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THE WENATCHEE RIVER flows off the east slope of  
the Cascade Mountains, conveying melt water from  
high snowfields and glaciers to the Columbia River. 
Cascading waterfalls, for which the surrounding moun-
tains are named, fall off the rugged slopes  
as the river flows east out of the mountains. 
Meandering through the upper Wenatchee Valley, the 
river passes through the cities of Leavenworth, 
Peshastin, and Cashmere prior to joining the Columbia 
River at the City of Wenatchee, in the dry shrub-steppe 
terrain of north Central Washington. 

The Wenatchee River is a prominent recreational 
feature that draws thousands of tourists each year  
to enjoy whitewater rafting, kayaking, fishing, and the 
general beauty of the river. The Wenatchee River pro-
vides water to irrigators on some of the most  
productive pear and apple cropland in the country. 
The Leavenworth National Fish Hatchery raises and 
releases salmon and steelhead along Icicle Creek, 
which converges with the Wenatchee River near 
Leavenworth.

INEVITABLE IMPROVEMENTS EXPEDITED  
BY FISH CONCERNS
In 2009, a Total Maximum Daily Load (TMDL) was 
issued by the Washington State Department of 
Ecology to address poor dissolved oxygen (D.O.) and 
pH levels in the Wenatchee River. Maintaining water 
quality is especially imperative as the river supports 
three populations of threatened or endangered fish 
species. As phosphorus is the limiting nutrient in the 
Wenatchee River, the TMDL recommended stringent 
effluent phosphorus requirements for the point 
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sources of phosphorus discharge along the Wenatchee 
River, including the Leavenworth National Fish 
Hatchery. The Cities of Leavenworth and Cashmere, as 
well as the Community of Peshastin, discharge treated 
effluent from their respective Wastewater Treatment 
Facilities (WWTFs) to the river. The TMDL report calls 
for significant upgrades to each WWTF in order to 
achieve compliance with the effluent phosphorus 
limitations by March of 2020.

SMALL CITY, BIG CHANGES TO  
WASTEWATER TREATMENT
With a population of less than 4,000 people, the City  
of Cashmere (City) lies along the Wenatchee River 
roughly 8 miles upstream of the convergence with the 
Columbia. Wastewater from the City had historically 
been treated by a facultative lagoon system prior to 
discharge to the Wenatchee River. The un-lined 
lagoons were constructed in the early 1960s. When the 
TMDL was issued, the facility’s existing un-lined treat-
ment lagoons were discharging over 30 pounds  
of total inorganic phosphorus (TP) to the river each 
day. Furthermore, the City’s population is projected to 
grow to around 5,000 by 2030, which would also 
require a higher capacity, and thus redesigned, treat-
ment facility. To meet these requirements, a new 
WWTF was required to replace the aging lagoons.  

SUSTAINABLE TREATMENT ALTERNATIVES TO 
MEET STRINGENT EFFLUENT LIMITS
The TMDL recommended a TP concentration of 0.09 
milligrams per liter (mg/L) at the design flow rate for 
each point source discharging to the Wenatchee River. 
For the City, this equated to a daily mass loading  
discharge of 1.41 pounds per day (lbs/day) TP at the 
design flow of 1.88 million gallons per day (MGD). The 
City currently discharges an average of 0.4 MGD to the 
river. Figure 1 demonstrates the relationship between 
effluent TP concentration and effluent flow rate rela-
tive to the mass loading requirement of 1.41 lbs/day TP. 

The City worked with RH2 Engineering to prepare a 
facility plan for the WWTF upgrade. During planning, 
the City and RH2 reviewed the treatment options that 
were likely to meet the TP limit and determined some 
form of biological treatment would be required. Either 
enhanced biological phosphorus removal (EBPR) or a 
conventional biological treatment system with an 
additional chemical phosphorus removal treatment 
step would be necessary to remove phosphorus.  
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(Above) Figure 1. Total 
Phosphorus concentrations 
at increasing flow rates in 
relation to the Wenatchee 
River TMDL

EBPR can be accomplished by incorporating some 
specific design elements into a conventional biological 
treatment system. EBPR promotes the growth of phos-
phorus accumulating organisms (PAOs) in the 
activated sludge biomass of the WWTF, which removes 
phosphorus from the waste stream. The sludge  
produced by a WWTF with EBPR is high in phosphorus, 
which can be beneficially reused via land application 
for agricultural purposes. 

Chemical treatment for removal of phosphorus is 
generally an additional mechanical process that can be 
added downstream of a normal biological treatment 
system. Dosing a metal salt, such as ferric chloride 
(FeCl3), to the effluent binds available phosphorus and 
creates particles that can be removed through filtra-
tion. If the bulk of the phosphorus is not removed by 
EBPR, chemical usage would be exponentially 
increased to reach the ultra-low phosphorus limits 
required by the TMDL.

