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Executive Summary 
 
As part of a larger project effort entitled “Dairy Waste Management-Phosphorus 
Reduction Demonstration Project” led by the Brazos River Authority (BRA) to construct 
a methane digester at a cooperating North Central Texas dairy and monitor the impacts of 
phosphorus reduction strategies, two projects were established.  The titles of these 
projects are: BRA—Wastewater/Manure Management System Demonstration Project—
Edge-of-Field Monitoring and BRA—Wastewater/Manure Management System 
Demonstration Project: Phase I and Phase II—Oversight of Waste Management Related 
Activities, QAPP Development, and Digester Monitoring.  The main objective of these 
integrated projects was to collect data to evaluate the effectiveness of methane digester 
technology in conjunction with biological phosphorus (P) removal on dairy waste.  The 
BRA contracted with the Texas Institute for Applied Environmental Research (TIAER) 
to provide technical assistance through monitoring different components of the digester 
system as well as tracking the effectiveness of the overall comprehensive nutrient 
management plan (CNMP) through soil, forage, and water quality monitoring.  Soil and 
forage monitoring focused on land management units (LMUs) identified in the dairy’s 
waste application plan, while water quality monitoring included an edge-of-field and an 
upstream-downstream monitoring scheme.  The upstream-downstream monitoring 
scheme was designed to isolate runoff contributions from most of the dairy operation 
between one downstream and two upstream sites.  The major data quality objective was 
to evaluate P reductions in the waste stream at locations throughout the digester system, 
in intermittent stream channels that receive runoff from the demonstration farm, and in 
rainfall runoff from a liquid waste application field by comparing “before” and “after” 
data. 
 
Soil sampling was initiated during the summer of 2003 and water quality monitoring was 
initiated in April 2004.  Installation of the digester began in June 2004.  The plan was to 
have the digester and CNMP fully implemented in the fall of 2004, but multiple problems 
with construction and functioning of the digester system caused extensive delays.  In 
addition, although the CNMP was initially approved in early 2004, the CNMP needed 
revising.  The revised CNMP was not approved until April 20, 2006.  Despite extensions 
to the project, at the end of the monitoring portion in June 2007, the digester system was 
still not fully functional, and implementation of many components of the CNMP were in 
progress or not yet initiated.  TIAER, therefore, was unable to compare before and after 
effects of the digester system and CNMP on nutrient losses from the dairy.  In view of 
these circumstances, a summary of the monitoring data collected during the project is 
presented without conclusions with regard to potential environmental impacts.  Although 
implementation of portions of the CNMP occurred after April 2006, the monitoring data 
collected represents primarily “before” conditions or a transition period during which 
implementation of some components of the CNMP occurred.  TIAER was unable to 
gather sufficient “after” data to make a “before” and “after” comparison. 
 
Soil samples indicated a very notable decrease in soil test P (STP) concentrations for 
several LMUs between 2003 and 2005, while changes from 2005 to 2006 were minimal.  
The largest decreases in STP appeared to occur in LMUs that were plowed and sprigged 
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to bermudagrass in the spring of 2005.  Starting in the fall of 2004 through June 2007, 
forage samples were collected just prior to harvest for Field 1, the liquid waste 
application field that was also monitored for edge-of-field runoff.  In spring 2004, Field 1 
was sprigged to Tifton bermudagrass and harvest was deferred until the end of the 
growing season.  In 2005, yield for May was low (0.4 dry tons per acre) because the 
newly established bermudagrass field was facing early season competition from weeds.  
All other cuttings were within the range of expected yields for the area, crop 
management, and climatic conditions producing about 1 to 2 dry tons per acre per cutting.  
Tissue analysis indicated that forage nutrient concentrations were also within expected 
ranges. 
 
Digester system monitoring consisted of two phases, the start-up phase (Phase 1) during 
which samples were collected monthly, and what was to be the standard operation phase 
(Phase 2) during which samples were collected weekly.  Monthly monitoring of the 
digester system was initiated in October 2005 at ten locations.  Although the digester 
system was never truly considered in standard operation during the project, weekly 
monitoring was initiated in January 2007 as Phase 2.  Results from the digester sampling 
were transferred to Cascade Earth Science (CES, the contractor for the digester system) 
to provide information for technical and operational assistance with the system.  Due to 
problems with the system, a “before” and “after” comparison could not be conducted.  
These data only provide information useful for technical evaluation of the system given 
operating conditions at the time samples were collected. 
 
Monitoring of water quality was initiated in April 2004 and ended in June 2007 at the 
edge-of-field site.  An effort was made to sample all rainfall runoff events.  However, 
several times early in the monitoring period, runoff was ample enough to wash out the 
flume or fill dirt from berms around the flume that directed water from the field through 
the flume.  Despite these set backs, 21 storm events were monitored.  Storm samples 
were analyzed for ammonia-nitrogen (NH3-N), nitrite-nitrogen plus nitrate-nitrogen 
(NO2-N+NO3-N), total Kjeldahl nitrogen (TKN), ortho-phosphate phosphorus (PO4-P), 
total phosphorus (TP), and total suspended solids (TSS).  Basic statistics indicated more 
variability in event mean concentrations (EMCs) for N than P constituents.  Median 
concentrations were 2.5 mg/L for PO4-P and 3.7 mg/L for TP.  Concentrations for P 
constituents were within the range of those found for other field plot studies evaluating 
runoff from active dairy waste application fields. 
 
To evaluate runoff contributions from the full dairy operation, an upstream-downstream 
monitoring scheme was maintained.  Two sites were located upstream and one site was 
located downstream.  In evaluating EMCs between April 2004 and June 2007, there were 
28 events during which runoff samples were collected at all three stream sites as well as 
stream level data.  Basic statistics of these 28 events indicated notably higher 
concentrations at the downstream site than the two upstream sites.  For PO4-P, median 
concentrations across events were 0.12 and 0.01 mg/L for the upstream sites and 0.28 
mg/L for the downstream site.  For TP, the upstream sites had median concentrations of 
0.26 and 0.10 mg/L and the downstream site 0.52 mg/L.  Concentrations at all stream 
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sites were notably lower than the edge-of-field site, but also associated with much greater 
runoff volumes. 
 
In addition to the monitoring activities, an economic evaluation of the digester system 
was completed.  This economic evaluation indicated that when construction was 
completed on the full digester system, including components for biological P removal, 
the total cost incurred was over $1.7 million.  In comparison, a more typical digester 
system without the oxidation ditch and polishing pond for P removal was anticipated to 
cost about $900,000 for the same size dairy operation (810 milking head).  Despite the 
benefits of generating electricity that could provide energy for the dairy with excess sold 
back to the grid, the cost of the project system was not economically viable at current 
energy prices (8 cents per kilowatt-hour).  Only if the digester system was maintained 
and operated for many years (25 or more) and economic benefits from odor control 
(estimated benefits of $60,000 annually), manure management for P removal, and 
methane production were considered did the full, digester system become economically 
viable. 
 
Although the goal of this monitoring effort was to evaluate environmental impacts of the 
combined methane digester and biological P removal technology as part of an overall 
CNMP for a dairy, this goal could not be met.  Due to multiple problems with 
construction and functioning of the digester system and implementation of the CNMP, 
the monitoring data collected represents primarily “before” conditions.  Impacts of the 
digester system and CNMP on nutrient losses from the dairy could not be evaluated 
because sufficient “after” implementation data could not be collected.  Assuming the 
digester systems does become fully functional and further funding becomes available, 
TIAER recommends reinitiating monitoring to evaluate the impacts of this technology 
within the dairy’s CNMP. 
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Introduction 
 
As approved by the Texas Commission on Environmental Quality (TCEQ) and the Texas 
State Soil and Water Conservation Board (TSSWCB), phosphorus (P) management of 
dairy waste is an important component of the North Bosque River total maximum daily 
load (TMDL) implementation plan (TCEQ and TSSWCB, 2002).  Within the TMDL, 
dairy waste was identified as the major controllable nonpoint source of soluble reactive P 
(SRP) to the North Bosque River (TNRCC, 2001).  The Dairy Waste Management – 
Phosphorus Reduction Demonstration Project, managed by the Brazos River Authority 
(BRA), was designed to evaluate the use of anaerobic digestion and biological P removal 
as part of a comprehensive nutrient management plan (CNMP) to reduce a dairy’s P 
contribution to the watershed.  As part of the project, the Texas Institute for Applied 
Environmental Research (TIAER) contracted with the BRA to provide technical 
assistance through monitoring different components of the digester system as well as 
tracking the effectiveness of the overall CNMP through soil, forage, and water quality 
monitoring.  Soil and forage monitoring focused on land management units (LMUs) 
identified in the dairy’s waste application plan, while water quality monitoring included 
one edge-of-field site and two upstream sites and one downstream site to capture runoff 
contributions from most of the dairy operation. 
 
The goal of the monitoring effort was to evaluate environmental impacts of the combined 
methane digester and biological P removal technology as part of the overall CNMP for 
the dairy by comparing “before” and “after” data.  Soil sampling was initiated during the 
summer of 2003, and water quality monitoring was initiated in April 2004.  Installation of 
the digester began in June 2004.  It was planned that the digester and CNMP would be 
fully implemented in the fall of 2004, but multiple problems with construction and 
functioning of the digester system caused extensive delays.  In addition, although the 
CNMP was initially approved in early 2004, the CNMP needed revising.  The revised 
CNMP was not approved until April 20, 2006.  Despite extensions to the project, at the 
end of the monitoring portion in June 2007, the digester system was still not fully 
functional, and the implementation of many components of the CNMP were in progress 
or not yet initiated.  TIAER, therefore, was unable to compare “before” and “after” 
effects of the digester system and CNMP on nutrient losses from the dairy.  In view of 
these circumstances, a summary of the monitoring data collected during the project is 
presented without conclusions with regard to potential environmental impacts.  Although 
implementation of portions of the CNMP occurred after April 2006, the monitoring data 
collected represents primarily “before” conditions or a transition period during which 
implementation of some components of the CNMP occurred.  TIAER was unable to 
gather sufficient “after” data to make a “before” and “after” comparison. 
 
Of note, components of the CNMP initiated after April 2006 and before the end of the 
monitoring portion of the project (June 2007) included the following: 

  Enlargement of one of the retention control structures for liquid waste (started in 
June 2006 and completed several months later);  

  Transfer of all collectable solid and/or slurry manure off dairy (in progress, some 
solid waste was being applied off dairy); 
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  Installation of liquid waste transfer pipelines from the methane digester system to 
liquid waste application fields (one pipeline to the center pivot was installed but 
other pipelines were still pending);  

  Development of filter strips and streambank protection (set backs for waste 
application were implemented, but filter strips had not yet been developed);  

  Development of heavy-use area protection (in progress);  
  Implementation of prescribed grazing (in progress); and  
  Installation of a center-pivot irrigation system to apply well water and liquid 

wastes to crops (use of the center-pivot irrigation system began spring 2007). 
 
Additionally, the CNMP anticipated application rates of liquid wastes to all fields 
contingent upon effluent with reduced phosphorus coming from the methane digester 
system when coupled with biological phosphorus reduction.  This component of the 
CNMP had not yet come to fruition at the time this report was written. 
 
Another component of the overall project was to provide an economic evaluation of the 
digester system coupled with biological phosphorus control.  This economic evaluation is 
based on general rather than dairy specific information and assumes that the digester 
system was fully functional as well as other components of the CNMP. 
 

CNMP and Digester Monitoring 
 
All monitoring was completed under a quality assurance project plan (QAPP) and 
subsequent amendments approved by Environmental Protection Agency (EPA), TCEQ, 
TSSWCB, BRA, and TIAER (see TIAER, 2006).  All laboratory analyses were 
conducted by TIAER except on soil and forage samples.  Soil and forage samples were 
analyzed by the Texas Cooperative Extension (TCE) Soil, Water and Forage Testing 
Laboratory in College Station, Texas as an approved subcontractor within the QAPP.  
Non-direct data outlined in the QAPP also includes results from soil samples analyzed by 
the A&L Plains Agricultural Laboratory, Inc. in Lubbock, Texas. 
 
Soil Samples 
 
TIAER, under the direction of Cascade Earth Science (CES, the contractor for the 
digester system) and assisted by the previous consultant to the dairy, collected soil 
samples in August 2003.  These samples were collected from fields listed in the permit at 
that time and from fields that the dairy operator indicated would be part of the new permit 
(Figure 1).  Locations of each subsample were recorded using a global positioning system 
(GPS), and all samples represented a depth of 0-6 inches.  The A&L Plains Agricultural 
Laboratories, Inc. in Lubbock, Texas analyzed the 2003 soil samples.  Phosphorus was 
tested using the Mehlich III colorimetric method, not the Mehlich III inductive coupled 
plasma (ICP) method subsequently required by the TCEQ. 
 
At the request of the cooperating dairy producer, annual soil sampling was conducted in 
2004 by his new consultant.  Soil sample data for 2004 are not presented in this report 
because it was unclear exactly where and how the soil samples were collected in  
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comparison to the 2003 sampling.  At the request of the TSSWCB, BRA, and TCEQ, 
TIAER resumed annual soil sampling in August 2005.  Subsample locations for each 
sample were the same GPS locations recorded for the original samples collected in 2003.  
Samples in 2005 were sent to the TCE laboratory in College Station, Texas, where they 
were split.  One set of split samples was analyzed for soil test phosphorus (STP) by the 
TCE laboratory using Mehlich III method with ICP, as required by current TCEQ 
regulations, and the other set of split samples was analyzed by A&L Plains Laboratories 
using Mehlich III method with colorimetric analysis.  This split analysis was done to 
determine differences in STP concentrations using the same analysis methods as 2003 
samples and to compare results from the Mehlich III colorimetric and ICP methods. 
 
Soil samples were again collected in August 2006 by TIAER from subsample GPS 
locations used in 2003 and 2005.  Samples from 2006 were analyzed only by the TCE 
laboratory.  All soil samples were analyzed for extractable P, extractable potassium (K), 
and nitrate-nitrogen (NO3-N) (Table 1).  Results for extractable phosphorus using either 
the Mehlich III colorimetric or ICP methods were most pertinent to evaluating changes in 
phosphorus management on the dairy.  For information regarding fertilizer needs, results 
for K and NO3-N were provided for the producer. 
 
To compare STP concentrations between years (Table 1), a regression relationship was 
developed between the split 2005 results from the two different labs (Figure 2).  The 
relationship between the split ICP and colorimetric results from 2005 was used to 
estimate colorimetric values for 2006 samples for comparison (Figure 3).  Results for the 
colorimetric analysis were estimated from ICP results instead of vice versa, because the 
2003 colorimetric STP results were well above the range of colorimetric values measured 
in 2005, which would have required undesirable extrapolation beyond the range of the 
regression line.  The 2005 and 2006 ICP values, however, covered a similar range of 
results and therefore did not require extrapolation.  In comparing STP results across 
years, a very notable change in STP concentrations occurred on several fields between 
2003 and 2005, while changes from 2005 to 2006 were much smaller (Figure 3). 
 
The following observations are provided in comparing 2003 to 2005 STP results: 
 
LMUs 1A, 1B, and 1C (Field 1) 
Several things may have contributed to the drop in STP levels in these three LMUs 
within Field 1.  First, an old railroad grade that ran through the western portion of Field 1 
was dozed subsequent to the 2003 sampling and some of the displaced dirt was spread on 
portions previously included in the sample area.  Second, the newly constructed methane 
digester occupies part of the area included in the 2003 sampling of LMU 1A.  As a result, 
two of the 2003 GPS subsample locations could not be resampled.  Two new subsample 
locations were substituted, but some difference may be expected.  Third, Field 1 was 
plowed and sprigged to Tifton Bermudagrass in 2004, but prior to the establishment of 
the crop, several heavy rainfall events washed sediment and plant litter from the field.  
These rains were substantial enough to wash away the edge-of-field sample site, flatten 
an eight-foot tall game fence along the edge of Field 1, and require the field to be 
resprigged.  The field was to have been deep plowed to a depth of 11-12 inches, but 
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the observed plow depth was 3-4 inches, effectively loosening the primary soil P zone 
and making it available for erosion by the rains that followed.  Fourth, since the 
establishment of the permanent vegetative crop, effluent application has resumed, but so 
has crop harvest.  Bermudagrass was harvested once in 2004 and three times in 2005 
prior to soil sampling in August. 
 
LMU 2 
Hybrid bermudagrass was periodically harvested during 2004 and 2005. 
 
LMU 3A and 3B 
LMUs 3A and 3B are fenced together.  During the years 2003 to 2005, they did not have 
a good permanent vegetative cover.  Both LMUs were periodically grazed from August 
2003 to August 2005. 
 
LMU 4 and 5 
Sorghum was raised in LMUs 4 and 5 in 2004.  Most production and harvest was in the 
deeper soil on LMU 5.  In March of 2005 both LMUs were plowed; they were seeded to 
Cheyenne Bermudagrass in the spring.  Vegetative cover was slow in getting established, 
exposing the soil to rains.  Harvest in 2005 was limited to one period of very light 
grazing. Waste was applied, effluent on LMU 5 and solids on LMU 4. 
 
LMU 6 
Subsequent to the 2003 soil sampling, LMU 6 had been managed as two separate areas.  
One portion remained primarily native range and had had one period of very light grazing 
(concurrent with LMUs 4 and 5).  The other portion was plowed in 2004 and planted to 
sorghum.  The crop was baled along with LMUs 4 and 5.  That same portion of LMU 6 
was tilled again in 2005 and seeded to Cheyenne Bermudagrass.  It is being managed in a 
manner similar to LMUs 4 and 5.  LMUs 4, 5, 6, and 7 are fenced together. 
 
LMU 7 
Not sampled.  Wooded, bushy pasture not used for waste application. 
 
LMU 8 
This is an off-site field that has not had waste application during this project.  Vegetation 
is mainly Tifton Bermudagrass and harvest has been by grazing beef cattle. 
 
LMU 9 
LMU 9 is an off-site waste application area that in the past has been used to grow 
sorghum.  Multiple effluent applications were made in 2004 and 2005.  In the fall of 
2004, LMU 9 was plowed.  It was plowed again in early 2005 and sprigged to Tifton 
Bermudagrass.  Harvest of the grass has been on the same schedule as Field 1 (LMUs 1A, 
1B, and 1C). 
 
LMU 10 
This is an off-site hybrid Bermudagrass field that has received effluent application each 
year.  Harvest has occurred on the same schedule as Field 1 (LMUs 1A, 1B, and 1C). 
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Forage Samples 
 
Starting in the fall of 2004 through June 2007, forage samples were collected just prior to 
harvest for Field 1 whenever possible.  Field 1 was an effluent application field and the 
location of the edge-of-field sampling site.  Forage yield was estimated on a dry matter 
basis by TIAER staff or by the producer.  If samples were not collected, forage was based 
on the number of bales harvested.  Forage samples were sent to TCE laboratory for 
analysis of total phosphorus (TP) and total nitrogen (TN) to estimate nutrient removal by 
crop harvest.  Estimated forage yields and nutrient concentrations were within the range 
of expected values for the area, crop management, and climatic conditions (Table 2). 
 

Table 2. Estimated forage yield and nutrient analyses for Field 1. 
Date Moisture 

(%) 
TN  
(%) 

TP 
 (%) Estimated Yield 

4 October 2004 23 2.84 0.29 200 dry tons per Field 1 (estimated 48 acres) 
or 4.2 dry tons per acre a

24 May 2005 76 3.40 0.34 18.2 dry tons per Field 1 (estimated 48 acres) 
or 0.4 dry tons per acre b

14 June 2005 74 3.16 0.45 128 dry tons per Field 1 (estimated 48 acres) 
or 2.7 dry tons per acre 

22-23 July 2005 Estimated at 
70 

No 
sample 

No 
sample 

Estimated at 70.0 dry tons per Field 1 
(estimated 48 acres) or 1.5 dry tons per acre 
based on producer estimate 

16 August 2005 78 3.30 0.33 91.7 dry tons per Field 1 (estimated 48 acres) 
or 1.9 dry tons per acre 

20 April 2006 84 3.46 0.44 50.9 dry tons per Field 1 (estimated 48 acres) 
or 1.1 dry tons per acre 

16 June 2006 

Estimated at 
baling - 30 
(Hay had 

been rained 
on while cut). 

2.84 0.26 

40.1 tons per field 1 (estimated 48 acres) or 
0.8 tons per acre based on producer estimate.  
Note:  Samples were collected after hay was 
cut and were sent to lab as air-dried samples. 

20-30 July 2006 No sample No 
sample 

No 
sample 

Field harvested but no samples collected due 
to miscommunication with producer.  No yield 
estimate obtained 

24 October 2006 74 2.90 0.33 103 dry tons per Field 1 (estimated 48 acres) 
or 2.1 dry tons per acre 

21 May 2007 72 3.23 0.42 59.5 dry tons per Field 1 (estimated 48 acres) 
or 1.2 dry tons per acre 

14 June 2007 75 2.97 0.35 80.2 dry tons per Field 1 (estimated 48 acres) 
or 1.7 dry tons per acre 

a 4 October 2004: First and only cutting in 2004.  Field 1 was sprigged to Tifton Bermudagrass in the spring 
of 2004 and harvest deferred until the end of the growing season. 
b 24 May 2005: First cutting the year after sprigging.  Yield was low because it was the first cutting of the 
year and the newly established Tifton Bermudagrass was facing early season competition from weeds. 
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Digester Samples 
 
Digester system monitoring consisted of two phases, the start-up phase (Phase 1) during 
which samples were collected monthly, and what was to be the standard operation phase 
(Phase 2) during which samples were collected weekly.  Monthly monitoring of the 
digester system was initiated in October 2005.  Although the digester system was never 
truly considered in standard operation during the project, weekly monitoring was initiated 
in January 2007 as Phase 2.  Results from the digester sampling were transferred to CES 
to provide information for technical and operational assistance with the system. 
 
The initial or start-up phase (Phase 1) consisted of collecting grab samples from the 
digester system at nine stations on a monthly basis (Figure 4).  The nine sampling 
locations were to be monitored after digester installation (up to one year) and the 
resulting data were to be used to calibrate the system for maximum P reduction efficiency 
and electricity generation. 
 
Specific locations of sampling sites within the methane digester system were as follows: 
 

  DG001 – Sampling location was the faucet located on the PVC connected to the 
flexible pipe leaving the recirculation basin.  The recirculation basin was behind 
the generator house and inside the same small, fenced enclosure. 

  DG002 – Sampling location was at the metal grating covering the in-ground outlet 
box on the east end of the covered digester. 

  DG003 – Sampling occurred through the metal grating covering the in-ground 
splitter box at the southwest corner of the raceway pond.  The sample was 
collected from the west chamber (the half of the pit on the left as one faces the 
raceway pond). 

  DG004 – Sampling location was the end of the floating dock on Pond 1 
(separation pond).  The sample for DG006 was also collected at this location.  
Liquid samples were collected at DG004; solid samples were collected at DG006. 

  DG005 – Sampling location was the digester pit.  The sludge sample was 
collected from the port in the flap on the digester cover (must go out onto the 
digester cover) and the field parameters are collected from the in-ground, round, 
solid-metal-covered, mixer port at the northwest end of the digester, between the 
digester and raceway. 

  DG006 – Sampling location was the end of the floating dock on Pond 1 
(separation pond). Sample for DG004 was also collected at this location.  Liquid 
samples were collected at DG004; solid samples were collected at DG006. 

  DG007 – Sampling location was at the edge of the wastewater, on the north side 
of Pond 2, below the wooden stake located midway between the inlet pipe and the 
outlet pump. 

  DG008 – Sampling location was at the edge of the wastewater, on the north side 
of Pond 3, below the wooden stake located midway between the inlet pipe and the 
outlet pump. 
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  DG009 – Sampling location was at the edge of the wastewater, on the east side of 
Pond 4, below the wooden stake located midway between the inlet pipe and the 
outlet pump. 

