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Pressures at cities

Interruption of the efficient, natural water cycle

The natural water cycle The lurban water cycle
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Pressures at the coast

* Increased water demands in coastal regions
» Sensitive coastal aquifers
» Limited access to fresh water sources

e 52% of US « Overpumping of

o roundwater - #1 cause
total e 14.9 million ?,f SWI.

opulation is
gt {)he const expected « Less rainfall than inland
population areas

_ . growth by 2020 P pactsto
pan  PoOpulation drinking water

SW' = Salt water intrusion
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Source: Woods & Poole, 2011;NOAA, 2011; U.S. Census Bureau, 2011
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Additional Pressure:

Water-Energy Nexus

B {21 B

_ Source: ncsl.org
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Presenter
Presentation Notes
Additional challenge of energy efficiency when treating water/meeting demands.


Water Management Paradigms

Current WM Paradigm IUWM
* Fragmented: e Closes loops
segregated by * Manages water as a

single resource

Infrastructure type I
yP e Minimizes the amount

e Linear: extracted of pollution generated
from the and discharged to the
environment, used environment

! !  Uses/reuses water as
polluted and close to its point of
disposed of origination as

possible

Source: Water Centric Sustainable Communities: Planning,
Retrofitting, and Building the Next Urban Environment.
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Key Points

 [UWM Case study

 Demonstrates sustainable practices by managing
the urban water cycle

« Highlights innovative operational strategies and
resource efficient practices
* Protect: Prevent impairment of drinking water sources
 Reduce: Conservation, water efficiency
 Reuse:. Waste streams, end-of-line capture
* Recycle: Extensive waste water recycling

* Energy savings

Daniel Yeh, PhD, PE
Water Efficiency Conference - 2015
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Presenter
Presentation Notes
This presentation demonstrates  how IUWM:
Encourages sustainable practices 
Promotes resilience. 
This presentation highlights FOUR innovative operational strategies and resource efficient practices  in a coastal city where water resources are limited and sensitive.
Although treatment of brackish water + water recycling are energy intensive, management of the water cycle can mean significant water savings, which equals energy savings as well.


Dunedin, FL

Size (area): 10 mi?
Population: 37,000 residents
Density: 3,700 people/mi?

» Density: Pinellas County with
the highest population density
in the Gulf Coast region
(NOAA, 2004).

* Nearly built-out:
Watersheds are 98 to 100
percent developed.

Daniel Yeh, PhD, PE
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Dunedin’s Urban Water Cycle
‘Near Closed-Loop’ & Integrated
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Presenter
Presentation Notes
Briefly highlight water treatment facilities, how they are connected and how it operates.  State how this is an example of IUWM.
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Prevent impairment of drinking water source

Sustainability is to “create and maintain conditions, under which humans and nature
can exist in productive harmony, that permit fulfilling the social, economic and other
requirements of present and future generations”

(US White House - Federal Leadership in Environmental, Energy and Economic
Performance, 2009)


Presenter
Presentation Notes
Emphasis on how water source is protected by judicious extraction of natural resource.
This plays to sustainability in that it preserves and protects water source for future generations.
This also promotes resilience because over abstraction can lower aquifer levels, increasing vulnerability to SWI from SLR


Urban Wellfield
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Presenter
Presentation Notes
NOTE:  being water independent and not being connected to a regional water supplier is more sustainable energy wise, since water is extracted closer to the source.


Sippy Straw Approach

PROTECT: Prevent impairment of drinking water source

e More wells

e Better distributed abstraction
throughout the city

» Benefit: Consistent water quality

 Shallower wells

« “Sip” from the surface

» Reduce depth from 300 ft. to 200 ft.
(91m to 61m)

» Benefit: Higher quality water

 Rehab may also include
» Geophysical logging
» Acidization
 Pump testing/Step testing

Daniel Yeh, PhD, PE N
Water Efficiency Conference - 2015
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Sippy Straw Approach

PROTECT: Prevent impairment of drinking water source

Results of Rehab - (Last 5 years)

Well # Chlorides (mg/L) Hydrolic Cond (gal/min/ft)
Pre-Rehab Post Rehab Pre-Rehab Post Rehab
Well 83 350 200 6.92 13.17
Well 89 400 200 11.16 16.60
Well 28 375 250 216.00 244.00
Well 90 250 180 10.30 12.50
Well 86 250 200 8.96 10.53
Well 87 300 240 44.02 40.96
Well 31 280 280 67.00 76.26
\ . J \ Y J
Improved Quality: Improved Production

lower chlorides / fresher water

Daniel Yeh, PhD, PE N
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Presenter
Presentation Notes
I’ve attached a table showing the production wells we’ve conducted some type of rehab activity on during the past five years.  Rehab may have included;
 
Geophysical logging-  Fluid Conductivity, Temperature, Flowmeter (Static & Pumping), Dual Induction, SP, Caliper and Gamma Ray.  In addition, specific zone samples are collected.  This activity is done to determine what part of the open borehole is producing fresher/salty water and how much (a lot or a little).  This can help us decide if we should backfill, using cement, the lower portion of the well to make fresher and hopefully not effect or minimally effect the well production.
 
