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u Preface

About the Topic

Water and sanitation can underpin a healthy society when solutions are
effective in protecting public health and preserving environmental quality
while being affordable, socially acceptable, and sustainable. In the United
States, water and sanitation infrastructure evolved during the 20th century in
response to a growing recognition that providing safe drinking water and
adequate treatment of wastewaters were needed to protect public health and
preserve water quality. During this evolution, there was always a mix of
onsite systems serving individual homes and businesses in rural and peri-
urban areas, decentralized systems serving suburban residential and mixed-
use developments, and larger centralized systems serving densely popu-
lated urban areas. However, the relative proportion of the population and
development served by different types of infrastructure has varied and
evolved over time.

During much of the 20th century, some viewed onsite and decentralized
wastewater systems as a means of providing temporary service until sewers
and a centralized treatment plant became available to provide permanent
service. Early versions of onsite systems (e.g., pit privy and cesspool) were
often designed with simple and short-term goals of human waste disposal to
prevent human exposure to infectious waste materials and to achieve basic
public health and environmental protection. As water-using fixtures and
appliances became commonplace, system designs evolved to include raw
wastewater treatment through solids separation and anaerobic digestion in a
tank-based unit (e.g., a septic tank) followed by effluent disposal to the land
(e.g., a soil drainfield). Continuing to evolve, onsite and decentralized sys-
tems were increasingly designed and implemented to achieve wastewater
treatment as well as disposal and even considered for beneficial water reuse.
But many designers and regulatory officials continued to view onsite and
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decentralized systems as inherently deficient compared to centralized sys-
tems. As a result, during the latter half of the 20th century, there were major
Federal and State programs that provided funding for construction of waste-
water collection systems and centralized treatment plants. But the push to
expand service areas and increase the percentage of the population
connected to centralized wastewater systems eventually faded for a number
of reasons. The construction grants program that provided funding for cen-
tralization ended plus there was a growing realization that large centralized
systems were not appropriate for all rural and many suburban and peri-urban
areas and there were growing concerns about the sustainability of large
infrastructure. By the end of the 20th century, about 25 % of the US popula-
tion was served by onsite and decentralized wastewater systems and
approximately one-third of new development was being supported by such
systems. This amounted to roughly 25 million existing systems with about
200,000 new systems being installed each year.

Near the end of the 20th century and into the 21st century, a series of
activities and events in the United States helped catalyze a reevaluation of
how water and wastewater infrastructure could be made more sustainable.
There was growing interest in how onsite and decentralized systems could
help provide more sustainable infrastructure by:

¢ Reducing the use of drinking water to flush toilets and transport waste to
remote wastewater treatment plants.

¢ Preventing pollutant discharges from large centralized systems including
sanitary sewer overflows, combined sewer overflows, and leaking sewers.

e Recharging water near the point of water extraction and avoiding water
export and depletion of local water resources.

e Enabling recovery and reuse of wastewater resources including water,
organic matter, nutrients, and energy.

e Lowering consumption of energy and chemicals and reducing greenhouse
gas emissions.

¢ Providing infrastructure that is more robust and resilient to natural disas-
ters and climate change.

During this period, there was also a growing recognition that the capabil-
ities of 21st century onsite and decentralized systems should not be judged
based on the performance of older 20th century systems. The early versions
of onsite and decentralized systems (e.g., cesspools, seepage pits,
leachfields, and septic systems) were designed to be simple and cheap but
not to achieve long-term treatment or reuse goals. During the latter decades
of the 20th century, increased water use and wastewater generation and
more widespread use of disposal-based systems in a growing suburban
America led to hydraulic malfunctions, groundwater contamination, and sur-
face water quality deterioration. As a result, these older disposal-based
systems became known as “legacy systems.”
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Based on maijor research and development efforts over the past two
decades or more, 21st century onsite and decentralized systems (hereafter
referred to as decentralized systems) have evolved and modern systems can
include a growing array of approaches, devices, and technologies that can
achieve wastewater treatment and enable resource conservation and reuse.
Ultraefficient fixtures and source separation plumbing can minimize water
and energy demands, enable resource recovery and reuse, and reduce
wastewater flows and loadings. Wastewater treatment can be achieved
using engineered reactor-based unit operations (e.g., aerobic bioreactors,
porous media biofilters, and membrane bioreactors) or engineered natural
system unit operations (e.g., constructed wetlands, subsurface soil infiltra-
tion, and landscape dispersal). Nutrient reduction strategies and technolo-
gies can remove and, in some cases, recover nitrogen and phosphorus.
Reuse of reclaimed water can occur through garden and landscape irriga-
tion, toilet flushing, and other functions. Sensors and monitoring devices can
be used to verify performance and enable remote monitoring and process
control to correct a system malfunction.

Today, decentralized systems involving wastewater treatment and water
reclamation can be used to serve buildings and developments with design
flows of less than 100 to 100,000 gal/day or more. Common and emerging
applications within the United States and similar industrialized countries
include approaches, technologies, and systems that are deployed for one
or more of the following purposes:

e To provide effective wastewater treatment for homes and businesses in
rural and peri-urban areas and residential, commercial, and mixed-use
developments in suburban areas.

¢ To provide effective wastewater treatment for buildings and developments
while also producing reclaimed water for nonpotable reuse purposes such
as toilet flushing, cooling, or irrigation.

e To recover valuable wastewater resources including nutrients, organic
matter, and energy.

e To earn points for a green building or sustainability rating through the low
impact water and wastewater management options enabled by
decentralized systems.

e To provide appropriate treatment and recovery of stormwater runoff in
suburban and urbanized areas.

Decentralized systems are also critical to providing safe drinking water
and adequate sanitation in developing regions of the world. In developing
regions worldwide, concerns about sustainability of large water and waste-
water infrastructure are not yet paramount. Rather, concerns are still focused
on how best to provide solutions for safe drinking water and effective sani-
tation—solutions that are effective, affordable, and socially acceptable.
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For nearly a generation now, the virtues and varied benefits of
decentralized systems have been increasingly recognized and approaches,
technologies, and systems have been advocated as critical components for a
21st century water infrastructure in the United States and worldwide. Trans-
lating this recognition and advocacy into meaningful impacts requires a
portfolio of education and training activities that target different audiences
to achieve different outcomes.

About This Workbook

Decentralized Water Reclamation Engineering—A Curriculum Workbook
was developed to present technical information and materials concerning
the engineering of decentralized infrastructure for wastewater treatment and
water reclamation in a form suitable for classroom lectures or self-study. The
approaches, technologies, and systems are targeted for sustainable infra-
structure across the United States and similar industrialized nations, but they
are also applicable in developing regions around the world.

The intended audience for this Workbook includes educators and students
engaged in curriculum concerned with water and sanitation and the scientists
and engineers seeking to improve the state of the art and standard of
practice. This Workbook should also be highly informative for design pro-
fessionals, contractors, technology developers, regulators, policy makers,
and others involved in, or just interested in, the subject of sustainable infra-
structure for water and sanitation.

The subject of decentralized water reclamation engineering spans a
wealth of approaches, technologies, and systems too numerous to properly
cover in a single curriculum workbook. This Workbook was intentionally
crafted to provide in-depth information about a selected number of key
topics. The presentation is intentionally concise so the information can be
efficiently conveyed through course lectures or self-study. The intended
outcome is for the reader to increase their understanding and know-how
such that they are able to complete an engineering design of a decentralized
system for a particular project. Topics covered in this Workbook include:

¢ Introduction to decentralized infrastructure for wastewater treatment and
water reclamation and reuse (Chap. 1).

e Selection, design, and implementation of decentralized systems to satisfy
project goals and requirements including sustainability (Chap. 2).

e Characteristics of contemporary water use and wastewater generation
and methods to predict flow and composition data for use in design
(Chap. 3).


http://dx.doi.org/10.1007/978-3-319-40472-1_1
http://dx.doi.org/10.1007/978-3-319-40472-1_2
http://dx.doi.org/10.1007/978-3-319-40472-1_3
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e Water use efficiency and source separation as a means to reduce water
use, energy consumption, and greenhouse gas emissions and enhance
treatment and enable resource recovery (Chap. 4).

e Alternative methods of wastewater collection and conveyance that are
well suited to decentralized system applications (Chap. 5).

e Tank-based treatment operations including septic tanks, aerobic treat-
ment units, porous media biofilters, and membrane bioreactors that can
be used to produce primary to tertiary quality effluents (Chaps. 6-9).

¢ Wetland-based treatment operations including free water surface and
vegetated subsurface bed constructed wetlands that can be used to
produce advanced secondary quality effluents (Chap. 10).

¢ |and-based treatment operations involving subsurface soil infiltration that
can be used to treat wastewater and assimilate the reclaimed water into a
local hydrologic system (Chap. 11).

e |and-based treatment operations involving landscape drip dispersal that
can be used to treat wastewater and, in many cases, beneficially recover
the water and nutrients for their fertilizer value (Chap. 12).

e Approaches and technologies that can be used as needed to achieve
nutrient reduction (and resource recovery in some cases) and pathogen
destruction to enable a particular discharge or reuse plan (Chaps. 13
and 14).

¢ Management requirements and methods for process solids, sludges, and
residuals that are generated during decentralized wastewater treatment
and water reclamation (Chap. 15).

The Workbook contains 15 chapters, each of which comprises a summary
section and a conceptual and technical details section. The summary section
presents the scope and key concepts of the chapter topic and provides
definitions of terminology and acronyms abbreviations and symbols and a
list of references. There are also short-answer questions and calculation
problems relevant to the topic of the chapter. The conceptual and technical
details section is presented in a slide format that was developed for teaching
and then embellished and expanded to provide detailed coverage of a topic.
The slides section of each treatment technology chapter (Chaps. 6-14) is
divided into major parts that consist of a technology description, treatment
performance, principles and processes, design and implementation, sum-
mary, and example problems. The Workbook contains over 300 figures and
illustrations of technologies and systems and over 150 tables of design and
performance data. There are also more than 200 questions and problems
relevant to the topics covered including more than 50 example problems that
have solutions to illustrate decentralized system assessment and design.

The author developed and refined the contents of the Workbook over the
past decade to support delivery of a 15-week long course focused on
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engineering design for decentralized water reclamation and reuse. This
university level course was developed for education of upper level under-
graduate and graduate students at the Colorado School of Mines in Golden,
Colorado, in the United States. The contents of the Workbook have also
been used for delivery of seminars, guest lectures, and professional devel-
opment workshops.

Boulder, CO Robert L. Siegrist
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facility known as the Mines Park Test Site was established on the university
campus. Dr. Siegrist developed an undergraduate/graduate course covering
the principles and practices of decentralized water reclamation and reuse.



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

1.1

-
w N

1.4

1.5

1.6

1.7

1.8

1.9

1.10

List of Figures

Water and wastewater infrastructure are inextricably
linked by the actions of humans .........................
lllustration of the UN human development index......
Timeline attributes important to assessing the status
and future of water and wastewater infrastructure

in a particular situation ...
lllustration of classic centralized (a) and decentralized
infrastructure (b, €) ...
lllustration of water and wastewater in a low
HDIsetting .....oovvi e
Cover pages from two recent U.S. National Academy
publications ...
Home page of the WERF website for decentralized

SY S M
Home page of the DWRC website for onsite and
decentralized systems ...
Home page of the website for the NSF research
center for reinventing urban water infrastructure . . .. ..
The EPA decentralized memorandum

of understanding partnership papers were

released in 2012 ...

XXiii



XXiv

List of Figures

Fig. 1.11

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12

13

14

.15

.16

A7

.18

19

Examples of system components: (a) urine diverting

toilet, (b) septic tank and pump vault, (¢) small

diameter sewer, (d) primary settling and recirculation
fiberglass tanks, (e) aerobic treatment unit, (f)

recirculating textile media biofilters, (g) recirculating

foam filter in a shipping container, (h) membrane
bioreactor, (i) subsurface flow constructed wetland,

(j) chamber-equipped subsurface soil treatment unit,

(k) landscape drip dispersal unit, (I) denitrifying wood

chip biofilter, (m) ultraviolet light disinfection unit...... 30
lllustration of developments where decentralized
infrastructure has been deployed: (a) individual

home, (b) school, (¢) restaurant in rural areas, (d)
apartment building or (e) strip mall in suburban areas,

(f) homes and businesses in a small town or (g) high

rise office and condominium buildings inacity........ 31
lllustration of a city center area with nearby urbanizing

areas where decentralized infrastructure can be

deployed along with centralized infrastructure.......... 31
lllustration of example approaches and technologies

that can be used to configure a decentralized system

for a particular discharge or reuse goal ................. 32
Example of a system and illustration of key

components for use at single houses and

businesses where soil and site conditions

are suitable for soil-based treatment.................... 33
Example of a system and illustration of key

components for use where soil and site conditions

are suitable for soil-based treatment and water reuse

and nutrient recovery isdesired ......................... 33
Example of a system and illustration of key

components for use where advanced treatment

is needed to enable discharge to a local inland
streamorlake ... 34
Example of a system and illustration of key

components used to serve a development

or small town including wastewater collection

and conveyance to a local site for treatment

=g o I =TT 34
Example of a membrane bioreactor system serving

a high rise apartment building in a major urban area

to produce reclaimed water for nonpotable reuse and

help earn LEED certification......................... ... 35



List of Figures XXV

Fig. 1.20 Simulations with STUMOD revealing there is a 50 %
probability of 70 % nitrogen removal at 60-cm depth
in a subsurface soil treatment unit under the assumed
CoNditioNS . ... 35
Fig. 1.21 Simulations with the watershed model, WARMF,
revealing there would be an increase in nutrient
loading to the Blue River if onsite systems are
replaced by a centralized system ....................... 36

Fig. 2.1 Generalized sequence of strategies and unit

operations that could be used to configure one

or more viable decentralized systems .................. 62
Fig. 2.2 lllustration of a treatment train within a decentralized

SY S M 62
Fig. 2.3 Example of how footprint area and energy use

can differ between systems designed for discharge

VErsus Water reuse ...........ooiviiiiiiinieiiiaeeeenns 67
Fig. 2.4 Generalized decision support diagram to aid

configuring viable decentralized systems .............. 70
Fig. 2.5 Example system for a single source to provide

passive treatment and discharge with limited cost

and O&M NEEeds .......oovviiiiii i 70
Fig. 2.6 Example system for a single source and passive

treatment plus aesthetic benefits ........................ 71
Fig. 2.7 Example of two optional systems for a single source

where site conditions require secondary treatment

(aerobic unit or packaged biofilter) with discharge

toastream ... 71
Fig. 2.8 Example system for a single source where treatment

is needed to enable water and nutrient recovery

by turf irrigation ... 72
Fig. 2.9 Example system for a development where

nonpotable reuse is desired with a high capacity

treatment system that is not constrained by natural

site conditions ....... ... 72
Fig. 2.10 Illustrative schematic of source separation options

and associated treatment and reclamation

alternatives for projects serving homes or businesses 73

Fig. 2.11 lllustration of O&M requirements as a function

of system complexity and treatment efficiency

requirements of a particular project..................... 74
Fig. 2.12 lllustration of the interaction of project scale and

system complexity in determining the need for O&M
and monitoring to help assure inherent performance
capability isrealized ... 75



XXVi List of Figures
Fig. 2.13 Recommended management system based on

INCreasing riskS .......oovveriii i 80
Fig. 3.1 lllustration of indoor water use activities and events

leading to wastewater generation....................... 92
Fig. 3.2 lllustration of different types of residential buildings

andsituations ... 93
Fig. 3.3 lllustration of different types of nonresidential

buildings and situations ... 93
Fig. 3.4 Relationship of household indoor water use to family

size as measured inthe 1970s ..................oooeet 98
Fig. 3.5 Distribution of average indoor water use expressed

onapercapitabasis.............. 100
Fig. 3.6 Distribution of average indoor water use expressed

onapercapitabasis.................. 103
Fig. 3.7 Water use can occur as a batch event (e.g., toilet

flush, clotheswasher or dishwasher use) or due

to a flow rate over a period of usage (e.g., sink

orshower use) ... 104
Fig. 3.8 Relative contribution to total indoor water use due

to different activities based on an indoor water use

study of 1188 houses located in nine locations

across the United States ....................... L. 105
Fig. 3.9 Ratio of maximum rates to average rates as a function

of flow rate of interest ... 108
Fig. 3.10 lllustration of the daily wastewater flow rates from

three individual houses (/eft) versus the combined

flow from a cluster of ten houses (right) ................ 109
Fig. 3.11 Probability of occurrence of an average daily flow

from a development of houses declines as the

number of houses contributing increases.............. 110
Fig. 3.12 lllustration of how wastewater concentrations are on

average higher (e.g., compare medians) and can vary

more widely (compare slopes) for nonresidential

buildings compared to residential sources.............. 116
Fig. 3.13 Consumer product chemicals in wastewaters from

nonresidential compared to residential sources....... 117
Fig. 3.14 Generalized decision diagram for predicting flow

and composition characteristics ......................... 119
Fig. 3.15 Number of persons occupying individual dwelling

units in the United States based on census data....... 121
Fig. 3.16 Generalized decision diagram for predicting the

occurrence of trace organic compounds in
decentralized systems ...l 130



List of Figures XXVii

Fig. 4.1 Photograph of a dried up inland lake during a 1970s

drought ... 154
Fig. 4.2 Brochure for low flow toilet fixtures ..................... 154
Fig. 4.3 Examples of advanced minimum flow fixtures: (a)

vacuum flush toilet, (b) composting dry toilet, and

(c)waterless urinal ... 159
Fig. 4.4 Average indoor water use for an individual dwelling

unit in the United States during different periods with

different sets of fixtures and appliances................. 160
Fig. 4.5 Examples of consumer products and medicines that

can enter the wastewater stream....................... 161
Fig. 4.6 Example of a bag filter for a clothes washer

discharge ... 161
Fig. 4.7 lllustration of a waste segregation scheme proposed

N 1078 161
Fig. 4.8 Source separation to enable ecological sanitation

as proposed iINNOrWay ..........coovviiiiiiiiiiiineinans 165
Fig. 4.9 lllustration of modern approaches to source

separation and management ...l 166
Fig. 4.10 Example of source separation for blackwater and

graywater at a 33-unit apartment building in Oslo

NOIWaY. .. 166
Fig. 4.11 Example of urine diversion in a residential

development using urine diverting toilets with nutrient

recovery via agricultural fertilizer........................ 167
Fig. 4.12 Example mass balance schematics for application

before (left) or after (right) source separation .......... 173
Fig. 5.1 lllustration of several scenarios with different

wastewater conveyance options ........................ 194
Fig. 5.2 Cross-section of a typical gravity sewer................ 196
Fig. 5.3 Photographs of conventional sewer line installation... 196
Fig. 5.4 Cross-section of a STEG sewer............ccoovvve.... 199
Fig. 5.5 Photographs illustrating the installation of a septic

tank effluent pressure sewer (STEP) in a rural
development area. Installation is made using a
continuous trencher (/eft) and insulation can be added

for shallow burial in cold climates (top). ................ 199
Fig. 5.6 lllustration of the key components of a grinder pump

pressure sewer system (top) and a vacuum sewer

system (bottom) ... 200
Fig. 5.7 Examples of a small town (leff) and lower density rural

housing development (right) where there are larger lot
sizes and would be limited connections per mile
ofsewerline ... ... 201



XXViii List of Figures
Fig. 5.8 lllustration of topographic conditions and the

collection network outlet location as it relates

to the suitability of using a particular alternative

SEWEr SYSteM ... 202
Fig. 5.9 lllustration of a STEG system serving a development

of 26 apartment buildings (denoted by B1, B2, etc.)... 203
Fig. 5.10 lllustration of a STEP system serving a development

of 26 apartment buildings (denoted by B1, B2, etc.)... 203
Fig. 5.11 Topographic cross-section of the 11 segments within

a STEG system serving a development of

26 apartment buildings as shown in Fig. 5.9........... 204
Fig. 5.12 Example calculation of the number of EDUs

contributing to a sewer line segment where there are

upstream EDUs contributing plus EDUs from

buildings connected directly to the segment........... 206
Fig. 5.13 lllustration of how EDUs accumulate in a STEG

system serving a development of 26 apartment

buildings as shown in Fig. 5.9. ..................... ..., 206
Fig. 5.14 Qpp values versus cumulative EDUs. .................. 207
Fig. 5.15 lllustration of an EGL along 3 segments of a STEG

SYSteM . e 213
Fig. 5.16 lllustration of an EGL along 3 segments of a STEP

SY S M s 213
Fig. 5.17 lllustration of TDH components in a STEP system.... 214
Fig. 5.18 lllustration of TDH along 3 segments within a STEP

SYSteM . 215
Fig. 5.19 lllustration of the head—discharge curve for a %-hp

high head submersible pump such as used ina STEP

SYS M. 215
Fig. 5.20 lllustration of the onsite system components

ofaSTEG system ... 221
Fig. 5.21 lllustration of the onsite system components

of a STEP system (Orenco Systems®, Inc.)........... 222
Fig. 5.22 lllustration of an external pumping unit for a STEP

SYSteM . 222
Fig. 5.23 lllustration of an air release valve setup................ 223
Fig. 5.24 lllustration of cleanouts used in STEG systems at the

end of a terminal segment (/eff) and along a segment

(FGRL) .o e 223
Fig. 5.25 Photographs of effluent sewer main installation using

a continuous trencher (left) and directional drilling

(righty methods. ...t 225
Fig. 5.26 Photographs of a septic tank/pump vault installation

along a lakeshore development (leff) and a service



List of Figures XXiX

lateral run from a residence to the main sewer line

(FGhE). .o 226
Fig. 5.27 Photograph of insulated pipe used for shallow burial
of sewer pipeinacoldclimate........................... 226

Fig. 5SEP.1 Aerial photograph of the Mines Park housing
development located on the campus of the Colorado

School of Mines in Golden, Colorado USA.............. 228
Fig. 5EP.2 STEG collection system layout for the Mines Park

development. ... 229
Fig. 5SEP.3 STEG system layout for the Mines Park development

with Segment 1 highlighted. .......................... .. 230
Fig. 5SEP.4 STEP collection system layout for the Mines Park

development with Segment 1 highlighted. .............. 233
Fig. 6.1 Classification of preliminary and primary treatment

unitoperations ... 249
Fig. 6.2 Schematic cross-section of a typical Imhoff tank

used for advanced primary treatment of wastewater.. 249
Fig. 6.3 Schematic of a single compartment septic tank

as used in the United States during the 20th century. 250
Fig. 6.4 lllustration of a modern two-compartment septic tank

unit with effluent screen, pump and controls that was
developed in the United States during the later 20th

CENEUNY e 251
Fig. 6.5 Example of an upflow anaerobic sludge blanket

(UASB) reactor...........ovviiiiieii i 251
Fig. 6.6 lllustration of treatment efficiency achieved within

aseptictankunit........... 253
Fig. 6.7 Key features and processes involved in treatment

within a basic septic tank unit....................... 258
Fig. 6.8 lllustration of the supernatant flow zone

inaseptictank...........ccooiiiii i 259
Fig. 6.9 lllustration of how a septic tank can produce an

effluent with more uniform flow and homogeneous
composition compared to the individual water-using

activitiesand events ... 259
Fig. 6.10 lllustration of how HRT and SRT interact during

normal operation of a septictank....................... 263
Fig. 6.11 Simplified mass balance on solids within a typical

septictank ... 264
Fig. 6.12 Septage generation rates for septic tanks serving

households in the United States ........................ 264
Fig. 6.13 Installation of two 2000 gal pre-cast concrete tanks

in series to serve an apartment building: (a) is a view
west during installation and (b) is a view east after
installation ......... ... 272



XXX

List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

6.14

6.15

6.16

6.17

6.18

6EP.1

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.10

7.11

Photographs of a large installation of 20,000 gal

fiberglass septic tanks to serve a national park

visitor’'s center ... ... 273
lllustration of a septic tank effluent screening unit

being lifted out of the effluent baffle tee to permit

inspection and cleaningifneeded ....................... 274
lllustration of a pumping unit in a cylindrical vault

placed within the second compartment
ofaseptictank..............o 274
lllustration of an aeration insert that consists

of an air-lift pump that provides aeration in a septic

tank and semi-continuously discharges small

volumes of effluent ....... . ...l 276
lllustration of a septic tank with an integrated biofilter

where there is partial recycle of the filter effluent back

to the septic tank for biological N removal............... 276
lllustration of a Xerxes 6000-gal fiberglass dual
compartmenttank. ... 283

Classification of aerobic biological treatment methods

based on how the biomass is contacted with the
wastewater within different types of bioreactors........ 306
lllustration of mixed liquor being aerated in an

aerationtank......... ... 307
lllustration of an ATU with an integrated primary

settling unit, suspended growth bioreactor, and

secondary clarifier ... 308
Examples of three commercially available ATUs

that utilize submerged growth bioprocesses. .......... 309
Examples of three commercially available ATUs

that utilize attached growth bioprocesses. ............. 309
lllustration of treatment efficiency achieved within

an aerobic treatmentunit.................... 311
Relative abundance of microorganisms within

a healthy activated sludge during aerobic biological
treatment ... ... 313
lllustration of bacterial growth as a function of time

and food SUPPIY ...oveii e 313
lllustration of specific growth rate as a function

of substrate concentration............... ... 318
Simplified schematic of unit operations that

implement suspended growth aerobic biological

treatment ... ... 322
Simplified schematic of unit operations that

implement attached growth aerobic biological

treatment ... 323



List of Figures XXXi

Fig. 7.12 Simplified illustration of a common suspended growth

activated sludge system with solids separation

by clarification and solids wasting from a) the aeration

tank or b) from the recycle line from the secondary

clarifier ... ..o 324
Fig. 7.13 Examples of a common suspended growth activated

sludge process with solids separation by clarification

and solids wasting from (a) the aeration tank or

(b) fromarecycleline...............ooool . 332
Fig. 7.14 lllustration of MLVSS varying around an average

value of 3000 mg/L and SRT of 180 days due to

intermittent wasting of solids from the aeration tank

only every 180 days. ........coiiiiiiiiiiiiiii i 340
Fig. 7.15 lllustration of sludge settleabilty as measured by the

SVI revealing the effects of F/M or SRT ................ 341
Fig. 7.16 Cross-section of a secondary clarifier used for

activated sludge solids separation and return.......... 342
Fig. 7.17 lllustration of a trickling filter used for aerobic

biological treatment........... ... 348
Fig. 8.1 Classification of porous media biofilters. Note: all

PMBs considered in Chap. 8 normally rely on passive
aeration during unsaturated downflow through the

Media ... .o 384
Fig. 8.2 Examples of (a) a single pass sand filter and

(b) a recirculating sand filter including components

commercially available from Orenco Systems® Inc.... 385
Fig. 8.3 Examples of three packaged media biofilters: (a) the

peat media Puraflo® system by Anua, (b) the foam
Waterloo Biofilter™ and (c) the textile media Advantex

® by Orenco Systems® INC. ..........ccovviiniinnn... 386
Fig. 8.4 An example of a basic flow regime for recirculation

offiltrate ... 387
Fig. 8.5 Photograph of domestic septic tank effluent (leff)

and single pass sand filter effluent (right) .............. 389
Fig. 8.6 lllustration of flow regimes within (a) single pass

and (b) recirculating biofilters ......................... .. 390
Fig. 8.7 lllustration of downward migration of wastewater

through a bed of unsaturated and aerobic media

INAaPMB ... ..o e 391
Fig. 8.8 Definition schematic for vertical flow through a bed

of biofilter mediainaPMB ..., 393
Fig. 8.9 lllustration of permeability loss at the PMB infiltrative

surface due to clogging processes ...................... 395



XXXii

List of Figures

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

8.10

8.11

8.12

8.13

8.14

8.15

8.16

8.17

8.18

8.19

8.20

8.21

8.22

8.23

8.24

8.25

8.26

lllustration of the decline in hydraulic capacity due to
clogging processes at the PMB infiltrative surface that

evolve during operation of a single pass sand filter. .. 395
lllustration of the run periods for two types

Of SPSFS .. 397
Concentrations of constituents in the PMB effluent
changeovertime ... 398

Illustration of removal efficiencies in a PMB
as a function of first-order rate constants
(HLR = 1 gal/day/ft? and a filter bed depth =2 ft

withng=02, HRT=72h) ..o, 399
lllustration of a sieve analysis apparatus and the grain
size results that are obtained ............................ 403

Photographs of two types of PBFs established in
pre-manufactured pods and modules with covers that
canbeopenedasneeded....................oi 405
Photograph of a RSF established in a neighborhood

within a lined basin and the sand media surface

is covered with a layer of pea gravel .................... 406
Cross section of a SPSF illustrating the features
oftheunderdrain.............ooo 407

Plan view of a recirculating sand filter for 50,000 gal/
day that is divided into three sections that are dosed
independently using a distributor valve that distributes

influent to each of sixzones ........................ ... 408
Plan view of a basic flow regime for a porous media
biofilter that employs recirculation....................... 408
Cross-section schematic of a floating buoy (/eft) and
images of two sizes of floating buoy devices (right)... 410
Schematics of a proportional splitter (/eft) and

photographs of two different installations (right) ....... 410

Plan view of a modified flow regime for a PMB that
employs recirculation to enhance total nitrogen

removal by denitrification..................... 411
lllustration of a commercially available automatic

dosing siphon and how dosing occurs................... 413
Cross section view of a pump tank and pump set up

with float switches for demand dosing.................. 414

Cross section view of a pump tank set up for timed

dosing including an integral pump vault with effluent

o (== o 415
Cross section view of a combined dosing/recirculation

tank with a pump setup for timed dosing............... 415



List of Figures XXXiii

Fig. 8.27 lllustration of how the total PMB surface area required

can be provided in six zones that are dosed

sequentially with a 6-step hydraulically actuated

distributorvalve ... 416
Fig. 8.28 Detailed plan view of an example pressurized network

INAaPMB ... ... e 417
Fig. 8.29 Orifices can be oriented to discharge flow out

of a lateral in an (a) upward or (b) downward

direction ... 418
Fig. 8.30 Photograph illustrating the uniform distribution

achieved using a pressure distribution network for

a RSF that has 1/8-in. diameter orifices designed

for discharge with a residual head of 5ft............... 418
Fig. 8.31 Photographs of a pressurized distribution network

with upward oriented orifices and orifice shields

and the pea gravel cover that is used to embed

and protect it (/eft) and return outflow to help equalize

pressures in the network and upturned legs for lateral

flushing (right) ... 419
Fig. 8.32 lllustration of a pressurized distribution network with

a generic layout of the network that can be used to

determine the number of laterals in the PMB or a zone

withinit.......... 420
Fig. 8.33 lllustration of a pressurized distribution network within

a PMB or zone of it illustrating how to determine

laterallength ... 421
Fig. 8.34 lllustration of a pressurized distribution network

illustrating how to determine the manifold length ... .. 421
Fig. 8.35 lllustration of a pressure distribution network

and the residual head in at the distal orifice in one

ofthelaterals................ii 422
Fig. 8.35 lllustration of what are considered distal orifices

in a pressurized distribution network .................... 423
Fig. 8.37 Orifice discharge rates as a function of diameter

andresidualhead ... 424
Fig. 8.38 lllustration of flow rate declining in a manifold

andalateral...........ooooii 424
Fig. 8.39 lllustration of the layout and total dynamic head

components of a dosing and pressurized distribution

network for uniform application of wastewater

to the surface areaof aPMB ............................ 427
Fig. 8.40 Example of a pump head versus discharge

Performance CUMVe .........ooiiiiiiiiiiieeeene 429
Fig. 8.41 Examples of optional distribution and underdrain

systems that canbe used PMBs ........................ 430



XXXiV

List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

8.42

8.43

8.44

8.45

8EP.1
8EP.2

8EP.3

8EP.4
8EP.5

8EP.6

9.1

9.2

9.3

9.4

9.5

9.6

Photographs taken during the installation

of a recirculating sand filter serving a YMCA camp
iNColorado ... 431
Photographs taken during the installation of a textile

media PMB serving a monastery in Colorado........... 432
Photographs taken during installation of a textile

media PMB serving a large mixed use service area
inNorthDakota ... 432
Photographs of the Waterloo Biofilter® established

in pre-manufactured baskets placed in tanks (a) and

foam media placed in shipping containers (b, c)...... 433
Analysis of sieve data shown in Table 8EP.2.......... 436
Two network layouts that could be established to

provide the same total PMB surface area but with

different Qpe and TDH values. (Note: Qpg and TDH

for Option A (left) are reduced with a zoned layout

such as shown in Option B (right). Qpg is reduced by

50 % and the TDH during dosing is reduced by

approx. 50 % depending on the details of the network
layout. Also for sake of simplicity, all the laterals

included in the network are not shown

inFigure 8EP.4 ... ... 440
The volume per dose for two optional

network layouts ... 441
Layout of a RSFwith2zones ........................... 442
Pump performance curve for a Zoeller Model

161 submersible pump ... 448
Comparison of the total PMB surface area required to
handle a design flow of 975 gal/day .................... 450

Cross-section view of a representative aerobic

membrane bioreactor ... 463
Cross section of an aerobic treatment unit combined

with an ultrafiltration unit to yield process function and
performance similar to a MBR such as shown

INFIg. 9.1 463
Examples of three commercially packaged small-

scale MBRS ... 464
Design features of the Bio-Microbics, Inc. Biobarrier®

MBR .. e 464
lllustration of treatment efficiency achieved within

a membrane bioreactor ...l 466
Membranes as (a) fibers grouped in bundles

or (b) sheetsinflatplates...................oooiiiil. 469



List of Figures XXXV

Fig. 9.7 Membrane fiber showing the permeate flow path

from outside-to-inside that is typical for a modern

MEMDIaNe ... 470
Fig. 9.8 lllustration of an aerobic MBR flow regime that

can be used for determining the aerobic tank volume

and solidswasting ..........ooooiiiiiiiii 474
Fig. 9.9 Definition schematic for solids recycling and wasting

from a membrane bioreactor............. ... 476
Fig. 9.10 MBRs can be configured with membrane units that

are submerged in the aeration tank (left) versus

membrane units external to the aeration tank (right).. 477

Fig. 9.11 Flux through a membrane depends on membrane
design and operating parameters....................... 478
Fig. 9.12 An example MBR flow regime that can be used
formembrane sizing ... 479
Fig. 9.13 Photographs taken during installation of a MBR

system to serve a commercial development located

along the coast in Malibu, California. The system

included MBRs, UV disinfection units, and high rate

subsurface infiltration units ..........................L 482
Fig. 9.14 Photographs taken during installation of a MBR

system to serve an Indian Tribe in California. The

system consists of installation of a wastewater

conveyance piping to a packaged MBR with

equalization tanks, a treated water storage tank,

a disinfection system, and land-based based

dispersal system ... 483

Fig. 10.1 Classification of constructed treatment wetlands

within the constructed land-based plant and water

SYSteMS L 505
Fig. 10.2 Features of a typical horizontal flow free water surface

constructed wetland ... 506
Fig. 10.3 Features of a typical horizontal flow subsurface bed

constructed wetland .......... ...l 507
Fig. 10.4 Features of a typical vertical flow subsurface bed

constructed wetland ... 507
Fig. 10.5 lllustration of treatment efficiency achieved in a VSB

constructed wetland ... 509
Fig. 10.6 lllustration of emergent macrophytes in a VSB (a) and

emergent macrophytes (b), floating macrophytes

(c) and submerged macrophytes (d) ina FWS........ 512
Fig. 10.7 Cross section of a vegetated subsurface bed wetland

which has a capacity for flow ............................ 514



XXXVi List of Figures
Fig. 10.8 lllustration of how the hydraulic conductivity of the

media in a VSB constructed wetland can change

from inlet to outlet due to clogging and vegetation

(as a percentage of the pre-startup Kg) ................ 515
Fig. 10.9 lllustration of the wetland surface area determined

by loading rate sizing ... 521
Fig. 10.10 lllustration of a mathematical representation

of a pseudo plug-flow regime through a constructed

wetland using multiple continuously stirred tank

reactors iN SEresS ... ... iiiiii i 522
Fig. 10.11 lllustration of water depth and rooting bed depth

in constructed wetlands ...l 527
Fig. 10.12 Relationship of design hydraulic parameters in a VSB

wetland ... 527
Fig. 10.13 Example approach to cross-sectional area sizing

withinaVSBwetland ..., 530
Fig. 10.14 lllustration of geometries, cell aspect ratios, and

internal flow control structures to enhance plug-flow

conditions (Note: The wetland Ay is the same for all

three configurations) ... 532
Fig. 10.15 lllustration of an approach to provide the same

wetland Ay and Axc but with improved flow regime

characteristics ... 533
Fig. 10.16 Cross section of an example inlet configuration ....... 534
Fig. 10.17 Cross section of an example of an outlet and water

level control configuration................................ 535
Fig. 10.18 Photographs of a VSB wetland during construction... 535
Fig. 10.19 Photograph of a newly planted VSB wetland........... 536
Fig. 11.1 Classification of land-based treatment systems

including subsurface soil infiltration and landscape

drip dispersal, which are most commonly used in

decentralized applications ................ccooiiii. . 569
Fig. 11.2 Plan view of a modern STU (network of 18 trenches

for 2000 gal/day) .........oooiiiii i 571
Fig. 11.3 Cross-section view of a set of subsurface infiltration

trenches used in a STU for a particular application

and site condition ... 571
Fig. 11.4 Optional placement of the soil infiltrative surface to

provide an adequate depth of unsaturated aerobic soil

before a limiting condition occurs ....................... 572
Fig. 11.5 Definition schematic for components and compliance

points that can be used to define the treatment
efficiency inaSTU ... 574



List of Figures XXXVii

Fig. 11.6 Basic illustration of several soil science concepts

and considerations related to wastewater treatment

and water reclamation in a native soil profile........... 577
Fig. 11.7 lllustration of two types of controls on infiltration

rates intoasoilprofile ... 580
Fig. 11.8 Definition schematic for a crust-toped soil

and the infiltration rate parameters...................... 580
Fig. 11.9 lllustration of effluent-induced effects on properties

important to infiltration that result in formation

of a biozone (a.k.a. clogging zone). ..................... 581
Fig. 11.10 lllustration of how soil infiltrability declines during

three phases due to soil clogging caused

by application of domestic septic tank effluent

to a soil infiltrative surface ... 582
Fig. 11.11 Simulated infiltration capacity decline as affected

by effluent quality and loading rate in a sandy loam

soilin Colorado ........ooviiii i 584
Fig. 11.12 lllustration of pollutant and pathogen removal occurring

through processes in several zones within and around

ASTU o 587
Fig. 11.13 lllustration of removal efficiencies as a function

of 15%-order rate constants under example conditions

during subsurface soil infiltration (HLR = 1 gal/day/ft?,

soil profile travel distance = 2 ft with ng =0.2,

HRT =72 h) . e 589
Fig. 11.14 lllustration of the purification effects of uniformity

of infiltration which impacts the HRT in the soil........ 590
Fig. 11.15 lllustration of rock fragments and potential effects

on tortuosity and water movement, hydraulic

retention time, soil clogging potential,

and treatment efficiency ... 592
Fig. 11.16 Plan view illustration of a STU and a constituent

plume, the nature and extent of which depends

on subsurface conditions and the constituent

attenuation and assimilation under and away

from the location of infiltration........................... 593
Fig. 11.17 lllustration of one approach to setting boundaries

for the top, bottom, and lateral planes associated

with treatment withina STU ............................. 595
Fig. 11.18 Plan view illustration of a STU and four potential

points of compliance that might be used to assess

achievement of a treatmentgoal ........................ 595
Fig. 11.19 Treatment performance can be assessed using

a mass discharge approach rather than one that

assesses changes in concentrations................... 596



XXXViii

List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

11.20

11.21

11.22

11.23

11.24

11.25

11.26

11.27

11.28

11.29

11.30

11.31

11.32
11.33

Example outputs from simulations completed

with STUMOD to predict nitrogen concentrations

with depth below the infiltrative surface for a STU

installed in sandy versus clayey soils ................... 597
Cross-section view of a trench (left) versus bed (right)
geometry illustrating horizontal bottom area versus

vertical sidewall area for infiltration..................... 601
lllustration of the preferred orientation of a STU
onaslopingsite............o 610
lllustration of a trench layout versus a bed layout,

both of which provide the same horizontal infiltrative
SUMaCe area ........cooivii i 611
Illustration of the footprint area required for a set

of trenches or narrow beds or a set of separated

chambers placed within a largerbed................... 612
lllustration of the layout and components of a

dosing and pressurized distribution network

for wastewater application to a set of

subsurface infiltration trenches ...................... ... 615
lllustration of wastewater delivery and distribution

using spray nozzles on pressurized distribution piping

within a chamber-equipped trench...................... 616
Pressurized delivery and uniform distribution

sequentially to different trenches or beds can be
accomplished with electric or hydraulically actuated
distributor valves ... 616
Use of a hydrosplitter to achieve pressurized delivery

of a dose into gravity flow distribution pipes connected

to different trenches or narrowbeds .................... 617
Uniform distribution between four trenches (/eft)

versus cyclic overloading to one trench while the

other three are rested (right) ...l 618
lllustration of a reserve area for a new STU if it is
neededinthefuture.................. ..l 618
Photographs illustrating (a) a chamber-equipped

trench being placed without walking on the infiltrative
surface and (b) a large system serving a clustered
development established in a larger bed excavation

but with unused separation between adjacent

infiltration units .......... ... 619
lllustration of an at-grade or mounded STU ............ 623
Photograph of a STU within an above-grade

mound established using filter sand with certain
specifications ... 624



List of Figures XXXIX
Fig. 11EP.1 Aerial view of the location of a proposed development

northwest of Golden ..., 626
Fig. 11EP.2  Web page from Web Soil Survey that shows the

location of a proposed development site northwest

ofGolden ... 627
Fig. 11EP.3  Web page from Web Soil Survey that shows the area

of interest (AQI) for the proposed development site

northwest of Golden .......... ...l 627
Fig. 11EP.4  Web page from Web Soil Survey that shows

the soil series within the AOI for a proposed

development site ...........ooo i 628
Fig. 11EP.5  Web page from Web Soil Survey that shows the soil

properties for Map Unit 7 which occurs within the AOI

for a proposed developmentsite......................... 628
Fig. 11EP.6  Web page from Web Soil Survey that shows Map Unit

7 which occurs within the AOI for a proposed

development site is not limited for soil-based effluent

treatment ... ... 629
Fig. 11EP.7  Plan view of a layout for the STU ....................... 634
Fig. 11EP.8  Cross-section view of a set of trenches within the

layoutforthe STU ...t 634
Fig. 11EP.9  Image of the opening screen of STUMOD ............. 637
Fig. 11EP.10 Image of the opening input screen for STUMOD....... 638
Fig. 11EP.11  Image of the screens for inputting parameter values

for STUMOD ... 638
Fig. 11EP.12 Nitrogen concentrations versus depth below the soil

infiltrative surface as simulated with STUMOD.......... 639
Fig. 11EP.13 Nitrogen mass flux versus depth below the soil

infiltrative surface as simulated with STUMOD ......... 639
Fig. 12.1 Classification of land-based treatment systems ... .... 651
Fig. 12.2 Schematic view of a typical LDU used for

decentralized wastewater treatment.................... 652
Fig. 12.3 Illustration of an approach to assess treatment

efficiency inalDU..........cooo 654
Fig. 12.4 lllustration of the rhizosphere and water movement in

a segment of drip tubing placed in the rhizosphere just

below the landscape surface ............................ 656
Fig. 12.5 lllustration of the landscape footprint area associated

with a network of drip dispersal tubing.................. 657
Fig. 12.6 lllustration of hydraulic loading rates for sizing a drip

dispersal unit based on (a) a LTAR, (b) water

balance, or (c) a nitrogen mass balance................ 658
Fig. 12.7 Plan view schematic of a drip dispersal area and the

hydraulic loading rates based on the footprint area

versus the drip tubing infiltrative surface area......... 658



xl

List of Figures

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

12.8

12.9

12.10

12.11

12.12

12.13

12.14

12.15

12.16

12.17

12.18

12.19

12.20

12.21

12.22

12.23

12EP 1

Photographs of a segment of drip tubing placed in a

sandy loam soil revealing soil structure and rooting

near the landscape surface and a darkened biozone
alongthe driptubing.............cooo i 659
lllustration of a hydraulic control unit (/eft) which

houses two disk filters (right) and provides for

automatic backwashing and flow metering ............. 662
Definition schematic for calculating the minimum

footprint area required to maintain a nitrate

concentration of 10 mg-N/L in shallow groundwater

under a drip dispersalarea....................oooinn.. 671
Illustration of a LDU divided into two dispersal zones

of differentsizes ... 673
lllustration of system layouts to satisfy setback

distances and return flows ........................ L 673
lllustration of a layout with two drip dispersal zones. . 674
Photographs of a length of drip dispersal tubing

outfitted with pressure compensating emitters

every 2 ft. . 674
Flow rate characteristics of different types of LDU

BMIEEEIS . o 675
lllustration of single (left) versus looped runs (right)

in a LDU network layout ..., 676
lllustration of a LDU network layout
onaslopingsite............o 676
lllustration of a LDU with two zones showing two

supply manifolds and a common return line............. 677
Photographs taken during installation of a hydraulic

control unit in sprinkler irrigation housing at the Mines

Park Testin Colorado..........cccooviiiiiiiiiiin. .. 678
lllustration of the flow regime within a typical LDU
containing multiple zones and zone flow control

ValVES o 678
Flow rate characteristics of different types

of emitters ... 683
lllustration of a %-HP pump delivering about

25 gal/min against a TDH of about 100 ft.............. 683
Photographs taken during installation of a drip

dispersal unit showing: (a—c) the installation

machinery, (d) the tubing placed in a narrow shallow
trench, (e) a supply manifold with lateral shutoff

valves, (f) a return manifold with shutoff valves

and a check valve and air release valve,

and (g) placement of Kentucky Bluegrass.............. 686
Plan view schematic of the AMC Z451 drip dispersal
unitlayout ... ... 697



List of Figures xli

Fig. 13.1 Classification of nutrient reduction strategies

and technologies ... 716
Fig. 13.2 Cross-section view of a confined unit operation

to illustrate the typical approach to determine

treatment efficiency ... 718
Fig. 13.3 Cross-section view of site to illustrate different

locations where a point of compliance could be set

and used to determine treatment efficiency ............ 718
Fig. 13.4 lllustration of a simple linear isotherm for phosphorus

sorption as expressed in Eq. 13.11..................... 726
Fig. 13.5 lllustration of a nonlinear isotherm for phosphorus

sorption as expressed in Egs. 13.12and 13.13....... 726
Fig. 13.6 lllustration of residual dissolved P concentration

as a function of pH based on equilibrium solubility
diagrams for Fe and Al phosphates and phosphate

MINETalS ... 728
Fig. 13.7 Combined BOD5 and NH™ removal in an extended

aeration system ... 730
Fig. 13.8 A membrane bioreactor used for combined BOD5

and NH* removal and internal recycling

for denitrification and total N removal ................... 732
Fig. 13.9 Combined BODs and total N removal in a channel

reactor (oxidation ditch) ... 732
Fig. 13.10 Combined BOD5 and total N removal in a plug-flow

bioreactor system ... 732
Fig. 13.11 Example of a system configuration for enhanced

biological removal of phosphorus ....................... 733
Fig. 13.12 lllustration of the flow regime for the A%/O process

for combined Nand Premoval .......................... 734
Fig. 13.13 Plan view schematic of an example of a recirculating

biofilter designed for enhanced N removal............. 736

Fig. 13.14 Photograph of wood chips (left) and beads

of elemental sulfur (right) used in denitrifying

biofilters ......ccooii i 739
Fig. 13.15 Profile view schematic of a denitrifying biofilter

with a flow regime that is saturated upflow (leff)

or saturated lateral flow (right) ........................... 739
Fig. 13.16 Profile view schematic of an organic media

denitrifying biofilter with a flow regime that

is saturated upflow ... 741
Fig. 13.17 Profile view schematic of an sulfur media denitrifying

biofilter with a flow regime that is saturated upflow.... 743
Fig. 13.18 Profile view schematic of a two-stage biofilter

for nitrogenremoval ... 746



xlii List of Figures
Fig. 13.19 Photograph of a Stage 2 anoxic biofilter within

a two-stage biofilter for nitrogen removal ............... 746
Fig. 13.20 Profile view schematics of packed bed filters

for P removal showing an unsaturated downflow

(leff) and a saturated upflow (right) flow regime....... 748
Fig. 13.21 An example treatment train illustrating typical

locations where chemical addition can occur.......... 751
Fig. 13.22 lllustration of a conceptual model for estimating

nutrient loads to a stream including the loads from

decentralized systems ... 756
Fig. 13.23 lllustration of the decentralized system components

and processes potentially relevant to a particular

setting and estimating nutrientloads ................... 757
Fig. 13.24 Hypothetical illustration of nutrient removal

efficiencies in different decentralized system

components as it relates to estimating nutrient loads

toasurfacewater.............oooooi 757
Fig. 14.1 Classification of pathogen reduction technologies

and unit operations ... 777
Fig. 14.2 Examples of commercial options to implement

flow-through disinfection technologies for

decentralized applications ..o, 779
Fig. 14.3 lllustration of an approach to assess pathogen

destruction efficiency in a disinfection unit............. 782
Fig. 14.4 lllustration of a 1st-order die-off of microorganisms

inNcleanwater ... 786
Fig. 14.5 lllustration of a 1st-order die-off of microorganisms

in wastewater and shielding that can occur due

O TS S 788
Fig. 14.6 lllustration of an abrupt change in dose that

can reduce disinfection efficiency ....................... 788
Fig. 14.7 lllustration of breakpoint chlorination during

disinfection of wastewater............................ 790
Fig. 14.8 Examples of UV lamp units including (a) a single lamp

in a flow-through tube reactor and (b) a bank of lamp

units that can be submerged in a channel through

which flow occurs ... 793
Fig. 14.9 Flow schematic of a tablet feed chlorination unit...... 806
Fig. 14.10 Image of a Sanuril Model 100 tablet feed chlorination

UNIE . 807
Fig. 14.11 Flow schematic of a liquid feed chlorination unit....... 807
Fig. 14.12 Plan view illustration of baffled flow through a chlorine

contact basin ..o 808



List of Figures xliii

Fig. 14.13 lllustrative example flow schematic for a UV

disinfectionunit.................o 810
Fig. 14.14 Example of a UV flow-through tube reactor............ 811
Fig. 14.15 Example of a commercially available UV disinfection

unit—the Orenco Systems® UV and AXUV ............ 812
Fig. 14.16 Example of a commercially available UV disinfection

unit—the Trojan UV Max ..........ccooooiiiiiii .. 813
Fig. 14.17 lllustration of an example flow schematic for an ozone

disinfection unit.......... ... 815
Fig. 14.18 Commercial ozone generators (left) and complete

systems (Fight) ... 816
Fig. 15.1 Photographs of septage removal and management

OPHIONS . 844
Fig. 15.2 Class A biosolids produced from wastewater

treatment plant sludge in Chicago, lllinois.............. 846
Fig. 15.3 Photographs of septage composting using

(a) in-vessel or (b) windrow composting................ 848
Fig. 15.4 Photograph of aerated bin composting of septage

along with fats, oils and greases ........................ 848
Fig. 15.5 lllustration of granular media solids and residuals

that might be generated during maintenance

functions for an old soil absorption system or a

single pass sand filter ...l 852
Fig. 15.6 Photographs of a few waterless toilet options .......... 856



Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 1.5

Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

Table 2.6

List of Tables

Features of wastewater infrastructure in the United
States around the end of the 20th century ............
Government funding that promoted construction

of centralized infrastructure for wastewater
management in the United States......................
Example reasons for growing concerns expressed
during the 1990s about the sustainability of large
centralized infrastructure for wastewater management
Potential benefits to sustainability provided by
decentralized infrastructure for wastewater treatment
and water reclamation ...
Decentralized systems can handle a wide range
ofdesignflows ... ...

