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Climate Change Grows as 
Business Driver in Sewer & 
Wastewater Consulting

Climate change is not a top 
market driver in the sewer and 
wastewater design and engineer-

ing market, but firms with large water 
and wastewater practices are seeing strong 
growth in the climate change segment of 
their work.

CH2M, for example, has seen demand 
by water and wastewater clients for climate 
change risk analyses and resilience/ad-
aptation planning grow in 10 years from 
a niche practice that engaged about five 
people to a core competency with 30 to 50 
stormwater and water resource engineers 
assessing climate risks and vulnerabilities 
and integrating climate projections into 
design standards and master plans. “And 
that’s in the U.S. alone,” said VP for Water 
Resources and Engineering Laurens van 
der Tak. “We have a broader group inter-
nationally.” 

Extreme weather and long-term cli-
mate change are amplifying many of the 
industry’s top concerns—as identified by 
the 358 respondents to Black & Veatch’s 
annual survey of the water industry: 
maintaining or expanding asset life, water 
conservation and demand management 
and reducing overflows from both sepa-
rate and combined sewers.

In large communities highly exposed 
to rising seas and storm surges, a contract 
to assess climate change risks and plan for 
adaptation and resilience can reach into 
the low millions. After Superstorm Sandy, 
CH2M and Hazen and Sawyer’s study 
and planning report for New York City 
on the resiliency of its wastewater system 
earned the firms a fee of $3 million; 
and the climate resilience elements of 

CH2M’s work on Miami-Dade’s sewer-
age and wastewater system will come to 
about $1.3 million over four years. (See 
profiles of Hazen and Sawyer, CH2M and 
Black & Veatch in this issue.)

Hazen and Sawyer’s New York work 
has helped it land similar contracts for 
Westchester County, NY and Hampton 
Roads, Va., and a broader climate change 
risk assessment and planning project for 
Fort Lauderdale, Florida, according to VP 
Sandeep Mehrotra. Mehrotra anticipates 
that most coastal cities on the East Coast 
will have to do similar analyses for the 
sewer, wastewater and drainage infra-

structure. “On the Eastern seaboard, we’re 
looking at projected sea level rise and 
surge conditions of 30 to 45 inches, so this 
kind of analysis becomes a necessity.” 

For many wastewater treatment plants 
(or water resource recovery facilities, 
as industry groups have decided to call 
them) an obvious vulnerability—and one 
that can be designed and engineered for 
relatively simply—is raising the level of 
electrical motors, switchgear and other 
vulnerable equipment. But specific assets, 
from pump stations to WRRFs often 
require more specialized analysis. In 
CH2M’s work for Miami-Dade, for ex-
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® GHG business tied to energy…for 
now

On the greenhouse gas (GHG) mitiga-
tion side, low-carbon energy and energy-
efficiency projects at WRRFs are becom-
ing increasingly common, and increasingly 
sophisticated. 

RETTEW announced in March 2017 
a $7 million project to develop a solar 
array and battery storage system for a 
WRRF operated by the University Area 
Joint Authority in State College, Penn. 
“The battery system will enable the waste-
water treatment plant to provide frequen-
cy regulation to the local grid,” said Jason 
Wert, senior energy engineer. 

This edition also highlights the fast-
developing market for turning food waste 
into biogas either in dedicated facilities 
or by using the waste to increase produc-
tion of gas and compost in a WRRF with 
digesters. Driving that market are state 
and local food waste diversion policies, 
including California’s SB 1383, a bill 
attacking short-lived climate pollutants 
that requires a 20% increase in food waste 
diversion by 2025.

New players compete for food 
waste

Outside of California, the food waste 
market is only tangentially driven by 
GHG concerns. “Most of our wastewa-
ter clients have not asked us to address 
GHGs with these types of projects,” said 
AECOM Assistant VP Jean-Yves Urbain. 
“They’re seeking reductions in their en-
ergy consumption and their nitrous oxide 
air emissions, and they’re asking how to 
better handle their produced solids. All of 
these goals incidentally reduce GHGs, but 
that’s not usually the stated goal.”

That may change in Ontario, where 
the province’s cap and trade system—in 
which the March 2017 auction fetched 
C$427 million for allowances valued at 
$18.08 per tonne—will likely improve 
the ROI for contemplated upgrades or 

ample, 252 of the system’s 1,069 pumping 
stations are identified as critical based on 
sewage flow, population served or impor-
tance to critical facilities like hospitals. 

The challenge of protecting WRRFs 
from flooding is intimately linked with 
broader community protection strate-
gies. “Most climate change projects are 
regional and comprehensive in scope,” 
said Mehrotra. And they almost always 
involve significant teaming and collabora-
tion. “Leveraging the expertise of multiple 
firms and their experiences from different 
areas is always an attractive thing from 
a client’s perspective,” said Mehrotra. 
“That’s the driver for teaming.”

Broad adaptation and resilience studies 
can sometimes trigger a community to in-
vest in a specific project to makes its sew-
erage system and WRRF more resilient. 
One consultant told CCBJ that a climate 
change resilience study for a small New 
England town led to a contract to upgrade 
the town’s WRRF, the vulnerabilities of 
which were highlighted in the report.

And as discussed in the “Flooding inside 
the fence” story in this edition and CCBJ’s 
Q4 2016 transportation edition, strategies to 
protect vulnerable coastal cities from flood-
ing will have their own consequences, as 
they change patterns of mobility and access.

Part of master planning
While consultants expect more con-

tracts for climate change risks analyses 
linked to sewer, wastewater and drainage 
systems, it’s important to note that to a 
large extent climate change adaptation and 
resilience will simply be incorporated into 
planning and capital projects. “Resilience is 
just part and parcel of the master planning 
process,” said Jim Schlaman, Black & Ve-
atch’s director of water resources. “Climate 
change is now embedded in the factors that 
utilities of all kinds are looking at as they’re 
planning 20, 30 or 40 years into the future.”
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new WRRFs that capture more biogas by 
digesting food waste. “Some of our clients 
[in Ontario] see it as a source of revenue if 
they change the way they process wastewa-
ter or deal with food waste,” said Urbain.

At this point, however, according to 
Sarah Deslaurers, climate change lead for 

Carollo Engineers, GHG inventories and 
mitigation projects are largely limited to 
California—or they’re taken on by local 
governments in other states that are par-
ticularly concerned with climate action. 
These projects can range from $5,000 to 
$10,000 at the low end to $100,000 for 
engagements that consider all emissions 

scopes and make detailed recommenda-
tions for mitigation strategies.

Fed $ would be nice, but…
While it’s possible that the Trump 

Administration could work with Con-
gress to enact a major infrastructure bill 

Source: Black & Veatch’s 2016 Strategic Directions: Water Industry Report
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Table 3 
Which items represent the most significant sustainability issues for utilities? (Select your top three choices)  
[All Respondents]

Sustainability Issues

By Organization Type

Water 
Only 

System/
Plant 

Wastewater 
Only 

System/
Plant 

Water and 
Wastewater 

System/
Plant 

Water, 
Wastewater, 

and 
Stormwater 

System/
Plant 

Combined 
Utility

Water 
Industry 

Providers

Maintaining or expanding 
asset life

58.6 62.2 51.6 51.7 42.9 32.4

Customer water rates 39.1 22.2 39.6 32.8 31.4 32.4

Long-term financial viability 34.5 35.6 40.7 24.1 34.3 35.3

Maintaining levels of service 
with declining budgets

27.6 28.9 27.5 36.2 57.1 35.3

Water conservation/demand 
management

25.3 13.3 20.9 22.4 20.0 44.1

Declining consumption 33.3 4.4 20.9 20.7 28.6 5.9

Reducing sanitary sewer 
overflows and/or combined 
sewer overflow occurrences 
within the system

1.1 37.8 23.1 29.3 8.6 17.6

Energy efficiency 9.2 20.0 19.8 20.7 28.6 14.7

Climate change 18.4 11.1 7.7 17.2 8.6 29.4

Distribution system water loss 13.8 0.0 15.4 8.6 8.6 20.6

Energy recovery/generation 2.3 35.6 4.4 5.2 2.9 14.7

Chemical use 9.2 8.9 7.7 8.6 5.7 2.9

Cross-connections or 
redundancy

3.4 2.2 2.2 5.2 5.7 2.9

Source: Black & Veatch
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Table 1 
Rate the importance of each of the following challenges to the water/wastewater/stormwater industry.  
[All Respondents]

Top Water Industry Issues

By Population Served

Less than 
100,000

100,000-
499,999

500,000-
999,999

1,000,000-
1,999,999

2,000,000 
or more

Aging water and wastewater infrastructure 4.52 4.45 4.40 4.44 4.50

Managing capital costs 4.24 4.39 4.17 4.44 4.34

Managing operational costs 4.24 4.32 4.21 4.58 4.40

Justifying capital improvement programs 4.22 4.26 4.29 4.37 4.26

Resilience 4.04 4.19 4.11 4.26 4.28

Information technology 3.87 4.12 4.17 4.12 4.03

Source: Black & Veatch

Time certainly hasn’t cured many of these concerns, and taken individually, any of them would present a challenge 

for an industry edging closer to the limits of its infrastructure. What is remarkable is that in 2016, new headlines about 

safe drinking water supplies and lingering concerns over past droughts, and those to come, are energizing a necessary 

national conversation around how much stakeholders up and down the water chain are willing to spend to ensure a safe, 

reliable supply.

There is little doubt that the problems in Flint, Michigan, are fueling new debates over America’s water infrastructure. 

Utilities are hearing from customers in the wake of Flint, and utilities are also moving quickly to engage customers 

about the state of their local systems. 
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that would fund upgrading of sewer and 
wastewater infrastructure, even without 
such new funding “the state and local 
markets in the U.S. for water and waste-
water are quite robust right now,” said 
Leslie Shoemaker, Tetra Tech’s president 
of Environment & Infrastructure. 

“There’s pent-up demand for projects, 
and we’re very active in proposing and 
doing projects,” said Shoemaker. “Federal 
funding as an overall piece of the pie has 
been shrinking relative to the local fund-
ing. If Congress chooses to triple the state 
revolving loan funds, however, I’m sure 
our clients would like that.” (See Tetra 
Tech profile.)

GZA Environmental’s Dan Stapleton 
points out that President Trump’s pro-
posed 2% increase in Clean Water Act 
State Revolving Loan Programs would 
create an additional $3.2 billion annually 

(as estimated by the American Council of 
Engineering Companies). “We expect that 
more municipalities will be able to address 
waste water treatment plant infrastructure 
investments as the risks from climate 
change become evident,” said Stapleton. 
(See GZA profile.)

As discussed in prior editions, it is 
not expected that climate change denial 
within the Trump administration will lead 
to spending federal funds on projects that 
don’t incorporate climate change projec-
tions in design. “As federal dollars come 
through, climate change will be incor-
porated into the projects,” said Hazen & 
Sawyer’s Mehrotra. 

Another question about how this 
administration will affect the wastewa-
ter treatment design and engineering 
business is the regulatory reform process 

triggered by President Trump’s Executive 
Order 13777. As noted by the EPA Office 
of Water, the agency began in May to 
hold listening sessions “to solicit proposals 
for … regulations that could be repealed, 
replaced, or modified to make them less 
burdensome.”

Given that compliance with Clean 
Water Act regulations is often a ma-
jor driver for communities to invest in 
upgrading their WRRFs—and that such 
upgrades often trigger the larger planning 
projects in which climate change risks are 
evaluated by consultants—the regula-
tory reform agenda could slow the pace 
of investment in resilience by wastewater 
system operators. 

One of many trends that CCBJ will be 
analyzing in 2017 and beyond. R

Costs and Benefits of Adapting NYC Water Resource Recovery Facilities

Source: NYC Wastewater Resiliency Plan.

NYC WASTEWATER RESILIENCY PLAN          18

DEP plans to start protecting wastewater treatment 
facilities by implementing the six adaptation measures 
(presented in the Adopt New Design Standards section) 
as part of repairs and other planned capital improve-
ments. As facilities are upgraded, the recommendations 
made through this study will be reassessed with detailed 
site analyses, and may be modified within the context of 
other capital improvements being made. 

Timing with other capital improvements is especially 
important for resiliency upgrades, as the cost of imple-
menting protective measures with other upgrades and 
at the end of equipment life spans often significantly 
reduces capital cost and may provide additional op-
portunities for improvement. Since water quality in New 
York City’s waterways is vital to environmental and pub-
lic health, DEP has also selected wastewater treatment 
plants that can affect bathing beaches as high priority 
for implementing protective measures. These plants 
include 26th Ward, Coney Island, Hunts Point, Jamaica, 
Oakwood Beach, and Rockaway. 

In all, investing $187 million in a strategic mix of pro-
tective measures could improve resiliency at New York 
City’s wastewater treatment plants and reduce risk by 
almost 85 percent. The damage costs avoided over 50 
years from flood events, up to and including projected 
100-year storms with 30 inches of sea level rise, is an 
estimated $1.76 billion. These estimates provide strong 
support for implementing protective measures as they 
will likely save the City more money as compared to the 
cost of repairs and disaster relief over time. 

Wastewater Treatment Plant 
Cost of Protective 

Measures ($M)1

Damage Cost for Critical 
Flood without Protection 

($M)1,2

Cumulative Risk Avoided
Over 50 Years ($M)1,3

26th Ward $8.18 $82.42 $79.45
Coney Island $15.48 $84.95 $349.81
Hunts Point $24.28 $201.36 $246.44
Jamaica $0.21 $1.70 $0.46
Oakwood Beach $5.33 $20.97 $44.28
Rockaway $15.12 $49.28 $198.10
Subtotal $68.61 $440.67 $918.55

Bowery Bay $40.26 $112.60 $69.03
Newtown Creek $8.85 $28.79 $9.13
North River $17.15 $94.10 $445.79
Owls Head $11.01 $48.41 $158.81
Port Richmond $10.39 $54.85 $60.36
Red Hook $18.56 $67.38 $24.95
Tallman Island $11.02 $45.18 $32.80
Wards Island $1.48 $8.73 $40.46
Subtotal $118.74 $460.04 $841.32
Wastewater Treatment 
Plants Citywide $187 M $901 M $1,760 M

Wastewater Treatment Plants with Greatest Potential for Affecting Beaches

All Other Wastewater Treatment Plants

Wastewater Treatment Plant Estimated Cost

1) All cost estimates are presented in 2013 US Dollars. 
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e., cur-
rent 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence.
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and 
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence.
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Water Reuse Expands 
Quickly
Growth fastest in CA and TX but other 
states are picking up. 763 projects with 
capex of $18.8 billion in the pipeline

Water reuse is a rapidly grow-
ing market in the United 
States, driven by actual and 

forecasted water scarcity in the West; 
by more stringent effluent water quality 
regulations in Florida and other states; 
by anticipated growth in population and 
water demand—coupled with recurring 
droughts—in Texas; and nationwide by a 
concern for more diverse and sustainable 
water supplies and management practices.

The impacts of climate change will 
amplify many of these drivers and will 
likely also increase water demand in many 
regions, according to Woodard & Cur-
ran’s Senior Water Resources Engineer 
Dave Richardson. “Higher temperatures 
will mean higher demand for water for 

people, businesses and irrigation,” Rich-
ardson said. 

Richardson characterizes the grow-
ing interest in wastewater reuse as being 
almost nationwide. Tetra Tech’s President 
of Water, Environment & Infrastructure 
Leslie Shoemaker agrees: “Many water 
utility managers know that their region 
is going to go through droughts as well 
as wet cycles,” she said. “They’re getting 
more and more sophisticated in how they 
manage water, increasingly considering 
reuse and recharge.”

Both Shoemaker and Richardson 
underscored the lower costs of reuse vs. 
seawater desalination. “In California, 
for example, there’s understanding at 
the executive and legislative level that 
wastewater treatment plants are discharg-
ing quantities of water equivalent to a very 
large river system, and that the salinity is 
about sixty times less than sea water and 
therefore much more sustainable from an 
energy cost and greenhouse gas perspec-
tive,” said Richardson. 

Research firms tally growing 
pipeline

As of March 2017, Bluefield Research 
was tracking 763 planned municipal 
wastewater reuse projects with aggregate 
capacity of more than 12.3 million cubic 
meters per day (m3/d)—or 3.25 billion 
gallons per day (BGD)—with anticipated 
CAPEX exceeding $18.8 billion. That 
represents roughly 35% growth in the 
reuse pipeline tracked by the firm since 
just September 2016. Of those projects, 
719 facilities representing over 9.9 million 
m3/d in capacity (2.62 BGD) are expect-
ed by their proponents to be completed 
by 2030.

Taking a more near-term focus, Global 
Water Intelligence (GWI), in its April 
2017 report on desal and reuse, tallied 73 
reuse projects with aggregate capacity of 
4.8 million m3/d (1.27 BGD) that GWI 
expected to be awarded between 2017 and 
2022—with annual capex growing from 
$47.1 million in 2013 to $406.3 million 
by 2022.U.S.	Municipal	Wastewater	Reuse:	Project	Pipeline	Segmentation	&	Analysis,	2017-2030
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Currently 573 of the 763 planned projects are categorized by 
treatment, distribution, and storage.

• Treatment includes upgrades and expansions to existing 
wastewater treatment plants to make water suitable for reuse. 
It also includes greenfield facilities aiming to expand local 
water supplies through reuse. 

• Types of treatment technology being deployed include 
membrane bioreactors (MBR), ultrafiltration (UF), reverse 
osmosis (RO) systems, and UV and ozone for disinfection of 
reclaimed water. 

