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Credit(s) earned on completion of this
course will be reported to AIA CES for AIA
members. Certificates of Completion for
both AIA members and non-AIA members
are available upon request.

This course is registered with AIA CES for
continuing professional education. As such,
it does not include content that may be
deemed or construed to be an approval or
endorsement by the AIA of any material of
construction or any method or manner of
handling, using, distributing, or dealing in
any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.



Session Qualifies for 2 LUs 1. Identify what team members you need for a project 

that wants to incorporate a water reuse strategy

2. Identify the process to assess which water strategy 
is ideal for a project

3. Talk about the benefits of using the right water for 
the right job

4. Describe the differences between graywater, 
blackwater, and “fit for purpose” supply

LEARNING OBJECTIVES - AIAWJWF10A – SELF REPORTING



Water Reuse for Designers

Moderator: Dr kara nelson, professor, Civil and environmental 
engineering, u.c. Berkeley / Associate dean for equity and 
inclusion, college of engineering

Danny murtagh, VP engineering, Boston properties, SF Region

Brian pecson, principal engineer, trussell technologies

Piper Kujac, director of project management, urban fabrick inc



System Elements



Can we avoid the hype cycle?
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Gartner Hype Cycle (image from Wikipedia)



San Francisco: An emerging innovation ecosystem?



Components of a healthy innovation ecosystem for 
transition of socio-technical systems

• Early adopters embrace learning

• View “failure” as opportunity

• Sharing of knowledge

• Rapid iteration

• Competition among technologies

• Partnerships between:
• Building developers/owners

• Architects/designers

• Engineers

• Technology providers

• Government agencies

• Advocacy groups

• Academics

Technology  
& Policy
Development 

Field 
Installations
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Water Reuse for Owners

Moderator: Dr Elizabeth Dougherty, executive director, wholly h20

Amelia luna, innovation project manager, Sherwood design engineers

Robert Dusenbury, principal, lotus water

Joel stout, vice president, Building sustainability practice

thornton tomasetti



Owner’s Panel
The why, who, what, how and when of onsite non-potable water

Amelia Luna, Sherwood Design Engineers



Agenda

• Why: Rationale
• Whether required or desired there 

you need a reason!
• Who: Project Stakeholders
• Does my project have an onsite 

reuse opportunity?
• What: Project Scale
• Does reuse at a building, site or 

district scale make the most sense 
for this project?

• How: Financial Feasibility
• Is there a financial model best 

suited to my project?
• When: Future Readiness & 

Phasing
• How does the timeline for my 

project align with other water 
infrastructure improvements 
planned?



The Why
Why should you seize the opportunity for onsite water reuse? 



Reliable & safe alternative to potable water

“…use of potable domestic water for nonpotable uses…is a 
waste” - State Water Code Sections 13550-3
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non-potable water for non-potable uses



Fit-for-purpose water reuse
a critical step in the transition to a “one water” society
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Cost of Infrastructure

Graphic credit: Circle of Blue

reinvestment in centralized infrastructure is 
driving water, sewer, stormwater rates up nationwide



Flexible integration into the built environment
centralized wastewater treatment plants 

are becoming increasingly space constrained
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Your Development

• Insulation from market volatility
• Potential to reduce connection fees
• e.g., San Francisco credit for potential water meter size reduction

• Redundant water supplies build resilience into your development
• Return on investment
• Potential to make the business case – at the right scale, market conditions
• Lifecycle costs over longer time horizon (if applicable)

• Development benefits
• Increase allowable density (floor area ratio)
• Meet sustainability targets



The Who
Who are the stakeholders? 



Approval process - SF



Design team needed

Plumbing plans 
coordinated with NP 
water system design

Integrated water 
management

Environmental / 
wastewater treatment 
design



Building Code
CPC Chapter 15 (“graywater”)

Regional Water Board
CCR Title 22

Risk-Based Framework
State Division of Drinking Water

Local Program
Onsite Treated Non-Potable 

Water Systems

Today
2018

2022

SB 966
2020

Public Health + 
Drinking Water Protection

Treatment 
Requirements

Monitoring + 
Reporting

Local entity State Division of 
Drinking Water

Local utility Regional Water Quality 
Control Board

Local Programs established

Estimated start of local 
program development

STORMWATER WASTEWATER



The What
What scale suits my development?