Considerations influencing if and how decentralized
infrastructure may help achieve goals..................
Example drinking water standards and criteria that
could be used to set treatment efficiency
requirements for a decentralized system discharging
into the subsurface for groundwater recharge.........
Examples of state requirements for unrestricted
urban water reuse that could be applied to effluent
used for landscape irrigation ..........................L.
Example specifications for a decentralized system
that disperses treated effluent into the subsurface
with recharge of local groundwater.....................
Treatment levels based on unit operations and the
constituents of concernremoved .......................
Examples of NSF testing and certification standards
relevant to decentralized systems ......................

19

21

23

23

32

52

55

55

56

61

xlv



xlvi List of Tables
Table 2.7 Example treatment unit operations and their relative

resource requirements .............ooiiiiii i, 68
Table 2.8 Resource attributes of water use efficiency

and source separation approaches.................... 68
Table 2.9 Examples of typical system configurations

for common goals and requirements for projects

serving homes or businesses ...................coeeee. 69
Table 2.10 Examples of data types that provide information

on system operation ..., 75
Table 2.11 Examples of data types that provide information

on system treatment performance ..................... 76
Table 2.12 Risk categories and factors that influence the type

of management system needed for a given project

orjurisdiction .........o i 79
Table 3.1 Wastewater composition categories and example

Parameters ... ... 95
Table 3.2 Example constituents of concern and unit processes

fortheirremoval ... 96
Table 3.3 Examples of water use and wastewater

characterization data that can be obtained

from published sources ..., 97
Table 3.4 Water use data obtained through monitoring

at 1188 houses in 12 areas across the United States

iNthe 1990S ..o 99
Table 3.5 Indoor water use as a function of house location

across the United States ... 99
Table 3.6 Average fixture and appliance utilization rates

determined from monitoring 1188 houses in 12 study

areasacrossthe U.S. ... ... ...l 100
Table 3.7 Indoor water use contributions of different activities

and events as measured in REUWS2 compared

totheearlier REUWST ... 102
Table 3.8 Water use data for houses in the United States based

on a literature review and field monitoring ............. 103
Table 3.9 Average indoor water associated with usage

of different fixture and appliances in a U.S. house ... 105
Table 3.10 Recent studies that have revealed declines

inindoorwateruse............ooiiiiiiiii 107
Table 3.11 Average daily wastewater flow rates from individual

dwelling units ... ..o 109
Table 3.12 Average daily water use rates from commercial

and institutional developments......................... 112
Table 3.13 Average daily water use characteristics for five

common commercial and institutional categories .. ... 112



List of Tables

xlvii

Table 3.14

Table 3.15

Table 3.16

Table 3.17

Table 3.18

Table 3.19

Table 3.20

Table 3.21

Table 3.22

Table 3.23

Table 3.24

Table 3.25

Table 3.26

Table 3.27

Table 3EP.1

Table 4.1

Average per capita pollutant contributions
(grams/cap/day) by individual activities and events

in DUs in the United States .............................
Characteristics of wastewaters generated in DUs
inthe United States ...,
Comparison of properties commonly of interest

in wastewaters generated in DUs

inthe United States ............... i
Microorganisms including pathogens that are
commonly present in wastewaters generated

in DUs in the United States .....................ooooe e,
Wastewater composition determined through
monitoring at 14 commercial and institutional sites
iNColorado .......oviiiii
Key questions that need to be addressed when
developing an approach to use for predicting flow
and compositiondata ...
Summary of approaches available for predicting

flow and composition..................
Summary of sources of information for parameters
includedinEQs. 3.2-3.4 ...
Comparison of DU average daily flow rate predictions
made using different approaches .......................
Summary of sources of information for parameters
includedinEQ. 3.5
Examples of water use and wastewater flow
estimates for different nonresidential buildings

ANA SOUICES ..ottt e et e e iiaa e aeans
Example peaking factors for maximum daily flow
rates for decentralized applications (typical values
ANA FANGE) ...
Representative characterization data for untreated
wastewater and septic tank effluent generated

from residential sources ...,
Summary of common constituents of concern

and the ratios of the average concentrations

in raw wastewater versus thatin STE..................
Septic tank effluent concentrations for relevant
COMMErCial SOUMCES ....ovvui it eaaans

Potential effects on indoor water use for houses
equipped with plumbing systems employing
minimum flow fixtures and appliances as proposed
around 1980 ... ..o



xlviii

List of Tables

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 4.13

Table 4.14

Table 4.15

Table 4.16

Table 5.1

Table 5.2

Water use efficiency requirements set for fixtures

as a result of the U.S. Energy Policy Act of 1992...... 155
Projected beneficial effects of increased water use
efficiency in residential units ............................ 156
Projected per capita savings by a complete

change to water-efficient fixtures in DUs as

estimated inthe early 1990s ........................... 156
Examples of efficiency requirements for residential
applications ... 157
Reductions in the indoor water use contributions

of different activities and events due to increasing

use of water efficient fixtures and appliances.......... 158
Per capita indoor water use in a single DU through
application of minimum flow fixtures and appliances
compared with basic water efficient fixtures and

apPlianNCes ... 159
Examples of waste material elimination

APPrOACNES ...t 161
Typical pollutant and pathogen loads contributed

from the segregated graywater and blackwater

SIrEAMS . 162
Average concentrations of BOD, COD, N and P

in graywater measured in Norway and reported

elsewhere in Europe ..., 162
Average concentrations of BOD, COD, N and P

in blackwater measured in Norway and reported

elsewhere in Europe with gravity flush (WC) and

vacuum toilets (VC) ... 163
Mass loadings per capita for nutrients in graywater

(GW) and blackwater (BW) as measured in Norway

and reported elsewhere in Europe ..................... 163
Water and nutrient loads contributed in separated

sources with no dilution for urine and feces............ 164
Summarized findings concerning flow and

composition of source separated wastes and

management approaches.................ccooevvvnnn. 165
Typical sources of information for use

INEQS. 4.1-4.5 . 170
Typical sources of information for use

INEQS. 4.6—4.8 ... o i 172

Representative features of alternative sewer

SYS EMS L 197
Results of EDU calculations for several building

and source conditions ...l 205



List of Tables xlix
Table 5.3 Examples of Qpp values for sewer line segments

withvaried EDUs ... 208
Table 5.4 Qpp values for different slope and velocity values

to aid initial pipe size selection......................... 210
Table 5.5 True inside diameters of pipes of different types

ANA SIZES ..o 211
Table 5.6 Headloss during flow in a full section

of asewer pipe ... 212
Table 5.7 Representative values for different design

parameters for STEG and STEP systems.............. 217
Table 5.8 Features of different types of plastic pipe used

for STEG and STEP systems .......................... 217
Table 5EP.1 Building information for the Mines Park

development ... 229
Table 5EP.2  EDUs contributing to each STEG segment

in the Mines Park development......................... 230
Table 5EP.3  Design peak flow and slope applicable for Segment

1 leading to a trial pipe diameter....................... 231
Table 5EP.4  Segment 1 flow rate capacity compared to the design

peak flow contributingtoit...........................L 232
Table 5EP.5  Design peak flows for each segment of the STEP

system in the Mines Park development................ 234
Table 6.1 Representative treatment efficiency achieved

in a well-designed and operated septic tank unit. .. .. 253
Table 6.2 Composition of septic tank effluent and raw

wastewaters from residential dwellings in the United

States (representative contemporary data)............ 254
Table 6.3 Composition of septic tank effluent from commercial

and institutional (C&l) sources in the United States. . 255
Table 6.4 Representative concentrations of microorganisms

found in domestic wastewater and septic tank

effluents in the United States ........................... 256
Table 6.5 Concentrations of 10 trace organic compounds

commonly observed in septic tank effluents

from U.S. residential dwellings and commercial

and institutional establishments........................ 257
Table 6.6 Concentrations of major constituents

in U.S. household graywater after treatment

inaseptictank ... 257
Table 6.7 Concentrations of major constituents in septage

removed from septic tanks serving households

inthe United States ..., 266
Table 6.8 Effective tank volume required for different sizing

parameters usingEqQ. 6.6 ...l 268



List of Tables

Table 6.9

Table 6EP.1

Table 7.1

Table 7.2

Table 7.3

Table 7.4

Table 7.5

Table 7.6

Table 7.7

Table 7.8

Table 7.9

Table 7.10

Table 7.11

Table 7.13

Table 7.14

Table 7.15

Table 7.16

Table 7.17

Table 7EP.1

Table 7EP.2

Septage removal frequency as affected by different

sizing parameters and septage generation rates . . . .. 279
Representative concentrations of major constituents
in STE from residential sources ........................ 284

Representative treatment efficiency achieved

within a well-designed and operated aerobic unit..... 311
Classification of biological processes based

on sources of energy and carbon ...................... 314
Features of heterotrophic modes of metabolism

involved in aerobic treatment processes............... 314
Features of biological processes for nutrient

FEMOVAl ... 327
Features of aerobic treatment operations involving
suspended growth processes ..., 329
Features of aerobic treatment operations involving
attached growth processes.................ccooven. 329
Design parameters for ATUs using suspended

growth extended aeration............................... 331
Design parameters for ATUs using suspended

growth sequencing batch reactors..................... 331

Net solids production, Yy (Ib-VSS/Ib-BOD removed),

in an aerobic treatment system as affected by

wastewater characteristics, solids retention time
andtemperature ... 333
Calculated net solids produced (Ib-VSS/mon) during
removal of 100 mg/L of BODs from a daily flow rate

of 1000 gal/day .........cooiiiiii e 334
Example parameter values for extended aeration

under varied conditions ...l 336
Experienced-based values for clarifier OR and SLR

ValUBS ..o 343
Typical oxygen requirements to support activated

sludge biological treatment........................l 344
Input requirements for mixing during activated sludge
biological treatment ... 345
Design parameters for ATUs using attached growth
trickling filters and rotating biological contactors...... 346
Design parameters for ATUs using attached growth
trickling filters ... 347
Composition of the influent to be treated

in an extended aeration bioreactor..................... 357

Design loadings in an influent to be treated
in an extended aeration bioreactor..................... 357



List of Tables

Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5
Table 8.6
Table 8.7
Table 8EP.1
Table 8EP.2
Table 8EP.3

Table 8EP.4

Table 8EP.5

Table 9.1

Table 9.2

Table 9.3
Table 9.4

Table 9.5

Table 9.6

Table 9.7

Table 10.1

Table 10.2

Table 10.3

Table 10.4

Comparison of typical design and operating

parameters forthree PMBs ........................ ... 387
Representative treatment efficiency achieved

within a well designed and operated PMB ............. 390
PMB media and filter bed characteristics

for three different types of PMBs ....................... 392
Characteristics of three PMBs commonly used

for decentralized applications ........................... 402
PMB media and filter bed characteristics

for three different types of PMBs ....................... 402
Design loading rates for three different types

OF PMB ..o 403
Design considerations and typical values concerning

SPSF or RSF layouts and effluent delivery ............ 419
Data measured during a mechanical sieve analysis.. 435
Analysis of sieve data shown in Table 8EP.1......... 435
Hydraulic loading rate and depth conditions

toevaluate ... 436
Results of analysis of four loading rate and depth
conditionsforaSPSF ... 437
Comparison of the total area required by each

ofthree PMBS .......ooviiii i 449
Particles, molecules and ions can be removed

by different filtration processes......................... 462
Representative treatment efficiency achieved

within a well designed and operated MBR.............. 466
Example operating parameters fora MBR............ 468
Membrane filtration processes typically employed

INMBRS ... e 468

Net solids production in an MBR (Ib VSS/Ib BOD
removed) as affected by wastewater characteristics,

solids retention time and temperature ................. 471
Key design parameters and method of selection

or calculation for MBR sizing........................... 473
Examples of routine O&M provided for three

MBR UNItS ... 484
Summary of the key features of the major types

of constructed treatment wetlands ..................... 506
Representative treatment efficiency achieved within

a well designed and operated constructed wetland ... 509
Wetland characteristics and conditions imposed

by wastewater influent....................L 513

Wetland processes and their effects on dissolved
oxygen levels ...... ... 516



List of Tables

Table 10.5
Table 10.6
Table 10.7
Table 10.8
Table 10.9
Table 10.10
Table 10.11
Table 10.12
Table 10EP.1

Table 10EP.2

Table 11.1

Table 11.2

Table 11.3

Table 11.4

Table 11.5

Table 11.6

Table 11.7

Table 11.8

Table 11.9

Table 11.10
Table 11.11

Applications of FWS versus VSB constructed

treatmentwetlands ... 519
Areal loading rates to achieve different effluent

qualities ... 521
P-ka-C* values for modeling of FWS wetlands........ 523
P-ka-C* values for modeling of VSB wetlands.......... 524
Organic loading rate limits (Ib-BOD/day/1000 ft?)

for constructed wetlands ...l 526
Features of key flow zones within a VSB constructed
wetland ... 529
Characteristics of porous media used

inVSBwetlands ... 530
Hydraulic conductivity properties of porous media
usedinVSBwetlands ... 531
Comparison of the results for a wetland designed

using different approaches ......................ooo.l L 543

Comparison of some derived values based
on the results for a wetland designed using
different approaches ..............ccooiiii i 543

Representative treatment efficiency achieved

within a well designed and operated STU............. 574
STUMOD model simulations of nitrogen fate

by two-foot depth below the soil infiltrative surface

for septic tank effluent infiltration at two rates

in different soils ... 575
STUMOD model simulations of total nitrogen

removal during subsurface soil infiltration compared

to measured data from laboratory or field studies.... 576
Relative effects of STU attributes on the LTAR
foragivensystem ... 583
Typical components of a site evaluation used

for assessing suitability fora STU ...................... 597
Example requirements for judging the suitability
ofasiteforaSTU ..., 598
Example classification scheme for the effluents
appliedtoaSTU ... 599

Example treatment level classification scheme
prescribed in Colorado for effluents applied

0@ STU . i 600
Examples of two contrasting methods to enable

access to a below-ground soil infiltrative surface.. .. .. 603
Example classification scheme for soil profiles ... .... 605

Example of a classification scheme proposed
forselectinga HLRp ... 606



List of Tables

Table 11.12
Table 11.13

Table 11.14

Table 11.15

Table 11.16
Table 11.17

Table 11.18

Table 11EP.1

Table 11EP.2

Table 11EP.3

Table 12.1

Table 12.2

Table 12.3

Table 12.4

Table 12EP.1

Table 12EP.2
Table 12EP.3

Table 13.1

Table 13.2

Table 13.3

Example of a regulatory approach for setting HLRp, . .
Examples of efficiency factors used to adjust the area
of the soil infiltrative surface ............................
Examples of Area Adjustment Factors used

to adjust the area of the soil infiltrative surface
FEQUINEd ...t
Infiltrative surface areas required to handle

a design flow of 1000 gal/day for different

example site conditions and design choices..........
Organic loading rates to a soil infiltrative surface.....
Example approaches for effluent delivery

and distribution, wastewater delivery and distribution
toa STU ..o
Examples of system design approaches that

can be used to overcome site conditions that prevent
useofanormal STU ...
A recirculating sand filter effluent would be classified
as Treatment Level 2 N based on the Treatment
levels prescribed in Colorado Regulation43..........
The LTAR prescribed for system sizing is based

on the treatment level and soil type in Colorado
Regulation 43 ...
System sizing is adjusted based on the geometry

of the STU and the method of effluent application

in Colorado Regulation43.......................... ...

Representative treatment efficiency achieved within
a well designed and operated LDU .....................
Factors and their potential effects on effluent loading
toa DU ...
Average results from monitoring a spin-disk filtration
unitin Colorado ...
Example footprint HLRp based on soil properties

and effluent quality ...
Climatic data obtained from weather records

for the project site and calculations made
fromthatdata................ooiii
Water balance calculations for the project site.........
Input parameters and values used in the nitrogen
mass balance calculations ............................

Forms and terms of expression for nitrogen

and phosphorus in water and wastewater.............
Nutrient reduction strategies and unit operations
applicable to decentralized systems ...................
Representative nutrient reduction efficiencies
achievable with several technologies ..................



liv List of Tables
Table 13.4 Basic biochemistry features of nitrification

and denitrification reactions ........................... 723
Table 13.5 Factors affecting nutrient removal processes

and efficiency achieved ................................. 723
Table 13.6 Less common reactions and processes that could

be deployed for nitrogen removal ...................... 724
Table 13.7 Representative N and P concentrations achievable

after treatment in conventional and enhanced

activated sludge systems ... 735
Table 13.8 Nutrient removal in common types of land-based

treatment operations ..., 737
Table 13.9 Nitrate removal rates for wood chip denitrifying

biofilters ... ... 740
Table 13.10 Nitrogen removal in three different passive 2-stage

biofilter systems ... 747
Table 13.11 Phosphorus sorption media types and capacities.... 748
Table 13.12 Attributes of optional points of chemical addition..... 752
Table 13.13 Example of a hypothetical situation and the nitrogen

loading from decentralized systems that reaches

theedgeofastream....................ooii L. 758
Table 14.1 Characteristics of disinfectant technologies most

commonly used in decentralized systems............. 778
Table 14.2 Examples of indicator microorganisms used for water

quality assessment ...l 782
Table 14.3 Examples of pathogens that can be present

in wastewater effluents....................... 783
Table 14.4 Disinfection agents and mechanisms of destroying

pathogenic microorganisms ..........cccceevviiiinann... 784
Table 14.5 Relative dose of different disinfectants required

for different microorganisms present in wastewater

effluents ... 785
Table 14.6 Characteristics of wastewater effluents

and their potential effects on the efficiency

of different common disinfection technologies ......... 787
Table 14.7 Example transmittance values for UV irradiation

of treated wastewater effluents......................... 796
Table 14.8 Membrane separation based on particle size

and molecular weight ..., 798
Table 14.9 Example operating parameters and results

of peracetic acid disinfection............................ 800
Table 14.10 Example microbiological requirements for treated

wastewater effluent discharge and reuse............... 803
Table 14.11 Example requirements for discharge or reuse

of reclaimedwater ... 804



List of Tables

Table 14.12

Table 14.13
Table 14.14

Table 14.15

Table 14.16

Table 15.1

Table 15.2

Table 15.3

Table 15.4

Table 15.5

Table 15.6

Table 15.7

Table 15.8

Table 15.9

Table 15.10

Table 15.11

Table 15.12

Table 15.13

Water quality requirements for effluents to be
disinfected ...
Attributes of common disinfection technologies .......
Typical operating parameters for chlorine disinfection
of wastewater effluents ...
Typical operating parameters for UV disinfection

of wastewater effluents ...l
Typical operating parameters for ozone disinfection
of wastewater effluents ...l

Characteristics of process solids, sludges and
residuals that can be generated during operation

and maintenance of decentralized wastewater
treatmentsystems .......... ...
Characteristics of solids and other materials that can
be generated during use of decentralized wastewater
treatmentsystems ...
Estimated quantities of solids produced in three unit
operations commonly used in decentralized
wastewater treatment systems ...l
Estimates of the quantities of materials generated

in source separated waste streams that can occur

in decentralized wastewater treatment systems........
Concentrations of major constituents in septage
removed from septic tanks serving households........
Concentrations of microorganisms in domestic
SEPtAgE .. i
Concentrations of ten trace organic compounds
observed in septic tank solids from residential
dwellings and commercial and institutional
establishments ...
Two options commonly used for treatment

and disposal/reuse of septage in the United States . .
Land application approaches for septage produced
inthe United States ...
Example treatment operations used for septage
produced in the Unites States ..........................
Example treatment approaches for septage
produced in developing regions .................c.cc.o...
Classification of biosolids generated from sludge
treatment in the United States ..........................
Pathogen density standards for biosolids
classification in the United States ......................



Ivi

List of Tables

Table 15.14

Table 15.15

Table 15.16

Table 15.17

Table 15.18

Table 15.19

Table 15.20

Table 15.21

Table 15.22
Table 15.23

Table 15.24

Table 15.25

Table 15.26

Table 15.27

Table A1

Time and temperature requirements for composting

of wastewater solids in the United States according

to40 CFRPart503 ... 847
Concentrations of major constituents in waste

activated sludge removed from activated sludge

systems receiving domestic wastewaters............. 849
Concentrations of microorganisms in waste activated
SIUAGE ..t 850

Examples of granular media solids and residuals
generated during decentralized wastewater

treatment and water reclamation....................... 852
Features and functions of several waterless toilet
OPLIONS ..\ 856
Water and nutrient loads contributed in separated
sources with no dilution for urine and feces ........... 858

Mass loadings per capita for organic matter
and nutrients in blackwater (urine and feces)
as measured in the United States and Norway

and reported elsewhere in Europe ..................... 858
Incidence and concentration of enteric viruses

and protozoa in feces in the United States ............ 859
Pathogens that may be excreted inurine .............. 860
Estimated pathogen survival times during storage
offecesandinsoil ..., 862

Recommendations for storage treatment of dry
excreta and fecal sludge before use at the household

or municipal levels ... 863
Low cost options for treatment of fecal sludge in
developing regions ..........cooiii i 864
WHO guidelines for use of excreta and fecal sludge
inagriculture ... 864

Recommended guideline for storage times for urine
mixture based on estimated pathogen content and
recommended crop for larger systems ................. 866

Table of conversion factors for U.S. customary
UNIES Lo 867



&5 Chapter 1

Introduction to Decentralized Infrastructure
for Wastewater Treatment and Water
Reclamation

1-1. Scope

This chapter highlights the development of wastewater infrastructure in the
United States and describes how and why decentralized infrastructure has
evolved to become a critical component of a 21st century infrastructure.
Decentralized infrastructure consists of approaches, technologies, and sys-
tems that can be used at buildings and developments with indoor water use
and wastewater flows that span from less than 100 to 100,000 gal/day or
more. Several examples are provided to illustrate the characteristics and
applications of decentralized approaches, technologies and systems that
can be used to achieve effective treatment and disposal of wastewaters,
provide a source of reclaimed water, and/or to minimize resource consump-
tion and enable resource recovery.

1-2. Key Concepts

B Water and wastewater infrastructure are inextricably linked through the
actions of humans and are crucial for a healthy society with a high
standard of living.

e Modern solutions for water and wastewater infrastructure need to be
effective while being affordable, socially acceptable, and sustainable.

e Modern solutions also need to recognize two distinct perspectives
concerning wastewater.

o Wastewater has long been recognized for the risks it poses.
Wastewater can pose inherent risks to human health or the envi-
ronment due to its chemical and microbial constituents. Funda-
mentally, the challenge is to assess the magnitude of the risks in a
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given situation and decide on the most appropriate way to man-
age those risks.

Wastewater is increasingly being recognized for the resources it
contains. Wastewater represents a resource by virtue of the
water, organic matter, nutrients, and energy it contains. The chal-
lenge is to select, design and implement approaches, technolo-
gies and systems that can recover resources of value in a given
situation while also mitigating risks to human health and environ-
mental quality.

In the United States during the 20th century, major investments were
made leading to knowledge, laws, and regulations, modernized fixtures
and appliances and plumbing systems, and construction of water and
wastewater infrastructure including new and improved conveyance and
treatment systems and expansion of service areas and increased
accessibility.

At the close of the 20th century, most of the U.S. population had accept-
able and affordable access to safe drinking water and adequate waste-
water management.

Approximately 75 % of the nation’s population was served by larger
centralized infrastructure with 25 % served by smaller decentralized
infrastructure. Basic features of this 20th century infrastructure can
be described as follows:

o Centralized infrastructure—Extensive collection system piping for

long-distance transport of wastewaters for remote treatment at
energy consuming, mechanical plants with discharge of treated
effluents to surface waters. Engineered plants can have high
operation and maintenance requirements but they can yield a
high capacity per unit of land area, which is often needed in
densely populated areas.

Decentralized infrastructure (including onsite systems)—Local
treatment at, or very near, the building(s) where wastewater is
generated. Treatment using lower energy, reactor-based or
landscape-based systems is common with discharge of treated
effluents to the land or surface waters. Treatment systems can
have low to high operation and maintenance requirements while
providing a low to high capacity per unit of land area, which can
yield compatibility for areas with low to high population densities.
Recovery of wastewater resources such as water, organic matter,
nutrients and energy can also be enabled using decentralized
infrastructure.
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B During the latter part of the 20th century, major Federal and State pro-
grams in the United States provided funding for construction of new and
expanded centralized infrastructure including wastewater collection sys-
tems and treatment and disposal facilities.

This was done to improve the quality of life in urbanized areas—often
located near rivers, lakes, and coastal zones—where population
densities were high and the risks associated with wastewater were
also high.

During this time there was little funding available for construction of
decentralized systems serving homes and businesses. This could be
attributed to the fact that the wastewater-related risks were lower due
to low population densities and locations in rural areas. In addition
some viewed decentralized systems as temporary and only needed
until they were replaced by a centralized system.

B During much of the 20th century, decentralized wastewater systems
were used in rural areas and other areas with low population densities.
Many of these systems were not designed or implemented to achieve
explicit treatment and reuse objectives over long-term permanent use.

Not surprisingly, such systems often suffered performance deficien-
cies ranging from hydraulic failures to localized contamination of
groundwaters and surface waters. These were attributed to varied
causes including poor system siting, improper design, faulty installa-
tion, and/or inadequate operation and maintenance.

Research and educational initiatives, along with changes in regula-
tory requirements and advancements in management and perfor-
mance assurance, helped to improve the standard-of-practice and
mitigate performance deficiencies.

B During the latter part of the 20th century, growth in centralized infrastruc-
ture for wastewater management eventually leveled off.

By the end of the 1970s many urbanized areas of the United States
had new and expanded centralized infrastructure for wastewater
management and it was increasingly clear that larger centralized
systems were not technically feasible or affordable to serve lower
density populations located in most rural areas and many small
towns.

During the 1990s concerns grew about the sustainability of large
centralized infrastructure due to:

o Wasteful use of clean drinking water (up to 20 % lost during
delivery plus about 30 % used for flushing toilets and waste
carriage),

o Public health and ecosystem impacts due to sewer overflows and
treatment plant failures,
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o High energy use and material and chemical requirements, and
o Barriers to recycling caused by co-mingling of domestic and
industrial wastes.

B Near the end of the 20th century and into the twenty-first, a series of
activities and events helped promote the development and deployment
of decentralized approaches, technologies, and systems for wastewater
treatment and water reclamation and resource recovery. As the United
States entered the 21st century, there was growing interest in modern
decentralized infrastructure due to the potential benefits it might offer
such as:

¢ Avoiding large capital costs and reducing operation and maintenance
costs.

¢ Reducing the use of drinking water to flush toilets and transport waste
to remote wastewater treatment plants.

¢ Preventing pollutant discharges from large centralized systems by
reducing or eliminating sanitary sewer overflows (SSOs), combined
sewer overflows (CSOs), and leakage from conventional gravity
sewers.

e Preserving water in a watershed by eliminating inflow and infiltration
into sewers and protecting water quality by eliminating leaking
sewers.

e Recharging water near the point of water extraction and avoiding
water export and depletion of local water resources (e.g., declining
groundwater levels or stream flows).

e Enabling recovery and reuse of water, organic matter, and nutrients
(N, P, K) in domestic wastewaters.

e Lowering consumption of energy and chemicals, and reducing
release of greenhouse gases through the use of water efficient fix-
tures and appliances and natural treatment system technologies.

B Today, decentralized infrastructure involving wastewater treatment and
water reclamation can be applied under different circumstances to
achieve different goals. Common and emerging applications within the
United States and similar industrialized countries include approaches,
technologies and systems that are deployed at buildings and develop-
ments located in rural, peri-urban, suburban and even urban areas for
one or more of the following purposes:

¢ To provide effective wastewater treatment and disposal.

e To provide effective wastewater treatment and produce a reclaimed
water for nonpotable reuse purposes such as toilet flushing, cooling,
or irrigation.

e To recover valuable wastewater resources including nutrients,
organic matter, and energy.
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e To earn points for a green building or sustainability rating through the
low impact water and wastewater management options enabled by
decentralized systems.

e To provide appropriate treatment and recovery of stormwater runoff
in suburban and urbanized areas.

Decentralized systems are also critical to providing safe drinking water
and adequate sanitation in developing regions of the world.

B Modern decentralized infrastructure encompasses approaches, technol-

ogies and systems that include:

e Ultra high water use efficiency fixtures and appliances and in-building
waste stream source separation.

e Small diameter sewers for wastewater collection and conveyance
networks.
Reactor-based and landscape-based treatment unit operations.
System monitoring and performance assurance methods.

B Selection and design of decentralized infrastructure for a particular appli-
cation can now benefit from modern decision aids and mathematical
models.

B Management of decentralized infrastructure is critical to achieving and
sustaining a performance outcome.
e Management involves public and/or private entities and a set of
activities, often organized within a jurisdiction, to ensure:
o Decentralized systems are properly considered during infrastruc-
ture and land use planning.
o If selected they are properly designed, constructed, and operated
so the desired performance capabilities are sustainably achieved.
¢ As decentralized systems have evolved to become a permanent part
of the wastewater infrastructure in the United States the need for, and
critical role of, approaches for effective management have also
evolved.

B In summary, modern decentralized infrastructure can help support a
more sustainable 21st century water and wastewater infrastructure in
the United States and other industrialized nations and also aid water and
sanitation improvements in the developing world.

1-3. Conceptual and Technical Details

Conceptual and technical details concerning the scope and key concepts
covered in Chap. 1 are presented in the Slides section.
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1-4. Terminology

Terminology introduced and used in Chap. 1 is defined below.

Cluster—Term that refers to combining the wastewater flows from more
than one building (e.g., multiple houses or several businesses) using a
collection system so the combined flow can be treated for a chosen
discharge or water reuse option.

Cluster system—A term used to describe decentralized infrastructure that is
used to serve a group of buildings or other sources. A cluster system is
often comprised of an alternative sewer system connected to a
decentralized treatment system for effluent discharge or water reuse.

Combined sewer overflows (CSO)—Discharge of untreated wastewater
combined with stormwater to a surface water or land surface. CSOs
typically can occur during storm events when hydraulic overloads occur
in collection systems or treatment plants that handle wastewater plus
stormwater.

Constituent of concern (COC)—Constituents of concern include dissolved
and suspended inorganic and organic substances and biological organ-
isms that can cause undesirable human health effects or degraded envi-
ronmental conditions under a given water reclamation plan for discharge
or reuse.

Decentralized water reclamation—\Wastewater treatment and discharge or
reuse occurs on the same or nearby property close to the location(s) where
the source(s) of wastewater generation is (are) located.

Disinfection—Refers to the process of destroying pathogenic microorgan-
isms in a media like water so that the risk of infectious disease transmis-
sion through human contact with that media is reduced. Example
processes include chlorination, ultraviolet light irradiation, and membrane
filtration.

Effluent—The liquid that is discharged from a treatment unit. For example,
the effluent from a biofilter is the filtrate that is discharged (not recycled)
and transported to a next treatment unit or discharged to the environment.
Effluent can become the influent to another treatment unit operation. For
example, in the context of landscape drip dispersal (LDU) effluent is
produced by an upstream treatment unit (e.g., aerobic unit) and becomes
the influent to the LDU.

Human Development Index (HDI)—A statistical tool developed by the
United Nations used to measure a country’s overall achievement in its
social and economic dimensions. The social and economic dimensions of
a country are based on the health of people, their level of education
attainment and their standard of living.

Impaired water—Refers to water that has been used or impacted in a
manner as to have quality characteristics that make it unsuited for one
or more uses. Examples of impaired waters include: residential and
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commercial wastewater, municipal wastewater, graywater, stormwater,
acid mine drainage, etc.

Infrastructure—The basic physical and organizational structures and facil-
ities needed for a given function such as water treatment and supply or
wastewater treatment and discharge or water reuse.

Nonpotable—Water that has a quality that makes it unsafe for use as a
source of safe drinking water but suitable for other purposes such as toilet
flushing or landscape irrigation.

Onsite water reclamation—In the context of decentralized infrastructure,
onsite refers to wastewater treatment and discharge or reuse that occurs
on the same property as the source of the wastewater generation (e.g.,
house, business, institution).

Peri-urban—A term that is used to refer to a residential area or mixed-use
area that exists between suburban areas and the countryside. See
Suburban.

Potable—Water that has a quality that makes it safe to use as a source of
safe drinking water.

Primary treatment—A term used to encompass processes and unit opera-
tions that remove suspended solids (organic and inorganic) from waste-
water by sedimentation or flotation processes. Advanced primary
treatment includes some treatment of the separated solids (e.g., by anaer-
obic biodegradation of settled organic solids). Examples of primary treat-
ment operations include settling basins, septic tanks, and upflow
anaerobic sludge blanket reactors.

Reclaimed water—Reclaimed water is wastewater that has been treated to
remove inorganic and organic substances and pathogenic microorgan-
isms to a degree that the effluent can be considered reclaimed water with
a quality that is fit for the purpose (i.e., appropriate for and of a necessary
standard) of an intended discharge or water reuse plan.

Sanitation—A term that refers to the processes, systems and services used
to prevent human contact with the hazards of wastes and wastewaters
and provide for effective treatment and proper disposal of wastewater.
According to the World Health Organization, inadequate sanitation is a
major cause of disease worldwide and improving sanitation is known to
have a significant beneficial impact on health both in households and
across communities.

Secondary treatment—A term used to encompass processes and unit
operations that follow primary treatment and are designed to remove
biodegradable dissolved and colloidal organic matter by aerobic biological
processes. Examples of secondary treatment operations include
extended aeration bioreactors, porous media biofilters, and constructed
wetlands.

Suburban—A term that is used to refer to a residential area or mixed use
area that is geographically separated from a city or highly urbanized area
but within commuting distance of it. Peri-urban is another term that is used
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to refer to residential or mixed-use development between suburban areas
and the countryside.

Tertiary treatment (Advanced treatment)—A term used to encompass pro-
cesses and unit operations that typically follow secondary treatment and
are designed to remove specific constituents such as nutrients, trace
organic compounds, heavy metals or dissolved salts. Examples of tertiary
treatment operations include: denitrifying porous media biofilters, adsorp-
tive media packed bed reactors, and ion exchange columns.

Treatment train—Within a decentralized system a treatment train consists
of a sequence of compatible unit operations that connect the source to an
intended discharge or reuse option.

Unit operation—A physical facility (e.g., basin, column, reactor, landscape)
in which a physical, chemical, and/or biological process is made to occur
for the purpose of removing or destroying constituents of potential concern
in wastewater or other impaired waters.

Wastewater—\Wastewater consists of water plus materials added during
water use. The types and concentrations of materials depend on the
characteristics of the source (e.g., house, restaurant, school, veterinary
clinic). Materials can include human excreta, foodstuffs, consumer prod-
ucts, pharmaceuticals and personal care products, heavy metals, silt, etc.

Wastewater management—A set of elements and activities that can
encompass wastewater generation, collection and conveyance, treat-
ment, effluent discharge and recovery of resources (e.g., water, organic
matter, nutrients, energy).

Water reclamation (wastewater treatment and discharge or reuse)—A mod-
ern term that refers to treatment of wastewaters or other impaired waters
to improve the water quality by removing inorganic and organic sub-
stances and pathogenic microorganisms to the extent needed to permit
safe release of the treated effluent (reclaimed water) to the natural or built
environment by a chosen discharge or water reuse option.

Water reuse—Use of reclaimed water for an intended beneficial purpose.
Nonpotable water reuse includes landscape irrigation, ornamental uses,
and toilet flushing. Potable water reuse includes using reclaimed water to
augment sources of drinking water supplies (indirect potable reuse) or
direct delivery into a drinking water supply (direct potable reuse).

1-5. Acronyms, Abbreviations and Symbols

Acronyms, abbreviations and symbols used in Chap. 1 are listed below.

BOD Biochemical oxygen demand
CGP Construction Grants Program in the U.S.
CIDWT Consortium of Institutions for Decentralized Wastewater

Treatment
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cocC Constituent of concern

CSO Combined sewer overflows

DWRC Decentralized Water Resources Collaborative

ERC Engineering Research Center (NSF)

FAQ Frequently asked questions

FOG Fats, oils, and greases

HDI Human Development Index

K Potassium

LEED Leadership in energy and environmental design

N Nitrogen

NDWRCDP National Decentralized Water Resources Capacity Development
Project

NSF National Science Foundation (U.S.)

P Phosphorus

ReNUWIt Reinventing the Nation’s Urban Water Infrastructure

§SO

Sanitary sewer overflows

STUMOD Soil treatment unit model

TSS Total suspended solids
UN United Nations
u.s. United States of America
USEPA U.S. Environmental Protection Agency
uv Ultraviolet light
WARMF Watershed analysis risk management framework model
WERF Water Environment Research Foundation
1-6. Problems
1.1. Water supply and wastewater management are inextricably linked by

1.2.

1.3.

the actions of humans. Give an example of an adverse outcome to:
(1) human health and another to (2) water quality if wastewater is not
properly treated and disposed of or reused.

In the United States and other developed countries, major achieve-
ments were made in the 20th century to protect public health and
preserve environmental quality by establishing regulations and
investing in new and expanded infrastructure to provide safe drinking
water, properly treat and dispose of wastewaters, and maintain clean
water resources. In many underdeveloped countries in Asia, Africa, and
elsewhere this is not the case yet. Briefly explain why this is still true.
During the 20th century early versions of onsite wastewater systems in
the United States were installed at homes and businesses as cess-
pools, seepage pits, and leachfields. What is meant by the term legacy
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1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

systems in the context of decentralized wastewater treatment? Why is
it important to differentiate the performance of 20th century legacy
systems from 21st century modern systems?

As the United States entered the 21st century, there was growing
interest to use decentralized systems to help provide more sustainable
solutions by achieving several goals. Complete the following two
phrases, which represent two major goals: reducing the use of drinking
water for: and preventing pollutant discharges from large
centralized systems that result from:

As of the early 21st century, what fraction of the U. S population relies
on decentralized infrastructure for wastewater treatment and disposal
or reuse?

What is the difference between onsite and decentralized in the context
of decentralized infrastructure for wastewater treatment and water
reclamation?

In the 21st century, water and wastewater infrastructure is increasingly
driven by sustainability concerns. Approaches and technologies are
increasing judged by which of the following (check all that apply):
human and environmental effects, resilience to natural or human
influenced upsets, ability to deal with climate change?

Modern decentralized systems can be designed and implemented as
long-term solutions for sustainable infrastructure that can achieve
which of the following goals (select all that apply): (1) provide effective
wastewater treatment and safe discharge, (2) provide treatment of
wastewater to provide a reclaimed water source, (3) minimize resource
consumption and enable recovery?

Give an example of a decentralized approach, technology or system
you might implement in a high-rise condominium in an urban setting to
help achieve water reuse for toilet flushing and turf irrigation.

. Describe how you might use a decentralized approach, technology or

system in an office building in a city center like Denver, Colorado to
reduce the building demand for water, wastewater, and energy services.
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d 1-1. Introduction

B Water use generates wastewaters
e Humans use water for various purposes including drinking, bath-
ing, fishing, swimming, food production, etc.
o Water use often requires water treatment and supply, which
typically involves use of energy, chemicals, and materials
¢ The use of water by humans generates wastewaters
o Wastewaters contain chemical and microbial constituents and
management is needed to mitigate public health and environ-
mental risks
o Wastewaters also contain water, organic matter, nutrients, and
energy, which can have sufficient value to warrant recovery
and use
e Water and wastewater infrastructure are inextricably linked

o Wastewater treatment for water reclamation and reuse is a
natural or engineered outcome (Fig. 1.1)
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Water infrastructure:

Water resources,
water supply,

and water use
Water

reclamation &
reuse

Wastewater infrastructure:

Wastewater generation,
wastewater conveyance,
wastewater treatment,
and effluent discharge, or
water reuse

Recovery and use of
water, organic matter,
nutrients, and energy
content

Note: Infrastructure encompasses the basic physical and organizational structures
and facilities needed for a given function such as water treatment and supply or
wastewater treatment and discharge or water reuse.

Fig. 1.1 Water and wastewater infrastructure are inextricably linked by the actions of
humans

v

B Water and wastewater infrastructure are critical to achieving and
sustaining a healthy society

¢ United Nations Human Development Index (HDI) is a measure of
the quality of life and prosperity in a society (Fig. 1.2)
e Along a nation’s timeline of evolving to a high HDI:

o Efforts are initially focused on providing safe drinking water

o As safe drinking water becomes widely available, health and
well-being increase

o The population can become more affluent, which leads to
increased water use and wastewater generation

o Efforts then move to include effective management of
wastewaters

Low HDI Increasing education, health, ar_ High HDI

Fig. 1.2 lllustration of the UN human development index (after UN 2010)
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B Modern solutions for water and wastewater infrastructure need to be
effective while being affordable, socially acceptable, and sustainable
e Modern solutions for safe drinking water should:

o Protect our raw water supply sources

o Minimize chemicals and energy used in water treatment and
delivery

o Minimize drinking water used for cleaning and waste carriage

¢ Modern solutions for wastewater management should:

o Minimize wastewater volumes and reduce pollutant loads

o Minimize the use of chemicals and energy in treating waste-
water to reclaim and clean the water

o Maximize the beneficial recovery and reuse of wastewater
resources including water, nutrients, organic matter and
energy

v

B So, where are we today. ..? Where are we going...?

* Answering this question depends on the context
o In the United States and similar industrialized countries
o In developing countries and regions of the world

¢ An assessment of where we are and where we are going should
include consideration of attributes such as shown in Fig. 1.3
o Acceptability and sustainability attributes can be particularly

difficult to assess
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Provision of clean water and management of wastewaters

Fig. 1.3 Timeline attributes important to assessing the status and future of water and

wastewater infrastructure in a particular situation
1.6
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1-2. Wastewater Perspectives

B Wastewater has long been recognized for the risks it poses

Wastewater can pose inherent risks to human health or the envi-
ronment due to its physical, chemical and biological constituents

Fundamentally, the challenge is to assess the magnitude of the
risks in a given situation and decide on the most appropriate way
to manage those risks

@)

For example, pathogenic bacteria, virus, and protozoa are
present in wastewater, and infectious disease could result if
they are not removed or inactivated before an effluent reaches
a receiving environment where humans can contact and ingest
the water (e.g., drinking water, bathing beaches, shellfish
beds)

Also, if excessive levels of nitrogen and phosphorus in waste-
water are input to sensitive surface waters (e.g., pristine lakes,
estuaries), this could result in undesirable ecosystem changes
(e.g., increased productivity and eutrophication)

Design and implementation to manage risks

o

@)

Risk-based design and implementation of wastewater systems
is desirable but can be quite difficult to explicitly accomplish
One could state the ultimate goal as being system design and
implementation so that (1) there is no infectious disease attrib-
utable to a wastewater system, and (2) there is no measurable
change in an ecosystem attributable to wastewater system
inputs

Clearly, in a given setting, a wastewater system that provides
no treatment at all may present the highest risk, while increas-
ing levels of reliable treatment effectiveness could yield
reduced levels of risk

However, since risk management requires consideration of
nontechnical issues, such as acceptability and sustainability,
the most advanced treatment system may not be the best
overall risk management solution
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e Federal and state requirements for design and implementation

@)

Federal and state requirements may be based in part on risk-
based considerations but requirements for selection, design,
and implementation are typically not explicitly risk-based
Guidelines, criteria and standards can be used to define the
level of wastewater treatment required and the quality of the
effluent produced before its disposition or use
Treatment and water quality requirements are not always the
same in multiple jurisdictions (e.g., requirements of one state
vs. another in the United States or from one country to another)
* The reason for differences is often not clear, but one expla-
nation is that public health or environmental effects associ-
ated with pollutants and pathogens in water involves
complex and sometimes uncertain concentration-risk rela-
tionships that require subjective interpretation

v

B Wastewater is increasingly being recognized for the resources it
contains

e \Wastewater represents a resource by virtue of its content of:

o

Water—Water reclaimed from wastewater represents a valu-
able alternative water supply source

Organic matter—Organic matter recovered from wastewater
can be used as a soil amendment or fertilizer
Nutrients—Nutrients (e.g., N, P, K) in wastewater represent a
potentially valuable alternative to commercial chemical
fertilizers

Energy content—Energy can be recovered from the organic
matter in wastewater (e.g., biogas production)

e The challenge is to select, design and implement approaches,
technologies and systems that can recover resources of value in
a given situation while also mitigating risks

1.10
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1-3. Wastewater Infrastructure
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B In the United States during the 20th century, major U.S. investments
were made leading to:

e Knowledge, laws, and regulations
¢ Modernized fixtures and appliances and plumbing systems
e Construction of water and wastewater infrastructure®
o New and improved wastewater collection and treatment
systems
o Expansion of service areas and increased accessibility
B At the close of the 20th century, most of the U.S. population had
acceptable and affordable access to:
e Safe drinking water
¢ Adequate wastewater management

2Infrastructure = The basic physical and organizational structures and facilities
needed.

