CONSTRUCTED WETLANDS
FOR RURAL WASTEWATER TREATMENT


Presenter
Presentation Notes
Good afternoon, my name is Alison Tompkins and today I’m going to talk about the use of constructed wetlands for wastewater treatment in rural communities.



SMALL COMMUNITIES,
BIG PROBLEMS...

AGING INFRASTRUCTURE

INCREASINGLY STRINGENT
WATER QUALITY STANDARDS

$$$$$ SYSTEM UPGRADES

SMALL TAX BASE

STAFFING FOR M&O

CITY OF JULIAETTA, IDAHO POPULATION 609
FACILITY BUILT IN 1977 STILL USES THE MAJORITY OF THE
ORIGINAL EQUIPMENT. TOMPKINS, 2017.
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Presentation Notes
LETS START BY IDENTIFYING THE PROBLEM. JUST WHAT ARE SOME OF THE PROBLEMS THAT SMALL COMMUNITIES FACE?


QUICK FACTS:

THERE ARE 187 CITIES IN IDAHO WITH A POPULATION LESS
THAN 5,000

IN ADDITION, THERE ARE UNINCORPORATED COMMUNITIES
& SUBDIVISIONS USING CENTRALIZED WASTEWATER
TREATMENT SYSTEMS

FROM 2015-2018, THE IDAHO DEPARTMENT OF
ENVIRONMENTAL QUALITY FUNDED CONSTRUCTED LOANS
FOR 8 IDAHO CITIES (POPULATION <6,000) TOTALING
OVER $60,000,000
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HOW BIG A PROBLEM IS THIS?
IN IDAHO ALONE…
The purpose of this project is to address the needs of small communities to replace aging wastewater treatment systems with limited funding and staff typical of small towns. 


TRADITIONAL TECHNOLOGY

GENESEE, ID TREATMENT LAGOON

KENDRICK, ID TREATMENT
POPULATION 968

LAGOONS
POPULATION 307

LAGOONS ARE COMMONLY USED FOR WASTEWATER
TREATMENT IN SMALL COMMUNITIES, BUT PROVIDE NO
ANCILLARY BENEFITS. RENOVATIONS STILL COST COOGLE EARTH. 2015,

MILLIONS...
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TRADITIONAL TECHNOLOGY IN RURAL COMMUNITIES doesn’t provide a community with any additional benefits – No one goes to the area around a treatment lagoon for recreation, and they don’t provide much if any value for wildlife habitat.


CURRENT ISSUES

TRADITIONAL LAGOON INFRASTRUCTURE IS AGING AND WILL COST MILLIONS OF
DOLLARS TO REPLACE

NEW DISCHARGE PERMITS CONTAIN HIGHER STANDARDS THAN BEFORE...

SUCH AS AMMONIA, PHOSPHOROUS, AND WATER TEMPERATURE

CITIES OBTAIN DRINKING WATER FROM THE SAME RIVERS THAT RECEIVE TREATED
WASTEWATER

EFFECTIVE WASTEWATER TREATMENT = COST SAVINGS FOR CLEAN DRINKING
WATER

OPEN SOURCE IMAGES, 2019.
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1
2
TRANSITION - Access to safe drinking water and adequate sanitation are basic principles of a sustainable city. 
3 - IN FACT, DRINKING WATER AND WASTEWATER ARE CONNECTED IN MORE WAYS THAN WE MIGHT WANT TO THINK ABOUT.





TIME FOR CHANGE...

INFRASTRUCTURE IS REACHING THE END OF ITS USEFUL LIFE

IT IS EXPECTED THAT MANY FACILITIES WON'T BE ABLE TO
MEET STANDARDS OF NEW DISCHARGE PERMITS

CONSTRUCTED WETLANDS MAY BE THE OPTION
COMMUNITIES CAN'T AFFORD TO REFUSE!
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Presentation Notes
1 – GENESEE AND JULIAETTA ARE NEARBY EXAMPLES
2 – WE’VE REACHED A TIPPING POINT WHERE THE COST OF CONTINUIING WITH THE STATUS QUO EXCEEDS THE COST OF NEW CONSTRUCTION USING DIFFERENT METHODS.


PROJECT SCOPE & GOALS

IDENTIFY THE CRITICAL
COMPONENTS OF A

CONSTRUCTED WETLAND
IDENTIFY CHALLENGES AND

SOLUTIONS TO PERMITTING AND

FUNDING
COMPARE COST AND BENEFITS OF

CONSTRUCTED WETLANDS TO
TRADITIONAL WASTEWATER
TREATMENT METHODS
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The goal of this comparison is to encourage communities, design professionals, and permitting agencies to implement this technology when existing systems require renovation and/or replacement.
I’VE USED THE CITY OF JULIAETTA AS AN EXAMPLE OF HOW THIS CAN BE DONE WITH A CONSTRUCTED WETLAND THAT:
meet federal and state discharge permit requirements, including water quality standards. It must also be maintained by two staff employed by the city, be affordable to construct and maintain, and be sustainable by the community for the lifetime of the system. 


