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Wastewater Management in CA

173 mid-size
municipal WWTFs
(0.35 Mac-ftly)

(1 to 6 Mgal/d)

530 small
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CURRENT [INLAND] EFFLUENT DISPERSAL PRACTICE:
de facto indirect reuse
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Flowrate, ac-ft/month

Summary of effluent management in CA

Hatched regions associated with
typical wet weather periods, about
6.5% of total statewide influent
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Overview of Water Reuse in CA
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Views on Water Reuse in CA
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Some Obstacles to Water Reuse

*Unintended consequences of past decisions
» 20" century infrastructure

*Dynamic conditions
* Impacts on water supply from drought
* Changes in population
» Changes in indoor water use

*Cost

 Capital, operations, and permit compliance
*Lack of perceived threat to existing water supplies



20" Century Infrastructure

Centralized Branched gravity

wastewater collection systems
treatment
Y > X
Pump
station

Water Trunk sewer for
body wastewater transport

Conventional wastewater infrastructure

Conventional wastewater infrastructure
- Not well adapted to low flow scenarios
- Vulnerabilities with climate change

- Limits some water reuse opportunities
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Flow, gal/capitasd

2015 2020 | 2030
Use Range Typical Range Typical Range Typical
Domestic
************ Indooruse ~ 40-80 60  35-65 55(50) 30-60  40(35)
Outdoor use 16 - 50 35 16-50 @ 35  16-50 35

Commercial ~ 10-75 40 10-70 35 10-65 30
Public 15-25 20  15-25 18 15-25 15
lossandwaste 15-25 20 15-25 18  15-25 15
Total 96-255 175 161 135




Changing Wastewater Constituent Concentrations

Concentration, mg/L

Volume, L/capita-d

Typical (gal/capita-d)

Constituent Unit value 380 (100) 190 (50)
BODs g/capita-d 76 199 400
COD g/capita-d 193 507 1016
TSS g/capita+d 74 195 389
TKNas N g/capita+d 13.2 35 70
Total Pas P g/capita-d 2. 5.6 11
Potassium g/capita-d 6.1 16 32

Oil and grease| g/capitasd 29 76 193




Approach for Modeling Feasibility
of Expanded Water Reuse

» Selected WWTFs with available flows >4 Mgal/d
* Adjustments for future water volumes for reuse

-

» Database with potential sites for water reuse

* ArcGIS model to determine least cost pipeline from effluent
source to reuse site

« Economic model to estimate cost to upgrade water quality
and deliver water

e Distribution of costs in terms of $/ac-ft



Flow balance corrections

* Dry weather flows estimated from 2019 Volumetric Annual

Report

* Regional population changes and expected changes in indoor

water use
» Water loss with solids
* Correction for water loss with concentrate management

» Water reuse specific usage factors
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Locating Targets for Water Reuse

Potential reuse site

database/methodology:

Agricultural reuse

Commercial and industrial
non-potable sites

Groundwater recharge (surface
infiltration)

Groundwater recharge (injection)
Water supply reservoir locations
Direct raw water and potable water

augmentation

Irrigated
agriculture

P = -d

Least cost paths to reach
reuse targets, including
estimated volumetric
demand and cost to
upgrade water quality

Industrial
reuse

Recharge
area
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LCP output for potential reuse sites
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Conveyance to Agricultural Reuse Sites
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Conveyance to Reservoir Augmentation Sites
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Conveyance to Raw Water
Augmentation Sites
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Recycled Water Production Cost Matrix

Establish a simplified matrix for a magnitude-of-order estimate
« Treatment levels associated with end use categories

Existing Treatment |A. Unrestricted B. Indirect Potable C. Direct Potable
Plant Non-potable Reuse |Reuse Reuse

Secondary + Disinfection Filtration + enhanced Advanced treatment + Enhanced advanced
disinfection environmental buffer treatment + enhanced
monitoring
Disinfected tertiary No modification Advanced treatment + Enhanced advanced
environmental buffer treatment + enhanced
monitoring
Advanced treatment for IPR No modification No modification Enhanced advanced
treatment + enhanced
monitoring

Advanced treatment for DPR No modification No modification No modification



Developing Cost Curve for Treatment: Approach

Flow - Threshold inhibitor
equallzauon (sulfuric acid
(optional) Chioramine ocother)