During planning, City officials prioritized finding  
the most sustainable and cost-effective approach to 
meeting the phosphorus limit which necessitated 
reducing the WWTF’s chemical usage. Chemical 
removal of phosphorus is environmentally costly, as 
typically an aluminum- or iron-based metal salt is  
continually added to effluent to remove phosphorus. 
City officials decided to pursue a WWTF design that 
maximized phosphorus removal by EBPR. The City 
received a timely United States Department of 
Agriculture Rural Development grant and loan pack-
age for the design and construction of the new WWTF 
and retained RH2 Engineering to complete the design.

(Left) Figure 2. An overview 
of the treatment process of 
the new facility

Continued on next page

"The sludge produced by a 
WWTF with EBPR is high in 
phosphorus, which can be 
beneficially reused via 
land application for 
agricultural purposes."
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A DESIGN TO MEET MULTIPLE AIMS
In addition to maximizing EBPR, other design objec-
tives for the new treatment system were to attenuate 
stormflows, provide capacity for future growth, ensure 
reliability for operators, and address high-strength 
industrial wastewater inputs from apple processing 
facilities. The new WWTF was designed to be built 
within the footprint of one of the three existing 
lagoons.

A modified version of the Bardenpho process 
employing anaerobic, anoxic, and aerobic stages was 
selected to be built on top of the existing middle 
lagoon. The new facility included headworks with 
6-millimeter fine screening and grit removal, two 
40-foot circular clarifiers, open channel ultraviolet 
disinfection, a dissolved air flotation (DAF) thickening 
unit, an aerobic digester, and a belt filter press. 

Within two years of receiving the USDA funding, 
local and state permits were obtained, designs were 
complete, and construction began in July of 2012. The 
construction process faced extreme wildfire smoke 
and two winter seasons of freezing temperatures that 
required mechanically heating the ground to perform 
subgrade work. The new WWTF also had to be cre-
atively designed to allow operation of the existing 
lagoons until the new plant was operational. Despite 
challenging conditions, construction was completed  
in roughly two years, and the new facility went into 
operation October of 2014, only 5 years after the TMDL 
was issued. 

RH2 Engineering’s director, Rick Ballard, considers 
the facility one of the firm’s most successful and 
rewarding projects as change orders accounted for 
less than 0.5% of the total project cost. The new design 
reduced the size of the facility from approximately  
21 to 4 acres while significantly increasing its capacity.

FACILITY FEATURES
The headworks were sized to accommodate a peak 
hourly flow of 3.46 MGD and include controlled gates 
to two activated sludge basins and a 550,000-gallon 
capacity equalizing basin for attenuating flows over 
2.6 MGD. The Bardenpho EBPR process incorporates 
one anaerobic zone, three anoxic zones, and three 
aerobic zones for EBPR. The third anoxic zone acts as 
a swing zone that can operate as either anoxic or 
aerobic. 

Two secondary clarifiers with energy dissipating 
inlets were designed along with plans for a third clari-
fier to meet future needs. The new facility also features 
an effluent channel with ultraviolet disinfection. 

The solids handling system includes surface wast-
ing from the aeration basins, allowing operators to 
control filamentous bacterial growth by selectively 
wasting organisms with poor settling characteristics. 
This facilitates an optimal sludge volume index (SVI) of 
less than 100 mL/g. The operators typically maintain a 
solids retention time of 9 to 15 days. Waste activated 
sludge (WAS) is thickened to 3% via the DAF equip-
ment prior to aerobic digestion. 

The facility’s two aerobic digesters utilize mixers/
aerators which allow for cyclical aeration to facilitate 
nitrification and denitrification. Digested sludge is 
dewatered via belt filter press and dried on an asphalt 
pad adjacent to the WWTF prior to hauling to land 
application sites. 

TREATING HIGH STRENGTH INDUSTRIAL 
WASTEWATER WHILE ALLOWING ROOM  
FOR GROWTH
During design, the City and RH2 sought a creative 
solution for dealing with the significant portion of 
influent coming from a single industrial discharger.  
A local fruit processing facility can discharge wastewa-
ter with biological oxygen demands (BOD) of greater 
than 10,000 mg/L compared to the normal residential 
wastewater with a strength of 200-300 mg/L BOD. 
However, the carbon available in this high-strength 
wastewater is beneficial to an EBPR process. As such, 
the City and RH2 worked with the fruit processor to 
ensure that the high-strength wastewater is discharged 
evenly to the WWTF by using equalization tanks at the 
processor’s facility. This allowed for a continual carbon 
source to the EBPR process while avoiding a costly 
pre-treatment system for the fruit processer.  

EXEMPLARY PHOSPHORUS REMOVAL  
WITHOUT CHEMICAL USAGE
Since startup in 2014, the WWTF has consistently 
achieved effluent TP below the maximum allowable 

Figure 3. Construction of 
the new facility took place 
within the existing lagoon 
system adjacent to the 
Wenatchee River.

Continued from previous page
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Figure 4. Mean monthly effluent Total Phosphorus daily load at the Cashmere WWTF in relation to the TMDL limit 
of 1.41 lbs/day.

