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I.    EXECUTIVE SUMMARY 
 
EnviroWaste Technology developed a methodology that efficiently dewaters and contains nutrients by 
utilizing geotextile containers and chemistry—optimizing a process in creating two waste streams 
(liquid and solid)—assisting producers to better utilize nutrients from the manure.  The technology is 
reasonable and effective, and is able to be commercialized for high volume dewatering for lagoon 
maintenance and deep pit nutrient management. 
 
Dewatering manure (separating solids from the liquid) is recognized as a means of sequestering 
nutrients, but where mechanical separations equipment are used, economic and efficient 
shortcomings are evident.  Too often mechanical separators get the “low hanging fruit” at a low per 
gallon cost, but do not remove many nutrients.  As swine producers are faced with tight margins, 
financing technologies to deal with manure problems must be reasonable and effective. 
 
Swine production operations are pressured to utilize alternative/innovative technologies where 
traditional methods—pumping the volume and land applying—are not working because of regulations 
or economic nutrient utilization.  Removing the nutrients from lagoons will restore and enhance 
lagoon/sprayfield effectiveness. 
 
Lagoon/sprayfield manure systems are utilized in swine production as an economical method to 
manage swine manure.  Although the process is simple, it is not without shortcomings.  From years 
of use, nutrients and solids tend to build to a point that anaerobic digestion in the lagoon becomes 
ineffective, which causes increased undigested nutrients in the sprayfield irrigation water that is often 
applied to fields already high in nutrients. 
 
Governmental regulations require producers to submit nutrient management and environmental 
plans.  Often, the lagoon’s nutrient carrying capacity is decreased by rules requiring increased 
freeboard over the top of the sludge bed.  Regular maintenance of a lagoon by removing built-up 
sludge will extend the useful life of the lagoon and enhance anaerobic digestion of nutrients. 
 
Not only are lagoons part of nutrient management stratagem, but also, many swine confinement 
facilities use deep pits beneath the animals to capture and contain manure.  Deep pit operations 
provide less footprint for facilities, conserving usable land for other production.  The captured manure 
is typically land applied to row-cropped land.  The homogeneous blends of nutrients—often high in 
phosphorus—can be applied to cropland at nutrient removal rates; but all too often, fields are already 
high in phosphorus.  Many of the fields that can best utilize the manure are farthest from the 
confinement facilities.   
 
Decreasing land base because of urban encroachment and increasing land requirements for nutrient 
management are giving swine producers a dilemma.  Because of health and quality of life issues, 
governmental and environmental organizations continue to scrutinize swine production, often 
deterring continuation or expansion.  Pressure towards swine producers to adopt reasonable and 
effective technologies strain their existing tight margins.  Swine producers, as well as informed 
citizens, are concerned about air and water quality, animal welfare, and public safety.  
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The scope of the project was to process the annual volume of generated manure produced from a 
functioning swine production facility to concur or contrast with existing scholastic/manufacturer’s 
reports where smaller volumes were processed.  The report’s analysis reveals chemical effectiveness 
concerning different rates for nutrient removal effeciencies. 
 
The capability to dewater swine manure through a textile filter without chemistry is greatly limited 
because of fabric blinding from undigested nutrients and feed.  Top performance of the filter requires 
proper chemistry to create a large flock for efficient free and bound water release. 
 
The goals of this project were to dewater and determine nutrient reduction effectiveness, 
Geotube®/chemistry efficiency, unit costs, and quantify the challenges of the technology as it applies 
to existing swine deep pit and lagoon/sprayfield manure management operations. 
 
This report addresses the goals as it pertains to three types of operations for high volume 
dewatering: 

1) Deep Pit Swine Confinements Operations 
2) Lagoon/Sprayfield Operations 
3) Combination Deep Pit and Lagoon Operations 

 
The implementation of a geotextile dewatering project for on-the-farm usage is dependant in 
recognizing variability for commercialization.  Not all swine farms are operated the same; and not all 
pig manure is the same.  The feed, water quality, and facility health affect the quantity and quality of 
manure.  The data used in this report reflect actual on-the-farm situations for this swine production 
facility.  The materials were competitively priced for the years 2007-2008 and capital investments 
were amortized.  Costs for mobilization, implementation, discovery, laboratory analysis, and reporting 
are not included.   
 
The project started with bench testing the chemistry and filtering amended sludge through a smaller 
Geotube®.  When viability was recognized, a high volume project was planned and implemented to 
reflect an actual on-the-farm project, not one that was laboratory controlled or embellished.  The 
four processing events started in August ’07 and ended January ’08, with dewatering >1½ million 
gallons in 110 processing hours. 
 
Although there was no quantifying of odor, the only additional odor was realized when initial agitation 
of the slurry started.  The processed filtrate had a sweet mild smell, and the contained solids 
demonstrated a musty earthy smell—like fresh tilled garden dirt.  No composting action of the 
contained solids was observed in the geotextiles containers.  
 
EnviroWaste Technology thanks FPPC and Rensing Family Farms for investing into this fact finding 
project; as well as Dave Rahe with Soil-Right Consulting for objectively monitoring the project and 
confirming the facts, and Vic Johnson with Kemira Water Solutions in identifying chemistry 
requirements.  

Ed Puck, President 
EnviroWaste Technology, Inc. 
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 II. BACKGROUND 
 
The project was conducted at a swine production facility on a family operated farm in southern 
Illinois—surrounded by wooded areas and developing residential acreages.  The site is in Madison 
County, New Douglas Township, Township 5N- Range 6W.  The production facility is operated as 
Rensing Family Farms, Inc., rural New Douglas, IL. The area is identified as a USDA excess nutrient 
level of less than 50,000 tons of N and less than 50,000 tons of P, but is on the Kaskaskia River 
watershed that provides recreation and economic development to St. Louis’ urban sprawl. 
 
Rensing Family Farms manage an extensive row-crop/feed-grain operation as well as being 
diversified in cow/calf and swine production.  Their swine nutrient management process involves a 
three-stage lagoon/spray-field operation, as well as deep pit containment at their finishing unit.  They 
have a Comprehensive Nutrient Management Plan (CNMP) in complying with local, state, and federal 
regulations.  They have produced swine in confinement since 1994.   
 

Rensing Swine Production Facilities 
 

 
 

Manure has been seasonally applied to the nearby cropped-ground from the deep pits and third-
stage of the lagoon system, and they are experiencing phosphorus saturation on several fields.  They 
farm enough land for utilizing the manure, but the fields are remote from the confinement site, as 
well as being separated by timber, streams, and urban encroachment.  They have a need to search 
for reasonable and effective technologies to relocate valuable nutrients to distant fields.  
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III. METHODOLOGY 
 
The project dewaters solids from the deep pit finishing units and first stage of a three-stage lagoon 
system.  The geotextile containers filter the solids from the liquid slurry and allow passive 
consolidation of the solids.  The intent is to commercialize the technology as it applies to batch high 
volume nutrient management, replicating real on-the-farm circumstances. 
 
High Volume Dewatering & Containment: 
At a rate in excess of 15,000 gallons per hour, the manure slurry is pumped by a dredge/pump, and 
is amended with chemicals to create flocculation of the solids to be filtered by the geotextile 
container.  The filtrate is diverted to the third stage lagoon for irrigation.  The geotextile containers 
decant and are refilled several times--containing hundreds of wet-tons of solids. 
 
How it Works: 
Initial bench testing determined the best coagulant and polymer for this site.  Not all manure is 
created equally!  Feedstock, alkalinity of water, and management practices will contribute to varying 
chemical effectiveness. 
 
