 112 psi
Downstream Pressure 6 psi 2009 usage: 708,208 kWh ($29,324 in revenue)
Pump/Turbine Units 2
Capacity 120 kW
Maxwell
Upstream Pressure 104 psi
Downstream 6 psi 2009 usage: 541,606 kWh ($22,896 in revenue)
Pump/Turbine Units 1
Capacity 90 kW
Zone 1-N/A
Pump Stations
Zone 3
NCAR
Zone E:;\?:tt: f;sr;zri pressure into Part of private system. Pumps run in lead/lag mode
Pumps after 10:30 pm to fill a 300,000 gallon tank with
25,000-75,000 gallons of water for use the following
Number 2 day.
TDH 450 feet
Rated hp, each 60
Zone2to 3
Kohler Emergency use only. Pump/turbine units can
Turbine/Pumps: normally operate in parallel as turbines when
Number 2 reducing pressure from Zone 3 to Zone 2. Capable
Rated hp, each 83 ;1; zze;ﬂtmg in series to pump water from Zone 2 to
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Item | Design Data Notes
Maxwell
Pump/Turbine:
Number 1 Emergency use only. Pump/turbine unit normally
Capacity, each 1,550 gpm operates as a turbine when reducing pressure from
TDH 221 feet Zone 3 to Zone 2. Capable of operating in series
Rated hp, each 125 with the booster pump to move water from Zone 2 to
Booster Pump: Zone 3.
Number 1
Rated hp, each 40
Zone 1to 2
Iris #1
Pumps:
Number 2
Capacity, each 1,688 gpm
TDH 240 feet
Rated hp, each 150
Rpm 1,780
Iris #2
Pumps:
Number 2
Capacity, each 1,688 gpm
TDH 240 feet
Rated hp, each 150
Rpm 1,780
Cherryvale
Pumps:
Number 3
Capacity, each 1,688 gpm
TDH 240 feet
Rated hp, each 125
Rpm 1,780
Zone 1
Boulder Reservoir
Pumps:
Number 6
Capacity, each 2,800 gpm
TDH 260 feet
Rated hp, each 250
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Item | Design Data Notes
Storage Reservoirs
Zone 3
Devil’s Thumb
Type Welded Steel
Capacity 5.0 MG
Overflow Elevation 5,851.8 ft above sea level
Water Depth 21 feet
Chautauqua
Type Concrete
Capacity 8.0 MG
Overflow Elevation 5,853.2 ft above sea level
Water Depth 25.1 feet
Booton
Type Welded Steel
Capacity 3.5MG
Overflow Elevation 5,852 ft above sea level
Water Depth 21 feet
Zone 2
Kohler
Zone 2
Type Concrete
Capacity 9.4 MG
Overflow Elevation 5,610.5 ft above sea level
Water Depth 23.7 feet
Maxwell
Zone 2
Type Concrete
Capacity 9.5 MG
Overflow Elevation 5615.6 ft above sea level
Water Depth 23.5 feet
Zone 1
Gunbarrel
Type Welded Steel
Capacity 2.0 MG
Overflow Elevation 5,420 ft above sea level
Water Depth 20 feet

2.3.3.1 Orodell Hydroelectric Station and PRV
This facility is located in Boulder Canyon approximately four miles west of the City. Hydroelectric power is

generated from the pressure in the Boulder Canyon finished water line from the BWTF. A bypass PRV is
independent of the hydroelectric station and allows water to flow around the Orodell station and down the
canyon. The upgraded bypass PRV allows the Boulder Canyon pipeline to be able to carry up to 20 MGD
at all times. The upgrade to the bypass vales include: two “Roll Seal” control valves installed at the
Orodell Hydro 12” bypass in an aboveground structure along Boulder Creek. The structure, fabricated by
Engineered Fluid, Inc. in lllinois was trucked to the hydro site is a tilt-back hinged design with electric
controls and a thermostatically controlled heating unit. Prior to this installation, water was running into the
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Orodell meter station vault. Two leaks were detected in the 24” high pressure steel transmission line
upstream and repaired as part of this project. (City of Boulder 2005 Utilities Division Annual Report).

Equipment in the Orodell Hydro Station includes a turbine and generator system, turbine isolation plug
valve, bypass PRV valve, bypass upstream and downstream isolation butterfly valves, downstream flow
control valve, miscellaneous valves and piping, and a battery back-up and charging system for
instrumentation and control (1&C).

The FourMile Valve House was abandoned, and a new butterfly valve installed upstream, to facilitate the
planned conversion of the 16” Zone 3 steel transmission pipe into Zone 2 use. A new air relief valve was
installed on the existing Zone 2 line. (City of Boulder 2005 Utilities Division Annual Report).

2.3.3.2 101 Pearl PRV Station
This facility was built in 1996 to replace the 6" and Canyon PRV station. The station consists of two 10-

inch, 150-psi, and Bailey sleeve valves, which operate during summertime peak flow months to reduce
pressure on flow transferring from Zone 3 to Zone 2. Flow is shut off during off-peak months, which
eliminated this as a potential hydroelectric generation site under current operation. The facility was set up
to allow installation of a hydro generator if future operations make it economically viable.

2.3.3.3 Sunshine Hydroelectric Station and PRV
The hydroelectric facility is located on the Sunshine Canyon line, the main transmission line from the

BWTF to the City. A PRV had been installed at this location when the pipeline was built and the
hydroelectric generation facility was constructed in 1986 to make use of the available energy. The
hydroelectric generation equipment consists of an 800 kW Francis turbine, an induction generator, a 20-
inch ball type isolation valve, turbine bypass PRV and necessary electrical, instrumentation and control
gear. This facility operates continuously except during maintenance operations.

The PRV facility is located adjacent to the Sunshine Hydroelectric Station. The PRVs control bypass-flow
around the hydroelectric facility and reduce pressure in the Sunshine Canyon line to Zone 3 pressure.
This facility predates the hydroelectric facility and originally was the main PRV on the Sunshine Canyon
line from BWTF into the City. During a complete renovation, begun in 1996 and completed in 1998, the
original 16-inch motor operated plug valves were replaced with Bailey Polyjet® sleeve valves. Valve
controls allow for remote control through the City’s System Control and Data Acquisition (SCADA) system
or local control to maintain a pressure set point via a local PLC. The 1996 renovation also provided for
improved access to the vault by replacing the original manhole access with a walk-in door. This improved
operator safety by replacing ladder access with walk in entry, eliminating a confined space entry and
providing for faster emergency egress, and made it generally easier for operations staff to inspect and
maintain this critical facility.

2.3.34 Devil’s Thumb Reservoir
The Devil's Thumb Reservoir provides storage and surge protection to the southern portion of Zone 3.

The 5.0 MG reservoir is a fully enclosed welded steel tank sitting at grade. The overflow level is elevation
5851.8. A single 30-inch pipeline serves as both inlet and outlet to the tank. The water level in the tank
floats without regulation by a control valve. Only a manual isolation valve is provided in a vault adjacent to
the tank. Valve operation and status cannot be accessed through the SCADA system.

2.3.3.5 Chautauqua Reservoir
Chautauqua Reservoir is an 8.0 MG covered concrete tank partially buried in the hillside. This facility

provides storage and surge protection to the central portion of Zone 3. The reservoir overflow level is
elevation 5,853.2. The reservoir is connected to the system by an 18-inch inlet/outlet line with an altitude
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valve to control flow. The altitude valve can be adjusted remotely via the SCADA system. Other piping
associated with the reservoir includes:

e 12-inch cast iron siphon inlet/outlet fitting that penetrates the wall near the top and terminates
several feet above the reservoir floor and a 12-inch motor-operated valve

e 12-inch steel siphon in the northeast corner, which penetrates high on the reservoir wall and
terminates several feet above the reservoir floor

e 12-inch cast iron bottom inlet/outlet in the northeast corner
e 14-inch steel floor drain in the northeast corner, which discharges to a nearby creek

2.3.3.6 Booton Reservoir
Booton Reservoir is located at the extreme north end of Zone 3, and provides storage and surge

protection. The tank is circular, welded steel construction, built as a “tank within a tank” jointly by the City
and Pinebrook Hills Water and Sanitation District. The center portion of the tank is separated from the
outer, annular portion by an inner wall and piping is arranged to provide separate connections to each
system. The Pinebrook Hills District uses the inner tank while the outer, annular space provides the City
with 3.5 million gallons (MG) of storage. The design maximum water level is elevation 5,852.0 at a water
depth of 21 feet.

2.3.3.7 Zone 2

The Maxwell and Kohler facilities are complementary, serving similar functions at the northwest and
southwest corners of Zone 2. These facilities generate electricity from the pressure differential between
Zone 3 and Zone 2 using generation units comprised of centrifugal pump units adapted to “run
backwards” to generate electricity by driving an induction generator. Under extreme emergency
conditions such as a major fire in Zone 3 or an interruption in operation at the BWTF, the generator units
can be used to pump water from Zone 2 to Zone 3. These two facilities generate a significant amount of
electricity continuously year round. At each facility, a bypass PRV allows flow in excess of turbine

capacity to bypass the facility and pass directly to the reservoir.

2.3.3.8 Maxwell Reservoir and Hydroelectric Facility
The Maxwell facility is located at the base of the foothills in the northwest part of the City. This station has

one generator/pump unit and one pump only unit. Under normal operating conditions the Maxwell
pump/generator operates to generate electricity and the pump unit is in standby isolated by valves. Under
emergency conditions, the two units would operate as pumps in series to produce enough pressure to
move water from Zone 2 to Zone 3. The station bypass is located in a separate vault. A 1998 upgrade
replaced the original motor operated plug valve with a 10-inch Bailey sleeve valve in a separate vault.

Maxwell reservoir is a 9.5 MG underground concrete tank with an overflow level of 5,615.6.

2.3.3.9 Kohler Reservoir and Hydroelectric Facility
The Kohler facility is located at the base of the foothills in the southwest part of the City. This installation

has two generator/pump units. In normal operation, both units operate in parallel to generate electricity
with flow passing from Zone 3 to Zone 2. Under emergency conditions, the two units would operate as
pumps in series to produce enough pressure to move water from Zone 2 to Zone 3. A 1998 upgrade
replaced the original motor operated plug valve with a 10-inch Bailey sleeve valve. A new vault was
constructed for the new bypass valve.

Kohler reservoir is a 9.4 MG underground concrete tank with an overflow elevation of 5,610.5.
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2.3.3.10 Zone 1
Zone 1 is supplied with water from the BRWTF by the plant’s high service pumps. The Cherryvale and Iris

pump stations allow water to transfer between Zones 1 and 2. Water will pass from Zone 2 into Zone 1
when the BRWTF is not operating or when Zone 1 demand exceeds the output of the BRWTF. PRVs in
the stations control the flow and the pumps remain off. Originally the PRVs had motorized pilot valves,
which have been removed and the valves set for Zone 1 pressure. The pumps can be used to transfer
water from Zone 1 to Zone 2 optimizing use of water resources by making C-BT water available to Zone 2
as well as Zone 1.

2.3.3.11  Cherryvale Pump Station and PRV
The Cherryvale Pump Station is located in the southeast part of the system and receives water from

BRWTF. This station houses three identical horizontal split case pumps arranged for parallel operation to
transfer water from Zone 1 into Zone 2. Recent modifications (2010) to this pump station included the
replacement of the three pumps and improvements to the electrical service system. The Cherryvale PRV
is used to transfer Zone 2 water into Zone 1 when required.

2.3.3.12  Iris Pump Stations and PRVs
The Iris Pump Stations are located in the northeast part of the system and also receives water from

BRWTF. In 2005, the pumps were replaced in the original pump station. This, along with the new 24-inch
pipeline along the Diagonal Highway, allowed BRWTF to deliver up to 12 MGD and allowed transfer of
water from the BRWTF into the western part of the distribution system. In 2010, a second, “sister” pump
station was added (Iris Pump Station #2) increasing BRWTF distribution delivery capacity. Each pump
station houses two, identical, horizontal, split-case pumps rated at 1,688 gpm, at 240 TDH and are driven
by 150 Hp, 1,785 rpm, constant speed motors. The Iris #1 and Iris #2 PRVs are used to transfer Zone 2
water into Zone 1 when required.

2.3.3.13 Gunbarrel Reservoir
Gunbarrel Reservoir provides storage and surge protection to Zone 1. Located in the extreme northeast

corner of the zone, the 2.0 MG reservoir is a fully enclosed welded steel tank sitting at grade. The
overflow level is elevation 5,420.0.

234 Treated Water System Components
The following list summarizes the water distribution system components that comprise the City’s treated
water system. The 2010 data was taken from the City’s Geographical Information System (GIS).

e Water Distribution System Piping 475 miles (23 miles are owned and maintained
privately)

e Valves 6465

o Fire Hydrants 4624

o Steel Pipe Corrosion Protection Devices 70

e Water Meters and Accounts 28,773
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24 System Control

The operation of the water distribution system is monitored at the BWTF by means of the system-wide
Supervisory Control and Data Acquisition (SCADA) system. This system provides for continuous
monitoring of all, pressure reduction valves, system pressures, storage reservoir levels, and hydroelectric
generation units and pump operations. The system also provides for remote control of most of the
pressure reducing valves, bypass valves, pumps and generators in the system such that the operators
can largely control the distribution of treated water within the system from BWTF. As presently configured,
the SCADA system does not provide for automatic operation of any of the systems facilities. The SCADA
system does, however, provide for the recording of detailed operating data. The SCADA network is
shown on Figure 5-5.

During the summer of 2010 a wildfire damaged the fiber optic and Qwest-provided T1 lines to the Betasso
WTP, resulting in a loss of communications between the SCADA system at Betasso WTP and the
SCADA system at Boulder Reservoir WTP. The remote distribution sites communicate only to the SCADA
system at Betasso WTP over a licensed radio network and, therefore, could not be monitored at Boulder
Reservoir WTP after the fire. The fire brought to light a weakness in the SCADA network that could be
improved with the addition of an independent, redundant, communication path between the water
treatment plants or a communication path directly to the Boulder Reservoir WTP from the remote
distribution sites. It is understood that a communication path directly to the Boulder Reservoir WTP from
the remote distribution sites was in place but was decommissioned after the coordination between the
SCADA system at Betasso WTP and the SCADA system at Boulder Reservoir WTP became
unmanageable.
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Figure 5-5: City of Boulder SCADA Overall Network Diagram
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241 1996 SCADA Radio Telemetry Report Summary

In 1996 the City of Boulder engaged CyberLink Corporation to prepare a report detailing the wireless and
telecommunications options available to the City for use in the water and hydropower SCADA system. As
part of the report, CyberLink evaluated the City’s existing radio frequency licenses and other potentially
available licenses in the area, and examined the applicability of those licenses in transmitting and
receiving telemetry data from remote watershed and water distribution sites. CyberLink shows the viability
of both the VHF bands (170.325 MHz) and 900 MAS bands (928.01875 & 952.01875) for use in the
network, both of which were licensed to the city at the time of the report for this purpose. The results of
computer-generated radio path studies for both bands are summarized below:

Table 5-5: 1996 SCADA Radio Telemetry Report Results of Computer-Generated Radio Path
Studies
Path Distance Received Signal Signal Level Above
Band and Site (Miles) Level (dBm) Threshold (dB)
Transmission from Site to Gunbarrel Tank Repeater for 900 MAS Band:
Boulder Reservoir WTP 29 -58.2 +58.8
Betasso WTP 10.2 -85.1 +31.9
Transmission from Site to Gunbarrel Tank Repeater for VHF Band:
Betasso WTP | 10.2 | -70.6 | +46.4

The recommendations of the CyberLink report shows that a reinstatement of the radio link between the
remote distribution sites through the Gunbarrel Tank Repeater to the Boulder Reservoir WTP over the
900 MAS band would create a reliable redundant path for the telemetry data. However, previous issues
associated with the SCADA database should be investigated prior to re-establishing this redundant path.

The City of Boulder is currently exploring the addition of a high bandwidth 18 GHz, licensed radio link, with
connection speeds up to 300Mbps, between Betasso WTP and the Public Safety Building. Considering
that Boulder Reservoir WTP is currently linked to the Public Safety Building through multiple high
bandwidth datalink paths (as shown in Figure 5-5), the new 18GHz radio link could provide an extra level
of redundancy for SCADA data routed between the two water treatment plants. It should be noted that,
though providing a great deal more redundancy than currently exists, the system would still be vulnerable
to an interruption in service if a failure of the radio link between the Gunbarrel Tank Repeater and the
Betasso WTP occurs. A reinstatement of the 900 MAS radio link between the Gunbarrel Tank Repeater
and Boulder Reservoir WTP, as discussed in the previous paragraph, is the only recommendation that
would provide fully redundant communication paths for remote distribution site SCADA data.

Further, it appears that a holistic review of the water and hydropower SCADA network has not been
conducted since 1996. Through radio license re-farming, new telecommunications services, and
improvements in public network data encryption, the wide area network options have substantially
changed since 1996. The City could realize improvements in reliability and reduced recurring costs by
reevaluating the entire SCADA system.
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3  Water Quality Regulations and
Goals

The review and water quality regulations and goals provided in this Chapter expands upon those
summarized in the Volume 3 — Water Quality Strategic Plan (WQSP) and interprets the WQSP specific
to the drinking water system.

3.1 Water Quality Regulations

U.S. drinking water standards have developed and expanded over the past 100 years as knowledge of
the health effects of contaminants has increased and the treatment technology to control contaminants
has improved. The principal driving force behind development of drinking water standards and regulations
is protection of public health. This section provides an overview of past, present and future drinking water
regulations with emphasis on their applicability to the City of Boulder as a provider of treated water to the
public. A historical discussion of treatment regulations in the United States that date up to the 1996
Amendments to the Safe Drinking Water Act are briefly summarized in Table 5-8. Afterwards this section
focuses on the 1996 SDWA Amendments onwards and how they apply to the City of Boulder.

311 Historical Overview

Table 5-8 is a chronological progression of major water quality regulations in the United States up until
1996.
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Table 5-8: Historical Regulations 1893 through 1996
Date Regulation Purpose
1893 ngrti?:tli ?gtggL)JS The surgeon general of the U.S. Public Health Service (USPHS) was empowered
Launch of review of
1913 drinking water Realization that “the most sanitary drinking water cups would be of no value if the water placed in them was unsafe”
concerns
First Federal Drinking “Treasury Standards” were implemented by USPHS, which was part of the US Treasury Department. Included a 100/cc
1914 W (100 organisms/mL) limit for total bacterial plate count. Further, they stipulated that not more than one of five 10/cc
ater Standards . : . A

portions of each sample examined could contain Escherichia coli (E. coli)

1925 UFéSe Ztlg ti109n235 1 coliform per 100 mL and standards for lead, copper, zinc, and excessive soluble mineral substances

1941 U.SPHS form_ed Advisory committee reviewed the 1925 standards

advisory committee

New initiatives, including:

o Samples for bacteriological examination obtained from points in the distribution system, a minimum number of
bacteriological samples for examination each month was established, and the laboratories and procedures used in
making these examinations became subject to state or federal inspection at any time.

1942 USPHS 1943 o Maximum permissible concentrations were established for lead, fluoride, arsenic, and selenium. Salts of barium,
hexavalent chromium, heavy metals, or other substances having deleterious physiological effects were not allowed in
the water system.

¢ Maximum concentrations, not to be exceeded where more suitable alternative water sources were available, were set
for copper, iron plus manganese, magnesium, zinc, chloride, sulfate, phenolic compounds, total solids, and alkalinity.

1962 1962 federal drinking | 28 constituents, including mandatory limits for health-related chemical and biological impurities and recommended limits

water standards for impurities affecting appearance, taste, and odor. Accepted by all 50 states, but were limited in enforcement.
Community Water Survey of 969 public water systems, found that 41% did not meet 1962 guidelines. Study found that several million people
1970 s were being supplied water of an inadequate quality and that 360,000 people were being supplied potentially dangerous
upply Study (CWSS) drink
rinking water.

1973 gf%gzr?éﬁgoggmi 446 community water systems tested, only 60 complied with USPHS standards.

o SDWA became the principal law governing drinking water safety in the United States. Required for all public water

Safe Drinking Water (S%T’IE’GDT; F?Q)d made the standards legally binding. Established National Interim Primary Drinking Water Regulations
December 16, 1974 Act (SDWA) '

(Public Law 93-523)

o These regulations established maximum contaminant levels (MCLs) for 10 inorganic chemicals, six organic chemicals,
two radioactive contaminants, turbidity, and coliform organisms. The interim rules were amended several times before
the first primary drinking water regulation was issued.

1977

SDWA Amendments of
1977, Public Law 95-
190

Revisions of the National Academy of Sciences study, reflecting new information on microorganisms, particulate matter,
inorganic solutes, and radionuclides
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Date Regulation Purpose
1979 Amendments MCL for total trihalomethane (TTHM) compounds was added in 1979
SDWA Amendments of
1979 1979, Public Law 96- | Reauthorization of the SDWA, including a 3 year extension of the authorizations
63
SDWA Amendments of | Minor amendments including exemption extensions, allowed alternative procedures for underground injection control
1980 1980, Public Law 96- | program, limited grant to states that have not assumed primary enforcement, provided grants to systems that demonstrate
502 new or improved methods for meeting more stringent standards
1986 Fluoride revision MCL for fluoride was revised in April 1986

o Established Phase |, I, Ilb, and V rules regulating 69 contaminants over a five-year period. In each rule, USEPA set
limits on the contaminants, prescribed the schedule under which water systems must test for the presence of the
contaminants, and described the treatments which systems may use to remove a detected contaminant.

o For each contaminant, USEPA set a health goal, or Maximum Contaminant Level Goal (MCLG). This is the level at
which a person could drink two liters of water containing the contaminant every day for 70 years without suffering any ill

SDWA Amendments of effects. This goal was npt alegal limit wjth which water systems must comply; but based solely on hluman health risk.
1986 1986 Public Law 99- For known cancer-causing agents (carcinogens), L_JSEPA set the MCLG at zero, under the assumption that any
’ 339 exposure to the chemical c_;oqld preser_1t a cancer I’ISl.(. . .

o The rules also set a legal limit, or Maximum Contaminant Level, for each contaminant. USEPA set legal limits as close
to the health based MCLG as possible, keeping in mind the technical and financial barriers that existed. Except for
contaminants regulated as carcinogens, most legal limits and health goals are the same. Even when they are less strict
than the health goals, the legal limits set provided substantial public health protection.

¢ Along with their long-term effects, nitrate and nitrite were determined to be acute health risks for infants, meaning that
they could cause immediate health problems even when consumed in tiny doses.

