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Reuse of Stormwater in Arid or Humid
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Overview — Harvest and (Re)Use EO?‘”.@,

community

. Age Old Method Meets
Contemporary Issues
A. Stormwater as a Resource
B. Not just for Arid Climates

Il. Drivers/Benefits, Examples
Water Conservation
Stormwater Management
Water Quality

Hydrology

1. Goals & Potential Pitfalls
V. Questions?
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Breaking Linear Thinking FOR =5

community

1. Pay to “dispose” of
runoff

2. Pay again for potable
water

= $
= Environment
= Energy

Wastewater

St. Croix

\N River

=
-—_
e e s o

Declining GW due to:
- GW Pumping

- Climate Change

- Reduced Recharge



Breaking Linear Thinking FOR:: %

community

\City, DNR, Resicents; {Watershed District, County}

{MetCouncil, County}

Reuse



Age Old Practice EO?Wmmugy

Common Practice Globally

Paradox of Water in the U.S.
= Paying to “dispose” of runoff

= $ Costs
= Environmental Costs

= Paying again for potable water

= $ Costs
= Environmental
* Energy / GHG




Stormwater as a Resource EO?Z
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WATER & SANITATION
Large-Scale Rainwater Harvesting Eases Scarcity in Kenya

Rainwater Harvesting

« Simple Technology
Reprint | n D m | Print | cSend by email | En espafiol ° Address Water ScarCIty

« Can be implemented at a
variety of scales

* Relatively low cost

By Justus Wanzala

African Water Bank technicians put the final touches on a water storage tank at a homestead in the Duka Moja area of
Narok County, Kenya. Credit: Justus Wanzala/IPS
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Re/Use for Stormwater Management has Emw ater

Conservation Benefits

Intersection of Stormwater &

g |
GROUNDWATER DRAWDOWN 1 o ’A"“, | ‘ 4 -
. Less than 5 feet . 5.1t0 10 feet / 2 : Wat e r U S e
D 10.1to 20 feet D 20.1to 30 feet .
D;o.noszeet L 40.1to 45 feet ». ' V0|ume—Based SW Permlttlnq '

AREAS MOST AFFECTED

Drawdown exceeds

e ——— K ¥4 * Problem Sites
' — Soils, Bedrock, Contamination, High WT

Source: Water Supply Planning,;
Council

Metropolitan Co

« Accounting Method
— “How much Volume Control?”

Water Supply Concerns:

N. America, Water Supply is Large
Issue

« MN — GW Decline, e.g., White Bear Lake

o https://stormwater.pca.state.mn.us/index.p
hp?title=Stormwater and rainwater harve
st and use/reuse

N <o R :
i_" ‘;-._- > ."“ R
& . Water

Source: Minnesota Public Radio News



https://stormwater.pca.state.mn.us/index.php?title=Stormwater_and_rainwater_harvest_and_use/reuse
https://stormwater.pca.state.mn.us/index.php?title=Stormwater_and_rainwater_harvest_and_use/reuse
https://stormwater.pca.state.mn.us/index.php?title=Stormwater_and_rainwater_harvest_and_use/reuse
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Not just for Arid Climates ccology
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Growing Practice in all Climate WASH

Regions (including the Midwest) Reuse Program Goals

Reduce pollution load to surface waters

Reduce stormwater flows v v

v

v
Broad Set of Goals Addressed —= Reduce potable water demand ’ A

v

Reduce impacts of urbanization on watershed hydrology

Reduce stress on water supply infrastructure v

Reduce size of other stormwater BMPs v

Water Sources

Roofwater — Residential

Roofwater — Nonresidential

Reluse Need Not Be lelted Stormwater — Wet Detention Pond
—

Stormwater — Urban sewers

to Rainwater Harvesting Stormwaler — Waterways

Stormwater — Wetlands

AN N N NI I N RN

Sewage

Greywater
Reuse Applications

Irrigation — Playing fields, golf courses, public parks

N RS RN RN RN ENENEN

and gardens, residential, commercial v v v v o v
Irigation — Agricultural v v v
Residential — Toilet flushing, vehicle washing v v v v v
Residential — Washing machine use v v v
Residential — Dual reticulation v

Ben ef| C | al Use Ap p I | cat | ons Municipal — Fire-fighting or fire-suppression v v v v

. s Municipal — Water features and ponds v v v v

fo r M an y Sett In g S Municipal — Street cleaning v v v
Industrial — Cooling tower make-up v v v v
Industrial — Miscellaneous v v v
Industrial — Dust control v v
Industrial — Feed lot cleaning v
Hydrological — Downstream flow augmentation v v
Hydrological — Aquifer storage and recovery v v




