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Goal of SW Ch;ﬂ

To link BMP control
effectiveness for
specific pollutants and
flow to receiving water
loadings, impacts and
water quality objectives
to improve selection
and design of BMP
systems.
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Focus Areas of the Challenge

* Build a Modeling Framework that allows users to
link the watershed model of their choice to the
receiving water model of their choice

e Include BMP performance algorithms that are practical
and represent the water quality behavior of BMPS

e Include uncertainty in pollutant removal estimates for
BMPs and resulting uncertainty in receiving water
concentrations

e Include Decision Support Tools to help users evaluate
the relative effectiveness of alternative stormwater
management scenarios



Define Goals:
Water Quality, Biologic, and
Geomorphic

Select Parameters:
Water Quality, Biologic, and
Geomorphic

Evaluate Land Use Patterns &
Stormwater Controls

Assess Impacts:
Water Quality, Biologic, and
Geomorphic

Set Land Use & Stormwater
Management Criteria

Watershed
Objects

Routing &
Storage Objects

Rainfall
Time Series

Watershed
Model

BMP Selection Module

Potential Solutions |
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The BMP Selection / Receiving Water Protection Toolbox

Receiving Water Impact Module

Stream Metric

Comparison with Hydrologic, Ecologic, i
Geomorphic and Water Quality Targets -
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Decision Support Tools

WERF Whole Life
Cost Module

- Stakeholder | :
: Involvement Module |

The Concept of the
Framework

Preferred Solutions

* Design Rules
e Uniform Criteria
e Etc.




Water Resources
pianzemeny \The BMP Selection / Recelving Water Protection Toolbox " . -
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= Etc.

Major Components of the Toolbox



DSS Elements

Time Series Analysis
(Graphs, statistics)

ulation Elements

Watershed
(QH-WATERSHED)

Receiving waters
(QH - REACH)

BMP-o

i Cost
(Extended Detention:
Cu, Bactii, TSS(s) (WERF, Ext. Det.)

Cost

Added types and params WEREF, other BMP .
( YP params) ( other BMPs) Version 1 - Q2/2012
ontext specific

diagnostics/analyses (TMDL (FiI'St Production
: Release)

— Version o - Q4/2011
(Simple mass balance) (Test Release)

Watershed
(SWMM)

Receiving Waters
(Extended Stream Model)

Watershed
(HSPF, SELECT)

Reports
((More tables & synopses)

Version 2 - Q4/2012
(Expanded Capability

Receiving Waters
(WASP ?)

Extended Capabilities
(Graphs, Stats, Regression)

~APTOSmZ > o

Release)
BMP-2
(Additional BMPs/parameters)

Receiving Waters
(Lake and Estuary)

Groundwater .

(MODFLOW) G Version3

(2D/3D) (Future Extension)

BMP-3
(Enhanced BMPs/parameters)



Note:

® The product will be freely available and open

code

nere is no proprietary software or coding

ne product will be documented

® A Beta version is currently available and we
would love to have you try it
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»“The Urban Water System
Trment /ﬁ\/}

Drainage
NN

Treatment
plant



g ! Who is Thinking about %Ee !ystem?

—

e N

Disposal

Treatment )h
.




oblems with our current systems

* First, they are old, and in a deteriorated condition
* Water Supply systems

e Water loss due to leakage
e Maintaining water quality at the tap (?bottled water?)
e Most drinkable water is used for non-potable uses

* Wastewater systems
e Rainfall related inflow and infiltration
e Costly wastewater treatment

* Stormwater systems
e System deterioration
e Increased flooding downstream

e Public and aquatic health threats from CSOs and untreated
stormwater
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stem operation is expensive
-- Energy use by the City of Fort Collins

Others, 5%

Utility Finance
& Budget, 3.2%

Library District,

3:2% 2009 Data

Operations
Utilities Water Services, 37.6%
Reclamation &
Biosolids Div,

23.4%

36%&

Utilities Wate
Production,
12.9%

Parks, 8.8%

j Poudre Fire
Traffic, 2.3% Authority, 3.5%

Source: City of Fort Collins Open Book Project



ldeas for Reducing:

-- Water use
-- Utility Costs and
-- Energy Requirements
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~What is Graywater (Greywater)

* Graywater is water from sinks, showers, bathtubs and
laundry machines

* It does not include water from kitchen sinks



raywater Quality

» Graywater contains soap products and anything
washed from body or clothes

e Organics
e Bacteria

« Minimal compared to blackwater
* Considerations for reuse
e Nutrients
e Salts
e Pathogens



Plumbing aHousehold Graywater

System

Vent through roof
1
A= L1 [=)
Tub ¥ Sink Toilet _T_Venté tied together
vent vent vent 12" above spill point of

L highest fixture

S-way diverter
valve2__

Note: A graywater system also
includes the clothes washer

Pipe to
garden | Alwa MAivert greywater

Swing check or | dowdfEtPeam from vents
backwater valve *—No-hub connector

-—

!

