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Executive Summary 
 
The goal for demonstrating the Agrimond innovative wastewater treatment system was to reduce raw 
parlor wastewater nutrient concentrations (TKN) by 75% thus allowing land application of treated 
wastewater without overburdening soil nutrient values.  Nitrogen was considered to be the limiting 
nutrient for this farm; phosphorus was also tracked as a nutrient of interest, although not required by the 
project.  The secondary objective was to ascertain operational costs of the system for purposes of its 
economic feasibility.   
 
Although the project encountered a significant delay brought on by the discovery of the sinkhole, once 
started the project demonstrated that it is capable of meeting the treatment objectives.  During the July – 
September time period a decision was made to more closely monitor the performance of the wastewater 
system.  Farm Pilot and Agrimond shared full time responsibility at the farm during this time. 
 

Nutrient Parameter Change July-Sept. 2006
TKN    88% 
Phosphorus   67% 
BOD    88% 
COD    95% 

 
 
The pilot project was originally proposed to include a capital cost of $450,000.00 and designed for 800 
cows capable of treating 350 gallons per minute.  The assumption for O&M costs was $0.29/head.  
Measurements of the system yielded the following for Watson Dairy:  
 
A monthly cost of $6,931.04 was calculated from polymers, electrical consumption, bacteria additions, 
labor costs (assuming labor rates $25/hour) and tractor rental $1,260.00/month.  When divided by the 
farm capacity of 800 head, a cost of $0.29/head per day is achieved. Without the leasing of a tractor for 
this project, costs would have decreased to $0.24/head per day.  
 
This technology appears to be more suitable at a mid-sized to larger scale farm (i.e. 2,000-4,000 head). 
Agrimond projects the cost of operating a farm five times the size of this demonstration project would 
double the capital requirements but lower the O&M cost to under $0.10/head per day. 
 
The project was funded by Agrimond, L.L.C., Farm Pilot Project Coordination, Inc. and Florida 
Department of Agriculture and Consumer Services. 
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Section 1 - Background 
 
Over the past 5-years most dairies have increased their herds without adding land area.  In some cases the 
land value has grown to a point that some farms have sold land to fund growing their herd.  Ultimately 
this has led to farms applying more and more nutrient concentrations to the same or less land area.  Some 
farms plant crops capable of up-taking some of the nutrients but few farms meet a balance of applied 
nutrients with crop consumption.  This inevitably leads to soils laden with nutrients impacting both 
surface water and groundwater.  In addition to the nutrient impact to surface and groundwater, there is the 
problem of noxious odors emanating from wastewater holding or anaerobic digestion ponds. 
 
The bottom line is there appears to be a lack of appropriate and economically viable treatment 
methodologies to alleviate this nationwide growing concern.  The Agrimond treatment system offers one 
such alternative to alleviate both noxious odors and reduce nutrients. 
 
Most dairy treatment systems consist of a sand trap, manure separator and wastewater holding pond.  
Wastewater from the holding pond is land applied periodically to control fluid holding capacity.  Some 
farms reuse the recovered sand for bedding, while others use the recovered manure solids.  Regardless of 
the use, wastewater treatment by-products are typically reapplied to the producer’s land which creates the 
need for more comprehensive nutrient reduction. 
 
Other technologies tend to offer individual wastewater treatment components but there are limited 
systems on the market that offer a comprehensive approach from start to finish.  There have been a host of 
manure separators, lagoon surface aerators, wastewater holding tanks, manure spreaders, and sand trap 
designs but few commercial vendors offer complete treatment systems to resolve both odor reduction and 
nutrient reduction simultaneously. 
 
Agrimond’s treatment system is applicable to most all livestock applications where animal waste is 
flushed with water from impervious holding platforms.  This would include mainly cattle, and hogs. 
 
The need to reduce nutrient concentration applied to limited farm land is what generally facilitated the 
need to explore alternative technologies.  Most dairies consist of large herds of cows but with diminishing 
acreage with which to apply accumulated by-products.  The demonstration of this technology sought to 
offer one alternative method of treating parlor flush waters to reduce nutrient concentrations thereby 
alleviating the necessity for larger expanses of acreage for land-applying wastewaters. 
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Section 2 - Project Description and Introduction 

 
This pilot project was conducted at Watson Dairy located in Trenton, Florida.  Watson Dairy is an 800-
milking cow dairy.  The cows are pastured except during milking.  The wastewater treatment system was 
designed to collect and treat flush waters from the milking parlor twice daily.  Flush water volume is 
about 15,000 gallons per flush collected at about 11:00 AM and 11:00 PM daily.  Flush water is allowed 
to gravity flow from the milking parlor to the pre-existing sand trap where it overflows a weir and 
subsequently enters the lift station.  From the lift station, the wastewater is pumped for treatment as 
described later in this document. 
 
Project Site Map/Location  
The Agrimond/FPPC – Watson Dairy demonstration project is located in Trenton, Florida and is better 
described below with directions. 
     Figure 1 

    
Directions to find Watson Dairy are: 

Take Hwy 26 (Newberry Rd.) from I-75 
(In Gainesville, Florida), go west until 
you reach Newberry. 
 
Take Hwy 27 North to County Road (CR) 
232 (aka NW 78th Ave), turn left (you will 
notice a small airport sign at this 
intersection with a caution signal light) 
and go West about 4 miles.   
 
 
 
 
 
 

 
 
The objective of the system was to demonstrate the feasibility of treating wastewater for reduction of the 
nutrients (nitrogen or TKN) by at least 75 percent. 
 
The treatment system was designed and installed by Agrimond, L.L.C. in 2003 consisting primarily of the 
following major components: 
 

• Programmable Logic Controller (PLC) to automate system components 
• Lift Station (14’ x 14’ x 14’ deep) 
• Manure Separator 
• Blower and Aeration manifold (installed in the pre-existing anaerobic holding basin) 
• Twin Conical Coagulation Tanks 
• Polymer feed system 
• Sludge dewatering beds (4 each) 
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• In-ground finished water storage basin (abandoned due to sinkhole damage) 
• Above ground finished water storage tank (replaced sink-hole damaged basin) 
• Floating transfer pump (added with the above-ground tank for treated water transfer) 
• Irrigation pump (added with the above-ground tank for irrigation using the floating 

irrigation pump, that was pre-existing, as back-up) 
 
The waste treatment is characterized by the following process flow schematic.  
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Operation of the system generally consisted of quarterly equipment maintenance (grease bearings on 
motors, clean blower filter, adjusting blower belts and adjusting flow valves to improve operation), daily 
cleaning the sand trap, cleaning the bar screen and manure separator, moving manure solids and 
dewatered sludge solids, and weekly general grounds maintenance (mowing and trimming around 
equipment). 
 
The scope of work initially consisted of two phases; design, install, start-up, and testing.  The scope was 
expanded when an increased emphasis on operation and maintenance was deemed necessary.  
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Section 3 - Methodology 
 
Agrimond’s patented treatment system is considered innovative in that we offer a turn-key system that 
incorporates multiple treatment components to provide nutrient reduction and odor control.  Another 
innovative approach is that Agrimond employs a select group of microbes for waste digestion, 
nitrification and denitrification.  Other innovative steps include aerobic digestion using a blower to aerate 
the basin, a bio-degradable polymer and conical-bottom tanks to easily remove the fine suspended solids 
from the aerated wastewater. This serves to clarify the water and also precipitates the insoluble 
phosphorus.  The resultant sludge is gravity-drained to unique dewatering blocks for recovery and/or 
blending back with the screened manure solids.  Mixing the sludge with the screened manure solids adds 
more nutrient value to the by-product solids.  This approach leaves the treated wastewater with 
significantly less nutrients than competitive approaches and with no noxious odors. 
 
Generally, existing practices typically serve to trap sand and screen the manure solids.  The removed 
solids are kept on the farm as any material “cleaned out of the basin” is land applied.  The resultant 
screened wastewater laden with fine suspended solids is transferred to large non-aerated holding basins 
for periodic land application.  Most farms hold the “treated” wastewater in anaerobic conditions which 
provides little to no nutrient reduction other than settling of some of the suspended solids and minor 
ammonium volatilization.  These settled solids undergo anaerobic digestion that tends to promote noxious 
odors (methane and mercaptans) and accumulate on the basin bottom leading to the ultimate need for 
dredging and difficult disposal.  Anaerobic digestion requires holding 6-months of wastewater inventory 
in comparison to the 7 to 14-days of holding time for aerobic digestion.  This means that the basin 
dimensions can be greatly reduced giving more land area back to the farm for other uses.  Given the value 
of land these days, this is becoming more and more an issue of special concern. 
 