1.1
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B Features of wastewater infrastructure in the United States
¢ Infrastructure features are highlighted in Table 1.1 and Fig. 1.4

Table. 1.1 Features of wastewater infrastructure in the United States around the end
of the 20th century

Type? Representative features Applications and scale of use
Centralized Extensive collection system piping for long-distance Commonly used for cities,
infrastructure transport of wastewaters for remote treatment at energy suburban areas and larger

consuming, mechanical plants with discharge of treated
effluents to surface waters. Engineered plants can have
high operation and maintenance requirements but they
can yield a high capacity per unit of land area which is
often needed in densely populated areas

development centers. About
16,000 municipal systems
serving nearly 75 % of the
nation’s population (USEPA
2004)

Local treatment at, or very near, the building(s) where Widely used for individual

Decentralized

infrastructure

wastewater is generated. Treatment using lower energy,
engineered or natural systems with discharge of treated
effluents to the land (with recharge to groundwater) or
surface waters. Treatment systems generally have low
operation and maintenance requirements and provide a
low capacity per unit of land area

homes and businesses in rural
areas and for smaller devel-
opments and towns. About
25,000,000 systems serving
about 25 % of the nation’s
population (USEPA 1997)

resources used.

fThere is a continuum across developments served, scale and complexity of technology used, and water and

1.12
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z ‘P — TN
a. Cities and urban areas in high b. Small towns and clusters C. Individual houses
density settings with limitted land of houses and businesses and businesses in
available in lower density settings, often  irural areas with
with land area available land area available

Fig. 1.4 lllustration of classic centralized (a) and decentralized infrastructure (b, c).
Note: Decentralized infrastructure includes onsite systems (c)
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e What distinguishes “decentralized” and “onsite” infrastructure?
o There are subtle differences
* Onsite—Involves applications where wastewater treatment
and discharge/reuse occurs on the same property where
the source of the wastewater generation is located
Example: a property with a single family home with a
treatment and reuse system on that property
* Decentralized—Involves applications where wastewater
treatment and discharge/reuse occurs on a property close
to the location(s) where the source(s) of wastewater gen-
eration is (are) located
Example: multiple properties with a collection network
and a treatment site located near the development
o Decentralized terminology will be used throughout this book as
it is commonly used today and it does encompass onsite

1.14




Introduction to Decentralized Infrastructure for Wastewater Treatment. .. 21

”

B Evolution of 20th century wastewater infrastructure
¢ During the latter part of the 20th century, major U.S. Federal and
State programs provided funding for construction of new and

expanded centralized infrastructure (Table 1.2)

o This was done to improve the quality of life in urbanized
areas—often located near rivers, lakes, and coastal zones—
where population densities were high and the risks associated
with wastewater were also high

e During this time there was little funding available for construction
of decentralized systems serving homes and businesses

o The wastewater-related risks were lower due to low population
densities and locations in rural areas

o In addition some viewed decentralized systems as temporary
and only needed until they were replaced by a centralized
system

1.15
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Table 1.2 Government funding that promoted construction of centralized infrastruc-
ture for wastewater management in the United States (after Anderson and Otis 2000)

Government funding that promoted construction of centralized infrastructure

¢ The Clean Water Act was passed in 1972

® The Clean Water Act led to the Construction Grants Program (CGP)
— This program provided over $62 billion and covered 75 % of the cost of
construction of centralized sewers and wastewater treatment plants from 1972
to 1990
— From 1972 until the 1990s most of the larger secondary wastewater treatment
plants were constructed

® The CGP was followed by the State Water Pollution Control Revolving Fund
Program
— This program provided billions more of low interest money for centralized
wastewater management

e Meanwhile, little to no funding was provided for decentralized infrastructure

1.16
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During much of the 20th century, decentralized wastewater sys-
tems were used in rural areas and other areas with low population
densities

o

Many of these systems were not designed or implemented to
achieve treatment and reuse objectives over long-term use
Not surprisingly, such systems often suffered performance
deficiencies ranging from hydraulic failures to localized con-
tamination of groundwaters and surface waters

*  These were attributed to varied causes including poor sys-
tem siting, improper design, faulty installation, and/or inad-
equate operation and maintenance

During the latter part of the 20th century, research and educa-

tional initiatives, along with changes in regulatory requirements

and advancements in management and performance assur-
ance, helped improve the standard-of-practice and mitigate
performance deficiencies

1.17

Growth in centralized infrastructure for wastewater management
began to level off in the 1970s

@)

Many urbanized areas of the United States had new and
expanded centralized infrastructure for wastewater management
It was increasingly clear that larger centralized systems were
not technically feasible or affordable to serve buildings and
developments located in most rural and peri-urban areas and
many small towns

Then, during the 1990s, concerns grew about the sustainability of
large centralized infrastructure (Table 1.3)

At the same time, there was growing interest in decentralized
infrastructure due to the potential benefits it might yield (Table 1.4)

1.18
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Table 1.3 Example reasons for growing concerns expressed during the 1990s about
the sustainability of large centralized infrastructure for wastewater management

Reason for concern | Explanation

Design lifespans Large infrastructure systems were coming toward the end of their design
were being reached | lifespans and the costs and technical challenges of repairs and rehabilitation
were viewed as enormous and in some cases technically impracticable

Safe drinking water | During water distribution the leakage from pipelines and fixtures and appliances
losses and wasteful | can be significant (e.g., up to 30 % of the clean water produced at a water
uses treatment plant) plus toilet flushing for waste carriage can consume large
quantities of drinking water (e.g., nearly 30 % of total indoor usage in homes
and residences)

Public health and Public health and ecosystem impacts were occurring through discharges
ecosystem impacts of untreated wastewaters into rivers and coastal zones due to sewer
overflows (e.g., combined sewer overflows) and treatment plant malfunctions
(e.g., pump station failures)

High operation and There was high consumption of energy resources and requirements for materials
maintenance costs and chemicals to support conveyance networks and treatment plant operations

Barriers posed by Centralized infrastructure often results in co-mingling of domestic and industrial
co-mingling waste streams, which can present barriers to resource recovery and reuse

1.19
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Table 1.4 Potential benefits to sustainability provided by decentralized infrastructure
for wastewater treatment and water reclamation

Potential benefits to sustainability provided by decentralized infrastructure

Avoid large capital costs and reduce operation and maintenance costs

Reduce the use of drinking water to flush toilets and transport waste to remote
wastewater treatment plants

Prevent pollutant discharges from large centralized systems by reducing or elimi-
nating sanitary sewer overflows (SSOs), combined sewer overflows (CSOs), and
leakage from conventional gravity sewers

Recharge water near the point of water extraction and avoid water export and
depletion of local water resources (e.g., declining groundwater levels or stream flows)

Enable recovery and use of water, organic matter, and nutrients (N, P, K) in domestic
wastewaters

Lower consumption of energy and chemicals, and reduce release of greenhouse
gases through use of water efficient fixtures and appliances and natural treatment
system technologies

1.20
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B Advancing decentralized infrastructure in the 21st century

Activities and events around the turn of the Century helped promote

decentralized infrastructure into the 21st century

1997—The U.S. Environmental Protection Agency (USEPA) prepared

a report to the U.S. Congress on the appropriate use of onsite and

decentralized systems and concluded that:

o “Adequately managed decentralized wastewater systems are a cost-
effective and long-term option for meeting public health and water
quality goals.”—www.epa.gov/owm/mtb/decent/response/index.htm
In their report (USEPA 1997), USEPA identified five major barriers
to overcome:

* Restricted access to funding for system construction and operation

* Legislative and regulatory constraints on funding and
implementation

* Existing engineering practices favoring centralized infrastructure

* Misinformation and limited knowledge about decentralized
systems

* Providing effective management of decentralized infrastructure
1.21
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1997—U.S. Congress with USEPA, initiated the National
Decentralized Water Resources Capacity Development Project
(NDWRCDP) http://www.ndwrcdp.org/

o Aninitial $8.2 M in funding supported projects to overcome the
barriers identified in the 1997 USEPA report
o Additional funding was provided in subsequent phases
2000s—U.S. Congress provides $15.6 M for projects in six areas
to demonstrate decentralized technologies and management
2002 and 2003—USEPA published a new “Onsite Wastewater
Treatment Systems Design Manual” and “Voluntary Guidelines
for Management of Onsite and Clustered Wastewater Treatment
Systems”
2003—NDWRCDP sponsored workshops focused on “Soft Path
Integrated Water Resource Management”

1.22
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e 2005—The U.N. Millennium project called out the need for clean
water and sanitation worldwide
o The basis for the worldwide need as assessed at the time included:

* 2.5 billion people lacked appropriate sanitation
1.2 billion people lacked clean water supply
3.4 million people died yearly due to waterborne disease (Fig. 1.5)

*

*

Fig. 1.5 lllustration of
water and wastewaterin a
low HDI setting

- Wastewater ditch
2 next lo a water well

o A U.N. Millennium Development Goal was to reduce by 50% the
number of people without clean water and sanitation by 2015

o Decentralized approaches, technologies and systems were
viewed as necessary and appropriate

1.23
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e 2007—“Baltimore Charter for Sustainable Water Systems” was
prepared and signed by individuals from countries worldwide

“Water is at the heart of all life. In the past, we built water and wastewater
infrastructure to protect ourselves from diseases, floods, and droughts. Now
we see that fundamental life systems are in danger of collapsing from the
disruptions and stresses caused by this infrastructure.

New and evolving water technologies and institutions that mimic and work
with nature will restore our human and natural ecology across lots, neighbor-
hoods, cities, and watersheds. We need to work together in our homes, our
communities, our workplaces, and our governments to seize the opportunities
to put these new designs in place. ...

We commit to implementing more sustainable water systems by expanding
uses and opening new markets for small-scale treatment processes, advancing
research on micro-biological and macro-ecological scales, inventing new tech-
nologies based on nature’s lessons, creating new management and financial
institutions, reforming government policies and regulations, and elevating water
literacy and appreciation in the public.”

Source: http://www.ndwrcdp.org/documents/Balto_Charter.pdf
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e 2008-2009—U.S. National Academy of Engineering panel reviews and
special reports emphasized the need for sustainable water and wastewater
infrastructure. ..

...Including decentralized approaches, technologies and systems (Fig. 1.6)

Sustainable Critical Infrastructure Systems: A
Framework for Meeting 21st Century Imperatives

Toward Sustainable Critical Infrastructure Systems:
Framing the Challenges Workshop Committee; Mational
Research Council

ISBN: 0-309-13793-4, 82 pages, 7 x 10, (2009)

Free POF can be downloaded from:
http:/fwww.nap.edulcatalog/12638.htm|

Technologies for Clean Water
Vol. 38, No. 3, Fall 2008. 72 pages.

Free PDF can be downloaded from:
hitp:ifwww.nae. edu/TheBridge

Fig. 1.6 Cover pages from two recent U.S. National Academy publications
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e 2009—The Decentralized Water Resources Collaborative (DWRC)

emerged

© DWRC is a cooperative effort managed by the Water Environment
Research Foundation (WERF) and funded by the USEPA (Fig. 1.7)

o DWRC supports research and educational initiatives focused on
decentralized wastewater and stormwater

o DWRC research reports and other products were developed during
2009-2011

Fig. 1.7 Home page of
the WERF website for
decentralized systems.
www.werf.org/AM/
Template.cfm?
Section=Decentralized_
Systems
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© DWRC research and products dissemination encompasses septic
tanks and onsite systems, watershed scale solutions, urban applica-
tions and stormwater

o DWRC products include: technical reports, modeling tools, and deci-
sion aids available through a website, FAQ guide, product matrix
guide, and videos (Fig. 1.8)

Fig. 1.8 Home page of
the DWRC website for
onsite and decentralized
systems. www.
decentralizedwater.org/

Applications

Register for Lipastes

Lo e
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® 2011—U.S. National Science Foundation sponsors a major Engineering
Research Center on water
O  The NSF ERC on “Reinventing the Nation’s Urban Water Infrastruc-
ture (ReNUWIt)” was launched in August 2011 (Fig. 1.9)
O ReNUWIt has a broad array of research and educational thrusts, and
decentralized approaches and the associated technologies are one
facet of the ERC

Fig. 1.9 Home page of
the website for the NSF
research center for
reinventing urban water
infrastructure. www.
urbanwatererc.org/

o
Mings

Welcome

e 3 e g e
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e 2012—U.S. Decentralized Partnership to promote the use and improve
the performance of decentralized wastewater treatment
o The U.S. Decentralized Partnership is an agreement between the
USEPA and 16 partner organizations to work collaboratively at the
national level to improve decentralized system performance (Fig. 1.10)
O Four papers described decentralized system uses and benefits:
— Introduction to Decentralized Wastewater Treat-
ment: A Sensible Solution
— Decentralized Wastewater Treatment Can be Cost
Effective and Economical
— Decentralized Wastewater Treatment Can Be Green
and Sustainable
— Decentralized Wastewater Treatment Can Protect
the Environment, Public Health and Water Quality

Fig. 1.10 The EPA decentralized memorandum of understanding partnership
papers were released in 2012 (USEPA 2012). (http://water.epa.gov/infrastructure/
septic/Decentralized-MOU-Partnership-Products.cfm)
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B Inthe 21st century, water and wastewater paradigms are increasingly
driven by sustainability concerns

e View of water more holistically, differentiated by quality and
intended uses rather than lumped as drinking water,
stormwater, or wastewater

e Approaches, technologies and systems are increasingly being
judged based on their sustainability attributes, including
© Human and environmental interactions and effects
o Resilience to natural or human influenced upsets
o Ability to deal with climate change
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B Decentralized infrastructure in the 21st century

e Decentralized approaches, technologies and systems can
contribute to a 21st century sustainable water and wastewater
infrastructure
o To help promote and accomplish this, it is important to

clearly understand decentralized infrastructure attributes
and the potential uses and benefits in different applications

e |t is also critical to to clearly recognize and appreciate the
differences between modern infrastructure and legacy
systems
o Modern 21st century decentralized infrastructure can be
implemented in rural, peri-urban, suburban and urban
areas for longer-term, high efficiency treatment and often
water reuse and resource recovery

o In contrast, older 20th century decentralized systems are
often legacy systems that were installed in rural areas for
shorter-term waste disposal

1.31

t/ 1-4. Decentralized Infrastructure

B Decentralized infrastructure is normally deployed to help achieve one
or more of the following project goals

e Effective treatment and disposal of wastewaters in areas where a
decentralized system is the only option or where decentralized
systems offer desired benefits

e Treatment of wastewaters to provide a reclaimed water source in
areas where decentralized systems can yield benefits by
co-locating wastewater generation near a water reuse site

e Minimized resource consumption and maximized resource recov-
ery in areas where these are desired by the project owners for
various reasons such as to support an environmental conscious-
ness, realize cost incentives or savings, and earn points to achieve
a desired sustainability rating

Note: Decentralized infrastructure can also be used for stormwater and other
impaired waters.
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B Decentralized infrastructure components include those listed below (Fig. 1.11)
e Source modification options
o Ultra efficient fixtures and appliances
o Waste stream source separation
e Collection and conveyance options
e Treatment options
O Bioreactors
Recirculating biofilters
Membrane bioreactors
Constructed wetlands
Subsurface soil infiltration
Landscape drip dispersal
Nutrient removal units
Disinfection units
e Sensors and intelligent control options
e Discharge and reuse/recovery options
o Surface or subsurface discharge and groundwater recharge
o Nonpotable water reuse
o Recovery of wastewater organic matter, nutrients, energy

O O O 0O O O O

1.33

Fig. 1.11 Examples of system components: (a) urine diverting toilet, (b) septic tank and
pump vault, (c) small diameter sewer, (d) primary settling and recirculation fiberglass
tanks, (e) aerobic treatment unit, (f) recirculating textile media biofilters, (g) recirculating
foam filter in a shipping container, (h) membrane bioreactor, (i) subsurface flow
constructed wetland, (j) chamber-equipped subsurface soil treatment unit, (k) landscape
drip dispersal unit, (I) denitrifying wood chip biofilter, (m) ultraviolet light disinfection unit
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B Applications of decentralized infrastructure are varied
e Development types include (Figs. 1.12 and 1.13):
o Single homes, businesses, and institutions in rural and peri-urban
areas
o Neighborhood and commercial developments in small towns and sub-
urban areas
o Buildings and higher density developments in larger cities

Fig. 1.12 lllustration of developments
where decentralized infrastructure has
been deployed: (a) individual home,
(b) school, (c) restaurant in rural areas,
(d) apartment building or (e) strip mall
in suburban areas, (f) homes and
businesses in a small town or (g) high
rise office and condominium buildings
in a city

v

Single-family homes in a low density

=) m] «—— development served by onsite systems
High rise office buildings [m] o S| comprised of a septic tank and subsurface soil
within the city center with O 0 =) IS infiltration system

Subdivision of homes in a suburban area that are clustered
together and served by a decentralized system comprised

source separation to
enable onsite treatment of

graywater for reuse in D of small diameter sewers that convey effluent to an aerobic
toilet flushing and turf A D DDD DD 0 8%88/ treatment unit followed by a constructed treatment wetland
irrigation O O oanno established for wildlife habitat and to gain aesthetic benefits
. =R

H|ghvr|se apartment ] DD DDD E g (]

buildings that are outfitted = ool og o

with minimum flow fixtures "E DD DDD DD D DI:ID s Semmnl

and appliances and utilize F' Golf course !

a membrane bioreactor 000 ooo N !

and ultraviolet disinfection o

unit to produce reclaimed City center served by a Commercial buildings in a development that are

water that is distributed in wastewater collection clustered together and served by a decentralized
dual-plumbing systems for system and centralized system comprised of a membrane bioreactor and
building cooling, toilet wastewater treatment ultraviolet disinfection unit to produce reclaimed water
flushing, and landscape { River plant that discharges for irrigation of a nearby golf course during summer
irrigation effluent into a river and high rate groundwater recharge during winter

Fig. 1.13 lllustration of a city center area with nearby urbanizing areas where
decentralized infrastructure can be deployed along with centralized infrastructure.
(Note that management of decentralized infrastructure can be handled by a single
central authority or by multiple authorities)
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¢ Decentralized infrastructure can handle a wide range of design flows (Table 1.5)

Table 1.5 Decentralized systems can handle a wide range of design flows?®

Size Design flow
classification | (gal/day) Example applications Comments
Very small <100 Single house or small clus- | Very small systems could handle the total flow
ters with minimum flows or | if there are very low flows (e.g., due to ultra
source separated waste efficient fixtures and appliances) or just the
streams diverted urine or graywater
Small up to 2500 Individual houses, small This design flow often distinguishes a “small”
businesses, recreational versus “large” onsite system with respect to
sites local versus state regulations, respectively,
in the United States
Medium 2500-10,000 Schools, restaurants, coun- | Medium size systems are often a transition
try clubs size where more advanced technologies are
increasingly deployed to produce higher qual-
ity effluents for discharge or water reuse
Large 10,000-100,000 | Communities, residential Large and very large systems will often include
developments, commercial | clusters of sources with alternative convey-
complexes ance to a local site where advanced technol-
” ogies will be deployed for treatment and
Very large | >100,000 Larger communities and potentially water reuse and resource recovery
developments
PThe size classification is based on the author’s views with input from others and is for illustration purposes only
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B Decentralized systems are configured from approaches and
technologies
e Compatible components are configured for a goal (Fig. 1.14)
¢ Afew example system configurations are illustrated in the following pages

Soil infiltration or landscape dispersal |

Septic tank or

Confined biotreatment

Source Primary unit for Effluent unit for secondary
Home, business, separation equalization and conveyance to a removal of BODs and
development,... options FOG, TSS, & local treatment TSS and some nutrient
(if used) some BODs site (if used) removal
removal

Confined membrane unit for Confined unit Disinfection
tertiary removal of BODs, | 4 for removal of |—p! unit for |
TSS and pathogens and T nutrients destruction of Surface water discharge
some nutrients pathogens -or- .
Nonpotable reuse option

Fig. 1.14 lllustration of example approaches and technologies that can be used to
configure a decentralized system for a particular discharge or reuse goal
1.38
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e |llustration of a system for individual residential units and busi-
nesses in rural and peri-urban areas
o Where land area is available and soil and site conditions are suitable
for soil-based treatment (Fig. 1.15)

Raw Advanced septic tank Subsurface chambers
wastewater (pump unit, controls/sensors, > w/ spray distribution and
effluent screen) soil treatment before
groundwater recharge

L o

Source: : Orenco Systems®, Inc. Source: Infiltrator® water technologies

Fig. 1.15 Example of a system and illustration of key components for use at single
houses and businesses where soil and site conditions are suitable for soil-based
treatment
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o Where land area is available and soil and site conditions are suitable
for soil-based treatment and water reuse and nutrient recovery is
desired (Fig. 1.16)

Raw Advanced septic tank w/ integral Disk filter and landscape drip
wastewater =¥ textile biofilter and recirculation =»  dispersal for effluent polishing
for denitrification and water and nutrient uptake

by plants

s =2, iy
Source: Siegrist et al. 2014

Source: : Orenco Systems®, Inc.

Fig. 1.16 Example of a system and illustration of key components for use where soil
and site conditions are suitable for soil-based treatment and water reuse and nutrient
recovery is desired 1.40
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o Where advanced treatment is needed for discharge to a local
inland stream or lake (Fig. 1.17)

Aerobic treatment unit Ultraviolet light Stream
(submerged fixed film unit, > disinfection discharge
sensors, effluent screen)

Raw
wastewater

Source: SCG Enterprises, Inc.

Source: www.biomicrobics.com

Fig. 1.17 Example of a system and illustration of key components for use where
advanced treatment is needed to enable discharge to a local inland stream or lake
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e |llustration of a system for multiple buildings in developments or
small towns (Fig. 1.18)
o Where land use planning and density characteristics require wastewa-
ter collection and conveyance to a local treatment and reuse site

Septic tank Small diameter Subsurface Drip dispersal
from each P gravity or pressure "® flow constructed *» effluent network

building sewers wetland for irrigation

w

Source: R.J. Otis

Fig. 1.18 Example of a system and illustration of key components used to serve a
development or small town including wastewater collection and conveyance to a local

site for treatment and reuse
1.42
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e lllustration of a system for high rise buildings in highly urbanized
settings and cities (Fig. 1.19)

o Where water reuse and green building certification is desired

Untreated =» Membrane =» Ultraviolet light / > Reuse for toilet flushing,
wastewater Bioreactor Ozone disinfection turf irrigation, cooling tower

Fig. 1.19 Example of a membrane bioreactor system serving a high rise apartment
building in a major urban area to produce reclaimed water for nonpotable reuse and
help earn LEED certification. (Photographs are of the Solaire building in Battery Park
City, NY which has 250 apartment units. http://www.werf.org/i/c/Decentralizedproject/
When_to_Consider_Dis.aspx)
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B System selection and design can be informed using a growing array of models
and other decision aids
¢ Analytical models for design and performance (Geza et al. 2014, Fig. 1.20)
¢ Numerical models for simulating performance under complex conditions
e Watershed models to simulate cumulative effects on water resources
(Siegrist et al. 2005, Fig. 1.21)

—3%ecm —60cm ~=120cm

Cumulative Frequancy (%)

oo 0z 04 0E os 1.0
Fraction Nitrogen Remaining

Fig. 1.20 Simulations with STUMOD revealing there is a 50 % probability of 70 % nitrogen
removal at 60-cm depth in a subsurface soil treatment unit under the assumed conditions
1.44
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. - E==xm=mETo)

Fig. 1.21 Simulations with the watershed model, WARMF, revealing there would be an
increase in nutrient loading to the Blue River if onsite systems are replaced by a centralized

system
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B Management of decentralized infrastructure is critical to achieving and
sustaining a performance outcome
¢ What is meant by “management”?
e Management involves public and/or private entities and a set of
activities, often organized within a jurisdiction, to assure:
o Decentralized systems are properly considered during infra-
structure and land use planning, and
o If selected they are properly designed, constructed, and oper-
ated so the performance planned for are sustainably achieved
e As decentralized systems have evolved to become a permanent
part of the U.S. water and wastewater infrastructure, the need for,
and critical role of, approaches for effective management have
also evolved (refer to Chap. 2)
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L/ 1-5. Summary

B Decentralized wastewater infrastructure has evolved and can now
provide sustainable long-term solutions for:
e Effective treatment and disposal of wastewaters
e Treatment of wastewaters to provide a reclaimed water source
e Minimized resource consumption and enhanced recovery

B Modern decentralized infrastructure encompasses approaches, tech-
nologies and systems that include:

e Ultra high water use efficiency fixtures and appliances and
in-building source separation

Small diameter wastewater collection and conveyance networks
Reactor-based and landscape-based treatment unit operations
System monitoring and performance assurance methods
Management systems to help assure long-term sustainability
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&5 Chapter 2

Selection, Design and Implementation
of Decentralized Infrastructure

2-1. Scope

Decentralized infrastructure involves approaches, technologies and systems
that are selected based on project goals and requirements under a specific
set of circumstances. For a particular project, one or more decentralized
systems can be configured from compatible approaches and technologies.
System design and implementation needs to satisfy technical and deploy-
ment viability and sustainability requirements. Management is essential to
successful deployment of decentralized systems. This chapter describes
how decentralized systems can be selected, designed, and implemented to
achieve project goals and satisfy requirements in a sustainable fashion.

2-2. Key Concepts

B Infrastructure can be defined as the basic physical and organizational
structures and facilities needed for a given function within a society. In
the context of wastewater management and water reclamation,
decentralized infrastructure can encompass an array of approaches,
technologies, and systems.

e For example, decentralized infrastructure can span from:

o Installation of ultra-efficient fixtures and appliances (e.g., water-
less or urine diverting toilets) in buildings to reduce water use and
wastewater generation, to

o Installation of a complete treatment system (e.g., membrane bio-
reactor and ultraviolet light disinfection unit) to enable nonpotable
water reuse for toilet flushing and irrigation.

© Springer International Publishing AG 2017 39
R.L. Siegrist, Decentralized Water Reclamation Engineering,
DOI 10.1007/978-3-319-40472-1_2
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Decentralized infrastructure can be deployed to help achieve one or
more project goals that commonly include:

Effective treatment and disposal of wastewaters in areas where a
decentralized system is the only option or where decentralized sys-
tems offer desired benefits.

Treatment of wastewaters to provide a reclaimed water source in
areas where decentralized approaches can yield benefits by
co-locating wastewater generation near a water reuse site.
Minimize resource consumption and maximize resource recovery in
areas where these are desired by the project owners for various
reasons such as to support an environmental consciousness, realize
cost incentives or savings, and earn points to achieve a desired
green building rating.

A variety of general considerations can influence if and how decen-
tralized infrastructure might be deployed for a particular project including:

What are the key characteristics of the source(s) or development to
be served by the approach, technology or system?

What are the optional receiving environments and boundary condi-
tions that determine what water quality is required for a potential
discharge or reuse option?

Is the project to provide upgraded or new service?

Are there any existing or planned systems near the existing or
planned building or development?

What is the design life of the approach, technology or system?

How will the approach, technology or system be paid for and
managed?

What regulatory program(s) governs design and implementation of
an approach, technology or system?

Selection, design and implementation of decentralized infrastructure
must ensure viability and sustainability.

Approaches, technologies, and systems that are considered “techni-
cally viable” for a particular application are those that are inherently
capable of achieving a required goal (e.g., a required treatment
efficiency for an intended discharge or reuse plan and capable of
satisfying high priority owner requirements).

Approaches, technologies, and systems that are considered “deploy-
ment viable” are those that are also compliant with applicable regu-
lations and codes.

Approaches, technologies, and systems that are considered “sus-
tainable” must provide a reliable performance in an affordable man-
ner over the long-term and also yield an acceptable level of resource
use and environmental impact.
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B For most projects, decentralized infrastructure includes one or more
systems for wastewater treatment and water reclamation, potentially
including resource recovery.

e Chapter 2 is focused on the selection, design and implementation of
viable and sustainable decentralized systems for wastewater treat-
ment and water reclamation.

* As described in this chapter, a viable and sustainable decentralized
system can configured from one or more approaches and technolo-
gies and can include minimum flow fixtures and appliances, waste
stream source separation and treatment technologies and reuse and
recovery options.

B Project requirements drive system selection, design and implementation
and these can be categorized to include:

e Requirements based on treatment efficiency and water quality—
Treatment performance must protect public health and preserve or
enhance environmental quality and also provide for an operation that
is robust and reliable.

¢ Requirements based on owner needs and desires—Owner(s) can
have specific views about what infrastructure they want to implement,
including: attributes related to aesthetics and land use planning,
costs relative to an available budget, sustainability attributes, and
contribution to achieving a certain green building or infrastructure
rating.

¢ Requirements based on regulations and codes—Codes and regula-
tions can constrain what can be permitted and also specify how
design and implementation is done.

B Project requirements can include specified treatment efficiency targets
for constituents of concern (e.g., achieve >50 % removal of total inor-
ganic nitrogen with an effluent concentration <10 mg-N/L). A system
must have the inherent capability to achieve a target treatment effi-
ciency, be properly designed and implemented for a particular project,
be properly operated and maintained, and if needed be appropriately
monitored to verify performance is achieved.

B Constituents of concern can be removed using approaches such as
source separation and treatment processes such as biodegradation
that are implemented in unit operations. Compatible approaches and
unit operations can be selected to form a system that has a general
capability to remove the constituents of concern. Systems commonly
include a treatment train that consists of a sequence of compatible unit
operations that connect the source to an intended discharge or reuse
option. The unit operations in a treatment train can be categorized
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according to their function and the constituents of concern that are
removed:

Preliminary treatment—A term used to encompass processes and
unit operations that are used to accomplish the initial processing of
raw wastewaters generated in buildings, which often includes the
removal of debris and fats, oils, and greases. Examples of prelimi-
nary treatment include grease interceptors, coarse screening units,
grinders and comminutors.

Primary treatment—A term used to encompass processes and unit
operations that remove suspended solids (organic and inorganic)
from wastewater by sedimentation or flotation processes. Advanced
primary treatment includes some treatment of the separated solids
(e.g., by anaerobic biodegradation of settled organic solids). Exam-
ples of primary treatment operations include settling basins, septic
tanks, and upflow anaerobic sludge blanket reactors.

Secondary treatment—A term used to encompass processes and
unit operations that follow primary treatment and are designed to
remove biodegradable dissolved and colloidal organic matter by
aerobic biological processes. Advanced secondary treatment
includes transformation and removal of nutrients (e.g., removal of
ammonia nitrogen using a nitrifying extended aeration bioreactor).
Examples of secondary treatment operations include: extended aer-
ation bioreactors, porous media biofilters, and constructed wetlands.
Tertiary treatment—A term used to encompass processes and unit
operations that typically follow secondary treatment and are
designed to remove specific constituents such as nutrients, trace
organic compounds, heavy metals or dissolved salts. Examples of
tertiary treatment operations include: denitrifying porous media
biofilters, adsorptive media packed bed reactors, and ion exchange
columns.

Disinfection—Refers to the process of destroying pathogenic micro-
organisms in a media like water so that the risk of infectious disease
transmission through human contact with that media is reduced.
Examples of disinfection technologies include: chlorination, ozona-
tion, ultraviolet light irradiation, and membrane filtration.

Unit operations and systems can have inherent treatment capabilities,
which are established based on field experiences and testing and eval-
uation programs. The National Sanitation Foundation has had a program
of testing and certification in place for more than 40 years. Today there
are a number of standards that can be used to test and certify different
types of fixtures and treatment systems relative to a set of criteria that
must be met. Examples of current standards include: Standard 40 for
residential treatment systems, Standard 245 for nitrogen reduction sys-
tems, and Standard 350 and 350-1 for water reuse treatment systems.



Selection, Design and Implementation of Decentralized Infrastructure 43

B The treatment that is actually realized when a technology or system is
applied at a specific project can be better or worse than an inherent
capability and the performance demonstrated in testing and evaluation
programs. The fundamental reason for this is that specific projects can
have design and implementation that can vary in the quality of execution
and the conditions actually encountered during operation can depart
from those envisioned during design and implementation.
¢ Design reviews and approvals, construction supervision and inspec-

tions, education and training, and certification programs for those
involved in key elements can help enable proper design and
implementation.

e Operation and maintenance can be critical to achieving an inherent
system treatment capability over a system design life. Operation and
maintenance requirements vary in complexity and frequency of
occurrence. The operation and maintenance required to ensure that
an inherent treatment capability is actually realized increases with
system complexity and the stringency of the treatment efficiency
targets.

e The importance of monitoring depends on the risks associated with
system performance deficiencies. Monitoring methods can be used
to determine the operational status or treatment performance of a
unit operation or system. Monitoring data can be used to assess and
alter operations to help ensure achievement of the target treatment
efficiency.

B System configurations can help satisfy environmental sustainability
goals. These goals can include minimizing resource use directly or via
recovery along with minimizing environmental impacts associated with
resource use and conveyance and treatment operations.

e Sustainability assessment can be used during strategic planning of
infrastructure in areas or regions. Life Cycle Assessment has been
used to assess decentralized versus centralized infrastructure
options in several urban planning areas.

B Management is crucial to ensure the viability and sustainability of
decentralized systems.
¢ Modern management systems involve entities and activities, often
organized within a jurisdiction, to ensure decentralized systems are
properly considered during infrastructure and land use planning, and
if selected they are properly designed, constructed, and operated so
performance is satisfactory over a long-term planning period.
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2-3. Conceptual and Technical Details

Conceptual and technical details concerning the scope and key concepts
covered in Chap. 2 are presented in the Slides section.

2-4. Terminology

Terminology introduced and used in Chap. 2 is defined below.

Blackwater—Wastewaters from water-flush toilets and potentially including
wastewaters from kitchen sink and dishwasher uses.

Configuring decentralized systems—The engineering process of
selecting and combining compatible strategies and unit operations to
form a system that is considered viable and sustainable for a particular
project application.

Deployment viable systems—Decentralized systems that are technically
viable for a particular application and are also compliant with applicable
regulations and codes.

Disinfection—Refers to the process of destroying pathogenic microorgan-
isms in a media like water so that the risk of infectious disease transmis-
sion through human contact with that media is reduced. Example
processes include chlorination, ultraviolet light irradiation, and membrane
filtration. See also Natural disinfection.

E. coli—Escherichia coli is a bacterium found in the gut that is used as an
indicator of fecal contamination of water.

Graywater—Wastewaters produced by water use in basins, sinks and appli-
ances in residential and nonresidential buildings. Mixed graywater
includes food preparation related wastewaters (e.g., kitchen sink and
dishwasher) while light graywater excludes food preparation wastewaters
and possibly laundry wastewaters. All types of graywater exclude toilet
wastewaters, which contain human excreta. Graywater can also be
spelled as greywater.

Infrastructure—The basic physical and organizational structures and facil-
ities needed for a given function such as water treatment and supply or
wastewater treatment and discharge or water reuse.

Impaired water—Refers to water that has been used or impacted in a
manner as to have quality characteristics that make it unsuited for one
or more uses. Examples of impaired waters include: residential and com-
mercial wastewater, municipal wastewater, graywater, stormwater, acid
mine drainage, etc.

Management systems—Management systems involve entities and activi-
ties, often organized within a jurisdiction, to ensure decentralized systems
are properly considered during infrastructure and land use planning, and if
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selected they are properly designed, constructed, and operated so per-
formance is satisfactory over a long-term planning period.

Maximum Contaminant Level (MCL)—The highest level of a contaminant
that is allowed in drinking water in the United States under the Safe
Drinking Water Act.

Natural disinfection—Refers to the destruction of pathogenic microorgan-
isms by die-off and predation mechanisms in unit operations that are not
specifically designed as disinfection agent technologies. See also
Disinfection.

Performance-based design—An explicit approach to achieving perfor-
mance that allows designers to develop solutions to achieve a numerical
performance requirement (e.g., 10 mg-N/L) that can provide for flexibility
and innovation in design, but can require monitoring to verify performance.

Prescriptive design—An implicit approach to achieving performance where
regulatory requirements dictate the steps and methods to be adhered to in
system planning, design, and operation and satisfactory performance is
presumed to be achieved if the prescribed code requirements are met.

Preliminary treatment—A term used to encompass processes and unit
operations that are used to accomplish the initial processing of raw waste-
waters generated in buildings, which often includes the removal of debris
and fats, oils, and greases. Examples of preliminary treatment include:
grease interceptors, coarse screening units, grinders and comminutors.

Primary treatment—A term used to encompass processes and unit opera-
tions that remove suspended solids (organic and inorganic) from waste-
water by sedimentation or flotation processes. Advanced primary
treatment includes some treatment of the separated solids (e.g., by anaer-
obic biodegradation of settled organic solids). Examples of primary treat-
ment operations include settling basins, septic tanks, and upflow
anaerobic sludge blanket reactors.

Reclaimed water—Reclaimed water is wastewater that has been treated to
remove inorganic and organic substances and pathogenic microorgan-
isms to a degree that the effluent can be considered reclaimed water with
a quality that is fit for the purpose (i.e., appropriate for and of a necessary
standard) of an intended discharge or water reuse plan.

SCADA—AnN acronym for supervisory control and data acquisition systems
that are used to gather and analyze real-time data to monitor and control a
unit operation or system.

Secondary treatment—A term used to encompass processes and unit
operations that follow primary treatment and are designed to remove
biodegradable dissolved and colloidal organic matter by aerobic biological
processes. Examples of secondary treatment operations include
extended aeration bioreactors, porous media biofilters, and constructed
wetlands.

Sustainable systems—In the context of decentralized wastewater treat-
ment and water reclamation, sustainable systems are systems that are
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selected, designed, and implemented for a particular application that are
capable of achieving long-term, reliable performance, have affordable
costs for construction and operation, and have acceptably low resource
requirements and environmental impacts.

Technically viable systems—Decentralized systems for a particular appli-
cation that are capable of achieving a required treatment efficiency for an
intended discharge or reuse plan and are also capable of satisfying high
priority owner requirements.

Tertiary treatment (Advanced treatment)—A term used to encompass pro-
cesses and unit operations that typically follow secondary treatment and
are designed to remove specific constituents such as nutrients, trace
organic compounds, heavy metals or dissolved salts. Examples of tertiary
treatment operations include: denitrifying porous media biofilters, adsorp-
tive media packed bed reactors, and ion exchange columns.

Treatment technique—A required process (in the United States) intended
to reduce the level of a contaminant in drinking water.

Treatment train—Within a decentralized system a treatment train consists
of a sequence of compatible unit operations that connect the source to an
intended discharge or reuse option.

Unit operation—A physical facility (e.g., basin, column, reactor, landscape)
in which a physical, chemical, and/or biological process is made to occur
for the purpose of removing or destroying constituents of potential concern
in wastewater or other impaired waters.

Yellow water—Term that can be used to represent human urine.

2-5. Acronyms, Abbreviations and Symbols

Acronyms, abbreviations and symbols used in Chap. 2 are listed below.

BOD Biochemical oxygen demand
BREEAM Building research establishment environmental assessment
method

cBOD Carbonaceous BOD
CDPHE Colorado Department of Public Health and Environment
Coli. Coliform bacteria

CSM Colorado School of Mines

E. coli Escherichia coli

LCA Life-cycle assessment

LEED Leadership in energy and environmental design
MASSTC Massachusetts Alternative Septic System Test Center
MBR Membrane bioreactor

N Nitrogen

ND None detected
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NPV Net present value

NS Not specified

NSF National Sanitation Foundation (U.S.), National Science
Foundation (U.S.)

NTU Normal turbidity units

O&M Operation and maintenance

O&P Operational and performance

RME Responsible management entity

SCADA Supervisory control and data acquisition

TIN Total inorganic nitrogen

TMDLs Total maximum daily loads to a water body

TSS Total suspended solids

u.s. United States of America

USEPA U.S. Environmental Protection Agency

uv

Ultraviolet light

2-6. Problems

2.1

2.2

2.3

A university is considering expansion of student housing on the campus
and is interested in exploring decentralized infrastructure and options
for water reclamation and reuse. As a design professional, you were
invited to a meeting with a campus planning team to discuss this. List
five relevant questions you might ask during the meeting or pursue after
the meeting to help begin to understand whether there would be viable
options for implementing a decentralized approach, technology or
system.

Environmental regulations that are relevant for decentralized infrastruc-
ture are often conservative and can limit application of innovative tech-
nology. Briefly explain why this is the case.

There are perhaps eight different basic considerations that could be
important during initial planning of a suburban housing development
with a design flow of 10,000 gal/day that is located near the edge of a
city that is already served by conventional centralized wastewater
facilities. These considerations could strongly influence whether a
decentralized system might be most appropriate compared to a
extending a sewer to connect the development to the city’s centralized
treatment plant. Which of the following would likely apply: (1) distance
from the subdivision development to the city and a sewer connection
point, (2) development size and density, (3) architectural style of the
houses, (4) topography and natural resources where the development
is located, (5) amount of excess capacity in the city’s wastewater
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2.5

2.6

2.7

2.8

2.9

2.10

2.11

facilities, (6) developer’s desire or need to maintain control over bene-
ficial reuse?

Treatment performance requirements can be achieved by prescriptive
vs. performance-based design. Briefly explain the difference in pre-
scriptive vs. performance-based design.

Decentralized systems can combine available unit operations in an
optimum fashion to achieve required performance efficiencies, satisfy
owner and user requirements, and comply with regulatory require-
ments. For a resort development of 100 condominiums, what might
be the reason why a high priority owner requirement is to minimize
resource requirements and enable recovery.

Which of the following are factors to consider when assessing technical
viability (check all that apply): (1) previous experience with a particular
type of application, (2) treatment requirements and process reliability,
(3) compatibility with other unit operations or systems, (4) power, chem-
ical, and other resource requirements, (5) type and management of
treatment residuals?

For a new subdivision development in Arizona, you are tasked with
configuring a decentralized system for each of the following two goals:
(1) to effectively treat the wastewater generated for discharge of efflu-
ent into a nearby creek or (2) to produce reclaimed water for landscape
irrigation in the subdivision. Assemble a technically viable decentralized
system you would propose. Give a brief explanation concerning the
basis for your selection and state any assumptions you need or choose
to make.

There are several technical, environmental, and economic benefits that
can be gained by water recycling and reuse. There are also a few
concerns. Describe one important benefit and one important concern.

Rating systems for green buildings can motivate selection and use of
decentralized water reclamation approaches, technologies, and sys-
tems. Give two examples of an approach or technology for which a
rating system such as LEED can allocate points in the general category
of water efficiency.

Regulations and guidelines can control water recycling and reuse prac-
tices. Fill in the blanks to complete the following phrases that represent
common features of water recycling and reuse regulations and guide-
lines: (1) primary emphasis is on protection, (2) requirements
include processes plus limits for different recycling and
reuse options, (3) is almost universally required.

Answer the following questions concerning water recycling and reuse.
(1) Compared to total domestic wastewater, household graywater
should present a lower risk to human health and thus be more amena-
ble to recycling and reuse—true or false? (2) Check which one of the
following levels of treatment bests describes the generally accepted
practice to produce water for landscape irrigation or toilet flushing:




Selection, Design and Implementation of Decentralized Infrastructure 49

secondary, secondary with disinfection, secondary plus filtration and
disinfection. (3) For unrestricted urban reuse, regulations often require
treatment that produces a reclaimed water with very low turbidity (e.g.,
<2 NTU) to improve disinfection reliability—true or false?

2.12 The primary risk factor controlling the level of treatment technically
required to produce reclaimed water for landscape irrigation is the
degree of .

2.13 For each of the following four situations (a—d) state which of the follow-
ing management models might be most appropriate: (1) user aware-
ness, (2) maintenance contract, (3) RME operation, (4) RME own and
operate. Use all choices (1—4) but use each one only once. Situations:
(a) A decentralized system managed by a sanitation district that
includes individual septic tanks at 100 homes located along a lake
shore with an alternative collection system and treatment using sub-
surface soil infiltration at a site located on an upslope area about 2 miles
away from the lake. (b) Subsurface soil infiltration serving individual
homes located on 5-acre lots in a rural county of eastern Colorado. (c) A
decentralized system serving a private resort development in California
with 20, 4-unit condominium buildings where water reuse for landscape
irrigation is planned following treatment in a centrally located treatment
facility including a membrane bioreactor and UV disinfection. (d) A
county in lllinois with shallow groundwater where there is an increasing
use of recirculating sand filters to produce a high quality effluent for
landscape drip dispersal.
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u 2-1. Introduction

B Decentralized infrastructure can be defined as the basic physical and

organizational structures and facilities needed for a given function

within a society

¢ In the context of wastewater management and water reclamation,
decentralized infrastructure can be considered to encompass an

array of approaches, technologies, and systems
e For example, it can range from:

o Installation of ultra-efficient fixtures and appliances (e.g.,

waterless or urine diverting toilets) ... to ...

o Installation of a complete treatment and reuse system (e.g.,
membrane bioreactor and ultraviolet light disinfection unit for

nonpotable water reuse for toilet flushing and irrigation)

e For most projects, decentralized infrastructure includes one or
more systems for wastewater treatment and water reclamation,

potentially including resource recovery

22
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B Decentralized infrastructure can be deployed to help achieve one or
more project goals that commonly include:

e [Effective treatment and disposal of wastewaters in areas where a
decentralized system is the only option or where decentralized
systems offer desired benefits

e Treatment of wastewaters to provide a reclaimed water source in
areas where decentralized approaches can yield benefits by
co-locating wastewater generation near a water reuse site

e Minimize resource consumption and maximize resource recovery
in areas where these are desired by the project owners (e.g., to
realize cost incentives or savings and/or earn points to achieve a
desired green building rating)

B Varied considerations can influence if, and how, decentralized infra-
structure is deployed (Table 2.1)

23
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Table 2.1 Considerations influencing if and how decentralized infrastructure may help
achieve goals

Consideration

Comments

What are the key characteristics of
the source(s) or development to be
served?

Type of source, number of users, size of source, individual
building or a development of a certain density, availability and
cost of utility services, geographic location, climatic conditions

What are the optional receiving
environments and what water quality
is needed?

Receiving environments (typically land or water) can include
reuse elements (e.g., irrigation, habitat enhancement).
Recycling and reuse have different water quality requirements

Is the project to provide upgraded or
new service?

Upgrading an existing building, development, facility can be
much more complicated than implementing a new service

Are there existing or planned infra-
structure systems near the project?

Connection to an existing or planned system might be a viable
option

What is the design life of the
infrastructure?

Design life, including operation and maintenance require-
ments, can influence viable options

How will the infrastructure be paid for
and managed?

Private, corporate, vs. public ownership and management can
dictate what infrastructure is feasible and affordable

Regulatory program(s) requirements?

Regulations often constrain and control what can be done

24
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B Infrastructure selection, design, and implementation

Decentralized infrastructure needs to be selected, designed, and
implemented to ensure viability and sustainability

Approaches, technologies, and systems that are considered “tech-
nically viable” for a particular application are those that are:

o Capable of achieving a required treatment efficiency for an
intended discharge or reuse plan
o Capable of satisfying high priority owner requirements

Approaches, technologies, and systems that are considered
“deployment viable” are those that are also compliant with appli-
cable regulations and codes

Approaches, technologies, and systems that are considered “sus-
tainable” must provide a reliable performance in an affordable
manner over the long-term and also yield an acceptable level of
resource use and environmental impact
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B Depending on the project goals and requirements, decentralized infra-
structure can take many forms

Decentralized approaches can be used within a centralized infra-

structure setting, e.g.:

o Installation of ultra-efficient fixtures and appliances in buildings
to minimize water use and wastewater generation

Decentralized systems can be configured from technologies that

are applicable to decentralized infrastructure settings, e.g.:

o Compatible unit operations can be combined into one or
more systems to provide wastewater treatment and water
reclamation

B Focus of Chap. 2

Chapter 2 is focused on the selection, design, and implementation
of viable and sustainable decentralized systems for wastewater
treatment and water reclamation including systems which can

enable resource recovery
2.6
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L/‘ 2-2. Project Requirements

B Project requirements can be categorized to include:
¢ Requirements based on treatment efficiency and water quality
o System performance must yield a water quality suited to an
intended discharge or reuse function
¢ Requirements based on owner needs and desires
o Owner(s) can have specific views about what system they want
to implement, including:
*  Attributes related to aesthetics and land use planning
* Costs relative to an available budget
* Sustainability attributes
* Contribution to achieving a green building rating
e Requirements based on regulations and codes
o System design and implementation must satisfy applicable
code requirements
o Codes can specify how design and implementation can occur

27
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B Requirements based on treatment efficiency
e Are designed to:
o Protect public health and environmental quality
e Can be based on:

o Generic public health or environmental criteria or standards
o Site-specific criteria and goals (e.g., by risk assessment)

e Can be impacted by:

o Other sources of pollutants within a given service area, e.g.,
area or watershed scale considerations (e.g., Total Maximum
Daily Loads (TMDLs) in a watershed)

e Can be stipulated by:
o Regulations and codes

28
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B Examples of criteria and standards for water quality that can impact
treatment requirements are shown in Tables 2.2 and 2.3

Table 2.2 Example drinking water standards and criteria that could be used to set
treatment efficiency requirements for a decentralized system discharging into the
subsurface for groundwater recharge

Contaminant | MCL® | TT® | Reason

Nitrate 10 10 Infants below the age of 6 months who drink water containing nitrate in

(mg-N/L) excess of the MCL could become seriously ill and, if untreated, may
die. Symptoms include shortness of breath and blue-baby syndrome

Viruses Zero TT Gastrointestinal iliness (e.g., diarrhea, vomiting, cramps)

(enteric)

Contaminant pH Total dissolved solids Iron

Secondary guidelines® 6.5-8.5 500 mg/L 0.3 mg/L

Source: http://water.epa.gov/drink/contaminants/index.cfm#List.

#Maximum Contaminant Level (MCL)—The highest level of a contaminant that is allowed in drinking water.
PTreatment Technique—A required process intended to reduce the level of a contaminant in drinking
water.

°Non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects.
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Table 2.3 Examples of state requirements for unrestricted urban water reuse that
could be applied to effluent used for landscape irrigation (USEPA 2004)

Example state requirements for “unrestricted urban reuse”

Reqt. Arizona California Florida Hawaii Nevada Texas Washington

Treatment | Secondary, | Oxidized, Secondary, | Oxidized, | Secondary, | NS® Oxidized,
filtered, coagulated, | filtered, filtered, disinfected coagulated,
disinfected | filtered, high-level disinfected filtered,

disinfected | disinfected disinfected

BODs NS NS 20 cBODs NS 30 5 30

(mg/L)

TSS NS NS 5 NS NS NS 30

(mg/L)

Turbidity Avg.=2 Avg.=2 NS Max =2 NS 3 Avg.=2

(NTU) Max =5 Max =5 Max=5

Total coli. | NS Avg. =22 NS NS NS NS Avg.=2.2

(°71100 mL) Max. = 23 Max. =23

Fecal coli. | Avg.=0 NS 75 % NDP Avg.=2.2 | Avg.=2.2 | Avg.=20 | NS

(°/100 mL) | Max. =23 Max. =25 Max. =23 | Max. =23 Max. =75

Note: For updated requirements and guidelines see USEPA 2012 Guidelines for Water Reuse.
2NS not specified in state regulations.