X a— Jm S —

o Septic or Sewer



partment or
office building
graywater
system

- Hok-water supply lines

- Cold-water supply lines

Drain bnes
(sched. 40 PVC or ABS)

Went pipes:
(sched. 40 PVC or ABS)

STOP VALVES

Shat off water supply o SINK DRAIN
indrvidual fixture or (i Frea-tn dis )

appliance.
o

SHOWER. VALVE
Mixes hot and cold water,
diverts water to showerhead
or (ub spoul. Lise only
pressurc-halanced ©5,
which guard against scald-
ing when the toilet is
Mushed

F‘ -,
Holds a slug of water 1o
prevent scwcrgas'cs.
Trom cmering the lome—
throngh the main drain,

BRANCH DRAIN.

(i 2= dia. }
Slope horzontal mns
ai least |/8 in. per
[oot; 174 in. per fool
is befter.

DISPOSER

| ¢

DISH-
DISHWASHER wm
SUFFLY DRAIN
{Stainless sieel
braded or 3/8- "
in. sofl copper) COPPER FITTINGS.
Enable rigid pipe 1o tum.
anid branch, Joints arc
sealeﬂmrmd-n'ec
solder:

DISHWASHER:

ALVES
0% 10 prevent

WATER METER P

MAIN SUPPLY
{ 1=k, type-L
"s0fi" coppern)
Feeds water from
municipal ser-
vice or well 1o
waler meier Sofi
COPPer comes in

meachine lsn':. in ‘

— VENT STACK
| {min. 3-in_ dia.)
| Exhatists sewer gises
* and equal-1res pir
| presstire in the drains
| Without vents, a wilet
Mush could suck waler
ot of the traps.

|

—— BRANCH VENT
| {min 2-in. dia.)

- Comects P-irap o

" yent siack.

y
=1
! CLOSET FLANGE

&1-foot rolls, re- ||

ducing ihe
tmumber of joinis.

&GN
ks =ncnon so
waler won'l T
contaminate supply

o pipes,
ANTISIPHON HOSE BIB
q o Carries water ouiside to garden
closc with s Bose, In cold climates, use free:
quarter furmn of the prood bibs, onc on cach side of |
Tl Trose

.' Anchioes & toilet o its

 drain.
'[TII..E'I'DRA]J?’

{min. 3-in. h)f

MIXING VALVE

| | Delivers warm water
© 1o foilet tmk o

- prevent condensation

o bl days,

Water for
Toilet Flushing

- Permits access (o 4 draingipe
o remaove clogs, Install at
cvery sig-uificant tum ol &
drmimpipe

\ To Sewer




Places Using Graywater

* Australia - extensive use
e Landscape irrigation and toilet flushing in apartments
* Singapore, Hong Kong- extensive use
* Europe - scattered use
e Toilet flushing
* United States

e Extensive use for landscape irrigation in California, New
Mexico, Arizona, Texas

e Pilot applications for apartments in several states



Other Domestic
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raywater production in the USA

Leaks Bath
9.5 gal/cap/d, 1.2 gal/cap/d,
1.7%

13.7%

1.6 gal/cap/d, Shower
2.3% 11.6 gal/cap/d,
16.7%
Dishwashers
1.0 gal/cap/d,
1.4%
’ Clothes Washer
15.0 gal/cap/d,

21.6%

Toilets
18.52g6a1/cap/d, Faucets Cravwater
1% 10.9 gal/cap/d, )’6‘,(\)//
15.7% 5070

Source: AWWARF

Household Graywater
Production
(family of four, gpd)

- Bath 4.8

- Shower 46.4

- Washer 60.0

- Faucets 43.6

- Other 6.4
TOTAL 161 gpd
1128 g/wk

74 gpd
518 g/wk
- Irrigation 610 g/wk

- Toilets

(waters 300 plants or
1000 ft? of grass)
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Advantage of Graywater Reuse

* Potential to reduce potable water demand by 50%
* Potential to reduce wastewater flows by 50%

* Potential to treat the more highly concentrated
blackwater with Anaerobic Digestion rather that
Aerobic changing wastewater treatment from an
energy consuming process to an energy producing
process!
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Household
Graywater

Course

St Tanl
orage Tank Filter

Influent

coarse
filter







Graywater Quality

Graywater Blackwater Domestic WW
Consituent Range (mg/L) Range (mg/L) Range (mg/L)
COD 77 -240 806 - 3138 250 - 800
BOD 26 — 130 410 - 1400 160 - 300
TSS [ —207 920-4340 390-1230
Total-N 1-20 130 -180 20-70
Tot-P 0.28-0.779 21 -58 4-12