• Distribution networks include pipe systems and pump stations 
to transport water to the end users. Many distribution network 
projects are incremental additions to existing purple pipe 
systems.

• Storage includes tanks, wetlands, and ASR (aquifer, storage, 
and recovery) all designed to hold reclaimed water during 
periods of excess production for use during periods of 
scarcity.  

• Undefined projects are largely in the conceptual phase and 
have not specified what equipment and technology is 
required. 

Analysis

Distribution 
Network

33%

Treatment
19%

Treatment + 
Distribution

7%

Distribution + 
Storage

4%

Treatment + 
Distribution + 

Storage
3%

Storage
3%

Other
3%

Undefined
28%

Total 
Projects:

763

Types of Planned Reuse Projects
Reuse projects include greenfield construction of satellite treatment facilities, upgrades to existing 
wastewater treatment plants to produce effluent suitable for reuse, and expansion of distribution 
networks to bring reclaimed water to off-takers. 

Types of Planned Water Reuse Projects

Source: Bluefield Research



6    Climate Change Business Journal 2nd Quarter 2017Market Intelligence on Climate Change

Consultants and the research outfits 
agree that California, Texas and Flor-
ida make up the vast bulk of the mar-
ket—87% in Bluefield’s reckoning, 92% in 
GWI’s (the difference is almost certainly 
reflective of Bluefield’s longer time hori-
zon). Both research groups state that reuse 
is expanding beyond the three states to 
more than a dozen others. “Interest has 
historically been in water-scarce states, 
though the practice is being increasingly 
explored elsewhere as municipalities and 
industrial users look to develop additional 
local supply sources or introduce more 
sustainable water management strategies,” 
wrote GWI. 

Bluefield credited Arizona, Hawaii, 
New Mexico and Washington with 1% 
each of the reuse project pipeline and 
counted a total of 17 planned projects in 
Nevada, Oklahoma, Wyoming, Georgia, 
Oregon, North Carolina, North Dakota, 
Pennsylvania and Tennessee. Six of these 
states—Hawaii, Georgia, Wyoming, 
North Dakota, Pennsylvania, and Tennes-
see—appeared for the first time this year 
in Bluefield’s pipeline analysis. 

Most of the planned capacity is in 
“purple pipe” reuse for irrigation and other 

non-potable uses. But 23% of municipal 
projects in some stage of consideration, 
planning or development are for indirect 
potable reuse (IPR), according to Blue-
field; and even a few direct potable reuse 
(DPR) projects are on the drawing boards 
or under consideration. 

Because of the more intense treatment 
required for potable uses—usually some 
combination of membrane bioreactors, 
microfiltration, reverse osmosis and ultra-
violent disinfection—the potable pipeline 
was expected to cost $11.1 billion vs. $4.3 
billion for projects designed for non-pota-
ble uses, according to Bluefield.

Industrial reuse goes both ways
There are also growing markets for in-

dustrial reuse, especially in the oil and gas, 
power, food and beverage and pharmaceu-
tical industries, according to the research 
firms, consultants and vendors interviewed 
and industry publication World Water.

“[One] advantage of industrial reuse 
arrangements is that the industrial partner 
can be well-positioned to foot some or all 
of the capital costs and agree to a long-
term offtake agreement,” stated GWI, 
which reported on several recent deals.

Jason Wert, senior energy engineer for 
RETTEW’s Energy & Environmental 
Engineering Services group, told CCBJ 
that his firm has worked with oil and gas 
producers to supply treated reuse water to 
municipalities. And GE reports on proj-
ects it has done with refineries and retail-
ers. For more on industrial reuse markets, 
see sidebar story in this edition.

Growth of reuse in Florida likely to 
slow

Refining the view on state markets for 
reuse projects, both GWI and Bluefield 
say that the Florida market is mature and 
therefore unlikely to grow as fast as it has. 
Reusing 44% of its wastewater in 2015, 
Florida already leads the country in reuse; 
and the state spent $1.6 billion on reuse 
projects from 2005 through 2015, accord-
ing to GWI.

Still, the state’s ocean outfall legislation re-
quiring six southern counties to significantly 
increase reuse by 2025 is driving a large wave 
of investment in new reuse infrastructure, ac-
cording to GWI (see chart, “Florida utilities’ 
strategies…”). GWI also reports that some 
of those counties are grappling with major 
challenges to ramp up reuse. 

U.S.	Municipal	Wastewater	Reuse:	Project	Pipeline	Segmentation	&	Analysis,	2017-2030
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Reuse Project by Phase of Development
Bluefield has built a database of 763 planned reuse projects 
in the U.S. in various stages of development. 

• This database is constantly updates as projects are added to 

the pipeline and move through the phases of development. 

• Once projects are commissioned they are removed from the 

database.

• Projects in the conceptual stage have been outlined for future 

water supplies but not yet studied for feasibility. Because 

Texas plans out 50 years in its state water plan, many of its 

projects are still in the conceptual phase. 

Projects reach a tipping point once they secure financing 
moving from planning to the execution phase.

• As Bluefield defines it, projects in the feasibility stage are in 

the process of studying the engineering, economic, and 

environmental factors to project development. 

• Once projects apply for financing, typically through various 

state and federal loan programs, they are determined to be 

environmentally sound and practically feasible.

• Projects that secure financing are assumed to be going 

forward on the proposed timeline while projects still in the 

feasibility stage are still subject to possible delays or 

cancellations. 

Analysis

Source: Bluefield Research

Bluefield Research Planned Project Database
The 763 planned projects are distributed across the development timeline, of which the lion’s share 
of projects (342) are in the feasibility stage.  
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“In areas where relatively inexpensive 
methods of reuse such as irrigation are 
often unfeasible—including built-up 
areas like Miami-Dade—the necessity of 
expanding reuse can impose a significant 
investment burden.” According to GWI, 
the City of Hollywood is “exploring alter-
natives” after setting aside both a plan to 
expand its existing irrigation system (price 
tag: $1 billion) and an aquifer recharge 
option for IPR that, following completion 
of a $3 million pilot study, was estimated 
at $260 million for capex and $16.2 mil-
lion annually for O&M.

Texas aims for 14% reuse by 2070
Driving growth in other states are 

increasingly ambitious reuse targets. GWI 
reports that in its 2017 State Water Plan, 
Texas aims to increase water reuse in-
crease from 525 million M3/yr in 2020 to 
1.37 billion M3/yr by 2070 [992 MGD], 
“ultimately accounting for 14% of the 
state’s water resourcing strategies.”

“California, meanwhile, not only has 
an established regulatory framework for 
water reuse, but also has ambitious targets 
in place to increase volumes to … 3.08 
billion m3/yr [2.33 BGD] by 2030,” ac-
cording to GWI. “To this end there are a 
stream of advanced treatment projects in 

the pipeline … and a number of projects 
that will store treated wastewater for 
future reuse.”

California #1 market
Bluefield ranks California as the top 

market by far, with 363 reuse projects 
planned or under consideration—48% of 
the firm’s estimated total nationwide. “In 
California, the recently published Urban 
Water Management Plans continue to 
expand reclaimed water projects in order 
to drought-proof supplies and provide 
for long-term water management,” states 
Bluefield.

According to a World Water article 
by Brown and Caldwell engineers Robert 
Beggs and Ron Crites, the state Water 
Resources Control board “streamlined the 
process for a utility to become a recycled 
water purveyor” in 2014 greatly reduc-
ing “the complexity that recycled water 
programs had previously experienced.”

Among the large reuse projects un-
derway in California is the 14.8 MGD 
Groundwater Reliability Improvement 
Program (designed and engineered by 
Tetra Tech) for the Water Replenishment 
District of Southern California, slated to 
come online in 2018.

As described in the One Water LA 
Q&A in this edition, Los Angeles is 
moving ahead with a 30 MGD ground-
water replenishment project in the San 
Fernando Basin using water from the 
Tillman Water Reclamation Plant. “The 
EIR has been certified so they’re moving 
into the design phase, and it’s expected 
to be online in 2022,” according to Inge 
Wiersema, VP and regional planning 
manager for Carollo Engineers. 

Other California projects under devel-
opment or consideration include:

•	  San Diego County and several water 
districts in the East County have 
hired Kennedy Jenks for $474,000 to 
perform engineering, environmental, 
regulatory, financial and other studies 
for an advanced water purification 
program for recycled water aimed at 
generating up to 15.5 MGD of new 
drinking water, according to World 
Water.

•	 “The Santa Clara Valley Water Dis-
trict is implementing a major indirect 
potable reuse system,” said Richard-
son, whose firm (through 2016 ac-
quiree RMC Water & Environment) 
is developing preliminary design for 
early phase facilities and systems.

Florida Utilities’ Strategies for Reuse to Comply with Ocean Outfall Law

Source: GWI
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Figure 23.17 Strategies to meet ocean outfall legislation reuse requirements in Florida

Utility
Reuse requirement

Plans to meet reuse requirement(MGD) (m³/d)
Miami-Dade Water and  
Sewer Department

117.5 444,800 $5.4 billion ocean outfall plan consisting of 57 projects, with reuse options including 
supplying Florida Power & Light’s Turkey Point facility and recharge of the Floridan aquifer.

City of Boca Raton 6.2 23,500 Achieved 100% reuse through the construction of an additional trunk sewer to irrigate 
seven golf courses at a cost of $12.9 million.

City of Hollywood 20.4 77,200 After costing the expansion of irrigation systems at $1 billion, the city explored recharge of 
the Floridan aquifer through a $3 million pilot project. This option has since been deemed 
unfeasible owing to high costs, and the city is now exploring alternatives. 

Broward County Water and 
Wastewater Services

22.4 84,800 Looking to take on a consultant for a pipeline project that will supply treated wastewater to 
southern Palm Beach County for irrigation at an estimated cost of $77 million.

South Central Regional 
Wastewater Treatment and 
Disposal Board

7.7 29,100 The South Central Regional WWTP has the necessary capacity to treat effluent to public 
access standards; Delray Beach and Boyton Beach are planning to construct new reuse 
distribution facilities at a combined cost of $20.6 million.  

Town of Davie 1.1 4,200 Constructing a $34.9 million 3.5 MGD (13,200 m³/d) water reclamation plant, two deep 
injection wells and a new 2 MGD (7,600 m³/d) reuse system.

Cooper City 0.9 3,400 Planning to contract with a neighbouring city, involving an anticipated initial payment of 
$5 million by December 2016, and $500,000 annually from 2025 onwards.

Source: GWI

Water reuse in the state is set to receive a further boost following a report issued by the Florida Department of Environmental 
Protection in December 2015, which recommends state regulatory changes in order to expand beneficial reuse, including 
streamlining the permitting process and reviewing treatment requirements. 

Having reused 44% of its total wastewater f low in 2015, Florida already leads the country in terms of reuse adoption, although 
two-thirds of this is directed to landscaping and irrigation. Between 2005 and 2015 the state spent $1.6 billion on water reuse 
projects. The state’s ambitions to expand reuse further would require targeting a handful of densely populated counties which 
currently lag behind the state average (see following figure). In areas where relatively inexpensive methods of reuse such as 
irrigation are often unfeasible – including built-up areas like Miami-Dade – the necessity of expanding reuse can impose 
a significant investment burden. After initially pegging the cost of an expansion to its existing irrigation systems using an 
advanced multi-barrier treatment solution at $1 billion, for example, the City of Hollywood in Broward County has since explored 
alternative reuse options, including aquifer recharge. 

Figure 23.18 Map of wastewater reuse and treatment capacity in Florida, 2015

Treatment capacity (million m3/d)

Reuse capacity relative to
total treatment capacity

Ocean outfall
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Source: FDEP
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•	 Long Beach is in the process of 
increasing its reuse capacity from 3.5 
MGD to 8 MGD, according to its 
website.

•	 East Bay Muncipal Utility District 
is contemplating a variety of projects 
that could take its reuse capacity 
from 9 MGD to 20 MGD by 2020 
through expanding and developing 
industrial, irrigation and commercial 
projects, according to its website.

Indirect potable reuse (IPR) technol-
ogy represents the vast majority of reuse 
projects planned or under consideration 
for drinking water—with treated waste-
water flowing to groundwater basins and 
in some cases to surface water. 

“Groundwater recharge is probably the 
safest and best method because you’ve got 
the soil and the groundwater table to act 
as a treatment system,” said Richardson. 
“Soil bacteria are incredibly efficient at 
removing any contamination or pathogens 
that remain in the water after advanced 
treatment.”

“Where soils aren’t suitable, then 
you can use injection wells to get the 
reuse water into the groundwater,” said 
Richardson. “The next option is surface 
water augmentation where the treated 
wastewater would be piped to a reservoir 
and given enough residence time to as-
sure state regulators any problems can be 
detected.”

Direct potable reuse (DPR) in the 
United States is currently limited to 
Cloudcroft, New Mexico, a tiny village of 
less than 1,000 people, and two small cit-
ies in Texas; and one of those Texas towns, 
Wichita Falls, is “currently constructing 
a replacement IPR facility,” according to 
GWI. 

El Paso considers DPR
While many reuse advocates, wastewa-

ter and water utility managers favor great-
er development of DPR—they point out 
its lower capex and opex costs compared 
to IPR—complex and evolving regula-
tory frameworks and consumer resistance 
are obstacles. Hurdles include “operator 
training and licensing requirements, the 
interplay of water and wastewater billing 
and revenues, and the recurrent issue of 
public perception,” sums up GWI. 

State regulations for DPR are evolving 
most rapidly in California, Texas, Arizona 
and Florida. GWI notes that the Texas 
Water Development Board “has produced 
a resource document for utilities consider-
ing DPR, and there are currently a hand-
ful of potable reuse projects on the cards 
in the state such as a 37,850 m3/d [9.9 
MGD] DPR facility in El Paso.” 

DPR is currently prohibited in Ari-
zona, but Department of Environmental 
Quality and WateReuse Arizona, an in-
dustry group, are investigating regulatory 

frameworks. And GWI reports that the 
state may introduce legislation authoriz-
ing DPR in 2018. 

DPR rules evolving
“If the prohibition is removed, then if 

a community got to a point where they 
wanted to explore DPR, we’ll want to 
make sure there’s an adequate level of 
guidance and a framework established,” 
said John Kmiec, director of Marana Wa-
ter and VP of WateReuse Arizona.

Kmiec explains that aquifer recharge 
with reuse water is already widespread in 
Arizona. “For us to continue to grow and 
develop, water companies and municipali-
ties need to assure 100-year water sup-
plies,” said Kmiec. “One way you do that 
is by importing resources like Colorado 
River. Another way is creating your own 
renewable resource by treating wastewater 
and putting it back in the aquifer from 
which you’re drawing water.”

State permitting requires that the 
treated water going into aquifers meet 
federal Safe Drinking Water Act stan-
dards. “There’s daily, monthly and annual 
monitoring that takes place as required 
by your permit with ADEQ. If there’s 
any type of excursion, that may lead to 
suspending flow temporarily until it’s 
resolved.”

The top candidates for adopting DPR, 
in Kmiec’s view, will be communities where 

U.S. Installed Desal & Reuse Capacity, 2017

Source: GWI. SWRO: Saltwater reverse osmosis; BWRO: Brackish water reverse osmosis
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Figure 23.27 Online desalination capacity & installed reuse capacity in the United States by technology, 2017

Desalination

Reuse

4,055.4

23,061.8

Desalination and reuse capacity (2017), thousand m³/d

Triple barrier

Other

Tertiary

1,371.8

9,658.6

12,031.4

Reuse capacity by technology (2017), thousand m³/d

Thermal

BWRO

SWRO

186.7

558.8

3,309.9

Desalination capacity by technology (2017), thousand m³/d

Source: GWI

Figure 23.28 Forecast capacity assumptions by plant type, technology, and size in the US, 2013–2022 (m³/d)

Thermal desalination 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

All feedwater XL MSF 0 0 0 0 0 0 0 0 0 0

XL MED 0 0 0 0 0 0 0 0 0 0

Large 0 0 0 0 0 0 0 0 0 0

Small 0 0 2,736 214 1,349 0 0 0 0 0

Total thermal 0 0 2,736 214 1,349 0 0 0 0 0

Reverse osmosis desal 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Seawater Extra-large 0 0 0 0 0 151,400 18,925 35,958 34,065 117,871

Large 0 16,000 10,475 0 12,882 38,069 4,759 28,683 23,924 15,949

Medium 0 1,000 0 7,570 2,188 4,499 4,207 9,775 9,213 7,689

Small 818 1,168 436 741 3,352 8,885 2,021 2,525 1,588 2,770

Total 818 18,168 10,911 8,311 18,423 202,853 29,912 76,940 68,790 144,280

Brackish 
water

Extra-large 0 52,990 0 0 0 83,339 10,417 32,150 42,016 110,916

Large 70,833 16,600 15,140 24,437 62,228 56,640 71,268 68,574 81,198 83,838

Medium 46,841 19,531 25,344 56,750 38,430 23,509 35,882 37,021 47,556 51,949

Small 6,777 621 5,419 6,883 10,462 8,533 7,832 11,108 11,901 13,252

Total 124,451 89,742 45,903 88,070 111,120 172,021 125,400 148,853 182,670 259,955

Total seawater and 
brackish water 125,269 107,910 59,550 96,595 130,891 374,874 155,311 225,793 251,460 404,235

Reuse technologies 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Total reuse 600,000 612,117 1,496,844 762,247 1,306,462 2,517,179 1,133,147 1,349,179 1,096,811 1,893,908

Source: GWI
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aquifer recharge is not geologically feasible. 
“If their water supply ends up stressed 
from a prolonged drought condition, we’d 
like them to have the ability to do a DPR 
project to serve their community’s needs.”