Acidization- Whether adjustments to the well depth are made or not, depending to the existing well production, we may choose to enhance production by acidization.  Engineering/Drilling companies all have theory’s regarding acid concentrations and contact time, but typically 30% HCL is diluted to 6% and injected for a 4-8 hour period then removed.  From our experience, chloride concentrations are higher for a short period after acidization, but end up being much lower especially if backfilling is performed.
 
Pump testing/Step testing- Prior to and post acidization, step testing at varying rates is conducted to determine the effects for the acidization.  Samples are also collected.  The step testing and sampling is followed up with a longer tem, constant rate pump test (8 hours).  We may also choose to reinstall a smaller pump to reduce effects of brackish/saltier water upconeing.  



Sippy Straw Approach

PROTECT: Prevent impairment of drinking water source

 Co-Benefit
e Sink hole reduction

e from 30 to 10 in one
year

knowledgera-theworld.blogspot.com

Daniel Yeh, PhD, PE N
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Presenter
Presentation Notes
Reduction/conservation reduces impact on the environment (sustainability). 
Educating the community/increasing awareness of water use prepares community for future challenges due to climate


Potable Water Conservation

REDUCE: Conserve water resource
e Free ‘water saver Kit’

e 15.6% indoor
residential reduction

e Inverted rate
structure

e Opposite to buying in
bulk; the more water
used, the higher the
cost

 \WWatering restrictions

* One day/week
Irrigation of
lawn/garden

Daniel Yeh, PhD, PE
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Reclaimed Water Conservation

REDUCE: Conserve water resource — “too valuable to use just once”

Work closely with customers
* Door tags

Limit RW availability
« Offline on Wednesdays (to
‘catch up’ on production)
e Landscape Ordinance
» Drought tolerant (Florida
Friendly) landscaping

e Dry season allotment
surcharge for overuse

Results:
Number of chronic overusers reduced
Nearly 60% reduction in gpcd use

Daniel Yeh, PhD, PE
unversity of - Department of Civil + Environmental Engineering

SOUTH FLORIDA

Report Card
Reclaimed Water

Your critical dry season monthly
usage was:

P SANTA ANNA DR

2011 Dry Season Average:
0

2012 Dry Season Average:
0

2013 Gallons Allocated:
43,000

Watering Zone - 6

Beginning February 1, 2013, 1f you use
more than the gallons allocated per
month thru June, you will be billed
$2.00 per thousand gallons of over
use,

Call the Water Division at ml‘!)
if you need assistance for resetting
your timer.

The Reclaimed Water
Irrigation Schedule
For Your Address,

From February Thru june

Your watcring schedule was
an evaluaton of available re
supply, your lot size, and the ir
0.8 inches of water per we
Water Division allocated ailable
reclaimed water to provide each customer
irfigation water for up to three days per week
at specific times of the day.

Your days and times are:
Assigned Days:  Tues, Fri, Sun
Assigned Times: 7-9 AM

SHOW THESE DAYS AND TIMES TO YOUR
IRRIGATION AND LANDSCAPE
SERVICE COMPANY

ADDITIONAL
- INFORMATION

If you need additonal reclaimed water
information, call Ww, the Dunedin
Water Division, Monday thru Friday, 7:30
a.m. to 4:00 p.m.

Please see reverse side.

Water Efficiency Conference - 2015



AMR (Automatic Meter Reading)

AMR device in meter box

REDUCE: Improve water efficiency

 All water supply iIs metered
(potable and reclaimed)

* Real time usage
* Transmitted wirelessly

e Benefits:
* Helps identify leaks
* Helps customers track usage (Meter
Magnet)
e Cuts down meter reading man hours

« Discourages violation of watering
restrictions

Daniel Yeh, PhD, PE N
university o Department of Civil + Environmental Engineering Water Efficiency Conference - 2015
SOUTH FLORIDA
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ieter Wlagnet

Installation complete
ready for resodding by city


Presenter
Presentation Notes
Investments in technology can further improve effectiveness of conservation efforts