Limited exposure to eight Volatile Organic Chemicals (VOCs) that industries use in the manufacture of rubber, pesticides,

8 deodorants, solvents, plastics, and other chemicals and could potentially be in tap water. The rule required water systems
uly 1987 Phase | Rule . . o . . .
to monitor and, if levels exceed legal limits, take corrective action to ensure that consumers receive water that does not
contain harmful levels of the chemicals
Lead Contamination | Amended the SDWA to direct the USEPA to consider drinking water coolers with lead-lined tanks as imminently hazardous
31 Oct 1988 Control Act, Public Law | consumer products which must be repaired, replaced, recalled, or refunded by their manufacturers and importers within
100-572 one year of this Act's enactment.
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Date Regulation Purpose

¢ The Rule set both health goals (MCLGs) and legal limits (MCLs) for total coliform levels as an indicator organism in
drinking water. The rule also detailed the type and frequency of testing that water systems must perform.

o For water systems which collect at least 40 samples per month, if no more than 5.0 percent of the samples collected
during the month were total coliform positive, the system was considered to be in compliance.

29 June 1989 Total Coliform Rule o Under the Rgle, if a sample tests positive fgr coliforms, the. system must collect a set of repeat sampleg within 24 hours.
When a routine or repeat sample tests positive for total coliforms, it must also be analyzed for fecal coliforms and E.
coli, which are coliforms directly associated with fresh feces. If either fecal or E. coli bacteria are present, it signifies an
acute MCL violation. Rapid state and public natification by electronic media (TV or radio) is required within 72 hours
because it represents a direct health risk. Under the coliform rule, states are allowed to disregard speciated coliform-
positive tests that are not of fecal origin.

o The Rule was established to prevent waterborne diseases caused by viruses, Legionella, and Giardia lamblia. The rule
requires that water systems filter and disinfect water from surface water sources to reduce the occurrence of unsafe
levels of these microbes.

o Filter systems are required to maintain a minimum disinfection residual of 0.2 mg/L for water entering the distribution
system. A detectable disinfectant residual must be maintained within the distribution system for a minimum of 95
percent of all samples analyzed on a monthly basis. Where no residual is detected, and a heterotrophic plate count
(HPC) analysis indicates less than 500 colonies per ml, the sample is considered acceptable. Sampling frequencies and
locations must be the same as required by the Coliform Rule.

Surface Water « In the Rule, filtration systems are required to maintain 99.9% (3-log) removal or inactivation for Giardia cysts and

29 June 1989 Treatment Rule 99.99% (4-log) removal for enteric viruses. Conventional granular media filtration can remove a high percentage of

Giardia cysts and viruses. Filtration can achieve 99.5% (2.5-log) removal of Giardia cysts and 99% (2-log) removal of
viruses. To achieve the minimum required 99.9% (3-log) cyst and 99.99% (4-log) virus removal or inactivation criteria,
the disinfection system must provide a minimum additional 0.5-log inactivation of cysts and 2-log inactivation of viruses.
Virus inactivation in excess of a 4-log reduction is typically achieved when conditions for 3-log removal or inactivation of
Giardia cysts are maintained. USEPA recommends specific minimum Giardia cyst removal ranging from 3-log to 5-log
(October, 1990), depending upon the degree of cyst contamination in the source water. To assist in monitoring the
effectiveness in the filtration process, turbidity (a measurement of water clarity) is monitored at 4-hour intervals. The
combined filter effluent turbidity is not to exceed 5 nephelometric turbidity units (NTU) as a maximum and 0.5 NTU at
the 95th percentile for all measurements taken during any month, based on monitoring every four hours.

Legal limits on 38 contaminants were updated or created with these rules, many were frequently-applied agricultural

chemicals while others are more obscure industrial intermediate. For 36 of the 38 contaminants that the Phase Il and IIb

Phase Il and Ilb Rules | rules address, USEPA set both health goals and legal limits. The other two contaminants that USEPA regulated through

the rules, Acrylamide and Epichlorohydrin, are chemicals that some water systems add during the water treatment

process. The rules limit the amount of these chemicals that systems may add to water during the treatment process.

30 January and 1 July
1991
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Date Regulation Purpose

o USEPA set health goals (MCLGs) and action levels for lead and copper. All community public water systems have been
required to monitor and, if necessary, control the amount of lead and copper in the potable water system. Lead and
copper is monitored at user fixtures within the distribution system. Based on first-draw samples, lead and copper
concentrations must be less than 0.015 mg/L and 1.3 mg/L in 90 percent of the samples, respectively.

o When a water system exceeds either action level, it must also assess its source water. In most cases, there will be little
or none of either contaminant in the source water and no treatment will be necessary. When there are high levels in the
source water, treatment of that water, in conjunction with corrosion control, further lessens the chance that consumers
will have elevated levels of lead and copper at the tap. Monitoring data and corrosion control study results must be
submitted to the state, which then approves the required treatment.

¢ The rule also requires systems that exceed the lead action level to educate the affected public about reducing its lead
intake. Finally, a system which continues to exceed the lead action level after completing corrosion control and source
water treatments may have to replace some of its lead water mains.

The Phase V Rule set standards for 23 more contaminants including inorganic chemicals such as cyanide that are present

naturally in some water, though only at trace levels. Industrial activity accounts for the potentially harmful levels of these

contaminants in drinking water. Other Phase V contaminants are pesticides. These chemicals enter water supplies through
run-off from fields where farmers have applied them or by leaching through the soil into ground water.

To support the Microbial-DBP rulemaking process, it required large public water systems serving at least 100,000 people

to monitor and collect data on microbial contaminants, disinfectants and DBPs for 18 months. Monitoring programs began

Information Collection | in July 1997 and were completed by December 1998. The data provided USEPA with information about disinfection

Rule byproducts, disease-causing microorganisms, including Cryptosporidium, and engineering data to control these
contaminants. This information was used in part to create the final Enhanced Surface Water Treatment Rule and the Stage

2 Disinfectants/Disinfection Byproducts Rule. The City of Boulder participated in the ICR at the BWTF from 7/97 to 12/98.

7 June 1991 Lead and Copper Rule

17 July 1992 Phase V Rule

14 May 1996
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3.1.2 Overview of Regulations

The rules of the SDWA apply to all public water systems. The City of Boulder is regulated because it
owns and operates a public water system. Public water systems are further broken down into different
types. Rules apply differently based on the size of the system and classification of the water source.
Monitoring and reporting requirements vary significantly depending upon the size of a system. With a
service area population of approximately 113,000 people the City of Boulder is classified as a very large
water system. The regulations also differ depending on whether a system relies on surface water,
groundwater or a combination of both. The City of Boulder uses surface water exclusively. For clarity, the
remainder of this section will focus on those provisions of the regulations that apply to Boulder as a very
large system using exclusively surface water. States and Indian Tribes are given primary enforcement
responsibility “primacy.” This allows the Colorado Department of Public Health and Environment’s
(CDPHE’s) Water Quality Control Division to enforce the federal rules as a minimum and the ability to
enforce more strict requirements, if necessary.

3.1.3 SDWA 1996 Amendments
On August 6, 1996, the President signed new SDWA amendments into law as Public Law 104-182.

These amendments made sweeping changes to the existing SDWA, created several new programs, and
included a total authorization of more than $12 billion in federal funds for various drinking water programs
and activities from fiscal year (FY) 1997 through FY2003.

The 1996 SDWA Amendments establish an emphasis on preventing contamination problems through
source water protection and enhanced water system management. This emphasis transformed the
previous law, with its largely, after-the-fact and regulatory focus, into a statute that provides for the
sustainable use of water by our nation’s public water systems and their customers. Inherent in the act is
closer interaction with the states in creating and focusing prevention programs, and helping water
systems improve operations and avoid contamination problems.

In addition, the Amendments specify that the public be provided with or given access to data collected,
analyses done or implementation strategies developed under new SDWA programs. These consumer
information provisions provide for public involvement in safe drinking water, founded on the idea that the
understanding and support of the public will be vital to address and prevent the growing threats to
drinking water quality in the years ahead.

Key provisions of the 1996 amendments include the following:

e Consumer Confidence Reports
e Source Water Protection
e Capacity Development
e  Operator Certification
o New risk-based contaminant selection
o Cost-benefit analysis and research for new standards
e Unregulated Contaminant Monitoring Regulation
e Drinking Water State Revolving Fund
e Rules:
» Radon, Arsenic, Disinfection Byproducts (DBP)/Interim Enhanced Surface Water Treatment
Rule (IESWTR), Sulfate

A decade of experience under the 1986 SDWA revealed several areas where responsibly exercised
flexibility supported by sound scientific evidence and a better prioritization of effort could improve
protection of public health compared to the relatively inflexible approach of the 1986 statute.
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New Risk-Based Contaminant Selection: The requirement that USEPA regulate an additional 25
contaminants every three years was eliminated. Instead, USEPA was given the flexibility to decide
whether or not to regulate a contaminant after completing a required review of at least five contaminants
every five years. USEPA must use three criteria to determine whether or not to regulate a contaminant:
that the contaminant adversely affects human health; it is known to or is substantially likely to occur in
public water systems with a frequency and at concentrations high enough to be of public health concern;
and regulation of the contaminant presents a meaningful opportunity for health risk reduction.
[102/1412(b)(1)]

Cost-Benefit Analysis and Research for New Standards: For all future drinking water standards,
USEPA is to conduct a thorough cost-benefit analysis and provide comprehensive, informative, and
understandable information to the public. USEPA is also required to use the “best available, peer-
reviewed science and supporting studies” in carrying out actions within the standard setting section “to
the degree that an Agency action is based on science.” [103/1412(b)(3)]

Small System Technologies, Variances, and Exemptions: A fundamental problem with the previous
law was that, in setting standards based on technology that large systems could afford, it did not
recognize the often-different economics of small systems. The new law contains multiple remedies. First,
as part of a new drinking water standard, USEPA is to identify technologies that comply with the standard
and are specifically affordable for each of three groups of smaller systems [105/1412(b)(4)(E)]. Second,
where such technologies do not exist for a certain group of smaller systems or quality of source water, a
“variance” technology must be identified that need not meet the standard but must provide the maximum
protection affordable for such groups of smaller systems and source waters. [111/1412(b)(15)] Within two
years, USEPA must identify affordable compliance and, where appropriate, variance technologies for
existing regulations, and issue regulations for small system variances.

Compliance Time Frames: The Amendments extend to three years the previous 18-month deadline for
systems to comply with new regulations, unless USEPA determines an earlier date is “practicable.”
USEPA or States (for individual systems) may give an additional two years if necessary for capital
improvements. [108/1412(b)(10)]

Monitoring Reforms: States may grant “interim monitoring relief’ to systems under 10,000 (exempting
them from additional quarterly monitoring) if monitoring done at the time of “greatest vulnerability to the
contaminant” fails to detect it, and the State finds that further monitoring is unlikely to detect it. This relief
may not cover any microbiological contaminants (or their indicators), disinfectants, or disinfection or
corrosion byproducts [125(b)/1418(a)].

Enforcement: The Amendments streamline processes for administrative compliance orders and
penalties up to $5,000 that raise the administrative and emergency penalty caps, and make enforceable
many SDWA provisions and requirements imposed under them by USEPA or primacy States, and give up
to a two-year enforcement moratorium for violations being remedied by a specific plan to consolidate with
another system. States must also adopt administrative penalty authority for primacy. These measures will
facilitate more effective enforcement, encouraging compliance while keeping safeguards for systems
[113/1414].

The creation of a Drinking Water State Revolving Fund (SRF), to assist communities in installing and
upgrading safe drinking water treatment facilities, is among the new statute’s most dramatic departures
from the past, and among the most important changes in the nation’s drinking water program since
passage of the original SDWA in 1974. The President proposed the SRF in 1993 to advance the same
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kind of national commitment to safe drinking water as America has made to wastewater treatment and
clean water.

Drinking Water State Revolving Fund: The SRF was authorized at $599 million for FY1994, and $1
billion annually thereafter through FY2003. The full span of this authorization is meaningful because the
law permits appropriation in future years of any funds authorized but not appropriated in prior years.
Funds are allotted to all primacy states through FY1997 based on the current formula for Public Water
System Supervision grants, and thereafter based on the results of the most recent SRF needs survey.
The fiscal year 2009 appropriation for the SRF program was $829,029,000.

SRF Grants to States for Prevention Programs and Projects: One of the most notable features of the
law is the authorization to States to use SRF funds for the new prevention programs. Up to 10 percent of
their capitalization grants may be used for source water protection, capacity development, and operator
certification programs, as well as for the State’s overall drinking water program.

problems through source water protection and enhanced water system management. It
also required the City to be more transparent in their reporting and notifications.

@ The 1996 SDWA Amendments required the City of Boulder to prevent contamination

3.1.3.1 Interim Enhanced Surface Water Treatment Rule (IESWTR)
Over time, improved analytical techniques identified specific microbial pathogens, such as

Cryptosporidium, which are highly resistant to traditional disinfection practices as well as being difficult to
remove through conventional treatment processes. In 1993, Cryptosporidium caused 400,000 people in
Milwaukee to experience intestinal illness. More than 4,000 were hospitalized, and at least 50 deaths
have been attributed to the disease. There have also been cryptosporidiosis outbreaks in Nevada,
Oregon, and Georgia.

The Interim Enhanced Surface Water Treatment Rule (IESWTR) (published 16 December 1998/effective
December 2001) amended the 1989 SWTR to strengthen microbial protection, including provisions
specifically to address Cryptosporidium, and to address risk trade-offs with disinfection byproducts. The
IESWTR applied to surface water and groundwater under the direct influence of surface water systems
serving over 10,000 people. The rule included the requirement for at least a 2-log removal of
Cryptosporidium, credits for Cryptosporidium removal based on properly functioning filters, strict filter
effluent turbidity performance requirements, and clearly defined reporting requirements.

superseded the IESWTR. The effect these rules had on the City of Boulder is
discussed later in this chapter.

@ The Long Term 2 Enhanced Surface Water Treatment Rule (adopted in 2006)

3.1.3.2 Stage 1 Disinfectants and Disinfection Byproduct Rule (D/DBPR)
For some time, it has been a major challenge for water suppliers to balance the risks from microbial

pathogens and disinfection byproducts. It is important to provide protection from these microbial
pathogens while simultaneously ensuring decreasing health risks to the population from DBPs.

The Stage 1 D/DBRP (published 16 December 1998/effective 1 December 2001) attempted to reduce the
levels of exposure to disinfectants and disinfection byproducts in drinking water supplies. The Stage 1
D/DBPR updated and superseded the 1979 regulations for total trihalomethanes. In addition, it set limits

City of Boulder Treated Water Master Plan Update — Volume 5 (Final October 2011) Page 5-44



_

for exposure to three disinfectants and many disinfection byproducts. The rule provided public health
protection from exposure to haloacetic acids, chlorite (a major chlorine dioxide byproduct) and bromate (a
major ozone byproduct). The rule established maximum residual disinfectant level goals (MRDLGs) and
maximum residual disinfectant levels (MRDLs) for three chemical disinfectants — chlorine, chloramine and
chlorine dioxide. Table 5-9 shows the maximum contaminant level goals (MCLGs) and maximum

contaminant levels (MCLs) for total trihalomethanes, haloacetic acids, chlorite and bromate.

Table 5-9: Stage 1 D/DBPRs

Disinfectant Residual MRDLG (mg/L) MRDL (mg/L) Compliance Based On
Chlorine 4 (as Clp) 4.0 (as Clp) Annual Average
Chloramine 4 (as Clp) 4.0 (as Cl) Annual Average
Chlorine Dioxide 0.8 (as ClO2) 0.8 (as ClOy) Daily Samples
DBPs MCLG (mg/L MCL (mg/L) Compliance Based On
Total trihalomethanes (TTHM) N/A2
Chloroform? N/A
Bromodichloromethane 0 0.080 Annual Average
Dibromochloromethane 0.06
Bromoform 0
Haloacetic acids (five haloacetic acids [HAAs])* N/A
Dichloroacetic acid 0 0.060 Annual Average
Trichloroacetic acid 0.3
Chlorite 0.8 1.0 Monthly Average
Bromate 0 0.010 Annual Average
'Total trihalomethanes is the sum of the concentrations of chloroform, bromodichloromethane, dibromochloromethane, and
bromoform.
2N/A - Not applicable because there are individual MCLGs for TTHMs or HAA HAAss, unless otherwise noted.
3The USEPA removed the value of zero for the MCLG for Chloroform from its National Primary Drinking Water Regulations,
effective May 30, 2000, in accordance with an order of the U.S. Court of Appeals for the District of Columbia Circuit.
4Haloacetic acids (five) are the sum of the concentrations of mono-, di-, and trichloroacetic acids and mono- and
dibromoacetic acids.
5Note: Stage 1 D/DBPR was superseded by Stage 2 D/IDBPR

Water systems that use surface water and use conventional filtration treatment are required to remove
specified percentages of organic materials, measured as total organic carbon (TOC) that may react with
disinfectants to form DBPs. The level of removal of TOC is specified in Table 5-10 and the routine
monitoring requirements are included in Table 5-11.

Table 5-10: Required Removal of Total Organic Carbon
Source Water Alkalinity (mg/L as CaCOs)!
Source Water TOC (mg/L) 0-60 > 60-120 > 1202
>2.0-4.0 35.0% 25.0% 15.0%
>4.0-8.0 45.0% 35.0% 25.0%
>8.0 50.0% 40.0% 30.0%

1Systems meeting at least one of the alternative compliance criteria in the rule are not required to meet the removals in this
table.
2Systems practicing softening must meet the TOC removal requirements in the last column to the right.
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Table 5-11: Routine Monitoring Requirements for Conventional Filtration Treatment Plants
Large Surface Water System with
Requirement Location for sampling Conventional Filtration

Source Water (TOC and Alkalinity sample must be
at same location and time)

25% in distribution system at maximum residence
TTHMs and HAAs time, 75% at distribution system representative 4/plant/quarter
locations
Chlorine and Same points as total coliform in TCR Same times as total coliform in Total
Chloramines Coliform Rule (TCR)

TOC and Alkalinity 1 sample/month/plant

Compliance with the Stage 1 D/DBPR was required at the state level by December 17, 2001. Reduced
monitoring limits are available if the source water annual average TOC, before any treatment, is less than
4.0 mg/L and then annual average of TTHM is less than 0.040 mg/L, and the annual average of HAAs is
less than 0.030 mg/L (1996 SDWA Programs).

The Stage 2 D/DBPR (adopted in 2006) superseded the Stage 1 D/DPBR. The effect
these rules had on the City of Boulder is discussed later in this chapter.

3.1.3.3 Consumer Confidence Reports (CCRs)
The Consumer Confidence Report rule was created by the 1996 reauthorization of the Safe Drinking

Water Act. The Environmental Protection Agency published the final regulation on August 19, 1998
(Federal Register, Volume 63, and Number 160). The rule requires community water systems to provide
annual reports to their customers on the quality of their drinking water. The Consumer Confidence
Reports inform water system customers about the quality, safety, and reliability of their drinking water.

All water utilities are required to provide the reports by July 1 of each year. The CCR does not replace
annual monitoring and reporting requirements of the SDWA. Water utilities must deliver the report directly
to each customer by hand or through the regular mail service.

Consumer confidence reports summarize information that water systems already collect to comply with
current regulations. The federal rule has specific requirements for mandatory language and reporting
detected contaminants. The required information for the CCR is summarized below.

o Name and location of water source(s)

o Type of water (groundwater, surface water, imported water)

e Concentrations of regulated contaminants detected in the water

e Concentrations of unregulated (monitoring only) contaminants detected in the water
e Concentrations of disinfection byproducts

e Concentrations of microbial contaminants

¢ Allowable Maximum Contaminant Levels for each contaminant monitored

¢ Health effects of contaminants exceeding any allowable MCL

e Probable sources of any contaminants

¢ Violations of monitoring, reporting, treatment, or record keeping requirements
¢ Public involvement opportunities

e Sources of additional information
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Utilities may include additional information to explain or help customers interpret the CCR data.

citizens of Boulder. The most recent 2010 report is available online on the City’s

@ The City of Boulder is required to produce consumer confidence reports annually to the
website:

3.1.3.4 Source Water Protection
Every state with primacy is required to develop a Source Water Assessment and Protection Program

(SWAP) as a means of protecting water used for public drinking water supplies. SWAP calls for the states
to conduct an assessment, coordinated with existing information and programs, to determine the
vulnerability of drinking water sources within their boundaries. The concept was not new, as it had been
employed ten years before with the wellhead protection program, a preventive approach to protecting
ground water sources of drinking water. Source water expands the concept to include surface water
sources as well.

SWAP is a two-phased process; assessment and protection. The assessment phase must include four
elements: Involvement of the public in the design and implementation of the source water assessments;
delineation of the source water assessment areas (SWAAs) for each public water system (PWS); an
inventory of significant potential sources of contamination (PSOCs) within the SWAA; and a determination
of the susceptibility of the PWS intake or well to the inventoried contaminants. The protection phase
utilizes the information obtained from the assessment phase and encourages the public water providers
to employ measures within the SWAA that will help ensure the long term integrity of the water source. A
SWAA becomes a source water protection area (SWPA) with the development of a protection plan and
implementation of protection measures.

SWAP in Colorado is organized by watershed. These are subdivided into hydrologic units and sub-units
within the SWAAs that are defined. Organization of SWAP by watershed coincides with federal and state
policies to manage water quality within this context.

The Safe Drinking Water Act specifies that the following tasks must be undertaken to adequately assess
a PWS’ source water:

e Delineate the area or zone through or over which contaminants, if present, are likely to migrate
and reach the drinking water well or surface water intake.

e Inventory PSOCs. Assemble data on regulated and unregulated PSOCs along with information
on the structure of the wells and intakes, and the hydrogeology within the delineated SWAA.

¢ Analyze the susceptibility of the drinking water source to the contaminants identified.

¢ Rate the PWS as having high, moderate, or low susceptibility to the type of contaminants or
contaminant sources identified.

Boulder as well as other Colorado systems based on existing databases. The
protection phase is voluntary.

@ The CDPHE Water Quality Control Division performed the source water assessment for
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3.1.3.5 Capacity Development
The 1996 Amendments create a program to build nationally on the demonstrated success of several

States in strengthening the managerial, technical and financial capacity of water systems to reliably
deliver safe drinking water. State programs must have two main components: (1) legal authority to ensure
that new water systems have sufficient technical, managerial, and financial capacity to meet drinking
water standards; and (2) a strategy to identify and assist existing water systems needing improvements in
managerial, technical, or financial capacity or aid to comply with standards.

more than the City of Boulder.