San Francisco Public Utilities Wt
Commission (SFPUC) EO?#
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| |
BLUEPRINT for Onsite Water Systems

A Step-by-Step Guide for Developing a Local Program to Manage Onsite Water Systems
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On-site Water Systems Worldwide — watenr

ecology

It’s Happening Now! community

Sya.
Olympic Pa

+ 640 hasite

+ Approx two thirds
parkland

+ Major sporting &
show faciities

%+ Residential

+ Commercial

+ Future residen®
commercia'

Source: SFPUC



Collaborating with Others FOR =5
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Source: SFPUC



Re/Use for Conservation EOQWM'—%

Up to 50% of Demands are Non-potable in Multifamily Residential Buildings

Multifamily Residential

Water Use

w [rrigation

m Toilet

m Clothes Washer

m Shower/Bath
Faucet

m Dishwasher
Leaks
Miscellaneous

Source: adapted from Alliance for Water Efficiency Source: SEPUC
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Up to 95% of Demands are Non-potable in Commercial Buildings

Office Water Use

® Sanitary

m Cooling Tower Make-up

® [rrigation

= Single-Pass Cooling
Kitchen

m Miscellaneous

Source: USEPA Source: SFPUC



City Ordinance Codifies
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Program & Streamlines Process

SFPUC

Program
Administration

Review onsite non-
potable water supplies &
demands

Administer citywide
project tracking & annual
potable offset achieved

Provide technical support
& outreach to developers

Provide financial
incentives to developers

Public Health

Issue water quality &
monitoring requirements

Review and approve non-
potable engineering
report

Issue permit to operate
onsite systems

Review water quality
reporting

Construction

Conduct Plumbing Plan
check and issue Plumbing
Permit

Inspect and approve
system installations

Right of Way and
Mapping

Issue Encroachment
Permits as needed for
infrastructure in the
Right-of-Way (if needed)

Includes condition on a
subdivision map or a
parcel map requiring

compliance with the Non-
potable Ordinance prior

to approval and issuance

of said map (if applicable)

Source: SFPUC



Types of Alternate Water Sources

for Non-potable Applications

water
community

VA
' \

{ RAINWATER |
=/
Wastewater from - ' -
toilets,
dishwashers, ; Iy,
kitchen sinks, and y | @ [ -
utility sinks e | ® -4y |
Yy | ® [l -
Y s [ -
v | = [~
Y m [l -
v | ® [ -4
Wastewater from e ® [l Hp |
clothes washers, “*™ [1. - H B
bathtubs, showers, u .
T — )

Precipitation
collected from roofs
and above-grade
surfaces

Precipitation
STORMWATER collected at or
below grade

and bathroom sinks——

e o ':“-.
,—/ FOUNDATION

DRAINAGE

Nuisance
groundwater from
dewatering
operations

Source: SFPUC



On-site Non-potable Water Use at water

ecology

Innovative SFPUC Headquarters community

Rainwater Harvesting System
25,000 gallon cistern
Reuse for irrigation

Wetland Treatment System

Collects and treats
building’s wastewater

Reuse for toilet flushing
5,000 gpd capacity



Runoff Treatment - EO?VVM'—QV

A Paradigm Hierarchy Shift

4

Reduction

N

Biofiltration

Filtration

Hydrodynamic Separation

Treat-Release

Detention

Source: City of Santa Monica, CA - Office of Sustainability and the Environment
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Shields Lake Reuse Project EO?W ater
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2016 TP Yields (Ib/ac-yr)

West (761 ac)
450 Ib

Middle (1,841 ac)
958 Ib

East (5,948 ac)
1,258 Ib

Priority Subsheds
% of Total Load:
JD6 = 30%

Shields = 28%
Direct = 16%
Hayward Ave = 9%
Castlewood E = 5%




Shields Lake Diagnostic
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Monitoring

June 4, 2015 - June 6, 2016
Captured runoff from 89% of total watershed area

Sump Pump N

Sump Pump W n/a
2 Iblyr
180 pg/L [ ]
(63% orthoP)
[
Shields
® Lake
: @
Ditch West °
234 Iblyr _21?;“/ St
450 pg/L 2 Iblyr
(69% orthoP) 208% St 54 pg/L
+ 143 Iblyr (26% orthoP)
360 pg/L
(56% orthoP)




Shields Lake Stormwater Reuse EO?W Lo
System & Alum Treatment Project community
95 ‘ W o S

CWF Grant = $824,000
CLFLWD Match = $206,000
Total Project = $1,030,000

A
\ ,
1 l ! ¢ ..‘
= Propesed. . 'i :
el | Reuse Pipe: @ q
2| 0 e J
! T G \ : _ “Whole Lake
. EqualizerPipe Alum Treatment
- between'N. and.S.
f§> ARHosed Irrigation Ponds
/AIReuse gay Shie
~“&jjPond
g