Tetra Tech’s Jill Hudkins, practice 
leader for one water programs, told CCBJ 
that her firm is the Program Manager 
for the design and implementation of a 
$3.1-million DPR demonstration scale 
advanced water purification system for 
the city of Daytona Beach, Florida. “DPR 
can have some challenges related to public 
perception, however this can be overcome 
in communities like Daytona Beach by 
demonstrating that DPR provides an 
affordable solution for improving river 
water quality and offsetting groundwater 
withdrawals.  ” said Hudkins. 

After publishing a report in December 
2016 with recommendations for DPR 
regulation, California is “investigating the 
adoption of uniform DPR criteria” reports 
GWI. Inge Wiersema with Carollo 
Engineers—lead consultant for the One 
Water LA project which is considering 
more than a dozen reuse project options 
(see Q&A in this issue)—told CCBJ that 
her firm’s “trigger-based implementation” 
process will allow DPR to be incorporated 
into the One Water LA plans if DPR is 
allowed in the state. 

“The city could potentially be able 
to avoid a lot of conveyance pipelines, 
recharge and extraction facilities,” she said. 
“It could route recycled water to the inlet 
of the existing water treatment plant or 
potentially make much shorter, flange-to-
flange connections.”

“We are following the development 
of potable reuse regulations closely to 
develop a strategic plan that can adapt to 
future conditions,” said Wiersema. Initial 
indications are that California will require 
redundant treatment systems—advanced 
tertiary treatment of the wastewater ef-
fluent, then treatment in a drinking water 
plant. While some reuse advocates hope 

for a more streamlined approach, consul-
tants say this is what will be needed to 
reassure water consumers.

 “At this stage of the development of 
regulations and the public comfort level 
with wastewater reuse, I think it’s ap-
propriate,” said Woodard & Curran’s 
Richardson. “What we want to have as 
an industry is either an environmental 
buffer between the wastewater source and 
the drinking water treatment plant or 
redundant treatment or a combination of 
the two.”

Kmiec says advancing real-time moni-
toring technology will also help advance 
acceptance of DPR, even potable reuse of 
fracking water. “As real-time chemical and 
microbial monitoring devices continue 
to improve to keep up with real-time 
treatment scenarios, that will give greater 
confidence for all those involved in the 
process that it’s working properly and pro-
ducing a certain quality of water.”

DPR a “longer-term prospect”
GWI sums up the DPR market as “a 

longer-term prospect.”

“In the meantime, IPR continues to 
present a compelling proposition for many 
communities, particularly as it provides 
the added benefit of recharging and 
remediating overdrawn or contaminated 
groundwater supplies.” 

“This is the case in California in partic-
ular, which is tackling strained groundwa-
ter supplies, and where there are already 
long-standing projects in place such as 
Orange County’s Groundwater Replen-
ishment System.” Additionally, unit cost 
of water from advanced potable reuse 
projects is equal to or lower than water 
purchased from the State Water Project, 
says GWI. That makes it “easier for local 
agencies to justify developing alternative 
water supplies [and] maintain a greater 
degree of control over future water costs, 
thereby mitigating the risk of price hikes 
which are outside their control.” R

Industrial Reuse Goes Both 
Ways
Onsite and offsite uses growing

In addition to the municipal wa-
ter reuse markets (see main story), 
there are also growing markets for 

commercial and industrial (C&I) reuse, 
especially in food and beverage, power, 
oil and gas and pharmaceuticals, accord-
ing to Global Water Intelligence (GWI), 
Bluefield Research and consultants and 
vendors interviewed by CCBJ.

Bluefield’s Erin Bonney Casey, who 
was interviewed in the Autumn 2016 
edition of World Water: Water Reuse & 
Desalination, parsed the market into two 
categories: Onsite—in which a C&I facil-
ity uses water “inside the fence” such as 
using cooling tower blowdown for process 
water; and Offsite projects in which a 
C&I facility gets reuse water from another 
entity—like the 67-plus power plants 
using municipally treated wastewater for 
cooling—or supplies reuse water to an 
outside entity.

Of course, some C&I reuse projects 
will use both onsite and offsite methods. 
A good example is the ambitious Recycled 
Water Master Plan of San Francisco Air-
port, which looks at options ranging from 
expanding service to the airport’s com-
mercial car wash to direct potable reuse 
(DPR) in order to get to 100% recycling, 
according to World Water.

With consultants Kennedy Jenks, SFO 
has prioritized adding RO treatment to 
provide water for toilet flushing, cool-
ing towers and other non-irrigation uses. 
Mid-term activities include supplying the 
nearby Golden Gate National Cemetery 
with irrigation water; and over the long-
term the airport will “continue to revisit 
the feasibility of a potable reuse project,” 
according to World Water.
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$150 million from O&G user 
While offsite projects are more com-

plex due to the “required coordination 
between two or more entities,” according 
to Bonney Casey, they can also represent 
much larger investments and greater 
opportunity for consulting engineering 
and design firms. For operators of water 
resource recovery facilities (WRRFs, also 
known as wastewater treatment plants), 
providing reuse water to a C&I entity can 
greatly enhance the ROI on an infrastruc-
ture upgrade. 

“[One] advantage of industrial reuse 
arrangements is that the industrial partner 
can be well-positioned to foot some or all 
of the capital costs and agree to a long-
term offtake agreement,” states GWI in 
its April 2017 report on desal and reuse. 
GWI noted that the West Basin Munici-
pal Water District in Southern California 
has been supplying reuse water to three oil 
refineries for many years. 

Industrial reuse is being expanded in 
the West Basin. Under the One Water 
LA plan, LAX’s Central Utility Plant 

and the Scattergood Power Generation 
Station will use treated wastewater from 
LA Sanitation’s Hyperion treatment plant 
for cooling (for more, see One Water LA 
story on page 13.)

GWI also reported that Pioneer Natu-
ral Resources signed a deal with Midland, 
Texas, in January 2017 that included partial 
funding of a $150 million upgrade of the 
city’s WRRF. This followed Pioneer’s 2014 
deal with Odessa, Texas, for an 11-year re-
cycled water supply contract that included 
$25 million to build a 20-mile pipeline.

Drink your frack water
Those and similar projects were both 

designed to supply upstream explora-
tion and production with reuse water. On 
the other side of the E&P water cycle, 
some fracking operators are investing 
in advanced treatment to supply nearby 
communities with potable reuse water. 

“We’re seeing some real interest by 
oil and gas companies to reuse frack-
ing wastewater in a potable way,” said 
Jason Wert, senior energy engineer for 

RETTEW’s Energy & Environmental 
Engineering Services group,

The shale oil and gas industry requires 
“a tremendous amount of infrastructure 
to manage the water it uses for hydraulic 
stimulation,” notes Wert. And in some 
water-stressed environments, that infra-
structure can be leveraged with advanced 
reverse osmosis and other treatment 
technologies to turn produced water into 
potable water for communities, according 
to Wert. “We’ve done it successfully for 
two confidential clients in Southern Cali-
fornia,” said Wert. “In both projects, the 
end-use beneficiaries of the reuse water 
are public water systems.”

As noted in the company profile on 
page 22, GE has supplied onsite water 
reuse equipment for oil and gas operations 
that use steam-assisted gravity drainage to 
liberate the bitumen from oilsands. 

But with low oil prices constraining 
production, refineries are a stronger mar-
ket, according to GE’s Water & Process 
Technologies’ Paul Schuler—and one in 
which GE earned accolades for the North 

Industrial Reuse Markets

Source: Bluefield Research
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West Redwater’s New Sturgeon refinery 
in Alberta. “Several refineries around the 
U.S. are now looking at ways to reuse 
wastewater,” Schuler told CCBJ.

In World Water, Bluefield’s data shows 
that refining is also a vastly larger water 
consumer than E&P, consuming 6% of 
industrial sector water vs. less than 1% for 
E&P.

Opportunities in food & beverage, 
retail, housing

In what GE calls the Facilities Man-
agement segment, Schuler reports that 
retail businesses and large residential 
property owners are increasingly inter-
ested in reusing water onsite. “In super-
markets, we’re working on some projects 
and getting inquiries about using small 
RO systems to treat and reuse the water 
sprayed on vegetables,” he said. “Condo 
developers and designers that want a 
strong LEED certification are getting 
good press from doing onsite reuse of 
graywater, usually with a membrane biore-
actor system, for irrigation or discharge to 
receiving waters.”

Black & Veatch executives wrote in 
the Jan/Feb 2017 World Water about 
a growing trend favoring “strategically 
located decentralized” non-potable reuse 
and DPR systems. These systems are typi-
cally smaller than 0.5 MGD and potential 
users include “housing and condominium 
developments, athletic fields, universi-
ties and distributed business parks.” (The 
article describes Black & Veatch’s Sewer 
Mining Toolbox, a financial engineering 
tool for such projects.) 

Bluefield’s Bonney Casey states in 
World Water that food and beverage and 
pharmaceutical manufacturers “already 
have installed onsite water treatment sys-
tems to ensure high enough quality feed 
water.” With high water treatment costs, 
the incremental cost of reuse infrastruc-
ture can be easier to swallow.

In the food and beverage space, con-
solidation is also “enabling companies to 
embrace cutting edge water management 
systems and to invest more in advanced 
water treatment.” 

An exception to the consolidation 
trend is the craft beer business, which 
grew from 1,460 breweries in 2006 
to 4,269 in 2015, according to Bon-
ney Casey. Brewery waste has “a lot of 
bioenergy potential, making the sector an 
excellent option for cost-effective water 
reuse installations.”

On the beer theme, the WateReuse 
Association’s September 2016 conference 
featured a reuse water brewing contest—
co-sponsored by Xylem, GE and Tetra 
Tech. Prior to the conference, more than 
100 home brewers entered beers brewed 
with reuse water; the 20 winners were 
served at the welcome reception. 

Not to be outdone by the amateurs, 
commercial craft brewers will stage a 
Craft Beer Challenge at the September 
2017 WateReuse Assocation conference 
in Phoenix. Reuse water will be provided 
from a mobile potable reuse treatment 
facility to be developed by the Southwest 
Water Campus—a coalition includ-
ing Arizona WRRF operators, utilities, 
CH2M, Carollo Engineers and the 
University of Arizona. Southwest Water 
Campus won the $250,000 New Arizona 
Water Prize Water Innovation Challenge 
in November 2016.

Also in the commercial space, GWI 
reports that “Apple is fronting $4.8 mil-
lion of the cost of building a $17.5 million 
pipeline in Cupertino … which will sup-
ply treated municipal wastewater from the 
Santa Clara Valley Water District to the 
tech giant’s Apple Campus 2.” 

What’s next: a social media app that 
lets users brag about how much reuse-
water beer they’re consuming? R

Black & Veatch: Climate 
Change Now Embedded in 
Water, Wastewater Planning

According to Black & Veatch’s 
2016 Strategic Directions Report 
and survey of the water industry, 

climate change ranked as a top strategic 
issue for only 11% of wastewater-only 
utilities and 17% of utilities with systems 
encompassing water, wastewater and 
stormwater. 

But climate change figures in many of 
the industry’s biggest concerns, as tracked 
by Black & Veatch’s survey of 358 respon-
dents. These include: maintaining or ex-
panding asset life; water conservation and 
demand management; and reducing over-
flows from both separate and combined 
sewers. Respondents identified “resilience” 
as one of the industry’s top six issues. And 
as U.S. Water Alliance CEO Radhika 
Fox wrote in guest commentary for the 
Strategic Directions Report, resilience is 
generally understood to mean, “resilience 
in the face of a changing climate.”

Getting water and wastewater utility 
clients to pay additional fees for climate 
change work, however, is another matter. 
“When climate change is an add-on to a 
standard planning project, there’s gener-
ally an extra fee, but usually resilience is 
just part and parcel of the master planning 
process,” said Jim Schlaman, Black & 
Veatch’s Director of Water Resources.

“Climate change is now embedded in 
the factors that utilities of all kinds are 
looking at as they’re planning 20, 30 or 
40 years into the future,” said Schlaman. 
“They want to make sure they’re planning 
for the conditions they’re going to experi-
ence, not historic conditions.”

Within that context, Schlaman says a 
key practice trend in master planning for 
sewer, stormwater and wastewater systems 
is adaptive management for climate 
change resilience. “This means always go-
ing back in and looking at the goals we’d 
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set out to achieve and the regulations we 
expect to comply with to evaluate how 
climate change is impacting them,” said 
Schlaman. “If it’s getting wetter and we’re 
having more overflows than we planned 
on, that is something we would adapt dur-
ing updates of these plans.”

As Schlaman noted in a recent Q&A 
with Storm Water Solutions, “Flood 
management and water quality are now 
also joined at the hip. A ‘storm water mas-
ter plan’ is no longer just about preventing 
flood losses, but is also about meeting the 
water quality [requirements] and improv-
ing the quality of life for beneficiaries,” 
Schlaman told SWS. 

This is leading to more focus on 
integrated watershed management and 
holistic planning across municipal agen-
cies, according to Schlaman. “As the cities 
recognize the value of their urban creeks 
and rivers, we are also engaged in many 
stream and river restoration projects with 
multiple benefits that all address storm 
water resilience objectives.”

Integrate climate projections 
upfront

As noted frequently in CCBJ, local 
governments and their engineering con-
sultants have a bewildering array of future 
climate projections to pick from when 
planning infrastructure—especially for 
changes in precipitation intensity, dura-
tion and frequency (IDF), sea level rise 
and storm surges. South Florida counties, 
for example, have agreed on a reference 
scenario for 2060 sea level rise that ranges 
from 14” to 26” based on projections from 
NOAA, IPCC and U.S. Army Corps of 
Engineers—with an additional worst-case 
scenario NOAA projection of 34”. 

According to Schlaman, Black & 
Veatch frequently draws on projections 
from the Coupled Model Intercom-
parison Project (CMIP). Now in its fifth 
phase, the CMIP5 incorporates data from 
a wide range of climate change modelers 
that share data and produce reports based 

on that data. Black & Veatch’s analyses 
use that data to identify “all the potential 
extremes that could impact a water, waste-
water, stormwater or combined utility 
with climate change,” said Schlaman. 

Coastal and overland impacts vary 
widely

Schlaman classifies the impacts of 
climate change into two basic categories: 
overland and near-ocean. “Climate change 
is a big deal when you’re on the coast, 
with sea level rise and flood inundation 
in your gravity sewer system.” For inland 
communities, the vulnerabilities lie more 
in changing precipitation patterns that 
impact effluent water quality, as well as 
water resource issues.

Changing sea levels can necessitate 
“changes in the sizes of pipes, the capacity 
of dewatering facilities and the backwater 
elevations that you have to plan for,” said 
Schlaman. “Say your treatment plant is 
behind a levee. If the plant has to pump 
over the levee to dewater, and the backwa-
ter on the other side is at a higher surface 
elevation than it is today, you need to 
account for that in terms of the hydraulics 
of your plant.”

For the City of Charleston, SC, Black 
& Veatch conducted a sea level rise study 
to help this low-lying coastal community 
be aware of its vulnerabilities to sea level 
rise, which may inundate critical wastewa-
ter infrastructure and reduce the amount 
of stormwater the city’s drainage system 
can convey. 

“We tried to show city leaders some 
examples of things that could happen and 
conditions that could occur,” said Schla-
man. “We used that as a starting point to 
guide strategy development for main-
taining a resilient system, factoring in all 
the things associated with flood control, 
including emergency services and tele-
com.” The city is still “in the early stages” 
of developing its resilience plan, according 
to Schlaman.

Away from the coasts, climate change 
vulnerabilities for sewer, stormwater and 
wastewater utilities tend to be more about 
effluent water quality—especially increas-
ing issues with CSOs due to changes in 
precipitation IDF. 

“When you talk about overland 
impacts, changes in rainfall patterns can 
impact groundwater aquifers, snowpack, 
which is a huge source of water supply 
in places likes California, infiltration and 
inflow and even subsidence if you start to 
go dry and pump more groundwater,” said 
Schlaman. 

“Climate change is now 
embedded in the factors that 
utilities of all kids are looking 
at as they’re planning 20, 30 
or 40 years into the future.”      
-Jim Schlaman, Black & Veatch

Intermixed with precipitation changes, 
there can be vegetation changes and 
habitat changes in the watersheds and 
receiving waters, and even changes in 
wind patterns, notes Schlaman—all of 
which can pose water quality challenges. 
“As the Front Range of Colorado gets 
more wildfires, it could drastically change 
the water quality in receiving streams and 
potentially impair drinking water sources,” 
he said.

“In the Midwest, utilities will be more 
likely to see increases in the frequency 
and volume of overflows due to changing 
weather patterns,” said Schlaman, adding 
that most Midwestern sewer, stormwater 
and wastewater utilities have yet to incor-
porate climate change into their master 
plans.

And these challenges vary between 
each city by not only the state of its exist-
ing infrastructure, but also its location 
relative to receiving waters. “Cities like 
Omaha and Kansas City that sit on a river 
are in a different situation than those that 
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are on the Great Lakes, where you may 
have people swimming 12 to 24 hours 
after a rain event,” said Schlaman. “When 
people can see the water quality issues in 
the immediate environment, you’re always 
going to get more pressure to fix it than 
when you’re on a river—not necessarily 
from a regulatory perspective but from a 
public perception perspective.”

