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Section 1 
Introduction 
 
This expert report provides my opinions and the supporting information for the 
following areas: 

 Sample Collection (Section 2) 
 Laboratory Analyses (Section 3) 
 Database Compilation (Section 4) 
 Laboratory Results (Section 5) 
 Evaluation of Source of Contamination in the IRW (Section 6) 

My opinions are stated below: 

 The sampling approaches including selection of sampling locations and sampling 
methods were appropriate and resulted in collection of representative samples 
from the each major pathway environmental component. 

 The sampling approaches and parameters selected for analyses are appropriate to 
identify all major sources and causes of contamination in the IRW environment 
including evaluations of impacts from cattle waste, poultry waste, and wastewater 
treatment plant (WWTP) effluent. 

 The sampling approaches and parameters selected for analyses are appropriate to 
support the evaluation of injuries in the IRW. 

 The analytical procedures selected for each parameter are appropriate for the 
intended data use (e.g., source identification and injury evaluation) and consistent 
with recommended methods by federal and state agencies. 

 Except as qualified, the laboratory data are accurate, precise, representative, and 
comparable and can be used for all intended purposes and evaluations. The U.S. 
Environmental Protection Agency (EPA) recommended completeness goal of over 
90 percent was achieved (98 percent complete) and this indicates that the data are 
of acceptable quality and can be used for its intended purposes. 

 The stated objectives and hypotheses for the evaluation of sources of contamination 
in the IRW are appropriate to determine the effects and injuries resulting from 
poultry waste land application and other major sources of contamination in the 
IRW. 

 The chemical and bacterial contaminants of poultry waste are found in all the 
environmental fate and transport components through out the IRW starting at the 
source of contamination (poultry waste disposal on fields) and including runoff 
water from the fields with poultry waste, surface waters, groundwater, springs, 
Lake Tenkiller water, river sediments and Lake Tenkiller sediments.  Because the 
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poultry related contaminants are pervasive through out the IRW, the overall water 
quality characteristics of the surface waters in the IRW have been substantially 
changed when compared to surface water quality in reference locations. 

 The chemical and bacterial concentrations in each environmental component are 
consistent with known fate and transport processes and show a gradient in 
concentrations from high to low across the IRW depending upon closeness to 
poultry land application fields. These observations document a complete pathway 
of the poultry waste contamination from the land applied fields to streams, 
groundwater, springs, sediments, and Tenkiller water and sediments. 

 The chemical compositions of the poultry waste and cattle manure are different 
from each other and individually unique.  In addition, the chemical compositions of 
leachates of the poultry waste and cattle manure generated using synthetic 
precipitation are different from each other and individually unique.  The chemical 
and bacterial compositions of poultry waste leachates are different and unique 
compared to WWTP discharges in the IRW. These differences allow identification 
of the important sources of contamination in the basin. 

 Principal component analysis (PCA) identified two major sources of contamination 
in the IRW: poultry waste disposal and WWTP discharges. Poultry waste is by far 
the dominant contamination source in the IRW when compared to other sources. 
Cattle waste contamination was unique from both poultry waste and WWTP 
effluent and was identified in some samples with documented cattle manure 
contamination. However, chemical contamination from cattle waste is not 
dominant in the basin and only represents a minor source.  In the PCA, the 
chemical and bacterial composition of poultry waste creates a distinct chemical 
signature that contains both phosphorus and bacteria. 

 Mass balance calculations performed using the results of the synthetic precipitation 
leachates show that cattle manure is a relatively small source of the chemical 
contamination compared to poultry waste.  

 Multiple lines of evidence by other experts (Drs. Engel, Fisher, Teaf and Harwood) 
support the conclusions that poultry waste is a major source of phosphorus and 
bacteria contamination in the IRW.  

The information and evaluations supporting each of these opinions is provided in the 
following sections. Other opinions are also included in each section. 
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Section 2   
Sample Collection 
 
2.1 Poultry Waste 
Application of poultry waste (litter) to fields has been identified as a probable source 
of environmental contaminants impacting surface water bodies, stream and lake 
sediments. The most notable environmental contaminant associated with this practice 
is phosphorous. Other contaminants include estrogens, bacteria, arsenic, nitrogen, 
copper, zinc, and other chemicals. The purpose of this task was to determine the 
constituents and concentrations in the poultry waste material.  In order to determine 
if the constituents of poultry waste have been transported to the environmental 
components of the IRW and caused natural resources injuries. 

2.1.1 Environmental Component 
The environmental component is representative poultry waste from houses of the 
different poultry companies in the IRW.  

2.1.2 Sampling Objectives and Intended Data Use 
The purpose of this task was to characterize the bacterial and chemical constituents in 
poultry waste in order to evaluate and document links and relations between the 
poultry waste application and the environmental contaminants and conditions 
observed in the surface soils, surface water bodies, streams, groundwater and 
sediments of the IRW. 

2.1.3 Type of Data to be Collected 
Data collected during this field program consisted of bacterial and chemical 
composition samples of poultry waste.  

2.1.4 Sampling Approach/Scheme 
The sampling approach was to collect representative poultry waste samples from the 
major poultry producers in the watershed. In 2006 grower houses associated with the 
poultry producers  Tyson, George's, Cargill, Petersons, Simmons, and Cobb were 
identified within the Oklahoma portion of the watershed and access obtained through 
a court ordered subpoena. Houses selected for sampling were proportionally selected 
from each poultry producer based on the approximate number of facilities each 
poultry producers was currently operating in the IRW. A majority of poultry waste 
samples were collected from houses containing broilers; however two houses were 
used to raise pullets, and 2 houses were used to raise turkeys. Additional houses were 
sampled in 2007 in order to provide a larger population for evaluation.  

The sampling methodology is documented in the Standard Operating Procedures 
(SOPs) applicable to soil and litter sampling program. The SOPs are presented in 
Darren Brown's Expert Report (Brown 2008). The SOPs applicable to this sampling 
program are SOP 5-1 (Soil and Litter Sampling) and SOP 5-2 (Litter and Soil Sample 
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Compositing). In order to collect representative samples from the poultry house, 
CDM relied on the following documents in the development of SOP 5-1. 

Zhang, H., Hamilton, D. W. and Britton, J. G. 2002. Sampling Animal Manure. 
Oklahoma State University Cooperative Extension Service Fact Sheet F-2248. 
Available at http://osuextra.okstate.edu/pdfs/F-2248web.pdf 

Eucha/Spavinaw Watershed Management Team. Undated. Steps for Pulling Litter 
Samples.  

Sampling staff utilized the zig-zag pattern similar to that identified in the above 
references in order to obtain a representative sample of the poultry waste. Zhang, et 
al. (2002) indicates that between 15 and 20 samples should be collected. The second 
reference (Eucha/Spavinaw Watershed Management Team) indicates that the poultry 
house should be divided into three longitudinal sections. Each section should have six 
samples collected, with a target of two from the feeding station areas, two from the 
water station areas, and two between the walls and the feeding/watering stations. 
The second reference (Eucha/Spavinaw Watershed Management Team) indicates that 
a total of 18 samples should be collected. Staff used the approach of Eucha/Spavinaw 
Watershed Management Team and collected approximately six samples around the 
water stations, six samples around the feeders and the remaining six samples were 
split between the walls and centerline of the house.  

At each of the locations, a shovel was used to sample the entire depth of the waste 
and bedding material.  Similar quantities from each sample location were placed in a 
five gallon bucket during the sampling. 

The collected material was initially composited by mixing completely from top to 
bottom within a five gallon bucket to obtain a representative sample to be submitted 
for bacterial analyses. The remaining material was sent to the CDM Denver 
Laboratory for a more thorough compositing effort prior to submittal for the 
remaining analyses as described in CDM SOP 5-2. 

2.1.5 Times to be Sampled 
Poultry waste samples were collected in 2006 and 2007. The poultry house sample 
dates are provided in Table 2.1-1. With the exception of the Barnes' poultry house, 
sampling times of the poultry houses were dictated by the integrators and growers. 
Sampling was conducted between flocks, i.e., after one flock had been removed and 
before the next flock was placed in the house. 

2.1.6 Field and Laboratory Analyses 
No field parameters were collected during the sample collection. A composited 
portion of the samples were shipped directly to an offsite laboratory for the bacteria 
analysis with the remainder going to the CDM Denver laboratory for additional 
compositing prior to shipment to the remaining laboratories for various analyses. The 
analyses to be conducted on the poultry waste samples are documented in the SOPs 
applicable to soil and litter sampling program (SOP 5-1 and 5-2).  
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2.1.7 Implementation of Sampling Approach 
The sampling methodologies are documented in SOPs 5-1 and 5-2 and are discussed 
in Darren Brown's Expert Report (Brown 2008) in relation to implementation. The 
field crews consisted of one staff member collecting the samples, one staff member 
providing videotape monitoring, and one or two staff members located off the 
property to provide decontamination support. As noted previously, timing of the 
sampling events was dictated by the integrators and growers and sampling was 
conducted while the flocks were not in the poultry houses with the exception of 
Barney Barnes' poultry house. 

Sampling tools for this program consisted of a five gallon bucket, a short-handle 
spade, and a trowel. These sampling tools were purchased from a hardware store and 
used only once. The tools were either donated to the grower or thrown away after 
use. This was done to limit cross contamination issues as well as limit the possibility 
of disease transmission between poultry houses. Personnel protective gear was also 
disposed of between poultry houses and the footwear decontaminated with a soapy 
water rinse and scrub, followed by a ten percent bleach solution rinse, and then a tap 
water rinse. The decontamination effort was designed to not only limit the possibility 
of cross contamination between poultry waste samples, but to meet the requirements 
of the biosecurity protocols required by the integrators and Oklahoma Department of 
Agriculture, Food and Forestry (ODAFF). Additional information on the biosecurity 
protocols followed by CDM during poultry house sampling can be found in CDM 
SOP 5-2. 

2.1.8 Alterations to the Sampling Program 
In a small number of incidences, one less or a few more than 18 subsamples were 
collected and composited; however, in all cases the sample locations within each 
poultry house followed the general location guidelines as described in Section 2.1.4. 
The net result is that the number of collected samples provided a representative 
sample of the poultry waste; except for samples from FAC06.  Because the inside of 
the poultry house was dark, some of the samples contained soil from below the 
bedding material. 

2.1.9 Samples  
A total of 20 poultry houses were sampled. Table 2.1-1 provides a summary of the 
houses sampled by integrator, grower, and type of poultry in the house, sample ID, 
and sample date. The locations of the sampled houses are shown on Figure 2.1-1.  In 
addition; some poultry waste samples (five) were collected as grab samples from the 
edge of the road where the poultry waste had fallen from trucks.  These samples were 
collected before access was obtained to collect samples from poultry houses.  

2.2 Soil 
2.2.1 Environmental Component 
The environmental component is soils from fields where poultry waste has been 
applied. In addition, soils were also collected from fields with no reported poultry 
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waste application (see Section 2.13 for comparison). Soils from fields with poultry 
waste application represent the first environment component. 

2.2.2 Sampling Objectives 
The purpose of this task was to characterize bacterial and chemical constituents in 
soils in fields where poultry waste has been applied in order to evaluate and 
document links and relations between the poultry waste land application and the 
environmental contaminants and conditions observed in the surface water bodies, 
streams, groundwater and sediments of the IRW. 

2.2.3 Type of Data to be Collected and Intended Use 
Data collected during this field program consisted of the bacterial and chemical 
composition samples of surface soils from the zero to six-inch depth. The soil samples 
were collected from fields with known poultry waste application as well as fields 
without known poultry waste application (see Section 2.13). In addition to the field 
data, land application records were obtained from the Oklahoma Department of 
Agriculture, Food, and Forestry (ODAFF) to determine which field has received 
poultry waste application. 

Soil samples were collected from the zero to 2-inch, 2- to 4-inch, and 4- to 6-inch 
depths from sampled fields. The collection of soil from three distinct depth intervals 
facilitates the understanding of how surface application impacts the soils within an 
applied field. It provides a more detailed understanding of the fate and transport 
processes associated with poultry waste application.  The zero to 2-inch sample 
represented more closely soil that may runoff the fields during precipitation events.  
The zero to 2-inch sample was analyzed for a larger list of parameters than the lower 
two depths. 

The analytical data from the zero to 2-inch sample were used to determine a complete 
bacterial and chemical composition of the soil.  The same parameters were analyzed 
in poultry waste and soils.  All samples were analyzed for Mehlich Phosphorus (P) in 
order to provide a direct comparison of the data with the historical ODAFF data for 
the grower's properties, which provided Mehlich P in a zero to 6-inch soil sample. 

2.2.4 Sampling Approach/ Scheme 
The goal of this sampling program was to collect representative soil samples from 
both poultry waste applied fields and non-applied fields (see Section 2.13).  

Prior to the 2006 soil sampling program, properties were identified as potential 
candidates for soil sampling based initially on available ODAFF Animal Waste 
Management Plan records which showed that poultry waste had been applied to the 
fields in at least 3 of the previous 5 years. Sites were selected so that properties upon 
which poultry waste had been applied from each of the major poultry producers 
within the watershed were sampled. All properties selected for soil sampling required 
a subpoena from the Court to allow CDM access to sample the property, with the 
exception of Barney Barnes' property, who voluntarily allowed CDM to sample. In 
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some cases, the originally selected property was replaced by an alternate property 
due to changes in land ownership prior to sampling. The 2007 soil sampling locations 
were again selected based on review of  available ODAFF Waste Management Plan 
reports. In addition, several fields were sampled in 2006 and 2007 which had not 
previously been applied with poultry waste. These control fields are described in 
greater detail in Section 2.13 of this report. 

In general, four sampling grids were established for each grower's property. Each 
sampling grid was typically between one and ten acres, depending upon the field 
size. The grid was typically established for an area that was generally uniform in 
nature with respect to topography and soil type and was treated as one waste 
application field with respect to the ODAFF Animal Waste Management Plan records 
or Nutrient Management Plan records. Each sampling grid typically consisted of 
twenty sampling stations. SOP 5-1 established the number of sampling stations as 
twenty per sample grid based upon the information provided in Appendix A-3 of 
SOP 5-1. Appendix A-3 of SOP 5-1 provides reference to work conducted by 
Oklahoma State University and other universities which describe how to collect a 
representative composite sample from soil cores within a field. The graph provided 
shows the variability is significantly reduced after twelve composited samples, but 
twenty is considered optimal. The grid spacing developed by CDM was a four node 
point by five node point grid.  A regular grid (versus random locations) eliminates 
any potential bias by staff conducting the soil sampling and maximizes the amount of 
information provided by a given number of samples. The sampling plan did allow for 
node points to be adjusted where certain surface features were present that could 
potentially bias the sample results. Per the instructions of Appendices A-3 and A-4 of 
SOP 5-1, the node points could be adjusted to avoid sample collection in unusual 
spots that are not typical of the field as a whole. Examples of unusual spots include 
wet spots, low spots, livestock feeding and loafing areas (unless a significant part of 
the field). CDM SOP 5-1 also included the provision to avoid sampling under the drip 
line of trees if possible although this advice was not set forth in Appendices A-3 or A-
4 of SOP 5-1. 

Each sampling station was typically subject to between one and three sample cores 
advanced to a depth of six or more inches. CDM identified the surface to two-inch soil 
sample as the interval likely to be most impacted by poultry waste application due to 
regional soil characteristics. Additionally, the surface to two-inch interval is expected 
to be the most likely soil zone to contribute nutrients and sediment to the watershed 
during significant runoff/erosion events. Therefore, most of the zero to two-inch soil 
samples were submitted for full suite (list of parameters) analysis (nutrients, metals, 
bacteria, and estrogens) as identified in the analysis text below. A partial suite of 
analyses consisting of nutrients and metals analyses was conducted on most two to 
four-inch soil samples.  

For the purposes of this investigation, complete decontamination of personnel and 
sampling materials only needed to occur when personnel and equipment were 
leaving a subject property onto a public right-of-way. Complete decontamination as 
detailed in SOP 5-1 would address the biosecurity concerns of the growers, 
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integrators, and ODAFF and significantly minimize the potential of cross 
contamination between different grower's properties. Decontamination between 
individual sample depths, cores at a grid node point, or between grid node points 
within a sample grid was not specified in SOP 5-1. Decontamination between sample 
grid node points is not discussed in Appendices A-3 or A-4 of SOP 5-1 because the 
material is composited into one sample. Decontamination between sample depths is 
not necessary because the volume of potential cross contamination is minimal relative 
to the overall sample volume non-uniform nature of soil and the analytical tests being 
performed (see further discussion in Section 3). For the same reason, decontamination 
between sample cores and sample node points is not likely to provide a measurable or 
significant impact. Impact in these cases is defined as data that would change enough 
to effect the intended data use. 

SOP 5-1 does indicate that decontamination of the sampling materials (corers, knife, 
and ruler) should take place when moving from one sample grid to another within a 
grower's property and not crossing public right-of-ways. The decontamination 
process was removing any excess dirt from the sampling equipment prior to 
continuing the sample program. This was accomplished by scraping the soil off and 
then driving and removing a pilot core ( at the new grid location) between sampling 
of each sample grid within a property. All sampling equipment was fully 
decontaminated between properties  by removing any visible soil and rinsing the 
equipment with phosphate-free detergent, distilled water, and a 10% bleach solution. 
In addition, soil corers were power-washed with clean tap water between each 
property.  

2.2.5 Times to be Sampled 
Soil samples were collected in 2006, 2007, and 2008. The soil sample dates are 
provided in Table 2.2-1. Soil samples were not collected during or immediately 
following precipitation events of a magnitude capable of fully saturating the top 
2 inches of soil at a specific sampling location. 

2.2.6 Field and Laboratory Analyses 
No field parameters were collected during the sample collection. The soil samples 
were shipped to the CDM Denver laboratory for additional compositing prior to 
shipment to the analytical laboratories for various analyses. The analyses to be 
conducted on the soil samples are documented in Standard Operating Procedures 
(SOPs) 5-1 (Soil and Litter Sampling) and SOP 5-2 (Litter and Soil Sample 
Compositing). The SOPs are presented in Darren Brown's Expert Report (Brown 
2008). 

2.2.7 Implementation of Sampling Approach 
The sampling methodology is documented in the SOPs applicable to soil and poultry 
waste sampling program.  As discussed above, the SOPs applicable to this sampling 
program are SOP 5-1 and SOP 5-2.  All samples were labeled and bagged individually 
prior to shipment to the CDM Denver laboratory. Decontamination procedures were 
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consistent with SOP 5-1.  All procedures were conducted according to the applicable 
SOP except as discussed in the following section. 

2.2.8 Alterations to the Sampling Program 
In some cases, property sizes were insufficiently large to establish four separate 
sample grids so only 2-3 sample grids were established on that property. In other 
instances, rocky soils or shallow bedrock interfered with the ability to collect soil 
material from select target depths. Sample core recoveries were noted in the field 
books used to document sampling efforts. Recoveries were rated as "good", 
"moderate", "poor", and "no recovery". "Good" recovery meant a full sample recovery 
for the interval in question. "Moderate" recovery indicated a recovery of between fifty 
percent and full recovery. "Poor" recovery indicated a recovery of some sample 
volume between zero and fifty percent. In most cases, "moderate" and "poor" recovery 
efforts were due to the presence of pebble-sized material which was physically 
removed prior to placement of the soil sample in the sample bag. 

In addition to the Litter Applied Locations (LALs) and Control Locations (CLs) 
previously discussed, another soil sampling program was implemented in 2008. In 
this instance two fields used to pasture beef cattle but not previously applied with 
poultry waste were sampled using three grids. The pastures were designated as Cattle 
Pastures with a CP designation.  Sampling was conducted according to the SOPs. 

In general, sample grids were collected from individual waste application fields. In 
some cases where the fields were significant in size and/or the number of individual 
application fields associated a grower was limited, more than one sample grid might 
be established within a waste application field. Figure 2.2-1 shows the general 
location of each grower property sampled during this program with LAL, CL, and CP 
IDs included. The positions of each sample grid relative to the grower's property are 
shown on Figures 2.2-2 through 2.2-28.  

2.2.9 Samples  
Including the non-litter applied fields discussed in Section 2.13, a total of 86 grids 
were established and sampled during this field program. Sample grids were 
established on the properties of sixteen separate growers and six non-growers where 
poultry waste had been applied. Table 2.2-1 provides a summary of the sample grids 
by integrator, grower, sample ID, and sample date. As noted above, sample locations 
are provided on Figure 2.2-1, and Figures 2.2-2 through 2.2-22. 

2.3 Edge of Field (Surface Runoff Water) 
2.3.1 Environmental Component 
Edge of field sampling following precipitation events was established to collect 
representative samples of surface runoff water from fields of which poultry waste was 
recently applied. 
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2.3.2 Sampling Objectives 
The primary sampling objective for edge of field sampling was to obtain samples of 
surface runoff water from fields to which poultry waste had been recently disposed in 
order to evaluate and document links and relations, if any, between poultry wastes 
land application and environmental contamination within the IRW.  

2.3.3 Type of Data Collected and Intended Use 
Edge of Field runoff water was collected and sent to a variety of laboratories for 
analyses of a full suite of chemical parameters, including nutrients and metals, as well 
as a number of biological parameters such as bacteria. At the time of sampling, 
additional field data were collected pertaining to the exact location of the sampling 
point and relative direction of runoff flow. The data obtained from these surface 
runoff samples provided information concerning the concentrations of nutrients, 
metals and bacteria in runoff water that had interacted with poultry waste that had 
recently been disposed by land application. These data were intended to provide 
information on the transport of contaminants in poultry waste from applied fields to 
surface water bodies and to groundwater. 

2.3.4 Sampling Approach 
Fields to which poultry waste had recently been applied were identified and sampled 
following one of two methods. Initially, potential sampling locations where identified 
either by direct observation of poultry waste disposal or through the observation of 
indications of recent poultry waste disposal (tire track pattern, damaged vegetation, 
patterns of vegetative growth, poultry feathers and waste on the surface). Once a 
potential location was identified, field crews located the apparent lowest point of the 
applied field where runoff would be expected to flow. In cases where the field 
appeared to drain to an accessible right-of-way, field crews would install a small, 
approximately one gallon, PVC collection tube in a location likely to collect the runoff. 
The tube was installed into the ground so the top was at ground surface. During or 
immediately following a significant rain event in the area, CDM or Lithochimeia 
personnel would return to the site to sample any water which had accumulated in the 
PVC collection tube.  

In 2006 and 2007, direct observations of poultry waste application or indications 
thereof, were documented by private investigators contracted to canvass the 
watershed to document the commercial application of poultry waste to fields. Direct 
observation of poultry waste applications by the private investigators began in March 
of 2005 and continued through the spring of 2007. Typically, 2 teams of investigators 
were in the basin for several days each week and during peak application periods, as 
many as 4 separate teams of investigators were employed simultaneously. Often, the 
investigators would observe a fully loaded application vehicle (spreading truck) and 
follow it to the intended application field. The investigators would then document the 
application by filling out a field notes providing field description, time and date of 
application, and by photographing or videotaping the application. A GPS coordinate 
was recorded and typically a general sketch of the location was created noting the 
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location of and potential access to the apparent lowest point where runoff would be 
expected to flow.  

Field observation notes from the investigators were supplied to CDM or Lithochimeia 
employees via email or through verbal communication on a daily basis. Because a 
significant rain event was required to collect runoff from the recently applied 
locations, CDM and Lithochimeia field crews monitored the local weather reports in 
order to anticipate the timing of potential sample collection events. The intention was 
to be onsite at a recently applied location during or immediately after a precipitation 
event large enough to create runoff for sample collection. Samples were collected next 
to fields, ditches, culverts, and drainage basins coming directly off of applied fields.  

2.3.5 Times to be Sampled 
Samples were collected during or as soon following a runoff producing rainfall event 
as possible. Runoff samples were typically collected between 1-12 hours of when 
precipitation began. 

2.3.6 Field and Lab Analyses 
Edge of field runoff samples were analyzed for nutrients, certain organic compounds, 
metals, and bacteria. In 2006 and 2007, bacteria and phosphorus samples were sent 
directly from field to EML and Aquatic Research laboratories for analysis. 

2.3.7 Changes to Sampling Scheme 
Edge of field samples between 5-14-2005 and 6-05-2005 were taken either using PVC 
sample capture tubes buried at locations where runoff was predicted to exit fields or 
on a several occasions, collected as direct grab samples when run-off from land 
applied fields was observed. Because it proved difficult to reliably identify locations 
where sufficient runoff volume could be collected, all samples collected in 2006 and 
2007 were collected by directly placing runoff water into sample containers. A small 
sterilized bucket and/or funnel were used to collect samples into (1-2) 1 gallon sterile 
jugs and bacteria samples were collected in (2) 250 mL or (1) 500 mL sterile bottle and 
sent directly to the lab oratory. All equipment that was reused was scrubbed with 
phosphate free detergent and rinsed 3 times with deionized water.  

Originally samples collected were field filtered and otherwise prepared and shipped 
directly to appropriate laboratories. To facilitate processing and filtering, a decision 
was made to send bacteria and phosphorus samples directly to appropriate 
laboratories and the remaining volume to the CDM Laboratory in Denver for sample 
preparation and shipment to other laboratories. Bacteria and phosphorus samples 
were shipped via overnight service directly to the laboratories on the day of 
collection. 

2.3.8 Sampling Summary 
There were a total of 89 Edge of Field samples collected. The locations of all edge of 
field samples collected during the course of this program are shown in Figure 2.3-1. A 
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summary of the total number of edge of field samples, sample dates, and analyses is 
provided in Table 2.3-1. 

2.4 Small Tributary Sampling 
2.4.1 Environmental Component 
The environmental component targeted for the Small Tributary Sampling in 2005 and 
2006 was the surface water in small sub-basins and associated tributaries of the 
Illinois River.  

2.4.2 Sampling Objectives 
The overall purposes of the water quality investigations in the IRW were to evaluate 
and document the links and relations, (if any) between the poultry waste land 
application and environmental contamination within the IRW. Another objective of 
this program was to directly quantify contaminant loads and concentrations in 
upstream (smaller watershed) tributaries, during both elevated and base flow 
conditions, for a range of sub-basin poultry activity levels.  

2.4.3 Type of Data Collected and Intended Use 
Small upstream tributaries may represent a direct link between watershed 
characteristics and activities and downstream receiving water quality. These 
tributaries are highly sensitive to both the hydrology and contaminant loadings 
associated with the contributing drainage area. Local groundwater inflows and 
loadings impact tributary baseflow quality and quantity. If large and intense enough, 
precipitation events will result in water runoff and contaminant loadings from the 
drainage areas to the tributaries. Most of the transport of sediment and suspended 
matter in the streams and from the landscape occurs during runoff events associated 
with precipitation or storms. Therefore, sampling of upstream tributaries in the 
watershed during elevated flow is important for quantifying total loads to 
downstream receiving waters. Additionally, by focusing on upstream tributaries, 
many confounding factors can be removed from the analysis, such as instream 
processing and point source loadings, and the relationship between poultry presence 
and stream water quality can be isolated. 

Data collected during this sampling program included a full suite of chemical 
parameters, including nutrients and metals, as well as a number of biological 
parameters such as bacteria. Hydrologic conditions at the specific time and location of 
each sample collection event was also documented. Additional land-use data for each 
sub-watershed was also collected and analyzed during the course of this program. 

The data generated from this study were used to establish empirical links between 
stream water quality and a variety of land-use characteristics, including poultry 
operators presence. These empirical links are used in a predictive model to calculate 
"event mean concentrations" and baseflow concentrations as a function of poultry 
house densities. With these concentrations, simple hydrologic calculations, and 
known point source loadings, the model is able to predict sub-basin phosphorus loads 
across the watershed for a range of long-term flow scenarios. Finally, the data were 
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used to calibrate a mechanistic rainfall-runoff model of the entire watershed that 
makes similar predictions using a series of process-based equations. These analyses 
are all described in Section 6.9 and in Engel’s Expert Report (Engel 2008). 

2.4.4 Sampling Approach/ Scheme  
2.4.4.1 Methods: Stratified Design 
This sampling program measured concentrations and flow characteristics during high 
flow events and baseflow periods, using automated samplers, at twelve locations 
within the IRW. The sampling was performed during spring and summer months of 
2005 and 2006. Two of the locations were changed from 2005 to 2006, as described 
below. The sampling locations were all in lower order streams (second and third 
order) draining sub-basin areas ranging from 1 to 41 square miles. The program was 
coordinated with the United States Geological Survey (USGS) sampling of the higher 
order streams (third, fourth, fifth and sixth order streams) at established sampling 
locations that represent much larger watersheds. The number of sampling locations 
utilized in this study (twelve per year) was set to be sufficient to a) achieve 
significance in subsequent statistical analyses and b) cover a range of basin 
characteristics, with respect to the criteria defined below; that is, representative of the 
range seen throughout the entire watershed. 

Sampling locations were selected based on the following characteristics: 

 Poultry house density (number of houses in the sub-basin being sampled, a 
surrogate for potential contamination) 

 Stream order and flow 

 Proximity to USGS flow gages (available data) 

 Land use (poultry waste application fields, pasture, and forest) 

 Geographic distribution (adequate spatial distribution across the watershed). 

Poultry house densities were determined from a combination of aerial photographs 
and field reconnaissance (see Section 2.15). Initially, 27 potential sampling sub-basins 
across the watershed were chosen that met the size criteria (approximately 1 to 41 
square miles) and the sampling locations appeared to be accessible based on map 
inspection. Poultry house densities were calculated for each, and the range of these 
densities was divided into five equal sub-ranges (quintiles). At the next screening 
level, three to four sites within each quintile were selected as potential sampling sites. 
Finally, field inspection narrowed these 27 locations down to the final twelve sites for 
each year based on accessibility and the ability to secure the automated samplers 
(described below), while maintaining two to three sites within each density quintile. 

Sampling stations were located at the downgradient end of sub-basins to collect 
runoff and mass loadings associated with upgradient drainage areas. As described 
above, the poultry house densities in each of the selected sub-basins are 
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representative of the range of house densities found in the IRW, including at least two 
"reference" sub-basins with minimal or no poultry presence. The densities of active 
chicken houses in the sub-basins sampled ranged from zero to approximately 15 
houses per square mile. Sample site locations are shown in Figures 2.4-1a and 2.4-1b 
and summarized in Table 2.4-1. Note: In table 2.4.1, site 10 14 (HFS14) shows zero 
poultry house density. After the program started, poultry waste disposal was 
observed near the river where the sampling station was located. 

2.4.4.2 Methods: Sample Collection 
ISCO Automated Samplers (Model 6712) were used for all sampling events. These 
samplers draw samples from a given stream according to pre-programmed 
specifications and can be triggered by increases in stream stage height or flow rate. 
They are widely used and accepted by the scientific community for this type of 
application. 

The automated samplers were each housed in drum-like containers approximately 
20 inches in diameter by 30 inches high. Figure 2.4-2 shows a photograph of a sampler 
deployment and a schematic of a typical deployment configuration. Each sampler 
collected 24 discrete 1-liter samples of stream water in polyethylene bottles for each 
highflow event. Compositing of these samples is described in Section 3.5. For the 
baseflow events, the required sample volumes were collected by the samplers and no 
compositing was performed. During sampling, streamwater is pumped through a 
suction line with a peristaltic pump housed in the top of the drum, and is distributed 
to the bottles via a rotating arm. Each sampler was equipped with an ISCO 750 Flow 
Meter that monitored stream stage height and velocity. Each sampler was 
programmed to initiate highflow sampling when a threshold stream stage was 
reached. The threshold stage was set specific to each stream based on known storm 
hydrograph characteristics. The value aimed to be low enough to capture, to the 
extent possible, the full hydrograph of a given storm event, but also high enough to 
only sample significant runoff events. In some cases this value was determined by 
trial and error at the beginning of the sampling season  

Sampling intervals for a given storm event, for all sites in 2005 and most sites in 2006, 
were every one hour for the first ten hours and every three hours for the subsequent 
42 hours (for a total of 24 samples over a 52 hour period). For the 2006 field season, 
the sampling intervals at four of the smaller, high gradient tributaries (HFS05, HFS21, 
HFS28A, and HFS30) was altered due to the shorter duration of precipitation impacts 
on these streams. The sampling intervals for these streams were reduced to every 
0.5 hours for first 2 hours (five samples), and every 2 hours for remaining samples 
(total of 40 hrs for full hydrograph). The goal of this sampling regime was to collect a 
representative distribution of samples during both the rising limb (shorter) and the 
falling limb (longer) of the stream hydrograph. The design of this regime was guided 
by gaged flow data for small tributaries in the watershed in response to storm events. 
An example hydrograph with sample collection points is shown in Figure 2.4-3. 
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2.4.4.3 Methods: Laboratory Analysis 
Immediately following each sampling event, discrete bottle samples were collected by 
a field team, placed in a cooler on ice, and shipped to CDM Denver Laboratory for 
sample preparation. 

For high flow events, collected samples from a given site were composited, using flow 
weighting techniques, into a single sample representative of the entire event 
hydrograph. This is standard procedure for measuring so-called "event mean 
concentrations" of runoff events. Flow weightings were based on either measured 
stream depths or, when adequate velocity data were available, flow estimates from 
measured depths and velocities. Relative weightings were assigned to each discrete 
sample based on the area under the event depth or flow curve for the discrete 
sampling interval as compared to the total area under the curve. In other words, 
samples collected during the peak of the hydrograph carried more weight than those 
collected near the bottom of the hydrograph, given the same sampling interval. 
Likewise, samples collected for a 3 hour interval carried more weight than those 
collected for a 1 hour interval, given similar flow rates. In addition to the composited 
samples, portions of a number of peak flow discrete samples were retained for 
laboratory analysis to compare discrete peak flow concentrations to event mean 
concentrations and to gain information on the variability in concentrations during the 
event. Baseflow samples were not composited. 

In 2005, composite samples were sent to EML for analyses of bacteria. In 2006, grab 
samples collected near peak flow were sent directly to EML from the field for bacteria 
analysis. 

2.4.5 Sample Times 
The ISCO Automated Samplers were initially installed the week of 4-13-2005 and all 
2005 samples were collected between 5-25-3005 and 10-12-2005. All samples during 
2006 were collected between 3-9-2006 and 8-1-2006.  

2.4.6 Field and Laboratory Analyses 
Following compositing at the CDM Laboratory, samples were submitted to analytical 
laboratories for various analyses including nutrients, metals, bacteria, and estrogens. 
Details of these analyses are provided in Table 2.4-2. As shown, both total (non-
filtered) and dissolved (filtered) metals and phosphorous were analyzed. For 
dissolved metals and phosphorous, the samples were filtered using a 0.45 micron 
filter. Stream stage height and velocity field data were collected by each sampler 
equipped with an ISCO 750 Flow Meter. Field crews typically collected water 
temperature, pH, and conductivity data on site during the time of sample retrieval. In 
addition, field measurements of stream turbidity and dissolved oxygen were typically 
collected at each site during baseflow sampling.  
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2.4.7 Implementation of Sampling Approach 
Small tributary sample collection and automated sampler programming was 
conducted consistent with CDM SOP 2-1 and SOP 6-1. Sample compositing was 
conducted following the protocols outlined in CDM SOP 2-2. 

2.4.8 Alterations to Sampling Program 
For the 2006 sampling, Site 08 was eliminated and replaced with Site 29. This new site 
has a higher associated watershed chicken house density and improved the overall 
distribution of watershed densities. Additionally, Site 08 proved somewhat unreliable 
in 2005 in terms of capturing storm events with automated samplers (described 
below), likely due to difficulty in predicting stream hydraulics at this site. Likewise, 
Site 26 was eliminated for the 2006 program and replaced with Site 30. Again, the 
automated sampling approach did not work well in 2005 at this site, likely due to a 
downstream hydraulic control imposed by a large culvert. The poultry house 
densities and drainage areas associated with Sites 26 and 30 are very similar. 

2.4.9 Sample Summary 
A summary of the number of samples collected and flow conditions for both 
sampling years are summarized in Table 2.4-3. The data collected during the program 
proved to be a very robust data set that provided valuable information on small 
tributary contaminant loadings and concentrations in relation to land-use activities in 
the watershed. Presentation and analysis of this data are provided in a separate report 
(Engel 2008). 

2.5 Groundwater Samples 
Application of poultry waste to fields has been identified as a probable source of 
contamination in springs and river base flow. These observations indicate that the 
source of these waters (i.e., groundwater) is also contaminated. This study was 
intended to help identify the levels of potential environmental contaminants in the 
groundwater. Groundwater was collected from existing wells and temporary wells 
installed along select public right-of-way points throughout the basin. 

2.5.1 Environmental Component 
The environmental component is groundwater collected from existing wells and from 
temporary wells installed into the saturated unconsolidated material above the 
bedrock using direct push techniques.  

2.5.2 Sampling Objectives 
The purpose of this task was to evaluate and document links and relations (if any) 
between the poultry waste land application and the environmental contaminants and 
conditions observed in groundwater of the IRW. 

2.5.3 Type of Data to be Collected and Intended Use 
Data collected during this field program consisted of the bacterial and chemical 
constituent samples of groundwater from wells and temporary wells within the 
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watershed. Data concerning the number of registered water supply wells were also 
collected from the State of Oklahoma Water Resources Board and the Arkansas 
Geological Survey database.  

Groundwater samples were collected from a variety of locations representing 
different sub-watersheds with different poultry house densities and at different 
distances from active poultry houses. It was assumed that the density of poultry 
houses within a sub-watershed would correlate to the degree of poultry waste 
application within that sub-watershed.  

Direct push groundwater samples were targeted in areas anticipated to have 
saturated alluvium above the bedrock. Direct push samples were generally in areas 
where drainage areas were anticipated to have resulted in the deposition of 
permeable sediments and that these sediments might have groundwater impacted by 
poultry waste application in the area. 

The data collected during the course of this program was intended to provide 
information on the impact of land application of poultry waste on groundwater 
resources and provide information on groundwater pathway from poultry waste 
applied fields. 

2.5.4 Sampling Approach/ Scheme 
In order to find and select appropriate residential wells for sampling, the locations of 
all residential wells within the Oklahoma portion of the IRW were retrieved from the 
Oklahoma Water Resources Board and Arkansas Geological Survey well databases. 
According to the available well records, there are 3,563 groundwater wells in the IRW 
including 1,717 wells in the Oklahoma portion of the IRW. Approximately 50 percent 
of the wells in Oklahoma are less than 200 feet in total depth. Potential wells to be 
sampled were selected using the following criteria. Wells with completion depths of 
less than 150 feet were given preference to deeper wells in order to provide the best 
opportunity of identifying impacts from surface operations. Deeper wells are likely to 
have greater dilution effects from surface impacts than shallower wells, given the 
larger volume of water contaminants will come in contact with before reaching the 
level of the pump in the deep well. Depth to water in the area typically varies 
between 20 and 100 feet and is influenced by surface topography. 

During the 2006 initial selection of residential wells, wells meeting the completion 
depth criteria were posted on maps that also provided the outlines of the sub-
watersheds and locations of all known poultry houses within the watershed. This 
figure was used to identify potential sampling locations from sub-watersheds 
containing a range of poultry house densities. The poultry house densities for each 
sub-watershed were calculated using GIS and divided into five categories, or 
quintiles, based on relative density of poultry operations. Sub-watersheds containing 
initially selected sample locations were distributed among each of these poultry house 
density quintiles. In sub-watersheds containing multiple residential well locations, 
qualifying residential wells within the same sub-watershed were selected to be 
representative of wells at varying distances from the nearest poultry house in order to 
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further examine the relationship between proximity to poultry facilities and 
groundwater contamination. The same process was implemented during the 2007 
selection of residential wells.  

Once the residential wells were identified, well locations were confirmed and site 
access obtained prior to sampling.  

The selection of residential wells using these criteria could potentially allow 
evaluation of impact based upon poultry house density and distance from known 
poultry houses. Additionally, non-grower well owners providing access to their wells 
were asked a series of questions. The questions included their estimated well depth, 
whether a treatment system was used, well use, and frequency of well use. Their 
responses were recorded in the field notebooks or on the access agreement forms. 

The selection criteria of the sites selected for shallow alluvial/colluvial groundwater 
sampling by direct push technology (temporary wells) was different than those used 
for the selection of residential wells. In general, the unconsolidated material in the 
watershed is fairly thin. Most areas away from the creek drainages will have less than 
thirty feet of unconsolidated material. 

The unconsolidated material away from the creek drainages generally consists of 
clayey material with gravel and cobble-sized material primarily derived from the 
bedrock (chert and dolomite). The unconsolidated material in the vicinity of the larger 
drainages can vary from fine to course sands to gravelly and cobbly clay. The 
unconsolidated material is locally saturated. The reason for sampling the 
unconsolidated material is that the groundwater present in the material may have the 
greatest impact from surface activities including poultry waste land application. 
Understanding the degree of impact to shallow groundwater in the unconsolidated 
sediments will assist in the evaluation and documentation of links and relations 
between the poultry waste land application and the environmental contaminants and 
conditions observed in the IRW. 

All areas identified to be sampled with direct-push technology were evaluated for the 
possible presence of saturated unconsolidated sediments within or adjacent to the 
area. Based upon visual inspections, review of aerial photographs, and topographic 
maps, only one of the locations sampled in 2006 appeared to potentially have 
saturated permeable unconsolidated sediments. Due to access issues, target locations 
for direct push sampling locations were selected within County and State right-of-
ways (ROWs) located in topographic lows which were evaluated to have the 
possibility of having saturated sediments. 

2.5.5 Times to be Sampled 
Residential wells were sampled in 2006 and 2007. The direct push groundwater 
samples were collected in the same general time frame. Groundwater sample dates 
are provided in Table 2.5-1. 
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2.5.6 Field and Laboratory Analyses 
Field parameters of conductivity, temperature, and pH were collected at most of the 
sampled residential wells. The field parameters collected for the residential wells 
were primarily for the purposes of assessing general water quality and usability of the 
wells, especially those that were not operated on a regular basis. No field parameters 
were collected for the direct push temporary wells.  

Both residential wells and direct push temporary wells were sampled for a long list 
(full suite) of analyses including nutrients, bacteria, metals, and estrogens. Estrogen 
analyses were not conducted for groundwater samples collected in 2007. A complete 
list of analytical parameters for groundwater samples is provided in SOP 11-1. 

2.5.7 Implementation of Sampling Approach 
Acquiring access to the residential wells and the ROWs for the direct push sampling 
was critical for this program. Confirming that targeted residential wells were actually 
at the locations provided in the Oklahoma Water Resources Board database was a 
second key task. In several instances, the targeted well and/or owner was not present 
at the identified location. When a residential well was not present at its indicated 
location, the neighborhood was canvassed to determine whether any residences in the 
area had a well that met the prequalification criteria and were willing to provide 
access. 

A total of 50 direct push sample locations were identified for sampling. Once total 
depth was reached, the field team waited up to approximately thirty minutes to for 
water to enter the borehole. If no water was present after thirty minutes, the borehole 
was abandoned and the sampling crew moved to the next targeted location. All 
groundwater sampling locations are provided in Figure 2.5-1. Figure 2.5-1 also 
provides the outlines of the sub-watersheds. The shape symbol for each well location 
represents the represents the quintile assignment of chicken house density within that 
sub-watershed. The chicken house densities (see Section 2.15) were divided into five 
quintiles representing the lowest twenty percent of the watershed densities through 
the upper twenty percent of highest chicken house densities.  

The specific sampling methodologies are documented in the SOPs applicable to the 
groundwater sampling program. The SOPs applicable to this sampling program are 
SOP 11-1 (Residential Well Sampling) and 11-2 (Direct Push Groundwater Sampling). 
Additional SOPs applicable to this sampling program include SOP 6-1, 8-1, and 9-1. 
These SOPs are presented in Darren Brown's Expert Witness Report. 

2.5.8 Alterations to the Sampling Program 
Access issues prevented numerous targeted residential wells from being sampled. In 
other instances, no residential well was present at the coordinates provided by the 
State Water Resources Board. As previously noted, the neighborhood was canvassed 
in attempt to find a suitable replacement well in the area.  
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In addition to the residential wells selected for sampling as described above, some 
residential wells on the sampled grower's properties were also collected as 
opportunistic samples. The growers provided little information on their wells while 
CDM was conducting the field soil sampling. In cases when a well was identified on a 
growers' property, CDM proceeded to sample at least one well close to the poultry 
houses. Attempts were made after the sampling effort to determine if any Oklahoma 
agency had a record of the wells in question. 

2.5.9 Samples  
Table 2.5-2 provides a summary of the sampled residential wells and direct push 
sampling locations. Information regarding location, well depth, and well use is also 
included. Additionally, the sub-watershed size, the watershed poultry house density, 
and distance to nearest poultry house are also provided. A total of 22 of 50 direct push 
sampling locations had sufficient groundwater for sampling. Sixty residential wells 
were sampled during this program. Of the sixty residential wells, six wells were 
grower wells with no definitive well completion data, although it appears that the 
Saunders well may be 543 feet and the Glenn well may be 803 feet according to State 
records. At least five of the grower sampled wells are likely to be greater than 150 feet 
deep. Three of the non-grower residential wells (GW-17, GW-33, and GW-42) had no 
definitive depth data and may be greater than 150 feet. Residential well GW-35 had a 
well completion depth of 203 feet. The remaining 50 residential wells appear to have 
sample total depths of 150 feet or less. Three wells were sampled on more than one 
occasion. 

2.6 Spring Sampling 
2.6.1 Environmental Component 
The environmental component of this program is the naturally surfacing groundwater 
from springs throughout the IRW. 

2.6.2 Sampling Objectives 
The purpose of this task was to characterize the bacterial and chemical constituents in 
the surfacing groundwater (springs) located throughout the IRW in order to evaluate 
and document links and relations between the poultry waste land application and the 
environmental contaminants and conditions observed in the springs. 

2.6.3 Type of Data Collected and Intended Use 
Environmental samples of groundwater flowing to the surface from natural springs 
were collected from public right-of-ways or on private property with land owner 
permission. Samples were sent to analytical laboratories for analyses of the full suite 
of chemical and biological parameters. 

The data collected during the course of this program was intended to provide 
information on the nature, extent and magnitude of impact on groundwater resources 
and provide information on the groundwater pathway from poultry waste applied 
fields. 
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2.6.4 Sampling Approach 
All known springs within the IRW were generally identified for sampling based upon 
accessibility by field sampling crews. A list of all known existing springs within the 
IRW was compiled by examining named spring locations on publicly available USGS 
topographic maps and "named places" datasets (available at 
http://geonames.usgs.gov/pls/gnispublic). Additional spring locations were 
identified by direct observation of surfacing ground waters by CDM and 
Lithochimeia field crews. During the initial spring sampling events, all spring 
locations accessible through public right of way were identified for sampling. Later, 
additional sampling locations were selected on private property based on land owner 
permission.  

Spring sampling consisted of the collection of 1 to 2 gallons of flowing surface water 
collected in the closest accessible location to the seepage point of the spring. Samples 
were collected by either filling sample bottles directly from the surface water or by 
using a clean and sterilized dipping container or peristaltic pump to fill sample 
containers to the appropriate volume of water.  

Several springs throughout the watershed were sampled on more than one occasion 
in order to assess any temporal variability and any variability associated with 
seasonal discharge rates. 

2.6.5 Times to be Sampled 
Springs were sampled during periods of active flow (dominantly in the spring and 
early summer) of 2005 and 2006. Additional opportunistic spring samples were 
collected on 1-23-2007 and 7-30-2007. 

2.6.6 Field and Lab Analyses Conducted 
Samples of spring water were analyzed in the field for temperature, pH, dissolved 
oxygen and conductivity. Samples of spring water sent to the laboratory were 
analyzed for the full suite of parameters include nutrients, metals and bacteria. 

2.6.7 Implementation of Sampling Approach 
Sampling of springs in the IRW was conducted consistent with the sampling protocols 
described in CDM SOP 3-1. Additional SOPs applicable to this sampling program 
include SOP 6-1, 8-1, and 9-1. These SOPs are presented in Darren Brown's Expert 
Witness Report. 

2.6.8 Changes to Sampling Scheme 
Initially, all samples were filtered, containerized, and preserved in the field prior to 
direct shipment to the appropriate analytical laboratories. Beginning in June of 2005, 
the samples were divided in the field so that the appropriate volumes could be sent 
overnight directly to the appropriate laboratories for analysis of bacteria and 
phosphorus species. The remaining sample volume was packed on ice and sent 
overnight to the CDM Laboratory in Denver for filtering, preservation, and 
distribution to the analytical laboratories for analyses of the remaining parameters.  
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In addition to the originally selected spring sampling locations, opportunistic spring 
samples were collected on grower properties accessed during the soil and poultry 
waste sampling program.  

2.6.9 Sampling Summary 
All spring samples were collected between 5-25-2005 and 7-30-2007. A total of 
approximately 57 samples of spring water were collected. The locations of all springs 
sampled during this program are displayed in Figure 2.6-1. Specific sample collection 
dates are shown in Table 2.6-1 provides a summary of the samples springs. 
Information regarding location, local usage of the spring, the sub-watershed size, the 
watershed poultry house density, and distance to the nearest poultry house are 
provided. 

2.7 Sediments in Rivers and Small Lakes 
2.7.1 Environmental Component 
The environmental component of this sampling program was the fine grain sediment 
deposited in rivers, lakes, and streams within the IRW.  

2.7.2 Sampling Objectives 
The overall purposes of this sediment sampling program in the IRW were to evaluate 
and document the links and relations between the disposal of poultry wastes and 
environmental contamination within the IRW. This sampling was designed to provide 
a synoptic view of sediment quality within the IRW and representative reference 
locations not impacted by poultry waste disposal. The selection of reference locations 
is described in Section 2.13 of this report.  

2.7.3 Type of Data Collected and Intended Use 
Physical, chemical, and biological data were collected for these sediment samples. The 
data were used to focus subsequent water quality sampling, and to determine the 
spatial distribution and potential source areas for nutrients, metals, and bacteria 
within the IRW. 

2.7.4 Sampling Approach 
The sediment sampling program was conducted in two phases. Phase 1 consisted of a 
pre-sampling survey which was undertaken to identify sedimentation conditions, 
sediment types and to verify public access for sampling. Phase 2 consisted of 
identifying prospective sampling locations based on accessibility and the presence of 
fine grain sediments and ultimately collecting sediment samples from approximately 
50 locations geographically distributed throughout the IRW and representative 
reference locations. 

Using GIS, approximately all road crossings of third order and above streams within 
the IRW were identified as potential access points for sampling. Soils within each sub-
watershed were also mapped using existing, publicly available, soils data. Existing 
GIS imagery and aerial photos available for the watershed were used to initially map 
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poultry operations. Topographic data was used to calculate stream gradient and 
stream order. Changes in stream gradient within and between stream segments were 
used to identify those stream segments that are more likely to retain finer grained 
sediments. In addition, since road crossings were the entry point for stream sampling, 
all road crossings of stream segments within the watershed were identified.  

To better understand the geophysical layout of the IRW, and identify potential 
sampling locations, an aerial survey of the watershed was conducted using a fixed-
wing aircraft. All major tributaries to the Illinois River were flown and photographed. 
In addition to identifying habitat, areas of deposition and sampling locations, the 
flight members identified potential poultry houses/facilities, point sources, other 
sources of water pollution and access routes to sample locations.  

Based on the knowledge obtained from the initial mapping and aerial survey, specific 
road crossings within each sub-watershed were identified for on-ground 
reconnaissance. The goal of this selection was to make an on-ground review of a 
representative number of stream crossings within each sub-watershed at which 
sediment deposition was anticipated.  

Field crews were dispatched to approximately 126 of these identified locations in 
order to perform the pre-sampling survey. At each of the locations, field crews 
assessed the site for accessibility and feasibility of sediment sampling based on size 
and flow characteristics of streams at each location. Photographs and/or sketches of 
the general layout of the site were also collected and all data was recorded on a field 
data sheet or in field notebooks. Where access permitted, the pre-survey teams 
collected 8 oz jars of sediment from a natural depositional area within the stream near 
the road crossing. The sediment samples were later assessed based on visual 
observations by Dr. Bert Fisher for the presence of fine-grade sediments.  

During Phase 2 of the investigation, the pre-survey data were assessed in order to 
identify 93 of the pre-survey stream locations for further collection of sediment 
samples. Locations were selected based primarily on accessibility, stream flow, and 
presence of fine-grain sediment to enable additional sediment sampling. Once the 
sample locations were identified, CDM field crews visited each location and collected 
samples of fine-grain sediment from natural depositional areas within the streams. 
These samples were sent to appropriate analytical laboratories to be analyzed for 
concentration of metals, nutrients, and bacteria.  

In addition, 10 small impoundments (lakes) within the watershed were identified 
based on public accessibility to be sampled for biological and chemical properties of 
the sediment. All small impoundments within the watershed that allow public access 
were sampled. The sample collection of sediments in the identified impoundments 
was performed by CDM field crews during the Phase 2 sampling event.  

At each location, sediments were sieved on-site though a 2 mm sieve in order to 
collect fine-grained sediments for analysis. All sediment samples were collected from 
naturally occurring depositional areas within the streams and lakes. Lake sediment 
samples were collected using a petite ponar dredge and the top 3 to 4 inches of 
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sediment was retrieved from the lake bed. These practices were employed in order to 
limit the sediment sample collection to the more transient and recently deposited 
sediments at each sample location. The final sample locations in both lakes and 
streams are shown in Figure 2.7-1. 

2.7.5 Times to be Sampled 
Stream and small impoundment (lake) sediment sampling was conducted during the 
winter and early spring of 2005. Some sites were sampled again in October, 2005. 

2.7.6 Field and Lab Analysis to be Conducted 
In Phase 1 of the sediment sampling program, observational field data were collected 
at each site selected for the pre-sampling survey which included: location, access, 
general flow regime or size of the waterbody, and presence/absence of fine grain 
sediment. During Phase 2, sediments were analyzed in the laboratory for their size 
fraction distribution, as well as for nutrients, metals and bacteria. 

2.7.7 Implementation of Sampling Approach 
Sediment samples were collected in a manner consistent with CDM SOP 4-1 Sediment 
Sampling in Streams and Small Impoundments. Also applicable to this sampling 
program is SOP 9-1. The CDM SOPs are presented in Darren Brown's Expert Witness 
Report. 

2.7.8 Alterations in Sample Program  
Several of the initially selected sampling locations were moved to avoid the influence 
of man-made structures or to achieve better access. Additional sediment samples 
were later collected during the 2005 river and biological sampling program at each of 
the primary biological sampling locations as described in Section 2.8.1 of this report. 
These samples were collected primarily for sediment toxicity testing; however, a full 
suite of analyses was also conducted on these samples.  

In October of 2005, 25 stream locations were re-sampled in order to obtain additional 
data related to bacteria. Additional field split samples were also collected at these 
locations at this time. At two sample stations, three separate sediment samples were 
collected during one visit and sent for analysis in order to evaluate the spatial 
variability within a small sample reach. All locations sampled during this 
supplemental event are shown in Figure 2.7-2. 

2.7.9 Sampling Summary 
Sediment sampling was conducted as two successive events. The Phase 1 assessment 
and scoping survey was conducted in early 2005 and completed prior to Phase 2 
sampling. The Phase 2 chemical and biological survey was conducted between March 
1, 2005 and November 15, 2005 and a total of 136 sediment samples were analyzed 
during this time frame (124 stream sediment samples and 12 small impoundment 
samples). During October, 2005 an additional 25 locations were sampled. Details of 
the sediment sampling program are provided in Table 2.7-1. 
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2.8 Surface Water Sampling 
The overall purposes of the flowing surface water sampling in the IRW were to 
evaluate and document the links and relations between the land disposal of poultry 
wastes and environmental contamination within the IRW. Due to the relatively large 
number and variety of surface water sampling programs conducted, this section 
focuses on flowing surface waters and is organized by specific sampling program. 

2.8.1 Preliminary River Sampling 2005 
During 2005 CDM collected biological, chemical, and physical data from flowing 
surface water at 10 locations in the IRW and at three reference locations (see Section 
2.13 for discussion of reference locations) outside of the watershed. The primary focus 
of this sampling effort was to determine the effect (if any) on sediments, surface 
water, and aquatic life from the land application of poultry waste in the IRW.  

2.8.1.1 Environmental Component 
The environmental component of the 2005 surface water sampling are the flowing 
surface waters within the IRW and selected reference locations in representative 
watersheds that were similar to the IRW, but were not effected by poultry operations. 

2.8.1.2 Sampling Objectives 
The specific objectives of this sampling program were to determine the level of 
biological productivity (eutrophication) in select rivers and streams in the IRW 
associated with nutrients and document a link between various water quality 
parameters, primarily: phosphorus, nitrogen, and dissolved oxygen and compare the 
analytical results with chicken house density and poultry waste land application 

2.8.1.3 Type of Data Collected and Intended Use 
Biological, physical, and chemical data were collected during the course of this 
investigation. The critical biological data collected in this study were the total taxa 
and species diversity of fish, macroinvertebrates and algae collected at each of the 
sampling locations. This information was used to compare the data collected from 
selected reference areas to determine the level and degree of injury to resources 
within the IRW. The collection of water quality and sediment chemistry data, along 
with physical measurements of stream dimensions, flow, and habitat conditions were 
intended to further define existing conditions in order to better understand the 
comparability of impacted and reference locations (Stevenson 2008). 

2.8.1.4 Sampling Approach  
During 2005 CDM collected biological, chemical, and physical data from 10 locations 
in the IRW and at 3 reference locations outside of the watershed. The selection of the 
biological sampling locations for 2005 was based upon a stratified approach to 
identify potential areas for the evaluation of impacts to biological communities. The 
first step entailed a review of all available pertinent physical, chemical, and biological 
data available for the IRW to evaluate the status of extant knowledge concerning 
baseline conditions within the watershed and to establish changes, if any, from those 
baseline conditions. Specific data evaluated included: water quality, sediment 
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chemical data, benthic invertebrate data, fish data, phytoplankton data, periphyton 
data, soils data, bedrock geology, land use data, topography, hydrologic data, 
groundwater data, and official findings on water quality (e.g., CWA 303d list of 
impaired streams).  

Information collected during the previous stream sediment sampling event (as 
described in Section 2.7 of this report) was used to select the 2005 river and biological 
sampling locations. The results of the chemical analyses, geographical data collection, 
and field observations were used to identify sites with little sediment contamination 
(e.g., total phosphorus <250 mg/kg) and high levels of sediment contamination (e.g. 
total phosphorus > 450 mg/kg), and from areas of both minimal potential impact 
(sub-watersheds with a low density of chicken houses) and large potential impact 
(sub-water shed with a high density of chicken houses). These relationships, along 
with the information gained from the mapping and field recon reduced the total 
number of viable sites for biological sampling to twenty. Due to the relatively long 
reach of accessible stream (100 m) required for biological sampling, property access 
issues restricted the final number of sites to thirteen. Locations of the 2005 biological 
sampling sites are shown in Figure 2.8-1. 

2.8.1.5 Times Sampled  
The 2005 biological sampling program was conducted during the summer and early 
fall of 2005. Preliminary sampling for site selection data was conducted between 
March and June of 2005. The intensive biological sampling for fish, periphyton and 
benthic macroinvertebrates, along with the collection of surface water samples for full 
suite chemical analysis, was completed between August 16 and September 22, 2005. 
Additional water samples were collected at BS-28 and BS-35 for analysis of bacteria 
and estrogens on October 12-13 and November 15, 2005. 

2.8.1.6 Field and Laboratory Analyses  
The following laboratory analyses were conducted on environmental samples 
collected during the 2005 stream surveys: 

 Macroinvertebrates (number of individuals and species) 

 Periphyton (number of cells, biomass, and species) 

 Sediment Chemistry (metals, arsenic, total phosphorus, nitrogen series, grain size) 

 Sediment Toxicity (acute and chronic data) 

 Water Chemistry (nutrients, dissolved and total metals, general water chemistry) 

In addition, the following field data were collected at each site: 

 Total number of fish species 

 Total number of individuals in each fish species 
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 Total length and weight of each fish specimen 

 Habitat evaluation  

 Field water quality parameters (pH, temperature, dissolved oxygen, conductivity) 

2.8.1.7 Implementation of Sampling Approach 
Sampling was conducted by following the applicable CDM SOPs for surface water 
sampling and use of field water quality meters. All surface water samples were 
collected in accordance with SOP 6-1 and submitted to the relevant analytical 
laboratories. Fish sampling was conducted following the CDM SOP 7-1, periphyton 
sampling followed SOP 7-2, benthic macroinvertebrate sampling followed SOP 7-3, 
and onsite habitat evaluations followed the steps outlined in CDM SOP 7-4. Also 
applicable to this sampling program are SOPs 8-1, and 9-1. The CDM SOPs are 
presented in Darren Brown's Expert Report (Brown 2008). 

2.8.1.8 Alterations to the Sampling Program 
In some cases, sites initially selected for analyses were found to have insufficient flow 
or accessibility by the field crew. Replacement locations were identified with the same 
methodology as the initial sites. 

2.8.1.9 Sample Summary 
A total of 13 stream segments were sampled in 2005. Ten of these were within the 
IRW and 3 just outside of the watershed. The total number and types of samples 
collected during this sampling program are shown in Table 2.8-1.  

2.8.2 River Sampling 2006 
During August of 2006 CDM conducted a multiple-tiered sampling scheme designed 
to determine the injuries (if any) in rivers and streams in the IRW associated with 
nutrients and document a link (if any) between the injuries and poultry waste land 
application. The existing levels of phosphorus in the rivers and streams were 
measured to determine the extent of the associated increased biological productivity 
(eutrophication) in surface waters. Relationships were then developed between the 
measured phosphorus concentrations and the observed injuries including water 
clarity and turbidity, benthic algal growth on rocks, blue green algal blooms, 
biodiversity changes, aesthetics, odor, taste, and THM formation (Stevenson 2008; 
Cooke/Welch 2008).  

2.8.2.1 Environmental Component 
The environmental component of the 2006 surface water sampling is the flowing 
surface waters within the IRW and selected reference locations in adjacent 
watersheds. 

2.8.2.2 Sampling Objectives 
The objectives of this sampling program were to determine the level of biological 
productivity (eutrophication) in rivers and streams in the IRW associated with 
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nutrients and document a link (if any) between various water quality parameters, 
primarily: phosphorus, nitrogen, and dissolved oxygen and poultry house density 
and poultry waste land application. Additional samples were also collected at 10 
recreational areas along the Illinois River, Flint Creek, and Baron Fork Creek and 
analyzed for bacteria concentrations to assess possible health risks to recreational 
users of these water bodies. 

2.8.2.3 Type of Data to be Collected/Intended Use 
During the 2006 river sampling program, the existing levels of phosphorus in 
approximately 70 rivers and streams were measured to determine the extent of 
eutrophication of surface waters due to phosphorus loading. These data were then 
used to identify a sub-set of locations for further habitat and biological evaluation as 
well as more intensive analytical sample collection. Relationships were then 
developed between the measured phosphorus concentrations and the observed 
biological injuries including benthic algal growth on rocks, filamentous green algal 
blooms, biodiversity changes and aesthetics as described in Dr. R. Jan Stevenson's 
expert report (Stevenson 2008). Additional samples were also collected at 10 
recreational areas along the Illinois River, Flint Creek, and Baron Fork Creek and 
analyzed for bacteria concentrations to assess possible health risks to the recreational 
users of these water bodies. 

2.8.2.4 Sampling Approach/ Scheme 
To accomplish the sampling objectives, a two phase approach was used in developing 
the sampling plan. During the first phase of field sampling, the objective was to 
collect water quality, DO, and phosphorus data from approximately 300 locations 
within the IRW. These data were then used to identify a sub-set of approximately 70 
locations for habitat and biological evaluation as well as more intensive analytical 
sample collection. Because of the high degree of temporal variation in stream 
conditions, the goal of this program was to conduct all field sampling in as short of a 
timeframe as possible. 

Phase 1 of the sampling scheme involved using a stratified random approach to 
identify approximately 300 potential stream sampling locations. Existing aerial photos 
and GIS technology were employed to identify approximately 1200 bridges and low-
water road crossings as potential access points for stream sampling. In order to ensure 
that sample locations were evenly distributed across the full geographical range of the 
watershed, the basin was divided into 4 geographical quadrants (Figure 2.8-2) and an 
equal number of points within each quadrant were selected at random. Stream order 
was then accounted for by eliminating all first and second order streams due to 
expected lack of flow during the sampling timeframe. Using information collected by 
Dr. Fisher, the density of poultry houses within each subwatershed (defined as all 
areas directly upgradient of the sampling point with potential to drain into stream 
reach identified as a sampling location) was calculated (see Section 2.15) for each of 
the remaining points and the resulting range of poultry house densities was sub-
divided into 5, evenly distributed ranges that were referred to as quintiles.   
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Using a random selection method, an approximately equal number of points from 
each quintile were selected resulting in an initial 296 sampling points, as shown in 
Table 2.8-2. In some cases, the necessary number of points from each quintile within a 
geographical quadrant was not available. In these instances, priority was given to 
establishing an equal distribution among poultry house densities and available points 
from other geographical quadrants were selected. During the field investigations, 
approximately 102 of the selected points were found to be unsuitable due to lack of 
surface flow or accessibility. Ultimately, 194 locations were sampled as shown in 
Figure 2.8-3. During the Phase 1 site visits, field crews collected grab samples for 
analyses of PO4 (phosphate) at the on-site field laboratory. In-situ temperature, 
conductivity, pH, and dissolved oxygen measurements were also collected at each 
site. 

Immediately following the collection and analysis of field data from the initial 194 
sampling locations, Phase 2 of this sampling program began. During Phase 2, a sub-
set of approximately 70 locations was identified for further chemical and biological 
sampling using a similar stratified random approach. The primary objective was to 
ensure that the sampling locations came from randomly selected sites covering a 
range of geographic locations, chicken house densities, and in-situ phosphorus 
regimes. The PO4 concentration results from the fixed base field laboratory for each of 
the 194 sites visited during Phase 1 were divided into 5 ranges or quintiles as shown 
in Table 2.8-3. and an approximately equal number of points within each range were 
selected for further investigation. In addition, 2 representative reference locations 
were selected for Phase 2 evaluations. Reference locations are described in detail in 
Section 2.13 of this report. A total of 72 points were selected from the initial 296 
locations for additional evaluation. 

At each of the 72 locations, samples were collected for analyses of benthic and sestonic 
chlorophyll a and nutrients. The level of biological impairment was determined by 
evaluating periphyton and benthic macroinvertebrate communities existing at each 
location. Periphyton communities were evaluated for relative density of periphyton 
within the stream section as well as for relative abundance of algal types within each 
location. Similarly, benthic macroinvertebrate (BMI) communities were evaluated 
through identification and enumeration of relative abundance of various invertebrate 
groups collected at each location (Stevenson 2008).  

Also during the Phase 2 investigations, a subset of 38 of the 72 locations selected for 
Phase 2 investigations were selected to be sampled for a full suite of chemical 
parameters. This subset was selected to have approximately even distribution among 
the established P quintiles and to have even geographic distribution across the 
watershed in the four geographical quadrants. The two representative reference 
locations were also selected for full suite chemical analyses. The full suite chemical 
analytes included nutrients, dissolved and total metals, general water quality 
parameters (sulfate, chloride, bicarbonate/ carbonate), bacteria, estrogens and 
extraction of DNA for potential PCR. These analyses were selected to assist in linking 
the measured injury (if any) to the land application of poultry waste. Sites selected for 
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the secondary biological screening and for full suite chemical analysis are shown in 
Figure 2.8-4.  

In addition to the phase 1 and phase 2 sampling programs, bacteria samples were 
collected on 3 occasions from 10 recreational use areas along the Illinois River, Flint 
Creek, and the Baron Fork. These locations were identified for sampling by selecting 
sites from available lists of public access recreational areas with a broad geographical 
distribution along the major tributaries in the IRW. 

2.8.2.5 Times to be Sampled 
The field investigations associated with Phase 1 of the 2006 river sampling program 
were conducted between August 1 and August 11, 2006. All sites were visited 
between 4:00 am and 9:00 am in order to document the lowest dissolved oxygen 
conditions at each location.  

All Phase 2 field investigations were conducted between August 8 and August 16, 
2006. Sites were sampled during daylight hours because measuring the lowest diurnal 
dissolved oxygen concentrations was not a priority during the second sampling visit 
of each site. 

Bacteria samples were collected from the public access recreation areas on 3 occasions: 
June 26-29, July 19, and August 23, 2006. 

2.8.2.6 Field and Laboratory Analyses 
At the locations sampled during Phase 1, Lithochimeia staff collected field water 
quality parameters including DO, pH, temperature, conductivity, and turbidity. A 
grab sample was collected at each location for analysis of PO4 at a fixed field base. At 
each location, a field form was completed to include a sketch of the site indicating 
sampling locations. Each location was also photographed. The collected samples were 
placed in a cooler with ice and transported to a local fixed based field laboratory 
staffed by CDM personnel. 

Approximately one half of the anticipated 300 samples collected during Phase 1 
sampling where randomly selected for expanded nutrient analyses by a commercial 
analytical laboratory. This resulted in a total of 149 samples being sent to the 
laboratories for expanded analysis. The following additional parameters were 
analyzed by the appropriate laboratories: 

 Nitrite + Nitrate (as N), Total Kjeldahl Nitrogen (TKN) 
 General water quality parameters (sulfate, chloride, bicarbonate/carbonate) 
 Total organic carbon (TOC) 

During Phase 2 sampling, field data were collected to include general water quality 
indicators (temperature, pH, conductivity, DO, and turbidity), field data sheets for 
semi-quantitative analysis of relative algal densities as well as for relative abundance 
of algal types and substrates existing at each location. At all 72 locations, additional 
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samples were collected, preserved, and shipped to appropriate laboratories for 
analysis of:  

 Benthic and sestonic chlorophyll a 

 Identification and enumeration of relative abundance of diatom species 

 Identification and enumeration of relative abundance of various benthic 
macroinvertebrate taxa 

 Nutrients, including available forms of nitrogen and phosphorus. 

At the 38 locations selected for full suite chemical analysis, the following additional 
parameters were analyzed by the appropriate laboratories: 

 Dissolved and total metals 
 General water quality parameters (sulfate, chloride, bicarbonate/carbonate) 
 Bacteria 
 Estrogens  
 Extraction of DNA for potential PCR analyses 

Samples collected at the public access recreational areas were analyzed for bacteria 
concentrations. 

2.8.2.7 Implementation of Sampling Approach 
The general sampling approach was conducted following CDM SOP 7-5 and SOP 6-1 
for surface water sampling and SOP 8-1 for use of field water quality meters. All 
surface water samples were collected in accordance with SOP 6-1 and submitted to 
the relevant analytical laboratories. Also applicable to this sampling program is SOP 
9-1. The CDM SOPs are presented in Darren Brown's Expert Witness Report. 

2.8.2.8 Alterations to the Sampling Program 
In some cases, sites initially selected for analyses were found to have insufficient flow 
or accessibility by the field crew. Replacement locations were identified using the 
same methodology as the initial sites. 

2.8.2.9 Samples  
A total of 296 locations were visited during the Phase 1 field program. Of these, 194 
sites were sampled for a minimum of field PO4 samples and in situ water quality 
measurements. An additional 102 sites were visited but either had no available 
surface water or were deemed inaccessible by members of the field crew. Table 2.8-4 
summarizes the number of samples collected for each parameter during both phases 
of the sampling program. A total of 28 bacteria samples were collected from the 
public access recreational areas. 
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2.8.3 River and Biological Sampling 2007 and 2008 
The purpose of this task was to further assess the physical, chemical, and biological 
conditions of the streams and rivers in the IRW. This task was comprised of two major 
field programs. The first sub-task consisted of water quality sampling and analyses 
co-located with biological (algae, benthic macroinvertebrate, and fish) sampling. The 
second subtask was a synoptic water quality assessment at select locations throughout 
the watershed.  

2.8.3.1 Environmental Component 
The environmental components of the 2007 surface water sampling is the flowing 
surface waters and associated biological components within the IRW and selected 
reference locations in adjacent watersheds (see Section 2.13). 

2.8.3.2 Sampling Objectives 
The objectives of this sampling program were to determine the level of biological 
productivity (eutrophication) in rivers and streams in the IRW associated with 
nutrients and document a link (if any) between various water quality parameters, 
primarily: phosphorus, nitrogen, and dissolved oxygen and poultry house density 
and poultry waste land application.  

2.8.3.3 Type of Data to be Collected/Intended Use 
During the 2007 river and biological program, the existing levels of phosphorus in 
approximately 70 river and stream locations were measured on numerous occasions 
to further assess the extent of phosphorus loading. These data were then used to 
identify a sub-set of locations for further habitat and biological evaluation as well as 
more intensive analytical sample collection. Relationships were then developed 
between the measured phosphorus concentrations and the observed effects including 
benthic algal growth on rocks, filamentous green algal blooms, biodiversity changes 
and aesthetics (Stevenson 2008). 

2.8.3.4 Sampling Approach/ Scheme 
The sampling approach for river and biological sampling in 2007 and 2008 consisted 
of 2 major field programs. The first program consisted of water quality sampling and 
analyses co-located with biological (algae, benthic macroinvertebrate, and fish) 
sampling. The second subtask was a synoptic water quality assessment at select 
locations throughout the watershed. 

Subtask 1 
Approximately 70 sampling locations were selected for the spring 2007 sampling 
events. Each location was sampled for selected water quality parameters, 
periphyton/algae density and abundance, macroinvertebrate community structure 
and fish community structure. This sampling consisted of two tiers: The first tier 
involved weekly sampling of the 70 locations for an eight-week period starting in 
mid-March and extend through mid-May. This sampling consisted of collecting water 
samples for phosphorus and measuring percent algae cover on the stream bottom. 
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The second tier consisted of a more intensive survey at each of the 70 locations for a 
two week period. This included a detailed study of the biological communities at each 
location and consisted of measurements of community composition of 
macroinvertebrates, fish, and benthic algae as well as benthic algal density and water 
quality. 

Tier 1 of this field program began approximately one week prior to the start of the 
weekly stream sampling program. Each of the 70 locations sampled in 2006 and a set 
of 29 additional locations, which were selected randomly from the original 194 
sampling locations in 2006, were visited to confirm site and access conditions. In 
addition, a sample was collected at each location and analyzed for phosphorus (PO4) 
at the fixed based laboratory. The field laboratory results for PO4 were then split into 
quintiles by dividing the sample set into 5 PO4 ranges, each containing an equal 
number of values. The established PO4 quintiles were later used in the selection of 
sites to be sample for full-suite chemical analysis, as described below. 

Based on the field observations made during the presurvey, 21 of the 70 sample 
locations sampled in 2006 were considered unsuitable for weekly assessment due to 
issues with legal public access and site conditions. Replacement sites were selected 
following a similar selection protocol to the 2006 river and biological sampling in that 
sites were selected in a stratified random selection process designed to ensure that 
randomly selected sites were evenly distributed with regards to the following criteria: 

 Wide geographical distribution throughout the watershed  

 Even distribution through the range of poultry house densities in sub-watersheds 
as described in the 2006 site selection protocols 

 Even distribution through the range of PO4 quintiles established during the pre-
survey 

 A range of stream orders was ensured by having approximately 10 percent of 
selected sites on larger rivers or stream orders greater then 6 

 A minimum of two sites were selected from a sub-set of reference locations in 
watersheds adjacent to the IRW (see Section 2.13) 

Each of the 70 locations selected and their designated quintiles based on poultry 
house density are shown in Figure 2.8-5. Each selected location was visited once 
weekly for an eight-week period from March 19 to May 11, 2007. During each weekly 
visit, sampling consisted of collecting water samples for phosphorus analyses, 
measuring temperature, pH, conductivity, and DO, density of periphyton within the 
stream section, as well as for abundance of algal types within each location. As in 
2006, the periphyton community was measured by determining the amount of 
periphyton coverage on in stream substrate at each site. Total area of periphyton was 
measured using procedures developed by Dr. R. Jan Stevenson at Michigan State 
University (Stevenson 2008) and outlined in USEPA Rapid Bioassessment Protocols 
(July 1999). Semi-quantitative measurements of the periphyton community at each 
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location were made using a viewing bucket marked with grid and a biomass scoring 
system. Algal biomass and coarse-level taxonomic characterization were made using 
this technique. 

During the Tier 2 sampling program, water quality samples were collected for 
chemical analyses at all 70 locations. Field water quality measurements included 
temperature, pH, conductivity, turbidity and dissolved oxygen. Water quality 
samples were sent to designated laboratories for analyses for the following 
parameters: 

 Total phosphorus, dissolved total phosphorus, and soluble reactive phosphorus 

 Total Kjeldahl nitrogen and inorganic nitrogen (nitrate + nitrite) 

 Total organic carbon  

 Chlorophyll a (both water column and benthic/ rock scrapings) 

In addition, a subset of 35 locations were sampled for analysis of a full suite of 
chemical parameters including nutrients, dissolved and total metals, general water 
quality parameters (sulfate, chloride, bicarbonate/carbonate), bacteria and estrogens.  
Along with the subset of 35 locations, a former small tributary (automated-highflow 
sampling) station, HFS-30 was sampled for full suite chemical analysis in order to fill 
pre-existing data gaps.  The 35 weekly sites selected for full-suite sampling were 
selected using the stratified selection method designed so that points were evenly 
distributed through a full range of PO4 regimes as measured during the pre-sampling 
survey, well distributed throughout the watershed, and encompass all applicable 
stream size-classes. Priority was given to PO4 ranges. Poultry house density quintiles 
were not considered during the selection of the 35 sites for full suite analyses; 
however, the full suite sampling locations were a subset of the original 70 locations 
selected in part based upon approximately equal distribution across the range of 
poultry house quintiles. The number of full-suite sampled sites from each class within 
the selection criteria is shown in Table 2.8-5. The 35 sites selected for full suite 
chemical analysis are shown in Figure 2.8-6.  All remaining sites from the 70 weekly 
sites were visited during this timeframe and a partial suite of samples were collected 
to include: forms of phosphorus, nitrogen compounds, and total/dissolved organic 
carbon.  

Biological sampling was also conducted as part of the Tier 2 investigations. Biological 
sampling for spring and summer 2007 consisted of three major components: algae 
benthic macroinvertebrates, and fish sampling. Algae and benthic macroinvertebrates 
were sampled at all of the 70 locations sampled during the weekly stream sampling 
program. At each of the 70 locations, biological sampling included collection and 
analyses of benthic algae (periphyton), benthic and sestonic chlorophyll a, and benthic 
macroinvertebrates (BMI). Algae and BMI sampling was performed using the same 
techniques as described for the 2006 river sampling.  
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Staffing fish sampling was conducted at a sub-set of 37 locations (26 in Oklahoma and 
11 in Arkansas). The subset of locations was selected based upon accessibility by field 
crew and availability of a suitable sampling reach (Figure 2.8-7). CDM was assisted by 
members of the Oklahoma Department of Wildlife Conservation (ODWC) during all 
sampling within the State of Oklahoma.  

All fish sampling reaches were required to have visible surface flow for the entire 
sampling reach. Sample reaches were established by selecting a reach of water equal 
to 30 times the mean wetted stream width at the time of sampling. The minimum 
stream length sampled was 100 meters, and the maximum length was 800 meters in 
the larger non-wadeable rivers such as the mainstem Illinois River. Sampling reaches 
were further sub-divided into riffle, run, and pool habitats and the fish communities 
within each habitat type were sampled and recorded separately. Fish collection was 
conducted with electrofishing equipment and all sites were sampled in a single 
upstream pass.  

In cases where a minimum of 3 representative riffles, 3 runs, and 3 pools were fully 
sampled prior to reaching the end of the sampling reach, fish collection was complete, 
provided the minimum sample reach of 100 meters had been reached. The fish 
sampling methods employed in spring 2007 were developed in conjunction with 
officials at the Oklahoma Department of Wildlife Conservation (ODWC). A detailed 
description of sampling protocol is available in CDM SOP 7-1.1. 

Subtask 2  
The overall purpose of the synoptic sampling was to better understand the sources 
and distribution of phosphorus and other related constituents in the rivers of the IRW. 
Specific purposes for the synoptic sampling follow: 

 To evaluate and determine the impact of waste-water treatment plant (WWTP) 
point source discharges on river water phosphorus concentrations. In particular, 
river reaches with a significant increase in phosphorus concentrations between 
previous sampling locations were sampled and analyzed. 

 To evaluate and determine the impact of groundwater on river water phosphorus 
concentrations along selected river reaches. Reaches with both relatively high and 
relatively low phosphorus concentrations were sampled and analyzed. 

 To supplement existing data concerning river phosphorus concentrations in the 
IRW. Relatively long river reaches with little phosphorus data were sampled at 
available road crossings. 

 To refine phosphorus, algal and dissolved oxygen relationships in selected land 
use settings. Dissolved oxygen and selected biological parameters were measured 
at the locations sampled in the previous bullets.  

Samples were collected and analyzed between previously sampled locations which 
showed large increases in phosphorus concentrations between the upgradient and 
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downgradient sampling locations. The following locations were identified as 
candidates for sampling and analysis: 

 Sager Creek between RS-329 (0.055 mg/L P) and RS-9001 (1.91 mg/L P). 
Associated with discharge from City of Siloam Springs. 

 Muddy Creek between RS-260 (0.036 mg/L P) and RS-245 (1.67 mg/L P). 
Associated with discharge from City of Prairie Grove. 

 Osage Creek between RS-261 (0.036 mg/L P) and RS-120 (0.398 mg/L P). 
Associated with discharge from City of Rogers.  

 Spring Creek between RS-342 (0.046 mg/L P) and RS-345 (0.607 mg/L P). 
Associated with discharge from City of Springdale. 

 Caney Creek above RS-728 (0.479 mg/L P). Associated with discharge from 
Stillwell Area Development Authority. 

As indicated, these reaches have apparent point source loading of phosphorus. The 
additional sampling was designed to assist in identifying the location of the point 
source and determining the impact of the point source. The locations of the specific 
NPDES discharges were identified and samples were collected upgradient and down 
gradient of the actual discharges locations. In March of 2008, additional samples were 
collected at the effluent discharges of the waste water treatment facilities for the cities 
of Siloam Springs, Springdale, and Rogers. In addition, a sample was collected 
downstream of the discharge from Lincoln. 