 
Samples collected on a monthly basis during the initial start-up (Phase 1) were analyzed 
for the following constituents: 
 

  DG001 – wastewater collected after recirculation basin; analyzed for total solids 
(TS), total dissolved solids (TDS), total volatile solids (TVS), total fixed solids 
(TFS), 5-day biochemical oxygen demand (BOD5), nitrite/nitrate-nitrogen (NO2-
N+NO3-N), total Kjeldahl nitrogen (TKN), total phosphorus (TP), ortho-
phosphate phosphorus (PO4-P), temperature, specific conductance (otherwise 
known as conductivity), dissolved oxygen (DO), and pH; 

  DG002 – digester discharge; analyzed for TS, TDS, TVS, TFS, BOD5, NO2-
N+NO3-N, TKN, TP, PO4-P, temperature, conductivity, DO, and pH; 

  DG003 – high-rate oxidation (HRO) pond (raceway/aeration pond) outlet; 
analyzed for TS, NO2-N+NO3-N, TKN, total P, temperature, conductivity, DO, 
and pH; 

  DG004 – separation pond (Pond 1) outlet; NO2-N+NO3-N, TP, temperature, 
conductivity, DO, and pH; 

  DG005 – digester solids; analyzed for percent solids, NO3-N, TKN, and TP; 
  DG006 – separation pond (Pond 1) solids; analyzed for percent solids, NO3-N, 

TKN, TP; 
  DG007 – wastewater from storage Pond 2; analyzed for TDS, NO2-N+NO3-N, 

TKN, TP, temperature, conductivity, DO, and pH; 
  DG008 – wastewater from storage Pond 3; NO2-N+NO3-N, TKN, TP, 

temperature, conductivity, DO, and pH; and 
  DG009 – wastewater from storage Pond 4; NO2-N+NO3-N, TKN, TP, 

temperature, conductivity, DO, and pH. 
 
Analysis methods for each constituent are defined in Table 3 for digester wastewater and 
in Table 4 for constituents associated with digester and separation pond solids. 
 
Starting in January 2007 (Phase 2), the system was monitored for a reduced number of 
parameters for grab samples from the same nine locations.  Wastewater samples were 
collected on a weekly basis while solid samples were collected monthly to approximate 
the timing of monthly solids removal from the system.  Sampling locations and 
parameters monitored were as follows: 
 

  DG001 – DG004 (wastewater, digester discharge, HRO pond, and separation 
pond) were monitored on a weekly basis for  NO2-N+NO3-N, TKN, TP, 
temperature, conductivity, DO, and pH; 

  DG005 (digester solids) was monitored on a monthly basis for percent solids 
NO2-N+NO3-N, TKN, TP, temperature, conductivity, DO, and pH; 

  DG006 (separation solids) was monitored on a monthly basis for percent solids, 
NO3-N, TKN, and TP; and 
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  DG007 – DG009 (wastewater to be used for irrigation) were monitored on a 
weekly basis for TS, NO2-N+NO3-N, TKN, total P, temperature, conductivity, 
DO, and pH. 

 
Table 3.  Analysis methods for constituents associated with digester wastewater. 

Constituent Units Methoda Parameter Code 
Nitrite/Nitrate-Nitrogen, NO2-N+NO3-N mg/L EPA 353.2b 00631 
Total Kjeldahl Nitrogen, TKN mg/L EPA 351.2c 00625 
Ortho-Phosphate Phosphorus, PO4-P mg/L EPA 365.2 70507 
Total Phosphorus, TP mg/L EPA 365.4c 00665 
Total Dissolved Solids, TDS mg/L SM 2540 C 70300 
Total Solids, TS mg/L SM 2540 B 00500 
Total Volatile Solids, TVS mg/L SM 2540 E 00505 
Total Fixed Solids, TFS mg/L SM 2540 E 00510 
Biochemical Oxygen Demand, BOD5 mg/L EPA 405.1 00310 
Temperature ºC EPA 170.1 00010 
pH pH units EPA 150.1 00100 
Conductivity µS/cm EPA 120.1 00094 
Dissolved Oxygen, DO mg/L EPA 360.1 00300 
a EPA refers to Methods for Chemical Analysis of Water and Wastes (USEPA, 1983) and SM refers to Standard Methods for the 
Examination of Water and Wastewaters, 20th Edition (APHA, 1999). 
b Due to the composition of the samples, field filtration was not feasible.  Samples were filtered in the lab as soon as possible after 
submission. 
c Modification of TKN and TP method involving use of copper sulfate as a catalyst instead of mercuric sulfate. 
 
Table 4.  Analysis methods for constituents associated with digester and separation pond 

solids. 
Constituent Units Methoda Parameter Code 
Nitrate-Nitrogen, NO3-N mg/Kg SSSA 38-1148 None 
Total Kjeldahl Nitrogen, TKN mg/Kg EPA 351.2b None 
Total Phosphorus, TP mg/Kg EPA 365.4b None 
Percent Solids % EPA 360.1 None 
a EPA refers to Methods for Chemical Analysis of Water and Wastes (USEPA, 1983) and SSSA refers to Soil Science Society of 
America Methods of Soil Analysis, part 3: Chemical Methods (SSSA, 1996). 
c Modification of TKN and TP method involving use of copper sulfate as a catalyst instead of mercuric sulfate. 
 
Samples of manure solids were to be collected from the compost resulting from the solids 
generated from the digester and separation pond (Pond 1) after digester activities were in 
place.  However, no solids from the digester and separation pond were ever composted. 
 
Due to the nonoperational status of the digester, collected data are of very limited value 
for comparing between the two phases; however, for completeness all monitoring data 
are provided in Appendix A for lab parameters and Appendix B for field parameters.  No 
attempt was made to interpret these results, although a general summary of the status of 
the digester system on days when samples were collected is included in Appendix C. 
 
In June 2005, prior to the initiation of methane digester sampling, some manure and 
wastewater samples were collected for analysis (Table 5).  A manure sample was 
collected from the solids pile located below the screen that separates the solid and liquid 
wastes flushed from the freestall barns and milking parlor.  Samples were also collected 
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from the last two waste storage ponds in the digester system (Pond 3 and Pond 4).  These 
samples were analyzed by the TCE Lab for total phosphorus and total nitrogen. 
 
Table 5.  Total nitrogen and phosphorus in manure and wastewater samples as analyzed 

by TCE.  Samples collected June 9, 2005. 
Waste Type and Location Nitrogen (%) Phosphorus (%) 
Solid Manure from Solid Separator 1.26 0.169 
Effluent from Pond 1 0.073 0.015 
Effluent from Pond 3 0.002 0.001 
Effluent from Pond 4 0.015 0.004 

 
Water Quality Monitoring 

 
Edge-of-Field Monitoring and Results 
 
TIAER conducted edge-of-field monitoring of stormwater runoff at site BD001, a 
location down gradient of Field 1 to which liquid manure was applied (Figure 5).  Runoff 
from the field was directed via earthen berms through a flume in which water level was 
measured with a bubbler-type flow meter (Isco 4230) and samples were collected using 
an automated sampler (Isco 3700).  Runoff data from this site were supposed to be used 
to evaluate reductions in nutrient levels associated with land application of liquid manure 
treated by the digester and biological P removal technology.  Because the digester system 
was not fully functional during the monitoring period, the edge-of-field monitoring 
represents primarily “pre” digester conditions. 
 
Runoff samples were collected when there was a rise in water level of about 4 cm that 
triggered the automated sampling equipment.  Once activated the sampler would retrieve 
one-liter sequential samples generally based on the following sampling scheme: 

  An initial sample 
  Six samples taken at 30-minute intervals 
  Six samples taken at 60-minute intervals 
  Six samples taken at 120-minute intervals 
  All remaining samples taken at 180-minute intervals 

 
This sampling sequence was established to take more frequent samples during the rising 
and peak portions of the hydrograph, when more rapid changes in water quality were 
anticipated, and fewer samples during the falling portion of the hydrograph.  Samples 
from individual storm events were collected on a daily basis and composited using a 
flow-weighting strategy prior to analysis by the lab.  Water level was recorded 
continuously at five-minute intervals for use in flow-weighting samples.  Flow weighting 
was based on an established stage-discharge relationship for the flume structure. 
 
Water quality sampling at BD001 was initiated in April 2004 and ended in June 2007.  
An effort was made to sample all rainfall runoff events, although at times, runoff was 
ample enough to wash out the flume or fill dirt for the berms around the flume that 
directed water from the field through the flume.  Of note, the flume was washed out due 
to rainfall runoff events on June 26, 2004 and August 3, 2004.   

 13



Figure 5.  Location of stormwater sampling sites.  BD001 edge-of-field, BD002 and 
BD003 upstream of dairy, and BD004 downstream of dairy. 

 
On June 26, 2007, the flume was not washed away, but the level of the water flowing 
from Field 1 was over the flume and the eight-foot game fence behind the flume was 
knocked down.  Despite these set backs, 21 storm events were monitored.  Storm samples 
were analyzed for ammonia-nitrogen (NH3-N), NO2-N+NO3-N, TKN, PO4-P, TP, and 
total suspended solids (TSS) following EPA methods as outlined in Table 6. 

 14



Table 6.  Analysis methods for constituents associated with stormwater samples. 

Constituent Units Method a Parameter Code 
Project 

Reporting 
Limit 

Ammonia-Nitrogen, NH3-N mg/L EPA 350.1 b 00608 0.02 
Nitrite/Nitrate-Nitrogen, NO2-N+NO3-N mg/L EPA 353.2 b 00631 0.04 
Total Kjeldahl Nitrogen, TKN mg/L EPA 351.2 c 00625 0.20 
Ortho-Phosphate Phosphorus, PO4-P mg/L EPA 365.2 70507 0.005 
Total Phosphorus, TP mg/L EPA 365.4 c 00665 0.06 
Total Suspended Solids, TSS mg/L EPA 160.2 00530 4 
a EPA refers to Methods for Chemical Analysis of Water and Wastes (USEPA, 1983). 
b Samples were filtered in the lab as soon as possible after compositing. 
c Modification of TKN and TP method involving use of copper sulfate as a catalyst instead of mercuric sulfate. 
 
Event mean concentrations (EMCs) were calculated by accumulating the mass via 
rectangular integration based on the begin and end times of each sample collected during 
an event.  Each 5-minute flow measurement was multiplied by 300 seconds to obtain the 
flow between recordings.  The flow associated with each 5-minute interval was 
multiplied by the associated water quality concentration.  The product of flow and 
concentration was summed across the event to estimate total constituent loadings.  Total 
constituent loadings were divided by total storm volume for the EMC. 
 
Basic statistics on EMCs indicated more variability in N than P constituents (Table 7).  
Concentrations for P constituents at BD001 were within the range of those found from a 
field plot study evaluating runoff from active dairy waste application fields (McFarland 
and Hauck, 2004).  For reference, concentrations by individual event are presented in 
Appendix D. 
 

Table 7. Basic statistics for edge-of-field site BD001 summarizing event mean 
concentrations across events.  Storms monitored between April 2004 and June 2007. 

Constituent Average 
(mg/L) 

Median 
(mg/L) 

Standard 
Deviation 

(mg/L) 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Number of 
Storm 
Events 

NH3-N 0.899 0.389 1.42 0.103 5.16 21 
NO2-N+NO3-N 5.26 3.58 4.55 1.32 16.9 21 
PO4-P 2.55 2.47 0.69 1.43 3.82 21 
TKN 6.61 4.95 4.17 2.20 19.3 21 
TP 3.64 3.67 1.07 1.68 5.87 21 
TSS 484 163 579 9 1772 20 

 
Upstream-Downstream Monitoring and Results 
 
Three samplers were located in intermittent stream channels through which water flowed 
during periods of rainfall runoff.  Two sites, BD002 and BD003, were upstream of the 
dairy and one site, BD004, was downstream of the dairy (Figure 5).  The sampling design 
was based on an upstream-downstream strategy to distinguish instream water quality 
above the dairy from water quality as the stream exited the property.  This whole-farm 
approach was meant to evaluate the effectiveness of the entire CNMP and was based on 
the assumption that no manure from the dairy operation was impacting the upstream sites. 
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Samples were analyzed in a manner similar to those for site BD001 (Table 7).  Once 
activated these three stream sites would retrieve one-liter sequential samples as follows: 

  An initial sample 
  Four samples taken at 15-minute intervals 
  Four samples taken at 30-minute intervals 
  Four samples taken at 60-minute intervals 
  Four samples taken at 120-minute intervals 
  All remaining samples taken at 180-minute intervals 

 
Stage-discharge relationships were developed from manual wading-type flow 
measurements taken at various water level conditions following USGS methods 
(Buchanan and Somers, 1969).  Stage-discharge relationships above which safe wading 
measurements could be taken were extrapolated based a quadratic fit of measured data to 
the depth of the cross-sectional area of the channel.  Overflows were flagged when stage 
heights indicated water outside the banks of the stream channel. 
 
In evaluating EMCs, there were 28 events in which runoff samples were collected at all 
three stream sites as well as stage data.  Basic statistics of these 28 events indicated 
notably higher concentrations downstream at site BD004 than upstream at sites BO002 or 
BD003 and higher concentrations at BD002 than at BD003 (Table 8).  Site BD004 also 
indicated lower concentrations than the edge-of-field site BD001 (Tables 7 and 8).  For 
reference, water quality concentrations for all storm events monitored at sites BD002, 
BD003, and BD004 are presented in Appendix E. 
 

Table 8. Basic statistics for upstream sites BD002 and BD003 and downstream site 
BD004 summarizing event mean concentrations across events.  Storms monitored 

between April 2004 and June 2007. 

Constituent Site Average 
(mg/L) 

Median 
(mg/L) 

Standard 
Deviation 

(mg/L) 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Number 
of Storm 
Events 

BD002 0.051 0.054 0.030 0.01 0.107 28 
BD003 0.052 0.044 0.043 0.01 0.193 28 NH3-N 
BD004 0.183 0.107 0.199 0.01 0.933 28 
BD002 0.506 0.358 0.552 0.079 3.04 28 
BD003 0.194 0.115 0.232 0.020 1.12 28 NO2-N+NO3-N 
BD004 3.56 1.26 8.25 0.234 44.3 28 
BD002 1.19 1.14 0.32 0.56 1.93 28 
BD003 0.94 0.94 0.35 0.23 1.57 28 TKN 
BD004 3.18 2.55 2.47 0.79 11.40 28 
BD002 0.119 0.118 0.055 0.015 0.214 28 
BD003 0.017 0.014 0.014 0.002 0.059 28 PO4-P 
BD004 0.433 0.277 0.499 0.038 2.24 28 
BD002 0.25 0.26 0.07 0.10 0.40 28 
BD003 0.11 0.10 0.06 0.03 0.24 28 TP 
BD004 0.98 0.52 0.93 0.25 3.66 28 
BD002 155 108 131 5 513 28 
BD003 103 64 137 4 714 28 TSS 
BD004 249 179 233 26 980 28 
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Precipitation Data 
 
A precipitation gage was located at site BD002 (Figure 5).  Daily values are presented in 
Appendix F, along with values from a nearby National Weather Service (NWS) station at 
Hico, Texas about 1.5 miles northwest of the dairy.  Of note, daily values for the TIAER 
rain gage at BD002 represent rainfall from midnight to midnight, while NWS daily 
values represent rainfall from about 8am to 8am.  On a monthly basis between April 2004 
and June 2007, the greatest rainfall at the dairy occurred in June 2004 with just over 13 
inches (Figure 6).  The smallest amount of rain occurred in November 2005 when none 
was recorded at BD002.  In comparison to normal precipitation for the NWS station at 
Hico (1971-2000), several months in 2004 showed levels well above normal, while most 
of 2005 and 2006 indicated precipitation levels below or near normal (Figure 7). 
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Figure 6. Monthly total precipitation measured at site BD002.  Note: April 2004 data 
represent values measured at NWS observer site in Hico, Texas. 
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Figure 7.  Monthly departure from normal for precipitation measured at BD002.  Normal 
represents rainfall measured at Hico, Texas between 1971 and 2000 by the NWS. 
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Economic Evaluation 

 
An economic evaluation of the digester system was completed by TIAER as part of the 
overall project.  A summary of the economic report is provided below while the full 
report is presented in Appendix G.  
 
The digester system as constructed was much more sophisticated than most in that it 
included a covered lagoon digester as well as a modified oxidation ditch (also referred to 
as the aeration pond or raceway) for reducing P concentrations (Figure 4).  When 
operational, the oxidation ditch and polishing pond were estimated to reduce the cost of 
manure P management by about $10,000 per year or about $12/cow/year – based on a 
herd size of 810 cows – compared to traditional land application.  The cost savings were 
related to reduced P concentrations in dairy wastewater and lower total solids in sludge.  
Lower P concentrations in dairy wastewater means a smaller land area is needed for land 
application, thus, lowering costs related to liquid waste disposal.  Lower total solids in 
the sludge means that there is less sludge weight to dispose of even though P 
concentrations in the sludge will be higher than without the digester system.  The 
resulting manure nitrogen (N) in the liquid and solid waste from the dairy is also more 
plant available than manure obtained from farms without digester systems, thus 
improving overall manure nutrient use. 
 
When construction was completed on the full digester system, the total cost incurred was 
over $1.7 million, due to unusual adaptations and other unforeseen problems.  In 
comparison, a more typical digester system without the oxidation ditch and polishing 
pond is anticipated to cost about $900,000 for the same size of dairy operation (810 
milking head).  Despite the benefits of generating electricity that could provide energy for 
the dairy with excess sold back to the grid, the cost of the project system was not 
economically viable at current energy prices (8 cents per kilowatt-hour).  Only if the 
digester system was maintained and operated for many years (25 or more) and economic 
benefits from odor control (estimated benefits of $60,000 annually), manure management 
for P removal, and methane production were considered did the full, digester system 
become economically viable. 
 

Summary and Recommendations 
 
Although the goal of this monitoring effort was to evaluate environmental impacts of the 
combined methane digester and biological P removal technology as part of an overall 
CNMP for a dairy, this goal could not be met.  Due to multiple problems with 
construction and functioning of the digester system and implementation of the CNMP, 
the monitoring data collected represents primarily “before” conditions.  Impacts of the 
digester system and CNMP on nutrient losses from the dairy could not be evaluated 
because sufficient “after” implementation data could not be collected.  Assuming the 
digester systems does become fully functional and further funding becomes available, 
TIAER recommends reinitiating monitoring to evaluate the impacts of this technology 
within the dairy’s CNMP. 
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Appendix A 
 

Lab Constituent Results for Digester Samples 
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Table A-2.  Digester samples collected during Phase 2. 
 Matrix Liquid Matrix Solid 

Collection 
Date Site 

NO2-N + 
NO3-N 
(mg/L) 

TKN 
(mg/L) 

TP 
(mg/L) 

TS 
(mg/L) 

Percent 
Solids 

NO3-N 
(mg/Kg) 

TKN 
(mg/Kg) 

TP 
(mg/Kg) 

23-Jan-07 DG001 0.211 1580 245      
23-Jan-07 DG002 0.196 2370 495      
23-Jan-07 DG004 0.250 2910 865      
23-Jan-07 DG005     9.47 11.1 29700 7520 
23-Jan-07 DG006     7.60 2.72 29000 12800 
23-Jan-07 DG007 0.255 2000 400 26900     
23-Jan-07 DG008 0.195 947 73 8760     
23-Jan-07 DG009 0.234 613 53 8320     
29-Jan-07 DG001 0.198 1720 253      
29-Jan-07 DG002 0.933 2830 601      
29-Jan-07 DG004 0.239 2930 721      
29-Jan-07 DG007 0.243 2920 650 47300     
29-Jan-07 DG008 0.218 1030 75 9000     
29-Jan-07 DG009 0.181 641 55 8420     
05-Feb-07 DG001 0.158 1830 250      
05-Feb-07 DG002 0.154 1390 157      
05-Feb-07 DG004 0.159 3290 808      
05-Feb-07 DG007 0.133 2720 671 49500     
05-Feb-07 DG008 0.151 981 72 8930     
05-Feb-07 DG009 0.207 671 52 8140     
13-Feb-07 DG001 0.241 1430 187      
13-Feb-07 DG002 0.211 1280 162      
13-Feb-07 DG004 0.208 2630 826      
13-Feb-07 DG007 0.166 3170 906 52100     
13-Feb-07 DG008 0.166 1160 100 10700     
13-Feb-07 DG009 0.196 627 54 8060     
19-Feb-07 DG001 0.179 1860 273      
19-Feb-07 DG002 0.179 1630 200      
19-Feb-07 DG004 0.178 1940 349      
19-Feb-07 DG005     11.8 11.2 32000 6840 
19-Feb-07 DG006     6.99 3.04 26700 12000 
19-Feb-07 DG007 0.166 3020 843 52200     
19-Feb-07 DG008 0.188 1270 124 11700     
19-Feb-07 DG009 0.161 612 55 8570     
27-Feb-07 DG001 0.747 1450 153      
27-Feb-07 DG002 0.242 1500 194      
27-Feb-07 DG004 0.285 3080 853      
27-Feb-07 DG007 0.262 2880 821 49200     
27-Feb-07 DG008 0.290 1250 116 11700     
27-Feb-07 DG009 0.329 572 52 8660     
06-Mar-07 DG001 0.557 1790 203      
06-Mar-07 DG002 0.462 1330 157      
06-Mar-07 DG004 0.272 1460 213      
06-Mar-07 DG007 0.242 2060 558 49300     
06-Mar-07 DG008 0.371 1190 98 12100     
06-Mar-07 DG009 0.572 600 53 8970     
13-Mar-07 DG001 0.153 1820 304      
13-Mar-07 DG002 0.118 1510 184      
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 Matrix Liquid Matrix Solid 

Collection 
Date Site 

NO2-N + 
NO3-N 
(mg/L) 

TKN 
(mg/L) 

TP 
(mg/L) 

TS 
(mg/L) 

Percent 
Solids 

NO3-N 
(mg/Kg) 

TKN 
(mg/Kg) 

TP 
(mg/Kg) 

13-Mar-07 DG004 0.149 1910 338      
13-Mar-07 DG005     10.4 33.5 26000 6350 
13-Mar-07 DG006     5.55 22.9 23000 11900 
13-Mar-07 DG007 0.158 2890 805 59700     
13-Mar-07 DG008 0.122 1120 106 11600     
13-Mar-07 DG009 0.132 458 54 8850     
20-Mar-07 DG001 0.187 1570 217      
20-Mar-07 DG002 0.161 1490 189      
20-Mar-07 DG004 0.155 1220 167      
20-Mar-07 DG007 0.155 2660 713 55700     
20-Mar-07 DG008 0.163 1390 202 16600     
20-Mar-07 DG009 0.228 468 51 9180     
28-Mar-07 DG001 0.195 1720 294      
28-Mar-07 DG002 0.212 1400 184      
28-Mar-07 DG004 0.204 1930 353      
28-Mar-07 DG007 0.241 2880 1020 60000     
28-Mar-07 DG008 0.201 1020 105 10400     
28-Mar-07 DG009 0.181 405 53 8330     
03-Apr-07 DG001 0.262 1240 160      
03-Apr-07 DG002 0.225 1230 131      
03-Apr-07 DG004 0.207 2140 439      
03-Apr-07 DG007 0.205 2930 784 54900     
03-Apr-07 DG008 0.196 882 75 8050     
03-Apr-07 DG009 0.248 397 43 7480     
11-Apr-07 DG001 0.240 1410 166      
11-Apr-07 DG002 0.180 1160 145      
11-Apr-07 DG004 0.223 2900 685      
11-Apr-07 DG007 0.200 3160 1020 56500     
11-Apr-07 DG008 0.196 946 88 8480     
11-Apr-07 DG009 0.199 306 37 6030     
18-Apr-07 DG001 0.163 1460 163      
18-Apr-07 DG002 0.163 1310 169      
18-Apr-07 DG004 0.131 2700 656      
18-Apr-07 DG005     Note1a 117 26900 5900 
18-Apr-07 DG006     Note1a 71.2 24800 12000 
18-Apr-07 DG007 0.134 2520 718 48400     
18-Apr-07 DG008 0.112 1030 153 13200     
18-Apr-07 DG009 0.127 321 37 6210     
25-Apr-07 DG001 0.176 1070 150      
25-Apr-07 DG002 0.190 1200 165      
25-Apr-07 DG004 0.175 2260 499      
25-Apr-07 DG007 0.190 1410 301 22500     
25-Apr-07 DG008 0.156 893 89 9480     
25-Apr-07 DG009 0.222 291 40 6340     
01-May-07 DG001 0.132 729 102      
01-May-07 DG002 0.200 1150 144      
01-May-07 DG004 0.181 2190 520      
01-May-07 DG007 0.187 2430 724 45000     
01-May-07 DG008 0.137 1440 390 26800     
01-May-07 DG009 0.098 328 41 6180     
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 Matrix Liquid Matrix Solid 