Still, coastal communities aren’t im-
mune to rainfall impacts on their sewer, 
stormwater and wastewater systems, says 
Schlaman. “In Florida, I’d be looking at 
infiltration and intrusion impacts,” he said. 
“If they’re getting higher intensity rainfall, 
there could be more flow to the treatment 
plants than planned, resulting in more 
sanitary sewer overflows and treatment 
plant bypasses.”

“Conversely, if rainfall patterns 
decrease and the groundwater table is 
drawn down, this coupled with sea level 
rise, can create a salt water intrusion issue 
and become a brackish inflow source to 
the collection system,” said Schlaman. 
“Higher salinity waste water can then 
impact treatment plant processes.”

Integrated CSO/SSO planning 
continues at EPA

A regulatory innovation that Schla-
man and his colleagues are enthusiastic 
about—EPA’s integrated planning frame-
work—appears to be continuing under the 
Trump administration, he said. “We’ll see 
how it plays out, but at this point, EPA is 
still encouraging the integrated planning 
framework to support compliance,” Schla-
man told CCBJ in late April 2017.

“Instead of separate CSO, SSO and 
MS4 programs that contained essentially 
the same water quality language, you can 
put them all in one hopper and show how 
you’re going to manage your water holisti-
cally,” said Schlaman. “That has provided 
a much less siloed, novel approach to get-
ting return on investment.” R

One Water LA: a Blueprint 
for Transformation
Plan will promote water recycling and 
stormwater capture to achieve 50% local 
supply by 2035

As CCBJ wrapped up our research 
for this edition, Los Angeles was 
facing an unusual water crisis—

too much water. Due to extraordinarily 
high Sierra snowpack, up to 1 million 
acre feet (AF) of water—almost twice the 
amount of water Angelenos consume in 
one year, according to LADWP—was 
expected to flow through the Los Angeles 
Aqueduct system in spring and summer 
2017.

This volume far exceeded storage ca-
pacity, leading the agency to take a series 
of emergency measures: spreading more 
water throughout the aqueduct system 
to replenish groundwater; emptying 
reservoirs in advance of heavy flows; and 
letting more water flow into the Owens 
Lake (where emergency construction, 
armoring and repair were underway to 
manage the coming floodwaters).

Against this backdrop, LADWP 
also sought to warn city residents that 
too much water in one year (or two or 
three) will inevitably be followed by more 

drought and scarcity—conditions likely to 
be exacerbated by climate change. “Clima-
tologists predict that climate change will 
result in more extreme weather patterns 
[including] wetter wet years and drier and 
hotter dry years,” the agency stated in its 
fact sheet.

To meet its long-term water supply 
challenges, the city in 2015 set a goal of 
increasing the proportion of local supply 
from about 20% to more than 50% by 
2035. The City outlined its supply strategy 
in its 2015 Urban Water Management 
Plan; its One Water LA 2040 Plan builds 
on that plan, identifying specific projects 
for integrated water management and 
increased collaboration between City 
departments and regional agencies.   

The One Water LA planning effort 
reflects the One Water approach champi-
oned by the U.S. Water Alliance, Water 
Research Foundation and others. One 
Water LA is focused primarily on increas-
ing water reuse and managing urban run-
off for groundwater recharge. CCBJ spoke 
with Inge Wiersema, VP and regional 
planning manager for Carollo Engineers. 
Wiersema manages Carollo’s three-year, 
$6.25 million One Water LA contract. 

CCBJ: What is particularly unique and 
forward-looking about One Water LA?
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Wiersema: One thing that’s unique is 
the scale of the city, with over four million 
people, and the scale of its water manage-
ment complexities. And with that comes 
the challenge of collaborating and inte-
grating planning across very large agencies 
with thousands of employees and special-
ized missions. One Water LA involves 14 
city departments and many other regional 
agencies through the One Water Steering 
Committee.

We’re breaking through the institu-
tional silos of agencies and departments 
that traditionally managed just one aspect 
of water—wastewater treatment, storm-
water drainage, groundwater management, 
drinking water supply and distribution, 
water quality, recycled water—to manage 
all types of water as one water.

The One Water LA umbrella provides 
a new platform where the different de-
partments and agencies can work together, 
while maintaining their distinct purposes 
to meet each department’s specific objec-
tives. 

CCBJ: Specifically, how will One Water 
LA diversify LA’s water supplies and al-
low it to get through future droughts?

Wiersema: Supply diversification is 
needed for LA to achieve 50 percent local 
water by 2035 when currently only about 
20 percent of supply comes from local wa-
ter. To reach 50 percent in a city as big as 
LA means you need to develop more than 
150 MGD of new local water supplies. 
That’s quite an endeavor. 

Diversification means water conser-
vation, cleaning up pollution issues in 
some of the groundwater basins so those 
resources can be used more effectively, as 
well as stormwater capture. But the key to 
new large scale local water supplies really 
is water recycling. 

Today the city discharges more than 
200 MGD of treated wastewater into the 
ocean. If you capture a percentage of that 
and recycle it in different ways, combined 

with the above methods, you can achieve 
local supply goals. 

CCBJ: What reuse projects are under 
consideration or in the pipeline?

Wiersema: Already in the pipeline 
are a few more “purple pipe” projects for 
non-potable reuse. These include projects 
like those that would serve Elysian Park, 
Downtown LA, LAX, and the LA Zoo 
with recycled water.

In terms of potable reuse, the city is 
moving ahead with its groundwater re-
plenishment project in the San Fernando 
Basin. A new advanced water treatment 
facility is being built at the Tillman Water 
Reclamation Plant to replenish the San 
Fernando Basin with advanced treated 
recycled water. The goal is to pump ap-
proximately 30 MGD to spreading basins 
in the northern parts of the San Fernando 
Valley. The EIR has been certified so 
they’re moving into the design phase, and 
it’s expected to be online in 2022.

We’ve also identified another 13 or 14 
water recycling options that we’re evalu-
ating to determine which ones have the 
most merit. They include indirect potable 
reuse, direct potable reuse and non-
potable reuse. The city has four different 
treatment plants, so there are a variety 
of options that could be implemented at 
each plant. 

CCBJ: To what extent is climate change 
driving LA’s decision to invest in One 
Water LA?

Wiersema: Climate change is a new 
element in the One Water LA 2040 Plan 
that was not part of the previous Water 
Integrated Resource Plan, which was 
finalized in 2006. Addressing climate 
change is more than just being prepared 
for prolonged droughts. The city has made 
commitments to be more sustainable and 
resilient as demonstrated by the Sustain-
able City Plan issued in 2015, which also 
addresses many other sustainability topics 
such as energy and greenhouse gases. 

But in terms of water supply and 
resilience, the reliability and availability of 
water stored in the Sierra snowpack over 
time will decrease due to climate change. 
That’s one of the main reasons behind the 
commitment to achieve 50 percent local 
supply by 2035.

CCBJ: What’s the status of OWLA at 
this point (April 2017)?

Wiersema: OWLA Phase One started 
in 2013. During this first phase, the City 
developed the One Water LA vision, 
objectives and guiding principles with 
input from the One Water Advisory 
Group, Steering Committee, and a large 
Stakeholder Group with approximately 
300 members that represent the City’s 
diversity and variety of viewpoints. 

We are now in One Water Phase Two, 
which consists of the development of the 
One Water LA 2040 Plan. We’re in the 
final stretch and expect to complete the 
draft plan in the summer of 2017.

CCBJ: What are the biggest challenges 
ahead for One Water LA and what are 
your thoughts on how those will be met?

Wiersema: The key challenge is mak-
ing the collaboration and integration 
happen. We’ve identified a number of case 
studies that offer near-term integration 
opportunities between different depart-
ments. Some of the departments are 
already working together to draft collabo-
ration and cost-sharing agreements. The 
goal is to use these studies as role models 
for future multi-department and inter-
agency collaboration.

Here are two examples. One is bring-
ing advanced treated recycled wastewater 
from the Hyperion treatment plant to 
LAX and the Scattergood Power Gen-
erating Station for cooling. To make 
that happen, LASAN needs to develop 
and build an advanced treatment facility 
because currently Hyperion only treats to 
secondary effluent standards. 
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LADWP will pick that water up and 
build two new pipelines to deliver this 
advanced treated water to LAX, which is 
north of Hyperion, and to Scattergood, 
which is located to the south. LA World 
Airports will take that water to its dual 
plumbed terminals and use it for cooling 
its Central Utility Plant.

The second example is expanding the 
use of recycled water and stormwater 
capture at the LA Zoo for things like 
washing animal exhibition areas and ir-
rigation. The zoo is working on its master 
plan so the timing is right to incorporate 
new water management strategies. The 
One Water team is collaborating with the 
LA Zoo to consider both recycled water 
and stormwater management in its future 
plans to offset potable water use. 

The other key challenge is the usual 
one: the money.

OWLA is a very comprehensive 
planning effort and will include a lot of 
recommendations that will require sub-
stantial investments. However, One Water 
LA is not a citywide capital improve-
ment plan. The focus of the plan is really 
on projects where multiple departments 
or agencies would need to collaborate to 
implement them. Each department will 
still have its own Capital Improvement 
Plan. 

Our recommendations will focus on 
those opportunities where integration 
between departments is needed, identify-
ing the cost-sharing opportunities and the 
revenue opportunities such as grants. We 
are currently  developing a decision-mak-
ing process where the departments can 
work together to determine which grants 
they should pursue and prioritize projects.

There will also need to be a stormwater 
funding mechanism that doesn’t exist now. 
One Water LA is not the reason this is 
needed. LA has to comply with many new 
stormwater quality regulations. Measures 
to achieve water quality goals are folded 

into the OWLA Plan. To pay for these 
measures, new funding will be needed.

CCBJ: Tell us about the water balance 
tool you’ve developed. 

Wiersema: The mass balance tool, as 
we call it now, is a unique citywide plan-
ning platform that estimates all the major 
flows of the urban water cycle in the city 
under different planning years and differ-
ent hydrological conditions—normal, wet, 
dry years—and various combinations of 
future proposed projects, like the San Fer-
nando groundwater replenishment project 
I mentioned earlier.

We have about 25 big and bold con-
ceptual ideas that we’re going to analyze 
with this tool. It will show how these 
ideas help meet the local supply goals. 
The tool also has a costing element that 
will help us quickly understand the cost-
effectiveness of combinations of potential 
projects.

It will also help us avoid double-
counting water or failing to account for 
changes in flow balances. For example, if 
the City implements an IPR project in 
one place, there will be less water down-
stream of that treatment plant. And If the 
City would route more stormwater to a 
treatment plant, it would allow increased 
production of recycled water. It’s is a very 
high level planning tool and it’s the first 
time that the City has  combined all water 
flows together in one tool.

CCBJ: How will California’s evolving 
regulatory framework for potable reuse 
affect the program?

Wiersema: The state is moving forward 
quickly with the development of potable 
reuse regulations, however the final out-
come and timing is still a big unknown. 
What we need to do in the One Water 
LA Plan is prepare an implementation 
strategy that is flexible and can adapt to 
different outcomes of the reuse framework 
and regulations. We call that trigger-
based implementation in which we can 

determine that certain projects are a go 
if a certain trigger happens, in this case, 
regulations.

We already know from the cost per-
spective that most of the direct potable re-
use options are more attractive than most 
of the indirect potable reuse options.. 

If DPR is allowed, the City could po-
tentially be able to avoid a lot of convey-
ance pipelines, recharge and extraction 
facilities. Instead, it could route advanced 
treated recycled water to the inlet of the 
existing water treatment plant or poten-
tially make much shorter, flange-to-flange 
connections. 

We don’t foresee that happening for 
the City of LA in the near term, but 
we anticipate that potable reuse regula-
tions will change such that DPR will be 
allowed in some shape or form. We are 
following the development of potable 
reuse regulations closely to develop a 
strategic plan that can adapt to future 
conditions.R
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Competition for Food Waste 
Heats Up
New merchant players compete with 
wastewater plants; state regs and 
sustainable branding push food industry 
to divert waste

Recovering energy, water, compost 
and other resources from mu-
nicipal and industrial wastewater 

treatment plants (WWTPs)—or water 
resource recovery facilities (WRRFs) as 
regulators and industry groups have taken 
to calling them—is nothing new. But 
wastewater and renewable energy special-
ists at consulting & engineering firms 
interviewed by CCBJ—as well as a water 
and process business leader for GE—re-
port a growing North American market 
for projects that produce energy from 
currently flared biogas and incorporate 
food waste as a feedstock for anaerobic 
digestion. (Industrywide food waste is also 
commonly referred to as source separated 
organics (SSO) from commercial and/
or residential sources). These projects also 
typically produce compost from digester 
residuals.

The food waste digestion market in 
the U.S. isn’t exactly on fire—and project 
return on investment (ROI) can be chal-
lenging due to upfront capital expenses. 
“It’s not an easy market and there have 
been some failures,” said Jason Wert, 
senior energy engineer for RETTEW’s 
Energy & Environmental Engineering 
Services group.

“But there is tremendous oppor-
tunity in this emerging public-private 
food waste to energy and biosolids to 
energy business,” said Wert. “Firms like 
Waste Management are looking into this 
market.” Wert points to the large num-
ber of WRRFs with anaerobic digestion 
(AD) that flare rather than use the biogas 
produced. U.S. EPA data show that of 
the more than 1,200 WRRFs with AD, 
slightly under half still flare biogas.

And as described below, virtually 
all AD systems at WRRFs have excess 
capacity that could be put to use produc-
ing biogas for a) an internal combustion 
engine to make heat and electricity for 
onsite use and/or to sell power to the grid, 
b) to inject cleaned-up gas into a natural 
gas pipeline or c) to provide compressed 
natural gas (CNG) for vehicles. (EPA 
estimates that 10% of the WRRFs captur-
ing their biogas provide electricity to the 
grid, while 3% inject gas into pipelines.)

“The challenge is that investing in 
these kinds of systems doesn’t bring the 
returns on capital that some people think 
it’s going to,” said Wert. “The projects 
tend to have a lower rate of return than 
projects, say, in the oil and gas industry or 
the real estate industry.”

AECOM Associate VP Jean-Yves 
Urbain says that it’s not uncommon for 
municipal WRRF operators to have naïve 
expectations about the costs of upgrad-
ing their systems to process food waste. “I 
was recently meeting with officials from a 
Bay Area municipality that is interested in 
developing a system to accept residential 
food waste, treat it and use it to feed their 
digesters. They were hoping to do it at 
lower costs than at a landfill. I told them 
the cost is higher. You have to be willing 
to invest more.”

So other drivers come into play: local and 
state policies promoting waste diversion and 
clean energy; landfill capacity challenges in 
some regions; corporate sustainability goals 
and branding; and even greenhouse gas 
(GHG) legislation and regulations.

A key policy driver is regulation. Food 
processors, supermarkets, restaurants, solid 
waste companies and other businesses 
in California, Ontario, Quebec, several 
Northeastern states and the City of New 
York—as well as solid waste managers—
are under regulatory mandates to stop or 
reduce landfilling of food waste. 

“They’re trying to figure out ways not 
to put those rotting vegetables and expired 

yogurt packages into a landfill,” said Paul 
Schuler, GE Water & Process Technol-
ogy’s North America region executive for 
engineered systems.

In 2016, California enacted SB 1383, a 
bill attacking short-lived climate pol-
lutants, including methane. Although 
regulations are still being developed, the 
bill requires diverting 75% of the organic 
waste stream by 2025 (relative to 2014 
levels). In addition to preventing food 
spoilage and “rescuing” edible food, the 
state sees expansion of composting and 
anaerobic digestion as key strategies. “The 
state is telling the municipalities that they 
don’t have to provide the service but they 
have to ensure the service is available to 
deal with food waste,” said Urbain. “So 
some have decided to use the spare capac-
ity in their digesters.”

Sarah Deslauriers, climate change 
lead for Carollo Engineers, told CCBJ 
that California regulators have already 
allocated a small amount of cap-and-
trade revenues to support organic waste 
diversion projects at WRRFs—and they’re 
considering increasing that allocation. 
“We’re trying to inform the Air Resources 
Board, Cal Recycle and the California 
Energy Commission about how much 
money is needed per project on average,” 
she said, adding that her firm is support-
ing this work on behalf of its client the 
California Association of Sanitation 
Agencies (CASA).

Some large WRRFs (those with 
25,000 or more tonnes of annual CO2-
equivalent fossil fuel based emissions) 
are covered entities under California’s 
cap-and-trade program and therefore 
must obtain allowances equivalent to their 
annual GHG emissions. ARB data show 
very few WRRFs exceeding the 25,000 
tonne cap—in some cases by only a few 
tonnes. Deslauriers says these entities 
are exploring ways to reduce their fossil 
energy consumption (and emissions) 
through enhanced biogas production.
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Outside of California, state or local 
solid waste diversion goals can also influ-
ence decisions to turn food waste into 
energy. Urbain says that when municipali-
ties seek to achieve greater than 50% solid 
waste diversion, tackling food waste must 
be high on their priority list. “For resi-
dences, food waste can be 25% to 30% of 
the solid waste stream by weight,” he said.

Even in regions with no waste diver-
sion goals or mandates, some municipal 
solid waste managers are looking to divert 
food waste in order to avoid building 
new landfills or expanding existing ones. 
“In Canada and the U.S., a lot of cities 
are starting to run out of landfill capac-
ity,” said Urbain. “They can either find a 
private landfill that will accept their waste 
or build a landfill in their own backyard.”