OPEN SOURCE IMAGES, 2019.

WHY CONSTRUCTED WETLANDS?

HAVE LOW ENERGY NEEDS AND FEWER OPERATIONAL
REQUIREMENTS COMPARED TO CONVENTIONAL WASTEWATER
TREATMENT SYSTEMS

CAN PRODUCE HIGH QUALITY EFFLUENT AND AT LOWER POWER
REQUIREMENTS THAN CONVENTIONAL ACTIVATED SLUDGE
SYSTEMS

OFFER SEVERAL BENEFITS COMPARED TO TRADITIONAL
CENTRALIZED TREATMENT SYSTEMS: LOWER WATER TEMPERATURE,
LOWER ENERGY DEMAND, LOWER MAINTENANCE, LOWER COST,
RECREATION AREA, RESOURCE CONSERVATION, HABITAT FOR
WILDLIFE AND AQUATIC LIFE, AND ATTRACTIVE AESTHETICS
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Presentation Notes
Current practice in landscape architecture addresses issues in urban water management through the use of green infrastructure. In rural areas, applications of green infrastructure are lacking and frequently receive little or no public support. Constructed wetlands, as a built and natural environment, provide the perfect opportunity to apply stewardship, planning, and design to treat wastewater and fulfill a need to apply sustainable water management practices to rural issues. 
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Presentation Notes
Today we will review the most common types of constructed wetlands and their general function. We will also take a look at case studies from cold-climate areas in the United States to understand the types of wetlands that have successfully been permitted and constructed. After that we’ll take a look at permitting requirements and funding logistics, and finish up with a design proposal for a small community in rural Idaho.


GENERAL FUNCTION

CONSTRUCTED WETLANDS ARE...

“TREATMENT SYSTEMS THAT USE NATURAL PROCESSES INVOLVING WETLAND VEGETATION,
FILTER MEDIA, AND THEIR ASSOCIATED MICROBIAL ASSEMBLAGES TO IMPROVE WATER
QUALITY” (US EPA)

A POPULAR METHOD OF WASTEWATER TREATMENT FOR SMALL COMMUNITIES AND
REMOTE LOCATIONS AROUND THE WORLD

OPEN SOURCE IMAGES, 2019.
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TYPES OF CONSTRUCTED WETLANDS


WETLAND TYPES

CATEGORIES BASED ON HYDROLOGY:
1. FREE WATER SURFACE FLOW (FWS)
2. SUBSURFACE FLOW (SSF)

* VERTICAL SSF
* HORIZONTAL SSF

3. HYBRID
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BASICALLY 2 TYPES OF CONSTRUCTED WETLANDSa


FREE WATER SURFACE

OPEN SOURCE IMAGES, 2019.

SIMILAR IN APPEARANCE TO NATURAL WETLANDS

SHALLOW DEPTH OF WATER OVER A SATURATED SUBSTRATE

BENEFITS: ATTRACTIVE, DRAW WILDLIFE, ALLOW HUMAN CONTACT WITH WATER
DRAWBACKS: SUSCEPTIBLE TO FREEZING, POTENTIAL ODORS AND MOSQUITOS
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Free water surface wetlands are similar in form and appearance to natural wetlands, creatING an environment suitable for emergent, submergent, or floating plant species and anaerobic conditions for microorganisms. Free water surface wetlands are rarely used to treat effluent directly from septic tanks due to the potential for direct contact between humans and hazardous bacteria. They are commonly used for secondary or tertiary treatment of wastewater. 


HORIZONTAL SUBSURFACE FLOW

WATER FLOWS HORIZONTALLY THROUGH THE SUBSTRATE

FIRST USED IN GERMANY IN 1974

NOW USED IN TENS OF THOUSANDS OF EUROPEAN COMMUNITIES
BENEFITS: LACK OF ODORS, MOSQUITOS, AND MINIMAL RISK OF HUMAN
CONTACT

DRAWBACKS: DESIGN AND MATERIAL SPECS CRITICAL TO PREVENT
CLOGGING OF SUBSTRATE/FILTER MEDIA

SOMEWHAT PREFERENTIAL TO ANAEROBIC (DENITRIFYING) CONDITIONS

PHOTOS & MODEL: GARY AUSTIN, LICENSE: CC-BY-SA-4.0.



VERTICAL SUBSURFACE FLOW

PHOTO & MODEL: GARY AUSTIN, LICENSE: CC-BY-SA-4.0.