Collection 
Date Site 

NO2-N + 
NO3-N 
(mg/L) 

TKN 
(mg/L) 

TP 
(mg/L) 

TS 
(mg/L) 

Percent 
Solids 

NO3-N 
(mg/Kg) 

TKN 
(mg/Kg) 

TP 
(mg/Kg) 

08-May-07 DG001 0.197 950 109      
08-May-07 DG002 0.180 984 119      
08-May-07 DG004 0.132 2430 605      
08-May-07 DG007 0.182 2800 970 61500     
08-May-07 DG008 0.163 817 116 10800     
08-May-07 DG009 0.133 377 47 6170     
15-May-07 DG001 0.190 1680 297      
15-May-07 DG002 0.183 875 120      
15-May-07 DG004 0.191 2010 545      
15-May-07 DG005     11.0 74.0 24700 6470 
15-May-07 DG006     7.41 69.8 27000 1200 
15-May-07 DG007 0.173 2350 873 60200     
15-May-07 DG008 0.175 632 71 7050     
15-May-07 DG009 0.172 284 38 5350     
22-May-07 DG001 0.193 1730 323      
22-May-07 DG002 0.209 1060 155      
22-May-07 DG004 0.166 2430 607 Note2b     
22-May-07 DG007 0.173 2560 844 Note2b     
22-May-07 DG008 2.63 691 80 Note2b     
22-May-07 DG009 0.198 341 41      
29-May-07 DG001 0.099 1040 156      
29-May-07 DG002 0.107 1020 144      
29-May-07 DG004 0.093 2100 471      
29-May-07 DG007 0.094 2410 760 45000     
29-May-07 DG008 2.147 689 75 8950     
29-May-07 DG009 0.130 317 38 5890     
04-Jun-07 DG001 0.115 1610 297      
04-Jun-07 DG002 0.200 865 111      
04-Jun-07 DG004 0.107 1950 454      
04-Jun-07 DG007 0.120 2330 735 42000     
04-Jun-07 DG008 0.141 623 73 6670     
04-Jun-07 DG009 0.193 331 41 5330     
12-Jun-07 DG001 0.124 1740 336      
12-Jun-07 DG002 0.151 1210 187      
12-Jun-07 DG004 0.131 2980 727      
12-Jun-07 DG007 0.142 2460 847      
12-Jun-07 DG008 0.069 682 88      
12-Jun-07 DG009 0.092 341 44      
18-Jun-07 DG003 0.006 2 1 382     
20-Jun-07 DG001 0.137 859 157      
20-Jun-07 DG002 0.163 813 96      
20-Jun-07 DG004 0.154 1940 510      
20-Jun-07 DG007 0.160 1740 556 74100     
20-Jun-07 DG008 0.160 596 70 5950     
20-Jun-07 DG009 0.157 354 47 5520     
26-Jun-07 DG001 0.109 457 67      
26-Jun-07 DG002 0.217 759 78      
26-Jun-07 DG004 0.105 1850 523      
26-Jun-07 DG007 0.113 379 54 4490     
26-Jun-07 DG008 0.185 443 56 5040     
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 Matrix Liquid Matrix Solid 

Collection 
Date Site 

NO2-N + 
NO3-N 
(mg/L) 

TKN 
(mg/L) 

TP 
(mg/L) 

TS 
(mg/L) 

Percent 
Solids 

NO3-N 
(mg/Kg) 

TKN 
(mg/Kg) 

TP 
(mg/Kg) 

26-Jun-07 DG009 0.185 321 44 5120     
a Note 1  Sample containers were discarded prior to completion of percent solids analysis. 
b Wrong test group code entered by laboratory resulting in total solids (TS) analysis not being performed. 
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Appendix B 
 

Digester Field Measurements 
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Appendix C 
 

Summary of Digester Status in Relation to Monitoring 
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Phase 1 – Monthly 
 

  20-Oct-05:  No sample collected from Pond 3 (site DG008) due to low liquid level. 
  14-Nov-05:  The effluent in the Recirculation Pond (site DG001) was thicker than at the 

last sampling.  The sample at DG003 was collected using the Sludge Judge because the 
liquid was too thick for the peristaltic pump.  There was sludge accumulation around the 
edges of and floating islands of solids throughout Pond 1 (sites DG004 and DG006).  At 
the Digester Pond (site DG005) the sample was collected at the top of the sludge blanket 
due to the thickness of the sludge. 

  12-Dec-05:  Pond 1 (sites DG004 and DG006) had solids along the edges of the south 
and west sides. 

  10-Jan-06:  No sample was collected from Pond 3 (site DG008) because the water level 
was too low.  There was also a solid buildup along the sides of Pond 3. 

  9-Feb-06:  At the Raceway/Aeration Pond (site DG003) the aerators were off and the 
water level was to the top of the pond.  There was no accumulation of solids in the 
splitter-box pit where the sample is collected.  No sample was collected at DG006 
because the sludge layer was too thin. 

  March 06:  No samples were collected in March 2006 while the digester system was 
undergoing repairs to the Raceway/Aeration Pond (site DG003). 

  26-Apr-06:  There was the smell of ammonia around the aerators in the 
Raceway/Aeration Pond. 

  23-May-06:  One aerator running in the Raceway/Aeration Pond (site DG003). 
  15-Jun-06:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent 

from the Raceway/Aeration Pond was being added to Pond 1 (sites DG004 and DG006) 
at the time of sampling.  Effluent from the digester was being added to Pond 2 (site 
DG007) at the time of sampling.  Scum layer along the north edge of Pond 3 (site 
DG008). 

  18-Jul-06:  The effluent level was high in the pit where DG002 was collected.  The 
Raceway/Aeration Pond (site DG003) was undergoing repairs.  The effluent level in the 
digester appeared high.  At the Digester Pond (site DG005) the sample was collected at 
the top of the sludge blanket due to the thickness of the sludge.  Water level in Pond 4 
(site DG009) was low. 

  8-Aug-06:  There was some scum on the surface of the Recirculation Pond (site DG001).  
The Raceway/Aeration Pond (site DG003) was undergoing repairs.  An alarm was 
sounding in the "digester mixer" box beside the Raceway/Aeration Pond.  At the Digester 
Pond (site DG005) the sample was collected at the top of the sludge blanket due to the 
thickness of the sludge.  No sample was collected from Pond 3 (site DG008) due to solids 
at the collection site from pond being enlarged.  Level of Pond 4 (site DG009) was very 
low--currently irrigating from Pond 4. 

  12-Sep-06:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  At the 
Digester Pond (site DG005) the sample was collected at the top of the sludge blanket due 
to the thickness of the sludge.  No sample was collected from Pond 3 (site DG008) due to 
solids at the collection site from pond being enlarged.  Pond 4 (site DG009) was almost 
empty--liquid depth at the sample location was approximately one foot. 

  17-Oct-06:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  At the 
Digester Pond (site DG005) the sample was collected at the top of the sludge blanket due 
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to the thickness of the sludge.  Pond 1 (sites DG004 and DG006) appeared to have solids 
(scum) on the surface and the effluent was thick.  No sample was collected from Pond 3 
(site DG008) due to pond construction.  Pond 4 (site DG009) was very shallow--the 
liquid level did not cover the collection bottle. 

  31-Oct-06:  Special sample from DG005 collected by the producer on October 31, 2006 
and delivered to TIAER on the morning of November 2, 2006 to submit for laboratory 
analysis.  The sample was collected from sludge pumped from the bottom of the digester. 

  16-Nov-06:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  There 
was a solids buildup around the edges of Pond 1 (sites DG004 and DG006) and the pond 
liquid was the consistency of a chocolate milkshake.  At the Digester Pond (site DG005) 
the sample was collected at the top of the sludge blanket due to the thickness of the 
sludge.  No sample was collected at DG008, Pond 3 was being enlarged. 

  12-Dec-06:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  There 
was a solids buildup around the edges of Pond 1 (sites DG004 and DG006).  The outlet 
for the hose pumping liquid from DG002 is as the location for sites DG004 and DG006.  
At the Digester Pond (site DG005) the sample was collected at the top of the sludge 
blanket due to the thickness of the sludge.  A sump pump is discharging from the 
Raceway/Aeration Pond into the inground cylinder where the sonde measurements are 
taken for DG005.  The sample location for DG008 was estimated due to in-progress work 
on enlargement of Pond 3.  The liquid level in Pond 4 (site DG009) was low--just 
covered the sampling bottle. 

 
Phase 2 – Weekly 
 

  23-Jan-07:  The liquid at DG002 was too thick to use the peristaltic pump, so the grating 
was removed and the sample collected using the subsurface grab sampler.  The 
Raceway/Aeration Pond (site DG003) was undergoing repairs.  There was a solids 
buildup in Pond 1 (sites DG004 and DG006) and the effluent was very thick.  At the 
Digester Pond (site DG005) the sample was collected at the top of the sludge blanket due 
to the thickness of the sludge.  Solids were starting to buildup in Pond 2 (site DG007).  
The level of Pond 4 (site DG009) was up since the last sampling. 

  29-Jan-07:  The liquid at DG002 was too thick to use the peristaltic pump, so the grating 
was removed and the sample collected using the subsurface grab sampler.  The 
Raceway/Aeration Pond (site DG003) was undergoing repairs.  There was a solids 
accumulation in Pond 1 (site DG004) and the effluent was thick.  The effluent in Pond 2 
(site DG007) is becoming thicker. 

  5-Feb-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Pond 1 
(site DG004) had scum on the top, the effluent was thick, and it was receiving liquid 
pumped from the digester.  There is a light scum on the top of Pond 2 (site DG007) that 
appears to be solid in the middle of the pond. 

  13-Feb-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  The 
effluent in Pond 1 (site DG004) was not as thick as previous times.  The effluent in Pond 
2 (site DG007) was thicker than normal. 

  19-Feb-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  At the 
Digester Pond (site DG005) the sample was collected at the top of the sludge blanket due 
to the thickness of the sludge. 
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  27-Feb-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent 
in Pond 2 (site DG007) was thick. 

  6-Mar-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs. 
  13-Mar-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  At the 

Digester Pond (site DG005) the sample was collected at the top of the sludge blanket due 
to the thickness of the sludge.  Effluent in Pond 2 (site DG007) was thick. 

  20-Mar-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs. 
  28-Mar-07:  The level of the recirculation pit (site DG001) was low.  The 

Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent in Pond 1 (site 
DG004) was thick.  Effluent in Pond 2 (site DG007) was very thick. 

  3-Apr-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  The 
effluent in Pond 2 (site DG007) was thick with islands of solids in the pond. 

  11-Apr-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  In the pit 
where DG002 was collected the effluent level was low.  The effluent in Pond 1 (site 
DG004) and Pond 2 (site DG007) was thick.  The liquid level in Pond 4 (site DG009) is 
higher. 

  18-Apr-07:  There was no foam on the surface of the effluent in the pit where DG002 was 
collected.  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent 
was being pumped into Pond 1 (sites DG004 and DG006) from DG002.  At the Digester 
Pond (site DG005) the sample was collected at the top of the sludge blanket due to the 
thickness of the sludge.  The effluent in Pond 2 (site DG007) was not as thick as the 
previous sampling. 

  25-Apr-07:  The foam layer was again on the surface of the effluent in the pit where 
DG002 was collected.  The Raceway/Aeration Pond (site DG003) was undergoing 
repairs. 

  1-May-07:  The foam on the surface of the effluent in the pit where DG002 was collected 
was white.  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent 
in Pond 2 (site DG007) was thick.  Pond 3 (site DG008) level was high.  There was foam 
on the surface of Pond 4 (site DG009). 

  8-May-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent 
in Pond 2 (site DG007) was thick.  There was a scum layer on the surface of Pond 3 (site 
DG008).  Liquid level in Pond 4 (site DG009) higher than at previous sampling period. 

  15-May-07:  Recirculation Pond level was high.  The Raceway/Aeration Pond (site 
DG003) was undergoing repairs.  The effluent in Pond 1 (sites DG004 and DG006) was 
thick.  At the Digester Pond (site DG005) the sample was collected at the top of the 
sludge blanket due to the thickness of the sludge.  Effluent in Pond 2 (site DG007) was 
thick.  The liquid level in Pond 4 (site DG009) was higher.  

  22-May-07:  Recirculation Pond level was high.  The Raceway/Aeration Pond (site 
DG003) was undergoing repairs.  Effluent in Pond 1 (site DG004) and Pond 2 (site 
DG007) was thick. 

  29-May-07:  Recirculation Pond level was high.  The effluent level in the pit where 
DG002 was collected was higher than at the last sample collection.  The 
Raceway/Aeration Pond (site DG003) was undergoing repairs.  Effluent in Pond 1 (site 
DG004) was very thick.  Effluent in Pond 2 (site DG007) was thick.  Liquid level in Pond 
3 (site DG008) was high. 
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  4-Jun-07:  The Raceway/Aeration Pond (site DG003) was undergoing repairs.  Pond 1 
(site DG004) had scum on the surface and the effluent was thick.  Liquid level in Pond 4 
(site DG009) was high. 

  12-Jun-07:  There was a scum layer on the surface of the Recirculation Pond (site 
DG001) and the sample came out of the valve in spurts.  The Raceway/Aeration Pond 
was undergoing repairs.  Effluent in Pond 1 (site DG004) was very thick.  Liquid level in 
Pond 3 (site DG008) was high. 

  18-Jun-07:  Special grab sample from the Raceway/Aeration Pond.  The 
Raceway/Aeration Pond was undergoing repairs. 

  20-Jun-07:  The level of the Recirculation Pond (site DG001) was high and the effluent 
came from the valve very slowly.  There was no foam on the effluent in the pit where 
DG002 was collected.  The Raceway/Aeration Pond (site DG003) was undergoing 
repairs.  The effluent in Pond 1 (site DG004) was thick.  The liquid level in Pond 3 (site 
DG008) and Pond 4 (site DG009) was very high. 

  26-Jun-07:  There was no foam on the effluent in the pit where DG002 was collected.  
The Raceway/Aeration Pond (site DG003) was undergoing repairs.  There were 
numerous rat-tailed maggots in Pond 1 (site DG004) and the effluent was very thick.  The 
liquid level in Pond 2 (site DG007) was very high and the effluent was thin.  The liquid 
level in Pond 3 (site DG008) was very high--there was no freeboard. 
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Event Mean Concentrations for Storm Runoff at Edge-of-Field Site BD001 
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Table D-1.  Event mean concentrations by storm event for edge-of-field site BD001. 

Begin Date & 
Time 

Elapsed 
Time 

(hh:mm) 
Overflowa

Estimated 
Volume 

(ft3) 

NH3-N 
(mg/L) 

NO2-N 
+ 

NO3-N 
(mg/L) 

TKN 
(mg/L) 

PO4-P 
(mg/L) 

TP 
(mg/L) 

TSS 
(mg/L) 

30APR04:20:50 36:55 No 36,600 0.385 2.08 8.71 3.73 5.29 314 

25JUN04:14:40 8:00 Yes Not 
available 0.594 3.99 11.0 2.47 5.87 1440 

04OCT04:14:10 5:00 No 122 0.183 4.33 3.01 1.62 2.12 82 

31OCT04:23:10 8:35 No 8,820 0.443 3.58 7.25 2.40 3.34 180 

02NOV04:12:15 11:25 No 4,970 0.235 1.43 3.80 2.44 3.08 146 

15NOV04:08:10 74:40 No 175,000 0.389 1.60 2.20 2.28 2.73 29 

22NOV04:06:10 52:15 No 62,000 0.384 1.85 10.3 3.52 4.90 98 

27JAN05:17:30 11:10 No 999 0.660 16.9 4.04 3.26 3.73 29 

01FEB05:13:50 17:55 No 2,300 0.228 8.76 3.20 3.07 4.01 39 

23FEB05:00:55 56:55 No 91,500 0.375 3.84 3.84 2.53 3.70 39 

26FEB05:14:25 43:55 No 58,500 0.103 3.06 3.93 3.82 4.42 19 

19MAR06:09:35 20:40 No 58,500 0.120 5.19 3.10 2.49 2.89 9 

05MAY06:22:40 15:25 No 55,800 2.56 2.59 4.95 1.43 1.68 26 

29MAR07:13:40 4:55 No 371 0.689 9.08 6.34 1.71 2.83 936 

30MAR07:18:00 16:50 No 48,200 0.416 1.99 2.83 1.94 2.37 400 

30APR07:23:50 65:00 No 118,000 0.163 2.07 4.85 2.63 3.23 534 

24MAY07:19:25 39:05 No 34,800 5.16 14.3 9.92 2.72 4.23 1010 

29MAY07:12:10 9:25 No 468 0.530 12.3 5.39 2.35 3.56 1170 

02JUN07:03:50 7:55 No 25,400 0.282 7.89 9.48 2.14 3.67 no data 

17JUN07:11:25 20:20 Yes Not 
available 0.391 1.32 11.30 3.20 5.11 1400 

26JUN07:03:35   5:15 Yes Not 
available 4.58 2.27 19.34 1.71 3.72 1770 

a Overflow value of “yes” indicates that the water level was above the maximum level for the flume and could not be 
accurately measured.  When the water level was above the maximum level for the flume, flow was estimated as an 
extrapolation of the flume equation for estimation of EMCs but volume could not be reasonably calculated. 
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Appendix E 
 

Event Mean Concentrations of Storm Runoff at Upstream Sites BD002 and 
BD003 and Downstream Site BD004 
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Table E-1.  Event mean concentrations by storm event for upstream site BD002. 

Begin Date & 
Time 

Elapsed 
Time 

(hh:mm) 
Overflowa

Estimated 
Volume 

(ft3) 

NH3-N 
(mg/L) 

NO2-N 
+NO3-N 
(mg/L) 

TKN 
(mg/L) 

PO4-P 
(mg/L) 

TP 
(mg/L) 

TSS 
(mg/L) 

30APR04:18:40 88:55 No 1,580,000 0.107 0.396 1.71 0.144 0.29 80 

08JUN04:18:35 83:55 No 1,910,000 0.097 0.227 1.05 0.165 0.27 77 

25JUN04:13:45 92:55 Yes Not 
available 0.051 0.575 1.93 0.151 0.32 175 

29JUN04:14:25 91:50 Yes Not 
available 

0.070 0.343 1.36 0.083 0.14 513 

19AUG04:04:55 122:55 Yes Not 
available 

0.085 0.293 1.21 0.112 0.29 377 

04OCT04:12:35 43:25 No 18,400 0.030 0.229 0.92 0.021 0.22 365 

14NOV04:16:20 137:20 No 3,190,000 0.065 0.300 0.95 0.151 0.23 46 

22NOV04:06:00 74:55 No 1,500,000 0.073 0.646 1.17 0.164 0.25 71 

06DEC04:14:50 68:30 No 251,000 0.056 3.04 1.07 0.145 0.28 42 

26FEB05:12:10 68:55 No 1,060,000 0.010 0.587 0.89 0.119 0.17 11 

01MAR05:22:20 58:55 No 927,000 0.038 0.457 0.75 0.097 0.15 31 

21MAR05:03:05 56:25 No 420,000 0.094 0.808 1.63 0.059 0.25 117 

29MAY05:20:35 39:30 No 367,000 0.068 0.515 1.90 0.212 0.27 176 

31MAY05:22:40 58:30 No 1,030,000 0.060 0.311 1.35 0.106 0.13 135 

03JUN05:09:40 72:00 No 100,000 0.071 0.189 1.22 0.048 0.10 52 

10AUG05:02:25 31:45 No 72,500 0.068 0.323 1.15 0.045 0.23 248 

29AUG05:02:00 53:55 No 212,000 0.010 0.811 1.21 0.151 0.33 43 

28JAN06:03:25 57:00 No 58,600 0.010 1.21 1.27 0.051 0.25 348 

19MAR06:03:35 56:30 No 1,050,000 0.084 0.580 1.28 0.177 0.28 140 

05MAY06:19:55 60:55 No 663,000 0.080 0.190 1.12 0.086 0.23 326 

26MAR07:13:15 45:25 No 37,600 0.021 0.079 1.11 0.015 0.18 88 

29MAR07:12:55 91:15 No 1,590,000 0.033 0.207 1.10 0.109 0.28 196 

30APR07:23:05 105:50 No 1,320,000 0.042 0.216 0.56 0.106 0.23 71 

24MAY07:13:05 69:00 No 323,000 0.010 0.373 1.53 0.214 0.40 167 

29MAY07:12:15 44:55 No 167,000 0.047 0.376 1.01 0.212 0.33 99 

02JUN07:03:25 53:55 No 948,000 0.040 0.331 1.13 0.133 0.30 5 

17JUN07:08:15 50:40 No 1,430,000 0.010 0.193 0.76 0.116 0.26 66 

26JUN07:03:10 6:15 Yes Not 
available 0.010 0.374 1.07 0.130 0.33 265 

a Overflow value of “yes” indicates that the water level was above the maximum level for the cross-section of the 
stream channel.  When the water level was above the maximum level of the stream channel or overbank, flow was 
estimated as an extrapolation rating curve for estimation of EMCs but volume could not be reasonably calculated. 