PNone detected.
2.10
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B Treatment efficiency requirements for a project can often lead to
specifications
e Example specifications for a system involving treated effluent
dispersal into subsurface soil and local recharge of groundwater
is presented in Table 2.4

Table 2.4 Example specifications for a decentralized system that disperses treated
effluent into the subsurface with recharge of local groundwater

Specification parameter Specification value
Critical parameters of concern Nitrate nitrogen
Maximum allowable concentration 10 mg-N/L

Media and point at which requirements apply | Groundwater at the property boundary

Frequency and intensity of observation Quarterly monitoring of three
down gradient groundwater wells

Method of comparing data to requirements | Annual average < allowable
concentration

2.1
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B Treatment efficiency requirements can be met via prescriptive- or
performance-based design
e Prescriptive design—common; can be an implicit approach to
achieving performance
o Regulatory requirements dictate the steps and methods to be
adhered to in system planning, design, and operation
o Satisfactory performance is presumed to be achieved if the
prescribed code requirements are met
¢ Performance-based design—less common; is an explicit approach
to achieving performance
o Allows designers to develop solutions to achieve a numerical
performance requirement (e.g., 10 mg-N/L)
o Can provide for flexibility and innovation in design, but can
require monitoring to verify performance
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B Owner requirements also need to be met, including:
¢ Requirements regarding system type and land use planning
¢ Requirements based on affordability and cash flow
e Requirements based on sustainability attributes

B Owner requirements regarding system type and land use

e Owners can have specific desires related to the type of system
and land use planning

o Preferences for one system type over another

* e.g., landscape-based system versus a reactor-based
system (e.g., preference for a constructed wetland over
an aerobic unit)

o Preferences based on type and density of development

* e.g., preference for larger individual lots vs. smaller lots with
more open space in a clustered development
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B Owner requirements based on affordability and cash flow

¢ Owners can have a certain budget and financing arrangement that
they have to work within
As a result, financial costs need to be estimated
Costs include projected capital costs plus operation and mainte-
nance (O&M) costs
o Capital costs = one-time costs to build the infrastructure
o O&M costs =recurring annual costs

¢ The estimated life cycle costs are computed from the amortized
capital costs combined with annual O&M costs

e Based on cash flow considerations, owners can have a preference
for systems with low capital costs and higher O&M costs or vice
versa

2.14
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B Owner requirements based on sustainability attributes

e Preferences for a system that is environmentally friendly—for
example, owners may prefer a more passive natural system ver-
sus a more active energy consuming mechanical plant

e Preferences for a system that helps achieve a certain sustainabil-
ity rating
o Green building rating systems, e.qg.:

* Building Research Establishment Environmental Assess-
ment Method (BREEAM) Rating System (www.breeam.org)

* Leadership in Energy & Environmental Design (LEED)
(www.usgbc.org/certification)

o Other rating systems include a focus beyond a single building
to include varied infrastructure components, e.g.:
* Envision® Sustainable Infrastructure Rating System (www.
sustainableinfrastructure.org/rating/)
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¢ In terms of water management, BREEAM, LEED, and other build-
ing rating systems are similar

o Rating systems have many common elements:

* Management of the construction process and
sedimentation

*  Stormwater management for quantity control

*  Stormwater management for quality/pollution control

* Landscapelirrigation water use reduction

*  Wastewater treatment, either onsite or by reducing offsite
flow

* Internal fixture water use reduction

* Commissioning

* Metering of water systems

o The total points available for all credit categories related to
water management range from about 12 to 18 %

2.16
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B Requirements based on regulations and codes

Regulations and codes can impose varied requirements on
system design and implementation
Regulations and codes include, but may not be limited to:

o Building codes (plumbing, electrical,. . .)

Drinking water supply regulations

Wastewater treatment and discharge regulations

Reclaimed water use regulations

Stormwater regulations

Wetland regulations

Water rights regulations

Jurisdictions involved in administration of regulations and codes:

o City and county
o State and regional
o Federal

O O O O O O
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B For U.S. regulations and codes specific to decentralized wastewater
systems, system size and location are often important

Smaller individual sources are commonly regulated at the local

level (typically at the county level)

o Common size cut-off used to define “small” is 2000-5000 gal/
day, but this varies from state to state

o Common to have a state-wide code that sets minimum stan-
dards for small systems that are implemented at the local level

Larger individual sources, clusters, and small communities are

often regulated at the state level

Potential options and design requirements can vary widely from

state to state and from county to county within a state

2.18
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B Itis important to keep in mind that regulations and codes can be very
conservative and constraining

Approaches and systems that appear technically viable for a
particular application may, in fact, not be permitted under a partic-
ular regulation or code

This is particularly true for infrastructure to serve single-family
homes and small businesses in rural areas

This also can be true for “nonconventional” options such as:

o Source madification (e.g., urine diversion and recovery)

o Innovative technologies (e.g., membrane units)

o Reuse options (e.g., nonpotable reuse for toilet flushing)
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Conservatism often reflects current practical attributes of

decentralized systems such as:

o Highly varied and potentially changing wastewater flows and
composition

o Potential limitations on assuring that all needed operation and
maintenance will be provided

o Difficulties and costs to monitor performance of some
components
* Notably, natural treatment unit operations and systems

o Difficulties in achieving corrective action if performance
deficiencies do occur

Fortunately, regulations and codes can evolve and become more

contemporary and science-based
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2-3. Treatment Performance

B Project requirements often include specified treatment efficiency
targets such as:
¢ Producing an effluent quality with BOD5s and TSS < 30 mg/L
¢ Achieving >50 % reduction in TIN with an effluent <10 mg-N/L

B Combinations of approaches and technologies can be configured into
systems that can offer capability to achieve treatment efficiency
targets
e Compatible approaches and technologies can be selected based
on their general capability to remove constituents of concern
as described in Table 2.5 and illustrated in Fig. 2.1

e Within a decentralized system, a treatment train consists of a
sequence of compatible unit operations that connect the source
of the wastewater to an intended discharge or reuse option as
illustrated in Fig. 2.2
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Table 2.5 Treatment levels based on unit operations and the constituents of concern
removed

Level® Description

Preliminary Processes and unit operations that are used to accomplish the initial processing of raw wastewaters generated in

treatment buildings, which often includes the removal of debris and fats, oils, and greases. Examples of preliminary treatment
include grease interceptors, coarse screening units, and grinders

Primary Processes and unit operations that remove suspended solids (organic and inorganic) from wastewater by sedi-

treatment mentation or flotation processes. Advanced primary treatment includes some treatment of the separated solids
(e.g., by anaerobic biodegradation of settled organic solids). Examples of primary treatment operations include
settling basins, septic tanks, and upflow anaerobic sludge blanket reactors

Secondary Processes and unit operations that follow primary treatment and are designed to remove biodegradable dissolved

treatment and colloidal organic matter by aerobic biological processes. Advanced secondary treatment includes transforma-
tion and removal of nutrients (e.g., a nitrifying extended aeration bioreactor). Examples of secondary treatment
operations include: extended aeration bioreactors, porous media biofilters, and constructed wetlands

Tertiary Processes and unit operations that typically follow secondary treatment and are designed to remove specific

treatment constituents such as nutrients, trace organic compounds, heavy metals or dissolved salts. Examples of tertiary
treatment operations include: denitrifying porous media biofilters, adsorptive media packed bed reactors, and ion
exchange columns

Disinfection Processes and unit operations that are designed to destroy pathogenic microorganisms. Examples of disinfection
technologies include: chlorination, ozonation, ultraviolet light irradiation, and membrane filtration. Natural disinfec-
tion can occur by separation, die-off, predation, and other processes in primary, secondary or tertiary treatment unit
operations

2The definition of treatment levels can also include specific concentrations of constituents of concern (e.g., secondary treatment achieve:
30 mg/L of BODs and TSS) and treatment levels can also be defined in regulations in specific jurisdictions.
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Soil infiltration or landscape dispersal

Septic tank or Confined biotreatment
Source Primary unit for Effluent c:]r:ﬁltn%r sleocgi?j:,:n
Home, business, separation equalization and conveyance to a
N removal of BODs and
development,... strategies FOG, TSS, & local treatment :
- o TSS and some nutrient
(if used) sor::]cl)avglm site (if used) removal
Confined membrane unit for Confined unit Disinfection
tertiary removal of BODs, | 4 v, unit for .
TSS and pathogens and fornrstrrrileo;/tasl of destruction of Surface water discharge
some nutrients pathogens -or- )
Nonpotable reuse option

Fig. 2.1 Generalized sequence of strategies and unit operations that could be used
to configure one or more viable decentralized systems
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e Treatment train _._._._._._._._._._..._. R
Wastewater from ! P
a building or =>! Septictank => Porous media biofilter =» UV disinfection L= Turf irrigation
other source : + 4 i 4
Principle Solids | Filtration of Destruction of Evapot'ranspiration,
processes separation by suspended pathogenic nutrient uptake,
affecting settling and solids, aerobic microorganisms biodegradation and
water quality:  flotation, biodegradation sorption, pathogen
anaerobic of dissolved and die-off
biodegradation, colloidal organic
aerobic matter,
digestion nitrification
Treatment Advanced Advanced Advanced
level primary secondary with secondary with
achieved at nitrification nitrification and
the point disinfection
indicated:

Fig. 2.2 lllustration of a treatment train within a decentralized system
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B  General and project-specific treatment efficiency capabilities of a
particular unit operation or system
e Different unit operations and systems have general treatment
capabilities that a designer can be confident about, for example:
o Capability of a septic tank to produce primary quality effluent
o Capability of a recirculating sand filter to produce secondary
effluent
o Capability of a membrane bioreactor to produce tertiary quality
effluent
¢ The capability to meet specific expectations for a particular project
can be less certain, for example:
o Capability of a particular system to produce an effluent with
BODs, TSS, and TIN <5 mg-N/L consistently (>90 % of the
time) when applied to the Mountain Pines Resort
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B Establishing general treatment capabilities
¢ General capability can be established through several means
o For commonly used conventional unit operations and systems
* Documentation of treatment capability often occurs through
full-scale system field experiences and case histories
o For innovative and alternative unit operations and systems
* Documentation of treatment capability can occur through
demonstration and testing, e.g.:
— National Sanitation Foundation (NSF) testing (Table 2.6)
— Testing centers (e.g., MASSTC at Buzzard’s Bay)
— USEPA Environmental Technology Verification projects
— Research programs (e.g., CSM Small Flows)
— State experimental system programs
e Tabulated values of achievable treatment efficiencies (such as
shown in this book) can thus be developed for different technolo-
gies and systems
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Table 2.6 Examples of NSF testing and certification standards relevant to decentralized
systems

NSF Standard number and description®

NSF/ANSI 40 is a standard for residential wastewater treatment systems with rated capacities between 400 and 1500 gal/
day NSF can evaluate any kind of treatment system in test facilities in the U.S., Canada and Europe. To achieve
certification, systems must produce an acceptable quality of effluent during a 6-month (26-week) test. Class | systems
must achieve a 30-day average of 25 mg/L CBODs and 30 mg/L TSS or less, and pH 6.0-9.0. System service and
maintenance are prohibited during the test period

NSF Standard 41 certifies composting toilets and similar treatment systems that do not use a liquid saturated media as a
primary means of storing or treating human excreta or human excreta mixed with other organic household materials. The
standard requires a minimum of 6 months of performance testing, which includes design loading and stress testing
appropriate to the product class: residential, cottage or day-use park. NSF evaluates a minimum of one system in a
controlled laboratory setting, and a minimum of three systems in a mature field setting

NSF/ANSI Standard 245 defines total nitrogen reduction requirements to meet the growing demand for nutrient
reduction in coastal areas and sensitive environments. NSF/ANSI 245 covers residential wastewater treatment systems
with rated capacities between 400 and 1500 gal (1514 and 5678 L) per day

We can evaluate any kind of system, regardless of treatment technology, in test facilities in the U.S., Canada and Europe

To achieve certification, treatment systems must produce an acceptable quality of effluent during a 6-month (26-week)
test. System service and maintenance are prohibited during the test period

NSF/ANSI Standard 350 and 350-1 establish material, design, construction and performance requirements for onsite
residential and commercial water reuse treatment systems. They also set water quality requirements for the reduction of
chemical and microbiological contaminants for non-potable water use. Treated wastewater (i.e. treated effluent) can be used
for restricted indoor water use, such as toilet and urinal flushing, and outdoor unrestricted water use, such as lawn irrigation

#The listing provided here is for illustrative purposes only and is not comprehensive. Comprehensive and current informatior
can be obtained at the NSF website: http://www.nsf.org/services/by-industry/water- t /onsit tewater/.
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B Treatment efficiency actually achieved vs. general capabilities

e Treatment efficiency actually achieved for a particular project can
be better or worse than expected—why?

o A system may be improperly designed and implemented
* Incorrect estimates of design flows and pollutant loadings
* |naccurate design computations
* Poor siting and construction
* Inadequate startup and early operation
o A system can be properly designed and implemented, but. ..
* Conditions encountered during operation may be different
than design assumptions, for example:
— Differences in occupancy and daily flows
— Differences in business functions and wastewater
characteristics
* QOperation and maintenance may be inadequate, e.g.:
— Failure to repair a malfunctioning pump or aerator

2.28
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B Treatment achieved by each system or all systems?
e Focusing on each and every system in a given area

o Specifying that the treatment efficiency of each system must
meet requirements (e.g., individual system average TIN
<10 mg-N/L)

o Could be the best approach where local risk is high, e.g.:
* Contamination of groundwater used for drinking water
* Aquatic toxicity from discharges to sensitive surface waters

e Focusing on a population of systems in a given area

o Specifying that the treatment efficiency of a population of sys-
tems must meet requirements (e.g., population wide average
TIN <10 mg-N/L)

o Could be the best approach where local risk is not high but
there is a collective risk, e.g.:

* In a watershed where there are concerns over cumulative
effects on sensitive surface waters
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L/ 2-4. Sustainability Attributes

B Sustainability of a system is often important to a project and this can
be assessed with respect to:

® Long-term, reliable treatment performance
e Affordable costs for construction and operation
e Acceptably low resource requirements and impacts

B Long-term, reliable treatment performance

e A sustainable system should have predictable reliability during the
design life of the project

e System reliability is determined by proper system selection and
design and implementation, including:
o Use of redundancy and parallel treatment trains for larger flows
o Provision of all requisite operation and maintenance
o Use of on-line, real time monitoring and process control
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B Affordable costs for construction and operation

A sustainable system must be affordable

Affordability includes one-time capital and recurring annual costs

o Capital costs result from system design, construction and
startup

o Annual costs result from routine operation and planned, or
otherwise required, maintenance activities

Economic analysis can be used to assess the net present value

(NPV) of a particular system

o NPV = capital costs plus amortized annual costs based on an
assumed interest rate

In some situations, project owners can have a preference for a

system with low capital costs and higher recurring annual costs

even though the NPV could be higher for this latter system
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B Acceptable resource requirements and impacts

A sustainable system must have acceptable resource attributes

Different systems typically have different resource attributes

o Water—interior use by fixtures and appliances and exterior use
for washing and irrigation functions

o Nutrients—N, P, K are present at high levels in wastewaters

o Energy—used to produce and deliver drinking water and col-
lect and treat wastewater and used for heating water

o0 Chemicals—used in consumer products for washing and
cleaning, and for treatment of water and wastewaters

o Materials—plastics, metals, and other materials used to con-
struct water and sanitation systems

Resource attributes, including requirements, can be dependent on
project goals and treatment efficiency requirements as illustrated
in Fig. 2.3
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Footprint area used Energy use Smaller footprint area

40ft2 Higher energy use
1000 gal/d | Local water reuse

Project goal:
Treatment for
discharge or

water reuse /i/’
[ |

Discharge

Water reuse with
increasing water
quality requirements

Larger footprint area
Lower energy use System requirements:
1600 ft2

i
!
I )
Local discharge s—— = | Footprint area
1000gal/d ¥ Energy consumption

Fig. 2.3 Example of how footprint area and energy use can differ between systems
designed for discharge versus water reuse

2.33

v

e More sustainable systems with respect to environmental impacts
tend to minimize resource use directly or via recovery
o More sustainable systems minimize environmental impacts
due to resource use during wastewater collection and treatment
o Systems can be configured that meet treatment efficiency
needs and have relatively lower resource requirements
* Different unit operations are listed in Table 2.7 along with
their relative resource requirements for:
— Land and site
— Water
— Power
Chemicals
O&M labor and materials
Capital and operating costs
o Systems can also be configured to benefit from the resource
attributes of water use efficiency and source separation
approaches (Table 2.8)
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Table 2.7 Example treatment unit operations and their relative resource requirements

Resources and example relative requirements®
Land
Treatment unit operation and site | Water | Power | Chemicals | O&M | Costs
Septic tank units 1 1 0 0 0 1
Aerobic treatment units 1 1 2 0 1 1,2
Intermittent sand filters 2,3 1 1 0 1 1,2
Recirculating biofilters 1,2 1 1 0 1 2
Membrane bioreactors 1 1 3 0 2 3+
Constructed wetlands 3 1 0,1 0 0 2
Infiltration soil treatment units 3 1 0,1 0 0 1
Landscape drip dispersal 3 1 1 0 0,1 1,2
Nutrient removal biofilter units 2 1 0,1 0,1 0,1 1,2
Disinfection units 1 1 1 0,1 1 1,2
®Numbers are given as examples only to indicate relative req.: 0 =none; 1 =low; 2 =moderate
3 =high.
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Table 2.8 Resource attributes of water use efficiency and source separation
approaches

Example resource use avoided directly or by recovery®

Approach Water | Energy | Nutrients | Chemicals | Materials
Water efficient fixtures and 3 1,2 0 0,1 0,1
appliances for flow reduction

Source separation for urine 0,1 1 3 0,1 0,1
diversion

Source separation for 1,2 0,1 0,1 0,1 0,1
graywater treatment, recycling

or reuse

In-source water recycling of 2,3 0,1 0,1 2,3 0,1
reclaimed water

Local water reuse of reclaimed | 2,3 1,2 2,3 1,2 1,2
water

®Numbers are given as examples only and indicate relative degree of resource use avoided
0=none; 1=Ilow; 2=moderate; 3 = high.
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2-5. Configuring Viable Systems

B Configuring viable

systems requires thoughtful consideration of

project goals and requirements

Many, if not most, projects involving decentralized infrastructure

involve configuring a viable treatment train from available unit

Table 2.9 presents example treatment trains and systems that

might be configured for a particular project goal and set of

A generalized decision diagram is given in Fig. 2.4 and then

2.5, 2.6, 2.7, 2.8, and 2.9 to illustrate example

treatment trains for different project goals and requirements

[ ]
operations
O
requirements
O
used in Figs.
[ ]

Source separation options within buildings can also enable system

configurations that satisfy goals and requirements (Fig. 2.10)
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Table 2.9 Examples of typical system configurations for common goals and require-
ments for projects serving homes or businesses

Project goals/requirements

Example treatment train and flow scheme

Treatment and safe

Septic tank =» Subsurface soil infiltration =» Groundwater recharge

subsurface discharge
with a passive or low

Septic tank =» Packed bed biofilter or Aerobic treatment unit =»
Landscape drip dispersal =» Evapotranspiration

input system

Septic tank =» Aerobic treatment =» Mounded soil infiltration =»
Groundwater recharge

Treatment and safe discharge
to the surface with a passive
or low input system

Septic tank =» Constructed wetland = Discharge to a bog or stream
channel

Treatment and safe discharge
to a sensitive surface water

Septic tank =» Packed bed biofilter or Aerobic treatment unit =»
Chlorine or UV disinfection = Discharge to a stream or river

Septic tank =» Packed bed biofilter =» Denitrifying biofilter =» Chlorine
or UV disinfection =» Discharge to a nutrient limited lake or estuary

Treatment and nonpotable
reuse

Primary settling =» Membrane bioreactor = UV disinfection =» Toilet
flushing and turf irrigation

Note: The project goals/requirements and treatment trains shown are examples only.
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Home, business, development,... Septic tank or
SOU'C? T .
<C---- separation
options \l’
Conveyance to local
treatment site
Septic tank Aerobic unit l l Primary unit l
N v 2
Intermittent || Recirculating Packaged -
sand filter media filter biofilter Membrane bioreactor
! I J
T
2 v v l
Landscape Subsurface soil Constructed . N . Nutrient
drip dispersal | | infiltration <—| treatment wetland ‘ Disinfection unit removal unit
T T
Evapo- Groundwater Surface || Landscape | | Toilet || Cooling
transpiration recharge discharge irrigation flushing water

Fig. 2.4 Generalized decision support diagram to aid configuring viable decentralized

systems

Source

separation

Septic tank or
primary unit

options

v

Conveyance to local
treatment site

Aerobicunit] l Primary unit l

N ¥
Intermittent || Recirculating Packaged -
sand fiter || media filter biofilter Membrane bioreactor
I I J
T
. l
2 )
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drip dispersal “\igfillration A
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2
Constructed
treatment wetland
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- N R Nutrient
Disinfection unit (—){ removal unit

‘L T

Evapo- (’é roundwaté?\
transpiration ‘\\rechargg_,/'

Landscape
irrigation

Toilet
flushing

Cooling

Surface
water

discharge

Fig. 2.5 Example system for a single source to provide passive treatment and
discharge with limited cost and O&M needs
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Source <_'\'T Home, businé}ss, development, ... Septic tank or
PR separation — - primary unit
options l/

Conveyance to local
1 treatment site

Septic tank 7+ Aerobic unitl l Primary unit l
12
Intermittent || Recirculating Packaged -
sand filter media filter biofilter Membrane bioreactor
[ I J
v — l
Landscape Subsurface soil " Constructed " . ) N Nutrient
drip dispersal | | infiltration (—I '\tfeatment wetlan‘d_,* @(—) removal unit
T — |
v v -
Evapo- Groundwater | (7| Surface ™| Landscape | | Toilet || Cooling
transpiration recharge “j. discharge | irrigation | | flushing | | water

Fig. 2.6 Example system for a single source and passive treatment plus aesthetic
benefits
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Source (—‘:T Home, businé‘ss, development, ... SePﬁC tank or
<---- separation | = Seeecoooom” ” primary unit
options

Conveyance to local
1 treatment site

Pl Aerobic unit\l‘ l Primary unit l

stream

. S
Intermittent || Recirculating i - Package&“\‘ -
sand filter media filter . biofilter Membrane bioreactor
[ I i
v e !
Landscape Subsurface soil Constructed ] N T3 Nutrient
drip dispersal | | infiltration (—I treatment wetland ‘ Elsmfechon unl‘ |5 removal unit
T T e -
v v -
Evapo- Groundwater {’| Surface ™| Landscape Toilet Cooling
transpiration recharge |, discharge /|| irrigation flushing water
T

Fig. 2.7 Example of two optional systems for a single source where site conditions
require secondary treatment (aerobic unit or packaged biofilter) with discharge to a
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Source  j&—| Horfe, business, dévelopment,... Septic tank or
< N Sy primary unit
----- separation eeeee”
options l
Conveyance to local
treatment site
Aerobic unit l l Primary unit l
= —J,-' <
Intermittent || Recirculating " Packaged \,‘ -
sand filter media filter \.._biofilter __./ Membrane bioreactor
[ I T
T
- |
¥ 2 Vv
"E‘andscapé\\ Subsurface soil Constructed . N . Nutrient
k\drip dispersal.] | infiltration <—| treatment wetland Disinfection unit removal unit
----- o ‘L I |
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Fig. 2.8 Example system for a single source where treatment is needed to enable
water and nutrient recovery by turf irrigation
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Source  lk——] Home, business{ development,.}. ¢~ Septic tank or \:,
<E---- separation | [ Ttseeeee . primary unit
options
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Septic tank Aerobicunitl l Primary unit l
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Fig. 2.9 Example system for a development where nonpotable reuse is desired with a
high capacity treatment system that is not constrained by natural site conditions
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Fig. 2.10 lllustrative schematic of source separation options and associated treatment

and reclamation alternatives for projects serving homes or businesses
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u 2-6. Ensuring System Performance

B Unit operations and systems can have expected performance

attributes

e Designers configure systems which can be designed and
implemented for a particular project

® Proper design and quality construction and startup can be ensured
through various means including:
o Training and certification of designers and contractors
o Design reviews and approvals
o Construction supervision and inspections

e For systems that are properly designed, constructed and started
up, ensuring that the performance actually realized over the
design life meets design expectations requires that there be:
o Appropriate routine and reliable operation and maintenance
o Appropriate monitoring and process control
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B Operation and maintenance

Fig. 2.11 lllustration of O&M requirements as a function of system complexity and
treatment efficiency requirements of a particular project

O&M requirements vary in complexity and frequency, e.g.:
o Inspections of system operations (e.g., flow readings, pumps and
aerators functioning, etc.)—e.g., every 0.5-1 year
Pumping of residuals (e.g., from septic tanks)—e.g., every 5 years
Cleaning or replacement of media (e.g., in porous media biofilters)—
e.g., every 10 years or more
O&M required versus complexity is illustrated in Fig. 2.11
Increasing complexity and more stringent treatment efficiency requirements
_- Increasing O&M is required =»
Septic tank w/ soil ~ Septic tank w/  Aerobic unit w/ drip Aerobic biofilter and  Recirculating Membrane bioreactor
treatment unitw/ ~ vegetated bed  dispersal system anoxic biofilter for N packaged biofilter  w/ chlorination for
groundwater  wetland w/ land for turf irrigation  reduction before soil w/ UV disinfection nonpotable reuse
recharge discharge treatment and for surface
groundwater discharge

recharge
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B Monitoring

The need for, and importance of, monitoring depends on system
complexity and the impacts of performance deficiencies should
they occur (Fig. 2.12)

Monitoring methods can be used to determine the following:

o Operational status of a unit operation or system, e.g.:

* Is the circuit providing power to a dosing pump energized?
* |s the lamp intensity in a UV disinfection system okay?

o Treatment performance of a unit operation or system, e.g.:

* |s the concentration of E. coli <10 org per 100 mL?

* s the total N in the groundwater <10 mg-N/L?
Examples of monitoring data to assess system operational status
and performance are summarized in Tables 2.10 and 2.11
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Project scale:

Design flow
per site land area

Fig. 2.12 lllustration of the interaction of project scale and system complexity in
determining the need for O&M and monitoring to help assure inherent performance

Membrane bioreactor - -~

w/ chlorination for | -~
nonpotable reuse

ga/
<0044 L &
a

Septic tank w/ soil |

treatment unitw/ | Electr

groundwater recharge

capability is realized

Increasing need for O&M
. and performance
. monitoring

System complexity:
omechanical components,
chemicals, controls
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Table 2.10 Examples of data types that provide information on system operation
Relative
difficulty to
Data type Data uses Methods obtain data
Power Verify powered equipment is energized | Power meter Low
supply
Pressure Provide insight into blockages in pipe- Gages; Transducers Low
lines and piping networks or to liquid
levels in tanks
Temperature | Provide insight into freezing conditions Thermocouples; Low
or rates of reactions thermometers
Flow rate Compare actual flow to design flows to Flow meters for continuous | Low
(daily) determine if unit operation or system is | flows; Cycle counters on
under- or over-loaded hydraulically batch flow events
Event cycles | Verify operation of batch events (e.g., Mechanical or electrical Low
siphon discharge, timed dosing events) | counters
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Table 2.11 Examples of data types that provide information on system treatment

performance
Data type and
Data type Data uses Methods difficulty and cost
Effluent A. Routine parameters Verify quality is consistent w/design | Grab sampling and A. Low
water (e.g., pH, alkalinity, values and/or permit reqt. analysis -
quality BODs, TSS, N, P, Fecal B. Moderate-High
coliforms) Composite sampling A. Moderate—High
B. Advanced analyses and analysis; in-line -
(e.g., virus, trace v chemical sensors B. High
organics)
Soil pore A. Routine parameters Verify land-based treatment units Soil suction lysimeters A. High
water and (e.g., pH, alkalinity, DOC, are performing per design and/or or soil coring for sam- -
ground- BODs, TSS, N, P, E. coli) | permit reqt. pling and analysis B. Very High
water
B. Advanced analyses Groundwater probes A. Moderate—High
(e.g., virus, trace or wells; sampling and - -
organics) analysis; in situ B. High-Very High
sensors
Surface A. Routine parameters Verify absence of effects on surface | Grab sampling and A. Low
water (e.g., pH, alkalinity, DOC, water quality analysis -
BODs, TSS, N, P, E. coli.) B. Moderate-High
B. Advanced analyses Composite sampling A. Moderate—High
(e.g., virus, trace and analysis; in situ "
organics) chemical sensors B. High
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Automated and real-time monitoring
This can be very important for decentralized infrastructure
Devices and technologies for data acquisition include:

* In-line and in situ flow and chemical sensors
* Alarms and control devices

O
O

* Data loggers
* Auto dialers

o Supervisory control and data acquisition (SCADA) systems

*

Programmable logic controllers

Telemetry systems

SCADA systems can be used to gather and analyze real-
time data to monitor and even control a unit operation or
system
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e Reasonable, appropriate and affordable monitoring

Operational and performance (O&P) data should provide infor-
mation that is useful, if not, critical for decision making

O&P data should be reasonable and appropriate based on:

* System configuration and complexity

* Performance effects of operational departures from design
* Risks associated with inadequate operation or performance

Adequate resources need to be allocated to generate sound
O&P data for the intended information and decision-making
purposes
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2-7. Management Systems

B Management is essential to proper selection, design, and implemen-
tation of decentralized infrastructure
B What is meant by “management systems”?
e Management systems involve entities and activities, often orga-
nized within a jurisdiction, to assure:
o Decentralized systems are properly considered during infra-

structure and land use planning, and
If selected they are properly designed, constructed, and operated
so performance is satisfactory over a long-term planning period

® As decentralized systems have evolved to become a permanent
part of the wastewater infrastructure in the U.S., the need for, and
critical role of, management has also evolved

o According to USEPA (2002), “Management is the key to ensur-

ing that the requisite level of environmental and public health
protection for any given community is achieved.”
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B Characteristics of successful management programs
e Successful programs often have key elements:

Clear and specific program goals

Public education and outreach

Technical guidelines for site evaluation, design, construction,
O&M for conventional and alternative options

Regular system inspections, maintenance and monitoring
Licensing or certification of all service providers

Adequate legal authority, effective enforcement mechanisms,
and compliance incentives

Adequate record management

Periodic program evaluations and revisions

Available funding mechanisms
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e A successful management program may have multiple agencies
or entities involved

Federal, state, and tribal agencies

Local governments: county, township, village, or city
Special-purpose districts and public utilities
Privately owned and operated management entities

¢ Regardless of the entities involved, a successful program will have
elements that are:

Publicly accepted
Politically feasible
Fiscally viable
Measurable
Enforceable
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v

B Management models for decentralized systems and different
situations
e USEPA (2003, 2005) developed five models that address different
levels of risk determined by site- and system-specific considerations
o The five management models include:
* Owner awareness
* Maintenance contracts
* QOperating permits
* Responsible management entity (RME) O&M
*  RME ownership, O&M and management
o “Risk factors” (Table 2.12) influence the type of management
needed as illustrated in Fig. 2.13

257

v

Table 2.12 Risk categories and factors that influence the type of management system
needed for a given project or jurisdiction (USEPA 2003, 2005)

Risk category Example factors that can lead to higher risk conditions®

® Environmental sensitivity Impermeable soils such as heavy clay
Shallow depths to groundwater

Rock layers near the surface

Hilly terrain with thin soils and steep slopes
High densities of system installations

Sensitive waterbodies nearby

® Public health Drinking water wells nearby

Recreational waters nearby

Effluent surfacing or plumbing backups
Potential for rapid groundwater movement
Systems more than 25 years old not maintained

lllegal system discharges

® Wastewater characteristics Heavy sewage loads (high-strength wastewaters)

* Treatment complexity ® |ndustrial and certain commercial wastewaters
® High fat, oil, and grease content in wastewater
® Electrical and mechanical system components

®These risk categories and factors are focused on decentralized systems that utilize land-based treatmen
operations including legacy leachfields, drainfields and soil absorption systems.
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RME ownership and O&M
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Fig. 2.13 Recommended management system based on increasing risks (USEPA
2003, 2005)
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ﬂ/ 2-8. Summary

B Decentralized infrastructure is selected, designed and implemented
for a particular project to satisfy project goals and requirements

B Achieving the performance capabilities of a unit operation or system
requires proper design, construction and startup along with appropri-
ate operation and monitoring

B Monitoring can help assess operation status and verify performance
achievement, but it needs to be reasonable, appropriate, and afford-
able based on conditions and risks

B Management is essential to ensure proper selection, design, and
implementation of decentralized systems that can and will achieve a
desired performance in a sustainable manner
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&5 Chapter 3

Contemporary Water Use
and Wastewater Generation

3-1. Scope

Knowledge of contemporary water use and wastewater generation is needed
as a basis for engineering design of decentralized infrastructure. It is also
needed to understand the benefits of water use efficiency and source sepa-
ration as well as identify opportunities for recycling and reuse of reclaimed
water. This chapter presents the characteristics of contemporary water use
and wastewater generation in buildings within the United States and similar
countries including residential (e.g., houses and other dwelling units) and
nonresidential sources (e.g., commercial, institutional and recreational build-
ings and developments). Approaches for predicting contemporary water use
and wastewater generation data are described.

3-2. Key Concepts

B Contemporary water use and wastewater generation is defined as the
water use and wastewater generation that results from the typical activ-
ities and events associated with the use of a set of installed plumbing
fixtures and appliances.

e For example, for a building constructed in 1990 with traditional fix-
tures and appliances typical of that period, the contemporary water
use and wastewater generation of that building in 2015 would be
determined by the activities and events of 2015 that result in water
use via the 1990-era fixtures and appliances.

¢ Characterization data for residential and nonresidential buildings and
developments (also known as sources) have been developed
through monitoring studies completed over the past 40 years. Data

© Springer International Publishing AG 2017 81
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in these sources can be used with one or more approaches to make
predictions of water use and wastewater generation, which might be
considered representative of a certain set of conditions. Chapter 3
covers this subject.

e As described in Chap. 4, water efficient fixtures and appliances and
waste stream source separation approaches have evolved as sus-
tainability concerns have grown and these approaches can dramat-
ically modify contemporary water use and wastewater.

In the United States, comprehensive studies of residential water use
were completed during the past 20 years. One of the national studies
completed during the late 1990s revealed an indoor water use of about
69.3 gal/day per capita and 178 gal/day per dwelling unit (DU) (Mayer
et al. 1999). A study to update the earlier data was being completed in
2015 and revealed daily indoor water use had dropped to about 138 gal/
day per DU (DeOreo 2014). The decline was primarily due to the increas-
ing use of more water-efficient toilets and clothes washers.

In a typical DU in the United States (e.g., house, apartment), 60—70 % of
the indoor water use is normally due to toilet flushing, showers, and
clothes washing. Hot water use amounts to 33 % of total indoor water
use and about 70 % of the hot water use is attributed to faucet use and
showers.

Indoor water use in a particular DU can vary with time (e.g., hour to hour,
day to day, month to month) due to water using activities and events,
which normally occur intermittently and variably over time. Variations in
water use (and wastewater flow rates) that can occur at individual DUs
are attenuated toward the average as the number of contributing DUs
increases (e.g., cluster of 20 DUs vs. 1 DU).

Indoor water use in nonresidential sources varies widely within and
among different categories of sources (e.g., hotels, restaurants, office
buildings) due to business-specific operations.

Wastewater is generated by indoor water using activities and events and
the flow and composition is determined by the water used and materials
added during those activities and events. Wastewater composition data
are important for treatment system selection and design to help ensure
effective removal of constituents of concern and also help enable
resource recovery and reuse.

In a typical residential dwelling, different activities and events contribute
different amounts of pollutants and pathogenic microorganisms, e.g.:

e Toilet flushing contributes the most total suspended solids, nitrogen,
phosphorus, and pathogenic microorganisms.
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¢ Clothes washing, bathing, and sink use together contribute the most
organic matter and BODs.

¢ Concentrations in wastewaters generated from a particular source
can increase if substantial reductions in water use and wastewater
flow rates occur due to installation of water efficient fixtures and
appliances, but the mass discharged (e.g., Ib/day) can remain
unchanged.

B Predicting wastewater flow and composition from houses and other
residential sources can be done using existing or obtainable data (e.g.,
indoor water use per capita or per DU, census data for occupancy,
number of dwelling units in a development) to achieve an estimate with
a reasonable degree of accuracy.

B For nonresidential sources, average wastewater flow rate and composi-
tion characteristics differ among different sources even within the same
category (e.g., different restaurants). As a result, predictions of flow rate
and composition are difficult to make with any certainty. Collection of
relevant monitoring data from an existing or similar source can be very
important for proper characterization and generation of necessary data.

B Peaking factors are used to account for known higher-than-average flow
rate conditions. For example, at an individual DU the peak day waste-
water flow rate is typically about 2.5 times the average day flow rate.

B [n addition to wastewater generation due to indoor water use, infiltration
and inflow of clean water (e.g., stormwater, groundwater) can increase
daily wastewater flow rates from a source (e.g., residential subdivision or
commercial development) by 10—20 % or more. Decentralized infrastruc-
ture can help reduce or even eliminate infiltration and inflow.

B Factors of safety can be applied implicitly or explicitly to predictions of
water use and wastewater flow rates and composition to account for
uncertainty in estimates. Explicit factors of safety are preferred since
they more clearly convey the magnitude of the factor of safety used.

3-3. Conceptual and Technical Details

Conceptual and technical details concerning the scope and key concepts
covered in Chap. 3 are presented in the Slides section.
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3-4. Terminology

Terminology introduced and used in Chap. 3 is defined below.

Appliance—A water-using piece of equipment that requires power to func-
tion properly (e.g., a dishwasher or clothes washer).

Blackwater—Wastewaters from water-flush toilets and potentially including
wastewaters from kitchen sink and dishwasher uses.

Building—A structure (such as a house, school, restaurant, etc.) with a roof
and wallls that is used for a given purpose (e.qg., living, working, storage, etc.).

Composition—The character and concentrations of dissolved, suspended
and colloidal substances in water, the nature and degree of which deter-
mine the level of impairment of the water and its quality.

Constituent of concern (COC)—Constituents of concern include dissolved
and suspended inorganic and organic substances and biological organ-
isms that can cause undesirable human health effects or degraded envi-
ronmental conditions under a given water reclamation plan for discharge
or reuse.

Contemporary—A term used to describe the water use and wastewater
generation characteristics of a dwelling unit or other building for a partic-
ular period of time (e.g., 1990s) based on the fixtures and appliances
present and the water use behaviors typical of that period of time.

Dwelling unit (DU)—A single unit of residential occupancy for one person or
one family such as a house, apartment unit, condominium unit, etc. A
building can contain one dwelling unit (e.g., a house) or many (e.g.,
multiple apartments in a single building).

Excreta—Human urine and feces.

Factor of safety (FOS)—Factors of safety can be used to account for
uncertain or unknown attributes, such as usage at a commercial estab-
lishment, while peaking factors account for known variability.

Fixture—A water-using piece of equipment that does not require power to
function properly (e.g., a sink faucet or toilet).

Flow—(1) Water or wastewater liquid movement in a pipeline, basin or unit
operation. (2) Water use or wastewater flow associated with use of an
appliance or fixture in a building.

Graywater—Wastewaters produced by water use in basins, sinks and appli-
ances in residential and nonresidential buildings. Mixed graywater
includes food preparation related wastewaters (e.g., kitchen sink and
dishwasher) while light graywater excludes food preparation wastewaters
and possibly laundry wastewaters. All types of graywater exclude toilet
wastewaters, which contain human excreta. Graywater can also be
spelled as greywater.

Indoor water use—Water use that occurs through use of fixtures and
appliances within a building. Indoor water use generates wastewaters.
Indoor water use is also referred to as interior water use.
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Infiltration and inflow (I&l)—Infiltration is due to groundwater seepage into
conveyance piping and tankage through holes, cracks, joint failures, and
faulty connections. Inflow is due to stormwater flow directly into convey-
ance piping or tankage via roof drain downspouts, foundation drains,
storm drain cross-connections, and through holes in covers.

Maximum day—Compared to an average day at a particular building or
development, the maximum day can be defined as one that recurs peri-
odically (e.g., recurring maximum day that occurs 1 day every month) or
very rarely (e.g., extreme maximum day that occurs only 1 day
every year).

Nonresidential—Buildings that are used for purposes other than providing
residency for day-to-day living by individuals or families. Buildings can be
used for commercial, institutional, recreational, or other purposes. Exam-
ples of nonresidential buildings include: hotels, motels, restaurants, laun-
dromats, schools, veterinary clinics, gasoline service stations, highway
rest stops, and recreational park facilities.

Peaking factor—A multiplier used to estimate a peak flow rate compared to
an average flow rate (e.g., maximum day flow compared to average
day flow).

Quality—Quality is a qualitative term used to describe the degree of “impair-
ment” of a water due to use and changes in composition (e.g., low vs. high
quality).

Residential—Buildings that are used for individuals or families to live in over
extended periods. Examples of residential buildings include single
houses, apartments buildings, and condominium buildings.

Source—Source is defined as the origin of the wastewaters that are gener-
ated and will be treated for discharge or reuse. A source can include an
individual dwelling unit, an apartment building, a cluster of dwelling units, a
commercial or institutional building, a development of residential and/or
commercial buildings, a portion of a city-wide service area, etc.

Source separation—In decentralized systems, refers to the separation and
separate management of individual wastes and waste streams. For exam-
ple using dual plumbing systems, blackwater comprised of toilet wastes
and kitchen sink wastewaters can be separated from graywater produced
by basins, other sinks, and appliances. Another example is the diversion
of urine from fecal wastes using a urine-diverting toilet to enable urine
processing and use as a fertilizer.

Toilet wastewater—T oilet wastewater consists of urine and feces plus toilet
tissue.

Trace organic compounds—Refers to a group of organic compounds that
can occur in wastewater and other impaired waters that are derived from
biogenic substances, pharmaceuticals, consumer product chemicals,
pesticides, and flame retardants. These compounds can be present at
very low levels but still be constituents of concern. Trace organic com-
pounds are sometimes referred to as organic micropollutants.
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Wastewater—\Wastewater consists of water plus materials added during
water use. The types and concentrations of materials depend on the
characteristics of the source (e.g., house, restaurant, school, veterinary
clinic). Materials can include human excreta, foodstuffs, consumer prod-
ucts, pharmaceuticals and personal care products, heavy metals, silt, etc.

Water use efficiency—Water use efficiency can encompass water use
conservation measures with traditional fixtures and appliances (e.g.,
showering less frequently and for a shorter duration) or water efficient
fixtures and appliances (e.g., a toilet with a lower flush volume per use).

3-5. Acronyms, Abbreviations and Symbols

Acronyms, abbreviations and symbols used in Chap. 3 are listed below.

Ag Silver

Avg Average

AWWA American Water Works Association

BOD Biochemical oxygen demand

C&l Commercial and institutional

Ca Calcium

cap Capita (or persons)

cBODg Carbonaceous biochemical oxygen demand measured over
5 days

Cd Cadmium

CFU Colony forming units

Cl Confidence interval

COoC Constituent of concern

COD Chemical oxygen demand

CSM Colorado School of Mines

DO Dissolved oxygen

DOC Dissolved organic carbon

DU Dwelling unit (e.g., homes, apartments, condominiums)

E. Coli Escherichia coli

Fecal coli.  Fecal coliform bacteria

FOG Fats, oils, and greases

FOS Factor of safety

g Gram

gal Gallon

1&l Infiltration and inflow

kg Kilogram

L Liter

min Minute

MPN Most probable number
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REUWS2
SD
S0, 72
SSWMP
STE
TKN
TOC

TS

TSS
TVS
TVSS
u.s.
UPC
USEPA
WERF
Wi

Nitrogen

Sodium

Ammonium N

Phosphorus

Person (or capita)

Lead

Peaking factor

Phosphate

Residential end uses of water study 1
Residential end uses of water study 2
Standard deviation

Sulfate

Small Scale Waste Management Project
Septic tank effluent

Total Kjeldahl nitrogen

Total organic carbon

Total solids

Total suspended solids

Total volatile solids

Total volatile suspended solids

United States of America

Uniform Plumbing Code

U.S. Environmental Protection Agency
Water Environment Research Foundation
Wisconsin

Concentration of a particular constituent in the average daily
flow

Average concentration in raw wastewater

Average concentration in septic tank effluent

Different contributions (e.g., meals, guest toilet use, employee
uses) within a particular source (e.g., motel)

Different sources contributing to the development flow being
estimated, such as a motel, gas station, cafeteria, etc.
Number of bedrooms (bedrooms in a dwelling unit)

Number of dwelling units (e.g., homes, apartments,
condominiums)

Household size (number of persons)

Number of a given unit of expression in a source (e.g., number
of motel rooms,. . .)

Number of units (e.g., persons) causing a water-using event or
activity during a given period (e.g., guests per motel room)
Persons per bedroom
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Average indoor water use per household per day, average daily
flow

Qa/DU Average DU flow when total flow is normalized to DUs

contributing

Qa/P Per capita average daily flow rate (gal/day per capita)

Qp Peak flow rate

Qu Lumped flow rate per unit of expression (e.g., gal/day per
guest), flow rate during an activity (e.g., 2.5 gal/min during
showering)

Ra Ratio of average concentration in raw wastewater to septic tank
effluent

S1,S2,... Source contributing to the development wastewater generation

Tu Time used during an activity (e.g., 4 min per shower)

Uy Uses per Ny per time period (e.g., one toilet flush per person
per day)

Vyu Volume used per event (e.g., 3 gal per toilet flush)

3-6. Problems
3.1. For a development of 10 houses with an average occupancy of 3 per-

3.2.

3.3.

3.4.

sons per house, which of the following best represents the estimated
average daily wastewater flow from the development: (1) about 70 gal/
day, about 700 gal/day, or about 2000 gal/day?

If the average daily wastewater flow for a new residential development
is estimated to be 10,000 gal/day, which one of the following best
represents the likely maximum recurring daily flow: 10,000 gal/day,
25,000 gal/day, or 50,000 gal/day?

Estimate the maximum daily flow (Qp in gallons/day) that you would
anticipate from a four-bedroom house that will be built in a rural area
just east of Denver. The house will be equipped with modern fixtures
and appliances (but not minimum flow) and have a new onsite water
supply well and decentralized wastewater treatment system.

The Mines Park student housing complex is located on the Colorado
School of Mines campus in Golden, Colorado. The complex has
26 apartment buildings with the characteristics shown in the table
below. Assuming all apartments have traditional water using fixtures
and appliance typical of those used in the late 1990s (except there are
no automatic clothes washers), estimate the average daily wastewater
flow and the recurring maximum daily wastewater flow (Qa and Qp in
gal/day for the combined 26 buildings) that you would anticipate to
occur during the academic year (September to May).
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3.5.

3.6.

3.7.

3.8.

Characteristics of the apartment buildings at the Mines Park student housing
complex

Building Apartment units Bedrooms per Occupancy per
numbers per building apartment apartment (persons)
1-6 8 1 1

7-12 8 2 3

13-20 8 2 2

21-26 8 3 4

For Problems 3.3 and 3.4, estimate the design daily wastewater flows
based on requirements in Colorado Regulation 43—Onsite Wastewa-
ter Treatment System Regulation (see URL below). Briefly explain the
possible reasons for any discrepancies in your estimates versus those
made per Regulation 43 requirements. (https://www.colorado.gov/
pacific/sites/default/files/Regulation-43.pdf)

A subdivision of 50 single-family homes is located near Denver, Colo-
rado. The homes are all three bedroom dwelling units that were built in
the 1980s with plumbing fixtures and appliances. What is the range in
the individual house average indoor water use (gal/day per house) that
you would estimate could occur in the group of 50 houses? What is the
subdivision-wide average indoor water use that you would estimate on
a dwelling unit basis (i.e., total flow for the subdivision divided by
50 houses)?

Alpine Meadows is a condominium complex that was built in the
foothills near Golden, Colorado in the early 1980s. Alpine Meadows
has a total of 32 dwelling units (DU) (4 DUs in each of 8 buildings) and
each DU has two bedrooms and there are conventional plumbing
fixtures and appliances. Estimate the average daily indoor water use
and wastewater flow (Qa in gal/day) and the peak daily flow (Qp in
gal/day) you would use during consideration of options for a new
decentralized system to replace a failing legacy system that was
installed when Alpine Meadows was constructed.

A retired couple with a year-round home in Morrison, Colorado is
planning to build a rustic cabin in the mountains about 1 h away. The
couple and occasional guests plan to use the cabin during the summer
from about Memorial Day to Labor Day. The couple wants to keep the
cabin very rustic. It will not have normal water using fixtures and
appliances. Instead, the cabin will have a composting dry toilet. It will
only have a spigot outside the back door, which delivers water to the
cabin from an aboveground water holding cistern. Potable water will be
delivered to the cistern by truck to provide safe water for drinking plus
cooking, hand washing and tooth brushing. Bathing and laundry will be
done as needed at their year-round home. How big a cistern
(in gallons) would the cabin owners have to install so potable water
delivered at the beginning of each summer would last all summer?
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3.9. When compared to residential dwellings, it is much more difficult to
predict design daily flow rates with any certainty for new commercial
buildings and developments. Briefly explain why this is the case.