Prior to installing the Agrimond treatment system, the Watson Dairy treatment consisted of simply 
trapping some sand and discharging the resulting manure, sand and wastewater into the pre-existing 
concrete holding basin.  The land owner said that about once a year it was necessary to pump the 
wastewater from the basin and remove accumulations of manure solids, sand and sludge from the basin.  
This was accomplished with a front-end loader.  Previous conditions provided no nutrient reduction or 
solids segregation other than holding and settling.   
 
For the project, Agrimond installed an equalization/lift station with a 3-horsepower pump to pump 
wastewater (after passing through the sand trap) with manure solids across a Key Dollar manure screen 
with 1½-horsepower roller press to remove bulk manure solids prior to discharging into the pre-existing 
basin.  Additionally, Agrimond installed a 200 SCFM 15-horsepower Kaeser blower and aeration 
manifold with 13 aeration nozzles in the bottom of the pre-existing concrete basin converting the basin to 
an aerobic digester with 7 to 10-days of holding capacity.  Agrimond actively aerated the basin for 6-
hours then allowed 2 to 3 hours of resting.  This practice provides both an oxic and anoxic environment 
for both nitrification and denitrification.   
 
A 1/10 horsepower polymer pump delivers polymer into the wastewater stream pumped via a 1.5 
horsepower pump from the aerated basin into a parallel pair of 7,000-gallon conical bottom tanks for 
coagulation and precipitation of the suspended solids.  The sludge is gravity drained into alternating 10’ 
by 30’ dewatering cells thus separating the sludge from the wastewater and a portion of the sludge is 
recycled via gravity flow to the lift station.  The supernatant overflows the conical tanks back into the 
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quiescent side of the aerated basin.  The quiescent side of the aerated basin is separated from the aerated 
portion by a floating barrier or curtain weighted on the bottom by a chain.  Clarified finished water is then 
pumped to the 400,000-gallon above ground tank via a 10-horsepower floating pump for storage in 
preparation for land application. 
 
The Agrimond treatment system consumes electricity to operate equipment.  Electrical cost varies 
between $600 to $800 per month (depending upon the size of the herd and flush volume of water to be 
treated).   In addition to electrical cost, Agrimond tracked each maintenance cost by documenting tasks 
required on a daily basis.  Typical maintenance was observed to require 161 minutes per day or just fewer 
than 20 man hours per week. 
 
The described improvements above have demonstrated that not only is TKN reduced by at least 75 
percent and phosphorus by 67 percent, but it was done on a small-farm basis at a cost of about $0.29 per 
cow per day. 
 
The scope of this project did not encompass marketing of by-products from solids, but rather focused on 
waste treatment, nutrient reduction and determining operation costs.   
 
The intent of doing this pilot project was not to interfere with the daily farm operation.  Agrimond and 
Farm Pilot designed a screening mechanism which included a bar screen, davit and basket at the inlet to 
the lift station.  This encouraged collection of foreign objects (cow collars, ear tags, electric wire, rags, 
gloves, etc.) for the purpose of preventing system clogging.   
 
In December 3, 2001, project design was initiated and at the end of September 29, 2006 the pilot project 
was completed.  The most significant delay occurred in November 2003 with the discovery of the 
sinkhole and its remediation efforts.  
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The following table documents significant events reported during start-up and throughout the 
demonstration:  
 
   Table 1 - System Offline Report and Maintenance Log 
 

Date Event Assignable 
Cause 

Corrective Action 

2/7/06 -Blower motor off -Drive belts had 
broken 

-Replaced drive belts (3) 

3/14/06 -Lift Station pump off -Sand/debris in 
pump 

-Replaced motor 

6/26/06 -Lift Station pump 
clog 

-Sand -Clear clog with hose 

6/30/06 -Blower motor off -Lightning/surge -Reset breaker 
7/7/06 -Polymer pump off -Loose connection -Tighten connection 
7/24/06 -Low/no well water 

pressure 
-Craig installed a 
bad check valve 

-Craig replaced check valve 

8/2/06 -Lift Station pump 
clog 

-Sand -Restarted pump 

8/2/06 -Foam on aeration 
basin 

-Possible use of  
ammonia cleaner  
by Craig/Fred 

-Spoke to Craig and Fred 
about potential problem of 
adding ammonia to testing 

8/5/06 -Blower motor off 
-Clarifier pump not 
pumping 

-Drive belts broken 
-Pump clogged w/ 
leaves (oak trees) 

-Replaced all three drive 
belts 
-Cleaned pump impeller 

8/7/06 -Lift Station Pump not 
working 

-cotton rag caught 
in pump impeller 

-Replace motor 

8/18/06 -Blower motor off 
-Clarifier pump off 

-Lightning/surge 
-Lightning/surge 

-Reset tripped breaker 
-Replace motor 

8/25/06 -Blower motor off 
-Observed white 
flakes in aeration 
basin 

-Drive belts broke  
-Milking parlor 
using powder 
chlorine 

-Replace drive belts & 
adjust 
-Spoke to Craig about using 
too much bleach/not 
dissolving; may impact 
bacteria in aeration basin 

9/19/06 -Electrical power 
outage causing 
PLC damage 

-Lightning strike on 
power pole 

-Replaced (2) output cards 
and the analog card; 
reprogrammed 

 
The documented Maintenance Log revealed a problem trend with sand and debris carryover and 
mechanical equipment.  A system for collecting debris was designed and installed to prevent these 
problems (see Figures 4 through 6).  The sand carryover problem was cured by instituting a more frequent 
cleaning of the sand trap. Switches and relays were installed to compensate for electrical surging. Heavy 
usage during startup may have contributed to premature belt failure. 
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Improvements/Modifications 
 
Agrimond made the following modifications to improve operation of the system:   
 

• Replace the 90-degree elbows with sanitary (sweeping) elbows to improve initial sludge drainage. 
• Re-routed a major portion of the discharge from the manure screen roller-press to provide periodic 

flushing of the dewatering cell drains thereby preventing sludge build-up.   
• Future changes would include, increasing the drainage elevation of drainage plumbing lines in 

future installations and increasing the slope of the dewatering beds from ¼” to ½” per foot.   
• A portion of the sludge lines from the conical-bottom tanks was re-routed upstream to the lift 

station for purposes of reintroducing bacteria/sludge recycling.  (A higher bacterial count was 
believed to help offset the loss due to excess chlorine discharge) See Figure 2 below.  

• The addition of aeration in the lift station (This avoids anaerobic conditions and formation of 
noxious odors at the lift station). 

 
 
          Figure 2 
     
   
 
 
In Figure 2 (right) is the sludge recycle flow exiting 
the 1-1/2” PVC pipe from the clarifiers to lift 
station. 
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The drain for the screened solids holding area (see Figure 3) had a tendency to become clogged. A trench 
drain and a larger corner drain are recommended for the slow moving manure solids.  
 

Figure 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

 

In figures 4, 5, and 6 the use of the debris catching devises are illustrated below: 

igure 4 
    

  

hotograph of bar screen, basket and davit for removing foreign 

Figure 5    

hotograph of bar screen with flush-water from the milking 

  
  F

     
 
P
objects to prevent lift station pump damage/plugging.  The basket 
is capable of being lifted from beneath the bar screen by a cable 
and davit.  The basket can be lifted and swung over the chain-link 
fence for easy cleaning and replacement back under the bar 
screen. 
 

 
 
 
 
P
parlor flowing through bar screen which in turn,  forces 
foreign objects off the end of the bar screen into the basket 
below. The basket is capable of being removed for simple 
cleaning.   You can see the cable fixed to the basket frame 
for lifting by the davit and winch. 
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  Figure 6 
 

hotograph of water from inside the lift station 

s for 

 

roper operations of the wastewater treatment system required a suitable tractor (see Figure 7 below) to 

         Figure 7 

astewater treatment by-products composed of 

e 

stead of using a PLC (Programmable Logic Controller) for automatically controlling equipment 
ols.  