In addition, reaches of river were identified based on both land use (poultry  house 
density) and phosphorus concentrations and sampled to investigate the effects of 
potential groundwater discharges to these streams. Reaches of river were selected that 
drain basins with relatively high poultry house density and basins with relatively low 
poultry house density. Based on the previously collected phosphorus data, some long 
reaches of river existed which had previously been lacking analytical data. Several 
such locations were identified and samples were collected to complete the evaluation 
of these reaches. All locations sampled during the 2007 and 2008 synoptic sampling 
are shown in Figure 2.8-8. 

2.8.3.5 Times to be Sampled 
The 2007 river sampling program was conducted during the spring and summer of 
2007. Tier One sampling of 70 locations was conducted over an eight-week period 
from March 19 to May 11, 2007, with each site being visited and sampled once each 
week. The intensive biological surveys were conducted in two discrete timeframes. 
All periphyton and benthic macroinvertebrate samples were collected between April 
10 - April 20, 2007. A subset of these sites was revisited and fish communities were 
evaluated between July 23 and August 9, 2007.  Samples were collected for full suite 
chemical analysis between May 1 and May 21, 2007. Synoptic sampling was 
performed April 23 - 26, 2007. Additional sampling of the effluent discharge from 4 
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waste water treatment facilities within the IRW was performed between March 31 and 
April 3, 2008. 

2.8.3.6 Field and Laboratory Analyses 
During weekly visits to each of the 70 locations described in subtask 1, field crews 
collected field measurements of water temperature, pH, conductivity, and dissolved 
oxygen (DO), conducted a rapid periphyton survey and collected samples for analysis 
of total phosphorus, dissolved phosphorus, and soluble reactive phosphorus by 
Aquatic Research. All field measurements and samples were collected once weekly 
except in a few cases where sampling was omitted due to high discharge or 
dangerous conditions. At each of the 70 sites, additional samples were collected on 
one to two occasions for analysis of nitrite + nitrate (as N), total Kjeldahl nitrogen 
(TKN) and total organic carbon (TOC).  

During the intensive river sampling, field samples were collected at all 70 locations 
for additional analyses of:  

 Benthic and sestonic chlorophyll a 

 Identification and enumeration of relative abundance of diatom groups 

 Identification and enumeration of relative abundance of various benthic 
macroinvertebrate groups 

At each of the 35 weekly locations (and HFS-30) selected for full suite chemical 
analysis, the following additional parameters were analyzed by the appropriate 
laboratories: 

 Total and dissolved metals  

 General water quality: pH, ORP, TDS, TSS, alkalinity, major cations (included in 
metals) and major anions (bicarbonate/carbonate, chloride, sulfate,) 

 Nutrients 

 Bacteria 

 Estrogens  

 DNA extracted for potential PCR analyses 

The remaining 35 sites not selected for full suite chemical analysis were samples for 
the following small suite of parameters: 

 Forms of phosphorus 

 Nitrogen compounds 

 Total and dissolved organic carbon (TOC/DOC) 
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At the 37 sites selected for fish community sampling, additional samples were 
collected for: 

 Total phosphorus, dissolved phosphorus, and soluble reactive phosphorus 

 Nitrite + nitrate (as N) and total Kjeldahl nitrogen (TKN) 

 Total organic carbon (TOC) 

 Chloride 

 Sestonic chlorophyll a 

Also at each fish sampling location, field parameters were measured for temperature, 
DO, conductivity, and pH. The number of individuals of each fish species were 
enumerated for each 3 minute timed sampling interval (5 minutes for the non-
wadeable streams). Total sampling time of each habitat type and sampling units was 
also recorded for possible use in catch-per-unit-effort (CPUE) comparisons between 
sites. 

During the 2007 synoptic program, samples were collected at each location for 
analysis of PO4 at the fixed base field laboratory. In addition, approximately 
10 percent of all P samples were sent to a commercial laboratory for analysis of 
phosphorus. Samples collected in 2008 at the WWTP effluent discharges were 
analyzed for a full suite of parameters including total and dissolved metals, nutrients, 
and bacteria.  

2.8.3.7 Implementation of Sampling Approach 
The general sampling approach was conducted following CDM SOP 7-5 and SOP 6-1 
for surface water sampling and SOP 8-1 for use of field water quality meters. All 
surface water samples were collected in accordance with SOP 6-1. Fish sampling was 
conducted following the CDM Fish Community Sampling SOP 7-1.1. Also applicable 
to this sampling program is SOP 9-1. The CDM SOPs are presented in Darren Brown's 
Expert Report (Brown 2008). 

2.8.3.8 Alterations to the Sampling Program 
In some cases, sites initially selected for analyses were found to have insufficient flow 
or were not accessible by the field crew. Replacement locations were identified with 
the same methodology as the initial sites. During the 2008 sampling of the WWTP 
effluent discharges, site access was not permitted at the WWTP in Lincoln, Arkansas. 
Therefore, effluent samples were collected at a location approximately 1 mile 
downstream of the discharge. 

2.8.3.9 Samples  
All samples collected during the 2007/2008 River and Biological sampling events 
were collected, preserved, and shipped to the appropriate analytical laboratory 
following the applicable CDM SOPs for sample handling and shipping. Table 2.8-6 
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summarizes the number of samples collected for each parameter during each phase of 
the sampling program. 

2.9 Samples Collected for qPCR 
A potential key marker of contamination from poultry waste is the presence of 
selected bacteria known to originate from the waste. If it can be shown that these 
bacteria are present in the waste, the soil where the waste is applied, the nearby 
streams, and the downstream lakes, but not in pristine (non-contaminated) 
soils/water or in feces from other sources, then this will provide direct evidence that 
these areas in the watershed are impacted by poultry waste disposal. A suite of 
molecular methods based on bacterial DNA analysis was conducted to pursue this 
objective. These methods rely on polymerase chain reaction (PCR) for amplification of 
DNA from samples to improve detection capabilities. Feces from other sources were 
used as controls to demonstrate whether selected bacteria of interest are unique to 
media impacted by the poultry waste.  Sample collection methods for the fecal 
materials are provided in Section 2.14.  The procedures used to identify and analyses 
the DNA biomarker are provided in Dr. Harwood’s expert report.  The following 
section provides information on the samples collected and analyzed using the final 
qPCR protocol (see Dr. Harwood’s expert report, Harwood 2008). 

2.9.1  Environmental Component 
Splits from samples collected from all environmental components that were sampled 
for the full suite of parameters were typically preserved for potential PCR analyses. 

2.9.2  Sampling Objective and Intended Data Use 
The objective of the sampling was to provide samples for potential analysis of a 
poultry specific biomarker.   The intended use of the data is to provide direct evidence 
of poultry bacteria in the various environmental components in the IRW. 

2.9.3 Type of Data to be Collected 
Samples of all environmental components were collected and preserved for potential 
PCR analyses. 

2.9.4 Sampling Approach/Scheme 
The other subsections of this section of the report (Section 2) provide details 
concerning the collection of and sampling approaches for samples analyzed for the 
full suite of parameters.  Splits of these samples were sent to Northwind for 
preservation for potential PCR analyses.  Northwind either preserved the samples 
directly by freezing or extracted the DNA and then froze the extract. The samples 
were archived in a – 80 degree C freezer. USGS did not send splits of their samples to 
Northwind.  Overall 475 water samples and 160 solid samples were received and 
processed by Northwind. 

As of May 5, 2008, 187 of the water samples and 75 of the solid samples have been 
analyzed by qPCR techniques (262 total).  The samples were analyzed in four groups 
of samples: 
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 First Set (67 samples):  poultry waste (9), soils from land applied fields (31), edge 
of field samples (19), geoprobe (5), river water (2) and one spring.  The soils, edge 
of field, geoprobe, river and spring samples were selected based on concentrations 
of bacteria and phosphorus. 

 Second Set (60 samples):  one poultry waste, wells and geoprobe (9), edge of field 
(8), river (31), soil from land applied fields (7), river sediment (3) and one spring.  
Samples selected focused on more river samples than set one and were typically 
lower concentrations than set one. 

 Third Set (78):  edge of field (13), river (48), wells and geoprobes (9), springs (6) 
and Lake Tenkiller (2).  The third set of samples was selected to provide a good 
geographical distribution of samples in all environmental components across the 
IRW. 

 Fourth Set (57):  original fecal material (15), new cattle manure (7), reference 
waters (3 out of basin), and water samples not previously analyzed (29).  The 29 
previously “not analyzed” water samples were typically samples with high PCA 
Scores (see Section 6.11) except for one river sample from within the IRW in a 
watershed with very low chicken house density (HF30). 

2.9.5 Times to be Sampled 
Samples were split from samples collected for the full suite of analyses. 

2.9.6 Field and Laboratory Analyses 
Field analyses are discussed in the other subsections of this section.  Northwind 
analyzed the samples listed above using the finalized qPCR protocols. 

2.9.7 Implementation of the Sampling Approach 
Sampling implementation is discusses in the other subsection of this section. 

2.9.8 Alterations to the Sampling Program 
Any alternations to the sampling programs are discussed in the other subsections of 
this section 

2.9.9 Samples 
The following summarizes the number of samples: 

Water 
Total samples received:  475 

Total samples extracted:  321 

Total samples frozen as received:  154 

Total samples analyzed:  187 
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Solids 
Total samples received:  160 

Total samples extracted:  114 

Total samples frozen as received:  46 

Total samples analyzed:  75 

2.10 USGS Sampling 
2.10.1 Environmental Component 
The environmental component of this sampling program is surface water from the 
larger streams and tributaries of the IRW. The sampling was performed at established 
USGS stations by the USGS. 

2.10.2 Sampling Objectives 
The overall purpose of the water quality investigations in the IRW were to evaluate 
and document the link and relations (if any), between the disposal of poultry wastes 
and environmental contamination within the IRW. The specific objective of this 
program was to directly quantify the contaminant loads and concentrations and the 
chemical and biological characteristics of the surface water during both elevated and 
base flow conditions for the larger streams in the IRW. 

2.10.3 Types of Data Collected and Intended Use 
Data collected during this sampling program included a full suite of chemical and 
bacterial parameters, including general water quality, nutrients, metals, bacteria, and 
estrogens. Hydrologic conditions at the specific time and location of each sample 
collection event were also documented. The data were used to evaluate potential links 
to poultry waste disposal, to calculate contaminant loads, to calibrate models and to 
evaluate natural resource injuries. 

2.10.4 Sampling Approach 
As stated, the purpose of this sampling program was to collect samples on the larger 
streams in the IRW. The USGS currently has established sampling stations on the 
major streams in the IRW. In cooperation with the USGS and the Oklahoma Water 
Resources Board (OWRB), existing USGS sampling stations were selected in 
Oklahoma for additional sampling and analyses. The sampling was performed by the 
USGS at their stations under a cooperative agreement with the State of Oklahoma. 
The following six stations were selected for additional sampling and analyses: 

 Station No. 7195500 Illinois River near Watts 
 Station No. 7196000 Flint Creek near Kansas 
 Station No. 7196090 Illinois River near Chewy 
 Station No. 7196500 Illinois River at Tahlequah 
 Station No. 7197000 Baron Fork at Eldon 
 Station No. 7197360 Caney Creek near Barber 
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Stations Nos. 7196500 Illinois River at Tahlequah, 7197000 Baron Fork at Eldon and 
7197360 Caney Creek near Barber are the furthest downgradient (nearest to Lake 
Tenkiller) stations on the three major tributaries in the IRW (Illinois River, Baron Fork, 
and Caney Creek). These stations correspond to CDM "inlet" river stations RS-3, RS-2 
and RS-1, respectively and were selected to represent water quality conditions of 
water entering Lake Tenkiller. The remaining three stations were at locations 
upgradient of station 7196500 (Illinois River at Tahlequah) to obtain additional spatial 
information on the Illinois River and one of its major tributaries (Flint Creek). The 
primary objective in selecting the stations to be sampled was to obtain samples from 
locations covering broad geographical distribution across the IRW at locations with 
readily available historical information that can be used to evaluate river and lake 
conditions. Samples were collected at both base flow and elevated (high) flow 
conditions. Base flow samples were collected at routine intervals through out the year 
(minimum of 4 times). High flow samples were collected during high flow events as 
determined by the USGS. High flow conditions were determined by monitoring the 
continuous flow recorders at each station.  

2.10.5 Times to be Sampled 
As discussed, regular and consistent times were selected for base flow samples based 
on previous sampling by the USGS. High flow sampling was determined by 
monitoring of the river stage (flow). The USGS commenced the additional sampling 
and analyses under the Cooperative Agreement in the Spring of 2005 (first sample 
April 12, 2005). The program is still in place in 2008. 

2.10.6 Field and Laboratory Analyses 
During each sampling event the following field water quality measurements were 
made at the time of sample collection: 

 Temperature 
 Dissolved Oxygen 
 Specific Electrical Conductance 
 pH 
 Reduction-Oxidation Potential 
 Turbidity 

In addition to field measurements, the following samples were collected for 
laboratory analysis: 

 Total and dissolved metals 
 Bacteria  
 Estrogens  
 Total Organic Carbon (TOC) 
 Nutrients 
 General water quality parameters (alkalinity, chloride, sulfates) 
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2.10.7 Implementation of Sampling Approach 
The program was implemented according the agreed upon Scope of Work in the 
Cooperative Agreement. Field collections methods followed protocol documented in 
National Field Manual for the Collection of Water Quality Data, Techniques of Water-
Resources Investigations, Book 9, and Handbooks for Water-Resources Investigations 
(www.usgs.gov/owq/FieldManual/index.html).  

All samples were analyzed by the USGS National Water Quality Laboratory in 
Denver except for samples collected for analysis of bacteria and estrogens. These 
analyses were conducted by the same laboratories used by CDM for these analyses 
(EML and GEL, respectively).  

2.10.8 Alterations to the Sampling Program 
Any alterations to the sampling program were documented by the USGS. 

2.10.9 Sampling Summary 
As of April 2, 2008, a total of 269 samples have been collected during the course of this 
sampling program. Table 2.10-1 provides a summary of the type of samples, sample 
ID, and sample date. The sampling locations are shown in Figure 2.10-1. 

2.11 Lake Tenkiller Sampling 
2.11.1 Environmental Component 
The environmental component of this sampling program is the surface waters and 
sediment of Tenkiller Ferry Reservoir (Lake Tenkiller), the lake's 3 major tributaries 
(Illinois River, Baron Fork River, and Caney Creek), and the associated raw water 
intakes (RWI) for public drinking water supplies operating on and around Lake 
Tenkiller. 

2.11.2 Sampling Objectives 
During 2005, 2006, and 2007 CDM collected biological, chemical and physical data 
from various locations Lake Tenkiller. The purpose of this sampling was to document 
the extent of eutrophication and potential injuries to game fish habitat, public 
drinking water supplies, and recreational opportunities at Lake Tenkiller potentially 
caused by land application of poultry waste. Data were also collected to assess lake 
stratification during the spring and summer months.  

2.11.3 Type of Data Collected and Intended Use 
Data collected during this field program consisted of chemical and biological analyses 
of samples collected from several locations throughout Lake Tenkiller and its major 
tributaries. Water samples were collected at various depths and locations for analysis 
of a full suite of parameters including: total and dissolved metals, nutrients, bacteria 
and estrogens. Samples were also collected for analysis of choloraphyll a and total 
trihalomethane formation potential (TTHM). Water quality data were collected in the 
field including; water temperature, pH, conductivity, dissolved oxygen, oxidation-
reduction potential (ORP), and turbidity. Water quality data were typically collected 
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at 1-meter depth intervals at each of the primary sampling locations in order to 
develop vertical profiles of lake conditions. Additional biological samples were also 
collected during the course of this program to assess the community structure and 
abundance of phytoplankton, benthic macroinvertebrates, and zooplankton within 
the lake.  

Data collected on Lake Tenkiller were used to determine trophic status of the lake and 
to determine the lake's compliance with applicable water quality standards and the 
lake's compliance with its designated beneficial uses such as recreation and drinking 
water. Data were used to assess the possible effects of contaminants introduced into 
the lake by poultry waste application in the up-gradient portion of the watershed on 
the biological community within the lake. The data collected in this program were 
also compared to available Lake Tenkilller historical data and to data collected from  
representative reference locations (as described in Section 2.13 of this document).  The 
analysis and evalution of these data is found in the expert report of Dr. Welch and Dr. 
Cooke (Cooke and Welch 2008). 

2.11.4 Sampling Approach 
In order to understand the trophic condition of Lake Tenkiller, the lake was divided 
into different compartments for sampling. The primary sampling locations in Lake 
Tenkiller were determined by dividing the lake into quadrants (Figure 2.11-1): LK-01 
represented the deep portion of the lake and was the furthest site from the inflow of 
the Illinois River; LK-02 was the middle of the lake; LK-03 represents the upper 
portion of the lake; and LK-04 represented the transition zone between the riverine 
environment of the Illinois River and the laucustrine environment of Lake Tenkiller. 
Lake station LK-04 was added to the primary sampling locations on July 26, 2005. LK-
03 and LK-04 reflect the initial depositional areas for solids and other materials 
flowing into the lake. Additional samples were collected periodically at raw water 
intakes, major tributaries, and popular recreational beaches within and around the 
lake. 

At each of the primary sampling locations, the water quality and biological data were 
collected at selected depths within the epliminion, metalimnion and the hypolimnion. 
The relative depths of each stratification layer were determined by on-site collection 
and analysis of vertical temperature profiles. Prior to sampling at each site and during 
each sampling event, temperature and other water quality parameters were measured 
at 1-m intervals through the water column. The temperature data were  then plotted 
in the field to identify the depths of each stratification layer in order to aid in selecting 
sampling depths. Generally, water chemistry samples were collected from 2 depths in 
each of the stratifying layers identified above using a Van Dorn discrete water 
sampling device. During sampling events in which the lake was not thermally 
stratified, samples where collected from depths evenly distributed through the water 
column. Additionally, if the dissolved oxygen profiles indicate a DO sag in the 8- to 
14- meter depth, two additional samples were collected in that column of water. 
Typically, a full list of parameters was analyzed once a month. During the remaining 
sampling events, samples were analyzed for the shorter list of analyses. Chlorophyll a 
and phytoplankton samples were generally concentrated in the photic zone of the 
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lake, which is defined as the depths at which sufficient sunlight can penetrate to 
promote photosynthetic processes. Zooplankton and some phytoplankton samples 
where collected using a vertical tow net in order to obtain a composite sample of the 
organisms through a range of depths. During a number of sampling events in 2006 
and 2007 in addition to the discrete water sample collection, an integrated vertical 
column sampler was used to collect phytoplankton, chlorophyll, and phosphorus. 
This sampling method produced a composite sample representative of the upper 3 
meters of the lake. At each location during each sampling event, Secchi depth 
measurements were also collected. The primary sampling locations are shown in 
Figure 2.11-1. 

On several occasions, sediment samples were also collected from each of the primary 
sampling locations. Sediment samples were collected using a petite ponar dredge and 
were analyzed for sediment chemistry, sediment toxicity, and benthic 
macroinvertebrates. Extensive sediment core sampling was conducted at Lake 
Tenkiller in August, 2005 and is discussed in Section 2.12 of this document. 

Each of three major tributaries to Lake Tenkiller was sampled during each lake event. 
These river inlet samples were collected at stations co-located with permanent USGS 
gaging stations closest to the inflow into Lake Tenkiller on the Illinois River, the Baron 
Fork, and Caney Creek. A full suite of parameters were analyzed from samples 
collected at each river inlet station. These data were useful in documenting monthly 
loading of nutrients and other analytes into Lake Tenkiller. The river inlet sampling 
locations are also shown in Figure 2.11-1.  

At three of Lake Tenkiller's popular beaches, phytoplankton and bacteria samples 
were collected on one occasion in 2005 and four occasions in 2006. These samples 
were collected to assess possible health risks to recreational users of the lake. The 
beach sampling locations are shown in Figure 2.11-2. 

Water samples were collected at a number of the raw water intakes on Lake Tenkiller 
and its major tributaries in order to assess potential effects to local drinking water 
supply. In order to assess the current state and potential for increases taste and odor 
issues in the local drinking water supply systems, samples were collected at the raw 
water intakes and analyzed for nutrients, chlorophyll, phytoplankton, and TTHM 
formation potential. Five sampling locations were sampled during most of the events: 
Gore-PWA, CH-RWD-2, CH_RWD-13 in Lake Tenkiller, Adair Co. RWD-5 on the 
Baron Fork, and Tahlequah-PWA on the Illinois River. During two sampling events 
(10-4-2005 and 8-8-2006), additional raw water intakes were sampled in Lake 
Tenkiller. Raw water intakes were selected for sampling that served the highest 
populations. Table 2.11-1 shows all the raw water intakes and populations served by 
each public water supply system. In addition, samples were collected from locations 
throughout the distribution system of 3 different public water supply systems in the 
area and analyzed for THMs and for haloacetic acids. Field water quality 
measurements were also collected at 3-meter depths during each raw water intake 
sampling event. Secchi depth measurements were also recorded at each location. The 
raw water intake sampling locations are shown in Figure 2.11-2. The locations of 
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samples collected from the drinking water distribution systems are shown in Figure 
2.11-3. The issues associated with disinfection by products such as THMs are 
discussed in Dr. Teaf’s (Teaf 2008) and Dr. Cooke’s (Cooke and Welch 2008) expert 
reports. 

Other single-event sampling programs on Lake Tenkiller included nocturnal water 
quality measurements, water quality measurements along lateral transects, near-shore 
sediment sampling, and a fish sonar survey. In the pre-dawn hours of 8-10-2005 three 
of the primary lake stations (LK-01, LK-02, and LK-03) were visited and vertical 
profile data for temperature, pH, conductivity, and DO were collected in order to 
document daily fluctuations to the dissolved oxygen gradients throughout the lake. 
Lateral transects were established by identifying 4 points distributed across the width 
of the lake near each of the primary sampling stations. At each of these locations, 
vertical profiling data were collected in order to assess possible variations to these 
profiles at varying distances from the shore of the lakes.  

In 2007, sediment samples were collected at locations within each lake quadrant near 
the lake shore in waters with less then 10 meter total depths to assess changes to the 
benthic communities and sediment chemistry associated with changes in water depth. 
Also in 2007, additional sediment samples were collected and analyzed for sediment 
chemistry and benthic macroinvertebrates at each of the primary sampling locations. 
For this event, three sediment samples where collected along an approximately 100-
meter transect at each primary sampling location in order to assess local variability in 
sediment chemistry and benthic communities. 

2.11.5 Times Sampled 
In 2005, the primary lake sampling locations were sampled on a bi-weekly basis from 
May 17- September 19, 2005. Additional Lake events occurred on October 4 and 
November 16, 2005. The river inlest stations were samples bi-weekly from June 1 to 
September 19 and again on October 12, 2005. The primary raw water intake locations 
were sampled during one lake event per month and the long list of raw water intakes 
was sampled on 10-4-2005. Beach sampling was conducted on 10-04-2005. 

In 2006, the primary lake and river inlet sampling locations were sampled on a bi-
weekly basis from March 28 through September 26, 2006. The primary raw water 
intake locations were sampled during one lake event per month and the long list of 
raw water intakes was sampled and 8-8-2006. Beach sampling was conducted on June 
1, June 27, July 25, and August 28, 2006. The nocturnal water quality measurements 
and the lateral water quality sampling transects on Lake Tenkiller were performed on 
8-10-2005. The fish sonar survey was performed on August 3, 2006. Sampling of 
finished drinking water from the local water distribution systems was performed on 
July 26, August 23, and September 27, 2006. 

In 2007, the primary sampling locations were sampled in June, July, August, and 
October. The primary raw water intake locations were sampled during the June, July 
and August lake sampling events. The additional sediment sampling was conducted 
on June 12-13 (near-shore) and October 25, 2007 (100 meter transects). 
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2.11.6 Field and Lab Analysis Conducted 
Field and laboratory parameters measured include the following: 

Sediment quality parameters include: 

 Total Metals 
 Nutrients: nitrogen compounds and total phosphate 
 Benthic macroinvertebrate community 
 Grain size distribution 

 
Water quality laboratory parameters include: 
 

 Total and dissolved Metals  
 General: pH, ORP, TDS, TSS, alkalinity, major cations (included in metals) and 

major anions (bicarbonate/carbonate, chloride, sulfate) 
 Nutrients 
 Bacteria 
 Estrogens  
 Extracted DNA for potential qPCR analyses 
 Dissolved oxygen, pH, conductivity, temperature 
 TTHM formation potential and microsytin (at raw water intakes only) 
 Secchi depth 
 Macroinvertebrates 
 Phytoplankton and zooplankton 
 Chlorophyll a 

 
Field water quality measurements include: 

 Water temperature 
 pH 
 Conductivity 
 Oxidation reduction potential (ORP) 
 Dissolved Oxygen 
 Turbidity 
 Secchi depth 

2.11.7 Implementation of Sampling Approach 
All sample collection was conducted following the applicable CDM SOPs: primarily 
SOP 1-1 and SOP 1-2. Additional SOPs applicable to this sampling program include 
SOPs 6-1, 8-1, and 9-1. These SOPs are presented in Darren Brown's Expert Witness 
Report. 

2.11.8 Changes to Sampling Scheme 
Samples were collected in accordance to Scope of Work and SOP provided for each 
year and any deviations made were documented in the field note books and/or data 
sheets. Initially in 2005, only three primary sampling locations (LK-01, LK-02, and LK-
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03) were sampled. For all lake sampling events after July 26, 2005 a fourth primary 
sampling location was added (LK-04). This site was added to better assess the water 
quality as it transitions from a fluvial system to a lacustrine system.  

2.11.9 Sampling Summary 
There were a total of 12 lake sampling events performed in 2005, and a total of 14 lake 
sampling events performed in 2006. A total of 4 lake sampling events were performed 
in 2007. Each lake  sampling event performed in each year reflected the type of 
sampling described in the Scope of Work and SOP. Tables 2.11-2 through 2.11-4 show 
the number and types of samples collected during each sampling event. 

2.12 Lake Tenkiller Sediments 
2.12.1 Environmental Component 
The environmental component of this sampling program is fine-grain sediment of 
Lake Tenkiller. 

2.12.2 Sampling Objectives 
The primary objective of this sampling program was to obtain undisturbed sediment 
cores from the lacustrine and transition portions of Lake Tenkiller. The sediment cores 
were analyzed for chemical components and the sediment layers dated in order to 
reconstruct the sediment loading history in Lake Tenkiller. 

2.12.3 Type of Data Collected and Intended Use of Data 
Vertical profiles of the sediment concentrations of nutrients, metals, organic matter, 
moisture content and the activities of Pb-210 and Cs-137 were the data to be collected 
from the cores. The data obtained from these core analyses were intended to be used 
to reconstruct the sediment loading history of phosphorous and metals in Lake 
Tenkiller. These data are discussed by Dr. Fischer in his expert report (Fischer 2008). 

2.12.4 Sampling Approach 
Core locations were selected based upon: (1) consideration of sediment thickness and 
internal structure as determined by a sub-bottom acoustic survey (low frequency 
SONAR survey), (2) limnological characteristics (lacustrine versus transition portions 
of the reservoir), (3) the location of Lake Tenkiller water quality sampling stations LK-
01, LK-02, LK-03 and LK-04; and, (4) local knowledge. The primary intention in the 
selection of sampling locations was to find areas with sufficiently thick depositions of 
fine-grain sediment which could be analyzed to meet the sampling objectives and 
which were reasonably co-located to the primary Lake Tenkiller sampling stations as 
described ion Section 2.11 of this report.  

Undisturbed sediment cores were collected by SCUBA diver.  Core tubes were 
advanced to refusal. Four replicate cores were collected at each site, and sectioned 
into 2-cm intervals. The sectioned intervals from five of the cores were composited 
and submitted for chemical analysis. The sections from the fifth core were submitted 
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for geochronological analysis. The locations of each sediment core collection point are 
shown in Figure 2.12-1. 

2.12.5 Times to be Sampled 
Sediment cores were to be collected, processed, and sent to the appropriate analytical 
laboratories during a single sampling event on August 11, 2005. 

2.12.6 Field and Lab Analysis Conducted 
Cores were photographed, observed, and measured in the field. Core intervals were 
submitted for analysis of the following parameters: 

 Total Nitrogen (Inorganic + Organic) 
 Organic Matter 
 pH 
 Total Solids 
 Soluble salts 
 Total metals (aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, 

chromium, cobalt copper, iron, lead, magnesium, manganese, mercury, 
molybdenum, nickel, phosphorus, potassium, selenium, silver, sodium, thallium, 
vanadium, and zinc) 

 Pb-210 
 Cs-137 

2.12.7 Implementation of Sampling Approach 
Sediment core sampling at Lake Tenkiller was conducted following the protocols 
outlined in SOP 4-2 as prepared by Dr. Fisher. Also applicable to this sampling 
program is SOP 9-1. The CDM SOPs are presented in Darren Brown's Expert Witness 
Report. 

2.12.8 Changes to Sampling Scheme 
Cores obtained from location LKSED00 were discarded because the cores were too 
short and longer cores were obtained from location LKSED01. Cores obtained from 
location LKSED05 were analyzed for chemistry, but were not submitted for 
geochronological analysis because the core was from a depositional setting subject to 
periods of episodic erosion and deposition, and because the core had a disturbed 
appearance.  

2.12.9 Sampling Summary 
A single sampling effort was conducted on August 11, 2005. Six coring locations 
(LKSED00 – 05) were occupied and cores were collected from each of these locations. 

2.13 Reference Locations  
The use of a reference waterbody that is minimally impacted and is within a similar 
ecosystem is important to the interpretation of the biological and chemical data. 
Typically a reference waterbody provides the basis for making comparisons and 
evaluating impairment or injury; however, in some areas it may be difficult to find an 
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appropriate reference area that has not been impacted by agricultural operations or 
other human-induced activities. Three major types of reference locations were 
identified for sampling: reference streams, reference lakes, and reference soil 
sampling locations (control fields). Each reference area is described in detail below. 

2.13.1 Reference Streams 
Since the IRW is impacted by poultry operations and other point sources, the number 
of stream miles that receive little or no impact may be limited. For this investigation, 
CDM identified three sampling streams, two in Oklahoma and one in Arkansas and 
two lakes (Stockton Lake in Missouri and Broken Bow Reservoir in southeast 
Oklahoma) which may have been minimally impacted by poultry production and 
land application of poultry waste.  

2.13.1.1 Environmental Component  
The environmental component of the reference stream sampling program is the 
surface waters and associated biological components of selected representative 
reference locations. 

2.13.1.2 Sampling Objectives 
The program objective was to collect biological, bacterial and chemical information 
from reference streams and compare the data to impacted sites in the IRW to 
determine the level and degree of contamination and injury (if any) to natural 
resources within the IRW. The collection of water quality, sediment chemistry, and 
measurements of stream dimensions, flow, and habitat conditions will define 
conditions so results can be described as not being unduly influenced by these factors. 

2.13.1.3 Types of Data Collected and Intended Use of the Data 
The important data in this study were water and sediment, as well as, total taxa, 
percent dominance and species diversity of fish, macroinvertebrates and algae 
collected at each of the sampling locations. Data collected during the stream surveys 
include: 

 Fish (number of individuals and species, biomass, length and weight) 

 Macroinvertebrates (number of individuals and species) 

 Periphyton (number of cells, biomass, percent cover, and species) 

 Algae (percent cover, species composition, biomass, chlorophyll a) 

 Habitat (flow, depth, width, percent riparian cover, substrate type) 

 Sediment Chemistry (metals, arsenic, total phosphorus, nitrogen compounds, 
grain size) 

 Sediment Toxicity (acute and chronic data) 
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 Water Chemistry (nutrients, metals, pH, temperature, dissolved oxygen, 
conductivity) 

 Bacteria 

 Estrogens 

 Extracted DNA for potential PCR analyses 

Field sampling sheets and field log books were filled out by all field personnel in the 
collection of site data. Field personnel recorded information including: the site 
identification, date and time the sampling was conducted, the name of each person 
present, weather conditions present at the time of sampling, and any other 
information pertinent to the collection of data from the site. Photographs and GPS 
coordinates were also recorded at each location. The data collected during the course 
of this program were used to compare chemical and biological factors at the selected 
reference locations to impacted sites in the IRW. 

2.13.1.4 Sampling Approach/Scheme 
The selection of the reference biological sampling locations for 2005 was based upon a 
step-wise approach similar to the approach used to select the 2005 river and biological 
sampling stations within the IRW. The first step entailed meeting with Oklahoma 
Water Resource Board (OWRB) and the Oklahoma Department of Wildlife and 
Conservation (ODWC) to obtain their recommendations on potential reference 
waterbodies for streams in the IRW. Their recommendations included Spring Creek, a 
tributary to the Neosho River and Little Lee Creek, a tributary to Lee Creek. Both of 
these waterbodies are just outside of the IRW and within the Ozark Highlands 
ecoregion. In addition to these waterbodies, CDM sampled several other streams 
within the Ozark Highlands ecoregion in Arkansas. As was outlined in Section 2.2.7 
of this report, data were collected from these waterbodies to determine if they were 
being impacted by poultry operations. Specific data evaluated include water quality 
and sediment analysis, soils, bedrock geology, land use data, topography, hydrologic 
data, groundwater data, and official findings on water quality.  

The density of poultry operations in sub-watersheds was an important consideration 
in selecting reference locations. Ideally, reference areas would have little or no poultry 
houses in the watershed and total phosphorus levels in sediments of <250 mg/kg. 
Table 2.13-1 shows the reference streams along with poultry house density and total 
phosphorus in the sediment. Topographic data were used to calculate stream gradient 
and stream order to ensure that reference streams were similar in size and habitat 
conditions as the potentially impacted streams in IRW. The selection of reference 
streams were additionally based upon the results of sediment chemistry (typically 
total phosphorus <250 mg/kg), water quality (total phosphorus <0.030 mg/L), aerial 
topography, poultry house density in the watershed, and consultation with Oklahoma 
Department of Wildlife Conservation and Oklahoma Water Resource Board (Little 
Lee Creek and Spring Creek). Based upon the sediment and water quality data and 
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the low number of poultry houses in their respective watersheds, the following 
reference locations were selected (Figures 2.13-1, 2.13-1a and 2.13-1b): 

 REF01/RS10003-Little Lee Creek- Oklahoma (Lee Creek Watershed) 
 RS10004-Little Lee Creek-Oklahoma (Lee Creek Watershed) 
 REF02- Dry Creek- Arkansas (Buffalo River Watershed) 
 REF03- Spring Creek- Oklahoma (Neosho River Watershed) 

The identified reference locations were sampled along with locations in the IRW 
during each of the major sampling programs conducted during the course of this 
project. During the initial river and biological sampling program in 2005, REF-01, 
REF-02, and REF-03 were sampled following identical sampling protocols and 
timeline as the sampling stations within the IRW. In 2006 and 2007, REF-01 and RS-
10004 were sampled during the 2006 and 2007 river sampling using identical 
sampling protocols and timeline as the sampling stations within the IRW.  

2.13.1.5 Times Sampled 
Reference locations were sampled during the same timeframe as each of the primary 
river and biological sampling programs described in Section 2.8 of this report.  

In 2005, the reference selected streams were sampled during the biological sampling 
program which was conducted during the summer and early fall of 2005. Preliminary 
sampling for site selection data was conducted between March and June of 2005. The 
intensive biological sampling for fish, periphyton and benthic macroinvertebrates was 
completed between August 16 and September 22, 2005. 

In 2006, the field investigations associated with Phase 1 of the 2006 river and 
biological sampling program were conducted between August 1 and August 11, 2006. 
All sites were visited between 4:00 am and 9:00 am in order to document the lowest 
Dissolved Oxygen conditions at each location. Phase 2 field investigations were 
conducted between August 8 and August 16, 2006.  

The 2007 river and biological sampling program was conducted during the spring 
and summer of 2007. Tier One sampling of the reference locations (REF-01/RS-10003 
and RS-10004) was conducted over an eight-week period from March 19 to May 11, 
2007, with each site being visited and sampled once each week. The intensive 
biological surveys were conducted in two discrete timeframes, all periphyton and 
benthic macroinvertebrate samples were collected between April 10- April 20, 2007. 
Samples were collected for full suite chemical at station RS-10004 on May 21, 2007. 
Both of these sites were revisited and fish communities were evaluated between July 
23 and August 9, 2007.  

2.13.1.6 Field and Lab Analyses Conducted 
Field and laboratory parameters measured at the reference locations during a given 
sampling program were the same as those measured at the sampling locations within 
the IRW during each particular program.  
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During the initial surface water assessment program in 2005, the following data were 
collected from stations REF-01, REF-02, and REF-03: 

Sediment quality parameters include: 

 Total Metals 
 Nutrients: nitrogen compounds and total phosphate 
 Grain size distribution 

 
Water quality parameters include: 
 

 Total and Dissolved Metals  
 General water quality parameters: pH, ORP, TDS, TSS, alkalinity, major cations 

(included in metals) and major anions (bicarbonate/carbonate, chloride, sulfate) 
 Nutrients 
 Bacteria 
 Estrogens  
 Extracted DNA for potential qPCR analyses 
 Chlorophyll a 

Biological parameters include: 

 Fish weight and length 
 Fish anamolies (e.g., lesions on skin) 
 Fish taxa 
 Number of individuals of fish 
 Macroinvertebrate taxa 
 Algae and periphyton taxa 

During Phase 1 of the 2006 river sampling program, water quality parameters 
including DO, pH, temperature, conductivity, and turbidity were collected at each 
selected reference location (REF-01/RS-10003 and RS-1004) and for analyses of PO4 at 
a fixed field base. At each location, a field form was completed to include a sketch of 
the site indicating sampling locations. Each location was also photographed. In 
addition, grab samples were collected at each reference location and analyzed for PO4 
at the fixed field base laboratory. Samples from both reference locations were also 
submitted for laboratory analysis of: 

 Nitrite + nitrate (as N), total Kjeldahl nitrogen (TKN) 
 General water quality parameters (sulfate, chloride, bicarbonate/carbonate) 
 Total organic carbon (TOC)  

During Phase 2 of the 2006 river sampling program, additional field data were 
collected to include general water quality indicators (temperature, pH, conductivity, 
DO, and turbidity), field data sheets for semi-quantitative analysis of relative algal 
densities as well as for relative abundance of algal types and substrates existing at 
each location. At each of the reference locations, additional samples were collected, 
preserved, and shipped to appropriate laboratories for analysis of:  
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 Benthic and sestonic chlorophyll a 
 Identification and enumeration of relative abundance of diatom groups 
 Identification and enumeration of relative abundance of various benthic 

macroinvertebrate groups 
 Nutrients, including forms of nitrogen and phosphorus 
 Dissolved and total metals 
 General water quality parameters (sulfate, chloride, bicarbonate/carbonate) 
 Bacteria 
 Estrogens  
 Extracted DNA for potential qPCR analyses 

 

During the 2007 river and biological sampling program, samples were collected on 
one to two occasions for analysis of nitrite + nitrate (as N), total Kjeldahl nitrogen 
(TKN) and total organic carbon (TOC). Also, during the intensive river sampling, field 
samples were collected at both reference locations (REF-01.RS-10003 and RS-10004) for 
additional analyses of:  

 Benthic and sestonic chlorophyll a 
 Identification and enumeration of relative abundance of diatom groups 
 Identification and enumeration of relative abundance of various benthic 

macroinvertebrate groups 
 Total and Dissolved Metals  
 General: pH, ORP, TDS, TSS, alkalinity, major cations (included in metals) and 

major anions (bicarbonate/carbonate, chloride, sulfate) 
 Nutrients 
 Bacteria 
 Estrogens  
 Chlorophyll a 
 Extracted DNA for potential PCR analyses 

 

During the 2007 fish sampling program, REF-01/RS-10003 and RS-10004 water 
samples were collected for total phosphorus, dissolved phosphorus, and soluble 
reactive phosphorus, nitrite + nitrate (as N) and total Kjeldahl nitrogen (TKN), total 
organic carbon (TOC), chloride, and sestonic chlorophyll a. Also during the fish 
sampling, field parameters were measured for temperature, DO, conductivity, and 
pH. The number of individuals of each fish species were enumerated for each 
3-minute timed sampling interval (5 minutes for the non-wadeable streams). Total 
sampling time of each habitat type and sampling units was also recorded for possible 
use in catch-per-unit-effort (CPUE) comparisons between sites.  

2.13.1.7 Implementation of Sampling Approach 
Field sampling for the biological studies in 2005 was initiated in August with one 
crew conducting one survey per day. The crew consisted of one trained fisheries 
biologist, one trained benthologist and two field crew members. Field equipment was 
either purchased or leased from appropriate agencies. All equipment that required 
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calibration was calibrated prior to the collection of the sample. All sampling was 
conducted in accordance with the applicable CDM SOPs 7-1, 7-2, 7-3, and 7-4. These 
SOPs are presented in Darren Brown's Expert Witness Report. 

Field sampling in 2006 consisted of several teams for both the Phase 1 and Phase 2 
studies. Generally in 2006, sampling teams were able to complete 3-4 sites in a day 
during the algal investigations. In 2007, algal collections were completed in a similar 
fashion, and the fish sampling sites were completed by a four person team, finishing 
two sites per day. The field sampling programs in 2006 and 2007 were conducted 
following CDM SOP 7-5. Fish sampling in 2007 was conducted following the revised 
CDM Fish Community Sampling SOP 7-1.1. Also applicable to this sampling program 
are SOPs 6-1, 8-1, and 9-1. The CDM SOPs are presented in Darren Brown's Expert 
Witness Report. 

2.13.1.8 Alterations to Sampling Approach 
Biological sampling followed CDM SOPs 7-1, 7-2, and 7-3. Reference locations in 2006 
and 2007 were the two sampling sites on Little Lee Creek. 

2.13.1.9 Sample Summary 
In 2005, three reference locations (RS-10003/REF1, REF2, REF3) were sampled once. 
In August of 2006 two reference locations (RS-10004 and RS-10003/REF1) were 
sampled for selected water quality parameters, periphyton/algae density and 
abundance, and macroinvertebrate community structure. In 2007, two reference sites 
were sampled once each week during an eight week period in April and May. In 2007 
two reference locations were sampled for selected water quality parameters, 
periphyton/algae density and abundance, macroinvertebrate community structure 
and fish community structure. This sampling consisted of two tiers: The first tier 
involved weekly sampling of the two locations for an eight-week period starting in 
mid-March and extend through mid-May. This sampling consisted of collecting water 
samples for phosphorus and measuring percent algae cover on the stream bottom.  
Station RS-10004 was selected for full suite chemistry sampling and samples were 
collected on May 21, 2007. 

The second tier consisted of a more intensive survey of the to reference locations for a 
two week period. This included a detailed study of the macroinvertebrate, algae, and 
fish communities and consisted of measurements of community composition of 
macroinvertebrates, fish, and benthic algae as well as benthic algal density and water 
quality. The types of samples included a matrix of water quality parameters, sediment 
chemistry and benthic macroinvertebrates (Table 2.13-2). 

2.13.2 Lakes 
The IRW in eastern Oklahoma and western Arkansas has been receiving inputs from 
agricultural runoff, including inputs from fields where poultry waste has been land 
applied. These wastes, along with the chemical constituents that make up the poultry 
wastes may have impacted the water quality and sediments in lakes within the IRW. 
The purposes of the work being performed are to evaluate and document the links 
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and relations, (if any) between the land disposal of poultry wastes and environmental 
contamination within Lake Tenkiller. 

2.13.2.1 Environmental Component 
The environmental component of this sampling program is the surface waters and 
sediment of two lakes: Stockton Lake in southwest Missouri, and Broken Bow 
Reservoir in southeast Oklahoma. 

2.13.2.2 Sampling Objectives 
The program objective was to collect information from potentially representative 
reference lakes and compare the data to Lake Tenkiller to determine the level and 
degree of injury (if any) to resources within the IRW. The collection of water quality, 
sediment chemistry, and measurements of lake dimensions, flow, watershed land use, 
and habitat conditions will further define conditions so results can be described as not 
being unduly influenced by these factors. 

Five primary sampling locations were identified on Stockton Lake and are referred to 
as SLK-01 through SLK-05. Four primary sampling locations were identified in 
Broken Bow Reservoir and have been labeled BBL-03, BBL-06, BBL-07 and BBL-08, 
and correspond to OWRB sampling sites. Sampling locations (Figure 2.13-2 and 
Figure 2.13-3) on each lake are distributed in such a way as to allow for the changes in 
water chemistry between the upper and lower ends of the reservoir to be detected.  

2.13.2.3 Types of Data Collected and Intended Use 
The important data in this study will be the water quality data and macroinvertebrate 
collected from the various sampling locations in both lakes. Specific data to be 
collected during the lake surveys include: 

 Benthic Macroinvertebrates (BMI) Sampling 

 Sediment chemistry (metals, moisture content, organic matter, nitrogen, pH, 
conductivity, soluble phosphorus, soluble nitrate, soluble ammonia, soluble 
sulfate, and soluble chloride) 

 Water Quality (phytoplankton, total phosphorus, dissolved phosphorus, soluble 
reactive phosphorus, chlorophyll a, total Kjeldahl nitrogen, total organic carbon, 
dissolved oxygen, temperature, pH, secchi depth, conductivity, TTHM formation 
potential and microcystin, pH and alkalinity) 

Water quality, sediment and macroinvertebrate data were used to compare the abiotic 
and biotic communities in Lake Stockton and Broken Bow Reservoir to Lake Tenkiller. 
The data collected during the course of this program were used to compare chemical 
and biological factors at the selected reference locations to data collected from Lake 
Tenkiller. (Cooke and Welch 2008) 
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2.13.2.4 Sampling Approach/Scheme 
Two lakes were identified as potential reference lakes. These include Broken Bow 
Reservoir in southeastern Oklahoma and Lake Stockton in southwestern Missouri. 
Table 2.13-3 compares various lakes in Oklahoma and Missouri that were screened as 
potential reference lakes. Broken Bow was selected based upon the low levels of 
phosphorus (<0.03 mg/L) entering the lake from the Mountain Fork river, similar 
surface area, similar depths, secchi depths greater than 3 meters, proximity to Lake 
Tenkiller, reduced levels of poultry houses and upon the recommendations of the 
Oklahoma Department of Wildlife and Conservation (ODWC). Lake Stockton was 
selected based upon the data collected by Dr. Jack Jones, University of Missouri-
Columbia, which identified this lake as having potentially minimal inputs from the 
land application of poultry waste within the same eco-region (Ozark Highlands) as 
Lake Tenkiller. However, subsequent analyses revealed impacts from point source 
making Lake Stockton unsuitable as a reference lake. OWRB has conducted sampling 
in Broken Bow reservoir at eight locations. Four of the locations were selected to 
compare with similar locations in Lake Tenkiller (i.e., location near the dam, one in 
the middle, upper end of the reservoir and the end of the transition zone between 
riverine and lacustrine environments). 

The identified reference locations were sampled during the same timeframes as the 
2007 samples collected at Lake Tenkiller. Sampling at the reference lakes was 
consistent with sampling conducted at Lake Tenkiller for each specific sampling 
program. At each of the sampling locations, water field chemical parameters were 
collected at regular depth intervals including pH, oxidation-reduction potential, 
temperature, specific conductivity, and turbidity.  

Sediment and BMI samples were collected from approximately 6-10 locations in 
Broken Bow Reservoir Reservoir and Stockton Lake. Each reservoir was divided into 
sections; upper (major tributary entrance), upper middle, lower middle, and lower 
(near the dam or outlet). A composite sediment sample was collected from each of the 
primary sampling locations at Lake Stockton. A total of three discrete sediment 
samples were collected at Broken Bow Lake along a 100 m transect at each primary 
sampling location.  

2.13.2.5 Times to be sampled 
Sample collection in the reference lakes were conducted in June and July of 2007 in 
Lake Stockton, and in August, September, and October of 2007 in Broken Bow 
Reservoir. Reference lakes were sampled within 7days of Lake Tenkiller during each 
event. 

2.13.2.6 Field and Lab Analysis Conducted 
Field and laboratory parameters collected at each reference lake were similar to those 
collected at Lake Tenkiller during each sampling event. A general list of parameters 
measured at each location are as follows: 

 General water quality parameters: pH, total organic carbon and alkalinity 
 Nutrients: phosphorus and nitrogen compounds 
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 Dissolved oxygen, pH, conductivity, temperature 
 TTHM formation potential and microsytin 
 Secchi depth 
 Macroinvertebrates 
 Phytoplankton 
 Chlorophyll a 

 
2.13.2.7 Implementation of Sampling Approach 
Field sampling for the reference reservoirs was conducted by a single crew consisting 
of 2-3 people. All sample collection was conducted following the applicable CDM 
SOPs: primarily SOP 1-1 and SOP 1-2. Additional SOPs applicable to this sampling 
program include SOPs 6-1, 8-1, and 9-1. These SOPs are presented in Darren Brown's 
Expert Witness Report. 

2.13.2.8 Alterations to Sampling Approach 
Sampling in Lake Stockton was suspended in August 2007 due to the high 
phosphorus concentrations being encountered in the lake from sources not originally 
identified. Broken Bow was selected as an alternate reference in August 2007. At both 
reference lakes, no raw water intakes were identified, however, for comparison 
purposes, samples were collected from 3-meter depths at 2 of the primary sampling 
locations on each lake in a manner consistent with raw water intake sampling at Lake 
Tenkiller. 

2.13.2.9 Sample Summary  
In 2007, two sampling events were conducted in Lake Stockton and three sampling 
events in Broken Bow Reservoir. A general summary of types and numbers of 
samples collected at each of the reference lakes is provided in Table 2.13-4. 

2.13.3 Reference (Control) Soil Sampling Locations 
Soil core samples were collected from 3 separate reference or control fields within the 
IRW which had been identified as locations with no poultry waste application. These 
locations were sampled to allow comparisons to be made between the soil chemistry 
at locations impacted and non-impacted by the application of poultry waste. Soil 
samples collected from fields known to have been previously applied with poultry 
waste are discussed in detail in Section 2.2 of this report. 

2.13.3.1 Environmental Component  
The environmental component is soils from fields where poultry waste has not been 
applied. 

2.13.3.2 Sampling Objectives 
Reference soil sampling locations or control fields were sampled to allow for 
comparisons between the soil chemistry at locations impacted and non-impacted by 
the application of poultry waste. 
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2.13.3.3 Types of Data To Be Collected and Intended Use of the Data 
Data collected during this field program consisted of samples of surface soils from the 
zero to 6-inch depth. The soil samples were collected from fields with no known 
poultry waste application. In addition to the initial Control Locations (CLs), another 
type of soil sampling program was implemented in 2008. Two fields used to pasture 
beef cattle but not previously applied with poultry waste were sampled using three 
grids. The pastures were designated as Cattle Pastures with a CP designation. 

Soil samples were collected from the zero to two-inch, two to four-inch, and four to 
six-inch depths from targeted fields in order to allow for direct comparison to soil 
samples collected from poultry waste applied fields as described in Section 2.2 of this 
report.  

2.13.3.4 Sampling Approach/Scheme 
Fields with no known poultry waste application were identified by interviews and 
conversations with volunteer land-owners throughout the watershed. Once sample 
locations were identified, waste and fertilizer application history for each location was 
obtained though interviews with the land owner or in one instance, from an interview 
with a property manager at the Nickle Preserve. The result was the identification and 
sampling of 3 properties and a total of 6 sub-areas which had reportedly never been 
applied with poultry waste and had never, or not recently, been applied with 
commercial fertilizers.  

Three sets of control fields were sampled during this program: 

 Forested property that had never been pastured or received poultry litter 
application 

 Pastured property that had never received poultry litter application 

 Pastured property with strong cattle influence, no recent known poultry litter 
application 

In 2006, two sets of control fields were selected for sampling. One set of control 
samples consisted of forested property which had never been pastured and had not 
received poultry litter application. Two sampling grids were conducted within the 
forested portion of the property (CL-1A and CL-1B). Since many of the pastures in the 
watershed were carved out of forested acreage, the intent of this sampling was to 
collect soil samples that could be representative of what the original soil conditions 
would have been before pasturing practices were implemented. Sample grids were 
established using the same procedures as the LAL fields with the exception that being 
in forested property the sample nodes were not adjusted to account for the drip line of 
the trees. Soil samples were collected using the same methodology as that employed 
for the LAL fields (see Section 2.2). 

The second set of control fields consisted of pastures which had no known poultry 
litter application. Four sampling grids were established on two separate properties 
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(CL-2A, CL-2B, CL-3A, CL-3B) meeting the above criteria. The intent of this sampling 
was to collect soil samples that could be representative of soil conditions within fields 
that receive no poultry litter application. Sample grids were established using the 
same procedures as the LAL fields. Soil samples were collected using the same 
methodology as that employed for the LAL fields (see Section 2.2). 

A third set of control samples were collected in 2008. Pastured property with strong 
cattle influence (i.e., many cattle regularly on the pasture over the course of the year) 
was sampled. Sample locations and land-use histories were identified through 
personal interviews with property owners (Ed Fite for CP-1 and Jerry Hammonds for 
CP-2). In both cases, landowners reported that the sample fields had never been 
applied with poultry waste and had not received commercial fertilizer applications in 
over 7 years. Interview notes were recorded in field books. Two sampling grids (CP-
1A, CP-1B) were collected from a field that had never received poultry litter 
application according to the property owner. One sampling grid (CP-2A) was 
collected from a field that may have had poultry litter application between ten and 
fifteen years ago, but the owner wasn't certain. The owner the field with sampling 
grid CP-2A indicated that no poultry litter application had occurred within the last 
ten years. The intent of this sampling effort was to collect soil samples that could be 
representative of a non-poultry litter applied pasture that was regularly grazed by 
cattle.  

2.13.3.5 Times Sampled 
Control locations CL-1 and CL-2 were sampled on October 24, 2006. Control location 
CL-3 was sampled on December 12, 2006. The soil samples collected at the beef cattle 
pastures were collected on April 1, 2008 (CP-1) and April 2, 2008 (CP-2). 

2.13.3.6 Field and Lab Analyses Conducted 
No field parameters were collected during the sample collection. The samples were 
shipped the CDM Denver laboratory for additional compositing prior to shipment to 
the analytical laboratories for various analyses. The analyses conducted on the soil 
samples are documented in Standard Operating Procedures (SOPs) 5-1 (Soil and Litter 
Sampling) and SOP 5-2 (Litter and Soil Sample Compositing). The SOPs are presented 
in Darren Brown's Expert Witness Report. 

2.13.3.7 Implementation of Sampling Approach 
Sampling was conducted according to the above referenced SOPs. All samples were 
labeled and bagged individually prior to shipment to the CDM Denver laboratory. 
Decontamination procedures were consistent with SOP 5-1. 

2.13.3.8 Alterations to Sampling Approach 
Due to property size constraints, only 2 sample grids were established on each control 
location property. In some instances, rocky soils or shallow bedrock interfered with 
the ability to collect soil material from select target depths. Sample core recoveries 
were noted in the field books to document sampling efforts. Recoveries were rated as 
"good", "moderate", "poor", and "no recovery". "Good" recovery meant a full sample 
recovery for the interval in question. "Moderate" recovery indicated a recovery of 
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between fifty percent and full recovery. "Poor" recovery indicated a recovery of some 
sample volume between zero and fifty percent. In most cases, "moderate" and "poor" 
recovery efforts were due to the presence of pebble-sized material which was 
physically removed prior to placement of the soil sample in the sample bag. 

Figure 2.13-4 shows the location of each non-poultry waste applied property sampled 
during this program with CL and CP IDs included. The positions of each sample grid 
relative to the layout of the property are shown on Figures 2.13-5 through Figure 2.13-
10.  

2.13.3.9 Sample Summary 
A total of 9 sub-areas where sampled during the course of this program, 6 of which 
were designated as control locations (CL) and 3 of which were designated as cattle 
pasture locations (CP). One composite sample from each depth class was collected 
from each sub-area and submitted to the appropriate laboratories for analysis. 

2.14 Manure Sampling 
A potential marker of contamination from poultry waste is the presence of selected 
bacteria identified to only originate from the poultry waste. A suite of molecular 
methods based on bacterial DNA analysis was conducted to pursue the objective. 
These methods rely on polymerase chain reaction (PCR) for amplification of DNA 
from samples to improve detection capabilities. Feces from other sources were used as 
controls to demonstrate whether selected bacteria of interest are unique to media 
impacted by the poultry waste. Full discussion of these analyses are provided in Dr. 
Harwood’s expert report (Harwood 2008). 

2.14.1 Environmental Component 
The environmental component is representative fecal samples from a number of 
sources for direct comparison to poultry waste.  

2.14.2 Sampling Objectives 
If consistent DNA fragments are identified from poultry waste and associated poultry 
waste applied soils, the second important step is to evaluate how unique the 
fragments are compared to other potential sources of bacteria. In particular, fecal 
material from the following sources were evaluated using T-RFLP and qPCR 
techniques: beef cattle, dairy cattle, swine, duck and geese, and humans. 

The analytical results were used to evaluate whether a unique set of DNA fragments 
are associated with poultry waste. The analytical results were used to evaluate 
bacterial and chemical differences between cattle manure and poultry waste. 

2.14.3 Type of Data to be Collected 
In 2006, fecal samples were collected to conduct the PCR analyses. In 2008, beef cattle 
manure was also collected and analyzed for a more complete set of analyses 
(discussed later in this section). Data collected during this field program consisted of 
samples of beef cattle, dairy cattle, swine, duck, geese, and human waste. The 2006 



A  2-60 

 

sampling was conducted using SOP 5-3 (Manure Sampling for DNA Analysis). The 
SOPs are provided in Darren Brown's expert report (Brown 2008). 

The purpose of these data collection efforts is to determine whether a unique strain of 
bacteria is associated with the poultry waste. A secondary purpose was to determine 
the bacterial and chemical composition of beef cattle manure.  

2.14.4 Sampling Approach/ Scheme 
The sampling approach was to collect representative manure samples from six 
possible bacteria sources, other than commercially raised poultry. Targeted possible 
contributors were beef cattle, dairy cattle, swine, ducks, geese, and humans. In 2006 
manure samples were collected for PCR analyses only. Sampling locations were 
provided by volunteers both within and outside of the watershed as shown on 
Figure 2.14-1. Emphasis was placed on collecting fresh (within minutes to a few 
hours) manure samples with respect to the PCR samples. 

In 2008, manure samples from beef cattle were collected for qPCR analysis along with 
a more complete set of bacterial and chemical analyses. In order to collect large 
enough quantities of beef cattle manure, the sampling and compositing procedures 
were similar to those outlined in SOP 5-2 and 5-3. The major difference being that 
cattle manure samples were collected from locations throughout a given sample area. 
Two types of manure were sampled at each location, fresh (approximately less then 1 
day old) and dry manure (visibly several days old). Manure samples were collected 
from locations not recently applied with poultry waste as described by personal 
interviews with the landowners prior to sampling. Interview notes and additional 
information on the sampling locations were recorded in the field notebooks. Sample 
nomenclature was as follows: 

 MAN-BC-##-F for fresh manure samples (believed to be less then 1 day old) 

 MAN-BC-##-D for dry manure samples (visibly noted to be several days old and 
significantly dried out) 

One composite sample from 10 distinct manure piles (a minimum of 10 feet apart) 
was collected on each field for "fresh" samples and one composite of 10 distinct 
manure piles was collected from each field for "dry" manure samples. Only the fresh 
manure samples were submitted for DNA analysis.  

2.14.5 Times to be Sampled 
Manure samples for PCR analyses were collected in 2006. All beef cattle manure 
samples collected for PCR and full suite analysis were collected between March 31 
and April 3, 2008.  

2.14.6 Field and Laboratory Analyses 
No field parameters were collected during the sample collection. PCR analyses were 
conducted on both the 2006 and 2008 samples. The beef cattle manure samples 
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collected in 2008 were also analyzed for the full suite analyses described in SOP 5-1 
and 5-2.  

2.14.7 Implementation of Sampling Approach 
Sampling of manure for PCR analysis was conducted following the protocols detailed 
in SOP 5-3. Other SOPs applicable to this sampling program are SOP 5-1, SOP 5-2, 
SOP 5-3, and SOP 9-1. All CDM SOPs are presented in Darren Brown's Expert Report 
(Brown 2008).  

Sampling conducted in 2008 was somewhat different than the work described in SOP 
5-3. A sterile plastic spatula shaped spoon was used in both 2006 and 2008 to collect 
the sample portions into the sample vials. A lined five gallon bucket and a shovel and 
trowel sterilized with bleach were used to collect the 2008 cattle manure. The bucket 
was lined in a similar fashion to the poultry waste collection (see Section 2.1). All 2008 
sampling equipment was decontaminated between cattle pastures using soapy water, 
bleach solution, and a purchased store water rinse. The 2006 sampling equipment 
(sterile plastic scoops or swabs) was only used within a specific field and then 
discarded. 

2.14.8 Alterations to the Sampling Program 
As described above, the 2008 sampling effort was altered from SOP 5-3. In 2008, staff 
collected ten "fresh" samples and ten "dry" or older samples from each pasture. PCR 
samples were collected by taking approximately 1 to 2 grams of material from each 
individual cow pile and placing it into the Northwind-provided sample vial. Due to 
vial size restrictions, approximately five samples each were placed in the sample vial 
and mixed. In essence, instead of one sample vial containing a ten sample composite, 
each vial from a pasture contained approximately one-half of the 10 sample 
composite. The two vials were labeled so they would be composited at the Northwind 
laboratory. The remaining volume of the ten sampled paddies (approximately 3 to 
4 gallons in volume) was mixed in the field. A sample of the "fresh" composite was 
submitted directly to EML for bacterial analyses. The remaining sample volume was 
submitted to the CDM laboratory for additional mixing and compositing prior to 
submittal to the remaining laboratories for analyses.  

In 2006, insufficient duck and geese landing areas were identified. Four geese and 
three duck landing areas were identified and the remaining one goose sample 
location and the two duck locations were collected from property owners who raised 
the animals. 

2.14.9 Samples  
Table 2.14-1 provides a summary of manure samples collected for this program. The 
sample locations for manure samples are provided on Figure 2.14-1. The following 
manure samples were collected. 

 Beef Cattle: Samples of cattle feces were collected. Samples were collected from 
twelve different property owners. Two of the 2008 samples were collected from 
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the same owners as 2006. Twenty-five beef cattle samples were submitted for 
DNA Analysis. Additionally, five of the "fresh" samples collected in 2008 were 
submitted for full suite analyses (see SOP 5-2). Five of the "dried" samples were 
submitted for full suite analyses minus estrogens. One 2006 sample and the five 
fresh 2008 samples were analyzed by q PCR.  

 Dairy Cattle: One slurry composite was collected from one dairy cattle operation. 
Two composites each were collected from two dairy cattle facilities and analyzed 
using T-RFLP techniques. One sample was analyzed by q PCR 

 Swine: Two composite samples were collected from one swine facility. One slurry 
composite was collected from one swine facility. All samples were analyzed using 
T-RFLP techniques. One sample was analyzed by q PCR 

 Duck and geese: Individual samples were collected of duck and geese feces. A 
total of ten composites of each feces type was collected and submitted for analysis 
using T-RFLP techniques. Five duck and five geese samples were analyzed by q 
PCR 

 Humans: Three wastewater treatment plant influent samples were collected. 
Samples were also collected from three septic tank cleanout trucks. These samples 
were submitted for analysis using T-RFLP techniques. Two samples were 
analyzed by q PCR 

2.15 Poultry Houses in the Illinois River Watershed 
A key component of the investigation into poultry waste disposal in the Illinois River 
Watershed (IRW) was the identification and enumeration of the number of active 
poultry houses within the IRW and within each sub-basin in the watershed.  As 
discussed in the previous subsections, many of the sampling schemes were stratified 
design based on poultry house density. Poultry house density was used as a surrogate 
for poultry waste land application areas because the precise locations of most poultry 
waste disposal was not known when sampling started. Dr. Fischer had now 
documented the relation between poultry house locations and poultry waste disposal 
(Fischer 2008).  The process of identification and enumeration was accomplished 
through the use of GIS data, aerial photography, and field investigations.  The initial 
goal was to identify the location of all poultry houses within the watershed, then to 
identify which of the known structures were currently in use.  The process resulted in 
the development of three distinct poultry house location counts, as described below 
and summarized in Table 2.15-1. This process was directed by Dr. Fischer. 

2.15.1 Initial Poultry House Identification 
During the spring of 2005, an initial estimate of the number and locations of poultry 
operations within the Illinois River Watershed (IRW) was established through 
assessing publicly available data and reports. A primary source of this information 
was a study conducted by researchers at Oklahoma State University which had 
compiled the locations of poultry houses within the IRW by analyzing aerial 
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photographs taken in 2001 (approximately).  The original OSU study made no attempt 
to identify the current use status of the document poultry facilities within the IRW.  

Due to the rapid growth in the poultry industry, it was determined that the OSU data 
would be compared to the most current publicly available aerial photography of the 
IRW to create a more updated estimate of the number and location of poultry houses.  
The most recent available aerial photographs of the watershed at the time (spring 
2005) were the applicable 2003 and 2004 National Agricultural Imagery Program 
(NAIP) photographs.  These images were compared to the data from the OSU study 
through the use of GIS technology.  The OSU locations were verified and newly built 
or undocumented poultry houses were identified by dividing the watershed into 
manageable sectors and manually surveying the NAIP imagery for discrepancies or 
missing data points.  Poultry houses were identified in the photographs primarily by 
their elongated shapes and common layouts apparent through on the ground 
investigation and general knowledge.  

The initial poultry house identification process resulted in a count of all poultry 
houses within the basin which were visible from the 2003-2004 NAIP photography 
and recorded in the 2001 OSU report.  A summary of the initial 2005 poultry house 
data is provided in Table 2.15-1.  

2.15.2 Poultry House Status Identification 
Due to the limitations in coverage and resolution of the available aerial imagery, it 
was determined that a more accurate count of poultry houses within the watershed 
would be possible with the use of project-specific aerial photography of the 
watershed.  Beginning in May of 2005, low altitude flights over the IRW were 
implemented and high resolution digital photographs of the area were collected. 
These photographs were geo-located using GIS and the resulting mosaic was then 
used to update the previous poultry house location dataset.   

The higher resolution imagery was then used to attempt to identify the active status 
of all identified poultry facilities.  Visibly inactive poultry houses were identified and 
removed from the active poultry house dataset.  Poultry houses with collapsed roofs 
or other signs of major structural damage were noted from the aerial imagery and 
removed from the active houses list.  Several other status designations were applied 
to the preliminary set of poultry houses as information became available, as described 
below: 

 Active- poultry houses currently used for rearing poultry 

 Inactive- poultry houses converted to other uses, but with the potential to 
again be used for poultry 

 Abandoned – poultry houses which is no longer being used for any purpose 

 Removed – poultry houses that have been completely removed since the 
original aerial photographs were analyzed 
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 N/A – structures originally designated from aerial photographs as poultry 
houses which, upon field investigation, appear not to have every been poultry 
houses  

 Unknown – poultry houses identified from aerial photographs which could 
not have status verified, usually because they could not be observed from 
public access areas. 

This effort resulted in the establishment of an interim dataset which was available and 
in use for project-specific analyses by August 1, 2006.  This dataset is summarized in 
Table 2.15-1. 

To further assess the active/inactive status of all poultry houses within the Illinois 
River Watershed, on-site field investigations of the poultry operations within the IRW 
were initiated, beginning in the summer of 2005.  Private investigators were 
contracted to visually inspect and document the active/inactive status of poultry 
houses within the watershed.  This was accomplished by dividing the watershed into 
sectors and dispatching teams of investigators to one sector at a time to inspect the 
poultry houses in the area.  Houses were observed from public roads and access areas 
and the active/inactive status was assessed by documenting the condition and 
apparent functionality of the building and surrounding property.  All poultry houses 
which were determined to be inactive were removed from the active poultry house 
dataset.  

The field investigations of poultry operations continued through 2006 and 2007.  The 
active/inactive status of previously identified poultry houses within the IRW was 
continuously updated in the database as information was retrieved.  This resulted in 
the active poultry house dataset being a “living” database until the field 
investigations were completed and a final dataset was produced in April of 2008.  A 
summary of the final poultry house dataset is also provided in Table 2.15-1. 
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Section 3   
Laboratory Analyses 
 
3.1 Data Quality Objectives 
Scopes of work, sampling plans and SOPs are written with project goals, type of data 
needed (i.g., contaminants analyzed), data quality evaluation and the intended data 
use as the guiding principals.  EPA guidance (EPA Quality Manual for Environmental 
Programs, EPA Order 5360 A1; Guidance for the Data Quality Objectives Process, 
EPA QA/G-4) requires the use of a “systematic planning process” for all data 
collection and use by EPA.  Systematic planning is a planning process that is based on 
the scientific method. The guidance states that the “elements of a systematic planning 
approach” shall include: 

 Identification of project goal, objectives, questions and issues to be addressed; 

 Identification of the type of data needed and how the data will be used to support 
the project’s objectives; 

 Specification of needed Quality Assurance (QA) and Quality Control (QC) activities 
to assess the quality performance criteria (e.g., QC samples for both the field and 
laboratory, audits, technical assessment, performance evaluations, etc.); 

 Determination of the quantity and quality of data needed; 

 Determination of appropriate collection and analytical methods; 

 Description of how the acquired data will be analyzed (either in the field or in the 
laboratory), evaluated (i.e., QA review, validation, verification), and assessed 
against its intended use and the quality performance criteria. 

The CDMs scope of work, sampling plans and SOPs were formulated considering the 
objectives, the specific contaminants to be analyzed, the methods to evaluate quality 
and the ultimate use of the data. These items are specifically discussed in Section 2 of 
this report which provides discussion on each of the following items for sampling in 
each of the environmental components: 

 Sampling objectives 

 Intended data use 

 Types of data to be collected 

 Sampling approach and scheme (sampling design) 

 Sampling times 

 Field and laboratory analyses 
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When the data are being used by the EPA in decision making for selecting between 
two clear alternative conditions (e.g., compliance or non-compliance with a standard), 
EPA recommends a planning tool called the Data Quality Objective (DQO) process.  
Because the objectives and intended data use outlined in Section 2 for the sampling 
are not for a decision making process but for a documentation and evaluation process, 
not all the detailed steps of the DQO process are appropriate.  However as shown 
above and discussed in Section 2, the scopes of work, sampling plans and SOPs 
contained all major items required in formulating systematic planning approaches 
that resulted in data of sufficient quality that could be used for all the intended 
purposes.  

As part of the planning process, EPA (EPA 2000) recommends development of a 
conceptual site model (CSM).  The CSM is a functional description of the 
contamination problem.  The CSM is initiated at the start of the project and updated 
throughout the project as information is developed and evaluated.  The CSM is 
usually accompanied by a diagram which graphically illustrates the relationships 
among: 

 Locations of contaminant/waste sources and locations where contamination exists 

 Potentially contaminated media and migration pathways 

 Potential human and ecological receptors 

A CSM was developed for the project and is discussed in more detail in Section 6 
along with specific information on the geology, hydrogeology and migration 
pathways. 

3.2 Selection of Parameters for Analyses 
As discussed in Section 2 of this report, a systematic planning approach was used to 
define the objectives, the associated required data to meet the objectives and the 
intended use of the data.  These items were formulated by and subsequently 
discussed with the various experts in each of the areas of investigation.  Based on the 
expert’s input and objectives, State of Oklahoma staff, and CDM staff experienced in 
the required sampling, statements of work, sampling plans and SOPs were 
formulated.  After review of these items by the experts and State of Oklahoma staff, 
the investigations were conducted.  Scope of works and SOPs were modified as 
needed based on field conditions and review of the resultant data.  See Darren 
Brown’s expert report for a summary of implementation of the SOPs. 

As a result of the planning process, the data needed was identified in terms of sample 
collection (see Section 2) and the associated parameters to be analyzed (see Section 2).  
The correct and appropriate analytical methods and laboratories to conduct the 
analyses were also identified.  Each expert identified data needs that included 
nutrient concentrations, bacteria and biological parameters.  This section specifically 
discusses the chemical and bacterial data produced according to standard analytical 
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methods.  The biological information collected (see Section 2) is discussed in the 
various expert reports. 

In relation to identification of source of contamination in the IRW (see Section 6 of this 
report), the parameters selected for analysis were selected according to the following 
steps based on a review of literature and available information on poultry waste and 
other potential waste sources in the basin.  This information is summarized in Section 
6.4.  Based on this information and requests from the experts, the following groups of 
parameters were selected: 

 Metals:  selected metals (e.g., copper and zinc) are added to poultry feed and are 
elevated the poultry waste.  To provide for a complete list of metals, the total 
analyte list (TAL) used in CERCLA investigations was selected for analysis.  Based 
on the information reviewed, molybdenum was added to this list.  The initial 
method of analysis was ICP-AES which early in the project was changed to ICP-MS 
to achieve better detection limits and avoid some interferences.  For water samples 
both dissolved metals (filtered through a 0.45 micron membrane filter) and total 
metals (not filtered) were measured. 

 Arsenic:  arsenic is added to the poultry feed and is elevated in the poultry waste.  
Arsenic is contained on the TAL.  The actual arsenic in the poultry feed is added as 
an organic arsenic compound (Roxarsone).  This compound breaks down in the 
environment into inorganic arsenic.  In reducing conditions (mainly groundwater), 
the inorganic arsenic may be in the form of arsenic (3+).  However, in surface 
waters and more oxidizing conditions, any arsenic (3+) will convert to arsenic (5+).  
Because of the typically rapid conversion of the organic arsenic to inorganic arsenic 
and the conversion to arsenic (5+), not arsenic speciation work was performed and 
only total inorganic arsenic was measured. 

 Phosphorus:  Because of the importance of phosphorus, various forms were 
measured and multiple analytical techniques were used (see section 3.8 for a 
detailed discussion.  Besides the standard colormetric methods (365.2 and 4500) 
used for water samples, total phosphorus was added to the TAL metal analysis.  
These analyses were used as a confirmation of the standard methods and to fill any 
data gaps. Some interferences were found at high concentrations when using ICP-
AES; however, these were eliminated by using ICP-MS.  Early in the project, a 
laboratory that specializes in nutrient analyses was identified (Aquatic Research).  
This laboratory had lower detection limits (typically 0.001 mg/L) and excellent 
QA/QC.  The bulk of the phosphorus analyses were performed by this laboratory.  
They measured three forms of phosphorus using method 4500:  total phosphorus 
(unfiltered sampled), total dissolved phosphorus (filtered) and soluble reactive 
phosphorus (dissolved ortho-phosphate).  These three forms were requested by the 
various experts. 

 Bacteria:  Dr. O’Connor for his work at Pairie Grove had performed an extensive 
analysis of bacteria in poultry waste.  These analyses are some of the most 
extensive and most complete bacterial analyses performed on poultry waste.  Over 
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20 types of bacteria were identified.  In conjunction with Dr. Harwood and in 
consideration of the Oklahoma regulations, eight bacteria identified in Dr. 
O’Connor’s analyses were selected for routine monitoring.  Later in the program, 
campylobacter was eliminated because of infrequent detection.  Early in the project 
a laboratory specializing in bacteria analyses (EML) was identified.  Based on 
review of their methods by Dr. Harwood, this laboratory performed the majority of 
the bacteria analyses. 

 Estrogens:  Based on literature review, various forms of estrogens were identified 
as a potential important distinguishing parameter between wastes (poultry and 
WWTP) and an important component for potential environmental impact.  Based 
on recommendation of various experts, several methods were considered including 
GC/MS with extensive cleanup, LC-MS-MS and immunoassay techniques.  
Immunoassay techniques were not adequate in identification and quantification of 
the specific forms of estrogens.  Ultimately an accurate and precise LC-MS-MS 
method with low detection limits was developed for the project.   

 Agronomic parameters:  To be consistent with past analyses on soils, various 
agronomic parameters were selected for analyses including Mehlich 3 phosphorus 
and water soluble nutrients. 

 Nutrients:  Besides phosphorus, other important nutrients were analyzed including 
nitrogen species:  ammonia nitrogen, nitrate+nitrite, and total Kjeldahl nitrogen for 
water; water soluble ammonium, total nitrogen and water soluble nitrate for soils 
and other solids. 

 General parameters:  other basic water quality parameters were analyzed as 
requested by the experts and to complete a full list of basic anions and other 
chemical characteristics.  For water, these include:  chloride, total dissolved solids, 
total suspended solids, alkalinity, sulfate, total organic carbon, pH and 
conductivity.  For solids, these include water soluble chloride, water soluble 
sulfate, soluble salts, moisture, organic matter, % clay, % silt and % sand.   

Based on the above discussion, the “full suite” of analyses typically used for samples 
intended for source evaluation consisted of 46 parameters for solid samples and 76 
parameters for water samples. The full suite of analyses was only performed on 
selected representative samples (see Section 2). 

3.3 Selection of Analytical Methods 
The primary analyses performed and the methods used water samples are presented 
in Table 3.3-1. Table 3.3-2 shows the primary analytical methods used for soil, 
sediment and poultry waste samples (all solids) and Table 3.3-3 shows miscellaneous 
(infrequent) analytical methods used during the investigation. 

3.3.1 ICP to ICP/MS  
For data collected in early 2005, both aqueous and solid materials we analyzed for 
metals by SW-846 method 6010. This method utilizes an ICP-AES instrument for the 
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analysis. Comparison of phosphorus data between ICP-AES and the colorimetric 
methods (EPA 365.2 and SM4500) showed that the ICP-AES was more susceptible to 
common interferences in the sample matrix and the results tended to be biased high. 
In late 2005, the analysis of metals in solid and aqueous matrices was changed to SW-
846 method 6020 (ICP-MS). ICP-MS provides better detection limits and the ability to 
significantly reduce the effects of the matrix on the sample results.  

3.3.2 Various Phosphorus Methods 
Phosphorus occurs in natural waters almost solely as phosphates (see Section 6.4.3 for 
more detailed discussion).  These are classified as orthophosphates, condensed 
phosphates, and organically bound phosphates.  Standard phosphorus analyses entail 
the conversion of the phosphorus form of interest to dissolved orthophosphate which 
is then quantitated by a colorimetric method.  Phosphates that respond to colorimetric 
tests without preliminary hydrolysis or oxidative digestion of the sample are termed 
“reactive phosphorus”.  This is primarily a measure of orthophosphate in the sample.  
Acid hydrolysis converts condensed phosphates to dissolved orthophosphate.  
Phosphate fractions that are converted to orthophosphate only by oxidation 
destruction of the organic matter that is present is considered “organic” or 
“organically bound” phosphorus.  Filtration through a 0.45 micron pore size 
membrane filter separates dissolved from suspended forms of phosphorus. All of the 
phosphorus forms occur in both the dissolved and the suspended fractions.   

Samples were analyzed initially both with and without filtration, to obtain dissolved 
and total fractions respectively, for both reactive phosphorus and total phosphorus. 
At the recommendations of experts, total reactive phosphorus was eliminated early in 
the program. Reactive phosphorus is determined by direct colorimetry, without 
digestion.  Total phosphorus was determined by colorimetry analysis after a 
persulfate digestion.  Method 365.2 from the Methods for Chemical Analysis of Water and 
Wastes, 3rd Edition, March 1983 was used for both reactive and total phosphorus. Also 
method SM4500 was used for both reactive and total phosphorus from Standard 
Methods for the Examination of Water and Wastewater, 20th Edition 1998.  Total 
phosphorus can also be determined by method SW846 method 6010 which uses 
Inductively Coupled Plasma-Atomic Adsorption Spectrometry (ICP-AES) or SW846 
method 6020 which uses Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). 

The following methods were used by various laboratories: 

Filtered Samples: 

 SM-4500PF - Soluble Reactive P (4500PF) – Aquatic Research 
 SM-4500PF - Total Dissolved P (4500PF) (mg/L) – Aquatic Research 
 365.2 – Dissolved Ortho P – A&L 
 365.2 – Total Dissolved Phosphorus (365.2) - A&L 
 SW846 method 6010 – A&L 
 SW846 method 6020 – A&L 

 
Non Filtered Samples: 
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 SM-4500PF - Total P (4500PF) – Aquatic Research 
 365.2 – Total ortho P – A&L 
 365.2 – Total P – A&L 
 SW846 method 6010 – A&L 
 SW846 method 6020 – A&L 

 
3.3.3 Change in Bacteria Methods 
Initial bacteria analysis of samples for bacteria data was provided by FoodProtech and 
A&L. The initial evaluation of the results was performed by Dr. Valerie (Jody) 
Harwood. A number of deficiencies in the methods followed by FoodProtech were 
identified by Dr. Harwood. Based on this evaluation the decision was made to submit 
all samples for analysis of bacteria to one laboratory (EML). The evaluation performed 
by Dr. Harwood can be found in Appendix A.  

3.4 Selection of Analytical Laboratories  
Table 3.4-1 presents a list of the laboratories used during the investigation and the 
types of data produced. 

Laboratories were selected based on their qualification with specific analyses and 
recommendations of various experts. The following laboratories were selected 
because of their expertise in selected areas: 

• A&L:  selected because of expertise in agricultural related parameters in soils 
and waters  

• FoodProtech:  Oklahoma laboratory recommended by USGS for bacteria 
analyses 

• EML:  selected because of expertise in bacteria analyses 

• GEL:  selected because of personnel qualification and equipment (LC-MS-MS) 

• Aquatic Research:  selected because of expertise in nutrient analyses 
(specifically phosphorus) 

The laboratory qualifications and past performance including QA/QC procedures 
were reviewed and interviews of the laboratory director and staff were conducted 
before laboratory selection. 

 

Environmental chemistry data were provided by A&L, Alpha Analytical, and Aquatic 
Research. Alpha Analytical analyzed samples for total trihalomethane formation 
potential (TTHM formation potential), volatile organic analysis by drinking water 
method 524.2, and haloacetic acids (HAA). Aquatic Research provided limited 
inorganic analyses and primarily provided phosphorus analysis by Standard  
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Method 4500 which included total phosphorus, total dissolved phosphorus and 
dissolved soluble reactive phosphorus (ortho-P). 

Bacteria data were provided by EML, Food Protech and A&L. EML provided the bulk 
of the data that was used. Bacteria data were initially evaluated by Dr. Valerie 
Harwood. Based on an evaluation of the results and a comparison of the procedures 
followed versus the published methods,  a number of results were rejected. Data from 
FoodProtech that were rejected includes the fecal coliform data analyzed before June 
10, 2005, and all of the total coliform, e. coli, campylobacter and salmonella data. Also 
rejected were bacteria data from A&L. 