Sources: Palmquist & Hanaeus 2004 & Eriksson et al. 2003



Multi-Familv Residences
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Apartment Buildings
University Dorms




“Evo ved"“MGra;/‘wate ystem for Toilet
Flushing




6%
Ma0cCl

Pressure
Booster
Pump




Neighborhood Scale Water and Wastewater Treatment

-- Eliminates potable water deterioration in distribution
system

-- Reduces (eliminates) combined sewer overflows

-- Provides opportunity for an energy producing
wastewater system rather than energy consuming

-- May reduce water infrastructure maintenance costs



MUNICIPAL WATER Apartment/Residence/Office/Commercial
SUPPLY SYSTEM
- Finished Water
- Fire Demand Ii G B
>
Ii G B
. 7 >
R e
MUNICIPAL
WASTEWATER SYSTEM
> Irrigation ‘
A A G

Municipal Storm Water System Receiving Waters




MUNICIPAL WATER
SUPPLY SYSTEM

- Finished Water

- Fire Demand

Graywater
*Treatment
+Storage

Graywater
*Treatment
+Storage

h 4

Graywater
*Treatment
*Storage

\ 4

Irrigation

Municipal Storm Water System

—>
MUNICIPAL

e Saves water
* Reduces wastewater

WASTEWATER SYSTEM

Receiving Waters



MUNICIPAL WATER
SUPPLY SYSTEM

- Finished Water

- Fire Demand

Apartment/Residence/Office/Commercial
Neighborhgod scale graywater management

G TB *Saves water
| ¢ Reduces Wastewater

Graywater
*Treatment
*Storage

v

MUNICIPAL
WASTEWATER SYSTEM

\ 4

Irrigation

Receiving Waters

Municipal Storm Water System




Advanced ldeas

* Anaerobic treatment of black water (toilets and
kitchen sinks)

o Produces energy rather than consume it!

o Pilot testing is being conducted at Colorado State
University.



II Graywater Sepa ration with

Anaerobic Treatment of Blackwater

Green Energy

I

High N o

Anaerobic | Low Pathogen §§
Digester é§

> Compost %;

Graywater

Blackwater



MUNICIPAL WATER
SUPPLY SYSTEM

- Finished Water

- Fire Demand

Graywater
*Treatment
+Storage

Graywater
*Treatment
+Storage

h 4

Graywater
*Treatment
*Storage

\ 4

Irrigation

e Saves water
* Reduces wastewater

* Produces energy

- Anaerobic Treatment

4 Energy
v
Neighborhood/
Community
Wastewater M IPAL
System WASTE R SYSTEM

Municipal Storm Water System

Receiving Waters



MUNICIPAL WATER
SUPPLY SYSTEM

- Finished Water

- Fire Demand

Apartment/Residence/Office/Commercial

Neighborhgod scale graywater management

\ 4

PG TB
TB e Saves water
4 * Reduces wastewater
* Produces energy
Graywater
*Treatment
*Storage
PG TB
v . Energy
v
Neighborhood/
Community
Wastewater M IPAL
System WASTE\%R SYSTEM
- Anaerobic Treatment
Irrigation

Municipal Storm Water System

Receiving Waters







MUNICIPAL WATER
SUPPLY SYSTEM

- Raw Water

- Fire Demand

Neighborhood/
Community Water
System

- Finished Water

—

Fire Demand

Distribution
System

Graywater
*Treatment
+Storage

Graywater
*Treatment
+Storage

* Saves water
> * Improves streams

* Reduces wastewater
* Produces energy
* Better drinking water

Ii G TB
% > Energy
Graywater ¥
«Treatment Neighborhood/
cStorage Community
Wastewater M IPAL
System WASTE R SYSTEM

\ 4

Stormwatr
*Treatment
+Storage

Irrigation

- Anaerobic Treatment

Municipal Storm Water System

Receiving Waters




MUNICIPAL WATER
SUPPLY SYSTEM

- Raw Water

- Fire Demand

Neighborhood/
Community Water
> System

- Finished Water

—

Fire Demand

[ == e e e e e e e

Distribution
System

er System - Centralizec

Stormwatr
*Treatment
+Storage

ommercial

Ii_G _T_B
RG 1B * Saves water
> * Improves streams
E— * Reduces wastewater
*Treatment . .
“Storage * Better drinking water
* Produces energy
PG TB
e > Fnergy
A 4
Neighborhood/
Community
Wastewater M IPAL
System WASTE\%R SYSTEM
- Anaerobic Treatment
> Irrigation
= = = e e e == =

Municipal Storm Water System

Receiving Waters



ut we also need a cost model

(Whole Live Cost)

* Treatment Costs - (capital and O&M)
e Water
e Graywater
e Wastewater
e Stormwater
* Transmission/Collection Systems
e Water, Wastewater

e Stormwater
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