 54



Table E-2.  Event mean concentrations by storm event for upstream site BD003. 
Begin Date & 
Time 

Elapsed 
Time 

(hh:mm) 
Overflowa

Estimated 
Volume 

(ft3) 

NH3-N 
(mg/L) 

NO2-N 
+NO3-N 
(mg/L) 

TKN 
(mg/L) 

PO4-P 
(mg/L) 

TP 
(mg/L) 

TSS 
(mg/L) 

30APR04:18:40 61:55 No 1,260,000 0.043 0.183 1.31 0.022 0.11 118 

08JUN04:18:45 83:55 Yes Not 
available 

0.119 0.043 1.03 0.015 0.11 53 

25JUN04:13:50 93:05 Yes Not 
available 

0.045 0.222 1.57 0.032 0.14 127 

29JUN04:15:05 89:55 Yes Not 
available 

0.047 0.070 1.07 0.014 0.08 47 

19AUG04:06:50 121:50 Yes Not 
available 

0.056 0.632 0.72 0.009 0.12 149 

04OCT04:13:55 26:00 No 2,320 0.024 0.113 1.38 0.006 0.15 714 

14NOV04:17:25 136:35 Yes Not 
available 0.028 0.060 0.86 0.013 0.08 54 

22NOV04:06:20 74:55 No 936,000 0.052 0.079 0.73 0.010 0.08 29 

06DEC04:15:45 66:55 No 88,300 0.037 0.055 0.33 0.011 0.08 20 

26FEB05:11:50 68:55 No 767,000 0.010 0.063 0.67 0.003 0.03 7 

01MAR05:22:35 58:55 No 618,000 0.010 0.020 0.52 0.003 0.05 8 

21MAR05:03:10 35:25 No 164,000 0.085 0.248 1.02 0.002 0.19 208 

29MAY05:21:45 38:50 No 61,300 0.098 0.241 1.21 0.005 0.03 270 

31MAY05:22:50 58:40 No 538,000 0.088 0.050 0.77 0.005 0.03 82 

03JUN05:10:20 45:25 No 92,200 0.104 0.077 0.95 0.007 0.03 37 

10AUG05:03:15 31:00 No 14,500 0.193 0.499 1.42 0.041 0.07 24 

29AUG05:01:10 33:55 No 23,800 0.030 0.358 1.19 0.023 0.09 142 

28JAN06:05:25 33:55 No 8,360 0.010 1.12 1.36 0.059 0.20 23 

19MAR06:10:30 49:55 No 243,000 0.054 0.344 0.88 0.046 0.16 155 

05MAY06:21:10 58:25 No 106,000 0.074 0.168 1.04 0.017 0.11 95 

26MAR07:16:40 37:25 No 9,190 0.010 0.122 1.48 0.019 0.17 11 

29MAR07:13:50 90:50 Yes Not 
available 0.010 0.131 0.23 0.029 0.24 123 

30APR07:23:45 105:35 No 988,000 0.034 0.059 0.44 0.026 0.15 82 

25MAY07:17:55 40:45 No 44,500 0.076 0.107 0.69 0.013 0.10 24 

29MAY07:11:40 45:25 No 30,700 0.070 0.116 1.08 0.011 0.06 42 

02JUN07:03:15 53:55 No 515,000 0.021 0.054 0.78 0.007 0.09 4 

17JUN07:08:55 50:30 No 392,000 0.010 0.050 0.93 0.014 0.12 74 

26JUN07:03:35 6:15 Yes Not 
available 0.010 0.149 0.72 0.025 0.22 152 
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Table E-3.  Event mean concentrations by storm event for upstream site BD004. 
Begin Date & 
Time 

Elapsed 
Time 

(hh:mm) 
Overflowa

Estimated 
Volume 

(ft3) 

NH3-N 
(mg/L) 

NO2-N + 
NO3-N 
(mg/L) 

TKN 
(mg/L) 

PO4-P 
(mg/L) 

TP 
(mg/L) 

TSS 
(mg/L) 

30APR04:19:40 88:55 No 4,310,000 0.108 1.21 2.41 0.210 0.46 228 

08JUN04:20:55 81:25 No 8,550,000 0.146 0.515 1.61 0.247 0.50 155 

25JUN04:14:35 92:35 No 6,030,000 0.122 1.31 3.44 0.269 0.79 560 

29JUN04:15:50 90:55 No 3,920,000 0.082 1.84 2.27 0.243 0.38 139 

19AUG04:08:20 119:55 No 17,800,000 0.105 0.924 2.93 0.285 1.57 365 

04OCT04:15:20 41:25 No 13,500 0.052 5.70 3.29 0.567 1.03 102 

14NOV04:19:25 134:55 No 16,800,000 0.032 1.20 1.54 0.303 0.49 163 

22NOV04:06:40 74:55 No 8,190,000 0.093 3.07 1.72 0.359 0.53 66 

06DEC04:16:20 66:20 No 127,000 0.049 9.45 0.96 0.144 0.29 26 

26FEB05:11:25 83:25 No 2,840,000 0.010 1.75 1.36 0.186 0.28 39 

01MAR05:22:55 85:55 No 1,800,000 0.090 2.56 1.28 0.185 0.29 57 

21MAR05:04:20 55:30 No 530,000 0.208 4.23 3.26 0.088 0.51 195 

29MAY05:23:35 36:25 No 201,000 0.092 44.28 2.70 0.038 0.50 433 

01JUN05:00:00 56:55 No 1,440,000 0.085 1.20 2.83 0.170 0.47 332 

03JUN05:11:25 68:55 No 14,800 0.091 0.875 1.70 0.136 0.25 27 

10AUG05:05:20 28:10 No 6,130 0.144 2.97 11.4 0.615 3.09 980 

29AUG05:03:10 43:25 No 117,000 0.287 0.808 6.22 0.913 2.01 268 

28JAN06:09:00 35:25 No 9,150 0.172 4.10 7.80 1.87 3.18 210 

19MAR06:11:00 49:45 No 2,500,000 0.933 1.38 3.44 0.526 1.14 325 

05MAY06:23:05 56:55 No 1,610,000 0.206 0.688 4.32 0.531 1.39 586 

26MAR07:17:10 35:25 No 565,000 0.578 1.57 8.35 2.24 3.66 88 

29MAR07:14:40 98:15 No 69,200,000 0.455 0.370 1.88 0.338 0.77 222 

01MAY07:00:25 103:50 No 57,700,000 0.402 0.234 0.79 0.166 0.42 112 

24MAY07:15:15 27:35 No 60,200 0.135 5.60 1.73 0.122 0.35 75 

29MAY07:12:25 43:25 No 394,000 0.087 0.680 3.39 0.486 1.02 280 

02JUN07:04:10 76:45 No 25,200,000 0.050 0.260 1.32 0.142 0.34 37 

17JUN07:05:35 52:45 No 7,360,000 0.048 0.260 1.73 0.334 0.63 143 

26JUN07:04:00 5:05 No 6,100,000 0.264 0.603 3.27 0.421 1.26 758 
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Precipitation Data 
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Table F-1.  Daily precipitation at BD002 and NWS station at Hico, Texas for data collected 
between April 2004 and June 2007. 

2004 2005 2006 2007 
 BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
Day & 
Month 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

1-Jan   0 0 0 0 0 0 
2-Jan   0.22 0.03 0 0 0 0 
3-Jan   0.48 0 0 0 1.11 0 
4-Jan   0.03 0.77 0 0 0.56 1.36 
5-Jan   0.21 0.07 0 0 0 0 
6-Jan   0.01 0.19 0 0 0 0 
7-Jan   0 0 0 0 0 0 
8-Jan   0 0 0 0 0 0 
9-Jan   0 0 0 0 0 0 
10-Jan   0 0 0 0 0 0 
11-Jan   0 0 0 0 0 0 
12-Jan   0 0 0 0 0.45 0 
13-Jan   0 0 0 0 0.06 1.15 
14-Jan   0 0 0 0 0 0.12 
15-Jan   0 0 0 0 0 0 
16-Jan   0 0 0.01 0.01 0 0.22 
17-Jan   0 0 0 0 0.01 0.30 
18-Jan   0 0 0 0 0.11 0.11 
19-Jan   0 0 0 0 0.16 0 
20-Jan   0 0 0 0 0.42 0.20 
21-Jan   0 0 0 0 0.02 0.28 
22-Jan   0 0 0.74 0.15 0 0 
23-Jan   0 0 0.01 0.55 0 0 
24-Jan   0 0 0 0 0 0 
25-Jan   0 0 0 0 0 0 
26-Jan   0 0 0 0 0 0 
27-Jan   0.70 0.08 0 0 0 0 
28-Jan   0.35 0.92 2.71 2.45 0 0 
29-Jan   0.06 0.02 0.02 0.14 0 0 
30-Jan   0.03 0 0 0 0 0 
31-Jan   0.03 0.39 0 0 0.10 0.11 

Monthly 
Total 

  2.12 2.47 3.49 3.30 3.00 3.85 

         
1-Feb   0.02 0.08 0 0 0.86 0.31 
2-Feb   0.01 0.45 0 0 0 0.43 
3-Feb   0.44 0.02 0 0 0 0 
4-Feb   0.12 0 0 0 0 0 
5-Feb   0.05 0 0 0 0 0 
6-Feb   0.14 0.16 0 0 0 0 
7-Feb   0 0 0 0 0 0 
8-Feb   0 0 0 0 0 0 
9-Feb   0 0 0 0 0 0 
10-Feb   0 0 0.07 0.08 0 0 
11-Feb   0 0 0 0 0 0 
12-Feb   0.16 0.01 0 0 0.01 0 
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2004 2005 2006 2007 
 BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
BD002 

(in) 
Hico, TX 

(in) 
Day & 
Month 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

13-Feb   0.01 0.15 0 0 0 0.02 
14-Feb   0 0 0 0 0 0 
15-Feb   0 0 0 0 0 0 
16-Feb   0 0 0 0 0 0 
17-Feb   0 0 0 0 0 0 
18-Feb   0.02 0.02 0 0 0 0 
19-Feb   0 0.01 0 0 0 0 
20-Feb   0 0 0.03 0 0 0 
21-Feb   0 0 0.03 0.06 0 0 
22-Feb   0 0 0 0.01 0 0 
23-Feb   0.65 1.24 0 0 0 0 
24-Feb   0.02 0.56 0.43 0 0 0 
25-Feb   0.01 0 0.53 0.90 0 0 
26-Feb   0 0 0 0.03 0 0 
27-Feb   0.01 0.83 0 0 0 0 
28-Feb   0 0 0 0 0 0 

Monthly 
Total 

  1.66 3.53 1.09 1.08 0.87 0.76 

         
1-Mar   0.37 0 0 0 0 0 
2-Mar   0.51 0.75 0 0 0 0 
3-Mar   0 0 0 0 0 0 
4-Mar   0 0 0 0 0 0 
5-Mar   0.07 0 0 0 0 0 
6-Mar   0.06 0.13 0 0 0 0 
7-Mar   0.01 0.04 0 0 0 0 
8-Mar   0 0 0 0 0 0 
9-Mar   0.03 0.03 0 0 0 0 

10-Mar   0 0 0 0 0 0 
11-Mar   0 0 0 0 1.15 0 
12-Mar   0 0 0 0 0.04 1.40 
13-Mar   0 0 0.01 0 0 0 
14-Mar   0 0 0 0 0 0.01 
15-Mar   0 0 0 0 0 0 
16-Mar   0 0 0 0 0 0 
17-Mar   0 0 0.07 0 0 0 
18-Mar   0 0 0.39 0.18 0 0 
19-Mar   0.03 0 3.83 1.30 0 0 
20-Mar   0 0 0.01 2.07 0.14 0 
21-Mar   1.21 0.68 0 0 0 0.11 
22-Mar   0 0 0.03 0 0.01 0 
23-Mar   0 0 0.05 0.08 0 0.03 
24-Mar   0 0 0 0 0 0 
25-Mar   0 0 0 0 0.94 0 
26-Mar   0.65 0.13 0 0 1.21 0.71 
27-Mar   0.04 0.51 0 0 0 1.14 
28-Mar   0 0 0.03 0 0 0 
29-Mar   0 0 0.33 0.15 1.51 0 
30-Mar   0 0 0 0.18 2.55 1.18 
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8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

31-Mar   0 0 0 0 0.02 2.94 
Monthly 

Total 
  2.98 2.27 4.75 3.96 7.57 7.52 

         
1-Apr no dataa 0 0 0 0 0 0 0 
2-Apr no data 0.53 0 0 0 0 0 0 
3-Apr no data 0 0 0 0 0 0 0 
4-Apr no data 0 0 0 0 0 0 0 
5-Apr no data 0.93 0 0 0 0 0 0 
6-Apr no data 0.41 0 0 0 0 0 0 
7-Apr no data 0 0 0 0 0 0.04 0 
8-Apr no data 0 0 0 0 0 0.28 0.30 
9-Apr no data 0 0 0 0 0 0 0 

10-Apr no data 0.25 0.01 0.01 0 0 0.05 0.04 
11-Apr no data 0.03 0 0.02 0 0 0 0 
12-Apr no data 0.14 0 0 0 0 0 0 
13-Apr no data 0 0 0 0 0 0.16 0 
14-Apr no data 0 0 0 0 0 0 0.26 
15-Apr no data 0 0 0 0 0 0 0 
16-Apr no data 0 0 0 0 0 0 0 
17-Apr no data 0 0 0 0 0 0.29 0.01 
18-Apr no data 0 0 0 0 0 0.01 0.35 
19-Apr no data 0.15 0 0 0.08 0 0 0 
20-Apr no data 0 0 0 1.00 0.16 0 0 
21-Apr no data 0 0 0 0.01 0.57 0 0 
22-Apr no data 0 0 0 0 0 0 0 
23-Apr no data 2.68 0 0 0 0 0 0 
24-Apr no data 1.71 0 0 0 0 0.66 0 
25-Apr no data 0.35 0 0.21 0.53 0 0 0.86 
26-Apr no data 0 0 0 0 0.32 0 0 
27-Apr no data 0 0 0 0 0 0 0 
28-Apr no data 0.05 0 0 0.66 0 0 0 
29-Apr no data 0 0 0 0.28 0.95 0 0 
30-Apr no data 1.70 0.05 0.16 0 0 0.64 0.11 

Monthly 
Total 

no data 8.93 0.06 0.40 2.56 2.00 2.13 1.93 

         
1-May 0 0.05 0 0 0 0 2.09 1.34 
2-May 0 0 0 0 0.38 0 1.39 0.96 
3-May 0 0 0.07 0 0.53 0.59 0.02 1.57 
4-May 0 0 0.87 0.47 0.69 0.57 0 0 
5-May 0 0 0.01 0.30 1.24 0.05 0 0 
6-May 0 0 0 0 1.31 1.88 0 0 
7-May 0 0 0 0 0 0 0 0 
8-May 0 0 0.51 0.44 0 0 0.12 0 
9-May 0 0 0.02 0.02 0 0 0.64 0.62 

10-May 0 0 0 0.03 0 0 0.05 0.14 
11-May 0 0.03 0 0 0 0 0 0 
12-May 0.23 0 0 0 0 0 0.01 0 
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8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

13-May 0 0 0 0 0 0 0.48 0 
14-May 0 0 0.54 0.50 0.05 0.05 0.01 0.19 
15-May 0 0 0.01 0 0 0 0 0 
16-May 0 0 0 0 0 0 0 0 
17-May 0 0 0 0 0 0 0 0 
18-May 0 0 0 0 0 0 0 0 
19-May 0 0 0 0 0 0 0 0 
20-May 0 0 0 0 0 0 0 0 
21-May 0 0 0 0 0 0 0 0 
22-May 0 0 0 0 0 0 0 0 
23-May 0 0 0 0 0 0 0 0 
24-May 0 0 0 0 0 0 1.33 0 
25-May 0 0 0 0 0 0 1.14 1.45 
26-May 0 0 0 0 0 0 0.42 1.70 
27-May 0 0.12 0 0.02 0 0 0.01 0 
28-May 0.01 0 1.24 0.17 0 0 0 0 
29-May 0 0 1.95 0.91 0 0 0.89 0.25 
30-May 0 0 0.04 1.38 0 0 0.01 0.65 
31-May 0.14 0.05 0 0 0 0 0.02 0.04 
Monthly 

Total 
0.38 0.25 5.26 4.24 4.20 3.14 8.63 8.91 

         
1-Jun 0.01 0 1.51 0.99 0 0 0.32 1.21 
2-Jun 0.94 0.75 0 0 0 0 1.09 0 
3-Jun 0.25 0 0.70 0 0 0 0.04 0 
4-Jun 0.29 0.1 0.01 0.64 0 0 0 0.04 
5-Jun 0 0 0 0 0 0 0 0.01 
6-Jun 0 0 0 0 0 0 0 0 
7-Jun 0 0.03 0 0 0 0 0 0 
8-Jun 2.78 3.22 0 0 0 0 0 0 
9-Jun 2.38 1.63 0 0 0 0 0 0 

10-Jun 0 0 0 0 0 0 0 0 
11-Jun 0 0 0 0 0 0 0 0 
12-Jun 0 0 0 0 0 0 0 0 
13-Jun 0 0 0 0 0 0 0 0 
14-Jun 0 0 0.24 0.18 0 0 0.91 0.29 
15-Jun 0.23 0.11 0 0 0 0 0.42 0.76 
16-Jun 0 0 0 0 0 0 0.44 0.78 
17-Jun 0 0 0 0 2.10 0.07 2.04 0.6 
18-Jun 0 0 0 0 0.20 2.52 0 0.61 
19-Jun 0 0 0 0 0.01 0 0 0 
20-Jun 0 0 0 0 0.12 0 0.26 0.47 
21-Jun 0 0 0 0 0 0.36 0.06 0 
22-Jun 0 0 0 0 0 0 0.01 0.02 
23-Jun 0 0 0 0 0.23 0 0 0 
24-Jun 0 0 0 0 0.12 0.12 0 0 
25-Jun 3.63 2.43 0 0 0 0 0.08 0 
26-Jun 0.05 0.07 0 0 0 0 3.59 2.29 
27-Jun 0.02 0.01 0 0 0 0 no data 3.00 
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12pm to 
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8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

28-Jun 0.29 0.38 0 0 0 0 no data 0.61 
29-Jun 0.72 2.02 0 0 0 0 no data 0.67 
30-Jun 1.48 0.04 0 0 0 0 no data 0.77 

Monthly 
Total 

13.07 10.79 2.46 1.81 2.78 3.07 9.26 12.13 

         
         

1-Jul 0 0 0 0 0 0   
2-Jul 0 0 0 0 0 0.04   
3-Jul 0 0 0 0 0.17 0   
4-Jul 0 0 0 0 0.30 0.03   
5-Jul 0 0 0.97 0 0.34 0.28   
6-Jul 0 0 0 0.61 0.01 0.12   
7-Jul 0.05 0.05 0 0 0 0   
8-Jul 0 0 0 0 0 0   
9-Jul 0 0 0 0 0 0   
10-Jul 0 0 0 0 0 0   
11-Jul 0 0 0 0 0 0   
12-Jul 0 0 0 0 0 0   
13-Jul 0 0 0 0 0 0   
14-Jul 0 0 0.05 0 0 0   
15-Jul 0 0 0 0.38 0 0   
16-Jul 0 0 0 0 0 0   
17-Jul 0 0 0.13 0.03 0 0   
18-Jul 0 0 0.01 0.18 0 0   
19-Jul 0 0 0 0.02 0 0   
20-Jul 0 0 0 0 0.10 0   
21-Jul 0 0 0 0.01 0 0.06   
22-Jul 0 0 0 0 0.01 0   
23-Jul 0.35 0.20 0.03 0 0 0   
24-Jul 0.01 0 0 0.08 0 0   
25-Jul 0 0 0 0 0 0   
26-Jul 0 0 0 0 0 0   
27-Jul 0 0 0.09 0 0 0   
28-Jul 0.25 0.74 0 0.22 0 0   
29-Jul 1.04 0.15 0.02 0 0 0   
30-Jul 0 0 0 0 0 0   
31-Jul 0.01 0.05 0 0 0 0   

Monthly 
Total 

1.71 1.19 1.30 1.53 0.93 0.53   

         
1-Aug 0 0 0 0 0 0   
2-Aug 0 0 0 0 0 0   
3-Aug 0 0 0 0 0 0   
4-Aug 0 0 1.13 0 0 0   
5-Aug 0 0 0.31 0.68 0 0   
6-Aug 0 0 0 0.15 0 0   
7-Aug 0 0 0 0 0 0   
8-Aug 0 0.01 0.06 0 0 0   
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12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

9-Aug 0.19 0.01 0.99 1.03 0 0   
10-Aug 0.06 0 1.67 1.83 0 0   
11-Aug 0 0 0 0 0 0   
12-Aug 0 0 0 0 0 0   
13-Aug 0 0 0 0 0 0   
14-Aug 0 0 0.03 0 0 0   
15-Aug 0 0 0.03 0.03 0 0   
16-Aug 0 0 0.02 0.04 0 0   
17-Aug 0 0 0 0 0 0   
18-Aug 0.34 0 0 0 0 0   
19-Aug 7.59 1.68 0 0 0 0   
20-Aug 0.35 4.48 0 0 0 0   
21-Aug 1.31 0.31 0 0 0 0   
22-Aug 0 1.23 0 0 0 0   
23-Aug 0 0 0 0 0 0   
24-Aug 0 0 0 0 0 0   
25-Aug 0 0 0 0 0 0   
26-Aug 0 0 0 0 0 0   
27-Aug 0 0 1.03 0 0 0   
28-Aug 0 0.07 0.81 1.10 0.73 0.32   
29-Aug 0 0 1.39 0.70 0.13 1.85   
30-Aug 0 0 0 0 0 0.18   
31-Aug 0 0 0 0 0 0   
Monthly 

Total 
9.84 7.79 7.47 5.56 0.86 2.35   

         
1-Sep 0 0 0 0 0 0   
2-Sep 0 0 0 0 0 0   
3-Sep 0 0 0 0 0 0   
4-Sep 0 0 0 0 0.90 0   
5-Sep 0 0.14 0 0 0.07 0.80   
6-Sep 0.94 0.63 0 0 0 0.05   
7-Sep 0 0 0 0 0 0   
8-Sep 0 0 0 0 0 0   
9-Sep 0 0 0 0 0 0   
10-Sep 0 0 0 0 0 0   
11-Sep 0 0 0.01 0 0.01 0   
12-Sep 0 0 0 0.06 0 0   
13-Sep 0 0 0 0 0 0   
14-Sep 0.09 0.15 0 0 0 0   
15-Sep 0 0 0 0 0 0   
16-Sep 0 0 1 0.14 0 0   
17-Sep 0 0 0 0.55 0.24 0   
18-Sep 0 0 0 0 0 0.23   
19-Sep 0 0 0 0 0 0   
20-Sep 0 0 0 0 0 0   
21-Sep 0 0 0 0 0 0   
22-Sep 0 0 0 0 0 0   
23-Sep 0 0 0 0 0 0   
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Day & 
Month 
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12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

24-Sep 0 0 0 0 0 0   
25-Sep 0 0 0 0 0 0   
26-Sep 0 0 0 0 0 0   
27-Sep 0 0 0 0 0 0   
28-Sep 0 0 0 0 0 0   
29-Sep 0 0 0 0 0 0   
30-Sep 0 0 0 0 0 0   

Monthly 
Total 

1.03 0.92 1.01 0.75 1.22 1.08   

         
1-Oct 0.18 0 0 0 0 0   
2-Oct 0.02 0.33 0 0 0 0   
3-Oct 0.38 0 0 0 0 0   
4-Oct 1.41 0.40 0 0 0 0   
5-Oct 0.23 1.12 0 0 0 0   
6-Oct 0.01 0.31 0 0 0 0   
7-Oct 0 0 0.12 0.15 0 0   
8-Oct 0 0 0 0.11 0 0   
9-Oct 0.01 0.02 0 0 0 0   
10-Oct 0.06 0.05 0.25 0.26 1.95 1.64   
11-Oct 0 0 0.12 0 0.01 0.01   
12-Oct 0 0 0 0.12 0 0   
13-Oct 0.01 0 0 0 0 0   
14-Oct 0.01 0.03 0 0 0.01 0   
15-Oct 0 0 0 0 0.02 0   
16-Oct 0 0 0 0 1.14 0.65   
17-Oct 0 0 0 0 0 0.41   
18-Oct 0 0 0 0 0 0   
19-Oct 0 0 0 0 0 0   
20-Oct 0 0 0 0 0 0   
21-Oct 0 0 0 0 0 0   
22-Oct 0.65 0 0 0 0 0   
23-Oct 0.01 0.63 0.01 0 0 0   
24-Oct 0.95 0 0.01 0.03 0.34 0   
25-Oct 0.15 0.88 0 0 0.05 0.33   
26-Oct 0.01 0.24 0 0 0 0.06   
27-Oct 0.37 0 0 0 0 0   
28-Oct 0 0.33 0 0 0 0   
29-Oct 0 0 0 0 0 0   
30-Oct 0 0 0 0 0 0   
31-Oct 0.79 0 0.19 0.32 0 0   

Monthly 
Total 

5.25 4.34 0.70 0.99 3.52 3.10   

         
1-Nov 0.65 1.00 0 0.12 0 0   
2-Nov 0.91 0.10 0 0 0 0   
3-Nov 0 1.03 0 0 0 0   
4-Nov 0 0 0 0 0 0   
5-Nov 0 0 0 0 0 0   
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8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

6-Nov 0 0 0 0 0.09 0.07   
7-Nov 0 0 0 0 0 0   
8-Nov 0 0 0 0 0 0   
9-Nov 0 0 0 0 0 0   

10-Nov 0 0 0 0 0 0   
11-Nov 0 0 0 0 0 0   
12-Nov 0 0 0 0 0 0   
13-Nov 0.11 0 0 0 0 0   
14-Nov 0.67 0.28 0 0 0 0   
15-Nov 0.97 0.60 0 0 0 0   
16-Nov 1.04 0.92 0 0 0 0   
17-Nov 2.48 2.43 0 0 0 0   
18-Nov 0 0.43 0 0 0 0   
19-Nov 0 0 0 0 0 0   
20-Nov 0.06 0 0 0 0 0   
21-Nov 0.20 0.10 0 0 0 0   
22-Nov 0.89 1.04 0 0 0 0   
23-Nov 0.65 0.10 0 0 0 0   
24-Nov 0 0.60 0 0 0 0   
25-Nov 0 0 0 0 0 0   
26-Nov 0 0 0 0 0 0   
27-Nov 0 0 0 0.04 0 0   
28-Nov 0 0 0 0 0 0   
29-Nov 0.23 0.03 0 0 0.59 0   
30-Nov 0.21 0.30 0 0 0.08 0.53   
Monthly 

Total 
9.07 8.96 0.00 0.16 0.76 0.60   

         
1-Dec 0 0 0 0 0.07 0.11   
2-Dec 0 0 0 0 0 0   
3-Dec 0 0 0 0 0 0   
4-Dec 0 0 0 0 0 0   
5-Dec 0.01 0.03 0 0 0 0   
6-Dec 0.53 0 0 0 0 0   
7-Dec 0 0.45 0 0 0 0   
8-Dec 0 0 0.05 0.09 0 0   
9-Dec 0 0 0 0 0 0   
10-Dec 0 0 0 0 0 0   
11-Dec 0 0 0 0 0 0   
12-Dec  0 0 0 0 0   
13-Dec 0 0 0 0 0 0   
14-Dec 0 0 0.07 0.02 0 0   
15-Dec 0 0 0 0.06 0 0   
16-Dec 0 0 0.11 0 0 0   
17-Dec 0 0 0 0.11 0 0   
18-Dec 0 0 0 0 0 0   
19-Dec 0 0 0 0 0.15 0   
20-Dec 0 0 0 0 0.09 0.25   
21-Dec 0 0 0 0 0 0   
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12pm to 
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8am to 
8am 

12pm to 
12pm 

8am to 
8am 

12pm to 
12pm 

8am to 
8am 

22-Dec 0.10 0.1 0 0 0 0   
23-Dec 0.01 0.1 0 0 0 0   
24-Dec 0 0 0 0 0.21 0   
25-Dec 0 0 0 0 0.01 0.19   
26-Dec 0 0 0 0 0 0   
27-Dec 0 0 0 0 0 0   
28-Dec 0 0 0 0 0 0   
29-Dec 0 0 0 0 0.73 0.16   
30-Dec 0 0 0 0 0.39 1.2   
31-Dec 0 0 0 0 0 0   

Monthly 
Total 

0.65 0.68 0.23 0.28 1.65 1.91   

a No data were recorded at site BD004 prior to May 1, 2004 and after June 26, 2007. 