@ These amendments to the 1996 SDWA impacted on the State of Colorado’s program

3.1.3.6 Operator Certification
Ensuring the knowledge and skills of public water system operators is widely considered one of the most

important, cost-effective means to strengthen drinking water safety. To that end, the Amendments require
all States to carry out a program of operator certification. Each State must either: (a) implement a
program that meets the guidelines established by USEPA, or (b) enforce an existing State program,
provided it is substantially equivalent to or meets the overall public health objectives of USEPA’s
guidelines.

The City of Boulder Water Treatment Facilities are classified by the State of Colorado

to be “A” facilities. Boulder fulfills the “A” classification requirement with State of

Colorado certified “A” operators at both facilities. These certified operators along with

mechanics, electronic technicians, SCADA Administrator, and process optimization

specialists ensure that the water quality from the two treatment facilities meets and
exceeds the requirements for water treatment set by CDPHE.

3.1.3.7 Public Notification Rule
In 2000 the USEPA Public Notification (PN) Rule set new strict requirements on the form, manner,

content, and frequency of public notices. The notices must contain:

e A description of the violation that occurred, including the potential health effects
o The population at risk and if alternate water supplies need to be used

o What the water system is doing to correct the problem

e Actions consumers can take

o When the violation occurred and when the system expects it to be resolved

e How to contact the water system for more information

e Language encouraging broader distribution of the notice

The regulation divides the public notice into three tiers:

Tier 1, for violations and situations with significant potential to have serious adverse effects on human
health as a result of short-term exposure. Notice is required within 24 hours of the violation.

Tier 2, for other violations and situations with potential to have serious, but not immediate, adverse
effects on human health. Notice is required within 30 days, or as soon as possible, with extension of up to
three months for resolved violations at the discretion of the State or primacy agency.
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Tier 3, for all other violations and situations not included in Tier 1 and Tier 2. Notice is required within 12
months of the violation, and may be part of a single annual report, including in some cases the annual
CCR already required by EPA.

The PN Rule forces the City of Boulder to inform the community of any violation in
treatment quality via the three tiers listed above.

3.1.3.8 Unregulated Contaminant Monitoring Regulation (UCMR)
The first cycle of the Unregulated Contaminant Monitoring Regulation (UCMR 1) (published September

17, 1999/effective January 1, 2001) is used to support the “sound science” approach to future drinking
water regulations. The requirements for unregulated contaminant monitoring were first established by the
1986 SDWA Amendments. Since its inception in 1988, the UCM program has collected occurrence data
to help USEPA determine which contaminants USEPA should regulate based on contaminant
concentrations in PWSs and the contaminants’ adverse health effects levels. Data generated by this rule
will be used to: (1) evaluate and prioritize contaminants on the Contaminant Candidate List (CCL) and
refine the CCL; (2) support the Administrator's determination of whether to regulate a contaminant under
the drinking water program; and, (3) support the development of drinking water regulations.

The program includes: (1) a new list of contaminants; (2) a representative sample of PWSs serving
10,000 or fewer person to monitor; (3) placement of the monitoring data in the National Drinking Water
Contaminant Occurrence Database (NCOD), and; (4) notification of consumers that the monitoring results
are available.

UCMR 1 covered the period 2001 through 2005 and is currently superseded by UCMR 2 which covers
the period 2007 through 2011. UCMR 2 (effective on February 5, 2007) is the final rule which describes
the design for the second UCMR cycle. Under UCMR 2, USEPA requires the monitoring of 25 chemicals
using five different analytical methods. UCMR 2 monitoring will occur during 2008 through 2010."

@ The most recent CCL (CCL3) is listed later in this section.

3.1.3.9 Arsenic
On January 22, 2001 the USEPA adopted a new arsenic MCL of 10 ppb, which replaced the previous

standard of 50 ppb. The new Arsenic Rule became effective on February 22, 2002 and water treatment
systems were required to comply with the new rule by January 23, 2006. The MCLG for arsenic is 0 ppb.

annually. The City also voluntarily monitors arsenic monthly at the entry point to the
distribution system at each WTF, which is not required by CDPHE.

@ The City of Boulder monitors arsenic at the entry point to the distribution system once

! http://www.epa.gov/fedrgstr/EPA-WATER/2007/January/Day-04/w22123.htm.
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3.1.3.10  Stage 2 D/DBPR
The Stage 2 D/DBPR was implemented in 2006 and revises the original Stage 1 D/DBPR. The rule only

applies to utilities serving more than 10,000 consumers. The following presents a general overview of the
rule:

o Initial Distribution System Evaluation (IDSE) — Surface water systems and groundwater systems
were required to conduct one year of monitoring at sample locations that are separate from the
current DBP compliance sample locations. The sample locations were determined based on the
type of distribution system residual maintained by the system.

e The results of the IDSE were then used to determine those sites in the distribution system that
have the highest DBPs and to select from these sites four new DBP compliance monitoring
locations per plant.

e Compliance with the Stage 2 D/DBPR is determined using a Locational Running Annual
Averages (LRAA), rather than system-wide averages, using the same MCL’s as the Stage 1
D/DBPR. This means that the results from DBP sampling are no longer averaged across the
entire distribution system. Instead, the results of sampling are averaged each quarter at each
sampling site and the running annual average of the results at each location must meet the
MCL’s. Compliance will begin in 2012.

Best available technology for meeting the Stage 2 MCLs, as defined by EPA, is enhanced coagulation (or
softening), and granular activated carbon (GAC) adsorption with empty bed contact times of 10 or 20
minutes.

The City collects data on TOC removal and alkalinity, disinfection byproducts (TTHM,
HAADS), Chlorine MRDL, and Chlorine at various points in the raw water and/or
distribution system. A detailed discussion of the City’s regulatory compliance as related
to the Stage 2/DBPR is included in Section 5.1.3 Regulatory Compliance.

The BWTF complies with an alternative compliance criteria of having the treated water
TOC level less than 2 mg/L.

The City of Boulder has had to use an alternative compliance method for TOC removal
at the BRWTF because the required TOC removal was not always met. The source
water Specific UV-absorption (SUVA) calculation is used for the BRWTF, which is less
than or equal to 2 L/mg-m.. Further details on how the BRWTF is meeting the
requirements using a carbonic acid system is described in Section 5.1.2.

3.1.3.11  Long Term Enhanced Surface Water Treatment Rule (LT2ESWTR)
The LT2ESWTR was adopted in 2006 and applies to surface water and groundwater under the direct

influence of surface water sources, it provides new information and supersedes the IESWTR. The
objective of the rule is to reduce the risk associated with Cryptosporidium and other microbial pathogens
in drinking water and address risk-risk tradeoffs with the control of disinfection byproducts. Sampling of
raw water sources for Cryptosporidium is required under the LT2ESWTR. The following presents a
general overview of the LT2ESWTR:

e Surface water systems serving greater than 10,000 people were required to conduct monitoring
for Cryptosporidium (and E. coli) for 24 months to determine the source water concentration of
Cryptosporidium for a given system.
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e Each utility determined a bin classification based on the Cryptosporidium sample results. Bins are
calculated by averaging individual sample results from one or more years of monitoring. Specific
procedures vary depending on the frequency and duration of monitoring. Treatment bins are
shown in Table 5-12.

If the level of Cryptosporidium requires additional treatment beyond conventional filtration, a number of
methods of meeting the treatment requirement are available, including membrane filtration and
disinfection with ultraviolet (UV) light.

Table 5-12: USEPA Bin Classification Table and Treatment Requirements for Filtered Public
Water Systems under LT2ZESWTR

Average
For Public Water Systems Cryptosporidium Additional Treatment Requirements for
that Are...! Bin Concentration Systems with Conventional Treatment

1 Crypto < 0.075 oocysts/L | No action
1.0-log treatment (0.5-log removal + 0.5-log
2 0.075/L < Crypto < 1.0/L | inactivation or 1.0 log or greater from microbial

toolbox)
Required to monitor for 2-log treatment (with at least 1.0 log inactivation -
Cryptosporidium 3 1.0 < Crypto < 3.0/L e.g., UV, Os, ClO2, membranes, bag filters or bank
filtration)
3-log treatment (with at least 1.0 log inactivation —
4 Crypto > 3.0/L e.g., UV, Os, ClO2, membranes, bag filters or bank
filtration)

Serving fewer than 10,000
people and NOT required to 1 N/A No action
monitor for Cryptosporidium?
'Filtered PWSs serving fewer than 10,000 people are not required to monitor for Cryptosporidium if they monitor for E. coli and demonstrate
a mean concentration of E. coli less than or equal to 10/100 mL for lake/reservoir sources or 50/100 mL for flowing stream sources or do
not exceed an alternative State-approved indicator trigger (see section IV.A.1).

CDPHE requires the City of Boulder to report the results of a Microscopic Particulate
Analysis (MPA) from samples taken on the raw water and the combined filter effluent of
both facilities annually (with rotating quarters — e.g., 2010 was in the fourth quarter of
the year).

@ The City of Boulder conducted the required monitoring programs for the BRWTF from
January 2001 — October 2004 with follow-up sampling in June 2006 and for the BWTF
from January 2001 — October 2004 with follow-up sampling in October 2008.

The City of Boulder will be required to monitor for Cryptosporidium again in 2015 and

reevaluate the Bin Classification in 2017.

3.1.3.12  Filter Backwash Recycling Rule (FBRR)
On June 8, 2001, USEPA published the final Filter Backwash Recycling Rule in the Federal Register. The

following presents a summary of the FBRR:

1. Applies to surface water and groundwater under the direct influence of surface water systems
that utilize conventional or direct filtration (as defined in the Code of Federal Regulations) that
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practice recycle of filter backwash water, thickener supernatant, or liquids from dewatering
processes.

2. By December 8, 2003, systems that recycle filter backwash water, thickener supernatant, or
liquids from dewatering processes must have notified the State of the following: (a) plant
schematic showing origin of all flows that are recycled, hydraulic conveyance used to transport
the flows and location where they are returned to treatment plant, (b) typical recycle flow in
gallons per minute, (c) highest observed plant flow during the previous year, (d) design flow for
the treatment plant in gallons per minutes, (e) State approved operating capacity for the treatment
plant (if the State had made such a determination).

3. Any system that recycles (spent filter backwash water, thickener supernatant, or liquids from
dewatering processes) must have returned flows through all processes of the system’s existing
conventional or direct filtration plant (or an alternate location approved by the State) by June 8,
2004.

4. If a system needed to make capital improvements to comply, these improvements must have
been completed by June 8, 2006.

5. Systems must have recordkeeping requirements (to be reviewed during sanitary surveys)
including (a) copy of notification and information submitted to the State as described above, (b)
list of all recycle flows and frequency with which they are returned, (c) average and maximum
backwash flow rate through filters, average and maximum duration of the filter backwash cycle,
(d) typical filter run length and a written summary of how filter run length is determined, (e) if
applicable, type of treatment provided for recycle flow, (f) information on physical dimensions of
any equalization and/or treatment units, typical and maximum hydraulic loading rates, type of
treatment chemicals, average dose and frequency of use, and frequency at which solids are
removed, if applicable.

contaminants removed by filters. On June 8, 2001, USEPA published the final Filter
Backwash Recycling (FBR) Rule in the Federal Register. The City of Boulder has

@ The objective of the Filter Backwash Rule is to prevent the return of concentrated
records which comply with the requirements for this rule.

3.1.3.13  Radionuclides Rule
EPA revised the radionuclide rule on December 7, 2000. The rule retained the existing MCLs for

combined radium-226 and radium 228 of 5 pCi/l, gross alpha particle radioactivity of 15 pCi/l, and beta
particle and photon emitters at 4 mrem/yr. The rule now regulates uranium with a MCL of 30 ug/l. MCLGs
for all of the regulated radionuclides are zero.

point into the distribution system every 9 years. The next monitoring will need to occur

@ The City of Boulder monitors Uranium, Radiumagzs 228, and Gross Alpha at the entry
in 2011.
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3.1.4 Future Regulations

3.1.4.1 Contaminant Candidate List 3 (CCL3)
In October 2009, USEPA published a final list of contaminants which may require regulation under the

SDWA. This final Contaminant Candidate List 3 (CCL3) includes 104 chemicals of chemical groups and
12 microbiological contaminants which are known or anticipated to occur in public water systems. The list
includes chemicals used in commerce, pesticides, waterborne pathogens, DBPs and biological toxins.
The Agency evaluated approximately 7,500 chemicals and microbes and selected 116 candidates for the
CCL3 that have the potential to present health risks through drinking water exposure. The CCL3 list is
included below in Table 5-13.

3.1.4.2 Unregulated Contaminant Monitoring
US Environmental Protection Agency recently outlined its plans to have certain utilities monitor for 30

contaminants under the third Unregulated Contaminant Monitoring Rule, (UCMR3). The City of Boulder
will be part of this effort and will monitor 24 of the targeted contaminants in the CCL3. The City will be part
of 4,800 utilities to start the third round of Assessment Monitoring in 2013 for 22 unregulated
contaminants — including seven hormones; 1,4, dioxane; nine volatile organic compounds (VOCs); four
metals; and chlorate. In addition the USEPA is considering a Screening Survey for six perfluorinated alkyl
acids.

This information was announced in April of 2010 and will be used by the EPA to make future regulatory
determinations.

3.1.4.3 Revised Total Coliform Rule
In 2007, USEPA decided to establish a committee under the Federal Advisory Committee Act. This

charge to the Total Coliform Rule/Distribution System Advisory Committee (TCR/DSAC) was to develop
an agreement in principle regarding recommendations to USEPA on revisions to the TCR and on what
information about distributions is needed to better understand and address possible public health impacts
from potential degradation of drinking water quality in distribution systems. On September 18, 2008, the
TCRDSAC signed an Agreement in Principle that recommended revisions to the 1989 TCR. In 2010, the
USEPA proposed revisions to the 1989 TCR. The 2010 proposed revisions to the TCR will:

e require public water systems that are vulnerable to microbial contamination to identify and fix
problems, and

e establish criteria for systems to qualify for and stay on reduced monitoring, thereby providing
incentives for improved water system operation.

samples monthly within the distribution system. This information is reported to CDPHE

@ The City of Boulder currently monitors total coliform and chlorine by collecting 120
within 10 days after the month’s end.
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Chemical Contaminants

Common Name - Registry Name

1,1,1,2-Tetrachloroethane Estrone RDX
1,1-Dichloroethane Ethinyl Estradiol (17-alpha Ethynyl Estradiol) sec-Butylbenzene
1,2,3-Trichloropropane Ethoprop Thiodicarb
1,3-Butadiene Ethylene glycol Thiophanate-methy!
1,3-Dinitrobenzene Ethylene oxide Toluene diisocyanate
1,4-Dioxane Ethylene thiourea Tribufos
17 alpha-Estradiol Fenamiphos Triethylamine
1-Butanol Formaldehyde Triphenyltin hydroxide (TPTH)
2-Methoxyethanol Germanium Strontium
2-Propen-1-ol Halon 1011 (bromochloromethane) Tebuconazole
3-Hydroxycarbofuran HCFC-22 Tebufenozide
4 4'-Methylenedianiline Hexane Tellurium
Acephate Hydrazine Terbufos
Acetaldehyde Mestranol Terbufos sulfone
Acetamide Methamidophos Urethane
Acetochlor Methanol Vanadium
Acetochlor ethanesulfonic acid (ESA) Methyl bromide (Bromomethane) Vinclozolin
Acetochlor oxanilic acid (OA) Methyl tert-butyl ether Ziram

Acrolein

Metolachlor

Alachlor ethanesulfonic acid (ESA)

Metolachlor ethanesulfonic acid(ESA)

Microbial Contaminants

Alachlor oxanilic acid (OA) Metolachlor oxanilic acid (OA) Adenovirus
alpha-Hexachlorocyclohexane Molinate Caliciviruses
Aniline Molybdenum Campylobacter jejuni
Bensulide Nitrobenzene Enterovirus
Benzyl chloride Nitroglycerin Escherichia coli (0157)
Butylated hydroxyanisole N-Methyl-2-pyrrolidone Helicobacter pylori
Captan N-nitrosodiethylamine (NDEA) Hepatitis A virus
Chlorate N-Nitrosodimethylamine (NDMA) Legionella pneumophila
Chloromethane (Methy! chloride) N-Nitroso-di-npropylamine (NDPA) Mycobacterium avium
Clethodim N-Nitrosodiphenylamine Naegleria fowleri
Cobalt N-nitrosopyrrolidine (NPYR) Salmonella enteric
Cumene hydroperoxide Norethindrone (19-Norethisterone) Shigella sonnei
Cyanotoxins N-Propylbenzene
Dicrotophos o-Toluidine
Dimethipin Oxirane, methyl-
Dimethoate Oxydemeton-methyl
Disulfoton Oxyfluorfen
Diuron Perchlorate
Equilenin Perfluorooctane sulfonic acid (PFOS)
Equilin Perfluorooctanoic acid (PFOA)
Erythromycin Permethrin
Estradiol (17-beta estradiol) Profenofos
Estriol Quinoline
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3.1.4.4 Revised Lead and Copper Rule
The Lead and Copper Rule is on target to be revised in the spring of 2012, with finalization in 2014.

Revisions are likely to include revisions to the current sample tiers, changes to lead service line
replacement requirements, and sampling at schools and child care facilities.

3.1.4.5 Endocrine Disrupting Compounds and Pharmaceuticals and Personal Care
Byproducts
Another area of possible future regulatory activity is the regulation of a broad range of emerging

contaminants that include pharmaceuticals and personal care products (PPCPs) and endocrine disrupting
compounds (EDCs). EDCs are chemicals that interfere with the natural function of the endocrine system
(glands and hormones) in both humans and animals. Continuing research into refining analytical
methods, significantly lower detection limits, and occurrence of these compounds in the environment has
captured the attention of the general public. Endocrine disrupting compounds are ubiquitous in the
environment and can be found in both point and non-point sources. EDCs in drinking water may originate
from 1) surface water, groundwater, or reservoir source water that was contaminated by point or non-
point source pollution, 2) chlorinated or oxygenated compounds that are produced as byproducts during
water treatment processes, and 3) contact with material in the water supply system.

For humans, exposure to EDCs can occur through food, water, and air. Compounds classified as
potential EDCs vary among regulatory and environmental organizations around the world. There is still a
need for agreement on the specific effects that would be required to classify a substance as a potential
endocrine disrupting compound. A complete listing of known EDC and PPCP compounds is lengthy and
EPA’s prohibitively costly plan to eventually test the full universe of 87,000 known chemicals for
endocrine disrupter activity will further lengthen this list. Presently, the best approach is to focus on those
compounds where analytical methodologies have been developed and survey work has demonstrated
frequent occurrence. General categories of PPCPs detected with greatest frequency are included in
Table 5-14.

Table 5-14: Categories of PPCPs Detected with Greatest Frequency in Unites States Geological
Society (USGS) Urbanized Stream Reconnaissance Survey, (2002) Kolpin, et. al.

Category Compounds Frequency Detected
: . Coprostanol 86%
Steroids (fecal indicators) Cholesterol 859%
Insect Repellent DEET 75%
Nonprescription Stimulant Caffeine 60%
Nonprescription Nicotine Metabolite Cotinine 38%
Nonprescription Stimulant Metabolite 1,7-dimethylxanthine 30%
Fire Retardant Tri(2-chloroethyl)phosphate 58%
Antimicrobial Household Disinfectant Triclosan 58%
4-Nonylphenol 52%
Detergents 4-Nonylphenol monoethoxylate 46%
4-Octylphenol monoethoxylate 44%
4-Nonylphenol diethoxylate 38%
Plasticizers Ethanol-2-butoxy-phosphate 46%
Polymer Ingredient Bisphenol-A 42%
Antioxidants (food preservatives) 5-methyl-1H-benzotriazole 33%
. Fluoranthene (priority pollutant 31%
Polyaromatic Hydrocarbon Pyrene (prii)prity pzllp;tant) ) 29%
Antibiotics Trimethoprim 27%
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Presently, there is no consensus on the use and validity of toxicity tests for the evaluation of the toxic
hazard to humans from EDCs. Many challenges exist for EDC assessment. Some effects are
demonstrable at very low dosage exposures; however, the levels of contamination known to cause effects
are dramatically lower than current testing procedures are able to measure. Dose-response curves do not
necessarily follow the classic assumption that as the dose increases so too does the effect. For some
endocrine disrupting compounds, effects may disappear at higher levels, or become qualitatively different.
Under other circumstances, there may be no threshold level below which there is no effect. Contaminant
exposures take place in mixtures and these mixtures can interact additively, synergistically, or not at all.
This means that toxicological tests conducted for most regulatory decisions must be repeated at
environmentally relevant (i.e., much lower) levels. In the meantime, this means the USEPA, Food and
Drug Administration, and industry are lacking in scientific guidance for regulatory decisions related to
EDCs.

In 2007, the Water Research Foundation implemented the Strategic Research Initiatives Program’s
“Distribution System Water Quality and EDC s/PPCPs in Drinking Water.” This program will help to
develop methods to detect and quantify these compounds in drinking water, assess the occurrence of
these compounds, evaluate the toxicological relevance to human health, develop cost effective source
control and treatment alternatives, and develop effective tools and strategies for outreach and
communication with drinking water customers. (Water Research Foundation (2010) Endocrine Disrupting
Compounds/Pharmaceuticals and Personal Care Products Strategic Research Initiative — Strategic Plan).

In addition, nanoparticles (particles with a dimension of 100 nm or less) used in PPCPs have recently
become a point of concern. Nanoparticles immediately adsorb onto the surface of some larger molecules.
Nanoparticles have been used as a drug delivery mechanism to direct the drug to a specific location,
sometimes a specific cell, in the body. Depending on the dose and solubility, these nanoparticles can
either dissolve to impact living organisms as the chemical was designed, or others tend to accumulate in
biological systems. There is a lot of research into these nanoparticles and their effect on health and the
environment.

Currently, there are no regulations specific to EDCs in the U.S., but the USEPA has designed an
approach to select its first set of chemicals for screening under the Endocrine Disruptor Screening
Program (EDSP). Since pesticides are the most commonly found EDC in water sources, this program
aims to determine if exposure to pesticides has a hormonal effect caused by disruptions to the endocrine
system. The initial screening process is a series of assays that will identify substances with the potential
to interact with estrogen, androgen, or thyroid hormone systems, while subsequent testing will determine
if these substances can affect the endocrine system. USEPA plans to screen about 87,000 compounds
identified as EDC candidates. In addition, some EDCs and PPCPs are included in the UCMRS for future
regulatory consideration.