From land acquisition through final 
permitting, the process of getting approval 
to build or expand a landfill typically takes 
at least four years, in Urbain’s estima-
tion. “Unfortunately, this process is often 
met with public pushback and a lack of 
political support which can lengthen the 
process.,” he pointed out.

High electricity rates improve the ROI 
for projects in some regions—whether the 
WRRF operator goes the traditional route 
of using the biogas to fire a CHP unit 
to offset its own energy demands or sells 
electricity to the grid or both. 

CNG fueling a sweet spot
Some project sponsors are finding 

the economics of a food waste project 
improves significantly when they utilize 
the produced biogas for their vehicle 
fleets. “People typically do cogenera-
tion to produce electricity and heat with 
the biogas, but we’re of the opinion that 
there’s better value to the user in vehicle 
fuel,” said Wert. “You upgrade the biogas 
to natural gas quality and use it to fuel 
natural-gas vehicles (NGVs). We’re work-
ing on several projects of that kind now. 
The economics can be very compelling.”

“A vehicle fueling project doesn’t re-
quire as much gas as an electricity genera-
tion project,” added Wert. “You can have 
a smaller plant and a smaller investment 
and still get those rates of return that the 
developers are looking for.”

Another model Wert is excited about 
he calls a “virtual pipeline” that uses trail-
ers with approximately 500,000 cubic feet 
(cf ) of compressed natural gas capacity. 
“In cases where the digester is located at 
a distance from where the vehicle fuel is 
needed, you load gas onto the trailer and 
transport it on the open road 30 minutes 
or even an hour.” A comparable facility 
developed by RETTEW for fossil natural 
gas has the capability to move 2 billion cf 
a month by trailer, according to Wert. 

Still, transport adds costs—which Wert 
says are typically between $1 and $1.25 
per million cubic feet (mcf ) for capex 
and opex of systems to upgrade biogas to 
natural gas standards. “Even though you’re 
recovering a waste that has no value to 
start with, there are considerable physical 
and operational costs to achieve parity 
with natural gas.”

Joerg Blischke, senior process engineer 
in Black & Veatch’s water business and 
his colleague Jonathan Cristiani, a bioen-
ergy engineer in the firm’s power business, 
reported that a biogas feasibility analysis 
their firm performed for Raleigh, NC, de-
termined that injecting biogas into a local 
natural gas pipeline was the best option. 
This option won out over the transport 
option, like that mentioned by Wert 
above, and other usage configurations.

Energy Strategies of Water, Wastewater Utilities

Source: Black & Veatch’s 2016 Strategic Directions: Water Industry Report
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When CCBJ spoke with Wert in 
March 2017, he reported that his firm—
which employs about 350 and had 2015 
revenues estimated by ENR at $56.7 
million—had proposed a biogas NGV 
fueling project to a brewery on behalf 
of a financial investor. “The brewery is 
flaring gas every day now. We’d get rid of 
that flare, upgrade the gas to natural gas 
standards and the brewery would use it 
to run their delivery trucks,” he said. The 
deal would have the investor financing 
the approximately $2.5 million project in 
exchange for energy revenues.

In California, the state’s Low Car-
bon Fuel Standard provides additional 
incentives for a biogas to NGV fueling 
project. “California’s LCFS makes it more 
attractive to invest in producing vehicle 
fuels that have lower carbon intensity than 
conventional fossil fuels,” said Blischke. 

But Cristiani underscored that even 
with incentives, biogas production must 
be closely matched with a project spon-
sor’s fueling needs. “Even if you’re getting 
federal and state incentives for using 
renewable natural gas as a transport fuel, if 
you don’t have the right size fleet to utilize 
that renewable natural gas, it still may not 
be a viable option.”

Blischke highlighted San Mateo, Cali-
fornia, as a community where a biogas up-
grading system for NGVs made sense in 
part due to its small scale. “It’s a relatively 
small wastewater treatment plant and the 
system they have is one of the smaller 
ones for biogas upgrading,” said Cristiani. 
Not a Black & Veatch client, San Mateo 
contracted with Unison Solutions for the 
project, according to FleetsandFuels.com 
The project also won a $2.45 million grant 
from the California Energy Commission. 
San Mateo is in the process of expanding 
its CNG vehicle fleet.

GHGs: emerging market driver in 
Ontario

Outside of California, the market is 
only tangentially driven by greenhouse 

gas concerns, according to Urbain, who 
oversees AECOM’s wastewater treat-
ment work in the U.S., Canada and Asia. 
“Most of our wastewater clients have not 
asked us to address GHGs with these 
types of projects,” he said. “They’re seeking 
reductions in their energy consumption 
and their nitrous oxide air emissions, 
and they’re asking how to better handle 
their produced solids. All of these goals 
incidentally reduce GHGs, but that’s not 
usually the stated goal.”

In Ontario, however, where the 
province’s first cap-and-trade auction in 
March 2017 fetched C$427 million for 
allowances valued at C$18.08 per tonne, 
some WRRF operators are interested in 
adding carbon revenues to improve the 
ROI for a contemplated upgrade or new 
WRRF that captures biogas. “Some of our 
clients see it as a source of revenue if they 
change the way they process wastewater 
or deal with food waste,” said Urbain. 

While Ontario’s offset regulations were 
still being drafted in April 2017, its cap-
and-trade website highlighted managing 
“organic waste in a way that does not 
produce methane, or that captures and 
destroys it” as an example of a carbon off-
set project. It remains to be seen whether 
projects that use biogas to displace fossil 
gas or electricity would receive additional 
credits. Ontario is also targeting diversion 
of food and organic waste as part of its 
Waste-Free Ontario strategy. (In an inter-
esting contrast to U.S. politics, Ontario’s 
Progressive Conservative party opposes 
cap-and-trade, but supports a carbon tax 
instead.)

Ontario and Quebec have been rela-
tively strong markets for biogas upgrad-
ing projects at WRRFs, according to 
Urbain. In 2014, AECOM commissioned 
Toronto’s $74 million Disco Road AD 
plant which is designed to process 75,000 
tonnes of primarily source-separated 
residential organics annually. Under a 
DBO contract, AECOM, Veolia and 
CCI Bioenergy are responsible for oper-

ating the plant through 2019 employing 
hydropulper and grit removal technology 
provided by BTA International. Another 
Toronto food waste AD project—expan-
sion of the Dufferin Organics Processing 
Facility from 25,000 TPY to 55,000—was 
awarded in May 2016 to a consortium led 
by Nicholls Construction that included 
source separation equipment via extrusion 
technology furnished by Anaergia.  

“The City of Toronto was one of the 
first cities in North America that pushed 
hard to own a facility for municipal food 
waste,” said Urbain. He added that the 
Cities of Quebec and Montreal have both 
been discussing similar projects and he 
expects Quebec to issue a request for pro-
posals (RFP) by the second half of 2017.

Merchant class seeks to fill market 
gaps

Addressing this market is an emerg-
ing class of merchant players. Firms such 
as American Organic Energy are earn-
ing revenues by filling gaps in regional 
resource recovery cycle between waste 
haulers and WRRF operators.

“Private developers see this need in the 
marketplace and the math works out well 
for them from an economic standpoint. 
They’re getting paid a certain amount in 
tipping fees to accept the food waste, and 
they’re using that waste to create more en-
ergy and fertilizer. It’s a beautiful model,” 
said Schuler.

Publicly owned utilities and large pri-
vate waste haulers are looking for niches 
in the emerging food waste to energy 
system, and both Waste Management and 
Republic Services are said to be engaged 
in demonstration projects. 

“We’re seeing companies like DTE 
trying to get into this. They run landfills, 
they understand landfill gas and waste 
hauling,” said Schuler. “There are also 
other power companies that are entre-
preneurial that are trying to get into this 
space. These [and other] companies are 
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trying to figure out how to get into liquid 
waste treatment processing, and they’re 
looking to us to help them do so.” 

Carollo’s Deslauriers reports that her 
firm and CASA are “in discussions with 
waste haulers about how they can be 
partners instead of acting in silos in this 
movement of food waste” to WRRFs. 
“There is a need to have pre-processing 
and cleaning between the food waste 
source and the wastewater treatment 
plant.”

Grocers go green with food waste 
recovery

Lynn Broaddus, president of water sus-
tainability and resiliency consulting firm 
Broadview Collaborative, says she’s seeing 
increasing competition for food waste 
in the Midwest. Manufacturers such as 
Emerson’s InSinkErator have begun tout-
ing the environmental and energy benefits 
of food waste digestion in marketing their 
commercial-scale food grinders (think 
very large versions of household garbage 
disposals). And supermarket chains and 
food processors are highlighting the re-
newable biogas produced from their food 
waste that once went into dumpsters. 

“We’re turning food scraps into ener-
gy,” says a sign at a Sendik’s supermarket 
in Mequon, Wisc. A regional supermarket 
chain, Sendik’s uses Emerson’s Grind2En-
ergy food waste recycling system at several 
of its stores, typically sending 3,600 gal-
lons every eight or nine days—on trucks 
operated by Best Waste Solutions—to 
a digester built by the Forest County 
Potawatomi Community in Milwaukee 
about five years ago. The community 
processes its “own food waste, but mostly 
they’re bringing in food waste from food 
manufacturers around the region,” said 
Broaddus.

“For the grocery stores it’s mostly 
around a push for sustainability, and they’re 
also saving money,” said Broaddus. “I know 
Children’s Hospital in Milwaukee is run-
ning a trial of taking food waste from their 

kitchen, paying a composting company to 
haul it away. They’re saving money because 
they’re paying less than they’d have to pay a 
waste hauler to take it.”

WRRFs compete for food waste
But back to Broaddus’s point about 

increasing competition: she and others 
interviewed for this story say that pub-
licly owned WRRF operators—especially 
those that already utilize digesters—have 
their eyes on food waste as a feedstock 
that can increase biogas production. “That 
food waste can go to an independent 
digester operator like Potawatomi’s or to a 
wastewater treatment plant,” said Broad-
dus.

So while merchant enterprises invest 
in digesters and associated infrastruc-
ture based on their market studies and a 
reasonable expectation that clients will 
come, WRRF operators with digesters 
look favorably on food waste in order to 
increase biogas production—either to 
supply more of their own energy, sell to 
the grid or both.

Urbain noted that the City of New 
York issued an RFP in 2016 seeking 
merchant digesters or WRRFs with spare 
capacity to handle food waste. And aside 
from some fast growing regions, mostly in 
the Southwest, most WRRFs have spare 
capacity, Urbain says. “The wastewater 
treatment philosophy is that your uptime 
has to be 24/7/365. You cannot say to 
your clients, ‘you’re not allowed to flush 
your toilet for the next two hours because 
I have a pump that’s not working.’”

“If you need one pump, you install two 
or three. And when building a digester, 
the same philosophy applies. If one di-
gester has to go down for repair, you want 
others to remain online and functioning,” 
he said. With this excess capacity, many 
WRRF operators with digesters have been 
showing interest  in receiving additional 
organic material. “It’s an elegant way to 
achieve better utilization of the digest-
ers, reduce their energy costs and create 

additional revenue from tipping fees,” said 
Black & Veatch’s Blischke.

Separation, pre-treatment needed
As Blischke notes, a great deal of 

source separated organics  from com-
mercial and residential sources must be 
separated from undesired debris (e.g. film 
plastics, packaging, cutlery, textiles, glass 
and grit) and conditioned prior to going 
into a digester. This is a niche that waste 
management firms or other players can 
fill. “The trend seems to be that the mate-
rial is pre-treated offsite, often by waste 
management firms, to create a slurry rich 
in organics that can then be shipped to 
the wastewater treatment plant for co-
digestion,” he said. 

Blischke also observed that WRRFs 
can make economic use of restaurant 
brown grease with high water con-
tent—material that rendering companies 
producing animal feed usually don’t 
purchase. “Typically the grease collected 
in restaurants has a low fat, oil, and grease 
content containing  85  to 95 percent 
water,” he said. “That doesn’t lend itself to 
animal feed unless the water is removed.” 
But WRRFs with receiving and dewater-
ing equipment can use it without major 
problems.

One RETTEW client, Hermitage 
Municipal Authority in Pennsylvania, 
built its own food waste de-packaging 
system to process expired groceries and 
fast-food products from the likes of Mc-
Donald’s and Chipotle. The project was 
part of a major upgrade of Hermitage’s 
WRRF that included a new anaerobic 
digestion complex and 600 kW CHP sys-
tem to offset the facility’s energy demand. 
In 2016, it won a Utility of the Future 
Today award.

According to Wert, Hermitage had 
“decent financials” because it’s a growing 
community, but it still took a consider-
able risk in committing to the $32 million 
upgrade. “Their perspective is that they 
have a role in the sustainability of their 
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community, and they consider energy 
conservation a key metric,” he said.

Still, they had to show ratepayers 
an economic benefit coupled with that 
sustainability benefit. And a key feature 
of the project, which was constructed by 
Suez, is its ability to process food waste 
in-house. “They invested in technology 
that separates the packaging from the 
food waste so they create an organic-rich 
stream to feed to the digesters and recycle 
the packaging,” said Wert.

Wert added that the Hermitage 
WRRF’s tipping fees are variable de-
pending on the content of the food waste 
shipment. “They look at the value of 
waste to their operation. If there’s a lot 
of packaging, they’ll charge close to what 
the landfill charges. In some cases when 
they receive waste that’s extremely high 
in gas-yielding vegetable oils or cooking 
grease and that digest easily or with little 
labor, they charge very little and in some 
cases nothing.”

Ice cream bonanza for PA WRRF
Hermitage’s system enabled it in 2015 

to accept recalled ice cream from 26 states. 
“We had so much ice cream we were able to 
produce enough energy to take their entire 
plant off the grid for 45 days,” said Wert.

While Hermitage financed the project 
itself, Wert says some municipalities are 
looking to private investors to partner. 
“We have a couple clients who are equity 
investors that are looking to invest in this 
marketplace in partnership with private 
corporations or public entities to produce 
renewable energy,” he said. 

Urbain reports that many cities in 
California are looking to take advantage 
of opportunities arising out of SB 1383. 
“They’re looking for sources of revenue,” 
he said. Excess capacity in some regions 
has led to lower revenues for accepting 
organic waste. “So now they’re deciding to 
look at other sources of food waste to feed 
their digester.”

Project delivery cycles in the heavily 
regulated Golden State are lengthy. “From 
the minute they decide to expand the 
plant to the time they turn on the switch, 
that’s minimum five years to do the 
feasibility study, the methane production 
assessment, design, engineering, permit-
ting and construction,” said Urbain.

Few large players
According to GE’s Paul Schuler, few of 

the large wastewater treatment engineer-
ing firms are engaged in the food waste 
upgrades. “Most of them don’t see this as 
a huge opportunity because the projects 
take so long to develop,” said Schuler. “A 
few of the large companies have dabbled 
in it, but most of our projects are support-
ed by small regional engineering firms.”

Exceptions include AECOM, the 
world’s largest design and engineering 
firm with $17.4 billion in 2016 revenues, 
and Black & Veatch, which reported $3.2 
billion in 2016 revenues and was ranked 
ninth in the sewer and waste sector by 
ENR for 2016. But these two large firms 
appear to occupy different spaces in the 
food waste engineering ecosystem, with 
AECOM eschewing front-end work for 
the larger Engineering Procurement and 
Construction (EPC) contracts and Black 
& Veatch taking on feasibility studies as 
well as EPC.

“On the project development side, we 
do feasibility studies and conceptual or 
preliminary designs,” said Blischke. “We 
also do independent engineering reviews 
or assessments for lenders. Moving into 
execution, we may take on the role of 
owner’s engineer, develop the RFP or per-
form construction management support. 
We also offer on the implementation side 
the EPC role.”

At AECOM on the other hand, “we 
try not to do the front-end work but 
we try to be the EPC contractor,” said 
Urbain. He said the firm’s financial re-
sources put it in a good position to handle 
performance risk—which he says can be 

tricky in an industry dominated by small 
suppliers. “With the exception of GE, all 
the equipment and technology suppliers 
are typically small firms with as few as 20 
or 30 employees.”

Properly characterizing food waste 
streams and assuring performance of the 
treatment systems and the digesters are 
key elements in performance. “It’s critical 
to get a good handle on the waste coming 
in but also the black box technology. Is it 
cleaning the waste well enough so that the 
final product is of good enough quality? 
Is it going to perform and not always be 
under repair?” said Urbain. “That’s where 
we come in.”

Urbain notes that some providers of 
AD technology, most of whom are from 
Europe, have had a mixed record in the 
United States. “The food waste is slightly 
different in North America compared to 
what you have in Europe,” he said. “We 
use a lot more plastic here. We have a lot 
more meat in our food. Some of these 
suppliers have learned this the hard way.”

“Ideally, you try to select a technology 
provider who will sell you all the compo-
nents, and also enable you to reduce your 
risk,” said Urbain. In AECOM’s EPC 
role, its staff will typically visit food waste 
processing facilities equipped by the rel-
evant vendors. “We see whether they are 
processing the same kinds of waste, how 
the technology is performing, how long it 
has been operating.”

While the economic drivers for food 
waste to biogas markets continue to 
develop, Lynn Broaddus thinks that many 
WRRF operators are also philosophically 
in tune with the goal of recovering the 
energy content in food waste. “Waste-
water treatment professionals don’t call 
themselves ecologists, but they are,” she 
said. “They have this fundamental under-
standing about sustainability. They see 
the possibilities, and they have this major 
driver to control costs.” R
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Tetra Tech Deploys Advanced 
Tech for Resilience in Water, 
Wastewater Infrastructure

A top consulting engineering and 
technical services firm with 
revenue of $669 million for the 

quarter ending January 1, 2017, Tetra 
Tech was ranked by ENR at number one 
for revenues in the water segment for 
2016 and number five in sewer and waste. 
ENR also estimated 42% of Tetra Tech’s 
2015 revenues came from water supply 
work, while 9% was derived from sewer/
water projects.