Estrogen data were provided by GEL Analytics, LLC (GEL) in Golden, Colorado. 
Aquatec Biological Sciences (Aquatec), Environmental Testing and Consulting, Inc. 
(ETC), and Great Lakes Environmental Center (GLEC) provided analytical data for 
chlorophyll a and plankton. GLEC also provided sediment toxicity analyses. 

3.5 CDM Laboratory 
During the course of the field investigations, CDM's Denver Laboratory received a 
variety of samples (river water, edge-of-field water, poultry house waste, and soils) 
from the field teams for processing and shipping to the various laboratories. Sample 
processing protocols and shipping protocols are discussed below. 

3.5.1 Compositing Protocols 
Three types of samples were composited by the CDM Laboratory prior to shipment to 
the analytical laboratories (high flow river samples, soil samples and waster samples). 
High flow river samples were composited following SOP 2-2. Poultry waste and soil 
sample compositing was accomplished following SOP 5-2. A brief discussion of the 
procedures followed is presented below: 

3.5.1.1 High Flow River Sample Compositing 
Upon receipt of coolers from field personnel, all coolers were opened and the internal 
temperature of the cooler was recorded on the chain-of-custody (COC) form. The 
samples were then removed from the cooler and transferred to a refrigerator until 
compositing begins. Any discrepancies with the samples and the COC were noted 
and resolved at this point through conversations with the original sampler and 
shipper. The COC was signed and dated with the current date and time upon receipt. 

A rapid Transfer Device (RTD) containing river flow data for each sampling station 
was received with the samples or electronically transferred to laboratory personnel. 
Upon receipt of the downloaded data from the RTD from each sampling station, a 
compositing scheme was developed based on depth and/or velocity at the specific 
flow station. This scheme (a spreadsheet showing volumes to be used from each 
bottle) was followed in the formation of the composite samples. 

For each highflow sampling event, twenty-four 1-liter samples were typically 
collected by the ISCO Automated Samplers. In some instances, less than 24 bottles 
were collected due to equipment problems. The discrete samples were collected over 
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a period of approximately 40 - 50 hours with intervals between samples ranging from 
0.5 to 3 hours. Prior to laboratory analysis, samples were composited using a flow-
based weighting method. Weighting factors (WF) applied to each discrete sample 
within an event were calculated as: 
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Where: 
 i = discrete sample index 
Q = calculated stream flow rate at the time of sampling 
 ∆t = the time interval between samples corresponding to sample i. 

Instantaneous flow values for the discrete samples, Qi, were estimated using 
measured stage and velocity values and detailed channel morphology profiles. For 
some events, measured velocities were not available due to instrument error. In these 
cases, stream stage alone was used as a surrogate for flow in equation 1.  

The weighting factors calculated in equation 2 were multiplied by the total required 
composite sample volume (Voltot) to arrive at the volume of each discrete sample 
required for the composite sample (Voli). This can be written as: 

toti VolWFVol *=          (2) 

The total volume required (Voltot) was dictated by the analytical laboratory. Generally, 
the target volume was 6600 mL. At times, the calculated discrete sample volume 
requirement (Voli) exceeded the amount available (i.e., greater than 1 liter). For these 
situations, the full amount available was used and the remainder was proportioned 
over adjacent samples in the hydrograph.  

Once the compositing scheme was developed, sample bottles were removed from the 
refrigerator and placed on a lab bench. Each bottle was inverted to mix the contents 
prior to opening and dispensing. The pre-determined volume of each sample bottle 
was poured into a pre-cleaned 250 mL graduated cylinder and transferred into the 
3000 mL pre-cleaned beaker. After each sample bottle had been added to the 3000 mL 
beaker and mixed, the sample was carefully poured into the bottles designated for 
specific analyses where filtering was not required and returned to the refrigerator. 
The remaining sample was filtered as described below and carefully poured into the 
required sample bottles. 

The filtering apparatus was assembled by placing the fritted glass filter holder into a 
250 mL Erlenmeyer filtering flask. A 47 mm nitrocellulose 0.45 micron membrane 
filter was placed on the fritted section of the filter holder and a 250-mL funnel was 
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clamped to the filter holder. A vacuum pump was attached to the Erlenmeyer flask 
and vacuum was applied while pouring the sample into the funnel. When the 
Erlenmeyer flask was full, the vacuum was released and the filtrate was transferred to 
the appropriate sample bottle. A new 0.45 micron filter was placed onto the filter 
holder and the process was repeated until all of the appropriate sample bottles were 
filled.  

All equipment including the filtering apparatus, Erlenmeyer flask, graduated 
cylinders, beakers and sample bottles received from the field were thoroughly cleaned 
before use by washing vigorously with a brush, hot water and Alconox detergent. The 
equipment was then rinsed with de-ionized water to remove any remaining soap 
followed by a rinse with 10 percent bleach and a last rinse with de-ionized water. The 
equipment was allowed to air dry before use. The cleaned sample bottles from the 
field were packed into coolers with caps and shipped back to the field office in Tulsa 
for re-use. 

After sample compositing and filtration the samples were packed into coolers with 
appropriate padding (bubble wrap, packing paper). Ice contained in re-sealable 
baggies was placed within the cooler followed by the completed chain-of-custody 
form. The cooler was closed and secured with packing tape followed by a signed 
custody seal. All coolers were shipped to the respective laboratories via Federal 
Express for overnight delivery. 

3.5.1.2 Soil and Waste Compositing 
Upon receipt of the samples of soil and waster, the cooler/bucket temperature was 
measured using a NIST traceable thermometer. The samples were then be removed 
from the cooler and checked against the chain-of-custody to ensure that all samples 
had been received.  

The twenty soil sub-samples associated with the individual sample depths were 
placed in disposable weigh dishes for air drying. The entire poultry waste sample was 
poured into a 5-gallon bucket ready for mixing. The poultry waste was mixed with a 
pre-sterilized plastic scoop and a sub-sample of approximately 2.5 kg was removed 
from the 5-gallon bucket and placed into a decontaminated stainless steel bowl and 
allowed to air dry for several days on average. All equipment was 
decontaminated/sterilized with laboratory grade distilled water and 10 percent 
bleach (see procedure below). 

After the samples were sufficiently dry, all feathers, rocks, twigs, debris, and 
vegetation were removed before sieving and mixing. Mixing of the soil and poultry 
waste samples was accomplished by using a disposable, plastic sampling scoop or a 
decontaminated stainless steel spoon. All clods over 0.5 inches in diameter were 
disaggregated into smaller particles by hand or the use of a decontaminated stainless 
steel spoon or mortar. The sample was hand mixed using the plastic scoop or stainless 
steel spoon for at least five minutes or until particles were uniform in size.  
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After mixing, the samples were sieved to remove particles sizes of greater than 2 mm 
using a decontaminated US Sieve no. 10. Each fraction (greater than 2 mm and less 
than 2 mm) was weighed. The less than 2 mm fraction was placed in a plate grinder 
and reduced in size to between 0.25 mm and 0.074 mm. 

The ground samples were split using a riffle splitter and sent to the various 
laboratories for analysis. Duplicate samples were created after mixing, sieving and 
grinding by collecting a sub-sample after the sample passed through the riffle splitter.  

All non-disposable equipment (bowls, sieves, spoons, and grinders) were 
decontaminated/sterilized after each composite sample was created. 
Decontamination included washing with phosphate free water followed by rinsing 
with laboratory grade distilled water. A final rinse of 10 percent bleach was 
performed. The equipment was air dried. 

3.5.2 Shipping and Chain-of-Custody 
All samples received by the CDM Laboratory were received under chain-of-custody. 
After sample compositing, the samples were distributed to the various labs following 
SOP 9-1. 

3.6 Data Usability Summary 
3.6.1 Evaluation Procedure 
All data were evaluated by CDM for the following quality assurance (QA) 
requirements:  

 Holding times 
 Sample preservation 
 Method detection limits 
 Blanks 
 Laboratory control samples (LCSs) 
 Matrix spikes/matrix spike duplicates (MSs/MSDs) 
 Matrix duplicates 
 Surrogate recoveries 

In addition to the above items, field QA/QC samples were evaluated. These included 
field duplicate samples decontamination rinsate blanks and performance evaluation 
samples (blind standards). The field QC evaluation is discussed in Section 3.11. 

Environmental chemistry data, including inorganic and organic chemical analytes, 
were evaluated based on the methods used, and the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (EPA 1999) and the 
USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review (EPA 2002). Where specific guidance was not available, the data were 
evaluated in a conservative manner consistent with industry standards using the 
method requirements and professional experience.  
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The following data qualifiers and their definition have been applied to the sample 
data: 

Data Qualifiers 
J The analyte was positively identified, however the concentration is an 

estimated value 
J-B The analyte was positively identified but estimated because of a detection 

in the method blank 
J-S The analyte was positively identified but estimated because of the surrogate 

recovery was outside of the quality control limits 
J-P The analyte was positively identified but estimated. Due to professional 

judgment, data from another method may be more appropriate. 
J+ The analyte was positively identified but estimated with a potentially high 

bias 
U The analyte was not detected at the reporting limit. 
UJ The analyte was analyzed for, but was not detected. The reported 

quantitation limit is approximate and may be inaccurate or imprecise 
R The analyte was rejected and is considered un-usable for project purposes.  

 
As a result of the data evaluation performed by CDM on the analytical data, some 
results were qualified as estimated "J" or "UJ" because of one or more field or 
laboratory quality control (QC). These data are usable but may be considered 
estimated. The ultimate usability is determined by the experts.  

For data collected in 2005, sub-qualifiers were included in the data evaluation 
procedure. In addition to the "J-P" qualification that is discussed above, data were 
qualified "J-B" when the analyte reported was detected in the blank, and "JS" when a 
surrogate or laboratory control sample recovery was outside of the acceptance 
criteria. This practice was not continued after 2005.  

3.7 Data Quality Indicators 
Achievement of the project's quality objectives were assessed by the use of data 
quality indicators (DQIs). The DQIs for assessing data are expressed in terms of 
precision, accuracy, representativeness, comparability, and completeness. These DQIs 
provide a mechanism to evaluate and measure data quality throughout the project. 
Analytical QC procedures are detailed in the method and laboratory standard 
operating procedures. These criteria are defined in the appropriate sections below. 

3.7.1 Precision 
The precision of a measurement is an expression of mutual agreement among 
individual measurements taken under prescribed similar conditions. Precision is 
quantitative and most often expressed in terms of relative percent difference (RPD). 
Precision of reported results is a function of inherent field-related variability plus 
laboratory analytical variability.  

RPD is calculated as follows: 
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RPD = absolute value [(C1-C2)/{(C1+C2)/2}] x 100% 

where: C1 = Concentration of split sample #1 
 C2 = Concentration of split sample #2 

The analytical precision for the reported data was measured through review of matrix 
spikes (MS) and matrix spike duplicates (MSD), laboratory control sample/laboratory 
control sample duplicates (LCS/LCSDs), and laboratory duplicate results. Field 
precision was assessed through field duplicate results and are discussed in Section 
3.11.2. Field duplicate for water samples were collected with the original samples and 
mixed in a large vessel specifically made for mixing (churn splitter). After mixing, the 
samples were dispensed into separate, individual containers, and assigned a unique 
sample number. The sample results were compared based upon their RPD.  

3.7.1.1 Matrix Spike Duplicate Comparison 
MS/MSDs, for specific methods (total and dissolved metals and mercury, TOC, and 
ammonia) were prepared for applicable sample analyses by adding a known 
concentration of the actual analyte to a sample before sample preparation and 
analysis. The RPD between the values of the MS and the MSD is a measure of 
presicion of the analytical method. Results were not qualified based on MS/MSD data 
alone but in concert with other QC results. Results that were qualified were qualified 
as estimated "J" or "UJ" when MS/MSD RPD results were outside the QC criteria as 
established by the analytical method or the limits set by the individual laboratories.  

3.7.1.2 Laboratory Duplicate Precision 
Laboratory duplicates, for specific methods (nitrogen in soil, soluble salts, TKN, 
alkalinity, TSS, and TSS) were prepared for sample analysis by treating a sub-sample 
(split) of the original sample in exactly the same. The RPD between the values of the 
original samples and the laboratory duplicate is a measure of precision of the 
analytical method contribution of laboratory-related sources to overall variability. 
Results were not qualified based on laboratory data alone but in concert with other 
QC results. Results that were qualified were qualified as estimated "J" or "UJ" when 
laboratory duplicate precision data (RPDs) were outside the QC criteria as established 
by the analytical method or the limits set by the individual laboratories.  

3.7.2 Accuracy 
Accuracy is a measure of the bias in a measurement system. Accuracy was evaluated 
by reviewing laboratory method blank data, matrix spike recovery data, LCS recovery 
data and surrogate compound recoveries. Accuracy is defined as the degree of 
agreement between a measurement and an accepted reference or true value and is a 
measure of bias in a system. Use of the specified analytical methods verification of 
acceptable instrument calibration, and adherence to the required sample holding 
times and chain-of-custody procedures also help ensure the accuracy of the resultant 
data.  
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Accuracy is quantitative and usually expressed as the percent recovery (%R) of a 
sample result. Acceptable QC limits are 80 to 120 percent for LCS recoveries and 75 to 
125 percent for MS/MSD analyses for the inorganic methods.   

%R is calculated as follows: 

%R = (A – X) / T x 100% 

where: A = Measured value of the analyte after the spike is added 
 X = Measured value of the analyte concentration before the spike is added 
 T= Value of the spike 
 

3.7.2.1 Evaluation of Method Blanks 
Periodic analysis of laboratory method blanks ensures there is no carryover of 
contaminants between samples because of residual contamination on the instrument 
or from contaminants introduced in the laboratory. Laboratory method blanks are 
laboratory pure water or sand that has been processed through all of the procedures, 
materials, reagents, and labware used for sample preparation and analysis. At least 
one method blank was prepared and analyzed with each batch of samples analyzed 
using each analytical method. A batch is defined as no more the twenty samples. 

When analytes were detected in the method blank, but the concentration of that 
analyte was greater than ten times the concentration detected in the blank, then no 
qualification was applied. When the concentration in the sample was within ten times 
the concentration in the blank, the sample result was qualified as estimated with a 
potentially high bias (J+). Dissolved zinc was qualified for this reason in 16 out of 805 
(2%) aqueous samples. Total Dissolved Solids was qualified in 4 of the 1040 (0.4%) 
aqueous samples and total Kjeldahl nitrogen was qualified in 36 of the 1413 aqueous 
samples (2.6%).   

3.7.2.2 Matrix Spikes  
Matrix spikes were prepared and analyzed with all applicable analytical methods. 
These analyses included total and dissolved metals, mercury, ammonia, TKN, TOC 
and anions (Br-, Cl-, F-, ortho-phosphate, sulfate, and nitrate+nitrite) in an aqueous 
matrix. For the solid matrix,  matrix spikes (MS) were analyzed for metals, and TKN.       

As discussed in section 3.3.1, the analysis of samples for metals was changed from 
ICP-AES to ICP-MS in 2005. Because ICP-MS is used for trace analysis, the levels of 
metals observed in the samples were often greater than four times the level that was 
spiked. When the percent recovery of the matrix spike was greater than ±20%, the 
data were qualified as estimated. For the metals data, 1.3% were qualified as 
estimated due to matrix spike recoveries outside of the laboratory defined QC limits. 

3.7.2.3 Surrogate Recoveries 
Surrogates were analyzed for all samples analyzed for VOCs (one sample), SVOC 
(one sample) and estrogen (multiple samples) with a mixture of compounds that were 
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considered to behave similarly during analysis, but were not identical to analytes 
potentially found in naturally-occurring sample matrices. Interferences having an 
effect on the actual sample will have a similar effect on the surrogate compounds. %R 
values for the surrogate compounds can be used to assess validity of the reported 
analyte concentrations.  

Surrogates were recovered low (25% - 50%R) in 106 of the samples analyzed for 
estrogens.  These sample results have been qualified with a “JS” and should be 
considered as estimated values. A total of 86 samples (13% of the samples) for 
estrogens have been rejected and qualified with a “R” because the surrogate 
recoveries were lass than 25%. 

3.7.3 Representativeness 
Representativeness expresses the degree to which sample data accurately and 
precisely represent: (1) a characteristic of a population, (2) parameter variations at a 
sampling point, and/or (3) an environmental condition. Representativeness is a 
qualitative parameter that is most concerned with the proper design of the sampling 
plan and the absence of cross contamination. Good representativeness was achieved 
through: 

 Careful, informed selection of sampling sites and use of systematic sample design 
(e.g., random stratified designs). 

 Selection of analytical parameters and methods that adequately define and 
characterize the extent of possible contamination and provide the required 
sensitivity and provide the required data for the intended use (evaluation). 

 Proper gathering and handling of samples to avoid interference and prevent 
contamination and loss. 

 Collection of a sufficient number of samples to allow representative 
characterization of the site. 

Sample representativeness was achieved by CDM through the use of approved EPA 
analytical methods and other standard methods, decontaminated sampling 
equipment, the use of proper materials to collect samples, and systematic sampling 
designs. Collection procedures and sampling design are discussed in Section 2. 

3.7.3.1 Standard Methods 
Standard EPA analytical methods or other regulatory accepted standard methods 
were employed when available. Tables 3.3-1 through 3.3-3 present the analytical 
methods used during the investigation.  An EPA approved method is not available for 
the analysis of estrogens in environmental samples. A method for the analysis of 
estrogens was developed during this investigation based on pier reviewed papers.   
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3.7.3.2 Holding Times and Preservation 
Some samples were not always analyzed within the method required holding times, 
either because the laboratory did not perform the analysis in time, or because the 
samples were not received at the laboratory within the prescribed holding times. The 
National Functional Guidelines do not specify the point that data must be rejected.  

Professional judgment was used and when the time between sample collection and 
sample analysis exceeded the holding time by twice the holding time or more, the 
data were rejected and qualified with an “R”. When the elapsed time exceeded the 
holding time but was less than double the holding time, the data were estimated and 
qualified with a “J”. Within the course of the program, turbidity data were rejected in 
68 of the 309 samples (22%). Data were originally rejected for TDS and TSS in 96 out 
of 1040 (9.2%) and 43 out of 1031 samples (4.2%), respectively.  A subsequent review 
of the methods used (EPA 160.1 for TDS and EPA 160.2 for TSS) show that there is not 
an established holding time for these analyses. A holding time of 7-days has been 
established for both TSS and TDS through 4-CFR Part 136 and was used in the initial 
evaluation. Because these methods employ filtering and evaporation as the analytical 
technique, professional judgment was used to qualify these results as estimated “J”.   

3.7.4 Completeness 
Completeness is a measure of the amount of usable data that are obtained compared 
to the amount that was expected to be obtained during the project. Evaluating the 
precision and accuracy parameters (above) assessed the usability of the data. Those 
data that were evaluated and needed no qualification, or were qualified as estimated 
"J" or "UJ," are considered usable as determined by the experts. Rejected data are not 
considered usable.  

The completeness numbers are provided in Table 3.7.4-1 for solids and 3.7.4-2 for 
aqueous samples are based on the sample results that were qualified (estimate or 
rejected) based of the laboratory QC and/or application of the approved methods. For 
the aqueous sample data, 98.4 % of the data are complete and for the solids data, 98.3 
% of the data are complete.  In addition to the data that were not used due to 
rejection, some data are not used in the data assessment within this report for other 
reasons. In certain cases, the evidence supports data from one laboratory over another 
or from one analytical method over another. This is discussed in section 3.8 for 
phosphorus. 

3.7.5 Comparability 
Consistency in the acquisition, handling, and analysis of samples is necessary for 
comparing results. Use of standard analytical methods and adherence to specified QC 
practices ensure comparability of results with other analyses that are performed in a 
similar manner. Comparability is a qualitative parameter that cannot be assessed 
using QC samples. 

In several instances, analytical methods presented in “Standard Methods for the 
Examination of Water and Wastewater, 20th Edtition” were used for sample analysis 
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instead of EPA methods. Use of either method is considered equivalent in accordance 
with 40 CFR 136 (Table 1B) and the results are considered comparable. A comparison 
of different methods for phosphorus is provided in Section 3.8.  

Analytical results obtained from this investigation were achieved using standardized 
sample collection methods and analytical procedures. These results are anticipated to 
be comparable to data collected during subsequent sampling events that may be 
conducted at the site.  

3.8 Comparison of Phosphorus Values 
The measurement of phosphorus was accomplished through a variety of analytical 
methods and at two separate laboratories (A&L and Aquatic Research). A&L 
provided phosphorus data using SW-846 method 6010 (ICP-AES), SW-846 method 
6020 (ICP-MS) and EPA method 365.2 (colorimetric). Aquatic research provided 
phosphorus data by Standard Methods 4500-PF.  

Table 3.8-1 presents an RPD summary of various analytical methods used. Only 
appropriate comparisons were made between samples. Analytical methods 6010, 
6020, 365.2 and 4500-PF were used to measure the total (either filtered or unfiltered) 
phosphorus in the sample. These analytical techniques, specifically 365.2 and 4500-PF 
have specified sample digestion steps to measure ortho-P (some times referred to as 
soluble reactive P). The RPD evaluation was performed on sample pairs that were 
intended to measure equivalent forms of phosphorus.  

When comparing method 6010 (ICP-AES) with either 4500-PF or 365.2, the average 
RPD between the methods is significant ( 50.2% and 181% RPD).  Results for 
phosphorus by method 6010 were consistently higher than the results produced by 
either 4500-PF or 365.2.  An RPD comparison was performed on method 6020 (ICP-
MS) and the colorimetric methods used (4500-PF and 365.2) for both the total and 
dissolved portions of the samples. Method 6020 compares better to method 4500-PF 
(average RPD of 34.9%) for both the total and dissolved phosphorus, than to method 
365.2 (average RPD of 42.7% for total P and 40.7% dissolved P).  

The RPD analysis comparing method 4500-PF and 365.2 (for both total P and 
dissolved ortho-P) showed agreement between the two methods with an RPD of 
39.2% for total P and 43.3% for dissolved ortho-P. As the sample concentrations 
become elevated, the precision between the two analyses tends to decrease. This is 
probably due to variations in dilution techniques and sample preparation between the 
two laboratories becoming magnified with elevated concentrations. Although both 
methods are equivalent, the results produced by method 4500-PF (Aquatic Research) 
are preferred based on the lower detection limits and consistent QA/QC results.   

Based on these evaluations and the lower detection limits provided by Aquatic 
Research and method 4500-PF, data produced using method 4500-PF were used when 
available. If 4500-PF data are not available, 6020 (ICP-MS) followed by phosphorus 
data produced by 365.2 were used. The use of 6010 (ICP-AES) phosphorus data were 
avoided when other data are available and was qualified as estimate “J”.  
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Appendix B contains tables for individual method and sample comparisons. Table B-1 
compared phosphorus data generated by method 6010 and 365.2 by A&L. Table B-2 
compares phosphorus data generated by method 6010 and 4500-PF by A&L and 
Aquatic Research, respectively. Table B-3 compares phosphorus data generated by 
method 4500-PF and 365.2 by Aquatic Research and A&L respectively. Table B-4 
compares phosphorus data generated by method 6020 and 4500-PF by A&L and 
Aquatic Research respectively. Table B-5 compares phosphorus data generated by 
method 6020 and 365.2 by A&L. Table B-6 compares ortho-phosphorus data 
generated by method 365.2 and 4500-PF by A&L and Aquatic Research. 

3.9 Comparison to CRA Data 
During the course of the soil and poultry waste investigation, Constoga Rovers 
Associates (CRA) was provided with splits of the soil, poultry waste and some 
groundwater samples collected by CDM. Data reported in the CRA data set were not 
consistently generated using the same methods as the data reported in the CDM data 
set.  Table 3.9-1 summarizes the data that were compared and the methods that were 
used for the parameters as they are identified in the reports.  In some cases, the 
parameter ID and the method are the same.  In other cases, the method is not the 
same, but the parameter measured is the same or similar enough to allow comparison.  
Where there is not a test or parameter associated with data collected by CDM, it is 
because the test method had no equivalent for comparison.  The minimum and 
maximum relative percent differences (RPDs) found when comparing the data for the 
parameters listed is shown in Tables 3.9.2 (waters) and 3.9.3 (soils).  The method 
variations are summarized below. 

3.9.1 Metals 
For the splits analyzed by CRA, metals data generated by CDM utilized SW846 
method 6020 (ICP-MS).  CRA data were generated using SW846 method 6010B (ICP-
AES).  The digestion procedures cited are the same.  Both CDM and CRA report 
Mehlich III Phosphorous in solid samples.  However for the CRA data, Servi-Tech 
Laboratories performed the Mehlich III extraction and sent the extract back to APPL 
Inc where the extract was analyzed by method 6010B.  The report method reference is 
6010B/M3-P.  This is not consistent with the Mehlich III method which is a 
colorimetric determination and not an ICP-AES method.  The CRA data also includes 
phosphorus data from the analysis of a sample leached according to California Title 
22 DI-WET guidelines, digested by method 3010A, and analyzed by ICP-AES.  The 
report method reference is 6010B/DIWE.  There is no equivalent test performed by 
CDM. 

3.9.2 Wet Chemistry 
CDM data for alkalinity, chloride and sulfate were generated from a filtered sample. 
Because there is no mention of a dissolved fraction or of filtering the samples, it is 
assumed that all the CRA data are from unfiltered samples.  CDM data reports both 
phosphorus and ortho-phosphorus from method EPA 365.2, for both the total and the 
dissolved samples.  The CDM contracted laboratory Aquatic Research used Standard 
Methods 4500-PF and reported total dissolved phosphorus and soluble reactive 
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phosphorus, an equivalent parameter to dissolved ortho-phosphorus, and total 
phosphorus from the unfiltered (total) fraction.  Ortho-phosphate P and Phosphate as 
P are reported in the CRA data by methods EPA 300.0 and SM 4500 PB5, respectively.  
These are not necessarily equivalent methods to the SM 4500-PF methods.  The CDM 
contracted laboratory A&L reported nitrate alone for some samples, but later changed 
to reporting total nitrate + nitrite.  In these cases, the data are compared to the total of 
the nitrate values and the nitrite values which were analyzed separately for the CRA 
data. 

3.9.3 Bacteria 
The method was not cited for CRA Staphylococcus aureus, Salmonella sp., or 
Campylobacter jejuni. All other bacteria methods are equivalent.  

3.10 Dissolved Metals vs. Total Metals 
The analyses of metals in groundwater and surface water were accomplished by ICP-
AES and ICP-MS. Both the total and dissolved fraction of the metals were analyzed 
for most samples.  Table 3.10-1 presents the results of a comparison of total vs. 
dissolved metals. This table provides a sample count of the number of times when the 
element in the dissolved fraction of the sample was reported at a greater 
concentration than the concentration in the total fraction. 

The dissolved fraction was greater than the total fraction for the common cations 
sodium (55.9%), potassium (34%), magnesium (38.2 %) and calcium (42.2%). These 
elements were detected at high concentrations. Both ICP-AES and ICP-MS are 
methods developed for trace elemental analysis. The accuracy of the instrumentation 
for elements detected at levels near the upper linear range of the instrument is 
decreased. 

As presented on Table 3.10-1, dissolved copper was reported at a concentration 
greater than total copper in 273 (37%) of the 744 pair samples analyzed and dissolved 
zinc was reported at a concentration greater than total zinc in 207 (28%) of the 744 pair 
samples analyzed. Table 3.10-2 presents the sample counts and the percentage of total 
cases where the dissolved fraction is greater than the total fraction for copper and zinc 
when the results were greater than 2 times the reporting limit and greater than 5 times 
the reporting limit. This table also presents the sample counts and the percentage of 
total cases where the dissolved fraction is greater than the total fraction for copper 
and zinc when the RPD between the results were greater than 20 and 35. 

As shown on Table 3.10-2, the number of cases where dissolved copper and zinc is 
reported above the total results decreases when the sample pairs are removed from 
the analysis if the results are less than either 2-times the reporting limit or 5-times the 
reporting limit.  The numbers for copper decrease from 273 pairs to 173 pairs at 2-
times the reporting limit and 55 pairs (7%) at 5-times the reporting limit. For zinc the 
numbers decrease from 207 pairs to 102 pairs at 2-times the reporting limit and 28 
pairs (4%) at 5-times the reporting limit.  
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Table 3.10-2 also presents the sample counts of total cases where the dissolved 
fraction is greater than the total fraction for copper and zinc when the RPD between 
the results were greater than 20 and 35. An RPD of 20% for water is the typical 
analytical precision limit for true laboratory duplicate. Because an extra step was 
completed (filtering) for one of the sample pairs in each comparison, these samples 
pairs are not considered true laboratory duplicates and RPD of greater than 20% 
would be more appropriate.  For copper, the number of sample pairs drops from 273 
to 15 instances (2%) where dissolved copper is greater than total copper. For zinc the 
number of sample pairs decreases from 207 to 45 (6%) instances where dissolved zinc 
value is reported greater than the total zinc value. 

Based on this analysis of the data, the dissolved and total metals analyses are 
considered acceptable for the intended uses.  

3.11 Field QA/QC 
Field QA/QC constists of an evaluation of blind standards, field duplicates, and 
decontamination rinsate blanks. 

3.11.1 Blind Standards 
A total of 7 blind standards (performance evaluation samples) were submitted with 
the soil and poultry waste samples and 9  blind standards were submitted with the 
aqueous samples to the various laboratories. Table 3.11.1 presents the results for the 
aqueous PE samples and Table 3.11.2 presents results for the solid PE samples. The 
tables identified parameters that were detected outside of the control limits provided 
by the manufacturer of the sample. Results that are in bold text were detected outside 
of the performance limits. 

For the solid PE samples analyzed for total metals by SW-846 method 6020 calcium, 
iron, manganese, molybdenum, zinc, arsenic, barium, phosphorus, cobalt, and nickel 
were reported below the lower control limits established for each parameter in one of 
the PE samples. Copper and silver were reported below the lower control limit in two 
of the PE samples. One result for Mehlich phosphorus was reported at a concentration 
above the upper control limit and one result for TKN, ammonia, and TOC were 
reported below the lower control limit established for each parameter. 

For the aqueous PE samples submitted, total iron was measured at a concentration 
above the upper control limit in one sample an nitrate + nitrite was measured above 
the upper control limit in one sample.  All other analyzed parameters were measured 
within the control limits.   

3.11.2 Field Duplicates 
An RPD evaluation was conducted on all field duplicates collected during the various 
field programs. For aqueous samples field duplicates were collected by splitting a 
composite grab sample into separate sample bottles. For solid samples the field 
duplicate was collected after completely drying and homogenizing the sample. The 
duplicate was collected by passing the soil sample through a ¾” riffle splitter.   Field 
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duplicates were submitted in there own containers and submitted to the laboratories 
“blind”.  

 Table 3.11.2-1 summarizes the average relative percent difference (RPD) for selected 
parameters in soil and poultry waste. As presented in Table 3.11.2-1, the average RPD 
for the some of the selected parameters in soil (aluminum, arsenic, copper, total P, 
zinc, soluble salts, ammonium, chloride, nitrate, water soluble phosphorus, sulfate, 
nitrogen, and Mehlich 3 P) had average RPD’s below 60%. The average RPD for the 
bacteria samples analyzed ranged from 89% for e. coli to 150% for total coliform.  For 
the poultry waste duplicates, the RPD ranged from 2% for copper to 167% for 
ammonium. 

Table 3.11.2-2 summarizes the average RPD for selected parameters in water. The 
average RPD for selected parameters ranged from 0% for dissolved chromium, 
dissolved cobalt and total selenium to 82% for total cobalt. For the bacteria sample, 
the RPD ranged from 40% for coliforms to 89% for total coliforms.   

The range of RPDs indicates heterogeneous soil sample. Typical analytical method 
precision data is presented in percent relative standard deviation (%RSD). Table 
3.11.2-3 presents the %RSD range for some of the parameters of interest based on SW-
846 method data.  

3.11.3 Decontamination Blanks 
A total of four decontamination blanks were collected during the soil collection by 
running de-ionized water purchased from VWR over decontaminated sampling 
equipment including sample coring devices, knives, and trowels. The samples were 
sent to the CDM Denver Laboratory for processing. Sample processing at the CDM 
Denver Lab included filtering of the sample and distribution of the sample into 
appropriate sample bottles. Table 3.11.3-1 presents the results of the decontamination 
blank results. 

Nitrate, calcium, dissolved lead, total dissolved phosphorus, total phosphorus, TKN, 
and TSS were the only parameters detected in the decontamination blanks. None of 
the detected parameters were detected at elevated levels that would indicate 
decontamination problems. Based on the results from the soil samples collected prior 
to and immediately following the collection of the decontamination blanks, the 
decontamination procedures employed during the soil sampling are adequate and the 
resulting data can be used for its intended purpose.  

3.11.4 Field vs. Laboratory Phosphorus Values 
Aqueous samples (river) samples were analyzed in the field for phosphorus during 
three separate field programs, (2006 summer river sampling, 2007 spring river 
sampling and the 2007 synoptic river sampling).  Field measurements for phosphorus 
was accomplished by Hach method 8048 (low range) and Hach method 8114 (high 
range). The analysis was performed using the Hach DR2800 spectrophotometer. Splits 
of selected samples were submitted to Aquatic Research for analysis of total P by 
method SM4500-PF.  
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The field results obtained from the DR-2800 was reported as phosphate. To compare 
these results with the split sample results, the field results were converted to total P 
by multiplying the result by 0.3262.  

Table 3.11.4-1 presents the results of an RPD comparison between the field measured 
P and the laboratory measured P. The average RPD was 42% out of 187 sample 
comparisons. Figure 3.11.4-1 shows a scatter plot of the field P vs. laboratory P results. 
The correlation coefficient for these sets of data is 0.9736. Based on this evaluation, 
these data are considered comparable and acceptable for the intended data uses. 

3.12 Cross Contamination Evaluation 
As discussed in Section 3.1, evaluation of the collection and analytical procedure can 
only be performed in conjunction with stated objectives and the intended data use.  
For soils, the full suite or extended list of parameters was routinely analyzed on only 
the 0 to 2 inch samples.  The purpose of this 0-2 inch sample was to document the 
types and relative concentrations of the contaminants that may run off the field or 
infiltrate the soil during rainfall events.   

The soil samples from 2-4 inches and 4-6 inches were analyzed for only a small subset 
of the large list of parameters, including copper, arsenic, zinc, total phosphorus, soil 
test phosphorus (Mehlich P), organic matter, total nitrogen, aluminum, soluble salts 
and pH.  The only quantitative use of the data in the deeper intervals to date has been 
to calculate a soil test phosphorus value for a 0-6 inch sample.  A 0-6 inch sample is 
the standard depth on which agronomic fertility values are based.  To determine the 
0-6 inch value, the average of all three samples (0-2, 2-4 and 4-6 inches) was 
calculated.  For this data use, any cross contamination between the intervals would 
not matter because an average value of all three intervals is the result being used.  For 
other contaminants, the data were used to make general (non quantitative) 
observations such that concentrations were typically higher in the 0-2 inch sample, 
but that some downward movement of contaminants did occur when compared to 
control samples.  Any potential cross contamination (see calculations below) would 
not affect these intended evaluations and data uses. 

Any cross contamination in the 0-2 inch sample from deeper intervals left on the knife 
or in the core barrel would typically result in lower concentrations in the 0-2 inch 
sample because the concentrations in the deeper intervals are less.  Therefore, any 
evaluations concerning the presence of poultry contamination in the shallow soils 
would be conservative.  However, the maximum amount of cross contamination 
would only result in very small changes in the concentrations in the 0-2 inch sample 
and would not affect the reliability and intended data use.  The relative percent 
change due to the maximum cross contamination is much less than the inherent 
natural relative percent difference between duplicate soil samples that have been 
ground, mixed completely and split using an unbiased riffle splitter.  An example 
calculation is shown in the next paragraphs. 

For soils, each LAL sampling areas had 20 sample locations with 1 to 3 core samples 
collected for each interval at each of the 20 locations.  This would result in between 20 
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and 60 samples collected for each interval from each area.  All the samples are then 
sent to the CDM laboratory for processing (including grinding, mixing, homogenizing 
and splitting) and then sent to the laboratory for analyses.  A minimum total of 2,471 
core samples were collected in the 73 sampling areas. If three core samples were 
collected per location, the number of samples would be greater than 4,000.  If there 
were 83 instances of core samples that had soil on the probe and 40 instances of soil 
on the knife (“dirty knife”), this is an extremely small percentage of the total number 
of core samples.  The maximum amount of soil left on the probe would be 
approximately 2 grams and the maximum amount of soil on a dirty knife would be 
0.5 gram.  Using these quantities and the assumed instances of soil on the probe and 
knife given above (83), the total mass of soil collected for the interval and the 
analytical results for actual samples, the maximum effect or change in the 
concentrations of the 0-2 inch sample was determined for parameters that were 
analyzed in the three intervals.  As an example of the calculations, samples collected 
from area LAL-09A and analyzed for total phosphorus by method 6020 are discussed 
in the next few sentences.  The P in the 0-2 inch sample was 1100 mg/kg and the P in 
the 2-4 inch sample was 745 mg/kg.  The total amount of soil collected (20-60 probes 
samples) as measured in the CDM laboratory after mixing and processing was 2272.4 
grams for the 0-2 inch interval.  Assuming the total number of observations of soil on 
the core probe was two times for LAL-09A gives a total possible cross contamination 
amount of 4 grams.  If these 4 grams were from the 2-4 inch interval and they were all 
incorporated into the 0-2 interval, the resulting change in P in the 0-2 inch would be 
1.3 mg/kg or a concentration of 1098.7 versus the reported value of 1100 mg/kg.  The 
relative percent difference between the two P results is 0.12 %.  This is an extremely 
small change and will be compared to natural sample and analytical variability in the 
next paragraph. 

As previously discussed in this section, quality control samples were collected to help 
evaluate data quality.  This is required as one of the elements of systematic planning 
discussed in Section 3.1.  One of these samples is called a duplicate.  A duplicate 
sample may be collected in the field or in the laboratory.  Note:  the laboratory 
performing the analyses also does many quality control samples to assess data 
quality, including duplicates; in this paragraph, one type of CDM’s independent 
quality control samples (submitted blind to the laboratory) is discussed.  After the 
individual samples are received at the CDM laboratory, extensive mixing and 
homogenizing occurs, including air drying; removal of grass, twigs, etc.; sieving; 
multiple splitting; grinding to 0.074-0.250 mm; more mixing and splitting.  This 
procedure is used to make sure that all subsamples (or splits) are similar.  CDM 
actually takes one of these samples (called a duplicate) and sends it to the analytical 
laboratory blind (unique identification number) along with its matching subsample 
(with original ID number).  That is, two subsamples will be analyzed identically; 
however, the laboratory does not know they are splits of the same sample.  This 
process is performed on a routine basis and is used to evaluate the precision of the 
soil processing and laboratory analyses.  The results for each of these samples are 
reported and the relative percent difference between the results for each parameter is 
calculated.  The RPD difference is a measure of the inherent or natural variability in 
the soil sample after processing and the variability of a repeat analysis for the 
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parameter at the analytical laboratory.  The RPDs for each parameter are different. 
The average RPD in total P for duplicate samples that had been created from one soil 
sample was 5% (see Table 3.11.2-1 and discussion in Section 3.11.2).  The 5% RPD in 
the two concentrations is due to the inherent natural variability in soil and repeated 
laboratory analyses.  This value is very low for soils and demonstrates that the CDM 
laboratory mixing was excellent and the laboratory analyses were very precise.  For 
comparison, typical RPD values for metals in soils can range from 20 to 40%.  
However, the bottom line is that the differences potentially caused by the maximum 
amount of possible cross contamination assumed above (calculated in the example to 
be an RPD of 0.12% for total P) are always much less than the natural differences due 
to inherent variability in soil and laboratory analyses.  See the next paragraph for 
overall RPD values.  The assumed maximum possible cross contamination makes no 
significant difference in the results, reliability of the data or the data’s intended use.  

The maximum amounts of cross contamination in all soil intervals (expressed as RPD) 
from soil on the core probe is summarized for all major parameters in the following 
table (not all parameters were measured in the 2-4 and 4-6 sample intervals, so all 
parameters could not be analyzed).  The first column shows the parameter; the second 
column shows the average RPD measured on duplicate samples (documented 
inherent and laboratory variability); the third column shows the lowest calculated 
change due to maximum cross contamination; the fourth column shows the highest 
calculated change due to maximum cross contamination; and the last column shows 
the average calculated change for all samples assuming contamination due to soil on 
the core probe.  The values shown are calculated for all intervals and are for only 
those samples with assumed contamination. 

Parameter 
Documented RPD 

(%) 

Calculated 
Low RPD 

(%) 

Calculated 
High RPD 

(%) 

Calculated 
Average 
RPD (%) 

Phosphorus (Mehlich 3) (mg/Kg) 42 0.002 0.778 0.107 
Total P (6020) (mg/Kg) 5 0.010 0.223 0.083 
Total Arsenic (mg/Kg) 13 0.010 0.270 0.081 
Total Copper (mg/Kg) 4 0.007 0.356 0.096 
Total Zinc (mg/Kg) 9 0.011 0.345 0.093 
Nitrogen Total (Inorganic + Organic) 
(mg/Kg) 11 0.010 1.008 0.112 
Organic Matter (mg/Kg) 60 0.011 0.378 0.093 
Fecal Coliform 113 - - - 

 

Values for bacteria (fecal coliform shown as an example) could not be calculated 
because only the 0-2 inch sample is analyzed for bacteria.  However, if analyzed in the 
deeper samples, the results for bacteria would be similar to the values for other 
contaminates.  As shown, the potential changes in concentrations caused by the 
maximum amount of possible cross contamination on the core probe do not result in 
any substantial concentration changes and the relative percent changes are always 
much less than that observed due to documented variability in soil and laboratory 
analyses discussed above.  The assumed potential maximum cross contamination 
does not affect the reliability of the data or its intended use. 
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Similar calculations to those shown in the above table were performed on samples 
assumed to have potential cross contamination due to a dirty knife.  The calculations 
show that the RPDs are even lower than the values calculated for potential 
contamination on the core probe.  The potential changes in concentrations caused by 
the maximum amount of possible cross contamination on the knife do not result in 
any substantial concentration changes and the relative percent changes are always 
much less than that allegedly observed due to documented variability in soil and 
laboratory analyses discussed above.  The assumed potential maximum cross 
contamination does not affect the reliability of the data or its intended use. 

As previously stated, a minimum of 2,471 (to over 4,000) core samples were collected.  
This paragraph assumes that the probe was driven through cow manure on 21 
specific core samples.  Using a similar approach as discussed above and assuming a 
carry over of 2 grams of cow manure into the 0-2 inch sample (and ignoring the fact 
that material such as grass, roots, and other loose organic matter was removed at the 
CDM laboratory prior to submittal for laboratory analyses), the resultant maximum 
potential change in concentrations was calculated.  A very high value of fecal coliform 
for fresh cow manure of 2.6 x 106 MPN or cfu/g was used (based on ASAE D384.1 
FEB03).  In the few samples potentially affected by cow manure, the resultant RPD 
was below the RPD due to natural inherent variability and laboratory analyses by 
greater than a factor of two except for one sample.  However, this one sample (LAL-
15B) had an actual fecal coliform of 2000 MPN/g.  This actual value is much lower 
than the calculated value using the above assumptions of maximum cross 
contamination.  This shows that the maximum amounts of cross contamination did 
not occur and/or the value of fecal coliform assumed in the cow manure was too 
high.  Because the concentration of fecal coliform in this one sample is relatively low, 
it does not affect any conclusions or data use.  Assuming the 21 core samples affected 
eight specific composite samples, the concentrations of bacteria could have been 
affected by cow manure in these eight samples.  The actual analytical results for these 
eight specific samples are shown in the following table: 

Sample 
ID 

Depth 
(inches) 

Fecal 
Coliform 

(MPN/gram) 

E Coli 
(MPN/gram) 

Enterococcus 
(MPN/gram) 

LAL-05B 0-2 2.4 2.4 1.4 

LAL-11C 0-2 180 14 54000 

LAL-12D 0-2 40 40 12000 

LAL-15B 0-2 2000 2000 1800 

LAL-16C 0-2 27000 240 9400 

LAL-17A 0-2 27000 <0.18 240 

LAL-20C 0-2 2 2 20 

LAL-21B 0-2 24 24 33 

 

As shown, the actual concentrations in many of these samples are very low and could 
not have been affected by cross contamination by cow manure.  Similar to the 
previous examples, the potential changes in all other parameters for which the 
calculation could be made (e.g., copper, zinc) were very small (actual potential 
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decreases in concentrations due to cross contamination).  Overall, the potential 
changes in concentrations caused by the assumed maximum amount of possible cross 
contamination due to addition of cow manure do not result in any substantial 
concentration changes and the relative percent changes are much less than that 
allegedly observed due to documented variability in soil and laboratory analyses 
discussed above.  The assumed potential maximum cross contamination does not 
affect the reliability of the data or its intended use. 

As previously described, all soil samples were sent to the CDM laboratory for 
processing, sieving, complete mixing and homogenizing, grinding and splitting.  
During this processing, any cow manure or vegetation was removed.  No cow 
manure was observed by the CDM laboratory.  Any vegetation retained in the 
samples shipped from the fields would not be a concern because it was removed. 

For waste poultry samples collected from the poultry houses, a collection scheme 
consisting of many samples (typically 18) at predetermined locations and compositing 
(mixing) was used to maximize the probability that representative samples were 
collected.  A total of approximately 4 gallons of waste (average of 39,800 grams) was 
collected and then well mixed in the field. Removal of a subsample of approximately 
500 mL (approximately 500 g) for bacteria (CDM) and another 32 oz (approximately 
900 g) by CRA would not substantially change the analytical results.  The average 
relative percent difference between duplicate samples collected in the field for fecal 
coliform was 94 percent.  This difference is similar to duplicate soil samples that were 
completely mixed in the CDM laboratory. This indicates that field mixing was 
adequate.  As previously discussed, after receiving the sample at the CDM laboratory, 
additional mixing, homogenizing and splitting were performed.  Samples were 
shipped to laboratories for analysis.  After removing the data associated with a 
sample that contained soil, the average contaminant concentrations in the defendants’ 
waste matched literature values very closely.  As shown in Table 6.4-1, average 
copper concentration was 420 mg/kg in defendants’ waste and 479 mg/kg in 
literature (values from Jackson, et al, J. Environ. Qual., 32:535-540, 2003); average 
arsenic concentration was 18.6 mg/kg compared to the literature value of 16 mg/kg; 
potassium was 30,700 mg/kg compared to literature values of 33,000 mg/kg.  Some 
values were not as close (e.g., barium).  These comparisons indicate that the 
concentrations measured in the defendants’ waste are representative of the typical 
poultry waste and can be used for the intended purpose of documenting the chemical 
and bacterial nature of the defendants’ waste. 

3.13 Summary and Conclusions 
Quality assurance (QA) requirements were implemented to maximize delivery of 
high quality data. Strict data validation was not performed, instead laboratory data 
review consisted of an evaluation of holding times; matrix spikes; duplicate analyses, 
surrogate spikes and method blanks. Field QA/QC samples consisted of 
decontamination rinsate blanks, field duplicates and performance evaluation samples 
(blind standards).  
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As a result of the data evaluation performed by CDM, data qualifiers have been 
added to some of the sample results. The non-rejected data reported are suitable for 
their intended use. The achievement of the completeness goal for usable data 
provides sufficient data for project decisions.  The detection limits reported were 
adequate for the intended use of the data. Over 98% of the aqueous and solid data 
produced during the investigation are considered complete.  
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Section 4 
Database Compilation and Maintenance 
 
CDM developed a comprehensive relational environmental database software 
application using Microsoft Access for client and internal use. This database is 
designed to streamline the data review and analysis process and is key to maintaining 
the integrity of the project's analytical data.  

4.1 Database Set up and Structure 
The database is organized into a series of tables that are related to one another 
through the use of 'primary keys'. A 'primary key' is a unique identifier, usually an 
integer, which links data from one table to another either by a one-to-one or one-to-
many relationship. The Figure 4.1 depicts the many relationships that are established 
within the database. The tables in the database are organized into five main groups: 
reference tables, data tables, look-up tables, temporary loading tables, and location 
information. There is one main table (called 'sample') that stores all the sample 
information and links to all the peripheral tables. For example, the 'sample' table links 
to the 'labresult' table which stores all the analytical data. In turn, the 'labresult' table 
is then related to several reference tables that contain the test methods, parameters, 
and concentration units, et cetera. There are over 100,000 analytical results currently 
stored in the 'labresult' table within the database from almost 10,000 sample entries in 
the 'sample' table.  

4.2 Data Transfer from Laboratory 
Data are transferred from the laboratories to CDM in a variety of electronic formats 
(Figure 4.2). Microsoft Excel (*.xls) is the most common electronic deliverable, 
however, several other formats such as comma separated value (*.csv), portable 
document file (*.pdf), and Microsoft Word (*.doc) are also acceptable. Some files, such 
as the pdf files, do not import directly and need to be extracted first. ABBYY PDF 
Transformer 2.0 is used to convert a pdf file into a usable format, such as Excel.  

Once the data file is in a usable format, the file is imported into the database to a 
temporary loading table. Queries are setup and ran to populate the appropriate tables 
in the database.  

4.3 Data Checks and Qualifiers 
Several quality assurance/quality control checks are completed on the database to 
ensure the highest data quality. Once a data file is loaded into the appropriate tables, 
the electronic results are checked against the values reported in the hardcopy report. 
If any values are observed to be different in the database from the hardcopy report, 
the electronic deliverable is checked against the hardcopy report. If the values in the 
hardcopy and electronic deliverable match, there was an error in the loading process 
and the value(s) in the database are modified to match the hardcopy. If data from the 
both the electronic deliverable and the hard copy do not match, the laboratory is 
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contacted to resolve the discrepancy. Once this process is completed, the data are 
considered to be loaded. Sample details, such as location information, sample depth, 
collection method, environmental compartment, etc. are manually entered and linked 
to each sample and result. A copy of the chain-of-custody is checked against the 
samples that were imported to determine if there are any missing data. An export of 
the data is sent to the CDM reviewer who assigns qualifiers to the data as appropriate 
(see section 3 for details on CDM quality reviews). Once the review is completed, the 
file is sent back and the database is updated to reflect any qualifiers that were applied 
to the data during the quality review.  

4.4 Transfer of Data to Central Database  
Hardcopy data are maintained in secure files in CDM's offices. Both the offices and 
buildings where the files are located are locked after office hours. Electronic data are 
filed and located on the secure local area network server in CDM. Periodically the 
database is sent to Robert van Waasbergen for transfer to the final respository. The 
database is copied to secure file transfer protocol (FTP) site where Robert is able to 
access the database. 
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Section 5   
Laboratory Results 
 
This section provides summary statistics for the bacterial and chemical data resulting 
from the sample collection programs (Section 2) and subsequent laboratory analyses 
(Section 3).  The compiled database (Section 4) was used to generate the summary 
statistics.  The actual evaluation of the data is provided by the various experts in their 
report and in Section 6 (Evaluation of Sources of Contamination in the IRW) of this 
report. 

The summary statistics are generally divided into individual environmental 
components as described in Section 2.  Appendix C provides the summaries for the 
water environmental components:  edge of field samples, small tributaries samples, 
surface water/river samples, USGS samples, Lake Tenkiller samples, Geoprobe 
samples, well samples, springs samples, reference locations, public drinking water, 
raw water intakes and synthetic leachate.  The following summary statistics are 
provided for each parameter analyzed:  number of analyses, the minimum value, the 
maxium value, the mean (average) value, the standard deviation, units of measure, 
and the number of values reported above and below the detection limit.  The average 
values and standard deviation are based on using a value of ½ the detection limit for 
values reported below the detection limit.  The parameter and summary statistics ares 
provided as reported by the laboratory; that is, no attempt has been made to combine 
analyses performed by similar methods or the same methods with different standard 
reference numbers (e.g., the various phosphorus analyses discussed in Section 3 were 
all reported individually in the Appendix C summary tables).  For evaluation 
purposes, some of the results using similar or the same methods for different 
references were combined (see Section 6). 

In addition the small tributaries, river and USGS samples were divided into baseflow 
and highflow categories. The small tributaries samples collected specifically during 
base flow were designated in the field using the identification “BF”.  For all other 
samples, the "Sliding Interval" approach was used to separate baseflow from highflow 
sampling days for analyzing water quality data collected in the Illinois River basin. 
This method is one of many such published hydrograph separation methods and is 
used in the USGS HYSEP program (USGS, 1996). For this project, the Sliding Interval 
algorithm was adapted from the HYESP program and incorporated into a CDM 
spreadsheet-based tool, written in Visual Basic for Applications (VBA). The algorithm 
is based on systematically drawing connecting lines between low points of a given 
stream hydrograph and using these lines to separate baseflow from runoff. Further 
details of the technique can be found in the HYSEP User's Manual (USGS, 1996). For 
the data analysis performed as part of this study, a "highflow" day was defined as a 
day in which the mean daily flow is more than 30% above the calculated baseflow for 
that day. 
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Appendix D summaries the statistics for all the solids environmental components:  
poultry waste samples, cattle manure samples, soil samples, river sediment samples, 
lake sediment samples (grab), lake sediment samples (cores), and control field soil 
samples.  The following summary statistics are provided for each parameter analyzed:  
number of analyses, the minimum value, the maximum value, the mean (average) 
value, the standard deviation, units of measure, and the number of values reported 
above and below the detection limit.  Both wet weigh (“as received”) values and dry 
weight values are provided.  If the laboratory provided wet weight values, the 
moisture (solids) content was used to calculate dry weight values.  Reporting dry 
weight values is consistent with and required by EPA protocol.  The EPA current 
Inorganic Statement of Work ILMO5.3 for contract laboratory program (CLP) page 37 
(section 2.4.2.2) provides the direction for entering results in dry weight.  Page 66 
(Form IA-IN) is the required reporting form, which states the result is required in dry 
weight.  EPA’s Test Methods for Evaluating Solid Wastes (SW846) method 6020 also 
discusses dry weight on page 19, section 12.2 states “If appropriate, or required, 
calculate results for solids on a dry weight basis as follows:”, but item (2) under this 
statement is very specific, “The concentrations determined in the digest are to be 
reported on the basis of the dry weight of the sample”.   The average values and 
standard deviation are based on using a value of ½ the detection limit for values 
reported below the detection limit.  The parameters and summary statistics are 
provided as reported by the laboratory; that is, no attempt has been made to combine 
analyses performed by similar methods or the same methods with different standard 
reference numbers. For evaluation purposes, some of the results using similar or the 
same methods for different references were combined (see Section 6). 

The following is a list of the summary tables provided in Appendices C and D.  

Appendix C: Water 
Table 1: Summary of Edge of Field Poultry Samples 

Table 2: Summary of Edge of Filed Cattle Samples 

Table 3: Summary of Small Tributary Samples – Base Flow Conditions 

Table 4: Summary of Small Tributary Samples – High Flow Conditions 

Table 5: Summary of Surface Water/Rivers Base Flow 

Table 6: Summary of Surface Water/Rivers High Flow 

Table 7: Summary of USGS Sampling Base Flow 

Table 8: Summary of USGS Sampling High Flow 

Table 9: Summary of Lake Tenkiller Surface Water Samples 

Table 10: Summary of Reference Streams Base Flow 

Table 11: Summary of Reference Streams High Flow 

Table 12: Summary of Groundwater Geoprobe Samples 

Table 13: Summary of Groundwater Well Samples 
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Table 14: Summary of Groundwater Spring Samples 

Table 15: Summary of Broken Bow Surface Water Samples 

Table 16: Summary of Lake Stockton Surface Water Samples 

Table 17: Summary of Surface Water Samples at Raw Water Intakes 

Table 18: Summary of Public Drinking Water Samples 

Table 19: Summary of WWTP Effluent Samples 

Table 20a: Summary of SPLP Poultry Samples 

Table 20b: Summary of SPLP Poultry Samples 

Table 21a: Summary of SPLP Cattle Samples 

Table 21b: Summary of SPLP Cattle Samples 

 

Appendix D: Solids 
Table 1: Summary of Poultry Waste FAC Samples 

Table 2: Summary of Poultry Waste Road Samples 

Table 3: Summary of Cattle Manure Sample – Fresh 

Table 4: Summary of Cattle Manure Sample – Dry 

Table 5: Summary of Dust Sample 

Table 6: Summary of Feed Sample 

Table 7: Summary of Growth Sample 

Table 8: Summary of Compost Sample 

Table 9: Summary of Poultry Field LAL Samples – 0 to 2 inches 

Table 10: Summary of Poultry Field LAL Samples – 2 to 4 inches 

Table 11: Summary of Poultry Field LAL Samples – 4 to 6 inches 

Table 12: Summary of Reference CL Samples – 0 to 2 inches 

Table 13: Summary of Reference CL Samples – 2 to 4 inches 

Table 14: Summary of Reference CL Samples – 4 to 6 inches 

Table 15: Summary of Cattle Field CP Samples – 0 to 2 inches 

Table 16: Summary of Cattle Field CP Samples – 2 to 4 inches 

Table 17: Summary of Cattle Field CP Samples – 4 to 6 inches 

Table 18: Summary of River Sediment Samples 

Table 19: Summary of River Sediment Reference Samples 

Table 20: Summary of Small Lake Sediment Samples 

Table 21: Summary of Broken Bow Sediment Samples 
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Table 22: Summary of Lake Stockton Sediment Samples 

Table 23: Summary of Lake Tenkiller Sediment Grab Samples – LK-01 to LK-04 

Table 24: Summary of Lake Tenkiller Sediment Core – LKT-SED01 

Table 25: Summary of Lake Tenkiller Sediment Core – LKT-SED02 

Table 26: Summary of Lake Tenkiller Sediment Core – LKT-SED03 

Table 27: Summary of Lake Tenkiller Sediment Core – LKT-SED04 

Table 28: Summary of Lake Tenkiller Sediment Core – LKT-SED05 

Table 29a: Summary of Barney Barnes Field LAL Samples – 0 to 2 inches 

Table 29b: Summary of Barney Barnes Field LAL Samples – 2 to 4 inches 

Table 29c: Summary of Barney Barnes Field LAL Samples – 4 to 6 inches 

Table 29d: Summary of Barney Barnes Field LAL Samples - >6 inches 

Table 29e: Summary of Poultry Waste FAC SAmples from Barney Barnes Property 
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Section 6   
Evaluation of Sources of Contamination in 
the IRW 
 
6.1 Purpose 
The purpose of this section is to evaluate and document a link (if any) between 
poultry land waste disposal and environmental contamination in the IRW. This 
objective can also be stated as a scientific hypothesis: 

 Land application of poultry waste affects the chemical and bacterial water and 
sediment composition of the IRW and the affect is observable in surface water, 
groundwater and sediments collected from the IRW. 

A second objective was to evaluate other potential sources of the environmental 
contamination in the IRW. The sampling schemes and evaluations were designed so 
that all major sources of contamination would be identified. However, specific other 
sources evaluated were cattle manure deposited in fields and rivers and waste water 
treatment plant (WWTP) direct discharge into IRW rivers. This objective can also be 
stated as a scientific hypothesis: 

 Cattle manure deposited in fields and rivers and WWTP discharges into rivers 
affect the chemical and bacterial water and sediment composition of the IRW and 
the affect is observable in surface water, groundwater and sediments collected from 
the IRW. 

As discussed in Section 3, a conceptual site model (CSM) is a part of the process of 
systematic planning process.  The CSM is a functional description of the 
contamination problem.  The CSM is initiated at the start of the project and updated 
throughout the project as information is developed and evaluated.  The CSM is 
usually accompanied by a diagram (see Figure 6.1-1) which graphically illustrates the 
relationships among: 

 Locations of contaminant/waste sources and locations where contamination exists 

 Potentially contaminated media and migration pathways 

 Potential human and ecological receptors 

The geology, hydrogeology and migration pathways are discussed in more detail in 
Sections 6.3 and 6.5. 

6.2 Evaluation Approach 
The overall evaluation was conducted using multiple evaluations and investigations 
or multiple lines of evidence. The results of the multiple evaluations and 
investigations were then used to determine overall conclusions concerning the 
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hypotheses. This method of evaluation is called a "weight of evidence" approach. The 
evaluation conducted or the lines of evidence include the following: 

 The IRW geology and hydrogeology in relation to the fate and transport of 
potential sources of contamination (Section 6.3) 

 The chemical and bacterial composition of contamination sources (Section 6.4.1) 

 The potential sources and mass balance of phosphorus, bacteria and other 
contaminants in the IRW (Section 6.4.2) 

 The overall pathway sampling approach and chemical/bacteria contaminants 
observed in each environment component (Section 6.5) 

 The nature and extent of contamination in the environment through out the IRW 
(Section 6.6 for water and Section 6.7 for sediments including sediment core 
samples from Lake Tenkiller) 

 The fate and transport of poultry related contaminants in the IRW (Section 6.8)  

 Small basin phosphorus concentrations relationships to poultry house density 
(Section 6.9) 

 Evaluation of the poultry waste biomarker (Section 6.10) 

 Chemical and bacterial signature of contamination sources in the IRW using 
principal component analysis - PCA (Section 6.11) 

Some of these evaluations were performed by other experts and are summarized in 
this section. The material and experts relied upon will be discussed in each section. 

6.3 The Geology and Hydrogeology of the IRW in 
Relation to the Fate and Transport of Contamination 
This section summaries major conclusions and observations from Dr. J. Berton 
Fisher’s Expert Report (Fisher, 2008). 

The geology of the IRW produces a circumstance in which both the surface and 
ground water within the IRW are highly susceptible to pollution from the constituents 
of land applied poultry waste. The Illinois River Watershed contains approximately 
1,672 miles (1,069,530 acres), and lies within the southwestern portion (Springfield 
Plateau) of the Ozark Uplift physiographic province within portions of Washington 
and Benton County in Arkansas and Delaware, Adair, Cherokee and Sequoyah 
County in Oklahoma. The Springfield plateau is generally deeply dissected with 
rolling upland areas separated by V-shaped stream valleys that range form 20 to 30 
feet in depth. The major rivers include the Illinois River, Baron Fork, Caney Creek and 
Flint Creek.  



A  6-3 

 

 

Surface water movement within the IRW is controlled by its underlying geology. The 
major streams in the IRW (Illinois River, Flint Creek, Baron Fork and Caney Creek) 
have developed within geological faults and fractures. The faults and fractures that 
control drainage within the IRW are primarily associated with the Ozark uplift. 
Significant fracturing and faulting observed at the surface within the IRW penetrates 
deeply into all of the geologic formations within the IRW. This deep fracturing is 
significant, because its presence means that the constituents from land application of 
poultry waste can not only easily move into shallow aquifers along dissolution-
expanded (karsted) infiltration routes, it can also penetrate to greater depths along the 
deep seated fractures and faults, and thus threaten deeper aquifers 

The terrain of the bulk of the IRW is mantled karst. In mantled karst terrains the 
dissolution of carbonate units beneath a covering of soil and regolith creates 
expanded infiltration pathways including, sinkholes, solution expanded fractures, 
faults and caves. The fracturing and faulting within the IRW, combined with 
karstification (which enlarges subsurface faults and fractures) produces areas of high 
permeability, and results in a circumstance in which shallow ground water aquifers 
are particularly susceptible to impact by surface contamination, including 
contamination by bacteria, that can readily travel from the soil surface to surface 
water and ground water during rainfall events. Within such a karst terrain, there is 
little attenuation (reduction) of contaminants as they move from the land surface into 
and through the karst aquifer. Thus, land application of poultry waste to the karst 
terrain of the IRW means that constituents of this waste (including bacteria) travel 
readily through the soils and underlying geologic media to discharge at and into 
ground water springs and surface streams throughout the IRW. Further, because of 
the ready flow of water through a karst terrain of the type present in the IRW, there is 
strong interaction between surface water flow and ground water flow so that surface 
waters readily become ground water and ground water readily becomes surface 
water. The phenomenon is readily shown by the numerous springs and gaining and 
losing streams found within the IRW. 

Soils within the IRW are formed mostly from the weathering of carbonate rocks, and 
are of low natural fertility. The soils are typically loams and are often rocky due to the 
presence of chert fragments. Loam soils are mixtures of sand, silt, clay and organic 
matter. Depending on the relative proportion of sand, silt and clay, these soils will be 
susceptible to infiltration or surface runoff. Contaminants deposited on the surface 
within the IRW are prone to runoff from soils in about half of the watershed and are 
prone to infiltration through soils in the remaining half of the watershed. 

Shallow groundwater within the IRW is highly susceptible to contamination from 
surface-applied pollutants. The shallow bedrock aquifer within the Springfield 
Plateau of the Ozark Uplift is the Boone. The Boone Formation consists of dense, fine-
grained limestone and massive gray chert. Where the chert is fractured, the 
formations are permeable . The Boone aquifer is absent because of erosion in a few 
areas in Delaware, Cherokee, and Adair counties, Oklahoma. In these areas the 
Chattanooga Shale of Devonian age and the Burgen Sandstone, Sylvan Shale, and 
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Cotter Dolomite of Ordovician age are exposed at the surface. The Burgen Sandstone 
and Cotter Dolomite are part of the underlying Roubidoux aquifer.  

In Oklahoma, the Boone was among the four bedrock aquifers considered highly 
vulnerable to surface contamination because it contains karst features such as caves, 
sinkholes, and disappearing streams, which provide direct conduits for precipitation 
and runoff to transport contaminants to the water table.  

Recharge to the Boone hydrogeologic basin is almost entirely from direct infiltration 
of precipitation. The factors that make the outcrop of the Boone Formation favorable 
to groundwater recharge also make it vulnerable to contamination. Because soil and 
subsoil in the Ozarks is thin, near-surface faults and fracture systems are common, 
and dissolution of the carbonate rocks is widespread, precipitation can quickly 
infiltrate the unsaturated zone. 

Given the geology and hydrogeology, constituents of land disposed poultry waste 
run off fields into surface water and infiltrate through geologic media and 
contaminate groundwater.  The poultry waste constituents are poorly attenuated 
during runoff and infiltration. Poultry waste is disposed on fields within the IRW by 
simple broadcast spreading. The poultry waste is not mechanically incorporated into 
soils. As a consequence, both soluble and particulate fractions of this material are 
readily available for transportation through the agency of rainfall. When rain interacts 
with poultry waste, some of the material goes into solution. This dissolved material 
can then travel with the water as it moves downward through the soil and vadose 
zone to pollute the groundwater. Additionally, if sufficient rainfall occurs in a short 
enough period of time, runoff is produced (i.e. not all of the water can be taken up by 
the soil and it runs off the field). The dissolved material derived from the poultry 
waste will also move with the runoff and pollute surface water. Further, this runoff 
water can also carry particles of poultry waste that will pollute surface water, stream 
sediments and lake sediments. Because pores can be large in karst, particles can also 
be transported through the groundwater in karst aquifers. Both runoff and 
groundwater eventually end up in surface streams that flow to Lake Tenkiller. Thus 
pollution of the surface of the ground by the disposal of poultry waste as practiced 
within the IRW results in the pollution of surface water, ground water, stream 
sediments and lake sediments.  

6.4 Sources of Contamination 
6.4.1 Chemical and Bacterial Characteristics of Wastes 
Table 6.4-1 provides the chemical and bacterial composition of poultry waste and 
cattle manure (solid samples). Tables 6.4-2a and 6-4.2b provide the chemical and 
bacterial composition of waters containing various waste sources including edge of 
field samples, synthetic leachates of poultry waste, synthetic leachates of cattle 
manure, cattle-influenced springs, effluent samples from WWTPs, and surface waters 
influenced by WWTP effluent in the IRW.  Table 6.4-3 provides a comparison of the 
chemical and bacterial compositions of the poultry waste and cattle manure.  Table 
6.4-4 provides a comparison of the chemical and bacterial compositions of the 
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synthetic leachates of poultry waste and cattle manure.  Table 6.4-5 provides a 
comparison of the chemical and bacterial compositions of waters containing various 
waste sources including edge of field samples, cattle impacted springs and effluent 
samples from WWTPs in the IRW.  Comparisons in Tables 6.4-3, 6.4-4 and 6.4-5 are 
based on providing a multiplier (or factor by which the contaminants and 
concentrations are compared – see next section.) 

Solid Wastes 
Table 6.4-1 provides the chemical and bacterial composition of 16 composite waste 
samples collected from IRW poultry houses.  The table also provides the chemical and 
bacterial composition of 10 samples of cattle manure collected in the IRW from fields 
with no documented application of poultry waste. Table 6.4-3 is a comparison of the 
chemical and bacterial composition listed in Table 6.4-1 between the poultry waste 
and the dry manure and the poultry waste and the fresh manure.  The poultry waste 
was chosen as the baseline values for the following comparison.  A factor (ratio) was 
calculated by dividing the value (concentration) of each constituent in the poultry 
waste by the value (concentration) for the same constituent in either the fresh or dry 
cattle manure. If the resulting factor is above one, the parameter is found in greater 
concentration in the poultry waste than the manure.  If the resulting factor is below 
one, the parameter is found in greater concentration in the cattle manure than the 
poultry waste. 

As shown in Table 6.4-3, the concentrations of the following parameters are very 
significantly higher (10-100 times greater) in poultry waste compared to fresh cattle 
manure: sulfate (water soluble), arsenic, chloride (water soluble), nickel, copper, 
nitrate (water soluble), potassium, vanadium, and sodium.  Several parameters were 
significantly higher (five to ten times greater) in the poultry waste than in the fresh 
manure (sulfate (water soluble), nitrate (water soluble), sodium, silver, and zinc).  
Total solids, total phosphorus, ammonium (water soluble), chromium, aluminum, 
iron, calcium, manganese, potassium, vanadium, soluble salts were also found in 
greater concentrations (two to five times greater) in the poultry waste than in the fresh 
cattle manure.   

As shown in Table 6.4-3, the concentrations of the following parameters are very 
significantly higher (10-100 times greater) in poultry waste compared to dry cattle 
manure: arsenic, and copper. Several parameters were significantly higher (five to ten 
times greater) in the poultry waste than in the dried manure (total phosphorus, 
ammonium (water soluble), chromium, silver, zinc, and soluble salts).  Higher 
concentrations (two to five times greater) of total solids, molybdenum, phosphorus 
(Mehlich-3), aluminum, iron, calcium, cobalt, manganese, lead, and magnesium,  were 
observed in the poultry waste than in the dried cattle manure.  The fresh cattle 
manure had significantly higher concentrations of E. coli, total coliform, fecal 
coliform, and mercury than the poultry waste. 

In addition, the chemical and bacterial composition of poultry waste and cattle waste 
found in the literature is provided in Table 6.4 -1. Typically the concentrations 
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reported in the literature are similar to those measured for samples collected in the 
IRW. 

Water Samples 
Tables 6.4-2a and 6.4-2b provides the chemical and bacteria composition of waters 
containing edge of field samples (typically 2 potentially cattle-influenced samples and 
typically greater than 80 poultry-influenced samples), synthetic leachates of poultry 
waste (typically 2 samples) and cattle manure (typically 5 samples of fresh manure 
and 5 samples of dry manure), cattle-influenced springs (typically 2 samples) effluent 
samples from WWTPs (typically 3 samples), and surface waters influenced by WWTP 
effluent (typically 25 samples) in the IRW.  Table 6.4-4 is a comparison of the average 
chemical and bacterial composition listed in Table 6.4-2 for the synthetic leachates at 
20:1 ratio for the poultry waste (baseline) and the fresh and dried cattle manures 
using the same factor calculation described above. Table 6.4-5 is a comparison of the 
average chemical and bacterial composition listed in Table 6.4-2 between the poultry-
influenced edge of field samples (baseline) and the potential cattle-impacted edge of 
field samples, effluent samples from WWTPs, and surface waters influenced by 
WWTP effluent in the IRW using the same factor calculation described above.    

Comparison of Synthetic Leachates (Poultry and Cattle): As shown in Table 6.4-4, for 
the fresh cattle manure leachates, poultry waste was two to five times higher than 
cattle manure for magnesium, selenium, soluble reactive phosphorus, manganese, 
17a-estradiol, and total phosphorus (by methods 4500PF and 6020).  Poultry waste 
was observed to be five to ten times higher than fresh cattle manure leachates for 
alkalinity, dissolved aluminum, dissolved chromium, dissolved cobalt, dissolved 
sodium, and dissolved solids.  Poultry waste levels for chloride, dissolved arsenic, 
dissolved copper, dissolved iron, dissolved molybdenum, dissolved nickel, dissolved 
potassium, dissolved zinc, TKN, and total sulfate were greater than 10 times the levels 
in the fresh cattle manure leachates.  The greatest difference (over 100 times greater in 
concentration) between the poultry waste leachates and the fresh cattle manure 
leachates were observed for dissolved copper. The fresh cattle manure leachates had 
higher concentrations of Estrone than the poultry waste leachates. 

As shown in Table 6.4-4, for the dry cattle manure leachates, poultry waste was 
calculated to be between two and five times greater for magnesium, selenium, and 
soluble reactive phosphorus.  Poultry waste leachates were observed to be five to 10 
times greater than the dry manure leachates for dissolved chromium, dissolved 
cobalt, dissolved manganese, and total dissolved phosphorus (by methods 4500PF 
and 6020). Poultry waste concentrations were greater than ten times higher for levels 
of chloride, dissolved arsenic, dissolved copper, dissolved iron, dissolved 
molybdenum, dissolved nickel, dissolved potassium, dissolved zinc, TKN, total 
sulfate, alkalinity, dissolved aluminum, dissolved sodium, and total dissolved solids.  
The greatest difference (over 100 times greater in concentration) between the poultry 
waste leachates and the dry cattle manure leachates were observed for dissolved 
copper and 17a-estradiol.  The dried cattle manure leachates had no parameters that 
were found in significantly higher concentrations than in the poultry waste leachates. 
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Comparison of EOF Samples (average EOF for fields with poultry waste and average 
EOF for cattle): As shown in Table 6.4-5, the concentrations of the following 
parameters are very significantly higher (over a factor of 100) in poultry edge of fields 
(EOF) average compared to potential cattle EOF average: Estriol, Estrone, dissolved 
mercury, dissolved cobalt, dissolved arsenic.  The poultry leachate had between 10 
and 100 times the 17a-estradiol, 17b-estradiol, ammonia nitrogen, dissolved 
manganese, dissolved molybdenum, dissolved nickel, thallium (total and dissolved), 
Staphylococcus aureus, total calcium, total chromium, total coliform, total copper, 
total and total dissolved phosphorus (6020), and total sodium concentrations than the 
cattle manure EOF.  Chloride, dissolved aluminum, antimony (total and dissolved), 
dissolved calcium, dissolved chromium, dissolved iron, potassium (total and 
dissolved), selenium (total and dissolved), dissolved sodium, E. coli, Enterococcus 
group, fecal coliform, soluble reactive phosphorus (4500PF), total arsenic, total cobalt, 
total and total dissolved phosphorus (4500PF), TKN, nitrate + nitrite, total 
molybdenum, total nickel, total sulfate, and total zinc were significantly higher in 
concentration in the poultry EOF than the cattle EOF (five to ten times more).  The 
poultry EOF had two to five times higher levels of alkalinity, barium (total and 
dissolved), beryllium (total and dissolved), cadmium (total and dissolved), dissolved 
copper, dissolved lead, magnesium (total and dissolved), silver (total and dissolved), 
vanadium (total and dissolved), dissolved zinc, Salmonella species, TOC, total 
aluminum, total dissolved solids, total iron, total lead, and total manganese, than the 
cattle EOF. The average cattle EOF had no parameters that were found in significantly 
higher concentrations than in the poultry EOF. 

Comparison of EOF (from field with poultry waste) and WWTP effluents: As shown 
in Table 6.4-5, the concentrations of the following parameters are significantly higher 
(over 100 times more) in poultry edge of field samples (EOFs) average compared to 
the wastewater treatment plant effluents (WWTP) average: dissolved arsenic, 
dissolved mercury, Enterococcus group, E. coli, fecal coliform, and total aluminum.  
Concentrations of dissolved cobalt, thallium (total and dissolved), Staphylococcus 
aureus, TOC, total arsenic, total barium, total chromium, total, coliform, total copper, 
total iron, total lead, total manganese, total phosphorus (6020), and total suspended 
solids were found in 10 to100 greater concentrations in the poultry EOF than in the 
WWTP.  Dissolved aluminum, antimony (total and dissolved), dissolved barium, 
selenium (total and dissolved), total dissolved phosphorus (6020), total phosphorus 
(4500PF), total nickel, total vanadium, and total zinc were five to ten times greater in 
poultry EOF than in the WWTP.  In the poultry EOF, there were slightly higher levels 
of ammonium nitrogen, beryllium (dissolved and total) cadmium (dissolved and 
total), dissolved copper, dissolved lead, magnesium (dissolved and total), dissolved 
manganese, dissolved molybdenum, potassium (dissolved and total), dissolved zinc, 
Salmonella species, soluble reactive phosphorus (4500PF), total dissolved phosphorus 
(4500PF), TKN, silver (total and dissolved), and total calcium than in the WWTP.  The 
concentrations of dissolved chromium, dissolved iron, dissolved vanadium, sodium 
(total and dissolved), total sulfate, and dissolved nickel were higher in the WWTP 
than in the poultry EOF.  
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Comparison of EOF and Surface Waters Impacted with WWTP effluents: As shown in 
Table 6.4-5, the concentrations of the following parameters are significantly higher 
(over 100 times more) in poultry edge of field samples (EOF) average compared to 
waste-water treatment plant impacted surface waters (WWTP-SW) average: 
Breviabacteria 16S rRNA, dissolved arsenic, dissolved cobalt, Enterococcus group, 
total iron, and total copper.  Ammonium nitrogen, Campylobacter species, dissolved 
copper, manganese (dissolved and total), fecal coliform, TOC, total aluminum, total 
arsenic, total chromium, total coliform, E. coli, total dissolved phosphorus (6020), total 
phosphorus (4500PF and 6020), TKN, total lead, and total suspended solids were 
found to be 10 to 100 times greater in concentration in the poultry EOF than in the 
WWTP-SW.  The concentrations of dissolved aluminum, antimony (total and 
dissolved), dissolved iron, selenium (total and dissolved), thallium (total and 
dissolved), soluble reactive phosphorus (4500PF), total cobalt, total dissolved 
phosphorus (4500PF), and total zinc were greater by 5 to10 times in the poultry EOF 
than in the WWTP-SW.  In the poultry EOF, concentrations of 17a-estradiol, 17b-
estradiol, beryllium (total and dissolved), cadmium (total and dissolved), dissolved 
lead, magnesium (total and dissolved), molybdenum (total and dissolved), potassium 
(total and dissolved), silver (total and dissolved), dissolved zinc, Estriol, total barium, 
total nickel, total ortho-phosphorus (365.2), and total phosphorus (365.2 and 6010) 
were 2 to 5 times greater than those found in the WWTP-SW. The concentrations of 
chloride, conductivity, dissolved boron, sodium (total and dissolved), Estrone, 
nitrate+nitrite, Staphylococcus aureus, and total sulfate were higher in the WWTP-SW 
than in the poultry EOF.  

Comparison of EOF and Cattle-impacted Springs: As shown in Table 6.4-5, the 
concentrations of the following parameters are significantly higher (over 100 times 
more) in poultry edge of field samples (EOF) average compared to cattle-impacted 
springs average: dissolved arsenic, E. coli, total aluminum, and fecal coliform.  The 
poultry waste leachate had 10 to 100 times greater concentrations of ammonium 
nitrogen, dissolved cobalt, copper (total and dissolved), iron (total and dissolved), 
thallium (total and dissolved), Staphylococcus aureus, total coliform, total zinc, 
Enterococcus group, Estriol, Estrone, total chromium, TKN, total phosphorus (6020), 
and total suspended solids.  Dissolved aluminum, antimony (total and dissolved), 
dissolved chromium, dissolved molybdenum, selenium (total and dissolved), 
dissolved zinc, total cobalt, and total manganese were found in five to ten times 
greater concentrations in the poultry EOF than cattle-impacted springs.  The poultry 
EOF had significantly higher (two to five times greater) concentrations of 17a-
estradiol, 17b-estradiol, beryllium (total and dissolved), cadmium (total and 
dissolved), dissolved manganese, total nickel, silver (total and dissolved), TOC, 
vanadium (total and dissolved), total dissolved phosphorus (6020), total lead, total 
phosphorus (4500PF), and Salmonella species than the impacted springs. Nitrate + 
nitrate, chloride, dissolved barium, dissolved calcium, dissolved lead, and dissolved 
magnesium were found in higher concentrations in the cattle-impacted springs than 
in the poultry EOF. 
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Summary of Waste Characteristics 

Based on the characteristic of sources of contamination presented in this section, the 
following observations can be made: 

 The potential major sources of contamination in the IRW (cattle, poultry waste and 
WWTP discharge) have distinct compositions 

 The poultry waste, poultry waste synthetic leachates and edge of field samples 
from fields with poultry waste have significantly higher concentrations of many 
contaminants including phosphorus, copper, zinc, total Kjeldahl nitrogen and 
potassium.  The very high concentrations of contaminants in the poultry waste 
should results in observable concentrations in the environmental components of 
the IRW (waters and sediments).  

 The distinct compositions of the sources should result in definitive signatures of 
contamination in the IRW is the sources are major contributor to the contamination. 

6.4.2 Mass Balance Evaluations 
The major potential sources of surface water, groundwater and sediment 
contamination in the IRW are land disposal of poultry waste, cattle manure direct 
deposition on field and in rivers and waste water treatment plant direct discharge into 
the rivers. Dr. Bernard Engel’s Expert Report and Dr. Chri Teaf”s Expert Report 
discusses these various sources (Engel 2008 and Teaf 2008). 

Quantities of Waste 
Dr. Engel determined that between 354,000 and 477,000 tons of poultry waste is 
generated per year in the IRW. The amount of cattle manure generated per year in the 
IRW has also been estimated by Dr. Engel and is approximately 319,000 tons. The 
yearly discharge from WWTPs is approximately 30.0 million gallons of effluent per 
day (Engel 2008, based on 2003 to 2006 data).  Discharge quantities are provided in 
Table 6.4-6 

Phosphorus Mass Balance 
Dr. Engel has also evaluated the amount of phosphorus from each major source in the 
IRW.  He has determined poultry production is responsible for 76.2 percent of the 
annual phosphorus contribution in the IRW. Beef cattle in responsible for 1.7 percent 
and human population is responsible for 3.2 percent. 