SAYAMOIIE | s

A & © 2017.Google 8



Water Quality Benefits of Re/Use FOR::: -

Project Bencfigsh i 1+ /i, |
: TP Reduction of 67 Ib/yr (~50% Reductlon)

' Groundwater Consumption Reduced by 8.5 MGlyear
' Downstream Peak Runoff Rates Reduced by 5 %— 20%

SHIELDS LAKE REUSE
CLF'—WD SITE PLAN
SOUTH,SUITEA | FOREST HILLS GOLF COURSE

STREE
O EST LAKE MN 55025 FOREST LAKE, MN
NO SHEET 01 OF 01 SHEETS
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Argenta Hills Development STEEE
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4/11 7/20




Re/Use for Stormwater Management Q)R 1<5

community

Argenta Hills Development
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The Rose- Urban Redevelopment ecology

community

N T AL RTINS
Urban Greyfield Redevelopment
to Multi-Family, Mixed-Income,
Sustainable Community Housing

< g, B3 i 47 e (-
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The Rose- Urban Redevelopment ecology
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00000000
o0 0 " 2 O O

ml—_—IOOOQ.,o.
! ° o o

Community garden with ' B L/ f . 25 Natlve landscaping with
stormwater reuse system for irrigation vz PR SEh stormwater storage




Reuse Helps a School: water

ecology
BayV|eW School Waconia, MN (win-win-win) community
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Reuse Helps a School: water

ecology

Bayview School, Waconia, MN: e } SR
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Office Redevelopment — CRWD Offices ecology
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Work Space and Teaching Lab




Example 2: CRWD Office FOR:: %

community

AN

e/l re
o] \ y /= h

AUrban Greyfield Redevelopment
to Sustainable Office
Reuse — Indoor and Outdoor




Example 2: CRWD Office
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(outiet fo storm sewer)
| / e |
[ i
- Pond Overfiow
, = Agri-Dirain structure with
Exhibit Concept Sketch [l Mttt
t |
T g
- ‘_ B o POND
J J 16} - EXHIBIT - = Continuous circulation
=1 b 3 i " (and fiirafion)
P - SIMULATED RAIN = Direct connection to water source
e = not commingled with recirculated pond {cistem) to maintain stage not met by
: water (for maint. and health reasons) exhibit use (float switch?)
= cfnur.remrtg Me dmp.kﬂs — ° Sromr;n sewe;;s::ecm for g
POTABLE = Need to minimize evaporation E";eZ"m?;_a;epm ’ G%MB ;
BACKUP = AeratorBubbler fo minimize algas
growih
® | INTERACTIVE STREAM |
| “WASTE” | “ASSET” & - Flows over plaza in formed stream chanm
INTERMNAL CISTERN |
1/Zhp pump capable of %
doing 7 gom at 100
Trough precedent Hear Feet g
41 T i
[ | ‘F
LY

= Trough provides wolume and head fo make flowage more powerful
o Location of retum for reci water, adds wolume fo siream

= Trough lecated at bottom of exhibif, collects water from exhibit ‘rain”, spills inte “Asset” sfream
= Fealures magnets or other inferactive play element

= Re-circulated pond watsr iz filtered

POCKET PARK - STORMWATER ROUTING DIAGRAM

6/25/2018



Know Your Context & Pick the Tool EO?W LT

community

Reuse Models (Reviewed in MN Stormwater Manual)

1. Virginia Department of Conservation and Recreation (VDCR)

2. North Carolina State University (NCSU)

3. Texas Water Development Board (TWDB)/ American Rainwater
Catchment Systems Association (ARCSA)
4. San Francisco Public Utilities Commission (SFPUC)

5. MN Mississippi Watershed Management Organization (MWMO) /
Minnehaha Creek Watershed District (MCWD)

6. MN Metropolitan (Met) Council

7. Minnesota Pollution Control Agency (MPCA) / Ramsey-
Washington Metro Watershed District (RWMWD)




Know Your Context & Pick the Tool

Category | Subcategory

Required Inputs

water
ecology
communlty

SFPUC MWMO
VDCR NCSU TWDB Rainwater Stormwater Met Council MPCA
Cistern Design Rainwater Rainwater Harvesting Reuse Water Balance MIDS
Spreadsheet Harvester Calculator Calculator Calculator Tool Calculator
T = ELE Wet |[=m==|
Precipitation = = - m = Avgf@ge b2 b
B . S O Nov Dc Years s g
E TN FE wan aen T sun.
transpiration N/A ——— — :"'“
SEP OCT NOV DEC Sat.