As indicated above, a good deal of public interest has been aroused regarding the potential
environmental and health effects of EDCs. The book, Our Stolen Future, published in 1996, gained
notoriety for concluding that, “the weight of the evidence indicates that the presence of EDCs is
ubiquitous” and that their presence “...involves impairments to reproduction, alterations in behavior,
diminishment of intellectual capacity, and erosion in the ability to resist disease.” However, these
conclusions with respect to humans are subject to debate.

More recently, a series of studies have related the presence of estrogenic compounds to the feminization
of fish populations in streams impacted by treated wastewater. There have been some documented
instances of sex abnormalities in aquatic organisms in relation to wastewater discharge, and other
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possible influences in locations across the county, that are consistent with hormonal imbalances in which
EDCs may play a role.

Locally, an ongoing fish feminization study is being performed by the University of Colorado (David
Norris). This study is comparing the sex ratios of white suckers in Boulder Creek above and below the
Boulder Wastewater Treatment Plant outfall. Several estrogenic compounds are found in Boulder
wastewater effluent. These include the natural estrogens, estradiol and estriol, the synthetic estrogen
(from birth control pills) ethynylestradiol, a synthetic estrogen breakdown product, nonylphenol and a
component of polycarbonate plastic with estrogenic effects, bisphenol A.

To date, this study has found a disturbance in sucker sex ratios from a 1:1 female to male ratio above the
outfall to a 5:1 female to male ratio below the outfall. In addition, intersex fish are found downstream of
the outfall while none are found upstream of the outfall. These results clearly demonstrate the existence
of ecological impacts from the release of treated wastewater. However, the impact to humans is not clear.
This issue is complicated by the fact that consumption or contact with drinking water is only one of many
pathways by which humans can be exposed to estrogenic compounds and other EDCs.

It should be remembered that EDCs have been found at extremely low concentrations in drinking water.
With respect to humans, it appears that even when EDCs are present in drinking water, it is likely that
they are present at concentrations which are far below those that elicit a measurable physiological
response.

The City of Boulder has a proactive approach to monitoring for upcoming contaminants
of concern. The City has recently started monitoring raw and finished water and is
participating in regional efforts with Northern Water and other CBT entities to share
costs. Below are specific discussions of potential future regulations.

A few of the City’s source waters have the potential of being impacted by wastewater
effluent, including Barker Reservoir (via Nederland WWTP and septic tanks near
Barker Reservoir) and Boulder Reservoir (via septic tanks near the reservoir and the
BFC). Both of these sources are monitored frequently and sourcewater improvements
have been investigated. The Nederland WWTP is upstream of a series of reservoirs
and a significant amount of dilution occurs prior to entering the BWTF. The Carter Lake

@ Pipeline would remove Boulder Reservoir as a source and pipe water directly from

Carter Lake (further information is available in the City’s 2007 Integrated Evaluation of
the BRWTP Source Water Protection and Treatment Improvements Study).

The City of Boulder is participating in several Water Research Foundation projects,
including:

EDC/PPCP Benchmarking and monitoring (# 4260),

Building a National Utility Network to Address EDC/PPCP Issues (#4261)
Opportunity and Challenges of Nanomaterials in Drinking Water (#4311)
Evaluating the Removal of Perflurorinated Chemicals by North American Water
Treatment Practices (Proposed) (#4322)

e Consumer Perceptions and Attitudes Towards EDCs and PPCPs in Drinking Water
(Project Advisory Committee) (#4323)
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3.1.4.6 Algal Toxins
Blue-green algae (cyanobacteria) are also a contaminant of concern primarily because of their ability to

release harmful toxins that can contaminate drinking water supplies. The Water Research Foundation is
pursuing a significant amount of work on the topic to determine the occurrence of these cyanobacteria
and methods that can be used to manage it. Toxic cyanobacteria blooms should be managed in the
sourcewater, but also water treatment technology, especially the use of activated carbon can be used to
deal with the algal toxins.

Boulder Reservoir, RWTF has shown an increase in blue-green algae, which has been
shown to impact taste and odor and is an issue for the BRWTF. Microscopic analysis

has shown that the blue-green algae comprise 0.6% of the biovolume (July 2010
@ sample). The BRWTF may require activated carbon to address the taste and odor

problems, but the pilot sodium permanganate pre feed also should help resolve the
issue. The City is proactively checking for the presence of these algal toxins, but has
not had any problems with cyanobacteria blooms in the reservoir. Cyanotoxins are
included in the CCL3.

3.1.4.7 Nitrosamines
Another class of contaminants of possible future regulatory concern is nitrosamines. Nitrosamines are a

family of contaminants that may be produced by the interaction of nitrogen compounds and disinfectants
during the wastewater treatment process. There are other industrial sources for nitrosamines as well.
Some nitrosamine compounds have been shown to cause cancer in laboratory animals. The nitrosamine
family of contaminants includes:

e N-Nitrosodiethylamine (NDEA)

e N-Nitrosodimethylamine (NDMA)

e N-Nitrosodi-n-propylamine (NDPA)
¢ N-Nitrosodi-n-butylamine (NDBA)

¢ N-Nitrosomethylethylamine (NMEA)
¢ N-Nitrosopiperidine (NPIP)

¢ N-Nitrosopyrrolidine (NYPR)

At present, neither the USEPA nor CDPHE has established regulations for nitrosamines in drinking water
nationally or in Colorado respectively. However, in part because of concerns over indirect potable reuse,
the State of California has established “Notification Levels” and “Response Levels” for certain
nitrosamines. A Notification Level is a level that, when detected, requires that the local governing board
for the utility be notified of the presence of the contaminant in the drinking water source. In California, the
Notification Level is typically set at a lifetime cancer risk of 10-6 (1 in 1,000,000 risk). The Response Level
is the level at which the State recommend that the source be taken out of service. In general, California
drinking water utilities have voluntarily complied with these levels. Table 5-15 presents the Notification
and Response Levels for nitrosamines in California.
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Table 5-15: Notification and Response Levels for Nitrosamines in California

Notification Level Response Level
Nitrosamine 10-6 Risk Level (ng/L) (ng/L) (ng/L)

N-Nitrosodiethylamine (NDEA) 1 10 100

N-Nitrosodimethylamine (NDMA) 2 10 200

N-Nitrosodi-n-propylamine (NDPA) 5 10 500
N-Nitrosodi-n-butylamine (NDBA) 3 - -
N-Nitrosomethylethylamine (NMEA) 1.5 - -
N-Nitrosopiperidine (NPIP) 3.5 - -
N-Nitrosopyrrolidine (NYPR) 15 - -

The City of Boulder participated in the monitoring of 6 nitrosamines as part of the
UCMR2 in 2009. None were detected. The USEPA is reviewing the results of the
UCMR2 and will soon determine whether monitoring is warranted.

<

3.1.4.8 Carcinogens
The USEPA is considering a new strategy to tighten restrictions on four waterborne compounds that can

cause cancer. The four compounds to be addressed as a group are tetrachloroethylene (PCE), an
organic compound used in dry cleaning; trichloroethylene (TCE), an organic compound used as an
industrial solvent; acrylamide, a compound used in manufacturing; and epichlorohydrin, an organic
compound used in plastic manufacturing. Under the new strategy being explored by USEPA, the agency
would address chemical contaminants as a group for more expeditious and cost-effective enforcement.
This strategy would also foster development of new water-treatment technologies, and partnerships with
states to better monitor public water systems.

3.1.4.9 Drinking Water Strategy
The USEPA announced in early 2010 that a new drinking water strategy is being developed to address a

range of drinking water quality concerns and is expected to streamline and accelerate the regulatory
development process. The USEPA’s March 2010 Fact Sheet on this matter states that there will be four
principles that will provide greater protection of drinking water. The four principles are:

e Address contaminants as a groups rather than one at a time so that enhancement of drinking
water protection can be achieved cost-effectively.

e Foster development of new drinking water technologies to address health risks posed by a broad
array of contaminants.

e Use the authority of multiple statutes to help protect drinking water.

e Partner with states to share more complete data from monitoring at public water systems (PWS).
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3.1.5 State of Colorado Regulations
3.1.5.1 Cross Connection Control Policy
Backflow prevention, also known as cross-connection control, helps protect water service connections so

that degraded water, bacteria, and chemicals cannot be pulled back into the drinking water system.
Backflow can result in the undesired reversal of water flow in the water distribution system due to
changes like pressure fluctuation or main breaks. A backflow prevention assembly is a testable
mechanical plumbing device that prevents water and any associated contaminants from returning back
into the city distribution system.

Article 12 of the Colorado Primary Drinking Water Regulations (Article 12) requires the installation and
testing of testable devices, called “backflow prevention assemblies (assemblies) on all hazardous cross-
connections. This regulation is enforced by CDPHE who inspects the Backflow Prevention Program for
compliance triennially during Sanitary Survey’s (inspection of the distributions system, treatment systems
and related regulatory programs).

Due in part to the 2008 outbreak of Salmonella in the Alamosa, Colorado drinking water system, CDPHE
ramped up efforts in 2009 to both inspect and enforce program compliance. Prior to 2008, Sanitary
Surveys primarily sought to verify the presence or absence of backflow prevention programs. Today,
state engineers look more in depth at a city’s Backflow Prevention Program during sanitary surveys.
When a backflow prevention assembly has not been installed a major deficiency may be issued. Minor
deficiencies are issued when a backflow prevention assembly has been installed but has not been tested
within the last calendar year.

Backflow prevention assemblies must be installed at the point of containment (after the meter and prior to
any plumbing branches) and must be tracked. Assemblies must be tested upon installation and at least
annually thereafter. Only certified backflow prevention assembly testers as recognized by Article 12,
CPDWR are allowed to test backflow prevention assemblies and submit test reports. The city must keep
test reports for 3 years.

3.1.5.2 Waste Impoundment Regulations
As a result of subsection 25-8-202(7) of the 1989 amendments to the Colorado Water Quality Control Act

(Senate Bill 181), a memorandum of agreement (MOA) was implemented on July 31, 2008, by and
between the Water Quality Control Commission (WQCC), Water Quality Control Division (WQCD), and
the Hazardous Materials and Waste Management Division (HMWMD) to provide a procedure for
coordination among the Colorado State agencies that are responsible for protecting the quality of the
state waters. The MOA states that the HMWMD will be the agency responsible for implementing site-
specific standards for discharges into state ground waters through a rulemaking process and consultation
with the WQCC and WQCD. The HMWMD rule will be established to protect present and future beneficial
uses of groundwater.

As a result of the Senate Bill 181 and the MOA, the HMWMD is currently in the process of modifying
Section 9 of the solid waste regulations (6 CCR 1007-2). The rule will apply to all waste impoundments
where deposit and final treatment of solid waste occurs, and where storage, treatment, utilization,
processing, or disposal of solid waste occurs. The HMWMD has targeted November 2010 for adoption of
the Section 9 regulation.
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Municipal utilities that possess solid waste impoundments will be confronted with new regulatory
requirements and associated compliance schedules. The following are examples of impoundments at
water treatment facilities that are likely to be affected:

o Filter backwash ponds

e Post-process waste storage ponds
o Washwater recovery ponds

¢ Drying/evaporation beds/pads

Exemptions to the regulations are defined in the draft regulation and include storm water and raw water
impoundments, tanks, and impoundments that contain water in process.

Two categories of waste impoundments are defined based on their potential environmental threat: Type A
and Type B impoundments. Classification will be determined by evaluating the waste stream
characteristics and geologic, hydrogeologic, and engineering characteristics of the facility. Factors such
as waste constituents, toxicity, mobility, and persistence in the environment will also be considered in
determining a facility’s classification.

Type A impoundments do not require additional engineering controls beyond those already in existence
as of the effective date of the regulations. Impoundments that contain low-threat wastes and allow
controlled seepage through their liner are classified as Type A impoundments. Seepage is only allowed
from Type A impoundments that have no impact to the groundwater.

Type B impoundments are designed to prevent seepage or migration of leachable contaminants to
groundwater and allow no seepage beneath their liner. Type B impoundments require additional
engineering controls beyond to prevent the migration of leachable constituents to groundwater.

3.1.5.3 Residuals Treatment and Disposal
The disposal of solid wastes from water treatment residuals/sludge (WTRs) is under dual authority of the

CDHPE and the local body having jurisdiction, typically the County’s health department. Disposal of solid
waste can be through beneficial reuse (land application or composting) or direct disposal (landfill).
Beneficial reuse is regulated by 5 CCR 1003-7 Regulations pertaining to the Beneficial Use of Water
Treatment Sludge. The key component of 5 CCR 1003-7 requires that the producer of the sludge to
obtain a “Beneficial Use Certification” from CDPHE for land application. Parameters that must be
monitored in water treatment plant sludge for Beneficial Use Certification are shown in Table 5-16.

Table 5-16: Parameters to be Measured in Water Treatment Plant Sludge
TSS Nitrate Total cadmium Total lead Total selenium
pH Total potassium Total chromium Total mercury Total zinc
Organic nitrogen Total aluminum Total copper Total molybdenum Total alpha activity
Total ammonia Total arsenic Total iron Total nickel Total phosphorous

Per 5 CCR 1003-7, the parameters listed above must be less than those established in 40 CFR 503
Standards For The Use Or Disposal of Sewage Sludge to obtain a Beneficial Use Certification. Of
particular importance is the total alpha activity parameter. Per 5 CCR 1003-7 any dry sludge which
exceeds 40 pCi/gm total alpha activity cannot be land applied. If the water treatment plant waste is co-
applied with wastewater treatment plant biosolids, the requirements of Biosolids Regulation No. 64 are
also applicable.
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Direct disposal of WTRs is regulated through the Hazardous Materials and Waste Management Division
of CDPHE. A key regulation is 6 CCR 1007-3 Part 261, Identification and Listing of Hazardous Wastes.
To be disposed of in a non-hazardous landfill, the solid must pass limits set for the Toxicity Characteristic
Leaching Procedure (TCLP) described in Part 261.24. Water treatment plant sludges routinely pass the
TCLP and can be disposed of in non-hazardous landfills. Requirements defining the responsibilities of the
facility accepting the sludge are defined in 6 CCR 1007-2, Part 1 Regulations Pertaining to Solid Waste
Sites and Facilities. Section 12 of 6 CCR 1007-2, Part 1, specifically establishes criteria for water
treatment plant sludge disposal facilities.

3.1.5.4 Technologically Enhanced Naturally Occurring Radioactive Materials (TENORMs)
Specific regulations regarding the disposal of WTRs containing TENORMSs are unclear at present. The

USEPA has released a guidance document for WTRs titled: “A Regulators’ Guide to the Management of
Radioactive Residuals from Drinking Water Technologies.” The CDPHE has released an Interim Policy
and Guidance Pending Rulemaking for Control and Disposition of Technologically-Enhanced Naturally
Occurring Radioactive Materials in Colorado (February, 2007) to provide disposal policy, general
guidance and suggested criteria for the control and release of technologically enhanced naturally
occurring radioactive material. The interim policy describes a tiered, graded approach acceptable to the
CDPHE for disposal or reuse of TENORM, primarily from the treatment of drinking water, but may also be
applied to other diffuse sources on a case-by-case basis.

Section 12 of the Solid Waste Regulations (6 CCR 1007-2 Regulations Pertaining to Solid Waste
Disposal Sites and Facilities.) spells out the requirements for disposal of drinking water treatment plant
sludge. Disposal also includes the requirements of Sections 2 and 3 of the Solid Waste Regulations.

e 12.1.4 Surface and Groundwater Monitoring — states that surface and groundwater monitoring
may be required. Facilities that are out of compliance with current standards may be required to
upgrade to meet surface and groundwater protection.

e 12.2.1 — this section has the 40 pCi/g gross alpha notification requirement for alum sludge for
drinking water treatment plants.

e 12.2.2 — this section has design, operation and closure requirements for monofills. Subsequent
sections have requirements for fencing, maps, and record keeping.

e 12.3 — this section has sludge Acceptance criteria concerning pH and the presence of free liquids
and other parameters. No other type of waste may be accepted by a monofill without approval by
the Department, consistent with local land use authority.

3.1.6 City of Boulder Regulatory Compliance Status

At the present time, the City of Boulder is required to be in compliance with the Colorado Primary Drinking
Water Regulations and the National Primary Drinking Water Standards. The regulatory requirements
specifically applicable to the City of Boulder and the City’s current status relative to the regulatory limits
are presented in the following paragraphs.
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The City of Boulder’s Regulatory Drinking Water Quality Monitoring Schedule

Table 5-17 shows the drinking water quality monitoring schedule. Note that the table includes regulatory
and supplemental monitoring. The table does not include regular process monitoring within the treatment
facilities, source water monitoring, or special studies. The table was provided by the City of Boulder.

Table 5-17: City of Boulder Water Quality Monitoring
Contaminant Sample Location Frequency | Report To CDPHE
| Regulatory
Inorganics
Fluoride Entry point to the distribution system Annually 10 days after results received
g/lgtacli (Sg ﬁﬁ’SBeé’l\lB:’Tl) Entry point to the distribution system Annually 10 days after results received
Nitrate Entry point to the distribution system Annually 10 days after results received

Every 9 years — next

Nitrite Entry point to the distribution system monitoring in 2017 10 days after results received

Turbidity Entry point to the distribution system Daily (six “T“eS/day) End of month + 10 days
and continuous

Organics

Synthetic organics Entry point to the distribution system Triennially — next 10 days after results received

monitoring in 2012

Volatile organics

Entry point to the distribution system

Annually

10 days after results received

Disinfection Byproducts and Precursors

TOC removal and
alkalinity (plus DOC and

Raw water entry point to distribution

Monthly — one set

UV2s4 for Specific UV- svstem paired samples End of quarter + 10 days
absorption (SUVA) y (source and treated)
calculation at BRWTF)
R Quarterly - 8 sites in
Disinfection byproducts Distribution system third month of each End of quarter + 10 days
(TTHM, HAAs)
quarter
Monthly — 120
samples using
. T chlorine residual End of quarter + 10 days
Chlorine MRDL Distribution system data from total (with TCR report
coliform rule
monitoring

Chlorine Entry point to distribution system Dally (six t|_mes/day) End of month + 10 days

and continuous
Total Coliform Rule
Total coliform Distribution system Monthly — 120 End of month + 10 day

samples
Lead and Copper Rule
LCR at the tap (copper, Triennially — 50 .
lead, pH, alkalinity, At customer taps samples. Next End of sam dple period +10
L ays

hardness) monitoring in 2011

LCR Corrosion Control
(pH, alkalinity, hardness)

Distribution system and entry points to
distribution system

~Quarterly — 10 sites
twice every 6 months
(usually performed
quarterly)

End of 6 months + 10 days

Surface Water Treatment Rule

Microscopic particulate
analysis

Raw water and combined filter effluent

Annually - rotating
quarters. Quarter 4
in 2010

10 days after results received
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Contaminant | Sample Location | Frequency | Report To CDPHE
Radionuclides
Uranium, Radiumzzs 228, Every 9 years — next

Entry point to distribution system 10 days after results received

Gross Alpha monitoring in 2011

Supplemental Monitoring, Regularly Scheduled

Metals (Cu, Pb, As) Entry point to distribution system Monthly, Each WTF Not required
DBPs (TTHM, HAAs) Entry point to distribution system Monthly, Each WTF Not required

Chlorine, turbidity, pH,
conductivity, and
temperature

Booton and Chautauqua tanks and Iris

and Cherryvale pump stations Continuous Not required

3.1.6.2 National Primary Drinking Water Standards
A National Primary Drinking Water Regulation (NPDWR or primary standard) is a legally-enforceable

standard that applies to public water systems. Primary standards protect drinking water quality by limiting
the levels of specific contaminants that can adversely affect public health and are known or anticipated to
occur in water. The primary standards take the form of Maximum Contaminant Levels or Treatment
Techniques.

The Primary Drinking Water Standards (CFR 40 Part 141) regulate a broad range of chemical, physical,
and microbial contaminants in drinking water. The regulations also stipulate frequency of water quality
monitoring, analytical methods, reporting and record keeping requirements, and public notification of
compliance failures. The Primary Drinking Water Standards, including the MCLs, and monitoring
requirements as they apply to the City of Boulder are summarized in Table 5-18, 5-19, and Table 5-20. In
each of these tables the column headed “Boulder” presents average water quality data as reported by the
City, for comparison to regulatory limits. Values listed as “less than” indicated by the symbol “<” represent
measurements that were below the numerical limit given as the lowest detectable concentration. A
reported value of “ND” indicates that the constituent was not detected by the method used without stating
the numerical detection limit concentration. Both designations signify that the given parameter was not
present in the tested sample. A reported value of “NM” indicates the constituent was not measured, likely
because it was not required.

As can be seen in the following tables, the City has had no problem meeting the requirements of the
National Primary Drinking Water Regulations. The following tables present the data from the following
types of samples:

¢ Inorganics Sampling results from the Safe Drinking Water Act analysis conducted at the BWTF
and BRWTF indicate that there are no inorganic contaminants at levels of concern at this time.

o Synthetic Organic Compounds Sampling results from the Safe Drinking Water Act analysis
conducted at the BWTF and BRWTF indicate that there are no Synthetic Organic Compound
contaminants at levels of concern at this time.

¢ Volatile Organic Compounds Sampling results from the Safe Drinking Water Act analysis
conducted at the BWTF and BRWTF indicate that there are no Volatile Organic Compound
contaminants at levels of concern at this time.
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Table 5-18: National Primary Drinking Water Regulations — Inorganic Chemicals
Boulder!
Contaminants MCL or TT (mg/L) (mglL) Health Effects from Contaminant Monitoring Requirements
Once per year for surface waters not including
Antimony 0.006 <0.001 Increase in blood cholesterol; decrease in blood glucose | Asbestos, Lead and Copper, Nitrate, Nitrite
and Radionuclides
Arsenic 0.010 <0.001 Skin damage; circulatory system problems; increased
risk of cancer
Agbestos (fiber >10 7 MFL NM Increased risk of developing benign intestinal polyps Asbestos — Once every nine years
micrometers)
Barium 2 0.028 Increase in blood pressure
Beryllium 0.004 <0.001 Intestinal lesions
Cadmium 0.005 <0.0006 | Kidney damage
Some people who use water containing chromium well
Chromium 0.1 <0.02 in excess of the MCL over many years could experience
allergic dermatitis
Copper Action Level = 1.3 TT 0.0023 Short term expos.ure: Ga§trointestinal distress. Long Same as lead
term exposure: Liver or kidney damage.
Cyar!|de (as free 0.2 NM Nerve damage or thyroid problems
cyanide)
. Bone disease (pain and tenderness of the bones);
Fluoride 40 073 Children may get mottled teeth.
. . . Gross alpha and beta: Every four years —
Gross Alpha Emitters 15pCi/L ND Cancer Risk
quarterly samples
Gross beta Particle .
and Photon Emitters 4mrem ND Cancer Risk
Follow-up monitoring is every six months after
e Infants and children: Delays in physical or mental corrosion controls are initiated or optimized.
Lead Action Level =0.015; TT <0.0005 development Systems consistently meeting action levels
o Adults: Kidney problems; high blood pressure can reduce monitoring to annually and then to
every three years.
Inorganic Mercury 0.002 <0.0002 | Kidney damage
Nitrate (measured as 10 <02 “Blue baby syndrome” in infants under six months —life | Nitrate: Groundwater annually; Surface water

Nitrogen)

threatening without immediate medical attention.

quarterly
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Boulder!