Phosphorus Loads to IRW Rivers and Tenkiller 

Dr. Engel (Engel, 2008) has also evaluated the quantities of phosphorus released into 
the surface waters of the IRW from major sources.  Dr. Engel has determined that 
between 432,000 to 500,000 lb/yr of phosphorus that enters the waters of the IRW 
results from poultry waste application to fields in the IRW.  In addition, 90,155 lb/yr 
of phosphorus was attributed to point source discharges (based on 2003 to 2006).  
Some of the point source discharges are from poultry processing facilities.  For cattle, 
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35,600 lb/yr of phosphorus are excreted in or near streams; however, most of this 
recycled phosphorus from poultry waste application. 

Bacteria Mass Balance 
Dr. Christopher Teaf has evaluated the amount of bacteria (fecal coliform) contributed 
to surface waters in the IRW. Overall, livestock accounts for 98.6 percent of the fecal 
coliform released to the IRW surface waters.  Dr. Teaf has determined that of the 
livestock contribution, 41.4 percent is contributed by poultry waste and 44 percent 
percent is contributed by cattle. 

Mass Balance Based on Leaching Tests 
Leaching tests have been performed on both cattle manure and poultry waste.  The 
tests were conducted using EPA synthetic precipitation leaching procedure (SPLP) 
method 1312 (SW846).  The method is “designed to determine the mobility of both 
organic and inorganic analytes present in liquids, soils, and wastes.”  The test uses 
simulated (synthetic) rainfall (precipitation).  Number 2 extraction fluid was used 
which represents rain west of the Mississippi River. A water to solids ratio of 20:1 is 
used (2 L of synthetic rain and 100 grams of waste).  If required waste samples are 
disaggregated to size particles less than 10 mm in diameter.  The dry cattle manure 
required particle size reduction.  This process maximizes the amount of contaminants 
leached from the samples and in the case of older, dry cattle manure would not 
represent actual field conditions.  However, the poultry waste is already a relatively 
fine particle sized material.  Therefore, the leaching tests result in exaggerated 
concentration from dry cattle waste when compared to poultry waste that would be 
observed in the environment.  The results of the leaching tests are presented and 
discussed in Section 6.4.1 (Table 6.4-2a). 

In this section, the results of the SPLP tests were used to estimate relative maximum 
amounts of contaminants that could be leached from cattle manure and poultry 
waste.   

As stated, Table 6.4-2a provides the chemical and bacteria composition of the 
leachates at a 20:1 ratio for the poultry waste, fresh cattle manure and dry cattle 
manure.  The leachate values (reported in mg/L) were converted into the mass of 
potentially leachable material using the average yearly waste produced (both poultry 
and cattle).  Yearly poultry waste masses range from 354,000 tons to 500,000 tons (as 
disposed) and yearly cattle waste average mass is 319,000 tons (dry weight). The 
quantity of poultry waste was converted to a dry mass by using the average solids 
content reported for the poultry waste samples from the IRW.  The leachate 
concentration results were multiplied by the leachate liquid to solids ratio (20L:100g) 
and the dry waste quantities to determine the total mass (Kg) of each contaminant. 
Table 6.4-7a compares the potential “maximum” mass in leachates (water) for all 
contaminants in both cattle manure and poultry waste.  The “low limit” is based on 
the lower limit of poultry waste determined by Dr. Engel (354,000 tons/yr) and the 
“high limit” is based upon his upper limit (477,000 tons/yr).  For cattle, results of both 
fresh and dry manure were used.  Table 6.4-7b compares the leachable masses of both 
poultry waste and cattle manure. A factor (ratio) was calculated by dividing the value 



A  6-11 

 

 

of the poultry waste mass values by the value for either the fresh or dry cattle manure 
mass values. If the resulting factor is above one, the contaminant is potentially 
contributed to the water of the basin in greater concentration by the poultry waste 
than the manure.  If the resulting factor is below one, the contaminant is potentially 
contributed to the water of the basin in greater concentration by the cattle manure 
than the poultry waste. The manure mass is compared to both the upper and the 
lower limit of the poultry waste mass. 

As shown in Table 6.4-7b, for the fresh manure mass, a factor between one and five 
was calculated (i.e., the leachable poultry mass is 1 to 5 times greater that the 
leachable cattle mass) for dissolved aluminum, dissolved calcium, dissolved 
magnesium, dissolved manganese, e. coli, enterococci, fecal coliform, N+N, and total 
coliform using both the high and low poultry limit. A factor between five and ten was 
observed (poultry mass 5 to 10 times greater than the cattle mass) in the fresh manure 
mass for alkalinity (high and low limit), dissolved sodium (low limit), soluble reactive 
phosphorus (high and low limit), total dissolved phosphorus (4500PF and 6020 for 
high and low limit), and total dissolved solids (low limit). A factor of greater than 10 
was calculated in the fresh manure leachates for chloride, dissolved arsenic, dissolved 
iron, dissolved nickel, dissolved potassium, dissolved sodium (high limit), dissolved 
zinc, TKN, total dissolved solids (high limit), and total sulfate (high and low limit).  
The greatest difference (over 100 times greater in concentration) between the poultry 
waste mass and the fresh cattle manure mass was observed for dissolved copper. The 
fresh cattle manure mass had higher concentrations of TOC than the poultry waste 
mass. 

As shown in Table 6.4-7b, for the dry manure mass, a factor between one and five 
was calculated for dissolved aluminum, dissolved calcium,  dissolved magnesium 
(not high limit), e. coli, enterococci, fecal coliform, N+N, TOC, and total coli form 
using both the high and low poultry limit. A factor between five and ten was 
observed in the dry manure mass for dissolved magnesium (high limit), dissolved 
manganese (high and low limit), soluble reactive phosphorus (high and low limit), 
total dissolved phosphorus (4500PF and 6020 for high limit), and total dissolved 
solids (low limit). A factor of greater than 10 was calculated for the fresh manure 
leachates for alkalinity (high and low limit), chloride, dissolved arsenic, dissolved 
iron, dissolved nickel, dissolved potassium, dissolved sodium (low and high limit), 
dissolved zinc, TKN, total dissolved phosphorus (4500PF and 6020 for low limit), total 
dissolved solids (low and high limit), and total sulfate (high and low limit).  The 
greatest difference (over 100 times greater in concentration) between the poultry 
waste mass and the fresh cattle manure mass was observed for dissolved copper. The 
fresh cattle manure mass had no constituent with higher concentrations of potentially 
leachable mass than the poultry waste mass. 

As shown by the above calculations, the maximum potentially leachable mass of 
contaminants resulting from poultry waste is much greater than from cattle manure.  
As previously discussed, the cattle leachate values are probably exaggerated because 
of the required size reduction.  Overall, assuming 90% dry and 10% fresh cattle 
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manure on actual fields, the cattle contribution to the total leachable mass of cattle 
and poultry wastes follows: 

Cattle Contribution to Leachable Parameter Masses 

 
These results are consistent with studies performed by researchers on actual field test 
plots.  T.J. Sauer, et al (1999), used field test plots and simulated runoff to measure the 
relative quantities of selected contaminants for dairy cattle feces and urine and 
poultry waste.  In the first treatment, all contaminants were higher in poultry runoff 
compared to dairy cattle runoff.  Some of the information is summarized below by 
comparing the concentrations ratios and calculating a factor by which runoff from 
poultry waste was higher than runoff from cattle feces.   

Contaminant 
Factor Higher in Runoff from 

Poultry Waste Plots 

Total N 8.4 
Soluble Reactive P 17 
Potassium 7 
Copper 480 
Zinc 1.1 
Total Sulfur 2.6 

 

The concentrations in the second treatment were not as high, but all contaminants 
(except iron and manganese) were still higher from the poultry waste. Sauer, et al, 
concluded that poultry plots, when compared to cattle plots, “provided at least six 
times the amount of each nutrient.” 

Parameter Units 
 

Cattle Contribution  
(Poultry Low Limit) 

 
Cattle Contribution  
(Poultry High Limit) 

Copper % 0.3 0.2 
Potassium % 1.8 1.3 
Zinc % 2.8 2.0 
Enterococcus Group % 41.7 33.6 
Soluble Reactive P (4500PF) % 13.0 9.6 
Total Dissolved P (4500PF) % 11.5 8.5 
Total Dissolved P (6020) % 10.1 7.4 
Total Kjeldahl Nitrogen % 5.3 3.8 
Total Sulfate (SO4) % 1.9 1.3 
Arsenic % 1.5 1.1 
Iron % 4.7 3.4 
Manganese % 14.4 10.6 
Nickel % 1.6 1.2 
Sodium % 2.9 2.1 
Fecal Coliform % 39.4 31.6 
Total Dissolved Solids % 5.7 4.1 
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Test plots were also studied by M.L. Soupir, et al (2004).  Transport plots (runoff 
water) plots with turkey waste resulted in between 1.2 to 1.7 times higher 
concentrations of dissolved phosphorus when compared to plots with “cowpies.”  
The total phosphorus amount was approximately the same. 

Summary Observations 

Several observations can be made from the mass balance calculation in the previous 
sections.  These include: 

 The potential mass (or load) of contaminants into the IRW waters resulting from 
leaching cattle manure is significantly less than the potential mass of contaminants 
from poultry waste.  For phosphorus, cattle manure would potentially contribute 
between 7.4 and 13 percent of the total mass from cattle and poultry waste 
combined.  The potential mass contribution by cattle for copper, zinc and arsenic is 
very small ranging from 0.2 to 2.8 percent.  The mass of major cations (potassium 
and sodium) potentially contributed by cattle is also very small ranging from 1.3 to 
2.9 percent.  The potential contribution by cattle for fecal coliform ranges from 32 to 
39 percent. 

As discussed, the calculated quantities (masses) are maximum quantities resulting 
from laboratory experiments.  As shown by Dr. Engel’s calculations (Engel 2008), the 
actual quantities leached in the environment are substantial less.  However, the tests 
were performed in the same manner on both poultry waste and cattle manure; 
therefore, the resulting values can be compared to each other and make determination 
of the relative contribution and amounts of contaminants.  As previously stated, the 
cattle leaching test may over exaggerate the potential leachate concentrations due to 
disaggregation of the dry cattle manure.  In addition, some poultry waste has been 
transported out of the IRW basin.  According to Dr. Engel (Engel 2008), an average of 
about 8.8 percent of the poultry waste generated in the IRW was transported out of 
the basin between 2003 and 2006.  This transport would not significantly decrease the 
relative amount of mass calculated in the above paragraph and would not change the 
overall conclusions.    

6.4.3 Chemical Composition and Forms of Phosphorus 
6.4.3.1 Elemental Phosphorus 
Phosphorus is not found as a free element in the natural environment.  It is found 
only as a constituent in terrestrial minerals, granite, in fertile soils, and in most 
meteorites in the form of Schriebersite (Budavari, 1996; Greenwood & Earnshaw, 
1990). It is the eleventh most abundant element in Earth’s crust at a concentration of 
1122 mg/kg (Greenwood & Earnshaw, 1990). Vital for growth and development in 
organisms, phosphorus is found in all cell protoplasm, DNA, bones, and teeth 
(Budavari, 1996; Greenwood & Earnshaw, 1990; Weast, 1970). Phosphorus plays an 
important role in energy transfer processes such as photosynthesis, muscle action, and 
nerve function (Greenwood & Earnshaw, 1990).  
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6.4.3.2 Phosphorus in Poultry Diets 
To ensure that the animals ingest the necessary amount of phosphorus to facilitate 
proper bone formation, energy utilization and general overall health, additional 
sources of phosphorus are included in poultry diets.  The plant portion of poultry diet 
provides limited digestible phosphorus to the poultry.  Phosphorus from animal 
products and mineral supplements are generally well utilized by the animal.  There 
are several phosphorus additives available, including steamed bone meal, calcium 
phosphate dibasic from defluorinated phosphoric acid (CaHPO4), calcium phosphate 
monobasic (Ca(HPO4)2), defluorinated phosphate (PO4-3), ground Curacao phosphate 
rock, soft phosphate rock, sodium phosphate dibasic from furnaced phosphoric acid 
(NaHPO4), sodium phosphate monobasic (NaH2PO4●H2O), and phosphoric acid 
(H3PO4).  The mono-dicalcium phosphates appear to be popular additives due to the 
more predicable and bioavailable phosphate concentration (NRC, 1994; Waldroup, 
1999).  

Dr. Fisher (Fisher, 2008) has reviewed the actual feed formulations used by integrators 
in the IRW. Feed formulations used by Tyson, Simmon’s, Peterson’s, Cargill, George’s 
and  Cal-Maine demonstrate that the Defendant’s design and control the composition 
of feed provided to their poultry.  In general, the feed formulations specified by the 
Defendants are dominantly comprised of corn and soybean meal, but frequently 
contain appreciable quantities of other grains and/or grain processing wastes as well 
as poultry by-product meal (poultry byproduct meal is made by grinding the 
rendered parts of poultry carcasses), feather meal, meat and bone meal, animal fat, 
including poultry fat, and various organic nutrients, including vitamins and amino 
acids.  In nearly all cases, Defendants’ feed formulations specify the addition of 
numerous chemicals (other than the materials specified in the foregoing list). The 
chemical compounds intentionally added to feeds by Tyson, Simmon’s, Peterson’s, 
Cargill, George’s and Cal-Maine include: calcium phosphates, calcium carbonate, 
sodium chloride, potassium sulfate, zinc propionate, copper chloride, copper sulfate, 
arsenic in the form of 3-nitro-4-hydroxyphenylarsonic acid (a/k/a Roxarsone), 
selenium, trace minerals, vitamins and numerous antibiotic compounds. Therefore 
poultry feed contains numerous chemical elements, including, phosphorus, copper 
and zinc.   Moreover, standard reference diets for chicks are specifically formulated 
using chemical compounds containing phosphorus, copper and zinc. 

6.4.3.3 Phosphorus in Poultry Waste 
Variations in the amount of readily-soluble phosphorus throughout the literature can 
not be explained simply by differences in diet alone. The analytical methodology 
employed in the studying of phosphorus in manures differs among studies. The main 
differences are the pretreatment of the manure, the extraction solutions, the reaction 
times, and the number of replications. There seems to be little consistency on how the 
manures are handled, extracted and analyzed.  Therefore, comparison among the 
different studies is difficult.  (Turner & Lytem, 2004) 

Animal manure is a source of available phosphorus for plants, but is often applied in 
excess of agrinomic needs (Johnson 2008). The organic phosphorus in animal manures 
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can be separated into two fractions: readily-soluble (water and NaHCO3 solutions) 
and poorly soluble (NaOH and HCl solutions). Compounds typically found in the 
readily-soluble fraction are soluble phosphate, phospholipids, DNA, and simple 
phosphate monoesters. The NaOH extractions of pasture-fed cattle had a 
predominance of phospholipids and RNA degradation products. Microbial-originated 
compounds can be a considerable component of phosphorus in some manures. The 
phytic acid is not readily bioavailable to organisms once it stabilizes in the soil.  
Turner and Leytem (2004) found, using the Hedley Fractionation method, that the 
readily-soluble percentage of extractable phosphorus was 31 percent in broiler litter 
and 54 percent in cow manure. (Celi & Barbaris, 2004; Lehmann, et al., 2005; Leytem, 
et al., 2002; Turner, 2004; Turner & Leytem, 2004; Turner, et al., 2002) 

Phosphorus in animal manure is associated with calcium and magnesium as apposed 
to iron and aluminum (as seen in soils) in various studies. Turner and Leytem (2004), 
based on elemental concentrations of manure extracts, associated phosphorus with 
calcium and magnesium. Cooperband and Good were able to detect slightly soluble 
calcium phosphate minerals in poultry litter using scanning electron microscopy 
(SEM) and energy dispersive x-ray spectroscopy. This study also indicated that 
calcium and magnesium phylates have the ability to be quantitatively important in 
some manures.  Fordham and Schwertmann (1997) utilized x-ray diffraction to detect 
magnesium and calcium phosphate minerals in dairy manure from solubility studies 
(Cooperband & Good, 2002; Fordham & Schwertmann, 1997; Turner & Leytem, 2004).  

6.4.3.4 Phosphorus in Poultry Waste Applied 
Phosphorus forms binuclear bridges with minerals containing OH surface groups and 
thus the soil solution concentrations of phosphorus are typically low. However, long-
term manure application has manifested situations in which the soil binding sites are 
saturated and phosphorus mobilization has occurred. Due to long-term manure 
amendments, the capacity of soils to absorb additional phosphorus has been greatly 
decreased. Inorganic phosphorus appears to be retained in manured soils in greater 
proportion than organic phosphorus. Soluble phosphate, phospholipids, DNA, and 
simple phosphate monoesters compounds are weakly sorbed in the soil and have a 
high mobility through terrestrial and aquatic ecosystems. The high runoff potential of 
these organic phosphorus compounds make them environmentally significant even 
when present in small concentrations. The poorly soluble compounds strongly sorb to 
clay soils and react with metal oxides to form insoluble precipitates. The dominant 
insoluble phosphorus compound found in poultry litter and grain-fed cattle is phytic 
acid.  (Behrendt & Boekhold, 1993; Eghball, et al., 1996; Heckrath, et al., 1995; Holford, 
et al., 1997; Hountin, et al., 2002; Lehmann, et al., 2005; Novak, et al., 2000; Turner & 
Leytem, 2004; Whalen & Chang, 2001)   

Lehmann et al. (2005) found that there was a significant decrease in the retention of 
phosphorus to long-term poultry manured soils. An increase in the dissolved reactive 
phosphorus in saturated soils was observed as well as a decrease in the importance of 
dissolved unreactive phosphorus with an increase in manure application duration. 
This study also found that there was a greater mobility of organic phosphorus 
compared to inorganic phosphorus for short- and medium-term manure application. 



A  6-16 

 

 

For long-term poultry manure applications, the organic phosphorus may be 
converted to inorganic forms such as calcium phosphates. (Lehmann, et al., 2005) 

A study by Lehmann et al. (2005) suggests that calcium phosphate dynamics are a 
likely control mechanism of the portion of available and mobile phosphorus found in 
soils amended with large amounts of manure. For low phosphorus soils (below 159 
mg/kg), aluminum and iron phosphates were also found to influence the mobility of 
phosphorus by McDowell and Sharpley (2003).  (Lehmann, et al., 2005; McDowell & 
Sharpley, 2003) 

6.4.3.5 Hazardous Substances in Poultry Waste 
Assuming the list of Hazardous Substances and Reportable Quantities (table 302.4, 40 
CFR § 302.4) includes not only the specific chemical listed but also chemical 
compounds, chemical forms and chemical combinations of the listed chemical, 
analyses of poultry waste and literature reports include many hazardous substances 
including: 

 Ammonia (CASRN 7664417) 
 Ammonia and Compounds 
 Arsenic and compounds 
 Cadmium and compounds 
 Chromium and compounds 
 Copper and compounds 
 Lead and compounds 
 Manganese compounds 
 Nickel and compounds 
 Nitric Acid (CASRN 7786-81-4) 
 Nitrogen oxides 
 Nitrosamines  
 Phosphorus and compounds 
 Phosphoric acid (CASRN 7664382) 
 Polynuclear aromatic hydrocarbons 
 Radionuclides 
 Selenium and compounds 
 Sodium and compounds 
 Sulfuric acid (CASRN 7664939) 
 Thiourea (CASRN 62566) 
 Unlisted hazardous waste with characteristic of reactivity 
 Zinc and compounds 

The CAS Registry Number 7723140 refers to elemental phosphorus.  This substance 
does not naturally exist in the environment.  However phosphorus is present as 
compounds in the feed, poultry waste and poultry waste in soils mainly as phosphate 
(PO4-3) compounds.  As an environmental constitutent dissolved in moisture or water 
(the mobile phase), the exact chemical composition of the phosphate will depend 
upon the pH of the water.  At a neutral pH, the phosphate will exist as dissolved 
aqueous anions both: H2PO4- and HPO42-.  At the same pH value, these chemical 
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forms and proportions of these chemical forms are identical to the chemical forms and 
proportions of the listed substance phosphoric acid. 

6.5 Pathway Sampling Approach 
The overall sampling approach was to collect and analyze water or solid materials 
(wastes, soils and sediments) in each major compartment (component) of the 
environment.  The purpose of this approach was to document, if possible, the fate and 
transport of poultry associated contamination from its origin (land disposal of poultry 
waste) through each environmental transport step to the ultimate deposition in the 
sediments and water of Lake Tenkiller.  Figure 6.5-1 illustrates each of the major 
environmental components.  These include (in order from source to final location) 

 Poultry waste from the poultry houses, upper right hand corner of Figure 6.5-1 
(samples collected from the poultry houses in the IRW were called litter or facility, 
FAC, samples) 

 Soils from fields on which land application of the poultry waste occurred (samples 
are called land application locations, LAL, samples)  

 Water runoff from fields with waste as a result of precipitation (rainfall) events 
(samples are called edge of field, EOF, samples) 

 Waters from small tributarties in watersheds in which poultry houses exist and 
waste disposal occurred (samples are called high flow station, HFS, samples) 

 Ground water in shallow alluvial materials near streams that may be contaminated 
as a result of infiltration (rainfall moving through the soil) on waste applied fields 
(samples were collected using Geoprobe techniques and are called GP samples) 

 Ground water from deeper geologic strata (samples were collected from existing 
homeowner wells and samples are called ground water, GW, samples) 

 Water from springs that may represent contaminated groundwater resulting from 
infiltration on fields (samples are called spring, SPR, samples) 

 Water from rivers within the IRW including both small and larger rivers (samples 
from larger streams at USGS stations are called USGS samples; samples from other 
locations, both large and smaller streams, are called river stations, RS, or biological 
stations on the rivers, RBS) 

 Waters collected from streams during base flow conditions that represent 
groundwater recharge (samples from the small tributarties are call HFS-BF; 
however, all river samples have a designation indicating whether samples were 
collected during high flow or base flow) 

 Waters from Lake Tenkiller (samples from Lake Tenkiller are designated lake, LK, 
samples) 
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 Waters from outside the IRW that are reference samples (samples are designated 
REF – also other designations, see Section 2.13) 

 Sediments from rivers in the IRW (samples are designated sediments, SD, samples) 

 Sediments from Lake Tenkiller (both grab and core samples were collected and are 
designated lake sediments, SEDLK or SDLK) 

A number of major poultry waste constituents, or parameters, are found in each of the 
environmental components. Phosphorus (4500PF), total organic carbon (TOC), 
copper, zinc, potassium, enterococci, fecal coliform, e. coli, total coliforms, total 
Kjeldahl nitrogen (TKN), aluminum, iron, estrone, sodium, alkalinity, calcium, 
arsenic, magnesium, and total dissolved solids were contaminants selected to evaluate 
in each of the aquatic environmental components. Phosphorus (6020), total organic 
matter, copper, zinc, potassium, arsenic, calcium, estrone, e. coli, enterococci, fecal 
coliform, total coliforms, nitrogen, soluble salts, sodium, magnesium, sulfate (SO4), 
and phosphorus (water-soluble) were contaminants selected to calculate each the 
solids environmental components.  

Table 6.5-1 provides the average concentrations of the aquatic (water) contaminants 
of interest for surface waters: EOF, small tributaries (high- and base-flows), river 
surface water (high- and baseflows), USGS station samples (high- and base-flows), 
Lake Tenkiller samples, and reference samples. Table 6.5-2 provides the average 
concentrations of the aquatic parameters of interest for groundwater including: edge 
of field samples (for comparison only), geoprobe samples, springs, and homeowner’s 
wells. Table 6.5-3 provides the average concentrations of the solids contaminants of 
interest for the poultry waste, soil (from fields with applied poultry waste) collected 
from 0-2 inches, river sediments, sediments from Lake Tenkiller, and reference soils. 
As shown, the poultry constituents (parameters of interest) are present in each of the 
environmental components in concentrations greater than background concentrations 
(compared to reference locations) 

Figure 6.5-2 through Figure 6.5-11, provide graphical representation of the data for 
the selected contaminants of interest for the surface water components.  Figures 6.5-2 
and 6.5-3 provide graphical representation of the total phosphorus (4500PF) data. 
Figures 6.5-4 and 6.5-5 provide graphical representation of the soluble reactive 
phosphorus data. Figures 6.5-6 and 6.5-7 provide graphical representation of the 
enterococci data. Figures 6.5-8 and 6.5-9 provide graphical representation of the TOC 
data. Figures 6.5-10 and 6.5-11 provide graphical representation of the total potassium 
data.  The samples for the different components have been separated in order to 
increase the clarity of the data (the first figure for each contaminant includes the EOF 
sample; the second figure does not.) 

Figure 6.5-12 through Figure 6.5-18, provide graphical representation of the data for 
the selected contaminants of interest for the groundwater components.  Figures 6.5-12 
and 6.5-13 provide graphical representation of the total phosphorus (4500PF) data. 
Figure 6.5-14 provides graphical representation of the soluble reactive phosphorus 
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data. Figure 6.5-15 provides graphical representation of the enterococci data. Figure 
6.5-16 provides graphical representation of the TOC data. Figures 6.5-17 and 6.5-18 
provide graphical representation of the total potassium data.  The samples for the 
different components have been separated in order to increase the clarity of the data. 

Figure 6.5-19 through Figure 6.5-26, provide graphical representation of the data for 
the different contaminants of interest for the solids components.  Figures 6.5-19 and 
6.5-20 provide graphical representation of the total phosphorus (6020) data.  Figures 
6.5-21  and 6.5-22 provide geographical representation of the total potassium data. 
Figures 6.5-23 and 6.5-24 provide graphical representation of the total copper data. 
Figures 6.5-25 and 6.5-26 provide graphical representation of the total arsenic data. 
The samples for the different components have been separated in order to increase the 
clarity of the data. These figures are discussed in the next section. 

6.6 Indicator Chemicals in Water 
The following paragraphs discuss several poultry related contaminants that are 
widely distributed and pervasive across the IRW.  These contaminants include 
phosphorus, enterococci, total organic carbon, and potassium. 

6.6.1 Distribution of Phosphorus through out the Basin – Water 
Surface Water: Figures 6.6-1 through Figure 6.6-4 are spatial representations of the 
average concentration of total phosphorus (4500PF) for the various sampling 
locations.  The majority of the locations had concentrations of total phosphorus 
(4500PF) that were greater than the Oklahoma water quality standard of 0.037 mg/L.  
Figure 6.6-3 indicates that the highflow surface water locations in Arkansas tended to 
have higher concentrations than those sampled in Oklahoma.  As shown, phosphorus 
is widespread and pervasive throughout the entire basin with the average 
concentrations at most locations above 0.037 mg/L and above background 
concentrations.  Particularly see Figure 6.6-4a which provides the results of soluble 
reactive phosphorus at 194 locations collected in August 2006 over a two week period. 

Figure 6.5-2 and Figure 6.5-3 (introduced in previous section), indicate that the 
concentration of total phosphorus is highest in the poultry edge of field samples 
(EOF) and then decreases as the water moves through the various components. The 
majority of the concentrations of total phosphorus range from 0.6 mg/L to 3 mg/L for 
the EOF samples. The majority of the concentrations of total phosphorus for the other 
components are typically lower than 0.1 mg/L. As shown in Figure 6.5-4 and Figure 
6.5-5, a very similar trend is seen with the soluble reactive phosphorus (SRP) with the 
majority of the concentrations for the EOFs ranging from 0.2 mg/L to 1.2 mg/L.  The 
majority of the concentrations of SRP for the other components are typically lower 
than 0.1 mg/L.   

Groundwater: Figure 6.6-13 is a spatial representation of the average concentration of 
total phosphorus (4500PF) for the various geoprobe, springs, and well stations.  
Phosphorus was found in each of these components, with higher concentrations 
found at the geoprobe and springs stations.   
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Figure 6.5-12 and Figure 6.5-13 (introduced in previous section), show the 
concentrations of total phosphorus in groundwater related components. The majority 
of the concentrations of total phosphorus for the geoprobe samples ranged between 
16 mg/L to 113 mg/L. The majority of the concentrations of total phosphorus for the 
spring samples ranged between 0.02 mg/L to 0.05 mg/L. The majority of the 
concentrations of total phosphorus for the well samples ranged between 0.005 mg/L 
to 0.03 mg/L. As shown in Figure 6.5-14, a very similar trend is observed for soluble 
reactive phosphorus (SRP). The majority of the concentrations of SRP for the geoprobe 
samples ranged between 0.003 mg/L to 0.15 mg/L. The majority of the concentrations 
of SRP for the spring samples ranged between 0.01 mg/L to 0.03 mg/L.  

6.6.2 Distribution of Bacteria through out the Basin – Water 
Surface Water: Figures 6.6-5 through Figure 6.6-8 are spatial representations of the 
average concentration of enterococci for the various sampling locations.  The majority 
of the locations monitored had concentrations of enterococci that were greater than 
the reference samples.  Enterococci is widespread throughout the entire basin and 
many average concentrations are greater than 33MPN/100mL. 

As shown in Figure 6.5-6 and Figure 6.5-7 (introduced in previous section), the 
majority of the concentrations of enterococci for the EOFs range from 2200 
MPN/100mL to 33000 MPN/100mL.  The majority of the concentrations of 
enterococci for the small tributaries and the surface water stations and USGS station 
(baseflow) have concentrations typically ranging from 80 MPN/100mL to 800 
MPN/100mL.   The majority of the enterococci concentrations for the USGS station at 
highflow are slightly higher than the tributaries and streams with a range of 69 
MPN/100mL to 3800 MPN/100mL.  

Groundwater: As shown in Figure 6.5-15, the majority of the concentrations of 
enterococci for the EOFs range from 2200 MPN/100mL to 33000 MPN/100mL. The 
majority of the concentrations of enterococci for the geoprobe samples ranged 
between 11 MPN/100mL to 960 MPN/100mL. The majority of the concentrations of 
enterococci for the spring samples ranged between 4 MPN/100mL to 100 
MPN/100mL. The majority of the concentrations of enterococci for the well samples 
ranged between 1 MPN/100mL to 1.5 MPN/100mL. 

6.6.3 Distribution of Potassium and TOC through out the Basin -
Water  
Surface Water: Figures 6.6-9 through Figure 6.6-12 are spatial representations of the 
average concentration of total organic carbon (TOC) for the various sampling 
locations.  The majority of the locations monitored had concentrations of TOC greater 
than the reference samples (typically 2.5 mg/L TOC).  Figure 6.6-11 and Figure 6.6-12 
indicate that the highflow and baseflow surface water locations in Arkansas tended to 
have higher concentrations than those sampled in Oklahoma.   

As shown in Figure 6.5-8 and Figure 6.5-9 (introduced in previous section), the 
majority of the concentrations of total organic carbon (TOC) range from 7 mg/L to 20 
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mg/L for the edge of field samples. Then a decrease for the other aquatic components 
is observed with the majority of the concentrations of TOC for the other components 
are typically lower than 5 mg/L.  As shown in Figure 6.5-10 and Figure 6.5-11, the 
majority of the potassium concentrations for the EOFs ranged from 5 mg/L to 25 
mg/L.  The majority of the concentrations of total potassium for the other 
components are typically lower than 5 mg/L.  Both TOC and potassium show a 
logical decrease in concentrations from EOF, to small tributary, to general surface 
waters, to USGS stations, and to Lake Tenkiller. 

Groundwater: Figure 6.6-14 is a spatial representation of the average concentration of 
total organic carbon (TOC) for the various geoprobe, springs, and well stations.  TOC 
was found in each of these components, with the majority of the stations having 
concentrations greater than 0.7 mg/L.  

Figure 6.5-16 (introduced in previous section), shows the concentration of TOC in 
groundwater related components. The majority of the concentrations of TOC for the 
geoprobe samples ranged between 1.1 mg/L to 2.5 mg/L. The majority of the 
concentrations of TOC for the spring samples ranged between 0.5 mg/L to 1.1 mg/L. 
The majority of the concentrations of TOC for the well samples centered around 1 
mg/L. Figure 6.5-17 and Figure 6.5-18 show potassium concentrations in 
groundwater related components.  A similar range of samples is found for the 
geoprobe samples with a range of 4.5 mg/L to 24 mg/L. Then a decrease for the 
spring and well samples is observed with the majority of the concentrations of 
potassium for the other components are typically lower than 2.2 mg/L. The 
contaminants in poultry waste are pervasive throughout the aquatic (water) 
components.  In most cases the contaminant is found in higher concentrations in the 
small tributaries, streams and the lake than the reference samples. 

Summary of Observations 

Poultry waste related contaminants are wide spread and pervasive across the IRW.  
The poultry contaminant concentrations decrease from the source of the 
contamination (fields with poultry waste application) to Lake Tenkiller in a logical 
manner consistent with fate and transport mechanisms.  The concentrations of poultry 
related contaminants are typically above background or reference concentrations in 
all the environment components.  Because of the poultry contamination, the overall 
water quality characteristics have been effected in many aspects including the 
complete change from a typical calcium type water to a potassium type water. 

6.7 Indicator Chemicals in Sediments 
6.7.1 Distribution of Chemicals in Solids 
The following paragraphs discuss several contaminants that are widely distributed 
and pervasive across the IRW.  These contaminants include phosphorus, potassium, 
copper, and arsenic. 



A  6-22 

 

 

6.7.1.2 Distribution of Phosphorus through out the Basin – Solid 
Figure 6.7-1 is a spatial representation of the average concentration of total 
phosphorus (6020) for the various river and lake sampling location where sediments 
were collected.  The majority of the river and all of the lake locations sampled had 
concentrations of total phosphorus (6020) that were greater than 270 mg/kg.  The 
Lake Tenkiller samples shown are for surface grab samples only.  Phosphorus is 
widespread and pervasive throughout the river and lake sediments in the IRW. 

As shown in Figure 6.5-19 and Figure 6.5-20 (introduced in previous section), the 
majority of the concentrations for the phosphorus in poultry waste ranged from 15000 
mg/kg to 26000 mg/kg. There was then a decrease in the phosphorus concentration 
found in the top two inches of field soils with the majority of the concentrations 
ranging from 501 mg/kg to 750 mg/kg. A similar concentration range for the majority 
of the river sediment samples was found (299 mg/kg to 693 mg/kg). An increase in 
phosphorus concentration was observed in the Lake Tenkiller sediments with the 
majority of the samples ranging from 442 mg/kg to 1400 mg/kg (grab results). These 
concentration ranges were generally higher than the reference soil which had the 
majority of the samples ranging in concentration from 174 mg/kg to 407 mg/kg. 

6.7.1.3 Distribution of Potassium, Copper, and Arsenic through out the Basin 
- Solids 
As shown in Figure 6.5-21 and Figure 6.5-22 (introduced in previous section), a 
similar pattern to the one observed for the phosphorus concentrations was found for 
potassium concentrations. A high potassium concentration was found in the poultry 
waste (25000 mg/kg to 36000 mg/kg) and then a decrease in the concentration range 
was observed for the soils (440 mg/kg to 534 mg/kg). An increase in the potassium 
concentration values was observed for both the river sediments (384 mg/kg to 821 
mg/kg) and Lake Tenkiller sediments (671 mg/kg to 2200 mg/kg).  

Figure 6.7-2 is a spatial representation of the average concentration of total copper for 
the various river and lake sampling locations where sediments were collected.  High 
concentrations of copper were found throughout the basin river and lake sediments.  
The majority of the lake stations sampled had concentrations of total copper that were 
between 6 mg/kg and 280 mg/kg (grab samples).   

As shown in Figure 6.5-23 and Figure 6.5-24 (introduced in previous section), the 
majority of the copper concentrations for the poultry waste were between 300 mg/kg 
and 505 mg/kg.  A decrease was observed for the soils with a majority concentrations 
ranging from 8.6 mg/kg to 25.2 mg/kg.  Another decrease in concentration was 
observed for the river sediments with a majority range between 3.5 mg/kg to 10.4 
mg/kg.  An increase in the sample concentrations for the Lake Tenkiller sediments 
was observed with values ranging between 6 mg/kg and 18.5 mg/kg. The reference 
soil had a similar majority concentration range as the river sediments with values 
ranging between 2.4 mg/kg and 8.5 mg/kg. 

Figure 6.7-3 is a spatial representation of the average concentration of total arsenic for 
the various river and lake sampling locations where sediments were collected.  
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Elevated concentrations of arsenic were found throughout the basin river and lake 
sediments.  The majority of the lake locations sampled had concentrations of total 
arsenic that were between 6 mg/kg and 14 mg/kg.   

As shown in Figure 6.5-25 and Figure 6.5-26 (introduced in previous section), a 
similar pattern to the one observed for the phosphorus and potassium concentrations 
was found for the arsenic concentrations. High concentrations were found in the 
poultry waste (3.1 mg/kg to 30 mg/kg) and then a decrease in the concentration 
range was observed for the soils (3.1 mg/kg to 5 mg/kg). An increase in the 
concentration values was observed for both the river sediments (3.2 mg/kg to 8.1 
mg/kg) and Lake Tenkiller sediments (3 mg/kg to 10 mg/kg). These concentration 
ranges were generally higher than the reference soil which had the majority of the 
samples ranging in concentration from 1.9 mg/kg to 3 mg/kg. 

6.7.2 Distribution of Chemicals in Lake Tenkiller Sediments 
The following paragraphs are summarized from Dr. J. Berton Fisher’s expert report 
(Fisher, 2008) 

Reservoir sediments are important archives of environmental and geomorphic 
processes occurring within their drainage basins.   Reservoirs, such as Lake Tenkiller, 
are effective traps for incoming sediment and materials suspended and dissolved in 
the water entering the lakes. 

Sediment has accumulated in Lake Tenkiller since dam closure.  Fine grain recent 
sediments (post dam closure muds) vary in thickness within the lake, but tend to be 
thickest and most continuous within the lacustrine and transition zones of the lake 
where the thickest sediments are typically about 0.5 m  (~ 1.6 ft.) thick.  The primary 
purpose of this sediment thickness mapping was to select locations for the collection 
of sediment cores for chemical and geochronological analysis. 

Poultry waste constituents have and are accumulating within the sediments of Lake 
Tenkiller, and sediment concentrations of phosphorus and other poultry waste 
constituents within Lake Tenkiller sediments have increased over time.   In August, 
2005, sediment cores were hand-collected using a SCUBA diver from six locations 
within Lake Tenkiller.   The locations for core collection were chosen taking into 
consideration anticipated sediment thickness based on the sub-bottom sonar survey, 
pre-existing and consistently sampled limnological stations and the limnological 
zonation of the reservoir.   Ultimately a full chemical and geochronological analysis 
was performed for sediments recovered from four locations.  The cores were 
sectioned into 2-cm intervals and analyzed for numerous chemical parameters.   In 
addition, the sediment sections were analyzed for their content of two radionuclides, 
lead-210 (210Pb) and cesium-137 (137Cs).  210Pb is a naturally occurring radionuclide 
with a half-life of 22.26 years that is produced from the radioactive decay of radium-
226 which itself is produced during the radioactive decay of uranium-238.  137Cs in 
sediments is derived from atmospheric testing of nuclear weapons and, more 
recently, from atmospheric releases form the nuclear accident at Chernobyl. 
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The time at which the sediments within the 2-cm intervals were deposited was 
determined based on the 210Pb content of the sediment.  Average sedimentation rates 
obtained for the cores are varied between 1.8 cm/yr to 2.69 cm/yr with, as would be 
expected, a higher sedimentation rate in the transition zone than in the lacustrine 
zone.  

Data for the concentrations of total phosphorus (Total P), total copper (Total Cu) and 
total zinc (Total Zn) in Lake Tenkiller sediments, were plotted against time of 
deposition for all four core locations.  The concentration of each material increases 
over time.  In contrast, the concentration of total lead, an element closely tied to 
anthropogenic (i.e. human activity) , does not show any coherent temporal pattern of 
increase.   

The concentrations of phosphorus, copper and zinc found in Tenkiller sediments are 
all highly correlated with one another.  Lastly, if the concentration of copper versus 
that of zinc is plotted for both Tenkiller sediment data obtained in this study and 
poultry waste data obtained for samples collected from Defendants’ contract growers, 
it is clear that the Tenkiller sediments are the result of diluting poultry waste.  

 The change in sediment concentrations of and other poultry waste constituents 
within Lake Tenkiller sediments are directly related to changes in poultry production 
within the Illinois River Watershed.  The upward trend in sediment total P which 
increases from 313 mg/kg in pre-impoundment sediment to 1,495 mg/kg in LKSED-
01, a factor of 4.8, is coincident with trend in poultry population, which, as measured 
by broiler sales, increased by about a factor of 7.5 from 18,617,043 in 1954 to 
139,700,237 in 2002, but is not coincident with the increase in human population 
which changed by about a factor of 3.1 from 91,552 in 1960 to 280,383 in 2000.   It 
should be noted that the cattle population (cattle and calves + dairy cattle) increases 
by a factor of just less than 1.9 between 1954 and 2002 (from 161,740 in 1954 to 301,863 
in 2002).  The increase in poultry population provides a better explanation of the 
increase in sediment P in Tenkiller than humans, cattle or a combination of humans 
and cattle.  Moreover, cattle have only a minor role in phosphorus mass balance, and 
were, in fact, not considered in a recent extensive study of nutrient mass balance in 
agricultural soils in Arkansas because cattle are simply recycling phosphorus applied 
to the fields. 

Summary Observations 

Poultry related contaminants are found in river sediments and Lake Tenkiller 
sediment at concentrations greater than background concentrations.  The locations 
and concentrations are consistent with known fate and transport mechanisms starting 
at the source locations (i.e., contaminated soils from fields with poultry waste and 
subsequent runoff during precipitation events). 
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6.8 Characterization of Poultry Waste Related to 
Contaminant Transport 
 
6.8.1  Concentration Differences Among Environmental 
Components 
As discussed in Section 6.3, the geology of the Illinois River Watershed produces a 
circumstance in which both the surface and ground water within the Illinois River 
Watershed are highly susceptible to pollution from the constituents of land applied 
poultry waste.  As discussed in Section 6.5, the contamination transport can be viewed 
as an environmental component or pathway scenario, with sequential flow from 
upgradient to downgradient.  When the poultry waste is disposed on pasture land, 
the poultry waste contaminates are observed in high concentrations along the edge of 
these fields.  This occurs particularly after precipitation events and subsequent water 
run-off.  This beginning environmental component is referred to as Edge of Field 
(EOF).  From the EOF component, the down gradient flow continues on a path to 
other components before finally depositing in Lake Tenkiller.  Along this 
downgradient flow from component to component differences in the concentration of 
the poultry waste contaminants are observed.  These concentration differences 
between environmental component areas are shown graphically in box plots (Section 
6.6).  The highest concentration of phosphorus is in the EOF samples.  The box plots 
indicate that the concentration of phosphorus decreases from the EOF samples to the 
next environmental component, small tributary stations.   Because of the dilution and 
various environmental factors, reduction in the concentrations from component to 
component is a logical fate and transport concept.  The environmental component 
with the least or minimal concentration of phosphorus is the reference component.  
 
6.8.2  Comparison of Edge of Field Samples 
As previously discussed, approximately 80 edge of field samples were collected and 
analyzed.  Of these, 64 had complete and valid data to enable statistical analysis by 
multivariant techniques (see Section 6.11).  Ten of the 64 samples had different overall 
chemical compositions with significantly higher concentrations of many parameters 
than the rest of the edge of field samples.  The ten different samples had significantly 
higher concentrations for the following parameters:  phosphorus, alkalinity, TOC, 
sodium and total dissolved solids.  Evaluations were performed to explain the 
differences in concentrations and composition of these two groups of edge of field 
samples.  Some observations resulting from these evaluations follow: 
 

 Because of the high organic content of the poultry waste, a portion of the 
phosphorus in complexed with the organic matter.  This complex breaks down in 
the environment (see Section 6.4.3).  Larger concentrations of organic carbon are 
observed in the 10 samples when compared to the rest of the samples. 

 Geochemical modeling using MINTEQA2 indicates that the group of samples with 
higher concentrations have a large charge imbalance between cations and anions 
(positive and negative species).  The higher the organic carbon content, the larger 
the charge imbalance.  
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These observations suggest a state of flux or change between the two groups of EOF 
samples.  The high alkalinity and organic matter in the group with the larger 
concentrations may indicate a more recent accumulation of manure, from the rainfall 
runoff and transport of the dried cow manure and poultry waste from the pasture 
areas.  During the continual decomposition of the dried cow manure, the alkalinity 
may increase. Simultaneously, the organic matter decreases.  Organic decomposition 
usually results in increased alkalinity.  As the downgradient transport to the edge of 
field (EOF) continues with rainfall, the alkalinity decreases due to the continual off-
gassing of the CO2.  Based on the geochemical modeling, the CO2 in the EOF samples 
is not fully equilibrated with atmospheric CO2.  The continual off-gassing and 
decomposition of the organic matter contributes to the high charge imbalance and 
dynamic nature of the group of samples with the higher concentrations. Over time, 
the composition of the 10 samples may become similar to the chemical characteristics 
of the other samples as the CO2 off-gases and the organic matter decomposes.  The 
high levels of phosphorus associated with the high concentrations samples probably 
results from the poultry waste because cow manure does not contain sufficient 
amounts of phosphorus to be the sole contributor of the high phosphorus 
concentrations.  During the conversion of the samples with the high concentrations, 
the high phosphorus contents are reduced by precipitation to mineral compounds 
that are not soluble in the EOF surface water.  This is shown in the geochemical 
modeling.  In the high concentration samples used in the modeling, the phosphorus 
concentrations are saturated with respect to the formation of hydroxyapatite in 88% of 
the samples.  In the other samples, 71% of the samples are undersaturated with 
respect to hydroxyapatite.  Overall, the group of 10 EOF samples with higher 
concentrations appear to be the result of recent and rapid runoff from fields with 
poultry waste during very high rainfall events.  The chemical composition of these 
samples will change and become similar to the majority of the EOF samples. 
 
6.8.3 Contaminant Movement from EOF to Lake Tenkiller 
Dr. Bert Fisher has prepared an expert report evaluating the poultry waste and 
delineating the pathways from the EOF to the final repository, Lake Tenkiller (Fisher 
2008). He identified the chemical differences in both the poultry and cattle feed and 
has concluded that the poultry waste and cattle manure reflect the same differences 
found in the respective feeds.  The chemical differences between poultry waste and 
cattle manure are significant with respect to phosphorus (P), arsenic (As), copper (Cu) 
and zinc (Zn).  From these differences, Dr. Fisher concluded that poultry waste is the 
major contributor of contamination to the IRW. 
 
Dr. Fisher has pointed out that poultry retain only about 6% of the Cu and Zn that 
they are fed; therefore, it is not surprising that the levels of trace elements such as Zn 
and Cu in poultry waste are far in excess of crop requirements and disposal of these 
manures on soils results in a build up of these trace elements in the soil. The poultry 
waste containing the excessive concentration of trace elements is disposed on the 
fields within the IRW.  Both soluble and particulate fractions of the poultry waste are 
readily available for transportation through rainfall.  When rain interacts with poultry 
waste, some of the material goes into solution.  Additionally, if sufficient rainfall 
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occurs in a short enough period of time, runoff is produced (i.e. not all of the water 
can be taken up by the soil and it runs off the field).  This becomes the edge of field 
component for sampling the poultry waste contamination.  Further, this runoff water 
can also carry particles of poultry waste that will pollute surface water, stream 
sediments and lake sediments. 
 
Dr. Fisher states (Fisher 2008) that surface water that does not runoff can travel with 
the water as it moves downward through the soil and vadose zone to pollute the 
groundwater.  Because pores can be large in karst, particles can also be transported 
through the groundwater in karst aquifers.  Both runoff and groundwater eventually 
end up in surface streams that flow to Lake Tenkiller. Thus, contamination of the 
surface of the ground by the disposal of poultry waste as practiced within the IRW 
results in contamination of surface water, ground water, stream sediments and lake 
sediments. 
 
The chemical signature in the poultry waste consists of P, As, Cu and Zn (Fisher 
2008).  These contaminants can be examined in the different environmental 
components. Dr. Fisher investigated composite samples of soils to which poultry 
waste had been applied from seventy-three (73) locations.  Total Zn, total Cu and total 
As concentrations all increase with increasing P.  Zn and Cu appear well correlated 
with P. The relationships between the concentrations of P and Zn, P and Cu, P and As 
and Cu and Zn found in the 0-2” soil samples, and poultry wastes exhibit good linear 
relationships.   
 
Examination of the analytical data from EOF samples shows a high degree of 
correlation between P, Zn, Cu and As (Fisher 2008). The relationships between the 
concentrations of P and Zn, P and Cu, P and As and Cu and Zn found in the edge of 
field runoff samples (EOF) and poultry wastes exhibit good linear relationships. This 
shows that the concentrations of total P, total Zn, total Cu and total As found in the 
EOF samples are derived from poultry waste.  Dr. Fisher (Fisher 2008) derives similar 
relationships between the groundwater sample concentrations of dissolved P, 
dissolved Cu, dissolved Zn and dissolved As to the edge of field runoff samples 
(EOF). 
 
Dr. Fisher (Fisher 2008) shows a linear relationship between the concentrations of total P, 
total Cu, total Zn and total As found in stream sediment samples and the concentrations for 
the same elements found in poultry waste and in the 0-2” interval samples of soil that was 
uncontaminated by poultry waste.  Total Zn in stream sediments is somewhat enriched 
compared to poultry waste, but is generally on a mixing trend between uncontaminated 
soil and poultry waste. With respect to total P, total Cu in stream sediments is somewhat 
depleted compared to poultry waste, but is generally on a mixing trend between 
uncontaminated soil and poultry waste.  Dr. Fisher indicates that the trends for total Zn 
and total Cu are reasonable given the greater solubility of Cu compared to Zn. Total As 
shows that, with respect to total P, total As in stream sediments is substantially enriched 
compared to poultry waste. This may reflect enhanced transport of arsenic from fields in 
which poultry waste has been disposed. The overall conclusion that can be drawn from 
these data is that stream sediments within the Illinois River Watershed are contaminated by 
constituents of poultry waste (Fisher 2008). 
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Dr. Fisher indicates that the concentrations of total P, total Cu, total Zn and total As 
found in Lake Tenkiller sediments are highly correlated with one another.  As Total P 
increases in Lake Tenkiller sediments, total Cu, total Zn and total As also increase.  
This is consistent with these materials having the same source. The relationship 
among the concentrations of total P, total Cu, total Zn and total As in Lake Tenkiller 
sediments, the concentrations of these parameters in poultry wastes and the 
concentrations of these parameters in uncontaminated surface soils were evaluated by 
Dr. Fisher. Concentrations of total P, total Cu, total Zn and total As observed in Lake 
Tenkiller sediments appear to represent a mixture between sediments derived from 
uncontaminated surface soils and poultry wastes. Total Zn and total P appear to 
behave conservatively relative to a mixture of uncontaminated soils and poultry 
waste. Total Cu appears to become somewhat depleted in sediments relative to total P 
in a mixture of uncontaminated soils and poultry waste. This may reflect the 
somewhat greater environmental mobility of Cu as compared to Zn.  Total As appears 
to become somewhat enriched in Lake Tenkiller sediments with respect to a mixture 
of uncontaminated soils and poultry waste. 
 

6.9 River Phosphorus Concentrations vs. Poultry House 
Density 
This section is a summary of investigations conducted under the direction of Dr. 
Engel (Engel 2008). 

6.9.1 Objectives 
The primary objective of this analysis was to investigate potential causal links 
between selected sub-basin characteristics and total phosphorus concentrations in 
tributaries of the Illinois River. In particular, the impacts of poultry house presence 
(density) on stream water quality were investigated. A secondary objective was to 
develop the basis for a simple empirical predictive tool. 

6.9.2 Methods 
This work involved linear regression analyses of data collected as part of the small 
tributary sampling program in the basin. Data were collected for both highflow and 
baseflow conditions throughout two summer periods (2005 and 2006). Data were 
collected from a total of fourteen sampling locations in small tributaries or small sub-
basins throughout the IRW that covered a range of drainage area size and landuse 
characteristics. In particular, a representative range of poultry house presence (from 
no presence to highly active presence) was included in the sampling program. Further 
details of this sampling program are provided in Section 2 of this report.  

Regression analyses were performed for measured total phosphorus concentrations as 
a function of a range of hypothesized potential predictor variables, including poultry 
house densities in local drainage areas. Table 6.9-1 summarizes the predictor 
variables included in the analysis. Predictor variables were generally quantified using 
a combination of GIS mapping, aerial photographs and field reconnaissance (Fisher 
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2008). Poultry house densities were determined by first identifying and locating 
potential poultry houses using up-to-date aerial photography of the watershed. These 
houses were then confirmed through field reconnaissance and/or documentation and 
categorized as either "active", "temporarily inactive", or "abandoned". The house 
locations were then mapped in GIS and densities were calculated as the number of 
houses in the targeted sub-basin divided by the area of the sub-basin. Only active 
houses were included in the "active house density - AHD" calculations while all 
houses (active + inactive + abandoned) were included in the "total house density – 
THD" calculations. Soil Conservation Service Curve Numbers (SCS CN) were 
estimated by first intersecting GIS layers of soil hydrologic type (A – D) and landuse 
category. Table 2-2 of the USDA Technical Release-55 ("Urban Hydrology for Small 
Watersheds") was then used to assign curve numbers to each intersection area of each 
sub-basin. Finally, these values were used to calculate area-weighted average curve 
numbers for each sub-basin. Other parameters listed in 6.9-1 were calculated using 
standard GIS mapping and calculation methods. 

High flow and baseflow data were separated for this analysis. Total phosphorus 
concentration data were pooled in three ways: 2005 only, 2006 only, and combined 
2005 – 2006. For the high flow analysis, flow-composited samples from each event 
were averaged for each time period at each sampling station. In other words, a single 
average value was generated for each pool and each station. The flow-weighted 
averaging method used here applied weightings to each event based on the relative 
size of the event. Flow-weighted averages were calculated as: 

 

      (6.9-1) 

 

where TPavg = the flow-weighted average phosphorus concentration, i = index for a 
given sampled storm event, numEvents = number of sampled storm events, Voli = 
total runoff volume for storm event i, and EMCi = measured event mean phosphorus 
concentration for event i. In this way, the values assigned to each station capture the 
relationships between total mass loads and sub-basin characteristics. Thus, a small 
runoff event that results in high phosphorus concentrations is weighted less in the 
calculations than a large event which results in lower concentrations to reflect the 
relative mass loads of the two events. 

Straight averaging across sampling events was used for the baseflow data. 

Two of the sampling stations described in Section 2, Site HFS 04 and HFS 22, were 
excluded from the statistical analysis due to the presence of point sources within the 
station sub-basins. Stream water quality at these two sites is dominated by effluent 
from the City of Siloam Springs wastewater treatment plant and the City of Lincoln 
wastewater treatment plant, respectively. These sites were sampled to provide 
information on the mass loads contributed by these types of facilities but are not 
appropriate for inclusion in the analysis described here. Additionally, 2006 data from 
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HFS 14 were excluded from the analysis. While this site was a verified reference site 
in 2005 (no poultry activity in the sub-basin), poultry waste spreading was observed 
on a field immediately upstream of the sampling site in 2006. Therefore the original 
landuse designation (forested) and poultry house density (0 houses/mi.) were not 
valid in 2006 and the data collected during this sampling period were omitted from 
the analysis.  

Microsoft Excel was used to calculate correlation coefficients (R2 values) and 
significance levels (p values) for each pairing of predictor variable and total 
phosphorus concentration. A statistically significant correlation was defined as one in 
which p < 0.05 (95% significance level). 

6.9.3 Results and Discussion 
Table 6.9-2 summarizes the results of the regression analysis. Graphical results of two 
sets of regressed data with high correlation coefficients, high significance, and good 
data spread are shown in Figures 6.9-1 and 6.9-2.  

As can be seen, sub-basin poultry house densities, in a variety of forms, are strongly 
correlated to stream total phosphorus concentration. This is particularly true when 
the 2005 and 2006 data are pooled and a more comprehensive data set is formed. For 
the combined 2005-06 data sets, all 6 of the poultry house density predictor variable 
forms are shown to be significantly and positively correlated with total phosphorus 
concentrations in the receiving streams during highflow events. Overall, 21 out the 36 
TP vs. poultry density regressions show significant and positive correlations. The 
strongest correlations appear to be for the pooled 2005 – 06 phosphorus 
concentrations vs. total and active poultry house densities within a 2 mile buffered 
drainage area (Figures 6.9-1 and 6.9-2). These results indicate that poultry house 
density as a surrogate for poultry waste land applications is an excellent predictor of 
stream phosphorus concentrations in the watershed. This result is consistent with the 
investigations of Engel and Fisher (2008) which show that 68 percent of the poultry 
waste is applied within a two miles radius of the poultry house in which is was 
generated. 

Septic tank density is also shown to be a statistically significant predictor of stream 
phosphorus concentration for most of the data combinations. However, these 
correlations are not generally as strong as those associated with poultry house 
density, particularly for high flow conditions. Additionally, a strong cross correlation 
is observed between septic tanks and total poultry house density within the 2 mile 
buffered area (see Figure 6.7-3). In other words, in areas with high poultry house 
development, human dwellings are also relatively high. This is not unexpected. An 
independent analysis of the total phosphorus loading expected from septic tanks in 
the watershed has shown these contributions to be negligible relative to the total mass 
loading in the systems (Engel 2008). These factors lead us to conclude that a true 
causal relationship between septic tanks and stream phosphorus concentration does 
not exist. Rather, the perceived correlation between these variables is simply an 
artifact of the cross-correlation between residential dwellings and poultry house 
presence. 
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The Soil Conservation Service Curve Number (SCS CN) is shown to be a significant 
predictor of the 2005 baseflow TP concentrations (positive correlation). Similarly, the 
percent of the sub-basin stream length with riparian buffers is shown to be a 
significant predictor of 2006 highflow TP concentrations (negative correlation). Both 
of these parameters are significantly correlated with only one of the six TP datasets, 
and neither is significantly correlated with the most comprehensive dataset (pooled 
2005-06 data). Therefore, we conclude that these parameters are, at best, weak 
predictors of stream phosphorus concentration. 

6.10 Poultry Waste Biomarker 
Dr. Harwood and scientists from Northwind (Harwood 2008) have developed a 
quantitative PCR (QPCR) assay for a poultry litter (waste) biomarker (PLB).  The 
assay targets a 16S rRNA gene fragment of 571 base pairs that is 98% identical to the 
DNA of Brevibacterium avium. The QPR assay has been shown to be specific to 
poultry waste bacteria. This particular QPCR has the major advantage of allowing the 
production of a melting curve, which is determined by the temperature at which the 
double-stranded DNA of the PCR product melts and becomes single-stranded. 
Because the melting curve is particular to a given DNA sequence, this analysis allows 
a check of the purity and the identity of the QPCR product, which is particularly 
useful when analyzing environmental samples. The QPCR assay has a linear response 
to increasing concentrations of the PLB target, demonstrating its precise quantitative 
nature.  

The QPCR assay for the PLB was field-tested on litter, soil and water samples, 
including edge-of-field, surface water and ground water samples. A total of ten soiled 
litter (waste) samples, 187 water samples and 40 soil samples were tested. Three of the 
water samples  were collected outside of the IRW where used poultry litter is not 
land-applied; therefore they represent reference water samples which should not 
contain the PLB. In fact, the PLB in each of these samples was not detected in the 
negative control (reference) samples.  All contaminated litter samples contained very 
high concentrations of the PLB, ranging from 2.2*107 - 2.5*109 gene copies/g. The PLB 
was at high enough concentration to be quantified by QPCR in 34 water samples, 
including 16 edge-of-field samples, one groundwater sample and one spring sample. 
Six soil samples had quantifiable levels of the PLB, with the greatest at 3.8 X 106 gene 
copies/ml. 

When the PLB concentration was below detection limit in the QPCR assay, a nested 
variant of this assay (which is presence-absence, rather than quantitative) was used to 
determine if lower levels of the PLB were present. This nested QPCR procedure 
allowed detection of the PLB in many samples in which the PLB was at too low a 
concentration to quantify. Of 40 total soil samples collected from fields that received 
land-applied poultry litter, 38 had detectable levels of the PLB.  Of 187 water samples 
(including 3 reference unimpacted samples), 99 had PLB levels below the detection 
limit, but 88 water samples had detectable levels of the PLB, including 1 geoprobe 
(shallow groundwater) sample. A total of 3 spring or groundwater samples had 
detectable or quantifiable concentrations of the PLB, demonstrating transport of 
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poultry waste in the subsurface. Furthermore, two of the samples that contained 
quantifiable concentrations of the PLB were base flow samples from the small 
tributarties, which consist mainly of groundwater.  In summary, the PLB has been 
detected in all environmental components of the IRW. 

6.11 Chemical and Bacterial Signatures using PCA 
Techniques 
6.11.1 Introduction 
Principal component analyses (PCA) is a multivariate statistical technique. 
Multivariate means that multiple response variables or parameters (contaminants) 
were measured and are available for evaluation. Multivariate analyses make use of 
correlations between variables to help explain important relationships and reduce the 
number of variables needed to describe relationships of concern. In an environmental 
context, PCA is used on sites with a large number of contaminants and allows us to 
determine the differences and relationships among all of the contaminants. These 
relationships are used to identify sources of contamination.  

PCA is probably the oldest and best know of the techniques of multivariate analysis 
(Jollifee, 2002).  PCA was first introduced by Pearson (1901) and developed 
independently by Hotelling (1933).  PCA is a well established statistical technique in 
environmental and other scientific disciplines. In particular, PCA has been used to 
evaluate sources of contamination in the environment. A list of publications 
concerning use of PCA in evaluating environmental conditions is provided in Table 
6.11-1.  Table 6.11-2 provides excerpts from some of the publications with respect to 
source evaluations and conclusions. These documents show that PCA is a reliable and 
accepted scientific techniques and can be used to identify sources of contamination in 
watersheds such as the IRW.  

Table 6.11-3 provides a comparison of important attributes of four selected 
publication studies used to identify sources of contamination in watersheds.. The 
same attributes for the IRW evaluation are also provided in the table. As shown in 
Table 6.11-3, the IRW study and PCA evaluation were very similar to the published 
studies in terms of key study attributes for PCA such as watershed size, number of 
samples, number of parameters used in the PCA, number of data points, number of 
sources identified, and percent variance explained by meaningful principal 
components. The IRW discussed in this report has a significant more number of 
sampling stations and the major principal component explains more variance than the 
other studies summarized in Table 6.11-3. 

6.11.2 Steps of PCA 
The steps used to perform the IRW PCA were as follows: 

 Step 1: Formulate a conceptual site model 

 Step 2: Define objectives and state hypothesis 
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 Step 3: Prepare a comprehensive list of parameters to be analyzed 

 Step 4: Design a systematic sampling program for all environmental component sin 
the conceptual site model. The elements of a systematic sampling plan include 
identification of the objectives (step 2 above), identification of the data needed (step 
3 above - parameters to be analyzed), description of the intended data use, 
formulation of the sampling approach and scheme (sampling locations) and 
determination of sampling methods (standard operating procedures – SOPs). 

 Step 5: Collect samples and conduct analyses according to the sampling program 
design and SOPs.  

 Step 6: Compile a "clean" database. This includes field and laboratory data input, 
transcription checking, data quality review, addition of data qualifiers, assignment 
of groups and resolution of any location conflicts. This step also includes creation 
of subdatabases from the main database (e.g, a database with surface waters data 
only). 

 Step 7: Perform distributional and data exploration analyses. This includes 
generation and evaluation of descriptive statistics (count, minimum, maximum, 
mean, median, variance and standard deviation), probability plots and data 
distribution, number of censored (nondetect) cases, data transformations 
(logarithmic, square, etc), Pearson correlation matrix, outlier identification and 
overall evaluation of parameter variance. Graphical displays include correlation 
plots and probability plots. 

 Step 8: Identify parameters that meet PCA criteria. PCA criteria include 
maintaining a large number of parameters, selecting parameters showing good 
variability, selecting parameters with substantial amounts of detections, selecting 
parameters that were consistently analyzed and eliminating redundant parameters. 
This step was performed interactively with step 7.  

 Step 9: Normalize and standardize data and perform statistical evaluation of 
parameter correlations and relationships. This is the formal PCA evaluations 
process that includes computation of principal components using various rotations, 
computation of parameter coefficients for each principle component parameter for 
each rotation type, determination of variance explained for each principal 
component for each rotation type, standardization of the concentrations (using z 
statistic), and graphical displays of parameters coefficient magnitude, variance 
explained, parameter relationships and principal component vs principal 
component scatter plots. 

 Step 10: Identify major principal components that explain the chemical and bacteria 
composition variability observed in the IRW surface water, groundwaters and 
sediments. This includes determination of number of principal components to 
evaluate and is performed interactively with step 9. 
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 Step 11: Calculate principal components scores for each major principal component 
for each individual sample. To calculate a principal component score for each 
individual sample, the parameter coefficient is multiplied by the normalized 
parameter concentration. This is done for all parameters and the products are 
summed to yield one value for each sample for each principal component. For 
example, one sample will have both a PC1 score and a PC2 score (if two major 
principal components are identified). 

 Step 12: Evaluate whether the major principal components are associated with 
specific sources. This step consists of two evaluations: 1) comparison of the 
principal component parameters to the composition of known waste sources and 2) 
a spatial and temporary analysis of individual principal component scores (for all 
major principal components). The spatial/temporal evaluation evaluates principal 
component scores in relation to the location of the sample (distance from sources), 
group or environmental component (e.g, edge of field), sample conditions (e.g., 
high flow, base flow), poultry house density, and reference locations. 

 Step 13: Use the PC scores to determine the samples and locations in the IRW that 
are impacted by the major sources of contamination. This evaluation includes 
comparison of principal component scores for reference locations and areas with 
minimal potential contamination (e.g., locations with low poultry house density).  
This step is performed in conjunction with step 12 spatial evaluation. Step 12 
evaluates specific known locations; step 13 is more of a basin wide evaluations. 
However step 13 also evaluates specific contamination sources. 

 Step 14: Perform investigative and sensitivity analyses. Sensitivity analyses were 
performed on the number of parameters, specific parameters (e.g., arsenic and 
nickel), the groups or types of samples from environmental components (e.g., 
combinations of different environmental components), types of analyses (e.g., 
various forms and analytical methods for phosphorus) and specific samples (e.g., 
outliers).  

 Step 15: State and document conclusions concerning source identification, 
dominance of sources, locations of contamination and robustness of analyses.  

Each of the steps and the resulting conclusions are discussed in the following 
paragraphs: 

Step 1: Formulate Conceptual Site Model 
As previously stated, the conceptual site model was formulated in conjunction with 
Dr. Bert Fisher (Fisher, 2008). The site conceptual model was previously discussed in 
section 6.1 and shown graphically in Figure 6.1-1. The site conceptual model 
identified all major fate and transport components in the IRW. 

Step 2: Define Objectives and State Hypothesis 
Each sample collection and analyses program had defined objectives. The objectives 
of the each of the sampling programs are provided and discussed in Section 2. Section 
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2 includes the identification of project objectives, the type of data needed, the 
intended data use, the sampling design and sample collection procedures.  

The overall objective and hypothesis of this Section 6.1.1 (Identification of Sources of 
Contamination in the IRW) are stated at the beginning of this section (Section 6.1). 

Step 3: Prepare a Comprehensive List of Parameters to be Analyzed 
The process for selection of analytical parameters was discussed in Section 3.2. This 
list of parameters is also compared to the chemical and bacterial characteristics of 
potential major waste sources in the basin (poultry waste, cattle waste and WWTP 
discharge) in Section 6.4.1. As discussed in these sections, the extensive list of 
parameters consists of all major constituents of the potential waste sources and 
constituents that can be used to distinguish among the sources (i.e., constituents that 
are different in the various wastes). 

Step 4: Design a Systematic Sampling Program 
The designs of the sampling programs for each environmental component are 
discussed in Section 2. Each program was designed to achieve the stated objective and 
maximize the probability that representative samples were collected. 

Step 5: Collection and Analyses of the Samples 
Sample collection using standard operating procedures is discussed in Darren 
Brown's expert report. An evaluation of the sampling procedures related to the 
intended use of the data is also provided in Section 2 of this report. The discussion of 
the analyses of the samples including QA/QC and data useability is provided in 
Section 3 of this report. As discussed in these sections, the sampling design, and 
collection and analyses of samples resulted in data (except for rejected data) that were 
representative, precise, accurate, comparable, and complete and could be used for 
their intended purposes including PCA evaluation of sources.  

Step 6: Preparing Data for PCA 
The compilation of the main ACCESS database was discussed in Section 4.  This 
includes transcription and data transfer checks and addition of data qualifiers.  The 
quality review process and assignment of data qualifiers is discussed in Sections 3.6 
and 3.7.  The main database is named IllinoisMaster.mdb. 

After the main database (IllinoisMaster.mdb) was finalized, data were extracted from 
it by queries and placed into two separate EXCEL workbooks, referred to as the main 
PCA databases, one for water data and one for solids data: 

 PCA_Main_Database_Water.xls 

 PCA_Main_Database_Solids.xls 

The main PCA databases were used to further evaluate, process, and compile the 
data, and to develop, apply, and document various protocols for data use in the PCA.  
This was accomplished by dividing each main database into separate named 
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worksheets.  The worksheets in the main PCA water database 
(PCA_Main_Database_Water.xls) include the following: 

 Water (SWGW) 

This worksheet in the main PCA water database contains the portion of the data 
selected or retained for PCA use.  The process used to retain data for inclusion in 
this worksheet is discussed in more detail below and in Step 8.  The documentation 
of this process is contained in this and other worksheets in the main PCA water 
database as discussed below. 

This worksheet contains selected or retained original data records (in linear or 
database form), with all of their original database fields, as they were extracted 
from the main project database (IllinoisMaster.mdb).  In addition to the original 
data records, new or created records were added to the data in this worksheet.  
These include: (1) records for the three phosphorus forms (P_Sol_Reac, P_T, and 
P_TD) based on an established phosphorus protocol and (2) records used to set 
total concentrations to dissolved concentrations for geoprobe samples.  These 
protocols are discussed further below and in Step 8.  A field named: 
ConversionNote was added to the worksheet in order to document how these new 
records were created.  In all cases where original records were used to create new 
records, the original records are always retained in this worksheet; however, the 
original variable name is indicated with an “x” prefix in order to distinguish it from 
the other variables.  This process was implemented to establish complete 
documentation and to allow tracking of these changes. 

In addition to the ConversionNote field, nine other new fields were added to this 
worksheet.  These nine fields are all required by the CDM-developed EXCEL Add-
In program: EDAnalyzer (described in step 9) and are as follows: 

- EDA_Group – Identifiers used to divide the samples into logical groups, based 
on type of sample, location, flow conditions, etc.  This field is used by 
EDAnalyzer to select appropriate groups for investigative and sensitivity 
analyses. 

- EDA_Sample – A unique sample identifier assigned to each sample, which 
includes the location identifier (or station where the sample was collected), the 
date of sample collection, the type of sample (e.g., “SW” for “surface water”), 
the depth interval, and other pertinent information about the sample.  
Duplicate samples (e.g., field splits) are given the same EDA_Sample identifier 
as the original sample.  EDAnalyzer handles field duplicates by averaging the 
data (i.e., duplicate sample data are averaged prior to PCA). 

- EDA_Location – An identifier of the location (or station) where the sample was 
collected. This is also included in the EDA_Sample identifier (see above).  
Multiple samples collected over time (i.e., during the course of this 
investigation) at the same location or station will have the same EDA_Location 
identifier.  EDAnalyzer has an option that allows averaging of data by 
EDA_Location instead of by EDA_Sample.  This option was investigated 
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during previous, preliminary PCA runs but was not used for any of the current 
runs.  Instead of averaging data prior to PCA, any averaging of PC scores by 
location was conducted following PCA, as applicable. 

- EDA_Variable – The assigned parameter (or variable) code name for processing 
by EDAnalyzer and SYSTAT, restricted to a maximum length of 12 characters.  
The process used to assign these code names to the variables is documented in 
the worksheet: Water (Variables) and is described further below. 

- EDA_Value – The analytical or result value.  This is a copy of the values 
contained in the original Value field as they were extracted from the main 
project database.  The EDA_Value for censored data is set to the censoring limit 
(e.g., analytical detection limit) in the main project database. 

- EDA_ValOp – A qualifier assigned to each data value.  This is a copy of the 
original ValOp field as it was extracted from the main project database, which 
contains one of the three qualifiers: “<” for left-censored or nondetect data, “=” 
for quantified data, or “>” for right-censored data.  For purposes of processing 
in EDAnalyzer, all “<” qualifiers where replaced with “U” qualifiers.  
EDAnalyzer recognizes “U” qualified data as meaning left-censored (nondetect) 
data and applies a multiplier to the EDA_Value as a selected option.  In all of 
the current PCA runs the multiplier was set to 0.5, meaning that the EDA_Value 
was set to one-half of the detection limit. 

- EDA_UnitsID – The units identifier assigned to the variables.  The process used 
to assign the units identifiers is documented on the Water (Variables) 
worksheet in the main PCA water database (described further below). 

- EDA_Y and EDA_X.  The Y and X coordinates for the sample locations or 
stations.  This is a copy of the original Latitude and Longitude fields as 
extracted from the main project database. 

 Water (Out) 

This worksheet in the main PCA water database contains the portion of the data 
not selected or retained for PCA use.  The decision to not retain these data was 
based on record counts (completeness), percentages of left-censored (nondetect) 
data, and previous, preliminary PCA runs. 

This worksheet contains original data records (in linear or database form), with all 
of their original database fields, as they were extracted from the main project 
database (IllinoisMaster.mdb).  A field named: ReasonNote was added to the 
worksheet in order to document the reason for not retaining or not including the 
data for purposes of the PCA.  Reasons included: inaccurate data (e.g., phosphorus 
by method 6010), insufficient number of analyses, insufficient number of 
detections, no value reported (e.g., due to insufficient sample size), not applicable 
to PCA (e.g., barometric pressure), redundant variable (e.g., carbonate, which is 
redundant with alkalinity), and rejected data.  All of these reasons were used to 
identify data that did not meet PCA criteria, as further discussed in Step 8. 
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 Water (Variables) 

This worksheet in the main PCA water database consists of a list of the original 
fields: ParamID and UnitsID for all retained variables in the Water (SWGW) 
worksheet.  The EDA_Variable and EDA_UnitsID fields located adjacent to the 
original fields show the assignments made for purposes of processing in 
EDAnalyzer and SYSTAT.  This worksheet documents the variables 
(EDA_Variable) and units (EDA_UnitsID) assigned to the data for use in the PCA. 

 Water (P Protocol) 

This worksheet in the main PCA water database contains a cross-tabulation of the 
various phosphorus data (in rectangular or tabular form) retained for PCA use and 
documents the protocol for assigning data to the three forms of phosphorus used in 
the PCA: soluble reactive phosphorus (P_Sol_Reac), total phosphorus (P_T), and 
total dissolved phosphorus (P_TD). 

 USGS (N DB) 

This worksheet in the main PCA water database contains a copy of the USGS data 
for various nitrogen analyses.  This worksheet was used to construct a cross-
tabulation of these data, provided in the worksheet: USGS (N CT) discussed below. 

 USGS (N CT) 

This worksheet in the main PCA water database contains a cross-tabulation for use 
in evaluating and assigning the USGS nitrogen data to the appropriate variables.  
The original ParamID: Ammonia Nitrogen refers to USGS method code P00625, 
Ammonia + Organic Nitrogen (mg/L as N).  Since this is the same as total Kjeldahl 
nitrogen (TKN), data corresponding to P00625 were assigned the code: TKN in the 
EDA_Variable field. 

The worksheets in the main PCA solids database were similar to those in the water 
database and are therefore only briefly summarized below: 

 Solids (SD) 

This worksheet in the main PCA solids database contains the portion of the data (in 
linear data records or database form) to be retained for PCA use. 

 Solids (Out) 

This worksheet in the main PCA solids database contains the portion of the data 
not retained for PCA use. 

 Solids (Variables) 

This worksheet in the main PCA solids database contains a list that documents the 
variables and units assigned to the data used in the PCA. 

 Solids (P Protocol) 
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This worksheet in the main PCA solids database contains a cross-tabulation of the 
various phosphorus data (in rectangular or tabular form) retained for PCA use and 
documents the protocol used to assign data to the form of phosphorus used in the 
PCA: total phosphorus (P_T). 

The process followed in retaining (or not retaining) data for PCA use and applying 
the various protocols documented in the two main databases was developed based on 
Steps 1-5 and the experience gained during a previous, preliminary set of PCA runs.  
As this preliminary work was conducted on an incomplete database (recently 
collected data were not included) they are not discussed further or presented in this 
report. 

In summary, for the water samples, a total of 82,111 individual data records were 
extracted from the master database or created during processing in the main PCA 
water database.  Of these, 49,088 records were retained for use in the PCA and 33,023 
records were not retained.  The retained data contained results for 66 analytical 
parameters, which were each assigned one of 40 unique variable codes for use in the 
various investigative and sensitivity PCA runs described in this report.   

Similarly, for the solids samples, a total of 18,546 individual data records were 
extracted from the master database or created during processing in the main PCA 
water database.  Of these, 13,101 records were retained for use in the PCA and 5,445 
records were not retained.  The retained data contained results for 98 analytical 
parameters (note: this number is higher than in the case of the water database due to 
inclusion of both dry weight and wet weight data), which were each assigned one of 
41 unique variable codes for use in the various investigative and sensitivity PCA runs 
described in this report. 

Individual EXCEL sub-database files were created from the main databases for use in 
the actual PCA runs; i.e., for import into EDAnalyzer.  These sub-database files were 
given names all beginning with “Subdatabase” and include a sequence number that 
indicates the date (month and day) of creation.  The date indicator was used for 
documentation purposes, in order to allow tracking of the various PCA runs and 
result files to a particular sub-database.  The sub-databases were exact copies (on the 
date indicated) of the data contained in the nine EDA fields located in the retained 
data worksheets of the two main database workbooks.  Following is a listing of the 
sub-database files used in the PCA: 

 Subdatabase_Water_0427.xls 

 Subdatabase_Water_0428.xls 

 Subdatabase_Solids_0429.xls 

 Subdatabase_Solids_0430.xls 

 Subdatabase_Solids_0501.xls 

 Subdatabase_Solids_0502.xls 
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Step 7: Perform Distributional and Data Exploration Analyses 
Data exploration or exploratory data analysis (EDA) is a key component of, and is 
integrated directly into, the PCA conducted during this investigation.  In fact, the 
name of the CDM-developed EXCEL Add-In program: EDAnalyzer means 
“Exploratory Data Analyzer”.  EDAnalyzer is a tool specifically developed for 
analysis of multivariate datasets, allowing interactive EDA in order to: (1) examine 
the distributions of and select appropriate variables (analytes) for PCA, (2) determine 
appropriate variable transformations, and (3) identify possible outliers for further 
review and/or elimination.  In addition, EDAnalyzer performs PCA (via a shell to the 
SYSTAT program) and loads, displays, and saves PCA results for further 
examination. 

EDAnalyzer was not the only approach used for EDA in this investigation: other EDA 
methods were conducted outside of the EDAnalyzer program.  The results of these 
other methods are discussed in appropriate locations in this report. 

EDAnalyzer operates by first loading the appropriate sub-database file (listed at the 
end of Step 6).  Selections are then made of the various groups (EDA_Group), 
variables (EDA_Variable), and samples (EDA_Sample) of interest to a particular 
analysis or run.  An option under sample selection is used to set the criterion to be 
used to limit the retaining of samples to a desired level of completeness of the 
variables, e.g., samples with data for at least 20 of 26 variables.  Another option is 
used to set the multiplier for handling nondetect data (note: for all PCA runs 
conducted during this investigation, the multiplier was set to 0.5, meaning that the 
result was set to one-half of the detection limit).  The program then generates a cross-
tabulation of the data (samples in rows by variables in columns) based on the 
selections and options.  During generation of the cross-tabulation, the nondetect 
multiplier is applied and the results for replicates (e.g., field splits) are averaged.  The 
program then generates descriptive statistics and a correlation matrix for the cross-
tabulation.   

The correlation matrix was used only as a means of identifying possible “holes” in the 
matrix for purposes of the PCA, and was not used as input to the actual PCA.  Holes 
in the correlation matrix are due to variables with an insufficient number of results 
relative to other variables.  These variables were identified during previous, 
preliminary PCA runs and used to remove variables; therefore, for the current PCA it 
was typically not necessary to examine the correlation matrix for holes that would 
prevent the PCA from running. 

The descriptive statistics generated for each variable were as follows: 

 Count 

 Mean 

 Median 

 Minimum 



A  6-41 

 

 

 Maximum 

 Standard Deviation 

 Skewness 

 Kurtosis 

In conjunction with the descriptive statistics (listed above), probability plots (or 
pplots) are generated in order to examine the distributional shape of the data for each 
variable.  An interactive tool is used to examine the effect of various transformations 
on the distributions.  The possible transformations available in EDAnalyzer are: 
natural logarithm, base-10 logarithm, square, and square-root.  This step is important 
in the PCA for two reasons: (1) it is desirable to have distributions that are near-
normally shaped and (2) it is desirable to re-scale the data so as to minimize the affect 
on the PCA of variables with widely varying concentrations, distributions, and units 
of measure.  In practice, for most of the PCA runs, data were base-10 log transformed 
for all variables (although there were exceptions) to obtain near-normal distributions 
for most of the paramets and to minimize the affect of highly variable concentrations 
and units of measure.  This is a common practice for environmental data which are 
typically log-normally distributed.  As an example, the probability plots for run 
surface samples (SW3) are provided in Appendix E. 

The descriptive statistics and pplots were also used to identify anomalous data or 
outliers.  Such outliers were always checked to verify that they were not the result of 
transcription errors in the project database or on laboratory reports.  In cases where 
transcription errors were identified, these were corrected in the main database and a 
new sub-database generated for PCA (note: this iterative process is one reason for the 
multiple sub-databases listed at the end of Step 6: to allow documentation of these 
corrections).  In cases where transcription errors could not be verified for the outliers, 
they were either retained in the PCA or were eliminated by removing an entire 
sample.  Such eliminated samples (which were always few in number) were removed 
via an interactive tool on the generated cross-tabulation.  The following samples were 
removed as outliers in selected and corresponding PCA runs: 

 EOF-SPREAD073B:6/18/2006:SW:S:-:-  

This is an edge-of-field runoff sample that exhibited anomalously high concentrations 
for several variables.  Some of the values reported seem to be laboratory errors; 
however, the laboratory error could not be confirmed. 