 
P
outfall box and some of the debris commonly 
encountered necessitating that we add the mean
isolating and removing.  We had to assume nothing 
was removed from the milking parlor floor prior to 
flushing.  Notice the plastic jug, gloves, etc.  Several
equipment failures were attributed to foreign objects 
being caught in pump intakes when motors 
overheated.  One such jug became entrapped in the 
lift station pump intake causing the motor to 
overheat to such an extent the pump exterior paint 
melted…and it was a submersible pump. 
 
 
 
 
 

 
 
P
remove and turn solids and to clean the sand trap on a daily basis. 
 
 
      
 
 
 
W
screened manure and sludge solids are mixed 
(foreground) then rotated from left to right as the 
material is composted. It is visible to see the sludg
solids (in the foreground) as it has a tendency to 
slump due to its higher initial moisture content. 
 
 
 
 
 
 
 
 
 
In
components, we would consider employing adjustable timers could be considered to simplify contr
Adequate lightning arrest and surge isolation should be incorporated in any electrical system 
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  Figure 8 
 

ach of the treatment equipment motors are driven and controlled 
gure 

gnition; the white 
t” 
ed 

 

 
grimond recommends the milk tank drain (originating from the milking parlor) is best routed and 

asin.  

  Figure 9 
 

 Figure 9, we can clearly observe the white clumps of powdered 
 

  Figure 10 

igure 10 (right) shows a secondary drain, beside the 

 

 
E
through a programmable logic controller (visible in upper left of Fi
11).  It requires a laptop computer to change the operational parameters 
which may best be substituted for timers; making future systems more 
user-friendly and less prone to power fluctuations. 
 

he PLC has color-coded tabs on each card for recoT
tab represents the “Logic” or controller card, the blue cards are “Inpu
cards and the red are the “Output” cards.  The yellow cable is connect
to a desk-top computer for monitoring or modifying the timing sequences
of equipment. 
 

A
discharged into the sand trap for sanitation chemical decomposition rather directly into the aerated b
This prevents sanitation (namely chlorine) from impacting the sensitive bacteria in the aerated basin (as 
shown in Figures 9 and 10 below). 
 
 
 

In
chlorine floating amidst seeds, leaves and twigs in the aerated basin
each time the milk tank is flushed and sanitized. This excess use or 
typically poor solubility of bleach poses a negative impact upon 
achieving optimum bacterial growth and hence waste treatment 
efficiency. 
 
 
 
 

 
 
F
large black corrugated lift station overflow drain, 
(discharging milk) into the aerated basin (which was a
pre-existing drain) where residual  milk and bleach are 
typically discharged. 
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Section 4 - Discussion of Quality Assurance 
 

dependent data collection was assured by seeking a certified Florida Laboratory.  While several 
, price 

ach sampling episode was coordinated with the laboratory that dispatched a representative to bring 
an 

 

ed and then 

s referenced above, the “Chain of Custody” forms (attached in APPENDIX B) are signed by the sample 

rt 

s each Laboratory Report became available to Agrimond’s Project Manager, the results were reviewed.  

ata for the following parameters was collected at various collection points (see Figure 11). The locations 

nt 

l P horus 

 
ldahl Nitrogen (TKN) 

ical oxygen demand) 

    

In
laboratories were evaluated, in the end, AT&T Laboratory, Inc. was selected based upon capability
and distance from the project location.   
 
E
appropriate sample containers and assist Agrimond in collecting the samples.  The laboratory technici
transported the samples back to the laboratory.  Agrimond collected a 5-gallon grab sample from each of 
the three sample locations.  The bucket was rinsed with intended sample water prior to collecting the grab
sample.  Sample collection typically was from cleanest to dirtiest samples to minimize cross-
contamination.  From the 5-gallon bucket, two new lab-provided 1-liter containers were label
filled and placed into a cooler.  All samples were kept on ice for preservation until received at the lab for 
analysis.  Each sample also was accompanied with appropriate and legal “Chain of Custody” paperwork 
showing each person who handled the sample from collection to analysis and documentation.  Analytical 
tests employed EPA protocol.  All analytical documents are attached to this final report in APPENDIX 
A. 
 
A
collector, signed by the person transporting the sample to the laboratory, then relinquished to a signed 
laboratory technician.  Each sampling episode’s “Chain of Custody” accompanies the Laboratory Repo
which is reviewed and signed by the laboratory Project Manager.  
 
A
If there were any inconsistencies or results that were questionable, a call was made to the laboratory.   
 
D
designated by stars are meant to reflect the waste stream for raw manure, aerated samples and finished 
treated effluent. Raw waste stream is sampled prior to entering the lift station. Aerated samples are 
collected in the aerated basin, recognizing a ten day retention timetable.  The finished, treated efflue
was sampled in the storage tank:  

   
• Tota hosp
• Nitrite 
• Nitrate 
• Total Kje
• Potassium 
• COD (chem
• BOD (biological oxygen demand) 
• pH 
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Figure 11:  WATSON DAIRY PILOT SYSTEM LAYOUT & SAMPLE LOCATIONS 
          NTS 
 
The analytical data is provided in Appendix A.  Please note that in May, 2006 a flushing anomaly caused 
by excessive sprinkling in the parlor occurred and the waste stream measurements of the raw manure 
sampling point were noticeably dilute.  
 
Data integrity is always an important component of research or a demonstration project.  Operational 
parameters were periodically tweaked and adjusted as data became available from the lab.  For this reason 
the data reflected some variation in nutrient reduction concentrations early in the project.  This is expected 
to be a common practice in reality as well.  
 
The sampling design was adequate for both validating the design and for ongoing monitoring of the 
treatment operation.  The raw manure sample provided the base-line for comparison.  
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There was a period of several months when results were questioned in both aerated and non-aerated 
samples.  Upon learning that the sprinklers were diluting the raw waste stream, the timing of sample 
collection was changed to reflect a more representative sample of the waste stream at the time of flushing.   
 
The analytical data is easily interpreted in that the raw wastewater becomes “cycled” in the aerated basin 
due to transfer of clarified supernatant (from the quiescent side of the basin), evaporation and biological 
activity.  For this reason, the wastewater parameters in the aerated samples are always higher than raw 
wastewater characteristics.  The target is to have about a 3 to 1 multiplier of wastewater characteristics in 
the aerated basin over the raw wastewater samples.  A ratio below this jeopardizes sufficient biomass.   
 
Each Laboratory Report, also in APPENDIX B, provides each analytical parameter, the results, the unit 
of measure (typically milligrams per liter), the EPA method employed for the analysis, the date analyzed, 
and the “Mean Detection Limit” or MDL (which is the lowest concentration detectable by the method 
employed for the analysis).  It is standard laboratory practice NOT to report any analytical results below 
the MDL as this would be highly suspect of being misreported and incorrect. 
 
The percent reductions for each sampling episode were derived by taking the finished water 
concentrations and dividing these by their respective raw water concentration then reported as a 
percentage reduction. 
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Section 5 - Findings and Observations 
 
The analytical data herein supports that the system is indeed capable of treating and reducing the Total 
Kjeldahl Nitrogen (TKN) by 88% and reducing phosphorus by 67% toward meeting design goals.  
Agrimond suggests additional phosphorus can be removed employing longer periods of aeration however 
this would increase electrical costs.  Phosphorus reduction was not our primary nutrient target since 
Watson Dairy is located in an area once mined for phosphate and as such may be considered a “non-
attainment” area for phosphate reduction; regardless of the amount of reduction.  Agrimond’s system 
uniquely provides a coagulation step, recovering the sludge for blending with the manure solids to 
enhance the compost fertilizer values above what many other treatment system are capable of recovering.  
Aeration provides not only oxygen for bacterial metabolism and nitrification but also provides oxidation 
of phosphorus to phosphate (insoluble) which can be precipitated during coagulation. 
 
The demonstration pilot project was originally estimated to cost $450,000.00 to construct. A summary of 
the cost breakdown for this project is provided in Section 6 and it clearly shows the unplanned cost 
associated with the sinkhole remediation, the recovery and cleaning costs after remediation as well as the 
additional cost associated with providing extra coverage at the farm 24/7 during critical times.   
 
This following section discusses the close monitoring detail of the demonstration project; for clarity sake 
the discussion is outlined by the following categories:  Electrical, Polymer, Analytical, Bacteria, and 
Labor to perform system maintenance.  
 
Electrical 
 
Pumps and motors play a large part in any water or wastewater treatment system and the Agrimond 
system is no exception.  As such, electricity is the single largest expense.  Below are calculations which, 
based upon the duration of their individual operation, collectively have been identified along with their 
respective costs to operate daily and monthly.  Agrimond used the producers’ electrical rate of 
$0.076/KWh for calculating electrical costs. 
 