(c) upstream 
interception type 

(b) commercial 
building 
interception type

Satellite Non-Potable Water Systems



Water Balance Concept

POTABLE

DISCHARGE



Process Design Approach

Full Time Equivalents (FTE)
x Daily Flows

FTE Dwell Time x Daily Load

Wastewater Characterization
(anticipated constituent concentration)



RESIDENTIAL BUILDING: graywater can be 
separately drained, filtered and reused for 
subsurface irrigation. 

COMMERCIAL BUILDING: Precipitation can be 
harvested, treated, stored and reused as makeup 
for evaporative cooling applications.

SITE: Wastewater from buildings can be treated 
and reused to irrigate landscapes, flush toilets and 
provide cooling makeup. 

DISTRICT: Wastewater can be mined from a nearby 
sanitary sewer, treated and reused to irrigate
crops and golf courses.

What is the opportunity?
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The How
How will I pay for this investment?



How will I pay for this investment?

• Review true delta between “business as usual” and ONWS
• e.g., cost of stormwater compliance

• Assess whether lifecycle costs are important for your development
• If not, what costs can be recovered via water purchase agreement

• Determine first cost offsets
• Identify incentives, connection fee discounts

• Articulate less tangible benefits
• see “why” section

• Review water, sewer, stormwater rates
• Create business case
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The When
When do I permit and build it?



Integrated project delivery now the standard



Thank you!
Amelia Luna, Sherwood Design Engineers
aluna@sherwoodengineers.com



Whetting the appetite for 
non-potable water projects

• Coordination of water-related goals across design disciplines
• Architectural layout implications for graywater/blackwater systems
• How non-potable water benefits Owner’s LEED certification goals 

Joel Stout, AIA, LEED AP
Thornton Tomasetti, Inc.



Making our drinking water clean and delicious

Flushed
away



Coordination of on-site water-related issues

• Non-potable 
plumbing system 
– collection and 
distribution

• Equipment water –
condensate and 
cooling tower

• Stormwater
management

• Irrigation
• Low-Impact design

• Space planning
• Rainwater 

harvesting 

Architecture Civil  & 
Landscape

PlumbingMechanical





Core & Shell Office Space
Project GSF: 144,320
6 Stories 
Level B2

1,230 GSF



1,213 GSF

Core & Shell Office Space
Project GSF: 189,000
7 Stories 
Basement



Highrise Residential
Project GSF: 551,736
42 Stories 
Level B1

1,313 GSF



2,148 GSF

Highrise Residential
Project GSF: 663,673
40 Stories 
Lower Level 01



3,656 GSF

Mixed Use Office / 
Hotel / Residential
Project GSF: 2M
60 Stories 
Basement Level 4





One Water Approach

Achieving Multiple Objectives with Alternate Source 
Water Harvesting Systems in San Francisco



Why owners want to do it?

Resource Conservation

Regulatory Drivers
Potable offset requirements

Stormwater management requirements

Potential Savings (over the long term)

Marketability

Heat Exchange Potential (wastewater)



Why owners don’t want to do it?

• Financial Requirements
• Installation costs

• Ongoing operations, maintenance, and monitoring

• Spatial Requirements
• Tanks consume valuable space 

• Usually in basement or parking areas

• Technical and Operational Requirements 
• Specialized professionals

• Integrate into building systems

• Unique maintenance and monitoring 

$
$
$



SFPUC SFDPH SFDBI
Program 

Administration and 
Cross-Connection 

Control

Public Health Construction

Review onsite non-
potable water supplies 

& demands

Administer citywide 
project tracking & 

annual potable offset  
achieved

Provide technical 
support & outreach to 

developers

Manages Cross-
Connection Control 

Program

Issue water quality & 
monitoring 

requirements

Review and approve 
non-potable 

engineering report

Issue permit to operate 
onsite systems

Review water quality 
reporting

Conduct Plumbing Plan 
check and issue 
Plumbing Permit

Inspect and approve 
system installations

Relevant San Francisco Agencies



Finding the System that Makes Sense for Your Project

Set specific goals based on general objectives
• Size for regulatory compliance
• Optimize for cost effectiveness
• Minimize long-term O&M burden



What are alternate water sources?

monitoringmonitoring



What makes a good alternate water source?