Ferric sulfate (Fe3-12%) was chosen as an effective coagulant; and Cytec #4512 was the most 
effective polymer.  The bench-tests indicated that it would take ~3000 gallons of ferric sulfate and 
~400 gallons of polymer per million gallons of slurry.  The coagulant (Fe3) precipitates the solids and 
allows them to form small pin-flocks.  The flocculent (polymer) is then used to aggregate the pin-
flocks into a larger flock.  The flocked sludge is filtered by the geotextile container—separating and 
containing the solids from the free and bound water.  Because of ferric sulfide creation (Fe3 reaction 
to H2S), the filtrate had a dark tea clarity and almost blackish clarity where higher quantities of 
hydrogen sulfide (H2S) were present.          

    

System Flow: 
A lagoon pump or dredge is used to deliver the manure/sludge for processing.  Coagulant is metered 
into the closed sludge stream with a special chemical pump; after some in-pipe mixing time, made 
down activated polymer is injected into the sludge stream to flocculate the solids for passive 
dewatering by the geotextile container.  

 
 
 
 
 
 
 
 
 
 
 
 

Solids contained for land 
application, composting, 
or alternative technology 
use. 
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The chemistry was consistently monitored through catch samples, and adjusted for best flocculation.  
The amended slurry stream was directed to the geotextile container for passive filtration through a 4-
inch delivery hose.  The solids passively consolidated—releasing the free and bound waters.  The 
filtrate was diverted and used for irrigation with reduced nutrient loadings.  The dewatered solids are 
land applied to row-cropped fields for nutrient recovery.  
 
Volume of Slurry to Process: 
The swine production facility has three separate manure containing systems: 

1) The 1200 space (162 AU) finishing building has deep pits (~650,000 gallons) under the slats, 
2) The 750 space (102 AU) pull-plug finisher building has a small earthen retention pond 

(~375,000 gallons), and 
3) Serving the 740 sow (320 AU) farrow-feeder production is a 3-stage anaerobic lagoon system 

(stage 1 holds ~850,000 gallons).  The waste system is pull-plug flush design, but piping is 
plugged because of struvite accumulation.  The shallow pits are recharged with fresh water 
every few weeks.  The lagoon (stage #1) is nearly full of solids, contributing to excess 
nutrients in stages #2 & #3.  

 
The capacity of the operation is 740-sow farrow to feeder operation and 1,950-head capacity feeder 
to finishing units, equaling 584 AU (sslw) of swine on the farm.  In the years since it went into 
operation, the aggregated animal units on the lagoon system has been >4480 Animal Units.  The 
deep pit and retention pond were seasonally maintained, with slurry applied to nearby cropland. 
 
Disposition of the Solids: 
Upon solids consolidation and scheduling land application, the geotextile container is cut opened and 
solids loaded on trucks and field applied to agronomic rates.  Advantages of handling and applying 
the solids as a dry material can decrease the long hauling cost and substantially decrease labor 
requirements.  Because of performance and safety concerns, the used geotextile fabric will not be 
reused for dewatering, but will be used to stabilize the rock access roads at the facility. 
 
Disposition of the Filtrate:  
The filtrate contains a minimal amount of nutrients, and can be applied as irrigation to the nitrogen 
crop removal rates.  If it is used on corn ground that needs 150 lbs./acre of nitrogen, it can be 
applied at ~18,000 gallons per acre, over twice the rate of the raw slurry—reducing the amount of 
acres required.  Currently, the producer irrigates from the third stage lagoon on nearby hay/pasture 
ground and cropland       
 
The Value of Two Waste Streams: 
Many swine production sites are faced with phosphorus saturation near production facilities, requiring 
relocation of nutrients farther from the facility.  By dewatering, the owner/operator will be able to 
apply the filtrate on the nearby pasture, reducing long distance transportation and labor costs.  The 
concentrated volume of dewatered solids will be applied to fields several miles from the facility.   
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IV. MONITORING and ANALYSIS 
 
Results were compiled from reports during processing of the manure--utilizing equipment, material, 
labor and processing time sheets.  Raw and filtrate samples were routinely collected after each major 
adjustment during the processing events.  The samples were sent to Brookside Laboratories for 
manure and environmental analysis by Soil-Right Consulting Services of Hillsboro, Il.  
 
Samples for analysis were taken to contrast the raw slurry and filtrate for: 
 
TS*^  Total Solids      K2O* Potassium Oxide 
TSS^  Total Suspended Solids    Ca* Calcium 
TM*  Total Moisture     Mg* Magnesium 
MM*  Mineral Matter     Na* Sodium 
OrgM+* Organic Matter-Lost by Ignition   S* Sulfur 
TVS^  Total Volatile Solids     SO4^ Sulfate 
TN*  Total Nitrogen     B* Boron 
TKN^  Total Kjeldahl Nitrogen    Fe* Iron 
OrgN* ̂  Organic Nitrogen     Mn* Manganese 
NH4-N * Nitrogen-Ammonia     Cu* Copper 
NO3-N * Nitrogen-Nitrate     Zn* Zinc 
TP^  Total Phosphorus     pH^  Power of Hydrogen 
P*  Phosphorus      Alkalinity^ 
P2O5* ̂  Phosphorus Oxide     E. Coli^ 
K*  Potassium 
 
* Manure Lab Analysis 
^ Sludge/Environmental Lab Analysis 
 
The raw & filtrate samples contrasted to illustrate the nutrients contained in the geotextile container, 
as well as provide the effectiveness of chemistry.  Samples were analyzed for manure nutrient 
content as well as sludge environmental content.  Hourly grab samples (raw & filtrate) were co-
mingled for a representative sample sent to A&L Labs for analysis.   
 
The condition of the chemically amended sludge was visually inspected and chemical adjustments 
routinely made to insure an effective flock during processing events.     
 
The sludge-processing rate was checked with a “Doppler” type meter and the chemical injection 
pumps were attuned with calibration cylinders.   
 
The Animal Units (AU) were calculated using MWPS-18, 1993 Handbook (135 lbs. per head for 
Feeder-Finisher Units; 433 lbs. per head for Farrowing-Feeder Units).  AU equals 1000 lbs. of steady 
state live weight (SSLW) animals. 
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V. PROJECT DESCRIPTION AND INTRODUCTION 
 
The scope of the project was to timely dewater the annual output of manure from the facility, ~1½ 
million gallons, using real on-the-farm circumstances.  By batching the events, best utilization of 
labor and equipment could be realized—making the project as efficient as possible. 
 
The total project was divided into 3 sub projects: 

1) Finisher dewatering, 
2) 1st Stage lagoon dewatering, and 
3) Combination of the two dewatering. 

 
The goals were to: 

1) Reduce nutrient levels in the liquid faction by 75%,  
2) Determine unit costs, 
3) Monitor Geotube® decant performance, and  
4) Create a reasonable and effective dewatering approach for commercialization. 

 
Among other things, a successful geotextile dewatering project requires time and space.  It takes 
time for the geotextiles to statically release the free and bound water; and it takes space to layout 
the containers. 
 

Preparing the Site 
 

 
 
The site was prepared with a ½% slope and compacted with 4-inches of crushed rock, then lined 
with 6-mil poly sheeting, prior to deployment of the Geotubes®.  
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There are several limiting factors of a geotextile/chemical dewatering project: 
1) Space for container deployment 
2) Time for the solids to consolidate 
3) Geotube® decant rate 
4) Polymer make-up and activation rate 
 
 
Three Ten Cate GT500 Geotubes® were ordered 
and launched for processing the manure slurry.  
Each were 553 cubic yard sized, 30’ wide and 
100’ long, and constructed of weaved 
polypropylene with 40 mesh holes--engineered to 
be filled to a 7 ½’ (90”) height. 
 
 
A weir was placed to determine the performance 
of the Geotube® concerning speed of decant.  
The decant time helps to establish the amount of 
time required between processing events and 
final consolidation, as well as the rate and 
volume of free/bound water released. 
 