Contaminants MCL or TT (mg/L) (mglL) Health Effects from Contaminant Monitoring Requirements
Nitrite (measured as 1 <01 “Blue baby syndrome” in infants under six months — life Nitrite: One sample everv three vears
Nitrogen) ' threatening without immediate medical attention. ' P i years.

oC
Radium 5 pCi/l combined 1 p.Clll Cancer risk Radium: Every nine years
combined

Selenium 0.05 <0.001 I-!a|r or fingernail loss; numbness in fingers or toes;

circulatory problems
Thallium 0.002 <0.001 Hair loss; changes in blood; kidney, intestine, or liver

problems
Data represents City of Boulder — Average data — Finished water — 1/1/99-8/26/10.
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Table 5-19: National Primary Drinking Water Regulations — Synthetic Organics

MCL or TT MCLG Boulder
Organic Chemicals' (mglL) (mglL) (mglL) Health Effects from Contaminants

Synthetic Organics
Dioxin (2,3,7,8-TCDD) 3x108 0 <5x10° Reproductive difficulties; increased risk of cancer
2,4,5-TP (Silvex) 0.05 0.05 <0.0002 Liver problems
2,4-D 0.07 0.07 <0.0001 Kidney, liver, or adrenal gland problems
Acrylamide 1T N/A NM Nervous system or blood problems; increased risk of cancer
Alachlor 0.002 0 <0.00005 Eye, liver, kidney or spleen problems; anemia; increased risk of cancer
Aldicarb 0.0032 0.001 <0.0005
Aldicarb sulfoxide 0.0042 0.001 <0.0005
Aldicarb sulfone 0.0022 0.001 <0.0005
Atrazine 0.003 0.003 <0.00005 Cardiovascular system problems; reproductive difficulties
Carbofuran 0.04 0.04 <0.0005 Problems with blood or nervous system; reproductive difficulties.
Chlordane 0.002 0 <0.0001 Liver or nervous system problems; increased risk of cancer
Dalapon 0.2 0.2 <0.001 Minor kidney changes
Di(2-ethylhexyl)adipate 04 04 <0.0006 General toxic effects or reproductive difficulties
1,2-Dibromo-3-chloropropane (DBCP) 0.0002 0 <0.00001 Reproductive difficulties; increased risk of cancer
Di(2-ethylhexyl)phthalate 0.006 0 <0.0006 Reproductive difficulties; liver problems; increased risk of cancer
Dinoseb 0.007 0.007 <0.0002 Reproductive difficulties
Diquat 0.02 0.02 <0.0004
Endothall 0.1 0.1 <0.005 Stomach and intestinal problems
Endrin 0.002 0.002 <0.00001 Nervous system effects
Epichlorohydrin 1T N/A NM Stomach problems; reproductive difficulties; increased risk of cancer
Ethelyne dibromide 0.00005 0 <0.00001 Stomach problems; reproductive difficulties; increased risk of cancer
Glyphosate 0.7 0.7 <0.006 Kidney problems; reproductive difficulties
Heptachlor 0.0004 0 <0.00001 Liver damage; increased risk of cancer
Heptachlor epoxide 0.0002 0 <0.00001 Liver damage; increased risk of cancer
Hexachlorobenzene 0.001 0 <0.00005 Liver or kidney problems; reproductive difficulties; increased risk of cancer
Hexachlorocyclopentadiene 0.05 0.05 <0.0005 Kidney or stomach problems
Lindane 0.0002 0.0002 <0.00001 Liver or kidney problems
Methoxychlor 0.04 04 <0.00005 Reproductive difficulties
Oxamyl (Vydate) 0.2 0.2 <0.0005 Slight nervous system effects
Benzo(a)pyrene (PAHSs) 0.0002 0 <0.00002 Reproductive difficulties; increased risk of cancer
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MCL or TT MCLG Boulder
Organic Chemicals’ (mglL) (mglL) (mglL) Health Effects from Contaminants
Polychlorinated biphenyls (PCB) 0.0005 0 ND Skin changes; thymus gllan.q problems;.immune deficiencies; reproductive or
nervous system difficulties; increased risk of cancer
Pentachlorophenol 0.001 0 ND Liver or kidney problems; increased risk of cancer
Picloram 05 05 <0.00001 Liver problems
Simazine 0.004 0.004 <0.00005 Problems with blood
Toxaphene 0.003 0 <0.0005 Kidney, liver, or thyroid problems; increased risk of cancer

The aldicarbs are currently under an “administrative stay” due to litigation. No limit is in effect until resolved.

2Monitoring Requirements Original monitoring required four quarterly samples every three years. After one round of no detects; systems > 3,300 reduce to two samples per
year every three years.

3Systems < 3,300 reduce to one sample every three years. Monitoring may be reduced or eliminated based on the results of the vulnerability assessment.

“4Data represents: City of Boulder — Average data - Finished water — 1/1/99-8/26/10
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Table 5-20: National Primary Drinking Water Regulations — Volatile Organic Chemicals
MCL or TT MCLG Boulder
Organic Chemicals' (mg/L) (mglL) (mglL) Health Effects from Contaminants
1,1,1-Trichloroethane 0.2 0 <0.0005 Liver, nervous system, or circulatory problems
1,1,2-Trichloroethane 0.005 0.003 <0.0005 Liver, kidney, or immune system problems
1-1-Dichloroethylene 0.007 0.007 <0.0005 Liver problems
1,2,4-Trichlorobenzene 0.07 0.07 <0.0005 Changes in adrenal glands
1,2-Dichloroethane 0.005 0 <0.0005 Increased risk of cancer
1-2-Dichloropropane 0.005 0 <0.0005 Increased risk of cancer
Benzene 0.005 0 <0.0005 Anemia; decrease in blood platelets; increased risk of cancer
Carbon tetrachloride .005 0 <0.0005 Liver problems; increased risk of cancer
Chlorobenzene 0.1 <0.0005 Liver or kidney problems
cis-1, 2-Dichloroethylene 0.07 0.07 <0.0005 Liver problems
Dichloromethane 0.005 0 <0.0005 Liver problems; increased risk of cancer
Ethylbenzene 0.7 0.7 <0.0005 Liver or kidney problems
o-Dichlorobenzene 0.6 0.6 <0.0005 Liver, kidney, or circulatory system problems
Para-Dichlorobenzene 0.075 0.075 ND Anemia; liver, kidney or spleen damage; changes in blood
Styrene 0.1 0.1 <0.0005 Liver, kidney, and circulatory problems
Tetrachloroethylene 0.005 0 <0.0005 Liver problems; increased risk of cancer
Toluene 1 1 <0.0005 Nervous system, kidney, or liver problems
trans-1,2-Dichloroethylene 0.1 0.1 <0.0005 Liver problems
Trichloroethylene 0.005 0 <0.0005 Liver problems; increased risk of cancer
Vinyl chloride 0.002 0 <0.0005 Increased risk of cancer
Xylenes (total) 10 10 <0.0005 Nervous system damage
"Monitoring Requirements VOCs: Original monitoring required four quarterly samples during the first three years. Monitoring annually beginning in 1996 if no detects. Monitor
every three years after three years of no detects Monitoring may be reduced based upon results of vulnerability assessment.
2Data represents: City of Boulder — Average data — Finished water — 1/1/99-8/26/10.
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3.1.6.3 Secondary Standards
National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are non-enforceable

guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth discoloration)
or aesthetic effects (such as taste, odor, or color) in drinking water. USEPA recommends secondary
standards to water systems but does not require systems to comply. However, states may choose to
adopt them as enforceable standards. Table 5-21 below summarizes the secondary standards.

Table 5-21: Secondary Standards

Contaminant Secondary Standard
Aluminum 0.05t0 0.2 mg/L
Chloride 250 mg/L
Color 15 (color units)
Copper 1.0 mg/L
Corrosivity Noncorrosive
Fluoride! 2.0 mg/L
Foaming Agents 0.5 mg/L
Iron 0.3 mg/L
Manganese 0.05 mg/L
Odor 3 threshold odor number
PH 6.5-8.5
Silver 0.10 mg/L
Sulfate 250 mg/L
Total Dissolved Solids 500 mg/L
Zinc 5mg/L
"When fluoride levels exceed 2.0 mg/L; public notification in accordance within Article 9 is required.

3.1.6.4 Total Coliform Rule
The City of Boulder collects 120 total coliform samples per month in the distribution system as required by

the TCR. Bacteriological sampling conducted since 1997 has shown an excellent history of “safe”
samples in the distribution system. Current practices are adequate to meet the requirements of this rule,
however, operational or infrastructure modifications may result in improved disinfection performance and
bacteriological stability.

A more detailed discussion of regulatory compliance is included in Section 5.1.3.

3.1.6.5 Surface Water Treatment Rule
Turbidity levels at the water treatment plants are meeting the 1 NTU maximum and the 0.3 NTU limit at

the 95" percentile monthly based on 4-hour monitoring intervals. Current disinfection practices result in
adequate disinfection residual leaving the water treatment plants. However, due to long residence times
and chlorine demand, the free chlorine residual has infrequently fallen to near zero in parts of the
distribution system. Long residence times are compounded by poor treated water storage reservoir
circulation, which has occurred in Gunbarrel reservoir. Ongoing projects related to valves and online
monitoring at Gunbarrel are focused on improving circulation.

A more detailed discussion of regulatory compliance is included in Section 5.1.3.
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3.1.6.6 Lead and Copper Rule
Lead and copper sampling (Table 5-16) has shown that the 9o™ percentile concentrations in the City’'s

water have been below the Safe Drinking Water Act established drinking water action levels of 1.3 mg/l
for copper and 0.015 mg/l for lead. For the purposes of the rule, the City of Boulder is considered as
having optimized treatment for corrosion control and no further actions are required at this time. Boulder
will remain on the minimum required monitoring schedule for these two corrosion by-product parameters.

A more detailed discussion of regulatory compliance is included in Section 5.1.3. In summary, The City of
Boulder has not exceeded Action Levels for either lead or copper in any of the monitoring done to date.
Since the monitoring began in 1992, the number of residences exceeding the 0.015 mg/L lead limit has
varied between 0 and 10% (most recent monitoring 0%). To date, no sites have exceeded the 1.3 mg/L
copper action limit.

3.1.6.7 Arsenic
The MCLs for Arsenic is 10 ppb. The City of Boulder's water quality data indicates that arsenic levels are

undetectable or less than 1 ppb, well below the MCL.

3.1.6.8 Stage 2 D/DBPR and LT2ESWTR
The City completed the IDSE in 2009 and will begin compliance monitoring and DBP locational running

annual average reporting in 2012.

The LT2ESWTR was adopted in 2006 and applies to surface water and groundwater under the direct
influence of surface water sources. The objective of the rule is to reduce the risk associated with
Cryptosporidium and other microbial pathogens in drinking water and address risk-risk tradeoffs with the
control of disinfection byproducts. The city requires no additional treatment for Bin 1 classification. The
City of Boulder will begin required Cryptosporidium monitoring again in 2015 to reevaluate the Bin
classification in 2017.

A more detailed discussion of regulatory compliance is included in Section 5.1.3.

3.1.6.9 Filter Backwash Rule
The City of Boulder has records which comply with the requirements for this rule.

3.1.6.10  Radionuclides Rule
The City meets the requirements of this rule. Boulder is in compliance with all of the existing radiological

parameters.

3.1.6.11  3.1.6.4.8 City of Boulder Enforcement of Cross-Connection Control
The city requires commercial, industrial, and multifamily properties to comply with backflow prevention

requirements. Enforcement focuses on all non-single family dwellings, unless a property has a well,
dedicated fire line or similar hazard which requires backflow prevention be installed and tested annually.
Multifamily properties, as evidenced by other cities (e.g., Denver), require backflow prevention when a
certain threshold is met such that the multifamily property is considered to be more commercial than
residential in nature as determined by the city.

The city has a backflow prevention ordinance ( Chapter 11 of the Boulder Revised Code (section 11-1-
25)) and Design & Construction Standards (Chapter 5, Section 5.11). The city increased Backflow
Prevention Program efforts in response to State directives and began actively targeting non-compliant
customers in 2009 and continues those efforts to date.
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The city tracks backflow prevention assemblies using the Ultility Billing Database [CIS] backflow module.
Customers are required to hire a private inspector to test backflow prevention assemblies and passing
test reports are submitted to and recorded by the Backflow Prevention Program. Owners must repair or
replace and retest failed assemblies to achieve a passing test report and submit to the Backflow
Prevention Program. The city mails letters annually to remind customers that their annual test is due.

For any properties where a variance has been allowed, the proof of proving the property does not
represent a hazard falls to the city indefinitely. Because the city cannot typically prove a property is not a
hazard and cannot continually monitor properties for hazards, backflow prevention is universally required
at all affected properties without variance.

3.2 City of Boulder Water Quality Goals

The City's Water Treatment Operations Group operates the treatment and distribution facilities following
various internal procedures and guidelines developed over time to ensure that treated water quality
objectives are consistently met. To facilitate treatment operations, most water providers use a set of
internal standards for key water quality parameters as targets to guide process control decisions.
Typically, the targets are more stringent than the applicable regulatory requirements so that operating
treatment processes to meet the internal targets ensures that the treated water delivered to customers
not only complies with all regulatory requirements but is of the highest practical quality. Boulder's
treatment facilities are currently operated to meet a set internal standards developed from process
performance criteria commonly used in the water industry and recommended by USEPA and AWWA.
These operating targets meet the Utility's objectives for protecting public health and providing high quality
treated water. Table 5-22 shows the overall summary of operating targets for both facilities.

Table 5-22: Water Treatment Plant Overall Internal Operating Targets

Parameter Regulatory Requirements BWTF BRWTF
Turbidity
Post Sedimentation N/A <1.0NTU <1.0NTU
Filtered Water < 0.3 NTU in 95% of samples, never > 1.49 NTU <0.1NTU <0.1NTU
Finished Water N/A <0.1NTU <0.25NTU
Filtration
Filter Run Time N/A 48 hrs 60 hrs
Initial turbidity spike < 0.5 NTU within 4 hours of filter start-up <INTUw/in15min | <1NTUw/in 15 min

ysp <1 NTU within 15 minute filter start-up of filter startup of filter startup
Particle Counts N/A <100 <100
Finished Water 15-98 mg/L (per CDPHE). Cannot exceed more
Alkalinity than 9 days in 6 month period. 45+ 30mgll 15-98 mglL
oH 71-82 (SMCL).. Cannot excegd more than 9 78402 78402
days in 6 month period.

' 4.0 mg/L (MCL)
Fluoride 2.0 mglL (SMCL) 0.9+0.1 mg/lL 0.9+0.1 mg/lL
Free Chlorine Not < 0.2 mglL for more than 4 hours or < 4.0 1.0+ 0.1 mglL 1.0 +0.1 mglL

mg/L in distribution system

With these targets met, the water treatment plants can reliably produce high quality water for the citizens
of Boulder. The goals specific to each treatment facility, including actions to be taken is included in
Appendix B.
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3.21 Process Optimization

The City of Boulder has an optimization program for the water treatment plants. The objective of the
program is to identify operational and physical factors that could be limiting current treatment
performance and facilitate improvements that would enhance performance, fully utilize facilities and
resources, and, when possible, reduce operating costs. Currently, the operations staff includes two
process optimization specialists. Their efforts are coordinated and directed by a team comprised of the
Water Treatment Operations Coordinator, the two Water Treatment Plant Supervisors, the Water Quality
Group Supervisor, and a Representative from the Project Management Group.
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Treatment and Distribution
Facilities Studies

A summary of each of the following reports can be found in this section:

4.1

City of Boulder Water Conservation Futures Study; Hydrosphere Resource Consultants, Inc.
(1999)

2000 Treated Water Master Plan; Integra Engineering (2000)

2000 Treated Water Master Plan Recommendations and Implementation Plan Findings and Basis
for Plan, Integra Engineering (2000)

Boulder Reservoir Water Treatment Plant Predesign Report (2003), Including an Evaluation of
Mid-Term and Long-Term Improvements for the Facility

Boulder Reservoir Water Treatment Plant Source Water Quality Planning Study (Phase | Study)
(2003)

City of Boulder Zone 1 Distribution System Analysis (2003)

Betasso Water Treatment Plant Facility Improvement Plan (2005)

Integrated Evaluation of the BRWTP Source Water Protection and Treatment Improvements
Study (Integrated Study) (2007)

AWWA Peer Review Report (2008)

City of Boulder Water Conservation Plan (2009)

City of Boulder Water Conservation Futures Study; 1999,
Hydrosphere Resource Consultants, Inc.

This study was prepared to 1) examine Boulder's existing water use patterns and recent trends, 2) update
Boulder's future water demand projections and reliable supply capability, and 3) reassess the role of
water conservation programs in helping to meet Boulder's needs, not only in the area of treated water
supply, but in several important and related areas. Most of the information presented in this document
was updated in Volume 2 and in the Source Water Management Plan.

Key recommendations from this report included:

Adopt the Comprehensive Conservation Scenario as defined in the Water Conservation Futures
Study. The Comprehensive Conservation scenario promotes the indoor and outdoor conservation
measures most likely to have a lasting impact on demand in the City. This program would
increase the City’s current water conservation budget substantially, but would reduce future peak
demand to a level that can be handled by current facilities upgraded to their rated capacities.

» Move into the design phase to flesh out the specific elements of the program and solicit
community input.
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» Develop environmental and community-based conservation targets and rewards. Citizens
have expressed a strong desire to conserve water because “it is the right thing to do” for the
environment and Boulder's watershed. The City should develop a program of annual
conservation goals and rewards. Under this program, the City would pledge to dedicate raw
water to in-stream flow and other beneficial purposes (community gardens, agricultural
leasing, etc.) if annual conservation targets are achieved. These goals should include annual
peak water demands and specific program level of effort goals such as the installation of ULF
toilets, or distribution of clothes washer and Xeriscape rebates.

» Develop an independent, comprehensive program of monitoring, evaluation, and reporting to
ensure that the conservation program is accomplishing the established goals. Consideration
should be given to linking the conservation program to an allocation billing system.

» Evaluate the City's water treatment plant flow meters, and implement system-wide leak
detection if necessary. The reported 8.4 percent unaccounted for water may not be correct
due to underreporting by the flow meters at the City's water treatment plants. The City should
hire an independent expert to examine and evaluate the flow meters at both plants. If
necessary, meters should be replaced so that the true extent of the unaccounted water in the
City's system can be determined. If the treatment plant meters have been underreporting, the
City should correct its water accounting accordingly, and implement a leak-detection and
repair program if called for.

e Adopt a peak ratio of 2.6 for water treatment plant capacity planning purposes. Assuming that
additional conservation measures aimed at peak demand reductions are pursued, this peak ratio
could be further reduced.

e Study the allocation billing system option. An allocation billing system would develop a specific
water allocation for each account in the City’s system based on factors specific to each account.
An allocation water billing system could be an effective conservation tool and an extremely fair
method for apportioning costs by charging users according to the burden they place upon the
system over and above reasonable levels of use.

The 1999 Water Conservation Futures Study was used to develop the Water Conservation Plan which
was adopted by the City of Boulder and approved by the Colorado Water Conservation Board in 2009.
Most of the information presented in this document was updated in the Water Conservation Plan as well
as Volume 1 and 2 of the Source Water Management Plan.

4.2 Treated Water Master Plan; 2000, Integra Engineering

The 2000 TWMP was the previous update to the overall treated water system. The key findings of this
report associated with the treatment and distribution systems as reported in December of 2000 include:

o The report defined the study area, service area, and planning period (20 years) for the study. It
also projected an average day water use of 21.6 MGD (24,159 acre-ft). With water conservation
measures in place, it could be as low as 19.4 MGD. The Peak Day and Peak Hour estimates for
2020 were estimated to be 56.2 MGD (50.4 MGD with water conservation) and 96.1 MGD (86.3
MGD with water conservation) respectively.
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e BWTF

» The BWTF was evaluated to have the capacity to treat a peak flow of approximately 40 MGD
to the level required by the regulatory requirements.

» The plant is limited by the flocculation/sedimentation process. Performance data indicated
that sedimentation capacity is less than the theoretical capacity because of entrained air,
poor flocculation and possibly poor coagulation.

>» Additional improvements will be needed to the flocculation and sedimentation basins to
provide a fully effective treatment barrier with consistent performance necessary to reliably
meet the regulatory requirements at a capacity of 50 MGD.

e BRWTF

» The BRWTF (2000) has the capacity to treat a peak flow of somewhat less than 10 MGD to
the level required by regulatory requirements.

» Capacity is limited by the flocculation sedimentation process which performance data
suggests is over capacity when operating at 8.5 MGD.

» The other processes were reported to have capacities equal to or greater than 12 MGD.
Hydraulic capacity was reportedly limited to 12 MGD due to overflowing with the hydraulic
jump.

o Distribution System

» The distribution system was evaluated and no deficiencies were identified with the
transmission mains, hydroelectric generating facilities, most PRVs (with exceptions below),
treated water storage.

» Identified improvements included: replacement of PRVs and pumping improvements at the
Iris and Cherryvale pump stations, the 4-Mile PRV facility needed to be rebuilt or eliminated.

> Improvements to standardize the system operating procedure were recommended.

» A number of valves were identified that block specific pipes and create pressure zone
boundaries. Valve failure in one of these locations could be problematic.

» An evaluation on pipe breaks was performed, but no specific correlation was found with
respect to pressure.

» The average age of pipe in the system is 34 years. Over 83 percent of the pipes are older
than 25 years old and nearly one third is over 40 years old.