3.10. An existing highway rest area is located along Interstate Highway 1-25
near the Colorado—Wyoming border. The rest area was built in 1989
to serve both north- and south-bound lanes and currently has the
original water using fixtures. Estimate the average daily wastewater
flow rate (Qa) (in gal/day) that you would predict is generated from the
rest area.

3.11. Estimate the average daily wastewater flow (Q, in gal/day) that you
would expect from a small commercial development located near
Idaho Springs, Colorado that was built in 1993. The development has
a 50-room motel, a small sit-down restaurant (30 seats) and a gasoline
service station with restrooms.

3.12. You have been tasked with estimating the indoor water use character-
istics and wastewater generation for a planned office building to be
located just outside Denver. The four story building is to be occupied
by an insurance company and will house 200 workers. There will be
restrooms and drinking water fountains on every floor, a sink fixture in
a lunchroom located on the second floor, and a men’s and women’s
locker room with showers on the ground floor. Assuming water-
efficient fixtures are used (e.g., 1.6 gal/flush toilets, 1 gal/use urinals,
2.5 gal/min showers, 2.5 gal/min sink faucets), provide an estimate of
the total water use and wastewater flow that you would project for an
average year (in gal per year).

3.13. Factors are used to account for known higher-than-average flow rate
conditions. What is a reasonable peaking factor used to estimate
maximum recurring daily flow at a complex of 24 condominium homes?
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L/ 3-1. Introduction

B Water use and wastewater generation components
¢ Indoor (interior) water use occurs through activities and events within
a building
¢ Indoor water use generates wastewater
o Wastewater =water + materials added during water use (Fig. 3.1)

Buildin
(e.g., house, motel, ?estaurant,u.) Materials are added to water during use
_.~~" (e.g., human waste, food stuffs, consumer
Exterior Interior water -~ products,...)
water use [ use +
Water supply Wastewater generation
———

Fig. 3.1 lllustration of indoor water use activities and events leading to wastewater
generation
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B Buildings of interest for decentralized infrastructure
e Residential buildings (Fig. 3.2)
o Includes individual dwelling units or clusters of dwelling units,
e.g.:
* A single-family house or single apartment

* A subdivision of houses or a building with multiple apart-
ments or condominiums

Apartment building
in a university
housing
development

Single-family
house in an
urbanized area

High-rise
condominium building
in the center of a
larger city

Single-family houses in
a rural small town

Fig. 3.2 lllustration of different types of residential buildings and situations
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¢ Nonresidential buildings (Fig. 3.3)
o Includes single buildings or developments of multiple buildings
Buildings include commercial, institutional, and recreational, e.g.:

— Restaurants, motels, schools, churches, medical clinics, veterinary
clinics, highway rest areas, picnic areas, etc.

*

Church School Veterinary clinic

Fig. 3.3 lllustration of different types of nonresidential buildings and situations
34
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B Water use and wastewater generation data are important for various
reasons

e \Water use data can be needed to:

o Assess water supply sources and their adequacy in quantitative
terms

* For example, assess rainwater capture and its viability to pro-
vide adequate water for specific fixture and appliance uses

o Assess potential of, and benefits from, using water-efficient fix-
tures and appliances

*  For example, assess savings in daily water use by installing
composting dry toilets in place of conventional water flush toilets

o Assess and size systems involving water recycling and reuse

* For example, to consider viability of using treated graywater for
toilet flushing and how much equalization or backup fresh water
might be required

3.5
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e Wastewater flow and composition data can be needed to:

o Assess options for waste minimization and resource recovery
o Enable treatment and reuse system selection and design

* Establish constituents of concern and treatment efficiency
needs

* Size individual unit operations (e.g., bioreactor, wetland) and
select compatible unit operations for a complete system

— Flow rates can determine:

Hydraulic retention time in flow-through reactors
Areal loading rates in filters and similar units

— Composition can determine:

Need for, type of, and extent of treatment required
Pollutant and pathogen loads, which can impact system
sizing

o Assess pollutant and pathogen loads to water resources

3.6
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B Wastewater composition and quality
e Wastewater composition is quantified by a variety of measurable
parameters as illustrated in Table 3.1
e Quality is a term for the degree of “impairment” of a water due to use
and changes in composition (e.g., low vs. high quality)

Table 3.1 Wastewater composition categories and example parameters

Category Example parameters®

General water quality Temperature, color, turbidity, pH, alkalinity, conductance

Common physical and chemical | Carbonaceous 5-day biochemical oxygen demand (cBODs),
characteristics chemical oxygen demand (COD), total organic carbon (TOC), total
solids (TS), total suspended solids (TSS), total Kjeldahl nitrogen
(TKN), ammonium N (NH4"), nitrate N (NO3 ), phosphate P (PO, 3)

Commonly occurring Total and fecal coliform bacteria, E. coli bacteria
microorganisms

Other pollutants and pathogens | Virus (e.g., hepatitis A), heavy metals (e.g., Ag, Cd, Pb), trace
occurring less frequently and/or | organics (e.g., consumer product chemicals, pharmaceuticals)
at low concentrations

?Some of the pollutants are also listed in the U.S. Clean Water Act required 303 and 305 state wate
quality reports.

3.7
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¢ Constituents of concern (COC) in a wastewater

o COCs can be based on public health or environmental quality
impacts
* Suspended solids—aesthetic concerns, anaerobic
conditions
* Biodegradable organics—depletion of DO, aquatic life kills
* Pathogens—infectious waterborne disease transmission
* Nutrients—public health threat due to methemoglobinemia,
eutrophication, DO depletion in receiving waters
* Heavy metals—can limit reuse potential
* Dissolved inorganics—Ca, Na, SO, 2, ... can limit reuse
potential
* Priority pollutants—can be carcinogens, mutagens, toxics
o COCs can be based on adverse effects on treatment efficiency

* COCs can interfere with normal operations
* Certain COCs can limit treatability of other COCs

3.8
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e Composition data—raw or treatment unit effluent
o Composition data can be considered to help determine what
unit processes might be exploited to remove COCs
o Table 3.2 lists example COC groups and unit processes with
potential for COC removal

Table 3.2 Example constituents of concern and unit processes for their removal

Example COC group Example unit process
Suspended solids Sedimentation
Fats, oils and greases Flotation
Biodegradable organics Biological transformation
Dissolved compounds Sorption, precipitation, or ion exchange
Volatile organic compounds Volatilization, or biological transformation
Heavy metals Sorption, or precipitation and separation
Pathogenic microorganisms Disinfection

39
d 3-2. Characterization Data

B Contemporary water use and wastewater generation

e Contemporary water use and wastewater generation is defined as the
water use and wastewater generation that results from the contempo-
rary activity and events associated with the use of a set of installed
plumbing fixtures and appliances

e For example, for an existing building constructed in 1990 with fixtures
and appliances typical of that period, the contemporary water use and
wastewater generation of 2015 would be determined by the water-use
behaviors typical of 2015 and the activities and events that occur using
the 1990-era fixtures and appliances

e Characterization data are used to describe water use and wastewater
generation in residential and nonresidential buildings
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B What is “normal” water use and wastewater generation?

Monitoring studies have yielded characterization data for what
occurs under “normal” conditions at a particular type of building
and what source- and time-dependent variations might reasonably
be expected

But, most buildings were constructed during the 20th Century
when there were not concerns over sustainability such as there
are today

As a result, characterization data describing “normal” water use
and wastewater generation often do not reflect what is, and can
be, achieved under sustainability-constrained conditions

Chapter 3 presents characterization data and prediction methods
for what might be considered “normal” under contemporary condi-
tions while Chap. 4 describes what can be done to achieve more
sustainable water use and wastewater generation

3.1
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B Characterization data are available in literature publications (Table 3.3)

Table 3.3 Examples of water use and wastewater characterization data that can be
obtained from published sources

Building Data type Examples of data available Example references
Residential Daily water use— gal/day per capita Siegrist et al. (1976),
buildings— total and/or indoor gal/day per dwelling unit Mayer et al. (1999),
individual Lowe et al. (2009), DeOreo
and multiple (2014)
Fixture and appliance | Toilet flushes per day per capita Siegrist et al. (1976),
usage frequencies Toilet use gal per day per capita Mayer et al. (1999),
and flow rates Showering minutes per day per capita Coomes et al. (2010)),
and volumes Showering gal per day per capita Rockaway et al. (2011)
Daily wastewater Flow in gal/day per capita or per Conn et al. (2006),
flow and dwelling Lowe et al. (2007),
composition BODs, TSS, N, P,...in mg/L Stephens (2007),
Bacteria, virus, parasites in organ- Lowe et al. (2009),
isms/L Conn (2008),
Consumer product chemicals in pg/L Dobbs et al. (2010)
Non-residen- Daily water use— gal/day per patron, per seat, Crews and Miller (1983),
tial total and/or indoor per room, etc. Dziegielewski et al. (2010)),
buildings UPC (2015)
Daily wastewater Similar to residential data, but not as SSWMP (1978),
flow and composition comprehensive or detailed Siegrist et al. (1985),
Lowe et al. (2007), Conn (2008)

3.12
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B Average daily water use for an individual dwelling unit (DU)

3-3. Water Use and Wastewater Flow

Characterization studies were completed during the past 40 years,
including several focused on decentralized infrastructure
University of Wisconsin study
o Statistical analysis of literature data and monitoring at 11 houses in WI
o Major findings (Siegrist et al. 1976, SSWMP 1978)
* Daily indoor water use expressed on a per capita basis
— Average =47.5 gal/day/cap;
95 % Cl =40.6-54.3 gal/day/cap

* Daily indoor water use expressed on a DU basis (Eq. 3.1)
Qa =774+ 25.6Np (3.1)

Where:
Qa = average indoor water use per household per day (gal/day)
Np = household size (persons)

3.13
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* A statistical analysis of literature data including monitoring at
11 houses in WI in the 1970s is shown in Fig. 3.4

FAMILY SIZE,NUMBER OF MEMBERS
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e American Water Works Association study
o Residential End Uses of Water Study 1 (REUWS1) was completed
at 1188 houses in 12 areas across the United States
* Water use data were obtained by continuous data-logging
during 2 weeks of summer and 2 weeks of winter at all houses
during the period of May 1996 to March 1998
o Major findings (Mayer et al. 1999)
* Total water use and indoor water use on a DU basis (Table 3.4)
* Indoor water use data for the 12 locations are shown in Table 3.5

Table 3.4 Water use data obtained through monitoring at 1188 houses in 12 areas
across the United States in the 1990s (after Mayer et al. 1999)

Water use (gal/day per house)
Water use No. of houses Mean persons/house | Average Median SD
Total water use 1188 2.8 409 311 486
95 % used <1000 gal/day and 75 % used <500 gal/day

Interior water use 1188 2.8 173 157 94

90 % used <300 gal/day and the maximum used was 769 gal/day

3.15
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Table 3.5 Indoor water use as a function of house location across the United States
(Mayer et al. 1999, Table 5.1. Also reprinted as Table 3-2 in USEPA 2002)

Indoor water use

Indoor water use by geographic No. of Average (e 2y [elr 0
location (ranked from lowest to highest) | houses | persons/ house | Average | Median | SD
Seattle, WA 99 2.8 571 54.0 28.6
San Diego, CA 100 2.7 58.3 54.1 234
Boulder, CO 100 24 64.7 60.3 25.8
Lompoc, CA 100 2.8 65.8 56.1 33.4
Tampa, FL 99 24 65.8 59.0 33.5
Walnut Valley Water District, CA 99 3.3 67.8 63.3 30.8
Denver, CO 99 2.7 69.3 64.9 35.0
Las Virgenes MW District, CA 100 3.1 69.6 61.0 38.6
Waterloo & Cambridge, ON 95 3.1 70.6 59.5 44.6
Phoenix, AZ 100 2.9 77.6 66.9 44.8
Tempe & Scottsdale, AZ 99 2.3 81.4 63.4 67.6
Eugene, OR 98 2.5 83.5 63.8 68.9
All dwelling units 1188 2.8 69.3 60.5 39.6

3.16
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* Distribution of average indoor water use for each house
expressed on a per capita basis is shown in Fig. 3.5

Fig. 3.5 Distribution of 100% —
average indoor water use 90%
expressed on a per capita  _  goy, /
basis (prepared from 2 70y /

@ o
the data of Mayer B oom /
et al. (1999) collected &
at 1188 households at ¢ 50% _ :
12 different locations £ ao% / Auer_age =69.3 gal.ffdfca_Plta _
across the United States £ 30% Mecian = 50,0 galidcapka -
in the 19905) O 208, /

w7
0% - e = o
0 50 100 150 200 250

Mean residential flow (gal/cap/d)
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* Fixture and appliance utilization rates were determined as
shown in Table 3.6.

Table 3.6 Average fixture and appliance utilization rates determined from monitoring
1188 houses in 12 study areas across the U.S. (Mayer et al. 1999)

Usage per person
Activity or event Units Average (range in averages)® SD
Toilet flushing No. per day 5.05 (4.49-5.62) 2.69
Showers and baths No. per day 0.75 (0.63-0.90) 0.51
Clothes washing events No. per day 0.37 (0.30-0.42) 0.24
Dishwashing events No. per day 0.10 (0.06-0.13) 0.09
Faucet usage Min. per day 8.1 (6.7-9.4) 5.3

®Range in the average values determined for each of the 12 study areas

3.18
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* Estimating average household water use within a DU

— An equation for representing indoor water use was devel-
oped by Mayer et al. (1999) using the data collected

— Equation 3.2 includes a fixed amount of indoor water
plus a contribution for each occupant in the house

— Equation 3.2 is similar in form to that determined about
25 years earlier in the UW study (see Eq. 3.1)

Qu = 69.2 + 37.2Np (3.2)

Where:

Qa =indoor water use per household per day (gal/day)
Np = household size (persons)

Note: Coeff. of determination (R?) = 0.9944
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e Water Research Foundation study
o Residential End Uses of Water Study 2 (REUWS2) was initiated to
update the results of the REUWS1 (DeOreo et al. 2016)
* Data logging occurred at U.S. houses in nine locations and
water use data and survey records were obtained at 16 others
o MaJor findings (DeOreo 2014)
Key findings of REUWS2, including a comparison with
REUWSH1, are highlighted here
* Total indoor water use per DU revealed that:
— Average indoor water use was about 138 gal/day per DU
— Indoor water use was <300 gal/day in 96 % of the DUs
studied
— Indoor water use at a DU as a function of DU residents
follows a nonlinear relationship
* Table 3.7 summarizes indoor water use by activity
— Compared to REUWSH1, indoor use was reduced by
22.7 %, mainly due to the use of high efficiency toilets
and clothes washers 3.20
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Table 3.7 Indoor water use contributions of different activities and events as mea-
sured in REUWS2 compared to the earlier REUWS1

Contribution to average indoor water use (gal/day per DU)
Indoor water use REUWS1 REUWS2
by type (Mayer et al. 1999) (DeOreo 2014) Change (%)
Toilet use 452 33.1 —26.8
Clothes washer use 39.3 22.7 —42.2
Shower use 30.8 28.1 -8.8
Faucet use 26.7 26.3 -1.5
Bathtub use 3.2 3.6 +12.5
Dishwasher use 24 1.6 -33.3
Other uses 7.4 5.3 -28.4
Leaks 21.9 17.0 —22.4
Total 176.9 137.7 -22.2
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* Of the total water indoor water use at a DU, REUWS2 data
show the following use characteristics
— 61% (83.9 gal/day) of indoor water use is due three
activities
e Toilet=233.1 gal/day per DU
e Clothes washer =22.7 gal/day per DU
e Shower=28.1 gal/day per DU

— Hot water use amounts to 45.5 gal/day (33 % of total
indoor water use) with the distribution as shown below:
e Shower=17.8 gal/day per DU

Faucets = 15.4 gal/day per DU

Clothes washer =4.4 gal/day per DU

Bath =2.6 gal/day per DU

Dishwasher = 2.2 gal/day per DU

Other =0.9 gal/day per DU

Leaks = 2.1 gal/day per DU

3.22
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e Colorado School of Mines study

o Comprehensive literature review of data for single- and multiple-family
residential units and some nonresidential sources (Lowe et al. 2007)

o This was followed by monitoring of indoor water use at each of 16 indi-
vidual DUs in Colorado, Florida and Minnesota (Lowe et al. 2009)

o Major findings
* Total indoor water use on a DU basis is shown in Table 3.8

Table 3.8 Water use data for houses in the United States based on a literature review
and field monitoring (Lowe et al. 2007, 2009)

Indoor water use (gal/day per house)

Project Average Median Range

Literature review of 30 studies focused on single-family 278 244 95-587

and multi-family residential units (Lowe et al. 2007)

Monitoring at 16 homes in Colorado, Florida, 172 - 58.7-301

and Minnesota (Lowe et al. 2009) (1.18-2.30)*
(1.47-10.2)°

?Range in the ratio of maximum day to average day at a particular house.
PRange in the ratio of the maximum day to the minimum day at a particular house.
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* Distribution of average indoor water use for each house
— The CSM analysis of the literature compared to a CSM
monitoring study of 16 houses in three locations across
the United States is shown in Fig. 3.6
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Fig. 3.6 Distribution of average indoor water use expressed on a per capita basis
(Lowe et al. 2007, 2009)
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B Water use contributions of fixtures and appliances
e Indoor water use occurs via fixture and appliance use and leaks
o Figure 3.7 shows batch vs. continuous flow activities and
events

Fig. 3.7 Water use can
occur as a batch event
(e.g., toilet flush,
clotheswasher or
dishwasher use) or due to
a flow rate over a period
of usage (e.g., sink or
shower use)

v

e Water use contributions of the fixtures and appliances commonly
found in dwelling units have been determined in several studies
o University of Wisconsin study (Siegrist et al. 1976)
* Toilet use, bath/shower use, and automatic clothes washer use
contributed 65—-86 % of the total indoor water use
o REUWSH1 study (Mayer et al. 1999)
* Toilet use, bath/shower use, and automatic clothes washer use
contributed 67 % of the total indoor water use (Fig. 3.8)
o  WERF study (Rockaway et al. 2011)
* Toilet use, automatic clothes washer use and shower use con-
tributed about 60—-65 % of total indoor water use (Table 3.9)
o REUWS2 study (DeOreo 2014)
* Toilet use, bath/shower use, and automatic clothes washer use
contributed 61 % of the total indoor water use

*  Showers and faucets contribute 73 % of the total indoor hot

water use
3.26
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Bath
1.7%

Nearly 67% of total Shower
indoor use 46.2 16.7%
gal/cap/d) is due to
toilet use, bathing,

and laundry
activities.
Toilet d
26.7%
Other
2.3%

Fig. 3.8 Relative contribution to total indoor water use due to different activities based
on an indoor water use study of 1188 houses located in nine locations across the United

States (after Mayer et al. 1999)

Laundry

Leaks
13.7%

Dishwasher
1.4%

Faucets
15.7%

3.27

v

Table 3.9 Average indoor water associated with usage of different fixture and appli-

ances in a U.S. house (after Rockaway et al. 2011)

Indoor water use (gal/day per DU and (% of total))
Clothes
Toilet | Bath | Shower | washer | Dishwasher

Source Total | use use | use use use Faucets | Leaks | Other
Mayer 177 452 |32 |308 39.3 2.4 (1.4) 26.7 219 |74
et al. (1999) (100) | (25.5) | (1.8) | (17.4) (22.2) (15.1) (12.4)| (4.2)
Denver water 155.6 | 386 |29 |289 31.5 2(1.3) 21.5 245 |57
(2006) (100) | (24.8) | (1.9) | (18.6) (20.2) (13.8) (15.7) | (3.7)
Louisville water | 151.6 | 37.5 | 3.1 18.4 32.4 1.9 (1.3) 20.5 33.8 | 4.0
(2007) (100) | (24.7) | (2.0) | (12.1) (21.4) (13.5) (22.3) | (2.6)
Average of 161.4 | 404 | 3.1 26.0 34.4 2.1(1.3) 229 26.7 |57
above studies (100) | (25.0) | (1.9) | (16.1) (21.3) (14.2) (16.5) | (3.5)

3.28
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B Factors affecting indoor water use at a specific DU
Indoor water use at a specific DU depends on:

o

Type and features of plumbing fixtures and appliances present

* Houses can have different types and numbers

* Fixtures and appliances can have different water use
attributes

Water use behavior of occupants

* Individuals and families can have very different frequencies
and durations of water using activities and events

Water use studies have identified the key factors that can affect

the fixtures and appliances present and water use behaviors

* Family size and demographics

* QOccupation(s) and residency attributes

* Socioeconomic status

* Local weather and climate

3.29
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Results from two studies are highlighted below

o

Lowe et al. (2009) examined the potential effects of geographic

location, season, and age on daily water use

* Geographic location and season did not have a significant
effect on indoor water use

* But, the age of residents in the DU did have a significant
effect on indoor water use

* DUs with residents older than 65 years of age had a signif-
icantly higher per capita daily water use (average =297 and
SD =177 gal/day/capita) compared to those with residents
under 65 years of age (average = 148 and SD = 78 gal/day/
capita)

3.30
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o Inthe REUWS2 study (DeOreo 2014) a number of factors were
found to impact indoor water use at a DU:
* Number of persons residing at the house
* Number of teenagers and number of children
* Parcel size (proxy for income level)
* Adults employed outside of the house
* Number of persons home during the day
*  Sewer rate
*  Presence of high efficiency toilets and clothes washers
* Presence of hot water recirculation systems

3.31
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B Changes in DU indoor water use have occurred over time

e Table 3.10 illustrates how indoor water use in DUs has declined during
the past 20 years, largely due to increased use of water efficient
fixtures and appliances

Table 3.10 Recent studies that have revealed declines in indoor water use

Average Indoor water use (gal/day per house)

Project 1990 2007 Change

WERF study (Coomes et al. 2010, 208 187 —-19(-9.1%)
Rockaway et al. 2011). Change a 2 2

in indoor water use at 65 households (252) (2:38) —0.14(-56%)

in the Louisville, Kentucky area, The majority of the decline was attributed to

after adjusting for weather, increased use of low-flow fixtures and appliances
demographics, and housing variables

REUWS2 (DeOreo 2014) compared 1990s 2010s Change

to REUWS1 (Mayer et al. 1999). Comparison

of residential fixture and appliance utilization RLE) 137.7 —40.2 (-22.6%)

and water use flow rate data during the 2010s | The majority of the decline (29.7 gal/day) was due to
versus the 1990s (Table 3.7) increased use of higher efficiency toilets and clothes

washers. (Note: average occupancy did not decline
significantly from REUWS1 to REUWS2)

PAverage occupancy level at each house. 33
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B DU water use rates are a function of the period of interest

e Examples of water use flow rates are listed below and the ratio of
the respective maximum to average rate is illustrated in Fig. 3.9

o Instantaneous use at a particular time—0-10 gal/min
Hourly use throughout the day—0-100 gal/h per DU

Daily use during the week—0-500 gal/day per DU

Weekly use over a year—0-1800 gal/week per DU

Annual use over a decade—45,000-75,000 gal/year per DU

O O O O

Fig. 3.9 Ratio of 0]\

maximum rates to Ratio of \ Increasing attenuation of variations in
average rates as a masimum flow \\llvater use at a particular dwelling unit =»
function of flow rate ratetoaverage | T===eee_______

of interest fowrate | TTTTTTmmmemm—o———-
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B \Wastewater flow rates from an individual DU

e Wastewater flows are often approximated by indoor water use
e But, wastewater flow rates may not equal indoor water use rates
o Wastewater flow rates can be higher, for example:
* Average daily wastewater flow rates can be higher if rain-
water capture and use generates wastewaters
* Discharge rates from batch events can be higher than water
use rates that occur during filling the fixture or appliance
(e.g., filling a clothes washer or refilling a toilet tank)

o Wastewater flow rates can be lower, for example:

* Average daily wastewater flow rates can be lower if some
interior water use does not result in wastewater (e.g., using
laundry water for watering plants and grass)

* |nstantaneous rates can be lower since the piping network
in a building plumbing system can attenuate discharges
from individual fixtures and appliances

3.34
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e Average daily wastewater flow rates from individual DUs
o Flow rates can be inferred from indoor water use or directly
measured in building sewers (Table 3.11)
* Note that just like indoor water use, wastewater flow rates vary
between DUs and over time at a given DU

Table 3.11 Average daily wastewater flow rates from individual dwelling units

Study average daily flow
(gal/day per capita)
Study Study features Average | Median | SD
U.S. EPA Based on multiple studies of water use or | 45.6 40 No
(1980) wastewater flows conducted in the 1970s data
Mayer Indoor water usage measured at each of | 69.3 60.5 39.6
etal. (1999) | 1188 houses in 12 areas in CO, CA, OR,
WA, AZ, FL, Ontario in 1996—1998
Lowe Building sewer flows measured at each | 54.7 45.2 37.8
et al. (2009) | of 17 houses in CO, MN, FL in
2007-2008
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B Water use and wastewater flow from a cluster of DUs
¢ As the number of DUs in a cluster increases, daily water use and
wastewater flow rates can be attenuated (Fig. 3.10)

Pt Foct g g et
combined
I

N

Flow from
< 3000
5 each house: 2
B S
5 : House 1 ; Combined daily
= S flow from a cluster
2 House 2 > of 10 houses
> ‘©
-!_i A, a
[ /*  House 3 0
N Time (days)
Time (days) When normalized per DU, the average flow per
Average flow and day-to-day DU approximates the median flow for a single
variations differ between DUs DU and day-to-day variations are lessened

Fig. 3.10 lllustration of the daily wastewater flow rates from three individual houses
(left) versus the combined flow from a cluster of ten houses (right)
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Probability of occurrence of a daily wastewater flow rate from a
cluster of houses depends on the number of houses (Fig. 3.11)
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Fig. 3.11 Probability of occurrence of an average daily flow from a development of
houses declines as the number of houses contributing increases (Stephens 2007)
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B Water use in nonresidential buildings
e Water using activities and events

o Water using activities and events can be similar to those in dwell-
ing units or can be very different due to business-specific

operations

Events and activities can vary widely among similar as well as

between different types of nonresidential buildings, for example:

* A coin laundry has clothes washing and some toilet and sink
use

*

A highway rest area has mostly toilet use and some sink use

All restaurants have food preparation, dishwashing, and toilet
use but little or no bathing or laundry, but. ..

*

A busy restaurant will have more daily water use than one
that has less business, and

A fast food sandwich restaurant may have different water
uses compared to a fish house sit-down restaurant
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e Characterizing normal water use within nonresidential buildings and
sources is difficult

o Developing characterization data for normal water use in
nonresidential buildings and other sources is much more complicated
and uncertain compared to doing so for residential buildings like DUs

o Business-specific operations can vary widely within a single category
of nonresidential buildings (e.g., hotels) and there can be variable user
and customer attributes (e.g., employees or patrons per day)

o Units of expression have attempted to capture this variability within
nonresidential buildings and sources by expressing water use in dif-
ferent business-specific units, for example:

= gal/day per patron, per seat, per meal served, per ft? of floor
area, etc.

o Despite the challenges, studies have been completed to characterize
water use in prevalent types of nonresidential buildings and sources

3.39

e Two major studies of commercial and institutional (C&l) sources
have been completed in the United States

o Corps of Engineers study (Crews and Miller 1983)

* Developed a library of water use coefficients for different
commercial, institutional and industrial  sources
(Table 3.12)

o  AWWA Research Foundation study (Dziegielewski et al. 2010)

* Water use data were obtained by two methods
— Auditing billing records for C&l customers in urban

areas across the United States
— Continuous data-logging in 25 buildings in five urban
areas of the United States (Table 3.13)

3.40




112 Contemporary Water Use and Wastewater Generation

V

Table 3.12 Average daily water use rates from commercial and institutional develop-
ments (Crews and Miller 1983)

Type Unit gal/day per unit Type Unit gal/day per unit
Barber shops Chairs 54.6 Drive-in movies Car stall 5.33
Beauty shops Station 269 Nursing homes Bed 133
Bus/rail depots 2 3.33 New office buildings | ft? 0.19
Car washes Inside f | 4.78 0Old office buildings 2 0.14
Churches Member 0.14 Jails and prisons Person 133
Golf/swim clubs Member 22.20 Restaurants Seat 24.2
Bowling alleys Alley 133 Drive-in restaurants Car stall 109
Residential colleges Student 106 Night clubs Person served 1.33
Hospitals Bed 346 Retail space Sale ft? 0.11
Hotels ft2 0.26 Elementary schools Student 3.83
Laundromats ft2 217 High schools Student 8.02
Laundry ft2 0.25 YMCA/YWCA Person 33.3
Medical offices ft2 0.62 Service stations Inside ft? 0.25
Motels ft2 0.22 Theaters Seat 3.33
3.41

Table 3.13 Average daily water use characteristics for five common commercial and
institutional categories (Dziegielewski et al. 2010)

Audit data percentiles®

Cl category Unit of measure No. 10% | 50% 90 % Field monitoring data®
Supermarket gallyear per ft? 33 17.3 33.3 63.6 40.3, 33.7, 25.3, 20.0, 16.4
Office gallyear per ft? 74 3.9 14.2 455 9.7,22.9,13.5, 40, 4.1
Restaurant gallyear per 2 87 110 306 768

gal/day per employee 73.6 145.6 532

gal per meal served 5.8 11.2 35.5 2.7,10.5,54,16.2,3.4

gal/day per seat 19.5 325 73.8 9.7,51.2,31.3,17.3,30.8
Hotel gallyear per ft? 100 17.4 726 206.5 103, 227, 110, 139, 114

gal/day per room 55 116.8 187.9

gallday per occupied room 81.3 163.4 271.0
School gallyear per ft? 139 9.1 24.4 57.0 6.7,19.3,8.1,—10.3

gal/student per calendar d 3.3 6.4 13.7

gal/student per school d 59 11.5 24.3

gallyear per student or staff 566, 1273, 1203, —, 740

@Water use billing records were analyzed for: 33 supermarkets and grocery stores from 18 cities in two states (California
Arizona); 74 office buildings in 27 cities across four states (Arizona, California, Colorado, Florida); 87 restaurants fron
38 cities in three states (California, Florida, Colorado); 100 hotels and motels from 39 cities in four states (Arizona
California, Colorado, Florida); and 139 schools from 35 cities in four states (Arizona, California, Colorado, Florida).
PWater use monitoring was completed at one building of each type in each of five urban areas: Irvine, Los Angeles, Phoenix
San Diego, and Santa Monica.
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B Wastewater flow rates from nonresidential buildings

e Wastewater flow rates are often roughly estimated based on

indoor water use data

e However, as noted for residential buildings, wastewater flow rates
may not be the same as indoor water use rates

* |n addition, in some nonresidential buildings or sources, water
using activities and events can result in wastewater flows that

can be higher than the water use data would suggest

o For example, wastewater flow rates from restroom usage at
sports arenas or highway rest areas may exceed water use

rates

*  \Wastewater flow rates can exceed water use rates due to
the addition of human wastes (e.g., urine) to the water use

associated with urinal and toilet use
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B Residential buildings and wastewater composition

¢ Contributions of water-using activities and events (Table 3.14)
Table 3.14 Average per capita pollutant contributions (grams/cap/day) by individ-
ual activities and events in DUs in the United States (Siegrist et al. 1976)

3-4. Wastewater Composition

lolietifiush Garbage Kitchen Clothes Bath/
Parameter Feces Urine disposal use sink use Dishwasher use washer use shower use
BODs 4.34 6.38 10.9 8.34 12.6 14.8 3.09
BOD:s fitered 2.34 3.98 2.57 4.58 7.84 9.81 1.87
TOC 3.53 4.25 7.32 5.00 7.28 10.3 1.75
TOCfiered 1.58 3.17 3.91 411 4.69 7.29 1.13
TS 10.7 17.8 25.8 13.8 18.2 48.4 4.59
TVS 7.76 12.0 24.0 9.73 10.5 19.5 3.60
TSS 6.24 6.28 15.8 411 5.27 11.0 2.26
TVSS 5.09 5.12 135 3.84 4.46 6.51 1.58
Total N 1.50 2.64 0.63 0.42 0.49 0.73 0.31
NH3-N 0.59 0.52 .01 0.03 0.05 0.03 0.04
NO3-N 0.01 0.02 0.00 0.00 0.00 0.03 0.01
Total P 0.27 0.28 0.13 0.42 0.82 215 0.04
Ortho P 0.12 0.19 0.09 0.18 0.38 0.52 0.02
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e Wastewater composition after flows from fixtures and appliances are
combined in a drainage plumbing system (Tables 3.15, 3.16, and 3.17)

Table 3.15 Characteristics of wastewaters generated in DUs in the United States
(Lowe et al. 2009)

Constituent Units Median | Range Constituent (units)® | Mean (range)
Alkalinity mg-CaCOs/L | 260 65-575 Oil and grease 18
TS mg/L 1028 252-3320 | (mg/L) 10-109
TSS mg/L 232 22-1690 Fecal Coliforms 4.93 x 10%°
cBODs mg/L 420 112-1101 | (MPN per 100 mL) 1.0 x 10*-1.73 x 10°
COD mg/L 849 1394584 E. coli.? 8.09 x 10*
TOC mg/L 184 35-738 (MPN per 100 mL) | 1.0 x 10°-8.16 x 107
DOC mg/L 110 29-679 Consgmer product Frequently detected
Towl N mg-NIL 50 9240 ggfir;:]cea,ls (e.g., but at low (pg/L) levels
Kjeldahl N mg-N/L 57 16-248 nonylphenol,
triclosan) (pg/L)

Ammonium N | mg-N/L 14 2-94 Pharjrr_\aceuticals, A few detected at very
Niwe N [moNi_[1o [eoio | reetenfame | lvlews cp. bk
Total P mg-P/L 10.4 0.2-32

2Value given is the geometric mean. 3.4
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Table 3.16 Comparison of properties commonly of interest in wastewaters generated
in DUs in the United States (Lowe et al. 2009)

Lowe et al. (2009) USEPA (2002) C&T (1998)
Constituent Units Median Range Range Range
Alkalinity mg-CaCOa/L 260 65-575 Not rept. Not rept.
TS mg/L 1028 252-3320 500-880 350-1200
TSS mg/L 232 22-1690 155-330 100-350
cBODs mg/L 420 112-1101 155-286 110-400
COD mg/L 849 139-4584 500-660 250-1000
TOC mg/L 184 35-738 Not rept. 80-290
DOC mg/L 110 29-679 Not rept. Not rept.
Total N mg-N/L 60 9-240 26-75 20-85
Kjeldahl N mg-N/L 57 16-248 Not rept. Not rept.
Ammonium N mg-N/L 14 2-94 4-13 12-50
Nitrate N mg-N/L 1.9 BDL-9 <1 0
Total P mg-P/L 10.4 0.2-32 6-12 4-15

USEPA =U.S. Environmental Prot. Agency, C&T = Crites and Tchobanoglous.
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Table 3.17 Microorganisms including pathogens that are commonly present in waste-
waters generated in DUs in the United States (from Lowe et al. 2007)

Type Organism Range (MPN per 100 mL)
Bacteria Total coliform 107-10"°
Fecal coliform 106108
Clostridium perfringens 10%-10°
Enterococci 10%-10°
Fecal streptococci 10*-108
Pseudomonas aeruginosa 10%-10*
Shigella 10°-10°
Salmonella 102-10*
Virus Enteric virus 10°%-10*
Coliphage 10%-10*
Protozoa Cryptosporidium parvum oocysts 10'-10*
Entamoeba histolytical cysts 10-'-10°
Giardia lamblia cysts 10%-10*
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B Nonresidential buildings and wastewater composition

If the water-using activities and events are similar, the water use
and wastewater characteristics can be similar to those in residential
applications (e.g., toilet flushing, sink use, laundry, etc.)

But more often, the composition of wastewaters from nonresidential
buildings is very different from that of residential buildings

o It can be more or less concentrated in pollutants, e.g.:

* Restaurant wastewater BOD5 can exceed 1000 mg/L
* Nonresidential buildings typically have higher N and P levels;
e.g., school wastewater total N can exceed 125 mg-N/L
o It can contain different types of pollutants, e.g.:
* Commercial and institutional wastewaters can have higher
levels of consumer product chemicals and pharmaceuticals

Composition data for wastewaters generated from nonresidential
buildings are highlighted in Table 3.18 and Figs. 3.12 and 3.13
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Table 3.18 Wastewater composition determined through monitoring at 14 commercial
and institutional sites in Colorado (Conn 2008)

Constituent Units Average Median Minimum Maximum | Number
Alkalinity mg-CaCOs/L | 390 410 20 75 40
pH - 6.80 6.78 4.92 8.69 40
cBODs mg/L 430 320 80 1200 27
TOC mg/L 100 89 33 340 25
DOC mg/L 87 77 21 230 25
Total N mg-N/L 100 92 6 190 25
Qmmonium mg-N/L 99 87 210 26
Nitrate N mg-N/L 1.9 1.4 <0.5 9.5 24
Total P mg-P/L 17 16 1.7 37 26
Fecal CFU per 4.19%x10° | 6.75x10° | 1.50x 10° | 3.34 x 107 | 12
coliforms 100 mL

Notes: Nonresidential source types include commercial (two restaurants, one bakery, two convenience
stores, three retail) and institutional (two schools, one church, three veterinary hospitals). Grab samples
were taken at the inlet to the septic tanks at each site. Each site was sampled three times.
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Fig. 3.12 lllustration of how wastewater concentrations are on average higher (e.g.,
compare medians) and can vary more widely (compare slopes) for nonresidential
buildings compared to residential sources (Lowe et al. 2007)
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Fig. 3.13 Consumer product chemicals in wastewaters from nonresidential compared
to residential sources (Conn et al. 2006) (n = no. of sources)
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J 3-5. Predicting Flow and Composition

B Approaches to predicting flow and composition

¢ Predicting flow rate and composition data involves consideration
of the answers to several questions (Table 3.19)

o  Whatis the purpose and intended use of the predictions made?

o What is the type and status of the building or development for
which predictions are to be made?

o What are the sources of data available for use in making
predictions?

o What are the limitations of extrapolating flow rate and compo-
sition data from one source to another?

o Whatregulations might stipulate how predictions are to be made?

e Figure 3.14 illustrates a generalized decision diagram and
Table 3.20 presents a summary of the approaches available for
predicting flow and composition
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Table 3.19 Key questions that need to be addressed when developing an approach to
use for predicting flow and composition data

Questions

Description

What is the purpose
and intended use
of the estimates?

This can affect the type of data being estimated and help guide the selection of appropriate
input data for calculations, for example

For sizing a treatment unit, estimates can be needed for the maximum daily flow (gal/day)
and influent concentrations of BODs and TSS (mg/L)

For sizing a pump, estimates of instantaneous peak flow (gal/min) are often needed.

What is the type
and status of the
building or
development?

Types can span a single house, a cluster of houses, an apartment building, a commercial
building, shopping center, etcetera

Status concerns whether the building or development already exists or if it is one that is
planned but not yet constructed

What are the sources
of data for use in
estimation?

For existing buildings and developments, monitoring data can be acquired:

Interior water use records, or newly obtained data, can often be used to estimate flow rates
Wastewater flow and composition data for an existing treatment system might be available
already, or could be readily obtainable

Composition data can sometimes be estimated based relevant published characterization
data

For new buildings and developments, estimates require assumptions and external data
sources

(continued)

v

Table 3.19 (continued)

Questions

Description

Extrapolation of flow
and composition
data from one source
to another?

Extrapolation of flow and composition data from one source to another can be uncertain, the
magnitude of which depends on the circumstances. For single-family homes and multifamily
residential buildings, estimates can be fairly accurate. For clusters of homes and small
communities estimates can be accurate also. But depending on system characteristics and
conditions, infiltration and inflow into sewer systems may need to be accounted for and this
can be uncertain. For commercial and institutional buildings and facilities, estimates of water
use and wastewater flow can be highly uncertain. Estimates of wastewater composition,
particularly for unusual constituents like consumer product chemicals, can be very uncertain

What regulations
might stipulate
how estimates are
to be made?

Conservative procedures are often used to make estimates which can result in very con-
servative data (e.g., the estimated daily flow > than the likely daily flow)
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Fig. 3.14 Generalized decision diagram for predicting flow and composition

characteristics
3.55

v

Table 3.20 Summary of approaches available for predicting flow and composition

data for a specific
type of source

Approach Description Additional data needed

1. Monitoring Monitoring data collected from the project Depends on monitoring data available
site or a similar residential or nonresidential
source near the project site

2. Use of published Published data can include: (1) tabulations Estimates of population contributing for

in reference texts or manuals providing per
capita or per unit flow rates and concentra-
tion data or (2) results of characterization
studies completed at specific sites

DUs (e.g., three persons per home) or unit
of measures for nonresidential sources
(e.g., customers/day)

w

. Extrapolation from
residential DUs to
nonresidential
buildings

Apply flow rates and COC loads from com-
parable water-using activities and events
that occur in residential DUs to
nonresidential applications (e.g., toilet
flushing, sink use, laundry, etc.)

Estimates of water-using activity and event
usage

N

. Extrapolation of
composition data
generated in DUs
or specific
nonresidential
buildings to mixed use
developments

Identify and apply relevant concentration
data from DUs or nonresidential sources so
a flow-weighted mass balance can be used
to estimate concentrations in the total
development flow

Estimates of the water use or wastewater
flows from each source in the development
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B Predicting average daily flow rates—Single DU

e Forasingle DU, the average daily indoor water use or wastewater flow can

be estimated using Egs. 3.2—-3.4 and information in Table 3.21

Qa = 69.2 + 37.2Np (3.2)
Qa
Qa= (? (Np) (33)
Qa
0= (B (Puc) (o) (3.4
Where:
Qa =indoor water use per DU per day (gal/day per DU)
Np = household size (persons in a dwelling unit)
Qa/P = per capita average daily flow rate (gal/day per capita)
P =person (or capita)
Pgr = persons per bedroom
Ngr =number of bedrooms (bedrooms in a dwelling unit)
3.57
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Table 3.21 Summary of sources of information for parameters included in Egs. 3.2-3.4
Example sources
Parameter | of information Example data
Qa e Data from published studies | The average daily per capita flow for an
P (e.g., Mayer et al. 1999, average house in a large population of
Lowe et al. 2009, houses = 69.3 gal/cap/day. The average
DeOreo 2014) daily flow for a single house with high daily
* Monitoring of local DUs flow could be much higher (e.g., 221 gal/
cap/day)
Np e Local knowledge of the DU | For a single-family DU, U.S. Census
e Census data (e.g., Census | Bureau data reveal a National avg.
Bureau 2013) Np =2.51, while 60 % of DU have <2 and
98.5 % have <6
Per e Local knowledge of the DU | For a single-family DU, U.S. Census
e Census data for area Bureau data reveal 74.4 % of DU have
e Assumptions Per<1.0
Ngr e |ocal knowledge of the DU | For a single-family DU, U.S. Census Bureau
e Census data for area data reveal 48 % of DU have Ngr <2 BR

Note: monitoring of individual DUs in the vicinity of the project site is an option but one that is unlikely to be
used for a single DU.
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o Occupancy data is available in census data (Fig. 3.15)

o A comparison of average daily flow rates estimated for an
individual DU using different approaches and input parameter
values is shown in Table 3.22

1 26.9%
4 1 2 33.2%

About 60% of DUs have o
<2 persons 3 15.7%
Nearly 90% of DUs h N 14.1%

early 90% of DUs have i

< 4 persons 3 é" 5 6.4%
6 2.3%

2 7 or more 1.4%
Fig. 3.15 Number of persons occupying individual dwelling units in the United States

based on census data (data from Table 2-9 in U.S. Census Bureau, American Housing
Survey 2009)

3.59

v

Table 3.22 Comparison of DU average daily flow rate predictions made using different
approaches

Basis for estimate

Q Qa

P (gal/day
Approach (gal/day/cap) | Np Per | Nsr | per DU)
Average Qp for a population | n/a 251 (U.S.Natl. |n/a |n/a 163
of DU based on Eq. 3.2 avg.)

Average Qa for a population | Qa fora DU as measured by Mayer etal. (1999) | 173,172
of DU based on literature data | or Lowe et al. (2009)

Average QA for a population | 69.3 n/a 1.0 |2 139
of DU based on Eq. 3.4 with
census data and literature

data

Extreme Q for a single DU | 69.3 6 (98.4 % of n/a | n/a 292
based on Eq. 3.2 U.S. DU)

Extreme Qa for a single DU | Qa for a DU +2 SD as measured by Mayer 361, 362
based on literature data et al. (1999) or Lowe et al. (2009), or the 96 %-

300

tile of DUs as measured by DeOreo (2014)
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Where:
Qa = average daily flow for a development (units of gal/day or similar)

Qa/DU =average DU flow when total flow is normalized to DUs contributing
DU = dwelling unit (e.g., homes, apartments, condominiums)
Npy = number of dwelling units (e.g., homes, apartments, condominiums)

B Predicting average daily flow rates—Multiple DUs

e For a residential building or development with multiple DUs, the average
daily water use or wastewater flow can be estimated using Eq. 3.5

O The values for the input parameters in Eq. 3.5 need to be carefully

selected (or estimated) based on the nature and size of the develop-

ment (Table 3.23)

It is very important that the attenuating effects of clustering are
accounted for when estimating average daily flow rates

Qa = <§—IAJ> (Nbu)

(3.5)
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Table 3.23 Summary of sources of information for parameters included in Eq. 3.5

Parameter | Example sources of information Example data

Qa Published data from indoor water | Based on development monitoring in Michigan

DU use and wastewater flow studies | (Stephens 2007), the grand average of the
that provide data on the average | average DU flow rates observed in each
DU flow rate based on the total of 14 developments was 158 gal/day per DU
daily flow from a development (SD =58 gal/day per DU). Based on DU water
of multiple DUs normalized by use reported by DeOreo (2014), the average
the number of DUs contributing water use was about 138 gal/day and 96 %
(e.g., Stephens 2007) of DUs had Qa <300 gal/day
Probabilistic modeling of the Based on modeling by Dobbs et al. (2010) to
likelihood of concurrent flow rates | limit risk of exceedance of a design flow to 1 %,
from multiple DUs (e.g., Dobbs Qa/DU =250 gal/day per DU for systems with
et al. 2010) >15 DU, 225 gal/day per DU for >30 DUs,

200 gal/day per DU for very large
developments

Calculations of the average Average values for Qa/DU range from
Qa/DU for a population of DUs 139 to 173 gal/day per DU (Table 3.22).

Npu Local knowledge of a Depends on development attributes
development
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B Predicting average daily flow rates—Nonresidential
e For nonresidential buildings or developments, the total average
daily flow can be estimated based on two approaches
O Approach 1—Based on contributions per lumped unit of expression

n n

Qa = D4 S (N (NW) Q)] (3.6)

j=1 i=1 i j

Where:
Qa =average daily flow for a development (in gal/day or similar)
Ns=number of a given unit of expression in a source (e.g., number of motel
rooms,...)
Ny = number of units (e.g., persons) causing a water-using event or activity during a
given period (e.g., guests per motel room)
Qu =Ilumped flow rate per unit of expression (e.g., gal/day per guest)
i =different contributions (e.g., meals, guest toilet use, employee uses) within a
particular source (e.g., motel)
j = different sources contributing to the development flow being estimated, such as
a motel, gas station, cafeteria, etc.