WATER IS DISTRIBUTED BELOW SURFACE AND FLOWS VERTICALLY THROUGH THE SUBSTRATE

BENEFITS: REQUIRE LESS AREA THAN FWS WETLANDS, LACK OF ODORS, MOSQUITOS, AND MINIMAL RISK OF HUMAN
CONTACT

FRENCH REED BED DESIGN DOES NOT REQUIRE PRETREATMENT

SOMEWHAT PREFERENTIAL TO AEROBIC (NITRIFYING) CONDITIONS



VERTICAL SUBSURFACE FLOW

* RECEIVES RAW WASTEWATER

e  MINIMAL PRETREATMENT FOR GRIT/OIL REMOVAL

* NO NEED FOR SEPTIC OR IMHOFF TANKS

* SLUDGE REMOVAL FROM 15T STAGE BEDS EVERY
10+ YRS

* BENEFITS: REDUCED COST RELATED TO
PRETREATMENT /SLUDGE HANDLING OVER OTHER
SYSTEMS

* DRAWBACKS: POTENTIAL PERMITTING CHALLENGES
RELATED TO VECTORING PATHOGENS FROM
SURFACE SLUDGE

MODEL: GARY AUSTIN, LICENSE: CC-BY-SA-4.0.

TOMPKINS, 2017.
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1ST STAGE
2ND STAGE
Subsequent stages vary depending upon the level of treatment desired and may include free water surface wetlands, chlorination, or other tertiary treatment methods. Over 4000 French reed bed systems are in operation in France, the oldest of which is almost 30 years. The design has even been used to treat wastewater for a population equivalent of 20,000 people in the city of Orhei, Moldova 


CRITICAL COMPONENTS

AERATION, HYDRAULIC
LOADING, & HYDRAULIC
RETENTION

e CAN BE MANIPULATED TO CONTROL
AEROBIC AND ANAEROBIC
CONDITIONS TO PROMOTE
AMMONIFICATION, NITRIFICATION,
AND DENITRIFICATION

e EXAMPLES: DROP AERATION,

FORCED AERATION, TIDAL (FILL &
DRAIN) FLOW REGIMES, ETC.

TOMPKINS, 2017.
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Aeration is commonly used in the secondary treatment of wastewater in traditional wastewater treatment plants. It is important to the removal and aerobic digestion of organic matter by microorganisms. These beneficial bacteria utilize oxygen to digest organic matter found in wastewater. 
This process results in the reduction of organic matter (biodegradation) and the transformation of organic nitrogen into ammonia (ammonification), then nitrite, and nitrate (nitrification) and finally nitrogen gas (denitrification). Denitrification is conducted by anaerobic bacteria which convert nitrate to nitrogen gas. 
HYDRAULIC LOADING IS THE Flow rate and depth of water through the constructed wetland . IT affects efficiency of contaminant removal by increasing or decreasing the contact time with media. It also determines the type of plant materials used. 
HYDRAULIC RETENTION TIME IS THE LENGTH OF TIME WATER IS RETAINED IN THE SYSTEM. Studies show that nutrient removal is higher using a longer (8 hour) HRT 
Removal of particular pollutants are associated with groups of aerobic and anaerobic microbes. Aerobic zones increase the overall rate of nitrification while anaerobic zones facilitate denitrification and the reduction of sulphate 


CRITICAL COMPONENTS

PLANTS

* PROVIDE THERMAL PROTECTION
AGAINST ICE
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PLANTS - The presence of plants distinguishes constructed wetlands from unplanted soil filters or lagoons.
STUDIES SHOW THAT multi-culture plant species help pollutant reduction and effectively treat wastewater, as do 
The most frequently used plant is Phragmites australis. Species of the genera Typha (latifolia, angustifolia, domingensis, orientalis and glauca) and Scirpus (lacustris, validus, californicus and acutus) spp. are also commonly used (BULRUSH OR SEDGE), Lolium perenne (ryegrass), Carex aquatilis (water sedge).
SUBSTRATE - Substrate, or filter media, selection is critical to establishing the wetland and sustaining performance. It provides the growing medium to support plant materials and microbial life and provides surface area for colonization by bacterial biofilms while still allowing water to flood through. 
Substrates vary in hydraulic permeability and pollutant-adsorbing capacity. Mixed substrates have reactive surfaces for microbial attachments and high hydraulic conductivity which allows water to move easily through pore spaces. 
Phosphorous can be removed from wastewater through the use of selected substrates or filter media containing calcium, iron, or aluminum and may include materials such as oyster shell, wollastonite, steel slag, or bauxite (Stefanakis, 2014). 


CRITICAL COMPONENTS

SUBSTRATE

* PROVIDES GROWING MEDIUM FOR
PLANT MATERIALS AND MICROBIAL
LIFE
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PLANTS - The presence of plants distinguishes constructed wetlands from unplanted soil filters or lagoons.
STUDIES SHOW THAT multi-culture plant species help pollutant reduction and effectively treat wastewater, as do 
The most frequently used plant is Phragmites australis. Species of the genera Typha (latifolia, angustifolia, domingensis, orientalis and glauca) and Scirpus (lacustris, validus, californicus and acutus) spp. are also commonly used (BULRUSH OR SEDGE), Lolium perenne (ryegrass), Carex aquatilis (water sedge).
SUBSTRATE - Substrate, or filter media, selection is critical to establishing the wetland and sustaining performance. It provides the growing medium to support plant materials and microbial life and provides surface area for colonization by bacterial biofilms while still allowing water to flood through. 
Substrates vary in hydraulic permeability and pollutant-adsorbing capacity. Mixed substrates have reactive surfaces for microbial attachments and high hydraulic conductivity which allows water to move easily through pore spaces. 
Phosphorous can be removed from wastewater through the use of selected substrates or filter media containing calcium, iron, or aluminum and may include materials such as oyster shell, wollastonite, steel slag, or bauxite (Stefanakis, 2014). 