Figure 5. 2017 Monthly mean effluent concentrations of BOD and TSS at the WWTF.

daily discharge of 1.41 lb/d. The WWTF produces efflu-
ent TP concentrations of 0.25 mg/L or less with EBPR 
alone. At the current average flow rate of 0.4 MGD, this 
low TP concentration has allowed the City to avoid 
implementing filtration and chemical addition.

From August 2017 through May 2018, effluent phos-
phorus discharge averaged at 0.84 lb/d and total 
ammonia at 0.56 lb/d. The EBPR process exhibited a 
total phosphorus reduction of 97% during this same 
period. The WWTF’s effluent quality is remarkably high 
with mean total suspended solids (TSS) and BOD both 
approximately 3 mg/L.

COLLABORATION AND ADAPTATION 
During the first couple years of the new WWTF’s oper-
ation, total phosphorus levels spiked unpredictably 
without an obvious cause. The operators suspected 
wastewater from apple processing facilities could be 
responsible, but how phosphorus removal was being 
impaired remained unclear. By coordinating with a 
local apple processor, Crunch Pak, operators at the 
WWTF determined that quaternary ammonium salts 
contained in the processor’s disinfection products 
were disrupting the nitrifying organisms vital to the 
EBPR process. These “quats” are known to cause 
upsets to the nitrification process which in turn causes 
the PAOs to be lost from the activated sludge. Severe 
upsets caused by the discharge of quats to the WWTF 
can require months for full EBPR recovery. The City and 
Crunch Pak implemented an automated system that 
doses a quats-sequestering product into the industrial 
wastewater to effectively prevent system upsets 
shocks. 

WWTF RECOVERY OF PHOSPHORUS  
AS A VALUABLE RESOURCE
East of the Cascade mountain range, dryland farming 
is a common agricultural method for cultivating grains 
such as wheat and barley. The approach relies on the 
soil’s moisture retention rather than irrigation to offset 
dry conditions. In recent years, several western 
Washington wastewater treatment facilities, including 
the City’s, have forged mutually beneficial relation-
ships with dryland farmers as biosolids are an effective 
alternative to traditional fertilization techniques. Many 
eastern Washington dryland farmers had previously 
applied anhydrous ammonia fertilizers to cropland 
which can result in long-term soil compaction and, 
thus, less moisture storage. By contrast, biosolids con-
tribute vital nutrients for plant productivity while also 
increasing water retention, soil structure, and the 
health of the soil’s biological community (i.e. bacteria, 
fungi, invertebrates, etc.). Farmers that use biosolids 
are noticing significantly higher yields from their fields.

Figure 6. Mean monthly effluent concentrations of Total Ammonia and Total Phosphorus at the WWTF during a 
system upset caused by industrial discharge in 2017.Continued on next page
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The City’s WWTF produces a high qual-
ity biosolids product that is rich in 
phosphorus thanks to the EBPR process. 
Had a chemical removal process been 
chosen for the WWTF upgrade, the chemi-
cally bound phosphorus would not be 
readily available for plant uptake when 
applied to fields.

Biochemist and writer, Isaac Asimov 
once advised, “We may be able to substi-
tute nuclear power for coal power, and 
plastics for wood, and yeast for meat, and 
friendliness for isolation, but for phospho-
rus there is neither substitute nor 
replacement.”

Nitrogen, potassium, and phosphorus 
are key elements required by all living 
organisms. Biosolids produced by WWTFs 
contribute these, as well as trace minerals 
such as zinc, manganese, iron, copper, 
calcium, magnesium, and sulfur to aid 
plant growth. Returning recovered nutri-
ents to soils in the form of biosolids that 
would otherwise be removed from the 
ecosystem helps the cycling of finite and 

Figure 7: Dryland farming in eastern 
Washington

W
IK

IM
ED

IA
 CO

M
M

ON
S

critical resources. Utilizing biosolids in agriculture is an 
acknowledgment that we cannot endlessly create 
nutrients required to support the ecosystems that feed 
us and that our “waste” can actually be of great value. 

A CASE FOR EBPR
With the ultimate goal of substantially reducing pollut-
ants necessary to achieve water quality standards, the 
TMDL has prompted significant upgrades to the 
WWTFs that discharge to the Wenatchee River. The 
City’s upgraded WWTF demonstrates the effectiveness 
of EBPR to meet tight limits on effluent phosphorus 
and acts as a model for future wastewater treatment 
improvements at similar facilities. Although reduction 
of non-point sources of phosphorus and future flood-
plain restoration present further opportunities for 
holistically improving water quality in the Wenatchee 
River watershed, rethinking local water treatment has 
already made strides towards meeting the TMDL goals. 
By prioritizing a sustainable phosphorus removal pro-
cess, the City significantly reduced the potential 
chemical and carbon footprint of the new WWTF while 
providing a powerful fertilizer to local farms. 

You can reach Eric at esmith@rh2.com, Tom at tcoleman@rh2.com,  
and Jenny at jmacdonald@rh2.com. 

Continued from previous page

“…for phosphorus, 
there is neither 
substitute nor 
replacement.”

—Isaac Asimov
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