 LK-01:5/17/2006:SW:S:0:- 

 LK-02:5/16/2006:SW:S:0:- 

These are surface water samples collected from Lake Tenkiller that exhibited 
anomalously high sulfate values (7,055 and 7,032 mg/L, respectively).  These values 
are obvious laboratory errors. 
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 MAN-BC-20D:3/31/2008:SW:S:-:(SPLP-4-1) 

 MAN-BC-22F:4/1/2008:SW:S:-:(SPLP-4-1) 

 MAN-BC-24D:4/3/2008:SW:S:-:(SPLP-4-1) 

 MAN-BC-24F:4/3/2008:SW:S:-:(SPLP-4-1) 

These are cow manure leachate samples that exhibit extremely high concentrations for 
several variables.  All 4:1 leachate samples were excluded from the PCA in lieu of 20:1 
leachates which are considered more realistic of runoff. 

 FAC-16:12/14/2007:SW:S:-:(SPLP-4-1) 

 FAC-16:12/14/2007:SW:S:-:(SPLP-20-1) 

 FAC-17:12/19/2007:SW:S:-:(SPLP-20-1) 

These are chicken waste leachate samples that exhibit extremely high concentrations 
for several variables. 

 EOF-Q1:6/17/2006:SW:S:-:- 

 EOF-Q2:6/17/2006:SW:S:-:- 

 EOF-Q3:6/18/2006:SW:S:-:- 

 EOF-Q4:6/18/2006:SW:S:-:- 

These are edge-of-field samples that were not selected because the actual locations 
and collection process could not be documented. 

In summary, the EDA (descriptive statistics and the pplots) were used to help identify 
a set of variables and samples to be retained for the PCA.  This process is discussed in 
further detail in Step 8. 

Step 8: Identify Parameters that Meet PCA Criteria 
The identification of parameters (variables) that meet PCA criteria was an iterative 
process.  Ultimately, this determination was made during EDA as discussed in Step 7.  
However, much of the actual identification and selection occurred and is documented 
in the main databases (Step 6) based on previous, preliminary PCA runs and other 
calculations.  Overall, the criteria used to identify parameters for PCA are stated and 
discussed below: 

 Include as many parameters as possible. 

This criterion is designed to allow more definitive and accurate distinction of 
sources of contamination, to better explain differences in waste compositions, and 
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to better explain relationships of waste composition.  This is an overall PCA and 
investigative objective. 

 Exclude redundant parameters. 

Parameters that measure similar attributes or composition of the samples were 
excluded from the PCA in most cases to avoid placing to much weight on similar 
constitutents.  For example, conductivity was excluded in the water PCA runs 
because it measures the same attribute as total dissolved solids (TDS).  In addition, 
dissolved metals were typically excluded in the water PCA runs in lieu of total 
metals since dissolved metals measure the same attribute and are typically a 
substantial portion of total metals.  Metals (e.g., copper) tend to form complexes 
with the large amount of organic matter in the poultry waste (see Moore et al. 
1998).  Hence total metals, which include both complexed and colloidal forms, 
better represent the metal transport during field runoff and subsequent transport in 
streams.  Use of total metals also avoids any problems associated with the small 
amount of samples where dissolved concentrations were reported higher than total 
concentrations (see section 3.10 for discussion).  Sensitivity runs (see Step 14) were 
performed with both dissolved and total metals (either total or dissolved).    

Various forms of phosphorus were also excluded due to potential redundancy (and 
other reasons) in both the water and solids PCA runs.  In the water runs, only three 
forms of phosphorus were retained: total dissolved phosphorus (filtered; P_TD), 
soluble reactive phosphorus (filtered; P_Sol_Reac), and total phosphorus (not 
filtered; P_T).  These three forms of phosphorus were retained because they are the 
most important forms used in modeling and other evaluations, and because, 
though somewhat redundant, they may aid in distinguishing sources.  In addition, 
selected phosphorus analytical methods were eliminated based on protocols 
established and documented in the main water and solids databases.  In all cases, 
phosphorus by method 6010 was eliminated because it was shown to have 
interferences and resulted in inaccurate data (see Section 3.8).  Even though 
phosphorus by method 6020 provided reliable results (see Section 3.8), it was 
redundant with total phosphorus (not filtered) and dissolved total phosphorus 
(filtered).  In addition, phosphorus results by method 4500 (Standard Methods) 
were typically used in lieu of phosphorus results by method 365.2 because the 
detection limits were lower.   See Section 3.8 for a more complete discussion and 
comparison of phosphorus methods.  In addition, sensitivity runs were performed 
with only one of the phosphorus parameters (vs. three).  This and other sensitivity 
run results are discussed further in Step 14. 

 Exclude parameter results by unreliable methods.  

As previously discussed, phosphorus by method 6010 was eliminated because 
results were not accurate. 

 Exclude parameters that were not routinely analyzed. 

 Variables with low relative numbers of observations (counts) were not retained for 
the PCA.  The basis for this criterion was to minimize the impact of missing data on 
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PCA, which affects the ability of the PCA to generate reliable PC scores. Retaining 
these parameters would create "holes" in the correlation matrix and statistical 
evaluations could not be performed.  Tables 6.11-4a (water) and 6.11-4b (solids) 
provides a list of parameters not routinely analyzed that were excluded from the 
PCA.  

 Exclude parameters with a substantial amount of nondetects.   

Variables with relatively high percentages of nondetects (as indicated on the pplots 
or by calculations) were not retained also for the PCA.  The basis for this criterion 
was two-fold: either such variables were considered of insufficient variance (i.e., 
constants) or they were deemed to have too few observations above analytical 
detection limits to be reliably used for the PCA.  These variables were identified 
iteratively during previous, preliminary PCA runs, and hence were removed at the 
main database stage during the current analyses.  Tables 6.11-5 (water) and 6.11-6 
(solids) provide the frequency of detection for each of the measured parameters 
that were retained and that were excluded.  As shown for the water samples, the 
frequency of detection of all retained parameters was typically larger than 55 to 60 
percent except for total arsenic (46% detections in water).  Arsenic was retained for 
the water PCA runs because it is an important parameter in distinguishing poultry 
waste from other wastes (it is added to poultry feed).  A sensitivity analysis was 
performed with and without arsenic (see Step 14).  No significant differences were 
observed in the results. In addition, some of the dissolved metals (aluminum, iron 
and arsenic) have lower frequency of detections.  For major runs, only total metal 
concentrations were used.  In addition, sensitivity runs were performed using 
dissolved metals instead of total metals (see Step 14).  For solids, the frequency of 
detection for retained parameters was typically above 70 percent expect for sodium, 
beryllium and staphylococcus. 

 Select parameters with good variability and good distribution. 

Variables with low relative variability as indicated by their limited range 
(maximum – minimum) and/or small standard deviation were not retained for 
purposes of the PCA.  The basis for this criterion was to minimize the impact on the 
PCA of variables with low or insufficient variance, since such variables were either 
not useful for the PCA or are considered constants (not variables).  During Step 7, 
descriptive statistics (minimum, maximum, etc) and probability plots were 
evaluated.  Probability plots (of transformed data as applicable) were examined 
visually to ensure that the measured concentrations had a good distribution (near 
linear plot with good variation of concentrations from low to high).  Example 
probability plots are provided in Appendix E. 

 Exclude parameters for which concentrations in the waste source are similar to 
background concentrations and as a result may not provide good variation in the 
environmental samples.  

For example, nickel in both poultry waste and background soils have similar 
concentrations.  Originally (in previous, preliminary PCA runs), nickel was 
excluded from the PCA.  However, based on the frequency of detection (60%), it 
was decided to retain nickel in subsequent analyses.  Sensitivity analyses was 
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performed during previous PCA runs with and without nickel to determine if any 
large differences were observed (see Step 14).  No significant differences were 
observed in the results.  All PCA runs for this report included nickel. 

Based on the above criteria and evaluations, a maximum of 26 water parameters, and 
a maximum of 32 solids parameters, were selected for the various PCA runs.  For 
some of the sensitivity and investigative runs (see Section Step 14), these numbers 
were lower (e.g., 24 parameters were selected in the water sensitivity runs using only 
one of the three phosphorus parameters).  For the two main water PCA runs 
presented in detail in this report (SW3 and SW17), the parameters retained and 
included in the PCA were as follows:  

Total Aluminum Alkalinity 
Total Arsenic Total Barium 
Total Calcium Chloride 
Total Coliforms Total Copper 
E. coli Enterococcus 
Total Iron Fecal Coliforms 
Total Potassium Total Magnesium 
Total Manganese Total Sodium 
Total Nickel Nitrite + Nitrate 
Soluble Reactive Phosphorus Total Dissolved Phosphorus 
Total Phosphorus Sulfate 
Total Dissolved Solids Total Kjeldahl Nitrogen 
Total Organic Carbon Total Zinc 

For one of the two main solids PCA runs presented in detail in this report (SD1), the 
parameters retained and included in the PCA were as follows: 

Total Aluminum Total Arsenic 
Total Barium Total Beryllium 
Total Calcium Total Cobalt 
Total Coliforms Total Chromium 
Total Copper E. coli 
Enterococcus Total Iron 
Fecal Coliforms Total Mercury 
Total Potassium Total Magnesium 
Total Manganese Total Sodium 
Water Soluble Ammonium Total Nickel 
Total Nitrogen Organic Matter 
Phosphorus (Mehlich 3) Total Phosphorus 
Water Soluble Phosphorus Total Lead 
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pH (1:1) Soluble Salts 
Water Soluble Sulfate Staphylococcus 
Total Vanadium Total Zinc 

For the second of the two main solids PCA runs presented in detail in this report 
(SD6), which included core samples collected from Lake Tenkiller, the parameters 
retained and included in the PCA were as follows: 

Total Aluminum Total Arsenic 
Total Barium Total Beryllium 
Total Calcium Total Cobalt 
Total Chromium Total Copper 
Total Iron Total Mercury 
Total Potassium Total Magnesium 
Total Manganese Total Sodium 
Total Nickel Total Nitrogen  
Organic Matter Total Phosphorus 
Total Lead pH (1:1) 
Soluble Salts Total Vanadium 
Total Zinc 

The above list for the included core samples differs from the previous list (without the 
core samples) because the core samples were not analyzed for as many parameters.  
For example, the core samples were not analyzed for bacteria.  Hence the PCA runs 
that included the core samples were reduced to a smaller number of variables. 

Step 9: Normalize and Standardize Data and Perform PCA 
As discussed in the previous Steps 7 and 8, typically all data used in the PCA were 
first normalized by using a log (base 10) transformation.  In addition, standardization 
in the form of an autoscale (or z) transformation is conducted automatically by 
SYSTAT during a PCA run by analyzing a correlation matrix.  The autoscale 
transformation, which ensures homogeneity of variance in the PCA, is defined as 
follows: 

                                     
i
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where zij is the datum (typically though not always base-10 log transformed) for 
variable i and sample j, and ix and si are the mean and standard deviation, 
respectively, of the data (again, typically base-10 log transformed) for variable i and 
all samples. 

As previously discussed, the EXCEL add-in program EDAnalyzer is used to facilitate 
the PCA.  The EDAnalyzer program performs three primary functions: (1) interactive 
selection of groups, variables, and samples via distributional and data exploration 
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analyses, including graphical displays; (2) generation of SYSTAT datasets and 
command files, and the running of the SYSTAT program via a shell application; and 
(3) managing and loading of SYSTAT result files for interactive graphical displays, 
along with options for saving selections and results files.  These functions are 
described in further detail below.  Note that EDAnalyzer is a utility program: all of its 
functions can be performed by hand prior to and following PCA analysis in SYSTAT; 
however, hand-performance of these functions is tedious and subject to mistakes, and 
therefore EDAnalyzer was used to ensure that a standard process was used. 

Sub-databases (e.g., Subdatabase_Water_0428.xls) are loaded into EDAnalyzer.  Using 
the fields: EDA_Group, EDA_Sample, and EDA_Variable, the user selects a set of 
records pertinent to the desired PCA.  The selections are stored on the worksheet: 
Selections, which can be saved to a file in order to document the selections.  
Distributional and EDA is conducted via generation of a cross-tabulation, which is the 
rectangular (samples in rows and variables in columns) dataset that SYSTAT uses for 
actual PCA analysis (provided on the worksheet: Crosstab).  The cross-tabulation is 
interactively examined to identify samples with a sufficient number of variables for 
PCA analysis.  EDAnalyzer has an option for selecting a minimum number of 
variables, e.g., at least 20 of 26 variables.  EDAnalyzer also has an option for creating 
(or averaging) the cross-tabulation by sample or by location; e.g., in the case of by 
location, the data for a particular variable with multiple samples assigned to that 
location would be averaged during creation of the cross-tabulation.  For the current 
PCA runs in this report, no averaging is performed except when actual field splits 
(duplicates) were sampled, and no averaging is performed for samples collected at the 
same locations but at different times.  In addition, EDAnalyzer has an option for 
selecting a multiplier for use on nondetect data: for all current PCA runs this 
multiplier was set to 0.5, meaning that values below analytical detection limits were 
set to one-half the detection limit. 

As previously discussed in Step 7, distributional and data exploration analyses 
conducted in EDAnalyzer includes generation of a Pearson r correlation matrix 
(provided on the worksheet: Matrix).  The correlation matrix is examined to ensure 
that (1) there will be no holes in the matrix, i.e., cases where a correlation cannot be 
calculated due to insufficient data and (2) there will be no cases with a correlation of 
1, since that would indicate a condition where a variable was actually a constant in 
the PCA.  Examination of the correlation matrix within EDAnalyzer is only a 
convenience in that SYSTAT can not perform PCA if the above conditions are not met 
– otherwise the correlation matrix generated in EDAnalyzer is not used directly by 
SYSTAT.  As previously discussed, distributional and data exploration analyses 
conducted in EDAnalyzer also includes generation of various descriptive statistics 
and graphical displays (provided on the worksheet: Statistics).  These are interactively 
examined and explored.  The descriptive statistics are provided for each variable and 
include: Count, Minimum, Maximum, Mean, Median, Variance, and Standard 
Deviation.  In addition, a normal probability plot is provided in order to allow 
examination of the distributional shape of the data and to assess the number of 
nondetects.  EDAnalyzer has an interactive tool that allows the user to select various 
possible data transformation functions, including logarithmic, square, and square 
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root, to view the transformed data on the probability plot, and then to save a selected 
transformation for subsequent inclusion as a command in the SYSTAT command file 
created by EDAnalyzer.  The protocol used was to select the transformation that most 
closely "normalizes" the variables – typically this was the logarithmic (base 10) 
transformation.  Finally, the probability plots and accompanying descriptive statistics 
are examined to ensure that the variable has sufficient variance (variability) to be 
considered a useful variable in the PCA.  Variables with insufficient variance, or a 
large percentage of nondetects, are not useful variables and may cause the SYSTAT 
PCA to not execute. 

Once interactive selection and data exploration are completed, EDAnalyzer creates 
the dataset (essentially a copy of the Crosstab worksheet) and the command file for 
the SYSTAT PCA.  EDAnalyzer then shells out to SYSTAT via execution of the 
command file.  The command file contains instructions to SYSTAT for creating and 
managing input and output files and for transforming variables, along with the 
detailed instructions for the PCA.  The SYSTAT output files are stored within a fixed-
location folder and they are always given the same names.  The user ensures that the 
PCA run was successfully completed (all commands were executed) – if not, SYSTAT 
provides an error message.  Following successful execution, the output files in the 
fixed-location folder (from a previous PCA run, if any) are overwritten. 

Following completion of a successful PCA run in SYSTAT, control goes back to 
EDAnalyzer and the user then loads the SYSTAT results directly into EDAnalyzer 
into various worksheets: Standard – which contains the standardized data generated 
in SYSTAT and actually used in the PCA, and Results – which contains loadings, 
coefficients, percent variance explained, and PC scores for the first five principal 
components and for five different rotations.  The PC scores are generated within 
EDAnalyzer using the coefficients and standardized data.  Additionally, a re-scaled 
PC score is calculated for each sample or location.  The Result worksheet also contains 
the EDA_Groups selected for the analysis. 

Although EDAnalyzer only extracts results for the first (or top) five principal 
components, SYSTAT actually generates results for all possible principal components, 
one for each variable.  EDAnalyzer only shows the results for the first five principal 
components because it is rare that information in components beyond the first 2-3 is 
useful in environmental studies. 

After the Results worksheet is populated, EDAnalyzer uses this information to 
generate various PCA graphical displays (provided on the worksheet: Display).  The 
graphical displays include: horizontal bar charts showing both the loadings and 
coefficients of the parameter for the first two PCs, a vertical bar graph which shows 
the percent variance explained by each of the five principal components, a PC by PC 
scatter plot showing the loadings with variable labels, a PC by PC scatter plot 
showing PC scores with sample/location labels, and a map (X versus Y coordinate) 
showing the sample/location points size-scaled according to the value of the PC score 
selected.  EDAnalyzer provides an interactive tool that allows for selecting various 
principal components and rotations for graphical display. 
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The numerical PCA results on the Results worksheet can be and typically are saved to 
separate files in order to document the PCA and to save the results for subsequent 
analysis, graphical display, and mapping purposes.  The graphical displays of the 
results generated within EDAnalyzer are not typically saved; however, EDAnalyzer 
can import saved results files in order to display them graphically at a later time.  For 
all current PCA runs presented in this report, both the cross-tabulated dataset and the 
PCA results were saved to individual files.  These files were given names 
corresponding to the date the PCA was conducted, e.g., 
Crosstab_Water_0427_SW_3.xls and Results_Water_0427_SW_3.xls are the saved 
cross-tabulation and results files for water PCA run SW 3 conducted on April 27, 
2008.  The sub-database loaded into EDAnalyzer, used in making a PCA run, and 
pertaining to the cross-tabulation and result files, is the file with the same or most 
recent previous “date” (e.g., for the example, this was the sub-database file named 
Subdatabase_Water_0427.xls). 

The cross-tabulation and result files generated by EDAnalyzer and saved (as 
described above) were subsequently used to generate various additional files for data 
analysis and graphical display, depending on the current needs and level of analysis 
(e.g., sensitivity or investigative analysis).  Generally, these additional files included a 
file with prefix “R_PC_Plot” that contains the PC 1 through PC 5 scores for all five 
rotations, along with a series of PC by PC scatter plots pertaining to all five rotations.  
These and other files were also generated in order to provide graphical displays and 
tabulations presented in this report. 

Step 10: Identify Major Principal Components 
The total variability (or variance) in a multivariate dataset is a function of the number 
of parameters and their individual variances.  If the parameters exhibit no inter-
relationships or mutual correlations then the proportion or percentage of the total 
variance explained by or accounted for by each variable (parameter) would be the 
same.  For example, the percentage of the total variance accounted for by each 
variable in a dataset with i = 26 parameters, given no mutual correlations, would be 
(1/i) × 100 = (1/26) × 100 = 3.85%.  However, this is not true for a multivariate dataset 
where the parameters exhibit at least some degree of mutual correlation.  Principal 
components analysis (PCA) is a commonly used multivariate statistical method for 
identifying these mutual correlations, if present, and re-apportioning the individual 
variances accordingly. 

PCA operates by transforming a dataset with a large number of parameters, 
ostensibly with inherent mutual correlations, to a new set of uncorrelated reference 
parameters called principal components or PCs.  The number of PCs is the same as 
the number of original parameters.  However, the apportionment of the total variance 
among the PCs will depend not only on the number of PCs but on the mutual 
correlations exhibited by the original parameters that comprise the PCs.  Given 
mutual correlations, the objectives of PCA are to: (1) identify those PCs that explain or 
account for relatively high percentages of the total variance in a dataset, and (2) 
examine these PCs in order to interpret meaningful relationships among the samples 
in the dataset.  These objectives can only be met by PCA in those cases where the 
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parameters exhibit mutual correlations—and hence the dimensionality of the 
parameters in a multivariate dataset can be reduced to a smaller number of significant 
PCs—and where these PCs exhibit relationships among the samples from which 
meaningful interpretations are possible.  The term “significant” in this context means 
that a relatively high percentage of the total variance is accounted for (explained) by a 
small number of PCs.  

Experience has shown that the objectives of PCA can be met in a dataset or 
environmental system dominated by a relatively few number of source impacts that 
exhibit mutual correlations among their parameters.  In such cases a correspondingly 
high percentage of the total variance is explained by only a few PCs, typically 2-3 PCs.  
This is the reason why EDAnalyzer only extracts (for examination) the top or most 
significant five PCs: if the top five PCs do not account for a high percentage of the 
total variance in the system then there is little hope of interpreting meaningful 
relationships among the samples.  In PCA, the PCs are sorted according to the 
percentage of total variance explained, i.e., from those PCs that account for the 
highest percentage to those that account for the lowest percentage.  One then 
examines these percentages in order to identify the significant PCs, if any.   

Many different PCA runs were conducted during this investigation, some of which 
have been classified as “sensitivity” analyses and some of which have been classified 
as “investigative” analyses.  Those classified as sensitivity analyses were designed to 
evaluate the sensitivity on the PCA of using certain different parameter sets or sample 
groups.  The sensitivity analyses and their results are discussed in more detail in Step 
14.  The investigative analyses were designed for more direct analysis and 
interpretation relative to identification of source signatures in the watershed.  From 
the investigative PCA runs, four have been selected (two for water samples labeled 
SW 3 and SW 17, and two for solids samples labeled SD 1 and SD 6) as the most 
important to the investigation or project objectives.  Hence the results of these four 
PCA runs are presented in detail in this report.  Aside from their importance, these 
four runs are also representative of the method used to examine the significance of the 
PCs, as discussed above, and therefore will be used as such in this section. 

One method of displaying the significance of the PCs graphically is a point plot of the 
percent variance explained versus each PC, where the number of PCs is equal to the 
total number of original variables—and hence one can show how the variances differ 
from a corresponding alternate case of no mutual correlations.  Such a plot is known 
as a scree plot, the term “scree” meaning “rubble at the bottom of a cliff” and 
referring to the random noise in the dataset as the number of PCs increases. In this 
context, “random noise” refers to the variance attributable to the original variables 
(parameters) and unrelated to the significant PCs. Figure 6.11-1 shows a scree plot for 
PCA run SW 3, which contained 26 variables and hence corresponds to 26 PCs, PC 1 
through PC 26 on the plot.  As shown, the top five PCs (PC 1 through PC 5; indicated 
with blue symbols) each account for more than (1/i) × 100 = (1/26) × 100 = 3.85% of 
the total variance in the dataset, the amount attributable to random noise or to each 
original variable, and hence are considered significant.  The amount of variance 
actually explained by the top five PCs for SW 3 is 74.1%, a significant proportion of 



A  6-51 

 

 

the total variance and a significant reduction in dimensionality: from 26 variables 
explaining 100% of the variance to 5 PCs explaining 74.1%.  The remaining variance, 
(100 – 74.1) × 100 = 25.9%, is considered to be random noise and is unrelated to the 
first five PCs.  An alternate way of displaying this same information is a scree plot in 
the form of a bar graph, as shown in Figure 6.11-2 for SW 3.  On the bar graph, the 
percentage of the total variance explained by the top five PCs are each indicated, i.e., 
38.0% (PC 1), 18.2% (PC 2), 7.6% (PC 3), 5.3% (PC 4), and 4.9% (PC5).  These variances 
indicate that PC 1 and PC 2 are by far the most important of the five together 
explaining 56.2% of the total variance, relative to PCs 3, 4, and 5 (17.8%).  Similar plots 
for the other PCA runs are provided in Figures 6.11-3 through 6.11-8.  These all 
clearly show that the top five PCs are significant (above random noise), and that the 
top two PCs are the most significant.  These results were used to establish the top two 
PCs (PC1 and PC2) as representing the dominant signals or signatures related to 
impacts in the watershed.  The dominant PC1 and PC2 signatures also proved to be 
interpretable as to source identification because they are so dominant – see steps 12 
and 13.  On the other hand, PCs 3, 4, and 5 generally were less readily interpretable 
(because they are so much closer to random noise or background variation). 

For the two water PCA runs (SW 3 and SW 17), there is no particular advantage of 
one scree plot version over the other: they both show the same information.  
However, for the two solids PCA runs (SD 1 and SD 6), the bar graph version has the 
advantage of also showing an alternate PCA rotation (called the varimax rotation) 
that proved useful for additional interpretation of the sample PC scores, as discussed 
further in this report.  The objective of varimax rotation is to use the significant PCs 
(in this case PC 1 through PC 5, i.e., ignoring the insignificant PCs 6 through 26) and 
rotate or adjust their PC axes to maximize the variance of the variable loadings (closer 
to +1 or -1).  This rotation proved to assist the interpretation in terms of the original 
variables and to allow more definitive distinctions of PC scores, in the cases of the 
solids PCAs.  As shown on the corresponding figures, the varimax rotation 
apportions the percentage of total variance differently; however, the total variance 
explained by the top five PCs is the same: in the case of SD 1, 81.4%, and in the case of 
SD 6, 81.7%.  Again, as in all PCA runs, the PCA in all cases successfully reduced the 
dimensionality of the datasets from a large number of original variables to a relatively 
few significant PCs, hence allowing for meaningful interpretations of source impacts 
in the watershed. 

A summary of the variance explained by PC1 and PC2 for each of the four major PCA 
runs are shown below: 
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Run Groups Rotation Variance 
Explained 

by PC1 
(%) 

Variance 
Explained 

by PC2 
(%) 

Variance 
Explained by 
PC1 and PC2 

(%) 

SW 3 Surface Waters No Rotation 38.0 18.2 56.2 

SW 17 Surface Waters and 
Groundwaters 

No Rotation 34.2 15.9 50.1 

SD 1 Solids (wastes, 
soils, sediments) 

Varimax 38.3 16.7 55.0 

SD 6 Solids and Core 
Samples 

No Rotation 38.5 28.5 67.0 

 

Each calculated PC (significant or otherwise) has associated with it a set of coefficients 
that relate the value of the PC to the values of the original variables.  Hence these 
coefficients can be multiplied by the values of the original variables, and then 
summed, to calculate a PC score for each sample in the dataset.  The method of 
calculating PC scores, and how these scores are used in evaluating the samples, is 
discussed in further detail in Step 11.  The variance of the values (PC scores) of a 
particular PC for all samples in a dataset determines what is equal to a quantity called 
an eigenvalue, which is equal to the variance of the PC and therefore used to calculate 
the percent variance explained by the PC.  For example, for PCA run SW 3, which 
contains 26 variables, the eigenvalue for PC 1 is 9.89, and therefore the percentage of 
the total variance explained by PC 1 is (9.89/26) × 100 = 38.0%, as is shown in Figure 
6.11-9.  This illustrates how these scree plots are generated. 

The correlation between the values of the PCs for all samples and the corresponding 
values of the original variables is called a loading.  A loading is a re-scaled coefficient 
such that they become correlation coefficients.  Hence it is useful and meaningful to 
examine the loadings (or the coefficients) in order to determine the importance of the 
original variables for a particular PC.  This is a key step in interpreting the PCs with 
regard to source signatures, as those variables with relatively high loadings 
(significant correlations) may be related in terms of geochemical mechanisms and 
transport pathways to similar high concentrations (or correlations) in the waste 
source.  The actual interpretations of the PCs are presented and discussed in Step 12 
of this report.  The loadings and coefficients for four critical PCA runs (SW 3, SW 17, 
SD 1 and SD 6) are provided in Figures 6.11-10 through 6.11-17.  Figure 6.11-10 
provides bar graphs of the loadings for PC 1 and PC 2 for PCA run SW 3.  As shown, 
PC 1 exhibits relatively high positive loadings (greater than 0.6) for a large number of 
variables, including: arsenic, total coliforms, copper, e. coli, enterococcus, iron, fecal 
coliforms, potassium, nickel, total and total dissolved phosphorus, total organic 
carbon, and zinc.  These are interpreted as the most important variables comprising 
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PC 1, and therefore if these or a subset of these variables can be shown to be related to 
a particular waste source, then samples with high PC 1 scores can be related to, or 
have signatures consistent with, that source.  Similarly, PC 2 exhibits relatively high 
loadings for a different set of variables: chloride, sodium, and sulfate, which may 
indicate a relationship to another source.  The threshold loading (0.6) in this example 
is arbitrary and has been selected solely for illustrative purposes: such thresholds are 
commonly adjusted based on additional information available to the investigator.  
Figure 6.11-11 provides the bar charts for Run SW 3 for both PC1 and PC2 with the 
coefficients shown instead of the loadings.  Figures 6.11-12 and 6.11-13 provide the 
loadings and coefficients for PC1 and PC2 for SW17.  Figures 6.11-14a and 6.11-15a 
provide the loadings and coefficients for SD1.  Figures 6.11-14b and 6.11-15b provide 
the loadings and coefficients for SD1 using the varimax rotation.  Figures 6.11-16 and 
6.11-17 provide the loadings and coefficients for PC1 and PC2 for SD6. 

Step 11: Calculate Principal Component Scores 
Principal component (PC) scores are calculated for each identified significant PC for 
each individual sample.  Identification of significant PCs was discussed in Step 10.  To 
calculate a PC score for each individual sample, the PC coefficient is multiplied by the 
standardized parameter concentration.  This is performed for all parameters 
(variables) in a particular PCA run.  The product values for all 25 parameters are 
summed to yield one PC score for each sample for each PC.  Hence, a particular 
sample will have both a PC 1 score and a PC 2 score.  If one of the variables selected in 
a particular PCA run is missing a value (due to it not being measured), the product 
(coefficient times the standardized concentration) for that parameter is essentially not 
used in the summation: this is the same as multiplying the coefficient by the 
standardized mean concentration which is zero.  Sensitivity runs were performed 
using datasets with no missing value (Step 14) 

Once the PC scores have been calculated for each significant PC, they are examined 
graphically via PC-by-PC scatter plots.  Since EDAnalyzer extracts (for examination) 
the top five PCs, the number of scatter plots produced for possible examination will 
be: (5)(4)/2 = 10, i.e., PC 1 vs. PC 2, PC 1 vs. PC 3, PC 1 vs. PC 4, PC 1 vs. PC 5, PC 2 
vs. PC 3, PC 2 vs. PC 4, PC 2 vs. PC 5, PC 3 vs. PC 4, PC 3 vs. PC 5, and PC 4 vs. PC 5.  
Furthermore, since the PCA is conducted using five different possible rotation 
variations: no rotation, varimax, equimax, quartimax, and oblimin, a total of: (10)(5) = 
50 PC scatter plots were actually produced.   

PC1 vs PC2 plots are provided for the following PCA runs: 

 SW3 (Surface Water) 

− Figure 6.11-18a 

− Figure 6.11-18b (expanded view) 

− Figure 6.11-18c (shows two major groups – WWTP impacted waters and poultry 
waste impacted waters) 

− Figure 6.11-18d and e (sample types identified) 
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 SW17 (Surface Water and Groundwater) 

− Figure 6.11-19a 

− Figure 6.11-19b (expanded view) 

− Figure 6.11-19c and d (sample types identified) 

 

 SD1 (Solid Samples) 

− Figure 6.11-20a 

− Figure 6.11-20b (expanded view) 

− Figure 6.11-20 c and d (sample types identified) 

− Figure 6.11-20e (PC2 vs PC3) 

− Figure 6.11-20f (PC1 vs PC2, no rotation) 

 

 SD6 (Solid Samples including Lake Tenkiller core samples) 

− Figure 6.11-21a 

− Figure 6.11-21b (expanded view) 

− Figure 6.11-21c and d (sample types identified) 

Examination of the PC scatter plots is a key step with regard to interpreting source 
signatures in the watershed: the analyst seeks to identify patterns, groupings, and 
relationships in the PC scores that distinguish the samples based on the various waste 
source impacts.  This is discussed in further detail in Steps 12.  The PC scores were 
also mapped in order to examine spatial and temporal relationships of the samples to 
the various waste sources.  The PC scores typically range from negative to positive 
values.  In this investigation, mapping was facilitated by re-scaling the PC scores such 
that the lowest score for a particular PC was assigned a value of one.  This is also 
discussed in further detail in Steps 12. 

Principal Component Scores are provided in Appendix F for all four major PCA runs 
conducted during this investigation and discussed in this report.  There were a total 
of 22 water PCA runs (SW 1 through SW 22) and eight solids PCA runs (SD 1 through 
SD 6).  Tables 6.11-7a (Water) and 6.11-7b (Solids) provide a summary of the PCA 
Runs. 

Step 12: Evaluate Whether Major Components are Associated with Specific 
Sources 
This step consists of two evaluations: 1) comparison of the principal component 
parameters to the composition of known waste sources and 2) a spatial and 
temporary analysis of individual principal component scores (for all major principal 
components). 
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Comparison to Known Waste Sources 
In section 6.4.2, the chemical composition of cattle manure, poultry waste and waste 
water treatment plant discharges were provided (taken from literature values). Tables 
6.11-8, 6.11-9 and 6.11-10 provides the compositions of the PCA parameters for the 
following materials collected from the IRW: 

 For Solid Samples (Table 6.11-8): 32 parameters 

− Average composition of 16 poultry waste samples  

− Average composition of 5 fresh cattle manure samples and 5 dry cattle manure 
samples 

 For Synthetic Precipitation Leachate (SPLP) Samples (Table 6.11-9): 25 parameters 

− Average composition of two poultry waste leachates 

− Average composition of five fresh and five dry cattle manure leachate 

− Note, because the SPLP procedures require filtering, no total P was reported and 
all metals are dissolved concentrations (25 parameters versus 26). 

 For Liquid Samples (Table 6.11-10):  26 parameters 

− Average composition of runoff from fields with poultry waste application (60 
samples) – note, fields also had some cattle manure 

− Average composition of runoff from fields with potentially only cattle manure 
(two samples) 

− Average composition of two springs documented with cattle manure 

− Average composition of WWTP discharge from samples collected at Rogers 
discharge, Siloam Springs discharge and Springdale discharge (note – all 
samples were collected during high flow rates because of infiltration to lines 
after rain) 

− Average composition of surface water samples (25 samples) impacted by and 
collected downgradient of WWTP discharges 

As shown in Table 6.11-8, the parameters highlighted in yellow have a different 
composition when compared to poultry waste. Parameters where poultry waste and 
cattle manure have distinctly different concentrations (by a factor of at least 3 times) 
are copper, phosphorus, potassium, zinc, manganese, arsenic, sulfate, sodium, 
calcium, soluble salts, nickel, aluminum, chromium, and some bacteria. Figure 6.11-
14b provides the PC1 parameters and loadings sorted in order of importance for the 
solid samples (run SD1) including poultry waste, cattle manure, soil (0-2 inch), river 
sediments and Lake Tenkiller sediments (grab samples only). The parameters with the 
largest loadings and most importance in the PC (shown by the length of the vertical 
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bars) are at the top of the figure while the loadings with the lowest coefficients and 
least importance are at the lower part of the figure. As shown, 24 of the 32 parameters 
have positive coefficients. Sixteen (16) of the parameters have significant loadings 
above 0.5. Parameters with the largest loadings in PC1 in order of importance follow:  
potassium, total P, sodium, magnesium, water soluble sulfate, total zinc, soluble salts, 
Mehlich 3 P, copper, calcium, organic matter, water soluble ammonia, water soluble 
P, total nitrogen, enterococcus and e. coli. As shown in Table 6.11-8, many of these 
parameters have very large concentrations in poultry waste and relative lower 
concentrations in cattle manure including potassium, phosphorus, sodium and 
sulfate. 

Most important, the PC1 score vs PC2 score figure (Figure 6.11-20a and c) shows that 
the cattle manure plots on the figure in a distinctly different group than the poultry 
waste.  These two groups are most clearly separated using the varimax rotation.  
However, the separate groups are also observed on the PC1 vs PC2 figure using no 
rotation (Figure 6.11-20f).  These figures show that cattle manure and poultry waste 
have different and distinct chemical/bacterial signatures. 

Table 6.11-9 compares the synthetic precipitation leachates from poultry waste and 
cattle manure.  The parameter concentrations highlighted in yellow have distinctly 
higher concentrations in poultry waste leachate than cattle manure leachate by a 
factor of at least 3 times.  These parameters include:  copper, iron, TOC, nickel, 
potassium, zinc, arsenic, total dissolved P, soluble reactive P, TKN, total dissolved 
solids, sulfate, chloride, sodium and alkalinity.  Figure 6.11-10 provides the PC1 
parameters and loadings sorted in order of importance for surface water samples.  As 
shown, 22 of the 26 parameters have positive loadings.  Nineteen (19) of the 26 
parameters have loadings above 0.5.  Parameters with the largest loadings in order of 
importance include:  copper, e. coli, iron, TOC, total P, aluminum, nickel, fecal 
coliform, enterococcus, total coliform, potassium, zinc, manganese, arenic, total 
dissolved P and soluble reactive P.  As shown, poultry leachate has very high 
concentrations of all of these parameters.  A PAC run was performed with both 
poultry waste SPLP leachate and cattle manure SPLP leachate (SW18 – see Appendix 
F).  This run shows that the poultry waste SPLP and the cattle manure SPLP samples 
are in distinct groups.  No runs were performed with the SPLP poultry waste samples 
and surface water samples because the very high PC scores for the SPLP sample 
would dominate the analysis. 

Table 6.11-10 provides the concentration information for liquid (water) related wastes 
including edge of field, WWTP discharges and surface waters impacted by WWTP 
discharges. As shown by concentrations highlighted in yellow, the chemical 
composition of runoff from poultry waste applied fields is different than runoff from 
fields with only cattle manure. All parameters with measured concentrations are 
different by a factor of 3 or more. Table 6.11-10 also provides the chemical 
composition of WWTP effluent samples and for samples collected in streams (25 
samples) directly downgradient of WWTP discharges. As shown, the chemical and 
bacterial composition of runoff from poultry waste applied fields is distinctly 
different when compared to the WWTP effluent or stream samples. Different (much 
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higher) chemical and bacteria concentrations include:  cooper, e. coli, iron, TOC, total 
P, aluminum, nickel, fecal coliform, enterococcus, total coliform, potsssium, zinc, 
manganese, arsenic, total dissolved P, soluble reactive P, TKN, and barium. These 
parameters have very high concentrations in runoff from fields with poultry waste 
and leachate from poultry waste. Table 6.11-10 also show that springs (two samples) 
impacted with cattle manure have a different composition and lower concentrations 
than runoff from fields with poultry waste or poultry waste leachate for most 
parameters including copper, e. coli, iron, TOC, aluminum, nickel, fecal coliform, 
enterococcus, total coliform, zinc, manganese, arsenic, TKN and nitrite + nitrate. 

Figure 6.11-10 shows the loadings for the 26 parameters for both PC1 and PC2 for 
surface water samples (SW3). As shown for PC1, 22 of the 26 parameters have positive 
loadings and 19 of the parameters have loadings greater than 0.5. All of these 
parameters have very large concentrations in runoff from fields with poultry waste 
and leachate from poultry waste. Figure 6.11-10 also shows the loadings for the 26 
parameters for PC2. As shown, 14 parameters have a positive loadings and 7 have 
loadings larger than 0.5. The largest loadings in order of importance follow: sodium, 
chloride, sulfate, soluble reactive phosphorus, calcium, total dissolved phosphorus, 
potassium, magnesium, alkalinity, TDS and nitrite+nitrate. Of these parameters, 
calcium, sodium, chloride, nitrite+nitrate, and sulfate have larger concentrations in 
WWTP associated samples then in samples associated with poultry waste.  

Because of the chemical and bacterial comparison discussed above, PC1 has been 
identified as associated with poultry waste and PC2 has been identified as associated 
with WWTP effluent. These identification were be confirmed by the spatial analysis 
discussed in the next section. 

Spatial Analysis 
The spatial/temporal analysis evaluated principal component scores in relation to the 
location of the sample (distance from sources), group type or environmental 
component (e.g, edge of field), sample conditions (e.g., high flow, base flow), poultry 
house density, and reference locations. 

Appendix F provides the PC1 scores for the surface water samples (SW3) sorted from 
high to low values. The following observations can be made: 

 The highest PC1 scores are the edge of field samples collected as runoff from fields 
with poultry waste application. Of the top 50 samples with highest PC1 scores 
(scores above a value of 2), 44 are edge of field samples.  Four other samples in this 
group were collected at USGS stations or small tributarties stations during very 
high flow conditions. The highest PC1 score is 8.1 for an edge of field sample 
collected after documented poultry waste application and from water flowing off 
the field.   The fact that the highest PC1 scores are from the edge of field samples is 
consistent with the samples being collected at the source of surface water 
contamination; i.e., the runoff from fields with poultry waste. These are the 
locations where the most PC1 parameters were detected at the highest 
concentrations.  
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 The lowest scores are from reference areas or areas with minimal poultry houses 
and operations. The lowest score (1.00) is from REF2 (Dry Creek), the only true 
reference with no poultry houses in the area. Other “reference” locations outside 
the IRW, REF1 and REF3 (Little Lee Creek and Spring Creek) have the third and 
fifth lowest PC1 scores, respectively (1.18 and 1.19). Other low scores were from 
samples collected at HFS30 and HFS28A which are small tributarties in the IRW 
with low poultry house density.  Some low scores were also observed for some 
USGS stations on the Baron Fork and HFS20.  HFS20 has low poultry house density 
in the actual basin, but high poultry house density within a two mile radius.  If PC1 
represents poultry contaminant, then areas with minimal poultry impacts should 
have the lowest PC1 scores.  

 Figures 6.11-22a and 6.11-22b show box plots with the median, lower quartile and 
upper quartile for the PC1 scores for the following groups: edge of field samples, 
small tributartiy locations with samples collected at high flow, small tributarty 
locations with samples collected at base flow, USGS stations (at high flow), USGS 
stations (base flow), surface water samples collected at biological and other river 
locations (mostly base flow), samples collected in Lake Tenkiller and samples 
collected at reference or locations with minimal poultry waste impact. As shown 
the median and upper quartile PC1 scores typically decrease in value in a logical 
order according to the known pathways from very high at the edge of field to very 
low at the reference locations. After edge of field samples, samples collected during 
high flow conditions in the small tributarties have the next highest scores followed 
by base flow samples collected at the same locations and surface water samples 
collected at high flow conditions.  The median PC1 score for USGS samples 
collected at high flow show an increase compared to the median for surface water 
samples collected for other river samples. The PC1 scores for samples collected 
from Lake Tenkiller are higher than the PC1 scores for samples collected at the 
USGS stations during base flow conditions. The reference areas have the lowest 
PC1 scores. This evaluation shows the transport of PC1 parameters from the edge 
of field to rivers and streams and finally to Lake Tenkiller. 

Appendix F shows the PC2 scores sorted from the highest to lowest scores for run 
SW3. Several observations can be made: 

 Of the highest 65 PC2 scores (above PC2 values of 4.8), three are discharge samples 
from WWTPs, 52 are surface water samples and 10 are the anomalous EOF samples 
discussed in Section 6.8.   Of the 52 surface water samples, 48 are downgradient of 
WWTP discharges. This includes 18 samples at HFS04 (downgradient of Siloam 
Springs WWTP discharge) and 16 samples at HFS22 (downgradient of Lincoln 
WWTP discharge). Samples from locations 345, 121, 75, 349, 31, 350, 901, 120, 109, 
72, 122 and 246 are also in this group. These samples are downgradient of 
discharges from Rogers, Springdale, Siloam Springs, Prairie Grove, Lincoln, 
Westville and Fayetteville WWTP discharges.  Most of the samples are 
downgradient of Springdale or Rogers.  See Table 6.11-11 for the largest PC2 scores 
and locations. 
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 Of the highest 65 PC2 scores, 10 are from edge of field samples. However the 
chemical/bacterial compositions of these 10 samples are distinctly different than 
effluent from WWTPs and are discussed in detail in Section 6.8.  These 10 samples 
also have very high PC1 while the WWTP impacted samples do not have high PC1 
scores. These 10 samples are not WWTP effluent impacted but are thought to be 
fresh leachates collected during very high runoff conditions.  These samples could 
potentially contain both cattle manure and poultry waste contamination. 

Summary Observations 

Because of the spatial analysis and comparisons to waste compositions, PC1 has been 
identified as related to poultry contamination (i.e., a poultry waste signature) and PC2 
has been identified as related to WWTP discharge (i.e., a WWTP signature).  In 
addition, high PC1 scores are observed along the major flow pathways and are higher 
near sources of poultry waste land application and decrease with distance from the 
source areas.  The evaluation of these observations is performed in conjunction with 
the next two Steps of the PCA evaluation:  step 13 (Use of PC Scores to Determine 
Sample and Locations Impacted by Major Sources of Contamination) and step 14 
(Investigative and Sensitivity Runs). 

Step 13: Use the PC Scores to Determine the Samples and Locations in the 
IRW that are Impacted by Major Sources of Contamination 
As previously discussed in Step 12, a spatial evaluation was performed to evaluate 
the individual sample PC scores in relation to distance from sources, sample group, 
sample conditions and reference locations. In this step the individual PC scores were 
evaluated to determine the magnitude of impact or contamination from sources 
across the basin. If contamination is pervasive and dominant across the IRW in all 
environment components, a pattern or signature groups of each major source of 
contamination should be observed when evaluating PC scores relative to each other.  

Figures 6.11-18a and 6.11-18b provides a plot of the PC1 (x-axis) vs the PC2 (y-axis) 
scores for run SW3. Figure 6.11-f shows all 573 scores and Figure 6.11-18b shows only 
the scores for the samples inside the box shown in Figure 6.11-18a (“Area of 
Expanded View”). Figure 6.11-18c shows all points in the expanded view area (560 
out of the 573 samples are shown). The figure also shows lines around the two major 
groups of samples identified from PC1 and PC2 evaluations. The group with high 
PC1 scores is labeled "poultry dominant impact" and contains the samples whose 
chemical and bacterial composition is dominated by poultry contamination. The 
group with high PC2 scores is labeled "WWTP dominant impact". These are the 
samples in which the WWTP impact or influence on the sample is greater than the 
poultry impact. There are 57 samples in this group (10 % of total). It is important to 
note that except for some of the reference samples, most of the samples (even those 
"dominated" by WWTP) show some poultry contamination.  

The two groups were selected by examining the locations and chemistry/bacterial 
composition of the individual samples.  For the “WWTP dominant impact” group, the 
PC2 scores were selected to be above a value of 4.7.  As shown in Table 6.11-11, 
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samples below about a score of 4.8 are typically not in locations downgradient of 
WWTP discharges so cannot be impacted by WWTPs.  For the “poultry waste 
dominant impact” group, a PC1 score of greater than 1.3 was selected.  This is a 
conservatively high value and could have been set lower to include more samples.  
The value was selected by examining the locations and scores of samples, particularly 
the scores of reference samples and samples in low poultry density areas.  In 
summary, the samples with PC1 scores below approximately 1.3 include all samples 
from reference locations (six total), 9 out of 10 samples from HFS30 (small watershed 
location with low poultry house density) and 10 out of 11 samples from HFS28A 
(small watershed location with low poultry house density).  The one sample from 
HFS30 and the one sample from HFS28A with higher PC1 scores were collected 
during extreme flow events.  Overall, 441 of the 573 samples (77%) had PC1 scores 
higher 1.3 and show some poultry contamination.  

Figure 6.11-23 shows the average PC1 scores by location (based on PCA run SW3).  
The average PC1 score was determined if multiple samples were collected and 
contained in the PCA analyses by calculating the mean score of those samples.  In 
Figure 6.11-23, there are 175 different locations.  Of these, 137 have a PC1 average 
scores greater than 1.3.  Therefore, approximately 78 percent of the locations sampled 
in the IRW show some poultry contamination.  Locations with PC2 scores higher than 
1.3 are shown in red; those with scores less than 1.3 are shown in green. 

The following table gives a breakdown of the number of samples with poultry 
contamination by the various sample types (based on run SW3): 

Sample Type Sample Counts Percent > 1.3 
EOF 65/65 100 
Lake Tenkiller 29/29 100 
Steam – base flow 56/90 62 
Stream -high flow 13/20 65 
Small Trib-base flow 32/48 67 
Small Trib-high flow 158/177 89 
USGS – base flow 32/48 67 
USGS – high flow 60/81 74 

Note:  the three WWTP discharges samples are not included because they are actual 
source samples; reference samples are included in the “streams” group. 

Evaluation of Groundwater and Spring Samples 

Figures 6.11-19a and 6.11-19b show the PC1 score vs PC2 score plot for PCA run 
SW17.  This run is the same as SW3 except groundwater samples (geoprobe and 
existing wells) and springs samples are included in the PCA.  This results in 699 total 
samples in the PCA.  The results of this run are provided graphically and include: 

• Figures 6.11-3 and 6.11-4:  Scree Plots and Variance Analysis 

• Figures 6.11-12 and 6.11-13:  PC Parameters, Loadings and Coefficients 
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• Figures 6.11-19a, b, c and d:  PC1 vs PC2 plots 

In addition, Figure 6.11-22c provides box plots showing the PC1 scores for geoprobe 
samples, spring samples and existing well samples (run SW17).  As shown, there is a 
decrease in the median PC1 values with Geoprobe samples having the highest PC1 
scores, than springs and existing wells have the lowest PC1 scores.  This is a logical 
progression from shallow alluvial water to springs and to deeper wells.  

A similar evaluation of PC1 scores was performed for the SW17 run as for the SW3 
run where the PC scores for reference samples and samples from locations in areas of 
low poultry house density were evaluated.  This resulted in determination that the 
same threshold PC1 score could be used to determine poultry waste impact (samples 
with PC1 > 1.3).  The locations of the springs, wells and geoprobes with PC1 average 
values above and below a value of 1.3 are shown in Figure 6.11-24 (based on PCA run 
SW17).  There are 112 locations on the figure and 51 have PC1 values of greater than 
1.3 (red dots).  These locations are impacted with poultry contamination (46 percent).  
The following table shows the number of individual samples with poultry 
contamination (run SW17): 

Sample Type Sample Counts Percent > 1.3 
Geoprobe 16/17 94 
Springs 19/49 39 
Existing Wells 24/60 40 

 

Overall, 59 out of 126 geoprobe, springs and well samples (47%) show poultry 
contamination.  The three wells known to be greater than 150 ft in depth (actual depth 
= 203 to 803 ft) did not show poultry waste contamination.  Four of the grower’s wells 
(unknown depth) did show poultry waste contamination.  Sample locations with PC1 
scores reflecting poultry waste contamination are located through out the Oklahoma 
portion of the IRW (most all sample locations where in Oklahoma) and demonstrate 
that contamination is widespread for residential wells and alluvial groundwater. 

In addition to the samples showing poultry waste impact, some of the groundwater 
samples have higher PC2 scores than the typical samples identified as being impacted 
with poultry waste contamination (relatively lower PC2 scores).  These groundwater 
samples potentially show human waste impact.  Overall about 20 wells may show 
potential human impact.  

Evaluation of Potential Impact of Cattle Manure 
The potential impact due to cattle manure was previously discussed in Section 6.4.2.  
These mass balance calculations indicate that any impact or contamination from cattle 
manure would be small (typically < 10 percent of the mass for most chemical 
constitutents) compared to the impact due to poultry waste disposal.   Previous steps 
n this subsection (i.e., step 12 discussing waste characteristics) show that cattle 
manure and cattle manure leachate are very different in chemical composition when 
compared to poultry waste and poultry waste leachate.  Therefore if cattle waste 
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provides a major impact on contamination in the IRW, a dominant signature should 
be observed in the PCA.  To assist in this evaluation, samples with known cattle 
contamination were evaluated.  The chemical and bacterial compositions of these 
samples have been previously provided in Tables 6.11-10 and 6.4-2a).  The four 
samples documented with cattle contamination are:  SPR-LAL16-SP2, SPR-26, EOF-
CP-1B and EOF-CP-1A.  Figure 6.11-25 shows the PC1 vs PC2 score plot for PCA run 
SW22 (surface water and springs; same as SW3 with springs added).  Also shown on 
this figure are the locations of the four samples with potential cattle contamination 
(red dots).  One of the spring samples (SPR-26) plots in the WWTP impact area and 
another spring sample (SPR-LAL16-SP2) plots above the WWTP impact area.  Field 
notebooks indicate that SPR-LAL16 was definitively contaminated with cattle manure 
while SPR had the potential for cattle contamination. The other two samples plots 
near the edge of the poultry waste impacted area. These four samples have very 
different PC scores and no consistent relation or group is observed in the PCA.  If 
cattle contamination contributed a significant impact to contamination in the IRW, a 
clear signature and associated group should be observed in the PCA and the four 
samples with cattle contamination would be in the group.  Based on the mass balance 
calculations, the comparison of chemical composition and the PCA analyses, cattle 
waste is not a major source of chemical contamination in the IRW. 

Evaluation of Solid Samples 

As previously discussed in Step 12 and shown in Figure 6.11-20a, cattle manure and 
poultry waste samples form two distinct groups (PCA run SD1, varimax rotation).  In 
addition, soil samples (0-2 inches) collected from poultry waste applied fields and 
sediment samples are typically more closely related to poultry waste samples than to 
cattle manure samples.  This shown in Figure 6.11-20e (run SD1, varimax, PC2 vs 
PC3) where the cattle waste is distinct from the soils and sediments samples.  The 
poultry waste samples are closely related the soil and sediment samples.  

Both PC1 and PC2 have high loading parameters that are related to poultry waste 
contamination. Figures 6.11-20a, b, c and d provide the PC1 vs PC2 plots of run SD6 
(solid samples including Lake Tenkiller core samples, no rotation). Figures 6.11-20b 
and 6-11-20d show an expanded view of the PC1 vs PC2 plots.  The core samples 
typically show a decrease in PC2 scores from the shallow (more contaminated 
samples) to the deeper (less contaminated samples).   As has been previously 
discussed (see section 6.7.2), this contamination in the Lake Tenkiller core samples is 
the result of poultry waste.  As shown Figures 6.11-20b and d, these contaminated 
core sample plot with most of the soil and other sediment samples collected from the 
IRW. 

Step 14: Perform Investigative and Sensitivity Analyses 
Analyses were performed to evaluate the change in the PCA results due to various 
database selections or to determine the "sensitivity" of the results due to change in 
various elements of the PCA. In particular the change was evaluated by comparing 
the PCA results between various PCA runs. The results evaluated included 
comparison of the magnitude of the parameter coefficients, the percent variance 
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explained and the PC scores for the individual samples. Changes made in the PCA 
runs included the number of parameters, specific parameters (e.g., arsenic and nickel), 
the groups or types of samples from environmental components (e.g., combinations of 
different environmental components), types of analyses (e.g., various forms and 
analytical methods for phosphorus) and specific samples (e.g., outliers).  

In particular, the following sensitivity runs were previously performed: 

 Surface water samples with and without additional phosphorus parameters. 
Retention of three form of phosphorus may be redundant and bias result to those 
samples with phosphorus.  Similar runs were also performed for this current 
report. 

 Surface water samples with and without the following parameters: arsenic, nickel, 
nitrate+nitrite and alkalinity. These were the parameters which were on the border 
line based on the parameter selection criteria (step 8).  These parameters were all 
retained for the current runs in this report. 

 Surface water samples using only parameters with highly positive coefficients (17 
parameters with loadings  > 0.5). This run was performed to determine the effect on 
variance.   Although the amount of variance related to PC1 and PC2 increased, the 
ability to distinguish groups of potential contamination impact were not as distinct.  
For the current report, the practice of using as large amount of parameters as 
possible was continued. 

 Surface water samples with and without base flow distinguished from high flow 
samples. These runs were performed to determine differences in impact at high 
flow and base flow as observed in the scores and evaluate any bias of sampling 
during high flow.  In this current report, all surface water samples are designated 
as either high flow or base flow samples. 

 Surface water samples without edge of field samples. This run was performed to 
determine the influence of edge of field samples on the results.  This run was also 
performed for the current report.  

 Surface water samples without the samples with the highest 22 PC1 scores. This 
run was performed to determine the influence of samples with high concentrations. 

 Surface and groundwater samples with and without additional phosphorus 
parameters. As above, this run was performed to determine the influence of using 
three forms of phosphorus.   

 Surface and groundwater samples with and without samples with the highest 22 
PC1 scores. 

 Surface and groundwater samples with the phosphorus (4500PF) results replaced 
with dissolved phosphorus (6020) and total metals replaced with dissolved metals 
for geoprobe samples. This replacement provides lower values for the phosphorus 
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and metal concentrations. The geoprobe sample typically had high turbidity 
(geoprobes are not developed similar to wells) and therefore, total concentrations 
are elevated. These substitutions were continued for the current report. 

 Surface and spring samples only. This was performed to see the scores and 
influence of springs with observed or potential cattle contamination.  This run was 
also performed for the current report. 

As a result of the previous PCA runs, the evaluations for this report also included a 
series of investigative and sensitivity runs.  These various runs are summarized in 
Table 6.11-7 (see last column for purpose) and discussed in the following paragraphs: 

 A series of PCA runs were conducted to evaluate the sensitivity on the water PCA 
of using total versus dissolved metals concentrations: SW 1 versus SW 2, SW 3 
versus SW 4, SW 5 versus SW 6, SW 7 versus SW 8, SW 9 versus SW 10, SW 11 
versus SW 12, and SW 13 versus SW 14.  These runs were conducted under a 
variety of other sensitivity conditions (discussed below).  In all of these runs, 
changes in the PCA results were observed to be minor; i.e., the results were similar 
whether total or dissolved metals were used.  Although similar, the PCA runs with 
total metals did exhibit a generally stronger relationship or ability to characterize 
waste source signatures in the watershed.  This was reasonable because the impacts 
were expected to be more significant during high flow conditions. 

 A series of PCA runs were conducted to evaluate the sensitivity on the water PCA, 
and on the solids PCA, of allowing missing data in the calculation of PC scores 
versus not allowing any missing data: SW 3 versus SW 15, SW 16 versus SW 17, SD 
1 versus SD 2, SD 3 versus SD 4, and SD 6 versus SD 7.  These runs were conducted 
under a variety of other sensitivity conditions (discussed below).  In all of these 
runs, changes in the PCA were either observed to be minor, or the results were 
similar between corresponding samples.  Although similar, the PCA runs that 
allowed for relatively larger amounts of missing data did provide relatively more 
information (more sample PC scores) for purposes of evaluating waste source 
signatures in the watershed. 

 A series of PCA runs were conducted to evaluate the sensitivity on the water PCA 
of using one phosphorus variable versus using three (possibly redundant) 
phosphorus variables, in conjunction with the sensitivity of using a single bacteria 
variable versus using multiple bacteria variables: SW 7 versus SW 8 (one versus 
three phosphorus variables), SW 9 versus SW 10 and SW 11 versus SW 12 (one 
versus multiple bacteria variables), and SW 13 versus SW 14 (combination of one 
versus three phosphorus, and one versus multiple bacteria).  In addition, these runs 
were conducted with total versus dissolved metals (discussed above).  The runs 
using a single bacteria versus multiple bacteria variables was conducted to test the 
possible impact on the PCA of multiple bacteria all with high concentrations.  In all 
of these runs, changes in the PCA were either observed to be minor, or the results 
were similar between corresponding samples.  Although similar, the PCA runs that 
included all three forms of phosphorus, and that included multiple bacteria 
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variables, did exhibit a generally stronger relationship or ability to characterize 
waste source signatures in the watershed. 

 A series of PCA runs were conducted to evaluate the sensitivity on the water PCA 
of including SPLP leachate data and/or edge-of-field data versus not including 
these data: SW 1 versus SW 3, SW 2 versus SW 4, SW 3 versus SW 5, and SW 4 
versus SW 6.  These runs were conducted to investigate the relative impact on the 
PCA of including samples with much higher overall concentrations, i.e., potentially 
more indicative of poultry and cattle impacts.  In all of these runs, including these 
data generally enhanced the ability to evaluate waste source signatures in the 
watershed.  However, the SPLP samples had a significant impact on the PCA 
results, essentially overwhelming all other sample results and decreasing the ability 
to distinguish source impact in ambient surface waters of the IRW.  Therefore, these 
runs indicated that including the SPLP data was not representative of actual source 
impact conditions in the watershed.  Additional PCA runs were conducted to 
further evaluate differences between SPLP and edge-of-field samples only.  These 
runs: SW 16, SW 17, SW 18, SW 19, SW 20, and SW 21, which were considered more 
“investigative” in nature, provided further support for excluding the SPLP data in 
the selection of the most important runs for evaluating source signatures. 

 A series of PCA runs were conducted to evaluate the sensitivity or influence on the 
water PCA of including groundwater and/or spring sample data versus not 
including these data: SW 3 versus SW 16, SW 17, and SW 18.  These runs were 
conducted to evaluate the relative impact on the PCA of including samples 
(homeowner groundwater) with much lower overall concentrations.  In all of these 
runs, including these data did not negatively impact the ability to evaluate waste 
source signatures in the watershed.  In certain cases, the inclusion of these data, 
especially the spring samples, was useful in interpreting or explaining certain 
apparently anomalous results. 

 A series of PCA runs were conducted to evaluate the sensitivity on the solids PCA 
of including poultry waste and cow manure sample data versus not including these 
data: SD 1 versus SD 3, and SD 2 versus SD 4.  Similar to the SPLP leachate and 
edge of field water sensitivity runs, these runs were conducted to investigate the 
relative impact on the solids PCA of including samples with much higher overall 
concentrations, i.e., potentially more indicative of poultry and cattle impacts.  In all 
of these runs, including these data generally enhanced the ability to evaluate waste 
source signatures in the watershed.   

 Additional solids PCA runs were conducted to evaluate the impact on the PCA of 
including Lake Tenkiller core samples versus not including these samples: SD 1 
versus SD 6, SD 7, and SD 8.  In addition, an investigative PCA run using only Lake 
Tenkiller core samples was conducted: SD 5.  All of these runs were used to 
evaluate whether the core samples could be included in the PCA without loss of 
information and without biasing the results, due to the fact that the core samples 
were necessarily analyzed for a smaller set of variables (limited amount of material 
was available for analysis).  The results indicated that including the core samples 
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supplied additional information relevant to the evaluation of waste source 
signatures in the watershed. 

The above sensitivity runs relate to the current PCA runs conducted and discussed in 
this report.  However, in addition to these current runs, numerous sensitivity runs 
were also conducted during previous, preliminary PCA runs.  As discussed above, 
many of these previous runs were repeated in the current runs and are therefore not 
discussed specifically in this report.  On the other hand, some of these previous runs 
were not repeated, including, for example, the sensitivity on the water PCA of 
including arsenic and nickel data versus not including these data.  
 
In summary, the sensitivity analyses indicated that the PCA (as established and 
conducted in this investigation) proved to be very robust and was insensitive to 
changes in variables, groupings, or other conditions.  The PCA is an appropriate 
method to identify major sources of contamination in the IRW. 
 
Step 15: State and Document Conclusions 
Overall, PCA supports the other lines of evidence previously discussed in this section.  
Major conclusions from the PCA follow: 

 PCA identified two major sources of contamination in the IRW:  poultry waste 
disposal and WWTP discharges.  Poultry waste is by far the dominant 
contamination source in the IRW when compared to other sources.  Cattle waste 
contamination was unique from both poultry waste and WWTP discharges; 
however, contamination from cattle waste is not dominant in the IRW and only 
represents a minor source.  

The overall conclusions of the PCA evaluation in relation to the hypotheses given in 
section 6.1 follow:  

 Land application of poultry waste affects the chemical and bacterial water and 
sediment composition of the IRW.  The affect is observable in surface water, 
groundwater and sediments collected from the IRW.  This is shown by PCA:  a 
large and distinct group of samples is dominated by poultry waste contamination. 

 WWTP discharges into rivers affect the chemical and bacterial water composition 
of the IRW.  The affect is observable in surface waters collected from the IRW.   This 
is shown by PCA:  a distinct group of samples is dominated by WWTP discharge. 

 Cattle manure deposited in fields and rivers affects the chemical and bacterial 
composition; however, no dominant impact is observed from cattle waste in the 
PCA.  This is consistent with the mass balances. 

6.11.3 Conclusions 
As discussed in Section 6.2, multiple lines of evidence were used to evaluate the 
sources of contamination in the IRW.  The multiple lines of evidence all support that 
poultry waste disposal by land application is a major source of contamination 
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including phosphorus and bacteria in the IRW.  These lines of evidence include the 
chemical and bacterial composition of major waste sources compared to 
contamination in the IRW, mass balance calculations showing that poultry waste is a 
major source of contamination, fate and transport observations for poultry waste 
contaminants through out the IRW, analyses and detection of a poultry specific 
biomarker and PCA evaluations showing poultry waste contamination in a dominant 
source.  These lines of evidence can be used to test the hypotheses stated in Section 
6.1.  The conclusions concerning the hypotheses follow: 

 Land application of poultry waste affects the chemical and bacterial water and 
sediment composition of the IRW and the affect is observable in surface water, 
groundwater and sediments collected from the IRW.  Poultry waste is the dominant 
source of contamination in the IRW. 

 WWTP discharges into rivers affect the chemical and bacterial water composition 
of the IRW.  The affect is observable in surface waters collected from the IRW.  The 
effect is not as large as the effect of poultry waste disposal in the IRW. 

 Cattle manure deposited in fields and rivers affects the chemical and bacterial 
composition; however, no dominant impact is observed from cattle waste in the 
PCA.  
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
0.02 SPRING  Dissolved 6/14/05 0.631 <0.025 NC
ANDERSON  Dissolved 5/25/05 0.634 0.056 167.5
BLACK FOX SPRING  Dissolved 6/14/05 0.71 0.059 169.3
DAVIS SPRINGS  Dissolved 6/1/05 0.386 <0.025 NC
DRIPPING SPRINGS  Dissolved 5/24/05 0.406 0.049 156.9
ELM SPRINGS  Dissolved 5/25/05 0.615 0.04 175.6
EOF01  Dissolved 5/23/05 0.579 0.239 83.1
EOF02  Dissolved 5/23/05 1.566 0.688 77.9
EOF03  Dissolved 5/23/05 1.421 0.674 71.3
EOF04 Dissolved 5/14/05 0.455 0.205 75.8
EOF04  Dissolved 5/23/05 2.461 1.707 36.2
EOF05 Dissolved 5/14/05 0.119 0.013 160.6
EOF05 Dissolved 5/23/05 1.308 0.74 55.5
EOF06 Dissolved 5/23/05 1.085 0.348 102.9
EOF07 Dissolved 5/15/05 0.614 0.129 130.6
EOF07 Dissolved 5/23/05 0.647 0.328 65.4
EOF07 Dissolved 6/5/05 1.114 0.161 149.5
EOF08 Dissolved 5/14/05 0.565 0.321 55.1
EOF08 Dissolved 5/23/05 0.652 0.035 179.6
EOF09 Dissolved 5/14/05 0.333 0.091 114.2
EOF09 Dissolved 5/23/05 1.611 0.571 95.3
EOF09 Dissolved 6/5/05 0.737 0.214 110.0
EOF10 Dissolved 5/23/05 8.459 6.18 31.1
EOF11 Dissolved 5/23/05 2.681 1.173 78.3
EOF11 Dissolved 6/5/05 0.81 0.048 177.6
EOF12 Dissolved 5/23/05 2.509 0.599 122.9
EOF14-060205 Dissolved 6/2/05 5.662 4.373 25.7
EOF15-060205 Dissolved 6/2/05 0.147 <0.05 NC
EOF16 Dissolved 6/5/05 0.533 0.031 178.0
EOF17 Dissolved 6/5/05 0.39 0.083 129.8
EOF18 Dissolved 6/5/05 0.543 <0.025 NC
EOF19 Dissolved 6/5/05 0.337 <0.025 NC
EOF20 Dissolved 6/5/05 1.145 0.151 153.4
EOF21 Dissolved 6/5/05 1.032 0.083 170.2
EOF22 Dissolved 6/5/05 1.773 0.531 107.8
EOF23 Dissolved 6/5/05 0.122 <0.025 NC
EOF24 Dissolved 6/5/05 0.399 <0.025 NC
EOF25 Dissolved 6/5/05 0.904 0.068 172.0
EOF26 Dissolved 6/5/05 1.347 0.698 63.5
EOF27 Dissolved 6/5/05 0.413 0.129 104.8
EOF28 Dissolved 6/5/05 1.033 0.439 80.7
EOF29 Dissolved 6/5/05 0.149 <0.025 NC
EOF30 Dissolved 6/5/05 0.259 <0.025 NC
GOAD SPR. Dissolved 5/25/05 0.891 0.064 173.2
HFS02 Dissolved 6/15/05 0.815 0.133 143.9
HFS02 Dissolved 6/27/05 0.676 0.031 182.5
HFS02-BF1 Dissolved 7/11/05 0.565 <0.025 NC
HFS04 - 1 TO 3 Dissolved 5/25/05 1.769 0.996 55.9
HFS04 - 14 TO 16 Dissolved 5/25/05 1.717 0.915 60.9
HFS04 - 7 TO 9 Dissolved 5/25/05 1.852 1.261 38.0
HFS04A Dissolved 6/22/05 1.866 1.01 59.5
HFS04B Dissolved 6/22/05 1.613 0.921 54.6
HFS04-BF1 Dissolved 7/13/05 2.307 0.965 82.0
HFS05 Dissolved 7/7/05 0.896 <0.025 NC
HFS05A Dissolved 6/27/05 0.654 0.04 176.9
HFS05A Dissolved 6/7/05 0.941 0.031 187.2
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
HFS05B Dissolved 6/27/05 0.687 0.05 172.9
HFS05B Dissolved 6/7/05 0.731 0.053 173.0
HFS05-BF1 Dissolved 7/12/05 0.899 <0.025 NC
HFS08A Dissolved 6/15/05 0.698 2.75 119.0
HFS08B Dissolved 6/15/05 0.604 0.04 175.2
HFS08-BF1 Dissolved 7/13/05 0.533 <0.025 NC
HFS14 Dissolved 6/9/05 0.67 0.216 102.5
HFS14A Dissolved 6/15/05 0.727 <0.025 NC
HFS14B Dissolved 6/15/05 0.738 0.031 183.9
HFS14-BF1 Dissolved 7/12/05 0.699 <0.025 NC
HFS16 Dissolved 6/15/05 1.02 0.161 145.5
HFS16A Dissolved 6/27/05 0.709 0.068 165.0
HFS16B Dissolved 6/27/05 0.799 0.161 132.9
HFS16-BF1 Dissolved 7/11/05 0.904 0.04 183.1
HFS20A Dissolved 6/15/05 1.007 0.124 156.1
HFS20A Dissolved 7/7/05 0.987 0.049 181.1
HFS20B Dissolved 6/15/05 0.907 0.142 145.9
HFS20B Dissolved 7/7/05 1.035 <0.025 NC
HFS20-BF1 Dissolved 7/13/05 0.995 0.049 181.2
HFS21 Dissolved 6/7/05 0.24 <0.025 NC
HFS21 Dissolved 7/7/05 0.465 <0.025 NC
HFS21-BF1 Dissolved 7/13/05 0.706 <0.025 NC
HFS22 Dissolved 6/7/05 2.027 1.19 52.0
HFS22A Dissolved 6/15/05 2.128 1.22 54.2
HFS22B Dissolved 6/15/05 1.89 1.267 39.5
HFS22-BF1 Dissolved 7/12/05 1.618 <0.025 NC
HFS23 Dissolved 6/15/05 0.99 <0.025 NC
HFS23 Dissolved 6/27/05 0.752 <0.025 NC
HFS23 Dissolved 6/7/05 0.893 0.031 186.6
HFS23 Dissolved 7/7/05 0.869 <0.025 NC
HFS23-BF1 Dissolved 7/12/05 0.846 <0.025 NC
HFS26-BF1 Dissolved 7/13/05 0.548 <0.025 NC
HFS26-BF1-DP Dissolved 7/13/05 0.602 <0.025 NC
HUGHES SPR. Dissolved 5/25/05 0.75 0.056 172.2
JULY SPRING Dissolved 6/16/05 0.927 <0.025 NC
KEY SPRING Dissolved 6/16/05 0.857 0.031 186.0
KIRK SPRING Dissolved 6/16/05 0.51 <0.025 NC
LIMESTONE SPRINGS Dissolved 6/2/05 0.679 <0.025 NC
LIVING WATER SPRING Dissolved 5/26/05 0.846 0.081 165.0
LK-01-1 Dissolved 6/15/05 0.47 <0.025 NC
LK-01-1 Dissolved 6/2/05 0.414 <0.025 NC
LK-01-1 Dissolved 6/29/05 0.29 <0.025 NC
LK-01-1 Dissolved 7/12/05 0.39 <0.025 NC
LK-01-14 Dissolved 5/18/05 0.535 <0.025 NC
LK-01-14 Dissolved 6/15/05 0.564 <0.025 NC
LK-01-14 Dissolved 6/2/05 0.504 <0.025 NC
LK-01-14 Dissolved 6/29/05 0.534 <0.025 NC
LK-01-14 Dissolved 7/12/05 0.596 <0.025 NC
LK-01-18 Dissolved 7/12/05 0.56 <0.025 NC
LK-01-2 Dissolved 5/18/05 0.51 <0.025 NC
LK-01-25 Dissolved 5/18/05 0.515 <0.025 NC
LK-01-25 Dissolved 6/15/05 0.609 <0.025 NC
LK-01-25 Dissolved 6/2/05 0.502 <0.025 NC
LK-01-25 Dissolved 6/29/05 0.385 <0.05 NC
LK-01-25 Dissolved 7/12/05 0.531 <0.025 NC
LK-01-2-D Dissolved 5/18/05 0.519 <0.025 NC
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
LK-02-1 Dissolved 6/15/05 0.483 <0.025 NC
LK-02-1 Dissolved 6/2/05 0.499 <0.025 NC
LK-02-1 Dissolved 6/29/05 0.316 <0.025 NC
LK-02-1 Dissolved 7/12/05 0.38 <0.025 NC
LK-02-10 Dissolved 6/15/05 0.653 <0.025 NC
LK-02-10 Dissolved 6/2/05 0.534 <0.025 NC
LK-02-10 Dissolved 6/29/05 0.569 <0.025 NC
LK-02-10 Dissolved 7/12/05 0.57 <0.025 NC
LK-02-12 Dissolved 5/18/05 0.537 <0.025 NC
LK-02-2 Dissolved 5/18/05 0.53 <0.025 NC
LK-02-20 Dissolved 5/18/05 0.511 <0.025 NC
LK-02-22 Dissolved 6/15/05 0.601 <0.025 NC
LK-02-22 Dissolved 6/2/05 0.573 <0.025 NC
LK-02-22 Dissolved 6/29/05 0.506 <0.025 NC
LK-02-22 Dissolved 7/12/05 0.61 <0.025 NC
LK-03-1 Dissolved 5/17/05 0.564 <0.025 NC
LK-03-1 Dissolved 6/15/05 0.408 <0.025 NC
LK-03-1 Dissolved 6/2/05 0.42 <0.025 NC
LK-03-1 Dissolved 6/29/05 0.266 <0.025 NC
LK-03-1 Dissolved 7/12/05 0.419 <0.025 NC
LK-03-1DP Dissolved 6/15/05 0.34 <0.025 NC
LK-03-1DP Dissolved 6/29/05 0.256 <0.025 NC
LK-03-1-DP Dissolved 7/12/05 0.454 <0.025 NC
LK-03-3 Dissolved 6/15/05 0.418 <0.025 NC
LK-03-3 Dissolved 6/2/05 0.458 0.142 105.3
LK-03-3 Dissolved 6/29/05 0.259 <0.025 NC
LK-03-3 Dissolved 7/12/05 0.395 <0.025 NC
LK-03-5 Dissolved 5/17/05 0.465 <0.025 NC
LK-03-5 Dissolved 6/2/05 0.488 <0.025 NC
LK-03-6 Dissolved 6/15/05 0.587 <0.025 NC
LK-03-6 Dissolved 6/29/05 0.494 <0.025 NC
LK-03-6 Dissolved 7/12/05 0.505 <0.025 NC
LK-03-7 Dissolved 5/17/05 0.565 <0.025 NC
LOGAN SPRINGS Dissolved 5/24/05 0.616 0.07 159.2
OSAGE SPR. Dissolved 5/25/05 0.537 0.035 175.5
RS-1 Dissolved 6/1/05 0.688 <0.025 NC
RS-1 Dissolved 6/14/05 0.774 <0.025 NC
RS-1 Dissolved 6/28/05 0.626 0.031 181.1
RS-1 Dissolved 7/11/05 0.674 0.031 182.4
RS-2 Dissolved 6/1/05 0.542 <0.025 NC
RS-2 Dissolved 6/14/05 0.646 <0.025 NC
RS-2 Dissolved 6/28/05 0.63 <0.025 NC
RS-2 Dissolved 7/11/05 0.621 <0.025 NC
RS-3 Dissolved 6/1/05 0.679 0.059 168.0
RS-3 Dissolved 6/14/05 0.788 0.124 145.6
RS-3 Dissolved 6/28/05 0.591 0.031 180.1
RS-3 Dissolved 7/11/05 0.77 0.068 167.5
RS-3DP Dissolved 6/14/05 0.786 0.086 160.6
SALEM SPRINGS Dissolved 6/2/05 1.122 0.253 126.4
SSA01 Dissolved 5/14/05 0.698 0.09 154.3
TYLER SPRINGS Dissolved 6/2/05 0.669 <0.025 NC
UNMARKED SPRING Dissolved 5/26/05 0.586 0.028 181.8
EOF01 Total 05/23/05 0.66 1.96 99.2
EOF02 Total 05/23/05 1.872 3.57 62.4
EOF03 Total 05/23/05 1.974 4.22 72.5
EOF04 Total 05/14/05 0.643 2.31 112.9
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
EOF04 Total 05/23/05 2.911 3.78 26.0
EOF05 Total 05/14/05 0.31 0.96 102.4
EOF05 Total 05/23/05 2.483 4.15 50.3
EOF06 Total 05/23/05 1.261 2.88 78.2
EOF07 Total 05/15/05 17.557 6.55 91.3
EOF07 Total 05/23/05 0.624 1.27 68.2
EOF08 Total 05/14/05 4.679 4.89 4.4
EOF08 Total 05/23/05 0.3 0.95 104.0
EOF09 Total 05/14/05 5.64 6.3 11.1
EOF09 Total 05/23/05 1.081 2.82 89.2
EOF10 Total 05/23/05 7.802 10.78 32.1
EOF11 Total 05/23/05 2.833 4.5 45.5
EOF12 Total 05/23/05 2.443 4.78 64.7
EOF14-060205 Total 06/02/05 23.893 10.34 79.2
EOF15-060205 Total 06/02/05 0.27 0.47 54.1
EOF17 Total 06/05/05 1.081 0.84 25.1
HFS02 Total 06/15/05 0.17 0.84 132.7
HFS02 Total 06/27/05 <0.025 0.63 NC
HFS02-BF1 Total 07/11/05 <0.025 0.69 NC
HFS04 - 1 TO 3 Total 05/25/05 1.302 1.85 34.8
HFS04 - 14 TO 16 Total 05/25/05 0.525 1.65 103.4
HFS04 - 7 TO 9 Total 05/25/05 0.818 1.83 76.4
HFS04A Total 06/22/05 4.266 1.86 78.6
HFS04B Total 06/22/05 0.68 1.61 81.2
HFS04-BF1 Total 07/13/05 1.081 2.43 76.8
HFS05A Total 06/27/05 0.068 0.63 161.0
HFS05B Total 06/27/05 0.05 0.76 175.3
HFS05A Total 06/07/05 0.068 1.02 175.0
HFS05-BF1 Total 07/12/05 <0.025 0.94 NC
HFS05 Total 07/07/05 <0.025 0.88 NC
HFS08A Total 06/15/05 <0.025 0.6 NC
HFS08B Total 06/15/05 <0.025 0.55 NC
HFS08-BF1 Total 07/13/05 <0.025 0.49 NC
HFS14A Total 06/15/05 <0.025 0.66 NC
HFS14B Total 06/15/05 <0.025 0.79 NC
HFS14 Total 06/09/05 <0.025 0.74 NC
HFS14-BF1 Total 07/12/05 <0.025 0.75 NC
HFS16 Total 06/15/05 0.309 1.13 114.1
HFS16A Total 06/27/05 0.179 0.85 130.4
HFS16B Total 06/27/05 0.272 1 114.5
HFS16-BF1 Total 07/11/05 0.216 1.09 133.8
HFS20A Total 06/15/05 0.161 0.89 138.7
HFS20B Total 06/15/05 0.253 0.94 115.2
HFS20-BF1 Total 07/13/05 0.068 1.06 175.9
HFS20A Total 07/07/05 0.068 0.99 174.3
HFS20B Total 07/07/05 0.086 1.01 168.6
HFS21 Total 06/07/05 <0.025 0.29 NC
HFS21-BF1 Total 07/13/05 0.035 0.75 182.2
HFS21 Total 07/07/05 0.04 0.45 167.3
HFS22A Total 06/15/05 0.733 2.14 97.9
HFS22B Total 06/15/05 0.995 1.83 59.1
HFS22 Total 06/07/05 0.114 2.01 178.5
HFS22-BF1 Total 07/12/05 0.791 1.76 76.0
HFS23 Total 06/15/05 <0.025 0.93 NC
HFS23 Total 06/27/05 <0.025 0.82 NC
HFS23 Total 06/07/05 0.031 0.82 185.4
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
HFS23-BF1 Total 07/12/05 0.031 0.92 187.0
HFS23 Total 07/07/05 <0.025 0.93 NC
HFS26-BF1-DP Total 07/13/05 <0.025 0.51 NC
HFS26-BF1 Total 07/13/05 <0.025 0.58 NC
LK-01-2-D Total 05/18/05 <0.025 0.5 NC
LK-01-14 Total 05/18/05 <0.025 0.46 NC
LK-01-2 Total 05/18/05 <0.025 0.51 NC
LK-01-25 Total 05/18/05 0.106 0.69 146.7
LK-01-1 Total 06/15/05 <0.025 0.47 NC
LK-01-14 Total 06/15/05 <0.025 0.68 NC
LK-01-25 Total 06/15/05 <0.025 0.65 NC
LK-01-1 Total 06/02/05 <0.025 0.43 NC
LK-01-14 Total 06/02/05 <0.025 0.53 NC
LK-01-25 Total 06/02/05 <0.025 0.54 NC
LK-01-1 Total 06/29/05 <0.025 0.32 NC
LK-01-14 Total 06/29/05 <0.025 0.54 NC
LK-01-25 Total 06/29/05 <0.025 0.4 NC
LK-01-1 Total 07/12/05 <0.025 0.47 NC
LK-01-14 Total 07/12/05 <0.025 0.58 NC
LK-01-18 Total 07/12/05 <0.025 0.54 NC
LK-01-25 Total 07/12/05 <0.025 0.58 NC
LK-02-12 Total 05/18/05 <0.025 0.54 NC
LK-02-2 Total 05/18/05 <0.025 0.58 NC
LK-02-20 Total 05/18/05 <0.025 0.52 NC
LK-02-1 Total 06/15/05 <0.025 0.52 NC
LK-02-10 Total 06/15/05 <0.025 0.64 NC
LK-02-22 Total 06/15/05 <0.025 0.58 NC
LK-02-1 Total 06/02/05 <0.025 0.37 NC
LK-02-10 Total 06/02/05 <0.025 0.53 NC
LK-02-22 Total 06/02/05 <0.025 0.55 NC
LK-02-1 Total 06/29/05 <0.025 0.35 NC
LK-02-10 Total 06/29/05 <0.025 0.5 NC
LK-02-22 Total 06/29/05 <0.025 0.58 NC
LK-02-1 Total 07/12/05 <0.025 0.39 NC
LK-02-10 Total 07/12/05 <0.025 0.54 NC
LK-02-22 Total 07/12/05 0.086 0.7 156.2
LK-03-1 Total 05/17/05 <0.025 0.55 NC
LK-03-5 Total 05/17/05 <0.025 0.55 NC
LK-03-7 Total 05/17/05 <0.025 0.57 NC
LK-03-1DP Total 06/15/05 <0.025 0.43 NC
LK-03-1 Total 06/15/05 <0.025 0.44 NC
LK-03-3 Total 06/15/05 <0.025 0.46 NC
LK-03-6 Total 06/15/05 <0.025 0.71 NC
LK-03-1 Total 06/02/05 <0.025 0.47 NC
LK-03-3 Total 06/02/05 <0.025 0.42 NC
LK-03-4 Total 06/02/05 0.146 0.5 109.6
LK-03-5 Total 06/02/05 <0.025 0.5 NC
LK-03-6 Total 06/02/05 <0.025 0.53 NC
LK-03-1DP Total 06/29/05 <0.025 0.35 NC
LK-03-1 Total 06/29/05 <0.025 0.31 NC
LK-03-3 Total 06/29/05 <0.025 0.33 NC
LK-03-6 Total 06/29/05 0.049 0.54 166.7
LK-03-1-DP Total 07/12/05 <0.025 0.48 NC
LK-03-1 Total 07/12/05 <0.025 0.45 NC
LK-03-3 Total 07/12/05 <0.025 0.44 NC
LK-03-6 Total 07/12/05 <0.025 0.41 NC
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Table B-1 Comparison of Method 6010 to 365.2 (Total and Dissolved)