What makes a good alternate water source?

Quantity 



What makes a good alternate water source?

Consistency

Quantity 



What makes a good alternate water source?

Quality

Consistency

Quantity 



What makes a good alternate water source?

Quality

Consistency

Quantity $



Typical Annual NPO Demand and Supplies

Building Type Building Use
Annual NPO 

Demand
(MG/yr/acre)

Annual NPO Sources
[MG/yr/acre (% of NPO Demand)]

Available 
Graywater

Available Rainwater Available Blackwater

Low-Rise Multi-Family Residential 1.56 5.84 (>100%) 0.36 (23%) 10.37 (>100%)

High-Rise Multi-Family Residential 2.07 7.89 (>100%) 0.35 (15%) 14.02 (>100%)

Low-Rise Mixed-Use Residential with 
Ground Floor Retail

0.62 1.65 (>100%) 0.36 (60%) 3.02 (>100%)

Mid-Rise Mixed-Use Residential with 
Ground Floor Retail

1.05 3.52 (>100%) 0.34 (33%) 6.31 (>100%)

High-Rise Mixed-Use Residential with 
Ground Floor Retail

1.94 7.03 (>100%) 0.32 (17%) 12.54 (>100%)

Low-Rise 1 Commercial/Office 1.19 0.13 (11%) 0.47 (39%) 1.20 (>100%)

High-Rise 1 Commercial/Office 1.54 0.17 (11%) 0.27 (17%) 1.57 (>100%)

District Scale Residential 0.56 1.86 (>100%) 0.30 (53%) 3.30 (>100%)

District Scale Mixed-Use Residential with 
Commercial/Office

2.11 6.28 (>100%) 0.24 (11%) 11.50 (>100%)

Note: 1) These building categories are the only two analyzed that cannot typically meet 100% of NPO demands using only graywater.

Water Quantity – Demand vs Supply



RAINWATER
• Rainwater Harvesting has the 

greatest potential benefits for:
• Commercial/Office sites with high 

non-potable demand (>4,000 
gpd/acre)

• Sites harvesting other sources that 
do not meet all NP Demand by 
themselves

• For projects where rainwater 
harvesting systems are less 
efficient (non-potable demand 
<2,500 gpd/acre), stormwater
reduction is still achieved.

Building 
Type Building Use

Rainwater Harvesting 
Potential

(% of NP Demand)

Low-Rise Multi-Family Residential 23%

High-Rise Multi-Family Residential 15%

Low-Rise 
Mixed-Use Residential/
Ground Floor Retail

60%

Mid-Rise 
Mixed-Use Residential/
Ground Floor Retail

33%

High-Rise
Mixed-Use Residential/
Ground Floor Retail

17%

Low-Rise Commercial/Office 39%

High-Rise Commercial/Office 17%

District Scale Residential 53%

District Scale
Mixed-Use Residential with 
Commercial/Office

11%

When does Rainwater Harvesting make sense?



Foundation Drainage / 
Condensate / Blowdown
• When these sources are 

short of meeting 100% of NP 
demand, RWH can bridge a 
20-45% shortfall.

Building Type Building Use
Total Production 

(gpd/acre) needed to 
Meet NP Demand

Low-Rise Multi-Family Residential 4,300

High-Rise Multi-Family Residential 5,700

Low-Rise Mixed-Use Residential/
Ground Floor Retail

1,700

Mid-Rise Mixed-Use Residential/
Ground Floor Retail

2,900

High-Rise Mixed-Use Residential/
Ground Floor Retail

5,300

Low-Rise Commercial/Office 3,300

High-Rise Commercial/Office 4,300

District Scale Residential 1,600

District Scale Mixed-Use Residential with 
Commercial/Office

5,800

How much Foundation Drainage/Condensate/ 
Blowdown is enough?