The two tables below compare costs of operating the blower 6-hours on and 3-hours off (18 hours of 
operation and 6-hours of rest per day) in Table 2 verses 4-hours on and 4-hours off (12 hours of operation 
and 12 hours of rest per day in Table 3.  The operation of all other components remain fairly consistent 
depending upon parlor flush volume, parlor misting (and duration), and sludge recycle flow. 
 

TABLE 2 (6 Hours On – 3 Hours Off) 

 H.P Volts Phase Amps Watts 
3P 

Kwatts 
Flow 
Rate KWh/day Kwh/Mo ~Cost/Day Hour/Day ~$/Month 

Lift Station Pump 3 480 3 5.2  3.88627 250 23.31763 699.529 1.77214 6 53.1642 
Blower Motor 15 480 3 19  13.5687 N/A 244.2372 7327.117 18.56203 18 556.8609 
Screen Press Motor 1.5 240 1 7.5 1800  N/A 14.4 432 1.0944 8 32.832 
Clarifier Pump 1.5 240 3 5.5  1.9639 150 11.78338 353.5013 0.895537 6 26.8661 
Transfer Pump 1.5 240 1 10 2400  60 0 0 0 0 0 
Floating Transfer 
Pump 10 480 3 11.2  7.99841 450 23.99524 719.8572 1.823638 3 54.70914 
Irrigation Pump 75 480 3 90  64.273 600 32.13648 964.0944 2.442372 0.5 73.27117 
Air Conditioner N/A 120 1 7.2 1250  N/A 2.5 75 0.19 2 5.7 

TOTAL 111     155.6 5450 91.6903   352.37 10571.1 26.78012 43.5 803.4035 
  Annualized Cost = $ 803.40 x 12 = $9,640.80 
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TABLE 3 (4 Hours On – 4 Hours Off) 

 H.P Volts Phase Amps Watts 
3P 

Kwatts 
Flow 
Rate KWh/day Kwh/Mo ~Cost/Day Hour/Day ~$/Month 

Lift Station Pump 3 480 3 5.2  3.88627 250 23.31763 699.529 1.77214 6 53.1642 
Blower Motor 15 480 3 19  13.5687 N/A 162.8248 4884.745 12.37469 12 371.2406 
Screen Press Motor 1.5 240 1 7.5 1800  N/A 14.4 432 1.0944 8 32.832 
Clarifier Pump 1.5 240 3 5.5  1.9639 150 11.78338 353.5013 0.895537 6 26.8661 
Transfer Pump 1.5 240 1 10 2400  60 0 0 0 0 0 
Floating Transfer 
Pump 10 480 3 11.2  7.99841 450 23.99524 719.8572 1.823638 3 54.70914 
Irrigation Pump 75 480 3 90  64.273 600 32.13648 964.0944 2.442372 0.5 73.27117 
Air Conditioner N/A 120 1 7.2 1250  N/A 2.5 75 0.19 2 5.7 
TOTAL 111     155.6 5450 91.6903   270.9576 8128.727 20.59277 37.5 617.7832 

Annualized Cost = $ 617.78 x 12 = $7,413.36 
 
The following description provides insight to the operational data collected in Table 2 and 3. 
 
Lift Station Pump:  Operates between 2.5 and 3 hours after each flush (two flushes daily) from the parlor 
depending upon the volume of water used to flush and for additional shorter durations but more 
frequently depending upon whether or not the parlor sprayers are employed as well as sludge recycle 
volume from the conical tanks to the lift station.  Longer periods of flushing might be a good indication of 
either increased volumes to the lift station, a restricted pump suction or restriction of the flow control 
valve to the manure screen (which would decrease the flow to the manure screen thereby increasing pump 
run duration). 
 
Kaeser Blower:  The blower is the component using the majority of electricity.  Focusing upon this key 
component; it serves to use this component only as much as is necessary and we find that this is between 
4 to 6 hours “ON” followed by 3 to 4 hours of subsequent resting or “OFF” (allowing for denitrification 
within the aerated basin).  When the blower was set to operate 4-hours on; 4-hours off (and given normal 
operation of all other components) the electric meter indicated consumption of between 35 to 40 KWh per 
day.  Increasing the blower to operate 6-hours one and 3-hours off increased consumption to between 40 
to 45 KWh per day (as shown in comparing Table 2 and Table 3 above).  The blower provides the 
necessary aeration for nitrogen oxidation as well as bacterial metabolism.  Odor emanating from the basin 
is the first indication of insufficient aeration. 
 
Screen Motor:  The manure screen is fitted with a roller press at the bottom of the screen to squeeze 
additional moisture from the separated manure.  This motor turns gears which reduces the RPM’s to turn 
a sprocket driving opposing rollers.  Springs apply tension to squeeze moisture from the manure.  The 
roller press motor activates whenever the lift station pump is actively running and turns off in sync with 
the lift station pump.  This motor operates for between 1 to 2 hours per cycle for between 5 to 7 cycles per 
day.  The number of start/stop cycles is dependent upon the parlor employing sprayers, parlor flush 
volumes, and also the volume of sludge recycled from the conical tanks back to the lift station (controlled 
by manual valve). 
 
Clarifier Pump and Polymer Pump:  This is a submersible pump that transfers water laden with suspended 
solids out of the aerated basin where it is treated with polymer and discharged into each of the conical-
bottom tanks.  These pumps are controlled by the PLC to activate 15 minutes after the blower (aeration) 
starts and to stop in sync with the blower stopping.  Reasoning behind this sequencing is that we desire 
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transferring water from the aerated basin during the time suspended solids are These two pumps function 
for 15-minutes less than the duration of the blower (presently 5 hours and 45 minutes per cycle; 3-cycles 
per day). 
 
Transfer Pump:  The small 1.5 H.P. transfer pump was taken out of service in preference of using the 
floating transfer pump to transfer treated water to the above ground tank for finishing and storage. 
 
Floating Transfer Pump:  The floating transfer pump serves two functions; control the basin water level 
and to transfer clarified water to the above ground tank for finishing (denitrification) and storage for 
ultimate irrigation.  This pump operates between 2 to 3 cycles per day for duration of between 45 minutes 
to 1 hour per cycle. 
 
Irrigation Pump:  The irrigation pump was not employed during our 2-week comprehensive testing phase.  
The above ground tank slowly drained through irrigation piping via gravity.  Prior to the comprehensive 
phase of data collection; the irrigation pump typically was manually started and stopped by timer control 
to operate about 3-hours per week. 
 
Air Conditioner:  The control shed is equipped with a small window-type A/C unit.  This unit typically 
operates when personnel are working at the farm and operated intermittently on average of 2 hours per 
day.   
 
Polymer 
 
Polymer is fed into the stream of water from the clarifier pump before being discharged into the conical 
tanks.  Polymer dosing will change based upon the concentration of suspended solids (in the aerated basin 
water), and clarifier pump flow.  At the time the system is passed to Watson Dairy, they were milking 210 
head twice daily and the clarifier pump flow rate was 250 gallons per minute.  Our polymer dose rate was 
20% speed and 20% stroke.  The maximum flow rate of the small Iwaki metering pump is 1.5 gallons per 
hour. 
 
Given: 
 1.5 gph = 5.678 liters 
 5.678 liters/hr. x 0.20 (pump setting) x 0.83067 (viscosity correction) = 0.94332 lph 
 
Then: 

A)  The polymer pump operates 6 hours per day therefore polymer consumption equals 0.94332 lph x 6 hours per day 
or 5.6599 liters per day. 
 
B)  The polymer was delivered in a carboy (tote) container with a volume of 268.9 gallons (1017.9 liters) at a cost of 
$2,176.00 (excluding shipping) or $2.14/liter. 

 
Daily Cost =   5.6599 liters per day x $2.14/liter = $12.11 per day 
Monthly Cost =  30 days/month x $12.11/day = $363.36 per month
Annual Cost =  12 months x $363.36/month= $4,360.39 per year 
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Replacement Polymer: 
Replacement polymer is currently (September 2006) available at $0.82/lb (shipping not included) in 2,800 
lb. (Gross wt.) tote. 
 