 
The polymer manufacturer recommended a ½% 
solution and enough time to allow activation of 
the cationic emulsion polymer.  The polymer 
makeup water was on-premise from the facility 
water supply--measured to produce 16 gpm.   
 
 
Based on the bench tests, this would allow a 
slurry-processing rate of 200 gpm.  The chemical 
pumps were initially set to inject 2270 ml per 
minute of ferric sulfate and 304 ml per minute of 
neat polymer. 
 
 
The manure pumps were lowered into the slurry 
and agitated for ½ hour prior to processing.  A 4-
inch delivery hose was laid to direct the slurry for 
chemical amending and Geotube® dewatering. 
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VI. DEEP PITS Sub PROJECT 
 
A 553 cubic yard Geotube® was launched on a prepared site to process the finishing unit slurry.  The 
slurry was contained in deep pits under the slats in the building.  The building has 1200 hog spaces 
(162 AU), usually filled 2½ times per year by the feeder pigs generated from the farrowing facility.  
The finishing unit produces about 650,000 gallons of manure slurry per year. 
 
Nutrient Reduction: 
This sub project was divided into 3 dewatering events (August 11th, November 3rd and January 4th).   
 

Without Coagulant- The first (August 11th) processing event was conducted to define the 
performance of polymer without the coagulant (ferric sulfate).  On that event 257,300 gallons (7½ 
dry tons) of slurry was processed during the 14 hour processing time using 642 lbs. of polymer—
removing 40% of the total solids and 73% of the phosphorus.  A raw and filtrate sample were 
captured and they illustrated the contrast in nutrient removal. 

 
Deep Pit Manure-Polymer Only Chart 

 Date of Sample 8/11/07 8/11/07    
 Time Sampled: 2:00 PM 2:00 PM    
Agricultural/ManureAnalysis: Raw Filtrate    
 Lab # 5027 5028    
 Alkalinity mg/kg 13836  13052    
 pH 7.96  8.05  lbs. per  
 Sample ID 8-11A lbs.. per 8-11A lbs.. per 1000 gal % 
 Basis Wet 1000 gal. Wet 1000 gal. Reduced Reduced 
TS Total Solids % 1.74 146 1.04 88 59 40% 
TM Total Moisture % 98.26   98.96      
MM Mineral Matter % 0.84 70.7 0.56 47.1 23.6 33% 
OrgM+ Lost by Ignition % 0.90 75.7 0.48 40.4 35.3 47% 
TN Total Nitrogen % 0.35 29.2 0.27 23.0 6.2 21% 
NH4-N Nitrogen-Ammonia % 0.31 25.7 0.11 9.4 16.2 63% 
NO3-N Nitrogen-Nitrate % 0.01 0.8 0.01 0.8 0.0 0% 
OrgN Nitrogen-Organic % 0.04 3.5 0.16 13.5 -10.0 -283% 
P Phosphorus % 0.06 5.3 0.02 1.4 3.9 73% 
P2O5 Phosphorus Oxide % 0.14 12.1 0.04 3.3 8.8 73% 
K Potassium % 0.22 18.4 0.22 18.3 0.1 0% 
K2O Potassium Oxide % 0.26 22.2 0.26 22.1 0.1 0% 
Ca Calcium % 0.04 3.2 0.01 0.7 2.5 79% 
Mg Magnesium % 0.03 2.1 0.00 0.1 2.0 96% 
Na Sodium % 0.05 4.0 0.05 4.0 0.0 0% 
S Sulfur % 0.03 2.4 0.02 1.4 0.9 39% 
B Boron ppm 2.90 0.02 2.80 0.02 0.00 3% 
Fe Iron ppm 51.37 0.43 3.42 0.03 0.40 93% 
Mn Manganese ppm 9.25 0.08 0.99 0.01 0.07 89% 
Cu Copper ppm 2.12 0.02 0.49 0.00 0.01 77% 
Zn Zinc ppm 22.85 0.19 1.17 0.01 0.18 95% 

 
Even though the routine catch samples indicated an effective flock, we actually used 60% of polymer 
that the bench-test indicated to use. 
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With Coagulant- The second and third events were scheduled upon adequate decant time of 
the Geotube®.  Those events employed both ferric sulfate and polymer to chemically process the 
slurry to ascertain and contrast the performance of a coagulant for solids removal on undigested 
deep pit swine manure.  With this portion of the project, chemicals were used sparingly—enough to 
create an effective flock.  We used 30% of the ferric sulfate and 83% of the polymer required that 
the bench tests indicated to use. 
 
For the 2nd and 3rd events, a total of 342,700 gallons of slurry was processed in 20 hours using 3567 
lbs. of ferric sulfate and 926 lbs. of polymer—removing 56% of the total solids and 90% of the 
phosphorus. 

 
 

Deep Pit Manure-Fe3 & Polymer Chart 
    Raw Filtrate     

   
2 & 3 Event 

Average 
2 & 3 Event 

Average    
 Alkalinity mg/kg 13831  8129    
 pH 7.78  7.66  lbs. per  
   PIT lbs.. per PIT lbs.. per 1000 gal % 
   Wet 1000 gal. Wet 1000 gal. Reduced Reduced 
TS Total Solids % 1.75 146.96 0.78 65.35 81.62 56% 
TM Total Moisture % 98.25  99.22    
MM Mineral Matter % 0.90 75.45 0.49 41.51 33.94 45% 
OrgM+ Lost by Ignition % 0.85 71.52 0.28 23.84 47.68 68% 
TN Total Nitrogen % 0.49 41.23 0.17 14.28 26.95 50% 
NH4-N Nitrogen-Ammonia % 0.12 9.96 0.10 8.78 1.18 11% 
NO3-N Nitrogen-Nitrate % 0.00 0.26 0.00 0.26 0.00 0% 
OrgN Nitrogen-Organic % 0.37 31.27 0.07 5.50 25.77 67% 
P Phosphorus % 0.09 7.40 0.01 0.84 6.56 90% 
P2O5 Phosphorus Oxide % 0.20 16.97 0.02 1.94 15.03 90% 
K Potassium % 0.21 17.98 0.19 16.18 1.79 10% 
K2O Potassium Oxide % 0.26 21.65 0.23 19.49 2.16 10% 
Ca Calcium % 0.06 4.80 0.01 0.56 4.24 88% 
Mg Magnesium % 0.04 2.94 0.00 0.22 2.72 92% 
Na Sodium % 0.04 3.76 0.04 3.45 0.31 8% 
S Sulfur % 0.03 2.36 0.02 1.99 0.36 11% 
B Boron ppm 3.01 0.03 2.43 0.02 0.00 19% 
Fe Iron ppm 115.04 0.97 7.11 0.06 0.91 94% 
Mn Manganese ppm 14.77 0.12 0.83 0.01 0.12 94% 
Cu Copper ppm 4.21 0.04 0.43 0.00 0.03 89% 
Zn Zinc ppm 39.86 0.34 0.54 0.00 0.33 99% 

 
 
The ability of ferric sulfate to enhance dewatering is contributed to partially overcoming the alkalinity 
of the slurry.  As the report indicates, optimum dewatering could have been accomplished by 
maintaining the ferric sulfate and polymer to near the level as indicated by the initial bench-test. 
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Averaged Results-  There were 4 samples of the raw slurry and 4 samples collected 
of the filtrate released by the “Pit” Geotube®.  The samples were averaged to determine the 
performance of the Geotube® and applied chemistry for nutrient removal.  A total of 600,000 
gallons of slurry were pumped from the finishing unit’s deep pit and processed in 34 hours 
with 1608 lbs. of polymer and 3567 lbs. of ferric sulphate—removing 52% of the total solids 
(92% of the Total Suspended Solids) and 86% of the phosphorus. 