CRITICAL COMPONENTS

TEMPERATURE

e COLD TEMPERATURES SLOW
MICROBIAL
PROCESSES /NITRIFICATION AND
DENITRIFICATION, BUT CAN STILL
PROVIDE EFFECTIVE TREATMENT.

e COLD TEMPS DON'T EFFECT
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A number of processes are slowed as a result of cold temperature: microbial activities (nitrification/organic matter removal, denitrification), plant metabolism rate, chemical precipitation, and adsorption. In a two-year study of the effect of cold conditions on 12 French vertical subsurface flow constructed wetlands, no impact of cold temperature was observed on TSS, BOD5, or COD removal. Because a high HLR or organic loading rate might affect performance during cold temperatures, cold season operational strategy should include low level loading, but not so low that it results in incomplete denitrification.
BULLET POINTS


CASE STUDY #1
PRINSBURG, MINNESOTA

POPULATION 497

COST $1,281,800 (2004)

+ $30,000/YR CONTRACTED
MONITORING, M & O
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CHALLENGES: SHALLOW DEPTH TO GROUNDWATER & POORLY DRAINED, IMPERMEABLE SOILS
PVC LINER USED TO PREVENT SEEPAGE TO GROUNDWATER SUPPLY
RODENTS DISCOURAGED TO DISCOURAGE DAMAGE TO LINER AND PIPING BY BURROWING
ABUNDANT WILDLIFE – DEER, BIRDS, REPTILES
MINNESOTA WELL-PREPARED TO PERMIT CW, ALREADY PERMITTED 24 TO-DATE


SIZED TO TREAT 54,000
GPD

GRAVITY CITY SEWER
LINES

PRETREATMENT - (4)
20,000 SEPTIC TANKS
EVEN DISTRIBUTION TO (4)
HORIZONTAL SSF
WETLANDS WITH FORCED
BED AERATION

TOTAL SIZE = 1.57 ACRES
(2) 15,000 G DOSING
TANKS FEED (2) VERTICAL
SSF SAND FILTERS FOR
SECONDARY TREATMENT
CHLORINATION/
DECHLORINATION PRIOR
TO DISCHARGE TO
SURFACE WATER

CITY OF PRINSBURG, 2015

CASE STUDY #1
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CHALLENGES: SHALLOW DEPTH TO GROUNDWATER & POORLY DRAINED, IMPERMEABLE SOILS
PVC LINER USED TO PREVENT SEEPAGE TO GROUNDWATER SUPPLY
RODENTS DISCOURAGED TO DISCOURAGE DAMAGE TO LINER AND PIPING BY BURROWING
ABUNDANT WILDLIFE – DEER, BIRDS, REPTILES
MINNESOTA WELL-PREPARED TO PERMIT CW, ALREADY PERMITTED 24 TO-DATE


CASE STUDY #2
MINOT, NORTH DAKOTA
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ONE OF THE LARGEST COLD CLIMATE CONSTRUCTED WETLANDS TREATING WASTEWATER
WASTEWATER STORED DURING COLD SEASON TO COMPENSATE FOR DECLINE IN TREATMENT EFFICIENCY
PRIMARY CHALLENGE IS REMOVAL OF AMMONIA IN AERATED LAGOONS – EFLLUENT RETAINED THERE LONGER IN WARM SEASON FOR THAT PURPOSE, THEN DOESN’T SPEND ENOUGH TIME IN WETLAND TO MAXIMIZE EFFICIENCY OF WETLAND DURING WARM SEASON. SYSTEM IS LIMITED AT THE FRONT END BECAUSE WETLANDS NOT USED AT CAPACITY AT THE MOST EFFECTIVE TIME OF YEAR.



CITY OF MINOT, 2019.

CASE STUDY #2

TREATS 7.5 MILLION GPD

PERMITTED AS LAGOON FACILITY WITH
WASTEWATER STABILIZATION PONDS (I.E. FWS
WETLANDS)

PRIMARY TREATMENT = (2) 8-ACRE AERATION
BASINS

FOLLOWED BY (5) 140-ACRE LAGOON CELLS
SECONDARY TREATMENT = (4) FWS WETLANDS
OCCUPYING 160 ACRES

WETLAND DEPTH & VEGETATION SPECIFIED TO
FACILITATE REMOVAL OF BOD, TSS,
NITRIFICATION, DENITRIFICATION, AND
NUTRIENT REMOVAL

FINAL TREATMENT = 2.5 MILE DRAINAGE WAY
DISCHARGING TO SURFACE WATER MAY-
DECEMBER
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ONE OF THE LARGEST COLD CLIMATE CONSTRUCTED WETLANDS TREATING WASTEWATER
WASTEWATER STORED DURING COLD SEASON TO COMPENSATE FOR DECLINE IN TREATMENT EFFICIENCY
PRIMARY CHALLENGE IS REMOVAL OF AMMONIA IN AERATED LAGOONS – EFLLUENT RETAINED THERE LONGER IN WARM SEASON FOR THAT PURPOSE, THEN DOESN’T SPEND ENOUGH TIME IN WETLAND TO MAXIMIZE EFFICIENCY OF WETLAND DURING WARM SEASON. SYSTEM IS LIMITED AT THE FRONT END BECAUSE WETLANDS NOT USED AT CAPACITY AT THE MOST EFFECTIVE TIME OF YEAR.