* [dentity unit processes to add
to produce recycled water

water for pipe
transport / recharge

* Use previously published cost
curves, adjusting to year 2021

Advanced treated
water for blending and
indirect potable reuse

* Add up the costs to generate

treatment cost for the system,
in annualized $/AF

*Apply the cost model ¢~ ™
to CA treatment plants -

), SM_

Note: No Site-Specific Restrictions were .
considered in cost curve development 1 10

Process flowrate, Mgal/d




Upgrade from Secondary to Disinfected Tertiary

 Construction Cost, SM = 0.793216 x (Flow rate, Mgal/d) + 13.838165
* O&M Cost, SM/y = 0.087594 x (Flow rate, Mgal/d) + 0.0517849
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Capital cost (2021), $M

Upgrade from Secondary to Advanced Treatment IPR

* MF/UF: Capital cost, SM/(Mgal/d) = 3.57 x (plant capacity, Mgal/d) %%
O&M cost, SM/(Mgal/d)/y = 0.30 x (plant capacity, Mgal/d) %2

* RO:  Capital cost, SM/(Mgal/d) = 7.14 x (plant capacity, Mgal/d) 22
O&M cost, SM/(Mgal/d)/y = 0.44 x (plant capacity, Mgal/d)?3

* AOP:

Capital cost, $SM/(Mgal/d) = 0.474 x (plant capacity, Mgal/d)0:9®

O&M cost, SM/(Mgal/d)/y = 0.038 x (plant capacity, Mgal/d)-0>2
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Cpital cost (2021), $M
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* O3:

Capital cost, SM/(Mgal/d)= 2.26 x (plant capacity, Mgal/d)°>*

O&M cost, SM/(Mgal/d)/year = 0.0068 x (plant capacity, Mgal/d)?°°>*

* BAC:

Capital cost, SM/(Mgal/d)= 3.03 x (plant capacity, Mgal/d) 48

O&M cost, SM/(Mgal/d)/year = 0.085 x (plant capacity, Mgal/d) -
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Model Output: Treatment Cost

Annualized project cost per acre foot for various treatment process upgrades as a function of treatment

capacity
Cost, S/ac-ft
o Second disinfected Secondary/terti
: I : . Meal/d econdary to disinfecte econdary/tertiary to i i Tiariiar
Observatlon/leltatlon' ealé Estimated cost of concentrate management (Raucher and Tchobanoglous, f24014)+ n=tyto DFR
. 4
+ $/AF will be lower at i
larger plants 7 option Range Typical
10
_ ] Deep well injection 60-80 70
« Not including concentrate 20
. Evaporation ponds 140-175 155
management (highly 30
Site_speciﬁc) 40 Land application 130-160 140
50 Zero liquid discharge 600-750 700
* Not including distribution 100 .

. Line to ocean 100 - 150 115
system (counted with 150 — — —
GIS-based analysis) 200 231 815 1006

250 229 786 973

300 228 763 946




Total Cost of Water Reuse PFO_]eCtS

Cost of Treatment + Conveyance

Smaller volume could be
reused at lower cost by
non-potable reuse

* |IPR and DPR become more
plausible options when
targeting higher total reuse
volume

« Concentrate management
cost may affect total cost
significantly
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Coastal vs Inland

All Reuse Options Potable Reuse Options
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* Qreater transport
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 Relatively greater flow
volumes

» Challenges with
reaching potential reuse
sites
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Preliminary Findings

Total water reuse rate ~50%, consisting of 22% permitted, and 28%
unplanned reuse, with balance discharged to coastal waters.

Unplanned water reuse needs to be acknowledged for environmental,
nabitat, and psychological benetits.

Permitted non-potable reuse options are lower cost than DPR, but
imited by lower volumetric demand.

Water reuse is higher cost in coastal areas due to more limited
non-potable reuse options.

To achieve greater total reuse volume, IPR and DPR options may be
preterred but at higher cost.



Study Limitations

While there are many unknowns, site specific factors not considered
in this study include:

m Concentrate management
m Facility siting
m Purple-pipe urban distribution
The study was not based on actual water reuse projects

Therefore, the costs estimated in this study are representative of
minimum costs for typical water reuse projects

Discharge requirements for instream flows will need to be determined
on a case-by-case basis where there is a habitat or environmental
concern with effluent diversion

Future changes in population and indoor water use are unknowns



Questions or contributions?

e Harold Leverenz ° RijirO Tsuchihashi

« University of California, Davis  *Jacobs
* hlleverenz@ucdavis.edu * Ryujiro. Tsuchihashi@jacobs.com
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