Deep Pit- Averaged Results Chart 
                    

  Agricultural/ManureAnalysis: RAW Ave. Filtrate Ave.       
        lbs. per     

   Source PIT  
lbs.. 
per PIT 

lbs.. 
per 1000 gal %   

   Basis Wet 
1000 
gal. Wet 

1000 
gal. Reduced Reduced   

  TS Total Solids % 1.75 146.82 0.84 70.89 75.9 52%   
  TM Total Moisture % 98.26  99.16       
  MM Mineral Matter % 0.88 74.25 0.51 42.91 31.3 42%   
  OrgM+ Lost by Ignition % 0.86 72.57 0.33 27.98 44.6 61%   
  TN Total Nitrogen % 0.45 38.22 0.20 16.45 21.8 57%   
  NH4-N Nitrogen-Ammonia % 0.17 13.88 0.11 8.94 4.9 36%   
  NO3-N Nitrogen-Nitrate % 0.00 0.38 0.00 0.38 0.0 0%   
  OrgN Nitrogen-Organic % 0.29 24.34 0.09 7.51 16.8 69%   
  P Phosphorus % 0.08 6.88 0.01 0.99 5.9 86%   
  P2O5 Phosphorus Oxide % 0.19 15.76 0.03 2.27 13.5 86%   
  K Potassium % 0.22 18.09 0.20 16.72 1.4 8%   
  K2O Potassium Oxide % 0.26 21.79 0.24 20.15 1.6 8%   
  Ca Calcium % 0.05 4.40 0.01 0.59 3.8 87%   
  Mg Magnesium % 0.03 2.73 0.00 0.19 2.5 93%   
  Na Sodium % 0.05 3.83 0.04 3.60 0.2 6%   
  S Sulfur % 0.03 2.36 0.02 1.85 0.5 21%   
  B Boron ppm 2.99 0.03 2.53 0.02 0.00 15%   
  Fe Iron ppm 99.12 0.83 6.19 0.05 0.78 94%   
  Mn Manganese ppm 13.39 0.11 0.87 0.01 0.11 94%   
  Cu Copper ppm 3.69 0.03 0.45 0.00 0.03 88%   
  Zn Zinc ppm 35.61 0.30 0.70 0.01 0.29 98%   

            
            

  Environmental/Sludge Pit Raw Ave Pit Filtr. Ave lbs./Ton %   
   Analysis Wet #/Ton Wet #/Ton Reduced Reduced   
  TS Total Solids % 2.19 43.84 0.83 16.56 27.3 62%   
  TSS Total Sus. Solids % 1.49 29.86 0.12 2.42 27.4 92%   

  TVS Total Vol. Solids % 1.09 21.76 0.25 5.05 16.7 77%   
  TKN Total Kjeldahl N % 0.44 8.86 0.19 3.81 5.0 57%   
  OrgN Nitrogen-Organic % 0.44 8.86 0.19 3.81 5.0 57%   
  TP Total Phos.% 0.04 0.85 0.01 0.12 0.7 86%   
  P2O5 Phosphorus Oxide % 0.10 1.93 0.01 0.27 1.7 86%   
  SO4 Sulfate mg/kg 253.84   489.77         
   Alkalinity mg/kg 11478.35   9359.73         
   pH S.U. 7.83   7.76         
                    

Most of the minerals can be recovered with the solids, but the nitrogen, potassium and salts are 
water-soluble and tend to stay with the liquid faction (filtrate). 
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Geotube® Performance-Deep Pit: 
After each event, the solids were consolidated through passive dewatering of the geotextiles 
container.   
 
Prior to the 2nd Event, solids samples were taken and the consolidation on Sept. 15th (2 week 
consolidation) was 14.9% TS, and on Oct. 16th (4 week consolidation) was 25.4% TS.  
 
After the 2nd Event, but prior to the 3rd dewatering event, the Nov. 15th (2 week) consolidation was 
15% TS.   
 
After the final dewatering event, samples were taken and on Mar. 17th (8 weeks consolidation) was 
16.8% TS.  The final sample was tested on December 1st for consolidation of 19.3% TS.   
 
Total processing contained about 23 dry tons, and removed ~11,244 lbs. of P2O5. 
 
The solids consolidated/dewatered to the following values: 
 
 

Deep Pit Geotube® Nutrient Consolidation Chart 
        
  12/1/08 Contained Solids 
  Lab # 10722   
  Sample ID PIT BAG   
  Basis Dry lb/WetTon 
TS Total Solids % 19.25 385 
TM Total Moisture % 80.75 1605 
MM Mineral Matter % 49.19 9.8 
OrgM+ Lost by Ignition % 50.81 10.2 
TN Total Nitrogen % 5.37 1.1 
NH4-N Nitrogen-Ammonia % 0.36 0.1 
NO3-N Nitrogen-Nitrate % 0.00 0.0 
OrgN Nitrogen-Organic % 5.01 1.0 
P Phosphorus % 7.89 1.6 
P2O5 Phosphorus Oxide % 18.08 3.6 
K Potassium % 0.39 0.1 
K2O Potassium Oxide % 0.47 0.1 
Ca Calcium % 6.49 1.3 
Mg Magnesium % 3.56 0.7 
Na Sodium % 0.07 0.0 
S Sulfur % 1.50 0.3 
B Boron ppm 41.40 0.001 
Fe Iron ppm 12937.78 0.259 
Mn Manganese ppm 1668.10 0.033 
Cu Copper ppm 473.33 0.009 
Zn Zinc ppm 4753.06 0.095 
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Costs per Units-Deep Pit: 
Costs for dewatering 600,000 gallons of deep pit slurry were: 
$ 333  Site preparation and chemical containers (annualized for 10 years) 
$1088  Geotube (150 cubic yards contained) 25% capacity utilized 
$ 428  Ferric sulfate (3567 lbs.) 
$3216  Polymer (1608 lbs.) 
$1020  Labor (34 hrs for 1 1/2 men) 
$1700  Tractor/Equipment (34 hrs) 
$7785  Total Costs* 
 
*Not included are specific associated costs for analytical/monitoring and solids/filtrate application. 
 
Cost per units were: 
$.0129 per gallon 
$12,975 per million gallons processed (1.8% TS) 
$48.06 per AU (162) 
$2.60  per head (1200 x 2.5=3000) 
$51.90 per cubic yard contained (150 cubic yards) 
$338  per Dry Ton contained (23 DT) 
$0.69  per pound of P2O5 (11,244 lbs.) contained 

70 lbs. of polymer per dry ton 
155 lbs. of ferric sulfate per dry ton 
 

The filtrate was channeled to the lagoon to be further digested and sprayfield applied on the 
surrounding cropland.  The solids will be loaded and taken to far fields and spread as fertilizer on row 
cropland.  The reduction in transported loads are decreased from 100 six- thousand gallon tankers to 
6 twenty-five ton loads—a transportation savings and reduced public exposure of 94%.  

 

Combo & Deep Pit Geotubes® Launched Prior to Processing 
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Deep Pit & Combo Geotubes® Dewatering-picture taken from lagoon side 

 
 
 
Challenges and Insight-Deep Pit: 
The deep pits contained debris that hampered pumping and processing the slurry.  Several stoppages 
were caused from small boards and bones lodged within piping elbows and pump.  The ability to fully 
agitate the deep pits could have improved solids processing--as most of the thick solids were not in 
suspension until the end of the last event. 
 
The slurry alkalinity was very high.  Not enough ferric sulfate was used for fully overcoming the 
buffering to remove additional solids.  This was a good project to illustrate  coagulant effectiveness. 
 
The solids consistently consolidated to 15% TS in 2 weeks, with final consolidation of 19.3% TS in 
the Geotube®.  The unusually wet and rainy weather (2008) in southern Illinois contributed to 
saturation and less moisture evaporation within the Geotube®.  The anticipated goal of >25% TS 
was not achieved.   
 