3.63

v

O Approach 2—Based on water using events and activities

n n

Qa = Z Z [(Ny)(Uu)(Vu) + (Nu)(Uu)(Qu)(Tu)] (3.7)

=1 i=1 i)

Where:

Qa =average daily flow for a development (e.g., gal/day or similar)

Ny =number of persons or fixtures and appliances causing an event or activity

(e.g., 100 persons using a bathroom)

Uy =uses per Ny per time period (e.g., 1 toilet flush per person per day)

Vy =volume used per event (e.g., 3 gal per toilet flush)

Qu = flow rate during an activity (e.g., 2.5 gal/min during showering)

Ty =time used during an activity (e.g., 4 min per shower)

i =different contributions (e.g., meals, guest toilet use, employee uses) within a
particular source (e.g., motel)

j = different sources contributing to the development flow being estimated, such as
a motel, gas station, cafeteria, etc.
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® Sources of information for input into Egs. 3.6 and 3.7
o For some nonresidential sources, values for fixture and appliance
water use can be extrapolated from published sources (e.g., Mayer
et al. 1999, Dziegielewski et al. 2010)
o For common nonresidential sources, tabulations of water use and
waste flows have been published (e.g., Table 3.24)
Table 3.24 Examples of water use and wastewater flow estimates for different
nonresidential buildings and sources (UPC 2015)

gallday
Type Unit per unit gal/day
Type Unit per unit
1. Airports Employee; 15
passenger 5 6. Dance halls Person 5
: 7. Factories
2. Auto washers Station
No showers Employee 25
3. Bowling alleys Lane 75° With showers Employee 35
4. Camps: With cafeteria, add Employee 5
Campgrounds—with Person 25 8. Hospitals Bed 250
flush toilets, no showers Kitchen waste only Bed 25
Day camps—no meals Person 15 Laundry waste only Bed 40
5. Churches: 9. Hotels (no kitchen Bed 60
Sanctuary only Seat 5 waste)
With kitchen Seat 7
3.65
gal/day gal/day
Type Unit per unit Type Unit per unit
10. Institutions (resident) Person 75 16. Schools—staff and Person 20
Nursing home Person 125 office
Rest home Person 125 Elementary students Student 15
11. Laundries (self-serv.) Washcycle | 50 Int.ermedlate and high Student 20
With gym & showers, Student 5
12. Motel Bed space 50 add
With kitchen Bed space | 60 With cafeteria, add Student 3
13. Offices Employee 20 Boarding, total waste Person 100
14. Parks, mobile homes Space 250 17. S_erwce station, toilets
Picnic parks (toilets Space 20 First bay Bay 1000
only) Addl. bays Bay 500
Recreational vehicles: 18. Stores Employee 20
Without water hookup | Space 75 Public restrooms, add | 10 ft? floor | 1
With water and sewer Space 100 space
15. Restaurants— Employee 20 19. Swimming pools, Person 10
cafeterias public
Toilet Customer 7 —
Kitchen waste Meal 6 20. Thleatclars, auditoriums Seat
Add for garbage disp. Meal 1 Drive-ins Space 10
A_dd for cocktail lounge | Customer 2 aCheck with manufacturer.
Kitchen waste— Meal 2
dis. serv.
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B Predicting peak flow rates—residential or nonresidential
e For some purposes, peak flow rate data are needed
o Examples of peak flow rate data used in design include:
* Recurring maximum daily flow (gal/day)

— This could be the highest daily flow rate that occurs
somewhat routinely (e.g., once every 30 days)
* Extreme maximum daily flow (gal/day)
— This could be estimated such that it would be highly
unlikely for it to be exceeded
— For example, this could be the highest daily flow
rate that occurs very infrequently (e.g., only once in
300 days or more)
* Instantaneous peak flow (gal/min)
— This could be the highest discharge rate possible from a
source (e.g., house, school, restaurant)
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e Peaking factors for predicting peak flow rates
o Peaking factors have commonly been used for estimating peak
flow rates such as maximum daily or hourly flow rates
o Equation 3.8 presents the simplified form for applying a
peaking factor

Qp = (PF)(Qa) (3.8)

Where:

Qp = peak flow rate (e.g., maximum gal/day or maximum gal/h)

Pg = peaking factor (unitless)

Qa =average flow rate (e.g., average daily flow (gal/day) or average
hourly flow (gal/h))

o Peaking factors depend on the type of building or development
as illustrated in Table 3.25
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Table 3.25 Example peaking factors for maximum daily flow rates for decentralized
applications (typical values and range)

Residential Nonresidential

Single or | Multiple
Peak flow rate | a few DUs® (e.g., Mixed | Small
o st DUs? >15) Commercial® | Institutional® | use® | community®
Maximum day: 2.25 2.0 3.0 3.0 2.5 25
recurring 1.25-3.0| 1.5-2.5 2-6 2-6 2-4 2-4
monthly
Maximum day: 4.5 4 6 6 5 5
extreme value
during a year®

?Values for maximum day/average day are from Lowe et al. (2009). Typical value represents 95 % of DUs
monitored while range represents the ratios for the lowest and highest DU.

PValues for maximum day/average day are from Stephens (2007) and Mayer et al. (1999). Typical value
represents 95 % of DU groups monitored.

“Values are from Crites and Tchobanoglous (1998) (Table 4-20). Peaking factors for Institutional are
assumed equal to commercial and mixed use is assumed equal to small communities.

“Extreme value for maximum day/average day peaking factors were estimated as 2x the typical value.
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B Predicting wastewater composition—Residential
e Published data such as shown in Table 3.26 can be used to
estimate the concentrations of different constituents in the waste-
water from residential sources

Table 3.26 Representative characterization data for untreated wastewater and septic
tank effluent generated from residential sources (after Lowe et al. 2007)

BODs TSS Total N Total P Fecal coliforms
Source Statistic | (mg/L) (mg/L) (mg-N/L) (mg-P/L) (CFU per 100 mL)
Single Raw | Ave. (SD) | 359 (220) | 405 (454) | 87 (45.2) 19.1(4.15) | 4.4 x 10°
domestic Range 30-1147 | 18-2233 | 44.1-189 | 13.0-25.8 | 3.0 x 10*-7.4 x 10°

SoureeS  ste| Ave. (SD)| 180 (104) | 79 (58.6) | 57.7 (17.1) | 12.2 (7.86)| 2.2 x 10°

Range | 38-861 |22-276 | 26-124 3-39.5 1.9 % 103-1.3 108
Multiple | Raw | Ave. (SD) | 273 (104) | 285 (91.7) | — - -

domestic Range 144-580 | 180477
SOUrCeS  "sSTE| Ave. (SD) | 169 (44) | 66.4 (20.3)] 49.3 (21.7) | 7.03 (1.9) | 7.0 x 10°
Range | 63-229 |27-99 | 29.8-75.3 |5-10 1.4 % 10°-2.7 x 10°
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If septic tank effluent (STE) data are available but raw wastewater data are not,

a rough estimate can be obtained using Eq. 3.9

o Concentrations estimated this way can be insightful, but it is important to
recognize they can be very imprecise

Craw = (Ra)(CstE) (3.9)

Where:

Craw = average concentration in raw wastewater (in mg/L or similar)

Ra = ratio of average concentration in raw wastewater to STE (-) (e.g., Table 3.27)
Cste = average concentration in septic tank effluent (in mg/L or similar)

Table 3.27 Summary of common constituents of concern and the ratios of the average

concentrations in raw wastewater versus that in STE
BODs | TSS Total N Total P Fecal Coliforms
Source Statistic (mg/L) | (mg/L) | (mg-N/L) | (mg-P/L) | (CFU per 100 mL)
Single domestic Ra (% 1.99 5.12 1.51 1.56 2 (50 %)
sources removal)® | (50%) | (80%) | (33%) (36 %)
Multiple domestic | Ra (% 1.62 43 - - -
sources removal)® | (38%) | (77 %)

Based on the data shown in Table 3.26.
®The removal efficiency implied by the ratio is given in ().
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B Predicting wastewater composition—Nonresidential

Published data can be used to obtain rough estimates of the
composition of the wastewater from some nonresidential sources
However, compared to residential data, there is relatively less
information available for nonresidential sources

o Data that is available is often lumped into broad categories
such as food service establishments, convenience stores, etc.

o Data can include concentrations in untreated wastewater or
septic tank effluents (e.g., Lowe et al. 2007, 2009)

o There can be high variability among nonresidential sources,
even those grouped into common categories, due to differ-
ences in business-specific operations

Depending on the intended application of the prediction data,

appropriate monitoring is often recommended, if not essential, to

enable reasonably accurate predictions
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e For some nonresidential sources, rough predictions can be made
for wastewater concentrations using simple mass balances
(Eqg. 3.10)

_ [(QA)(C)} s1 t [(QA)(C)] st
C_{ (Qa)s; + (Qa)gy + - - }

(3.10)

Where:
C =concentration of a particular constituent in the average daily flow
(in mg/L or similar)
Qa = average daily flow from a contributing source (in gal/day or similar)
C = average concentration of a constituent in a source (mg/L or similar)
S1, S2, ... =source contributing to the development wastewater genera-
tion (e.g., motel, gas station, cafeteria,...)
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d 3-6. Current and Emerging Issues

B Infiltration and inflow (I&l) contributions
e Infiltration and inflow can contribute to flow volumes

o Infiltration = Groundwater seepage into conveyance piping and
tankage through holes, cracks, joint failures, and faulty
connections

o Inflow = Stormwater flow directly into conveyance piping or
tankage via roof drain downspouts, foundation drains, storm
drain cross-connections, and through holes in covers

e Some system types and locations are susceptible to potential 1&I

flows, e.g.:

o Systems that are old or poorly designed

o Sites with high precipitation or high groundwater levels

e |&I must be prevented to minimize extraneous clean water enter-
ing a decentralized treatment system

o1&l can increase Qa by 20% or more and cause peak flow

events
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B Factors of safety

To account for uncertainty in estimates of water use or wastewater

generation, factors of safety (FOS) can be used

o FOS account for uncertain or unknown attributes, such as
usage at a commercial establishment, while peaking factors
account for known variability

o FOS can be explicit (i.e., a value in a calculation) or implicit
(i.e., buried within assumed parameter values)

* Explicit FOS are preferable so it is clear how conservative
an estimate or calculation might be
The magnitude of a FOS depends on the uncertainty in the esti-
mate (e.g. of Qa or Qp) and the intended use of the data (e.g.,
sizing a robust treatment unit vs. sizing one that is very sensitive to
flow or composition)

o Reasonable values could be in the range of 1.0-2.0

3.75

v

B Occurrence of trace organic compounds

During the past decade, there has been growing interest in the
occurrence and fate of micropollutants such as trace organics
Trace organic compounds originate from human activities and are
categorized to include:

o Biogenic compounds (e.g., 17-p-estradiol)

o Consumer product chemicals (e.g., bisphenol-A)

o Pharmaceuticals (e.g., ibuprofen)

o Flame retardants (e.g., perflourooctane sulfonate)

These compounds can be present at trace levels (ng/L to pg/L) but
still potential for serious harmful effects

A framework for predicting the occurrence and fate of trace
organics in decentralized systems is shown in Fig. 3.16
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Fig. 3.16 Generalized decision diagram for predicting the occurrence of trace organic
compounds in decentralized systems (Siegrist and Conn 2014)
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d 3-7. Summary

B Contemporary water use and wastewater generation data are needed
for decentralized system selection, design and implementation
e Data are available for residential and nonresidential sources,
including the flow and composition of individual water-using activ-
ities and events and for the combined flow out of a building
e In a U.S. dwelling unit nearly 2/3 of the water used and waste
generated is from toilet, shower, and clothes washer use
e Water use and waste generation characteristics for nonresidential
sources are typically very different than residential sources
B Predicting water use and wastewater generation
e Predictions can be made by using available or obtainable moni-
toring data for a specific project or published literature data
¢ Predictions for residential sources are more certain than those for
commercial and other nonresidential sources
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u 3-8. Example Problems

B 3EP-1. Predicting indoor water use at a single-family house
¢ Given information
o A single family house (three bedrooms) is located in a subdivi-
sion outside Denver, Colorado
e Determine
o Estimate the average daily indoor water use for this particular
DU (gal/day)
o Estimate the extreme daily indoor water use such that it will not
likely be exceeded (gal/day)
* This estimate can be considered the extreme average daily
flow

v

e Solution
o Using Eq. 3.2 estimate the average daily indoor water use

Qa = 69.2 + 37.2Np (3.2)
Qu = 69.2 + 37.2(4) = 218 gal/day

o Estimate the extreme Qa by using conservative values for
equation parameters
* For example, Np =4 (represents 90 % of DUs in the U.S.)
and add 2 SD for the average DU flow rates (1 SD =94 gal/
day per DU)

Extreme Q, = 218 + 2(94) = 406 gal /day
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B 3EP-2. Predicting indoor water use at a condominium complex
¢ Given information

o Alpine Meadows is a condominium complex that was built in
the foothills near Golden, Colorado in 1990
o Alpine Meadows has a total of 32 dwelling units (DU) (4 DUs in
each of 8 buildings)
o Each DU has two bedrooms and there are conventional plumb-
ing fixtures and appliances that were installed in 1990
e Determine

o Estimate the likely average daily indoor water use (gal/day)

o Estimate the maximum recurring indoor water use (gal/day)

o Estimate the daily indoor water use (gal/day) that will likely
never be exceeded (e.g., <1% chance)
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e Solution

o For the likely average daily indoor water use (Qp) use Egs. 3.5
and 3.2.

* Due to the size of development (32 DUs), the parameter
values used to calculate the development Qa can approxi-
mate the average values for per capita flow rates and
occupancy

* Given the construction period was 1990, select indoor
water use from relevant literature data (e.g., 69.3 gal/cap/
day from Mayer et al. 1999) and select occupancy based on
contemporary census data (e.g., 2.5 persons per DU)

Qa = <§—6) (Npu) (3.5)
o= (%)) 32)

Qa = (69.3 x 2.5)(8 x 4) = 5544 gal /day
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o For the maximum recurring daily indoor water use Eq. 3.8 and
assume a peaking factor of 2 (Table 3.25)

Qp = (PF)(Qa) (3.8)
Qp = (2)(5544 gal/day) = 11,088 gal/day

o Average daily indoor water use that will never be exceeded

* For the average daily indoor water use that will likely never
be exceeded, use Qa =225 gal/day for each of the 30 DUs
per Dobbs et al. (2010)

Qa = <§—S> (Npu) (3.5)
Qa = (225)(8 x 4) = 7200 gal /day
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B 3EP-3. Predicting indoor water use at a office building
e Given information
o A planned office building will be located in Colorado Springs
o The four-story building will be occupied by an insurance com-
pany and will house about 100 workers
o There will be restrooms and drinking water fountains on every
floor, a sink fixture in a lunch room located on the second floor,
and men’s and women’s locker room with showers on the
ground floor
o Water-efficient fixtures will be installed and have the following
water use: toilets = 1.6 gal per flush, urinals =1 gal per flush,
showerheads = 2.5 gal/min, sink faucets =2.5 gal/min
e Determine

o Provide an estimate of the total indoor water use that you would
predict would occur during an average year (in gal per year)
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e Solution
o Using data given along with reasonable assumptions, you can
estimate flows by two approaches and compare the results
o Approach 1—Estimate flows using lumped values for contrib-
utors to flow using Eq. 3.6

* Assumptions made concerning usage:

— There are 100 employees and assume 20 gal/day per
employee as typical for an office building (Table 3.23)

— Assume 5 workdays each week for a total of 240 days
per year accounting for holidays

= {Z [(Ns)(Nu)( QU}} (3.6)

=
=

i= i=1
Qa = [(Ns)(Nu)(Qu)
Q4 = [(100)(1)(20gal /day)] = 2000 gal /day
Annual Q4 = (2000 gal/day)(240 day/year) = 480,000 gal /year
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o Approach 2—Estimate flows from water-using activities and
events using Eq. 3.7

*  Assumptions made concerning usage:

— Workers are 50 % men and 50 % women; men use
toilet once and urinal twice each work day; women
use the toilet three times each day

— Lunch room sink is used 20 min. each day; bathroom
sinks are used 1 min. per visit

— Assume showers are used by 20 % of the workers each
day and showers take 5 min. (assume toilet and urinal
use is included above under 1, but add 2 min. of sink
use)

— Assume water usage for routine office building cleaning
amounts to 100 gal/day

— Assume five workdays each week for a total of
240 days per year accounting for holidays
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o= Z{Z (No) UU><VU>+<NU>(UU><QU>(TU>1} (3.7)

=1 Li=1

luse 1.6gal 2use 1.0gal
50males D8 ) 8
. . day / \toiletuse day / \urinaluse
Toilets& Urinals Qq = = 420 gal/day
3use 1.6 gal
+50 females -
day / \toiletuse

Sink Qy = [(100 persons) (2 5gal> (l minsink (3 v131ts> (1 lunch sink) <2A5.gal> (20 min sin k)]

min visit day min day
= 800 gal /day
Sgal) /5 h 2.5gal\ /2minsink
Shower Qy =Y, {(0.2 x 100 persons) [( ga) < mins ower) ( .gd> ( Sl )}}
min day
= 350 gal/day

Cleaning Q, = 100 gal/day
Q, = 420 + 800 + 350 + 100 = 1670 gal /day
Annual Q, = (1670gal/day)(240day/year) = 400, 800 gal /year

o Note the two approaches yield results that are 91 or 109 % of the
average of 440,400 gal/year and this agreement is quite good 387
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B 3EP-4. Predicting wastewater flow and composition from an apart-
ment building

e Given information

o An apartment building is located in Golden, Colorado
o The apartment building was constructed in 1999 and has
8 dwelling units, each of which has two bedrooms
o Each dwelling unit has water using fixtures and appliances
typical of the construction period except there are no automatic
clothes washers
e Determine

o Estimate the maximum daily wastewater flow rate (gal/day)
o Estimate the average concentrations of BODs and TSS in the
untreated wastewater (in mg/L)
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e Solution

o Maximum daily flow rate
*  Due to the small development size (8 DUs), the parameter values
should be conservatively selected to account for the possibility
there could be a higher than usual average daily flow
*  Compute wastewater flow based on Eq. 3.2
— Use of Eq. 3.2 is conservative since it includes automatic
clothes washers and there are none in this development
— Select a value of 4 persons to be conservative (90 % of
U.S. rental DUs have < 4 persons)
— Use a PF of 2.0 for maximum daily flow

Qa = 69.2 + 37.2Np = 69.2 + 37.2(4) = 218 gal /day (3.2)
Qn = (g—ﬁ) (Npu) = (218 gal /day) (8DU) — 1744 gal /day (3.5)
Qp = PF(Q,) = 2(1744 gal/day) = 3488 gal/day (3.8)

3.89

v

o Average concentrations of BODs and TSS in raw wastewater

* Since the wastewater is from a residential source with
typical fixtures and appliances (except there are no auto-
matic clothes washers), one could assume the concentra-
tions of BODs and TSS should approximate literature data
for residential sources

* Representative data for multiple domestic sources as
presented in Lowe et al. 2007 (see Table 3.26)

— Average BOD5s =273 mg/L
— Average TSS =285 mg/L
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B 3EP-5. Predicting wastewater flow rate and composition from a com-
mercial development
e Given information
o A small commercial development is located along Highway
34 near Loveland, Colorado
o It consists of a 30-unit motel and a gas station with a small
convenience store and 50-seat cafeteria
e Determine
o Estimate the average daily wastewater flow rate from each of
the three businesses in the development (gal/day)
o Estimate the average daily wastewater flow rate from the
development as a whole (gal/day)
o Estimate the average concentrations of BODs and TSS in the
raw wastewater from the development as a whole (in mg/L)
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e Solution
o Assumptions made about usage:
* Patrons and employees (potential input from the owner)
— Motel—2 guests per day per room plus 2 employees
— Gas station—100 customers per day for gas plus
1 employee
— Cafeteria—2 customers per seat per day plus
4 employees
* Water usage taken from literature tabulations (Table 3.24)
— 50 gal/day per guest
— 20 gal/day per employee
— 7 gal/day per gas customer
— 13 gal/day per café customer
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o Average daily wastewater flow rates

=Y {Z [(Ns) (Nu)(Qu)] } (3.6)

j=1 i=1 i

2 1 2empl.) (20gal
Motel Q, = >0rooms guests') (50 gal/day 4 (ZemP 0Ogal/day
motel room guest motel empl.
= 5040 gal/day
Gas station Q, — <0.5 x 200 cust.) (7 gal/day> +< 1 empl. ) <20 gal/day)

day cust. gas station empl.
= 720 gal/day
Cafeteria Q, — 50 seat.s 2cust. 13 gal /day N 4empl.. 20 gal/day
cafeteria/ \ seat-day cust. cafeteria empl.
= 1380gal/day

Total Q4 = 5040 + 720 + 1380 = 7140 gal/day
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o Average concentrations of BODs and TSS in the raw

wastewater

= Development sources include contributing activities and events
similar to those occurring in a dwelling unit. But there could be
elevated levels of some parameters like BODs and TSS due to
high toilet and urinal use in the gas station as well as high food
preparation and cleaning uses in the cafeteria

* The relative flow contributions from the different sources can be
helpful to estimate the likely average concentrations of pollutants:
— Motel Qa =5040 gal/day/7140 gal/day =70.5 %
— Gas station Qa =720 gal/day/7140 gal/day = 10.1 %
— Cafeteria Qa = 1380 gal/day/7140 gal/day =19.3 %

*  We need to estimate the BOD5s and TSS concentrations in
each of these three contributing sources
— Often, concentrations for raw wastewaters will not be available

but septic tank effluent concentrations may be (Table 3EP.1)
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Table 3EP.1 Septic tank effluent concentrations for relevant commercial sources (Lowe
et al. 2007)
Source BODs TSS
represented | Relevant available characterization data (mg/L) (mg/L)
Motel STE from multiple domestic sources Median 184 62.4
Average | 169 66.4
SD 44.0 20.3
Range 63-229 27-99
Gas station | STE from non-medical institutions (i.e., Median | 561 41.8
nonresidential sources that do not have sig- Average | 620 50.9
nificant food service or medical services) 9 :
SD 443 28.5
Range 74-2820 | 13.8-150
Cafeteria STE from food services (i.e., nonresidential Median 244 1104
sources that have significant food service Average | 267 274
such as a restaurant)
SD 261 710
Range 28-1537 | 12-4775
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*

*

Use of septic tank effluent data to estimate raw wastewater
concentrations requires an adjustment factor for the
removal efficiencies in typical septic tank units (Eq. 3.9)
— For multiple domestic sources, the ratio of median
concentrations in raw wastewater to septic tank effluent
is given as (see Table 3.27):
BODs =1.62 (equiv. to 38 % removal of BODs)
TSS =4.3 (equiv. to 77 % removal of TSS)
— These ratios can be used, but it is important to recog-
nize they are very imprecise
Mass balance estimates of average BOD5 and TSS in raw
wastewater from the entire development can be made as
shown on the following page (after Egs. 3.10 and 3.9)
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BOD;s = 1.62 x[

(Qa motel) (BODs motel) + (Q4 gas station) (BODs gas station) + (Q, cafe)(BODs cafe)
(Qa motel) + (Q, gas station) + (Q, cafe) }
(5040)(169) + (720)(620) + (1380)(267)
(5040) + (720) + (1380) ]
(851,760) + (446, 400) + (368, 460)
(7140)
(Qa motel) (BODs motel) + (Q, gas station) (BODs  gas station) + (Q, cafe)(BODs cafe)
(Qamotel) + (Q, gas station) + (Q, cafe) ]
Caas [(5040)(66.4) +(720)(50.9) + (1380)(274)}
: (5040) + (720) + (1380)
(334,656) + (36,648) + (378, 120)
(7140)

= 1.62><[

= 1.62><{ }:378mg/L

TSS =423 x[

_43 x[ ]=451mg/L

Note: These data for commercial source are higher than the results of Problem 3EP.4 for multiple
domestic sources: BOD5s =378 vs. 273 mg/L and TSS =451 vs. 285 mg/L, respectively.
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Water Use Efficiency and Waste Stream
Source Separation

4-1. Scope

This chapter describes how the contemporary characteristics of indoor water
use and wastewater generation that are often viewed as normal can be
modified using water efficient fixtures and appliances and waste stream
source separation approaches. These modifications can yield substantial
direct and indirect environmental and economic benefits by reducing water
use and wastewater generation and the associated energy use and green-
house gas emissions and enabling recovery of water, organic matter, nutri-
ents, and energy.

4-2. Key Concepts

B Indoor plumbing systems have substantially evolved in the United States
and elsewhere over the past 100 years, with water supply and wastewa-
ter drainage systems becoming commonly available in urban and rural
buildings by the middle of the 20th century.

B Modernization of indoor plumbing during the latter half of the 20th cen-
tury led to increasing indoor water use and wastewater generation rates
due to water-consuming fixtures and appliances and water use behav-
iors that were generally not constrained by water supply limitations,
wastewater treatment and disposal impacts, high energy costs, or con-
cerns over sustainability.

B Beginning in the 1970s, water shortages and droughts revealed there
were in fact potentially serious water supply limitations. Subsequently
there were growing concerns over energy use and sustainability that

© Springer International Publishing AG 2017 141
R.L. Siegrist, Decentralized Water Reclamation Engineering,
DOI 10.1007/978-3-319-40472-1_4



142

Water Use Efficiency and Waste Stream Source Separation

spurred interest in approaches that could help make water use and
wastewater generation more sustainable.

Two modern approaches to achieve more sustainable water use and
wastewater generation include: (1) use of water efficient fixtures and
appliances and (2) separation of the waste streams generated by water
using activities and events based on their differing characteristics.

e These approaches and the physical components can be
implemented (1) as part of and in support of a decentralized system
design or (2) as part of and in support of sustainability efforts in
buildings in cities and urban areas that are served by centralized
infrastructure.

Basic water efficient fixtures and appliances began to appear in the
1970s due to droughts and a growing awareness of the benefits of
water efficiency in residential and commercial settings.

e Examples of basic water efficient fixtures and appliances include:
water efficient toilets (<1.6 gal/use), clothes washers (<20 gal/use)
and showerheads (<2.0 gal/min).

e Use of basic water efficient fixtures and appliances in an individual
dwelling unit, along with diligent attention to leak prevention, can
reduce the daily indoor water use and wastewater flow to 100 gal/
day/DU or less. Compared to traditional fixtures and appliances (e.g.,
typical of the 1980s and 1990s), efficiency improvements can yield a
60 % reduction in indoor water use and wastewater flow and a 45 %
reduction in hot water use.

e The reduced water use and lower wastewater flows can result in a
concomitant reduction in energy use and greenhouse gas emissions
associated with water treatment and distribution, water heating, and
wastewater conveyance and treatment.

Advanced minimum-flow fixtures and appliances began to emerge in the
1980s and developments have continued and commercial availability
has grown.

e Examples of advanced minimum-flow fixtures and appliances
include: waterless toilets (0 gal/use), vacuum-flush toilets (0.25 gal/
use), and air-assist showerheads (0.5 gal/min).

e Use of minimum-flow fixtures and appliances in residential buildings
and developments can reduce the indoor water use to as low as
50 gal/day/DU, about 50 % lower than that achieved with basic
water efficient fixtures and appliances. Compared to traditional fix-
tures and appliances, advanced efficiency improvements can
amount to nearly a 70 % reduction in indoor water use and wastewa-
ter flow and a 50 % reduction in hot water use.
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¢ Use of minimum-flow fixtures and appliances in nonresidential build-
ings and developments can yield even greater reductions compared
to residential applications.

B Waste stream source separation emerged as an approach to enhance
decentralized treatment and enable resource recovery during the 1970s,
but widespread use has not yet occurred. Examples of waste stream
source separation approaches include:

¢ Elimination of garbage disposers and handling garbage through solid
waste composting for use as a soil amendment.

e Separation and treatment of graywater for water reuse in toilet flush-
ing and turf irrigation.

¢ Diversion of urine with recovery and conditioning for use as a fertilizer
rich in nutrients.

B Graywater consists of wastewaters from one or more basins, sinks, and
appliances but always excludes toilet wastes. Graywater flow and com-
position varies depending on the sources included. In a residential build-
ing, mixed graywater includes wastewaters from all basins, sinks, and
appliances excluding toilet wastes while light graywater excludes kitchen
sink and dishwasher wastewaters. In a nonresidential building,
graywater can vary from light to mixed. All graywaters contain pollutants
and potentially pathogenic microorganisms and decentralized treatment
systems and reuse plans have to account for this.

B Blackwater consists of excreta (urine and feces) plus dilution water and
toilet tissue. Excreta are rich in nutrients (N, P, K) and contain high levels
of pathogenic microorganisms. Decentralized use of excreta to recover
nutrients can be safely accomplished if proper handling and manage-
ment procedures are followed to mitigate infectious disease risks.

B The potential benefits from source separation include reduced wastewa-
ter pollutant loads, simplified and enhanced wastewater treatment
options, enabled water reuse plans, and facilitated recovery of organic
matter and nutrients. For example, recovery of >80% of the N and
>50% of the P is possible through urine diversion out of residential
wastewaters.

B For a particular application, the benefits actually realized through water
efficient fixtures and appliances or waste stream source separation
depends on the attributes of the building or development (e.g., residen-
tial dwellings vs. commercial businesses; retrofitting an existing building
vs. installation in a new building), the attitudes and behaviors of the
residents and users, and the nature of local utility services (e.g., avail-
ability and cost of water, wastewater, energy services).
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B Successful long-term implementation of water efficient fixtures and appli-
ances or source separation approaches requires that the involved and
affected users be satisfied with the aesthetics, function, operational
needs, and cost-benefit attributes of the approaches and systems
deployed. The greater the departure from the attributes of traditional
water using fixtures and appliances and wastewater management sys-
tems, the more challenging it can be for long-term sustainable use.

B Unintended consequences can occur if implementation is not well
planned and executed. Example consequences include: (1) user dissat-
isfaction and reversion to traditional fixtures and appliances and waste-
water management systems; (2) reduced water supply water quality in
some settings due to low flow rates in distribution piping caused by water
efficient fixtures and appliances; or (3) adverse health or environmental
effects caused by improper reuse of graywater or nutrient recovery from
excreta.

4-3. Conceptual and Technical Details

Conceptual and technical details concerning the scope and key concepts
covered in Chap. 4 are presented in the Slides section.

4-4. Terminology

Terminology introduced and used in Chap. 4 is defined below.

Blackwater—Wastewaters from water-flush toilets and potentially including
wastewaters from kitchen sink and dishwasher uses.

Excreta—In the context of human waste, excreta refers to human urine and
feces.

Fecal sludge—For the purposes of this book, fecal sludge is defined as the
mixture of human wastes combined with a small volume of water that
accumulates in a vault, lined pit, or similar containment structure due to
the use of ultra low-volume water-flush toilets. Other definitions of fecal
sludge can be broader and encompass combinations of excreta and
blackwater, with or without graywater (e.g., pit latrines, septic tanks,
aqua privies, and dry toilets).

Fecal sludge management (FSM)—Fecal sludge management encom-
passes the removal of fecal sludge from a waterless toilet or ultra
low-volume water-flush vault toilet (definition varies, see Fecal sludge)
followed by the proper management for its treatment and disposal or
beneficial recovery.


http://dx.doi.org/10.1007/978-3-319-40472-1_4
http://dx.doi.org/10.1007/978-3-319-40472-1_3

Water Use Efficiency and Waste Stream Source Separation 145

Graywater—Wastewaters produced by water use in basins, sinks and appli-
ances in residential and nonresidential buildings. Mixed graywater
includes food preparation related wastewaters (e.g., kitchen sink and
dishwasher) while light graywater excludes food preparation wastewaters
and possibly laundry wastewaters. All types of graywater exclude toilet
wastewaters, which contain human excreta. Graywater can also be
spelled as greywater.

Minimum flow fixtures and appliances—Fixtures and appliances that use
little or no water but still function properly.

Source separation—In decentralized systems, refers to the separation and
separate management of individual wastes and waste streams. For exam-
ple using dual plumbing systems, blackwater comprised of toilet wastes
and kitchen sink wastewaters can be separated from graywater produced
by basins, other sinks, and appliances. Another example is the diversion
of urine from fecal wastes using a urine-diverting toilet to enable urine
processing and use as a fertilizer.

Toilet wastewater—Toilet wastewater consists of urine and feces plus toilet
tissue.

Water recycling—The process of reusing reclaimed water for a function
within the source responsible for the wastewater that was treated to
produce the reclaimed water (e.g., graywater produced within an office
building is treated and the reclaimed water is used for toilet flushing in that
building).

Water use efficiency—Water use efficiency can encompass water use
conservation measures with traditional fixtures and appliances (e.g.,
showering less frequently and for a shorter duration) or water efficient
fixtures and appliances (e.g., a toilet with a lower flush volume per use).

Yellow water—Term that can be used to represent human urine.

4-5. Acronyms, Abbreviations and Symbols

Acronyms, abbreviations and symbols used in Chap. 4 are listed below.

BOD Biochemical oxygen demand

BW Blackwater

BWEFA Basic water efficient fixtures and appliances
BWR Basic water requirement

cap Capita (or persons)

CFU Colony forming units

CO, Carbon dioxide

COD Chemical oxygen demand

Cw Clothes washer

d Days
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DU Dwelling unit

DW Dishwasher

EPAct United States Energy Policy Act

F Faucet

Fecal coli. Fecal coliform bacteria

FOG Fats, oils, and greases

g Gram

gal Gallon

GW Graywater

K Potassium

kg Kilogram

kL Kiloliter

kWh Kilowatt-hour

L Liter

MFFA Minimum flow fixtures and appliances

min Minute

N Nitrogen

NH,* Ammonium nitrogen

NO3~ Nitrate nitrogen

NO, Nitrous oxides (NO, NO,)

P Phosphorus

PO, 3 Phosphate

psi Pounds per square inch

REUWS1 Residential end uses of water study 1

REUWS2 Residential end uses of water study 2

S Shower

SO, Sulfur dioxide

TF Toilet flush

TKN Total Kjeldahl nitrogen

TSS Total suspended solids

u.S. United States of America

USEPA U.S. Environmental Protection Agency

Vv Volume of each activity or event (e.g., 5 gal per toilet flush)

WERF Water Environment Research Foundation

WHO World Health Organization

WRA Water Reuse Association

WRF Water Reuse Foundation

Ci Concentration of a constituent in a particular waste stream

Cr Concentration of a particular constituent in the average daily flow
after a source separated stream is removed

Fh Fraction of indoor water use that is hot water use

Fr Fractional reduction in use from water efficient fixtures and

appliances
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Fr-H

Fu
i

QA—FA
QAfHot

AQA_Hot

Fractional reduction in hot water use due to water efficient fixtures
and appliances

Frequency of use (e.g., 2 urinal flushes per person per day)
Sources contributing to the flow being estimated in one building
(e.g., restrooms, locker room, laundry services)

Different buildings that are present in a development (e.g., office
building, restaurant)

Minutes of usage per day (e.g., 8 min of faucet use per person per
day)

Mass in a particular stream

Mass of a particular constituent in the average daily flow of the
source separated waste stream

Mass of a particular constituent in the average daily flow of a
combined wastewater stream

Number of activities or events (e.g., 4 toilet flushes per person per
day)

Number of users (e.g., 6 males using a urinal)

Flow rate by fixture or appliance use (e.g., 2.5 gal/min for a
showerhead)

Average daily indoor use in a DU with traditional plumbing
Savings due to water efficient fixtures and appliances

Average daily indoor use contribution of fixtures and appliances
Average daily indoor hot water use in a DU with traditional fixtures
and appliances

Hot water savings (i.e., avoided use) due to MFFA

Average indoor use in a DU with efficient fixtures and appliances
Flow rate of a particular waste stream

Average daily water use contribution due to leakage

Average daily water use contribution by other activities and
events

Average daily flow of the source separated waste stream
Average daily flow in a combined wastewater stream

Flow rate during a water use (e.g., 2.5 gal/min during showering)
Time used during an activity (e.g., 8 min per shower)

Water volume used per water use (e.g., 1 gal per urinal flush)

4-6. Problems

4.1. What is a single person’s basic water requirement (BWR) for drinking
water and sanitation? How does this compare to the average daily
indoor water use of a person in the United States?

4.2. In atypical city in the United States, approximately what fraction of the
drinking water produced at the city’s water treatment plant is wasted
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4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

due to the combined effects of losses during water distribution, losses
due to leaking plumbing fixtures, and drinking water use for flushing
toilets: about 5 %, about 15 %, about 50 %, or over 75 %?

What are three potential benefits to utility services (e.g., water, waste-
water, energy) from the use of modern water efficient fixtures and
appliances?

For an apartment complex that was built in Denver in the 1970s, which
of the following is the most likely maximum reduction in indoor
water use that could be achieved if the apartments were retrofitted
with high efficiency water-using fixtures and appliances: 10, 50, or
90 %7

A regression equation for indoor water use at a dwelling unit in the
United States was developed through monitoring completed in the
1990s (Mayer et al. 1999). This equation (Eq. 3.2) was fit to water
use data collected at households with traditional water-using fixtures
and appliances typical of that period. How might Eq. 3.2 be modified to
make it applicable to households with modern minimum flow fixtures
and appliances?

Renovation is planned for an existing highway rest area that generates
an average daily wastewater flow rate of 5000 gal/day (minimum
day =1000 gal/day and maximum recurring day = 15,000 gal/day).
The rest area was built in 1978 and currently has the original water
using fixtures. During the renovation project, minimum flow fixtures
(faucets, urinals, toilets) will be installed. Estimate the average daily
wastewater flow rate (Q,) (in gal/day) that would be generated from the
rest area after the planned renovation.

A subdivision of 300 homes located in Denver, Colorado was built
during the 1970s. Assuming an average residency of 2.6 persons per
home based on census data, if the pre-1980 toilets, showerheads and
faucets were replaced by post-1994 water efficient fixtures and appli-
ances (with maximum water usage as stipulated in the U.S. Energy
Policy Act of 1992), what might the benefits be for the subdivision in
terms of: (1) reduction in water use (in gal/year), (2) reduction in energy
use for water and wastewater treatment (in kWh/year), and (3) reduc-
tion in greenhouse gases emitted by water and wastewater treatment
(in Ib/year of CO,, NOy plus SO,)?

An indoor water use rate of 20 gal/day per person has been set as a
target that is suggested as being achievable for dwelling units
equipped with minimum flow fixtures and appliances. To achieve this
target, what are the fixtures and appliances that could be used and at
what utilization rates (i.e., events/day and volume per event or minutes
per use and gal/min)? How realistic is it to sustainably achieve this
target at a majority of dwelling units in a city where there are 50,000
houses?
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4.9.

4.10.

4.11.

Which of the following are examples of waste stream source separa-
tion (check all that apply): (1) elimination of a garbage grinder, (2) solids
wasting from a bioreactor, (3) urine diversion and handling to recover
N and P nutrients, (4) segregation and separate treatment of
graywater?

Graywater can be comprised of different individual wastewater
streams from a building. How might graywater comprised of restroom
sink wastewaters in an office building compare to graywater comprised
of wastewaters from sinks, basins and appliances (excluding toilet and
kitchen sink waste) in an apartment building? Which graywater would
likely present the greater risk related to the presence of pathogens?
Lookout Prairie is a new condominium complex being built near Eagle,
Colorado that will have four buildings, each of which will have 6 condo-
minium units. Each condominium will have two bedrooms and the
developer is projecting on average, 22 of the condos will be occupied
and each occupied condo will have an average of 2.5 residents init. To
help obtain a LEED rating, the building will be equipped with modern
water-efficient fixtures and appliances, which are projected to bring the
average water use down to 35 gal/day per person. A source separation
strategy involving urine diversion is also being considered to recover
nitrogen for use in fertilizing the property grounds (6-acre property and
there will be 4 acres of Kentucky bluegrass turf). The anticipated
nitrogen fertilizer requirements are listed below (in Ib-N per 1000 ft?).
What is the likely maximum amount of nitrogen that could be recovered
in the urine each year (in Ib-N/year)? What percentage of the nitrogen
requirements for turf fertilization could be satisfied by the nitrogen
recovered from the urine diversion? If there will be too little or too
much nitrogen available in the urine compared to what is required for
fertilization (annually or seasonally), how would you handle this defi-
ciency or excess?

Estimated fertilizer requirements in Ib-N per 1000 ft? of landscape:

Mid- Mid- Mid-August
Novemberto | Marchto |Mayand | Julyto to October to
Mid-March April June Mid-August | September | Mid-November
(18 weeks) (7 weeks) | (8 weeks) | (6 weeks) (7 weeks) (6 weeks)
0 0.5 1 0 1 1
4.12. Provide a list of five biogenic compounds (e.g., hormones and phar-
maceutical residues) that can be found in urine that is diverted for
recovery.
4.13. Long-term sustainable use of minimum flow fixtures and appliances or

source separation schemes is critical to realizing the benefits projected
and to avoid unintended consequences. Explain an untended conse-
quence that could be of concern with respect to a decentralized system
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that is designed and implemented at a house where a composting toilet
will be used and the graywater will be simply treated and reused for
irrigation of a lawn and garden.
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u 4-1. Introduction

B Evolution of indoor water use and wastewater generation

¢ Indoor plumbing didn’t become available in U.S. homes until after
World War | and it took several decades for widespread availability
e Economic development during the latter decades of the 20th
century spurred modernization of indoor plumbing systems
o Increasing numbers, types, usage of indoor fixtures and
appliances
* Higher flow rates and volumes per use
* Increased frequency of use (e.g., bathing and washing)
* Increased level of use of synthetic consumer products
o This led to higher water use and wastewater generation—why?

* Desire for user convenience and comfort, while achieving
public health protection

*  Water supply was viewed as plentiful and there were limited
concerns over wastewater treatment, energy use, and
greenhouse gas emissions

4.2
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B But how much water do humans really need?
e True minimum need for daily living survival
o 0.8-1.3 gal/day/cap of clean water
¢ Basic needs for drinking water and sanitation
o Recommendations of the U.S. Agency for International
Development, World Bank, and World Health Organization
* 5.3-10.6 gal/day/cap
o Basic water requirement (BWR) proposed by Gleick (1996)
* 13.2 gal/day/cap (50 L/day/cap) allocated as follows:
— Drinking water = 1.3 gal/day/cap
— Sanitation =5.3 gal/day/cap
— Bathing=4.0 gal/day/cap
— Cooking (excl. water to grow food) = 2.6 gal/day/cap

4.3

v

m  Worldwide, billions of people do not have access to a BWR of
13.2 gal/day per person (50 L/day/cap)

e For the year 2000, over two billion people in about 62 countries
were estimated to have domestic water use that was less than the
BWR of 13.2 gal/day/capita
e Even large rapidly modernizing nations like India and China have
average water use that is close to a BWR of 13.2 gal/day/capita
B In the United States and other developed countries

¢ Indoor water use is much greater than a BWR of 13.2 gal/day/cap
e For example, in the United States, the average daily indoor water
use is generally greater than 50 gal/day/cap (refer to Chap. 3)

44
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B Water use and wastewater generation in the 21st century
e Sustainability concerns have grown in the United States and other
developed countries spurring changes
¢ Improved water use behaviors are becoming more prevalent with
existing fixtures and appliances
o Malfunctioning fixtures and appliances (e.g., leaks) are being
fixed
o Water efficient practices associated with water use and waste
generation are being adopted
e Advanced approaches and associated technologies are emerging
and becoming more available
o Indoor water use efficiency through low flow to minimum flow
fixtures and appliances
o Waste stream source separation through separation of fixture
and appliance waste streams of differing characteristics

4.5

u 4-2. Water Use Efficiency

B During the 1970s, water shortages raised
conservation awareness (Fig. 4.1)
e Research and development occurred
into:

o Water use and conservation
methods Fig. 4.1 Photograph of a

o Water efficient fixtures and  dned upinland lake during
) a /e a 1970s drought
appliances® (Fig. 4.2)

¢ Nearly 30 years ago, the benefits of water
efficient fixtures and appliances were
recognized, including the potential for:
o Lower water use
o Reduced wastewater flow
o Less energy use

a . ) . ) Fig. 4.2 Brochure for low
Note: Fixtures use water without requiring power; appli- flow toilet fixtures

ances use water but require power to function.

4.6




Water Use Efficiency and Waste Stream Source Separation 155

v

¢ |n 1983 the benefits of what were termed “minimum flow plumbing
fixtures” were described (Table 4.1)

Table 4.1 Potential effects on indoor water use for houses equipped with plumbing
systems employing minimum flow fixtures and appliances as proposed around 1980
(Siegrist 1983)

. Minimum flow plan A Minimum flow plan B

Fixture or Normal usage

appliance around 1980 Type Usage Type Usage

Toilets 5 gal/use Low flow flush 1 galluse Air-assisted 0.5 gal/use
toilet toilet

Showers 5 gal/min Low flow 1.8 gal/min | Air-assisted 0.5 gal/min
showerhead shower

Clothes washers 37 galluse Front-loading 21 galluse Front-loading 21 galluse
washer washer

Faucets 3.2 gal/min Aerators 1.6 gal/min | Aerators 1.6 gal/min

Total indoor water 50 gal/day/cap 59 % lower indoor water use 67 % lower indoor water use

use incl. all uses

Hot water use 15.9 gal/d/cap 45 % lower hot water use 52 % lower hot water use

4.7

v

B Evolution of basic water efficient fixtures and appliances
e Early requirements due to the U.S. Energy Policy Act of 1992
o National water use efficiency requirements—three major provisions
*  Maximum water use set for toilets, urinals, showerheads, and
faucets manufactured after January 1994 (Table 4.2)
* Labeling required to clearly indicate water use volume or rate
* Encouragement of state and local incentive programs for
replacement of old water consuming fixtures and appliances

Table 4.2 Water use efficiency requirements set for fixtures as a result of the
U.S. Energy Policy Act of 1992 (Vickers 1993)

Fixture EPAct 1992 maximum water use
Toilets 1.6 gal per flush®

Urinals 1.0 gal per flush

Showerheads 2.5 gal/min (at 80 psi)

Faucets and aerators 2.5 gal/min (at 80 psi)

3.5 galfflush allowed for some commercial units until 1 Jan 1997.
4.8
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e Benefits of more water-efficient fixtures required by the
U.S. Energy Policy Act of 1992
o Estimates made around 1993 projected that there could be
major reductions in indoor water use, energy use, and green-
house gas emissions due to the increased water use efficiency
of new toilets, showerheads and faucets (Table 4.3)
o |t was also projected that it would take over 30 years to achieve
widespread use and fully realize the potential benefits
* In 1993, it was estimated it would take until 2026 for the
pre-1994 generation of fixtures to be replaced with post-
1994 fixtures
* After widespread use occurred dramatic benefits were
projected as presented in Table 4.4

4.9

”

Table 4.3 Projected beneficial effects of increased water use efficiency in residential
units (Vickers 1993)

Toilets, showerheads, Greenhouse gases:

faucets used in Water use Energy use CO,, NOx, SO,

residential units (gal/day/cap) (kWh/year per capita) (Ib/year)

Before 1980 54.5 57 110.7

1980-1994 33.9 35 68.7

After 1994 214 22 43.4

Basis Average daily usage per per- Combined use for water treatment | Emissions per kWh:
son: 4.0 toilet flushes, (1500 kWh per 10° gal/day) and 1.89 1b CO,,
4.8-min. shower, 4.0-min wastewater treatment (1400 kWh 0.00914 Ib NOx,
faucet use per 10° gal/day) 0.0195 Ib SO,

Table 4.4 Projected per capita savings by a complete change to water-efficient
fixtures in DUs as estimated in the early 1990s (Vickers 1993)

Per capita savings (%)
Savings from change in toilets, showerheads, Greenhouse gases:
and faucets used in residential units Indoor water use Energy use CO,, NOx, SO,
Post-1994 compared to 1980-1994 36.9% ¥ 371% ¥ 36.8% ¥
Post-1994 compared to Pre-1980 60.7 % 61.4% ¥ 60.8% ¥

4.10
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e Continuing and growing requirements for water-efficient fixtures and
appliances
O Potential for increased efficiency in water use was increasingly
reflected in plumbing standards and specifications (Table 4.5)
* U.S. Energy Policy Act of 2005 standards
* American Society of Mechanical Engineers standards
* USEPA Energy Star or WaterSense specifications

Table 4.5 Examples of efficiency requirements for residential applications

Maximum water use volume or rate

Standard in the Energy | Current standard or Proposed/future
Residential fixture Policy Act of 1992 specification as of 2011 standard or specification
Toilets 1.6 gal per flush 1.6 gal per flush 1.28 gal per flush
Urinals 1.0 gal per flush 1.0 gal per flush 0.5 gal per flush
Showerheads 2.5 gal/min (at 80 psi) 2.5 gal/min (at 80 psi) 2.0 gal/min
Faucets/aerators 2.5 gal/min (at 80 psi) 2.2 gal/min (at 60 psi) 1.5 gal/min

Source: http://www.allianceforwaterefficiency.org/Codes_and_Standards_Home_Page.aspx.