AMR: Example

Increased loss of a pinhole leak

' Profile Graph

# Read Time Use &
1 Sat 5-22-10 01:57 PM
2 Sat 5-22-10 0257 PM
3 Sat 5-22-10 0357 PM
4 Sat 5-22-10 04:57 PM
5 Sat 5-22-10 05:57 PM
E
7
]
|

ORION Meter Reading Profile
Serial # 82078031

[

Sat 5-22-10 06:57 PM
Sat 5-22-10 07:57 PM
Sat 5-22-10 03:57 PM

Sat 5-22-10 0357 PM 1 &g
10 5at5-221010:57 PM an
11 5at5-221011:57 PM ]
12 5un523101257 &M 75
13 5un5-231001:57 &M .
14 Sun 52310 0257 AM 70
15 5un5-2310 03:57 &M i
16 5un5-2310 0457 AM E
17 5un5-2310 0557 &M g
18 5un 52310 06:57 &M ]
19 5un 52310 07:57 &M 55 -
20 5un5-2310 08:57 &M i
21 5un5-2310 0957 &M 50
22 5un5231010:57 &M T .
23 5un5231011:57 &M >
24 5un523101257 PM 2
25 5un5231001:57 PM 2 =
26 5un5-23100257 PM 4 o
27 5un523100357 PM
28 5un5-2310 0457 PM

23 Sun 52310 05:57 PM
30 Sun 5-23-10 06:57 P
31 Sun 52310 07:57 PM
32 Sun 52310 03:57 PM
33 Sun 52310 0957 PM
34 Sun 52310 10:57 PM
35 Sun 52310 11:57 PM
36 Mon5-24-10 1257 AM
37 Mon5-24-10 01:57 &AM
38 Mon 5-24-10 0257 &AM
33 Mon 5-24-10 0357 &AM
40 Mon 5-24-10 04:57 AM
41 Mon 5-24-10 05:57 &AM
42 Mon 5-24-10 06:57 &AM
43 Mon 5-24-10 07:57 &AM
44 Mon 5-24-10 08:57 &AM
45 Mon 5-24-10 0357 &AM
46 Mon 5-24-10 10:57 &AM
47 Mon 5-24-1011:57 &AM
43 Mon 5-24-10 1257 PM
43 Mon 5-24-10 071:57 PM
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Presenter
Presentation Notes
Graph display of a typical pipe leak that starts as a pin hole and becomes increasing larger over time.



. « Leak: ~125 gallons/hour
AM R . Exam ple * lrrigation violation: 3
times per week instead of

Constant loss once per week

TMPprofile Graph EE
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Presenter
Presentation Notes
Graph display of a constant leak (~125 gallons per hour) with normal usage above.  Also note the large regular spikes which are irrigation.  In this instance the customer is irrigating 3 times per week.  City ordinance is one time per week.  In addition to the customer being notified about their leak, the customer was also notified about their excess irrigation and required to change their irrigation system to operate once per week.  



AMR: Example

‘Instant On, Instant Off” loss

M Profile Graph
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Presenter
Presentation Notes
Graph display of a hose bib or faucet left open, a stuck toilet flapper or float, or a water softner stuck in regeneration.  The “Instant On, Instant Off” water leak/loss.
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Presenter
Presentation Notes
Emphasis here opportunities that IUWM can provide
Closing loops goes beyond sustainability
Requires ‘looking for more water’ where there is none.  More sources to augment sources to produce reclaimed water (other than wastewater)
Two examples


WTP process waste streams

REUSE: Close the loop on waste streams

Process streams of Dunedin WTP and direct residual

Prechlorination Permanganate

I,

Source
water from
well fields

Possible
reuse of
renovated
backwash?

Benefit: approximately
1.0 MGD reused
(3,785 m3/day)

Daniel Yeh, PhD, PE

discharge to WWTP

Cartridge
Green sand filter  filtration

Blend bypass

- -

Backwash  n,so, Antiscala’
(Fe, S, Mn)

Backwash
Holding tank

—§

Backwash

solids /

Sewer collection system

unversity of - Department of Civil + Environmental Engineering

SOUTH FLORIDA

-~ -

Dunedin WWTP

> Blended
water to final
treatment,
:D storage and
permeate | distribution

Waste streams
commonly
discharged to
nearby waters are
reused

Reclaimed
| water

]

e LR b

Discharged
effluent

{A20 process)
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End-of-line reuse at

Honeymoon ISIand Benefit: Nearly 50 million

REUSE: Close the loop on waste streams gallons reused per year

) Barrier island slated for
Honeymoon Honeymoon v Y

Island Island State Park hlgh denSIty

_ development. Only first
i\ phase completed.
G End-of-line issues with:
» Oversized water main 5