If dewatering was not done, the cost of transporting the deep pit 38-17-22 (N-P-K) slurry for field 
application is estimated at $8000 (100 loads x $80), and could have been applied to the N-Index at 
~3600 gallons per acre (167 acres), producing 137-61-79 units of the crop’s nutrient requirements 
per acre. 
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VII. LAGOON/SPRAYFIELD Sub PROJECT 
 
A 553 cubic yard Geotube® was launched on a prepared site to process the slurry generated by the 
farrow-feeder facility from stage #1, of the three-stage lagoon system.  The lagoon is added to by a 
pull-plug system every few weeks when the the shallow pits are regenerated with fresh water.  The 
buildings have 740 sows (farrowing-gestating-boars-piglets), and combine to 320 AU.  The unit 
produces about 800,000 gallons of manure slurry per year. 
 
Weir Monitored: 
A weir was installed to monitor the decant performance of the Geotube®. Because a weir was used 
to measure the filtrate on the “Lagoon” dedicated Geotube®, the performance of the dewatering rate 
could be discovered.  Initial dewatering (filtrate out) was rapid, nearing 6600 gallons per hour. 

Geotube Performance - 1st Dewatering Event
224,000 gallons In - 65,000 gallons Out
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A correlation can be seen over the 33 hour monitoring of the 1st Event.  The 1st day average 
processing rate of 19,000 gallons per hour (8 hrs) was decreased to 6,300 gallons per hour during 
the 2nd day.  The TS sludge in was ~5.1%, and the solids would have consolidated to ~7.5% TS in 
the 34 hours.  The rate of decant quickly drops to 600 gallons per hour after processing.  In a few 
hours after processing, the decant rate did drop to less than 200 gallons per hour, and continue to 
average 150 gallons per hour for a few weeks as the solids are passively consolidated to ~14% TS.  
After the initial filling event, the Geotube® would rarely decant more than 1000 gallons per hour 
during successive processing events of higher TS sludges. 
 
It took 10 hours of processing to raise the Geotube® to >80 inches, then there was a pause in 
processing (13 hrs) that allowed the Geotube® to decant and drop ~10 inches, prior to final filling to 
the engineered height of 90 inches at the 1st event. 
  
Nutrient Reduction: 
The sub project was divided into 3 dewatering events (October 16th, November 2nd, and January 
11th).  A total amount of 402,300 gallons of slurry was processed in 33½ hours, using 1635 lbs. of 
polymer and 2587 lbs. of ferric sulfate. 

Lagoon Geotube® Average Nutrients Reduced Chart 
  Alkalinity mg/kg 4348.29   2159.82     50% 
  pH SU 7.44   7.65       
   Raw Filtrate     
   Average Average lbs. per   

   Lagoon 
Lbs.. 
per Lagoon lbs.. per 1000 gal % 

   Wet 
1000 
gal. Wet 

1000 
gal. Reduced Reduced 

TS Total Solids % 5.86 492.78 0.71 59.57 433.21 88% 
TM Total Moisture % 95.01   99.31       
MM Mineral Matter % 1.37 115.55 0.50 42.24 73.31 63% 
OrgM+ Lost by Ignition % 1.20 100.97 0.19 15.65 85.32 85% 
TN Total Nitrogen % 0.18 15.40 0.12 10.30 5.10 33% 
NH4-N Nitrogen-Ammonia % 0.17 14.28 0.10 8.18 6.10 43% 
NO3-N Nitrogen-Nitrate % 0.01 0.53 0.01 0.61 -0.07 -14% 
OrgN Nitrogen-Organic % 0.01 1.12 0.03 2.12 -1.00 -89% 
P Phosphorus % 0.16 13.74 0.01 1.25 12.50 91% 
P2O5 Phosphorus Oxide % 0.37 31.47 0.03 2.86 28.61 91% 
K Potassium % 0.16 13.60 0.17 14.32 -0.72 -5% 
K2O Potassium Oxide % 0.20 16.41 0.21 17.27 -0.86 -5% 
Ca Calcium % 0.09 7.80 0.01 0.57 7.22 93% 
Mg Magnesium % 0.07 5.55 0.00 0.28 5.27 95% 
Na Sodium % 0.04 2.97 0.04 3.25 -0.27 -9% 
S Sulfur % 0.04 3.45 0.04 3.48 -0.03 -1% 
B Boron ppm 2.75 0.02 2.30 0.02 0.00 16% 
Fe Iron ppm 269.13 2.26 4.71 0.04 2.22 98% 
Mn Manganese ppm 30.37 0.26 0.79 0.01 0.25 97% 
Cu Copper ppm 24.28 0.20 0.39 0.00 0.20 98% 
Zn Zinc ppm 86.16 0.72 0.21 0.00 0.72 100% 

The raw slurry total solids (TS) averaged 5.86% (58,600 mg/l), and the filtrate TS averaged .71% 
(7100 mg/l).  The majority of the nutrients in the filtrate were soluble being ammonia, potassium, 
and sodium. 
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Geotube® Performance-Lagoon: 
During the project, solids samples were taken from the “Lagoon” geotextiles container to determine 
passive dewatering performance.   
 
After the 2nd Event, solids samples were taken and the consolidation on Nov. 15th (2 week 
consolidation) was 13.3% TS, and on Jan. 9th  (8 week consolidation) was 18.3% TS.  
 
After the final dewatering event, samples were taken and on Mar. 17th (8 weeks consolidation) it was 
18.6% TS.  The final sample was tested on December 1st for consolidation of 20.4% TS, and to ~400 
cubic yards. 
 
Total processing contained about 77 dry tons, and removed ~12,660 lbs. of phosphorus. 
 
The solids consolidated/dewatered to the following values: 
 

 
Lagoon Geotube® Nutrient Consolidation Chart 

        

  Date of Sample 12/1/08 
  Time Sampled:    
Agricultural/ManureAnalysis: Contained Solids 
  Lab # 10724 
  Sample ID Stage 1 
  Basis Dry lb/WetTon 
TS Total Solids % 20.42 408 
TM Total Moisture % 79.58 1592 
MM Mineral Matter % 55.33 202.29 
OrgM+ Lost by Ignition % 44.67 163.31 
TN Total Nitrogen % 4.79 17.51 
NH4-N Nitrogen-Ammonia % 0.42 1.54 
NO3-N Nitrogen-Nitrate % 0.00 0.00 
OrgN Nitrogen-Organic % 4.37 15.98 
P Phosphorus % 7.46 27.27 
P2O5 Phosphorus Oxide % 17.09 62.48 
K Potassium % 0.49 1.79 
K2O Potassium Oxide % 0.59 2.16 
Ca Calcium % 6.73 24.60 
Mg Magnesium % 2.84 10.38 
Na Sodium % 0.09 0.33 
S Sulfur % 1.69 6.18 
B Boron ppm 58.41 214 
Fe Iron ppm 25522.89 93312 
Mn Manganese ppm 1689.42 6177 
Cu Copper ppm 1038.99 3799 
Zn Zinc ppm 4878.16 17835 
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Costs per Units-Lagoon: 
Costs for dewatering 402,300 gallons of lagoon sludge were: 
$ 333  Site preparation and chemical containers (annualized for 10 years) 
$2900  Geotube (400 cubic yards contained) 72% capacity utilized 
$1582  Ferric sulfate (13186 lbs.) 
$3270  Polymer (1635 lbs.) 
$1005  Labor (33 ½ hrs for 1 1/2 men) 
$1675  Tractor/Equipment (33 ½ hrs) 
$10,765  Total Costs* 
 
*Not included are specific associated costs for analytical/monitoring and solids/filtrate application. 
 