 66



 

 
 

Appendix G 
 

Economic Report 
(Included electronically as a separate file) 

 

 67



 

ECONOMIC FEASIBILITY OF A DAIRY 
ANAEROBIC DIGESTION SYSTEM 

 
Edward Osei and Alex Tanter 

 
 
 
 

 
 
 
 
 

 
 

August 2007 
 
 
 
 
 
 
 
 
 
 

TIAER        Texas   Institute   for   Applied   Environmental   Research 
Tarleton  State  University         Box  T0410          Tarleton  Station         Stephenville  TX  76402 
Phone    254.968.9567          Fax   254.968.9559           Internet http://tiaer.tarleton.edu

 

http://tiaer.tarleton.edu/


TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

Acknowledgments 
The authors acknowledge funding support of the Brazos River Authority for this 
feasibility study. Special thanks are due to Jay Bragg, Brazos River Authority for useful 
comments. Mr. Keith Broumley and Mr. Justin Broumley of Broumley Dairy, Hico, 
Texas were very cooperative in providing some of the data used for this study. Some 
data was also obtained from Mr. Steel Maloney, Cascade Earth Sciences. Larry Hauck, 
deputy director of the Texas Institute for Applied Environmental Research (TIAER), and 
Bill Bethel, also of TIAER, provided comments on an earlier version of this report and 
was instrumental in getting most of the data needed for the study. The opinions and 
views expressed in this report remain the sole responsibility of the authors and do not 
necessarily reflect the position of the Texas Institute for Applied Environmental 
Research, the Brazos River Authority, or any of the other collaborating organizations. 
 
 For more information about this document or any other TIAER document, e-mail 
info@tiaer.tarleton.edu.  

Authors 
Edward Osei, senior research economist, TIAER, osei@tiaer.tarleton.edu 
Alex Tanter, research associate, TIAER, atanter@tiaer.tarleton.edu
 

 i

mailto:atanter@tiaer.tarleton.edu


TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

 Contents 
 

Acknowledgments .............................................................................................................................. i 

Authors.................................................................................................................................................. i 

Contents ...............................................................................................................................................ii 

List of Tables..................................................................................................................................... iii 

List of Figures ................................................................................................................................... iii 

Executive Summary .......................................................................................................................... iv 

INTRODUCTION ................................................................................................................................... 1 

OVERVIEW OF ON-FARM ANAEROBIC DIGESTION.......................................................................... 3 

BROUMLEY DAIRY: THE FOCUS OF STUDY......................................................................................... 8 

METHODOLOGY USED FOR THE PRESENT STUDY......................................................................... 10 
Analytical Framework......................................................................................................... 10 
Overview of Computer Models Used in this study ........................................................ 12 
Data Sources ......................................................................................................................... 13 
Limitations ............................................................................................................................ 14 

ECONOMIC FEASIBILITY OF THE ANAEROBIC DIGESTER SYSTEM ............................................... 15 
Economic feasibility for electricity generation................................................................. 17 
Economic feasibility for electricity generation and manure P management............... 21 

OTHER OPTIONS AND ENVIRONMENTAL IMPACTS........................................................................ 26 

CONCLUSIONS.................................................................................................................................... 28 

LIST OF REFERENCES ......................................................................................................................... 29 

APPENDIX A: Broumley Dairy Questionnaire and Data Sheets ........................................... 32 

APPENDIX B: Broumley Dairy Electricity/Economic Scenarios ............................................ 43 

APPENDIX C: FarmWare v.3 Assessment for Broumley Dairy, TX....................................... 45 
 
 

 ii



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

List of Tables 
Table 1. Recent trends in U.S. methane emissions (Teragrams CO2 Equivalent) .......................... 1 
Table 2. Phosphorus removal in liquid waste for the Broumley AD system................................ 13 
Table 3. Selected indicators from Farmware simulations for various herd sizes. ........................ 18 
Table 4. Simulated economic indicators for alternative AD farm profiles without manure P 

management .......................................................................................................................... 18 
Table 5. Simulated economic indicators for alternative AD farm profiles with manure P 

management .......................................................................................................................... 22 
 

List of Figures 
 
Figure 1. Layout of Broumley Dairy Barns and AD system components ...................................... 8 
Figure 2. Impacts of electricity price on relative profitability of AD systems: 10-year horizon.. 19 
Figure 3. Impacts of electricity price on relative profitability of AD systems: 25-year horizon.. 20 
Figure 4. Impacts of O&M costs of AD systems on their relative profitability: 10-year horizon 20 
Figure 5. Impacts of O&M costs of AD systems on their relative profitability: 25-year horizon 21 
Figure 6 Impacts of electricity price on relative profitability of AD systems: 10-year horizon... 23 
Figure 7. Impacts of electricity price on relative profitability of AD systems: 25-year horizon.. 24 
Figure 8. Impacts of O&M costs of AD systems on their relative profitability: 10-year horizon 24 
Figure 9. Impacts of O&M costs of AD systems on their relative profitability: 25-year horizon 25 
 

 iii



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

Executive Summary 
In June 2004 construction of a prototype anaerobic digestion (AD) system began on a dairy 
located a few miles outside Hico, Texas. The Broumley Dairy, owned and operated by Mr. Keith 
Broumley, was chosen as the site of a pilot AD system funded by several federal and state 
agencies including the United States Environmental Protection Agency, the Texas Commission 
on Environmental Quality, the Texas Farm Bureau, the Texas State Soil and Water Conservation 
Board, Altria, the United States Department of Agriculture Natural Resources Conservation 
Service, United Cooperative Services, and the United States Department of Energy. The AD 
project is being managed by the Bosque River Authority. 

The AD system constructed on the Broumley Dairy is much more sophisticated than most of the 
AD systems one will find on dairies. It consisted of two main components: a covered lagoon 
digester, which is typical of the kinds of digesters installed on a few large dairies in the Southern 
States, as well as a modified oxidation ditch, which is a fairly unique component included for 
reducing phosphorus (P) levels.. Effluent from the oxidation ditch went into a series of ponds 
prior to its disposal on waste application fields. While the anaerobic digester generated biogas 
for energy production purposes, the oxidation ditch and polishing pond were included primarily 
for the purpose of reducing P levels in the effluent that comes out of the animal waste stream. 
The system was designed to reduce P levels in dairy wastewater by about 80%. 

By the time construction of the Broumley AD system was completed, total cost incurred had 
topped $1.7 million, due to unusual adaptations and other unforeseen problems. However, a 
typical less sophisticated AD system including a digester, oxidation ditch and polishing pond 
could cost much less – about $900,000 for the same size of dairy operation. The economic 
evaluations reported here focus on farm-level viability of the AD system, without accounting for 
external benefits of the system such as its use as a learning experience for other dairies. The 
present analysis also does not include other benefits such as reductions in odor and pathogenic 
bacteria. Thus, while the Broumley AD system was installed as a pilot project with potential 
benefits to dairies and other livestock operations across the nation, no attempt is made here to 
include any external or public benefits in the analysis. 

Economic evaluations performed as part of this study indicate that a $1.7 million AD system is 
clearly not economically viable under current market conditions from the standpoint of energy 
generation and manure P management on this dairy alone. A $900,000 AD system achieving the 
same functions would still not be economically viable at current energy prices, unless the AD 
system is maintained and operated for many years and economic benefits from reductions in odor 
and methane emissions contribute about $60,000 annually to the dairy operation. Less expensive 
systems without the oxidation ditch or polishing pond have greater likelihood of being viable 
under current market conditions. The present economic assessments were conducted with an 
electricity price of 8 cents per kilowatt-hour (kWh) and with the assumption that annual 
operating and maintenance (O&M) costs would average about 5% of initial capital outlay. 
Sensitivity analysis simulations were then performed with electricity prices over the range of 4 
cents/kWh to 50 cents/kWh and O&M costs ranging from 0% to 10% of the initial capital 
investment in the AD system. 

When operational, the AD system on the Broumley Dairy does contribute to manure P 
management. It helps reduce the cost of manure P management by about $10,000 per year or 
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about $12/cow/year – based on a Broumley Dairy herd size of 810 cows – when all components 
are functioning as designed. The cost savings from manure handling are due to lower P levels in 
land applied dairy wastewater and lower total solids in sludge, and hence lower weight, of the 
sludge remaining in the waste treatment system. Lower P levels in dairy wastewater means 
smaller land area and lower costs related to liquid dairy waste disposal. Lower total solids 
content of sludge means lower cost of solid waste disposal, even though manure P concentrations 
are higher in the sludge than without the AD system. The resulting manure nitrogen (N) in the 
liquid and solid waste from the dairy is also more plant available than manure obtained from 
farms without AD systems, thus improving overall manure nutrient use. 

Economic viability of the AD system depends on a number of factors. Sensitivity of the AD 
system’s economic viability to several key factors was also evaluated in this study. As expected, 
the AD system becomes more competitive as the prices of alternative energy sources rise. 
However, the system installed on the Broumley Dairy does not become economically viable for 
that farm even when electricity prices are about 50 cents/kWh. If the system is maintained and 
operated for 25 years, then it becomes viable at an energy price slightly over 50 cents/kWh. A 
less expensive AD system would be economically viable at about 45 cents/kWh, if maintained 
and operated for many years; that is, 25 years or more. An AD system that does not include an 
oxidation ditch and polishing pond would be economically viable at energy prices in the range of 
10 to 20 cents/kWh, similar to the average residential electricity price in north central Texas in 
2007, if maintained and operated for 25 years or more. Economic viability of the Broumley AD 
system would improve with a larger dairy herd size. 

Economic evaluations of the Broumley AD system were performed with average O&M 
expectations. Higher O&M costs would make the system less viable, and lower O&M costs 
improve viability of the system. However, the electricity price is a more important determinant 
of AD system viability than O&M costs partly because of the high capital outlay of the systems. 
Sensitivity analyses simulations indicate that the AD system installed on the Broumley Dairy is 
not economically viable even with zero O&M costs. Less expensive AD systems may be viable 
when O&M costs are low. However, in many cases, significant operator management or skill is 
required to achieve O&M costs that are low enough for system viability at current energy prices. 

This study was limited primarily due to the lack of some of the required data. At the time this 
analysis was conducted, the digester was not completely operational; thus post-digester data used 
for the assessments were based on typical well functioning digesters and the manufacturer’s 
estimates of expected system performance. The conclusions of this assessment are predicated 
upon proper functioning of the AD system and average management and operating and 
maintenance expectations. Significant non-market benefits and potential financial gains from 
environmental emissions trading could improve the economic viability of the AD system in the 
future. 
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INTRODUCTION 
Large quantities of agricultural biomass are produced on livestock farms each year in the form of 
animal manure (Kellogg et al., 2000). Livestock manure is used primarily as a nutrient source for 
crop growth. However, in areas of high livestock density, manure is often handled as waste 
rather than a useful resource, resulting in a number of environmental problems.  

Various options have been proposed for dealing with the environmental problems associated 
with livestock manure. Traditional manure handling options vary widely in cost depending on 
the conditions prevailing on the farm. For example, Osei et al. (2000a) found that a complete 
haul off and composting of all dairy solid manure would cost dairy farmers in the Bosque over 
$70 per cow, while phosphorus based manure application management would generally cost the 
same farms about $20 to $30 per cow. Other options such as the use of pasture-edge filter strips 
and solid manure incorporation are much less expensive in Texas. Other studies showed that in 
general, land application options tend to be inexpensive in areas where there is substantial crop 
nutrient demand, such as the Midwest, while they tend to be much more costly in livestock 
impacted watersheds where rangeland, introduced unimproved pasture and cropland are the 
predominant land uses, as in north central Texas. 

Anaerobic digestion (AD) systems are alternative options for manure handling that generate 
useful bioenergy from liquid and semi-solid manure (USEPA, 1997). The prospects for AD use 
in livestock farms are growing partly because the proportion of livestock operations handling 
manure in liquid form is increasing (USEPA, 1997). AD systems also reduce methane emissions, 
improve nutrient balance and availability for crop growth, reduce pathogens in runoff water, and 
may help reduce the cost of transporting manure nutrients from surplus areas to deficit areas. 
Recent trends in U.S. methane emissions are shown in Table 1, with emphasis on the 
contribution of manure management sources. Methane emissions from dairy cattle manure 
management areas are highlighted in the table. Use of AD systems to reduce methane emissions 
from livestock manure handling areas may provide increasing opportunities for livestock farms 
as interest in global methane trading opportunities continues to grow. 

 

Table 1. Recent trends in U.S. methane emissions (Teragrams CO2 Equivalent) 
Year 1990 1997 1998 1999 2000 2001 2002 2003
U.S. Total 605.3 579.5 569.1 557.3 554.2 546.8 542.5 545.0

Manure management 31.2 36.4 38.8 38.8 38.1 38.9 39.3 39.1
Dairy Cattle 11.4 13.4 13.9 14.7 14.5 15.0 15.2 15.7
Beef Cattle 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1
Swine 13.1 16.4 18.4 17.6 17.1 17.4 17.7 17.0
Sheep 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Poultry 2.7 2.7 2.7 2.6 2.6 2.7 2.7 2.7
Horses 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6  

Source: USEPA (2005) 

 

While there is growing interest in the role of AD in livestock agriculture, virtually no studies 
have addressed the role of AD in manure management to prevent nonpoint water pollution by 
manure nutrients. Since manure management is costly for many operations, many farmers will 

 1



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

implement AD systems, if they are seen as cost-effective alternatives to other manure handling 
systems, rather than simply as means for generating electricity. 

The purpose of this study is to provide an economic feasibility analysis of a prototype AD 
system that includes a standard anaerobic digester as well as an oxidation ditch and polishing 
pond that enables manure phosphorus to settle out of solution thereby reducing the amount of 
phosphorous in the liquid effluent that is applied on land. Unlike most previous studies, the 
present analysis not only considers the economic feasibility of the AD system for farm energy 
use, but also provides an economic assessment of the entire system as an alternative to current 
methods for handling manure phosphorus. 

The prototype AD system that is the subject of this study was installed on the Broumley Dairy 
located near Hico, Texas. Due to difficulties encountered with performance of the digester, a 
substantial component of the data used for the present analysis was based on typical performance 
data for similar digesters, and not the specific performance of the digester under study. 

This report is organized as follows. The next chapter provides an overview of farm digesters, 
particularly as they are used in the U.S. The next two chapters provide essential information on 
the methodology used for this study and the limitations encountered that might impact 
interpretation of the results. The following chapter provides an overview of the Broumley Dairy 
and the key features that are relevant for the present analysis. The subsequent chapter outlines 
the results of the analysis. The last two chapters of this report provide discussions on other 
digester options as well as concluding remarks. 
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OVERVIEW OF ON-FARM ANAEROBIC DIGESTION 
Anaerobic digestion technologies and the use of biogas as an energy source are world wide in 
their application, and have their roots in antiquity. Some evidence exists that biogas was used for 
heating water, by the Assyrians in the 10th century BC, and by the Persians in the 16th century 
(Lusk, 1998). The scientific basis for practical anaerobic digestion and biogas applications was 
established by Count Alessandro Volta, who in 1776 established a direct correlation between the 
amount of decaying organic matter and the amount of flammable gas produced, and by Sir 
Humphry Davy, who in 1808 demonstrated that during the anaerobic digestion of cattle manure 
gases were produced that contained methane (Lusk, 1998). Modern experience with anaerobic 
digestion technology can be dated from 1859, when a digestion plant was built at a leper colony 
in Bombay, India , and from 1895 when a sewage treatment plant using anaerobic digestion in 
Exeter, England was used to recover biogas which was then used fuel street lamps. Currently the 
most common biogas facilities are farm-based ones in India and China, where 6-8 million small 
sized low technology digesters are used to provide biogas for cooking and lighting fuels. These 
countries have now started to build bigger and more sophisticated farm-based systems designed 
for electricity generation (Verma, 2003). In Europe over 600 farm-based digesters are currently 
operating, with 250 of these systems having been constructed in Germany in the last five years. 
In Denmark, the country with the most experience with large-scale digestion, 18 large 
centralized digestion facilities codigest manure, clean organic industrial wastes and separated 
municipal solid waste.  

In the United States, responding to the energy crisis in the mid-late 1970s, attempts were made to 
translate Indian and Chinese small-medium scale anaerobic digestion technology to domestic 
farms, where the energy yield proved too low to be useful on American farms, and most of these 
digester projects failed (Lusk, 1998). These greater energy requirements drove the application of 
state of the art sewage treatment plant technology to the farm level, in the form of several 
complete-mix digester demonstration projects; these did generate biogas but suffered from high 
capital costs and operation and maintenance (O&M) requirements. By the late 1970s researchers 
at Cornell University developed a plug-flow system, an extension of existing Asian AD 
technology, that was able to significantly reduce capital costs and design complexity, and which 
was applied with a certain amount of success in colder regions of the U.S. Further digester 
development arose from the 1980s research in California and North Carolina that pioneered the 
use of floating covers to capture biogas as it escapes from the surface of anaerobic lagoons 
(covered lagoon digesters). This technology has the potential for widespread adoption due to its 
lower capital costs, simple design with lower O&M costs, and its suitability for use with manure 
flushing techniques prevalent in the swine and dairy operations of the South and Southeast 
(Lusk, 1998). 

Since the mid-1990s a resurgence of interest in anaerobic digestion by livestock and poultry 
producers has occurred, fueled by a range of factors including: a need for cost-effective 
strategies to control manure-related odor problems, concerns about livestock and poultry manure 
impacts on water quality, and the growing concern of the global climate change impacts from 
methane emissions (Riggle, 2007). The AgSTAR program was established in response to these 
factors and is currently one of the major promoters of the development and adoption of the 
anaerobic digestion/biogas technology. AgSTAR is a voluntary outreach program, sponsored by 
the United States Environmental Protection Agency (USEPA), the United States Department of 
Agriculture Natural Resources Conservation Service (USDA-NRCS), and the United States 
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Department of Energy (DOE), designed to encourage farm-level methane recovery from 
anaerobic digestion, as a part of manure management. The on-farm anaerobic digester 
technology involves a biogas recovery system that captures and combusts this biogas to produce 
electricity, heat and hot water. The program emphasizes how effective these biogas recovery 
systems can be at confined livestock facilities that handle manure as liquids and slurries, such as 
dairy and swine farms. The anaerobic digestion technology is promoted as enhancing 
environmental and financial performance (when compared to traditional waste management 
systems such as manure storage and lagoons), reducing methane emissions, and providing other 
air and water pollution control opportunities. The AgSTAR program provides an assortment of 
information and tools designed to aide producers in the evaluation and implementation of these 
systems. 

Anaerobic digesters have the potential, as an on-farm technology, to decompose and treat animal 
manure and to produce biogas. Four main types of digester technology are suggested by the 
AgSTAR program as being practically applicable to the farm-level generation of biogas (and so 
methane generation, and hence electricity): the covered lagoon digester; the complete mix 
digester; the plug flow digester; and the fixed film digester. These technologies, their regional 
suitability, and their applicability to manure of different characteristics are presented in more 
detail in the following section.  

Covered lagoon digesters are used to treat manure and produce biogas from liquid manure with 
less than 3% solids. In general this system requires a large volume lagoon, with depths greater 
than 12 feet. The in-ground, earth or lined, lagoon is covered with a flexible or floating gas tight 
cover. This type of digester operates at ambient temperatures, and so the break down of solids 
occurs more slowly than other digester types. The typical retention time for covered lagoon 
digester systems is between 40 and 60 days. These lagoons are especially compatible with flush 
manure systems in warmer climates, with a frequently cited below 40th parallel cutoff for their 
usage (see Schwart et al., 2005).  

Complete mix digester are heated engineered tanks that treat slurry manure with a solids 
concentration of 3 to 10%. Complete mix digester use agitators to mix incoming manure (and 
other substances, such as food wastes) with the material in the digester, so as to keep the digester 
material in a consistent slurry. These digesters have a typical retention time of 15+ days, and can 
be used with combinations of scraped and flushed manure. Complete mix digesters require less 
land than lagoon systems. 

Plug flow digesters are engineered and heated, in-ground rectangular tanks that are used to treat 
scraped dairy manure that have a percentage of total solids between 11 and 13%. Swine manure 
cannot be used in plug flow digesters because of its lack of fiber. In a plug flow digester manure 
is added to one end of a long narrow insulated digester tank, which then forces out an equal 
amount of effluent from the other end of the digester, while a gas tight cover captures the 
generated biogas. The digester has a typical retention time of 15+ days. 

Fixed film digesters consist of an above-ground tank filled with a plastic media (that provides a 
very large surface area for microbial growth), on which a thin layer of anaerobic bacteria can 
attach, called a biofilm. As the waste manure passes through the media, bio gas is generated. The 
digester is best suited for a dilute waste stream (3%), and can be used for dairy or swine manure 
(though not in combination). The fixed film digester has a typical retention time of 2-3 days, is 
unheated and may take up less space than other digester systems. 
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Biogas electricity generation potential 
Farm level anaerobic digesters generate biogas, which can then be used as fuel to run engine-
generator sets to produce electricity. Anaerobic digester produced biogas has a variable 
composition, with methane content varying between 50 and 75%, as well as variable 
concentrations of carbon dioxide, water, and some sulfur containing compounds (Schwart et al., 
2005). However a generally used breakdown of the composition of biogas is about 60% methane 
and 40% carbon dioxide. Pure methane has a heat value of about 1000 British Thermal Units 
(BTU) per cubic foot, so using the 60% methane content level, a cubic foot of biogas has an 
estimated energy value of about 600 BTUs. Usually biogas electricity generation involves an 
internal combustion (IC) engine with a generator. IC engines can be easily converted to burn 
biogas. A biogas fuelled engine generator will typically convert 18-25 percent of the biogas 
BTUs to electricity (AgSTAR, 2007). Most farm-scale systems will use an induction generator, 
which will operate in parallel with the utility, and cannot stand alone. A parallel power 
production system is directly connected to the utility, and allows the farm-produced electricity to 
blend with the utility line power. Parallel operation means that the farm generator can run a 
constant output, allowing more efficient use of biogas and less wear on the engine, and that the 
engine-generator can be sized based on biogas availability as opposed to farm demand 
(AgSTAR, 2007). The farm will then buy power when under-producing, and sell power when 
overproducing, with the utility acting as a backup system when needed. 