Sample ID Date
Phosphorus (6010) 

from A&L
Phosphorus 

(365.2) RPD
RS-1 Total 06/01/05 <0.025 0.71 NC
RS-1 Total 06/14/05 <0.025 0.76 NC
RS-1 Total 06/28/05 0.049 0.61 170.3
RS-1 Total 07/11/05 0.04 0.73 179.2
RS-2 Total 06/01/05 <0.025 0.57 NC
RS-2 Total 06/14/05 <0.025 0.64 NC
RS-2 Total 06/28/05 <0.025 0.58 NC
RS-2 Total 07/11/05 0.031 0.63 181.2
RS-3 Total 06/01/05 0.096 0.66 149.2
RS-3DP Total 06/14/05 0.114 0.84 152.2
RS-3 Total 06/14/05 0.133 0.92 149.5
RS-3 Total 06/28/05 0.086 0.7 156.2
RS-3 Total 07/11/05 0.086 0.73 157.8
A<0.025ERSON Total 05/25/05 <0.025 0.69 NC
BLACK FOX SPRING Total 06/14/05 0.04 0.65 176.8
DRIPPING SPRINGS Total 05/24/05 0.06 0.35 141.5
ELM SPRINGS Total 05/25/05 0.061 0.63 164.7
GOAD SPR. Total 05/25/05 <0.025 0.91 NC
JULY SPRING Total 06/16/05 0.049 0.97 180.8
KEY SPRING Total 06/16/05 0.077 0.84 166.4
KIRK SPRING Total 06/16/05 0.049 0.64 171.6
LIVING WATER SPRING Total 05/26/05 0.113 1.1 162.7
LOGAN SPRINGS Total 05/24/05 0.049 0.62 170.7
OSAGE SPR. Total 05/25/05 <0.025 0.61 NC
SALEM SPRINGS Total 06/02/05 0.337 1.18 111.1
TYLER SPRINGS Total 06/02/05 0.027 0.68 184.7
UNMARKED SPRING Total 05/26/05 <0.025 0.69 NC
HUGHES SPR. Total 05/25/05 0.048 0.75 175.9
LIMESTONE SPRINGS Total 06/02/05 <0.025 0.66 NC
DAVIS SPRINGS Total 06/01/05 <0.025 0.43 NC
0.02 SPRING Total 06/14/05 0.04 0.64 176.5
SSA01 Total 05/14/05 0.14 0.85 143.4

nc = not calculated
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Table B-2 Comparison of Method 6010 to 4500PF (Total and Dissolved)

Sample ID Date

Phosphorus 
(6010) A&L 
(mg/L)

Phosphorus 
(4500PF) Aquatic 
(mg/L) RPD

HFS02-BF1 Dissolved 7/11/05 0.565 0.031 179.4
HFS04-BF1 Dissolved 7/13/05 2.307 1.374 50.7
HFS05-BF1 Dissolved 7/12/05 0.899 0.047 180.1
HFS08-BF1 Dissolved 7/13/05 0.533 0.024 182.5
HFS14-BF1 Dissolved 7/12/05 0.699 0.027 185.3
HFS16-BF1 Dissolved 7/11/05 0.904 0.062 174.3
HFS20-BF1 Dissolved 7/13/05 0.995 0.067 174.8
HFS21-BF1 Dissolved 7/13/05 0.706 0.031 183.4
HFS22-BF1 Dissolved 7/12/05 1.618 0.751 73.2
HFS23-BF1 Dissolved 7/12/05 0.846 0.017 192.2
HFS26-BF1-DP Dissolved 7/13/05 0.602 0.005 196.4
HFS26-BF1 Dissolved 7/13/05 0.548 0.004 197.1
LK-01-1 Dissolved 6/29/05 0.29 0.007 190.8
LK-01-14 Dissolved 6/29/05 0.534 0.007 195.2
LK-01-25 Dissolved 6/29/05 0.385 0.008 191.7
LK-01-1 Dissolved 7/12/05 0.39 0.004 196.2
LK-01-14 Dissolved 7/12/05 0.596 0.003 197.7
LK-01-25 Dissolved 7/12/05 0.531 0.003 197.6
LK-02-1 Dissolved 6/29/05 0.316 0.006 192.9
LK-02-10 Dissolved 6/29/05 0.569 0.006 195.6
LK-02-22 Dissolved 6/29/05 0.506 0.018 186.3
LK-02-1 Dissolved 7/12/05 0.38 0.004 196.1
LK-02-10 Dissolved 7/12/05 0.57 0.002 198.3
LK-02-22 Dissolved 7/12/05 0.61 0.024 184.9
LK-03-1 Dissolved 6/29/05 0.266 0.009 186.4
LK-03-3 Dissolved 6/29/05 0.259 0.006 190.4
LK-03-6 Dissolved 6/29/05 0.494 0.007 194.6
LK-03-1 Dissolved 7/12/05 0.419 0.006 194.8
LK-03-3 Dissolved 7/12/05 0.395 0.004 195.8
LK-03-6 Dissolved 7/12/05 0.505 0.004 197.1
RS-1 Dissolved 6/28/05 0.626 0.032 180.4
RS-1 Dissolved 7/11/05 0.674 0.015 191.2
RS-2 Dissolved 6/28/05 0.63 0.023 185.8
RS-2 Dissolved 7/11/05 0.621 0.017 189.4
RS-3 Dissolved 6/28/05 0.591 0.063 161.2
RS-3 Dissolved 7/11/05 0.77 0.061 170.6
HFS02-BF1 Total 7/11/05 0.69 0.03 181.9
HFS04-BF1 Total 7/13/05 2.43 1.65 38.0
HFS05-BF1 Total 7/12/05 0.94 0.05 178.9
HFS08-BF1 Total 7/13/05 0.49 0.02 180.9
HFS14-BF1 Total 7/12/05 0.75 0.03 186.1
HFS16-BF1 Total 7/11/05 1.09 0.19 140.6
HFS20-BF1 Total 7/13/05 1.06 0.07 176.1
HFS21-BF1 Total 7/13/05 0.75 0.03 182.2
HFS22-BF1 Total 7/12/05 1.76 0.78 76.7
HFS23-BF1 Total 7/12/05 0.92 0.03 185.3
HFS26-BF1-DP Total 7/13/05 0.51 0.01 195.6
HFS26-BF1 Total 7/13/05 0.58 0.00 196.9
LK-01-1 Total 6/29/05 0.32 0.01 187.1
LK-01-14 Total 6/29/05 0.54 0.01 194.3
LK-01-25 Total 6/29/05 0.4 0.03 169.9
LK-01-1 Total 7/12/05 0.47 0.01 193.4
LK-01-14 Total 7/12/05 0.58 0.00 197.4
LK-01-25 Total 7/12/05 0.58 0.01 193.9
LK-02-1 Total 6/29/05 0.35 0.01 185.5
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Table B-2 Comparison of Method 6010 to 4500PF (Total and Dissolved)

Sample ID Date

Phosphorus 
(6010) A&L 
(mg/L)

Phosphorus 
(4500PF) Aquatic 
(mg/L) RPD

LK-02-10 Total 6/29/05 0.5 0.01 191.8
LK-02-22 Total 6/29/05 0.58 0.03 182.3
LK-02-1 Total 7/12/05 0.39 0.01 188.6
LK-02-10 Total 7/12/05 0.54 0.01 195.3
LK-02-22 Total 7/12/05 0.7 0.03 182.9
LK-03-1 Total 6/29/05 0.31 0.03 169.0
LK-03-3 Total 6/29/05 0.33 0.03 165.6
LK-03-6 Total 6/29/05 0.54 0.04 173.9
LK-03-1 Total 7/12/05 0.45 0.02 187.0
LK-03-3 Total 7/12/05 0.44 0.01 187.5
LK-03-6 Total 7/12/05 0.41 0.01 191.2
RS-1 Total 6/28/05 0.61 0.03 180.2
RS-1 Total 7/11/05 0.73 0.02 187.8
RS-2 Total 6/28/05 0.58 0.03 181.2
RS-2 Total 7/11/05 0.63 0.02 188.8
RS-3 Total 6/28/05 0.7 0.07 161.7
RS-3 Total 7/11/05 0.73 0.06 168.4

nc = not calculated
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Sample ID Date

Phosphorus 
(4500PF) Aquatic 

(mg/L)

Phosphorus  
(365.2) A&L 

(mg/L) RPD
BS-08-SW Total 8/23/05 0.021 <0.025 NC
BS-117-SW Total 9/14/05 0.038 0.049 -25.4
BS-208-SW Total 9/1/05 0.031 0.031 -0.3
BS-28-SW Total 8/23/05 0.029 <0.025 NC
BS-35-SW Total 9/22/05 0.022 <0.025 NC
BS-62A-SW Total 8/16/05 0.068 0.086 -23.8
BS-68-SW Total 8/19/05 0.034 0.031 9.7
BS-HF04-SW Total 8/17/05 1.397 0.733 62.4
BS-HF22-SW Total 8/24/05 1.077 1.014 6.0
BS-HF28A-SW Total 8/18/05 0.009 <0.025 NC
BS-REF1-SW Total 8/30/05 0.005 0.049 -160.9
BS-REF2-SW Total 8/31/05 0.028 <0.025 NC
BS-REF3-SW-03 Total 9/1/05 0.026 <0.025 NC
BS-REF3-SW Total 9/1/05 0.026 0.031 -17.5
GF1 Total 3/9/06 0.901 0.61 38.5
HFS02 Total 7/11/05 0.024 0.04 -51.9
HFS02-BF1 Total 7/11/05 0.033 <0.025 NC
HFS02-BF2-01 Total 8/27/05 0.023 0.049 -71.0
HFS-04 Total 3/10/06 1.952 1.08 57.5
HFS-04 PEAK Total 3/10/06 1.832 0.849 73.3
HFS04-BF1 Total 7/13/05 1.654 1.081 41.9
HFS04 Total 7/27/05 0.950 0.921 3.1
HFS04A Total 8/20/05 no data 0.226 NC
HFS04-BF2-01 Total 8/27/05 1.640 0.086 180.1
HFS04 Total 9/28/05 1.897 1.034 58.9
HFS-05 Total 3/22/06 0.023 <0.025 NC
HFS-05 PEAK Total 3/22/06 0.014 <0.025 NC
HFS05-BF1 Total 7/12/05 0.052 <0.025 NC
HFS05-BF2-01 Total 8/29/05 no data 0.149 NC
HFS05 Total 9/28/05 0.059 <0.025 NC
HFS08-BF1 Total 7/13/05 0.025 <0.025 NC
HFS08-BF2-01 Total 8/28/05 0.022 0.094 -124.7
HFS-14 Total 3/10/06 0.271 0.606 -76.5
HFS-14 PEAK Total 3/10/06 0.627 0.578 8.2
HFS14-BF1 Total 7/12/05 0.027 <0.025 NC
HFS14 Total 7/23/05 0.006 <0.025 NC
HFS14-BF2-01 Total 8/27/05 0.021 0.138 -147.9
HFS-16 Total 3/10/06 0.051 0.053 -3.6
HFS16-BF1 Total 7/11/05 0.190 0.216 -12.8
HFS16 Total 7/13/05 0.080 0.077 3.5
HFS16 Total 8/14/05 0.313 0.29 7.8
HFS16-BF2-03 Total 8/27/05 0.126 0.205 -47.9
HFS16-BF2-01 Total 8/27/05 0.118 0.205 -53.6
HFS16 Total 9/15/05 0.280 0.263 6.3
HFS-20 Total 3/10/06 0.040 <0.025 NC
HFS20-BF1 Total 7/13/05 0.067 0.068 -1.0
HFS20 Total 7/26/05 0.327 0.309 5.6
HFS20 Total 8/14/05 0.076 0.077 -1.9
HFS20-BF2-01 Total 8/27/05 0.071 0.157 -75.1
HFS-21 Total 3/21/06 0.017 <0.025 NC
HFS21-BF1 Total 7/13/05 0.035 0.035 -0.1
HFS21 Total 8/14/05 0.066 0.072 -9.4
HFS21 Total 8/20/05 0.197 0.207 -4.8
HFS21 Total 9/16/05 0.067 0.216 -105.8
HFS21 Total 9/28/05 0.040 <0.025 NC

Table B-3 Comparison of Method 4500PF to 365.2 (Total)
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Sample ID Date

Phosphorus 
(4500PF) Aquatic 

(mg/L)

Phosphorus  
(365.2) A&L 

(mg/L) RPD

Table B-3 Comparison of Method 4500PF to 365.2 (Total)

HFS-22 Total 3/22/06 0.724 0.754 -4.1
HFS-22 PEAK Total 3/22/06 1.012 1.03 -1.7
HFS22-BF1 Total 7/12/05 0.785 0.791 -0.8
HFS22-BF2-01 Total 8/28/05 1.310 0.102 171.1
HFS22 Total 9/15/05 0.062 0.049 24.0
HFS-23 Total 3/22/06 0.057 0.068 -17.7
HFS23-BF1 Total 7/12/05 0.035 0.031 12.1
HFS23 Total 7/16/05 0.072 0.035 68.9
HFS23 Total 7/23/05 0.068 0.031 74.1
HFS23A Total 8/14/05 0.041 0.046 -11.9
HFS23-BF2-01 Total 8/28/05 0.087 <0.025 NC
HFS23 Total 9/16/05 0.090 0.179 -65.9
HFS23 Total 9/25/05 0.143 0.096 39.3
HFS26-BF1-DP Total 7/13/05 0.006 <0.025 NC
HFS26-BF1 Total 7/13/05 0.005 <0.025 NC
HFS26-BF2-01 Total 8/27/05 no data 0.05 NC
HFS28A-BF2-01 Total 8/28/05 no data 0.077 NC
HFS-29 Total 3/10/06 0.033 <0.025 NC
LK-01-1 Total 6/29/05 0.011 <0.025 NC
LK-01-14 Total 6/29/05 0.008 <0.025 NC
LK-01-25 Total 6/29/05 0.033 <0.050 NC
LK-01-8 Total 6/29/05 0.018 <0.025 NC
LK-01-1 Total 7/12/05 0.008 <0.025 NC
LK-01-14 Total 7/12/05 0.004 <0.025 NC
LK-01-25 Total 7/12/05 0.009 <0.025 NC
LK-01-1-01 Total 7/26/05 0.009 <0.025 NC
LK-01-14-01 Total 7/26/05 0.006 <0.025 NC
LK-01-18-01 Total 7/26/05 0.005 <0.025 NC
LK-01-22-01 Total 7/26/05 0.012 <0.025 NC
LK-01-25-01 Total 7/26/05 0.008 <0.025 NC
LK-01-8-01 Total 7/26/05 0.012 <0.025 NC
LK-01-1-01 Total 8/24/05 0.012 <0.025 NC
LK-01-14-01 Total 8/24/05 0.008 <0.025 NC
LK-01-18-01 Total 8/24/05 0.005 <0.025 NC
LK-01-22-01 Total 8/24/05 0.009 <0.025 NC
LK-01-8-01 Total 8/24/05 0.011 <0.025 NC
LK-01-1-01 Total 8/9/05 0.009 <0.025 NC
LK-01-14-01 Total 8/9/05 0.006 <0.025 NC
LK-01-18-01 Total 8/9/05 0.005 <0.025 NC
LK-01-22-01 Total 8/9/05 0.009 <0.025 NC
LK-01-25-01 Total 8/9/05 0.014 <0.025 NC
LK-01-8-01 Total 8/9/05 0.010 <0.025 NC
LK-01-1-01 Total 9/20/05 0.011 <0.025 NC
LK-01-14-01 Total 9/20/05 0.010 <0.025 NC
LK-01-18-01 Total 9/20/05 0.008 <0.025 NC
LK-01-22-01 Total 9/20/05 0.025 <0.025 NC
LK-01-8-01 Total 9/20/05 0.012 <0.025 NC
LK-01-1-01 Total 9/7/05 0.011 <0.025 NC
LK-01-14-01 Total 9/7/05 0.006 <0.025 NC
LK-01-18-01 Total 9/7/05 0.007 <0.025 NC
LK-01-22-01 Total 9/7/05 0.012 <0.025 NC
LK-01-8-01 Total 9/7/05 0.010 <0.025 NC
LK-02-1 Total 6/29/05 0.013 <0.025 NC
LK-02-10 Total 6/29/05 0.010 <0.025 NC
LK-02-16 Total 6/29/05 0.009 <0.025 NC
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Sample ID Date

Phosphorus 
(4500PF) Aquatic 

(mg/L)

Phosphorus  
(365.2) A&L 

(mg/L) RPD

Table B-3 Comparison of Method 4500PF to 365.2 (Total)

LK-02-22 Total 6/29/05 0.027 <0.025 NC
LK-02-1 Total 7/12/05 0.011 <0.025 NC
LK-02-10 Total 7/12/05 0.006 <0.025 NC
LK-02-22 Total 7/12/05 0.031 0.086 -93.2
LK-02-1-01 Total 7/26/05 0.012 <0.025 NC
LK-02-10-01 Total 7/26/05 0.015 <0.025 NC
LK-02-16-01 Total 7/26/05 0.007 0.031 -129.4
LK-02-22-01 Total 7/26/05 0.046 0.105 -78.1
LK-02-6-01 Total 7/26/05 0.013 <0.025 NC
LK-02-8-01 Total 7/26/05 0.013 <0.025 NC
LK-02-1-01 Total 8/23/05 0.017 <0.025 NC
LK-02-10-01 Total 8/23/05 0.011 <0.025 NC
LK-02-16-01 Total 8/23/05 0.013 <0.025 NC
LK-02-22-01 Total 8/23/05 0.092 0.086 7.0
LK-02-6-01 Total 8/23/05 0.016 <0.025 NC
LK-02-8-01 Total 8/23/05 0.012 <0.025 NC
LK-02-1-01 Total 8/9/05 0.011 0.031 -98.2
LK-02-10-01 Total 8/9/05 0.012 <0.025 NC
LK-02-16-01 Total 8/9/05 0.016 <0.025 NC
LK-02-22-01 Total 8/9/05 0.050 0.049 1.8
LK-02-6-01 Total 8/9/05 0.013 <0.025 NC
LK-02-8-01 Total 8/9/05 0.013 <0.025 NC
LK-02-1-01 Total 9/20/05 0.016 <0.025 NC
LK-02-10-1 Total 9/20/05 0.014 <0.025 NC
LK-02-16-01 Total 9/20/05 0.099 0.133 -29.0
LK-02-22-01 Total 9/20/05 0.278 0.281 -0.9
LK-02-6-01 Total 9/20/05 0.016 0.053 -105.1
LK-02-8-01 Total 9/20/05 0.015 <0.025 NC
LK-02-1-01 Total 9/7/05 0.013 <0.025 NC
LK-02-10-01 Total 9/7/05 0.013 <0.025 NC
LK-02-16-01 Total 9/7/05 0.016 <0.025 NC
LK-02-22-01 Total 9/7/05 0.093 0.179 -62.9
LK-02-6-01 Total 9/7/05 0.013 <0.025 NC
LK-02-8-01 Total 9/7/05 0.013 <0.025 NC
LK-03-1 Total 6/29/05 0.026 <0.025 NC
LK-03-3 Total 6/29/05 0.031 <0.025 NC
LK-03-5 Total 6/29/05 0.038 0.049 -24.7
LK-03-6 Total 6/29/05 0.038 0.049 -26.1
LK-03-1 Total 7/12/05 0.015 <0.025 NC
LK-03-3 Total 7/12/05 0.014 <0.025 NC
LK-03-6 Total 7/12/05 0.009 <0.025 NC
LK-03-1-01 Total 7/26/05 0.029 <0.025 NC
LK-03-3-01 Total 7/26/05 0.034 <0.025 NC
LK-03-6-01 Total 7/26/05 0.032 <0.025 NC
LK-03-1-01 Total 8/23/05 0.045 <0.025 NC
LK-03-3-01 Total 8/23/05 0.036 <0.025 NC
LK-03-6-01 Total 8/23/05 0.049 <0.025 NC
LK-03-1-03 Total 8/9/05 0.015 <0.025 NC
LK-03-1-01 Total 8/9/05 0.023 <0.025 NC
LK-03-3-01 Total 8/9/05 0.024 <0.025 NC
LK-03-6-01 Total 8/9/05 0.020 <0.025 NC
LK-03-1-03 Total 9/20/05 0.032 <0.025 NC
LK-03-1-01 Total 9/20/05 0.031 <0.025 NC
LK-03-3-01 Total 9/20/05 0.030 <0.025 NC
LK-03-4-01 Total 9/20/05 0.038 <0.025 NC
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Sample ID Date

Phosphorus 
(4500PF) Aquatic 

(mg/L)

Phosphorus  
(365.2) A&L 

(mg/L) RPD

Table B-3 Comparison of Method 4500PF to 365.2 (Total)

LK-03-1-01 Total 9/7/05 0.006 <0.025 NC
LK-03-3-01 Total 9/7/05 0.024 <0.025 NC
LK-03-6-01 Total 9/7/05 0.031 <0.025 NC
LK-04-1-01 Total 7/26/05 0.142 0.124 13.2
LK-04-2-01 Total 7/26/05 0.142 0.161 -12.3
LK-04-4-01 Total 7/26/05 0.242 0.29 -18.1
LK-04-1-01 Total 8/23/05 0.115 0.142 -20.6
LK-04-2-01 Total 8/23/05 0.103 0.031 107.5
LK-04-4-01 Total 8/23/05 0.211 0.263 -21.8
LK-04-1-01 Total 8/9/05 0.090 0.105 -14.9
LK-04-2-01 Total 8/9/05 0.087 0.114 -26.5
LK-04-4-01 Total 8/9/05 0.120 0.216 -56.8
LK-04-1-01 Total 9/20/05 0.110 0.068 46.9
LK-04-2-01 Total 9/20/05 0.129 0.114 12.5
LK-04-1-01 Total 9/7/05 0.066 0.04 48.9
LK-04-2-01 Total 9/7/05 0.110 0.077 35.5
LK-04-4-01 Total 9/7/05 0.135 0.161 -17.7
RS-1 Total 6/28/05 0.032 0.049 -42.6
RS-1 Total 7/11/05 0.023 0.04 -53.9
RS-1-01 Total 7/25/05 0.029 <0.025 NC
RS-1-01 Total 8/24/05 0.037 0.04 -6.7
RS-1-01 Total 8/8/05 0.032 0.049 -41.9
RS-1-01 Total 9/19/05 0.038 <0.025 NC
RS-1-01 Total 9/6/05 0.034 0.031 9.1
RS-2 Total 6/28/05 0.029 <0.025 NC
RS-2 Total 7/11/05 0.018 0.031 -52.5
RS-2-01 Total 7/25/05 0.019 <0.025 NC
RS-2-01 Total 8/24/05 0.025 0.105 -122.0
RS-2-01 Total 8/8/05 0.019 <0.025 NC
RS-2-01 Total 9/20/05 0.027 <0.025 NC
RS-2-01 Total 9/6/05 0.023 <0.025 NC
RS-3 Total 6/28/05 0.074 0.086 -14.8
RS-3 Total 7/11/05 0.063 0.086 -31.6
RS-3-01 Total 7/25/05 0.077 0.068 12.4
RS-3-01 Total 8/24/05 0.091 <0.025 NC
RS-3-03 Total 8/8/05 0.073 0.04 58.5
RS-3-01 Total 8/8/05 0.067 0.059 12.7
RS-3-01 Total 9/19/05 0.080 0.077 3.3
RS-3-01 Total 9/6/05 0.077 0.096 -21.5

nc = not calculated
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD
3 Dissolved 6/28/06 0.056 0.027 69.9
16837 Dissolved 8/15/06 0.011 0.012 8.7
16853 Dissolved 7/24/06 0.07 0.059 16.7
16861 Dissolved 7/20/06 0.022 0.021 2.3
16873 Dissolved 8/9/06 <0.01 0.008 NC
16911 Dissolved 7/13/06 0.013 0.003 132.9
23212 Dissolved 7/20/06 0.013 0.010 22.8
23242 Dissolved 7/13/06 0.016 0.007 82.8
24425 Dissolved 8/15/06 <0.01 0.007 NC
27983 Dissolved 7/19/06 0.024 0.021 14.3
37813 Dissolved 8/10/06 0.017 0.016 6.1
38742 Dissolved 7/20/06 <0.01 0.004 NC
50236 Dissolved 8/10/06 <0.01 0.004 NC
56287 Dissolved 7/13/06 0.03 0.021 35.0
89485 Dissolved 7/20/06 0.012 0.009 28.1
001JBF050806 Dissolved 6/27/06 0.011 0.001 166.7
001JBF050806Q Dissolved 6/27/06 <0.01 0.003 NC
001RPH051806 Dissolved 6/27/06 0.091 0.014 146.7
002RPH051006 Dissolved 6/27/06 0.044 0.031 34.7
002X-060706 Dissolved 6/7/06 0.015 0.009 50.0
004RPH051806 Dissolved 6/27/06 0.049 0.035 33.3
005RPH051206 Dissolved 6/27/06 0.036 0.025 36.1
005RPH051806 Dissolved 6/27/06 0.022 0.007 103.4
012RPH Dissolved 6/6/06 0.028 0.020 33.3
23999 M.KILLER Dissolved 7/25/06 0.056 0.046 20.6
48576 M.SEYA Dissolved 7/25/06 0.017 0.004 118.0
74867A Dissolved 8/17/06 0.031 0.027 13.8
74867B Dissolved 8/17/06 <0.01 0.007 NC
ANDERSONSP1 Dissolved 6/13/06 0.015 0.023 -42.1
BLFDSP-060706 Dissolved 6/7/06 0.055 0.048 13.6
BS-08-SW Dissolved 8/23/05 0.055 0.019 98.4
BS-117-SW Dissolved 9/14/05 0.029 0.022 26.7
BS-208-050107A Dissolved 5/1/07 0.162 0.024 147.9
BS-208-SW Dissolved 9/1/05 0.023 0.027 -17.6
BS-28-SW Dissolved 8/23/05 0.059 0.017 110.4
BS-35-050207 Dissolved 5/2/07 0.031 0.025 22.7
BS-35-SW Dissolved 9/22/05 0.014 0.007 60.8
BS-62A-050107A Dissolved 5/1/07 0.203 0.050 120.8
BS-62A-SW Dissolved 8/16/05 0.067 0.035 63.5
BS-68-050207 Dissolved 5/2/07 0.065 0.059 9.9
BS-68-SW Dissolved 8/19/05 0.048 0.022 73.6
BS-HF04-050107A Dissolved 5/1/07 1.34 1.375 -2.6
BS-HF04-SW Dissolved 8/17/05 1.43 1.368 4.4
BS-HF22-050207 Dissolved 5/2/07 0.59 0.706 -17.9
BS-HF22-SW Dissolved 8/24/05 1.118 1.055 5.8
BS-HF28A-SW Dissolved 8/18/05 0.011 0.004 91.0
BS-REF1-SW Dissolved 8/30/05 <0.01 0.005 NC
BS-REF2-SW Dissolved 8/31/05 0.022 0.025 -14.5
BS-REF3-SW Dissolved 9/1/05 0.018 0.025 -33.2
BS-REF3-SW-03 Dissolved 9/1/05 0.019 0.025 -28.0
CHARLES DYE Dissolved 7/25/06 0.023 0.015 42.8
COLLINS WELL #1 Dissolved 7/7/06 <0.01 0.003 NC
D.ELLIS032 Dissolved 8/9/06 <0.01 0.002 NC
DAVISSPR-060706 Dissolved 6/7/06 0.035 0.028 22.2
DEBBIE HUGHES SPRING Dissolved 6/28/06 0.039 0.027 36.4

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)
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Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

DRISPR Dissolved 6/27/06 0.066 0.044 40.0
ELMSPR Dissolved 6/28/06 0.068 0.032 72.0
ELMSPRQ Dissolved 6/28/06 0.039 0.032 19.7
EOF07-230-042407 Dissolved 4/24/07 1.04 1.120 -7.4
EOF07-232-042407 Dissolved 4/24/07 0.368 0.267 31.9
EOF07-LOR#1-042407 Dissolved 4/24/07 0.997 0.971 2.6
EOF-1 Dissolved 6/17/06 0.244 0.243 0.4
EOF-222-041307 Dissolved 4/13/07 1.6 0.236 148.5
EOF-259-041307 Dissolved 4/13/07 0.187 0.245 -26.7
EOF-CP-1A Dissolved 3/31/08 0.521 0.657 -23.1
EOF-CP-1B Dissolved 3/31/08 0.524 0.558 -6.2
EOF-Q1 Dissolved 6/17/06 0.661 0.640 3.2
EOF-Q2 Dissolved 6/17/06 0.135 0.121 10.9
EOF-Q3 Dissolved 6/18/06 0.367 0.566 -42.7
EOF-Q4 Dissolved 6/18/06 0.15 0.238 -45.4
EOFSPRD-26 Dissolved 4/25/06 0.456 0.522 -13.5
EOF-SPREAD 023 Dissolved 6/18/06 10.6 11.000 -3.7
EOF-SPREAD 025 Dissolved 6/18/06 0.059 0.041 36.0
EOF-SPREAD 044 Dissolved 6/18/06 0.056 0.118 -71.3
EOF-SPREAD 068 Dissolved 6/18/06 0.078 0.081 -3.8
EOF-SPREAD 073B Dissolved 6/18/06 145 93.700 43.0
EOF-SPREAD-007 Dissolved 5/4/06 1.02 1.160 -12.8
EOF-SPREAD010 Dissolved 5/9/06 6.71 7.990 -17.4
EOF-SPREAD-025 Dissolved 5/4/06 0.812 0.869 -6.8
EOF-SPREAD048 Dissolved 5/9/06 1.14 1.330 -15.4
EOF-SPREAD048-Q Dissolved 5/9/06 1.23 1.350 -9.3
EOF-SPREAD-053B Dissolved 5/4/06 2.13 2.550 -17.9
EOF-SPREAD-064 Dissolved 5/4/06 7.58 8.840 -15.3
EOF-SPREAD-065 Dissolved 5/4/06 0.924 1.110 -18.3
EOF-SPREAD071 Dissolved 5/10/06 0.955 1.020 -6.6
EOF-SPREAD-17A-01 Dissolved 5/1/06 5.42 6.430 -17.0
EOF-SPREAD-26-01 Dissolved 4/29/06 0.385 0.431 -11.3
EOF-SPREAD-53E-01 Dissolved 4/29/06 21.6 20.800 3.8
EOF-SPREAD-53G Dissolved 5/4/06 0.764 0.974 -24.2
EOF-SPREAD-59-01 Dissolved 4/29/06 0.446 0.494 -10.2
EOF-SPREAD-60-01 Dissolved 4/29/06 16.2 16.500 -1.8
EOF-SPREAD73E-1-01 Dissolved 6/22/06 0.225 0.165 30.8
FAC-16 Dissolved 12/4/07 191 212.550 -10.7
FAC-17 Dissolved 12/19/07 76.1 118.150 -43.3
FITE 500 Dissolved 8/10/06 <0.01 0.006 NC
FITE 501 Dissolved 8/10/06 <0.01 0.008 NC
GF1 Dissolved 3/9/06 0.336 0.415 -20.9
GLENN MILLER 1 Dissolved 7/13/06 0.015 0.005 103.6
GP-GW01-3 Dissolved 11/27/06 0.011 0.012 8.7
GP-GW06-062707 Dissolved 6/27/07 <0.01 <0.002 0.0
GP-GW08-25 Dissolved 11/29/06 <0.01 0.599 NC
GP-GW08-25Q Dissolved 11/29/06 <0.01 0.002 NC
GP-GW09-11 Dissolved 11/30/06 0.012 0.630 192.5
GP-GW10-4 Dissolved 11/30/06 <0.01 0.500 NC
GP-GW14-062707 Dissolved 6/27/07 0.024 0.038 46.1
GP-GW18A-062607 Dissolved 6/26/07 <0.01 4.502 NC
GP-GW19-7 Dissolved 11/30/06 <0.01 0.515 NC
GP-GW20-6 Dissolved 11/30/06 0.019 0.469 184.4
GP-GW29-062807 Dissolved 6/28/07 <0.01 0.003 NC
GP-GW31-062807 Dissolved 6/28/07 0.018 0.006 103.3
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GP-GW34-062607 Dissolved 6/26/07 0.015 0.039 88.9
GP-GW36-062607 Dissolved 6/26/07 <0.01 0.097 NC
GP-GW39-062707 Dissolved 6/27/07 0.013 0.006 78.7
GP-GW40-062707 Dissolved 6/27/07 <0.01 1.695 NC
GPGW-44-7 Dissolved 12/1/06 <0.01 0.020 NC
GPGW-48-11 Dissolved 12/1/06 <0.01 1.120 NC
GW-AMES-073007 Dissolved 7/30/07 0.022 0.011 63.7
GW-BEAVER-012207 Dissolved 1/22/07 <0.01 <0.002 0.0
GW-BECK-071007-01 Dissolved 7/10/07 0.034 0.035 3.5
GW-CHOATS-071107-01 Dissolved 7/11/07 0.054 0.053 2.1
GW-CHOATS-071107-03 Dissolved 7/11/07 0.05 0.052 3.4
GW-CRUZ-071107-01 Dissolved 7/11/07 0.066 0.059 10.4
GW-DIXON-071007-01 Dissolved 7/10/07 <0.01 0.007 NC
GW-E-AMES-012207 Dissolved 1/22/07 <0.01 0.005 NC
GW-IGO-012207 Dissolved 1/22/07 <0.01 0.006 NC
GW-JONES-012307 Dissolved 1/23/07 0.012 0.015 22.2
GW-KINDLE-012307 Dissolved 1/23/07 <0.01 <0.002 0.0
GW-KUELBS-062807 Dissolved 6/28/07 <0.01 <0.002 0.0
GW-KUSTENBORTER-071007Dissolved 7/10/07 0.041 0.005 154.7
GW-MADEWELL-012307 Dissolved 1/23/07 <0.01 0.007 NC
GW-MCALPINE-012307 Dissolved 1/23/07 0.015 0.018 18.2
GW-MCCOY-012207 Dissolved 1/22/07 0.034 0.036 5.7
GW-REESE-012307 Dissolved 1/23/07 <0.01 <0.002 0.0
GW-ROSS-071007-01 Dissolved 7/10/07 0.013 0.007 66.5
GW-SEWELL-071107-01 Dissolved 7/11/07 <0.05 <0.002 0.0
GW-TURNER-071007-01 Dissolved 7/10/07 0.045 0.050 11.2
GW-VANCE-073007 Dissolved 7/30/07 0.013 0.003 128.0
HESTER 497 Dissolved 8/10/06 <0.01 0.011 NC
HESTER 498 Dissolved 8/10/06 <0.01 <0.002 0.0
HESTER SP1 060806 Dissolved 6/8/06 0.054 0.111 -69.1
HFS02 Dissolved 7/11/05 0.019 0.022 -14.2
HFS-02 Dissolved 6/8/06 0.046 0.042 9.1
HFS-02 Dissolved 5/6/06 0.103 0.075 31.5
HFS-02 Dissolved 5/10/06 0.183 0.162 12.2
HFS-02 Dissolved 5/1/06 0.224 0.224 0.0
HFS02-BF1-01 Dissolved 6/15/06 0.044 0.015 98.3
HFS02-BF2-01 Dissolved 8/27/05 0.056 0.021 90.3
HFS02-BF2-01 Dissolved 8/1/06 0.06 0.047 23.7
HFS-02-INITIAL Dissolved 4/29/06 0.056 0.070 -22.2
HFS-02-PEAK Dissolved 5/11/06 0.185 0.182 1.6
HFS-02-PEAK Dissolved 5/4/06 0.21 0.190 10.0
HFS04 Dissolved 7/27/05 0.9 0.938 -4.2
HFS04 Dissolved 9/28/05 1.73 1.760 -1.7
HFS-04 Dissolved 5/31/06 0.859 0.905 -5.2
HFS-04 Dissolved 4/30/06 0.923 1.080 -15.7
HFS-04 Dissolved 5/6/06 0.961 1.040 -7.9
HFS-04 Dissolved 4/8/06 1.39 1.449 -4.2
HFS-04 Dissolved 3/10/06 1.63 1.895 -15.1
HFS-04 Dissolved 4/4/06 1.7 1.938 -13.1
HFS-04 Dissolved 4/26/06 2.15 2.400 -11.0
HFS-04 PEAK Dissolved 5/31/06 0.843 1.020 -19.0
HFS-04 PEAK Dissolved 3/10/06 1.49 1.696 -12.9
HFS04A Dissolved 8/20/05 1.218 1.331 -8.9
HFS04-BF1-01 Dissolved 6/15/06 1.72 1.890 -9.4
HFS04-BF2-01 Dissolved 8/27/05 1.555 1.627 -4.6
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HFS04-BF2-01 Dissolved 8/1/06 1.99 1.951 2.0
HFS-04-EVENT B Dissolved 5/11/06 0.885 0.822 7.4
HFS05 Dissolved 9/28/05 0.077 0.023 107.1
HFS-05 Dissolved 3/22/06 0.034 0.005 148.3
HFS-05 Dissolved 4/26/06 0.046 0.065 -34.2
HFS-05 Dissolved 4/30/06 0.061 0.050 19.8
HFS-05 Dissolved 6/7/06 0.069 0.049 33.9
HFS-05 Dissolved 5/6/06 0.07 0.044 45.6
HFS-05 Dissolved 5/31/06 0.121 0.129 -6.4
HFS-05 Dissolved 4/3/06 0.125 0.015 156.3
HFS-05 PEAK Dissolved 3/22/06 0.024 0.006 125.4
HFS05-BF1-01 Dissolved 6/15/06 0.054 0.051 5.7
HFS05-BF2-01 Dissolved 8/29/05 0.048 0.050 -3.4
HFS05-BF2-01 Dissolved 8/1/06 0.05 0.046 7.7
HFS-05-EVENT B Dissolved 5/11/06 0.057 0.054 5.4
HFS-05-EVENT B-Q Dissolved 5/11/06 0.06 0.054 10.5
HFS-05-PEAK Dissolved 4/29/06 0.061 0.049 21.8
HFS-05-PEAK Dissolved 4/26/06 0.094 0.096 -2.1
HFS08-BF2-01 Dissolved 8/28/05 0.038 <0.002 NC
HFS14 Dissolved 7/23/05 <0.01 0.006 NC
HFS-14 Dissolved 4/7/06 0.104 0.101 2.6
HFS-14 Dissolved 5/10/06 0.179 0.182 -1.7
HFS-14 Dissolved 3/10/06 0.22 0.269 -20.0
HFS-14 Dissolved 6/5/06 0.318 0.283 11.6
HFS-14 Dissolved 4/25/06 0.371 0.414 -11.0
HFS-14 Dissolved 5/31/06 0.86 0.970 -12.0
HFS-14 PEAK Dissolved 4/7/06 0.168 0.155 8.1
HFS-14 PEAK Dissolved 3/10/06 0.512 0.602 -16.1
HFS14-BF1-01 Dissolved 6/15/06 0.043 0.036 17.7
HFS14-BF2-01 Dissolved 8/27/05 0.031 <0.002 NC
HFS14-BF2-01 Dissolved 8/1/06 0.101 0.106 -4.5
HFS-14-PEAK Dissolved 5/11/06 0.294 0.339 -14.2
HFS-14-PEAK Dissolved 4/25/06 0.417 0.451 -7.8
HFS16 Dissolved 7/13/05 0.08 0.068 16.7
HFS16 Dissolved 8/14/05 0.19 0.241 -23.6
HFS16 Dissolved 9/15/05 0.256 0.275 -7.1
HFS-16 Dissolved 5/2/06 0.03 0.040 -28.6
HFS-16 Dissolved 3/10/06 0.043 0.051 -16.1
HFS-16 Dissolved 4/25/06 0.094 0.101 -7.2
HFS-16 Dissolved 5/31/06 0.159 0.156 1.9
HFS16-BF1-01 Dissolved 6/15/06 0.051 0.046 10.3
HFS16-BF2-01 Dissolved 8/27/05 0.133 0.112 17.4
HFS16-BF2-03 Dissolved 8/27/05 0.135 0.111 19.3
HFS-16-PEAK Dissolved 5/1/06 0.034 0.048 -34.1
HFS20 Dissolved 8/14/05 0.09 0.046 65.7
HFS20 Dissolved 7/26/05 0.305 0.317 -3.7
HFS-20 Dissolved 4/3/06 0.021 0.006 115.8
HFS-20 Dissolved 3/10/06 0.024 0.038 -44.1
HFS-20 Dissolved 4/26/06 0.044 0.050 -12.8
HFS-20 Dissolved 4/30/06 0.05 0.046 8.3
HFS-20 Dissolved 4/7/06 <0.01 0.006 NC
HFS-20 EVENT B Dissolved 5/31/06 0.104 0.118 -12.6
HFS-20 PEAK Dissolved 4/3/06 0.02 0.008 90.1
HFS20-BF1-01 Dissolved 6/15/06 0.033 0.031 6.3
HFS20-BF2-01 Dissolved 8/27/05 0.064 0.056 14.1

4



Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

HFS20-BF2-01 Dissolved 8/1/06 0.098 0.076 25.0
HFS-20-EVENT A Dissolved 5/9/06 0.362 0.328 9.9
HFS-20-EVENT B Dissolved 5/10/06 0.524 0.493 6.1
HFS-20-LEADING EDGE Dissolved 5/4/06 0.068 0.010 148.7
HFS-20-PLATEAU Dissolved 5/6/06 0.043 0.020 73.0
HFS21 Dissolved 9/28/05 0.073 0.014 133.7
HFS21 Dissolved 9/16/05 0.077 0.040 62.3
HFS21 Dissolved 8/14/05 0.096 0.044 73.9
HFS21 Dissolved 8/20/05 0.173 0.193 -11.0
HFS-21 Dissolved 3/21/06 0.018 0.006 105.4
HFS-21 Dissolved 4/3/06 0.023 0.013 56.3
HFS-21 Dissolved 5/31/06 0.048 0.039 20.7
HFS-21 Dissolved 4/30/06 0.085 0.067 23.7
HFS-21 Dissolved 5/5/06 0.158 0.138 13.5
HFS-21 Dissolved 4/26/06 <0.01 0.012 NC
HFS-21A Dissolved 4/6/06 0.013 0.012 5.8
HFS-21B Dissolved 4/7/06 0.152 0.164 -7.5
HFS21-BF1-01 Dissolved 6/15/06 0.029 0.034 -15.9
HFS-21-EVENT A Dissolved 5/9/06 0.052 0.033 44.7
HFS-21-EVENT B Dissolved 5/10/06 0.047 0.041 13.6
HFS-21-PEAK Dissolved 4/26/06 0.021 0.036 -52.6
HFS-21-PEAK Dissolved 5/4/06 0.137 0.151 -9.7
HFS22 Dissolved 9/15/05 0.055 0.051 7.7
HFS-22 Dissolved 5/6/06 0.219 0.227 -3.6
HFS-22 Dissolved 4/30/06 0.554 0.571 -3.0
HFS-22 Dissolved 4/4/06 0.577 0.621 -7.3
HFS-22 Dissolved 3/22/06 0.715 0.713 0.3
HFS-22 Dissolved 4/27/06 1.76 2.060 -15.7
HFS-22 PEAK Dissolved 4/4/06 0.725 0.760 -4.7
HFS-22 PEAK Dissolved 3/22/06 0.99 1.006 -1.6
HFS22-BF1-01 Dissolved 6/15/06 0.89 0.934 -4.8
HFS22-BF2-01 Dissolved 8/28/05 1.374 1.206 13.0
HFS22-BF2-01 Dissolved 8/1/06 1.92 1.892 1.5
HFS-22-EVENT A Dissolved 5/10/06 0.372 0.328 12.6
HFS-22-EVENT B Dissolved 5/11/06 0.253 0.270 -6.5
HFS-22-PEAK Dissolved 4/27/06 1.94 2.340 -18.7
HFS23 Dissolved 7/16/05 0.043 0.040 6.6
HFS23 Dissolved 7/23/05 0.072 0.076 -6.0
HFS23 Dissolved 9/25/05 0.087 0.043 66.8
HFS23 Dissolved 9/16/05 0.104 0.015 148.4
HFS-23 Dissolved 4/8/06 0.045 0.043 4.8
HFS-23 Dissolved 4/4/06 0.048 0.038 22.4
HFS-23 Dissolved 3/22/06 0.061 0.024 87.2
HFS-23 Dissolved 5/11/06 0.065 0.074 -12.9
HFS-23 Dissolved 4/30/06 0.092 0.086 6.7
HFS-23 Dissolved 6/7/06 0.108 0.082 27.4
HFS-23 Dissolved 5/31/06 0.11 0.103 6.6
HFS-23 Dissolved 4/27/06 0.326 0.369 -12.4
HFS23A Dissolved 8/14/05 0.028 0.017 49.8
HFS23-BF1-01 Dissolved 6/15/06 0.039 0.046 -16.5
HFS23-BF2-01 Dissolved 8/1/06 0.027 0.024 12.9
HFS23-BF2-01 Dissolved 8/28/05 0.029 0.021 30.0
HFS-23G Dissolved 5/4/06 0.143 0.151 -5.4
HFS-23-PEAK Dissolved 5/10/06 0.079 0.080 -1.3
HFS-23-PEAK Dissolved 4/27/06 0.092 0.100 -8.3
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HFS26-BF2-01 Dissolved 8/27/05 0.014 0.007 67.9
HFS-28A Dissolved 4/30/06 0.013 0.015 -14.3
HFS-28A Dissolved 4/25/06 0.021 0.012 54.5
HFS-28A Dissolved 6/7/06 0.065 0.036 57.4
HFS-28A 5/10 Dissolved 5/10/06 0.094 0.115 -20.1
HFS-28A 5/5 Dissolved 5/5/06 0.055 0.060 -8.7
HFS28A-BF1-01 Dissolved 6/15/06 0.012 0.018 -40.0
HFS28A-BF2-01 Dissolved 8/28/05 0.018 0.015 16.5
HFS28A-BF2-01 Dissolved 8/1/06 0.026 0.022 18.1
HFS-28A-LEADING EDGE Dissolved 5/4/06 0.013 0.020 -42.4
HFS-28A-RISING LIMB Dissolved 4/29/06 0.011 0.011 0.0
HFS-28A-TAIL Dissolved 4/26/06 <0.01 0.013 NC
HFS-29 Dissolved 3/10/06 0.028 0.032 -14.4
HFS-29 Dissolved 4/7/06 0.052 0.006 156.1
HFS-29 Dissolved 4/24/06 0.054 0.053 1.9
HFS-29 Dissolved 5/5/06 0.137 0.151 -9.7
HFS-29 PEAK Dissolved 4/7/06 0.057 0.062 -8.7
HFS29-BF1-01 Dissolved 6/15/06 0.027 0.028 -3.6
HFS29-BF1-03 Dissolved 6/15/06 0.033 0.027 20.0
HFS29-BF2-01 Dissolved 8/1/06 0.033 0.025 26.2
HFS29-BF2-03 Dissolved 8/1/06 0.03 0.026 15.6
HFS-29-EVENT A Dissolved 5/10/06 0.05 0.048 4.1
HFS-29-EVENT B Dissolved 5/10/06 0.103 0.091 12.4
HFS-30 Dissolved 4/30/06 0.012 0.016 -28.6
HFS-30 Dissolved 5/31/06 0.016 0.011 37.0
HFS-30 Dissolved 4/24/06 0.022 0.015 37.8
HFS-30 Dissolved 5/11/06 0.022 0.024 -8.7
HFS-30 Dissolved 5/4/06 0.087 0.082 5.9
HFS-30 TAIL Dissolved 4/26/06 0.014 0.009 43.5
HFS-30-050307A Dissolved 5/3/07 0.012 0.012 0.3
HFS30-BF1-01 Dissolved 6/15/06 0.011 0.017 -42.9
HFS30-BF2-01 Dissolved 8/1/06 0.025 0.022 13.3
HFS-30-PEAK Dissolved 4/29/06 0.01 0.018 -57.1
HUESTIS Dissolved 7/20/06 0.025 0.025 0.3
JIM LINGA Dissolved 7/24/06 0.023 0.005 131.3
JULSPR Dissolved 6/27/06 0.027 0.018 40.0
KEYSPR-060606 Dissolved 6/6/06 0.055 0.048 13.6
KIRSPR-060706 Dissolved 6/7/06 0.012 0.005 82.4
L.CHRISTIE Dissolved 7/20/06 0.03 0.030 0.0
LAL15GW1 Dissolved 7/11/06 <0.01 0.002 NC
LAL15GW1Q Dissolved 7/11/06 0.015 0.004 117.5
LAL15SP2 Dissolved 7/11/06 0.032 0.033 -3.1
LAL16-GW1 Dissolved 7/18/06 <0.01 <0.002 0.0
LAL16-GW2 Dissolved 7/18/06 0.01 <0.002 NC
LAL16-SP1 Dissolved 7/18/06 0.026 0.017 42.4
LAL16-SP2 Dissolved 7/18/06 5.3 6.105 -14.1
LINCOLN WWTP-01 Dissolved 4/2/08 0.162 0.195 -18.7
LINCOLN WWTP-03 Dissolved 4/2/08 0.147 0.188 -24.5
LIWSPR Dissolved 6/28/06 0.092 0.079 15.2
LK-01-0-01 Dissolved 5/17/06 <0.01 0.003 NC
LK-01-0-01 Dissolved 6/14/06 <0.01 0.005 NC
LK-01-0-01 Dissolved 7/13/06 <0.01 0.004 NC
LK-01-0-01 Dissolved 8/9/06 <0.01 0.003 NC
LK-01-0-01 Dissolved 9/26/06 <0.01 0.007 NC
LK-01-10-01 Dissolved 8/9/06 0.015 0.003 125.3
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LK-01-1-01 Dissolved 7/26/05 <0.01 0.004 NC
LK-01-1-01 Dissolved 8/24/05 <0.01 0.004 NC
LK-01-1-01 Dissolved 8/9/05 <0.01 0.004 NC
LK-01-1-01 Dissolved 9/20/05 <0.01 0.003 NC
LK-01-1-01 Dissolved 9/7/05 <0.01 0.005 NC
LK-01-13-01 Dissolved 5/17/06 <0.01 <0.002 NC
LK-01-14-01 Dissolved 7/26/05 <0.01 0.003 NC
LK-01-14-01 Dissolved 8/24/05 <0.01 0.003 NC
LK-01-14-01 Dissolved 8/9/05 <0.01 0.003 NC
LK-01-14-01 Dissolved 9/20/05 <0.01 0.002 NC
LK-01-14-01 Dissolved 9/7/05 <0.01 0.002 NC
LK-01-15-01 Dissolved 6/14/06 <0.01 0.004 NC
LK-01-18-01 Dissolved 8/9/06 0.022 0.003 152.2
LK-01-19-01 Dissolved 6/14/06 <0.01 0.004 NC
LK-01-20-01 Dissolved 7/13/06 <0.01 0.003 NC
LK-01-21-01 Dissolved 5/17/06 <0.01 <0.002 NC
LK-01-22-01 Dissolved 8/24/05 <0.01 0.008 NC
LK-01-22-01 Dissolved 9/20/05 <0.01 0.005 NC
LK-01-22-01 Dissolved 9/7/05 <0.01 0.005 NC
LK-01-25-01 Dissolved 7/26/05 <0.01 0.003 NC
LK-01-25-01 Dissolved 8/9/05 <0.01 0.007 NC
LK-01-8-01 Dissolved 7/13/06 <0.01 0.004 NC
LK-01-9-01 Dissolved 6/14/06 <0.01 0.004 NC
LK-02-0-01 Dissolved 8/9/06 0.027 0.003 159.7
LK-02-0-01 Dissolved 5/16/06 <0.01 0.006 NC
LK-02-0-01 Dissolved 6/14/06 <0.01 0.004 NC
LK-02-0-01 Dissolved 7/13/06 <0.01 0.003 NC
LK-02-0-01 Dissolved 9/26/06 <0.01 0.008 NC
LK-02-10-01 Dissolved 8/9/06 0.012 0.003 118.7
LK-02-10-01 Dissolved 7/26/05 <0.01 0.006 NC
LK-02-10-01 Dissolved 8/23/05 <0.01 0.004 NC
LK-02-10-01 Dissolved 8/9/05 <0.01 0.012 NC
LK-02-10-01 Dissolved 9/7/05 <0.01 0.004 NC
LK-02-1-01 Dissolved 7/26/05 <0.01 0.005 NC
LK-02-1-01 Dissolved 8/23/05 <0.01 0.005 NC
LK-02-1-01 Dissolved 8/9/05 <0.01 0.010 NC
LK-02-1-01 Dissolved 9/20/05 <0.01 0.003 NC
LK-02-1-01 Dissolved 9/7/05 <0.01 0.004 NC
LK-02-10-1 Dissolved 9/20/05 <0.01 0.005 NC
LK-02-14-01 Dissolved 5/16/06 <0.01 0.005 NC
LK-02-17-01 Dissolved 8/9/06 0.016 0.005 99.2
LK-02-18-01 Dissolved 7/13/06 0.019 0.012 47.8
LK-02-18-01 Dissolved 6/14/06 <0.01 0.007 NC
LK-02-19-01 Dissolved 5/16/06 <0.01 0.004 NC
LK-02-20-01 Dissolved 6/14/06 0.013 0.007 60.0
LK-02-22-01 Dissolved 8/9/05 0.014 0.018 -27.5
LK-02-22-01 Dissolved 8/23/05 0.018 0.028 -43.3
LK-02-22-01 Dissolved 7/26/05 0.032 0.026 19.9
LK-02-22-01 Dissolved 9/7/05 0.168 0.066 87.5
LK-02-22-01 Dissolved 9/20/05 0.203 0.009 183.4
LK-02-9-01 Dissolved 7/13/06 0.011 0.004 102.6
LK-02-9-01 Dissolved 6/14/06 <0.01 0.004 NC
LK-03-0-01 Dissolved 7/13/06 0.013 0.005 96.4
LK-03-0-01 Dissolved 8/9/06 0.014 0.004 114.0
LK-03-0-01 Dissolved 5/16/06 0.02 0.018 10.5
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

LK-03-0-01 Dissolved 6/14/06 <0.01 0.008 NC
LK-03-0-01 Dissolved 9/26/06 <0.01 0.010 NC
LK-03-1-01 Dissolved 7/26/05 <0.01 0.004 NC
LK-03-1-01 Dissolved 8/23/05 <0.01 0.009 NC
LK-03-1-01 Dissolved 8/9/05 <0.01 0.005 NC
LK-03-1-01 Dissolved 9/20/05 <0.01 0.006 NC
LK-03-1-01 Dissolved 9/7/05 <0.01 0.006 NC
LK-03-1-03 Dissolved 8/9/05 <0.01 0.005 NC
LK-03-1-03 Dissolved 9/20/05 <0.01 0.007 NC
LK-03-3-01 Dissolved 7/26/05 <0.01 0.006 NC
LK-03-3-01 Dissolved 8/23/05 <0.01 0.008 NC
LK-03-3-01 Dissolved 8/9/05 <0.01 0.004 NC
LK-03-3-01 Dissolved 8/9/06 <0.01 0.003 NC
LK-03-3-01 Dissolved 9/20/05 <0.01 0.005 NC
LK-03-3-01 Dissolved 9/7/05 <0.01 0.007 NC
LK-03-4-01 Dissolved 9/20/05 0.011 0.009 23.6
LK-03-6-01 Dissolved 5/16/06 0.012 0.016 -28.6
LK-03-6-01 Dissolved 8/9/06 0.016 0.004 120.9
LK-03-6-01 Dissolved 6/14/06 <0.01 0.003 NC
LK-03-6-01 Dissolved 7/13/06 <0.01 0.003 NC
LK-03-6-01 Dissolved 7/26/05 <0.01 0.005 NC
LK-03-6-01 Dissolved 8/23/05 <0.01 0.005 NC
LK-03-6-01 Dissolved 8/9/05 <0.01 0.004 NC
LK-03-6-01 Dissolved 9/7/05 <0.01 0.005 NC
LK-03-6-03 Dissolved 5/16/06 0.017 0.015 12.5
LK-04-0-01 Dissolved 7/13/06 0.019 0.025 -26.3
LK-04-0-01 Dissolved 5/16/06 0.047 0.045 4.3
LK-04-0-01 Dissolved 8/9/06 0.062 0.049 24.3
LK-04-0-01 Dissolved 9/26/06 0.105 0.107 -1.9
LK-04-0-01 Dissolved 6/14/06 <0.01 0.012 NC
LK-04-1-01 Dissolved 9/7/05 0.022 0.019 16.3
LK-04-1-01 Dissolved 8/9/05 0.032 0.036 -10.6
LK-04-1-01 Dissolved 9/20/05 0.048 0.047 3.0
LK-04-1-01 Dissolved 8/23/05 0.05 0.060 -18.1
LK-04-1-01 Dissolved 7/26/05 0.051 0.050 2.3
LK-04-2-01 Dissolved 8/9/05 0.025 0.040 -46.2
LK-04-2-01 Dissolved 9/7/05 0.04 0.037 6.9
LK-04-2-01 Dissolved 7/26/05 0.049 0.052 -6.9
LK-04-2-01 Dissolved 9/20/05 0.05 0.049 2.5
LK-04-2-01 Dissolved 8/23/05 0.056 0.068 -19.0
LK-04-3-01 Dissolved 8/9/06 0.052 0.043 19.6
LK-04-4-01 Dissolved 9/7/05 0.042 0.042 0.5
LK-04-4-01 Dissolved 8/9/05 0.053 0.056 -4.8
LK-04-4-01 Dissolved 8/23/05 0.07 0.066 5.4
LK-04-4-01 Dissolved 7/26/05 0.076 0.075 0.9
LK-04-6-01 Dissolved 7/13/06 0.052 0.041 23.7
LK-04-6-01 Dissolved 6/14/06 0.072 0.072 0.0
LOC-01 Dissolved 4/7/06 0.024 1.834 -194.8
LOGSPR Dissolved 6/28/06 0.085 0.028 100.9
M.DAVENPORT Dissolved 7/24/06 0.022 0.005 123.6
MAN-BC-20D Dissolved 3/31/08 22.6 29.163 -25.4
MAN-BC-20D Dissolved 3/31/08 43.1 53.214 -21.0
MAN-BC-20F Dissolved 3/31/08 25.1 32.349 -25.2
MAN-BC-21D Dissolved 3/31/08 10.1 14.947 -38.7
MAN-BC-21F Dissolved 3/31/08 13.3 25.442 -62.7
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

MAN-BC-22D Dissolved 4/1/08 19 26.411 -32.6
MAN-BC-22F Dissolved 4/1/08 34.3 44.623 -26.2
MAN-BC-22F Dissolved 4/1/08 83 109.395 -27.4
MAN-BC-23D Dissolved 4/2/08 31.7 42.792 -29.8
MAN-BC-23F Dissolved 4/2/08 37.3 49.204 -27.5
MARTH GUINN Dissolved 7/25/06 0.036 0.025 37.7
MCGRUDDEN WELL #1 Dissolved 7/7/06 0.027 0.022 20.4
OKSLR 499 Dissolved 8/10/06 <0.01 0.004 NC
OSASPR Dissolved 8/10/06 0.029 0.017 52.2
OSBORN Dissolved 7/20/06 0.014 0.014 0.9
ROGERS 75100 Dissolved 8/10/06 0.019 0.015 23.5
ROGERS WWTP Dissolved 4/1/08 0.0663 0.064 4.0
RS-10003 Dissolved 8/14/06 <0.01 0.011 NC
RS-10004 Dissolved 8/14/06 <0.01 0.004 NC
RS-10004-052107 Dissolved 5/21/07 0.017 0.003 133.7
RS-1-01 Dissolved 8/24/05 0.02 0.034 -52.0
RS-1-01 Dissolved 7/12/06 0.026 0.024 8.6
RS-1-01 Dissolved 8/8/05 0.029 0.032 -10.7
RS-1-01 Dissolved 6/13/06 0.033 0.026 23.7
RS-1-01 Dissolved 9/19/05 0.033 0.033 1.1
RS-1-01 Dissolved 7/25/05 0.034 0.033 3.6
RS-1-01 Dissolved 9/6/05 0.034 0.034 0.7
RS-1-01 Dissolved 5/15/06 0.035 0.033 5.9
RS-1-01 Dissolved 9/25/06 0.036 0.037 -2.7
RS-1-01 Dissolved 8/8/06 0.046 0.023 66.3
RS-1-03 Dissolved 7/12/06 0.024 0.024 -0.6
RS-1-03 Dissolved 6/13/06 0.034 0.026 26.7
RS-1-03 Dissolved 8/8/06 0.046 0.023 67.5
RS-109-050207 Dissolved 5/2/07 0.12 0.134 -11.2
RS-120-B10 Dissolved 8/9/06 0.191 0.192 -0.5
RS-121-B10 Dissolved 8/10/06 0.452 0.441 2.5
RS-122-050307A Dissolved 5/3/07 0.079 0.083 -5.0
RS-133-052107 Dissolved 5/21/07 0.033 0.016 71.3
RS-137 Dissolved 8/11/06 0.065 0.057 13.1
RS-148 Dissolved 8/10/06 0.019 0.014 30.3
RS-150 Dissolved 8/10/06 0.044 0.041 7.1
RS-150-050307A Dissolved 5/3/07 0.029 0.029 1.1
RS-160-050307A Dissolved 5/3/07 0.051 0.053 -3.2
RS-19 Dissolved 8/14/06 0.023 0.015 42.1
RS-2-01 Dissolved 7/12/06 0.015 0.015 -3.3
RS-2-01 Dissolved 9/20/05 0.018 0.017 3.8
RS-2-01 Dissolved 8/8/05 0.021 0.019 11.7
RS-2-01 Dissolved 7/25/05 0.022 0.018 19.6
RS-2-01 Dissolved 9/6/05 0.022 0.023 -2.7
RS-2-01 Dissolved 6/13/06 0.023 0.015 42.1
RS-2-01 Dissolved 8/10/06 0.03 0.016 60.9
RS-2-01 Dissolved 5/15/06 0.034 0.029 15.9
RS-2-01 Dissolved 9/25/06 0.035 0.039 -10.8
RS-2-01 Dissolved 8/24/05 <0.01 0.018 NC
RS-225 Dissolved 8/11/06 0.016 0.011 37.0
RS-233-052107 Dissolved 5/21/07 0.1 0.086 15.1
RS-28 Dissolved 8/14/06 0.025 0.030 -18.2
RS-286-B10 Dissolved 8/9/06 0.015 0.010 40.0
RS-297-052107 Dissolved 5/21/07 0.11 0.028 119.6
RS-3-01 Dissolved 7/12/06 0.06 0.059 2.0
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Sample ID Date 

Phosphorus 
(6020) A&L 
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Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

RS-3-01 Dissolved 9/19/05 0.063 0.064 -2.2
RS-3-01 Dissolved 7/25/05 0.065 0.069 -5.6
RS-3-01 Dissolved 8/8/05 0.067 0.065 2.6
RS-3-01 Dissolved 9/6/05 0.069 0.070 -0.8
RS-3-01 Dissolved 8/24/05 0.07 0.082 -15.9
RS-3-01 Dissolved 6/13/06 0.071 0.061 15.2
RS-3-01 Dissolved 5/15/06 0.077 0.069 11.0
RS-3-01 Dissolved 8/10/06 0.083 0.067 21.3
RS-3-01 Dissolved 9/25/06 0.166 0.138 18.4
RS-31 Dissolved 8/16/06 0.1 0.116 -14.8
RS-312-050207A Dissolved 5/2/07 0.037 0.031 16.2
RS-312-B10 Dissolved 8/9/06 0.057 0.050 13.1
RS-336 Dissolved 8/16/06 0.023 0.023 0.0
RS-336-051007 Dissolved 5/10/07 0.171 0.052 106.6
RS-340 Dissolved 8/15/06 0.063 0.074 -16.1
RS-345 Dissolved 8/11/06 0.319 0.275 14.8
RS-349 Dissolved 8/11/06 0.307 0.296 3.6
RS-350 Dissolved 8/16/06 0.302 0.328 -8.3
RS-386-050207 Dissolved 5/2/07 0.105 0.086 20.3
RS-395 Dissolved 8/10/06 0.069 0.062 10.7
RS-399-05027 Dissolved 5/2/07 0.064 0.057 11.2
RS-402-052107 Dissolved 5/21/07 0.022 0.007 102.9
RS-43 Dissolved 8/11/06 0.07 0.062 12.1
RS-43-052107 Dissolved 5/21/07 0.052 0.038 31.2
RS-433A-050207 Dissolved 5/2/07 0.072 0.076 -5.6
RS-548 Dissolved 8/15/06 0.04 0.027 38.8
RS-57 Dissolved 8/11/06 0.033 0.025 27.6
RS-574-B10 Dissolved 8/10/06 0.199 0.187 6.2
RS-577-B10 Dissolved 8/10/06 0.048 0.041 15.7
RS-578-050207A Dissolved 5/2/07 0.061 0.054 12.4
RS-578-B10 Dissolved 8/10/06 0.068 0.059 14.2
RS-625-B10 Dissolved 8/10/06 0.059 0.049 18.5
RS-630 Dissolved 8/11/06 0.149 0.176 -16.6
RS-662 Dissolved 8/15/06 <0.01 0.009 NC
RS-667-050107A Dissolved 5/1/07 0.168 0.019 159.4
RS-682-050207 Dissolved 5/2/07 0.057 0.059 -3.6
RS-696-052107 Dissolved 5/21/07 0.021 0.007 100.8
RS-704-050207A Dissolved 5/2/07 0.064 0.058 10.5
RS-704-050207A-03 Dissolved 5/2/07 0.063 0.058 7.9
RS-704-B10 Dissolved 8/8/06 0.076 0.068 11.1
RS-706-B10 Dissolved 8/9/06 0.013 0.010 26.1
RS-7198000-B10 Dissolved 8/9/06 0.012 0.064 -136.8
RS-72-052107 Dissolved 5/21/07 0.046 0.033 32.9
RS-728-050207A Dissolved 5/2/07 0.389 0.469 -18.6
RS-75-050807 Dissolved 5/8/07 0.238 0.133 56.7
RS-75-050807-03 Dissolved 5/8/07 0.247 0.132 60.8
RS-757-050107A Dissolved 5/1/07 0.207 0.061 108.4
RS-75-B10 Dissolved 8/10/06 0.315 0.350 -10.5
RS-770 Dissolved 8/11/06 0.039 0.034 13.7
RS-770-050107A Dissolved 5/1/07 0.16 0.020 155.4
RS-793-050307A Dissolved 5/3/07 0.333 0.352 -5.4
RS-795-050107A Dissolved 5/1/07 0.162 0.015 165.1
RS-86-B10 Dissolved 8/10/06 0.024 0.016 40.0
RS-901-B10 Dissolved 8/9/06 0.579 0.638 -9.7
RS-902-050107A Dissolved 5/1/07 0.44 0.343 24.7

10



Sample ID Date 

Phosphorus 
(6020) A&L 
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Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

RS-97-052107 Dissolved 5/21/07 0.033 0.019 55.5
RS-BALLARD-ARK Dissolved 5/5/06 0.11 0.065 51.4
RS-FLYCREEK Dissolved 5/5/06 0.095 0.092 3.2
RS-ILLRIVER-01 Dissolved 4/30/06 0.12 0.132 -9.5
RS-OSAGE Dissolved 5/5/06 0.191 0.209 -9.0
RS-PRICECREEK-01 Dissolved 4/29/06 0.112 0.130 -14.9
RS-TYNER Dissolved 5/5/06 0.025 0.008 103.0
SALSPR Dissolved 6/28/06 0.405 0.389 4.0
SILOAM WWTP Dissolved 3/31/08 2.67 2.890 -7.9
SP-JONES-012307 Dissolved 1/23/07 0.055 0.053 3.7
SPREAD 30-01 Dissolved 3/31/06 1.7 0.025 194.2
SPREAD 31-01 Dissolved 4/7/06 0.173 0.201 -14.8
SPREAD-002 Dissolved 4/25/06 0.024 0.024 0.0
SPREAD-007 Dissolved 4/25/06 0.044 0.069 -44.2
SPREAD-023 Dissolved 4/25/06 14.7 12.900 13.0
SPREAD-029 Dissolved 4/25/06 0.917 0.892 2.8
SPREAD-036 Dissolved 4/25/06 5.69 6.010 -5.5
SPREAD-36Q Dissolved 4/25/06 5.7 6.170 -7.9
SPREAD-52 Dissolved 4/25/06 0.758 0.371 68.6
SPRINGDALE WWTP Dissolved 3/31/08 0.0681 0.073 -7.3
SP-VANCE-073007 Dissolved 7/30/07 0.02 0.018 7.9
TYLSPR Dissolved 6/27/06 0.027 0.009 100.0
ZPEOF-001 Dissolved 4/25/06 0.522 0.582 -10.9
ZPEOF-30 Dissolved 4/25/06 0.293 0.343 -15.7
3 Total 6/28/06 0.035 0.028 -22.2
16837 Total 8/15/06 0.015 0.019 23.5
16853 Total 7/24/06 0.081 0.060 -30.0
16861 Total 7/20/06 0.023 0.023 0.7
16873 Total 8/9/06 ND 0.008 NC
16911 Total 7/13/06 ND 0.005 NC
23212 Total 7/20/06 0.014 0.012 -14.9
23242 Total 7/13/06 ND 0.014 NC
24425 Total 8/15/06 ND 0.010 NC
27983 Total 7/19/06 0.025 0.022 -15.0
37813 Total 8/10/06 0.016 0.018 11.8
38742 Total 7/20/06 ND 0.004 NC
50236 Total 8/10/06 ND 0.008 NC
56287 Total 7/13/06 0.030 0.030 -0.2
89485 Total 7/20/06 0.017 0.012 -33.3
001JBF050806 Total 6/27/06 0.018 0.005 -113.0
001JBF050806Q Total 6/27/06 0.016 0.007 -78.3
001RPH051806 Total 6/27/06 0.023 0.031 29.6
002RPH051006 Total 6/27/06 0.049 0.032 -42.0
002X-060706 Total 6/7/06 0.021 0.033 44.4
004RPH051806 Total 6/27/06 0.143 0.127 -11.9
005RPH051206 Total 6/27/06 0.034 0.027 -23.0
005RPH051806 Total 6/27/06 0.022 0.012 -58.8
012RPH Total 6/6/06 0.042 0.050 17.4
23999 M.KILLER Total 7/25/06 0.059 0.046 -24.4
48576 M.SEYA Total 7/25/06 0.024 0.005 -132.3
74867A Total 8/17/06 0.031 0.029 -6.7
74867B Total 8/17/06 0.031 0.023 -29.6
ANDERSONSP1 Total 6/13/06 0.014 0.025 56.4
BLFDSP-060706 Total 6/7/06 0.066 0.074 11.4
BS-08-SW Total 8/23/05 0.041 0.021 -65.9
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Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

BS-117-SW Total 9/14/05 0.035 0.038 8.2
BS-208-050107A Total 5/1/07 0.169 0.027 -145.5
BS-208-SW Total 9/1/05 0.033 0.031 -6.5
BS-28-SW Total 8/23/05 0.053 0.029 -59.0
BS-35-050207 Total 5/2/07 0.032 0.041 24.4
BS-35-SW Total 9/22/05 0.024 0.022 -9.1
BS-62A-050107A Total 5/1/07 0.209 0.065 -105.1
BS-62A-SW Total 8/16/05 0.088 0.068 -26.0
BS-68-050207 Total 5/2/07 0.059 0.062 5.4
BS-68-SW Total 8/19/05 0.063 0.034 -59.3
BS-HF04-050107A Total 5/1/07 1.38 1.455 5.3
BS-HF04-SW Total 8/17/05 1.516 1.397 -8.1
BS-HF22-050207 Total 5/2/07 0.599 0.718 18.1
BS-HF22-SW Total 8/24/05 1.09 1.077 -1.2
BS-HF28A-SW Total 8/18/05 0.029 0.009 -102.6
BS-REF1-SW Total 8/30/05 0.026 0.005 -132.2
BS-REF2-SW Total 8/31/05 0.043 0.028 -41.5
BS-REF3-SW Total 9/1/05 0.039 0.026 -39.9
BS-REF3-SW-03 Total 9/1/05 0.055 0.026 -72.0
CHARLES DYE Total 7/25/06 0.023 0.015 -39.3
COLLINS WELL #1 Total 7/7/06 ND 0.003 NC
D.ELLIS032 Total 8/9/06 ND 0.004 NC
DAVISSPR-060706 Total 6/7/06 0.034 0.031 -9.2
DEBBIE HUGHES SPRING Total 6/28/06 0.044 0.027 -47.9
DRISPR Total 6/27/06 0.059 0.045 -26.9
ELMSPR Total 6/28/06 0.037 0.032 -14.5
ELMSPRQ Total 6/28/06 0.034 0.033 -3.0
EOF07-230-042407 Total 4/24/07 1.19 1.156 -2.9
EOF07-232-042407 Total 4/24/07 0.69 1.054 41.7
EOF07-LOR#1-042407 Total 4/24/07 1.52 3.203 71.3
EOF-1 Total 6/17/06 0.564 0.442 -24.3
EOF-222-041307 Total 4/13/07 2.15 0.940 -78.3
EOF-259-041307 Total 4/13/07 0.699 0.881 23.0
EOF-CP-1A Total 3/31/08 0.671 0.957 35.1
EOF-CP-1B Total 3/31/08 0.982 1.247 23.8
EOF-Q1 Total 6/17/06 0.808 0.921 13.1
EOF-Q2 Total 6/17/06 1.47 1.770 18.5
EOF-Q3 Total 6/18/06 0.752 0.652 -14.2
EOF-Q4 Total 6/18/06 0.319 0.383 18.2
EOFSPRD-26 Total 4/25/06 1.51 1.400 -7.6
EOF-SPREAD 023 Total 6/18/06 11.2 11.600 3.5
EOF-SPREAD 025 Total 6/18/06 0.075 0.074 -1.3
EOF-SPREAD 044 Total 6/18/06 0.087 0.188 73.5
EOF-SPREAD 068 Total 6/18/06 0.156 0.772 132.8
EOF-SPREAD 073B Total 6/18/06 134 190.000 34.6
EOF-SPREAD-007 Total 5/4/06 1.07 1.970 59.2
EOF-SPREAD010 Total 5/9/06 7.82 9.240 16.6
EOF-SPREAD-025 Total 5/4/06 0.907 0.982 7.9
EOF-SPREAD048 Total 5/9/06 1.42 1.530 7.5
EOF-SPREAD048-Q Total 5/9/06 1.53 2.320 41.0
EOF-SPREAD-053B Total 5/4/06 2.38 2.820 16.9
EOF-SPREAD-064 Total 5/4/06 8.52 11.300 28.1
EOF-SPREAD-065 Total 5/4/06 1 1.160 14.8
EOF-SPREAD071 Total 5/10/06 1.06 1.060 0.0
EOF-SPREAD-17A-01 Total 5/1/06 5.38 15.500 96.9
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EOF-SPREAD-26-01 Total 4/29/06 0.905 1.840 68.1
EOF-SPREAD-53E-01 Total 4/29/06 23.6 25.800 8.9
EOF-SPREAD-53G Total 5/4/06 0.876 1.150 27.0
EOF-SPREAD-59-01 Total 4/29/06 0.583 0.570 -2.3
EOF-SPREAD-60-01 Total 4/29/06 19.1 25.700 29.5
EOF-SPREAD73E-1-01 Total 6/22/06 0.251 0.274 8.8
FITE 500 Total 8/10/06 0.099 0.065 -41.5
FITE 501 Total 8/10/06 <0.01 0.010 NC
GF1 Total 3/9/06 0.482 0.901 60.6
GLENN MILLER 1 Total 7/13/06 0.010 0.007 -35.0
GP-GW01-3 Total 11/27/06 1.290 23.700 179.4
GP-GW06-062707 Total 6/27/07 0.549 16.839 187.4
GP-GW08-25 Total 11/29/06 0.016 74.000 199.9
GP-GW08-25Q Total 11/29/06 2.350 4.170 55.8
GP-GW09-11 Total 11/30/06 4.270 103.000 184.1
GP-GW10-4 Total 11/30/06 1.240 137.000 196.4
GP-GW14-062707 Total 6/27/07 4.990 59.559 169.1
GP-GW18A-062607 Total 6/26/07 5.490 172.355 187.7
GP-GW19-7 Total 11/30/06 0.210 111.000 199.2
GP-GW20-6 Total 11/30/06 6.190 166.000 185.6
GP-GW29-062807 Total 6/28/07 0.868 7.335 157.7
GP-GW31-062807 Total 6/28/07 5.170 34.687 148.1
GP-GW34-062607 Total 6/26/07 0.131 5.641 190.9
GP-GW36-062607 Total 6/26/07 0.876 8.947 164.3
GP-GW39-062707 Total 6/27/07 11.200 38.324 109.5
GP-GW40-062707 Total 6/27/07 24.600 91.841 115.5
GPGW-44-7 Total 12/1/06 0.053 41.700 199.5
GPGW-48-11 Total 12/1/06 6.900 134.000 180.4
GW-AMES-073007 Total 7/30/07 0.016 0.023 34.2
GW-BEAVER-012207 Total 1/22/07 ND ND NC
GW-BECK-071007-01 Total 7/10/07 0.033 0.044 28.7
GW-CHOATS-071107-01 Total 7/11/07 0.041 0.054 27.8
GW-CHOATS-071107-03 Total 7/11/07 0.042 0.055 27.5
GW-CRUZ-071107-01 Total 7/11/07 0.047 0.063 28.6
GW-DIXON-071007-01 Total 7/10/07 ND 0.007 NC
GW-E-AMES-012207 Total 1/22/07 ND 0.006 NC
GW-IGO-012207 Total 1/22/07 ND 0.007 NC
GW-JONES-012307 Total 1/23/07 0.028 0.056 66.7
GW-KINDLE-012307 Total 1/23/07 ND ND NC
GW-KUELBS-062807 Total 6/28/07 ND 0.002 NC
GW-KUSTENBORTER-071007Total 7/10/07 ND 0.009 NC
GW-MADEWELL-012307 Total 1/23/07 0.016 0.008 -66.7
GW-MCALPINE-012307 Total 1/23/07 0.020 0.023 14.0
GW-MCCOY-012207 Total 1/22/07 0.033 0.036 8.7
GW-REESE-012307 Total 1/23/07 0.021 0.024 13.3
GW-ROSS-071007-01 Total 7/10/07 0.029 0.047 48.0
GW-SEWELL-071107-01 Total 7/11/07 0.050 0.002 -182.6
GW-TURNER-071007-01 Total 7/10/07 0.039 0.051 27.6
GW-VANCE-073007 Total 7/30/07 ND 0.018 NC
HESTER 497 Total 8/10/06 ND 0.011 NC
HESTER 498 Total 8/10/06 ND 0.003 NC
HESTER SP1 060806 Total 6/8/06 0.177 0.419 81.2
HFS02 Total 7/11/05 0.021 0.024 11.3
HFS-02 Total 6/8/06 0.115 0.055 -70.6
HFS-02 Total 5/6/06 0.129 0.099 -26.3
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