CASE STUDY #3
BOSTON MILLS HISTORIC DISTRICT

CUYAHOGA VALLEY
NATIONAL PARK,
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FEASIBILITY STUDY COMPARED IT TO SSF DRIP IRRIGATION & CW WAS CHEAPER
USES SOLAR POWER, WATER CONSERVATION, LOW MAINTENANCE AND COST, ZERO DICHARGE


CASE STUDY #3

BOSTON MILLS HISTORIC DISTRICT

URS, 2010.

PROVIDES TREATMENT TO 6 STRUCTURES
INCLUDING VISITORS CENTER, PUBLIC
RESTROOMS, & OFFICES

DESIGN CAPACITY 4999 GPD

PRIMARY TREATMENT = SEPTIC TANK
SECONDARY TREATMENT = SSF WETLAND TO
REMOVE BOD AND SMALL SUSPENDED SOLIDS
THROUGH AEROBIC & ANAEROBIC PROCESSES
FINAL TREATMENT = FWS WETLAND FOR
INFILTRATION & EVAPORATION

BENEFITS: NO DISCHARGE PERMIT REQUIRED,
MAINTAINS NATURAL AESTHETICS IN NATIONAL
PARK W /HIGH VISIBILITY FROM HIGHWAYS
CHALLENGE: AVOIDING 100-YR FLOODPLAIN



—— SEPTIC

CONSTRUCTED WETLAND SYSTEM SCHEMATIC

WAL uH Wl
”FJ'*W(H\H;F f{ *Hr *mr H)” ! ; 1!’#

.||’|'I'r

SURFACE FLOW WETLAND ‘

TAMK

FPRIMARY
TREATMENT

SUBSURFACE

FLOW WETLAND TERTIARY TREATMENT/
SECONDARY INFILTRATION /EVAPOTRANSPIRATION
TREATMENT

BOSTON MILLS HISTORIC DISTRICT

Flgure 5-1

Sanltary Sewer System
Feaslblllty Study




PERMITTING WASTEWATER TREATMENT FACILITIES

AN IDAHO EXAMPLE

PLANNING
FACILITY PLAN - DEVELOPED BY LICENSED ENGINEER
MASTER PLANNING DOCUMENT /ENGINEERING REPORT
COMPREHENSIVE ASSESSMENT OF OPERATIONAL NEEDS & SYSTEM REQUIREMENTS
REQUIRED TO BE ELIBIGLE FOR STATE GRANT/LOAN FUNDING
REVIEW & APPROVAL BY DEPARTMENT OF ENVIRONMENTAL QUALITY

ENGINEERING
PRELIMINARY ENGINEERING REPORT
COMPLETED BY COMMUNITY’S ENGINEER
INCLUDES PLANS AND SPECS FOR PROPOSED TREATMENT SYSTEM
REVIEW & APPROVAL BY DEPARTMENT OF ENVIRONMENTAL QUALITY

PERMITTING
COMMUNITY REQUESTS MODIFICATION OF AN EXISTING DISPOSAL PERMIT, OR...
APPLY FOR A NEW PERMIT
MAY BE A DISCHARGE AND/OR REUSE PERMIT
APPROVAL REQUIRED PRIOR TO IMPLEMENTATION OF SYSTEM
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TECHNICALLY, THEREA RE NO REGULATORY INCENTIVES FOR CW, BUT…
 REALITY OF 5 BENEFICIAL USES OF WATER & LOWER WATER TEMPERATURES ARE RECOGNIZED BY PERMITTING AGENCIES LIKE DEQ


WATER QUALITY STANDARDS

FEDERAL SECONDARY TREATMENT
STANDARDS (40 40 CFR 133.102 CFR
133.102) UNDER THE CLEAN WATER
ACT

2018 NPDES PERMIT LIMITATIONS AND
MONITORING REQUIREMENTS FOR
JULIAETTA, IDAHO

(EXCLUDING WATER TEMPERATURE
WHICH IS LISTED SEPARATELY)