Building 
Type Building Use

% Graywater 
Capture needed to 
Meet NP Demand

Low-Rise Multi-Family Residential 27%

High-Rise Multi-Family Residential 27%

Low-Rise Mixed-Use Residential/
Ground Floor Retail

38%

Mid-Rise Mixed-Use Residential/
Ground Floor Retail

30%

High-Rise Mixed-Use Residential/
Ground Floor Retail

28%

Low-Rise Commercial/Office 100%*

High-Rise Commercial/Office 100%*

District 
Scale Residential 31%

District 
Scale

Mixed-Use Residential
with Commercial/Office

34%

* Total NP demand not met

100% 
graywater 
capture

30% 
graywater 
capture

GRAYWATER
• Residential 

building types 
can meet all    
NP Demand 100% NP 

demand 
met

35% NP 
demand 
met

• Office/Commercial 
buildings cannot 
meet 100% NP 
Demand using 
graywater only

How much Graywater capture is enough?



Water Quality

Condensate Rainwater Foundation Blowdown Stormwater Graywater Blackwater

- Clean

- Consistent in 
warm season

- Clean

- SW mgmt
benefits

- Clean
(usually)

- Consistent 
(when present)

- Fairly clean

- Consistent 
(when present)

- Fairly clean

- SW mgmt
benefits

- Consistent

- Abundant 
(residential)

- Consistent

- Abundant

- Seasonal 
variation

- Inconsistent - Subject to 
groundwater 
contamination

- Often not 
present

- Pathogens, 
high minerals

- May not be 
present

- Ground-level 
contaminants

- Inconsistent

- Comm/Office 
cannot meet 
NP demand

- Separated 
drain piping

- Tertiary 
treatment

- Tertiary 
treatment

- O&M and 
testing 
requirements

Small Storage Large Storage Small Storage Small Storage Large Storage Small Storage Small Storage

Cleaner Impacted



“Fit-for-Purpose” Use: matches source water quality to an end-use 
for which that water quality is adequate.

Figure is WateReuse Research Foundation’s Intellectual Property

Matching Supplies with Demands



¢ Typically Required
¤ Project Specific Requirements

Appropriate Treatment by Source Type



• Fear of the unknown:  Overly conservative design                                          
(over-engineered/oversized pre-packaged systems)

• Long-term Budgeting:  Operations, maintenance, and 
monitoring

• Permitting Challenges:  Soft costs inflated due to 
multiple iterations of design

• Unexpected Water Quality:  Greywater BOD levels 
approaching those of blackwater

Common Challenges that San Francisco Owners Face



• Non-Potable Water Program Guidebook

• NPO-SMO guidance

• Sizing Calculators (NPO and SMO)

• SB 966

Resources for San Francisco Owners



Non-potable Water Program Guidebook

• Technical and 
Financial Assistance



Outdoor Irrigation Indoor Reuse

NPO-SMO: Typical Reuse System Configurations



NPO-SMO: Integrated 2-Tank System Configuration



NPO-SMO: Integrated 1-Tank System Configuration



NPO-SMO: Planning Level Tank Sizing



Sizing Calculators: Tank Sizing for Design



THANK YOU!!



Lunch has been 
generously 

sponsored by



Water Reuse for Regulators & Utilities

Moderator: Cynthia clark, senior water director, sustainable silicon valley

Paula kehoe, director of water resources, san Francisco public utilities 
commission