Runoff
Generation
N/A N/A
Storage
Tupes of pLANTS ]
wirslf Tupem oFLANT !11 TP o |
v‘[ _,_.q\hn»k 1 n
Fe Climate Factors
Use: Area ‘ Rate Start/End Irrigation Season
Irrigation . P
L‘”L & ‘“L'j S s Q Oﬂ
Use: Non- L) E /| usEr USER @ USER
irrigation { = DEFINED DEFINED i DEFINED N/A N/A




Know Your Context & Pick the water
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TOOI community

SFPUC
VDCR NCSU TWDB Rainwater MWMO Met Council
Cistern Design Rainwater Rainwater Harvesting Stormwater Reuse Water Balance MPCA
Spreadsheet Harvester Calculator Calculator Calculator Tool MIDS Calculator
Annual Average
Annual Average Monthly Average Daily Average Annual Average
2
a
7\ . =
O
©
2
©
) .
S $$ Savings =
O $$ Savings Lo 0 e i
$$ Backup Supply 3 q 0
$$ Amortization it Ac-ftlyr, TP, TSS
GUI : "7’”7 ’ Minnosota's average annu; ipitation 1695-2014
n ] e & et
: @ Sl
o)
© L
©
>
© DD/MM/YY to
< DD/MM/YY
. : Designed
Monthly Time Representative : .
Black Box LS Primarily for
[%2]
g Step Precipitation Years Other BMPs
b= Based on Climate and Precipitation Data From:
E
5 _ 5




Source and Use Considerations Emeco.ogy

community

BEene 3 S Banaer Required Water Quality at Point of Use
(Rooftops) Stormwater ®= 1Limited human exposure
Sanitary sewer flushing @) o =2
Irrigation — low exposure risk (®) o(0) =3
| lirigation — high exposure risk = 4Drinking water standards
8 Vehicle/building washing
8 Fire fighting

Water features (uncontrolled
access)

Street cleaning/ dust control

Fire suppression

Cooling

Process /Boiler Water

Indoor

Flushing

Washing

Drinking water

Effort Required to Treat Source

O = no treatment needed @00-=high (pretreatment + treatment + disinfection)
®=minimal (pretreatment) @000= drinking water standards
0= medium (pretreatment + disinfection)



The Reuse Calculator FOR:: %

community

Benilde-St. Margaret Example:

e e T TN
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The Reuse Calculator FOR:: %

community

Benilde-St. Margaret Example:

Overtiow
AVERAGE YEAR (2011)
80,000 i | 50,000
~ 70,000 - 45,000 =
g - 40,000 2
< 60,000 O
© - 35,000 &
o] o
> 50,000 - 30,000 £
N’ ()]
c 40,000 25,000 -
= =
R ] =
m 30,000 20,000 g
= - 15,000 =
o 20,000 o
g - 10,000 “G:)
0 . 0
1/1 4/11 7/20 10/28
BN Overflow Volume at Overflow Minimum Volume Basin




The Reuse Calculator: EO?W"“

community

Benilde-St. Margaret Example

120%
g 100%
L
— =]
A rea 31 AC . % 80% OChange in
c _ 0 [ Storage
Impervious = 38% . nEvaporation
g o
é Olrrigation
o 40%
E OQverflow
Treatment Reductions: 2 20%
[}0/0 T T T 1
DRY AVERAGE WET ALL
Phosphorus
i 0 0
Conventional 50 % 3% 190%
¢ 100%
Reuse 80 % 62 % 80 |
o OChange in
Storage
60% —— DOSedimentation
©
g_: 40% Olrrigation
S~
o oOverflow
% 20%
UO/D T T T 1

DRY AVERAGE WET ALL



Conclusions EO?‘"mmugy

—o—Yolume - lrrigation ——Volume - Evaporation —— Volume - Total

POND: 85% Impervious Need to optimize storage ($)

5 with stormwater reduction (%)
£ m Available green space as
o POND:eS%impervious limitation in ultra-urban
€ w0 settings (off-site, parks)
.
E Size (& $) of storage basin is

ds 1o 15 20 25 s only limitation with open

POND: 30% Impervious

- Space
g @ Retrofit existing
£ ponds/reservoirs?

0.5 1.0 1.5 20 2.5 30
Volume of storage basin
(inches of rainfall)



Understand Your Goals EO?‘" o
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= Reduce Strain on Supply
= Alternative Water Supply

= Shift Irrigation away from Potable (e.g., Golf Courses)

= Sustainability Goals
= Energy Conservation / GHG Reductions

= Distributed System (less Centralized) — Resiliency
» Reduce Stormwater Impacts! — Overcome:
= New LID/GI Tool

» Clayey Soils, Contamination, High Water Table,
Shallow Bedrock

* Highly Urban Areas — Building setbacks
* ...Regional Approaches!
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