Cost per units are: 
$.0267 per gallon 
$26,759 per million gallons processed (5.86% TS) 
$2.40  per AU per year (320 x 14 yrs=4480) 
$1.04  per sow per year (740 x 14 yrs=10,360) 
$26.91 per cubic yard contained (400 cubic yards) 
$139  per Dry Ton contained (77 DT) 
$0.85  per pound of P2O5 (12,660 lbs.) contained 

21 lbs. of polymer per dry ton 
34 lbs. of ferric sulfate per dry ton 

 
Lagoon Geotube® Filtrate Going Over the Weir to 3rd Stage 

 
 
 
The filtrate was channeled to the 3rd 
stage of the lagoon to be further 
digested and sprayfield applied on 
the surrounding cropland.  The 
solids will be loaded and taken to 
far fields and spread as fertilizer on 
row cropland. 
 
The reduction in transported loads 
are decreased from 67 six thousand 
gallon tankers to 16 twenty-five ton 
loads—a transportation savings of 
76%.  
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Challenges and Insights-Lagoon: 
As slurry was removed from the lagoon, the total solids (TS) increased, causing the processing rate 
to be decreased from 300 gpm to 200 gpm so effective chemistry could be applied.  
 

       Processing the Lagoon Slurry through the Geotube® 
The alkalinity of the slurry (4000 mg/kg) 
seemed to be amended adequately with the 
ferric sulfate, reducing the alkalinity by 50% 
in the filtrate.  The ferric sulfate nearly 
matched the bench test, but the polymer 
increased by 10% over bench tests.  The 
disparity can be contributed to the bench test 
raw sample not being representative of the 
lagoon. 
  
The unusually rainy weather (2008) in 
southern Illinois contributed to less than 
desirable consolidation of solids in the 
Geotube® by saturating and decreasing 
evaporation. 
 
 
 

Lagoon Geotube® nearing Engineered Height-October 16th 
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VIII. COMBINATION RETENTION POND/LAGOON Sub PROJECT    
Retention Pond Dewatering-Aug. 11th:  
A 553 cubic yard Geotube® was launched on a prepared site to process the slurry from the finisher 
retention pond and stage #1 lagoon sludge.  The intent was to determine nutrient removal rates 
from different sources utilizing similar chemistry. 
 
The sub project was divided into 4 dewatering events (August 11th, October 17th, November 2nd, and 
January 10th).  A total amount of 512,100 gallons of slurry and sludge was processed in 42½ hours, 
using 2,294 lbs. of polymer and 11,882 lbs. of ferric sulfate. 
 
The finisher retention pond was dewatered at the August 11th event.  A total of 333,300 gallons of 
slurry was processed in 23½ hrs, using 1,493 lbs. of polymer and 5,215 lbs. of ferric sulfate—
removing 71% of total solids (97% of the TSS) and 92% of the phosphorus. 

Combo Geotube® Pond Nutrients Reduced Chart 
 Retention Pond Average Raw Average Filtrate lbs./Ton % 
Environmental/Sludge Dry #/Ton Dry #/Ton Reduced Reduced 
TS Total Solids % 3.17 63 0.84 16.8 46.63 71% 
TSS TotalSus. Solids % 2.01 40 0.06 1.1 39.06 97% 
TVS Total Vol. Solids % 1.60 32 0.18 3.6 28.38 88% 
TKN Total Kjeldahl N % 0.31 6 0.20 3.9 2.39 39% 
OrgN Nitrogen-Organic % 0.31 6 0.20 3.9 2.39 39% 
TP Total Phos.% 0.19 4 0.01 0.3 3.58 92% 
P2O5 Phosphorus Oxide % 0.44 9 0.03 0.7 8.22 92% 
SO4 Sulfate mg/kg 292.22  394.10    
 Alkalinity mg/kg 13295  10155   24% 
 pH S.U. 7.87  7.93    

 
The dewatering performance was hindered by not meeting the bench-test criteria of 12,000 lbs. of 
Fe3 for 333.300 gallons of slurry.  About 50% less ferric sulfate was used, and almost 50% additional 
polymer was required to make a quality flock.  An estimated 10,426 lbs. of phosphorus (P2O5) was 
removed and contained in the Geotube®. 
 
        Processing Slurry from the Retention Pond        Aug.11th Processing to the Deep Pit & Combo Geotubes® 
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Combo-Retention Pond Costs per Units: 
Costs for dewatering 333,300 gallons of the retention pond slurry were: 
$ 167  Site preparation and chemical containers (annualized for 10 years) 
$1450  Geotube (200 cubic yards contained) 36% capacity utilized 
$ 614  Ferric sulfate (5115 lbs.) 
$2986  Polymer (1493 lbs.) 
$ 705  Labor (23 ½ hrs for 1 1/2 men) 
$1175  Tractor/Equipment (23 ½ hrs) 
$7097  Total Costs* 
 
*Not included are specific associated costs for analytical/monitoring and solids/filtrate application. 
 
Cost per units are: 
$0.0213 per gallon 
$21,293 per million gallons processed (2.84% TS) 
$69.57 per AU (102) 
$3.79  per head (750 x 2.5=1875) 
$35.49 per cubic yard contained (200 cubic yards) 
$245  per Dry Ton contained (29 DT) 
$0.68  per pound of P (10,426 lbs.) contained 

51 lbs. of polymer per dry ton 
176 lbs. of ferric sulfate per dry ton 

 
Lagoon Dewatering-3 Events:   
The Lagoon portion of the “Combo” sub project scheduled 3 events--October 17th, November 2nd, and 
January 10th.  The dewatering sub-project processed 178,800 gallons in 19 hours using 800 lbs. of 
polymer and 6767 lbs. of ferric sulfate, containing 40 Dry Ton (DT) at a volume of 200 cubic yards, 
and removing 90% of the total solids and 99% of the phosphorus. 
 

Combo Geotube® Lagoon Nutrient Reduction Chart 
  Lagoon Average Raw Average Filtrate lbs./Ton % 
Environmental/Sludge Dry #/Ton Dry  #/Ton Reduced Reduced 
TS Total Solids % 9.10 181.9 0.65 12.9 169 90% 
TSS TotalSus. Solids % 5.15 103 0.03 0.6 102 99% 
TVS Total Vol. Solids % 4.45 89 0.16 3.2 86 95% 
TKN Total Kjeldahl N % 0.17 3.4 0.13 2.6 0.7 22% 
OrgN Nitrogen-Organic % 0.17 3.4 0.13 2.6 0.7 22% 
TP Total Phos.% 0.29 5.8 0.01 0.1 5.7 99% 
P2O5 Phosphorus Oxide % 0.67 13.3 0.02 0.3 13.0 99% 
SO4 Sulfate mg/kg 613   1662      
  Alkalinity mg/kg 2749   2314    16% 
  pH S.U. 7.27   7.31       

 
The dewatering performance required 10% more polymer than the bench-tests prescribed.  About 
5570 lbs. of phosphorus was removed and contained in the Geotube®. 
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Combo-Lagoon Costs per Units: 
Costs for dewatering 178,800 gallons of the lagoon slurry are: 
$ 166  Site preparation and chemical containers (annualized for 10 years) 
$1450  Geotube (200 cubic yards contained) 36% capacity utilized 
$ 812  Ferric sulfate (6767 lbs.) 
$1600  Polymer (800 lbs.) 
$ 570  Labor (19 hrs for 1 1/2 men) 
$ 950  Tractor/Equipment (19 hrs) 
$5548  Total Costs* 
 
*Not included are specific associated costs for analytical/monitoring and solids/filtrate application. 
 
Cost per units are: 
$.0310 per gallon 
$31,029 per million gallons processed (9.1% TS) 
$1.24  per AU per year (320 x 14=4480) 
$0.54  per sow per year (740 x 14 yrs=10,360) 
$27.74 per cubic yard contained (200 cubic yards) 
$138.70 per Dry Ton contained (40 DT) 
$0.99  per pound of P2O5 (5570 lbs.) contained 

20 lbs. of polymer per dry ton 
169 lbs. of ferric sulfate per dry ton 
 

Grab Sample of Amended Slurry – Note Clarity of Water along Edges  
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Geotube® Performance-Combo: 
During the sub-project, solids samples were taken from the “Combo” Geotube® to determine passive 
dewatering performance.  The container was often referred to as the “combo” or “mix” bag. 
 