» The distribution system was modeled using H,ONET hydraulic analysis software to determine
flow and pressure problems within the distribution system and storage capacity adequacy.
High and low pressure areas were identified in multiple locations. Storage capacity was
determined to be adequate, although hydraulic problems exist.
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4.3 2000 Treated Water Master Plan Recommendations and
Implementation Plan Findings and Basis for Plan

e The City’s treated water service area will not expand significantly. Extension of service into new
areas outside the existing service area will be very limited.

o Build-out within the treated water service area under current land use plans will be reached by
2020.

e Service area population at build-out will be between 126,000 and 127,000.

e The Comprehensive Conservation Program will be adopted and successfully implemented.

e Average daily water use at the 2020 build-out will be between 19.4 and 21.6 MGD with peak day
water use between 50 and 56 MGD depending on effectiveness of water conservation efforts.

o Future regulatory requirements and the desire to maximize public health protection will increase
the demands on treatment facilities for higher and more consistent levels of performance and
place increasing emphasis on protecting water quality at the source and throughout the
distribution system.

¢ Issues ldentified
>» Water Treatment Plant Capacity: The City’s reliability criteria require a total capacity of 55
to 62 MGD whereas the two treatment plants only have a combined capacity of 48 to 50
MGD.
» Water Quality Criteria: Deterioration of the Lakewood pipeline feeding the BWTF and poor
performance of the flocculation/sedimentation processes at the BRWTF limits the capacity of
both facilities.

e Public Health Protection: Improving raw water quality, limiting disinfection byproduct formation,
and removing pathogenic organisms from the water, and maintaining the quality of the water in
the distribution system will help to protect public health.

o Operability and Reliability: The following were issues identified in this category:
» Operation of the BRWTF is of the most notable operability issues identified. Seasonal
switching and start/stop operation are difficult to manage.
High turbidity during summer runoff events can cause treatment issues.
Inefficient performance of the flocculation/sedimentation process at both facilities.
SCADA improvements are needed.
Standardization of operating procedures is needed.

vVVYVYY

e A recommendation for the capital improvement program (CIP) is included in this report.
Improvements were prioritized, costs developed, and an implementation schedule identified.

e Future Studies: Implementation of the recommendations will require further study of many of the
recommendations. The report lists the recommended studies.

e Planning Process: The report recommends both public participation and coordination with
related planning programs to ensure a continued evaluation of the master plan goals and
implementation of the identified recommendations.
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4.4 Boulder Reservoir Water Treatment Plant Predesign Report
(2003), Including an Evaluation of Mid-Term and Long-Term
Improvements for the Facility

This report presented the near-term, mid-term, and long-term recommendations for improvements to
BRWTF in 2003.

Near-term improvements included:

o DAF pretreatment

o Clearwell Baffling

e Pumps

e Residuals Lagoons

e |&C improvements

e Pilot Facility — purchase used pilot facility from DAF manufacturer as part of BRWTF equipment
procurement

Mid-term Improvements included:

e Chlorine dioxide for pre-oxidation.

o Additional residuals lagoons and/or accelerated dewatering system for all residuals production at
10 MGD average annual flow rate.

o Decantffiltrate pumps and piping for lagoon decant return to BRWTF.

e |&C improvements, including PLC integration, automated backwash, filter instrumentation,
SCADA reconfiguration, and enhanced process trending.

e New raw water pump.

o Waste washwater treatment with stand-alone structure with gravity plate settler units

e Conversion of remainder of pretreatment basin to conventional settling presedimentation unit with
plate settlers.

e CO; pH adjustment system.

Long-term improvements include:

e Supervisory control and data acquisition (SCADA) expansion.

¢ New clearwell reservoir.

e New pretreatment train.

e UV disinfection for control of Cryptosporidium (not warranted if membrane filtration is used).

e Emergency power addition.

e Membranes (warranted if plant hydraulics ultimately limit capacity of granular media filters).

e GAC caps in existing granular media filters (if membranes not used). Used to control taste and
odors.

Order of magnitude costs for O&M and capital costs were prepared for all of the improvements. This
report includes the preliminary design information for the near-term improvements.
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4.5 Boulder Reservoir Water Treatment Plant Source Water
Quality Planning Study (Phase | Study) (2003)

This study evaluated the alternatives available to improve and protect the BRWTF source water quality.
The primary source of BRWTF raw water is Carter Lake. Raw water is delivered through a 21 mile open
canal known as the BFC. The BFC can discharge water either directly to the BRWTF or to Boulder
Reservoir for pumping to the BRWTF. Based on historical monitoring of the raw water entering the
BRWTF, additional removal treatment for Cryptosporidium will be required under this operational mode as
part of the Long-Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR). The alternatives
evaluated for source water quality management included:

o Existing Source Water System (to be used as a baseline)

e Boulder Reservoir Management (using Boulder Reservoir as a year-around terminal reservoir)

e Full Containment from Carter lake to the BRWTF (21-mile raw water gravity pipeline from Carter
Lake to BRWTF for year-around basis)

e Partial Containment from Nelson Road to the BRWTF (partial canal, partial gravity pipeline. When
canal is out of service for winter, water would have to be pumped from the Boulder Reservoir)

¢ New Terminal Reservoir (new reservoir upstream of the Boulder Reservoir)

¢ New Forebay (new earthen forebay to allow for dilution and settling to reduce contaminant load)

The alternative evaluation resulted in the narrowing down of the list to two alternatives: the Boulder
Reservoir Management and the Full Containment alternative. The full containment option was preferred,
however would involve a major commitment of capital funds by the City. The Boulder Reservoir
management option would provide immediate reductions in the occurrence of microbial pathogens and
compliance with the LT2ESWTR, but the City would need to take steps to address the seasonal uptake of
manganese.

The result of this evaluation was to recommend a Phase 2 investigation into these two alternatives,
including the following tasks:

o Consider the preferred source water management alternatives identified in this Phase 1 study in
conjunction with the potential BRWTF treatment alternatives.

o Further define the scope and cost of source water and treatment alternatives as necessary to
perform final evaluation.

e Develop recommended long-term plan and prioritize implementation of key elements.

e Perform utility cash flow scenarios and develop a capital improvements program based on
projected financial conditions.

o Develop facility planning documents as required to guide the implementation of improvements for
both the BRWTF source water supply and treatment facilities.
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4.6 City of Boulder Zone 1 Distribution System Analysis (2003)

This report investigated the impacts to Zone 1 of the City of Boulder treated water transmission system
resulting from expanding the capacity of the BRWTF from 11.5 to 20 MGD (peak hour flows). A hydraulic
analysis was performed to determine the system’s ability to accommodate the additional flow and identify
needed improvements. The analysis focused on the following areas:

e High headloss in the Zone 1 transmission mains and resulting low pressures.
e Pumping capacity at the BRWTF high service pump station.

e Pumping capacity at the Zone 1 Pump Stations (Cherryvale PS and Iris PS).
e Storage capacity in Zone 1.

The modeling effort focused on evaluating the system’s ability to meet major performance criteria,
including:

e  Minimum dynamic pressure

e Minimum emergency pressure

e  Minimum pressure along Airport Road
e Maximum acceptable velocity

e Average day demand

¢ Low day and peak hour demand

Several different demand scenarios were evaluated, chosen to simulate the desired higher rates of
production from the BRWTF and corresponding lower production rates from the BWTF. Each scenario
consisted of flows from both WTFs, demand by zone, total system demand, and pumping requirements
from Zone 1 to Zone 2 pump stations.

Three of the four scenarios evaluated represented controlling scenarios for certain factors. The Low
Demand scenario resulted in the highest Zone 1 to 2 pumping, the Average Summer Day scenario was a
controlling scenario for pump selection, and the Peak Hour scenario was used to determine additional
pumping requirements at the BRWTF High Service Pump Station (HSPS).

The report goes on to detail the distribution system evaluation, which was split into a pipeline evaluation
and a pump station evaluation. The pipeline evaluation presented three alternatives for pipeline
construction based on maintaining acceptable pressures and minimizing cost. Costs were presented and
Alternative 1 was recommended.

Pump station evaluation included a SCADA data evaluation to ensure that the actual pumps performed as
indicated by the curves given in the model, and a modeling evaluation to determine if the existing pumps
were adequately sized to handle the new conditions. Detailed results of the evaluation can be found in the
original report. The evaluations found that the following additional equipment was recommended:

o BRWTF HSPS: two additional pumps, similar to the capacity of the existing pumps.

e Cherryvale Pump Station: Refurbish the entire facility, including three existing pumps and VFD’s,
PRV’s of varying sizes, flow meters, pressure sensing equipment, and expansion to the existing
building to increase electrical equipment capacity.

e Iris Pump Station: Refurbish the entire facility, including three new 200 HP pumps and VFD’s,
PRV’s of varying sizes, flow meters, associated pipe and appurtenances, and a new building
adjacent to the existing structure.
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The City was considering constructing a new storage tank near the Cherryvale pump station and
requested an evaluation of Zone 1 storage capacity. The report found that Zone 1 storage was deficient
by nearly 2.0 MGD, but also that Zones 2 and 3 had an excess storage volume of 11.7 MGD each. Since
Zones 2 and 3 are at higher elevations than Zone 1, their excess storage can feed Zone 1 by gravity. The
report concluded that Zone 1 storage was sufficient.

In conclusion, the report found that the Zone 1 distribution system could not handle the proposed
increase in production at the BRWTF without significant improvements, which included approximately
18,800 linear feet of parallel pipe in the Diagonal Highway right-of-way (ROW), and increased pumping
capacity at all of the Zone 1 pump stations. The estimated total cost for all of the above improvements
ranged from $5.7 million to $7.0 million. The report concludes with a detailed discussion of project
budgeting and construction phasing.

4.7 Betasso Water Treatment Plant Facility Improvement Plan
(2005)

This report evaluates and recommends improvements needed for the BWTF to provide safe working
conditions, improve the reliability of the water treatment process for public health, comply with new safe
drinking water act regulations and extend the life of the plant. The improvement plan evaluated the
capacity and performance of each of the unit processes and residual handling facilities based on water
demand, regulatory requirements, and internal City water quality goals. This information was then used
as the basis for process alternative identification, evaluation, and selection. Improvements were
categorized as near-term, mid-term, and long-term and prioritized based on a range of categories. In
summary, the recommended improvements are as follows:

Near-term improvements included:

e Contract residuals dewatering support facilities
e Add residuals drying pad

e Improvements to the south lagoons

e Sand replacement for the north lagoon

e  Pump diffusion flash mixing

e CO, improvements for pH control

e PACL improvements for coagulation

Mid-term Improvements included:

e Flocculation/Sedimentation Improvements, including

Inlet baffle

Serpentine baffles

Flocculation Equipment Modifications

Flocculation aid polymer addition

Flocculation to sedimentation baffles

Sedimentation effluent weirs

¢ Madifications of north lagoon, including north engineered sand drying beds
o DAF or Plate Settlers

e Clearwell No. 2 baffle wall

YVVYVYVYVYY
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Potential long-term improvements include:

o UV disinfection (if raw water quality degrades)
e Membranes, or
o Filter media replacement

4.8 Integrated Evaluation of the BRWTP Source Water Protection
and Treatment Improvements Study (Integrated Study) (2007)

The Integrated Study was performed within the context of an ongoing effort by the City of Boulder to
establish definitive drinking water quality and quantity goals as a framework for planning and
implementing future improvements throughout the City’s drinking water system. One central strategy for
achieving the City’s water quality goals is to implement a multi-barrier approach to protecting the City’s
drinking water supply from biological and chemical contaminants. These barriers may include source
water protection measures that either reduce or prevent introduction of contaminants or minimize their
passage throughout the drinking water system through treatment.

Raw water is conveyed to the BRWTF from Carter Lake through a 21-mile long, open, earthen canal,
referred to as the Boulder Feed Canal, which ultimately discharges into Boulder Reservoir. Between April
and October, the City diverts raw water from the BFC just upstream of Boulder Reservoir, and delivers it
through a pipeline directly to BRWTF. During the remaining months, when BFC is not in operation, raw
water is pumped from the Boulder Reservoir to BRWTF for treatment. Both BFC and Boulder Reservoir
have several features that make them vulnerable to source water quality degradation.

This study included a review and extensive analysis of existing historical, biological, physical and
chemical water quality data of raw water sources, including Carter Lake, BFC, and Boulder Reservoir.
Based on this evaluation, it was determined that Carter Lake has superior overall water quality as a raw
water source when compared to BFC and Boulder Reservoir. Of particular concern are the introduction of
chemical contaminants and pathogenic microorganisms during raw water conveyance through BFC and
storage in Boulder Reservoir, as well as increased salt content due to dissolution of naturally occurring
minerals in Boulder Reservoir sediments. Also of concern are objectionable tastes and odors that result
from seasonal algal blooms and increased manganese levels due to oxygen depletion in Boulder
Reservoir. Carter Lake is much less susceptible to these types of water quality degradation because of its
surrounding topography and protection of water sources. This study states that it is believed that the
water quality of Carter Lake will continue to be suitable as a water source for BRWTF for decades to
come.

Although the BRWTF currently and is expected in the future meet or exceed all National regulatory
requirements, finished water quality is vulnerable to short-term degradation due to seasonal variation in
Boulder Reservoir and acute contamination episodes either in the BFC or the Boulder Reservoir. Finished
water quality is vulnerable to:

e Source water microbial contamination in both the BFC and Boulder Reservoir

e Source water contamination by organic micropollutants in both the BFC and Boulder Reservoir

e Source water variation in Boulder Reservoir resulting in taste and odor problems and manganese
uptake

o Treated water disinfection byproduct formation

¢ Non-uniform concentrations of TDS and sulfate across the distribution system when Boulder
Reservoir is used.
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As part of the evaluation of the multibarrier alternatives, the Kepner-Tregoe® (K-T®) decision analysis
procedure was used to evaluate six alternatives. They were screened for applicability based on several
factors, including integration with the existing treatment process train, probable performance, and
economic considerations. Potential conceptual improvements were evaluated based on their ability to
address one or more of the contaminant barriers identified including microbial pathogens, DBPs, organic
micropollutants, manganese, taste and odor, TDS, and sulfate. Greater consideration was given to
alternatives that addressed more than one contaminant barrier. The six alternatives ranged from
improved treatment, using anything from UV disinfection, GAC adsorption, or ozone oxidation, to
installing a pipeline directly from Carter Lake to feed the BRWTF. The preferred solution was the
following:

Alternative 6: Carter Lake pipeline for turbidity, suspended solids, manganese, taste and odor, organics,
DBP, and inorganics control followed by chlorine dioxide preoxidation for additional pathogen taste and
odor, organics, and DBP control.

This preferred alternative meets all of the City’s water quality goals, and provides at least one barrier for
each contaminant category evaluated. Its noneconomic performance score was 0.942 while the other
alternatives clustered between 0.5 and 0.6. The estimated life cycle costs of all of the alternatives ranged
from $5.2 million to $53.4 million, while the preferred alternative was estimated to have a net present
value of $17.1 million. This alternative was selected because it had a number of compelling benefits that
are not provided by the other alternatives, including:

o |t treats the best available water source with the simplest and most robust combination of
processes.

¢ Has the best non-economic performance by satisfying 22 of 28 criteria evaluated as well or better
than other alternatives.

e |t alone addresses the near and long term potential for continued degradation of water quality in
existing BRWTF sources due to continued residential development, extensive agricultural land
use, and increasing recreational use. Preventing source water contamination provides a more
robust barrier than subsequent treatment as the first line of defense in protecting public health.

e Other regional drinking water providers also desire to use a dedicated pipeline from Carter Lake
for raw water delivery to their facilities. Combining raw water conveyance to BRWTF with that of
other providers allows more efficient use of scarce regional water resources.

e Full containment of raw water conveyance from Carter Lake to BRWTF would provide additional
flexibility in managing the City’s water resources portfolio. Other water delivery alternatives
require seasonal storage of raw water in Boulder Reservoir for use when BFC is not in service.
Year-round storage in Carter Lake would remove the need to project annual seasonal storage
required in Boulder Reservoir, and thus avoid the undesirable consequences that result if
seasonal Boulder Reservoir storage is substantially overestimated.

e Conveyance of raw water through a Carter Lake pipeline would be consistent with the City’s
historical policy of protecting source water quality by providing full containment from its other
water sources.
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e Full containment from Carter Lake to BRWTF would provide a much more uniform raw water
quality, substantially simplifying treatment optimization and increasing treatment process
reliability.

o This alternative is the only BRWTF water delivery approach that provides at least one robust
barrier for each contaminant category considered in this study.

4.9 AWWA Peer Review Report; 2008

The AWWA Peer Review Report, prepared by QualServe™ for the City of Boulder is a report that was
compiled by a team of utility peers. The purpose of the report was to identify areas of strength and
opportunities for improvement. The Peer Review team provided specific strengths and opportunities for
improvement in the following categories:

e Leadership and Organization e Customer Strategy and Satisfaction

e Human Resources Management e Customer Accounts Management

e Continuous Improvement e Government, Business, and Community Relations
e Health and Safety Management e Collection System O&M

o Emergency Planning and Response o Wastewater Treatment O&M

e Capital Improvement Program e Industrial Pretreatment Program

e Strategic Planning e Biosolids Management

e Finance and Fiscal Management e Permitting/Air and Water Quality

¢ Plant and Property Management o Water Resources and Watershed Management
e Purchasing e Water Treatment O&M

¢ Information management e Water Distribution O&M

e Engineering e Drinking Water Quality Management

e Customer Service

The overall key findings of the Peer Review Team, as taken directly from the report, are:

o Strengths

» The Staff in all the work groups are dedicated, competent, and caring employees.

» The Ultility is very proactive in several work groups on regulating and legislative issues.

» The development and prioritization of the capital improvements program is excellent.

» Proactive maintenance and cleaning program in collection system.

» Data management and training/safety programs at wastewater plant.

>» Well run industrial pretreatment program.

» Process for review, approval, and construction of developer projects provide excellent
seamless service for those customers.

» Good overall purchasing program that provides ease and flexibility for purchasing by

personnel.

» Customer service representatives and meter readers are highly motivated and provide
efficient and effective customer service.

» Supportive and articulate workforce that seems to truly appreciate the coworkers.

> Clean well kept facilities and equipment.

» Employees have passion for protection of the Utility’s natural resources.
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e Opportunities for Improvement

» Work toward de-compartmentalization of the work groups. Cross training and working across
work groups lines will help the Utility be more unified.

» Management and accounts payable staff should review purchases through the “informal
process” to insure that actual quotes are being received and documented.

» Integration of workgroups within the Utility.

Continued expansion of GIS integration to improve work systems.

Establish a vision, values and goals to guide employees in improving the Ultility’s

performance.

» Produce as-built drawings in a timelier manner so GIS maps can be accurately updated with
new facilities. This will provide the information to field crews which will allow them to work
more efficiently.

>» Implement E-care to provide customers on-line access to their accounts and insure the IVR
system provides information for the correct customer.

» Strive to improve vertical communication and establish and encourage horizontal
communication.

>» The attempt by management to not “micro-manage” has resulted in a separation between
management and the rank and file where management is seen as lacking leadership and
being indifferent. A closer relationship and better understanding between groups needs to be
developed.

A\ 4

Staffing philosophy differs from utility to utility. Boulder should decide if it is best to staff for (or almost all)
needs, or staff for a base level and employ contractors, consultants, and others for needs above the
established base.

410 City of Boulder Water Conservation Plan (2009)

The following summary is an excerpt directly from the Water Conservation Plan, written by the City of
Boulder in 2009:

Conservation has long been an important component of the City of Boulder's (the city’'s) water
management strategy, including outreach, education, and technical assistance programs that date back
over 20 years. The purpose of this Water Conservation Plan is to provide guidance in updating and
implementing the city’s Water Conservation Program in a way that is compatible with the city’s water
supply system, existing conservation programs, water resources management strategy, and values of the
community.

The city provides potable water to approximately 113,000 residents in its service area, which
encompasses a total of just under 26 square miles. The city’s total annual treated water demand is
approximately 18,600 acre-feet (2007 demand), primarily supplied by surface water withdrawn from
Boulder Creek, and secondarily from the Colorado-Big Thompson and Windy Gap Projects on the
western slope. Residential single-family users make up most of the 28,500 connections in the service
area. Across all sectors, citywide annual demand per connection totaled approximately 213,000 gallons in
2007. The city’s total daily per capita water use has varied from year to year, from a low of 148 gallons
per capita per day (gpcd) in 2004 and 2007 to a high of 209 gpcd in 1988. Since the adoption of the city’s
comprehensive conservation program following completion of the Water Conservation Futures Study in
1999, per capita water use has significantly declined, particularly from the severe drought year of 2002 to
present.
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The City of Boulder is approximately 90 percent built out and any additional improvements or additions to
its water system will focus more on improving system operating flexibility than increasing capacity. In
2007, water revenues totaled over $19,385,000 for all customer classes in Boulder. Single family
residential customers contributed approximately 40 percent of revenues, followed by commercial and
industrial users (26 percent), and finally multifamily residential and sprinkler users (19 and 15 percent). As
of 2007, the city has used a five-block rate structure based on established "water budgets" for each type
of customer, an important component of the city’s overall water conservation strategy.

In 1999, the city completed its Water Conservation Futures Study to examine existing water use patterns
and recent trends, update future water demand projections and reliable supply capability, and reassess
the role of water conservation programs in helping to meet the city’s needs. The Water Conservation
Futures Study led to the adoption of a Comprehensive Conservation Scenario to aggressively manage
and conserve water. The study was followed in 2000 by the Treated Water Master Plan, which provides
guidance for improvements to the city’s water system. In 2003, a Drought Response Plan was developed
that established water use reduction measures to be implemented in the event of a severe drought that
would quickly, but temporarily, greatly reduce water demands during the critical drought period. The
drought response measures work in concert with, but are separate from, the city’s on-going water
conservation efforts. In April 2009 the Source Water Master Plan was completed, and the Water Quality
Strategic Plan was finalized in June 2009. Both plans address water conservation, to some degree. An
update of the Drought Response Plan was initiated in early 2009. Volume | will be completed in the fall of
2009 and the update of Volume Il will be completed in 2010.

Today, the city operates a wide range of conservation programs that address both indoor and outdoor
water use, as well as a variety of customer categories. City Council has adopted a comprehensive water
conservation program for the city to achieve an overall reduction of water use at build-out. Implementation
of the city’s goal has been accomplished through an extensive water conservation program that continues
to develop. Achievement of these targets will result in an expected overall reduction in total demand in the
range of 19 percent at build-out as compared to water use at build-out absent a Water Conservation
Program.