HFS-02 Total 5/1/06 0.258 0.248 -4.0
HFS-02 Total 5/10/06 0.607 0.179 -108.9
HFS02-BF1-01 Total 6/15/06 0.045 0.034 -27.8
HFS02-BF2-01 Total 8/1/06 0.052 0.051 -2.1
HFS02-BF2-01 Total 8/27/05 0.053 0.023 -77.7
HFS-02-INITIAL Total 4/29/06 0.078 0.078 0.0
HFS-02-PEAK Total 5/11/06 0.213 0.229 7.2
HFS-02-PEAK Total 5/4/06 0.235 0.193 -19.6
HFS04 Total 7/27/05 0.896 0.950 5.9
HFS04 Total 9/28/05 1.695 1.897 11.2
HFS-04 Total 5/31/06 0.846 0.929 9.4
HFS-04 Total 4/30/06 0.975 1.110 12.9
HFS-04 Total 5/6/06 1.07 1.050 -1.9
HFS-04 Total 4/8/06 1.39 1.481 6.3
HFS-04 Total 3/10/06 1.65 1.952 16.8
HFS-04 Total 4/4/06 1.65 1.982 18.3
HFS-04 Total 4/26/06 2.26 2.440 7.7
HFS-04 PEAK Total 5/31/06 0.879 1.050 17.7
HFS-04 PEAK Total 3/10/06 1.45 1.832 23.3
HFS04-BF1-01 Total 6/15/06 1.73 1.920 10.4
HFS04-BF2-01 Total 8/27/05 1.509 1.640 8.3
HFS04-BF2-01 Total 8/1/06 2.03 2.014 -0.8
HFS-04-EVENT B Total 5/11/06 1.13 0.841 -29.3
HFS05 Total 9/28/05 0.079 0.059 -29.4
HFS-05 Total 3/22/06 0.023 0.023 1.3
HFS-05 Total 4/3/06 0.039 0.041 4.9
HFS-05 Total 6/7/06 0.054 0.056 3.6
HFS-05 Total 4/26/06 0.068 0.082 18.7
HFS-05 Total 4/30/06 0.071 0.079 10.7
HFS-05 Total 5/6/06 0.118 0.046 -87.8
HFS-05 Total 5/31/06 0.13 0.143 9.5
HFS-05 PEAK Total 3/22/06 0.023 0.014 -46.4
HFS05-BF1-01 Total 6/15/06 0.049 0.058 16.8
HFS05-BF2-01 Total 8/1/06 0.072 0.081 11.5
HFS-05-EVENT B Total 5/11/06 0.082 0.084 2.4
HFS-05-EVENT B-Q Total 5/11/06 0.134 0.097 -32.0
HFS-05-PEAK Total 4/29/06 0.065 0.070 7.4
HFS-05-PEAK Total 4/26/06 0.125 0.117 -6.6
HFS08-BF2-01 Total 8/28/05 0.031 0.022 -34.9
HFS14 Total 7/23/05 <0.01 0.006 NC
HFS-14 Total 4/7/06 0.118 0.110 -7.2
HFS-14 Total 5/10/06 0.222 0.215 -3.2
HFS-14 Total 3/10/06 0.236 0.271 13.7
HFS-14 Total 6/5/06 0.296 0.409 32.1
HFS-14 Total 4/25/06 0.4 0.449 11.5
HFS-14 Total 5/31/06 0.956 1.090 13.1
HFS-14 PEAK Total 4/7/06 0.192 0.175 -9.3
HFS-14 PEAK Total 3/10/06 0.576 0.627 8.5
HFS14-BF1-01 Total 6/15/06 0.051 0.052 1.9
HFS14-BF2-01 Total 8/27/05 0.037 0.021 -56.6
HFS14-BF2-01 Total 8/1/06 0.135 0.141 4.0
HFS-14-PEAK Total 5/11/06 0.439 0.419 -4.7
HFS-14-PEAK Total 4/25/06 0.451 0.478 5.8
HFS16 Total 7/13/05 0.101 0.080 -23.5
HFS16 Total 8/14/05 0.253 0.313 21.3
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

HFS16 Total 9/15/05 0.277 0.280 1.1
HFS-16 Total 5/2/06 0.036 0.050 32.6
HFS-16 Total 3/10/06 0.057 0.051 -10.8
HFS-16 Total 4/25/06 0.115 0.126 9.1
HFS-16 Total 5/31/06 0.15 0.177 16.5
HFS16-BF1-01 Total 6/15/06 0.136 0.135 -0.7
HFS16-BF2-01 Total 8/27/05 0.18 0.118 -41.3
HFS16-BF2-03 Total 8/27/05 0.179 0.126 -34.9
HFS-16-PEAK Total 5/1/06 0.044 0.061 32.4
HFS20 Total 8/14/05 0.096 0.076 -23.9
HFS20 Total 7/26/05 0.316 0.327 3.3
HFS-20 Total 4/7/06 0.011 0.016 39.5
HFS-20 Total 4/3/06 0.018 0.018 1.3
HFS-20 Total 3/10/06 0.037 0.040 6.9
HFS-20 Total 4/30/06 0.049 0.062 23.4
HFS-20 Total 4/26/06 0.063 0.066 4.7
HFS-20 EVENT B Total 5/31/06 0.121 0.145 18.0
HFS-20 PEAK Total 4/3/06 0.035 0.034 -3.3
HFS20-BF1-01 Total 6/15/06 0.033 0.042 24.0
HFS20-BF2-01 Total 8/27/05 0.112 0.071 -44.4
HFS20-BF2-01 Total 8/1/06 0.154 0.187 19.3
HFS-20-EVENT A Total 5/9/06 0.404 0.366 -9.9
HFS-20-EVENT B Total 5/10/06 0.624 0.513 -19.5
HFS-20-LEADING EDGE Total 5/4/06 0.109 0.033 -107.0
HFS-20-PLATEAU Total 5/6/06 0.055 0.023 -82.1
HFS21 Total 9/16/05 0.065 0.067 2.4
HFS21 Total 9/28/05 0.067 0.040 -51.2
HFS21 Total 8/14/05 0.096 0.066 -37.7
HFS21 Total 8/20/05 0.201 0.197 -1.8
HFS-21 Total 3/21/06 0.013 0.017 24.4
HFS-21 Total 4/3/06 0.022 0.018 -18.4
HFS-21 Total 4/26/06 0.024 0.021 -13.3
HFS-21 Total 5/31/06 0.047 0.050 6.2
HFS-21 Total 4/30/06 0.093 0.082 -12.6
HFS-21 Total 5/5/06 0.185 0.140 -27.7
HFS-21A Total 4/6/06 0.018 0.019 6.9
HFS-21B Total 4/7/06 0.175 0.179 2.2
HFS21-BF1-01 Total 6/15/06 0.046 0.050 8.3
HFS-21-EVENT A Total 5/9/06 0.041 0.041 0.0
HFS-21-EVENT B Total 5/10/06 0.049 0.054 9.7
HFS-21-PEAK Total 4/26/06 0.039 0.058 39.2
HFS-21-PEAK Total 5/4/06 0.212 0.166 -24.3
HFS22 Total 9/15/05 0.062 0.062 0.6
HFS-22 Total 5/6/06 0.273 0.261 -4.5
HFS-22 Total 4/4/06 0.571 0.646 12.3
HFS-22 Total 4/30/06 0.59 0.596 1.0
HFS-22 Total 3/22/06 0.679 0.724 6.4
HFS-22 Total 4/27/06 1.79 2.100 15.9
HFS-22 PEAK Total 4/4/06 0.681 0.784 14.1
HFS-22 PEAK Total 3/22/06 0.952 1.012 6.1
HFS22-BF1-01 Total 6/15/06 0.923 0.976 5.6
HFS22-BF2-01 Total 8/28/05 1.472 1.310 -11.6
HFS22-BF2-01 Total 8/1/06 2.01 1.932 -4.0
HFS-22-EVENT A Total 5/10/06 0.352 0.363 3.1
HFS-22-EVENT B Total 5/11/06 0.34 0.281 -19.0
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

HFS-22-PEAK Total 4/27/06 1.91 2.360 21.1
HFS23 Total 7/16/05 0.048 0.072 39.7
HFS23 Total 7/23/05 0.078 0.068 -14.4
HFS23 Total 9/25/05 0.147 0.143 -2.7
HFS23 Total 9/16/05 0.155 0.090 -52.8
HFS-23 Total 4/4/06 0.055 0.038 -35.8
HFS-23 Total 4/8/06 0.069 0.052 -27.7
HFS-23 Total 3/22/06 0.08 0.057 -33.7
HFS-23 Total 5/11/06 0.101 0.101 0.0
HFS-23 Total 4/30/06 0.106 0.143 29.7
HFS-23 Total 6/7/06 0.109 0.097 -11.7
HFS-23 Total 5/31/06 0.151 0.172 13.0
HFS-23 Total 4/27/06 0.352 0.398 12.3
HFS23A Total 8/14/05 0.041 0.041 -0.4
HFS23-BF1-01 Total 6/15/06 0.065 0.086 27.8
HFS23-BF2-01 Total 8/1/06 0.059 0.070 16.6
HFS23-BF2-01 Total 8/28/05 0.071 0.087 20.2
HFS-23G Total 5/4/06 0.195 0.235 18.6
HFS-23-PEAK Total 4/27/06 0.141 0.162 13.9
HFS-23-PEAK Total 5/10/06 0.141 0.127 -10.4
HFS-28A Total 4/30/06 0.012 0.022 58.8
HFS-28A Total 4/25/06 0.024 0.030 22.2
HFS-28A Total 6/7/06 0.051 0.043 -17.0
HFS-28A 5/10 Total 5/10/06 0.137 0.315 78.8
HFS-28A 5/5 Total 5/5/06 0.083 0.066 -22.8
HFS28A-BF1-01 Total 6/15/06 0.015 0.019 23.5
HFS28A-BF2-01 Total 8/1/06 0.02 0.022 11.0
HFS-28A-LEADING EDGE Total 5/4/06 0.055 0.038 -36.6
HFS-28A-RISING LIMB Total 4/29/06 <0.01 0.021 NC
HFS-28A-TAIL Total 4/26/06 <0.01 0.015 NC
HFS-29 Total 3/10/06 0.03 0.033 10.5
HFS-29 Total 4/7/06 0.045 0.020 -74.9
HFS-29 Total 4/24/06 0.055 0.061 10.3
HFS-29 Total 5/5/06 0.177 0.168 -5.2
HFS-29 PEAK Total 4/7/06 0.065 0.063 -2.5
HFS29-BF1-01 Total 6/15/06 0.027 0.034 23.0
HFS29-BF1-03 Total 6/15/06 0.03 0.037 20.9
HFS29-BF2-01 Total 8/1/06 0.038 0.038 0.6
HFS29-BF2-03 Total 8/1/06 0.044 0.035 -22.3
HFS-29-EVENT A Total 5/10/06 0.058 0.057 -1.7
HFS-29-EVENT B Total 5/10/06 0.102 0.101 -1.0
HFS-30 Total 4/30/06 0.012 0.021 54.5
HFS-30 Total 5/31/06 0.018 0.019 5.4
HFS-30 Total 4/24/06 0.027 0.023 -16.0
HFS-30 Total 5/4/06 0.155 0.126 -20.6
HFS-30 Total 5/11/06 <0.01 0.037 NC
HFS-30 TAIL Total 4/26/06 0.014 0.011 -24.0
HFS-30-050307A Total 5/3/07 0.011 0.013 19.8
HFS30-BF1-01 Total 6/15/06 0.019 0.019 0.0
HFS30-BF2-01 Total 8/1/06 0.023 0.023 -1.7
HFS-30-PEAK Total 4/29/06 0.012 0.020 50.0
HUESTIS Total 7/20/06 0.031 0.026 -16.2
JIM LINGA Total 7/24/06 0.030 0.007 -127.4
JULSPR Total 6/27/06 0.029 0.018 -46.8
KEYSPR-060606 Total 6/6/06 0.051 0.051 0.0
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

KIRSPR-060706 Total 6/7/06 0.018 0.014 -25.0
L.CHRISTIE Total 7/20/06 0.032 0.031 -4.0
LAL15GW1 Total 7/11/06 ND 0.003 NC
LAL15GW1Q Total 7/11/06 ND 0.004 NC
LAL15SP2 Total 7/11/06 0.05 0.044 -12.4
LAL16-GW1 Total 7/18/06 0.010 ND NC
LAL16-GW2 Total 7/18/06 0.012 ND NC
LAL16-SP1 Total 7/18/06 0.03 0.048 45.5
LAL16-SP2 Total 7/18/06 5.42 6.197 13.4
LINCOLN WWTP-01 Total 4/2/08 0.188 0.236 22.6
LINCOLN WWTP-03 Total 4/2/08 0.172 0.219 24.2
LIWSPR Total 6/28/06 0.215 0.208 -3.3
LK-01-0-01 Total 9/26/06 <0.01 0.014 NC
LK-01-1-01 Total 9/7/05 0.014 0.011 -21.9
LK-01-1-01 Total 7/26/05 <0.01 0.009 NC
LK-01-1-01 Total 8/24/05 <0.01 0.012 NC
LK-01-1-01 Total 8/9/05 <0.01 0.009 NC
LK-01-1-01 Total 9/20/05 <0.01 0.011 NC
LK-01-14-01 Total 9/7/05 0.013 0.006 -69.6
LK-01-14-01 Total 7/26/05 <0.01 0.006 NC
LK-01-14-01 Total 8/24/05 <0.01 0.008 NC
LK-01-14-01 Total 8/9/05 <0.01 0.006 NC
LK-01-14-01 Total 9/20/05 <0.01 0.010 NC
LK-01-16-01 Total 9/26/06 <0.01 0.012 NC
LK-01-20-01 Total 9/26/06 0.015 0.020 28.6
LK-01-22-01 Total 9/20/05 0.021 0.025 16.0
LK-01-22-01 Total 9/7/05 0.026 0.012 -70.9
LK-01-22-01 Total 8/24/05 <0.01 0.009 NC
LK-01-25-01 Total 8/9/05 0.023 0.014 -45.6
LK-01-25-01 Total 7/26/05 <0.01 0.008 NC
LK-02-0-01 Total 9/26/06 0.012 0.017 34.5
LK-02-10-01 Total 9/7/05 0.013 0.013 -1.4
LK-02-10-01 Total 7/26/05 0.022 0.015 -35.2
LK-02-10-01 Total 8/23/05 <0.01 0.011 NC
LK-02-10-01 Total 8/9/05 <0.01 0.012 NC
LK-02-1-01 Total 9/20/05 0.013 0.016 22.9
LK-02-1-01 Total 9/7/05 0.015 0.013 -14.7
LK-02-1-01 Total 8/23/05 0.017 0.017 2.3
LK-02-1-01 Total 7/26/05 0.019 0.012 -42.7
LK-02-1-01 Total 8/9/05 <0.01 0.011 NC
LK-02-10-1 Total 9/20/05 0.017 0.014 -16.9
LK-02-16-01 Total 9/26/06 0.013 0.017 26.7
LK-02-19-01 Total 9/26/06 0.067 0.075 11.3
LK-02-22-01 Total 7/26/05 0.084 0.046 -58.4
LK-02-22-01 Total 8/9/05 0.102 0.050 -68.6
LK-02-22-01 Total 8/23/05 0.17 0.092 -59.3
LK-02-22-01 Total 9/7/05 0.201 0.093 -73.2
LK-02-22-01 Total 9/20/05 0.264 0.278 5.3
LK-03-0-01 Total 9/26/06 0.024 0.038 45.2
LK-03-1-01 Total 8/9/05 0.015 0.023 41.6
LK-03-1-01 Total 9/20/05 0.022 0.031 32.5
LK-03-1-01 Total 9/7/05 0.022 0.006 -117.1
LK-03-1-01 Total 7/26/05 0.027 0.029 8.7
LK-03-1-01 Total 8/23/05 0.03 0.045 39.3
LK-03-1-03 Total 8/9/05 0.012 0.015 19.2
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Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

LK-03-1-03 Total 9/20/05 0.023 0.032 31.9
LK-03-3-01 Total 8/9/05 0.012 0.024 65.3
LK-03-3-01 Total 9/20/05 0.016 0.030 59.8
LK-03-3-01 Total 9/7/05 0.023 0.024 2.6
LK-03-3-01 Total 7/26/05 0.026 0.034 27.0
LK-03-3-01 Total 8/23/05 0.03 0.036 17.5
LK-03-4-01 Total 9/20/05 0.023 0.038 48.6
LK-03-6-01 Total 9/7/05 0.018 0.031 53.8
LK-03-6-01 Total 7/26/05 0.029 0.032 8.4
LK-03-6-01 Total 8/9/05 0.032 0.020 -46.0
LK-03-6-01 Total 8/23/05 0.035 0.049 34.0
LK-04-0-01 Total 9/26/06 0.154 0.160 3.8
LK-04-1-01 Total 9/7/05 0.051 0.066 25.5
LK-04-1-01 Total 9/20/05 0.095 0.110 14.3
LK-04-1-01 Total 8/9/05 0.097 0.090 -7.0
LK-04-1-01 Total 7/26/05 0.101 0.142 33.4
LK-04-1-01 Total 8/23/05 0.108 0.115 6.7
LK-04-2-01 Total 9/7/05 0.074 0.110 39.3
LK-04-2-01 Total 8/9/05 0.08 0.087 8.7
LK-04-2-01 Total 9/20/05 0.089 0.129 36.8
LK-04-2-01 Total 8/23/05 0.101 0.103 2.0
LK-04-2-01 Total 7/26/05 0.108 0.142 27.5
LK-04-4-01 Total 9/7/05 0.084 0.135 46.4
LK-04-4-01 Total 8/9/05 0.133 0.120 -9.9
LK-04-4-01 Total 7/26/05 0.187 0.242 25.6
LK-04-4-01 Total 8/23/05 0.205 0.211 3.1
LOC-01 Total 4/7/06 0.093 2.230 184.0
LOGSPR Total 6/28/06 0.043 0.029 -38.9
M.DAVENPORT Total 7/24/06 0.027 0.007 -118.2
MARTH GUINN Total 7/25/06 0.037 0.026 -36.4
MCGRUDDEN WELL #1 Total 7/7/06 0.159 0.173 8.4
OKSLR 499 Total 8/10/06 ND 0.004 NC
OSASPR Total 8/10/06 0.029 0.018 -46.8
OSBORN Total 7/20/06 0.021 0.016 -29.2
ROGERS 75100 Total 8/10/06 0.013 0.015 14.3
ROGERS WWTP Total 4/1/08 0.164 0.231 33.8
RS-10003 Total 8/14/06 0.011 0.013 16.7
RS-10004 Total 8/14/06 <0.01 0.008 NC
RS-10004-052107 Total 5/21/07 0.02 0.007 -93.4
RS-1-01 Total 8/8/05 0.033 0.032 -3.0
RS-1-01 Total 6/13/06 0.034 0.033 -3.0
RS-1-01 Total 9/6/05 0.039 0.034 -13.8
RS-1-01 Total 8/24/05 0.04 0.037 -6.7
RS-1-01 Total 9/19/05 0.041 0.038 -6.6
RS-1-01 Total 7/12/06 0.043 0.031 -31.2
RS-1-01 Total 9/25/06 0.051 0.047 -8.2
RS-1-01 Total 8/8/06 0.052 0.037 -33.4
RS-1-01 Total 7/25/05 0.086 0.029 -99.3
RS-1-03 Total 7/12/06 0.029 0.032 11.2
RS-1-03 Total 6/13/06 0.036 0.031 -14.9
RS-1-03 Total 8/8/06 0.049 0.035 -32.4
RS-109-050207 Total 5/2/07 0.122 0.177 36.5
RS-120-B10 Total 8/9/06 0.214 0.206 -3.8
RS-121-B10 Total 8/10/06 0.454 0.442 -2.7
RS-122-050307A Total 5/3/07 0.095 0.106 11.1

18



Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

RS-133-052107 Total 5/21/07 0.044 0.032 -30.3
RS-137 Total 8/11/06 0.081 0.069 -16.0
RS-148 Total 8/10/06 0.027 0.020 -29.8
RS-150 Total 8/10/06 0.045 0.045 0.0
RS-150-050307A Total 5/3/07 0.03 0.035 16.2
RS-160-050307A Total 5/3/07 0.057 0.060 5.8
RS-19 Total 8/14/06 0.047 0.037 -23.8
RS-2-01 Total 8/8/05 0.018 0.019 7.5
RS-2-01 Total 9/20/05 0.023 0.027 17.2
RS-2-01 Total 8/24/05 0.025 0.025 1.7
RS-2-01 Total 9/6/05 0.027 0.023 -15.4
RS-2-01 Total 6/13/06 0.028 0.027 -3.6
RS-2-01 Total 8/10/06 0.033 0.027 -20.0
RS-2-01 Total 7/25/05 0.034 0.019 -58.8
RS-2-01 Total 7/12/06 0.037 0.025 -38.1
RS-2-01 Total 9/25/06 0.046 0.049 6.3
RS-225 Total 8/11/06 0.052 0.052 0.0
RS-233-052107 Total 5/21/07 0.15 0.146 -2.5
RS-28 Total 8/14/06 0.036 0.036 0.0
RS-286-B10 Total 8/9/06 0.017 0.011 -42.9
RS-297-052107 Total 5/21/07 0.107 0.047 -78.6
RS-3-01 Total 8/8/05 0.074 0.067 -10.0
RS-3-01 Total 9/6/05 0.077 0.077 0.5
RS-3-01 Total 9/19/05 0.078 0.080 2.0
RS-3-01 Total 7/12/06 0.083 0.077 -7.1
RS-3-01 Total 6/13/06 0.085 0.077 -9.9
RS-3-01 Total 8/24/05 0.088 0.091 3.0
RS-3-01 Total 8/10/06 0.09 0.096 6.5
RS-3-01 Total 7/25/05 0.091 0.077 -16.6
RS-3-01 Total 9/25/06 0.218 0.245 11.7
RS-3-03 Total 9/25/06 0.219 0.250 13.2
RS-31 Total 8/16/06 0.109 0.118 7.9
RS-312-050207A Total 5/2/07 0.034 0.036 6.1
RS-312-B10 Total 8/9/06 0.057 0.051 -11.1
RS-336 Total 8/16/06 0.051 0.039 -26.7
RS-336-051007 Total 5/10/07 0.188 0.083 -77.2
RS-340 Total 8/15/06 0.102 0.089 -13.6
RS-345 Total 8/11/06 0.341 0.306 -10.8
RS-349 Total 8/11/06 0.35 0.331 -5.6
RS-350 Total 8/16/06 0.327 0.350 6.8
RS-386-050207 Total 5/2/07 0.104 0.108 3.9
RS-395 Total 8/10/06 0.071 0.064 -10.4
RS-399-05027 Total 5/2/07 0.096 0.098 1.8
RS-402-052107 Total 5/21/07 0.021 0.010 -70.1
RS-43 Total 8/11/06 0.088 0.084 -4.7
RS-43-052107 Total 5/21/07 0.063 0.056 -12.6
RS-433A-050207 Total 5/2/07 0.077 0.087 12.6
RS-548 Total 8/15/06 0.046 0.028 -48.6
RS-57 Total 8/11/06 0.041 0.035 -15.8
RS-574-B10 Total 8/10/06 0.242 0.229 -5.5
RS-577-B10 Total 8/10/06 0.06 0.061 1.7
RS-578-050207A Total 5/2/07 0.064 0.067 4.3
RS-578-B10 Total 8/10/06 0.078 0.070 -10.8
RS-625-B10 Total 8/10/06 0.073 0.057 -24.6
RS-630 Total 8/11/06 0.224 0.192 -15.4
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Sample ID Date 

Phosphorus 
(6020) A&L 

(mg/L)

Phosphorus 
(4500PF) Aquatic 

(mg/L) RPD

Table B-4 Comparison of Method 6020 to 4500-PF (Total and Dissolved)

RS-662 Total 8/15/06 <0.01 0.010 NC
RS-667-050107A Total 5/1/07 0.173 0.023 -152.6
RS-682-050207 Total 5/2/07 0.062 0.065 4.5
RS-696-052107 Total 5/21/07 0.032 0.014 -78.3
RS-704-050207A Total 5/2/07 0.057 0.060 5.7
RS-704-050207A-03 Total 5/2/07 0.055 0.061 10.4
RS-704-B10 Total 8/8/06 0.076 0.069 -9.7
RS-706-B10 Total 8/9/06 0.024 0.021 -13.3
RS-7198000-B10 Total 8/9/06 0.023 0.092 120.0
RS-72-052107 Total 5/21/07 0.051 0.043 -16.8
RS-728-050207A Total 5/2/07 0.404 0.511 23.5
RS-75-050807 Total 5/8/07 0.26 0.158 -48.6
RS-75-050807-03 Total 5/8/07 0.251 0.156 -46.5
RS-757-050107A Total 5/1/07 0.225 0.088 -87.7
RS-75-B10 Total 8/10/06 0.337 0.352 4.4
RS-770 Total 8/11/06 0.043 0.036 -17.7
RS-770-050107A Total 5/1/07 0.161 0.024 -147.5
RS-793-050307A Total 5/3/07 0.388 0.434 11.1
RS-795-050107A Total 5/1/07 0.162 0.020 -155.8
RS-86-B10 Total 8/10/06 0.044 0.029 -41.1
RS-901-B10 Total 8/9/06 0.632 0.648 2.5
RS-902-050107A Total 5/1/07 0.481 0.347 -32.2
RS-97-052107 Total 5/21/07 0.046 0.020 -80.6
RS-BALLARD-ARK Total 5/5/06 0.162 0.105 -42.7
RS-FLYCREEK Total 5/5/06 0.144 0.103 -33.2
RS-ILLRIVER-01 Total 4/30/06 0.265 0.319 18.5
RS-OSAGE Total 5/5/06 0.223 0.251 11.8
RS-PRICECREEK-01 Total 4/29/06 0.134 0.212 45.1
RS-STUNKARD-01 Total 4/19/06 0.09 0.103 13.1
RS-TYNER Total 5/5/06 0.076 0.017 -126.9
SALSPR Total 6/28/06 0.435 0.440 1.1
SILOAM WWTP Total 3/31/08 2.9 3.298 12.9
SP-JONES-012307 Total 1/23/07 0.049 0.058 16.8
SPREAD 30-01 Total 3/31/06 2.07 0.106 -180.5
SPREAD 31-01 Total 4/7/06 0.294 0.298 1.3
SPREAD-002 Total 4/25/06 0.714 0.479 -39.4
SPREAD-007 Total 4/25/06 0.487 0.705 36.6
SPREAD-023 Total 4/25/06 16.4 13.440 -19.8
SPREAD-029 Total 4/25/06 1.34 1.200 -11.0
SPREAD-036 Total 4/25/06 5.87 6.120 4.2
SPREAD-36Q Total 4/25/06 5.79 6.480 11.2
SPREAD-52 Total 4/25/06 0.549 0.704 24.7
SPRINGDALE WWTP Total 3/31/08 119 0.148 -199.5
SP-VANCE-073007 Total 7/30/07 0.035 0.028 -22.2
TYLSPR Total 6/27/06 0.032 0.041 24.7
ZPEOF-001 Total 4/25/06 1.55 1.120 -32.2
ZPEOF-30 Total 4/25/06 0.588 0.453 -25.9

nc = not calculated
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Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD
BS-08-SW Dissolved 8/23/05 0.055 0.031 55.8
BS-117-SW Dissolved 9/14/05 0.029 <0.025 NC
BS-208-SW Dissolved 9/1/05 0.023 0.059 -87.8
BS-28-SW Dissolved 8/23/05 0.059 <0.025 NC
BS-35-SW Dissolved 9/22/05 0.014 <0.025 NC
BS-62A-SW Dissolved 8/16/05 0.067 0.053 23.3
BS-68-SW Dissolved 8/19/05 0.048 0.04 18.2
BS-HF04-SW Dissolved 8/17/05 1.43 0.663 73.3
BS-HF22-SW Dissolved 8/24/05 1.118 1.014 9.8
BS-HF28A-SW Dissolved 8/18/05 0.011 <0.025 NC
BS-REF1-SW Dissolved 8/30/05 <0.01 <0.025 NC
BS-REF2-SW Dissolved 8/31/05 0.022 <0.025 NC
BS-REF3-SW-03 Dissolved 9/1/05 0.019 <0.025 NC
BS-REF3-SW Dissolved 9/1/05 0.018 <0.025 NC
GF1 Dissolved 3/9/06 0.336 0.42 -22.2
HFS02 Dissolved 7/11/05 0.019 <0.025 NC
HFS02-BF2-01 Dissolved 8/27/05 0.056 <0.025 NC
HFS02 Dissolved 9/16/05 0.047 0.04 16.1
HFS-04 Dissolved 3/10/06 1.63 1.73 -6.0
HFS-04 PEAK Dissolved 3/10/06 1.49 1.68 -12.0
HFS04 Dissolved 7/27/05 0.9 0.828 8.3
HFS04A Dissolved 8/20/05 1.218 0.216 139.7
HFS04B Dissolved 8/20/05 1.246 0.733 51.8
HFS04-BF2-01 Dissolved 8/27/05 1.555 0.059 185.4
HFS 4 Dissolved 9/28/05 1.73 0.733 81.0
HFS05-BF2-01 Dissolved 8/29/05 0.048 0.126 -89.7
HFS05A Dissolved 9/13/05 0.086 <0.025 NC
HFS05B Dissolved 9/15/05 0.349 <0.025 NC
HFS 5 Dissolved 9/28/05 0.077 <0.025 NC
HFS 08 Dissolved 7/12/05 <0.01 <0.025 NC
HFS08-BF2-01 Dissolved 8/28/05 0.038 0.07 -59.3
HFS-14 Dissolved 3/10/06 0.22 0.226 -2.7
HFS-14 PEAK Dissolved 3/10/06 0.512 0.541 -5.5
HFS14 Dissolved 7/23/05 <0.01 <0.025 NC
HFS14-BF2-01 Dissolved 8/27/05 0.031 0.046 -39.0
HFS-16 Dissolved 3/10/06 0.043 <0.025 NC
HFS16 Dissolved 7/13/05 0.08 0.068 16.2
HFS16 Dissolved 8/14/05 0.19 0.244 -24.9
HFS16-BF2-03 Dissolved 8/27/05 0.135 0.141 -4.3
HFS16-BF2-01 Dissolved 8/27/05 0.133 0.157 -16.6
HFS16 Dissolved 9/15/05 0.256 0.253 1.2
HFS-20 Dissolved 3/10/06 0.024 <0.025 NC
HFS20 Dissolved 7/10/05 0.032 0.031 3.2
HFS20 Dissolved 7/26/05 0.305 0.337 -10.0
HFS20 Dissolved 8/14/05 0.09 0.072 22.2
HFS20-BF2-01 Dissolved 8/27/05 0.064 0.11 -52.9
HFS20 Dissolved 9/16/05 0.059 0.035 51.1
HFS-21 Dissolved 3/9/06 0.031 0.031 0.0
HFS-22 Dissolved 7/10/05 0.041 0.031 27.8
HFS-23 Dissolved 8/14/05 0.096 0.068 34.1
HFS-24 Dissolved 8/20/05 0.173 0.151 13.6
HFS-25 Dissolved 9/16/05 0.077 0.031 85.2
HFS-26 Dissolved 9/28/05 0.073 <0.025 NC
HFS22-BF2-01 Dissolved 8/28/05 1.374 0.094 174.4
HFS22 Dissolved 9/15/05 0.055 0.035 44.4

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

1



Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

HFS23 Dissolved 7/16/05 0.043 0.04 7.2
HFS23 Dissolved 7/23/05 0.072 0.068 5.7
HFS23A Dissolved 8/14/05 0.028 <0.025 NC
HFS23B Dissolved 8/14/05 <0.01 <0.025 NC
HFS23-BF2-01 Dissolved 8/28/05 0.029 0.107 -114.7
HFS23 Dissolved 9/16/05 0.104 0.049 71.9
HFS 23 Dissolved 9/25/05 0.087 0.027 105.3
HFS 26 Dissolved 7/7/05 <0.01 <0.025 NC
HFS26-BF2-01 Dissolved 8/27/05 0.014 0.031 -75.6
HFS28A-BF2-01 Dissolved 8/28/05 0.018 0.068 -116.3
HFS-29 Dissolved 3/10/06 0.028 0.049 -54.5
LK-01-1-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-01-14-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-01-25-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-01-1-01 Dissolved 8/24/05 <0.01 <0.025 NC
LK-01-14-01 Dissolved 8/24/05 <0.01 <0.025 NC
LK-01-22-01 Dissolved 8/24/05 <0.01 <0.025 NC
LK-01-1-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-01-14-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-01-25-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-01-1-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-01-14-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-01-22-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-01-1-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-01-14-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-01-22-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-02-1-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-02-10-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-02-22-01 Dissolved 7/26/05 0.032 <0.025 NC
LK-02-1-01 Dissolved 8/23/05 <0.01 <0.025 NC
LK-02-10-01 Dissolved 8/23/05 <0.01 <0.025 NC
LK-02-22-01 Dissolved 8/23/05 0.018 <0.025 NC
LK-02-1-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-02-10-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-02-22-01 Dissolved 8/9/05 0.014 <0.025 NC
LK-02-1-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-02-10-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-02-22-01 Dissolved 9/20/05 0.203 0.194 4.5
LK-02-1-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-02-10-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-02-22-01 Dissolved 9/7/05 0.168 0.124 30.1
LK-03-1-03 Dissolved 7/26/05 <0.01 <0.025 NC
LK-03-1-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-03-3-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-03-6-01 Dissolved 7/26/05 <0.01 <0.025 NC
LK-03-1-03 Dissolved 8/23/05 <0.01 <0.025 NC
LK-03-1-01 Dissolved 8/23/05 <0.01 <0.025 NC
LK-03-3-01 Dissolved 8/23/05 <0.01 <0.025 NC
LK-03-6-01 Dissolved 8/23/05 <0.01 <0.025 NC
LK-03-1-03 Dissolved 8/9/05 <0.01 <0.025 NC
LK-03-1-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-03-3-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-03-6-01 Dissolved 8/9/05 <0.01 <0.025 NC
LK-03-1-03 Dissolved 9/20/05 <0.01 <0.025 NC
LK-03-1-01 Dissolved 9/20/05 <0.01 <0.025 NC
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Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

LK-03-3-01 Dissolved 9/20/05 <0.01 <0.025 NC
LK-03-4-01 Dissolved 9/20/05 0.011 <0.025 NC
LK-03-1-03 Dissolved 9/7/05 <0.01 <0.025 NC
LK-03-1-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-03-3-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-03-6-01 Dissolved 9/7/05 <0.01 <0.025 NC
LK-04-1-01 Dissolved 7/26/05 0.051 0.059 -14.5
LK-04-2-01 Dissolved 7/26/05 0.049 0.049 0.0
LK-04-4-01 Dissolved 7/26/05 0.076 0.077 -1.3
LK-04-1-01 Dissolved 8/23/05 0.05 0.059 -16.5
LK-04-2-01 Dissolved 8/23/05 0.056 <0.025 NC
LK-04-4-01 Dissolved 8/23/05 0.07 0.086 -20.5
LK-04-1-01 Dissolved 8/9/05 0.032 <0.025 NC
LK-04-2-01 Dissolved 8/9/05 0.025 0.04 -46.2
LK-04-4-01 Dissolved 8/9/05 0.053 <0.025 NC
LK-04-1-01 Dissolved 9/20/05 0.048 <0.025 NC
LK-04-2-01 Dissolved 9/20/05 0.05 <0.025 NC
LK-04-1-01 Dissolved 9/7/05 0.022 <0.025 NC
LK-04-2-01 Dissolved 9/7/05 0.04 <0.025 NC
LK-04-4-01 Dissolved 9/7/05 0.042 0.031 30.1
RS-1-01 Dissolved 7/25/05 0.034 <0.025 NC
RS-1-01 Dissolved 8/24/05 0.02 <0.025 NC
RS-1-01 Dissolved 8/8/05 0.029 <0.025 NC
RS-1-01 Dissolved 9/19/05 0.033 0.035 -5.9
RS-1-01 Dissolved 9/6/05 0.034 <0.025 NC
RS-2-01 Dissolved 7/25/05 0.022 0.031 -34.0
RS-2-01 Dissolved 8/24/05 <0.01 <0.025 NC
RS-2-01 Dissolved 8/8/05 0.021 <0.025 NC
RS-2-01 Dissolved 9/20/05 0.018 <0.025 NC
RS-2-01 Dissolved 9/6/05 0.022 0.077 -111.1
RS-3-01 Dissolved 7/25/05 0.065 0.068 -4.5
RS-3-01 Dissolved 8/24/05 0.07 0.086 -20.5
RS-3-01 Dissolved 8/8/05 0.067 0.059 12.7
RS-3-01 Dissolved 9/19/05 0.063 <0.025 NC
RS-3-01 Dissolved 9/6/05 0.069 0.077 -11.0
BS-08-SW Total 8/23/05 0.041 <0.025 NC
BS-117-SW Total 9/14/05 0.035 0.049 -33.3
BS-208-SW Total 9/1/05 0.033 0.031 6.3
BS-28-SW Total 8/23/05 0.053 <0.025 NC
BS-35-SW Total 9/22/05 0.024 <0.025 NC
BS-62A-SW Total 8/16/05 0.088 0.086 2.3
BS-68-SW Total 8/19/05 0.063 0.031 68.1
BS-HF04-S Total 8/17/05 1.516 0.733 69.6
BS-HF22-S Total 8/24/05 1.09 1.014 7.2
BS-HF28A- Total 8/18/05 0.029 <0.025 NC
BS-REF1-S Total 8/30/05 0.026 0.049 -61.3
BS-REF2-S Total 8/31/05 0.043 <0.025 NC
BS-REF3-S Total 9/1/05 0.055 <0.025 NC
BS-REF3-S Total 9/1/05 0.039 0.031 22.9
GF1 Total 3/9/06 0.482 0.61 -23.4
HFS02 Total 7/11/05 0.021 0.04 -62.3
HFS02 Total 8/27/05 0.053 0.049 7.8
HFS02 Total 9/16/05 0.037 0.086 -79.7
HFS-04 Total 3/10/06 1.65 1.08 41.8
HFS-04 PEAK Total 3/10/06 1.45 0.849 52.3
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Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

HFS04 Total 7/27/05 0.896 0.921 -2.8
HFS04A Total 8/20/05 1.283 0.226 140.1
HFS04B Total 8/20/05 1.33 0.617 73.2
HFS04-BF2-01 Total 8/27/05 1.509 0.086 178.4
HFS 4 Total 9/28/05 1.695 1.034 48.4
HFS-05 Total 3/22/06 0.023 <0.025 NC
HFS-05 Total 3/22/06 0.023 <0.025 NC
HFS05-BF2-01 Total 8/29/05 0.048 0.149 -102.5
HFS05A Total 9/13/05 0.122 0.086 34.6
HFS05B Total 9/15/05 0.05 <0.025 NC
HFS 5 Total 9/28/05 0.079 <0.025 NC
HFS 08 Total 7/12/05 <0.01 <0.025 NC
HFS08-BF2-01 Total 8/28/05 0.031 0.094 -100.8
HFS-14 Total 3/10/06 0.236 0.606 -87.9
HFS-14 PEAK Total 3/10/06 0.576 0.578 -0.3
HFS14 Total 7/23/05 <0.01 <0.025 NC
HFS14-BF2-01 Total 8/27/05 0.037 0.138 -115.4
HFS-16 Total 3/10/06 0.057 0.053 7.3
HFS16 Total 7/13/05 0.101 0.077 27.0
HFS16 Total 8/14/05 0.253 0.29 -13.6
HFS16-BF2-03 Total 8/27/05 0.179 0.205 -13.5
HFS16-BF2-01 Total 8/27/05 0.18 0.205 -13.0
HFS16 Total 9/15/05 0.277 0.263 5.2
HFS-20 Total 3/10/06 0.037 <0.025 NC
HFS20 Total 7/10/05 0.053 <0.025 NC
HFS20 Total 7/26/05 0.316 0.309 2.2
HFS20 Total 8/14/05 0.096 0.077 22.0
HFS20-BF2-01 Total 8/27/05 0.112 0.157 -33.5
HFS20 Total 9/16/05 0.107 0.04 91.2
HFS-21 Total 3/21/06 0.013 <0.025 NC
HFS-21 Total 3/9/06 0.035 <0.025 NC
HFS21 Total 7/10/05 0.059 0.04 38.4
HFS21 Total 8/14/05 0.096 0.072 28.6
HFS21 Total 8/20/05 0.201 0.207 -2.9
HFS21 Total 9/16/05 0.065 0.216 -107.5
HFS 21 Total 9/28/05 0.067 <0.025 NC
HFS-22 Total 3/22/06 0.679 0.754 -10.5
HFS-22 Peak Total 3/22/06 0.952 1.03 -7.9
HFS22-BF2-01 Total 8/28/05 1.472 0.102 174.1
HFS22 Total 9/15/05 0.062 0.049 23.4
HFS-23 Total 3/22/06 0.08 0.068 16.2
HFS23 Total 7/16/05 0.048 0.035 31.3
HFS23 Total 7/23/05 0.078 0.031 86.2
HFS23A Total 8/14/05 0.041 0.046 -11.5
HFS23B Total 8/14/05 0.03 <0.025 NC
HFS23-BF2-01 Total 8/28/05 0.071 <0.025 NC
HFS23 Total 9/16/05 0.155 0.179 -14.4
HFS 23 Total 9/25/05 0.147 0.096 42.0
HFS 26 Total 7/7/05 <0.01 <0.025 NC
HFS26-BF2-01 Total 8/27/05 <0.01 0.05 NC
HFS28A-BF2-01 Total 8/28/05 0.014 0.077 -138.5
HFS-29 Total 3/10/06 0.03 <0.025 NC
LK-01-1-01 Total 7/26/05 <0.01 <0.025 NC
LK-01-14-01 Total 7/26/05 <0.01 <0.025 NC
LK-01-25-01 Total 7/26/05 <0.01 <0.025 NC
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Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

LK-01-1-01 Total 8/24/05 <0.01 <0.025 NC
LK-01-14-01 Total 8/24/05 <0.01 <0.025 NC
LK-01-22-01 Total 8/24/05 <0.01 <0.025 NC
LK-01-1-01 Total 8/9/05 <0.01 <0.025 NC
LK-01-14-01 Total 8/9/05 <0.01 <0.025 NC
LK-01-25-01 Total 8/9/05 0.023 <0.025 NC
LK-01-1-01 Total 9/20/05 <0.01 <0.025 NC
LK-01-14-01 Total 9/20/05 <0.01 <0.025 NC
LK-01-22-01 Total 9/20/05 0.021 <0.025 NC
LK-01-1-01 Total 9/7/05 0.014 <0.025 NC
LK-01-14-01 Total 9/7/05 0.013 <0.025 NC
LK-01-22-01 Total 9/7/05 0.026 <0.025 NC
LK-02-1-01 Total 7/26/05 0.019 <0.025 NC
LK-02-10-01 Total 7/26/05 0.022 <0.025 NC
LK-02-22-01 Total 7/26/05 0.084 0.105 -22.2
LK-02-1-01 Total 8/23/05 0.017 <0.025 NC
LK-02-10-01 Total 8/23/05 <0.01 <0.025 NC
LK-02-22-01 Total 8/23/05 0.17 0.086 65.6
LK-02-1-01 Total 8/9/05 <0.01 0.031 NC
LK-02-10-01 Total 8/9/05 <0.01 <0.025 NC
LK-02-22-01 Total 8/9/05 0.102 0.049 70.2
LK-02-1-01 Total 9/20/05 0.013 <0.025 NC
LK-02-10-01 Total 9/20/05 0.017 <0.025 NC
LK-02-22-01 Total 9/20/05 0.264 0.281 -6.2
LK-02-1-01 Total 9/7/05 0.015 <0.025 NC
LK-02-10-01 Total 9/7/05 0.013 <0.025 NC
LK-02-22-01 Total 9/7/05 0.201 0.179 11.6
LK-03-1-03 Total 7/26/05 0.029 <0.025 NC
LK-03-1-01 Total 7/26/05 0.027 <0.025 NC
LK-03-3-01 Total 7/26/05 0.026 <0.025 NC
LK-03-6-01 Total 7/26/05 0.029 <0.025 NC
LK-03-1-03 Total 8/23/05 0.035 0.031 12.1
LK-03-1-01 Total 8/23/05 0.03 <0.025 NC
LK-03-3-01 Total 8/23/05 0.03 <0.025 NC
LK-03-6-01 Total 8/23/05 0.035 <0.025 NC
LK-03-1-03 Total 8/9/05 0.012 <0.025 NC
LK-03-1-01 Total 8/9/05 0.015 <0.025 NC
LK-03-3-01 Total 8/9/05 0.012 <0.025 NC
LK-03-6-01 Total 8/9/05 0.032 <0.025 NC
LK-03-1-03 Total 9/20/05 0.023 <0.025 NC
LK-03-1-01 Total 9/20/05 0.022 <0.025 NC
LK-03-3-01 Total 9/20/05 0.016 <0.025 NC
LK-03-4-01 Total 9/20/05 0.023 <0.025 NC
LK-03-1-03 Total 9/7/05 0.015 <0.025 NC
LK-03-1-01 Total 9/7/05 0.022 <0.025 NC
LK-03-3-01 Total 9/7/05 0.023 <0.025 NC
LK-03-6-01 Total 9/7/05 0.018 <0.025 NC
LK-04-1-01 Total 7/26/05 0.101 0.124 -20.4
LK-04-2-01 Total 7/26/05 0.108 0.161 -39.4
LK-04-4-01 Total 7/26/05 0.187 0.29 -43.2
LK-04-1-01 Total 8/23/05 0.108 0.142 -27.2
LK-04-2-01 Total 8/23/05 0.101 0.031 106.1
LK-04-4-01 Total 8/23/05 0.205 0.263 -24.8
LK-04-1-01 Total 8/9/05 0.097 0.105 -7.9
LK-04-2-01 Total 8/9/05 0.08 0.114 -35.1
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Sample ID Date 
Phosphorus (6020) 

A&L (mg/L)
Phosphorus 

(365.2) A&L (mg/L) RPD

Table B-5 Comparison of Method 6020 to 365.2 (Total and Dissolved)

LK-04-4-01 Total 8/9/05 0.133 0.216 -47.6
LK-04-1-01 Total 9/20/05 0.095 0.068 33.1
LK-04-2-01 Total 9/20/05 0.089 0.114 -24.6
LK-04-1-01 Total 9/7/05 0.051 0.04 24.2
LK-04-2-01 Total 9/7/05 0.074 0.077 -4.0
LK-04-4-01 Total 9/7/05 0.084 0.161 -62.9
RS-1-01 Total 7/25/05 0.086 <0.025 NC
RS-1-01 Total 8/24/05 0.04 0.04 0.0
RS-1-01 Total 8/8/05 0.033 0.049 -39.0
RS-1-01 Total 9/19/05 0.041 <0.025 NC
RS-1-01 Total 9/6/05 0.039 0.031 22.9
RS-2-01 Total 7/25/05 0.034 <0.025 NC
RS-2-01 Total 8/24/05 0.025 0.105 -123.1
RS-2-01 Total 8/8/05 0.018 <0.025 NC
RS-2-01 Total 9/20/05 0.023 <0.025 NC
RS-2-01 Total 9/6/05 0.027 <0.025 NC
RS-3-01 Total 7/25/05 0.091 0.068 28.9
RS-3-01 Total 8/24/05 0.088 <0.025 NC
RS-3-01 Total 8/8/05 0.074 0.059 22.6
RS-3-01 Total 9/19/05 0.078 0.077 1.3
RS-3-01 Total 9/6/05 0.077 0.096 -22.0

nc = not calculated
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Sample ID Date

Ortho-Phosphorus 
(4500PF) Aquatic

(mg/L)
Ortho-Phosphorus 
(365.2) A&L (mg/L) RPD

BS-08-SW Dissolved 08/23/05 0.018 <0.025 NC
BS-117-SW Dissolved 09/14/05 0.017 <0.025 NC
BS-208-SW Dissolved 09/01/05 0.027 <0.025 NC
BS-28-SW Dissolved 08/23/05 0.015 <0.025 NC
BS-35-SW Dissolved 09/22/05 0.001 <0.025 NC
BS-62A-SW Dissolved 08/16/05 0.011 0.04 -114.0
BS-68-SW Dissolved 08/19/05 0.022 <0.025 NC
BS-HF04-SW Dissolved 08/17/05 1.305 0.617 71.6
BS-HF22-SW Dissolved 08/24/05 1.037 0.501 69.7
BS-HF28A-SW Dissolved 08/18/05 0.003 <0.025 NC
BS-REF1-SW Dissolved 08/30/05 0.004 <0.025 NC
BS-REF2-SW Dissolved 08/31/05 0.025 <0.025 NC
BS-REF3-SW-03 Dissolved 09/01/05 0.024 <0.025 NC
BS-REF3-SW Dissolved 09/01/05 0.025 <0.025 NC
GF1 Dissolved 03/09/06 0.341 0.337 1.2
HFS02 Dissolved 07/11/05 0.021 <0.025 NC
HFS02-BF1 Dissolved 07/11/05 0.032 <0.025 NC
HFS02-BF2-01 Dissolved 08/27/05 0.018 <0.025 NC
HFS-04 Dissolved 03/10/06 1.682 1.73 -2.8
HFS-04 PEAK Dissolved 03/10/06 1.499 1.5 0.0
HFS04-BF1 Dissolved 07/13/05 1.574 0.675 79.9
HFS04 Dissolved 07/27/05 0.849 0.735 14.4
HFS04A Dissolved 08/20/05 1.272 0.235 137.6
HFS04-BF2-01 Dissolved 08/27/05 1.494 0.059 184.8
HFS04 Dissolved 09/28/05 1.444 0.895 47.0
HFS-05 Dissolved 03/22/06 <0.001 <0.025 NC
HFS-05 PEAK Dissolved 03/22/06 <0.001 <0.025 NC
HFS05-BF1 Dissolved 07/12/05 0.051 <0.025 NC
HFS05-BF2-01 Dissolved 08/29/05 0.051 0.078 -41.2
HFS05 Dissolved 09/28/05 0.020 <0.025 NC
HFS08-BF1 Dissolved 07/13/05 0.027 0.035 -27.2
HFS08-BF2-01 Dissolved 08/28/05 <0.001 0.046 NC
HFS-14 Dissolved 03/10/06 0.233 0.235 -1.0
HFS-14 PEAK Dissolved 03/10/06 0.522 0.531 -1.7
HFS14-BF1 Dissolved 07/12/05 0.024 <0.025 NC
HFS14 Dissolved 07/23/05 0.007 <0.025 NC
HFS14-BF2-01 Dissolved 08/27/05 <0.001 0.046 NC
HFS-16 Dissolved 03/10/06 0.042 <0.025 NC
HFS16-BF1 Dissolved 07/11/05 0.033 <0.025 NC
HFS16 Dissolved 07/13/05 0.059 0.049 18.6
HFS16 Dissolved 08/14/05 0.201 0.188 6.7
HFS16-BF2-03 Dissolved 08/27/05 0.108 0.138 -24.6
HFS16-BF2-01 Dissolved 08/27/05 0.099 0.126 -24.0
HFS16 Dissolved 09/15/05 0.239 0.226 5.7
HFS-20 Dissolved 03/10/06 0.031 <0.025 NC
HFS20-BF1 Dissolved 07/13/05 0.068 0.049 32.2
HFS20 Dissolved 07/26/05 0.263 0.328 -22.1
HFS20 Dissolved 08/14/05 0.039 0.068 -53.3
HFS20-BF2-01 Dissolved 08/27/05 0.022 0.07 -105.3
HFS-21 Dissolved 03/21/06 <0.001 <0.025 0.0
HFS21-BF1 Dissolved 07/13/05 0.032 <0.025 NC
HFS21 Dissolved 08/14/05 0.035 0.059 -52.2
HFS21 Dissolved 08/20/05 0.182 0.17 7.0
HFS21 Dissolved 09/16/05 0.035 <0.025 NC
HFS21 Dissolved 09/28/05 0.008 <0.025 NC

Table B-6 Comparison of Ortho-Phosphorus Method 4500PF to 365.2 (Dissolved)
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Sample ID Date

Ortho-Phosphorus 
(4500PF) Aquatic

(mg/L)
Ortho-Phosphorus 
(365.2) A&L (mg/L) RPD

Table B-6 Comparison of Ortho-Phosphorus Method 4500PF to 365.2 (Dissolved)

HFS-22 Dissolved 03/22/06 0.686 0.754 -9.4
HFS-22 PEAK Dissolved 03/22/06 1.010 0.995 1.5
HFS22-BF1 Dissolved 07/12/05 0.769 <0.025 NC
HFS22-BF2-01 Dissolved 08/28/05 1.205 0.094 171.0
HFS22 Dissolved 09/15/05 0.044 <0.025 NC
HFS-23 Dissolved 03/22/06 0.014 <0.025 NC
HFS23-BF1 Dissolved 07/12/05 0.016 <0.025 NC
HFS23 Dissolved 07/16/05 0.034 <0.025 NC
HFS23 Dissolved 07/23/05 0.066 0.04 48.4
HFS23A Dissolved 08/14/05 0.008 <0.025 NC
HFS23-BF2-01 Dissolved 08/28/05 0.014 <0.025 NC
HFS23 Dissolved 09/16/05 0.004 <0.025 NC
HFS23 Dissolved 09/25/05 0.033 <0.025 NC
HFS26-BF1-DP Dissolved 07/13/05 0.006 0.068 -167.6
HFS26-BF1 Dissolved 07/13/05 0.007 <0.025 NC
HFS26-BF2-01 Dissolved 08/27/05 0.010 <0.025 NC
HFS28A-BF2-01 Dissolved 08/28/05 0.016 <0.025 NC
HFS-29 Dissolved 03/10/06 0.024 <0.025 NC
LK-01-1 Dissolved 06/29/05 0.003 <0.025 NC
LK-01-14 Dissolved 06/29/05 0.002 <0.025 NC
LK-01-25 Dissolved 06/29/05 0.004 <0.025 NC
LK-01-8 Dissolved 06/29/05 0.002 <0.025 NC
LK-01-1 Dissolved 07/12/05 0.001 <0.025 NC
LK-01-14 Dissolved 07/12/05 0.001 <0.025 NC
LK-01-25 Dissolved 07/12/05 0.002 <0.025 NC
LK-01-1-01 Dissolved 07/26/05 0.001 <0.025 NC
LK-01-14-01 Dissolved 07/26/05 <0.001 <0.025 NC
LK-01-18-01 Dissolved 07/26/05 <0.001 <0.025 NC
LK-01-22-01 Dissolved 07/26/05 0.003 <0.025 NC
LK-01-25-01 Dissolved 07/26/05 0.001 <0.025 NC
LK-01-8-01 Dissolved 07/26/05 0.001 <0.025 NC
LK-01-1-01 Dissolved 08/24/05 0.003 <0.025 NC
LK-01-14-01 Dissolved 08/24/05 0.002 <0.025 NC
LK-01-18-01 Dissolved 08/24/05 0.003 <0.025 NC
LK-01-22-01 Dissolved 08/24/05 0.007 <0.025 NC
LK-01-8-01 Dissolved 08/24/05 0.002 <0.025 NC
LK-01-1-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-01-14-01 Dissolved 08/09/05 0.001 <0.025 NC
LK-01-18-01 Dissolved 08/09/05 <0.001 <0.025 NC
LK-01-22-01 Dissolved 08/09/05 0.006 <0.025 NC
LK-01-25-01 Dissolved 08/09/05 0.006 <0.025 NC
LK-01-8-01 Dissolved 08/09/05 0.001 <0.025 NC
LK-01-1-01 Dissolved 09/20/05 0.002 <0.025 NC
LK-01-14-01 Dissolved 09/20/05 0.001 <0.025 NC
LK-01-18-01 Dissolved 09/20/05 0.001 <0.025 NC
LK-01-22-01 Dissolved 09/20/05 0.005 <0.025 NC
LK-01-8-01 Dissolved 09/20/05 <0.001 <0.025 NC
LK-01-1-01 Dissolved 09/07/05 0.002 <0.025 NC
LK-01-14-01 Dissolved 09/07/05 <0.001 <0.025 NC
LK-01-18-01 Dissolved 09/07/05 0.002 <0.025 NC
LK-01-22-01 Dissolved 09/07/05 0.004 <0.025 NC
LK-01-8-01 Dissolved 09/07/05 0.001 <0.025 NC
LK-02-1 Dissolved 06/29/05 0.002 <0.025 NC
LK-02-10 Dissolved 06/29/05 0.003 <0.025 NC
LK-02-16 Dissolved 06/29/05 0.003 <0.025 NC
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Sample ID Date

Ortho-Phosphorus 
(4500PF) Aquatic

(mg/L)
Ortho-Phosphorus 
(365.2) A&L (mg/L) RPD

Table B-6 Comparison of Ortho-Phosphorus Method 4500PF to 365.2 (Dissolved)

LK-02-22 Dissolved 06/29/05 0.019 <0.025 NC
LK-02-1 Dissolved 07/12/05 0.001 <0.025 NC
LK-02-10 Dissolved 07/12/05 <0.001 <0.025 NC
LK-02-22 Dissolved 07/12/05 0.026 <0.025 NC
LK-02-1-01 Dissolved 07/26/05 0.002 <0.025 NC
LK-02-10-01 Dissolved 07/26/05 0.003 <0.025 NC
LK-02-16-01 Dissolved 07/26/05 0.001 <0.025 NC
LK-02-22-01 Dissolved 07/26/05 0.026 <0.025 NC
LK-02-6-01 Dissolved 07/26/05 0.001 <0.025 NC
LK-02-8-01 Dissolved 07/26/05 <0.001 <0.025 NC
LK-02-1-01 Dissolved 08/23/05 0.002 <0.025 NC
LK-02-10-01 Dissolved 08/23/05 0.002 <0.025 NC
LK-02-16-01 Dissolved 08/23/05 0.006 <0.025 NC
LK-02-22-01 Dissolved 08/23/05 0.026 <0.025 NC
LK-02-6-01 Dissolved 08/23/05 0.002 <0.025 NC
LK-02-8-01 Dissolved 08/23/05 0.002 <0.025 NC
LK-02-1-01 Dissolved 08/09/05 0.013 <0.025 NC
LK-02-10-01 Dissolved 08/09/05 0.005 <0.025 NC
LK-02-16-01 Dissolved 08/09/05 0.010 <0.025 NC
LK-02-22-01 Dissolved 08/09/05 0.018 <0.025 NC
LK-02-6-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-02-8-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-02-1-01 Dissolved 09/20/05 0.001 <0.025 NC
LK-02-10-1 Dissolved 09/20/05 0.003 <0.025 NC
LK-02-16-01 Dissolved 09/20/05 0.020 <0.025 NC
LK-02-22-01 Dissolved 09/20/05 0.007 <0.025 NC
LK-02-6-01 Dissolved 09/20/05 <0.001 <0.025 NC
LK-02-8-01 Dissolved 09/20/05 <0.001 <0.025 NC
LK-02-1-01 Dissolved 09/07/05 0.001 <0.025 NC
LK-02-10-01 Dissolved 09/07/05 0.001 <0.025 NC
LK-02-16-01 Dissolved 09/07/05 0.006 <0.025 NC
LK-02-22-01 Dissolved 09/07/05 0.035 <0.025 NC
LK-02-6-01 Dissolved 09/07/05 0.001 <0.025 NC
LK-02-8-01 Dissolved 09/07/05 0.001 <0.025 NC
LK-03-1 Dissolved 06/29/05 0.003 <0.025 NC
LK-03-3 Dissolved 06/29/05 0.002 <0.025 NC
LK-03-5 Dissolved 06/29/05 0.002 <0.025 NC
LK-03-6 Dissolved 06/29/05 0.002 <0.025 NC
LK-03-1 Dissolved 07/12/05 0.002 <0.025 NC
LK-03-3 Dissolved 07/12/05 0.002 <0.025 NC
LK-03-6 Dissolved 07/12/05 0.002 <0.025 NC
LK-03-1-01 Dissolved 07/26/05 0.002 <0.025 NC
LK-03-3-01 Dissolved 07/26/05 0.002 <0.025 NC
LK-03-6-01 Dissolved 07/26/05 0.002 <0.025 NC
LK-03-1-01 Dissolved 08/23/05 0.004 <0.025 NC
LK-03-3-01 Dissolved 08/23/05 0.005 <0.025 NC
LK-03-6-01 Dissolved 08/23/05 0.004 <0.025 NC
LK-03-1-03 Dissolved 08/09/05 0.002 <0.025 NC
LK-03-1-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-03-3-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-03-6-01 Dissolved 08/09/05 0.002 <0.025 NC
LK-03-1-03 Dissolved 09/20/05 0.002 <0.025 NC
LK-03-1-01 Dissolved 09/20/05 0.003 <0.025 NC
LK-03-3-01 Dissolved 09/20/05 0.001 <0.025 NC
LK-03-4-01 Dissolved 09/20/05 0.003 <0.025 NC
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Sample ID Date

Ortho-Phosphorus 
(4500PF) Aquatic

(mg/L)
Ortho-Phosphorus 
(365.2) A&L (mg/L) RPD

Table B-6 Comparison of Ortho-Phosphorus Method 4500PF to 365.2 (Dissolved)

LK-03-1-01 Dissolved 09/07/05 0.003 <0.025 NC
LK-03-3-01 Dissolved 09/07/05 0.003 <0.025 NC
LK-03-6-01 Dissolved 09/07/05 0.002 <0.025 NC
LK-04-1-01 Dissolved 07/26/05 0.045 0.068 -41.5
LK-04-2-01 Dissolved 07/26/05 0.049 0.031 44.5
LK-04-4-01 Dissolved 07/26/05 0.071 0.077 -8.1
LK-04-1-01 Dissolved 08/23/05 0.051 <0.025 NC
LK-04-2-01 Dissolved 08/23/05 0.055 0.031 56.6
LK-04-4-01 Dissolved 08/23/05 0.060 0.029 69.7
LK-04-1-01 Dissolved 08/09/05 0.031 <0.025 NC
LK-04-2-01 Dissolved 08/09/05 0.037 <0.025 NC
LK-04-4-01 Dissolved 08/09/05 0.055 <0.025 NC
LK-04-1-01 Dissolved 09/20/05 0.040 <0.025 NC
LK-04-2-01 Dissolved 09/20/05 0.043 <0.025 NC
LK-04-1-01 Dissolved 09/07/05 0.016 <0.025 NC
LK-04-2-01 Dissolved 09/07/05 0.037 <0.025 NC
LK-04-4-01 Dissolved 09/07/05 0.040 <0.025 NC
RS-1 Dissolved 06/28/05 0.029 <0.025 NC
RS-1 Dissolved 07/11/05 0.016 <0.025 NC
RS-1-01 Dissolved 07/25/05 0.032 0.105 -106.5
RS-1-01 Dissolved 08/24/05 0.035 <0.025 NC
RS-1-01 Dissolved 08/08/05 0.035 <0.025 NC
RS-1-01 Dissolved 09/19/05 0.030 <0.025 NC
RS-1-01 Dissolved 09/06/05 0.034 <0.025 NC
RS-2 Dissolved 06/28/05 0.020 <0.025 NC
RS-2 Dissolved 07/11/05 0.018 <0.025 NC
RS-2-01 Dissolved 07/25/05 0.012 <0.025 NC
RS-2-01 Dissolved 08/24/05 0.012 <0.025 NC
RS-2-01 Dissolved 08/08/05 0.018 <0.025 NC
RS-2-01 Dissolved 09/20/05 0.017 <0.025 NC
RS-2-01 Dissolved 09/06/05 0.022 <0.025 NC
RS-3 Dissolved 06/28/05 0.061 0.031 64.6
RS-3 Dissolved 07/11/05 0.060 0.049 19.6
RS-3-01 Dissolved 07/25/05 0.065 0.04 47.9
RS-3-01 Dissolved 08/24/05 0.076 0.031 84.6
RS-3-03 Dissolved 08/08/05 0.069 <0.025 NC
RS-3-01 Dissolved 08/08/05 0.068 <0.025 NC
RS-3-01 Dissolved 09/19/05 0.059 0.04 38.4
RS-3-01 Dissolved 09/06/05 0.069 0.049 34.3

nc = not calculated
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Appendix C : Water
Table 1: Summary of Edge of Field Poultry Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

2120 112.25 263.25985 mg/L 63/64 (98%)Alkalinity (as CaCO3) 64
1 0.8 0.2470.5 MPN*/100ml 0/60 (0%)Campylobacter species 60

1600000 89669 270511.0217 MPN*/100ml 65/65 (100%)E. coli 65
1600000 125623 323571.71110 MPN*/100ml 65/65 (100%)Enterococcus Group 65
1600000 89894.2 266805.6630 MPN*/100ml 68/68 (100%)Fecal Coliform 68

46 2.2721 6.16770.5 MPN*/100ml 10/68 (15%)Salmonella species 68
488 11.2351 63.0640.55 MPN*/100ml 9/68 (13%)Staphylococcus aureus 68

1600000 220466 422114.21200 MPN*/100ml 68/68 (100%)Total Coliform 68
806 22.4577 100.51380.5 mg/L 60/64 (94%)Chloride 64
25.5 3.2812 4.90170.5 ng/L 3/42 (7%)17a-estradiol 42
25.5 2.941 4.18390.5 ng/L 2/42 (5%)17b-estradiol 42
449 13.756 68.95560.5 ng/L 3/42 (7%)Estriol 42
108 7.6674 18.62670.5 ng/L 7/42 (17%)Estrone 42
5 0.3284 0.66270.05 mg/L 44/82 (54%)Dissolved Aluminum 82

0.05 0.004 0.00660.0005 mg/L 3/82 (4%)Dissolved Antimony 82
72.6 0.8156 7.65180.0005 mg/L 39/90 (43%)Dissolved Arsenic 90
0.312 0.0594 0.05860.005 mg/L 80/82 (98%)Dissolved Barium 82
0.05 0.0012 0.00550.0005 mg/L 0/82 (0%)Dissolved Beryllium 82
0.021 0.0210.021 mg/L 1/1 (100%)Dissolved Boron 1
0.05 0.0019 0.00640.0005 mg/L 2/82 (2%)Dissolved Cadmium 82

285.186 37.3636 44.35064.224 mg/L 82/82 (100%)Dissolved Calcium 82
0.499 0.0082 0.05490.0005 mg/L 15/82 (18%)Dissolved Chromium 82
7.2 0.1511 0.94760.0005 mg/L 45/82 (55%)Dissolved Cobalt 82
5.08 0.1244 0.54550.001 mg/L 78/90 (87%)Dissolved Copper 90
20.8 0.6148 2.33510.05 mg/L 57/82 (70%)Dissolved Iron 82
0.05 0.0028 0.00580.0005 mg/L 8/82 (10%)Dissolved Lead 82
171 6.233 19.09080.506 mg/L 82/82 (100%)Dissolved Magnesium 82

2.898 0.2651 0.52290.002 mg/L 75/82 (91%)Dissolved Manganese 82
0.0004 0.0001 00.0001 mg/L 3/80 (4%)Dissolved Mercury 80
0.25 0.0162 0.03090.0005 mg/L 12/68 (18%)Dissolved Molybdenum 68
0.538 0.0129 0.05920.0005 mg/L 46/82 (56%)Dissolved Nickel 82
1960 42.6502 216.34750.005 mg/L 79/82 (96%)Dissolved Potassium 82
0.05 0.0039 0.00660.0005 mg/L 5/82 (6%)Dissolved Selenium 82
0.05 0.0024 0.00570.0005 mg/L 1/82 (1%)Dissolved Silver 82
800 19.7744 88.86180.485 mg/L 81/82 (99%)Dissolved Sodium 82

0.0005 0.00050.0005 mg/L 0/1 (0%)Dissolved Strontium 1
0.05 0.0068 0.00970.0005 mg/L 0/82 (0%)Dissolved Thallium 82

0.0005 0.00050.0005 mg/L 0/1 (0%)Dissolved Titanium 1
0.5 0.012 0.05490.0005 mg/L 2/82 (2%)Dissolved Vanadium 82
4.16 0.0823 0.43820.0025 mg/L 64/90 (71%)Dissolved Zinc 90

141.307 9.4983 18.11730.05 mg/L 77/82 (94%)Total Aluminum 82
0.05 0.0037 0.00610.0005 mg/L 2/82 (2%)Total Antimony 82
0.698 0.0196 0.0770.0005 mg/L 57/90 (63%)Total Arsenic 90
4.178 0.1863 0.4720.01 mg/L 81/82 (99%)Total Barium 82
0.05 0.0015 0.00560.0005 mg/L 14/82 (17%)Total Beryllium 82
0.05 0.0015 0.00550.0005 mg/L 1/82 (1%)Total Cadmium 82
1150 64.8345 146.84964.559 mg/L 82/82 (100%)Total Calcium 82
0.491 0.0222 0.05850.0005 mg/L 60/82 (73%)Total Chromium 82
0.156 0.01 0.02060.0005 mg/L 39/82 (48%)Total Cobalt 82
4.36 0.1799 0.56720.0005 mg/L 84/90 (93%)Total Copper 90

152.363 12.1774 21.11380.217 mg/L 82/82 (100%)Total Iron 82
0.246 0.0178 0.03440.0005 mg/L 57/82 (70%)Total Lead 82
159 7.1483 17.99540.974 mg/L 82/82 (100%)Total Magnesium 82

9.878 0.692 1.39410.009 mg/L 82/82 (100%)Total Manganese 82

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C : Water
Table 1: Summary of Edge of Field Poultry Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0005 0.0001 0.00010.0001 mg/L 2/82 (2%)Total Mercury 82
0.031 0.0044 0.00580.001 mg/L 14/55 (25%)Total Molybdenum 55
0.527 0.0188 0.05920.001 mg/L 73/82 (89%)Total Nickel 82
1900 47.9513 210.24462.3 mg/L 82/82 (100%)Total Potassium 82
0.05 0.0036 0.00610.0005 mg/L 5/82 (6%)Total Selenium 82
0.05 0.0023 0.00560.0005 mg/L 0/82 (0%)Total Silver 82
799 19.868 88.86050.413 mg/L 82/82 (100%)Total Sodium 82
0.05 0.0063 0.00840.0005 mg/L 0/82 (0%)Total Thallium 82
0.5 0.0297 0.06720.0005 mg/L 40/82 (49%)Total Vanadium 82
3.35 0.1646 0.42180.0025 mg/L 85/90 (94%)Total Zinc 90
183 4.2337 22.95290.05 mg/L 53/64 (83%)Ammonia Nitrogen 64
7.61 1.5568 1.55220.05 mg/L 55/66 (83%)Nitrite + Nitrate (as N) 66
681 24.3989 84.89120.3 mg/L 73/76 (96%)Total Kjeldahl Nitrogen 76

55638130 8502780 181644652613.120 Copies/L 21/38 (55%)Brevibacteria 16S rRNA 38
4.326 0.2971 0.79060.0125 mg/L 19/36 (53%)Dissolved Ortho P (365.2) 36

60 3.7517 9.85470.0179 mg/L 42/42 (100%)Soluble Reactive P (4500PF) 42
6.18 0.5554 1.18630.0125 mg/L 32/39 (82%)Total Dissolved P (365.2) 39
93.7 4.8239 14.84330.024 mg/L 42/42 (100%)Total Dissolved P (4500PF) 42

23.988 1.8334 3.65250.093 mg/L 48/48 (100%)Total Dissolved P (6010) 48
145 6.0349 22.490.024 mg/L 42/42 (100%)Total Dissolved P (6020) 42

17.459 2.2967 3.68990.041 mg/L 35/37 (95%)Total ortho P (365.2) 37
23.893 3.6849 5.92340.14 mg/L 39/39 (100%)Total P (365.2) 39

190 8.1395 29.4250.074 mg/L 42/42 (100%)Total P (4500PF) 42
67.76 5.7696 11.34180.44 mg/L 48/48 (100%)Total P (6010) 48
1520 42.402 234.48920.075 mg/L 42/42 (100%)Total P (6020) 42
460 21.3516 57.18351.42 mg/L 64/64 (100%)Total Sulfate (SO4) 64

2800 58.6615 340.52892.47 mg/L 67/67 (100%)TOC 67
9720 405.25 1189.635541 mg/L 64/64 (100%)Total Dissolved Solids 64
6060 267.984 773.32784 mg/L 63/63 (100%)Total Suspended Solids 63
0.59 0.2046 0.1470.042 mmhos/cm 43/43 (100%)Conductivity 43
8.02 6.8627 0.59995.4 s.u. 64/64 (100%)pH 64

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 2: Summary of Edge of Field Cattle Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

38 25 18.384812 mg/L 2/2 (100%)Alkalinity (as CaCO3) 2
12000 12000 012000 MPN*/100ml 2/2 (100%)E. coli 2
12000 12000 012000 MPN*/100ml 2/2 (100%)Enterococcus Group 2
12000 12000 012000 MPN*/100ml 2/2 (100%)Fecal Coliform 2

1 1 01 MPN*/100ml 0/2 (0%)Salmonella species 2
1.1 0.825 0.38890.55 MPN*/100ml 1/2 (50%)Staphylococcus aureus 2

12000 12000 012000 MPN*/100ml 2/2 (100%)Total Coliform 2
5.73 3.615 2.99111.5 mg/L 2/2 (100%)Chloride 2
0.5 0.5 00.5 ng/L 0/2 (0%)17a-estradiol 2
0.5 0.5 00.5 ng/L 0/2 (0%)17b-estradiol 2
0.5 0.5 00.5 ng/L 0/2 (0%)Estriol 2
0.5 0.5 00.5 ng/L 0/2 (0%)Estrone 2
0.05 0.05 00.05 mg/L 0/2 (0%)Dissolved Aluminum 2

0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Antimony 2
0.002 0.0018 0.00030.0015 mg/L 2/2 (100%)Dissolved Arsenic 2
0.0224 0.017 0.00770.0115 mg/L 2/2 (100%)Dissolved Barium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Beryllium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Cadmium 2
9.63 5.75 5.48711.87 mg/L 2/2 (100%)Dissolved Calcium 2

0.0012 0.0012 0.00010.0011 mg/L 2/2 (100%)Dissolved Chromium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Cobalt 2
0.0385 0.0378 0.0010.0371 mg/L 2/2 (100%)Dissolved Copper 2
0.144 0.097 0.06650.05 mg/L 1/2 (50%)Dissolved Iron 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Lead 2
3.14 1.9565 1.67370.773 mg/L 2/2 (100%)Dissolved Magnesium 2

0.0058 0.004 0.00250.0023 mg/L 2/2 (100%)Dissolved Manganese 2
0.0001 0.0001 00.0001 mg/L 0/2 (0%)Dissolved Mercury 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Molybdenum 2
0.0012 0.0008 0.00050.0005 mg/L 1/2 (50%)Dissolved Nickel 2
9.13 7.585 2.1856.04 mg/L 2/2 (100%)Dissolved Potassium 2

0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Selenium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Silver 2
3.04 1.9115 1.59590.783 mg/L 2/2 (100%)Dissolved Sodium 2

0.0005 0.0005 00.0005 mg/L 0/2 (0%)Dissolved Thallium 2
0.0025 0.0025 00.0025 mg/L 0/2 (0%)Dissolved Vanadium 2
0.049 0.0312 0.02520.0134 mg/L 2/2 (100%)Dissolved Zinc 2
4.26 2.76 2.12131.26 mg/L 2/2 (100%)Total Aluminum 2

0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Antimony 2
0.0034 0.0028 0.00080.0022 mg/L 2/2 (100%)Total Arsenic 2
0.0924 0.0621 0.04290.0317 mg/L 2/2 (100%)Total Barium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Beryllium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Cadmium 2
10.2 5.99 5.95381.78 mg/L 2/2 (100%)Total Calcium 2

0.0021 0.0013 0.00120.0005 mg/L 1/2 (50%)Total Chromium 2
0.0018 0.0012 0.0010.0005 mg/L 1/2 (50%)Total Cobalt 2
0.0047 0.0031 0.00230.0014 mg/L 2/2 (100%)Total Copper 2
3.76 2.45 1.85261.14 mg/L 2/2 (100%)Total Iron 2

0.0053 0.0035 0.00260.0016 mg/L 2/2 (100%)Total Lead 2
3.51 2.194 1.86110.878 mg/L 2/2 (100%)Total Magnesium 2
0.3 0.197 0.14570.0939 mg/L 2/2 (100%)Total Manganese 2

0.0001 0.0001 00.0001 mg/L 0/2 (0%)Total Mercury 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Molybdenum 2
0.0037 0.0024 0.00180.0011 mg/L 2/2 (100%)Total Nickel 2
10.2 8.34 2.63046.48 mg/L 2/2 (100%)Total Potassium 2

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 2: Summary of Edge of Field Cattle Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Selenium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Silver 2

2.4 1.4175 1.38950.435 mg/L 2/2 (100%)Total Sodium 2
0.0005 0.0005 00.0005 mg/L 0/2 (0%)Total Thallium 2
0.011 0.008 0.00420.0051 mg/L 2/2 (100%)Total Vanadium 2
0.0298 0.0198 0.01410.0098 mg/L 2/2 (100%)Total Zinc 2
0.24 0.145 0.13440.05 mg/L 1/2 (50%)Ammonia Nitrogen 2
0.247 0.1965 0.07140.146 mg/L 2/2 (100%)Nitrite + Nitrate (as N) 2
5.56 4.185 1.94452.81 mg/L 2/2 (100%)Total Kjeldahl Nitrogen 2

0.6035 0.5528 0.07170.5021 mg/L 2/2 (100%)Soluble Reactive P (4500PF) 2
0.6568 0.6072 0.07010.5576 mg/L 2/2 (100%)Total Dissolved P (4500PF) 2
0.524 0.5225 0.00210.521 mg/L 2/2 (100%)Total Dissolved P (6020) 2
1.2471 1.1021 0.20510.9571 mg/L 2/2 (100%)Total P (4500PF) 2
0.982 0.8265 0.21990.671 mg/L 2/2 (100%)Total P (6020) 2
4.36 3.335 1.44962.31 mg/L 2/2 (100%)Total Sulfate (SO4) 2
11.9 11.65 0.353611.4 mg/L 2/2 (100%)TOC 2
117 98 26.870179 mg/L 2/2 (100%)Total Dissolved Solids 2
236 153 117.379770 mg/L 2/2 (100%)Total Suspended Solids 2
6.6 6.5 0.14146.4 s.u. 2/2 (100%)pH 2

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 3: Summary of Small Tributary Samples – Base Flow Conditions

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

378 135.333 74.02442 mg/L 48/48 (100%)Alkalinity (as CaCO3) 48
1 0.725 0.29940.335 MPN*/100ml 0/23 (0%)Campylobacter species 23

2200 182.091 394.79551 MPN*/100ml 32/33 (97%)E. coli 33
7600 547.939 1096.15350.5 MPN*/100ml 56/57 (98%)Enterococcus Group 57
91000 3013.64 12860.3130.5 MPN*/100ml 56/57 (98%)Fecal Coliform 57

33 2.3333 5.56031 MPN*/100ml 9/33 (27%)Salmonella species 33
12000 430.149 1881.59370.55 MPN*/100ml 24/57 (42%)Staphylococcus aureus 57
70000 4076.15 10910.5260.5 MPN*/100ml 56/57 (98%)Total Coliform 57
71.6 14.8808 14.96434.46 mg/L 48/48 (100%)Chloride 48
25 2.921 7.3510.5 ng/L 2/41 (5%)17a-estradiol 41
25 4.3337 7.15290.5 ng/L 18/41 (44%)17b-estradiol 41

3100 130.168 513.77830.5 ng/L 6/41 (15%)Estriol 41
51.5 6.2515 11.30040.5 ng/L 11/41 (27%)Estrone 41
0.085 0.0403 0.01950.005 mg/L 5/48 (10%)Dissolved Aluminum 48
0.005 0.0017 0.0020.0005 mg/L 1/48 (2%)Dissolved Antimony 48
0.005 0.002 0.00190.0005 mg/L 11/48 (23%)Dissolved Arsenic 48
0.082 0.0525 0.01320.028 mg/L 48/48 (100%)Dissolved Barium 48
0.0005 0.0005 00.0005 mg/L 0/48 (0%)Dissolved Beryllium 48
0.003 0.0008 0.00050.0005 mg/L 6/48 (13%)Dissolved Cadmium 48
84.9 53.3221 16.007116.5 mg/L 48/48 (100%)Dissolved Calcium 48
0.003 0.0011 0.00090.0005 mg/L 2/48 (4%)Dissolved Chromium 48
0.276 0.0085 0.03970.0005 mg/L 7/48 (15%)Dissolved Cobalt 48
0.024 0.0021 0.00350.0005 mg/L 18/48 (38%)Dissolved Copper 48
0.058 0.0447 0.01220.005 mg/L 12/48 (25%)Dissolved Iron 48
0.009 0.0015 0.00160.0005 mg/L 5/48 (10%)Dissolved Lead 48
7.872 2.5122 1.29250.825 mg/L 48/48 (100%)Dissolved Magnesium 48
0.384 0.0503 0.10140.0005 mg/L 37/48 (77%)Dissolved Manganese 48
0.0001 0.0001 00.0001 mg/L 0/48 (0%)Dissolved Mercury 48
0.025 0.0086 0.01010.0025 mg/L 0/48 (0%)Dissolved Molybdenum 48
0.005 0.0023 0.00190.0005 mg/L 17/48 (35%)Dissolved Nickel 48
17.3 4.3114 3.74561.05 mg/L 48/48 (100%)Dissolved Potassium 48
0.005 0.0017 0.0020.0005 mg/L 1/48 (2%)Dissolved Selenium 48
0.0025 0.001 0.00090.0005 mg/L 0/48 (0%)Dissolved Silver 48
62.7 10.9912 13.77292.41 mg/L 48/48 (100%)Dissolved Sodium 48
0.01 0.0031 0.00430.0005 mg/L 0/48 (0%)Dissolved Thallium 48
0.106 0.0157 0.02690.0005 mg/L 21/48 (44%)Dissolved Vanadium 48
0.086 0.0162 0.01750.0025 mg/L 36/48 (75%)Dissolved Zinc 48
0.786 0.1126 0.16590.005 mg/L 20/48 (42%)Total Aluminum 48
0.005 0.0019 0.0020.0005 mg/L 4/48 (8%)Total Antimony 48
0.005 0.0021 0.00190.0005 mg/L 16/48 (33%)Total Arsenic 48
0.097 0.0542 0.01450.029 mg/L 48/48 (100%)Total Barium 48
0.0005 0.0005 00.0005 mg/L 0/48 (0%)Total Beryllium 48
0.001 0.0006 0.00020.0005 mg/L 0/48 (0%)Total Cadmium 48
82.4 53.1537 14.974417.6 mg/L 48/48 (100%)Total Calcium 48