After the 1st Event, solids samples were taken and the consolidation on Sept 15th (4 weeks 
consolidation) was 16.8% TS, and on Oct. 16th (8 week consolidation) was 20.5% TS.  
 
After the 2nd Event, solids samples were taken and the consolidation on Nov. 15th (4 weeks 
consolidation) were 16.1% TS and on Jan. 10th (8 weeks of consolidation) were 22.5% TS. 
 
After the final dewatering event, samples were taken and on Mar. 17th (8 weeks consolidation) was 
18% TS.  The final sample was tested on December 1st for consolidation of 21.4% TS. 
 
Total processing contained about 69 dry tons and 393 cubic yards. 
 
The solids consolidated/dewatered to the following values: 
 
 

Combo Geotube® Nutrient Consolidation Chart 
 Date of Sample 12/1/08   

Agricultural/ManureAnalysis: Contained Solids 
 Lab # 10723   
 Sample ID MIX   
 Basis Dry lb/WetTon 

TS Total Solids % 21.43 429 
TM Total Moisture % 78.57 1571 
MM Mineral Matter % 53.17 171.31 
OrgM+ Lost by Ignition % 46.83 150.89 
TN Total Nitrogen % 3.23 10.41 
NH4-N Nitrogen-Ammonia % 0.49 1.58 
NO3-N Nitrogen-Nitrate % 0.00 0.00 
OrgN Nitrogen-Organic % 2.74 8.83 
P Phosphorus % 6.27 20.20 
P2O5 Phosphorus Oxide % 14.37 46.30 
K Potassium % 0.52 1.68 
K2O Potassium Oxide % 0.63 2.03 
Ca Calcium % 5.40 17.40 
Mg Magnesium % 2.81 9.05 
Na Sodium % 0.09 0.29 
S Sulfur % 1.65 5.32 
B Boron ppm 49 0.02 
Fe Iron ppm 18294 5.89 
Mn Manganese ppm 1529 0.49 
Cu Copper ppm 891 0.29 
Zn Zinc ppm 4691 1.51 
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IX.   SUMMARY & OVERVIEW OF THE PROJECTS 
 
The challenge of the projects was to quantify the effectiveness and efficiencies of geotextile/chemical 
dewatering as it concerns the annual production of manure from a typical swine production facility.  
In doing so, the project shows that there are variables to address prior to commercial 
implementation.  With proper project planning, the results can be expected to fall within min-max 
ranges with reasonable expectations. 
 
Nutrient Reduction: 

 
 Projects Summary Average Nutrients Reduced Chart 

Manure Analysis 10 Raw Samples 11 Filtrate Samples Reduced 

    Min Max Average Min Max Average Average 

TS Total Solids % 0.960 4.900 2.403 0.620 1.000 0.764 68% 

MM Mineral Matter % 0.530 2.550 1.087 0.420 0.590 0.510 53% 

OrgM+ Lost by Ignition % 0.430 2.350 1.055 0.160 0.420 0.235 78% 

TN Total Nitrogen % 0.162 0.879 0.329 0.090 0.250 0.151 54% 

NH4-N Nitrogen-Ammonia % 0.097 0.315 0.178 0.082 0.119 0.104 42% 

NO3-N Nitrogen-Nitrate % 0.001 0.009 0.006 0.000 0.000 0.007 -2% 

OrgN Nitrogen-Organic % 0.014 0.745 0.151 0.008 0.148 0.047 69% 

P Phosphorus % 0.017 0.302 0.111 0.004 0.066 0.018 84% 

P2O5 Phosphorus Oxide % 0.039 0.692 0.254 0.009 0.151 0.040 84% 

K Potassium % 0.131 0.266 0.202 0.140 0.231 0.185 8% 

K2O Potassium Oxide % 0.158 0.320 0.243 0.169 0.278 0.224 8% 

Ca Calcium % 0.008 0.179 0.068 0.003 0.052 0.011 84% 

Mg Magnesium % 0.001 0.126 0.046 0.001 0.036 0.006 87% 

Na Sodium % 0.028 0.046 0.043 0.031 0.046 0.041 4% 

S Sulfur % 0.023 0.064 0.032 0.019 0.068 0.031 5% 

B Boron ppm 2.2 3.7 3.0 2.1 3.0 2.5 16% 

Fe Iron ppm 3.4 514.4 157.6 4.0 50.8 10.1 94% 

Mn Manganese ppm 1.0 59.5 19.0 0.0 14.0 2.0 89% 

Cu Copper ppm 0.5 50.3 10.2 0.0 6.8 1.0 90% 

Zn Zinc ppm 1.2 170.0 52.3 0.0 21.7 2.3 96% 

           

Environmental/Sludge Analysis 10 Raw Samples 11 Filtrate Samples Reduced 

    Min Max Average Min Max Average Average 

TS Total Solids % 0.964 13.720 3.779 0.636 0.998 0.726 81% 

TSS TotalSus. Solids % 0.390 7.855 2.261 0.019 0.074 0.045 98% 

TVS Total Vol. Solids % 0.263 6.783 1.829 0.132 0.371 0.188 90% 

TKN Total Kjeldahl N % 0.162 0.879 0.320 0.090 0.250 0.149 53% 

OrgN Nitrogen-Organic % 0.162 0.879 0.320 0.090 0.250 0.149 53% 

TP Total Phos.% 0.001 0.245 0.133 0.000 0.000 0.010 92% 

P2O5 Phosphorus Oxide % 0.001 0.561 0.305 0.000 0.000 0.024 92% 

SO4 Sulfate mg/kg 114 689 333 348 2008 945 -184% 

 Alkalinity mg/kg 390 18089 9860 2 12724 5048 49% 

 pH S.U. 7.4 8.1 7.7 7.2 8.2 7.7 1% 
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Samples were captured and sent to Brookside Laboratories for manure and environmental analysis.  
There were ten (10) raw slurry samples and eleven (11) filtrate samples analyzed.  The minimum and 
maximum values are illustrated on the previous chart.  Variables in the analysis are shown when 
comparing the two types of analysis.  If the prime (nitrogen-phosphorus-potassium) elements are 
used, there was a reduction that averaged 54% for Nitrogen, 84% for Phosphorus and 8% for 
potassium, with 68% of the total solids in the Manure Analysis.   
 
But, if the Environmental Analysis is used, there were reductions of 53% of the Nitrogen, 92% of 
Phosphorus, and 81% of the Total Solids.  One thing to note with the Environmental Analysis is that 
the TSS & TVS are reduced in excess of 90%. 
 
Variability of TS in the raw slurry was from ~1% to >5%.  The difference in the slurry are attributed 
to the early sludge samples contained less TS than the samples taken near the end of a processing 
event—typical for a batch processing event.  
 
Consistent results in the filtrate are illustrated in the TS, with the Manure Analysis and Environmental 
Analysis giving an analysis of .2% N, .06% P and TS of ~.73% (17#N, 1#P, 15#K, 63#TS per 1000 
gallons of filtrate).  
 
  
Geotube® Consolidation: 

 
The three (3) Geotubes® 
consistently dewatered and 
consolidated the solids at the 
same rate.  After each 
dewatering event, the solids 
consolidated to average: 
 
 
14.9% TS at 2 weeks,  
16.4% TS at 4 weeks,  
18.4% TS at 8 weeks, and to 
20.5% TS at the final. 
 
 
By using the raw analysis results, the TS of the raw slurry averaged ~3%, and at two (2) weeks, the 
Geotubes® rapidly consolidated to ~15% TS.  Every week, there after, the solids continued to gain 
about ¾% of TS consolidation, attaining >20% TS at the finality of the report.   
 