4.1
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B Water use efficiency has improved over time
e Studies have revealed that indoor water use in U.S. urban areas
has declined from about 177 gal/day/DU in the 1990s to about
138 gal/day/DU in the 2010s (Table 4.6)
o Over about 20 years the decline in the average indoor water
use among a service area of dwelling units was about 22.2 %
* A majority of the decline was attributed to increasing use of
more efficient toilets and clothes washers
o A decline >22 % might have occurred but many DUs in the
study areas were still using older less water efficient fixtures
and appliances
e Vickers (1993) projected a 36.9 % decline would occur by 2026
due to improvements in toilets, showers, and faucets (Table 4.4)
o According to this projection and assuming a linear change with
time, there would be about a 23.5 % decline by 2014, similar to
the 22.2 % noted above and shown in Table 4.6

4.12
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Table 4.6 Reductions in the indoor water use contributions of different activities and
events due to increasing use of water efficient fixtures and appliances (DeOreo 2014)

Contribution to indoor water use (gal/day per DU)

Measured during Measured during | Projected future Potential

REUWS1 (Mayer | REUWS2 water use overall change
Indoor water use by | et al. 1999) (DeOreo 2014) (DeOreo 2014) [Col. 3 versus
type [Col. 1] [Col. 2] [Col. 3] Col. 1]
Toilet use 45.2 33.1 16.5 —63.5%
Clothes washer use 39.3 227 1.7 —70.2%
Shower use 30.8 28.1 23.3 —24.4%
Faucet use 26.7 26.3 24.8 —7.1%
Bathtub use 3.2 3.6 4.2 +31.2%
Dishwasher use 24 1.6 2.0 —16.7%
Other uses 7.4 5.3 1.5 —79.7%
Leaks 21.9 17.0 4.3 —80.4 %
Total 176.9 137.7 88.3 -50.1%

4.1
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e Use of basic water efficient fixtures and appliances should continue
to lower water use and wastewater generation over time

o As projected by Vickers in 1993, widespread use of water efficient
toilets, showerheads and faucets would require nearly 30 years to
realize due to the time to retrofit existing fixtures
*  Widespread use could yield a 60.7 % or greater reduction in

indoor water use compared to pre-1980 fixtures (Tables 4.3
and 4.4)

o As projected by DeOreo in 2014, average indoor water use
within residential service areas in the future could decline by
about 50 % from that measured in the 1990s (Table 4.6)

* Declines would be mostly due to increasing use of water
efficient toilets and clothes washers combined with reducing
other uses and minimizing water leakage at more and more
dwelling units in the service area

4.14
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B Evolution of minimum flow fixtures and appliances
e Beyond the basic water efficient fixtures and appliances just

discussed, there are minimum flow options (Fig. 4.3)

o General characteristics include:
* Ultra low to zero water use
* Comparable user service level
* Compatible with existing utilities
* Need for little or no maintenance

o Example minimum flow options

include:
* Waterless urinals (0 gal per
use)
*  Composting dry toilets (0 gal
per use)
*  Vacuum flush toilets (0.25 gal
per use) Fig. 4.3 Examples of advanced
= Air-assist showerheads (0.5gal/ minimum flow fixtures: (a) vac-
min) uum flush toilet, (b) composting
dry toilet, and (c) waterless urinal
4.15
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e Application of minimum flow fixtures and appliances can yield
extremely high degrees of water use efficiency (Table 4.7)

Table 4.7 Per capita indoor water use in a single DU through application of minimum
flow fixtures and appliances compared with basic water efficient fixtures and appliances

Basic water efficient flow Minimum water flow

Assumed uses Water use Indoor water Water use Indoor water
Indoor water per day per volume or flow use volume or flow use
use by type person rate (gal/day/cap) rate (gal/day/cap)
Toilet 4/day 1.6 gal/use 6.4 0.5 galluse 2.0
Clothes washer 0.36/day 20 gal/use 7.2 15 gal/use 5.4
Shower 0.6/day @8 min | 2.0 gal/min 9.6 0.75 gal/min 3.6
Faucets 8 min/day 1 gal/min 8 0.5 gal/min 4.0
Bathtub 0.15/day 20 gal/use 3 20 gal/use 3.0
Dishwasher 0.10/day 10 galluse 1 4 galluse 0.4
Other uses - 3 gal/day/DU 1.28 1.5 gal/day/DU 0.6°
Leaks - 10 gal/day/DU 42 5 gal/day/DU 22
Total gal/day/cap - - 40.4 21.0

The assumptions and projections made in this table are proposed by the author.

?Per capita flows due to other uses and leaks is based on 2.5 capita per DU.
4.16
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B Water use efficiency potential under different conditions

e Figure 4.4 illustrates measured and projected usage in a DU
during different periods with increasing water use efficiency

200 176.9 Period and type of use:
=) ] BFA-1995 = basic fixtures and
o 160 — .
3 137.7 appliances
g, 120 ] BWEFA-2015 = basic water efficient
@ ] fixtures and appliances in 2015
c i BWEFA-2025 = basic water efficient
© 80 fixtures and appliances with leak
z 49.8 prevention in 2025
8 40 — 33 I .
he! s i G . MFFA-2015 = minimum flow fixtures and
= NESSENO WilRSe CTRREICY appliances with leak prevention in
0 2015 and beyond
\x\%‘g’ Wq&\% Wf;p'f’ P;z,“'\é e.‘“?\ BWR = basic water requirement of 13.2
& 6\*6 @N?’? \\\(( gal/d/cap and 2.5 cap/DU

Period and type of use

Fig. 4.4 Average indoor water use for an individual dwelling unit in the United States

during different periods with different sets of fixtures and appliances a7

k/ 4-3. Source Separation

B Source separation can be achieved through two strategies
e Eliminating materials and waste products that are often added
during normal water using activities and events
o This has also be referred to as pollutant load reduction
* The elimination of phosphate in laundry detergents during
the 1990s is an example of pollutant load reduction with
respect to phosphorus
o Eliminating materials and waste products can also be used to
achieve resource recovery (e.g., composting garbage rather
than kitchen sink disposer use)
e Separation of waste streams from different activities
o Separation is based on contrasting flow and composition
o Separation can enable treatment as well as resource recovery
e While enabling treatment and resource recovery, source separa-
tion can also achieve water use efficiency

4.18
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B Source separation by eliminating added materials
e Examples of approaches are listed in Table 4.8

Table 4.8 Examples of waste material elimina-
tion approaches

Effect on
Approach Example Enabling option | wastewater
Use pollutant | Use of low-P Not applicable Reduce
lean biodegradable levels of P
products detergents .
Fig. 4.5 Examples of consumer
Avoid adding | Avoid flushing Dispose at a Reduce P
waste chemicals and solid or hazard- | levels of prOdUCtS and medicines that can
materials medicines down ous waste facil- | toxic and enter the wastewater stream
the toilet or sink ity; dispose at a | hazardous
(Fig. 4.5) pharmaceutical | substances r
drop off
Avoid use of Compost food Reduce
kitchen sink gar- waste or use for | levels of
bage disposers biogas BOD, TSS,
and FOG
Use of appli- | Use of discharge Not applicable Reduce
ance treat- filter bags on discharge . )
ment devices | clothes washing of fabric Fig. 4.6 Example of a bag filter
machines (Fig. 4.6) f}%esfs and for a clothes washer discharge

4.19
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B Separating waste streams in residential dwellings
e Nearly 40 years ago, it was recognized that there could be benefits
from segregating waste streams generated in residential settings
o Segregation and separate management in the United States was
called out as illustrated in Fig. 4.7

B8 8

Household

Fig. 4.7 lllustration of a waste segregation scheme proposed in 1978 (Siegrist 1978)
4.20
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e Source separation to enable enhanced treatment
o This was intended to exploit the contrasting characteristics of
graywater and blackwater and enable enhanced treatment
options
* Data tabulations for the concentrations and mass loadings in
graywater and blackwater are presented in Tables 4.9, 4.10, 4.11,
and 4.12

Table 4.9 Typical pollutant and pathogen loads contributed from the segregated
graywater and blackwater streams (Siegrist 1978, USEPA 1980)

Daily flow volume (e.g., gal/day/cap) or mass load (e.g., gal/day/cap)
Parameter Graywater stream Blackwater stream
Flow volume 60-75 % 22-30%
Organics (BODs) load 63 % 37%
Suspended solids load 39 % 61%
Nitrogen load 18% 82%
Phosphorus load 36 % 64 %
Pathogen load Some ... Vast majority. . .

4.21
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Table 4.10 Average concentrations of BOD, COD, N and P in graywater measured in
Norway and reported elsewhere in Europe (Todt et al. 2015)

Nitrogen Phosphorus
Location BODs5 (mg/L) COD (mg/L) (mg N/L) (mg P/L)
Norway 140-160 250-300 16-19 1.3-1.6
Great Britain 146 451 8.7 1.4
Sweden 418 588 10 7.5
Germany - 640 27.2 9.8
Netherlands - 724 7.2 26
Average Europe 205-449 350-783 6.7-22 0.4-8.2
Average 100400 200-700 8-30 2-7
literature
NSF 2012 100-300 200-500 3-6 1-4
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Table 4.11 Average concentrations of BOD, COD, N and P in blackwater measured in
Norway and reported elsewhere in Europe with gravity flush (WC) and vacuum toilets
(VC) (Todt et al. 2015)

Location BODs (g/L) | COD (g/L) | Nitrogen (g N/L) | Phosphorus (g P/L)
Norway 3.1-3.6 8.9-11.4 1.4-1.7 0.15-0.2

Sweden, low - 3.0 0.16 0.028

flush WC

Netherlands, VC | — 9.5-19 1.9 0.11-0.28

Turkey, WC 0.3 1.2 0.18 0.025

Germany, VC - 8.0 1.5 0.175

Germany 0.3 0.7 0.28 0.029

Average WC 0.3-0.6 0.9-1.5 0.1-0.3 0.020-0.040
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Table 4.12 Mass loadings per capita for nutrients in graywater (GW) and blackwater
(BW) as measured in Norway and reported elsewhere in Europe (Todt et al. 2015)

Organics Nitrogen Phosphorus

(g COD/day/cap) (g N/day/cap) (g P/day/cap)
Location BW GW BW GW BW GW
Norway 68-83 31-37 10-12 2-25 1.1-1.4 0.15-0.2
Sweden 85 39 4.6 0.6 1.5 0.5
Sweden - - 12 14 14 0.4
Germany 40 39 7.5 1.7 0.9 0.6
Netherlands 57-119 - 11.4 - 0.7-1.7 |-
Typical Europe 75 46 11.9 15 15 0.5
Turkey 90 25 19.6 0.7 3.7 0.8
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e Source separation to enhance resource recovery
o Beyond benefits to treatment, source separation was also
thought to help manage nutrient loadings and aid resource
recovery of nutrients (Table 4.13)

Table 4.13 Water and nutrient loads contributed in separated sources with no dilution

for urine and feces (Otterpohl et al. 2003)

Approximate annual per capita contributions

Parameter Units Total Graywater Urine only Feces only
Volume gallyear/cap 6750-26,660 6600-26,420 132 13.2

kL/year/cap 25-100 25-100 0.5 0.05

% of total 100 % 99 % <1% <1%
Nitrogen kg N/year/cap 4-5 0.12-0.15 3.54.4 0.4-0.5

% of total 100 % 3% 87 % 10%
Phosphorus kg Plyear/cap 0.75 0.08 0.38 0.30

% of total 100 % 10% 50 % 40 %
Potassium kg Klyear/cap 1.8 0.61 1.0 0.22

% of total 100 % 34% 54 % 12%

4.25

¢ During the past 30 years, source separation has evolved

o There have been developments and applications in Norway
(Fig. 4.8), Sweden, Germany, Australia and other countries

o In the United States growing interest and applications materi-
alized during the past decade with a primary focus (so far) on
separation and separate management of graywater

o Approaches to source separation are also viewed as crucial to
sustainable development worldwide

* In 2006, the World Health Organization (WHO) published
guidelines for the safe use of excreta and graywater (WHO
2006)
* Several key conclusions and recommendations are sum-
marized in Table 4.14
e Current approaches to source separation and separate manage-
ment in the United States and similar industrialized nations are
illustrated in Fig. 4.9
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The goal is to: reduce water -—— Dwelling unit has source
;g?/sufmp_??r: in a home by V2 _sriparated wlaste .streTms.
6, facilitate near / e energy loop involves

complete recycling of plant I heat, power and fuel. The
nutrients for agriculture, .- ‘_ water loop involves
produce soil amendments, reclamation and recycling
and produce energy from / \ \ for irrigation. The nutrient
bio-resources /]\ Water Dwelling Nutrient 1 loop involves nutrient

loop Unit loop T recovery for plant

\ I production.
AN /
N 7/ S e
N — ~ -

Fig. 4.8 Source separation to enable ecological sanitation as proposed in Norway
(after Alsén and Jenssen 2005)
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Table 4.14 Summarized findings concerning flow and composition of source
separated wastes and management approaches (after WHO 2006)

Source and comments

Excreta (feces plus urine)

O Estimated default values for excreted nutrients are 10.02 Ib/year/cap of nitrogen and 1.21 Ib/year/
cap of phosphorus

O The relative amounts of nutrients in urine and feces depend on diet. Digested nutrients are mainly in
urine while undigested fractions are in feces. Approximately 88 % of the excreted nitrogen and 67 %
of the excreted phosphorus are found in urine and the rest are in feces

O Theoretically, 1/3 of the world’s use of mineral nitrogen could be replaced by excreta. Similarly, 22 %
of the world’s use of mined phosphorus could be replaced by phosphorus from excreta

o Urine is a quick-acting fertilizer that can be used for most vegetables

O Feces may contain high concentrations of pathogens and treatment is critical to ensure safe use

Gray water

O Gray water volumes produced per day: Poor areas with hand-carried water: 5.3-7.9 gal/day/cap;
Developing countries: 7.9-26.4 gal/day/cap; Industrialized countries: 26.4-52.8 gal/day/cap

O Concentrations of N, P, and K and pathogens of health concern are low in graywater and it will mainly
provide a source of water for recycling

O Bacterial indicators can grow in graywater and tend to overestimate the fecal load by 100-1000x

o Microbial contamination of graywater is significant and must be accounted for in calculating risks and
selecting treatment methods

4.28




166 Water Use Efficiency and Waste Stream Source Separation

v

r i\l
Food waste Urine Feces Kitchen sink Dishwasher Bath/shower Bathroom sink Clothes washer Laundry sink

Residential dwelling unit (e.g., home, apartment, condominium)
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// k Toilet wastes } ‘k
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VoV [ f
Yellow \‘ Blackwater Graywater (light graywater)
‘water Compost ‘L ¢
' toilet or
! i, other dry
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Collection, options . .
transport, Primary Colleqtlon, transport, Primary Treatment with  Conveyance and
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: offsite Subsurface ~ Advanced Subsurface Constructed Advanced
; treatment soil «— treatment soil wetland treatment
; ‘L infiltration l, infiltration Water reuse for
v
Compost " Land N Land toilet flushing
for fertilizer Fertilizer application ~ Fertilizer application and irrigation

Fig. 4.9 lllustration of modern approaches to source separation and management
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B Examples of source separation in residential applications
e An example of source separation of blackwater and graywater in a
building in an urban area is shown in Fig. 4.10

Honzontal - -/
uriace flow

constructed”

v.fei_:land

Fig. 410 Example of source separation for blackwater and graywater at a 33-unit
apartment building in Oslo Norway (Jenssen 2015).

Blackwater—Feces and urine are transported via ultra low flush vacuum toilets
connected to a composting bioreactor for generation of agricultural fertilizer.
Graywater—Collection and onsite treatment using a biofilter and subsurface flow wetland

in the court yard area (area required = 10.8 ft2 per person) with effluent use for irrigation
4.30
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e An example of source separation involving urine diversion is
shown in Fig. 4.11
o Urine is diverted and conditioned offsite for use as agricultural fertilizer
o Feces and graywater are separately collected for treatment and dis-
posal/reuse

P

£
:%qL L= | Faeces and graywater  Treatment
] —

J

B

Urine is flushed with 0.03 to 0.05 gal ‘—Fr :
e Siorage tank Fortibsing

Feces are flushed with 0.5 to 1.1 gal

e L -

Colection tank

Fig. 4.11 Example of urine diversion in a residential development using urine diverting

toilets with nutrient recovery via agricultural fertilizer (Jansson et al. 2000)
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B Separating waste streams in nonresidential buildings

e While initially conceived for residential applications, application of
source separation can also be valuable for nonresidential build-
ings and developments

¢ In nonresidential sources the proportion of different waste streams
can be dramatically different from that of residential dwellings
o  For example:

* A self-service laundry could be >90 % graywater
* A highway rest stop could be >90 % blackwater

e The extreme proportions of one or another waste stream in
nonresidential sources can make source separation for enhanced
treatment or resource recovery even more attractive than it can be
in residential applications
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L/‘ 4-4. Predicting Effects and Benefits

B Water use efficiency and source separation can offer major benefits
B Potential effects and benefits can include:
e Reduced indoor water use and water supply demands
e Reduced wastewater flows and pollutant loads
e More cost-effective wastewater treatment
o Smaller systems with more reserve capacity
o Different types of systems with lower risks
e Other sustainability benefits
o Enabling resource recovery
o Lowering energy and chemical use
o Lowering greenhouse gas emissions

4.33

”

B Type and magnitude of effects and benefits depend on various factors
and considerations
¢ The type and nature of the building or development, for example:
o Residential dwelling versus a nonresidential building
o Individual source versus a cluster of sources or a city service
area
o New construction versus an existing older source
o The attitudes and water use behaviors of residents and users
e The features of the existing or planned utility services, for
example:
o Availability and costs of water supply and wastewater
treatment
o Availability and cost of energy
o Options for, and value of, fertilizer use of N and P from excreta
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B Predicting the effects of water efficient fixtures and appliances
¢ Residential dwelling units and buildings
o To estimate indoor water use efficiency in a single DU or

residential building, a lumped approach can be used employing
Egs. 4.1 and 4.2

Qo = (1 =Fr)(Qa) (4.1)
AQr =Qa—Qar

Where:
Qa_r=average indoor use in a DU with efficient fixtures and appliances (gal/day)
Fr =fractional reduction in use from water efficient fixtures and appliances (—)

For DUs, Fr is dependent on the fixtures and appliances used and the basis
for comparison; Fr can vary from ~0.3 to 0.6 (30—60 % reduction)

Qa =average daily indoor use in a DU with traditional plumbing (gal/day)

Note: Qa can be estimated using Egs. 3.2—3.5 and can be expressed per
person or per dwelling unit or per cluster of dwelling units.

AQa = savings due to water efficient fixtures and appliances (gal/day)

v

o To estimate the savings in hot water use in a dwelling unit,
Egs. 4.3—4.5 can be used

Qa-tiot = (Fu)(Qa) (4.3)
Qaruot = (Fr-#) (Qa-pot)
A(QA-HOt = QA—HOI - QA-RHOI

Where:

Qa_Hot = average daily indoor hot water use in a DU with traditional fixtures and
appliances (gal/day)

Fu, = fraction of indoor water use that is hot water use (—)
Qa = average daily indoor use in a DU with traditional plumbing (gal/day)
Note: Qa can be estimated using Egs. 3.2-3.5

Fr_n = fractional reduction in hot water use due to water efficient fixtures and
appliances (—)

For DUs, Fr_y varies from ~0.45 to 0.55 (45-55 % reduction)
AQa_pot = hot water savings (i.e., avoided use) due to MFFA (gal/day)
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o Estimating indoor water use efficiency in a multi-unit develop-
ment requires consideration of the variability in traditional water
use and wastewater generation among DUs as discussed in
Chap. 3
* For clusters of 10-20 or more DUs or a similar size multi-
unit building, estimated flows tend to approach the average
value

* If the goal is to estimate the normalized efficiency per DU in
the development, need to estimate the percentage of DUs
using water efficient fixtures and appliances and the attri-
butes of those being used

* Where <100% of DUs are using modern water efficient
fixtures and appliances or some are older traditional versions

— Need to scale the estimated indoor water use and
waste generation to account for this <100 %
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o Sources of information for Egs. 4.1-4.5 are summarized in
Table 4.15

Table 4.15 Typical sources of information for use in Egs. 4.1-4.5

Parameter | Example sources of information Example data

Qa ® See Chap.3 See Chap. 3

Fr ® Published data (e.g., Siegrist Fr=10.59 for 1 gal/flush toilets, 1.8 gal/min showerheads,
1983, Vickers 1993) 21 galluse clothes washers, and 1.6 gal/min faucets

(Siegrist 1983)

® Assumptions and calculations of | Fgr=0.67 for 0.5 gal/flush toilets, 0.5 gal/min shower-
fixture usage, rates and volumes heads, 21 gal/use clothes washers, and 1.6 gal/min
faucets (Siegrist 1983)

Fr=0.37 for post-1994 to pre-1994 to Fr = 0.61 for post-
1994 to pre-1980 usage (Vickers 1993)

Fron ® Published data (e.g., Siegrist Fr-n=0.45 for 1 gal/flush toilets, 1.8 gal/min shower-

1983) heads, 21 gal/use clothes washers, and 1.6 gal/min

faucets (Siegrist 1983)

* Assumptions and calculations of | Fr_=0.52 for 0.5 gal/flush toilets, 0.5 gal/min shower-
fixture usage, rates and volumes heads, 21 gal/use clothes washers, and 1.6 gal/min

faucets (Siegrist 1983)
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o Another approach accounts for the contribution of each fixture
and appliance

* Equation 4.6 captures the usage of common fixtures and appliances

_ (N1r)(VrE) + (New) (Vew) + (Ns) (Ms)(Qs )+
Qara = Z {(MTIS(QFT)F_~_ (NDVSV)V(VD\SV STUTSIANS (4.6)

Where:
Qa_ra =average daily indoor use contribution of fixtures and appliances (gal/day)

Note: fixtures and appliances can all be traditional or all minimum flow or some
combination of both; : average daily water use can be expressed per person or
per dwelling unit or per cluster of dwelling units

N = number of activities or events (e.g., 4 toilet flushes per person per day)

V = volume of each activity or event (e.g., 5 gal per toilet flush)

M = minutes of usage per day (e.g., 8 min of faucet use per person per day)

Q =flow rate by fixture or appliance use (e.g., 2.5 gal/min for a showerhead)
Subscripts on N, V, M, Q:

TF =toilet flush, CW = clothes washer, S = shower, F =faucet, DW = dishwasher
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* Equations 4.7 and 4.8 capture the fixture and appliance water use
plus that associated with other events and leakage

* To estimate indoor hot water use, hot water use would replace
indoor water use when employing Egs. 4.6—4.8

Qa = (Qa—ra) + (Qo +Qu) (4.7)
Qa-—r = (Qa—ra) +(Qo +Qr)

Where:

Qa =average daily indoor use in a DU, building or group of buildings with traditional
plumbing including other and leakage use (gal/day)
Qa_r =average daily indoor use in a DU, building or group of buildings with minimum
flow fixtures and appliances including other and leakage use (gal/day)
Qa_ra =average daily indoor use contributions of fixtures and appliances (gal/day)

Note: fixtures and appliances can all be traditional or all minimum flow or some
combination of both

Qo = average daily water use contribution by other activities and events (gal/day)
Q. =average daily water use contribution due to leakage (gal/day)
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Table 4.16 Typical sources of information for use in Egs. 4.6—4.8

o Sources of information for Egs. 4.6—4.8 are given in Table 4.16

Uses/day per | Water volume or flow rate during use
person at
Use home Unit Example typical values®
Toilet Nte=4 Ve =gallflush | Trad. old =5, Trad. new = 1.6, Minimum flow =0.5,
Waterless =0
Shower Ns=0.6 Qs =gal/min Trad. old =5, Trad. new = 2.5, Minimum flow = 0.75
Mg =8 min
Bath Ng=0.15 Vg = gal/bath Variable, but can be around 20
Faucets Mg =8 min Qr =gal/min Trad. old =5, Trad. new = 2.5, Minimum flow = 0.75
Dishwasher Npw=0.10 Vpw =gallload | Trad. old =12, Trad. new =7, Minimum flow =4
Clothes washer | Ncyw =0.35 Vew=gal/load | Trad. old =40, Trad. new =27, Minimum flow =21
Other Qo =gal/day per person 1.5-3°
Leakage Q_ = gal/day per person Trad. old = 7-12; achievable new =0

?Trad. Old = Pre-1994, Trad. New = Post-1994, Minimum flow represents modern water-efficient fixture and
appliances.
POther includes water use for water conditioning equipment etc.
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¢ Nonresidential buildings and sources
o Equation 4.9 captures the water use contributions of traditional or
minimum flow fixtures and appliances and Egs. 4.7 and 4.8 can be
used to capture other events and leakage

n

n
Qacra = Y_4 > [(Ny)(Uy)(Vu) + (Nu)(Uu)(Qu)(Tu)] (4.9)
=1 Li=1 i)j
Where:
Qa_ra = average daily water use (e.g., gal/day or similar)
Note: fixtures and appliances can all be traditional or all minimum flow or
some combination of both
Ny = number of users (e.g., 6 males using a urinal)
Fy=frequency of use (e.g., 2 urinal flushes per person per day)
Vy =water volume used per water use (e.g., 1 gal per urinal flush)
Qu =flow rate during a water use (e.g., 2.5 gal/min during showering)
Ty =time used during an activity (e.g., 8 min. per shower)
i=sources contributing to the flow being estimated in one building (e.g.,
restrooms, locker room, laundry services)
j=different buildings that are present in a development (e.g., office building,
restaurant)

4.42
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B Predicting the effects of source separation
e Estimating the effects of source separation depends on the sepa-

ration scheme being considered and what data are of interest

o For some applications, the flow and composition of a particular
source separated waste stream are of interest, for example:
* Composition of light graywater generated in an office

building

* Volume and nutrient composition in human urine

o For some applications, the effects of removing a waste stream
from the balance of the wastewater generated in a dwelling unit
or nonresidential building may be of interest, for example:

*  Flow and composition of residential wastewater after light
graywater is removed

* Flow and composition of residential wastewater after urine
is diverted

4.43

e For several common source separated streams, characterization
data are available and may be relevant and appropriate for use
o Data are given in Tables 4.10, 4.11, 4.12, and 4.13 for:
* Graywater flow and composition
* Blackwater or urine volume and composition

e For some applications, estimates of flow and composition can be
made using mass balance equations as depicted in Fig. 4.12
4.44

Qi G M; Qi G M;
Combined Combined
Individual > wastewater > wastewater
activities and > Before source > after source
events — a separation E— --> separation
Qr Cr My ‘ Qp+ Cps My«

L>Sour<:e separated stream

Before source separation After source separation Qgs Css Mgs

Fig. 4.12 Example mass balance schematics for application before (left) or after (right)
source separation
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e Concentrations in a wastewater after a source separated stream is
removed can be estimated using Egs. 4.10 and 4.11

(Mr — Mss)

Crs+ =
! (Qr — Qss)

(4.10) M; = (Q)(Ci) (4.11)

Where:

Cr~=concentration of a particular constituent in the average daily flow after a
source separated stream is removed (mg/L or similar)

Mr=mass of a particular constituent in the average daily flow of a combined
wastewater stream (mg/day or similar)

Mss =mass of a particular constituent in the average daily flow of the source

separated waste stream (mg/day or similar)

Qt = average daily flow in a combined wastewater stream (L/day or similar)

Qss =average daily flow of the source separated waste stream (L/day or similar)

M;=mass in a particular stream (mg/day or similar)

Q; = flow rate of a particular waste stream (L/day or similar)

C;=concentration of a constituent in a particular waste stream (mg/L or similar)

Note: Units can vary and conversion factors can be used in a given calculation

4.45

v

B Sustainably achieving predicted effects and benefits
e Achieving long-term sustainable implementation of water efficient
fixtures and appliances or approaches for source separation
o This requires that the involved and affected users are satisfied
with the aesthetics, function, operational needs and cost-
benefit attributes of the approaches and systems deployed
e The greater the departure from the attributes of traditional water
using fixtures and appliances and conventional wastewater sys-
tems, the more challenging it can be for long-term use
o An example of increasing departure from traditional might be:
* Traditional water flush toilet (4—-6 gal/use)

Increasing

*  Water efficient flush toilet (1.6 gal/use) departure
* Urine diverting water-flush toilet (0.05-1.0 gal/ o el
Use) fixture

* Composting dry toilet (0 gal/use)

4.46
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B Unintended consequences and potential concerns

Application of water efficient fixtures and appliances or source
separation in some situations can yield unintended consequences
o A few potential consequences and concerns are discussed
below
o Applications done properly can help avoid these and other
unintended consequences
Effects on waste conveyance in conventional sewerage
o Changing the flow and composition of wastewater through
water efficient fixtures and appliances or source separation
could cause problems in a conventional gravity sewerage
system
* For example, if toilet wastes alone are discharged to a
gravity sewer when graywater is treated and reused onsite,
there could be solids accumulations and blockages

4.47

Effects of highly reduced water use on tapwater supply quality

o The quality of potable water may deteriorate during extended
residence times in conventional water supply piping when min-
imum flow fixtures and appliances are used

*  Example effects include:

— Loss of chlorine residual in the water
— Increased levels of piping impurities leaching into water

o Potential effects are most likely to occur in older plumbing
systems and in buildings that are remote from the source of
their water supply

o  Water supply piping systems and operational procedures
should be able to minimize or eliminate these effects

4.48
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e Source separation involving graywater
o All graywater is an impaired water (i.e., a wastewater), but the
degree of impairment depends on the activities and events con-
tributing to it (see Fig. 4.9)
o Depending on its composition, graywater will require some degree
of treatment to ensure safe discharge or reuse (Table 4.14)
o With graywater removed, blackwater management requires spe-
cial attention due to its composition
e Source separation involving urine diversion
o It can be difficult to install a separated drainline for the diverted
urine within multi-story buildings and difficult to keep it functioning
o With respect to many pollutants and pathogens, urine is normally
relatively easily conditioned for nutrient recovery and use
o But, concerns have emerged about the levels and fate of biogenic
compounds in urine (e.g., hormones, pharmaceuticals) and how
this might constrain recovery and beneficial use

4.49

t/ 4-5. Summary

B Indoor plumbing systems evolved during the past 100 years

e Plumbing systems and behaviors do not yet fully account for
sustainability concerns about water supply, waste management,
energy use, and greenhouse gas emissions

B Modern approaches and technologies can help support more sustain-
able water use and wastewater generation

e Water efficient fixtures and appliances (e.g., toilets, clothes
washers, showerheads) can reduce water demand and wastewa-
ter flows by 50 % or more and reduce hot water use

e Waste stream source separation (e.g., separate graywater from
excreta; divert and recover urine) can enable wastewater treat-
ment and water reuse and help achieve recovery of organic matter
and nutrients

e The effects and benefits realized depend on the application and
ensuring sustainable long-term implementation
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L/‘ 4-6. Example Problems

B 4EP-1. Estimating the water use effects of retrofitting minimum flow
fixtures and appliances

e Given information

o Alpine Meadows is a condominium complex that was built in
the foothills near Golden, Colorado in 1990

o Alpine Meadows has a total of 32 dwelling units (DU) (4 DUs in
each of 8 buildings) and each DU has two bedrooms and
conventional plumbing fixtures and appliances from the 1980s

o Alpine Meadows is considering retrofitting minimum flow fix-
tures including toilets, clothes washers, and showers

e Determine

o Estimate the average daily indoor water use and wastewater
flow (Qa in gal/day) if the dwelling units were retrofitted with
new minimum flow plumbing fixtures and appliances (gal/day)

o State whether the daily consumption of hot water would be
reduced and if so, by how much (gal/day)

4.51
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e Solution
o Select the apartment occupancy based on census data for
Denver, which shows an average of 2.2 persons per rental unit
o Estimate the average daily water use under “normal” conditions
with traditional fixtures and appliances using Egs. 3.2 and 3.5

Qu = 69.2 + 37.2Np (3.2)
Qn = 69.2 + 37.2(2.2) = 151 gal /day

Qa = (S%) (Nbu) (3.5)

Qa = (151 gal/day)(32DU) = 4832 gal/day

4.52
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o Estimate the reduction in average daily water use and hot
water use under minimum flow conditions with water efficient
fixtures and appliances

* Different approaches can be taken for estimating the indoor
water use and hot water use savings
* Fixture and appliance utilization rates can be selected and
used for water efficient conditions versus normal conditions
*  Alternatively, a rough estimate can be made using calculations
presented in the literature
— According to one minimum flow plan (Plan A in Siegrist
1983), on average, indoor water use is reduced by 59 %
by installing low flush toilets (1 gal per use), shower-
heads (1.8 gal/min) and automatic clothes washers
(21 gal per use)
— This also yields a 45 % lower use of hot water based on
hot water use being equal to 30 % of indoor water use

4.53
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o Calculations made using the Plan A approach are shown below
* Reduction in average daily indoor water use

Qar = (1 —Fr)(Qa) (4.1)
Qar = (1 —0.59)(4832 gal/day) = 1981 gal/day
AQa = Qa —Qar (4.2)

AQu = Qp — Qpr = 4832 — 1981 = 2851 gal/day
* Reduction in average daily hot water use

Qaor = (Fir) (Qu) = (0.30)(4832 gal/day) — 1450 gal /day (4.3)
Q- ritor = (Fro)(Qa 1) = (0.45)(1450 gal/day) = 652 gal /day

AQa 1ot = Qa—tot — Qa—ruot = (1450 gal/day — 652 gal/day)

4.5
= 798 gal /day (4:3)

4.54
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B 4EP-2. Estimating the effects of urine diversion on wastewater con-
centrations and nutrient recovery
e Given information
o A source separation strategy involving urine diversion is being
evaluated for Lookout Mesa, a new apartment building near Den-
ver, Colorado. The apartment building has 8 dwelling units and
each is expected to have an average occupancy of two persons
o Each apartment will have water efficient fixtures and appliances
and a urine diversion toilet setup which is expected to yield an
average daily indoor water use of 40 gal/day per person
e Determine
o Estimate the average daily flow of wastewater (Qa in L/year)
o If urine diversion were implemented, what would be the total
nitrogen (mg-N/L) and phosphorus concentration (mg-P/L) in
the building wastewater (i.e., in Qp)
o Estimate how much nitrogen and phosphorus could be recov-

ered (kg/year) from urine diversion at Lookout Mesa
4.55
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e Solution
o Based on literature values for wastewater generation data:
*  Total N=4.5 kg/year per capita with 87 % from urine
*  Total P=0.75 kg/year per capita with 50 % in urine
o Wastewater flow rate with water efficient fixtures and
appliances

o= (%) (33)

L
% = (40 gal/cap/day) (3.785@> = 151.4 L/cap/day

Qs = (151.4 L/cap/day)(16cap)(365 day/year) = 884,176 L/year

4.56
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o Total N and P concentrations and nutrient recovery
* N concentration in the building wastewater (mg-N/L)

Coe — (Mt — Mss) (16 cap)[(4.5kg/cap/year) — (0.87)(4.5kg/cap/year)] (4.12)
T T Qr—Qss) (884,176 L/year — (16 cap)(500 L/year)) '

Cr+ = 1.068 x 10 kg/L
Cr+ = (1.068 x 10 kg/L) (10°mg/kg) = 10.7mg-N/L
* N recovered in diverted urine during the year (kg)

Mgs = (16 cap)(0.87)(4.5 kg/cap/year) = 62.6kg-N/year

Note: Estimated wastewater concentrations of N and P and nutrient mass recovered
assumes 100 % urine diversion is sustained year-round.

4.57
* P concentration in the building wastewater (mg-N/L)
Con — (Mt —Mss) (16 cap)[(0.75kg/cap/year) — (0.50)(0.75kg/cap/year)]
T (Qr—Qss) (884,176 L/year — (16 cap)(500 L/cap/year))
(4.12)

Cr+ = 6.85 x 10 %kg/L
Cr+ = (6.85 x 10 °kg/L) (10° mg/kg) = 6.8 mg-P/L
* P recovered in diverted urine during the year (kg)

Mss = (16 cap)(0.50)(0.75 kg/cap/year) = 6 kg-P/year

4.58




¥, Chapter 5

Alternative Wastewater Collection
and Conveyance Systems for Decentralized
Applications

5-1. Scope

Wastewaters generated in a building typically flow out of the building in
drainage piping which is connected to a sewer system that leads to the site
(s) where treatment and discharge or reuse can occur. For decentralized
infrastructure situations where there are multiple buildings or sources in
lower density developments, alternative sewer systems can be used. This
chapter describes the features and principles and processes of four major
alternatives: septic tank effluent gravity (STEG) and pressure sewers
(STEP), grinder pump sewers, and vacuum sewers. This chapter then
describes the design and implementation of STEG and STEP systems due
to their widespread usage within decentralized infrastructure.

5-2. Key Concepts

B Decentralized systems serving a single house or business require build-
ing drainage piping that connects to a building sewer that conveys
wastewater to a local site for treatment and discharge or reuse. For
decentralized systems that serve multiple buildings (e.g., a subdivision
of houses), wastewater often needs to be collected and conveyed some
distance to the site of a treatment system for discharge or reuse.

B Conventional wastewater collection systems as typically used in urban
areas with centralized wastewater treatment systems involve sewers
that rely on gravity-based flow of untreated wastewaters. These sewers
are characterized by larger diameter pipes that are installed with a
desired slope to maintain scouring velocities, which commonly leads to
requirements for periodic pumping stations and frequent cleanout

© Springer International Publishing AG 2017 181
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manholes. Conventional sewer systems can be costly in decentralized
applications and they are susceptible to infiltration and inflow.

Alternative wastewater collection systems were developed and increas-

ingly used in the 1970s. These systems were developed to collect and

convey wastewaters using smaller diameter pipes that can be installed at

variable grade lines with much shallower installations, fewer access

points, and lower clean water infiltration and inflow. There are four

major types of alternative sewers:

e Septic tank effluent gravity sewers (STEG)—Convey septic tank
effluent under gravity.

e Septic tank effluent pressure sewers (STEP)—Convey septic tank
effluent under pressure.

e Grinder pump pressure sewers—Convey ground up wastewater
under pressure.

¢ Vacuum sewers—Convey untreated wastewater under vacuum.

Design flow rates for sewer pipe sizing are based on equivalent dwelling

units (EDUs).

e One EDU is equal to an average daily flow from a building divided by
a flow of typically 150 to 250 gal/day, the specific value selected by a
designer or prescribed by a regulation. EDUs are calculated for
segments within a sewer system and they accumulate as you go
from the upstream segments of a sewer system toward the down-
stream outlet.

¢ The design flow rate (Qpp) is the peak flow rate at a specific location
in the sewer system based on the number of EDUs contributing flow
to it at that location. Based on experience, Qpp is often set equal to a
minimum flow rate from a single building plus a flow rate for each
EDU contributing times the number of EDUs contributing (e.g.,
Qpp =15+ 0.5Ngpy).

Alternative sewer systems are designed based on hydraulics of flow in
plastic pipelines. For STEG and STEP systems, pipe diameters are
initially chosen and then energy grade line slope and pipeline velocity
calculations are made to assess suitability. Pipe sizes can be changed
as necessary to keep the slope and velocity in line with good practice.
For STEG and STEP systems there is no minimum velocity required
since STE is being conveyed. Maximum velocities can be limited to 5 ft/s
to control damage to piping and valve components. For STEG systems
the energy grade line slope is determined by site topography. For STEP
systems the energy grade line slope is determined by the attributes of the
pumps used and pipeline sizing can help keep the slope in a low range
(e.g., 0.5-1.5 %) to avoid wasting energy.
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STEG systems are often selected where topography enables gravity
flow. STEG systems can have sections with negative slope as long as
there is an overall positive energy grade line slope to the outlet from the
sewer system. Effluent from a septic tank at each connection flows by
gravity into the STEG system. Features of typical STEG systems include
a service lateral size of 1.5-2 in., a main sewer pipeline size of 3-8 in., a
depth of installation of 2—-3 ft (with freezing protection as needed) and
cleanouts at the end of lines and major changes in pipe diameters.
During STEG design, the energy grade line available to drive flow is
largely determined by site topography.

STEP systems are often selected in hilly topography where pressure is
required to lift effluent and maintain a positive energy grade line slope to
the outlet of the sewer system. High-head submersible pumps are used
in combination with a septic tank at each connection. Features of typical
STEP systems include: service lateral size =1-1.25 in., main sewer
pipeline size =2-8 in., depth of installation =2-3 ft (with freezing pro-
tection as needed) and cleanouts at the end of lines and major changes
in pipe diameters. During STEP design, the energy grade line available
to drive flow is determined by the pump selection and not constrained by
topography.

STEP and STEG systems can be configured in hybrid systems that

include combinations of system types such as:

e A STEG system serving most of a subdivision with a STEP system
serving a low-lying area that discharges into the STEG system. The
combined STE flow could then be conveyed to a site for treatment
and discharge or reuse.

e A STEP system serving an area and conveys STE to the outlet where
it is discharged into a nearby conventional gravity sewer that conveys
the STE plus untreated wastewater to a site for treatment and dis-
charge or reuse.

Special considerations in design of STEG and STEP systems include:
assurance that the septic tanks in the system are watertight, provision of
air release and pressure sustaining valves at key locations, and provision
of corrosion and odor control as needed.

Routine operation and maintenance of the electrical and mechanical
components of the STEG or STEP system is required (e.g., any
pumps, valves, controls). In addition inspection of the individual septic
tanks in the system is required with periodic removal and proper man-
agement of solids. If the septic tanks have effluent screens these require
periodic cleaning. Experience has shown that cleaning of one or more
segments of a STEG or STEP system is rarely needed, even in systems
that have been operating for decades.
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5-3. Conceptual and Technical Details

Conceptual and technical details concerning the scope and key concepts
covered in Chap. 5 are presented in the Slides section.

5-4. Terminology

Terminology introduced and used in Chap. 5 is defined below.

Alternative sewers—Sewer systems that convey untreated or treated
wastewaters utilizing gravity or pressure (positive pressure or vacuum)
in smaller diameter pipelines with watertight joints that can be laid on
variable grades with few access points and low infiltration and inflow.
Alternative sewers include: septic tank effluent gravity (STEG), septic
tank effluent pressure sewers (STEP), raw wastewater grinder pump
sewers, and raw wastewater vacuum sewers.

Building drainage—Piping within a building that conveys wastewaters
generated by usage of fixtures and appliances and typically connects to
a building sewer that conveys the combined wastewater out of the
building.

Building sewer—A sewer line that is connected to the building drainage
piping and is used to convey wastewater to a treatment system located
onsite or into a sewer system for collection and conveyance to the site of a
nearby decentralize system or further away to a more remote centralized
system.

Cluster—Term that refers to combining the wastewater flows from more
than one building (e.g., multiple houses or several businesses) using a
collection system so the combined flow can be treated for a chosen
discharge or water reuse option.

Cluster system—A term used to describe decentralized infrastructure that is
used to serve a group of buildings or other sources. A cluster system is
often comprised of an alternative sewer system connected to a
decentralized treatment system for effluent discharge or water reuse.

Conventional sewers—Sewers that include larger diameter pipes that are
used to convey untreated wastewaters from multiple buildings under
gravity flow (aided as needed by pumping stations if excavation depths
get too great, to lift wastewater up for continued gravity flow) to a central-
ized facility for treatment and discharge or reuse.

Development—A term that typically refers to a group or cluster of buildings
such as a subdivision of houses or a commercial center comprised of
several businesses.

Drainage fixture unit (DFU)—A unit of measure used to size drainage
piping in buildings. One drainage fixture unit is defined as equal to a
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discharge flow rate of 7.5 gal/min and various fixtures and appliances are
allocated a certain number of DFUs based on their respective discharge
flow rates.

Equivalent dwelling unit (EDU)—An equivalent dwelling unit is a construct
used to normalize the discharges from different types of sources
connected to a sewer. An EDU is based on a selected average daily
flow rate. Designers or authorities can decide on the gal/d per EDU and
values of 150-250 gal/day per EDU are typical.

Energy grade line (EGL)—The energy grade line represents the total head
available to the liquid that is flowing in a pipe. For a liquid that is flowing
without any energy losses due to friction (major losses) or components
(minor losses), the energy grade line would be at a constant level. In
practice, however, the energy grade line decreases along the pipeline
due to friction and component losses.

Flow rate (Q)—(1) A measure of the volume of liquid that flows through a
pipe during a certain period of time (e.g., gal/min, ft*/s). (2) A measure of
the volume of water used or wastewater generated during use of an
appliance or fixture in a building (e.g., gal per laundry load, gal per toilet
flush).

Hydraulic grade line (HGL)—The hydraulic grade line represents the total
head available to a liquid flowing in a pipe minus the velocity head. In
STEG and STEP systems, the velocity head is usually negligible so the
HGL is approximately equal to the EGL.

Source—Source is defined as the origin of the wastewaters that are gener-
ated and will be treated for discharge or reuse. A source can include an
individual dwelling unit, an apartment building, a cluster of dwelling units, a
commercial or institutional building, a development of residential and/or
commercial buildings, a portion of a city-wide service area, etc.

Scouring—A term that refers to the removal of solids that could accumulate
in a sewer pipe during wastewater flow through it. Scouring velocity is that
velocity which is sufficient to transport the solids and mitigate their depo-
sition and accumulation. In a conventional gravity sewer for untreated
wastewater a scouring velocity is typically 2 ft/s. In a STEG or STEP
sewer system a scouring velocity can be near zero since these sewers
convey septic tank effluents that have no gross solids or debris and only
very low levels of suspended solids.

Sewer—A pipeline that is typically located below ground and used to convey
wastewaters (untreated or treated) from one location to another.

Sewer system—A network of sewer lines that collect and convey wastewa-
ters (untreated or treated) from one or more sources to the site(s) where
treatment and discharge or reuse will occur. Depending on the type of
sewer system, there can also be pumps, pump basins, controls, valves,
cleanouts and other components that are part of the system and needed
for the system to function properly.
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Slope (S)—(1) A measure of the change in elevation along segments of pipe
within a STEG system or the change in the elevation of the energy grade
line along segments of pipe within a STEP system. (2) A measure of the
change in elevation of a surface with distance (e.g., land surface where a
soil treatment unit is installed, water surface in a constructed wetland).

Velocity (V)—A measure used to describe the speed of motion of a liquid in a
pipe, channel or basin in units of length per time (e.g., ft/s).

Wastewater collection—Process and physical facilities involved in
collecting wastewaters from individual sources using a sewer system.
Wastewater conveyance—Refers to the process of transporting wastewa-
ter (untreated or treated) under gravity or pressure forces from one loca-

tion to another.

5-5. Acronyms, Abbreviations and Symbols

Acronyms, abbreviations and symbols used in Chap. 5 are listed below.

DFU Drainage fixture unit

D&l Design and implementation

EDU Equivalent dwelling unit

EGL Energy grade line

FOG Fats, oils and greases

HGL Hydraulic grade line

ID Inside diameter

STE Septic tank effluent

STEG Septic tank effluent gravity sewer
STEP Septic tank effluent pressure sewer
TDH Total dynamic head

TSS Total suspended solids

C Hazen-Williams coefficient

D Diameter

he Change in elevation between the water level in the septic tank and
the service lateral connection point

h¢ Head loss due to friction

hhy Friction losses in the discharge assembly of a STEP system
pumping unit

h Friction losses in the service lateral

h, Pressure head needed to transport Qpp flow in the main sewer line

of a STEP system
Nepu  Number of EDUs
Qcap  Flow capacity of a segment of a sewer system
Qgpy  Discharge rate for each EDU contributing to a sewer system
Qumin Discharge rate from a single connection to a sewer system
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Qpp
R
S
V

Design flow rate for sizing a segment of a sewer system
Hydraulic radius

Slope of a sewer line

Velocity of flow in a sewer line

5-6. Problems

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

In the United States, alternative wastewater collection systems were
developed beginning around the 1970s. What was the motivation for
development and implementation of alternatives to the conventional
gravity collection systems that had traditionally been used in urban
areas?

What is the fundamental reason why alternative sewers can success-
fully be used to collect and convey wastewaters from buildings in
relatively small diameter pipelines?

Is it reasonable to consider the use of small diameter pressure sewers
for collection and conveyance of just the graywater (excluding kitchen
wastes) that is produced in homes in a subdivision of 100 houses? If
your answer is yes, would you suggest the graywater be treated before
collection and conveyance and if so, by what method?

When estimating the peak flow rate for sizing a segment of a septic
tank effluent pressure sewer the minimum flow rate used can be
determined based on the type of pump(s) used. Explain the reason
for this.

Installation of septic tank effluent gravity or pressure sewers can be
installed using trenching equipment and placed at shallow depths
below the ground surface. What concern(s) would you have about
this type of installation in a cold climate location and what might you
do to mitigate the concern(s)?

Select which type of alternative wastewater collection system, a STEG
or STEP, best fits each of the following statements: (1) In which system
will the pipeline capacity (Qcap) be determined by landscape topogra-
phy and the available slope? (2) Which system would most likely be
used to convey septic tank effluent from 100 homes located along a
lake shore (elev. =930 ft) for treatment in a recirculating sand filter
system located about 3 miles away from the lake (elev. =980 ft)?
(3) Which system would most likely be used to convey STE from
20, 4-unit condominium buildings located at a resort (elev. = 1200 ft)
to a nearby site (elev.=1180 ft) where water reuse for landscape
irrigation was planned following treatment in a membrane bioreactor?
Within a relatively new subdivision development there is a plan to
complete the development by finishing 10 new houses and connecting
them to an existing STEG collection system (see schematic below). Is
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the existing pipeline shown below capable of handling the total flow,
which includes that from the 10 new houses in addition to that from the
existing 30 houses?

Given information and assumed values: 1 house = 1 EDU. Qpp (in gal/
mln) =15+ 0-5(NEDU)-

Additional flow from

10 new houses 900-ft long, 2.5-in. Class 200 PVC pipeline D_i“h‘“ge goes to a membrane
e, carrying flow from 30 existing houses connected blgrgactor that can handle the
.‘f along this segment existing flow plus new flow
Elev.= 975 ft. f f Elov=970 fi.
Elev.= 968 ft.

5.8. Near an existing subdivision development there is a plan to expand the
development by adding a condominium complex. The developer wants
to connect the new complex to an existing STEG collection system
serving the existing subdivision (shown below). How many condomin-
iums can be added in the new complex without exceeding the capacity
of the STEG pipeline segment B leading to the outlet?

Given information and assumed values: Qa =225 gal/d/house and
180 gal/d/condo. 1 EDU =250 gal/d. Qpp=15+0.5Ngpy for all
STEG segments. C=130.

Additional flow from a new

ndominium complex . .
condo um compie Outlet discharge goes to a textile

Elev.= 155 ft. . ia bi i
H B Elev.= 150 ft. medla biofilter and lgndscape drip
v dispersal system, which can handle

the existing flow plus new flow

500-ft long, 2.5-in. Class 200 PVC pipeline carrying flow from 30 existing
houses connected along segment B and 10 houses connected to segment A
5.9. A planned subdivision development will have a STEP collection sys-
tem that will deliver flow to a recirculating sand filter (see schematic
below). Based on the information provided in the schematic below and
given here, what is the design flow rate for sizing STEP segment S6?
Given information and assumed values: Houses connected to each
pipeline segment: S1=8, S2=8, S3=6, S4=5, S5=5, S6=4,
S7=28, S8=0. Qa =225 gal/d/house. 1 EDU =150 gal/d. Qpp =15
+0.5Ngpy for all STEP segments.