IDAHO ADMINISTRATIVE
CODE (IDAPA 58.01.02.100)
DEFINES 5 BENEFICIAL USES
OF WATER

* SUPPORT AQUATIC LIFE

* PROVIDE RECREATION AREA

* MAINTAIN A SUSTAINABLE
WATER SUPPLY

* PROVIDE WILDLIFE HABITAT
* IMPROVE AESTHETICS

5 BENEFICIAL USES OF WATER
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EFFECTIVELY COMMUNICATING THESE BENEFITS TO COMMUNITIES AND REGULATORY AGENCIES IS NECESSARY IN ORDER TO MEET PROJECT GOALS



5 BENEFICIAL USES OF WATER

* DO NOT QUALIFY AS
“BENEFICIAL USES” WHILE
WATER IS HELD IN A
PRIVATE TREATMENT
SYSTEM

e BUT BENEFITS ARE
ACKNOWLEDGED BY
REGULATORY AGENCIES

* RECEIVING WATERS ARE
POSITIVELY IMPACTED

OPEN SOURCE IMAGES, 2019.
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NEED TO COMMUNICATE THESE BENEFITS TO COMMUNITIES AND REGULATORY AGENCIES


UNLIKE MECHANICAL
TREATMENT SYSTEMS

9
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NEED TO COMMUNICATE THESE BENEFITS TO COMMUNITIES AND REGULATORY AGENCIES


PERMITTING CHALLENGES

NO CONSTRUCTED WETLANDS FOR WASTEWATER TREATMENT IN IDAHO,
CREATING UNCERTAINTY IN PERMITTING

METHOD OF TREATMENT IS INCLUDED IN THE FACILITY PLAN AT THE
DISCRETION OF THE CONTRACT ENGINEER OR AT THE COMMUNITY’S
REQUEST

TECHNICALLY (BY THE BOOK) THERE ARE NO INCENTIVES FOR
CONSTRUCTED WETLANDS, ONLY FOR EFFECTIVE TREATMENT METHODS,
HOWEVER...

THE REALITY THAT WETLANDS PROVIDE THE 5 BENEFICIAL USES OF WATER
IS RECOGNIZED BY REGULATORY AGENCIES

THEIR ABILITY TO LOWER WATER TEMPERATURE IS NOT WELL-KNOWN

THEIR LOW-COST COMPARED TO TRADITIONAL METHODS IS NOT WELL-
KNOWN



FUNDING CONSTRUCTED WETLANDS

TOTAL COSTS INCLUDE:

« CONSTRUCTION & INSTALLATION LOW MAINTENANCE
e MATERIALS CAN TRANSLATE TO
" LABOR & SITEWORK LARGE SAVINGS OVER
. OPERATIONS, MAINTENANCE, MONITORING THE LIFETIME OF A
SYSTEM

 DEPRECIATION OVER LIFETIME OF SYSTEM

* SIZE & COMPLEXITY

OPEN SOURCE IMAGES, 2019.



FUNDING CONSTRUCTED WETLANDS

EXAMPLE:

COST FOR A FRENCH REED BED SYSTEM IN ITALY (2014-2016) WAS
STUDIED FOR A 500-1000 POPULATION EQUIVALENT (SIMILAR IN SIZE
TO JULIAETTA)

NEW CONSTRUCTION WAS 364 EUROS ($417 US) PER PE

= $417,000 US FOR A SYSTEM WITH 1000 PE TREATMENT CAPACITY
AVERAGE ANNUAL O & M COST OF 5531 EUROS/YEAR ($6340 US)
FOR ENERGY & LABOR (REED HARVESTING, INSPECTIONS, &
MONITORING)

PRIMARY O & M COST OF FRENCH REED BEDS IS COMPARATIVELY LESS

THAN OTHER WETLAND SYSTEMS DUE TO REDUCED SLUDGE
MANAGEMENT NEEDS

OPEN SOURCE IMAGES, 2019.



FUNDING PROGRAMS

FOR WASTEWATER SYSTEMS



Presenter
Presentation Notes
SOME SOURCES CAN BE LEVERAGED TOGETHER (EX. JULIAETTA $30K COMMUNITY MATCH CAME FROM USDA & IDEQ)
HIGHLY COMPETITIVE – COMMUNITY SHOWS DEMONSTRATES COMMITMENT BY PROVIDING ITS OWN MATCHING $ MAY RECEIVE HIGHER PRIORITY RANKING


GENERAL CHALLENGES

 PUBLIC ACCEPTANCE — THEY CAN'T SUPPORT WHAT THEY
DON'T KNOW

* ENGINEERING — THEY CAN’T DESIGN WHAT WON'T GET
PERMITTED BY DEQ

* PERMITTING — THEY CAN'T PERMIT WHAT ISN'T
ENGINEERED BEYOND ALL DOUBT THAT THE PUBLIC
HEALTH, SAFETY, AND WELFARE ISN'T AT RISK