With such a large practice in water and 
wastewater, Tetra Tech has a close reading 
of how climate change is affecting the 
planning, design and engineering of sewer 
systems and wastewater treatment plants 
(now often referred to as water resource 
recovery facilities, WRRFs). In a nutshell, 
say two of the firm’s leaders, climate resil-
iency has added another layer of consider-
ation to planning and engineering. 

Climate change adds a new               
dimension to infrastructure design

“Changing weather patterns add 
another dimension to the forecasting and 
analysis work that we’ve always done,” 
said Leslie Shoemaker, president of Tetra 
Tech’s Water, Environment & Infrastruc-
ture business group. “Traditionally we’ve 
performed forecasting based on his-
toric records. Climate change introduces 
another variable for forecasting into the 
future, and the past alone is no longer as 
useful for predicting the future.”

To incorporate changing weather pat-
terns, Tetra Tech uses “a suite of available 
forecasts to run our analyses based on a 
number of projections,” said Shoemaker. 
“Our modelers integrate forecasting into 
simulations of watersheds and water man-
agement systems.”

Projected impacts vary widely, of 
course, and even regions within the same 

state face very different threats. “In some 
regions of Texas the number-one client 
resilience concern may be lack of water 
supplies due to drought, while in other 
regions of the state you’re concerned with 
flooding and protecting assets with new 
design standards to avoid those impacts 
in the future,” said Shoemaker’s colleague, 
Jill Hudkins, practice leader for one water 
programs.

While some client projects focus ex-
clusively on a local government’s drinking 
water, wastewater or water reclamation 
facility, many of Tetra Tech’s engagements 
cover multiple infrastructure consider-
ations. “We integrate a range of climate 
projections for master planning purposes, 
looking at what the impacts of weather 
could be on water quality, flood protec-
tion, regional water supplies, transporta-
tion networks and other infrastructure, as 
well as the communities that infrastruc-
ture serves,” said Shoemaker.

Tetra Tech has worked with a number 
of jurisdictions, including Massachusetts 
and Rhode Island on development of 
climate-resilient planning frameworks. 
The firm was the lead consultant for 
EPA on its 2016 Planning Framework 
for a Climate-Resilient Economy, which 
focused on Rhode Island. “We’ve worked 
with many states to help them develop 
their own statewide resilient design 
practices,” said Shoemaker. “In Massachu-
setts, the focus was on integrating climate 
change into transportation design.”

Standards evolving
State and local government standards 

of practice for climate-resilient infrastruc-
ture design are becoming more common, 
although Hudkins and Shoemaker say 
that many are quite general and only a 
minority of local governments have got-
ten this far. “I don’t think the majority of 
cities we work with have climate change 
design standards yet,” said Shoemaker. 

“Some local governments have very 
general standards, simply stating that all 

designs must consider climate change 
resilience,” said Hudkins. “But some agen-
cies are quite prescriptive. Port Authority 
of New York and New Jersey, for whom 
we work, has specific design guidelines 
for climate resilience that address design 
adjustments related to increased tempera-
ture, increased precipitation, sea level rise 
and severe storms to protect Port Author-
ity infrastructure and buildings during 
extreme weather events.”

When focused on providing climate 
resilient and sustainable infrastructure, 
there’s always a balancing act to be per-
formed between levels of protection and 
costs of the extra protection measures, 
according to Hudkins.

Straightforward no-regrets changes 
usually include increasing “the elevation of 
electrical equipment so it’s not impacted 
by a flood. You might also incorporate 
the ability to heighten a flood wall in the 
future in anticipation of future flood risk 
scenarios,” said Hudkins. “But you want to 
find the balance of investing in protection 
based on the criticality and the useful life 
of the equipment. You look at your projec-
tions and your assets to select the highest 
value investments.”

Smart responses to changing flood 
risks

For communities facing significant 
changes in precipitation intensity, dura-
tion and frequency, (IDF), Tetra Tech is 
championing an approach it calls Smart 
Water. “It’s a more flexible approach to 
water infrastructure,” said Shoemaker. 
“Instead of designing for the worst-case 
scenario, which would mean overbuilding, 
you come up with a strategy that works in 
a broader range of conditions.”

“We’re working on programs where 
the client might have inflatable weirs 
available to divert water under different 
conditions. We’re creating opportunities 
for infiltration in medium-sized storms 
and opportunities for storage in large-size 
storms,” said Shoemaker. “It’s a custom-
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ized approach for dealing with extremes 
of water.”

In January 2017, Tetra Tech won a 
Technology Merit award from CCBJ’s 
sister publication Environmental Business 
Journal for the stormwater capture project 
it designed for the city of Lakewood in 
Southern California. The project used 
smart systems to improve water quality 
and meet irrigation needs in the drought-
prone region. 

Stormwater runoff will be channeled 
through a pre-treatment system to remove 
trash, debris, and sediment, then will be 
conveyed to a storage and infiltration 
facility and used to meet 100% of the ir-
rigation needs for the city’s Bolivar Park. 

“Tetra Tech used real-time controls to 
improve the stormwater capture system’s 
capacity, including sensors in the under-
ground storage facility and the infiltration 
chamber,” according to EBJ. “The facility 
connects to National Weather Service 
data through a cloud-based system, and 
if rain is expected the system evaluates 
whether it has the capacity to avoid flood-
ing.” If storage capacity is lacking, other 
options are evaluated like reducing the 
diversion rate, increasing irrigation and 
discharging filtered stormwater back into 
the channel. 

“Building more advanced technology 
in water systems through the Internet of 
Things will increasingly become a part 
of how local governments manage their 
water,” said Shoemaker. “Many of our 
clients want tools such as dashboards that 
allow them to see operations and condi-
tions in real time. We’re actively applying 
new technologies and software to give our 
clients the visibility they need for effective 
decision-making.” R

GE: Water Stress and Energy 
Recovery Drive Innovation in 
Wastewater Treatment

According to Paul Schuler, GE 
Water & Process Technology’s 
North America region executive 

for engineered systems, reuse and energy 
recovery are rapidly growing in impor-
tance for GE’s industrial and municipal 
wastewater treatment customers. 

Schuler says water treatment in 
North America generally is evolving 
from a “treat, use, discharge” model to a 
“treat, use, use, use and discharge only a 
small fraction” approach. In saying this, 
he echoes GE Water’s “Used to Use-
ful” theme, championed on a website of 
that name that highlights opportunities 
for water reuse and energy recovery. (At 
CCBJ’s deadline, GE Water was in the 
process of being sold to Suez for $3.4 
billion.)

On the waste-to-energy front, Schuler 
highlighted the emergence of a new 
class of firms and entrepreneurial water 
resource recovery facility (WRRF) opera-
tors that are earning revenues both for 
accepting food waste and for outputs such 
as biogas and compost. Most potent for 
gas production are fats, oils and greases 
(FOG). “They’re like high test for a di-
gester,” said Schuler.

Producers of food waste like supermar-
kets and restaurants are under regulatory 
pressure in California, several northeast-
ern states, Ontario, Quebec and the City 
of New York to divert their waste from 
landfills. “If you think about your local 
Walmart or other large retailer, every time 
a truck brings new vegetables, fruits and 
other perishables to the store, it leaves 
that store with the old vegetables, fruits 
and perishables,” said Schuler. 

“They’re trying to figure out ways not 
to put those rotting vegetables and expired 
yogurt packages into a landfill. To meet 
that need, we’re seeing merchant facilities 

pop up around the country that are taking 
that food waste into an anaerobic digester 
and creating biogas then using the residu-
als to make compost.”

Merchant operators like American 
Organic Energy are filling a gap in the re-
source recovery cycle between waste haul-
ers and WRRF operators, according to 
Schuler. “Waste haulers don’t know about 
treatment, and the treatment guys don’t 
know about waste hauling. Private devel-
opers see this need in the marketplace and 
the math works out well for them from an 
economic standpoint. They’re getting paid 
a certain amount in tipping fees to accept 
the food waste, and they’re using that 
waste to create more energy and fertilizer. 
It’s a beautiful model.”

“Water treatment in North 
America is evolving from 
a ‘treat, use, discharge’ 
model to a ‘treat, use, use, 
use and discharge only a 
small fraction’ approach.”                        
-Paul Schuler, GE

Publicly owned utilities and large 
private waste haulers are also looking 
for niches in the emerging food waste to 
energy system. “We’re seeing companies 
like DTE trying to get into this. They run 
landfills, they understand landfill gas and 
waste hauling. There are also other power 
companies that are entrepreneurial that 
are trying to get into this space. Waste 
Management and Republic are trying to 
figure out how to get into liquid waste 
treatment processing, and they’re looking 
to us to help them do so.” 

“We’re working on at least a dozen 
projects around the country that will take 
source-separated organics and create gas 
and compost,” said Schuler. Approxi-
mately a third of the opportunities are 
with entities that already own digesters 
but the majority of opportunities are with 
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new digester construction, according to 
Schuler.

As discussed further in the story on 
page 16 in this edition, Schuler observes 
that few large engineering companies 
are participating in this market. “Most 
of them don’t see this as a huge opportu-
nity because the projects take so long to 
develop,” said Schuler. “A few of the large 
companies have dabbled in it, but most 
of our projects are supported by small 
regional engineering firms.”

GE recently enhanced its offering for 
wastewater treatment operators interested 
in energy recovery with its purchase of 
UK anaerobic digester technology firm 
Monsal. “GE Water made the Monsal 
purchase to enable us to have the whole 
treatment stream for anaerobic digestion 
from biological pretreatment,  advanced 
digestion and biogas management,” said 
Schuler.

Advancing technology for industrial 
reuse

Ge also recently added ZeeLung tech-
nology to its existing suite of membrane 
bioreactors and reverse osmosis products. 
“ZeeLung functions almost like a human 
lung using bacteria grown on a membrane 
fiber that looks like a hollow piece of 
spaghetti,” said Schuler. “It’s between four 
and six times as energy efficient than the 
typical way we bubble oxygen into water 
for treatment.”

Cutting energy usage in WRRFs is 
a major concern, and Schuler pointed 
out that reuse can ease energy consump-
tion—in addition to diversifying supplies. 
“We use so much energy just to transfer 
water from places that have it to places 
that don’t,” he said. “If we reuse more 
wastewater in the places where people 
and industry are, we can eliminate that 
energy-intensive transfer.”

Reuse also reduces raw water diver-
sions from rivers, lakes and groundwater 
and cuts down on or even eliminates 

discharges to those water bodies. Those 
kinds of environmental benefits are 
spurring interest in reuse in regions that 
aren’t particularly water stressed, accord-
ing to Schuler. “In Portland, Oregon, for 
example, there’s plenty of water, yet there 
are several municipal and industrial reuse 
projects under development.” 

“We’re seeing merchant 
facilities pop up around the 
country to take food waste 
into an anaerobic digester and 
create biogas then use the 
residuals to make compost.” 
-Paul Schuler, GE

“They’re interested in doing the right 
thing, avoiding some energy costs, reduc-
ing the water they take from natural 
resources and also preventing discharges.” 
For large private companies, it doesn’t 
hurt their corporate reputations to high-
light reuse investments in their annual 
reports on water efficiency to CDP and 
other sustainabilitiy reporting entities. 
“Reporting sustainability metrics, as GE 
has done for many years, continues to be a 
trend as we become more sensitive to how 
we use the earth’s scarce resources,” said 
Schuler.

In terms of private clients, GE has 
done water reuse projects for upstream oil 
and gas operations that use steam-assisted 
gravity drainage to liberate bitumen from 
oilsands. “But there hasn’t been a lot 
of activity in that sector for the last 18 
months because of the low prices of oil,” 
said Schuler. 

Refineries, on the other hand, are a 
stronger market, one where GE earned 
accolades for North West Redwater’s New 
Sturgeon refinery, which will use GE sys-
tems to increase water recycling and retain 
and reuse more water onsite. “Several 
refineries around the U.S. are now looking 

at ways to reuse wastewater,” especially in 
water-stressed areas, according to Schuler.

Electric power has long been a strong 
sector for GE’s water treatment business, 
and Schuler says new growth is coming 
from tighter effluent standards for both 
boiler feed water and the wastewater pro-
duced by air pollution control systems on 
coal plants. “We have advanced biological 
metals removal technology for treating 
selenium in wastewater discharges from 
coal-fired power plants,” he said, add-
ing that the ELGs are currently being 
reviewed under the Trump administration.

“The effects of heavy metals upon 
fish and biota in receiving streams is a 
known impact that has to be dealt with,” 
said Schuler. “Even if the administra-
tion changes or modifies these effluent 
guidelines, I can’t see states stepping back 
significantly from protecting fish and 
the environment. At the end of the day, 
states have primacy and enforce effluent 
guidelines and issue discharge permits in 
the majority of locations.”

In what GE calls the Facilities Man-
agement segment, Schuler reports that 
retail businesses and large residential 
property owners are increasingly inter-
ested in reusing water onsite. “In super-
markets, we’re working on some projects 
and getting inquiries about using small 
RO systems to treat and reuse the water 
sprayed on vegetables,” he said. “Condo 
developers and designers that want a 
strong LEED certification are getting 
good press from doing onsite reuse of 
graywater, usually with a membrane biore-
actor system, for irrigation or discharge to 
receiving waters.” R
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Adaptation Growing for 
CH2M’s U.S. Water and 
Wastewater Business
In U.S. alone, more than 30 staff work 
on climate issues for water/wastewater 
clients

In the last 10 years, CH2M has seen 
demand for climate change risk 
analyses and resilience/adaptation 

planning grow dramatically in its water 
and wastewater business. In terms of 
personnel, the business has grown from 
a niche practice that engaged about five 
people to a core competency with 30 to 50 
stormwater and water resource engineers 
assessing climate risks and vulnerabilities 
and integrating climate projections into 
design standards and master plans for wa-
ter and wastewater utilities, according to 
Vice President for Water Resources and 
Engineering Laurens van der Tak.

“And that’s in the U.S. alone,” said 
van der Tak. “We have a broader group 
internationally.”

As demand for such services has 
grown, so have the climate modeling 
capabilities available to CH2M and other 
consultants. “We’ve come a very long 
way in the tools we have available for 
estimating climate change in different 
geographies,” said van der Tak. CH2M 
has partnered with CLIMsystems since 
the late 1990s , using the New Zealand 
firm’s SimCLIM software to produce 
rainfall IDF (intensity-duration-frequen-
cy) curves and other downscaled climate 
projections for clients.

In 2013, CH2M and Hazen and Saw-
yer completed New York City’s Climate 
Risk Assessment and Adaptation Study 
for wastewater resiliency. The report iden-
tified and prioritized facilities at highest 
risk from among the city’s 96 pumping 
stations and 14 wastewater treatment 
plants and recommended design standards 
and protective measures for each facility, 
according to NYC Department of Envi-

ronmental Protection. The combined fee 
for that project was $3 million, according 
to van der Tak.

CH2M is currently engaged in several 
large multi-year projects that incorporate 
climate change into wastewater system 
master plans and upgrades. In Florida, 
the firm is managing the approximately 
$5 billion capital program to redesign 
Miami-Dade’s sewerage and wastewater 
treatment system.

While the main driver for the project is 
compliance with Florida’s Ocean Outfall 
legislation—requiring all local govern-
ments in South Florida to eliminate ocean 
outfalls of treated sewage by 2025—
Miami-Dade’s extreme vulnerability to 
sea level rise (SLR) and storm surges has 
led the Water and Sewer Department to 
ask CH2M to design the improvements 
for future climate conditions. Van der Tak 
said the climate resilience elements of 
the project alone account for fees of up to 
$1.3 million over four years.

“My team’s job is to use the best 
available climate science to forecast what 
future flood risks will be based on sea level 
rise, coastal inundation and changes in 
rainfall intensity, duration and frequency,” 
said van der Tak. “That region faces a trio 
of threats that can occur independently or 
all at once.”

Building off the Southeast Florida 
Regional Climate Compact’s SLR pro-
jections, CH2M’s coastal engineers are 
doing surge modeling, while stormwater 
engineers “look at how coastal surge will 
propagate inland when coupled with ad-
ditional rainfall under different climate 
scenarios,” said van der Tak. 

Designing for Florida’s flooded 
future

The end product will be a set of recom-
mendations for the project’s design teams. 
“They can be as simple as relocating 
electrical motors that will be at increased 
risk of flooding to using various kinds 

of flood control technology to protect a 
vulnerable pump station.” Of the 1,069 
pump stations in Miami-Dade Water 
and Sewer District’s system, those getting 
the most attention are 252 identified as 
critical based on sewage flow, population 
served or importance to critical facilities 
like hospitals. 

“We’re making sure that whatever 
they plan, design and build will take into 
consideration climate change resilience,” 
said van der Tak, adding that CH2M’s 
contract for WASD includes developing 
design guidelines that will be applied to 
drinking water projects as well. 

Van der Tak reiterated that although 
climate change is a major factor in 
Miami-Dade’s project design, it wasn’t 
the key driver. “Like most local govern-
ments, Miami-Dade is simply including 
climate change as another factor in master 
planning.”