\ Low flow lift station

aladem Huneymuono
Ferry. Senrlr.:es




Water savings by closing loops

Approximate water saved annually due to reuse

Honeymoon Island
waste stream

50

million

gl 3804

of reclaimed
water annually

million gallons

million WTP
gallons
waste streams

I8SJ§ paniel ven, Pho, PE B
unversity o Department of Civil + Environmental Engineering Water Efficiency Conference - 2015
OUTH FLORIDA



Presenter
Presentation Notes
Per water balance, approx. 1,038,092,000 gallons of reclaimed water were produced in 2008.  A savings of 400 millions gallons is just over 38% of production.  Please state how this saves groundwater since groundwater augments shortages in reclaimed water produced.
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Recycle v e
Extensive wastewater recycling
Reduced discharges prevents impairment

Reclaimed water offsets potable water use
Consistent availability year round


Presenter
Presentation Notes
The ultimate drought proof source of water, 
Yet only 2.5 percent of treated wastewater in the United States is currently reused as reclaimed water (Center for Sustainable Systems, University of Michigan, 2010)
Recycling wastewater offsets potable water use in non-potable applications, such as irrigation.
Recycling wastewater has additional beneifts (stated on slide). 


Extensive Recycling of Wastewater

RECYCLE: Minimizes the amount of pollution generated and discharged to
the environment

Consistently available year round
Less demand during /

/ 100% recycled and used

wet season EZ71Potable Water Delivered to System*
) = Reclaimed Water Demand
—@—Qutfall
24 —“
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. * Assumption: Potable water delivered = wastewater
Near zero dlscharg es received. Surplus is due to 1&I (inflow and infiltration).
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Additional strategies
for success



Integrated organizational
structure for water management

Segregated Scenario
(pre 2010)

BEFORE

City Manager

Public Warks + Utilities
Director/City Engineer

|

Directors over
each water utility

l Water Division Director ’

P

[ Division Director of Public Services

[ Wastewater Dmsw

Director

Stormwater
Division } [ Streets (Ditch

Maintenance)

|

[ Water 1 [ Water ] ] [ ] [ Wastewater ] Wastewater l
Production Distribution Hydrogeologist Utility Billing Plant Collection
Supervisor Supervisor Supervisor Supervisor
Integrated Scenario Gty Manager
(post 2010) |
Public Works +
A FT E R Utilities Director/City
Engineer
One individual oversees |
Assistant Director of
all water related depts. Public Works + Utilties
[ I I I } I I I ]
Water Water Wastewater Wastewater Solid Waste
Production Distribution Hydrogeologist Utility Billing Plant Collection Stormwater Streets Director
Supervisor Supervisor Supervisor Supervisor
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Coordination between utilities

 Coordination between WATER
utilities
» Byproduct stream from RO is
treated by WWTP

* Drinking water production is
coordinated with WWTP per
assimilation capacity

 Coordination with POWER
utility
* RO process is a high energy
process

* Reduced rates during off-peak
operation is offered in
exchange for shut down during
peak times

* RO plant uses backup
generators

Daniel Yeh, PhD, PE
unversity of - Department of Civil + Environmental Engineering
SOUTH FLORIDA

“Photo: Aimee Blodgett, USF

From left to right: Tom Burke - City Engineer, Paul
Stanek - Water Division Director, and Ken Stidham -
Wastewater Division Director
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Extended partnershlps W|th
academia ‘
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Current Research (S) STELLA

STELLA

» Modelling Dunedin’s—— cae= 8 weie
urban water cycle 8| [=0_
e Valuable tool for :

constructing and
understanding
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In summary....

‘/IUWI\/I paradigm possesses characteristics that
addresses contemporary water supply + energy
Issues

Demonstrates sustainable practices by managing
the urban water cycle

Judicious extraction protects the environment + drinking
‘/Water source of human consumption

Demand reduction through conservation and aggressive
recycling

Waste stream capture = significant water savings and
reduces discharges to urban waters

‘/Water Efficiency = Energy Savings
Applicable to all cities, not just coastal

Daniel Yeh, PhD, PE
Water Efficiency Conference - 2015
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Thank you.
USK

UNIVERSITY OF
SOUTH FLORIDA

Daniel Yeh, PhD, PE, LEED BD+C
Associate Professor
Department of Civil + Environmental Engineering
College of Engineering
dhyeh@usf.edu (email)
http://www.linkedin.com/in/danielyeh (LinkedIn page)
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