 

Current Digester Evaluations 

In a Martin (2004) study, “a comparison of dairy cattle manure management with and without 
anaerobic digestion and biogas utilization,” two typical dairies in upstate NY are compared—one 
with conventional manure management practices, and one with an anaerobic digester. The study 
reported that the biggest impacts of the digester dairy were a readily apparent reduction in odor 
and substantial reduction in methane emissions (3.03 tons per cow-yr on a carbon dioxide 
equivalent basis). A substantial reduction in oxygen demand (resulting from lower levels of total 
volatile solids and chemical oxygen demand) and pathogens were also associated with the 
digester dairy. Additionally, when considering the cost differential of the digester, in terms of the 
differential between the cost of anaerobic digestion and the income generated through biogas 
utilization, a significant increase in net farm income (on the order of $82 per cow-yr) resulted 
from the digester. However, the study found no significant reduction in ammonia emissions or 
nutrient enrichment associated with the digester dairy.  

The AgSTAR program provided technical assistance in the establishment of 10 anaerobic 
digester systems (3 dairy plug flow digesters, 4 swine covered lagoons, and 3 swine heated 
manure digesters), all in operation since 1997. In “Benefits, Costs and Operating Experience at 
Ten Agricultural Anaerobic Digesters”, the benefits and costs of these systems are reported 
(Moser and Mattocks, 2000). All of the digesters are running and functioning well, and all have 
recovered biogas as expected. The average of the annual value of the economic benefits from 
these digesters (from electricity and heat energy) was $32,800. Additional benefits associated 
with these digesters include odor control, the mineralization of organic nitrogen, weed seed 
destruction, pathogen reduction as well as improved manure handling and digested dairy solids.  
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In a report evaluating the performance of biogas generation systems on five New York state 
farms with biogas generation systems, estimates are made as to the total annual revenue value of 
the benefits of the digester, calculated as the sum of electricity savings and sales, heat savings, 
profits on solids, tipping fees, bedding, hot water, and composting (Gooch et al., 2007). The 
annual revenues per cow from the digester were predicted to range from $71 to $397, the average 
annual revenue per cow in the analysis being $151. Comparing these annual revenues with the 
annualized value of the capital costs need to build these digesters, an average predicted level of 
annual benefit per cow in the study of $55 can be calculated. This represents, on average, a 
positive level of return per cow on the digester investment. However 3 out of the 5 digesters had 
predicted negative annual benefits per cow. 

In a report on methane generation for the Texas State Energy Conservation Office, Schwart et al. 
(2005) provided an overview of data collected during visits to and evaluation of 11 on-farm 
digesters (10 dairies and 1 hog operation) outside of Texas with operating digesters—farms 
visited were located in the upper Midwest and the Pacific coast. Six of the digesters were plug 
flow or modified plug flow design, and dairies in the north central and desert regions of 
California, the Midwest, and the Pacific northwest used this design.  Five of the digesters were 
covered lagoon or modified covered lagoon design, this design dominated in the central valley of 
California (western digesters in general tended to be covered lagoon type). The characteristic of 
the 11 digesters visited were as follows: the farms averaged 4,082 animal units (AU) in size. The 
digester displacement ranged from 46,970 to 5.9 million cubic feet, with average digester 
displacement being 984,000 cubic feet. Daily gas production (reported at 7 of the digesters) 
ranged from 14,788 to 288,000 cubic feet, with an average of 116,82 cubic feet. Digester 
displacement per AU averaged 243 cubic feet, and daily gas production per AU averaged 33.9 
cubic feet. The operations visited indicated their biogas was 50-70% methane. 

The electricity generators in the surveyed firms range from 75 kW to 500 kW (averaging 258 
kW). The average estimated on-farm use of these generators was 79%. The daily electrical 
output per AU averaged 1.04 kW, with the generator size per AU averaging 0.054 kW. The 
survey estimates that it took an average of 25.3 cubic feet of biogas to produce 1 kW of 
electricity (at an average of 69% methane).  

Characterizing the level of investment (capital costs) for all of the surveyed digesters, the report 
suggests that at lower animal unit levels a greater amount of per animal investment was 
observed, which tended to stabilize beyond the 4000 to 5000 AU level. Due to the small sample 
size, and nature of the digester investment data (especially when broken down by digester types), 
the report does not make any conclusions about the existence of any economies of size in the 
surveyed digesters.  

The report generated capital budgets for 4 of the plug flow digesters and 5 of the covered lagoon 
operations for 7-year and 10-year planning horizons. The operators of the methane digesters 
varied when it came to the expected lifetime of the capital items in the digester—ranging from 
some estimates of over 20 years, to others of 47,000 hours of less than continuous use (just over 
5 years). The authors estimated, based on literature and dairy experience, a 10-year life to be 
realistic. Most digester visited were built in the last 5 years. A financing rate of 6.8%, and a 
discount rate of 4.5% was used in the calculation of the capital budgets, and values were 
expressed in 2004 dollars. Investment values per AU ranged from $264 to $341 for the plug flow 
digesters, and from $158 to $1,160 for the covered lagoon digesters. Over a 10-year amortization 
period, with no grants, the sum of discounted net present values (NPV) of annual cash flows (in 
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$ per AU) ranged from -$39 to $99 for plug flow digesters (3 out of 4 have positive returns; an 
average of $34 per AU); and from -$390 to $596 for covered lagoon digesters (3 out of 5 have 
positive returns, an average of $42 per AU). The dairy with the -$390 sum of NPV of annual 
cash flows was the dairy with investment of $1,160 per AU (based on 290 AUs). When grants 
were included all of the operations are estimated to show a positive sum of discounted cash flows 
for the 10-year planning horizon. 

The Schwart et al. (2005) report generated a capital budget for the Hico digester. This capital 
budget estimates the level of investment in the Hico digester represents $1,313 per AU, based on 
the current herd size of 810 cows or about 810 AUs. Using a 10-year amortization period, the 
report estimates in $ per AU terms the sum of discounted NPV of annual cash flows at -$1,002, 
if grants and subsidies are excluded (including grants and subsidies gives a figure for this NPV 
of $1,480). An analysis was also undertaken on the amount of electricity that the Broumley 
Dairy would need to generate to break even on the digester investment assuming no grants and 
subsidies (over the 10 year amortization period). At an electricity sale rate of $0.08 per kWh, 
2,549,256 annual kW of electricity would need to be generated to break even. Using an estimate 
based on a high biogas production potential, 2,946 AUs would be needed to generate this break 
even kW level, and under a low biogas production potential estimate, 3,785 AUs would be 
needed. The report concludes that the Broumley digester is considerably overbuilt, and could not 
stand alone without grants or subsidies, but as the digester is to serve as a research and 
demonstration facility for the industry, it was essential that the facility be state of the art. 

 

Nutrient Implications from Anaerobic Digestion 
The total amount of nitrogen (N), phosphorus (P), and potassium (K)  flowing out of a digester 
are the same as the amount flowing into it; nutrients are not reduced through the anaerobic 
process digestion process (Topper et al., 2006). The effluent of the digester does have increased 
concentrations of ammonium (NH3-N) and orthophosphate (OP), representing a shift from 
organic to inorganic forms. Gooch et al.(2007) in their study of 5 NY digesters measured a 
significant increase in N as the ammonia form, ranging from a 37% increase to a 14% increase 
(averaging 24%), and a significant increase in P in the OP form, ranging from a 28% increase to 
a 9% increase (averaging a 17% increase, Gooch et al., 2007). This higher concentration of 
inorganic forms of N and P in the digester output, which is inherently more plant available, may 
have implications in terms of potential runoff to water bodies that may stimulate water plant 
growth. 

Digester technology creates a high quality fertilizer as a result of the digestion process as organic 
nitrogen is converted to ammonium. This post digester digestate, which is almost odorless, has 
nearly the same composition as a solution of inorganic fertilizer (Schwart et al., 2005). The 
nutrients contained in the digestate, N, P, and K, occur in a highly plant available form, which 
allows for the ready absorption of these nutrients as if they were from inorganic sources 
(Schwart et al., 2005). Land application of this post digester material, through spray irrigation, 
can result in cost savings to the farmer. The cost of  spray irrigation of treated manure can be as 
low as on quarter of one cent per gallon, compared to the two and a half cents per gallon cost for 
tanker spreading of untreated manure, as odor problems make it generally unsuitable for farmers 
to spray irrigate untreated manure (Gooch et al., 2007). 
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BROUMLEY DAIRY: THE FOCUS OF STUDY 
The Broumley Dairy is located in northern Hamilton County, near to the town of Hico, Texas. It 
is operated by Keith Broumley and his family, and was established in 1981. The dairy is an all 
Jersey operation, and is currently permitted for 990 cows. The dairy is about 580 acres in size. 
The dairy has 2 freestall barns that can each house 400 cows. Self reported monthly data for 
2005 from the Broumley Dairy revealed a range in milking herd size from 540 to 760 cows. The 
manure from these milking cows is flush collected and used in the digester. Dry cows and 
replacement heifers are housed in open lots, and their manure is not collected for the digester. No 
manure from the calves of the dairy is collected for the digester. For this study, the year 2005 
average milking herd size of 675 cows was used as the number of lactating cows on the dairy. 
The number of dry cows was estimated at 135, using standard dairy herd inventory proportions. 
Dairy heifer and calf inventories were estimated similarly. 

The AD system installed on the Broumley Dairy is a prototype system designed not only for 
electricity generation, but also for manure P management purposes. In fact, manure P 
management was the primary purpose of the Broumley AD system. In addition to the covered 
lagoon digester, which is typical of many AD systems, the Broumley system also includes a 
modified oxidation ditch and a polishing pond (Figure 1), two ponds specially designed to 
remove manure P from the liquid wastewater prior to its disposal on dairy waste application 
fields.  
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Figure 1. Layout of Broumley Dairy barns and AD system components  
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Construction of the $1.7 million AD system began in June 2004 with support from several 
federal and state agencies including the United States Environmental Protection Agency, the 
Texas Commission on Environmental Quality, the Texas Farm Bureau, the Texas State Soil and 
Water Conservation Board, Altria, the United States Department of Agriculture Natural 
Resources Conservation Service, United Cooperative Services, and the United States Department 
of Energy. As part of its support for the project, the United Cooperative Services, the electric 
utility servicing the dairy, agreed to buy any surplus electricity generated from the dairy at 8 
cent/kWh for the first two years of the project. The utility would pay a lower rate, 4 cents/kWh in 
subsequent years. Construction of the AD system was completed in 2005, but the system is yet to 
be operational as of August 2007. 

Currently the dairy uses the same manure collection mechanisms as was used prior to the 
installation of the AD system. However, liquid waste is now directed to the covered lagoon 
digester after solid separation. Manure is collected from the freestall barns through flushing 6 
times daily, using approximately 130,000 gallons per day (gpd) of water. The flush water from 
the freestalls drains down to a static screen that separates solids and liquids. The solid portion is 
first partially composted, in windrows near the separator, then used as bedding. The liquid 
portion is routed to a settling basin, where the ash and inorganic matter settle out, with the 
remaining liquid manure being sent to the covered lagoon digester. Accounting for the portion of 
water recycled daily, about 75,000 gpd of water enters the AD system. 

The covered lagoon digester consists of a large lagoon covered with a polyurethane tarp, with 
ventilation tubes protruding through to allow methane (CH4) to escape in case of an 
engine/generator or flare failure or the need for maintenance. The biogas generated by the 
digester is collected by a pipe that encircles the lagoon, and then flows to the engine room, 
located about 30 feet from the digester. A flare connected to the engine room burns off the 
biogas when the engine is not running. 

The effluent from the covered lagoon is routed to an adjacent aeration pond (oxidization ditch). 
At one end of the pool, two aerators, fountain like structures, move the effluent from the digester 
to the surface of the pond and turbulently mix it with the atmospheric air. This aeration helps add 
oxygen back to the effluent, which encourages growth of the algae and biological uptake of 
nutrients. At the other end of the pool the algae grow in the effluent and reduce the nutrient 
levels. The effluent in the pool slowly circulates from one end to the other, so that the effluent is 
aerated and so phosphorus removal is facilitated. Some of the effluent from this aeration pond is 
pumped to water tanks in the freestall barns and recycled as flushing water. 

From the aeration pond the effluent is routed to a polishing pond (Pond 1), where settling results 
in additional reductions in effluent P concentrations. From this pond the effluent passes through 
Pond 2, Pond 3 and Pond 4 for further clarifying and polishing. From Pond 4 the effluent is then 
spray irrigated onto the liquid waste application fields. It should be noted that settled solids are 
periodically removed from the settling basin, the aerobic digester, and polishing pond, using a 
Honey Vac. These solids are added to those from the separator, and are composted in windrows, 
eventually to be used for bedding (Bethel, 2007).  
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METHODOLOGY USED FOR THE PRESENT STUDY 
In the present study, the AD system on the Broumley Dairy was evaluated to determine its 
economic feasibility for electricity generation alone as well as its use as a manure nutrient 
management alternative, particularly with reference to manure P. These evaluations were 
accomplished by evaluating data on present (pre-digester) facilities and management practices 
and post-digester data. Due to improper functioning of the digester as of the time of this study, 
typical digester performance data from well-functioning digesters were used in place of actual 
data from the Broumley Dairy. 

Previous studies indicate that on-farm anaerobic digesters have potential positive impacts on 
many aspects of a farm. In addition to its energy generation capacity, digesters reduce odor and 
methane emissions from livestock confinement areas. AD systems also impact property values in 
rather inconclusive ways. Furthermore, anaerobic digestion of livestock waste results in material 
that contains much lower levels of pathogenic bacteria than undigested livestock manure. Thus 
on farms that use composted or treated livestock manure solids as bedding, use of AD results in a 
much healthier bedding material. 

Due to positive interactions mentioned above between AD system and regular farm operations, a 
whole-farm simulation procedure was used for the economic evaluations of the Broumley AD 
system. Schwart et al. (2005) also used a whole-farm simulation in addition to a capital budget 
analysis in their comparison of digesters across the nation. In this study, the Farm-level 
Economic Model (FEM; Osei et al., 2000b) was used in conjunction with the AgSTAR 
Farmware program to simulate pre-digester and post-digester economic profiles of the Broumley 
Dairy farm. 

 

Analytical Framework 
The economic feasibility of the Broumley AD system was evaluated by simulating the pre-
digester profile of the farm and comparing it to the post-digester farm profile. The following 
steps summarize the procedure used to perform the economic evaluations. 

1. Design questionnaires and use them to obtain pre-digester and post-digester data on the 
farm. 
Three data sheets were designed to collect information on the dairy for the economic evaluations. 
A detailed questionnaire was used to obtain general information on the dairy and an overview of 
current management practices. Two additional data sheets were developed to keep track of farm 
operations and expenses related to manure handling on a monthly basis. One of the data sheets 
was a log of daily manure management activities and repairs. The other data sheet provided a 
monthly summary of information on energy use; milk production and quality; animal health; and 
other variables that could be affected by use of the AD system. All three data sheets are shown in 
Appendix A. 

 

2. Determine the energy generation, methane emissions reduction, and other impacts 
associated with the AD system. 
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The Farmware program developed by the AgSTAR consortium of agencies was used to estimate 
electric energy generation by in kWh/year and the methane emissions reduction associated with 
the AD system installed on the Broumley Dairy farm. Other potential impacts that were not 
assessed due to model and/or data limitations include reductions in odor and impacts on animal 
health and production. 

 

3. Perform whole-farm simulations using FEM to determine the economic feasibility of the 
AD system using most likely economic parameters. 
Economic viability of the AD system depends primarily on initial capital costs, annual O&M 
costs, energy generation, and prices of alternative energy sources. Evaluation of the economic 
feasibility of the Broumley AD system was based on the most likely values of these parameters. 
FEM was used to simulate the following five farm profiles: 

a. Farm A: Broumley Dairy farm with no AD system 

b. Farm B: Broumley Dairy farm with full AD system costing $1.7 million installed 

c. Farm C: Broumley Dairy farm with full, but less expensive AD system, costing $900,000 
installed 

d. Farm D: Farm B without oxidation ditch or polishing pond, costing $1.0 million installed 

e. Farm E: Farm C without oxidation ditch or polishing pond, costing $500,000 installed 

Economic analysis of all farm profiles included all fixed and variable costs anticipated during 
operation of the systems. In particular, substantial electricity costs incurred during operation of 
an oxidation ditch were included in the assessments of the farm profiles that include an oxidation 
ditch (Farms B and C). Estimates of electricity use during operation of the oxidation ditch were 
based on communications with Mr. Keith Broumley, the owner of the Broumley Dairy. 

For this analysis, the Broumley AD system is considered economically feasible if the average 
value of annual net farm returns or the present value of annual net farm returns of Farm B is 
higher than the corresponding value for Farm A. Similarly the farm profiles with less expensive 
AD systems (Farms C, D, and E) would be economically viable if they yield average farm 
returns values that are at least as high as those associated with Farm A, the status quo. 

Two sets of economic viability analyses were performed for the Broumley AD system.  

  The first set of analyses was performed to indicate the variability of the AD system if 
electricity generation were the only benefit from the AD system. The first set of 
evaluations reflects the predominant rationale for the use of AD systems on livestock 
operations.  

  The second set of evaluations is the rationale for the Broumley AD project. In this latter 
set of analyses electricity generation and manure P management were both included as 
benefits of the AD system. Since manure P management in the livestock intensive 
watershed where the Broumley Dairy is located is usually very costly, inclusion of 
manure P management benefits of the AD system is expected to improve the prospects 
for its economic viability. 
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4. Conduct sensitivity analysis of the evaluations using likely changes in key economic 
parameters. 

In order to account for variations in key parameters sensitivity analyses were performed to 
determine to what degree the viability of AD systems responds to plausible changes in key 
parameters. Sensitivity simulations were performed using FEM to reflect changes in the 
following parameters: 

  Electricity price 

  O&M  costs 

Sensitivity analyses were performed for both sets of simulations outlined above; that is, 
accounting first for only the electricity generation potential of the system, and secondly, 
accounting for both electricity generation and manure P management options provided by the 
system. 

 

Overview of Computer Models Used in this study 
Farmware: 

The AgSTAR Farmware model, developed by USEPA, was used to estimate biogas production, 
electricity generation, and methane emissions reduction for the Broumley Dairy AD system. The 
AgSTAR program is a voluntary program jointly sponsored by the USEPA, the USDA, and the 
DOE. The AgSTAR program encourages use of AD systems on confined animal feeding 
operations in order to reduce methane emissions, conserve energy, and improve manure nutrient 
management while providing financial benefits to producers. 

The Farmware tool is a decision support software that provides preliminary assessment of the 
financial viability of an AD system on a farm. It estimates the cost of the system based on farm 
specifications, how much energy will be generated by the system, expected methane emissions 
reduction per year, and the overall financial viability of the system for the given farm. The 
AgSTAR Farmware tool is distributed with a number of supporting datasets for all counties of 
the U.S., but these data can be easily customized by the user for farm-specific uses. 

 

FEM: 

FEM is a whole-farm annual time step economic model designed to simulate the impacts of a 
wide variety of scenarios on farm level economic indicators. The model consists of several 
optimization and simulation algorithms that are integrated to mimic the economic profile of 
agricultural operations. FEM has been used in conjunction with field-scale and watershed-scale 
environmental models to determine the cost-effectiveness of various policies and practices for 
agriculture (Osei et al., 2000a; Gassman et al., 2002). It has been used for small watershed 
studies (e.g., Osei et al., 2003; Gassman et al., 2006) as well as large-scale assessments (Osei et 
al., 2006). Key data requirements for FEM simulations include livestock and crop operations, 
ownership and characteristics of structures, facilities and equipment, financing terms, land areas 
and uses, livestock nutrition, and manure production and handling. 
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Farm-level costs and returns are computed within the model using standard economic and 
engineering coefficients and financial functions. Fixed and variable costs of field operations 
performed by the farmers are calculated using several routines that utilize agricultural machinery 
management specifications tabulated in ASAE Engineering Practice EP496.1 (ASAE 1995a) and 
ASAE Data D497.1 (ASAE 1995b). Costs of operations that are custom hired are estimated 
using published custom rates. Many of the data layers used in FEM are similar to those used by 
environmental simulation models such as Agricultural Policy Environmental eXtender (APEX; 
Williams et al., 2000) and Soil and Water Assessment Tool (SWAT; Arnold et al., 1998). 

For this study, the capital budgeting routines within FEM were used in conjunction with 
electricity generation and price data to determine the economic viability of the AD systems for 
electricity generation. Economic viability of the AD system for manure P management entailed 
use of additional FEM routines that compute manure production characteristics, changes in 
manure nutrients due to manure management options, land area required for application at the P 
uptake rate, supplemental commercial fertilizer N use, and hauling costs incurred when 
transporting unused manure to nearby land owners. 

 

Data Sources 
A good portion of the data used for this study was obtained through data sheets filled out by the 
dairy owner, Mr. Keith Broumley and his son, Justin Broumley. Other useful data also came 
from the EPA AgSTAR program and Brazos River Authority (BRA) sources. Expected annual 
electricity generation from the AD system was obtained from Cascade Earth Sciences, the 
contractor. 

Manure production characteristics for the dairy cows were obtained from ASAE (1995c). 
Equipment and milk prices and other information used in FEM simulations were obtained from 
USDA sources as well as model defaults based on a wide array of databases. Impacts on solids 
separator use on manure nutrients were obtained from Osei et al. (1995). Other data required for 
economic model simulations were obtained from existing FEM databases (Osei et al., 2000b; 
2004). Finally, manure P removal from the liquid waste in the AD system was based on 
estimates reported in Ellis and Brookins (2005). The P removal estimates are shown in Table 2. 

 

Table 2. Phosphorus removal in liquid waste for the Broumley AD system 
 Loading 

(lbs/day) 
Effluent 
(lbs/day) 

 
% Reduction 

Cumulative 
% reduction 

Digester 124 89 28 28 
Modified Oxidation Ditch 89 41 54 67 
Polishing Pond 41 25 39 80 
 

The AD system does not actually lose manure P. Rather, manure P settles out of the liquid waste 
and builds up on the sludge. The reductions in manure P levels in the effluent are accompanied 
by increases in manure P levels in the sludge. The advantage of P removal from the liquid waste 
is that the liquid waste can be applied on fields closer to the dairy, thus minimizing the need for 
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costly haul out of liquid waste. Conversely, the reduction in total manure volume from anaerobic 
digestion means that it is much less expensive to transport and apply the solid waste portion. 

 

Limitations 
Two main problems hindered the economic evaluations for this study: (1) as of the time of this 
writing, the digester was still not functional, and (2) for various reasons some key data items had 
not been received from the contractor. 

Due to a number of mishaps, the AD system on the Broumley Dairy was not functional at the 
time of the economic evaluation. As a result, no post-digester data have been collected. 
Consequently, the AD system data used for this study was based on typical performance of 
similar AD systems that have been installed across the U.S. In addition, key detailed cost data for 
the AD system components were not available from the contractor as of the time of this writing. 
Thus, reasonable estimates were made of the costs of various AD system components in place on 
the Broumley Dairy. 
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ECONOMIC FEASIBILITY OF THE ANAEROBIC DIGESTER SYSTEM 
Economic viability of the Broumley AD system was determined by simulating several farm 
profiles and comparing their average annual net farm returns (net farm income) values. In the 
following sections, the economic feasibility was first evaluated assuming that electricity 
generation was the only benefit from the system. This was done in order to provide a basis of 
comparison with other studies, since most AD system evaluations for livestock operations 
included electricity generation as the only quantitative benefit evaluated. The subsequent section 
provides a more complete assessment of the Broumley AD system, by incorporating the relative 
cost implications for manure P management as well. 

In order to perform these evaluations, the five farm profiles defined previously were simulated in 
FEM. Farm profiles D and E were defined primarily for the “electricity generation only” 
assessments since it is inconceivable that an oxidation ditch for P removal would be included on 
a farm that does not intend to use the AD system for manure P management. In addition, a 
number of Farmware simulations were performed to indicate economic feasibility of typical, less 
expensive digester systems. While FEM simulates the entire farm including manure P 
management, Farmware was used only to evaluate alternative AD systems for energy generation 
purposes. 

AD systems are in general, expected to have an economic life of at least 25 years. However, 
many studies assume a shorter economic life in order to account for the degree of obsolescence 
on dairy farms (Schwart et al., 2005). In this study, two alternative time horizons were used. First 
a 10-year horizon was used in which it was assumed that the AD system would last 
approximately 10 years. Then a separate set of simulations was performed assuming a 25-year 
time horizon and a 25-year economic life of the AD system. Furthermore, annual O&M costs 
were assumed to be 5% of initial capital costs for all AD system components based on previous 
studies (Moser and Langerwerf, 2000). 