An exception to this general rule is the 
Climate Change Vulnerability Assess-
ment, Adaptation and Mitigation Plan 
that CH2M is developing for the Wash-
ington Suburban Sanitation Commission, 
which serves about 1.8 million people 
in Maryland’s Montgomery and Prince 
George counties near Washington, DC.

DC-area system faces different risks
“They want to look at their vulner-

abilities to the same changes in climate 
that Miami is looking at, although their 
system is quite different, with only about 
half of their infrastructure in areas influ-
enced by  storm surge and sea level rise,” 
said van der Tak. “The other half is above 
the fall line in the Piedmont part of the 
DC watershed, and it’s really only going 
to be impacted by changes in rainfall that 
increases flows coming down the Potomac 
and Patuxent River.” 

In the second year of an approximately 
five-year program, CH2M has completed 
coastal modeling to identify assets at 
risk. “This year we’re doing the riverine 
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modeling to see what changes in rainfall 
will impact their risks upstream,” said van 
der Tak. “We’re coming up with projec-
tions for rainfall and running hydrologic 
models. We’re also just now starting to 
pilot the process for doing an evalua-
tion of the costs and benefits based on 
increased risks and integrating that into 
their existing process for asset manage-
ment.” The WSSC project fee is budgeted 
at $300,000 per year for five years.

WSSC also has greenhouse gas 
(GHG) mitigation goals, for which 
CH2M is helping design a long-term 
plan that will likely include greater use of 
digester gas. “To their credit, they already 
invested heavily in wind energy to reduce 
their greenhouse gas footprint,” said van 
der Tak.

Market still largely coastal
Demand for climate change vulnerabil-

ity assessments is still concentrated on the 
coasts, with local governments in Florida 
showing a growing interest. “There seems 
to be a movement toward doing climate 
vulnerability projects in Florida because 
they’re realizing how vulnerable they are,” 
said Van der Tak. 

“Out west in California, where we’ve 
done quite a bit of work on water supply 
reliability, we’re seeing more interest in 
assessments for wastewater infrastruc-
ture,” said van der Tak. “San Francisco 
has done some initial high-level assess-
ments. Sonoma County has looked at this 
comprehensively in terms of stormwater 
and wastewater.”

“We’ve done work similar to what 
we’re doing for WSSC for the Los Ange-
les Bureau of Sanitation, which addressed 
wastewater and solid waste.” CH2M is 
also a subcontractor to Carollo Engineers 
for the One Water LA program (see story 
in this edition). However van der Tak 
clarifies that while OWLA is focused 
on supply diversification through greater 
reuse and better stormwater management, 
CH2M’s earlier work for LA Sanitation 

was focused on flood protection at waste-
water treatment facilities.

Away from the coasts, there are fewer 
climate change vulnerability assessments 
and planning programs—at least those 
that explicitly mention climate change. 
“There are a few projects that are in the 
middle of country where local leaders 
recognize that their rainfall intensity has 
already increased pretty dramatically,” he 
observed. “But for political reasons, most 
local governments want to stay below the 
radar and often the work is done by staff.”

An exception is Louisville, Kentucky, 
where CH2M recently completed a 20-
year Comprehensive Facility Plan for the 
Metropolitan Sewer District that identi-
fies climate change as the presumed cause 
of “the observed increased frequency of 
extreme storm events that [Louisville] has 
experienced,” according to the report. 

Louisville’s infra gap is emblematic
Louisville’s situation also underscores 

the enormous infrastructure gap and wa-
ter quality challenges facing many urban 
sewer and wastewater utilities. As noted 
in the consultants’ transmittal letter for 
the report (co-authored by HDR, Strand 
Associates and Jacobi Toombs & Lanz), 
Louisville deferred a range of capital 
investments for 10 to 15 years while it 
focused on controlling sewer overflows 
under a consent decree arising from Clean 
Water Action violations—all the while 
leaving rates “at or below industry aver-
age.”

“The result of this deferred invest-
ment over the past 10 to 15 years is that 
Louisville’s aging system of pipes, pumps, 
treatment plants, and flood gates are now 
in urgent need of rehabilitation if they 
are to continue reliably protecting public 
health and community safety. … Neglect-
ing this essential system is no longer an 
option—serious failures are occurring at 
an increasingly rapid pace [and] rainfall 
totals that once could be managed by the 
system now overwhelm it.”

Back-to-back storms in 2015 “flooded 
homes, [left] families without shelter … 
washed away [cars, made streets] impass-
able, [shut down] schools and businesses 
… [and threatened] public safety … in 
proportions not seen in decades.” 

“Miami-Dade faces a trio 
of threats that can occur 
independently or all at once. 
My team’s job is to use 
the best available climate 
science to forecast future 
flood risks based on sea 
level rise, coastal inundation 
and changes in rainfall.”                        
-Laurens van der Tak, CH2M

Those storms also galvanized pub-
lic and political support for the needed 
capital improvement program—although 
it remains to be seen whether elected 
officials will approve the rate increases 
needed to fund the $4.3 billion capital 
program for wastewater, stormwater and 
protection facilities that the consultants 
have recommended.

Green infra now routine
The Louisville program includes 

recommendations for green infrastruc-
ture—structures like rain gardens to 
manage stormwater onsite. Once a fringe 
idea, green infrastructure is now an ele-
ment in any self-respecting stormwater 
management capital plan. As Van der Tak 
observes, however, for communities facing 
increased intensity, duration and frequen-
cy of rainfall, a typical green infrastructure 
project may just mean staying even with—
rather than getting ahead of— stormwater 
challenges that will intensify with climate 
change.

“Green infrastructure typically man-
ages one inch of rainfall onsite. In some 
geographies, that one inch amounts to the 
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projected change in rainfall over the next 
couple of decades,” he said. 

Model Virginia project
For Alexandria Renew Enterprises 

(AlexRenew)—a large wastewater utility 
in Virginia which CH2M assisted in 
developing a new nutrient management 
facility—CH2M analyzed the likely 
change in 24-hour rainfall from a 10-year 
storm in 2050. “It was roughly one inch of 
increased rainfall. From that perspective, 
green infrastructure can help them absorb 
the additional rain they might expect. 
But the flip side of that is that there’s a 
danger that green infrastructure designed 
for today’s standards won’t be adequate 
for future rainfall.” (AlexRenew’s nutrient 
management factility won an Envision 
Platinum ranking from the Institute for 
Sustainable Infrastructure in 2016.)

A mechanism favored by some storm-
water management agencies to incentivize 
more development of green infrastructure 
is already proving to be undersized—eco-
nomically, not physically—for today’s 
stormwater needs, according to van der 
Tak. Stormwater credit programs unveiled 
with much hope and expectation over the 
last five years have resulted in little invest-
ment because the value of the credits—
based on stormwater rates—are too low to 
provide reasonable ROI to investors.

Stormwater credit programs 
languish

“Washington, D.C., for example, has 
a credit trading program where they’re 
looking for property owners to essentially 
over-provide stormwater retention,” in 
exchange for credit revenues to be paid 
by another property owner for whom 
it’s more difficult or expensive to retain 
stormwater onsite. “Their hope was that 
private investors would retrofit a church or 
a stadium, with the resulting credits going 
into a mitigation bank to be sold to others 
who would have a harder time doing it on 
their property.”

“There hasn’t been much of a market 
simply because the costs of stormwater 
fees just aren’t high enough yet,” said van 
der Tak, adding that his survey of other 
programs nationally shows similar lack of 
investor interest based on low stormwater 
rates. “Even Philadelphia which at the 
current time is the most generous, offering 
90% reduction in what your stormwater 
fees would be, isn’t getting much uptake.”

“We’ve done analyses for several com-
munities considering stormwater credit 
programs, and the payback that a property 
owner would receive from stormwater 
credits for putting in some green infra-
structure is not that attractive,” he said.

NY leads in community-wide            
resilience

One trend that van der Tak is enthusi-
astic about is the increasing integration of 
climate change vulnerability assessments 
and adaptation plans across infrastructure 
sectors. “For a long time, I was somewhat 
frustrated by the fact that these tended to 
be sector by sector. You’d see it for water/
wastewater, for an airport that’s right on 
the coast. But they would tend to be done 
in isolation from the rest of the commu-
nity,” he said.

“New York has led the way in develop-
ing community-based resilience strategies, 
especially their East Side Coastal Resil-
iency project that came out of the Resil-
ient by Design efforts,” said van der Tak. 
“Florida is also heading down this path, 
with a few local governments developing 
comprehensive climate vulnerability as-
sessments that are community-wide, look-
ing not just at water or wastewater but at 
all the interconnections between public 
infrastructure and economic value.”R

Managing Floods Inside the 
Fence
Tidegates to protect from storm surges 
create new upland flooding challenges 
for WRRFs

As discussed in CCBJ’s Q4 2016 
edition on transportation and ur-
ban planning, protecting coastal 

communities from higher storm surges 
can create new problems: flood defenses 
blocking cherished waterfront views 
and cutting neighborhoods in two. In 
Hoboken, NJ, citizen opposition to these 
types of structures in a preliminary flood 
protection plan led to a major redesign.

For gravity sewers and water resource 
recovery facilities (as the industry has 
taken to calling wastewater treatment 
plants), special planning and design work 
is often needed to manage impacts that 
will be created by coastal protections—
especially flooding inside the WRRF 
fence or anywhere in the sewerage system 
upstream of new defenses.

For separate and combined storm 
sewers, a common approach to manag-
ing SLR and storm surge is installing 
tide gates on outfalls. But when a coastal 
storm leads to the tide gates being closed, 
“you’re shutting off the stormwater flow 
through that system,” said Werner Muel-
ler, SVP for HDR. 

And since a coastal storm will usu-
ally come with rainfall—likely of greater 
intensity, thanks to climate change “you 
have to assess how much stormwater 
you’re going to accumulate on the interior 
[of the tide gates and other coastal de-
fenses] to make sure you’re not causing a 
new flooding problem from stormwater,” 
said Mueller.

HDR is on a team of sub-consultants 
working with AECOM on a $150 million 
Rebuild By Design project for the Mead-
owlands in New Jersey. A low-lying area 
along the Hackensack River, the region 
includes densely populated communities, 
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a great deal of critical infrastructure—in-
cluding one WRRF—and recreational 
and open space areas that are the rem-
nants of what was once a vast marshland. 

During Superstorm Sandy, the Mead-
owlands’ “hodge-podge of tidal gates, 
ditches and berms” built as long ago as the 
1930s, according NJ.com, were over-
topped. An extensive stakeholder pro-
cess and planning exercise led by MIT’s 
Center for Advanced Urbanism, ZUS, 
Urbanisten, Deltares and Volker Infra 
Design resulted in the winning RBD 
proposal, which contains a range of ideas 
centered around a flood protection berm 
to protect most developed areas.

Special planning and design 
work is often needed to 
manage flooding inside the 
WRRF fence or anywhere in 
the sewerage system upstream 
of new defences.

“We’re currently engaged in a feasibil-
ity study to look at a number of alterna-
tives to relieve flooding in the area,” said 
Mueller. “In addition to a system of levees 
and floodwalls, the team is looking at 
another  alternative that is predominantly 
made up of stormwater drainage improve-
ments in this area, which has virtually no 
gradient. High intensity rainfalls create 
real flooding problems for these com-
munities and the drainage alternatives 
we are examining could include capacity 
improvements such as new pump stations 
and pump station upgrades to keep the 
water moving.”

Mueller reports that his firm uses 
the Infoworks SD hydraulic modeling 
software by Innovyze for such stormwa-
ter analyses. “You can model subsurface 
and surface water at the same time,” said 
Mueller.

Across the Hudson River, Hazen and 
Sawyer is tasked with simulating what 

will happen with sewers and drainage in 
the vast area of Manhattan that will be 
protected from ocean storm surges by the 
East Side Coastal Resilience Project (also 
known as  the “Big U”). “We’re trying to 
plan for and simulate what would hap-
pen to the existing storm and combined 
sewers that are in Manhattan when the 
surge comes and the outfalls are closed 
due to the storm surge,” said VP Sandeep 
Mehrotra. “By putting in a flood barrier, 
we can keep the surge away but any of the 
rainwater or other drainage that is on the 
interior will have to be handled with addi-
tional strategies and infrastructure.”

Among the options Hazen and Sawyer 
is evaluating are storage and pumping 
facilities. “In other boroughs, New York 
City, has used storage tanks to reduce 
the amount of CSO discharging into the 
open waters. But those are store-and-
pump-back facilities. After the storm, the 
sewage is pumped back to the treatment 
plant.”

“We’re looking at a combined stor-
age and pumping facility, optimizing the 
volume of the tanks with the amount of 
pumping that will be needed to ensure we 
can handle the peaks without oversizing 
the tanks or pump station,” said Mehrotra.

Green infrastructure like rain gardens, 
bioswales and pervious paving could play 
a modest role in managing floods, but the 
heavy lifting will need to be done by more 
robust infrastructure. “For the regular 
day-to-day storms, green infrastructure 
works very well at reducing the amount of 
inflows into a sewer system and reducing 
some of the CSO and stormwater dis-
charge,” Mehrota said. “However, for high 
intensity and longer duration storms, the 
traditional green infrastructure efficacy is 
reduced. It has to be augmented by other 
innovative techniques where you have 
offline storage that can slowly bleed back 
into the sewerage system.” (For more on 
Hazen and Sawyer’s work with green in-
frastructure, see the profile in this issue.R

Carollo Engineers Builds 
GHG Mitigation, Adaptation 
into Growing Sewer and 
Wastewater Business

With just under 1,000 employ-
ees and $306 million in 2016 
revenues, Carollo Engineers 

is a mid-sized firm that came in 65th 
in ENR’s 2016 ranking of design and 
engineering firms. But by remaining loyal 
to its core water and wastewater utility 
clients after the 2008 financial crisis, Car-
ollo has been rewarded with a strengthen-
ing position in that market, according to 
National Marketing Manager Paul Flick.

“When the economy turned south 
and housing development crashed, a lot 
of our competitors got out of water and 
wastewater,” said Flick. “We didn’t have a 
lot of other places to go, since water and 
wastewater is all we do.”

“Once people started building houses 
again and cities resumed their growth, we 
were viewed by our public agency clients 
as the firm that stuck with them and that 
had the capacity to assist with master 
planning and capital projects,” said Flick. 
“Today we’re seeing companies 20 to 30 
times our size looking to team with us 
on some water and wastewater projects.” 
ENR ranked Carollo as #12 in water and 
#11 in sewer and waste for 2016.

As described in the Q&A on page 
13, Carollo leads the cutting-edge One 
Water LA project that aims to dramati-
cally increase reuse and improve ground-
water management to get LA to its goal 
of sourcing 50% of water locally by 2035. 
Carollo has also taken on a number of cli-
mate change projects for sewer and waste 
clients—both in greenhouse gas (GHG) 
mitigation and in climate change adapta-
tion and resilience.

“On the mitigation side, we support 
clients in their mandatory reporting of 
GHGs to be in compliance with state 
regulations—as in California—or EPA’s 
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reporting requirements,” said Sarah 
Deslauriers, climate change lead for 
Carollo. 

GHG management contracts range 
from $5,000 to $10,000 at the low end 
to $100,000 depending on the scope. 
“Simple reporting of stationary combus-
tion sources you can do pretty quickly, but 
a full inventory going beyond stationary 
combustion sources to look at all potential 
sources, including scopes 1, 2 and 3, is 
more extensive.” 

The end product provides the waste-
water agency with information it can use 
to guide strategies to reduce or elimi-
nate GHGs going forward, according to 
Deslauriers. “We usually highlight where 
their biggest opportunities for GHG and 
cost savings are across different emission 
source categories, presenting the informa-
tion in ways that they can easily incorpo-
rate into their financial models and rate 
studies. For example, replacing or reducing 
chemical use, reducing demand or find-
ing a lower-carbon source of purchased 
electricity, or increasing biogas production 
can have positive impacts with respect to 
GHG emissions as well as generating cost 
savings.”

Where clients are particularly climate-
savvy, Deslauriers and her colleagues will 
provide future scenarios that take into 
account potentially more stringent federal, 
state or local GHG reduction policies. 
“We usually look about 20 years out and 
we want to think about their community’s 
growth, existing asset conditions, and 
what the future regulations and climate 
change goals might be. We’ll evaluate 
alternatives to minimize their emissions 
while satisfying their treatment and op-
erational goals.”

A water resource recovery facility 
(WRRF) in Colorado recently got this 
full treatment, according to Deslauriers. 
“We looked at all their greenhouse gas 
sources, their chemical use, potential areas 
for improvement of their energy efficiency, 

any places that we could see opportuni-
ties for reducing their emissions. We built 
that model and handed it over to them in 
March 2017, and they’re already running 
scenarios to see how it performs and what 
they can glean from it.”

As discussed in the Competition for 
Food Waste Heats Up story, Deslauriers 
told CCBJ that California regulators are 
considering allocating some cap-and-
trade revenues to support food waste to 
energy projects at WRRFs. “We’re trying 
to inform the Air Resources Board, 
CalRecycle, and the Energy Commission 
about how much money is needed per 
project on average,” she said, adding that 
her firm is supporting this work on behalf 
of its client the California Association of 
Sanitation Agencies.

Adaptation: part of master plans
On the adaptation side, Deslauriers 

reports that climate risk vulnerability 
assessments and consideration of resilient 
designs is almost always done in the con-
text of master planning for WRRF clients. 