Analytical Testing 
 
The Analytical Costs were as follows: 
 

December 2005  $419.00 (one round) 
January 2006  $0.00  
February 2006  $0.00 
March 2006  $419.00 (one round) 
April 2006  $1,257.00 (three rounds) 
May 2006  $1,834.00 (three rounds; plus sludge and screened manure samples) 
June 2006  $1,676.00 (four rounds) 
July 2006  $1,370.00 (three rounds; one with 4-samples) 
August 2006  $2,015.00 (four rounds; three with 4-samples) 
September 2006  $3,409.00  (seven rounds; two with 4-samples; 2 with bacteria) 
Total Testing  $12,399.00 

 
The cost averaged over the 9-month pilot testing period would be $1,377.67. 
 
Bacteria 
 
Agrimond provided a select blend of Ag-bacteria in order to facilitate the digestion of waste and 
nitrification/denitrification.  Bacteria was initially added at start-up and was added a second time in 
August 2006 after learning that the nitrifier/denitrifier species of bacteria had been reduced by the 
chlorine to around 100,000 colony forming units (CFU’s) or 1 x 104 per milliliter.  Normally the only 
introduction of bacteria would be that required for the initial start-up and would not include the 
supplemental dosage.  As stated in the Operation and Maintenance Manual, it’s recommended that if 
chlorine products are to be discharged into the wastewater treatment system it should be routed through 
the sand trap for deactivation before entering the treatment portion of the system (which begins at the lift 
station).  Having said this, we will not include the “Supplemental” dose of bacteria in calculating normal 
operating costs however should Watson Dairy not amend discharging chlorine-laden wastewater into the 
aerated basin then this would have to be an included cost. 
 
Initial Bacteria sufficient to treat 400,000 gallons     $10,000.00 
Supplemental bacteria added in August 2006     $  5,000.00 
 
If the bacteria costs were averaged over the period of the pilot testing (9-months) then we would expect a 
monthly cost of $1,111.11.  It is estimated this cost would be as much as 33 percent less if bacteria losses 
due to bleach were not a factor. 
 
Bacteria (Type-A) are available from Agrimond. 
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Labor to perform maintenance 
 
Maintenance tasks (excluding maintenance out of the ordinary) include the general maintenance and 
operation tasks listed in Table 4 below along with their respective minutes to complete.  The average 
minutes were derived during our 2-week comprehensive operation phase once the systems operation was 
refined. 

     TABLE 4 
 Maintenance Task  DAILY AVG. MIN. 
Clean Sand Trap 27.33 
Clean Manure Screen 16.83 
Turn Compost Pile 34.00 
Clean Sludge Cell 52.50 
Bar Screen & Basket 9.67 
Clean Blower Filter 22.00 

TOTAL 161.00 

 
In particular, the “Clean Sludge Cell” listed in Table 4 above, was an acquired technique of maintenance.  
We removed the sludge from each dewatering cell every 3-4 days (filling one dewatering cell every other 
day) then only briefly hosed the dewatering blocks.  Every other filling (on each cell) we spend more time 
to spray well water through the dewatering blocks to flush accumulations of fine sludge that collects 
beneath the surface of the blocks to prevent them from floating upon subsequent filling.  The time to clean 
the sludge cells took an average between both removing sludge only and removing the sludge and 
cleaning the dewatering blocks. 
 
From Table 4 above we have derived that it requires 161 minutes a day to perform normal maintenance 
functions of the pilot treatment system.  If we apply a reasonable value of $25/hour for labor to the 161 
minutes per day then we project labor costs to be as follows: 
 
$25.00 per hour / 60 minutes per hour = $0.4167/minute x 161 minutes per day = $67.08 per day  
 

MONTHLY COST $67.08 x 30 days per month =  $2,012.50 per month
ANNUAL COST  $2,012.50 x 12 months per year =  $24,150.00 per year
 

Equipment Rental 
 
In order to provide timely maintenance, it became necessary to lease some equipment.  The leased 
equipment was for cleaning the sand trap, moving screened solids and sludge solids to a compost pile.  It 
required a suitable tractor with front-end bucket.  The tractor was leased June 2006 thorough September 
2006. 
 

Green South Equipment - 55 H.P. John Deere Tractor w/ 1 Cu. Yd. bucket; $1,260/month x 4 months = 
Total:  $5,040.00 

 
Please note, during cleaning and removal of solids, other pumps and equipment were rented (not figured 
in the “Equipment Rental” section) included the pumps and labor necessary to clean both the lift station 
and aeration basin prior to restarting the system (cost are itemized in Section 6; Table 6 “Cleaning and 
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removal of accumulated solids”).  A 350 gpm 6” double-diaphragm diesel pump capable of pumping sand 
and manure was used for 3-weeks in December 2005.  A 650 gpm 6” open-face impeller diesel pump was 
used for about 2-weeks in November for pumping much of the water.  These costs are not included in the 
“typical” operation costs as the accumulated sand/manure resulted from the year-long delay period 
following the sink-hole incident. 
 
Cost Summary 
 
The following is a summary of monthly costs averaged over the 9-month testing related to the Watson 
Dairy pilot testing. 
 
 Electrical 

• Blower operating 6-hours on; 3-hours off (present setting)   $  803.40 
• Blower operating 4-hours on; 4-hours off (alternative setting) $  617.78   

  
 Polymer          $  363.36
  
 Analytical Testing        $1,377.67
  
 Bacteria          $1,111.11
  
 Labor          $2,012.50
  
 Equipment Rental        $1,260.00 
 
 Total Monthly Cost        $6,931.04 
 
Based upon the designed capacity of Watson Dairy (800-head milking) we would expect actual costs to be 
as follows: 
 
Taking the monthly cost and dividing this ($6,931.04) by 30 days per month = $231.03/day.
 
Capacity Cost: 
$231.04 divided by the designed capacity of the farm (800-head milking/day) we would expect the actual 
costs to be $231.04 / 800-head or $0.2888/head per day.   
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Section 6 – Conclusions, Recommendations and Lessons Learned 
 
The project demonstrated that wastewater can be treated to reduce the nitrogen (TKN) values by 75% and 
that treatment by-products have value when composted and land applied.  Like any other mechanical 
system, operation and maintenance of the components are paramount to reliability and longevity.  The 
demonstrated system is a viable treatment approach for cows and possibly hogs as these are typically 
flushed with water and not per se dry operations.   
 
There are two components in the demonstrated system that requires modification if it were to be 
employed for hogs.  These include the volume of aeration (blower size) and the sieve size of the manure 
screen.  Hog manure is a bit more course and therefore the sieve sizing can be slightly larger and there is 
more ammonia in hog waste than in cows.  For this reason, more air for aerating would be necessary to 
meet biological and nitrification demands. 
 
The demonstration project concluded that while treatment is indeed possible, the cost to operate the 
system is likely more suited to the economics of larger farms than was demonstrated – See Table 5 below.     
 

Table 5 – Existing Project and Future Waste Treatment Projections 
 
Original project cost at Watson Dairy ……………………….    $ 450,000.00 
Operation & maintenance cost - measured  ………………….   $ 0.29/cow/day 

   - without tractor rental ………..   $ 0.24/cow/day 
 
Future capital costs to install a new system at Watson Dairy would require modifying the following: 
 Sand trap  
 Smaller Lift Station 
 Larger Screens 
 Redesign screen discharge 
 Smaller drying beds (aeration basin maintenance only) 
 Pond, with liner for storage 
 Control system with relays 
 
O&M energy consumption would go down based on 7% reduction in total pump 
horsepower. 
  
 Item  Existing  New 
Lift Pump     3     5 
Screen motor                1.5        3  
Transfer pump     1.5     3 
Pump to storage  10     0 
      1.5     0 
Pump to field   75   75 
 
 Total  92.5    86 
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Future cost to replicate at Watson Dairy ……………………..   $ 350,000.00 
Future O & M cost projected ………………………… $  0.22/cow/day 

(without tractor rental) 
 
=============================================================== 
 
Based on larger dairy of 2500-4000 head; 
 
Future cost to replicate ..……………………………………….   $ 900,000.00 
Projected O & M cost ………………………………………….   $ 0.10/cow/day 
 
 
The demonstrated system is likely more suitable to farms 3,000 head and larger.  We offer this approach 
because doubling or tripling the capacity of the system does not follow the same multiplier in calculating 
cost factors.  The demonstration cost to construct the system was $450,000 ($450,000 / 800 animals = 
$562.50/head) and the operation cost of $231.03 per day or $0.29 per head (800-head dairy) is a little over 
twice what would be generally considered economical.  Changing dimensions of the lift station and basin 
and flow capacities of other components to upsize accommodating a larger farm will likely offer more 
economic feasibility than smaller farms.  In other words if you doubled the capital cost of construction to 
$900,000.00 and this would accommodate 5-times the animals your capital cost per animal head would be 
$225.00 per head or about half the cost of this demonstration system.  It is doubtful that operation costs 
would be double the cost of the demonstration project because there would be the same 
equipment/components, suffice to say blower and pumps would be larger.  The only projected operation 
costs that would likely increase would be associated with the electrical consumption and solids and sludge 
handling (even though solids and sludge handling equipment would likely be larger to compensate).  
Assuming this, if we were to increase the demonstrated operating costs by 50% to $346.55 per day and 
divide this by 4,000 head; the projected cost would be $0.087 per head per day.  This would be more 
within the realm of economic feasibility. 
 