The solid’s temperature was monitored to determine if any “heating” would take place.  “Heating” 
would indicate decomposition through composting.  There was no temperature difference of the core 
when compared to the ambient outside temperature. 
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The Geotubes® consolidated the nutrients to the following manure analytical values: 
 

Average Nutrients Contained Chart 

Nutrient Analysis (%) - Geotube® Solids 
Dry Basis Deep Pit Combo Lagoon Average 

 10722 10723 10724 Final 

TS 19.25 21.43 20.42 20.4 

MM 49.19 53.17 55.33 52.56 

OrgM+ 50.81 46.83 44.67 47.44 

TN 5.370 3.230 4.790 4.46 

NH4-N 0.360 0.490 0.420 0.42 

NO3-N 0.000 0.000 0.000 0.00 

OrgN 5.010 2.740 4.370 4.04 

P2O5 18.080 14.370 17.090 16.51 

K2O 0.470 0.630 0.590 0.56 

Ca 6.490 5.400 6.730 6.21 

Mg 3.560 2.810 2.840 3.07 

Na 0.070 0.090 0.090 0.08 

S 1.500 1.650 1.690 1.61 

B 0.004 0.005 0.006 0.00 

Fe 1.294 1.829 2.552 1.89 

Mn 0.167 0.153 0.169 0.16 

Cu 0.047 0.089 0.104 0.08 

Zn 0.475 0.469 0.488 0.48 

 
At >18% TS, the solids are able to be handled as a dry material, with a stiff pudding consistency. 
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On a wet ton basis (20.4% TS), the analysis would be about 16-63-2 (N-P-K) pounds per wet ton.  
Noteworthy, there is about 230 lbs. of organic matter per wet ton.  The water-soluble elements of 
ammonia, potassium, salt, and boron are virtually missing in the solids; and the test for NO3-N 
(nitrate) returned low because it was practically absent in the raw slurry. 
  
 
Economics: 
In order to create an objective discovery of economics, the total project needs to be divided into its 
perspective relationships.  Part of the project dealt with manure generated by the finishing units 
(deep pit/retention pond), and part of the project dealt with digested manure generated over several 
years by the farrowing production units (lagoon). 
 

Finishing Units- The finishing units manure was fresh with little digestion.  The finisher 
manure costs were variable because of the average total solids contents--between 1.8% and 2.8%.  
The higher TS caused more material costs; but the cost per dry ton captured was greatly decreased 
with higher TS manure. 
 
The costs to process & dewater the manure produced from the finishing units are illustrated in the 
following chart: 
 
 

Dewatering Deep Pit/Pond Finisher Slurry Chart 
Geotube® ID: Pit Combo Total 

Gallons Processed 600,000 (1.8%TS) 333,300 (2.8%TS) 933,300 

Site Prep $333 $167 $500 

Geotube $1088 $1450 $2538 

Ferric Sulfate $428 $614 $1042 

Polymer $3216 $2986 $6202 

Labor $1020 $705 $1725 

Equipment $1700 $1175 $2875 

 $7785 $7097 $14882 

    

Geotube® ID: Pit Combo Averaged 

/gallon $0.013 $0.021 $.017 

/million gallons $12,975 $21,293 $17,134 

/AU (1000# sslw) $48.06 $69.57 $58.82 

/head $2.60 $3.79 $3.20 

/yard3 contained $51.90 $35.49 $43.70 

/dry ton $338 $245 $292 

/lb. P contained $0.69 $0.68 $0.69 

Lbs. Polymer/DT 70 51 61 

Lbs. Fe3/DT 155 176 166 
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Lagoon Sludge- The costs to process & dewater the sludge contained in the 1st Stage of a 
three-stage lagoon system, generated from Farrowing-Feeder Pig production units over 14 years, 
are illustrated in the following chart: 

Dewatering 1st Stage Lagoon Sludge Chart 
Geotube® ID: Lagoon Combo Total 

Gallons Processed 402,300 (5.9%TS) 178,800 (9.1%TS) 581,100 

Site Prep $333 $166 $499 

Geotube $2900 $1450 $4350 

Ferric Sulfate $1582 $812 $2394 

Polymer $3270 $1600 $4870 

Labor $1005 $570 $1575 

Equipment $1675 $950 $2625 

 $10,765 $5548 $16,313 

    

Geotube® ID: Lagoon Combo Averaged 

/gallon $0.028 $0.031 $0.030 

/million gallons $26,759 $31,029 $28,894 

/AU /yr $2.40 $1.24 $1.82 

/head/yr $1.04 $0.54 $0.79 

/yard3 contained $26.91 $27.74 $27.33 

/dry ton $139 $139 $139 

/lb. P contained $0.85 $0.99 $0.92 

Lbs. Polymer/DT 21 20 21 

Lbs. Fe3/DT 34 169 102 

 

 
Challenges and Insights: 

Polymer Make-Up- Although the methodology is simple, early in the project a challenge 
surfaced at the 1st dewatering event of August ’07.  Even though the chemistry was addressed 
through bench-tests, once processing started the results were not the same.  The bench-tests were 
conducted using polymer make-up water from the farrowing unit, and the 1st event used polymer 
make-up water from the finishing unit.  The farrowing unit was on community rural water, but the 
finishing unit was on the local well. 
 
The well water had more alkalinity than the water delivered to the farrowing unit by the community 
rural water association, and that caused buffering for polymer effectiveness.  Once the water was 
used from the farrowing unit, the polymer readily flocked the solids.  Quality make-up water is 
important to effective polymer activation.  If slurry alkalinity is high, the ferric sulfate (acid) 
decreases its buffering abilities. 
 

Safety/Bio-Security- The ferric sulfate (Fe3) is acetic and considered “Hazardous Material” 
and needs to be handled and stored accordingly.  The storage was located near the 1st stage lagoon 
so inadvertent release would be contained by the lagoon.  Because the processing is a closed system, 
liberation of hydrogen sulfide (H2S) during processing did not pose a threat. 
 
To address bio-security, visitors were limited to the site using normal bio-security practices.  
Equipment used at the site either stayed at the site, or was sanitized prior to deployment. 
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Site Prep/Scheduling- Rensing Farm did a good job of site preparation—key to a successful 
project.  The appropriate site prep enhanced safety and played an important part in filtrate diversion 
and solids removal.  It allows rotating in new geotextile containers as the full ones are removed when 
dewatered nutrients are used for crop production during typical off-season times.  A small berm was 
put around the site so an unplanned release would be diverted to the 1st stage of the lagoon system. 
 
Just as real on-the-farm management is often 
affected by weather, scheduling for additional 
dewatering events was hampered by excess rains 
during 2008.  Wet weather created a problem for 
Rensing in scheduling irrigation on the fields from 
the 3rd stage of the lagoons system.  The 
unusually wet weather also played a critical role 
in consolidation of solids.  Although, initial 
consolidation was good, expectations of >25% 
TS by project’s end did not happen.  
 

Simple & Efficient- Dewatering the 1½ 
million gallons of slurry decreased the volume of 
material to be hauled to distant fields.  It would 
have taken 250 six-thousand gallon tankers if hauled as slurry, but now it will take about 38 twenty-
five ton loads when hauled as solids; a long distant hauling savings of 85%.  The decreased hauling 
will save labor, time, and enhance public safety as well as maintain a good relationship with 
neighbors. 
 
Not only does dewatering make sense to gain the benefits with handling a smaller volume of 
material, but also the methodology requires minimal capital investments.  The basic capital costs are 
site prep and chemical containment.  The rest of the project is expensed with rapid deployment.  
When a more reasonable dewatering technology develops, the transition can be efficiently adopted. 
 
   Weir Monitoring during Initial Processing        Site Visit with Chad Rensing by FPPC Representatives  

       