The AgSTAR Farmware program was calibrated and used to simulate conditions at the 
Broumley digester, located in Hamilton County, Texas. Data gathered through a detailed 
questionnaire of farm costs, activities, and organization completed by the farm owner, as well as 
self-reported monthly data of on-farm activities completed for 2005, were used for the 
assessments. In addition data on potential electricity generating capacity supplied by CES was 
also used. For the Farmware simulations, the digester was ‘located’ in Erath County as no data 
existed for Hamilton County in Farmware and the dairy is less than 10 miles from Erath County. 
Farmware uses the location specification to access weather and other data needed for the 
simulations. 

Using the preliminary design drawings from the AD system contractor, and information provided 
by the dairy owner, the following additional specifications were used in setting up the Farmware 
simulations.  

  All lactating cows are kept in a freestall flush barn 
  No outdoor confinement 
  Wastewater enters the AD system at a rate of 75,000 gpd 
  Covered anaerobic lagoon with secondary storage (and static inclined screen separator) 
  Covered lagoon digester (with settling basin separation) 
  All dry cows, heifers and calves are assumed to be either housed on pasture, or their 

manure does not contribute to the solids loading rate of digester influent 
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  Engine-generator was sized relative to biogas production 
  A 10-year project life expectancy. Simulations were replicated using a 25-year economic 

life for the AD system. 
 

 

Farmware calibration and preliminary economic analysis 
In the 2005 self-reported data for the Broumley Dairy, lactating cows in the milking herd ranged 
from 540 cows in January to 760 cows in December. Thus two initial Farmware scenarios were 
run to reflect these extremes: a ‘high’ scenario with 760 cows, corresponding to the 8,519 lbs per 
day of volatile solids (VS) based on CES estimates of digester performance; and a ‘low’ scenario 
with 540 cows, corresponding to 6,053 lbs of VS generated per day. 

Electricity production by AD systems is directly proportional to the amount of methane 
generated, which is in turn dependent on the VS loading rate. However, compared to other 
studies, the Farmware estimates appeared to generate very high biogas levels, and hence methane 
volumes, for the amount of VS, which is in part driven by the setting of what the simulation 
suggests is a high volume of water used for flushing (75,000 gpd). Consequently, the amount of 
electricity generated by Farmware per pound of VS in the dairy wastewater was quite high. The 
Farmware model was calibrated to ensure that its estimates of electricity generated by the 
Broumley AD system are in accordance with reasonable expectations from the system installed 
on the farm. 

For this study, the amount of energy generated was scaled in Farmware to match the CES data, 
through the manipulation of the efficiency variables used in the simulation of the methane shack 
portion of the digester (where the methane is converted to electricity). This means that the 
Farmware generated cost estimates may severely overstate the costs associated with the engine-
generator, which are a significant fraction of the digester’s total costs. Having allowed for this, 
the Farmware estimates for the digester costs are still far lower than the amount actually spent on 
the Broumley AD system ($1.7 million, including additional P controls). However, the Farmware 
analysis does not include an oxidation ditch or polishing pond, which would had added about 
$300,000 to $400,000 to the initial capital costs. For the ‘high’ scenario Farmware estimates total 
installed project costs of $378,839, with $18,942 in annual O&M costs associated with the 
generation of electricity from biogas. For the ‘low’ scenario Farmware estimates total installed 
project costs of $314,635, with $15,732 in annual O&M costs. 

The ‘high’ scenario capital costs estimated through Farmware break down as follows: $223,370 
for the covered lagoon; $23,722 for the engineering design and consulting; $126,636 for the 
recovery system, the engine generator and instrumentation; and $5,111 for the static inclined 
screen. The ‘low’ scenario capital costs estimated through Farmware break down as follows: 
$170,226 for the covered lagoon; $23,722 for the engineering design and consulting; $115,576 
for the recovery system, the engine generator and instrumentation; and $5,111 for the static 
inclined screen. 

If we use the CES data suggesting that at 8500 lb/day of VS, actual generated energy will be 
564,170 kWh, for our ‘high’ scenario, and pro-rate the Farmware estimates of the actual kWh 
generated (to take account of minor differences between the CES and Farmware estimates), we 
estimate 506,934 kWh generated annually for the ‘low’ scenario. At a price per kWh for energy 
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sales of $0.08 (Broumley self-reported), this represents $46,328 of energy revenue or cost 
savings per year in the ‘high’ scenario, and $40,555 per year for the ‘low’ scenario. 

The self reported monthly data for 2005 had energy usage for 10 month, with no values reported 
for August or September. The value for August was estimated to be the same as the reported July 
value, and the value for September was estimated to be the same as the reported October figure. 
These figures suggest that the Broumley farm used approximately 1,067,000 kWh of electricity 
in 2005. At a rate (self-reported) of $0.08 per kWh, this represents $85,364 worth of energy 
costs. These figures also imply electricity usage of 88,900 kWh per month, at a cost per month of 
$7,114. We assume that this electricity usage stays the same for both scenarios. 

Under the ‘high’ scenario $46,328 worth of electricity is generated per year, at a cost of $18,942, 
which then offsets $27,386 of their total energy bill of $85,634 (with a total Capital cost for the 
digester estimated at $378,839). While under the ‘low’ scenario $40,555 worth of electricity is 
generated, at a cost of $15,732, which then offsets $24,823 of their total energy bill of $85,634 
(with a total Capital cost for the digester projected to be $314,635). 

An additional Farmware scenario was run simulating 540 milking cows like the ‘low’ scenario, 
but this time with a pro-rated level (based on 540 animals, instead of 760) of water usage of 
53,289 gpd, instead of 75,000 gpd. Capital costs for this scenario are estimated by Farmware at 
$294,095.Under this scenario, as expected, the lower water volume leads to the generation of a 
lower level of electricity per year, of 411,248 kWh (as opposed to 506,937 under the ‘low’ 
scenario). 

 

Economic feasibility for electricity generation 
While this feasibility study focuses on AD systems installed for nutrient management purposes, 
most on-farm digesters are installed for the purpose of generating energy for on-farm use or sale, 
and for odor reduction; the majority of AD systems in place were not installed to meet nutrient 
management objectives. The first analysis presented here evaluates the economic feasibility of 
the Broumley AD system if electricity generation had been the only benefit. Results from 
Farmware simulations are presented first, and then whole-farm results from the FEM model. 

Farmware simulations were performed for the 2005 herd size of Broumley Dairy, 675 lactating 
cows, after the calibrations outlined in the previous section had been completed. Detailed 
Farmware simulation results are provided in Appendix B for various herd size and energy price 
scenarios. A complete Farmware report for the current herd size and reported energy price is also 
included in Appendix C. Summary results are shown in Table 3 for the current herd size and 
several alternative herd sizes. The results indicate that use of a covered lagoon digester only for 
energy generation purposes is not viable for the Broumley Dairy at current energy prices. Net 
present values are negative for all scenarios shown in Table 3. 
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Table 3. Selected indicators from Farmware simulations for various herd sizes. 
Herd Size Milk cows 540 675 1,000 1,500 2,000 
Total capital cost $ 294,095 343,818 455,493 639,333 823,173
Electricity generated kWh/year 422,130 548,495 749,116 1,123,674 1,498,232
Energy used on site $/year 33,770 43,880 59,489 78,371 85,364
Energy delivered to grid $/year 0 0 440 11,523 34,495
Net present value $ -164,215 -156,454 -195,448 -229,721 -263,994
Methane emissions reduction lbs/year 70,413 88,016 130,394 195,590 260,787
 

FEM results represent whole-farm simulations of the five farm profiles defined above. Table 4 
summarizes the farm-level economic indicators for the five farm profiles, again assuming that 
energy generation is the only benefit; that is, ignoring any impacts of the AD system on nutrient 
management. In other words, the impacts of the AD systems on manure nutrient characteristics 
were set to zero for this analysis. 

 
Table 4. Simulated economic indicators for alternative AD farm profiles without manure P management
Economic Indicator Units Farm A Farm B Farm C Farm D Farm E 
Electricity Purchased $/year 96,174 70,470 70,470 46,494 46,494
Electricity Sold $/year 0 0 0 0 0
Total AD system capital outlay $ 0 1,700,000 900,000 1,000,000 500,000
Annual structures & facilities O&M $/year 34,855 119,855 79,855 84,855 59,855
Proportion of manure hauled off  0.57 0.57 0.57 0.57 0.57
 Revenues, costs, and net farm returns: 10-year time horizon 
Net farm returns $/year 137,082 -149,322 -1,115 4,653 92,428
Total Revenue $/year 2,274,411 2,274,411 2,274,411 2,274,411 2,274,411
Total Cost $/year 2,137,329 2,423,733 2,275,526 2,269,758 2,181,983
 Revenues, costs, and net farm returns: 25-year time horizon 
Net farm returns $/year 184,443 11,533 106,360 118,800 173,213
Total Revenue $/year 2,274,411 2,274,411 2,274,411 2,274,411 2,274,411
Total Cost $/year 2,089,968 2,262,878 2,168,051 2,155,611 2,101,198

 

The results shown in Table 4 indicate, as expected, that the existing Broumley AD system (Farm 
profile B) is not viable at current market conditions (prices) if electricity generation is the only 
objective. Both farm profiles including full AD systems (Farms B and C) are shown to be much 
less profitable than the pre-digester farm and actually yield negative economic returns to the 
farm. Performance of the two additional profiles where components not needed for electricity 
generation (the oxidation ditch and the polishing pond) were excluded (Farms D and E) are also 
shown. With those components excluded the farms with AD systems become more competitive, 
though still less profitable under current market conditions. 

The above analysis was augmented with sensitivity analysis simulations to indicate the response 
of AD system viability to changes in electricity prices and O&M costs. Figure 2 shows plots of 
annual AD system profits (net farm income or returns) per cow relative to the pre-digester farm 
profile (Farm A). Using a 10-year time horizon as well as a 10-year economic life for the AD 
system, the plots indicate that the AD systems that include an oxidation ditch and a polishing 
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pond (Farms B and C) are not economically viable solely for electricity generation. That is, they 
result in net farm income levels below that of the pre-digester farm. The full AD system installed 
on the Broumley dairy (Farm B) is not economically viable even at an electricity price of 50 
cents/kWh. The other full AD system is economically viable at close to 50 cents/kWh. On the 
other hand, both AD systems without an oxidation ditch and a polishing pond are shown to be 
economically viable at much lower electricity prices. The least expensive (Farm E) is 
economically viable at about 14 cents/kWh, and the other system without an oxidation ditch and 
polishing pond (Farm D) is economically viable at about 28 cents/kWh. Two key factors account 
for the poor economic performance of the full AD systems (Farms B and C). AD systems 
including an oxidation ditch and polishing pond involve much higher initial capital outlay, and 
they also entail much higher electricity use than the systems without oxidation ditches. 

 

 

Sensitivity of AD System cost to electricity price:
 Without P management benefits: 10-year horizon
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Figure 2. Impacts of electricity price on relative profitability of AD systems: 10-year horizon 

 

Sensitivity simulations for relative AD system profits were replicated for a 25-year simulation 
horizon, assuming also a 25-year economic life of the AD system (Figure 3). The results indicate 
that if the system installed on the Broumley Dairy is used for electricity generation only, it is still 
not viable even at 50 cents/kWh, but the less expensive AD system with an oxidation ditch 
(Farm C) is now viable at about 30 cents/kWh. Furthermore, the least expensive system could be 
operated with profit at about 10 cents/kWh. The other system without an oxidation ditch is viable 
at about 18 cents/kWh. 
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Sensitivity of AD System cost to electricity price: 
Without P management benefits: 25-year horizon
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Figure 3. Impacts of electricity price on relative profitability of AD systems: 25-year horizon 

 

Sensitivity simulations were also performed to reflect the impacts of O&M costs of the AD 
systems. Relative AD system profits with O&M costs ranging from 0% to 10% of initial system 
capital costs are shown in Figure 4, for a 10-year time horizon and 10-year economic life of the 
AD system, and Figure 5, for a 25-year time horizon and 25-year economic life of the AD 
systems. 

 

Sensitivity of AD System cost to AD O&M costs: 
Without P management benefits: 10-year horizon
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Figure 4. Impacts of O&M costs of AD systems on their relative profitability: 10-year horizon 
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Using a 10-year time horizon (Figure 4), none of the AD systems are found to be economically 
viable even with zero O&M costs. However, if the AD systems are operated and maintained over 
a long period of time (about 25 years or more), the least expensive system without an oxidation 
ditch or polishing pond is found to be economically viable at current electricity prices if O&M 
costs are very low (Figure 5). 

These results, coupled with sensitivity analysis of electricity prices indicate that AD systems are 
more likely to become viable in response to energy price increases than improved managerial 
skills or low O&M costs. At current electricity prices, most farm profiles do not achieve 
economic viability even with zero O&M costs. High energy prices are necessary for most AD 
systems to generate enough income to compensate for the high capital costs involved. 

 

 

 

Economic feasibility for electricity generation and manure P 
management 
A fairly unique feature of the Broumley AD system is the inclusion of an oxidation ditch and 
polishing pond to provide further reduction in P levels in the effluent. The five farm profiles 
were simulated using current values of key economic parameters to determine the economic 
viability of the Broumley AD system. Table 5 shows a summary of the farm-level economic 
indicators associated with each of the farm profiles when impacts of the AD system on manure P 
management are taken into account. 

 

Sensitivity of AD System cost to AD O&M costs:
 Without P management benefits: 25-year horizon
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Figure 5. Impacts of O&M costs of AD systems on their relative profitability: 25-year horizon 
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Table 5. Simulated economic indicators for alternative AD farm profiles with manure P management 
Economic Indicator Units Farm A Farm B Farm C Farm D Farm E 
Electricity Purchased $/year 96,174 70,470 70,470 46,494 46,494
Electricity Sold $/year 0 0 0 0 0
Total AD system capital outlay $ 0 1,700,000 900,000 1,000,000 500,000
Annual structures & facilities O&M $/year 34,855 119,191 79,191 84,817 59,817
Proportion of manure hauled off  0.57 0.28 0.28 0.43 0.43
 Revenues, costs, and net farm returns: 10-year time horizon 
Net farm returns $/year 137,082 -138,581 9,626 9,448 102,077
Total Revenue $/year 2,274,411 2,274,411 2,274,411 2,274,411 2,274,411
Total Cost $/year 2,137,329 2,412,992 2,264,785 2,264,963 2,172,334
 Revenues, costs, and net farm returns: 25-year time horizon 
Net farm returns $/year 184,443 21,952 116,779 123,487 182,754
Total Revenue $/year 2,274,411 2,274,411 2,274,411 2,274,411 2,274,411
Total Cost $/year 2,089,968 2,252,458 2,157,632 2,150,923 2,091,657

 

Manure P management can be very expensive for large dairies with inadequate land area for 
manure utilization at crop agronomic rates. The 80% reduction in manure P provided by the 
Broumley AD system may help to reduce the cost of manure utilization. Comparing the numbers 
in Tables 4 and 5 shows that the economic viability of the Broumley AD system improves when 
manure P management is taken into account. Net farm returns increase by about $10,000 for the 
farm profiles including an oxidation ditch and polishing pond (Farms B and C). Net farm returns 
also increase for the farms without oxidation ditches and polishing ponds, but by smaller 
amounts (Farms D and E). 

The covered lagoon digester reduces manure P levels in liquid waste by about 28%, compared to 
the 80% reduction in liquid manure P afforded by the entire system (see Table 2). Thus, even 
without the oxidation ditch and polishing pond, some improvement in liquid manure P 
concentrations can be achieved. Very minimal manure P reductions were assumed for the farm 
profile with no AD system components (Farm A). The P reductions associated with the AD 
system components were assumed to be in addition to any P losses on the pre-digester farm. The 
relative performance of the two farm profiles without oxidation ditches as compared to the two 
profiles with full AD systems indicates that it may be more economically viable to invest in a 
less expensive covered lagoon digester and exclude the oxidation ditch and polishing pond (Farm 
E). When manure P management benefits are accounted for, the least expensive AD system 
results in annual net farm returns that are very close to the without-digester farm profile (Farm 
A). 

The FEM simulations including manure P benefits from the AD systems were replicated with 
different sets of values to reflect plausible changes in electricity prices and operating and 
maintenance costs of the respective AD system. Simulations were performed for a 10-year time 
horizon and also for a 25-year time horizon to show the impacts of long term use of the AD 
system (25-year simulations) in contrast to short term use of the AD system (10-year 
simulations. For the 10-year period, the AD system was assumed to last 10 years and FEM 
simulations were performed using a 10-year time horizon. Similarly, the 25-year period was 
applied to the economic life of the AD systems as well as the simulation time horizon. The 
impacts of electricity prices are shown in Figures 6 and 7 for the 10-year and 25-year simulations 
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respectively, while the impacts of changes in O&M costs are shown in Figures 8 and 9, again for 
the 10-year and 25-year simulations. 

With full accounting for manure P management benefits, the AD system installed on the 
Broumley Dairy is still not economically viable even at 50 cents/kWh if it lasts only 10 years 
(Figure 6). Other less expensive AD systems become economically viable at electricity prices 
ranging from 14 cents/kWh to about 45 cents/kWh. Given that residential electricity prices in the 
north central Texas area are in the range of 15 cents/kWh, it is conceivable to see profitable 
farm-level AD systems in the north Texas area if less expensive options are chosen. 

 

 

Sensitivity of AD System cost to electricity price:
 With P management benefits: 10-year horizon
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Figure 6 Impacts of electricity price on relative profitability of AD systems: 10-year horizon 

 

Given the high capital outlay involved in an AD system, a major factor in its economic viability 
is its economic life. If the expensive Broumley AD system is operated and maintained for 25 
yeas and in such a manner as to achieve full benefits from both electricity generation and manure 
P management, the system would be economically viable when energy prices rise above 50 
cents/kWh (Figure 7). The less expensive AD systems fare much better. In fact, with a 25-year 
economic life and project (simulation) horizon, the least expensive option (Farm E) is viable at 
electricity prices above 8 cents/kWh. The other AD option without an oxidation ditch (Farm D) 
become viable at energy prices above 16 cents/kWh. Finally the less expensive AD system with 
oxidation ditch and polishing pond becomes viable at about 28 cents/kWh. 
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Sensitivity of AD System cost to electricity price: 
With P management benefits: 25-year horizon

-400

-200

0

200

400

0.0 0.1 0.2 0.3 0.4 0.5

Electricity price ($/kWh)

N
et

 fa
rm

 in
co

m
e 

re
la

tiv
e 

to
 p

re
-

di
ge

st
er

 fa
rm

 ($
/c

ow
/y

ea
r)

Farm B: Expensive AD System

Farm C: Inexpensive AD System

Farm D: Expensive AD with no OD

Farm E: Inexpensive AD with no OD
 

Figure 7. Impacts of electricity price on relative profitability of AD systems: 25-year horizon 

 

Unlike the electricity price impacts, most of the AD systems do not become viable even at zero 
O&M costs when the full manure P management benefits are considered. With the 10-year time 
horizon and economic life assumptions, none of the AD system options are viable at zero O&M 
costs (Figure 8), and only the least expensive system is viable at zero O&M costs when the 25-
year assumption is used (Figure 9). This again indicates that given the high capital investments 
associated with AD systems, viability of the systems is not sensitive to improvements in O&M 
costs. 

Sensitivity of AD System cost to AD O&M costs:
With P management benefits: 10-year horizon
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Figure 8. Impacts of O&M costs of AD systems on their relative profitability: 10-year horizon 
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Sensitivity of AD System cost to AD O&M costs:
With P management benefits: 25-year horizon
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Figure 9. Impacts of O&M costs of AD systems on their relative profitability: 25-year horizon 
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OTHER OPTIONS AND ENVIRONMENTAL IMPACTS 
The foregoing economic evaluations did not take into account various quantifiable and 
unquantifiable benefits of AD systems. These systems, particularly the anaerobic digestion 
component, provide benefits in reduced odor, reduced methane emissions, changes in land value, 
and reductions in the transport of pathogenic bacteria. These impacts were not included in the 
previous analysis because the data were not readily available or because it was impossible to 
quantify those effects. 

 

IMPACTS ON ODOR 

When compared to traditional open lagoon systems, AD systems provide significant reductions 
in odor from livestock confinement areas. Particularly for livestock in close proximity to urban 
areas, this benefit can be very important. No quantitative data on reductions in nuisance odors 
were available for this study. 

 

IMPACTS ON METHANE EMISSIONS 

AD systems also reduce methane emissions. This reduction is made possible by capturing the 
biogas generated by the anaerobic digestion process and using the biogas to generate electrical 
energy. As mentioned in a previous section, about 60% of biogas is methane. Simulations using 
the AgSTAR Farmware tool indicate that the Broumley AD system would result in an estimated 
88,000 lb/year reduction in methane emissions. 

 

IMPACTS ON LAND VALUE 

The impacts of AD systems on land values are quite ambiguous, depending in part on their direct 
impacts on the aesthetics of the landscape. However, they are expected to increase the value of 
the facility for the purposes of livestock confinement operations. 

 

IMPACTS ON PATHOGENIC BACTERIA 

The levels of pathogenic bacteria are also reduced when AD systems are used (see Martin, 
2004). This reduction leads to improvements in animal health if the solids from the waste 
handling system are routinely used as bedding material for the cows. Improvements in animal 
health translate to financial benefits to the farm. However, these impacts were not quantified for 
the present study due to lack of specific data. Additionally, lower levels of pathogenic bacteria in 
effluent and sludge from the AD system also means reduced chances of contaminating human 
food supplies in areas where livestock waste is used to fertilize fruit, grain, and vegetable farms. 

 

POTENTIAL FOR EMISSIONS TRADING 

In recent years there has been an increased interest in environmental credit trading involving 
agriculture. Several opportunities already exist for agricultural interests to trade in carbon and 
various crop nutrients and the potential for trading in other areas continues to grow. Livestock 
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farms can generate carbon (or methane) credits by reducing methane emissions and selling those 
credits to other trading parties (typically large municipalities or industries). Thus farmers can 
potentially generate additional financial benefits by doing what they already do on a daily basis. 
USEPA and USDA have developed various programs to encourage agricultural interests to 
participate in trading, in order to improve environmental quality while generating additional 
income for farmers. The EPA Methane to Markets Partnership web site 
(http://www.epa.gov/methanetomarkets/) contains additional information on emissions trading 
opportunities for agriculture operations that capture methane, with particular emphasis on 
livestock agriculture. As methane or carbon markets continue to develop for agriculture, the 
economic viability of AD systems will continue to improve. 
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CONCLUSIONS 
The conclusions reached in this evaluation are not surprising given the predominant opinion 
from many other studies. AD systems are very costly. While they provide significant 
environmental benefits, these systems are beyond the financial capability of most livestock 
operations, particularly the smaller ones, without cost-share assistance. However, as energy 
prices continue to increase, AD systems will become more viable. The specific AD system 
installed on the Broumley dairy is not economically viable because of the high capital costs 
involved, the fact that most of the electricity generated is used to power the oxidation ditch, and 
also because energy prices are not high enough for the electricity produced by the AD system to 
generate enough income or offset on-farm energy costs. 

Economic viability of digestion systems in general may improve as more producers realize their 
usefulness in manure P management. Used in combination with oxidation ditches, methane 
digesters can yield reductions in manure P levels in the effluent coming out of the waste handling 
system. Especially in areas where land areas for manure application are very scarce, the use of 
less expensive AD systems can be of direct financial benefit. 