There are several factors to explore in continuing or refining the development of this technology.  These 
would include; comparing actual operating costs of a large farm (with this demonstrated smaller farm), 
incorporate equipment timers (rather than programmable logic controller) for simplicity, finding a more 
suitable site where the farm has more of an incentive or desire to participate in technology development, 
marketing the by-products to off-set some of the operating costs, a method of automating the sludge 
handling (from the dewatering cells) thereby alleviating some of the labor costs of sludge removal, and of 
course adapting this system to pre-existing components making the initial capital costs more 
advantageous. 
 
The following highlights capture key observations that became obvious during the course of the Pilot 
Project demonstration.  
 

• All expectations between the Farm Owner, the Technology Vendor, and Farm Pilot need to be 
captured and agreed to in a written document.  Future projects should include a kick off meeting 
and a site visit report in order to review all agreements and expectations so that misunderstandings 
can be minimized. 
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• When significant structures (i.e. concrete basins, load bearing storage tanks) are installed as part of 
the waste water treatment system in karsts areas, a geotechnical evaluation and a performance 
bond should be budgeted for and required.  Figures 12 and 13 depict the problems with the 
discovery of the underground anomaly discovered during startup. Unplanned efforts can be quite 
costly and was the case in this project.  The major cost associated with unplanned efforts on the 
project is captured in Table 6 below. 

 
 
            Table 6 – Unplanned Efforts and Additional Costs at Watson Dairy 
 

Sink hole remediation including  
(geotech evaluation, storage tank, pumps, connecting lines) ……….  $ 245,682.00 

 
Cleaning and removal of accumulated solids  
(primary basin and lift station)                            …………………. ..   $ 121,002.00 

 
Additional on-site technical support and close monitoring 
including data gathering, lab testing and performance assessment ..   $ 85,432.00 

 
 

Figure 12 – Assessing and cutting concrete for inspection 
 

 
 

Figure 13 – Void exposed beneath basin concrete 
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• FPPC and Agrimond assumed the Farm Owner would be capable of a greater degree of support 
than what the Farmer was able to consistently render.  With this experience, Farm Pilot has a 
better understanding of the value of a full service provider and/or the need for agricultural systems 
to be more robust.   

• The waste treatment system is composed of a sequential series of process steps.  In the Watson 
Dairy facility, a marginal sand trap was available to remove sand from the waste stream.  
However, maintenance of the sand trap, daily versus weekly, became a key ingredient in properly 
operating the waste treatment system. The lesson is to identify each element of the waste treatment 
system and to determine its effect downstream.  

• The waste stream needs to be fully characterized.  This means understanding solids, effluent, as 
well as debris such as needles, tags, chloride, string, etc. This characterization must also include an 
understanding of the variability in waste stream surges and flow rates.  

• During this project, Agrimond and FPPC assumed responsibility for operating and maintaining 
(O&M) the system.  This provided data for the actual cost of O&M but also highlighted the need 
to reflect this in written agreements.  

• During the course of the project certain observations were made and a change of course was 
indicated.  It is prudent to evaluate the options when a change of scope is indicated and then to 
proceed when new agreements have been formulated.  
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APPENDIX A – Analytical Data 
 
The following presents the demonstration project data in a tabular format – see pages 28-33.  The data is 
also graphically displayed on pages 34-41.  The analytical data is discussed on pages 42-44 note; some of 
the “ROWS” are highlighted.  These highlighted rows reveal suspect data since “RAW” wastewater was 
being diluted from added spray nozzles (during the hot months from May to mid-July.  Additionally, there 
were times the well water flush valve was not completely closed causing excess water to continuously 
flow across the parlor floor and into the treatment system.  This affect also contributed to some degree to 
diluting the “RAW” water waste stream. 
 
Please note that a “HORIZONTAL BOLD” line after July 21 indicates when sprinklers were being added 
to the milking parlor.  Data prior to this may have included “RAW” samples that were unknowingly 
diluted with well water from either sprinklers and/or open flush valve.  “RAW” samples having lower 
values than either the “AERATED” or “FINISHED” samples can be attributed to dilution effects from 
sprinklers or an open flush valve. 
  
Reduction percentages were calculating a ratio of “FINISHED” water concentration by “RAW” water 
concentration and expressing results in a percentage. 
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

BOD Raw Aerated Finished Reduction % Corrected Reductions  

12/20/2005 420 300 42 -90%     
3/15/2006 540 1740 744 38%     

4/4/2006 1260 3000 160 -87%     
4/12/2006 860 2460 321 -63%     
4/26/2006 1610 1170 150 -91%     

5/3/2006 892.5 1300 118 -87%     
5/18/2006 740 1046.7 84 -89%     
5/26/2006 262.5 290 138 -47%     

6/2/2006 383 301.5 95 -75%     
6/9/2006 141 204 164 16%     

6/16/2006 321 237 37 -88%     
6/30/2006 318 246 174 -45%     
7/14/2006 210 112.5 90.8 -57%     

7/21/2006 1000 101 75 -93%     

7/28/2006 1905 390 56 -97%     

8/4/2006 169 122 28 -83%     
8/11/2006 318 792 74 -77%     
8/18/2006 486 328.5 144 -70%     

8/23/2006 399 540 12 -97%     
9/13/2006 1680 1320 42 -98%     
9/15/2006 258 402 15 -94%     
9/18/2006 600 1065 144 -76%     
9/19/2006 2400 1575 101 -96%     
9/20/2006 388 438 26 -93%     
9/21/2006 504 840 36 -93%     
9/22/2006 1260 1705 88 -93%     
9/26/2006 1358 1220 154 -89%     
9/29/2006 2168 2920 612 -72%     

          
STUDY 
AVERAGE        816.11         934.51         140.17 -74% -88% -61%  
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

COD Raw Aerated Finished Reduction % Corrected Reductions  

12/20/2005 1644 1603 310 -81%     
3/15/2006 1001 12382 1251 25%     

4/4/2006 1747 11200 286 -84%     
4/12/2006 1330.7 7469.1 496.7 -63%     
4/26/2006 3214.3 5551.1 287.8 -91%     

5/3/2006 1219.1 7232.6 257 -79%     
5/18/2006 1192.7 4987.3 262.1 -78%     
5/26/2006 403.4 374.3 241.3 -40%     

6/2/2006 649.8 558.6 215.3 -67%     
6/9/2006 328.3 1168.3 250.1 -24%     

6/16/2006 442.4 364.1 170.3 -62%     
6/30/2006 158 401.4 457.3 189%     
7/14/2006 407.7 1000.5 164.1 -60%     

7/21/2006 1708.6 188.5 115.4 -93%     

7/28/2006 2144 500 109.7 -95%     

8/4/2006 467 320.1 16.9 -96%     
8/11/2006 2367.7 2149 76.3 -97%     
8/18/2006 2305.5 2888.4 80.2 -97%     
8/23/2006 828.7 6009 169.5 -80%     
9/13/2006 3071.1 5345 73 -98%     
9/15/2006 1730.7 5567.1 73 -96%     
9/18/2006 4246 9137 296 -93%     
9/19/2006 12451 9557 212 -98%     
9/20/2006 3786 10429 97 -97%     
9/21/2006 3334 3098 48.5 -99%     
9/22/2006 8685 18606 539 -94%     
9/26/2006 28091 6377 575.2 -98%     
9/29/2006 11764 6344 442 -96%     

          

STUDY AVERAGE 
  

3,597.10  
   

5,028.84         270.45 -69% -95% -43%  

 
 