Brian bernados, division of drinking water, state water resources control board



San Francisco Public Utilities Commission

Water: delivering high 
quality water every day

to 2.7 million people

Power: generating clean 
energy for vital City 

services

Wastewater: protecting 
public health and the 

environment



Developing a Program to Allow Onsite Water Systems

2010 Research and develop program concept 
and with SFPUC Water and Wastewater 
staff

2011 Discussion with Building and Health 
Departments

2012 Consultation with State and extensive 
stakeholder outreach

2012 Prepare Ordinance for SF  



SF Ordinance Outlines Roles and Responsibilities

SFPUC SFDPH SFDBI SFPW
Program 

Administration and 
Cross-Connection 

Control

Public Health Construction Right of Way and 
Mapping

Review onsite non-
potable water supplies & 

demands

Administer citywide 
project tracking & annual 
potable offset  achieved

Provide technical support 
& outreach to developers

Manages Cross-
Connection Control 

Program

Issue water quality & 
monitoring requirements

Review and approve non-
potable engineering 

report

Issue permit to operate 
onsite systems

Review water quality 
reporting

Conduct Plumbing Plan 
check and issue Plumbing 

Permit

Inspect and approve 
system installations

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)



Key Program Considerations

• Water and sewer connections

• Backflow protection requirements 

• Cross connection test prior to 

operation

• Operator capacity



Key Lessons Learned

• Cultural shift

• Interagency collaboration and requires 
dedicated staff for oversight and management

• Voluntary program before mandatory program

• Adapt to an evolving industry (technology, 
science, and regulations)

• Transforming the way we live and do business



Expanding Non-potable Program

79

• Expanding focus to 
include brewery process 
water onsite treatment 
and reuse

• Contact and non-contact 
uses

• Grant opportunities 



Piloting Decentralized Purified Water

• Produce purified water from 
recycled water at SFPUC 
headquarters 

• Research project including 
additional treatment and real time 
monitoring 

• Community outreach and public 
education



Collaborating on National Level to Address Barriers



2017 Non-potable Program Updates

• Based on research, San Francisco 
amended program to adopt a risk-
based water quality approach:

• Water quality criteria based on 
Log Reduction Targets (LRTs)

• Continuous online monitoring 
requirements

• Updates shaped by outreach and 
review from designer/developer 
community



Example Blackwater Treatment Train

V 
G 
C 
B 

1.5 
2 
2 
4 

3.5 
6 
6 

3.5 

Free Chlorine UV MBR 

5 
0 
0 
0 

Total 
10 
8 
8 

7.5 

Required 
8.5 
7 
7 
6 

Australian Guidelines CA Drinking Water CA Non-Potable 

Pathogen Credits 

Figure	17	–	Blackwater	A	

Effluent turbidity < 0.2 NTU 
Operation within Tier 1 envelope 

Effluent UVT > minimum 
validated value for  UV reactor 

UV dose > 80 mJ/cm2 CT of 450 mg-min/L 
90-min TModal 

Treatment Requirements 

Field verification of operation 
within Tier 1 envelope 

Validation for dose of 80 mJ/
cm2 per EPA, NSF, or DVGW 

Tracer study or assumed 
baffling factor of 0.1 

Validation & Field Verification Requirements 

UV transmittance 
Turbidity 
Flow rate UV Intensity Free chlorine residual pH 

Tier 1 operating envelope 
parameters 

Total Required

Pathogen
Crediting

Virus 1.5                                          3.5                                             5 10 8.5
Protozoa 2                                            6                                               0 8 7
Bacteria 4                                           3.5                                             5 12.5 6

Validation
Field verification of 

operation within 
Tier 1

Validation for dose 
of 80 mJ/cm2 per 
USEPA, NSF, or 

DVGW

Tracer study or assumed 
baffling factor of 0.1

Operation 
Requirements

Effluent turbidity 
≤ 0.2 NTU

-Operation within 
Tier 1

-UV dose > 80 
mJ/cm2 

-Influent UVT ≥ 
minimum validated 

value for UV 
reactor

CT no less than 10 mg-
min/L with verified free 

chlorine residual



California and Others Moving Forward

with Risk Based Approach



Why SFPUC Sponsored SB 966

• We are committed to adapting 

our governance and utility 

practices in response to 

increasing water challenges

• SB 966 will help other 

interested communities by 

providing a clear path forward

• Communities will benefit from 

consistent statewide WQ 

standards

• Oversight and management 

programs are critical to 

protect public health





Blueprint for Developing a Local Program



Senate Bill 966
Brian Bernados, P.E.