The economic viability of AD systems will improve as the prices of alternative energy sources 
increase, as other manure nutrient management alternatives become more costly, and as the costs 
of these digestion systems also decline. Alternative manure nutrient management options such as 
manure application on cropland may become more expensive as land areas available for manure 
application become limited and livestock producers have to haul manure further distances. On 
the other hand AD system may become less expensive as better and less expensive systems are 
designed in response to increased producer interest. In addition, farmers contemplating AD 
systems may earn potential environmental emissions credits due to reductions in methane 
emissions. As markets for environmental credits open up, these air quality credits can be sold for 
financial benefit to farmers. Finally, other non-market benefits such as reduction in odor and 
pathogenic bacteria may also improve the financial viability of these systems in the future. 
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APPENDIX A: Broumley Dairy Questionnaire and Data Sheets 
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QUESTIONS ABOUT CURRENT PRACTICES ON THE 
BROUMLEY DAIRY 

 
Date: ______________ 

 
The intent of these questions is to get a rough idea of the kinds of issues that need to be 
considered in the analysis of the methane digester.  When the CNMP for the dairy is 
completed, some answers may need to be updated. 
 
Manure production 
1. From how many lactating cows is manure collected?  

_____________________________________________________________________
_____________________________________________________________________ 

2. Is the manure from lactating cows collected from freestall barns, open lots, or other?  
_____________________________________________________________________
_____________________________________________________________________ 

3. From how many dry cows is manure collected?  
_____________________________________________________________________
_____________________________________________________________________ 

4. Is the manure from dry cows collected from freestall barns, open lots, or other?  
_____________________________________________________________________
_____________________________________________________________________ 

5. From how many replacement heifers is manure collected?  
_____________________________________________________________________
_____________________________________________________________________ 

6. Is the manure from replacement heifers collected from freestall barns, open lots, or 
other?  
_____________________________________________________________________
_____________________________________________________________________ 

7. From how many calves is manure collected?  
_____________________________________________________________________
_____________________________________________________________________ 

8. Is the manure from calves collected from freestall barns, open lots, or other?  
_____________________________________________________________________
_____________________________________________________________________ 

9. What is used for bedding in the freestalls?  
_____________________________________________________________________
_____________________________________________________________________ 

10. How often is manure tested for nutrient content?  
_____________________________________________________________________
_____________________________________________________________________ 

11. How often is effluent tested for nutrient content?  
_____________________________________________________________________
_____________________________________________________________________ 
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Manure collection 
1. How is manure collected, e.g., flushing, scraping? 

_____________________________________________________________________
_____________________________________________________________________ 

2. What equipment is used to collect the manure by flushing, scraping, etc, and what are 
the size, capacity, and age of the equipment?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

3. How often is manure collected?  
_____________________________________________________________________
_____________________________________________________________________ 

4. How many people are involved in the collection of manure?  
_____________________________________________________________________
_____________________________________________________________________ 

5. How much time does each person spend in the collection of manure?  
_____________________________________________________________________
_____________________________________________________________________ 

6. What are the hourly wages for each person involved in manure collection?  
_____________________________________________________________________
_____________________________________________________________________ 

 

Manure solids separation 
1. How often is the solids separator operated?  

_____________________________________________________________________
_____________________________________________________________________ 

2. How many people are involved in the operation of the solids separator?  
_____________________________________________________________________
_____________________________________________________________________ 

3. How much time does each person spend in the operation of the solids separator?  
_____________________________________________________________________
_____________________________________________________________________ 

4. How often is maintenance performed on the solids separator by dairy personnel?  By 
contract personnel?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

5. How many dairy personnel are involved in the maintenance of the solids separator?  
_____________________________________________________________________
_____________________________________________________________________ 

6. How much time does each of the dairy personnel spend in the maintenance of the 
solids separator?  
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_____________________________________________________________________
_____________________________________________________________________ 

7. What are the hourly wages of each of the dairy personnel involved in maintenance of 
the solids separator?  
_____________________________________________________________________
_____________________________________________________________________ 

8. What are the annual maintenance costs for the solids separator?  (Include parts and 
contract labor, but do not include wages of dairy personnel listed in the previous 
question.)  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

9. What equipment is used to handle and/or transport separated solids, and what are the 
size, capacity, and age of the equipment?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

10. How many dairy personnel are involved in the handling and/or transport of separated 
solids?  
_____________________________________________________________________
_____________________________________________________________________ 

11. How much time does each of the dairy personnel spend in the handling and/or 
transport of separated solids?  
_____________________________________________________________________
_____________________________________________________________________ 

12. What are the hourly wages of each of the dairy personnel involved in handling and/or 
transport of the separated solids?  
_____________________________________________________________________
_____________________________________________________________________ 

 

Solids application 
1. Are solid wastes collected from areas other than the solids separator?  If so, from 

what areas?  
_____________________________________________________________________
_____________________________________________________________________ 

2. What percent of the solids are composted?  
_____________________________________________________________________
_____________________________________________________________________ 

3. Are composted solids used for bedding?  If so, what percent of composted solids are 
used for bedding?  
_____________________________________________________________________
_____________________________________________________________________ 
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4. What bedding material, other than compost, is used, and what is its cost?  
_____________________________________________________________________
_____________________________________________________________________ 

5. How many people are involved in composting the solids?  
_____________________________________________________________________
_____________________________________________________________________ 

6. How much time does each person spend in composting the solids?  
_____________________________________________________________________
_____________________________________________________________________ 

7. What are the hourly wages of each person involved in composting the solids?  
_____________________________________________________________________
_____________________________________________________________________ 

8. What equipment is used to compost the solids and what are the size and age of the 
equipment?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

9. What percent of the solids are utilized on the dairy waste application fields?  
_____________________________________________________________________
_____________________________________________________________________ 

10. What percent of the solids are removed from the dairy to authorized third party 
fields?  
_____________________________________________________________________
_____________________________________________________________________ 

11. What is the distance of transport for solids to authorized third party fields?  
_____________________________________________________________________
_____________________________________________________________________ 

12. What is the cost per acre for leased solid waste disposal land?  
_____________________________________________________________________
_____________________________________________________________________ 

13. What percent of the solids are removed from the dairy to a compost facility or other 
authorized receiving site?  
_____________________________________________________________________
_____________________________________________________________________ 

14. Which fields are used for solids application and how many acres per field are 
available for application (exclude acreage in buffers, setbacks, etc.)?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

15. How many people are involved in moving solids to the waste application fields?  
_____________________________________________________________________
_____________________________________________________________________ 

16. How much time does each person spend in moving solids to the waste application 
fields?  
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_____________________________________________________________________
_____________________________________________________________________ 

17. What are the hourly wages of each person involved in moving solids to the waste 
application fields?  
_____________________________________________________________________
_____________________________________________________________________ 

18. What equipment is used to move and apply solids to the waste application fields and 
what are the size, capacity, and age of the equipment?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

19. At what rate are solids applied to each field?  (Please list each field separately.)  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

20. Are pastures utilized by livestock?  If so, what class (lactating, dry, replacement 
heifers, calves)?  
_____________________________________________________________________
_____________________________________________________________________ 

21. Which pastures, if any, are utilized by livestock?  
_____________________________________________________________________
_____________________________________________________________________ 

22. How much additional feed do livestock on pasture receive?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

Liquid storage 
1. Into which RCS do liquids go when leaving the solids separator?  

_____________________________________________________________________
_____________________________________________________________________ 

2. If freestall barns are flushed, what is the source of the flush water?  If the flush water 
comes from an RCS, which RCS?  
_____________________________________________________________________
_____________________________________________________________________ 

3. How much fresh water is added to the system?  How often?  
_____________________________________________________________________
_____________________________________________________________________ 

4. When, how often, and to what level is each RCS pumped?  
_____________________________________________________________________
_____________________________________________________________________
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_____________________________________________________________________
_____________________________________________________________________ 

5. How often are accumulated solids (sludge) removed from each RCS?  
_____________________________________________________________________
_____________________________________________________________________ 

6. When was the last time accumulated solids were removed from each RCS and when 
is the next scheduled removal time?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

Liquid application 
1. What percent of the liquids are utilized on the dairy waste application fields?  

_____________________________________________________________________
_____________________________________________________________________ 

2. What percent of the liquids are removed from the dairy to authorized third party 
fields?  
_____________________________________________________________________
_____________________________________________________________________ 

3. What percent of the liquids are removed from the dairy to another authorized 
receiving site?  
_____________________________________________________________________
_____________________________________________________________________ 

4. What is the distance of transport for liquids to authorized third party fields?  
_____________________________________________________________________
_____________________________________________________________________ 

5. What is the cost per acre for leased liquid waste disposal land?  
_____________________________________________________________________
_____________________________________________________________________ 

6. Which fields are used for liquid application and how many acres per field are 
available for application (exclude acreage in buffers, setbacks, etc.)?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

7. How many people are involved in moving liquids to the waste application fields?  
_____________________________________________________________________
_____________________________________________________________________ 

8. How much time does each person spend in moving liquids to the waste application 
fields?  
_____________________________________________________________________
_____________________________________________________________________ 

9. What are the hourly wages of each person involved in moving liquids to the waste 
application fields?  
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_____________________________________________________________________
_____________________________________________________________________ 

10. What equipment is used to move and apply liquids to the waste application fields and 
what are the size, capacity, and age of the equipment?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

11. At what rate are liquids applied to each field?  (Please list each field separately.)  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

12. What is the fate of sludge removed from RCSs?  
_____________________________________________________________________
_____________________________________________________________________ 

13. If sludge is applied to fields, which fields and how many acres per field are available 
for application (exclude acreage in buffers, setbacks, etc.)?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

14. What costs do you incur in sludge removal?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

Animal health 
1. How many cows have mastitis (monthly total)?  

_____________________________________________________________________
_____________________________________________________________________ 

2. What is the average of all somatic cell counts for the month?  
_____________________________________________________________________
_____________________________________________________________________ 

3. How many cows are slightly lame, moderately lame, and severely lame (monthly 
total)?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

Milk production 
1. What is the herd average for milk production and components (monthly)?  

_____________________________________________________________________

 41



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

2. How many lactating cows are in the milking herd (monthly)?  
_____________________________________________________________________
_____________________________________________________________________ 

 

Energy 
1. How many kilowatt-hours of electric energy are used (monthly)?  

_____________________________________________________________________
_____________________________________________________________________ 

2. What is the cost of purchased electric energy per kilowatt-hour?  
_____________________________________________________________________
_____________________________________________________________________ 

3. How many kilowatt-hours of electric energy are purchased (monthly)?  
_____________________________________________________________________
_____________________________________________________________________ 

4. How many kilowatt-hours of electric energy are generated (monthly)?  
_____________________________________________________________________
_____________________________________________________________________ 

5. How many kilowatt-hours of electric energy are sold (monthly)?  
_____________________________________________________________________
_____________________________________________________________________ 

6. Are alternate energy sources used (e.g. propane, etc.)?  
_____________________________________________________________________
_____________________________________________________________________ 

7. What are the costs of the alternate energy sources (monthly)?  
_____________________________________________________________________
_____________________________________________________________________ 

8. What is the price per kilowatt-hour at which produced electric power is sold?  
_____________________________________________________________________
_____________________________________________________________________ 

 

Other  
1. What purchases of new or additional waste handling equipment are planned?  

_____________________________________________________________________
_____________________________________________________________________ 

2. What other areas should be considered that are not mentioned above?  
_____________________________________________________________________
_____________________________________________________________________ 

 

 42



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

 43
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APPENDIX C: FarmWare v.3 Assessment for 
Broumley Dairy, TX 

 

6/21/20076/2

FarmWare v.3 Assessment  1  
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46 FarmWare v.3 Assessment 2 
6/21/2007

NOTICE 
 

This assessment is provided as a first step in evaluating the technical and financial feasibility of biogas 
production for use as a source of energy at Broumley Dairy.  This assessment should be considered 
preliminary and only be used as input for determining whether to proceed with a more rigorous 
assessment.  It is imperative that a detailed feasibility assessment be performed by a qualified engineer 
prior to commencing facility design or construction activities.  Please consult the AgSTAR Handbook 
for additional references and guidance (http://www.epa.gov/agstar/resources/handbook.html).   
 

Broumley Dairy 
TX 
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Broumley Dairy 
TX 

EXECUTIVE SUMMARY 
 
This FarmWare Assessment was prepared for Broumley Dairy, an existing dairy farm located in TX. Broumley 
Dairy has 675 dairy cattle confined in a freestall flush barn. After solids separation, flushed manure and milking 
center wastewater is currently discharged into a conventional anaerobic lagoon for stabilization and storage. 
Separated solids are stored in open (or covered) piles. This assessment evaluated the costs and benefits of installing 
a Covered Lagoon Digester and capturing methane, which will be used to generate electricity using an internal 
combustion engine-generator set.   
 
Table ES-1 summarizes the results of an analysis of the financial feasibility of this modification of the existing 
manure management system.  Table ES-2 provides estimates of the expected biogas production and the potential to 
generate electricity or replace fuel oil or liquefied petroleum gas (LPG).  
 
 
 

Table ES-1 
Financial Feasibility of Modifying the Conventional Manure Management System to Capture 

and Utilize Biogas 

 Financial Estimates                   Estimated Value 

Capital investment $343,818 

Annual revenue from the recovery and use of biogas $43,880 /year 

Total Annual Cost $34,382 /year 

Simple payback  years 13 

Estimated average annual net income before taxes (loss) $9,498  /year 

Net Present Value $156,454 

6/21/2007

FarmWare v.3 Assessment 3 
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Broumley Dairy 
TX 

Table ES-2 
Summary of Biogas System Performance Estimates 

 Estimated Value  Estimated Potential 

Biogas production 101,409,200.00 ft / year3 NA NA

Electricity Generation $353,231 At $0.08 / kWh 4,415,387 kWh/year

Table ES-3 
Environmental Performance Comparison 

Conventional System Biogas System 

Anaerobic Lagoon with 
Secondary Storage (1) 

Covered Lagoon Digester with Effluent 
Storage (2) 

Parameter 

Air Quality Parameters 

Methane emissions pounds/year 88,016 Approximately 0

Ammonia Loss (%) 92% 88%

Water Quality Parameters 

COD (%) reduction from influent 99% 99%

(1) Conventional anaerobic lagoon data are adapted from one swine farm.

(2) Covered lagoon digester data are adapted from one swine farm.

(3) Substantial reductions in the pathogen-indicator organisms suggest that significant reductions in other pathogens also occurred.
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1.0  INTRODUCTION 
 
This report summarizes the results of a preliminary assessment of the technical and economic feasibility of 
modifying the existing manure management system at Broumley Dairy by the addition of a Covered Lagoon 
Digester and capturing methane, which will be used to generate electricity using an internal combustion engine-
generator set. The report is divided into four sections:  
 

Section 2.0  User Inputs 
A summary of the information that the user is required to provide for the assessment.   
 

Section 3.0 Technical Feasibility  
The results of the technical feasibility assessment. 
 
  Section 4.0 Economic Feasibility 
The results of the economic feasibility assessment based on the information provided by the user. 
 
  Section 5.0 Environmental Performance 
A summary of potential reductions in air and water quality impacts. 
 
  Section 6.0 Warnings 
A list of any warnings that were generated when the assessment was created. 
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SECTION  2.0  USER INPUTS 
 
Section 2 presents a summary of the information provided for this assessment of the technical and economic 
feasibility of modifying the current manure management system at Broumley Dairy by adding of a Covered Lagoon 
Digester and capturing methane that will be used to generate electricity using an internal combustion engine-
generator set. is summarized below. It is important to check the accuracy of this information to insure the accuracy 
of the assessment. 

Table 2-1 
Summary of General Information Provided by the User 

Farm name and address Broumley Dairy
TX 

Type of farm Dairy

Flush Barn for Dairy Cow: Lactating 
 

Confinement facilities and  
manure collection 

Current waste management system Manure and milking center wastewater is discharged to a 
conventional Anaerobic Lagoon with Secondary Storage 
Separated solids are stored in a manure storage area. 

Proposed modification Covered Lagoon Digester
Addition of an engine-generator set and associated 
interconnection equipment. 

6/21/2007

FarmWare v.3 Assessment 6 



TIAER               Economic Feasibility of a Dairy Anaerobic Digestion System  

51 

Broumley Dairy 
TX 

Table 2-2 
Standing Animal Populations and Time Spent in Housing (Hours) 

 
Type of Housing 

Dairy Cow: 
Lactating 

Dairy Cow: Dry Dairy Heifer Dairy Calf 

 675  135Number of Animals  203  203

 21 Barn 

Open Lot 

 24Pasture  24  24

 3 Milking Center 

6/21/2007
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Table 2-3 
Record of Energy Use in the Most Recent 12 Months 

Electricity Fuel Oil Propane (LPG) 

Month kWh Cost, $* gal/month Cost, $ gal/month Cost, $ 

 0  500 66,224 January  0  0  0

 0  500 50,554 February  0  0  0

 0  500 65,137 March  0  0  0

 0  500 66,025 April  0  0  0

 0  500 68,026 May  0  0  0

 0  500 121,507 June  0  0  0

 0  500 106,661 July  0  0  0

 0  500 106,661 August  0  0  0

 0  500 114,019 September  0  0  0

 0  500 114,019 October  0  0  0

 0  500 98,638 November  0  0  0

 0  500 89,573 December  0  0  0

 1,067,044 $0 Total  0 $0  0 $6,000

* Excluding demand and fixed charges. 
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Table 2-4 
Estimates of Water Use and Waste Flow through Housing 

Type of Housing Fresh Water (GPD) Recycled Water (GPD) Total Manure (lbs/day) 

Milking Center  11,273  0  8,991

Barn  0  75,000  62,937

Open Lot  0  0  0

Pasture  0  0  36,319

Total:  11,273  75,000  108,247

6/21/2007
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SECTION 3.0  TECHNICAL FEASIBILITY 

Table 3-1 lists the monthly biogas, methane, and Btu production potentials for Broumley Dairy based on the 
information provided and summarized in Tables 2-1 through 2-4.  These estimates are based on the user inputs 
summarized in Table 3-2. 

Table 3-1 
Monthly Estimates of Biogas, Methane, and Btu Production Potential 

Biogas 
ft  /month 3 

Methane 
ft  /month 3

Btu 
Btu  /month 

 8,378,111  4,817,414  7,732,996,000January 

 7,567,326  4,351,212  6,984,642,000February 

 8,378,111  4,817,414  7,732,996,000March 

 8,107,849  4,662,013  7,483,545,000April 

 8,680,462  4,991,266  8,012,066,000May 

 8,675,270  4,988,280  8,007,274,000June 

 9,093,376  5,228,691  8,393,186,000July 

 9,085,624  5,224,234  8,386,031,000August 

 8,579,021  4,932,937  7,918,436,000September 

 8,378,111  4,817,414  7,732,996,000October 

 8,107,849  4,662,013  7,483,545,000November 

 8,378,111  4,817,414  7,732,996,000December 

 101,409,221 Total  58,310,302  93,600,709,000

6/21/2007
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Table 3-2 
Design Assumptions Used for Estimates Provided in Table 3-1 

Metric Value 

Covered Lagoon Digester Type of biogas production system 

lb/day  142,379Collectable manure 

 5,395 lb/day Collectable total solids 

Collectable total volatile solids  7,260 lb/day 

ft 
3 660,021Digester Volume 

Hydraulic retention time  53 days 

ft 
2 

Surface area  45,796

6/21/2007
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Monthly estimates of the potential use of biogas at Broumley Dairy to generate electricity or replace fuel oil or 
liquefied petroleum gas are listed in Table 3-3 and compared with historical use patterns in Tables 3-4. 

Table 3-3 
Monthly Estimates of the Potential of Using Biogas to Generate Electricity  

 
Month 

Electricity, 
kWh/month 

January  45,315

February  40,930

March  45,315

April  43,853

May  46,950

June  46,922

July  49,184

August  49,142

September  46,402

October  45,315

November  43,853

December  45,315

6/21/2007
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Table 3-4 
Energy Balance at Broumley Dairy 

Biogas Electricity 
Generation  Historical Use, 

kWh 
Potential Sale To The 

Local Utility, kWh 
Required From The 
Local Utility, kWh Month 

January  66,224  45,315  0  20,909

February  50,554  40,930  0  9,624

March  65,137  45,315  0  19,822

April  66,025  43,853  0  22,172

May  68,026  46,950  0  21,076

June  121,507  46,922  0  74,585

July  106,661  49,184  0  57,477

August  106,661  49,142  0  57,519

September  114,019  46,402  0  67,617

October  114,019  45,315  0  68,704

November  98,638  43,853  0  54,785

December  89,573  45,315  0  44,258

 1,067,044  548,495  518,549 0Total 
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4.0   ECONOMIC FEASIBILITY 
 
Table 4-1 presents assumptions used to estimate the potential gross income realized from biogas utilization at 
Broumley Dairy. Table 4-2 presents the capital costs associated with the biogas system, and Table 4-3 presents a 
monthly cash flow analysis based on the values in Table 4-1 and Table 4-2 .  

Table 4-1 
Financial Factors 

Value Financial Factor 

Project Lifetime        10 Years 

Down Payment Percentage     20 Percent 

Loan Interest Rate        7 Percent 

Loan Term          7 Years 

Project Discount Rate       5 Percent 

Marginal Tax Rate        0 Percent 

Depreciation Method       MACRS7 

General Annual Inflation Rate     0 Percent     

6/21/2007
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Table 4-2 
Equipment Capital Costs 

Design Details Facility Component Total Cost

12 feet deep 
660,021 gallons 
45,796 square ft area 

Covered Lagoon $196,249

Engineering Design and 
Consulting 

Engineering $23,722

Recovery System; 
engine-generator; 
instrumentation 

Engine-generator $118,736

Cost for liquid/slurry 
storage is estimated if 
there is not existing 
storage on site. 

Secondary Storage $0

Static Inclined Screen $5,111

Total Capital Cost  343,818
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Table 4-3 
Estimate of Net Income or Loss Associated with Biogas Production and Utilization 

Costs Associated 
with Generating 
Energy Derived From 
Biogas, $ 

Value of Energy, 
Derived from 
Biogas, Used 
Onsite, $ 

Value of Energy, 
Derived from 
Biogas, Delivered to 
Grid, $ 

Saved 
Energy 

Expense, $
Future Energy 
Cost, $ Month 

 1,433 0 5,298  2,193January  3,625 

 1,433 0 4,044  1,842February  3,274 

 1,433 0 5,211  2,193March  3,625 

 1,433 0 5,282  2,076April  3,508 

 1,433 0 5,442  2,323May  3,756 

 1,433 0 9,721  2,321June  3,754 

 1,433 0 8,533  2,502July  3,935 

 1,433 0 8,533  2,499August  3,931 

 1,433 0 9,122  2,280September  3,712 

 1,433 0 9,122  2,193October  3,625 

 1,433 0 7,891  2,076November  3,508 

 1,433 0 7,166  2,193December  3,625 

$85,364 $43,880 $17,191 $0 $26,689Total 

5.0   ENVIRONMENTAL PERFORMANCE 

6/21/2007
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Table 5-1 
Environmental Performance Comparison 

Conventional System Biogas System 

Anaerobic Lagoon with 
Secondary Storage (1) 

Covered Lagoon Digester with Effluent Storage 
(2) Parameter 

Air Quality 

Methane emissions pounds/year 88,016 Approximately 0

Hydrogen Sulfide reduction No reduction Notable reduction

Odor Control None Digesters produce 
substantially less odor than 

conventional systems due to 
reductions in emissions of 

hydrogen sulfide and various 
VOCs such as mercaptans 

and skatole. 

92% Ammonia Loss (%) 88%

Water Quality Parameters 

99% COD (%) reduction from influent 99%

94% 93%Total Nitrogen (%) reduction from 
influent 

96% 98%Total Phosphorus (%) reduction 
from influent 

3.6 1.6Fecal Coliforms (3), Log10 CFU 
reduction from influent 

2.7 
(Salmonella spp.) 

Pathogens, Log10 CFU reduction 
from influent 

1.8 
(Salmonella spp.) 

(1) Conventional anaerobic lagoon data are adapted from one swine farm.

(2) Covered lagoon digester data are adapted from one swine farm.

(3) Substantial reductions in the pathogen-indicator organisms suggest that significant reductions in other pathogens also occurred.
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6.0   WARNINGS 

 

1 . Caution: The process water you have entered for this farm results in a hydraulic retention time (HRT) that is more than 
twice what is needed in this geographic region. You may want to return to Farm Setup and change your inputs to 
improve the performance of your system. 

2 . The total solids entering the digester is 3.65 %. The digester system chosen operates ideally at 0.5% to  3% total solids. 
You may want to return to Farm Setup and change your inputs to improve the performance of your system. 

6/21/2007
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