CASE STUDY:
JULIAETTA, IDAHO
IN THE
POTLATCH RIVER WATERSHED



* 380,400 ACRES

* LAND USES
* FORESTRY
* LIVESTOCK
* AGRICULTURE
* RURAL RESIDENTIAL
e COMMERCIAL
* INDUSTRIAL
* UNDEVELOPED

* POLLUTANTS
* BACTERIA
* DISSOLVED OXYGEN
* AMMONIA
* NUTRIENTS
* OIL & GREASE
* ORGANICS
* PESTICIDES
e SEDIMENT
* TEMPERATURE

e SALMON SPAWNING
HABITAT TOMPKINS, 2019.
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MOST PRECIPITATION OCCURS FROM FALL TO SPRING, results in high peak flows of the Potlatch River in early spring and extremely low flows in late summer 


JULIAETTA, IDAHO
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JULIAETTA, IDAHO

CENTRALIZED WWT COMPLETED e LOCATION DOWNSTREAM

1977 OF CITY CENTER

STILL USES MOST OF ORIGINAL * TREATED EFFLUENT

EQUIPMENT DISCHARGED TO WETLAND
BASIN NEAR POTLATCH

590 CONNECTIONS RIVER

OPERATED & MAINTAINED BY 2 * 2018 DISCHARGE PERMIT

OPERATORS IN TRAINING CONTAINS WATER

TEMPERATURE STANDARDS
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Replacement parts for a system this age are becoming more difficult to obtain and based upon current performance levels it is unlikely that it will be able to meet future discharge permit requirements 


EXISTING
WASTEWATER
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Juliaetta’s wastewater treatment system is located at the southern (downstream) end of town and discharges treated effluent to a wetland basin adjacent to the Potlatch River as shown 
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The wastewater facility is designed to treat 303 m3 d-1 (80,000 gallons per day) of wastewater. Wastewater gravity flows to the treatment facility, where a lift station pumps it through a grit removal chamber to a grinder pump. It then flows to a mechanical aeration tank, followed by a clarifier. Sludge is piped from the bottom of the clarifier into one of four sludge drying beds, from which dried sludge is removed and temporarily stockpiled on site until it is removed and composted at an off-site facility. The clarified effluent flows through a rotating microscreen for the removal of fine solids, after which it is chlorinated to remove pathogens and dechlorinated prior to discharge into an area adjacent to the Potlatch River 
Drying beds operate at capacity during winter months and influent screening is insufficient, increasing wear on downstream processes and equipment 
EPA has determined that Juliaetta cannot meet water temperature limits (<21.3°C) based on the updated 2018 Draft TMDL and has proposed a 13-year compliance schedule in the 2018 NPDES permit. Effluent temperature standards pose a significant challenge during summer months, when low flows of the Potlatch River can drop below 0.057 m3 s-1 (2 cubic feet per second). 


\ PROJECT VICINITY

PAVED REC PATH (OLD RAILROAD BED)

CENTENNIAL PARK — CITY PARK WITH BASEBALL & SOFTBALL
FIELDS, PARKING, AND COVERED PICNIC AREA

A

CITY PROPERTY & GRAVEL PARKING /STORAGE AREA

A

VOLUNTEER FIRE STATION

EXISTING WASTEWATER TREATMENT FACILITY

100-YEAR FLOODPLAIN

LATAH COUNTY ASSESSORS OFFICE, 2018.



FLOODPLAIN ANALYSIS

$a=m 1970’S DATA
VS.

2016 LIDAR DATA mmmm)

TOMPKINS, 2019.

* FEMA FIRM MAPS NOT HELPFUL IN DETERMINING FLOODPLAIN

* FIRM FLOOD ELEVATION (1038) USED WITH CURRENT ELEVATION
DATA TO INTERPOLATE 100-YEAR FLOODPLAIN

* SOILS = AQUIC XEROFLUVENTS

* SHALLOW DEPTH (18-24") TO WATER TABLE

e FROST DEPTH = 24”

TOMPKINS, 2019.



HILLSIDES DOWNRIVER NOW
FLOURISHING WITH
VINEYARDS

POTENTIAL FUTURE REUSE FOR
IRRIGATION

ADVANTAGE OF PLANT
AVAILABLE NITROGEN

REDUCE SURFACE WATER
DEMAND FOR IRRIGATION

LEWIS-CLARK VALLEY
AMERICAN VITICULTURAL AREA



 PAVED REC PATH (ABANDONED
RAILROAD BED) STOPS @ PARK
* PATH CONNECTS TO WWT SITE
e COULD EXTEND RECREATIONAL USE
SOUTH BY PAVING PATH
* PARK IS LOCATED UPHILL FROM
WWT FACILITY
 POTENTIAL REUSE TO IRRIGATE BALL
FIELDS, BUT $$$ TO PUMP UPHILL
* IRRIGATION/REUSE BENEFITS
+ PLANT AVAILABLE NITROGEN
+ REDUCES SURFACE WATER
DEMANDS

TOMPKINS, 2019.

TOMPKINS, 2019.



* JULIAETTA VOLUNTEER FIRE
STATION IS LOCATED
ADJACENT TO WWT
FACILITY

* PRESENTS AN




ADJACENT
PROPERTY

OUTFALL AND INFILTRATION
CHANNEL MAY NOT BE OWNED BY
JULIAETTA

SURVEY NECESSARY TO LOCATE
PROPERTY CORNERS

5.6 ADJACENT ACRES
$300-$1000/ACRE

$1680-$5600 TOTAL ASSESSED
VALUE

OPPORTUNITY FOR MUTUALLY
BENEFICIAL LAND ACQUISITION

LATAH COUNTY ASSESSORS OFFICE, 2019.