Technical Operations Section
Division of Drinking Water (DDW)

State Water Resources Control Board
brian.bernados@waterboards.ca.gov



SB 966 Covers

•Uses where public may contact
•Toilet flushing & unrestricted irrigation

•NOT “untreated graywater systems that are 
used exclusively for subsurface irrigation”

•NOT “untreated rainwater systems that are 
used exclusively for surface, subsurface, or 
drip irrigation”



Division of Drinking Water (DDW)
•Regulates public drinking water systems (tap 
water):

•Water Recycling Criteria (Title 22) treatment & 
reuse requirements

•Review new & emerging treatment 
technologies

• Ultra-violet (UV) disinfection
• Membrane filtration



Tertiary recycled water
60301.230. Disinfected tertiary recycled water . . .

“(b) The median concentration of total coliform
bacteria measured in the disinfected effluent 
does not exceed an MPN of 2.2 per 100 milliliters
utilizing the bacteriological results of the last
seven days . . . 

Burden for ONWS



Risk Basis
• Independent Advisory Panel of Experts report:

“Risk-Based Framework for the Development of 
Public Health Guidance for Decentralized Non-
Potable Water Systems” 

(Project # SWIM10C15, Sharvelle et al. 2017) 
published by Water Research Fund & 
National Water Research Institute 



NSF 350
•National Water Research Institute (NWRI) 
Independent Advisory Panel (IAP) Experts

•NSF 350 is not risk based (device certification, 
not a standard)

•Public health standard needed

•Quantitative Microbial Risk Assessment (QMRA)



National Blue Ribbon 
Commission

•33 utilities & public health agencies in 11 states

•Developed consensus consistent policies

• “A Guidebook for Developing and Implementing 
Regulations for Onsite Non-potable Water 
Systems”



Log10 Pathogen Reduction Targets (LRTs)
90% = 1 log
99% = 2 log

Indoor Water Use Scenario 
(toilet flushing)

Enteric 
Viruses

Parasitic 
Protozoa

Enteric 
Bacteria

Blackwater 8.5 7.0 6.0
Graywater 6.0 4.5 3.5
Stormwater (10-1 dilution ww) 5.5 5.5 5.0
Stormwater (10-3 dilution ww) 3.5 3.5 3.0
Roof Runoff ?? ?? 3.0



ONWS Guidance Manual
1. Overview of Onsite Non-Potable 

2. Public Health Goals for Different Water Sources

3. Multiple Barrier Treatment Processes

4. Treatment with Critical Control Points (CCPs)

5. Importance of On-Line Monitoring @ CCPs



ONWS Guidance continued

6. Operational Guidelines, Compliance Reporting, 
Maintenance 

7. Permitting, Engineering Report, Inspection, 
Startup, Commissioning, Operations Plan, 
Monitoring Plan

8. Appendix – Technical Memo on Pathogen Crediting



DDW Tentative Plan
•Budget Change Proposal

•Assemble SB 966 expert panel

•Stakeholder input

•Draft regulation

•Consult with Housing & Community Development 
and with Building Standards Commission



Questions?
DDW Recycled Water (RW) staff
• Brian Bernados, Treatment Technology Specialist

• Brian.bernados@waterboards.ca.gov
• Randy Barnard, RW Unit Supervisor

• Randy.Barnard@waterboards.ca.gov

• Updates at DDW website: 
• http://www.waterboards.ca.gov//drinking_water/certlic
/drinkingwater/RecycledWater.shtml
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Corner conversation forum

2:00-2:10 organize yourselves into corners

2:10-2:50 intimate forum with panelists

2:50-3:10 moderators report

3:10-3:15 resources



SFWATER.ORG/NP

Resources



FREE DOWNLOAD – COLLABORATIVEDESIGN.ORG

Resources



The blue ribbon 

commission’s 

“Training Manual 

for Onsite Non-

Potable Water 

Systems” 

Coming Early 

2019

WERF.ORG

Resources



Kyle j. pickett
co-founder & executive director /
the William j. worthen foundation

co-founder & coo / Urban fabrick, inc.

Closing remarks



THANK YOU