STEP system with 8

pipeline segments s s4 Outlet discharge

goes to an aerobic
treatment unit with

4 " UV disinfection and
/ S5 W S7 surface discharge
S2
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5.10. A STEP system is being designed to serve a development. One of the

pipeline segments is being sized to carry the flow from a building with
12 apartments, a small restaurant with bar, and a 30-room motel. What
is the design peak flow rate (Qpp) that you would use to size the
pipeline segment?
Given information and assumed values: Qa = 250 gal/d for each apart-
ment, 2500 gal/d for the restaurant, and 125 gal/d per room at the
motel. Qa of 250 gal/day =1 EDU. Qpp =15+ 0.5Ngpy for the STEP
segment.

5.11. For the STEP system presented below, what is the total dynamic head
(in ft) at each of the following three locations: (1) outlet from the
system, (2) junction of pipeline segments S1, S2 and S4, (3) junction
of pipeline segments S2, S3 and S5?

Given information and assumed values: Pipeline segment flow data
are given in the table below. The elevations derived from a topographic
map are: outlet elevation =150 ft, junction of pipeline segments S1,
S2, and S4 =120 ft, junction of pipeline segments S3 and S5 =120 ft.

S2

‘%\ S3
Outlet /
S4
S5
Head
Slope loss
Nom. of Cross- Pipeline | due to
Pipeline | Cum. | Qpp, Length | diam. | True EGL sectional | velocity flow
no. EDUs | (gal/min) [ (ft) (in.) I.D. (in.) | (%) area (in?) | (ft/s) (ft)
S1 111 55.5 1500 3.0 3.166 0.61 7.87 2.26 9.1
S2 67 335 1500 25 2.601 0.62 5.31 2.02 9.4
S3 21 10.5 1000 2.0 2.149 0.18 3.63 0.93 1.8
S4 20 10.0 1000 2.0 2.149 0.17 3.63 0.88 1.7
S5 19 9.5 1000 2.0 2.149 0.15 3.63 0.84 1.5

5.12. To serve a small resort development, A STEP collection system is
being designed. The development has 1 lodge (with a restaurant/bar),
1 laundry, and 7 condominium buildings (4 or 8 units in each). Each
building is served by a septic tank, which is connected to a 500-ft long
pipeline that needs to convey the effluent to the outlet of the develop-
ment. Determine the size of the pipeline so it is suitable based on EGL
slope and flow velocity guidelines (S =0.5-1.5 %, V = <5 ft/s).
Given information and assumed values: Each condo unit Qa = 300 gal/
day. 1 EDU =150 gal/day. Qpp = 15 + 0.5Ngpy. Schedule 40 PVC pipe
is used with C=130.
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Hil§41

4 unit 4 unit 8 unit 8 unit

O€PT
0TPI

Outlet 1 1 1 1 Lodge with
. restaurant and bar

- I I I t (Q, = 4,500 gal/d)

4 unit 4 unit 8 unit Laundry (Q, ='450 gal/d)

5.13. For the Mines Park housing development located on the Colorado
School of Mines campus in Golden, Colorado you are tasked with
completing hydraulic calculations as part of the design of a STEG
collection system that will convey septic tank effluent from each build-
ing to the location of a decentralized membrane bioreactor system.
Using the layout shown and the data provided in the tables below, for
STEG segments S2, S5, S10, and S11, select a trial pipe diameter and
determine the following: EGL slope (%), flow velocity (ft/s), and pipe-
line capacity (Qcap in gal/min) and then compare the ratio of Qpp to
Qcap- Comment on the suitability of the trial pipe size for each segment
based on your calculations (but do not repeat any sizing calculations).
Given information and assumed values: Qa per DU =0.85(69.2
+37.2Np/DU); 0.85 is used since there are no clothe washers in the
DUs. 1 EDU =150 gal/day. Qpp =15+ 0.5Ngpy for all STEG seg-
ments. Schedule 40 PVC pipe is used with C=130 and a minimum
pipeline size = nominal 2-in. diameter. Elevation and length data were
taken from a topographic base map and represent the beginning and
end of each pipeline segment. Segment S4 requires a pump basin and
pump to lift the effluent from segment S3 up and into segment S5.
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BRs | Np

Bldg. | DUs per | per || Seg. Seg.
no. per bldg.| DU DU || no. | Bldg. no.| Elev. (ft) L (ft)|| no. | Bldg. no.| Elev. (ft) L (ft)
B1- |8 1 1 S1 | B13-B15| 5947-5910| 810 || S7 | B11-B12| 5915-5907| 320
B6
B7- | 8 2 3 S2 | B21-B26| 5923-5910| 490 || S8 | B7-B12 | 5910-5905| 150
B12
B13-| 8 2 2 S3 | B16-B20| 5930-5900| 940 || S9 | B7-B26 | 5905-5895| 520
B20
B21-| 8 3 4 S4 | B16-B20| 5900-5910( 270 || S10 | B1-B6 | 5910-5895| 450
B26

S5 | B13-B26| 5910-5905| 450 || S11 | B1-B26 | 5895-5892| 100

S6 | B7-B10 | 5934-5907| 490

5.14. Which of the three pumps shown in the figure below (A, B or C) is most
likely to be suitable for use at each house in a development with a
STEP system if the TDH is about 90 ft?

20N TN
\ \.
\
- 1A \B
a ! \
= \ .
! \
\ R
\ \ C
T
0 40

Discharge rate (gal/min)

References'

AIRVAC® (2015) AIRVAC vacuum sewers. Bilfinger AIRVAC Water Technologies,
200 Tower Drive, Unit A, Oldsmar, FL. http://www.airvac.com

Crites RW, Tchobanoglous G (1998) Small and decentralized wastewater management
systems. McGraw-Hill, 1084 pp

Environment One (2015) E/One sewer systems. Environment One Corporation, 2773
Balltown Road, Niskayuna, NY. http://www.eone.com

EPRI (2004) Guidance manual for the evaluation of effluent sewer systems, EPRI, Palo
Alto, CA, East Kentucky Power Cooperative, Winchester, KY, and Cooperative
Research Network of NRECA, Arlington, VA. 1009130

Molatore TJ (2012) Operational costs of two pressure sewer technologies: effluent (STEP)
sewers and grinder sewers. 13 pp. www.orenco.com

'References cited in Chap. 5 are listed along with other references that have content
relevant to the topics covered in Chap. 5.


http://www.airvac.com/
http://www.eone.com/
http://www.orenco.com/
http://dx.doi.org/10.1007/978-3-319-40472-1_6
http://dx.doi.org/10.1007/978-3-319-40472-1_5

192  Alternative Wastewater Collection and Conveyance Systems for Decentralized. . .

Orenco Systems® (2012) Effluent sewer design manual. 56 pp. www.orenco.com

USEPA (1991) Manual for Alternative Wastewater Collection Systems.
U.S. Environmental Protection Agency, EPA/625/1-91/024. October. 220 pp

USEPA (2002) Onsite Wastewater Treatment Systems Manual. U.S. Environmental Pro-
tection  Agency, EPA/625/R-00/008. http://www.epa.gov/ORD/NRMRL/Pubs/
625R00008/625R00008.htm

WEF (2008) Alternative Sewer Systems FD-12, 2nd edn. Prepared by the Alternative
Sewer Systems Task Force of the Water Environment Federation. McGraw-Hill Pro-
fessional, Access Engineering. ISBN: 9780071591225


http://www.orenco.com/
http://www.epa.gov/ORD/NRMRL/Pubs/625R00008/625R00008.htm
http://www.epa.gov/ORD/NRMRL/Pubs/625R00008/625R00008.htm

Alternative Wastewater Collection and Conveyance Systems for Decentralized. . . 193

V4 Slides of Chapter 5
Decentralized Water Reclamation

Chapter 5: Alternative Wastewater
Collection and Conveyance Systems
for Decentralized Applications

Contents

5-1. Introduction

5-2. Principles and processes
5-3. Design and implementation
5-4. Summary

5-5. Example problems

5.1

J 5-1. Introduction

B \Wastewaters generated in buildings need to be collected and con-
veyed for treatment and discharge or reuse
B There are varied scenarios and collection and conveyance options
e A few scenarios and options are highlighted in Fig. 5.1
e Basic features of collection and conveyance options include:
o Each building has internal drainage piping that collects waste-
waters from fixtures and appliances
o Wastewater conveyed out of a building can be handled alone
or combined with the wastewaters collected from other
buildings
o Wastewater exits a building in a building sewer and can be fully
treated and discharged or reused onsite, or be conveyed offsite
to a nearby decentralized system, or be conveyed further away
to a more centralized system
o Wastewater flows in sewers under gravity or pressure forces

5.2
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Fig. 5.1

Building Onsite treatment a. A building sewer discharges raw
.| I-sewer system wastewater to an onsite system for
’F ‘ d decentralized treatment and discharge or
s e reuse.

Decentralized or
Building Onsite  centralized b. A building sewer discharges raw wastewater
j-sewer processing treatment system that receives some processing onsite (e.g.,
5 grinding or primary treatment) before discharge

s ——1 into a sewer system that conveys wastewater to a
Sewer nearby decentralized treatment system or to a
system maore remote centralized system

) c. Building sewers from a few or many
Decentralized or  pyiidings discharge raw or processed
centralized wastewaters into a sewer system that conveys
treatment system  the combined flow to a nearby decentralized

. treatment system or to a more remote
N—> centralized treatment system.
Sewer system

lllustration of several scenarios with different wastewater conveyance options

5.3
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B Building drainage piping

Fixtures and appliances are normally connected to drainage piping
located within a building

Building drainage piping systems are sized to handle intermittent
discharges of fixture and appliance wastewaters

Sizing is typically based on drainage fixture units (DFUs)

o 1 DFU is defined as a 7.5 gal/min discharge flow rate
DFUs are assigned to each fixture or group of fixtures, e.g.:
o Toilet—1.6 gal gravity tank

* Private building=3.0 DFUs
* Public building =4.0 DFUs

o Clothes washer—automatic
*  Private or public=3.0 DFUs
Pipe diameters and lengths depend on DFUs contributing

5.4
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B Drainage piping for buildings with source separation

e With source separation, modifications to conventional building
drainage piping can be needed

o Two drainage networks are needed for:

* Urine diversion from a total wastewater stream
* Separating graywater and blackwater
o Three drainage networks are needed for:
* Separating graywater and blackwater plus urine diversion
¢ Installing modified drainage piping systems in buildings
o Easiest in new development or during major renovations
o In existing buildings, installation is possible, but more difficult to
accomplish

55
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B \Wastewater collection and conveyance in a sewer system
e A sewer system is comprised of pipelines, basins, pumps, con-
trols, and other components that are used to collect and convey
untreated or treated wastewaters from individual buildings to the
site of treatment and discharge or reuse
¢ Conventional versus alternative sewer systems
o Conventional sewers—traditionally involves the collection and
conveyance of raw or untreated wastewaters under gravity
forces to a remotely located centralized treatment system for
discharge or reuse
o Alternative sewers—typically involves collection and convey-
ance of processed or primary treated wastewaters under gravity
or pressure forces to a decentralized treatment system for
discharge or reuse or to a more remote centralized facility

5.6
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B Features of conventional gravity sewer systems
¢ Developed and used in the United States since the 1870s
¢ General design features include:
o Design capacity is based on the sewer flowing only half full
(Fig. 5.2) for solids conveyance and cleaning equipment
o Minimum diameter is usually >8-in. diameter
o Installed to provide a consistent slope with velocities > 2 ft/s
* Can lead to deep excavations and need for pumping sta-
tions to maintain slopes in areas with varied topography
o Access ports (manholes) for inspection and cleaning are pro-
vided at each change in slope or alignment, but usually no
further apart than 400 ft.

Fig. 5.2 Cross-section of
a typical gravity sewer

5.7
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o Installation of conventional gravity sewers can be very disrup-
tive and costly as illustrated in Fig. 5.3

Source: Www.nisengineers.com. Source: wWww. gov.orgWMDDesig _asp.

Fig. 5.3 Photographs of conventional sewer line installation 5.8
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B Features of alternative sewer systems

¢ Alternatives were developed and used in the United States starting
in the 1970s to reduce the high cost of conventional gravity sewers
in rural and peri-urban areas

o The alternatives include two general features:

* Wastewater processing or treatment near buildings so
wastewater solids are removed or reduced in size
* Use of small diameter pipes with watertight joints that are
installed at shallow depths below the ground surface
o There are four alternatives that include:
*  Septic tank effluent gravity sewers
* Septic tank effluent pressure sewers
* Raw wastewater grinder pump pressure sewers
* Raw wastewater vacuum sewers
o Features of these alternatives are highlighted in Table 5.1 and
briefly described in the following pages

5.9
Table 5.1 Representative features of alternative sewer systems
Septic tank
Septic tank effluent Grinder pump
Features effluent gravity | pressure pressure Vacuum
Source of flow to the sewer Semi-continu- | Intermittently | Intermittently Intermittently
system and the connection ous gravity flow | pumped pumped raw waste- | discharged raw
discharge rate (gal/min) of septic tank septic tank water out of a wastewater out
effluent effluent grinder pump sump | of a vacuum sump
0.1-12 0 to 5-20° 5-25° >100
Service lateral pipe diameter (in.) | 1.5-2 1-2 1-2 2-4
Main sewer pipe diameter (in.) 3-8 2-8 2-12 4-10
Main sewer line slope and veloc- | S>0% S=1t015%| S=1t015% S$>02%
ity desired between lifts
V<5 ftls V<5 ftls V=2to5ft/s V>3 ft/s
Maximum lift to the outlet of the | O ft 100 ft or more | 100 ft or more 1510 20 ft
system (ft)
Trench depth (ft)° 2-3 2-3 2-3 3-5
Cleanouts Located at the end of pipelines or at major changes in pipeline size

2In systems with pumps, the discharge rate is determined by the type and size of pump used “The discharge rate i
for a septic tank serving a single house. Rates for septic tanks serving an apartment building or commercia
establishment would be higher °Minimum trench depth is based on climate and frost depth unless piping it

insulated or heat-traced. Maximum trench depth is based on pipe type and strength. 5.1(
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e Septic tank effluent gravity sewers

o Wastewater from a source is treated in a septic tank near the
source and then septic tank effluent (STE) in collected and
conveyed in a small diameter gravity sewer system
*  These effluent sewers have several names, including:

— Septic tank effluent gravity sewers (STEG), small-bore
sewers, effluent drains
— In the United States they are called STEG systems

o General design features include:
* Sewers can be designed to flow full or nearly full (Fig. 5.4) and
small diameter pipes can be used (e.g., 2 in.)
* |nstallation can be shallower and at variable slopes and
*  >2 ft/s scouring velocities are not needed
*  Watertight joints and fewer access points can yield low 1&I

5.11
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e Septic tank effluent pressure sewers

o Wastewater from a source is treated in a septic tank near the
source and then STE is pumped into a small diameter pressur-
ized sewer system for collection and conveyance

*  These effluent sewers are referred to as STEP systems
o General design features include:

* Sewers can be designed to flow full (Fig. 5.4) and small
diameter pipes can be used (e.g., 1.5in.) (Fig. 5.5)

* |nstallation can be shallower and at variable slopes
and > 2 ft/s scouring velocities are not needed

*  Watertight joints and fewer access points can yield low 1&I

* STEP systems can be favorable over STEG systems in hilly
terrain where gravity is not capable of moving STE to a
location targeted for treatment operations

5.12
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Septic tank
effluent

O

Fig. 5.4 Cross-section of
a STEG sewer

Fig. 5.5 Photographs illustrating the installation of a septic tank effluent
pressure sewer (STEP) in a rural development area. Installation is made
using a continuous trencher (left) and insulation can be added for shallow
burial in cold climates (top). (Photographs courtesy of R.J. Otis)

5.13
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e Grinder pump pressure sewer systems
o Wastewater flows by gravity from a building into a nearby sump

containing a grinder pump (Fig. 5.6)

* The grinder pump is turned on periodically by float controls
and it chops up the raw wastewater and reduces the het-
erogeneous mix of solids and objects into a slurry

* The pump discharges the wastewater slurry into a small
diameter pressure sewer system

o General design features include:

* Sewers can be designed to flow full and small diameter
pipes can be used (e.g., 2 in.)

* |nstallation can be shallower and at variable slopes but the
velocity achieved in the pressure sewer has to achieve
scouring and solids conveyance (e.g., >2 ft/s)

*  Watertight joints and fewer access points can yield low 1&I

5.14
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e Vacuum sewer systems
o A vacuum pump in a remote collection station maintains a
vacuum of 15-20 in. Hg on the main sewer lines (Fig. 5.6)
*  Wastewater from a building flows to a sump separated from
a vacuum sewer main by a vacuum valve
* When a volume of wastewater accumulates, a vacuum
valve is opened and air and wastewater is sucked into the
main sewer
* The wastewater flow is two phase (air and water), which
can break down larger solids and aid conveyance
o General design features include:
* Sewers are designed to flow partially full at velocities that
achieve scouring and solids conveyance (e.g., > 2 ft/s)
* Small diameter pipes (e.g., 4 in.) are installed at shallow
depths
*  Watertight joints and fewer access points can limit 1&I

5.15

L Grinder pump
vaults

Small diameter
pressure sewer line

Source: www.eone, intro/index.htm

Vacuum sewer
main with lifts and
$>0.2% sections

Remote centralized vacuum-
station

Vacuum
sump

Sseg
$>0.2% 7
sections

Source: www.airvac.com/

Fig. 5.6 lllustration of the key components of a grinder pump pressure sewer system
(top) and a vacuum sewer system (bottom)

5.16
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B Conditions that are well-suited for alternative sewers

The existing or new development is located in an area with level or
varied topography, shallow bedrock, or high ground water
Wastewater needs to be collected from a cluster of buildings, a
housing development, or town that has:

o Larger lot sizes (e.g., >0.5 acres) or limited connections per
mile of sewer line (e.g., <100) (Fig. 5.7)
o Existing or potential for onsite treatment or processing

Fig. 5.7 Examples of a
small town (left) and lower
density rural housing
development (right)
where there are larger lot
sizes and would be
limited connections per
mile of sewer line
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5-2. Principles and Processes

B Conveyance using small-bore sewers

Small-bore sewer systems do not handle gross solids and debris

or high concentrations of total suspended solids (TSS) and fats,

oils and greases (FOG)

In STEG and STEP systems, a septic tank (Chap. 6) is used for

primary treatment at each building in a development to produce an

effluent that is suitable for small-bore conveyance

Small-bore sewers can also be used for other wastewaters

o Wastewater effluents with low solids contents that are pro-
duced by unit operations other than septic tanks (e.g., aerobic
unit, porous media biofilter, etc.)

o Graywater (e.g., untreated or after a settling basin)

Chapter 5 is focused on small-bore sewers for conveyance of

septic tank effluent (STEG and STEP systems)

5.18
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B Alternative sewer system types and layouts
e The outlet is the terminus of the sewer system that collects waste-
water effluent from the buildings within a development
e The outlet elevation relative to the elevation within a development
guides suitability for each system (Fig. 5.8)

STEG system: Vacuum system: STEP or grinder pump system:
Outlet at a lower elevation Outlet at a slightly higher elevation Outlet at a higher elevation

110,777
< \\\ Outlet
o) \

102

Development
¢S~ location

Fig. 5.8 lllustration of topographic conditions and the collection network outlet location
as it relates to the suitability of using a particular alternative sewer system

5.19
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¢ Development of effluent sewer system layouts
o Topographic base maps enable system layout and design
o Based on the outlet location, a system type is chosen
o Sewer line layouts can then be selected to suit the development

* Consider landscape features and try to minimize disruption
to structures, roads, and other features
* Consider options for dividing the collection network into
segments
— Segments are used to enable rational upsizing of sewer
pipe diameters as more flow is accumulated toward the
outlet
— Anew segmentis also typically used downstream of the
junction of multiple segments
o Figures 5.9 and 5.10 illustrate a STEG and STEP system as
laid out for the Mines Park development of 26 apartment build-
ings located on the Colorado School of Mines campus

5.20
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Fig. 5.9 lllustration of a STEG system serving a development of 26 apartment build-
ings (denoted by B1, B2, etc.). Note: The STEG system has 11 segments denoted as
S1, 82, etc.

5.21

Fig. 5.10 lllustration of a STEP system serving a development of 26 apartment build-
ings (denoted by B1, B2, etc.). Note: The STEP system has 7 segments denoted as S1,
S2, etc. Segment S1 and S2 could be combined into a single segment if the majority of
the flow originates from the upstream end

5.22
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e Cross sections are used to show elevation and length as illustrated
in Fig. 5.11.

S1
5950 s
s2
S1 =T

S7
5940 f\?lfs‘* .
< Jsa S
\EL
z —_
€ 5930 s
9o
5 s2
g
5 5920 o
el
S S3 s10
3 5910
& S8
5900 / S4 85 9
S11
Outlet
5895
2500 2000 1500 1000 500 0

Distance along pipeline segment (ft.)

Fig. 5.11 Topographic cross-section of the 11 segments within a STEG system
serving a development of 26 apartment buildings as shown in Fig. 5.9
5.23
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B Equivalent dwelling units (EDU)
e The EDU concept is used to normalize the discharges from differ-
ent types of sources connected to a sewer
o For example, there can be houses, restaurants, schools, etc.
o An EDU is based on a selected average daily flow rate
* Designers or authorities can decide on the gal/d per EDU
* Based on Qa for a DU, 150—250 gal/day per EDU is typical
e Calculating the number of EDUs
o For a single building or other source, Eq. 5.1 is used

EDUZ& (5.1)

EDU

Where:

EDU = number of equivalent dwelling units (no.)

Qa = average daily flow from a building or other source (gal/d)

Qgepy = defined daily flow per EDU (gal/d per EDU) (e.g., 150-250 gal/day)

5.24
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o For multiple buildings or other sources, Eq. 5.2 can be used

= QAl QA2 t 'QAn)
N = E B=—"-——"7—"— 52
Fpu B=1 ( QEDU ( )

Where:
Nepu = number of equivalent dwelling units (no.)

B = building or other source

Qa1...an=average daily flow from a building or other source (gal/d)

Qgpuy = defined daily flow per EDU (gal/d per EDU)(e.g., 150-250 gal/day)
o Example calculation results are shown in Table 5.2

Table 5.2 Results of EDU calculations for several building and source conditions

Nepu W/Qepu | Nepu W/Qepu
Example building or source Eqg. no. | =150 gal/d =250 gal/d
1 dwelling unit with Q5 =300 gal/d 5.1 2 1.2
10 dwelling units with Qa =300 gal/d each 5.2 20 12
12 dwelling units (Qa =200 gal/d each) each plus 5.2 26 15.6
1 lodge that generates Qs = 1500 gal/d
1 motel with Qa = 1500 gal/d plus a restaurant with 5.2 30 18
QA =3000 gal/d

5.25
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e Determining the number of EDUs for sizing a particular segment
within a sewer system
o EDUs for sizing a segment include the EDUs from any upstream
segments plus those from buildings attached to the segment
o Equation (5.3) can be used to calculate the number of EDUs
contributing to the segment being sized

n n
Nepu = Z Upstream EDU + Z Segment EDU (5.3)
S=1 B=1

Where:

Nepu = number of equivalent dwelling units contributing to a segment (no.)
Upstream EDU = EDUs contributing via an upstream segment (S;._ )
Segment EDU = EDUs of buildings attached to the segment (B¢, )

B,.. n=building or other source connected to the segment being sized
S1.. n=upstream segment(s) contributing to the segment being sized

5.26
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o For the example segment shown in Fig. 5.12, Ngpy = 134 and
this would be used to size the segment

Ngpy = Z Upstream EDU + Z Segment EDU (5.3)
S=1 B=1

8 x 400 600 2 x4 x 150
=1 — — || = 133. 134

8 duplexes with Q, per duplex = 400 gal/d

S l t
e "~ BEBDEEEEE  peemne

contributing from =~ ~a
upstream _v = Sizing is based on 134 EDU
=
segments A =
- [ HE
Café w/ Q, = 600 gal/d 2, 4-unit apt. bldg. with Q,, per apt. = 150 gal/d

Fig. 5.12 Example calculation of the number of EDUs contributing to a sewer line
segment where there are upstream EDUs contributing plus EDUs from buildings

connected directly to the segment
5.27
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e EDUs accumulate as you go from one segment to the next toward
the outlet as illustrated in Fig. 5.13

o EDUs accumulating in an effluent sewer system is analogous to

water flows increasing as you go downstream in a river system

Outlet

Fig. 5.13 lllustration of how EDUs accumulate in a STEG system serving a develop-
ment of 26 apartment buildings as shown in Fig. 5.9. Note: There are 11 segments and
the Ngpy shown are equal to the accumulated number at the end of each segment
including the Ngpy from all upstream segments plus the Ngpy from buildings connected

to the segment
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B Qpp values for sizing a segment
¢ Qpp =design flow rate (gal/min) for sizing a segment if it has a
certain number of EDUs contributing to it
¢ Qpp values can be affected by the type of sewer system, e.g.:
o STEG systems
* Effluent leaves a septic tank by gravity and enters the sewer
* Discharges from a septic tank are usually <1 gal/min, often in
the 0.3-0.6 gal/min range, with periods of zero flow
o STEP systems
* Effluent is periodically pumped into the sewer
* In STEP systems, commonly used pumps discharge in the
range of 5-20 gal/min
* Each connection has long periods of zero flow with periodic
bursts of 5-20 gal/min flow

* Need to consider the particular pump’s discharge rate plus the
probability of multiple pumps discharging simultaneously

5.29

o Qpp values for sizing alternative sewer systems
* Data has been obtained by monitoring operating STEP systems
serving residential developments and small towns (Fig. 5.14)

Bames
0.5N+20

F.E. Myers

Notes:
i ® These Qpp data are for
STEP systems.
ASCE * Data are based on
[—— monitoring of systems with
ha older water-using fixtures

and appliances contributing
to the total wastewater
flows.

It is uncertain how this
might change for sources
with modern water efficient
plumbing or just graywater

Qg (gal/min)

L]

EDUs (no.)

Fig. 5.14 Qpp values versus cumulative EDUs. Source: Fig. 2.12 in USEPA 1991
shown as Fig. 6.3. Crites and Tchobanoglous 1998

5.30



http://dx.doi.org/10.1007/978-3-319-40472-1_2
http://dx.doi.org/10.1007/978-3-319-40472-1_6

208  Alternative Wastewater Collection and Conveyance Systems for Decentralized. . .

v

e Estimating Qpp for sizing a segment
o Qpp might be estimated from monitoring data for existing systems
o Itis more common to make predictions of Qpp using Eq. 5.4

= 4
Where: Qpp Qumin + Qepu(NEpU) (5.4)

Qpp =design peak flow at a location in the sewer system (gal/min)
Qumin = minimum discharge rate from one EDU (gal/min)
=values of 10—20 gal/min are often used to account for the peak flow
rate from one or a few buildings
Qepy = discharge per EDU for the development size (gal/min per EDU)
=values of 0.5 gal/min are typically used for systems with 50 or
more connections
Nepu = number of EDUs contributing to Qpp at a particular location

Notes: The actual Qux for a STEG system equals the likely peak rate of gravity discharge from
a single septic tank that can be 1 gal/min or less depending on the building being served. The
actual Qy for a STEP or grinder pump system is often in the 10 to 25 gal/min range based on
the type of pump used and its discharge rate. Also, flow controllers in a discharge line can
maintain the pump discharge in the range of 10 gal/min. The actual Qy\ from a vacuum vault

can be 100 gal/min but this flow rate is rapidly attenuated in the vacuum sewer line.
5.31
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o Examples of Qpp for sizing sewer line segments with varied num-
bers of EDUs contributing
© The Qpp values shown in the Table 5.3 are calculated using Eq. 5.4

Table 5.3 Examples of Qpp values for sewer line segments with varied EDUs

Number of EDUs contributing to | EStimate of Qop (gal/min)

a sewer line segment® Qpp parameter values® | Peak flow rate
1 Quin=15 15.5

10 Qepy=0.5 20

20 25

50 40

100 65

500 265

1000 515

®EDUs contributing includes the EDUs from upstream segments plus those fol
buildings connected to the segment being designed.

PQpp parameter values are given as examples only.
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B Hydraulics of flow to handle the design peak flow
e (Calculating velocity and head loss
o Velocity calculations can be made using the Hazen-Williams equa-
tion (Eq. 5.5) with substitutions for R (Eq. 5.6) and S (Eq. 5.7) for
round pipes flowing full:

V=1.318(C)(R*®)("*) (5.5)
1
rR=P \s=& (5.6,5.7)
4 L

Where:

V = velocity of flow (ft/s)

C = Hazen-Williams coefficient (—) (depends on pipe type and condition:
C =150 for new PVC pipe; C = 120-140 is used to account for aging)

R =hydraulic radius (flow area divided by wetted perimeter) (ft)

S =slope of energy grade line (ft/ft)

D =true inside pipe diameter (ft)

hs=head loss due to friction (ft)

L =length of pipeline (ft) 535

v

o Head loss calculations
* To calculate head loss (h;) due to flow in a pipeline segment,

flow rate needs to be calculated (Eq. 5.8)

(1.318C) (%) " (T_f) 054} x (”TDZ) (5.8)

QCAP = (V) X (A) =

Where:

Qcap = flow rate capacity for a given pipe size and EGL slope (ft%/s)
V =flow velocity (ft/s)

A =pipe inside cross-sectional area (ft%)
D =true inside pipe diameter (ft)
hs=head loss due to friction (ft)
L =length of pipeline (ft)
C =Hazen-Williams coefficient (—) (depends on pipe type and condition:
C =150 for new PVC pipe; C = 120-140 is used to account for aging)
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* Head loss (hs) can be calculated by rearranging Eq. 5.8 to
yield Eq. 5.9:

he = 4.72(L) (Q(C:AP> 1'85(D)-“-87 (5.9)

Equation (5.10) applies when the flow rate is in gal/min and
the pipe diameter is in inches:

hs = 10.5(L) <QEAP> 1'85(D)74,87 (5.10)

Where:

h;=head loss (ft)

L =length of pipeline segment (ft)

Qcap = flow rate capacity for a given pipe size and EGL slope (gal/min)

C =Hazen-Williams coefficient (—) (depends on pipe type and condition:
C =150 for new PVC pipe; C =120 to 140 is used to account for aging)

D =true inside pipe diameter (in.)
5.35
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e Selection of a pipe type and diameter for a segment
o Tables and charts relate Qcap for pipe sizes to S and V
* For example, if sizing a STEP segment where Qpp =60 gal/
min, new 3-in. diameter Class 200 pipe appears okay since
S=0.7% and V=2.45 ft/s (Table 5.4)

Table 5.4 Qpp values for different slope and velocity values to aid initial pipe size
selection

Velocity (ft/s) Capacity Qcap (gal/min)
Nominal pipe | Class Cross-section el Sl e S
size (in.) 200 ID (in.) | area (ft?) R =DJ/4 (ft) | 0.1 0.7 2.0 0.1 0.7 2.0
1 1.189 0.0077 0.0248 046 [ 132 [233 |16 4.6 8.1
15 1.720 0.0161 0.0358 058 [166 [293 |42 12 21
2 2.149 0.0252 0.0448 067 [192 [338 |76 22 38
25 2.601 0.0369 0.0542 076 | 216 |[3.81 |12 36 63
3 3.166 0.0547 0.0660 086 | 245 |431 |21 60 106
4 4.072 0.0904 0.0848 1.00 | 287 |[505 |41 116 205
6 5.993 0.1959 0.1249 128 | 3.66 | 6.45 113 322 567
8 7.805 0.3322 0.1626 1.51 4.32 7.62 | 225 644 1135

Note: Velocity and capacity calculations were made using Egs. 5.5 and 5.8 with C = 150. 5.3¢
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o Calculations for pipe sizing need to account for pipe attributes
* Need to use true inside diameters which vary based on the
nominal size and type of pipe (Table 5.5)
* Need to use roughness coefficients that reflect pipe aging
— For example use Hazen-Wiliams C values of 120 to
140 rather than 150, which applies to new plastic pipe
Table 5.5 True inside diameters of pipes of different types and sizes

Nominal pipe size | Outside diameter Uiz el elfeimistey i)

(in.) (in.) Schedule 40 PVC | Schedule 80 PVC | Class 200 PVC
1 1.315 1.049 0.957 1.189

1.5 1.900 1.610 1.500 1.720

2 2.375 2.067 1.939 2.149

25 2.875 2.469 2.323 2.601

3 3.500 3.068 2.900 3.166

4 4.500 4.026 3.826 4.072

6 6.625 6.065 5.761 5.993

8 8.625 7.981 7.625 7.805

5.37
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e Hydraulic and energy grade lines
o Hydraulic grade line (HGL)
* Represents the potential energy of a liquid in a pipeline
o Energy grade line (EGL)
* Represents potential plus kinetic energy along a pipeline
* Kinetic energy is determined by the velocity of flow (V)
* In most systems, V is low and contributes little to the EGL
— For example with V =10 ft/s, the velocity head = 1.5 ft.
o For alternative sewers, the HGL ~ EGL
* Velocity head can usually be ignored
* STEG systems—HGL is fixed based on AElevations
* STEP, grinder pump, vacuum systems—HGL depends on
pump or vacuum discharge characteristics
o During flow in a pipe, friction causes head losses that reduce
the head available for flow
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o Head loss during flow at different rates in different pipe sizes is
shown in Table 5.6
* Forexample: In a new 3-in. pipeline at S = 0.7 %, the Qcap =
60 gal/min and the headloss h;=7.0 ft per 1000 ft of length

Table 5.6 Headloss during flow in a full section of a sewer pipe

. Capacit; Headloss hy at the flow rate
’;‘i‘;g"”a' S(I)%S;vc gé’;zn (ga?/min); StcégL S(%): |listed
size (in.) ID (in.) area (ft?) 0.1% [0.7% |20% | Q(galmin—")| h;(ft/1000 ft)
1 1.189 0.0077 1.6 4.6 8.1 5 8.4
1.5 1.720 0.0161 4.2 12 21 15 10.5
2 2.149 0.0252 7.6 22 38 25 9.2
25 2.601 0.0369 12 36 63 40 8.6
3 3.166 0.0547 21 60 106 60 7.0
4 4.072 0.0904 41 116 205 120 7.4
6 5.993 0.1959 113 322 567 325 7.2
8 7.805 0.3322 225 644 1135 | 650 71

Note: Head loss calculations were made using Eqg. 5.10 with C=150.
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¢ Development of the EGL
© An EGL can be developed for STEG, STEP and grinder systems but
vacuum systems are more complicated due to the flow regime
© The EGL is based on calculated head losses (hs) during flow in the
segments of the STEG, STEP or grinder pump system

* For example, for a 3 segment system where segment 1 leads to the
outlet:
— The h; required to transport Qpp in Segment 1 is added to the
elevation of the static head, which equals the outlet elevation
— The h; for Qpp in Segment 2 is added to the elevation of the
upstream end of Segment 1
— The hs for Qpp in Segment 3 is added to the elevation of the
upstream end of Segment 2
— This process is used to establish the EGL pressure head in the
main sewer line and in STEP or grinder pump systems, the total
dynamic head (TDH) required for a pumping unit
o Examples of EGLs for a STEG system and STEP system are shown in
Figs. 5.15 and 5.16
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220
Landscape topography along
200 main sewer line
™S
180 T =
g B B Energy grade line (EGL)
c i
S 1A O T e e ———— ——— —————
[ . .
3 Outlet Static head = outlet elevation = 160 ft.
w
140 | \ Ji J
Y ! !
Segment 1 Segment 2 Segment 3
120 he=5 ft. he=10 ft. he =8 ft.
L =600 ft. L =800 ft. L=700ft
100
500 1000 1500 2000 2500

Distance (ft.)

Fig. 5.15 lllustration of an EGL along 3 segments of a STEG system
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200

Energy grade line (EGL)

180
)
é 160 Landscape
% ~Qutlet Static head line = outlet elevation = 160 ft. topography
i} L along
140 | I~ ) i ) main
-1 Y ! sewer line
i Rt U o N A O /
120 Segment 1 Segment 2 Segment3 =
he =8 ft. he=12ft. he=10 ft.
L =600 ft. L =800 ft. L =700 ft.
100
0 500 1000 1500 2000 2500

Distance (ft.)

Fig. 5.16 lllustration of an EGL along 3 segments of a STEP system

5.42




214 Alternative Wastewater Collection and Conveyance Systems for Decentralized. . .

v

e Pumps used in STEP or grinder pump systems
o Type of pump

* STEP systems and grinder pump systems utilize high-
head, low-flow rate pumps

* This ensures the pumps can pressurize the sewer system
at levels sufficient to transport the Qpp in the main sewer
lines and achieve needed velocities

* Often one type and size of pump can be used throughout a

sewer system serving a development
o Pumps operate intermittently, based on float controls

* Pumps may cycle on 3 to 5 +/— times a day
* Discharge of 50 gal will draw down the water surface in a

tank with 20 ft? of surface area by only 4 in.
o Pumps used in STEP systems are selected and set up to
discharge at low rates (e.g., 520 gal/min)
* Low pumping rates out of the septic tanks help ensure
limited turbulence in the tank and minimum solids carry
over

5.43

o The TDH for a pumping unit is illustrated in Fig. 5.17 and
calculations can be made using Eq. 5.11
|

Septic tank with h .
integral pumping unit Discharge p/'. PN
Mhy  assembly @00
H h he xeé&\\ﬁe‘ﬂ\ ¥
&
| < RCR

X
T - Service lateral 95\0@'6‘

Fig. 5.17 lllustration of TDH components in a STEP system
TDHth+(he+hhv -‘rh]) (5.11)

Where:
TDH = total dynamic head for a particular pumping unit (ft)

h, = pressure head needed to transport Qpp flow in the main sewer line at
the point where the service lateral connects to it (ft)

he = change in elevation between the water level in the septic tank and the
service lateral connection point at the main sewer line (ft)

h,, = friction losses in the discharge assembly at a pumping unit (ft)

h, =friction losses in the service lateral (ft)
Note: hy, +h, are ~5 to 10 ft typ. 5.44
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o The TDH that a pump could have to discharge against along
3 segments of a STEP system is illustrated in Fig. 5.18

220
TDH values
Energy grade line (EGL) TDH =73 ft are given at 3
200 ’ pts. but TDH
TDH =53t ____—*; varies from
————T connection to
180 TDH = 33 ft. ___—"—T 1 connection
z - T i | | along the main
= e 4 sewer.
5 - | |
ﬁ*leo .—-—-—E-—.—-—-—-I—-—-—-—.—
> Static head = outlet elevation = 160'ft. !
@ Outlet | |
u 140 | i : Landscape
Y Y Y 1 topography
H‘/ along main
sewer line
120 Segment 1 Segment 2 Segment 3
hy = 8 ft. hg=12 ft. hy =10 ft.
L =600 ft. L =800 ft. L =700 ft. hp+ hy =5 ft.
100
0 500 1000 1500 2000 2500

Distance (ft.)

Fig. 5.18 lllustration of TDH along 3 segments within a STEP system
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Fig. 5.19 lllustration of the
head—discharge curve for a Y:-hp
high head submersible pump
such as used in a STEP system.
Note: Pumps are typically 0.5 to
1.5 hp. The pump discharge can
be limited to 5 to 10 gal/min using
a 1/4-in. flow controller in the
discharge line. Also, a 1/8-in.
bypass hole allows expulsion of
trapped air and recirculation when
the main sewer line pressure is
too high. Source: From Orenco
Systems®, Inc. shown as Fig. 6.9
in Crites and Tchobanoglous
1998

o A representative head-discharge curve for a high head pump
used in a STEP system is shown in Fig. 5.19
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d 5-3. Design and Implementation

B Design and implementation (D&l) considerations for STEG and STEP
systems

Development features

Typical design parameter values

Type of pipe

Approach to pipeline sizing

Pipe size suitability

System components

Hybrid systems

Special considerations

System installation

System O&M

Note: This section is focused on STEG and STEP systems since they are most widely used in
decentralized infrastructure applications. Elements of the design process used for STEP
systems also applies to grinder pump systems but vacuum sewer systems are more compli-
cated. Design and implementation of STEP, grinder pump, and vacuum sewer systems is
often completed with the involvement of one of the major technology vendors and equipment
manufacturers (e.g., Orenco Systems®, Inc., Environment One, AIRVAC®, respectively).
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B D&l considerations—Development features
e |and use and development attributes
o Type and number of buildings and wastewater sources
o Density of the development
o Planned development growth in the future, if any
o Location of the site for treatment and discharge or reuse
e Topography
o Level or gently sloping vs. hilly and mountainous terrain
e Subsurface characteristics
o Depth of soil and presence of shallow bedrock
o Depth to ground water
o Depth of freezing zone (if applicable)

5.48
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B D&l considerations—Typical design parameters
e Listed in Table 5.7 are the range of values that can be used for
different design parameters for STEG and STEP systems

Table 5.7 Representative values for different design parameters for STEG and STEP
systems

Design parameters STEG STEP

Service connection discharge rate (gal/min) 0-1.0 0 to 5-20%

Qpp for segment sizing based on Ngpy (gal/min) (Eq. 5.4) | 15+ 0.5(NEDU)b 15+ 0.5(Ngpu)

Service lateral pipeline diam. (in.) 1.5-2.0 1.0-2.0

Main sewer pipeline diameter (in.) 3-8 2-8

Trench depth (ft)° 2-3 2-3

Cleanouts Located at the end of pipelines or at major
changes in pipeline size

?Discharge rate is determined by the type and size of pump used in the STEP system.

PDesigners often set Qyn equal to the same value for both STEG and STEP systems (e.g., Quin = 15 gal/min) ever
though a septic tank serving a single house will typically discharge at 1 gal/min or less. However, for septic tank:
receiving higher flows (e.g., apartment building or commercial establishment) discharge rates can be higher. Also
using a smaller value for Qu (e.g., 2 gal/min) would not change the pipe sizing due to minimum pipe sizes used
°Minimum trench depth is based on climate and frost depth unless insulated or heat-traced piping is used
Maximum trench depth is based on pipe type and strength.
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B D&l considerations—Type of pipe

e Different types of plastic pipe can be used in STEG and STEP
systems (Table 5.8)

Table 5.8 Features of different types of plastic pipe used for STEG and STEP

systems
Nominal pipe
diameter® (in.) Type of plastic pipe used®
<3in. Schedule 80 PVC is used but Class 200 PVC pipe is

also commonly used

>3in. Class 200 PVC is typically used including locations with
shallow burial depths or difficult access

®Nominal outside diameter is the same for all types of PVC pipe, however the wall thickness
varies. For example, Schedule 80 PVC has a thicker wall than Schedule 40 PVC and so the
inside diameter of Schedule 80 PVC is less than Schedule 40 PVC. High density polyeth
ylene pipe is also available.
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B D&l considerations—Approach to pipeline sizing
e STEG systems

o EGL slope is determined by gravity given the site topography
o Pipe diameters have to be large enough so that under a given S
the sewer line Qcap exceeds the Qpp
o Typically the Qpp will be only a fraction of the capacity available
(Qcap), so at times the pipe may not flow full
e STEP systems

o EGL slope is determined by the pumping units selected to
transport the Qpp and the TDH during system operation

o Typically, the Qcap Will be equal to the design peak flow rate
the system is designed for (i.e., Qpp) and the pipe will flow full

5.51

e Steps followed during sizing a segment in a STEG system

o Determine the Ngpy contributing and calculate the Qpp
Determine the length of the sewer line segment
Determine the drop in elevation and slope
Select a trial pipe diameter to handle Qpp at S and suitable V
Calculate the velocity assuming the pipe is flowing full (check
that V is near or < 5 ft/s)
Calculate the pipe cross-sectional area
Calculate the pipe capacity (Qcap) when flowing full
o Compare Qpp to the flowing full capacity, Qcap

*  Qpp/Qcap < 1: pipeline segment flows only partially full

*  Qpp/Qcap > 1: surcharge flow occurs during peak Q

* Qpp/Qcap>>1: repeat calculations with a larger pipe

diameter

O O O O

O O

5.52
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e Steps followed during sizing a segment in a STEP system
o Determine the Ngpy contributing and calculate Qpp
* Note that the required Qcap = Qpp
o Determine the length of the sewer line segment
Select a trial pipe diameter to handle Qpp at suitable S and V
o Calculate the slope of the energy grade line (EGL) for the pipe
segment (confirm that S is reasonable, e.g., 0.5-1.5 %)
o Calculate the pipe cross-sectional area
o Determine the velocity by dividing the Qcap by the cross-
sectional area (confirm that V is reasonable, near or < 5 ft/s)
o Calculate the head loss due to friction (hf) based on S and L
o Plot the EGL on the system profile to determine the TDH each
pump would have to discharge against

o
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B D&l considerations—Pipe size (diameter) suitability
e Suitability based on EGL slope
o For many systems, designs can yield an EGL S=0.5-1.5%

*  Minimum slopes
— The system EGL S to the outlet must be > 0.0 %
— If S for a segment is too low, it could indicate the pipe
size is bigger than needed
*  Maximum slopes
— For some STEG systems, S can be high (e.g., >1.5%)
— If Sis too high in STEP systems, it indicates the pipe
diameter is too small and energy due to pumping is
being wasted
o S can be controlled by topography
* For a STEG system, S is largely controlled by landscape
topography and it can be >1.5%
* For a STEP system, topography will not control S since
pumps can be selected to yield a desired S 5.54
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e Suitability based on flow velocity (V)
o For many systems, designs can yield V <5 ft/s
*  Minimum velocities
— Technically a minimum V is not required
— But some regulatory agencies can require one
e.g., V minimum = 1.0-1.5 ft/s during peak Q
*  Maximum velocities
— To avoid excessive friction losses and damage to fit-
tings and valves, particularly in STEP systems, try to
keep V <5 ft/s
o 'V can be affected by topography
* For STEG systems, V can be controlled in part by land-
scape topography which controls S
* For STEP systems, topography won’t control V since
pumps can be selected to yield a desired S and V
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B D&l considerations—System components
e STEG system components

o Onsite components
* Septic tank (potentially including an effluent screen)?
* Service laterals from each septic tank to the sewer main

o Collection system components
* Check valves and shutoff valves on the service lateral
* Small diameter gravity flow sewer line segments
* Cleanouts at certain locations

* \/ents and and combinations of air release/vacuum valves
* Corrosion and odor control options

8Septic tank units are described in Chap. 6. One septic tank can serve multiple
buildings. If septic tanks are already existing but are old, they may need to be replaced
with watertight, properly sized and installed units.

5.56



http://dx.doi.org/10.1007/978-3-319-40472-1_6

Alternative Wastewater Collection and Conveyance Systems for Decentralized. . .

221

v

o An illustration of STEG onsite system components in Fig. 5.20

—_— — Landscape surface
| Access port
o —
i
e — Main sewer
Septic tank «— line (eg.,
with effluent 3:0 to 8.0in.
i screening Effluent conveyed by Swing check diameter)
: device (if gravity in a small
! used) diameter lateral (e.g valve and
! 125t01.5in) shutoff valve
I
L
_i—

Fig. 5.20 lllustration of the onsite system components of a STEG system
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e STEP system components
o Onsite components

*

*

Septic tank with effluent screen®
Pumping unit with pressurized lateral to a sewer main

o Collection system components

*

*

*

*

PNotes: One septic tank can serve multiple buildings. If septic tanks are already existing
but are old, they may need to be replaced with watertight, properly sized and installed

units.

Check valves and shutoff valves on the service lateral
Small diameter pressurized sewer lines

Cleanouts at certain locations

Valves placed throughout the system

— Air release valves
— Pressure sustaining valves

Corrosion and odor control options
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o lllustrations of STEP onsite system components are shown in
Figs. 5.21 and 5.22

Landscape surface

Conduit for power SUDV
| Main sewer
r"’“"‘ j N line
! - —
i /C> (e.g.,20to
: A ~_ 8.0in.
i—l Effluent conveyed under pressure diameter)
: in a small diameter lateral (e.g., 1
= ; to 2 in.) to the main sewer line
I Septic tank

Discharge assembly with shutoff
valve and quick disconnect

[T Effluent screening device (if used)

7T High head pump with check valve and float
controls (Pump on, Pump off, High water alarm)

Fig. 5.21 lllustration of the onsite system components of a STEP system (Orenco
Systems®, Inc.)
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Access lid (locking)

Landscape surface <
’H Conduit for power supply
ey
| %/Tﬁ — 2.0108.0n.
T v\ diameter
Gravity flow from one or Effluent conveyed under pressure  15in sewer
more septic tanks ina 1.25to0 2.0 in. diameter line

lateral to the main sewer line

Discharge assembly with shutoff
valve and quick disconnect

Precast concrete or
fiberglass basin —»|

T~ Effluent screening device (if used)

™ High head pump with check valve and float
controls (Pump on, Pump off, High water alarm)

Fig. 5.22 lllustration of an external pumping unit for a STEP system
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e Collection system components
o Air release valves (Fig. 5.23)
* Used at high points to release air that can accumulate
o Pressure sustaining valves

* Used to maintain upstream static pressures in those por-
tions of a STEP system which are higher in elevation than

the outlet
Fig. 5.23 lllustration of Vent air released through a soil filter bed or activated carbon filter
an air release valve setup /

= Landscape su