DESIGN CONCLUSIONS

e CONSTRUCTED WETLANDS CAN EFFECTIVELY TREAT
WASTEWATER IN ALL CLIMATES AND THE FRENCH REED BED
IS THE MOST COST EFFICIENT SYSTEM DUE TO REDUCED
SLUDGE MANAGEMENT

* VERTICAL AND HORIZONTAL SSF WETLANDS CAN ALSO BE
USED TOGETHER TO OVERCOME SITE CONSTRAINTS

* CRITICAL ELEMENTS MUST BE SPECIFIED TO MAXIMIZE
TREATMENT EFFICIENCY

* SOME REGULATORY AGENCIES ARE IDEALLY POSITIONED
TO INCENTIVIZE TREATMENT WETLANDS BECAUSE THEY
ARE ALSO A FUNDING SOURCE (LIKE IDAHO DEQ)

TOMPKINS, 2019.



DESIGN CONCLUSIONS

* CONSTRUCTED WETLANDS ARE CHEAPER THAN
TRADITIONAL SYSTEMS AND MULTIPLE FUNDING
SOURCES CAN BE LEVERAGED TOGETHER

« PERMITTING REQUIRES GOOD COMMUNICATION
BETWEEN ENGINEER, COMMUNITY, AND
REGULATORY AGENCIES

* REQUIRES A DESIGN TEAM WILLING TO
CONSIDER THIS “NEW” TECHNOLOGY

* ADDITIONAL RESEARCH SHOULD
INVESTIGATE THE USE OF NATIVE PLANTS AS
AN ALTERNATIVE TO INVASIVE AND NON-
NATIVE SPECIES






FINAL DESIGN

FRENCH REED BED METHOD IS THE MOST COST-EFFECTIVE
TREATMENT SYSTEM

FENCING REQUIRED TO PREVENT DIRECT CONTACT
RECREATION IN REED BEDS

CAN BE INCORPORATED INTO A LANDSCAPE WITH
RECREATIONAL PATHS, BENCHES, AND WILDLIFE HABITAT

SUFFICIENT GRAVEL AREAS FOR NEW CONSTRUCTION
ABOVE FLOOD ELEVATION ELIMINATES NEED FOR
ADDITIONAL SITE DISTURBANCE

ONCE OPERATIONAL, EXISTING SYSTEM CAN BE
DECOMMISSIONED TO PROVIDE AREA WATER STORAGE,
RECIRCULATION, AND/OR REUSE

RECREATIONAL PATH PROVIDES RIVER ACCESS AND
CONNECTS TO CENTENNIAL PARK


Presenter
Presentation Notes
As a vertical subsurface flow system, it also requires less area per capita (2 m2/person) than horizontal or free water surface systems. French reed beds can further reduce construction and maintenance costs by reducing sludge management over the lifetime of the system, requiring removal of accumulated sludge every 10 years or more. 


FINAL DESIGN

STORAGE INCREASES FLEXIBILITY FOR FUTURE
USES: IRRIGATION OF CITY PARK OR
VINEYARDS, FIRE STATION USE

STRATEGICALLY LOCATED DECIDUOUS TREES
PROVIDE SUMMER SHADE TO COOL EFFLUENT

NATIVE VEGETATION PROVIDE WILDLIFE HABITAT:
COVER AND FOOD SOURCES

GRAVITY FLOW USED TO MINIMIZE ENERGY NEEDS
INFILTRATION BASINS FACILITATE PERMITTING AS A

REUSE FACILITY, PROVIDE STREAMBANK RECHARGE,
AND FURTHER COOL WATER TEMPERATURE



SELECT REFERENCES & RESOURCES

CONSTRUCTED WETLANDS AND SUSTAINABLE SMALL-SCALE CONSTRUCTED WETLAND

DEVELOPMENT — AUSTIN & YU (2016) TREATMENT SYSTEMS FEASIBILITY, DESIGN
CRITERIA, AND O&M REQUIREMENTS — WATER

CONSTRUCTED WETLANDS TECHNOLOGY ENVIRONMENT RESEARCH FOUNDATION (2006)

ASSESSMENT AND DESIGN GUIDANCE - IOWA

DEP. OF NATURAL RESOURCES (2007) TREATMENT WETLANDS — KADLEC & WALLACE

(2NP EDITION, 2009)
RECIRCULATING MEDIA FILTER TECHNOLOGY

ASSESSMENT AND DESIGN GUIDANCE — IOWA WASTEWATER ENGINEERING TREATMENT AND
DEP. OF NATURAL RESOURCES (2007) REUSE — METCALF & EDDY (5™ EDITION, 2013)
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Presenter
Presentation Notes
QUESTIONS
CONTACT INFO
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