*NOTE:  The pH and Nitrate tables are not included as they would not normally reflect inconsistencies 
from dilution with well water. 
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

Ammonia-NH4 Raw Aerated Finished Reduction % Corrected Reductions  

12/20/2005 52.9 31 28.1 -47%     
3/15/2006 21.38 75.88 51.88 143%     

4/4/2006 59.75 47.85 56.86 -5%     
4/12/2006 32.97 45.95 45.47 38%     
4/26/2006 37 39.33 56.55 53%     

5/3/2006 56.13 42.67 51.33 -9%     
5/18/2006 25.68 37.66 46.01 79%     
5/26/2006 22 22.24 21.76 -1%     

6/2/2006 12.61 36.39 36.63 190%     
6/9/2006 6.245 31.49 46.68 647%     

6/16/2006 11.15 30.51 37.13 233%     
6/30/2006 10.08 37.91 42.59 323%     
7/14/2006 9.01 46.26 39.12 334%     

7/21/2006 16.66 32.48 44.73 168%     

7/28/2006 91.28 44.15 33.03 -64%     

8/4/2006 17.65 22.62 32.32 83%     
8/11/2006 14.1 10.08 10.08 -29%     
8/18/2006 15.62 11.16 8.93 -43%     

8/23/2006 59.52 17.61 9.18 -85%     

9/13/2006 64.66 18.5 16.8 -74%     
9/15/2006 14.62 31.12 12.12 -17%     
9/18/2006 46.82 36.91 17.75 -62%     
9/19/2006 81.31 25.68 24.14 -70%     

9/20/2006 28.76 12.69 28.54 -1%     

*9/21/2006 14.45 18.85 47.26 227%    

9/22/2006 28.54 26.34 52.1 83%     
9/26/2006 103.77 21.72 40.21 -61%     
9/29/2006 31.63 24.58 24.14 -24%     

          

STUDY AVERAGE 
  

35.22  
   

31.42           34.34 72% -28% 153%  
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

TKN Raw Aerated Finished Reduction % Corrected Reductions 

12/20/2005 186 97.5 45 -76%     
3/15/2006 56.8 220 115 102%     

4/4/2006 97.4 30.8 66.8 -31%     
4/12/2006 136 86 59.5 -56%     
4/26/2006 130 62 64 -51%     

5/3/2006 170 38 50 -71%     
5/18/2006 55 60 70 27%     
5/26/2006 52 50 40 -23%     

6/2/2006 72 67 56 -22%     
6/9/2006 62 84 66 6%     

6/16/2006 37 46 52 41%     
6/30/2006 42 58 66 57%     
7/14/2006 31 63 48 55%     

7/21/2006 79 47 52 -34%     

7/28/2006 180 62 46 -74%      

8/4/2006 82 32 41 -50%      
8/11/2006 63 81 23 -63%      
8/18/2006 23 32 7.7 -67%      

8/23/2006 57 120 0.21 -100%      

9/13/2006 160 7.3 20 -88%      
9/15/2006 85 460 25 -71%      
9/18/2006 190 660 15 -92%      
9/19/2006 38 250 29 -24%      
9/20/2006 100 140 25 -75%      

9/21/2006 65 180 13 -80%      

9/22/2006 47 1200 120 155%     

9/26/2006 200 42 23 -89%      
9/29/2006 150 350 13 -91%      

           

STUDY AVERAGE 
   

94.51  
   

165.20  
  

44.69 -32% -58% -88% -6% 
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

Potassium Raw Aerated Finished Reduction % Corrected Reductions  

12/20/2005 99.02 42.37 40.51 -59%     
3/15/2006 47.32 93.91 87.16 84%     

4/4/2006 70.24 62.95 71.95 2%     
4/12/2006 98.48 59.04 53.74 -45%     
4/26/2006 83.57 49.03 58.59 -30%     

5/3/2006 106.1 62.9 58.88 -45%     
5/18/2006 34.26 39.27 48.78 42%     
5/26/2006 23.76 29.89 31.17 31%     

6/2/2006 35.67 41.03 35.92 1%     
6/9/2006 30.48 45.69 41.08 35%     

6/16/2006 30.29 42.02 41.02 35%     
6/30/2006 42.19 49.18 54.06 28%     
7/14/2006 79.11 75.9 52.77 -33%     

7/21/2006 76.58 58.91 53.75 -30%     

7/28/2006 152.9 52.95 66.6 -56%     

8/4/2006 53.88 56.44 59.97 11%     
8/11/2006 35.77 44.81 49.54 38%     
8/18/2006 35.1 43.99 43.68 24%     
8/23/2006 103.8 58.96 49.56 -52%     
9/13/2006 109.7 46.26 33.7 -69%     
9/15/2006 35.16 47.98 34.5 -2%     
9/18/2006 110.5 50.15 34.4 -69%     
9/19/2006 378.1 53.28 40.67 -89%     
9/20/2006 140.5 56 41.23 -71%     

*9/21/2006 32.01 57.43 39.54 24%     
9/22/2006 44.64 56.17 41.03 -8%     
9/26/2006 146.6 39.95 44.18 -70%     
9/29/2006 28.64 57.79 42.12 47%     

          

STUDY AVERAGE 
   

80.87  
   

52.65  
  

48.22 -12% -28% 1%  
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SAMPLE 
DATES SAMPLE LOCATIONS     
        

Total Phosphorus Raw Aerated Finished Reduction % Corrected Reductions  

12/20/2005 29.7 24.38 10.95 -63%     
3/15/2006 22.94 107.84 39.06 70%     

4/4/2006 30.21 63.19 19.35 -36%     
4/12/2006 18.7 60.63 17.22 -8%     
4/26/2006 37.69 23.73 15.18 -60%     

5/3/2006 9.3 44.89 13.7 47%     

5/18/2006 
         
19.44  43.08 

         
15.03  -23%     

5/26/2006 
           
6.81  8.014 

         
10.27  51%     

6/2/2006 11.42 13.82 11.67 2%     
6/9/2006 6.31 19.62 14.07 123%     

6/16/2006 10.45 12.46 11.61 11%     
6/30/2006 9.64 14.94 15.44 60%     

7/14/2006 7.6 25.4 11.51 51%     

7/21/2006 35.24 1.66 8.53 -76%      

7/28/2006 43.14 12.44 8.33 -81%     

8/4/2006 8.29 16.97 11.9 44%     
8/11/2006 17.08 25.81 9.77 -43%     

8/18/2006 15.56 28.88 12.35 -21%     

8/23/2006 11.94 66.95 11.79 -1%    

9/13/2006 65.1 56.92 14.18 -78%     
9/15/2006 44.22 71.04 13.62 -69%     
9/18/2006 67.56 62.65 15.61 -77%     
9/19/2006 450.25 114.66 13 -97%     
9/20/2006 165.78 89.69 8.71 -95%     

*9/21/2006 39.73 80.04 11.57 -71%     
9/22/2006 102.88 59.05 11.96 -88%     
9/26/2006 130.96 19.11 12.77 -90%     
9/29/2006 90.03 43.75 8.33 -91%     

          

STUDY AVERAGES 53.86 43.27 13.48 -25% -67% 11%  

 
 
The following pages present the data in graph form.  Each page contains a composite graph with all three 
(“RAW,” “AERATED,” and “FINISHED”) sample trends.   
 



 
 
 
 

BOD - Raw Wastewater Trend
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COD - Raw Wastewater Trend

0

2000

4000

6000

8000

10000

12000

14000

16000

12
/20 1/2

0

2/2
0

3/2
0

4/2
0

5/2
0

6/2
0

7/2
0

8/2
0

9/2
0

DATA POINTS

m
g/

l

RAW

AERATED

FINISHED

 
 
 

      35



 
 

pH - Raw Wastewater Trend
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NITRATE - Raw Wastewater Trend
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AMMONIA - Raw Wastewater Trend

0

10

20

30

40

50

60

70

80

90

100

12
/20 1/2

0

2/2
0

3/2
0

4/2
0

5/2
0

6/2
0

7/2
0

8/2
0

9/2
0

DATA POINTS

m
g/

l RAW
AERATED
FINISHED

 

      38



TKN - Raw Wastewater Trend
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POTASSIUM - Raw Wastewater Trend
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TOTAL PHOSPHORUS - Raw Wastewater Trend
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Analytical Data Discussion 
The following sections provide a discussion of the tables and graphs presented above. 
 