Per capita water use at build-out may be greater than 2007 levels due to increases in the population to
jobs ratio but will be less than without the Water Conservation Program. As its Water Conservation
Program has evolved, the city has developed a number of criteria to screen both existing programs and
potential new programs. These criteria, along with ongoing and potential new conservation programs, will
be integrated into modifying forecasts as part of an update of the 2000 Treated Water Master Plan, which
the city anticipates will take place in the next couple of years.

Completion and approval by the Colorado Water Conservation Board of this Water Conservation Plan is
anticipated to occur by fall 2009. Monitoring of the city’s water conservation progress will be carried out in
a variety of ways, including but not limited to the tracking of billing system data, daily water and
wastewater treatment and production, daily operations of the city’s surface water supply system, annual
program costs, number of rebates, and feedback from the public.
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5 Facilities Evaluation

The City’s existing water treatment and distribution facilities were described in Section 2. This chapter
provides an evaluation of those facilities to determine specific areas where improvements are needed.

5.1 Water Treatment Plants

The City’s two water treatment plants were evaluated to establish their ability to consistently produce high
quality finished water that exceeds all regulatory requirements and drinking water industry standards for
public health protection. Each unit process was analyzed on the basis of standard design criteria to
determine its performance potential. These results were combined with operating data and information
gathered during plant inspection tours and interviews with plant operations staff. To establish a basis for
current treatment capacity, the various treatment process elements have been analyzed for their
capability to treat the raw water typical for that facility to meet regulatory requirements and City standards,
with consideration given to in-progress improvements.

5.1.1 Betasso Water Treatment Facility
The operations staff at the BWTF reports the following challenges in operating the facility and producing

treated water:
e The pumped-diffusion rapid mixer is ineffective at dispersing the applied chemicals.
o Atflows in excess of 30 to 35 MGD, the pretreatment is inadequate to sustain effective treatment.

e During periods of high concentrations of color and total organic carbon in the source water, the
filters are limited in run time by a breakthrough in turbidity.

e The residuals thickening, dewatering, and drying processes are insufficient to treat the dilute
concentration of the solids.

e Plant operations staff has managed through the challenges by shifting water production to the
BRWTF when needed.

In an effort to resolve the challenges, an evaluation of water quality and operations records from 2004
through 2009 as well as current documentation of the operation of the facility was performed. The data
was reviewed to determine trends and potential areas for improvements in plant performance.

5.1.1.1 Source Water Flows and Turbidity
A summary of the flows from the two supply sources, Lakewood and Barker Reservoirs, is presented in

Figure 5-6.
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Figure 5-6: BWTF Historical Flow Data — 2004-2009
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A review of the information in Figure 5-6 reveals:
e The maximum flow to the BWTF is below the stated 50 MGD capacity of the facility.

e Throughout the year, water is withdrawn from the two sources individually or combined to meet
the demands. Most of the flow comes from the Lakewood Reservoir.

e There is a distinct seasonal variation in flow with the minimum flow at approximately 7 MGD and
the maximum flow at approximately 30 MGD.

To characterize the water quality of the two sources, an evaluation of the turbidity and color constituents
was performed. The results of the analyses are shown in Figures 5-7 and 5-8.
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Figure 5-7: BWTF Source Water Turbidity — 2004-2009
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The following observations can be made regarding turbidity in the source water:

e There is a seasonal variation in turbidity with Barker Reservoir generally having higher turbidities
than Lakewood Reservoir.

e The variation in the turbidity of Barker Reservoir is more erratic than the Lakewood Reservoir.

e Peak turbidities occur in the spring and summer and are probably associated with spring runoff
and snow melt.

e Turbidities are generally less than 5 NTU, and average between 1 to 2 NTU.
More diagrams summarizing the evaluations of turbidity appear in Appendix B.

The results of the analysis of the concentration of color in the source and finished water are shown in
Figure 5-8.
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Figure 5-8: BWTF Source Water Color vs. Finished Color
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Regarding color in the source and finished water, the following should be noted:
e Lakewood Reservoir has the highest concentration of color of the two sources of supply.

e There is a correlation between color in the finished water and color in the source water, as
expected.

e A seasonal variation in the concentration of color exists with the peaks occurring in the spring and
summer.

Additional diagrams presenting the results of the evaluations of the color are shown in Appendix B.

5.1.1.2 Pumped-Diffusion Mixing
Plant staff has indicated dissatisfaction with the performance of the existing pumped diffusion flash mixing

system, installed in 2007. An investigation of the existing system was performed to determine the likeliest
cause of these complaints. The flash mix pump, PMP-22-0201, was selected to deliver 800 gpm at 30.3 ft
TDH. The maximum plant flow rate is 46 MGD, or 31,944 gpm. Therefore, the flash mix pump was
designed to deliver 2.5% of the maximum plant flow rate, which is in line with the recommended 2-5% of
plant flow rate recommended in Section 3.2.3 of Integrated Design of Water Treatment Facilities,
Kawamura 1991. However, the outlet nozzle for the flash mixer system outputs 800 gpm at 7 psi, or 16.2
ft of head. Assuming a conservative 2 ft of friction and minor losses in the suction and discharge piping, a
total of 18.2 feet of headloss is produced at 800 gpm, which is well below the selected pump curve.
Estimates indicate that the actual pump output is roughly 950 gpm, or 3% of the maximum plant flow,
which is still within the recommended limits.
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Performance degradation likely occurs when plant flow is significantly less than the maximum. The flash
mix pump was installed without a VFD or motorized throttling valves, meaning that pump capacity is fixed
at approximately 950 gpm, regardless of plant flow. As a result, at the minimum plant flow of 8 MGD, or
5,655 gpm, the flash mix system delivers 17% of the plant flow rate, several times higher than the
recommended range.

5.1.1.3 Flocculation/Sedimentation
The flocculation process is rated on the basis of available detention time and mixing energy, the number

of mixing stages and capability for adjusting the mixing energy to optimize the process and provide
tapered mixing energy. At the BWTF, flocculation and sedimentation occur in successive sections of
common basins. Each flocculation zone is approximately 80 feet wide by 36 feet long by 10 feet deep.
Water enters the flocculation zone through a ported wall that promotes uniform distribution of flow. Each
flocculation zone has three horizontal-paddle-wheel type mixers. The mixers are driven by variable speed
drives to allow the mixing energy in each stage to be varied for best performance and provide for tapered
mixing which reduces the mixing energy in each successive stage to promote the progressive formation
of large floc. The flocculator drives of basins one and two have the original mechanical speed controls.
These are worn, making it difficult to make precise adjustments. The mechanical speed controllers on the
basin three and four flocculators have been replaced with adjustable-frequency drives. This type of drive
makes it easy to change flocculator speeds and make precise adjustments to the mixing energy in each
stage.

Flocculation process facilities are rated based on the available detention time provided, with allowances
made for the quality of flow control and mixing provided. Typically, a detention time of 20 to 30 minutes is
considered adequate. At a flow rate of 50 MGD, the Betasso basins would provide a detention time of 25
minutes, midway in the typical range, which would normally provide adequate performance. However, the
baffles that divide the flocculation zone into stages only extend from the ceiling to about half-depth in the
basin. This arrangement does not provide three true mixing stages. Flow through the process is
encouraged to short circuit along the floor of the basin resulting in shorter effective detention time and
reduced floc particle interaction. This potential for short-circuiting is further promoted by the location of the
ports through which the flow enters the basin. The ports are centered on a line approximately the same
height above the floor as the centerline of the flocculator paddle wheels and in line with the bottom edge
of the baffles. Thus, currents can be induced in the lower portion of the flocculation zone that would pass
under the baffles and carry through into the sedimentation zone. This non-ideal flow pattern results in a
net reduction in the rate at which water can be effectively flocculated. If the minimum allowable detention
time were set at 30 minutes the rated capacity of the flocculation process would be only 42 MGD. In fact,
with the existing baffle arrangement a detention time of more than 30 minutes may be needed for
optimum flocculation resulting in a further reduction in capacity. Based on available detention time, the
existing flocculation basins have adequate volume to treat 50 MGD. However, the existing baffle
arrangement results in a substantial capacity reduction. To achieve the desired capacity it would be
necessary to modify the baffles to establish a controlled, uniform flow pattern and create three distinct
flocculation zones. Replacing the worn mechanical speed controllers of basins one and two with
adjustable frequency drives to facilitate mixing energy adjustment would also be needed to attain
optimum process performance and reliability.
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Although definitive testing has not been done to prove it, there is some evidence to suggest that
flocculation may be impaired during certain times of the year due to low particle density. When this
condition exists, the low-particle density will result in too little particle interaction in order to form settleable
floc, thus resulting in reduced removal efficiency. In essence, the raw water is too clean to be effectively
treated by conventional processes. Additional testing would be needed to determine whether this particle
limitation condition is actually operative at Betasso and if so whether it poses a potential health threat
from pathogens passing through the process.

To assess recent performance of the flocculation and sedimentation process analysis of the settled water
turbidity under average and challenge conditions for the years 2004-2009 was conducted. A diagram
presenting the performance of the four flocculation/sedimentation basins under average conditions is
shown in Figure 5-9.

Figure 5-9: BWTF Settled Water Turbidity — 2004-2009
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As shown above, average settled water turbidities are less than 1 NTU.

It is also important to evaluate the performance of the basins under challenging conditions such as high
flows, and high raw water turbidities and color. The performance of the basins under challenge
conditions, which include a plant flow in excess of 24 MGD, a turbidity of greater than 4 NTU in either
supply source, and a high concentration of color are shown in Figures 5-10, 5-11, 5-12 and 5-13 for
comparison.
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Figure 5-10: BWTF High Flow Days (> 24 MGD) Settled Water Turbidity
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Figure 5-11:  BWTF Barker High Turbidity Days (>4 NTU) Settled & Raw Water Average Turbidity
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Figure 5-12: BWTF Lakewood High Turbidity Days (> 4 NTU) Settled and Raw Water Average
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Under challenge conditions such as high plant flows and high turbidities in the source water, Basins 3 and
4 outperform Basins 1 and 2, Basin 2 outperforms Basin 1, Basin 3 generally has the best performance,
and Basin 1 is consistently the worst performer. The settled water turbidity is less than 2 NTU and
averages about 1 NTU during the challenging conditions. It is important to note that these values are in
line with conservative industry standards for sedimentation basin performance.

There is no apparent correlation between high color in the raw water and settled water turbidity. Treating
waters with high color does not appear to adversely affect the performance of the
flocculation/sedimentation process.

Appendix B presents additional evaluations of settled water turbidity.

The concentration of settled solids being removed from the sedimentation basins is reported to be less
than 0.5%. With an average turbidity of 1 to 2 NTU for the raw water, there are not a lot of solids to
remove and the dilute solids concentration of the settled solids reflect this condition.
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Figure 5-13:

BWTF Source Water Color and Settled Turbidity
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5.1.1.4 Filtration

Indicators of filter performance include the turbidity and particle count of the filtered water and the unit
filter run volume (UFRV). A summary of the evaluation of the filtered water turbidity and the UFRV is
presented in the following sections.

A plot of the average filtered water turbidity versus rate of filtration is presented in Figure 5-14.

Figure 5-14: BWTF Filters — Rate of Filtration vs. Average Filter Turbidity
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In reviewing the information in Figure 5-14 it is noted that the average turbidity at all filtration rates is
about 0.03 NTU with a maximum typically less than 0.1 NTU. Filter performance is therefore independent
of the rate of filtration for rates up to 5 gpm/ftz.

It is significant to note that the filters are managed to remove a filter from service once the filtered water
turbidity exceeds 0.1 NTU so it is expected that the turbidity values will be consistently less than 0.1 NTU.

An evaluation of the average filter turbidity at plant flows greater than 24 MGD is shown in Figure 5-15.
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Figure 5-15: BWTF High Flow Cases (> 24 MGD) Average Filter Turbidity
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Under challenge conditions of high plant flow (> 24 MGD), the performance of the filters does not
degrade. This again can be explained in part by the method in which the filter operation is managed, at
filter breakthrough of 0.1 NTU as opposed to allowing the filter run to continue and produce higher
turbidities.

Additional figures presenting the results of other analysis such as rate of filtration versus maximum filter
turbidity and individual filter performance during spring runoff are shown in the Appendix B.

A plot of the trend lines for the one-week moving average of unit filter run volumes (UFRV) is shown in
Figure 5-16. It is important to note that the trend lines are one week moving averages so the UFRVs of
the individual filter runs are considerably lower.
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Figure 5-16: BWTF Historical UFRV Data Trendlines Only — One Week Moving Averages
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The diagram shows seasonal variation in the UFRV with a distinct and significant decrease in
performance in the spring/summer of the year. The sharp decrease in the one-week moving average
UFRYV takes place over a time frame of about three months each year, coincident with the spring runoff.

The seasonal decrease in the UFRV results in a loss of a production of approximately 400 MG/yr of
finished water based on one-week moving averages of UFRV’s.

The cause of the seasonal decrease in UFRV was investigated. The comparison includes an evaluation
of the individual filter performance as well as a comparison of changes of filter performance against
changes in source water quality.

The evaluation of the individual filter performance revealed a difference in the performance of filter banks.
Filters 1 through 4 were constructed together and comprised one bank. An expansion of the BWTF was
made with the addition of Filters 5 through 8, which make up the second bank. In addition, it is likely that
filters 1-4 were most affected by the previous air entrainment issues in the source water supply. It is
suspected that the finer media in the filters was removed. The air entrainment problem has now been
resolved. There also may be an unequal flow split to the basins that should be evaluated.

The performance of Filters 1 through 4 and 5 through 8 are shown in Figures 5-17 and 5-18,
respectively. In comparing the information in the two figures, it is noted that Filters 1 through 4 exhibit a
more severe seasonal depression in UFRV than Filters 5 through 8.

When filter performance was compared against water quality in the source water, a correlation between
the concentration of color in the source water and a decrease in the filter UFRV is observed. A
presentation of this correlation is shown in Figure 5-19. This observance is consistent with the operations
staff reported problems of turbidity breakthrough while treating waters with a high color concentration. An
explanation for the decrease in UFRV is the change in floc characteristics associated with removing
dissolved constituents as opposed to removing particulate that is associated with turbidity. The change in
the floc can change its filterability characteristics.

During conditions of high color in the water supplies, an average UFRV of 7,200 gal/ﬂ2 is assumed. A
filter run time of approximately 25 hours is estimated at a filtration rate of 4.7 gpm/sf. A filter run time of 25
hours will require the filter to be washed on the order of once a day.

Based on site observations and operations staff input, rehabilitation of the filter gallery including valve and
actuator replacement and repainting of the gallery piping is needed.
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Figure 5-17:  BWTF Historical UFRV Data — Filters 1-4 Only
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Figure 5-18: BWTF Historical UFRV Data — Filters 5-8 Only
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Figure 5-19: BWTF Historical Source Water, Finished Water Color and UFRV
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The City of Boulder has performed some experiments on filters at BWTP. The findings are presented in
the following documents; Filter Run Time and Analysis Report Betasso Water Treatment Plant dated July
27, 2009, and Filter #2 Surveillance and Evaluation Report Betasso Water Treatment Plant dated
November 20, 2008. MWH reviewed these reports and can offer the following comments:

e The shorter filter runs for filters 1-4 is clear evidence that either the media itself or the washing of
the media is not ideal.

e The “eruptions” noted in the first report may or may not indicate that the underdrains or gravel
layer are damaged. The findings in the second report show the media is dirty even after washing,
so the eruptions may be from uneven or inefficient media cleaning. Damage to underdrains or
disruption of the gravel layer typically results in premature turbidity breakthrough during the filter
run, and this has not been reported.

e The media coring shows dirt accumulation in the upper reaches of the bed; a symptom of the
media loss noted in the report. With this much media loss, the bed never expands into the surface
washing zone to receive the additional agitation.

e The report discusses the duration of the wash, but does not describe the sequence of surface
and backwashing. This is something that should be investigated after the media is restored to
proper depth. The two need to overlap for a minute or two, usually with the surface wash starting
first.

o If continued floc retention monitoring shows the media is still not getting clean, the refurbishment
of the surface wash system should be considered. Depending on condition, replacement with an
alternative surface wash design or an air scour design may be needed.

o Also, it appears that the media in filters 1-4 is mismatched in size, promoting intermixing at the
interface between the coal and sand. This increases headloss, shortens filter runs, and
contributes to dirt retention in this region. If restoring the media depth and adjustments to the
wash sequence do not work to lengthen the filter runs, complete replacement of filter media may
be required.

5.1.1.5 Filter Backwash System and Backwash Water Supply System
The surface wash system at BWTP is older, and if replacements are being made to the filters, it is

recommended that the surface wash system is also upgraded at that point in time.

The filter backwash water supply system is comprised of two 972 gpm pumps to fill a 200,000 gallon tank.
Assuming a Unit Back Wash Volume of 150 gal/sf, a backwash volume of 158,000 gallons is calculated
for washing one filter. To replenish the water supply tank with 158,000 gallons, it takes one of the 972
gpm pumps about 2.7 hours. Therefore, the most that each of the eight filters can be washed is once
daily, considering the capacity of the washwater supply system.

There are currently no strict requirements to leave a filter for a set time before returning it to service.
However, operations staff tries to maximize the "rest time" of every filter before returning it to service by
utilizing good rotation of the filters. Most of the year, the filters are allowed to rest for 12 hrs or longer after
a wash before returning them to service. However, during high production days, and specifically high
color in the raw water, it is not uncommon to need to return a filter to service immediately after washing.

5.1.1.6 Disinfection
Disinfection at the BWTF is accomplished by application of sodium hypochlorite solution. The conversion

to liquid sodium hypochlorite from gaseous chlorine was completed in early 2000. The new liquid
chemical storage and feed facilities were designed to feed up to 5 mg/L at a plant flow rate of 50 MGD
providing capacity consistent with the BWTF design capacity. The sodium hypochlorite is fed upstream of
the filters.
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Since the installation in 2000 by treatment plant staff, the following changes to the system have taken
place:

e The pre-basin NaOCI feed points were moved downstream of the coagulant feed

e Operations staff have all but stopped using pre basin chlorination due in an effort to minimize
DBP formation potential

o A “post-basin” feed system was installed by water treatment staff in 2004. This system includes
feed lines that are located on the basin lines that run from each basin and connect to the main
header piping before the filters.

e The feed system includes a total of four Watson Marlow peristaltic feed pumps. Each pump is
dedicated to a single basin effluent line. The pumps for this system are located in the hypochlorite
room within the containment wall.

e Operations staff manually controls the flow of each pump as there are no flow-meters currently
installed on this system.

e This post basin system was originally fitted with orifice meters to measure the flow of each pump.
These meters had to be eliminated due to constant plugging.

e A double “Y” strainer system was installed (and remains) on the suction line to the post basin
pumps to filter out particulate matter that could potentially clog the pumps or flow meters.

¢ Minor piping modifications and general maintenance (such as tank inspection/repair) has taken
place since install.

e The floor is scheduled to be re-sloped and repainted with epoxy in Sept. 2010. This work is
needed due to major deterioration of the epoxy coating and concrete floor. The containment wall
and floor joint will also be sealed to fix the leaking wall. The floor of the hypochlorite containment
area was originally designed for 1 ton Cl, gaseous tanks and was not properly retrofitted when it
was converted for use as hypochlorite storage/containment room.

As discussed later in this section, CDPHE requires a minimum contact time prior to the first customer tap
of 30 minutes at peak design flow to meet disinfection requirements. At a flow rate of 50 MGD a volume
of 1.04 MG of effective storage volume would be required to provide the minimum chlorine contact time.
The required volume can be provided by any combination of pipes and storage tanks following the
filtration step. Storage tank volume is derated to account for the potential for short-circuiting by applying a
factor to the total volume. Factors used by CDPHE range from 0.1 for unbaffled tanks to 0.7 for well
baffled tanks. Pipeline volume is assessed using a factor of 1.0. The Betasso plant’s two treated water
storage reservoirs have a total volume of 4.2 MG. Tank No. 1 has a volume of 2.5 MG and is well baffled.
As a result a factor of 0.7 is applied to the total volume to obtain an effective volume of 1.75 MG. Tank
No. 2 is unbaffled resulting in the 1.7 MG total volume being reduced to 0.17 MG effective volume by
applying a factor of 0.1. Without considering the available volume in pipes, the combined total effective
volume of 1.92 MG provided by the storage reservoirs would provide the required 30 minute contact time
for a peak flow of 92 MGD. This provides approximately 1.8 times the minimum volume required to meet
minimum CDPHE requirements for a flow of 50 MGD, which offers a substantial range of operating
flexibility.

5.1.1.7 Flow Measurement
Raw Water Flow Metering: Low measurement is an ongoing concern at the BWTF. Influent flow is

currently measured upstream of the plant in two main locations: in a new pitot tube flow meter on the new
Betasso pipeline, downstream of the Betasso Hydroelectric Facility, and in two ultrasonic flow meters on
the Lakewood pipeline, downstream of the Lakewood Hydroelectric Facility. These flow meters should be
accurate, but there is no way to independently confirm their accuracy because there is no way to
accurately measure combined influent flow at the head of the BWTF. There is an existing combined
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influent 5 foot Parshall flume at the head of the plant, but it is not used for flow measurement due to
inaccuracies caused by turbulence.

Treated Water Flow Metering: The plant also has effluent Venturi Tube flow meters on both the
Sunshine Canyon and the 6" and Canyon effluent pipelines. These flow meters are essential for
determining efficiencies in delivery and recording of treated water downstream of the treatment plant, as
well as for determining losses through the treatment process. The effluent flow meters are theoretically
highly accurate, but there is no way to independently confirm their accuracy, and there are several
potential issues that can degrade the accuracy of Venturi Tube flow meters. Discussions with plant staff
confirm that these flow meters are unreliable and it also was a concern raised in The City of Boulder
Water Conservation Futures Study, performed in 1999 by Hydrosphere Resource Consultants, Inc., which
states that 8.4% of the City of Boulder’s treated water is unaccounted for, some of which may be due to
poor flow measurement.

5.1.1.8 Chemical Systems
Each of the chemical systems used at the BWTF was analyzed for its capacity to supply the required

dosages of treatment chemicals over the design range of flow rates. The results are summarized below.

Aluminum sulfate (alum) is used as a primary coagulant. Alum is stored in liquid form and fed directly to
the influent raw water at the inlet to the Parshall flume. Two metering pumps are in place, each with a
capacity of 66 gallons-per-hour (gph). Assuming an active solution concentration of 50 percent, this
system has a firm capacity to treat up to 79 MGD at an average dose of 12 mg/L. Alternatively; this
system could deliver up to 20 mg/L of alum at a plant flow of 50 MGD with one metering pump out of
service. With both pumps in service, the system could deliver up to 40 mg/L of alum at a plant flow of 50
MGD.