For coastal WRRFs, sea level rise is 
always a prime consideration. For inland 
systems, “changing precipitation patterns 
are directly relevant to collection systems, 
whether stormwater or CSOs.” And as 
she notes, the WRRFs themselves are 
usually sited at low elevations to make the 
most use of gravity in sewer systems, and 
hence are vulnerable to flooding. 

A risk that isn’t always obvious is an 
increase in infiltration and inflow (I&I) 
associated with changing intensity, dura-
tion and frequency (IDF) of rainfall. 
“From larger storms, we’ll have more run-
off, but also more water percolating into 
the ground, and that can infiltrate easily 
into the older pipelines. We’re already 
seeing big peaking factors of flow coming 
into wastewater treatment plants.”

Climate risk analyses start with assess-
ing “what is the potential inundation that 
these assets will experience, both from sea 

level rise, increasing high tides and the 
increased frequency of intense storms—
which we’re already seeing and which are 
causing us to change what we call the 
‘design storm.’”

“We look at potential conditions over 
the next 20 to 50 years and evaluate the 
adaptation measures the client can take 
and what critical assets may need to be 
hardened,” said Deslauriers. 

At the actual plant sites, adaptation can 
mean elevating critical equipment, erect-
ing half-wall barriers, installing submarine 
doors, or simply having an optimal plan 
for deploying sandbags. “Some areas aren’t 
facing the extreme risks that others are,” 
she said. 

Keep it here or move it?
“On the other hand, there are some 

extreme cases, especially in coastal loca-
tions where the facility is near sea level, 
where you have to consider at what point 
it makes sense to move the whole plant,” 
said Deslauriers, adding that the age and 
condition of the facility is a critical factor 
in that decision.

For New York City, Carollo and several 
other firms reviewed Hazen & Sawyer’s 
recommendations for the Rockaway 
Wastewater Treatment Plant to increase 
resiliency in response to the heavy damage 
sustained during Superstorm Sandy with 
an eye toward value engineering. Carollo’s 
role was to review the recommenda-
tions from a sustainability and climate 
change resiliency perspective, according to 
Deslauriers.

Hazen’s alternatives ranged from re-
taining the vulnerable WRRF to building 
a tunnel “so they’ll have an alternative way 
to send flow to another treatment plant if 
that’s needed,” according to Deslauriers.

Closing the loop?
When asked whether public clients are 

adopting such radical resource recovery 
projects as the closed-loop vacuum sewer 
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system at a model community of 600 
homes in Hamburg, Germany, Deslauri-
ers said that she sees some building-level 
projects of that nature. 

“Things like composting toilets, 
onsite treatment of gray and black water, 
rainwater harvesting, even creating biogas 
onsite from sewage are being tried,” she 
said, noting that the San Francisco Public 
Utilities Commission’s headquarters treats 
gray and black water onsite. 

“This kind of industrial ecology is 
something that I’m expecting to see more 
of, where one group’s waste is another’s 
feedstock or energy source,” said Deslauri-
ers. “When we look at community-level 
systems, the wastewater treatment plant 
can be the heart of that.”

“All the influent that comes in can be 
reused in one way, shape or form, closing 
the loop of waste and energy,” she said. 
“We are talking with more and more 
wastewater agencies about how they can 
reuse all their materials, how to get over 
the hurdles of regulation and meet the 
standards for things like recycled water 
and the quality of biosolids.”

In California, stringent local air 
quality regulations can get in the way of 
wastewater projects that would reduce 
GHGs. “The state is recognizing that we 
have some local air objectives that are in 
conflict with our global air objectives,” 
said Deslauriers, adding that on behalf of 
the California Association of Sanitation 
Agencies, she was engaged in talks with 
state agencies and local air districts on this 
topic. 

“The wastewater treatment sector is 
saying, ‘we are open to recycling organic 
waste that now goes into landfills, we can 
produce biogas that offsets fossil fuels, we 
can produce soil amendment that offsets 
synthetic fertilizers, in addition to treat-
ing and producing recycled water,” said 
Deslauriers. “In California, these goals are 
being challenged by highly restrictive air 
limits.” R

GZA Leverages Flood, 
Seismic Hazards Expertise in 
Resilience Practice

GZA GeoEnvironmental (GZA) 
is an engineering and applied 
science consulting firm practic-

ing in five core service areas: Water, Geo-
technical, Environmental, Ecology and 
Construction Management.   The firm’s 
water practice is growing, representing 
about 10% of its 2016 $135 million gross 
revenues. The practice group includes 
about  70 staff, according to Dan Staple-
ton, senior principal and Water Group 
Leader. 

Wastewater treatment is one of several 
critical infrastructure sectors in which 
GZA provides expertise, including flood 
vulnerability analysis, risk assessment and 
resilience design. “I think our particular 
niche is to come in with a high level of 
technical expertise while many firms are 
coming from a planning background or 
from a traditional wastewater treatment 
plant background,” said Stapleton.  For 
example, GZA now applies methods 
and technologies developed for its power 
generation and transmission practice to 
wastewater plants and other sectors. 

According to Stapleton and colleague 
Wayne Cobleigh, VP, Client Services, 
GZA began providing specialized engi-
neering services (including geotechnical 
and civil engineering and geoenvironmen-
tal services) to the nuclear power industry 
in the early 2000s to support design and 
construction of Independent Spent Fuel 
Storage Installations as well as to address 
environmental releases at nuclear power 
plants around the U.S. 

“The power plants operators and their 
AEC contractors were focused primarily 
on operational and security design and 
preparation of plant modification pack-
ages, and looked to specialty consultants 
like GZA for civil and geotechnical engi-
neering and geoenvironmental expertise,” 

said Cobleigh. “GZA became one of these 
specialized engineering firms with the 
necessary experience and expertise.”

When the Fukushima disaster hit, 
a program was initiated within the 
United States to re-evaluate the external 
flood and seismic risk at all U.S. nuclear 
power plants. “The program, initiated by 
Congress, allowed plants with operat-
ing licenses no more than four years to 
complete the evaluations,” said Cobleigh. 
“GZA was one of the few engineering 
firms working at nuclear power plants 
with the experience and expertise to 
perform these studies.” The firm per-
formed re-evaluations for about 35% of 
the U.S. nuclear power fleet including 
plants vulnerable to coastal, river and 
intense precipitation flood risk, according 
to Cobleigh.

GZA’s analyses were “highly quantita-
tive, including both statistical analysis and 
numerical modeling,” added Stapleton. 
“Overall, the industry spent over $600 
million in studies and over $6 billion 
in safety improvements. These projects 
allowed GZA to further develop a skill 
set that we’ve since applied to other types 
of critical infrastructure vulnerable to 
extreme weather and climate change. … 
Increasingly we’re being brought in just 
for this specialized risk analysis service.” 

Design of resilient WRRFs 
“Our wastewater work has come 

directly from municipal clients for whom 
we’ve been doing municipal resiliency 
planning,” said Stapleton. “As part of 
GZA’s resilience plans, we assess a mu-
nicipality’s key assets including essential 
and lifeline facilities, such as wastewater 
treatment plants. Potential losses associ-
ated with flooding and climate change are 
evaluated in terms of the costs associated 
with loss of service, environmental releases 
and loss of fees,” said Stapleton. 

Stapleton and his colleagues find a 
wide range of flood protection at exist-
ing facilities. “Some have no level of flood 
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protection while others were designed 
with some degree of flood protection, such 
as an earthen berm.  However, even those 
facilities with some level of flood protec-
tion are challenged by climate change 
effects such as sea level rise, and are now 
inadequate relative to the current flood 
risk,” said Stapleton. “Both riverine and 
coastal locations are subject to climate 
change flooding impacts, the former more 
precipitation related and the latter more 
related to sea level rise.”

“A plant that GZA is currently work-
ing on, located in coastal Connecticut, 
was originally constructed with an earth 
berm that now has to be raised to protect 
against predicted flooding associated with 
the 100- and 500- year return period 
floods.  “Given the both the cost and 
construction challenges of these improve-
ments, the improvements are designed 
to address the expected future flood risk 
and range of possible sea level rise,” said 
Stapleton. 

Evolving standards
According to Stapleton, the obvi-

ous vulnerability of WRRFs has led to 
changes in industry design guidance and 
building codes. “In the last couple years, 
there have been significant upgrades 
that reflect what level of risk a municipal 
wastewater treatment plant should be 
protected against,” said Stapleton. 

For example in New England, in ad-
dition to state building codes, WRRFs 
fall under the regulatory guidance of the 
New England Interstate Water Pollu-
tion Control Commission (NEIWPCC). 
“Their long-standing guidance document 
for wastewater treatment went through 
some significant revisions specifically re-
lated to resiliency in 2016,” said Stapleton. 
“They also provide some supplemental 
design guidance and resilience strategies.  
There are also EPA guidance documents 
and tools that are specifically related to 
improving resilience for water and waste-
water infrastructure.”

“There’s a clear recognition of the issue 
and regulatory guidance that provides 
direction as to what is an appropriate level 
of protection,” said Stapleton. 

What’s missing is funding. Unlike the 
nuclear power sector which could ulti-
mately incorporate the roughly $6 billion 
in post-Fukushima safety improvements 
in electricity rates, “municipal wastewater 
treatment plant operators rely on State 
Revolving Loan Funds and municipal 
bonding as their primary  funding mecha-
nisms,” said Stapleton.

While Sandy ushered in a wave of 
federal funding to the Northeast U.S., 
future funding continues to be tied to di-
saster declarations, commented Stapleton. 
“When you have a major event like Sandy, 
which led to between $60 billion and 
$70 billion being disbursed or Katrina at 
around $40 billion, you can fund resiliency 
upgrades to critical infrastructure like 
wastewater treatment plants.” 

Without such disaster-response fund-
ing, local governments who know their 
WRRFs are vulnerable to the next Sandy 
have some niche grant opportunities but 
must rely mostly on their bonding author-
ity and—in Connecticut and other states 
where these are available—state revolving 
loan funds.

“Given the  2% increase in federal 
funding proposed by the Trump Admin-
istration for the Clean Water Act State 
Revolving Loan Programs—or $3.2 bil-
lion annually per ACEC—we expect that 
more municipalities will be able to address 
wastewater treatment plant infrastructure 
investments as the risks from climate 
change become evident,” said Stapleton.

“President Trump ran on a platform of 
significant infrastructure spending, and in 
particular public-private financing.  Our 
hope is that resiliency will continue to be 
a requirement for financing.  Otherwise 
the proposed infrastructure investment 
would be a tremendous opportunity lost,” 
said Stapleton.

“Politics aside, there’s no getting 
around the physical risks faced by waste-
water treatment systems and other critical 
infrastructure,” said Stapleton. “We will be 
unable to ignore it.  Right now we are in a 
reactive mode relative to how our national 
disaster relief funding is structured. Also, 
the National Flood Insurance Program 
costs are generally unsustainable under 
our current system.”

Financing resilience; the big       
challenge

Like some other consulting and engi-
neering firms, GZA has been investigat-
ing and highlighting new investment and 
financing models for resilient infrastruc-
ture. The firm sponsored the New Eng-
land Environmental Business Council’s 
November 2016 workshop, Financing 
Resilience: the Big Challenge, followed by 
posting a video and report on that same 
theme. 

Stapleton and Cobleigh readily 
acknowledge that the approaches being 
discussed—public-private partnerships; 
catastrophe bonds and other insurance 
linked securities; tapping institutional and 
impact investors; etc.—have not solved 
the fundamental challenge in providing 
ROI to investors based on a theoretical 
reduction of future risks.

Stapleton noted that catastrophe 
bonds—securities that transfer a set of 
closely defined risks from a sponsor to 
investors for three to five years—have “not 
paid out due to the low-probability, high-
consequence  event criteria.”  

“Resilience Bonds” an innovative 
concept developed by a Rockefeller 
Foundation research grant and proposed 
by Swiss Re, re:focus partners and others 
would provide rebates to bond sponsors to 
use to make their infrastructure projects 
more resilient; Stapleton and Cobleigh say 
testing these insurance-linked securities is 
a worthwhile endeavor, but they note that 
no projects have happened in the U.S. yet.
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“We need something that’s more like 
a combination of a municipal bond and a 
cat bond. We need the opportunity have a 
new source of funding other than just tax-
payer funds processed through the federal 
government,” said Stapleton.

In the meantime, bond ratings may be 
sweetening the resilience business case for 
some local governments. Cobleigh pointed 
out that some local governments like Nor-
folk, Virginia that demonstrate a commit-
ment to resilience are being rewarded with 
favorable municipal bond ratings despite the 
impacts of sea level rise and coastal flooding. 

Norfolk, Va., was also mentioned in a 
December 2016 report by the Obama Ad-
ministration. Citing Moody’s the report 
stated that Norfolk’s resilience efforts—
along with other factors—enabled it to 
retain an AA+ bond rating in fall 2015. 
“One of the factors cited is that the city 
was working with the Rockefeller’s 100 
Resilient Cities program,” said Cobleigh. 
“The fact that they know they’ve got a 
problem and are working on it was viewed 
favorably by the ratings agencies.” R

Water Firm Helps Coastal 
Cities Plan for Climate 
Change
Hazen and Sawyer takes on large 
projects from NY to Florida

Ranked by ENR at number 12 in 
sewer and wastewater for 2016, 
Hazen and Sawyer has devel-

oped a strong reputation for leveraging 
its technical expertise and design skills to 
perform climate risks analyses for water 
and wastewater industry groups like the 
Water Research Foundation, utilities and 
local governments.

The firm partnered with CH2M on 
New York City’s Climate Risk Assess-
ment and Adaptation Study for waste-
water resiliency. Completed in 2013, that 
report outlined $315 million in adaptive 
strategies—elevating or flood-proofing 
equipment and sealing buildings at pump-
ing stations, constructing barriers and 
installing more backup power at water 
resource recovery facilities—that would 
likely save the city $2.5 billion in cumula-
tive damages over the next 50 years. That 
report helped the city secure federal and 
state funding, according to VP Sandeep 
Mehrotra. 

“Subsequent to completing the [2013] 
study, we assisted New York City in secur-
ing some of the federal funding available 
for Sandy rebuilding and to address future 
climate change,” said Mehrotra. “The city 
is now in the process of implementing 
some of our highest priority recommen-
dations, and we are one of the five or six 
firms now designing specific pieces” of the 
climate resiliency capital program. (For all 
climate change work in New York City, 
consultants use the climate change projec-
tions developed by the New York City 
Panel on Climate Change.)

Additional climate resilience projects 
for sewerage and wastewater systems 
have followed in Westchester County, 
NY, Hampton Roads, Va., and Southeast 

Florida, according to Mehrotra. “We’re 
now doing a big planning exercise for 
Fort Lauderdale, which is a very exciting 
project for us. Not only does it involve 
climate science and projections, but we’re 
also looking at the surge and ‘King tides’ 
and their impacts on the wastewater 
treatment, conveyance and stormwater 
systems.” 

In New York City, Hazen and Saw-
yer is also tasked with simulating what 
will happen with sewers and drainage in 
the vast area of Manhattan that will be 
protected from ocean storm surges by the 
East Side Coastal Resilience Project (also 
known as  the “Big U”). “We’re trying to 
plan for and simulate what would hap-
pen to the existing storm and combined 
sewers that are in Manhattan when the 
surge comes and the outfalls are blocked,” 
said Mehrotra. (For more, see Manag-
ing Floods Inside the Fence story in this 
issue.)

Among the options Hazen and Sawyer 
is evaluating are storage and pumping 
facilities. “In other boroughs, New York 
City, has used storage tanks to reduce 
the amount of CSO discharging into the 
open waters. But those are store-and-
pump-back facilities. After the storm, the 
sewage is pumped back to the treatment 
plant.”

“We’re looking at a combined stor-
age and pumping facility, optimizing the 
volume of the tanks with the amount of 
pumping that will be needed to ensure we 
can handle the peaks without oversizing 
the tanks or pump station,” said Mehrotra.

Green infrastructure facilities like rain 
gardens, bioswales and pervious paving 
could play a modest role in managing 
floods, but the heavy lifting will have to 
be done by more robust infrastructure, 
according to Mehrotra. 

“For the regular day-to-day storms, 
green infrastructure works very well at 
reducing the amount of inflows into a 
sewer system and reducing some of the 
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CSO and stormwater discharge,” he said. 
“However, for high intensity and longer 
duration storms, the traditional green 
infrastructure efficacy is reduced. It has 
to be augmented by other innovative tech-
niques where you have offline storage that 
can slowly bleed back into the sewerage 
system.”

Mehrotra says his firm considers green 
infrastructure to be “an integral part of the 
toolbox now. We’re helping the City of 
Boston, state of Connecticut and clients 
in New York, Philadelphia and DC in 
various capacities with their programs,” he 
said. “In the last five to 10 years, a lot of 
communities have adopted this approach 
in their stormwater and CSO manage-
ment strategies.”

Climate change and urban growth are 
increasing stormwater and CSO manage-
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ment challenges, and Hazen and Sawyer 
is taking an in-depth look at what com-
munities around the country are planning 
to meet these challenges in a project for 
New York City’s Department of En-
vironmental Protection and the Water 
Research Foundation. 

“We are currently working on a survey 
of about 32 municipalities in the United 
States and Europe to gather information 
about some of their unique programs and 
strategies they’re using for MS4 compli-
ance and climate change,” said Mehrotra. 
“We’re putting this together to benefit 
NYC DEP, which is just embarking on 
an MS4 program, but WRF is a part-
ner and the two entities will coordinate 
publication to make the information 
available for the broader wastewater utility 
industry.”R