BOD: 
Biochemical oxygen demand (BOD) represents the fraction of the wastewater that imposes a demand 
upon the aeration in addition to the nitrification requirement.  The BOD is basically a measure of the 
organic-demand for oxygen to accomplish breakdown.  We observe the BOD cycle-up in the aerated 
basin on several occasions through the demonstration project but soon afterward was reduced by 
suspended solids removal with polymer and coagulation.  We observe the greatest reductions of BOD in 
the “AERATED” samples when we were more aggressive with sludge removal activities.  As expected, 
we observed wide fluctuations in the BOD (along with many other characteristics) when we began 
recycling sludge upstream to the lift station but it is also interesting to note reductions from sludge 
removal were just as widely varying.  Despite the wide fluctuations, the “FINISHED” water BOD was 
significantly reduced averaging -74% overall and -88% when correcting for sprinkler dilution. 
 
COD: 
Chemical oxygen demand (COD) includes the BOD fraction in addition to any chemical which imposes 
an oxygen demand upon its treatment and reduction (to carbon dioxide, ammonia and water).  In addition 
to the BOD being included in the COD, it would include salts, vitamins, medications, milk, detergents and 
any other sanitizing agents discharged from the milking parlor.  Aside from the COD being several 
magnitudes higher than the BOD concentration, it generally follows the BOD curve when comparing the 
two graphs.  Much like the BOD reduction, the COD was significantly reduced during treatment 
displaying an overall reduction of -69% and -95% when corrected for sprinkler dilution. 
 
pH: 
This is a measure of free hydrogen that is tracked in order to provide an optimum environment for 
bacterial growth.  The target range is to maintain a range of 6.8 to 7.8.  The pH can be affected by the 
process of nitrification as the ammonia is converted to nitrite, and nitrite to nitrate (refer to equations 
below).  Other factors that may affect pH include various chemicals that may be introduced into the waste 
stream such as milk, urea, detergents and disinfection chemicals.   
 
 Ammonia to nitrite:  NH3 + O2 > NO2

- + 3H+ + 2e-

 
 Nitrite to nitrate:   NO2

- + H2O > NO3
- + 2H+ + 2e-

 
If the pH rises or falls outside the optimum range mentioned earlier then some specific types of bacteria 
can cease to function and will go dormant which can adversely effect the efficiency of wastewater 
treatment. 
 
As observed in the pH table and graph above, the pH of both the “AERATED” and “FINISHED” waster 
remained within optimum range even though “RAW” wastewater pH fluctuated outside what is 
considered optimum.  Agrimond did not have to add buffering to the basin as a result. 
 
You will note that the pH table presented above does not average results as we did with other wastewater 
characteristics.  This is because the individual data points serve more use. 
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Nitrate: 
This is an intermediate step in the nitrification/denitrification process.  Nitrate in the “RAW” wastewater 
can signify that there is upstream nitrification or that the urea and ammonia is being oxidized by either 
upstream aeration or by some external oxidant (i.e., chlorine).  The concentration of nitrate is normally of 
particular interest primarily in the aerated and quiescent sections of the basin which is where treatment is 
occurring. 
 
We can see in the nitrate graph above that there was appreciable amounts of nitrate in the “RAW” 
wastewater (which is unpredicted) and the only spikes of nitrate in the “AERATED” and “FINISHED” 
wastewater occurred soon after bacteria was initially introduced then dropped significantly soon after.  
We must attribute this to the chlorine being discharged into the aerated basin.  To support this claim, we 
had to supplement bacteria in the basin in July as the overall bacteria count was lower than desired and we 
observed a secondary rise in nitrate in “AERATED” samples soon after. 
 
Ammonia: 
Ammonia is the soluble fraction of total nitrogen originating from urea.  It is most susceptible to dilution 
and is a key indicator of well water in the raw water as is evidenced in the table and graphs previously 
presented above.  The ammonia is considered a semi-volatile component of the wastewater capable of 
being lost in a vapor phase during aeration as well as being removed by nitrification/denitrification.  The 
table above presents that once we discovered the presence of sprinklers (and we compare ammonia 
reduction after mid-July to September with earlier data), ammonia reduction increased due to correcting 
the “RAW” sample concentrations.  The graphs above are presented in different scales due to the differing 
concentrations between the sample locations through treatment.  Ammonia reduction was less than we 
expected we believe due to the bacteria being adversely affected by chlorine being discharged into the 
aerated basin from the milk tank sanitation.  Total bacteria counts on two separate occasions were reduced 
from 1.2 x 106 to 1 x 103 which undoubtedly impacts wastewater treatment (regardless of the presence of 
nitrifying bacteria being confirmed). 
 
TKN: 
Total Kjeldahl Nitrogen encompasses all forms of nitrogen both soluble (urea or ammonium) as well as 
insoluble nitrogen (organic or contained in plant matter).  The primary objective of this demonstration 
project was to remove at least 75% of the TKN through treatment.  As plant matter (manure) breaks 
down, nitrogen can be liberated from its insoluble form to its soluble form hence the necessity of 
separating as much manure solids early in the treatment.  We can notice in the graphs above that TKN 
cycles upward in the aeration basin (as do many other characteristics).  When suspended solids are 
removed and wastewater is clarified, additional TKN is removed leaving more of the soluble portion of 
the TKN or urea, ammonium, and some nitrite.  The soluble portion of TKN is oxidized from urea, 
ammonium, and nitrite by nitrifying microbes to nitrate.  The following step (following aeration) in our 
treatment includes anoxic treatment (without aeration) whereby another specific species of bacteria is 
responsible for reducing (taking oxygen atoms) from the nitrate molecules to form nitrogen gas; which 
liberates from the wastewater solution in the form of nitrogen gas.  The nitrifying and de-nitrifying 
microbes are some of the most sensitive microbes and thus very susceptible to pH, temperature and 
oxidizing chemicals (such as chlorine).  
 
The graphs above are displayed in differing scales due to their wide variability from “RAW” to 
“FINISHED” treatment characteristics.  In reviewing the graphs the scale of measure must be considered 
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not to inadvertently interpret their concentrations incorrectly.  The table prior to the graphs supports that 
indeed well water was diluting “RAW” samples prior to mid-July.  After mid-July we observed a 
substantial increase in TKN which served to correct our “FINISHED” concentrations as demonstrated in 
sampling episodes after mid-July (despite there being a few suspect sample episodes after mid-July that 
indicate some dilution due to either collecting the sample soon after the actual flush, or could be explained 
by a leaking flush valve in the milking parlor). 
 
Potassium: 
The potassium can be a component of urea, plant matter or possibly dissolved in the water when plant 
matter is broken down.  When plant matter decomposes, potassium can become dissolved in the water as 
an electrolyte that helps determine concentration and dilution factors in the treatment system (especially 
downstream of separated suspended solids).  Potassium is not specifically targeted for removal.  
 
Phosphorus: 
The phosphorus removal is an added bonus of the Agrimond treatment system.  We noticed that along 
with most other characteristics, the phosphorus concentration between December 2005 and March 2006 
cycled to about 3-times “RAW” concentrations before polymer could be delivered and appropriately 
applied to the treatment.  The graphs above demonstrate that phosphorus introduced in the raw water 
generally concentrates by a factor of between 2 to 3 in the aerated basin.  The phosphorus concentration in 
the aerated basin and subsequently in the “FINISHED” water is managed by the frequency and volume of 
sludge removed from the aerated basin.  When the phosphorus concentration in the aerated basin is 
reduced to below about 10 mg/l we observe much less treatment effects in the “FINISHED” water. 
 
One observation to note is that despite the well water diluting many other wastewater characteristics, the 
phosphorus appeared less impacted.  This can be explained as the phosphorus is generally derived from 
the well water (and to some extent through plant matter degradation) hence the dilution variations 
observed in other characteristics were not obvious with phosphorus. 
 
There are several sharp spikes of phosphorus in the “RAW” water in late September which can be 
attributed to recycling sludge upstream to the lift station (in an effort to preserve bacteria from chlorine 
discharged when sanitizing the milk tank/s).  These spikes in the “RAW” water caused only a fractional 
increase in concentration in the aerated basin.  Despite these sharp upward spikes, the increase loads were 
treated and removed keeping the “FINISHED” water phosphorus relatively unaffected.  
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APPENDIX B – Documentation of Lab Report Custody 
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