The possible locations for feed points are limited due to the physical limitations of the facility. There are
no current plans to move the feed points at this time. Other feed locations have been tried in the past with
mixed results.

Polymerized aluminum chloride (polyaluminum chloride, PACI) can be added to the influent raw
water along with the alum, as a coagulant aid. PACI is stored and fed as a liquid with a solution strength
of 50 percent active PACI. Currently, this system has one metering pump that has a maximum capacity of
70 gph, which could feed up to 22 mg/L of PACI at a plant flow of 50 MGD. The average application
dosage used at BWTF is 5 to 7 mg/L.

Polymer as a floc-aid has never been trialed or used on a long term basis. Occasionally, operators have
hand-dosed summaclear or alum to the filter influent during high color/turbidity events with good results.
They take a small beaker containing coagulant and pour it into the influent channel of the filter (or
sometimes on top of the filter media) when the filter is first brought on-line which reduces ripening time
and minimizes turbidity spikes.

A system for feeding powdered activated carbon (PAC) to the influent raw water is in place, but has never
been used. This system was designed to store PAC slurry at a concentration of 1 Ib of PAC per gallon of
slurry and to feed up to 1.0 mg/L at a plant flow rate of 50 MGD.

Lime is added after filtration in the filtered water flume as part of the corrosion control treatment. Lime is
stored in powder form and is fed as a slurry. The dry chemical is metered by two volumetric screw type
feeders having a capacity of 3,800 Ib/day each. The target concentration of lime slurry that is added to the
finished water flume is 30%. The existing system could supply that dose to a flow of 32 MGD. At a plant
flow rate of 50 MGD, the system could supply a dosage of 18 mg/L. The lime feeders are maintenance
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intensive and the scale buildup is a source of frustration for the operations staff. The City of Fort Collins,
Colorado has a newer lime slaking system that can maintain a constant temperature close to the required
185 degrees F where the lime surface area is maximized. The greater the lime surface area, the more
consistent and reactive the lime will be, which will result in a more accurate dose. In addition, the higher
the quality of hydrated lime, the less scaling will occur.

Fluoride is added using liquid hydrofluosilicic acid. A single metering pump with a capacity of 300 gpd
provides the capacity to add up to 1.2 mg/L of fluoride at plant flow rate of 50 MGD with a solution
strength of 20 percent. Again, assuming a solution strength of 20 percent, this system could maintain a
1.0 mg/L fluoride concentration at a flow rate of up to 60 MGD.

Carbon dioxide (CO,) is added to the finished water after lime addition to adjust the Langlier index for
corrosion control. CO, is fed as a gas through a diffuser grid mounted in treated water reservoir No. 1.
The existing system has the capability to feed up to 5,000 Ib/day which is sufficient to apply up to 12 mg/L
at a plant flow of 50 MGD.

This analysis indicates that, except for the lime feed system; the existing chemical systems have enough
capacity to supply the required quantities of treatment chemicals at a peak day plant flow of 50 MGD.
Assuming an average 28 mg/L lime dose continues to be required, it would be necessary to increase the
lime feed capacity to 11,700 Ib/day from the existing 7,600 Ib/day.

Chemical feed rates are currently adjusted manually based on plant flow and water quality demands.
Systems are monitored remotely through the SCADA system, but the plant operators determine the
appropriate dose for each chemical at intervals through the operating day and manually adjust the feed
equipment set points. Although the SCADA system does provide for remote monitoring of the chemical
systems, this is a manual system because the operators have to determine the set points and adjust the
feed equipment by hand. The plant operating staff indicated that more efficient chemical use and higher
levels of water quality could be achieved more consistently if the SCADA system was used to
automatically make more frequent and more precise adjustments to the chemical feed systems than is
possible with the existing manual adjustment procedure.

The existing storage facilities for liquid chemicals have developed by adapting existing storage and feed
equipment as beneficial changes in treatment chemicals were made. For example, polyaluminum chloride
is currently stored in tanks that were originally used to store alum. These arrangements have been
workable as temporary facilities. However, long term, operability and reliability would be enhanced by
upgrading these facilities. In addition, the plant operating staff has determined that in order to optimize
process performance a flocculant aid polymer system and possibly a filter aid polymer system may be
needed. All of these improvements were originally part of the Residuals Project but were eliminated to
reduce project costs when project bids exceeded available funds.

51.1.9 Process Instrumentation and Control
Effective process performance is dependent on accurate measurement of the water quality parameters

that reflect current operating conditions. This information is used to determine the need for and magnitude
of adjustments to chemical feed rates and other process controls to maintain optimal performance. As
previously discussed, the plant SCADA system provides for remote monitoring, but process control is
manual. The SCADA system also records plant operating data in great detail.

Plant influent flow is measured separately on the Barker and Lakewood pipelines using pitot tube flow
meters. A combined influent flow meter is desired to measure total inflow to the BWTF.
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The flow split among the operating flocculation/sedimentation basins is monitored by individual flow tubes
at each basin. It is believed that the flow split to each basin is not even and improvements to the flow
splitting structure are recommended. Accurate control of the flow to each basin will facilitate optimization
of the processes.

Flow to individual filters is measured by flow tubes. Flow to each filter is currently controlled by
pneumatically actuated butterfly valves, which are worn and should be replaced as part of the next capital
improvements project.

A turbidity meter installed at the Lakewood pipeline intake provides information on raw water turbidity
changes to allow the plant operators to respond to turbidity spikes. Otherwise, there is no water quality
instrumentation on the raw influent water lines ahead of coagulation.

Settled water turbidity is measured individually on the effluent from each basin and collectively in the
distribution header to the filters. No accuracy concerns were reported by staff, but the data for the
individual sedimentation basins is difficult to access from the SCADA system and is not regularly used in
process operation.

Individual turbidity meters and particle counters are installed on each filter effluent. These are reported to
give acceptable results. One improvement to allow better assessment of filter performance could be to
replace the turbidity meters with laser turbidity meters to provide better resolution at very low turbidities,
however the City does not need the additional resolution at this point in time.

A streaming current monitor is installed in the piping between the Parshall flume and the
flocculation/sedimentation basins to provide data on performance of the coagulation process and is
reported by staff to work well.

The zeta potential meter in the plant lab is used to measure coagulation performance. Components of this
meter were updated in 2006 and it is reportedly working well.

The Venturi tube flow meters used to measure plant effluent discharged to the Sunshine Canyon and 6"
and Canyon transmission mains leaving the plant were identified by the Water Conservation Futures
Study as possibly being inaccurate and in need of recalibration or replacement to facilitate accurate water
use data.

An on-line pH meter is used to determine lime and CO, feed rates for chemical stabilization. It was not
reported to be presenting difficulties to operations staff. Online alkalinity meters are no longer used
because they were found to not perform well and did not provide useful data, there are currently no plans
to replace the alkalinity meters.

In addition to the need for automation of chemical systems previously noted, plant staff indicated that
better access to the data currently being measured by existing instruments and recorded by the SCADA
system is essential to optimizing plant performance. The existing SCADA system is reported to have the
capability to present data more readily in easy to use formats but additional software and programming is
needed. Operators also indicated that a general upgrading of the on-line instrumentation would reduce
the amount of laboratory work needed and provide operators with critical data faster, thereby facilitating
more responsive operation.
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5.1.1.10  Residuals Management
Despite the projects implemented in 1999 and 2006, the residuals handling capacity at BWTF is still

inadequate and this is considered one of the top priority issues by plant operations and project
management staff. For the preliminary evaluation of the solids handling process presented in this report,
MWH interviewed plant Operations and Maintenance (O&M) staff and reviewed the 2005 Carollo report
and subsequent project design drawings.

MWH has estimated the solids production for the BWTF based on influent water turbidity, plant flow, and
typical and maximum reported coagulant dosing. Based on aluminum contribution of PACI and Alum
coagulants, 0.58 pounds of PACI produces the equivalent amount of solids (predominantly aluminum
hydroxide) as one pound of Alum. The solids production estimates are calculated from the following
equation:

S =8.34 x [(Alum x C) + (PACI x C x 0.58) + (NTU x F)]

Where: S = Solids production in dry Ib/MG water treated

8.34 = conversion factor [(Ib/MG)/(mg/L)]

Alum = Alum dose in mg/L

PACI = PACI dose in mg/L

C = conversion factor (Ib alum/lb dry solids)

NTU = Influent Turbidity

F = Turbidity to suspended solids conversion factor [(mg/L TSS)/NTU]

The average daily solids production (dry Ib/day) for each scenario is the solids production multiplied by
the flow (Q) in MGD. A summary of the estimated solids production is shown in Table 5-23.

Table 5-23: Estimated Solids Production at BWTF
Quantity
Average Peak

Description Unit Day Peak Day Week At 46 MGD Origin
Plant Flow Rate (Q) MGD 14 40 25 46 Given
Raw Water Turbidity (NTU) NTU 4 4 4 4 Given
NTU to TSS Conversion (CONV) | mg/L/NTU 1.23 1.23 1.23 1.23 Carollo 2005
Alum Dose mg/L 1.1 16.2 16.2 16.2 Given
Sumaclear (PACI) Dose mg/L 6.9 14 14 14 Given
Solids Produced dry Ibs/MG 74 94 94 94 Calculated
Daily Solids Production dry Ibs/day 1,033 3,751 2,344 4,313 Calculated

Drying residuals via lagoons is a relatively long term method in comparison to the available dewatering
options. There needs to be sufficient capacity in order for this method to be effective since lagoon operation
repeats and the overall cycle time for each lagoon varies depending on filling, drying, and excavation times.

At the average day rate of 1,033 dry Ibs/day of estimated solids produced, approximately 377,045 Ibs is
produced per year. This is used to estimate the total size of the sludge drying beds required to handle the
solids production flows at the BWTF, which is shown in Table 5-24.

City of Boulder Treated Water Master Plan Update — Volume 5 (Final October 2011) Page 5-108



_

This evaluation is provided to illustrate the capacity needed to manage the solids production and the
possible options available to meet these needs. Further studies and field tests need to be conducted to
determine the appropriate design criteria for sizing of lagoons. Loading rates may vary between 6 to 12
Ibs/ftz/yr. In addition, because of variations in weather and solids production, it is common to provide
excess drying time.

Table 5-24: Estimated Surface Area Required, Based on Average Day Solids Production of
1,033 Dry Ibs/day

Total Lagoon Surface Area Required (ft?)
Solids Loading Rates
Drying Period 6 8 12
(months) (Ibs/ftalyr) (Ibs/ftalyr) (Ibs/ft2lyr)
12 31,420 47,131 62,841
15 39,276 58,913 78,551
18 47,131 70,696 94,261

Assuming it takes a full 12 months for one drying bed to be sufficiently loaded with solids, decanted, dried
and then excavated, some contingency is applied if the drying period were to be extended to 15 months
or even 18 months. In keeping consistent with solids loading rate of 8 Ibs/ft*/year from the 2005 Carollo
report, and selecting 15 months as the drying period, a total surface area of approximately 59,000 ft* is
required. Ideally, the plant would be able to cycle through four lagoons each with a surface area of
14,750 ft*, however, according to the 2005 Carollo report; the total surface area at the plant is currently
34,000 ft°. This illustrates the shortfall in lagoon capacity which has been experienced and reported by
the plant’s staff.

If land space were not an issue, then the existing sludge lagoons can be expanded and modified to
accommodate the BWTF’s solids production, but this is not the case. There have been improvements
made to the South Lagoon to allow for more effective decanting, but dewatering capacity has been
reduced with the lining of the lagoon.

The underdrain system for the east half of the North Drying Beds is broken and no longer operational.
The beds are essentially operating as decanting lagoons. The remainder of the residual drying is
achieved by evaporation. The beds are cleaned periodically and the residuals stored on the residuals
drying pad until disposed of offsite.

To keep up with inadequate capacity of the existing lagoons, the BWTF currently uses private contractors
to dewater the excess solids. This is a temporary arrangement and the staff will require a more robust
solution.

Due to potential pretreatment capacity limitations of the existing flocculation/sedimentation process
described in Section 5.1.1.3, two approaches can be taken for residuals handling solutions at the BWTF.
The first approach is to address the issues separately which allows for separate analysis, planning,
funding, and implementation schedules. The second approach is couple them together based on a
conversion to dissolved air flotation (DAF) for pretreatment which is similar to one of the alternatives
presented in the 2005 Facility Plan for pretreatment capacity and performance improvements (Note: The
DAF alternative in the 2005 Facility Plan only includes 22 MGD of DAF capacity). This second approach
requires simultaneous analysis, planning, funding and implementation schedules for the pretreatment and
residuals handling improvements. Depending on the City’s needed and desired implementation schedule
for each of these improvements, the second approach may introduce undesirable funding and/or
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scheduling constraints. Brief descriptions of these alternatives are presented below with
advantages/disadvantages summarized in Table 5-25 along with budgetary capital costs.

Alternative 1 includes the addition of a gravity thickener and a mechanical dewatering process to handle
residuals flows from the current sedimentation basins to provide a dewatered (approximately 20% solids)
sludge for disposal. For the purposes of this planning level analysis it is assumed that the mechanical
dewatering process is accomplished using centrifuges. When further analysis of residuals handling
improvements is made, it is recommended that belt filter presses and centrifuges be compared from cost
and operations perspectives with City staff to determine the best equipment choice for the BWTF. It is
assumed that either process will require polymer addition for effective dewatering.

Based on the solids quantities from Table 5-23, two 20-foot diameter gravity thickeners loaded at
approximately 6 Ibs/ft2/day are required to accommodate a 46 MGD plant capacity. The dewatering
centrifuges are assumed to be located on the second floor of a dewatering and residuals load out
building. Figure 5-20 indicates a potential site layout for these facilities. Note that the drawing is
schematic only and an alternate location may be necessary to continue use of the Residuals Drying Pad if
the project is phased (e.g., only thickening installed) or for constructability or other reasons.

Alternative 2 includes the addition of a mechanical dewatering process to an early implementation of
pretreatment capacity and performance upgrades with DAF that includes the following:

o Demolition of two existing flocculation/sedimentation basins

e Fill concrete floor to required elevation

e Construct new interior walls for 3-stage flocculation and DAF floatation
o |Install eight DAF trains and associated equipment, 5.75 MGD each train
e Peak SOR =6.25 gpm/ft2 at 46 MGD

Since a DAF pretreatment process typically produces a 2-6% float, a separate pretreatment residuals
thickening process (i.e., gravity thickening) can be eliminated. As with Alternative 1, dewatering is
assumed to be accomplished using centrifuges. The dewatering and residuals load out building is
assumed to be located as indicated in Figure 5-20 for Alternative 1.

City of Boulder Treated Water Master Plan Update — Volume 5 (Final October 2011) Page 5-110



@ mwH.

Figure 5-20:

BWTF Site Plan Showing Location of Gravity Thickeners and Centrifuge Building
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Table 5-25: Residuals Handling Improvements Alternatives
Capital
Alt. Description Advantages Disadvantages Cost
Existing Floc./Sed. * Loweriniial and overall capital o May result in “throw away”
Process with Gravity cost thickening process if DAF
1 . o Prevents “early” expenditure of . $2,858,000
Thickener and process is chosen for future
. . funds for pretreatment
Centrifuge Dewatering , pretreatment upgrades
improvements
o Requires pretreatment
improvements be implemented
“early” al ith dewateri
. o Smaller overall footprint early” along wifh dewatenng
Conversion to DAF and : , o Increases pretreatment power
2 . , o Pretreatment consistency with . $25,000,000
Centrifuge Dewatering consumption
BRWTF . , .
o Higher overall residuals handling
and pretreatment improvements
costs!

1Alternative 1 does not include upgrades to the pretreatment improvements whereas Alternative 2 inherently does. To make
this an equal comparison, an estimate 2010 capital cost of $13.1 M would need to be added to Alternative 1 to add plate
settling and associated flocculation pretreatment improvements in all four existing flocculation/sedimentation basins per the
2005 Facility Plan, resulting in a total of $15,958,000.

Based on the advantages and disadvantages and costs of the two alternatives, it is recommended that
Alternative No. 1 be evaluated further with respect to optimized sizing for the range of flows and loads
and desired redundancy, site layout, and preferred mechanical dewatering equipment (centrifuges or belt
filter presses).

5.1.1.11  Plant Hydraulics
The process flow conveyance network of pipes and channels was analyzed previously for hydraulic

capacity. At a peak flow of 50 MGD no hydraulic limitations were identified. This hydraulic study was
performed for the 2000 update to the TWMP. If any changes to the piping or process flow has or will
change, another evaluation of the hydraulics through BWTF should be performed.

5.1.1.12  Betasso Water Treatment Facility Capacity
The results of the evaluation of major unit processes and systems of the BWTF are summarized in

Table 5-26.

This evaluation indicates that the BWTF currently has the capability to treat a peak flow of approximately
40 MGD to the level required to meet current regulatory requirements. The evaluation indicates that the
BWTF currently has the capability to treat a peak flow of approximately 40 MGD to the level required to
meet current regulatory requirements. Capacity is limited by the flocculation and filtration processes.
Performance data suggests that actual sedimentation capacity is less than the theoretical value due to
poor flocculation, possibly poor coagulation and the less than optimum sedimentation basin configuration.
Performance data also suggests that the actual filtration capacity maybe less than the design value of 5
gpm/ft2 due to low UFRV’s particularly in filters 1-4 and during periods of high color. In general, a UFRV
that is less than 5,000 gal/ft2 is unacceptable because of the extremely short filter run lengths and
UFRV’s less than 10,000 gal/ft2 indicate less than desirable filter performance. Low UFRVs can result
from inadequate pretreatment, excessive or fine mudballs in the filter media (inadequate cleaning),
mineral precipitates in the underdrains, air binding, non-ideal media conditions (i.e. depth, size, match) or
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hydraulic restrictions causing inadequate head between the filters and the clearwells. The actual cause(s)
of the low UFRV’s and the corresponding capacity limitation at the BWTF is likely a combination of one or
more of these conditions and requires further study for a conclusive determination. All other processes
have capacities equal to or greater than 50 MGD and process piping has the hydraulic capacity to convey
50 MGD without restriction. Replacement of the Lakewood Pipeline has reduced previous entrained air
problems in the raw water, which has improved the performance of the flocculation and sedimentation
processes. However, elimination of the entrained air alone has not increased the capacity of these
processes to 50 MGD. Additional improvements will be needed to the flocculation and sedimentation
basins and filters to provide a fully effective treatment barrier with the consistent performance necessary
to reliably meet current and future regulatory requirements at a capacity of 50 MGD.

5.1.1.13  Miscellaneous
The standby generator capacity at BWTF is at its maximum capacity. If additional loads are added, the

capacity of standby generation will need to be increased.

5.1.1.14  Chemical and Energy Efficiency Patterns
Chemical usage varies due to seasonal and source water quality changes. Discussions with staff indicate

that the City makes significant efforts toward chemical optimization. Continued monitoring, optimization,
and experimentation efforts will likely lead to further improvements with regard to chemical efficiency.

Chemical efficiency can also be improved through the automation of various chemical feed systems found
throughout the plant, with the addition of PLC controlled flow pacing and trim capability. Utilizing feedback
from process controls instruments, continuous adjustments can be made automatically through the PLC
logic in order to consistently provide the proper chemical doses at all times.

Energy efficiency at the BWTF can be improved over time with the use of higher efficiency pumps and
premium efficiency motors as part of the maintenance replacement program and as part of facility
upgrade designs.

5.1.1.156  O&M Procedures and Maintenance Programs
Based upon site visits and discussions with O&M staff, there is some room for improvement with regard to

the completion of routine maintenance operations. Budgetary and manpower limitations generally limit
maintenance activities to those items with mid to high priority, leaving items with low to mid priority
unattended to. It should be expected that as the equipment and facilities age, maintenance needs will
increase, and there could be a need for additional budget and manpower to properly maintain the facility
and avoid premature replacement of equipment.

The City is in the process of transitioning toward the use of computerized maintenance management
software. This system will allow the City to more easily schedule and plan for routine maintenance
activities. It is reported that a large commitment of time is required to enter all the necessary data for the
system to become fully functional, it is likely to be several years before the system is fully functional.

5.1.1.16  Needs for Continued Water Quality Compliance

At this time there appear to be no water quality compliance issues when treating within the inherent
capacity limitations identified in previous sections.
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Table 5-26:

BWTF Capacity Evaluation

Process

Criteria

Rated Capacity

Potential Capacity

Comments

Raw Water
Conveyance

Pipe Hydraulic Capacity

e 47.7MGD
e Barker at 27.7 MGD
e Lakewood at 20 MGD

o Under emergency conditions,
flows could reach up to 30.1
from Barker and 30 mgd from
Lakewood, totaling 60.1 MGD

27.7 MGD is the normal max for the Barker supply. For very
short term emergencies of up to a day or so, the max capacity
could be 40 MGD because Kossler can be drawn down since the
gravity line would not be keeping up that level of flow. However,
this might do some lining damage to the Betasso Penstock if it
continues very long. In a longer term emergency, the additional
water would have to travel through the gravity line at the same
rate as is being used to avoid draining Kossler, 30.1 MGD is
assumed for a longer term emergency, however, 35 MGD would
need to be put in the upper end of the gravity line to get 30 MGD
out.

Coagulation

50 MGD

50 MGD

Assumed rapid mix equipment was going to help (especially with
chemical consumption), however after installation, no
improvements were seen. There may be additional coagulation
optimization for dealing with high color periods to increase
pretreatment performance.

Flocculation

Hydraulic Detention Time

<42 MGD at HDT > 30 minutes

50 MGD at HDT = 25 minutes

Baffle configuration does not provide optimum flocculation
conditions

Sedimentation

Surface Loading Rate

52 MGD at SLR = 0.6 gpm/ft2

60.5 MGD at SLR = 0.7 gpm/ft?

Assumes installation of baffles to improve basin length-to-width
ratio.

Allows for one filter off line for backwashing.

Rated capacity is lower than design/potential capacity due to
pretreatment and filter issues (see text above). BWTF has never
run at the design rates and has typically been run at rates 33%

minute minimum

Filtration Hydraulic Loading Rate 40 MGD (approx.) 53.2 MGD at HLR = 5 gpm/ft? lower. It s expected that design rates would cause operational
issues such as high turbidities and short UFRVs. The actual
maximum loading rate for current operating conditions needs to
be verified.

- aSto?rl;l]r;l/ll:lypochlonte System 50 MGD 50 MGD |

Disinfection Chiorine Confact Time = 30 To meet CDPHE requirements

92 MGD 9