0.0025 0.0012 0.00090.0005 mg/L 9/48 (19%)Total Chromium 48
0.233 0.0065 0.03350.0005 mg/L 1/48 (2%)Total Cobalt 48
0.003 0.0013 0.00090.0005 mg/L 11/48 (23%)Total Copper 48
1.25 0.1836 0.27630.005 mg/L 24/48 (50%)Total Iron 48
0.003 0.0012 0.00110.0005 mg/L 1/48 (2%)Total Lead 48
7.9 2.5641 1.27860.873 mg/L 48/48 (100%)Total Magnesium 48

0.608 0.0728 0.13020.0005 mg/L 38/48 (79%)Total Manganese 48
0.0001 0.0001 00.0001 mg/L 0/48 (0%)Total Mercury 48
0.0025 0.0025 00.0025 mg/L 0/48 (0%)Total Molybdenum 48
0.006 0.0016 0.00120.0005 mg/L 17/48 (35%)Total Nickel 48

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 3: Summary of Small Tributary Samples – Base Flow Conditions

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

14 4.3236 3.6451.19 mg/L 48/48 (100%)Total Potassium 48
0.005 0.0017 0.0020.0005 mg/L 1/48 (2%)Total Selenium 48
0.0025 0.001 0.00090.0005 mg/L 0/48 (0%)Total Silver 48
64.1 11.0305 14.0442.43 mg/L 48/48 (100%)Total Sodium 48
0.01 0.0031 0.00430.0005 mg/L 0/48 (0%)Total Thallium 48
0.084 0.0134 0.02330.0005 mg/L 12/48 (25%)Total Vanadium 48
0.096 0.0112 0.01780.0025 mg/L 20/48 (42%)Total Zinc 48
3.49 0.1859 0.56210.05 mg/L 18/37 (49%)Ammonia Nitrogen 37
14.8 2.4936 3.3140.05 mg/L 46/48 (96%)Nitrite + Nitrate (as N) 48
7.6 2.087 1.68730.25 mg/L 40/46 (87%)Total Kjeldahl Nitrogen 46

126000 126000126000 Copies/L 4/12 (33%)Brevibacteria 16S rRNA 12
0.939 0.0939 0.21540.0125 mg/L 12/26 (46%)Dissolved Ortho P (365.2) 26
1.9468 0.2804 0.58260.0005 mg/L 51/53 (96%)Soluble Reactive P (4500PF) 53
0.965 0.118 0.24640.0125 mg/L 16/26 (62%)Total Dissolved P (365.2) 26
2.0462 0.2873 0.59290.001 mg/L 51/53 (96%)Total Dissolved P (4500PF) 53
2.307 0.9978 0.52960.533 mg/L 13/13 (100%)Total Dissolved P (6010) 13
1.99 0.3069 0.6060.011 mg/L 35/35 (100%)Total Dissolved P (6020) 35
0.849 0.1207 0.21830.0125 mg/L 14/26 (54%)Total ortho P (365.2) 26
1.081 0.1621 0.26690.0125 mg/L 19/26 (73%)Total P (365.2) 26
2.1018 0.337 0.62560.0046 mg/L 53/53 (100%)Total P (4500PF) 53
2.43 1.0662 0.55240.49 mg/L 13/13 (100%)Total P (6010) 13
2.03 0.3253 0.61610.005 mg/L 34/35 (97%)Total P (6020) 35
67.5 13.8256 16.82391.89 mg/L 48/48 (100%)Total Sulfate (SO4) 48
2.93 1.8117 0.91290.5 mg/L 9/12 (75%)DOC 12
14.7 2.2625 2.36680.5 mg/L 34/48 (71%)TOC 48
462 205.063 76.491564 mg/L 48/48 (100%)Total Dissolved Solids 48
74 6.8958 13.27171 mg/L 34/48 (71%)Total Suspended Solids 48

0.554 0.2936 0.10020.17 mmhos/cm 37/37 (100%)Conductivity 37
8.21 7.4673 0.49756.4 s.u. 37/37 (100%)pH 37

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 4: Summary of Small Tributary Samples – High Flow Conditions

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

316 98.5254 45.094616 mg/L 177/177 (100%)Alkalinity (as CaCO3) 177
1 0.8763 0.25520.1 MPN*/100ml 0/87 (0%)Campylobacter species 87

81000 3297.78 9844.85651 MPN*/100ml 84/87 (97%)E. coli 87
1200000 21689.1 155434.770.5 MPN*/100ml 115/120 (96%)Enterococcus Group 120

81000 3208.83 10076.470.5 MPN*/100ml 114/118 (97%)Fecal Coliform 118
14 1.3448 1.50061 MPN*/100ml 13/87 (15%)Salmonella species 87

220000 2511.09 20401.3660.5 MPN*/100ml 35/120 (29%)Staphylococcus aureus 120
170000 7907.60 21655.4460.5 MPN*/100ml 119/120 (99%)Total Coliform 120
66.851 12.2849 10.22740.5 mg/L 176/177 (99%)Chloride 177

14 2.6683 2.730.5 ng/L 0/52 (0%)17a-estradiol 52
14 3.2119 2.84170.5 ng/L 5/52 (10%)17b-estradiol 52
746 21.9635 104.11330.5 ng/L 5/52 (10%)Estriol 52
15 3.329 3.27720.5 ng/L 5/52 (10%)Estrone 52

0.44 0.0527 0.04380.005 mg/L 32/179 (18%)Dissolved Aluminum 179
0.005 0.0013 0.00170.0005 mg/L 6/179 (3%)Dissolved Antimony 179
0.006 0.0015 0.00170.0005 mg/L 51/179 (28%)Dissolved Arsenic 179
0.076 0.0428 0.01040.02 mg/L 179/179 (100%)Dissolved Barium 179
0.0005 0.0005 00.0005 mg/L 0/179 (0%)Dissolved Beryllium 179
0.102 0.0308 0.04330.0005 mg/L 6/8 (75%)Dissolved Boron 8
0.001 0.0006 0.00020.0005 mg/L 0/179 (0%)Dissolved Cadmium 179
82.3 42.9434 16.83397.71 mg/L 179/179 (100%)Dissolved Calcium 179
0.005 0.0012 0.00110.0005 mg/L 31/179 (17%)Dissolved Chromium 179
0.011 0.0011 0.00150.0005 mg/L 17/179 (9%)Dissolved Cobalt 179
0.01 0.0033 0.00180.0005 mg/L 147/179 (82%)Dissolved Copper 179
0.946 0.0674 0.0980.005 mg/L 50/179 (28%)Dissolved Iron 179
0.008 0.001 0.00110.0005 mg/L 1/179 (1%)Dissolved Lead 179
5.62 2.5373 0.98840.744 mg/L 179/179 (100%)Dissolved Magnesium 179
0.126 0.0044 0.01110.0005 mg/L 121/179 (68%)Dissolved Manganese 179
0.0001 0.0001 00.0001 mg/L 0/179 (0%)Dissolved Mercury 179
0.025 0.0061 0.00820.0025 mg/L 1/176 (1%)Dissolved Molybdenum 176
0.005 0.002 0.00160.0005 mg/L 106/179 (59%)Dissolved Nickel 179
16.2 4.2345 2.72141.08 mg/L 179/179 (100%)Dissolved Potassium 179
0.005 0.0013 0.00170.0005 mg/L 8/179 (4%)Dissolved Selenium 179
0.0025 0.0008 0.00080.0005 mg/L 0/179 (0%)Dissolved Silver 179
52.08 9.2825 9.05911.55 mg/L 179/179 (100%)Dissolved Sodium 179
0.0005 0.0005 00.0005 mg/L 0/8 (0%)Dissolved Strontium 8
0.01 0.0021 0.00360.0005 mg/L 0/179 (0%)Dissolved Thallium 179

0.0005 0.0005 00.0005 mg/L 0/8 (0%)Dissolved Titanium 8
0.005 0.0042 0.00160.0005 mg/L 15/179 (8%)Dissolved Vanadium 179
0.157 0.0148 0.02170.0025 mg/L 137/179 (77%)Dissolved Zinc 179
5.12 0.3136 0.64090.005 mg/L 121/179 (68%)Total Aluminum 179
0.005 0.0013 0.00170.0005 mg/L 7/179 (4%)Total Antimony 179
0.005 0.0015 0.00170.0005 mg/L 52/179 (29%)Total Arsenic 179
0.082 0.0452 0.0110.022 mg/L 179/179 (100%)Total Barium 179
0.0005 0.0005 00.0005 mg/L 0/179 (0%)Total Beryllium 179
0.001 0.0006 0.00020.0005 mg/L 0/179 (0%)Total Cadmium 179
137 43.0918 18.16837.72 mg/L 179/179 (100%)Total Calcium 179

0.008 0.0013 0.00120.0005 mg/L 46/179 (26%)Total Chromium 179
0.013 0.0013 0.00190.0005 mg/L 4/179 (2%)Total Cobalt 179
0.061 0.0024 0.00460.0005 mg/L 120/179 (67%)Total Copper 179
4.838 0.3328 0.54670.005 mg/L 124/179 (69%)Total Iron 179
0.005 0.001 0.0010.0005 mg/L 12/179 (7%)Total Lead 179
5.407 2.5016 0.92010.704 mg/L 179/179 (100%)Total Magnesium 179
0.729 0.0236 0.05970.0005 mg/L 158/179 (88%)Total Manganese 179

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 4: Summary of Small Tributary Samples – High Flow Conditions

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0001 0.0001 00.0001 mg/L 0/179 (0%)Total Mercury 179
0.0025 0.0025 00.0025 mg/L 0/166 (0%)Total Molybdenum 166
0.006 0.0017 0.0010.0005 mg/L 102/179 (57%)Total Nickel 179
16.9 4.2827 2.72971.02 mg/L 179/179 (100%)Total Potassium 179
0.005 0.0013 0.00170.0005 mg/L 6/179 (3%)Total Selenium 179
0.0025 0.0008 0.00080.0005 mg/L 0/179 (0%)Total Silver 179
51.41 9.1508 8.98711.33 mg/L 179/179 (100%)Total Sodium 179
0.01 0.0022 0.00360.0005 mg/L 3/179 (2%)Total Thallium 179
0.01 0.0043 0.00160.0005 mg/L 19/179 (11%)Total Vanadium 179
0.17 0.0154 0.02390.0025 mg/L 129/179 (72%)Total Zinc 179
1.52 0.1087 0.15080.01 mg/L 77/177 (44%)Ammonia Nitrogen 177

14.747 2.2773 2.17570.05 mg/L 173/177 (98%)Nitrite + Nitrate (as N) 177
154 3.312 11.53310.25 mg/L 162/175 (93%)Total Kjeldahl Nitrogen 175

175098.8 64590.7 76462.423236.9971 Copies/L 16/27 (59%)Brevibacteria 16S rRNA 27
1.73 0.2299 0.38850.0125 mg/L 42/74 (57%)Dissolved Ortho P (365.2) 74
2.23 0.2652 0.46150.0005 mg/L 137/140 (98%)Soluble Reactive P (4500PF) 140
2.75 0.3008 0.52950.0125 mg/L 49/68 (72%)Total Dissolved P (365.2) 68
2.4 0.2932 0.50220.005 mg/L 140/140 (100%)Total Dissolved P (4500PF) 140

2.128 1.0329 0.50440.24 mg/L 31/31 (100%)Total Dissolved P (6010) 31
2.15 0.2735 0.44570.005 mg/L 140/148 (95%)Total Dissolved P (6020) 148
1.54 0.2118 0.35160.0125 mg/L 37/73 (51%)Total ortho P (365.2) 73
4.266 0.2842 0.57520.0125 mg/L 50/74 (68%)Total P (365.2) 74
2.44 0.3117 0.50670.0062 mg/L 140/140 (100%)Total P (4500PF) 140
2.14 1.0474 0.49560.29 mg/L 31/31 (100%)Total P (6010) 31
2.26 0.2995 0.45450.005 mg/L 142/148 (96%)Total P (6020) 148
70.51 16.2586 13.67650.5 mg/L 176/177 (99%)Total Sulfate (SO4) 177
22.7 4.2535 2.80760.5 mg/L 171/175 (98%)TOC 175
3300 213.260 316.32090.05 mg/L 176/177 (99%)Total Dissolved Solids 177
236 11.2712 24.45461 mg/L 151/177 (85%)Total Suspended Solids 177
0.55 0.2524 0.08440.092 mmhos/cm 109/109 (100%)Conductivity 109
8.28 7.265 0.61335.1 s.u. 169/169 (100%)pH 169

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 5: Summary of Surface Water/Rivers Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

168 107.272 27.923134 mg/L 81/81 (100%)Alkalinity (as CaCO3) 81
1 0.6007 0.30020.335 MPN*/100ml 0/15 (0%)Campylobacter species 15

12000 463.82 1718.99891 MPN*/100ml 109/111 (98%)E. coli 111
12000 606.013 1566.36410.5 MPN*/100ml 116/117 (99%)Enterococcus Group 117
12000 824.333 2152.9561 MPN*/100ml 116/117 (99%)Fecal Coliform 117

56 1.7297 5.23611 MPN*/100ml 20/111 (18%)Salmonella species 111
3900 53.1816 378.45550.55 MPN*/100ml 14/117 (12%)Staphylococcus aureus 117
12000 2325.85 3617.41388 MPN*/100ml 117/117 (100%)Total Coliform 117
86.2 15.6129 15.82871.19 mg/L 108/108 (100%)Chloride 108

0.0036 0.00360.0036 mg/L 1/1 (100%)Chlorophyll a 1
19 1.8665 2.38390.05 ug/L 210/212 (99%)Chlorophyll a, corrected 212
21 2.6634 3.0160.05 ug/L 211/212 (100%)Chlorophyll a, uncorrected 212
12 8.9615 2.26816 mg/L 6/13 (46%)COD (Chemical Oxygen Demand) 13

2.503 0.536 0.24380.5 ng/L 2/83 (2%)17a-estradiol 83
6.71 1.0928 1.51710.5 ng/L 15/83 (18%)17b-estradiol 83
0.5 0.5 00.5 ng/L 0/83 (0%)Estriol 83

41.59 2.5887 7.71730.5 ng/L 9/83 (11%)Estrone 83
0.05 0.0455 0.01350.005 mg/L 0/91 (0%)Dissolved Aluminum 91
0.005 0.001 0.00140.0005 mg/L 1/91 (1%)Dissolved Antimony 91
0.006 0.0014 0.00150.0005 mg/L 39/105 (37%)Dissolved Arsenic 105
0.104 0.0512 0.01650.015 mg/L 91/91 (100%)Dissolved Barium 91
0.0005 0.0005 00.0005 mg/L 0/91 (0%)Dissolved Beryllium 91
0.001 0.0005 0.00020.0005 mg/L 0/91 (0%)Dissolved Cadmium 91
79.1 49.752 12.319213.5 mg/L 91/91 (100%)Dissolved Calcium 91

0.0025 0.001 0.00070.0005 mg/L 39/91 (43%)Dissolved Chromium 91
0.005 0.001 0.00140.0005 mg/L 4/91 (4%)Dissolved Cobalt 91
0.01 0.0018 0.00180.0005 mg/L 59/105 (56%)Dissolved Copper 105
0.229 0.0483 0.02240.005 mg/L 6/91 (7%)Dissolved Iron 91
0.004 0.0008 0.00080.0005 mg/L 4/91 (4%)Dissolved Lead 91
6.89 2.3313 0.91621.3 mg/L 91/91 (100%)Dissolved Magnesium 91
0.306 0.0156 0.03860.0005 mg/L 83/91 (91%)Dissolved Manganese 91
0.0001 0.0001 00.0001 mg/L 0/91 (0%)Dissolved Mercury 91
0.025 0.0028 0.00460.0005 mg/L 11/82 (13%)Dissolved Molybdenum 82
0.008 0.0018 0.00190.0005 mg/L 47/91 (52%)Dissolved Nickel 91
26.3 4.5143 4.51931.11 mg/L 91/91 (100%)Dissolved Potassium 91
0.005 0.0011 0.00130.0005 mg/L 22/91 (24%)Dissolved Selenium 91
0.0025 0.0007 0.00060.0005 mg/L 1/91 (1%)Dissolved Silver 91

102 13.2428 18.35952.33 mg/L 91/91 (100%)Dissolved Sodium 91
0.01 0.0014 0.00290.0005 mg/L 0/91 (0%)Dissolved Thallium 91
0.113 0.0069 0.01690.0005 mg/L 5/91 (5%)Dissolved Vanadium 91
0.044 0.0065 0.00720.0025 mg/L 42/105 (40%)Dissolved Zinc 105
0.453 0.0879 0.08030.005 mg/L 33/91 (36%)Total Aluminum 91
0.01 0.0011 0.00170.0005 mg/L 6/91 (7%)Total Antimony 91
0.006 0.0015 0.00150.0005 mg/L 48/105 (46%)Total Arsenic 105
0.112 0.0532 0.01740.016 mg/L 91/91 (100%)Total Barium 91
0.001 0.0005 0.00010.0005 mg/L 1/91 (1%)Total Beryllium 91
0.001 0.0005 0.00020.0005 mg/L 0/91 (0%)Total Cadmium 91

79 50.0155 12.244513.8 mg/L 91/91 (100%)Total Calcium 91
0.003 0.0011 0.00070.0005 mg/L 44/91 (48%)Total Chromium 91
0.005 0.001 0.00140.0005 mg/L 6/91 (7%)Total Cobalt 91
0.023 0.0013 0.00230.0005 mg/L 33/105 (31%)Total Copper 105
0.713 0.131 0.13650.005 mg/L 44/91 (48%)Total Iron 91
0.008 0.0011 0.00140.0005 mg/L 13/91 (14%)Total Lead 91
6.68 2.3584 0.91171.33 mg/L 91/91 (100%)Total Magnesium 91

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 5: Summary of Surface Water/Rivers Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.729 0.0382 0.08630.001 mg/L 87/91 (96%)Total Manganese 91
0.0001 0.0001 00.0001 mg/L 0/91 (0%)Total Mercury 91
0.01 0.0021 0.00160.0005 mg/L 12/81 (15%)Total Molybdenum 81
0.008 0.0017 0.00170.0005 mg/L 52/91 (57%)Total Nickel 91
26.4 4.5787 4.37581.02 mg/L 91/91 (100%)Total Potassium 91
0.005 0.0011 0.00130.0005 mg/L 31/91 (34%)Total Selenium 91
0.003 0.0007 0.00070.0005 mg/L 2/91 (2%)Total Silver 91
98.9 13.5931 18.25962.3 mg/L 91/91 (100%)Total Sodium 91
0.01 0.0014 0.00290.0005 mg/L 1/91 (1%)Total Thallium 91
0.111 0.0188 0.02730.0005 mg/L 34/91 (37%)Total Vanadium 91
0.341 0.0101 0.03370.0025 mg/L 39/105 (37%)Total Zinc 105
0.273 0.059 0.03760.05 mg/L 6/74 (8%)Ammonia Nitrogen 74

14 1.5133 1.77990.05 mg/L 298/347 (86%)Nitrite + Nitrate (as N) 347
10.1 1.6238 1.37840.25 mg/L 314/345 (91%)Total Kjeldahl Nitrogen 345

329000 113985 186243.502855.611 Copies/L 13/27 (48%)Brevibacteria 16S rRNA 27
0.617 0.0395 0.10540.0125 mg/L 9/33 (27%)Dissolved Ortho P (365.2) 33

14.7603 0.1085 0.51990.0005 mg/L 911/919 (99%)Soluble Reactive P (4500PF) 919
0.663 0.0547 0.11280.0125 mg/L 18/33 (55%)Total Dissolved P (365.2) 33

15.4509 0.1183 0.54470.001 mg/L 917/919 (100%)Total Dissolved P (4500PF) 919
0.788 0.6691 0.07640.542 mg/L 12/12 (100%)Total Dissolved P (6010) 12
1.43 0.1303 0.22460.005 mg/L 91/93 (98%)Total Dissolved P (6020) 93
0.617 0.046 0.10630.0125 mg/L 13/32 (41%)Total ortho P (365.2) 32
0.733 0.061 0.12730.0125 mg/L 17/32 (53%)Total P (365.2) 32

15.7048 0.1466 0.60960.0044 mg/L 919/919 (100%)Total P (4500PF) 919
0.92 0.6867 0.09590.57 mg/L 12/12 (100%)Total P (6010) 12
1.516 0.1463 0.23440.005 mg/L 92/93 (99%)Total P (6020) 93
101 17.7788 18.83861.52 mg/L 81/81 (100%)Total Sulfate (SO4) 81
9.07 2.3604 1.64140.5 mg/L 58/67 (87%)DOC 67
18.6 2.2249 1.95630.5 mg/L 360/461 (78%)TOC 461
440 179.218 68.426635 mg/L 124/124 (100%)Total Dissolved Solids 124
53 5.0161 6.41261 mg/L 102/124 (82%)Total Suspended Solids 124

0.276 0.2355 0.04030.19 mmhos/cm 4/4 (100%)Conductivity 4
8.3 7.2651 0.40056.3 s.u. 69/69 (100%)pH 69
5.18 1.3915 1.15530.5 NTU 12/20 (60%)Turbidity 20

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 6: Summary of Surface Water/Rivers High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

134 83.35 30.515428 mg/L 20/20 (100%)Alkalinity (as CaCO3) 20
1 0.9286 0.18160.5 MPN*/100ml 0/14 (0%)Campylobacter species 14

13000 658.087 2007.60992 MPN*/100ml 46/46 (100%)E. coli 46
11000 843.823 1991.7710.5 MPN*/100ml 47/48 (98%)Enterococcus Group 48
13000 1064.38 2313.64845 MPN*/100ml 48/48 (100%)Fecal Coliform 48

8 1.2609 1.06321 MPN*/100ml 6/46 (13%)Salmonella species 46
150 4.9181 22.38080.55 MPN*/100ml 9/47 (19%)Staphylococcus aureus 47

20000 3081.88 4779.908280 MPN*/100ml 48/48 (100%)Total Coliform 48
32.3 10.4407 6.93430.5 mg/L 27/28 (96%)Chloride 28
15 2.2471 3.27560.05 ug/L 34/35 (97%)Chlorophyll a, corrected 35
18 3.0143 3.8620.1 ug/L 35/35 (100%)Chlorophyll a, uncorrected 35
14 8.6667 3.54495 mg/L 4/6 (67%)COD (Chemical Oxygen Demand) 6

3.25 1.2763 1.0570.5 ng/L 0/19 (0%)17a-estradiol 19
5.67 1.7516 1.4730.5 ng/L 3/19 (16%)17b-estradiol 19
3.25 1.2763 1.0570.5 ng/L 0/19 (0%)Estriol 19
23.3 2.4763 5.14890.5 ng/L 1/19 (5%)Estrone 19
0.277 0.0822 0.07830.005 mg/L 8/23 (35%)Dissolved Aluminum 23
0.0005 0.0005 00.0005 mg/L 0/23 (0%)Dissolved Antimony 23
0.002 0.0007 0.00040.0005 mg/L 7/24 (29%)Dissolved Arsenic 24
0.086 0.046 0.01180.026 mg/L 23/23 (100%)Dissolved Barium 23
0.0005 0.0005 00.0005 mg/L 0/23 (0%)Dissolved Beryllium 23
0.0005 0.0005 00.0005 mg/L 0/23 (0%)Dissolved Cadmium 23
55.9 40.1223 11.519412 mg/L 23/23 (100%)Dissolved Calcium 23
0.003 0.0009 0.00070.0005 mg/L 7/23 (30%)Dissolved Chromium 23
0.001 0.0005 0.00010.0005 mg/L 2/23 (9%)Dissolved Cobalt 23
0.007 0.0014 0.00140.0005 mg/L 12/24 (50%)Dissolved Copper 24
0.294 0.093 0.08280.017 mg/L 11/23 (48%)Dissolved Iron 23
0.001 0.0005 0.00010.0005 mg/L 1/23 (4%)Dissolved Lead 23
4.557 2.0647 0.70661.25 mg/L 23/23 (100%)Dissolved Magnesium 23
0.157 0.0145 0.03190.001 mg/L 23/23 (100%)Dissolved Manganese 23
0.0001 0.0001 00.0001 mg/L 0/23 (0%)Dissolved Mercury 23
0.0025 0.0023 0.00050.0005 mg/L 2/22 (9%)Dissolved Molybdenum 22
0.003 0.0012 0.00080.0005 mg/L 13/23 (57%)Dissolved Nickel 23
8.72 3.68 1.68191.77 mg/L 23/23 (100%)Dissolved Potassium 23
0.001 0.0005 0.00010.0005 mg/L 2/23 (9%)Dissolved Selenium 23
0.0005 0.0005 00.0005 mg/L 0/23 (0%)Dissolved Silver 23
33.8 8.1882 7.48372.67 mg/L 23/23 (100%)Dissolved Sodium 23

0.0005 0.0005 00.0005 mg/L 0/23 (0%)Dissolved Thallium 23
0.009 0.0043 0.00190.0005 mg/L 3/23 (13%)Dissolved Vanadium 23
0.012 0.0059 0.00310.0025 mg/L 16/24 (67%)Dissolved Zinc 24
3.81 0.6905 1.11760.005 mg/L 15/24 (63%)Total Aluminum 24
0.001 0.0005 0.00010.0005 mg/L 1/24 (4%)Total Antimony 24
0.002 0.0009 0.00050.0005 mg/L 11/25 (44%)Total Arsenic 25
0.091 0.0518 0.0140.028 mg/L 24/24 (100%)Total Barium 24
0.0005 0.0005 00.0005 mg/L 0/24 (0%)Total Beryllium 24
0.0005 0.0005 00.0005 mg/L 0/24 (0%)Total Cadmium 24

61 38.9846 11.161411.8 mg/L 24/24 (100%)Total Calcium 24
0.007 0.0017 0.00210.0005 mg/L 11/24 (46%)Total Chromium 24
0.003 0.0008 0.00060.0005 mg/L 5/24 (21%)Total Cobalt 24
0.005 0.0015 0.00140.0005 mg/L 14/25 (56%)Total Copper 25
6.39 0.9688 1.65660.015 mg/L 18/24 (75%)Total Iron 24
0.01 0.0019 0.00250.0005 mg/L 7/24 (29%)Total Lead 24
3.828 2.0855 0.60931.33 mg/L 24/24 (100%)Total Magnesium 24
0.357 0.0604 0.09510.002 mg/L 24/24 (100%)Total Manganese 24

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 6: Summary of Surface Water/Rivers High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0001 0.0001 00.0001 mg/L 0/24 (0%)Total Mercury 24
0.0025 0.0023 0.00060.0005 mg/L 2/18 (11%)Total Molybdenum 18
0.007 0.0019 0.00170.0005 mg/L 15/24 (63%)Total Nickel 24
9.46 3.7281 1.71241.87 mg/L 24/24 (100%)Total Potassium 24
0.001 0.0006 0.00020.0005 mg/L 3/24 (13%)Total Selenium 24
0.0005 0.0005 00.0005 mg/L 0/24 (0%)Total Silver 24
35.2 7.9561 7.5482.44 mg/L 24/24 (100%)Total Sodium 24

0.0005 0.0005 00.0005 mg/L 0/24 (0%)Total Thallium 24
0.088 0.0083 0.01720.0005 mg/L 5/24 (21%)Total Vanadium 24
0.028 0.0083 0.00730.0025 mg/L 16/25 (64%)Total Zinc 25
0.222 0.0631 0.04270.05 mg/L 2/17 (12%)Ammonia Nitrogen 17
7.28 1.6363 1.44320.19 mg/L 56/56 (100%)Nitrite + Nitrate (as N) 56
15.7 2.7766 3.09080.25 mg/L 56/59 (95%)Total Kjeldahl Nitrogen 59

Copies/L 1/10 (10%)Brevibacteria 16S rRNA 10
0.501 0.1212 0.21280.0125 mg/L 3/5 (60%)Dissolved Ortho P (365.2) 5
1.6017 0.0734 0.16510.0027 mg/L 148/148 (100%)Soluble Reactive P (4500PF) 148
1.014 0.2209 0.44370.0125 mg/L 2/5 (40%)Total Dissolved P (365.2) 5
1.8339 0.0855 0.18390.0047 mg/L 148/148 (100%)Total Dissolved P (4500PF) 148
1.118 0.1237 0.22010.015 mg/L 24/24 (100%)Total Dissolved P (6020) 24
0.1565 0.0579 0.05970.0125 mg/L 2/5 (40%)Total ortho P (365.2) 5
1.014 0.2477 0.42930.0125 mg/L 4/5 (80%)Total P (365.2) 5
2.2298 0.1186 0.22160.0098 mg/L 148/148 (100%)Total P (4500PF) 148
1.09 0.1595 0.20850.034 mg/L 25/25 (100%)Total P (6020) 25
37.9 11.674 9.18561.23 mg/L 20/20 (100%)Total Sulfate (SO4) 20
36.9 36.936.9 ug/L 1/1 (100%)TTHMFP as CHCl3 1
7.39 3.2542 2.0710.5 mg/L 18/19 (95%)DOC 19
7.38 2.308 1.61750 mg/L 57/66 (86%)TOC 66
256 150.875 38.797978 mg/L 32/32 (100%)Total Dissolved Solids 32
88 15.25 24.39861 mg/L 30/32 (94%)Total Suspended Solids 32

0.269 0.1803 0.05140.12 mmhos/cm 6/6 (100%)Conductivity 6
7.3 6.8333 0.21886.5 s.u. 12/12 (100%)pH 12
46.7 7.115 14.14070.5 NTU 8/10 (80%)Turbidity 10

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 7: Summary of USGS Sampling Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

142 106.362 15.04769 mg/L 69/69 (100%)Alkalinity (as CaCO3) 69
1 1 01 MPN*/100ml 0/13 (0%)Campylobacter species 13

4000 99.46 480.37250.5 MPN*/100ml 67/75 (89%)E. coli 75
4000 107.513 459.03881 MPN*/100ml 74/80 (93%)Enterococcus Group 80
5400 160.709 667.27220.5 MPN*/100ml 75/79 (95%)Fecal Coliform 79
13 1313 colonies per 

100 milliliters
1/1 (100%)Fecal Streptococci 1

8 1.2131 0.9331 MPN*/100ml 7/61 (11%)Salmonella species 61
290 12.9791 47.33490.5 MPN*/100ml 13/74 (18%)Staphylococcus aureus 74

16000 1088.98 2891.43818 MPN*/100ml 86/86 (100%)Total Coliform 86
26 14.2279 6.57214.7 mg/L 57/57 (100%)Chloride 57
6.5 2.8857 1.8270.8 ug/L 7/7 (100%)Chlorophyll a 7
2.5 0.7045 0.59140.5 ng/L 0/55 (0%)17a-estradiol 55
4.73 0.9978 1.09840.5 ng/L 5/55 (9%)17b-estradiol 55
2.5 0.7045 0.59140.5 ng/L 0/55 (0%)Estriol 55
8.3 1.3361 1.78520.5 ng/L 9/55 (16%)Estrone 55

0.0539 0.0032 0.00690.0009 mg/L 60/60 (100%)Dissolved Aluminum 60
0.0002 0.0001 00 mg/L 31/60 (52%)Dissolved Antimony 60
0.001 0.0005 0.00020.0002 mg/L 60/60 (100%)Dissolved Arsenic 60
0.071 0.0487 0.01010.028 mg/L 60/60 (100%)Dissolved Barium 60

0 0 00 mg/L 0/60 (0%)Dissolved Beryllium 60
0 0 00 mg/L 19/60 (32%)Dissolved Cadmium 60

53.5 44.88 4.889732.7 mg/L 60/60 (100%)Dissolved Calcium 60
0.002 0.001 0.00030.0005 mg/L 8/60 (13%)Dissolved Chromium 60
0.0006 0.0002 0.00010 mg/L 59/59 (100%)Dissolved Cobalt 59
0.0131 0.0014 0.00190.0002 mg/L 52/59 (88%)Dissolved Copper 59
0.016 0.0043 0.00250.003 mg/L 30/60 (50%)Dissolved Iron 60
0.0003 0.0001 0.00010 mg/L 38/60 (63%)Dissolved Lead 60
2.51 2.069 0.30861.31 mg/L 60/60 (100%)Dissolved Magnesium 60

0.0277 0.0066 0.00610.0009 mg/L 60/60 (100%)Dissolved Manganese 60
0 0 00 mg/L 8/49 (16%)Dissolved Mercury 49

0.0021 0.0008 0.00040.0002 mg/L 60/60 (100%)Dissolved Molybdenum 60
0.0042 0.0015 0.00110.0002 mg/L 59/59 (100%)Dissolved Nickel 59

6 3.9342 1.40621.66 mg/L 60/60 (100%)Dissolved Potassium 60
0.0004 0.0002 0.00010.0001 mg/L 60/60 (100%)Dissolved Selenium 60
0.0001 0.0001 00 mg/L 0/60 (0%)Dissolved Silver 60
24.8 12.3305 6.66982.86 mg/L 60/60 (100%)Dissolved Sodium 60

0 0 00 mg/L 3/60 (5%)Dissolved Thallium 60
0.0019 0.0008 0.00040.0002 mg/L 60/60 (100%)Dissolved Vanadium 60
0.0086 0.0023 0.00160.0004 mg/L 58/60 (97%)Dissolved Zinc 60
0.261 0.0492 0.0580.001 mg/L 60/60 (100%)Total Aluminum 60
0.0002 0.0001 00 mg/L 23/60 (38%)Total Antimony 60
0.001 0.0006 0.00020.0002 mg/L 48/57 (84%)Total Arsenic 57
0.0699 0.0485 0.01030.0268 mg/L 60/60 (100%)Total Barium 60

0 0 00 mg/L 1/60 (2%)Total Beryllium 60
0 0 00 mg/L 26/60 (43%)Total Cadmium 60

56.3 44.5617 4.868532.9 mg/L 60/60 (100%)Total Calcium 60
0.001 0.0007 0.00030.0004 mg/L 6/60 (10%)Total Chromium 60
0.0008 0.0002 0.00020 mg/L 57/57 (100%)Total Cobalt 57
0.0045 0.0009 0.00070.0003 mg/L 38/57 (67%)Total Copper 57
0.308 0.0664 0.07720.003 mg/L 59/60 (98%)Total Iron 60
0.0006 0.0001 0.00010 mg/L 54/60 (90%)Total Lead 60
2.43 1.9802 0.29191.2 mg/L 60/60 (100%)Total Magnesium 60
0.061 0.0125 0.01380.0015 mg/L 60/60 (100%)Total Manganese 60

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 7: Summary of USGS Sampling Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0 0 00 mg/L 10/49 (20%)Total Mercury 49
0.0019 0.0008 0.00040.0002 mg/L 60/60 (100%)Total Molybdenum 60
0.0033 0.001 0.00060.0001 mg/L 57/57 (100%)Total Nickel 57

6.2 3.8337 1.36651.51 mg/L 60/60 (100%)Total Potassium 60
0.0008 0.0003 0.00020.0001 mg/L 57/57 (100%)Total Selenium 57
0.0001 0 00 mg/L 0/60 (0%)Total Silver 60
24.3 12.0783 6.56572.6 mg/L 60/60 (100%)Total Sodium 60

0.0001 0.0001 00 mg/L 3/60 (5%)Total Thallium 60
0.002 0.001 0.00030.0005 mg/L 24/60 (40%)Total Vanadium 60
0.003 0.0012 0.00050.001 mg/L 25/57 (44%)Total Zinc 57
80020 80020 080020 NA 36/36 (100%)Agency analyzing sample, code 36
39.3 21.5867 10.281-3.3 C 98/98 (100%)Air Temperature 98

893.78 787.12 109.5435664.14 feet 9/9 (100%)Altitude of land surface, feet 9
91 9191 mg/L as CaCO3 1/1 (100%)ANC as CaCO3 1
755 741.471 4.9746729 mmHg 102/102 (100%)Barometric pressure 102

2280 172.175 329.92626.3 cfs 95/95 (100%)Discharge 95
959 498.927 369.460589.6 sq miles 11/11 (100%)Drainage area, square miles 11
9.95 4.3475 1.53291.58 feet 102/102 (100%)Gage height 102

1 11 mg/L 1/1 (100%)Loss on ignition 1
3200 1401.13 1505.4290.4 ug/L 7/7 (100%)Pheophytin a 7
1.7 1.6125 0.08541.5 mg/L 0/4 (0%)Phytoplankton Biomass - Ash 

Free Dry Mass
4

1.9 1.7667 0.15281.6 ug/L 0/3 (0%)Phytoplankton Biomass - Ash 
Free Dry Mass

3

153 141.75 11.7011127 mg/L 4/4 (100%)Phytoplankton Biomass - Ash 
Weight

4

155 144 11.9164129 mg/L 4/4 (100%)Phytoplankton Biomass - Dry 
Weight

4

201 152.682 31.3997103 mg/L 22/22 (100%)Residue 22
0.3 0.2291 0.04220.16 tons per acre-

foot
22/22 (100%)Residue 22

216 81.06 71.52686.71 tons per day 18/18 (100%)Residue 18
234 177.533 33.4811112 mg/L 46/46 (100%)Residue on evap. 46

3060 3045.31 2.85493044 NA 29/29 (100%)Sampler type, code 29
40 18.6667 13.578210 NA 30/30 (100%)Sampling method, code 30
100 75.7838 15.138548 % 37/37 (100%)Suspended sediment <0.063 mm 37
87 71 9.006256 <.063mm 10/10 (100%)Suspended sediment <0.063 mm 10
42 7.5532 8.26680 mg/L 47/47 (100%)Suspended sediment 

concentration
47

2 22 mg/L 1/1 (100%)Total Residue 1
260 6.9605 29.59430 FNU 80/81 (99%)Turbidity - IR LEE Light 81
12 2.1802 2.30921 NTRU 33/101 (33%)Turbidity - White Light 101

2.53 0.0424 0.25850.005 mg/L as N 60/96 (63%)Ammonia 96
0.42 0.420.42 mg/L as NH4 1/1 (100%)Ammonia (as NH4) 1
3.2 0.2496 0.39890.05 mg/L as N 93/96 (97%)Ammonia Nitrogen 96
58.2 16.9305 12.71082.95 mg/L 21/21 (100%)Nitrate 21
13.1 3.8229 2.86360.67 mg/L as N 21/21 (100%)Nitrate (as N) 21
0.133 0.0189 0.02670.007 mg/L 21/21 (100%)Nitrite 21
0.188 0.0062 0.01930.001 mg/L as N 93/96 (97%)Nitrite (as N) 96
13.1 2.1099 1.92420.184 mg/L as N 95/95 (100%)Nitrite + Nitrate (as N) 95
0.42 0.420.42 mg/L 1/1 (100%)Organic nitrogen 1
13 4.3295 2.88510.89 mg/L 20/20 (100%)Total nitrogen 20

1.99 0.1537 0.31380.013 mg/L 96/96 (100%)Dissolved Phosphorus 96
5.03 0.2864 0.7320.006 mg/L 124/124 (100%)Orthophosphate 124
2.11 0.163 0.32010.017 mg/L 96/96 (100%)Total Phosphorus 96

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 7: Summary of USGS Sampling Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

27.4 14.8856 6.26625 mg/L 57/57 (100%)Sulfate 57
4.8 1.6641 0.77450.7 mg/L 64/64 (100%)TOC 64
172 128.736 17.710584 mg/L 72/72 (100%)Bicarbonate 72

1570 971.333 559.3758462 number 3/3 (100%)Biomass/chlorophyll ratio 3
3 0.4861 0.50330 mg/L 32/72 (44%)Carbonate 72

145 107.586 14.512481 % 29/29 (100%)Dissolved oxygen (%) 29
16.7 9.9961 2.50073.3 mg/L 103/103 (100%)DO 103
140 117.136 14.327189 mg/L as CaCO3 22/22 (100%)Hardness (as CaCO3) 22
0 0 00 mg/L 30/30 (100%)Hydrogen ion 30

37 19.7273 8.49754 mg/L as CaCO3 22/22 (100%)Noncarbonate hardness (as 
CaCO3) - filtered

22

11 1111 mg/L as CaCO3 1/1 (100%)Noncarbonate hardness (as 
CaCO3) - unfiltered

1

8.7 7.8429 0.37496.4 s.u. 105/105 (100%)pH 105
0.7 0.3909 0.20220.1 number 22/22 (100%)Sodium adsorption ratio 22
23 13.9545 5.90786 % 22/22 (100%)Sodium fraction of cations 22
395 295.769 107.966231 ms/cm at 25C 13/13 (100%)Specific Conductance 13
448 312.592 64.7022193 uS/cm 76/76 (100%)Specific conductance 76
590 311.622 74.0344201 uS/cm 25C 74/74 (100%)Specific conductance 74
13 3.3017 5.14910.13 tons per day 6/6 (100%)Suspended sediment discharge 6

29.4 18.0552 7.27885.5 C 105/105 (100%)Water Temperature 105

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 8: Summary of USGS Sampling High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

126 87.3085 25.83249 mg/L 94/94 (100%)Alkalinity (as CaCO3) 94
1 1 01 MPN*/100ml 0/18 (0%)Campylobacter species 18

24000 2533.79 4185.72620.5 MPN*/100ml 102/103 (99%)E. coli 103
170000 4484.9 17372.4380.5 MPN*/100ml 102/103 (99%)Enterococcus Group 103
14000 2506.52 3772.81150.5 MPN*/100ml 87/88 (99%)Fecal Coliform 88

18 1.6628 2.55581 MPN*/100ml 14/86 (16%)Salmonella species 86
2600 49.1681 292.50260.55 MPN*/100ml 9/91 (10%)Staphylococcus aureus 91

540000 14332.5 55351.98118 MPN*/100ml 108/108 (100%)Total Coliform 108
29.7 12.8302 7.21592.46 mg/L 80/80 (100%)Chloride 80
1.2 1.15 0.07071.1 ug/L 2/2 (100%)Chlorophyll a 2
12.5 1.5326 2.49620.5 ng/L 0/92 (0%)17a-estradiol 92
12.5 1.6185 2.52840.5 ng/L 2/92 (2%)17b-estradiol 92
12.5 1.5326 2.49620.5 ng/L 0/92 (0%)Estriol 92
16.1 1.909 3.10130.5 ng/L 5/92 (5%)Estrone 92

0.0252 0.0039 0.00430.001 mg/L 83/83 (100%)Dissolved Aluminum 83
0.0002 0.0001 00 mg/L 54/83 (65%)Dissolved Antimony 83
0.0011 0.0005 0.00020.0002 mg/L 83/83 (100%)Dissolved Arsenic 83
0.065 0.0454 0.00890.023 mg/L 83/83 (100%)Dissolved Barium 83

0 0 00 mg/L 1/83 (1%)Dissolved Beryllium 83
0.0001 0 00 mg/L 27/83 (33%)Dissolved Cadmium 83
50.1 40.5012 6.613719.1 mg/L 83/83 (100%)Dissolved Calcium 83
0.002 0.0009 0.00020.0005 mg/L 7/83 (8%)Dissolved Chromium 83
0.0009 0.0002 0.00020 mg/L 82/82 (100%)Dissolved Cobalt 82
0.0174 0.0021 0.00280.0003 mg/L 75/82 (91%)Dissolved Copper 82
0.073 0.0121 0.01390.003 mg/L 70/83 (84%)Dissolved Iron 83
0.0032 0.0002 0.00040 mg/L 53/83 (64%)Dissolved Lead 83
2.52 1.99 0.29511.02 mg/L 83/83 (100%)Dissolved Magnesium 83

0.0245 0.0062 0.00580.001 mg/L 83/83 (100%)Dissolved Manganese 83
0 0 00 mg/L 8/47 (17%)Dissolved Mercury 47

0.0019 0.0007 0.00040.0002 mg/L 83/83 (100%)Dissolved Molybdenum 83
0.0048 0.0016 0.00120.0002 mg/L 81/81 (100%)Dissolved Nickel 81
7.13 4.0555 1.27091.89 mg/L 83/83 (100%)Dissolved Potassium 83

0.0005 0.0003 0.00010.0001 mg/L 83/83 (100%)Dissolved Selenium 83
0.0001 0.0001 00 mg/L 0/83 (0%)Dissolved Silver 83
29.8 11.0342 7.00761.62 mg/L 83/83 (100%)Dissolved Sodium 83

0 0 00 mg/L 1/83 (1%)Dissolved Thallium 83
0.0016 0.0007 0.00030.0002 mg/L 83/83 (100%)Dissolved Vanadium 83
0.0851 0.0044 0.00980.0004 mg/L 78/83 (94%)Dissolved Zinc 83

8.7 0.4825 1.38340.012 mg/L 83/83 (100%)Total Aluminum 83
0.0002 0.0001 00 mg/L 43/83 (52%)Total Antimony 83
0.0048 0.0008 0.00070.0003 mg/L 76/82 (93%)Total Arsenic 82
0.21 0.0535 0.02690.0271 mg/L 83/83 (100%)Total Barium 83

0.0014 0.0001 0.00020 mg/L 27/83 (33%)Total Beryllium 83
0.0007 0 0.00010 mg/L 64/83 (77%)Total Cadmium 83
50.7 40.7855 5.760228.1 mg/L 83/83 (100%)Total Calcium 83
0.015 0.0013 0.00250.0004 mg/L 26/83 (31%)Total Chromium 83
0.0133 0.0008 0.0020 mg/L 82/82 (100%)Total Cobalt 82
0.0149 0.0016 0.00240.0004 mg/L 71/82 (87%)Total Copper 82
13.7 0.6753 2.09730.019 mg/L 83/83 (100%)Total Iron 83

0.0253 0.0013 0.0040 mg/L 77/82 (94%)Total Lead 82
2.52 1.9766 0.24491.36 mg/L 83/83 (100%)Total Magnesium 83
1.7 0.0818 0.26950.0022 mg/L 83/83 (100%)Total Manganese 83

0.0001 0 00 mg/L 19/47 (40%)Total Mercury 47
0.0017 0.0007 0.00040.0002 mg/L 83/83 (100%)Total Molybdenum 83

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 8: Summary of USGS Sampling High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0235 0.0022 0.00390.0001 mg/L 82/82 (100%)Total Nickel 82
6.7 4.0064 1.23681.82 mg/L 83/83 (100%)Total Potassium 83

0.0008 0.0003 0.00010.0001 mg/L 82/82 (100%)Total Selenium 82
0.0003 0 00 mg/L 15/83 (18%)Total Silver 83
29.8 10.9458 7.06951.6 mg/L 83/83 (100%)Total Sodium 83

0.0002 0.0001 00 mg/L 3/83 (4%)Total Thallium 83
0.02 0.0021 0.00370.0005 mg/L 56/83 (67%)Total Vanadium 83
0.067 0.0047 0.01010.001 mg/L 64/82 (78%)Total Zinc 82
80020 80020 080020 NA 39/39 (100%)Agency analyzing sample, code 39
41.6 18.7547 10.2884-4.5 C 86/86 (100%)Air Temperature 86

893.78 772.867 97.0897664.14 feet 21/21 (100%)Altitude of land surface, feet 21
757 741.61 6.8198711 mmHg 105/105 (100%)Barometric pressure 105

43100 2100.27 6256.932817 cfs 90/90 (100%)Discharge 90
959 421.075 337.393189.6 sq miles 24/24 (100%)Drainage area, square miles 24

23.48 5.9611 3.12591.96 feet 93/93 (100%)Gage height 93
1 0.9 0.14140.8 ug/L 2/2 (100%)Pheophytin a 2

2.5 2 0.70711.5 ug/L 0/2 (0%)Phytoplankton Biomass - Ash 
Free Dry Mass

2

184 140.958 23.510499 mg/L 24/24 (100%)Residue 24
0.28 0.2258 0.03350.16 tons per acre-foot 24/24 (100%)Residue 24
908 333.561 257.044360.9 tons per day 23/23 (100%)Residue 23
246 163.493 31.726690 mg/L 69/69 (100%)Residue on evap. 69
10 1010 feet 1/1 (100%)Sample purpose, code 1
10 10 010 NA 7/7 (100%)Sample purpose, code 7
60 60 060 NA 6/6 (100%)Sample splitter type, field, code 6

3061 3049.85 7.2413045 NA 34/34 (100%)Sampler type, code 34
70 21.1765 15.718110 NA 34/34 (100%)Sampling method, code 34
100 82.5312 16.078448 % 32/32 (100%)Suspended sediment <0.063 mm 32
100 84.7143 11.101367 <.063mm 7/7 (100%)Suspended sediment <0.063 mm 7

1600 130.769 352.72252 mg/L 39/39 (100%)Suspended sediment 
concentration

39

780 59.1929 138.96490.5 FNU 84/85 (99%)Turbidity - IR LEE Light 85
900 43.3698 134.66821 NTRU 77/96 (80%)Turbidity - White Light 96

0.072 0.0184 0.01530.005 mg/L as N 61/93 (66%)Ammonia 93
0.06 0.0367 0.02520.01 mg/L as NH4 3/3 (100%)Ammonia (as NH4) 3
4.3 0.4771 0.65030.07 mg/L as N 92/93 (99%)Ammonia Nitrogen 93
18.2 8.0739 3.42173.7 mg/L 18/18 (100%)Nitrate 18
4.12 1.8233 0.7740.83 mg/L as N 18/18 (100%)Nitrate (as N) 18
0.051 0.0186 0.01160.007 mg/L 18/18 (100%)Nitrite 18
0.019 0.0057 0.00430.001 mg/L as N 90/93 (97%)Nitrite (as N) 93
4.53 1.793 0.98130.019 mg/L as N 92/92 (100%)Nitrite + Nitrate (as N) 92
0.69 0.55 0.12170.47 mg/L 3/3 (100%)Organic nitrogen 3
4.7 2.288 0.98331 mg/L 25/25 (100%)Total nitrogen 25
0.37 0.1082 0.07790.009 mg/L 93/93 (100%)Dissolved Phosphorus 93
0.896 0.1357 0.13810.003 mg/L 115/119 (97%)Orthophosphate 119
1.06 0.1756 0.17040.013 mg/L 93/93 (100%)Total Phosphorus 93
30.6 14.4122 6.59915.4 mg/L 80/80 (100%)Sulfate 80
42.1 4.6549 6.56770.7 mg/L 82/82 (100%)TOC 82
153 107.78 29.054734 mg/L 100/100 (100%)Bicarbonate 100

4110 3235 1237.43692360 number 2/2 (100%)Biomass/chlorophyll ratio 2
3 0.46 0.45330 mg/L 42/100 (42%)Carbonate 100

110 90.5882 11.534263 % 34/34 (100%)Dissolved oxygen (%) 34
16.4 9.05 1.81485.3 mg/L 106/106 (100%)DO 106
130 110.417 13.679383 mg/L as CaCO3 24/24 (100%)Hardness (as CaCO3) 24

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 8: Summary of USGS Sampling High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0001 0 00 mg/L 34/34 (100%)Hydrogen ion 34
41 21.7917 11.01774 mg/L as CaCO3 24/24 (100%)Noncarbonate hardness (as 

CaCO3) - filtered
24

8.8 7.6346 0.37466.2 s.u. 104/104 (100%)pH 104
0.6 0.3625 0.16370.1 number 24/24 (100%)Sodium adsorption ratio 24
21 13.8333 4.92266 % 24/24 (100%)Sodium fraction of cations 24
359 230.586 71.0676101 ms/cm at 25C 29/29 (100%)Specific Conductance 29
423 299.597 81.2948128 uS/cm 67/67 (100%)Specific conductance 67
357 269.369 42.5293184 uS/cm 25C 84/84 (100%)Specific conductance 84
462 109.929 165.05221.1 tons per day 7/7 (100%)Suspended sediment discharge 7
26.2 17.416 5.84577.4 C 106/106 (100%)Water Temperature 106

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 9: Summary of Lake Tenkiller Surface Water Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

112 76.3438 15.118838 mg/L 64/64 (100%)Alkalinity (as CaCO3) 64
1 0.6356 0.47060.035 MPN*/100ml 0/18 (0%)Campylobacter species 18

69 3.7436 11.43111 MPN*/100ml 9/39 (23%)E. coli 39
110 5.0652 16.55520.5 MPN*/100ml 11/46 (24%)Enterococcus Group 46

1100 44.6739 168.16420.5 MPN*/100ml 24/46 (52%)Fecal Coliform 46
2 1.0256 0.16011 MPN*/100ml 1/39 (3%)Salmonella species 39

40 1.9902 6.04270.5 MPN*/100ml 3/46 (7%)Staphylococcus aureus 46
810 92.8804 165.81610.5 MPN*/100ml 39/46 (85%)Total Coliform 46
18.3 10.6625 2.62396.22 mg/L 64/64 (100%)Chloride 64

0.0204 0.0127 0.00420.0047 mg/L 11/11 (100%)Chlorophyll a 11
133.3 11.4387 11.72570.4 ug/L 315/315 (100%)Chlorophyll a, corrected 315
151 12.8943 13.87810.6 ug/L 315/315 (100%)Chlorophyll a, uncorrected 315
32 10.2731 5.19232.5 mg/L 59/108 (55%)COD (Chemical Oxygen Demand) 108
2.5 0.7979 0.71970.5 ng/L 0/47 (0%)17a-estradiol 47
7.46 1.5064 1.73050.5 ng/L 10/47 (21%)17b-estradiol 47
2.5 0.7979 0.71970.5 ng/L 0/47 (0%)Estriol 47
8.99 1.2747 1.58150.5 ng/L 7/47 (15%)Estrone 47
0.177 0.0489 0.02790.005 mg/L 11/86 (13%)Dissolved Aluminum 86
0.005 0.002 0.00210.0005 mg/L 2/86 (2%)Dissolved Antimony 86
0.005 0.0021 0.0020.0005 mg/L 36/151 (24%)Dissolved Arsenic 151
0.061 0.0395 0.00690.027 mg/L 86/86 (100%)Dissolved Barium 86
0.0005 0.0005 00.0005 mg/L 0/86 (0%)Dissolved Beryllium 86
0.001 0.0007 0.00020.0005 mg/L 0/86 (0%)Dissolved Cadmium 86
46.4 32.9658 6.458919.845 mg/L 86/86 (100%)Dissolved Calcium 86

0.0025 0.0013 0.00090.0005 mg/L 11/86 (13%)Dissolved Chromium 86
0.005 0.0019 0.00210.0005 mg/L 2/86 (2%)Dissolved Cobalt 86
0.0025 0.0011 0.00090.0005 mg/L 4/151 (3%)Dissolved Copper 151
0.221 0.0526 0.03750.005 mg/L 7/86 (8%)Dissolved Iron 86
0.003 0.0014 0.00120.0005 mg/L 6/86 (7%)Dissolved Lead 86
2.36 1.8964 0.16561.65 mg/L 86/86 (100%)Dissolved Magnesium 86
0.704 0.0419 0.11010.0005 mg/L 36/86 (42%)Dissolved Manganese 86
0.0001 0.0001 00.0001 mg/L 0/86 (0%)Dissolved Mercury 86
0.025 0.0058 0.0080.0025 mg/L 0/68 (0%)Dissolved Molybdenum 68
0.005 0.0021 0.0020.0005 mg/L 24/86 (28%)Dissolved Nickel 86
4.62 3.1027 0.55422.39 mg/L 86/86 (100%)Dissolved Potassium 86
0.005 0.002 0.00210.0005 mg/L 0/86 (0%)Dissolved Selenium 86
0.0025 0.0012 0.00090.0005 mg/L 0/86 (0%)Dissolved Silver 86
13.8 7.4511 2.15274.504 mg/L 86/86 (100%)Dissolved Sodium 86
0.01 0.0036 0.00450.0005 mg/L 0/86 (0%)Dissolved Thallium 86
0.056 0.0085 0.01310.0005 mg/L 10/86 (12%)Dissolved Vanadium 86
0.026 0.0055 0.00310.0025 mg/L 60/151 (40%)Dissolved Zinc 151
1.427 0.1239 0.27120.005 mg/L 13/52 (25%)Total Aluminum 52
0.0125 0.0038 0.00280.0005 mg/L 4/52 (8%)Total Antimony 52
0.005 0.0027 0.0020.0005 mg/L 43/117 (37%)Total Arsenic 117
0.078 0.0403 0.01020.029 mg/L 52/52 (100%)Total Barium 52
0.001 0.0005 0.00010.0005 mg/L 0/52 (0%)Total Beryllium 52
0.001 0.0008 0.00020.0005 mg/L 0/52 (0%)Total Cadmium 52
41.986 30.9128 6.32819.965 mg/L 52/52 (100%)Total Calcium 52
0.005 0.0021 0.0010.0005 mg/L 11/52 (21%)Total Chromium 52
0.005 0.0033 0.00210.0005 mg/L 5/52 (10%)Total Cobalt 52
0.0025 0.0014 0.0010.0005 mg/L 9/117 (8%)Total Copper 117
2.497 0.2019 0.42380.005 mg/L 20/52 (38%)Total Iron 52
0.003 0.0021 0.00120.0005 mg/L 6/52 (12%)Total Lead 52
2.438 1.8796 0.24381.6 mg/L 52/52 (100%)Total Magnesium 52

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 9: Summary of Lake Tenkiller Surface Water Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

1.05 0.0952 0.19770.0025 mg/L 33/52 (63%)Total Manganese 52
0.0001 0.0001 00 mg/L 0/52 (0%)Total Mercury 52
0.005 0.0027 0.00070.0025 mg/L 0/28 (0%)Total Molybdenum 28
0.005 0.002 0.0010.0005 mg/L 12/52 (23%)Total Nickel 52
4.79 2.9553 0.51392.05 mg/L 52/52 (100%)Total Potassium 52
0.005 0.0033 0.0020.0005 mg/L 11/52 (21%)Total Selenium 52
0.005 0.0019 0.00110.0005 mg/L 2/52 (4%)Total Silver 52
13.551 6.7126 2.13934.299 mg/L 52/52 (100%)Total Sodium 52
0.01 0.006 0.00470.0005 mg/L 1/52 (2%)Total Thallium 52
0.014 0.0043 0.00260.0005 mg/L 3/52 (6%)Total Vanadium 52
0.02 0.0041 0.00230.0025 mg/L 11/117 (9%)Total Zinc 117
0.379 0.066 0.06140.05 mg/L 6/71 (8%)Ammonia Nitrogen 71
2.164 0.3428 0.42640.024 mg/L 230/432 (53%)Nitrite + Nitrate (as N) 432

16 2.1847 1.78550.15 mg/L 399/436 (92%)Total Kjeldahl Nitrogen 436
0 00 Copies/L 1/3 (33%)Brevibacteria 16S rRNA 3

0.077 0.0137 0.00690.0125 mg/L 5/176 (3%)Dissolved Ortho P (365.2) 176
0.126 0.0082 0.01580.0005 mg/L 307/444 (69%)Soluble Reactive P (4500PF) 444
0.194 0.0171 0.02080.0125 mg/L 12/176 (7%)Total Dissolved P (365.2) 176
0.126 0.0117 0.01680.001 mg/L 435/444 (98%)Total Dissolved P (4500PF) 444
0.653 0.489 0.09290.259 mg/L 46/46 (100%)Total Dissolved P (6010) 46
0.203 0.0196 0.03080.005 mg/L 41/105 (39%)Total Dissolved P (6020) 105
0.346 0.0219 0.03710.0125 mg/L 20/175 (11%)Total ortho P (365.2) 175
0.426 0.0321 0.05690.0125 mg/L 31/175 (18%)Total P (365.2) 175
0.5345 0.0378 0.05630.0038 mg/L 444/444 (100%)Total P (4500PF) 444
0.71 0.5096 0.0970.31 mg/L 48/48 (100%)Total P (6010) 48
0.264 0.0489 0.05850.005 mg/L 54/67 (81%)Total P (6020) 67
7055 231.654 1233.11887.56 mg/L 64/64 (100%)Total Sulfate (SO4) 64
3.92 2.1522 0.52920.5 mg/L 91/92 (99%)DOC 92
5.49 2.1469 0.52341.2 mg/L 293/293 (100%)TOC 293
282 130.249 32.14480.05 mg/L 379/382 (99%)Total Dissolved Solids 382
168 6.9877 14.70521 mg/L 284/382 (74%)Total Suspended Solids 382

0.266 0.2063 0.0250.173 mmhos/cm 20/20 (100%)Conductivity 20
8 7.34 0.46616 s.u. 20/20 (100%)pH 20

66.9 3.8074 7.13130.5 NTU 138/192 (72%)Turbidity 192

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 10: Summary of Reference Streams Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

404 145.286 128.354644 mg/L 7/7 (100%)Alkalinity (as CaCO3) 7
0.5 0.5 00.5 MPN*/100ml 0/3 (0%)Campylobacter species 3
30 16.1429 10.86942 MPN*/100ml 7/7 (100%)E. coli 7
460 83.5 140.35292 MPN*/100ml 10/10 (100%)Enterococcus Group 10
46 25.3 13.42515 MPN*/100ml 10/10 (100%)Fecal Coliform 10
1 1 01 MPN*/100ml 0/7 (0%)Salmonella species 7

40 6.52 12.37880.55 MPN*/100ml 3/10 (30%)Staphylococcus aureus 10
900 262.35 347.39190.5 MPN*/100ml 9/10 (90%)Total Coliform 10

12.44 6.06 3.27622.08 mg/L 9/9 (100%)Chloride 9
1.2 0.5833 0.33710.2 ug/L 6/6 (100%)Chlorophyll a, corrected 6
1.7 0.8333 0.46760.3 ug/L 6/6 (100%)Chlorophyll a, uncorrected 6
0.5 0.5 00.5 ng/L 0/7 (0%)17a-estradiol 7
6.13 2.6114 2.69330.5 ng/L 3/7 (43%)17b-estradiol 7
0.5 0.5 00.5 ng/L 0/7 (0%)Estriol 7
6.94 1.42 2.43410.5 ng/L 1/7 (14%)Estrone 7
0.05 0.0307 0.02410.005 mg/L 0/7 (0%)Dissolved Aluminum 7

0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Antimony 7
0.001 0.0006 0.00020.0005 mg/L 2/7 (29%)Dissolved Arsenic 7
0.05 0.0304 0.01080.017 mg/L 7/7 (100%)Dissolved Barium 7

0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Beryllium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Cadmium 7
89.524 40.4409 22.313225.3 mg/L 7/7 (100%)Dissolved Calcium 7
0.001 0.0006 0.00020.0005 mg/L 1/7 (14%)Dissolved Chromium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Cobalt 7
0.002 0.0008 0.00060.0005 mg/L 2/7 (29%)Dissolved Copper 7
0.05 0.0307 0.02410.005 mg/L 0/7 (0%)Dissolved Iron 7

0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Lead 7
1.736 1.4541 0.27151.04 mg/L 7/7 (100%)Dissolved Magnesium 7
0.005 0.0028 0.00170.0005 mg/L 6/7 (86%)Dissolved Manganese 7
0.0001 0.0001 00.0001 mg/L 0/7 (0%)Dissolved Mercury 7
0.0025 0.0019 0.0010.0005 mg/L 0/7 (0%)Dissolved Molybdenum 7
0.001 0.0006 0.00020.0005 mg/L 1/7 (14%)Dissolved Nickel 7
2.064 1.503 0.30251.16 mg/L 7/7 (100%)Dissolved Potassium 7
0.001 0.0006 0.00020.0005 mg/L 1/7 (14%)Dissolved Selenium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Silver 7
8.29 4.1304 2.06432.12 mg/L 7/7 (100%)Dissolved Sodium 7

0.0005 0.0005 00.0005 mg/L 0/7 (0%)Dissolved Thallium 7
0.005 0.0024 0.0020.0005 mg/L 0/7 (0%)Dissolved Vanadium 7
0.007 0.0035 0.00180.0025 mg/L 2/7 (29%)Dissolved Zinc 7
0.337 0.0767 0.1160.013 mg/L 4/7 (57%)Total Aluminum 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Antimony 7
0.002 0.0009 0.00060.0005 mg/L 3/7 (43%)Total Arsenic 7
0.051 0.0316 0.01070.019 mg/L 7/7 (100%)Total Barium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Beryllium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Cadmium 7
84.226 39.6307 20.348924.5 mg/L 7/7 (100%)Total Calcium 7
0.001 0.0006 0.00020.0005 mg/L 1/7 (14%)Total Chromium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Cobalt 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Copper 7
0.255 0.0646 0.08570.014 mg/L 4/7 (57%)Total Iron 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Lead 7
1.815 1.4674 0.29831.03 mg/L 7/7 (100%)Total Magnesium 7
0.019 0.0071 0.0060.001 mg/L 7/7 (100%)Total Manganese 7
0.0001 0.0001 00.0001 mg/L 0/7 (0%)Total Mercury 7

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 10: Summary of Reference Streams Base Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0025 0.0019 0.0010.0005 mg/L 0/7 (0%)Total Molybdenum 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Nickel 7
2.585 1.6077 0.46461.21 mg/L 7/7 (100%)Total Potassium 7
0.001 0.0006 0.00020.0005 mg/L 1/7 (14%)Total Selenium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Silver 7
8.598 4.2424 2.16512.16 mg/L 7/7 (100%)Total Sodium 7
0.0005 0.0005 00.0005 mg/L 0/7 (0%)Total Thallium 7
0.014 0.005 0.00520.001 mg/L 5/7 (71%)Total Vanadium 7
0.0025 0.0025 00.0025 mg/L 0/7 (0%)Total Zinc 7
0.05 0.05 00.05 mg/L 0/4 (0%)Ammonia Nitrogen 4
0.789 0.1858 0.2070.05 mg/L 8/17 (47%)Nitrite + Nitrate (as N) 17
3.6 1.3774 1.02920.25 mg/L 15/17 (88%)Total Kjeldahl Nitrogen 17

0.0125 0.0125 00.0125 mg/L 0/3 (0%)Dissolved Ortho P (365.2) 3
0.0371 0.0053 0.00820.0005 mg/L 25/33 (76%)Soluble Reactive P (4500PF) 33
0.0125 0.0125 00.0125 mg/L 0/3 (0%)Total Dissolved P (365.2) 3
0.0401 0.0072 0.00820.001 mg/L 31/33 (94%)Total Dissolved P (4500PF) 33
0.022 0.012 0.00720.005 mg/L 4/7 (57%)Total Dissolved P (6020) 7
0.031 0.0187 0.01070.0125 mg/L 1/3 (33%)Total ortho P (365.2) 3
0.049 0.0308 0.01830.0125 mg/L 2/3 (67%)Total P (365.2) 3
0.095 0.0138 0.01780.0042 mg/L 33/33 (100%)Total P (4500PF) 33
0.043 0.0221 0.01460.005 mg/L 6/7 (86%)Total P (6020) 7
7.18 5.5257 1.10894.03 mg/L 7/7 (100%)Total Sulfate (SO4) 7
2.18 1.4575 0.49241.13 mg/L 4/4 (100%)DOC 4
23.1 2.259 4.8520.5 mg/L 14/21 (67%)TOC 21
257 123 64.681363 mg/L 7/7 (100%)Total Dissolved Solids 7
6 2.7143 1.88981 mg/L 4/7 (57%)Total Suspended Solids 7

7.9 7.325 0.56796.7 s.u. 4/4 (100%)pH 4

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 11: Summary of Reference Streams High Flow

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

2.66 2.662.66 mg/L 1/1 (100%)Chloride 1
0.3 0.30.3 ug/L 1/1 (100%)Chlorophyll a, corrected 1
0.5 0.50.5 ug/L 1/1 (100%)Chlorophyll a, uncorrected 1
0.05 0.050.05 mg/L 0/1 (0%)Nitrite + Nitrate (as N) 1
0.25 0.250.25 mg/L 0/1 (0%)Total Kjeldahl Nitrogen 1

0.0075 0.0039 0.00350.0005 mg/L 2/3 (67%)Soluble Reactive P (4500PF) 3
0.0093 0.0065 0.00330.0028 mg/L 3/3 (100%)Total Dissolved P (4500PF) 3
0.0207 0.0164 0.00560.0101 mg/L 3/3 (100%)Total P (4500PF) 3
1.03 1.031.03 mg/L 1/1 (100%)TOC 1

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 12: Summary of Groundwater Geoprobe Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

238 91.3529 51.66118 mg/L 17/17 (100%)Alkalinity (as CaCO3) 17
12000 1314.11 3131.11461 MPN*/100ml 17/19 (89%)E. coli 19
7600 1366.84 2232.8231 MPN*/100ml 16/19 (84%)Enterococcus Group 19
12000 1347.37 3118.38531 MPN*/100ml 17/19 (89%)Fecal Coliform 19

1 1 01 MPN*/100ml 0/19 (0%)Salmonella species 19
0.55 0.55 00.55 MPN*/100ml 0/19 (0%)Staphylococcus aureus 19

12000 2508 3082.61391 MPN*/100ml 18/19 (95%)Total Coliform 19
64.2 11.6265 15.20221.78 mg/L 17/17 (100%)Chloride 17
0.5 0.5 00.5 ng/L 0/17 (0%)17a-estradiol 17
0.5 0.5 00.5 ng/L 0/17 (0%)17b-estradiol 17
0.5 0.5 00.5 ng/L 0/17 (0%)Estriol 17
0.5 0.5 00.5 ng/L 0/17 (0%)Estrone 17

0.655 0.1155 0.15630.05 mg/L 4/17 (24%)Dissolved Aluminum 17
0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Antimony 17
0.003 0.0006 0.00060.0005 mg/L 1/17 (6%)Dissolved Arsenic 17
0.14 0.0459 0.02740.023 mg/L 17/17 (100%)Dissolved Barium 17

0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Beryllium 17
0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Cadmium 17

166 50.3424 38.36863.55 mg/L 17/17 (100%)Dissolved Calcium 17
0.002 0.0007 0.00040.0005 mg/L 6/17 (35%)Dissolved Chromium 17
0.011 0.0019 0.00280.0005 mg/L 6/17 (35%)Dissolved Cobalt 17
0.013 0.0056 0.0040.001 mg/L 17/17 (100%)Dissolved Copper 17
0.45 0.0842 0.09990.05 mg/L 3/17 (18%)Dissolved Iron 17

0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Lead 17
5.56 1.9266 1.32420.63 mg/L 17/17 (100%)Dissolved Magnesium 17
2.47 0.3968 0.66250.003 mg/L 17/17 (100%)Dissolved Manganese 17

0.0004 0.0001 0.00010.0001 mg/L 0/17 (0%)Dissolved Mercury 17
0.01 0.0029 0.00310.0005 mg/L 10/17 (59%)Dissolved Molybdenum 17
0.007 0.0022 0.0020.0005 mg/L 11/17 (65%)Dissolved Nickel 17
4.01 1.7648 1.10870.472 mg/L 17/17 (100%)Dissolved Potassium 17
0.008 0.001 0.00180.0005 mg/L 2/17 (12%)Dissolved Selenium 17
0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Silver 17
16.9 5.9806 4.89711.29 mg/L 17/17 (100%)Dissolved Sodium 17

0.0005 0.0005 00.0005 mg/L 0/17 (0%)Dissolved Thallium 17
0.0025 0.0025 00.0025 mg/L 0/17 (0%)Dissolved Vanadium 17
0.016 0.0045 0.00370.0025 mg/L 5/17 (29%)Dissolved Zinc 17
748 196.143 214.84692.94 mg/L 17/17 (100%)Total Aluminum 17

0.001 0.0005 0.00010.0005 mg/L 1/17 (6%)Total Antimony 17
0.44 0.0817 0.10750.002 mg/L 17/17 (100%)Total Arsenic 17
7.75 2.0105 2.35640.07 mg/L 17/17 (100%)Total Barium 17
0.04 0.0109 0.01190.0005 mg/L 13/17 (76%)Total Beryllium 17
0.022 0.0044 0.00580.0005 mg/L 9/17 (53%)Total Cadmium 17
249 87.9624 61.70349.56 mg/L 17/17 (100%)Total Calcium 17
1.52 0.3536 0.37320.006 mg/L 17/17 (100%)Total Chromium 17
0.34 0.0761 0.08820.003 mg/L 17/17 (100%)Total Cobalt 17
0.5 0.1087 0.12290.003 mg/L 17/17 (100%)Total Copper 17

1200 247.797 305.144.02 mg/L 17/17 (100%)Total Iron 17
0.75 0.1825 0.20910.003 mg/L 17/17 (100%)Total Lead 17
59 16.6688 16.59362.03 mg/L 17/17 (100%)Total Magnesium 17

68.6 16.9866 23.56670.305 mg/L 17/17 (100%)Total Manganese 17
0.0022 0.0006 0.00060 mg/L 13/17 (76%)Total Mercury 17
0.062 0.0196 0.01580.002 mg/L 17/17 (100%)Total Molybdenum 17
1.48 0.2769 0.36130.006 mg/L 17/17 (100%)Total Nickel 17
68.6 15.64 17.34490.99 mg/L 17/17 (100%)Total Potassium 17

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 12: Summary of Groundwater Geoprobe Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.01 0.0041 0.00310.0005 mg/L 8/17 (47%)Total Selenium 17
0.005 0.001 0.00120.0005 mg/L 2/17 (12%)Total Silver 17
15.5 5.9229 4.91981.2 mg/L 17/17 (100%)Total Sodium 17
0.011 0.0032 0.00310.0005 mg/L 11/17 (65%)Total Thallium 17
1.38 0.3254 0.36620.0025 mg/L 15/17 (88%)Total Vanadium 17
2.6 0.4561 0.62490.012 mg/L 17/17 (100%)Total Zinc 17

0.309 0.0653 0.06280.05 mg/L 1/17 (6%)Ammonia Nitrogen 17
19.1 6.6008 6.42260.05 mg/L 16/17 (94%)Nitrite + Nitrate (as N) 17
24.3 10.2712 7.89410.8 mg/L 17/17 (100%)Total Kjeldahl Nitrogen 17

Copies/L 1/7 (14%)Brevibacteria 16S rRNA 7
0.8084 0.1365 0.21330.0005 mg/L 17/19 (89%)Soluble Reactive P (4500PF) 19
4.5021 0.5949 1.05580.001 mg/L 18/19 (95%)Total Dissolved P (4500PF) 19
0.024 0.0095 0.00630.005 mg/L 7/17 (41%)Total Dissolved P (6020) 17

172.3552 71.3452 56.13795.6408 mg/L 19/19 (100%)Total P (4500PF) 19
24.6 4.3555 6.11930.016 mg/L 17/17 (100%)Total P (6020) 17
112 16.8259 25.38783.69 mg/L 17/17 (100%)Total Sulfate (SO4) 17
7.33 2.3447 1.85770.5 mg/L 15/17 (88%)TOC 17
452 300.222 85.9459137 mg/L 9/9 (100%)Total Dissolved Solids 9

42400 8084.41 11911.85839 mg/L 17/17 (100%)Total Suspended Solids 17
7.2 6.6588 0.60324.4 s.u. 17/17 (100%)pH 17

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 13: Summary of Groundwater Well Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

284 128.883 61.41282 mg/L 59/60 (98%)Alkalinity (as CaCO3) 60
180 4.8065 22.94531 MPN*/100ml 8/62 (13%)E. coli 62

7600 250.613 1352.87091 MPN*/100ml 14/62 (23%)Enterococcus Group 62
2400 40.8871 304.54761 MPN*/100ml 11/62 (18%)Fecal Coliform 62

2 1.0161 0.1271 MPN*/100ml 1/62 (2%)Salmonella species 62
0.55 0.55 00.55 MPN*/100ml 0/62 (0%)Staphylococcus aureus 62

12000 455.871 2150.69071 MPN*/100ml 34/62 (55%)Total Coliform 62
63 11.1735 12.94581.72 mg/L 60/60 (100%)Chloride 60
0.5 0.5 00.5 ng/L 0/38 (0%)17a-estradiol 38
2.27 0.5758 0.30890.5 ng/L 3/38 (8%)17b-estradiol 38
0.5 0.5 00.5 ng/L 0/38 (0%)Estriol 38
0.5 0.5 00.5 ng/L 0/38 (0%)Estrone 38
0.25 0.0582 0.03660.05 mg/L 2/60 (3%)Dissolved Aluminum 60

0.0005 0.0005 00.0005 mg/L 0/60 (0%)Dissolved Antimony 60
0.002 0.0007 0.00040.0005 mg/L 12/60 (20%)Dissolved Arsenic 60
0.125 0.048 0.02990.0005 mg/L 59/60 (98%)Dissolved Barium 60
0.0025 0.0005 0.00030.0005 mg/L 0/60 (0%)Dissolved Beryllium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Dissolved Cadmium 60

218 66.1895 37.72310.372 mg/L 60/60 (100%)Dissolved Calcium 60
0.005 0.0008 0.00080.0005 mg/L 15/60 (25%)Dissolved Chromium 60
0.002 0.0005 0.00020.0005 mg/L 1/60 (2%)Dissolved Cobalt 60
0.136 0.0148 0.02230.0005 mg/L 56/60 (93%)Dissolved Copper 60
0.318 0.0606 0.04580.05 mg/L 4/60 (7%)Dissolved Iron 60
0.008 0.0008 0.00110.0005 mg/L 5/60 (8%)Dissolved Lead 60
34.1 3.642 6.17550.05 mg/L 59/60 (98%)Dissolved Magnesium 60
0.163 0.013 0.02810.0005 mg/L 38/60 (63%)Dissolved Manganese 60
0.0001 0.0001 00.0001 mg/L 0/60 (0%)Dissolved Mercury 60
0.033 0.0027 0.00430.0005 mg/L 6/60 (10%)Dissolved Molybdenum 60
0.056 0.0025 0.00730.0005 mg/L 31/60 (52%)Dissolved Nickel 60
22.7 2.0158 3.98050.05 mg/L 59/60 (98%)Dissolved Potassium 60
0.002 0.0006 0.00030.0005 mg/L 7/60 (12%)Dissolved Selenium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Dissolved Silver 60

150 14.5972 26.45171.54 mg/L 60/60 (100%)Dissolved Sodium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Dissolved Thallium 60
0.048 0.0079 0.01020.0025 mg/L 12/60 (20%)Dissolved Vanadium 60
0.329 0.0323 0.05820.0025 mg/L 54/60 (90%)Dissolved Zinc 60
13.4 0.2959 1.72290.05 mg/L 5/60 (8%)Total Aluminum 60

0.0005 0.0005 00.0005 mg/L 0/60 (0%)Total Antimony 60
0.005 0.0008 0.00070.0005 mg/L 17/60 (28%)Total Arsenic 60
0.123 0.0481 0.02870.0005 mg/L 59/60 (98%)Total Barium 60
0.003 0.0006 0.00040.0005 mg/L 1/60 (2%)Total Beryllium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Total Cadmium 60

234 65.8102 37.37020.18 mg/L 60/60 (100%)Total Calcium 60
0.015 0.0015 0.00230.0005 mg/L 32/60 (53%)Total Chromium 60
0.005 0.0006 0.00060.0005 mg/L 2/60 (3%)Total Cobalt 60
0.222 0.0195 0.03350.0005 mg/L 55/60 (92%)Total Copper 60
9.59 0.3649 1.33030.05 mg/L 18/60 (30%)Total Iron 60
0.025 0.0018 0.00350.0005 mg/L 21/60 (35%)Total Lead 60

35 3.6139 6.27250.05 mg/L 59/60 (98%)Total Magnesium 60
0.33 0.0252 0.05270.0005 mg/L 47/60 (78%)Total Manganese 60

0.0001 0.0001 00.0001 mg/L 0/60 (0%)Total Mercury 60
0.031 0.0026 0.0040.0005 mg/L 6/60 (10%)Total Molybdenum 60
0.065 0.0031 0.00850.0005 mg/L 32/60 (53%)Total Nickel 60
24.9 1.7287 3.16560.05 mg/L 59/60 (98%)Total Potassium 60

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 13: Summary of Groundwater Well Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.002 0.0006 0.00030.0005 mg/L 6/60 (10%)Total Selenium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Total Silver 60

110 12.884 20.74381.29 mg/L 60/60 (100%)Total Sodium 60
0.0005 0.0005 00.0005 mg/L 0/60 (0%)Total Thallium 60
0.043 0.0081 0.00890.0025 mg/L 15/60 (25%)Total Vanadium 60
0.338 0.037 0.06310.0025 mg/L 52/60 (87%)Total Zinc 60
0.35 0.0635 0.04590.043 mg/L 10/60 (17%)Ammonia Nitrogen 60
24.4 3.4235 5.17050.05 mg/L 48/60 (80%)Nitrite + Nitrate (as N) 60
9.89 2.0319 1.80290.3 mg/L 55/60 (92%)Total Kjeldahl Nitrogen 60

25772.57 25772.625772.57 Copies/L 1/14 (7%)Brevibacteria 16S rRNA 14
0.0555 0.0122 0.01490.0005 mg/L 48/60 (80%)Soluble Reactive P (4500PF) 60
0.0595 0.0137 0.0150.001 mg/L 52/60 (87%)Total Dissolved P (4500PF) 60
0.07 0.0188 0.01610.005 mg/L 35/56 (63%)Total Dissolved P (6020) 56
0.173 0.0203 0.0260.001 mg/L 56/60 (93%)Total P (4500PF) 60
0.159 0.0218 0.02430.005 mg/L 35/56 (63%)Total P (6020) 56
219 14.3173 31.2160.5 mg/L 59/60 (98%)Total Sulfate (SO4) 60
2.03 0.6062 0.31080.5 mg/L 7/60 (12%)TOC 60
556 240.15 112.702825 mg/L 60/60 (100%)Total Dissolved Solids 60
26 3.2759 4.03841 mg/L 38/58 (66%)Total Suspended Solids 58

0.338 0.274 0.09050.21 mmhos/cm 2/2 (100%)Conductivity 2
7.8 6.8112 0.58345.2 s.u. 60/60 (100%)pH 60

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 14: Summary of Groundwater Spring Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

255 121.735 47.601129 mg/L 49/49 (100%)Alkalinity (as CaCO3) 49
1 0.6675 0.34340.335 MPN*/100ml 0/16 (0%)Campylobacter species 16

5400 352.553 972.30751 MPN*/100ml 30/38 (79%)E. coli 38
12000 656.521 2423.86411 MPN*/100ml 55/56 (98%)Enterococcus Group 56
5400 344.071 901.82691 MPN*/100ml 36/44 (82%)Fecal Coliform 44

2 1.0263 0.16221 MPN*/100ml 1/38 (3%)Salmonella species 38
77000 1667.58 10288.7820.5 MPN*/100ml 18/56 (32%)Staphylococcus aureus 56
24000 1734.73 3797.53761 MPN*/100ml 55/56 (98%)Total Coliform 56
71.2 9.1554 10.71211.88 mg/L 49/49 (100%)Chloride 49
1.4 0.531 0.16710.5 ng/L 1/29 (3%)17a-estradiol 29
5.18 0.8831 1.170.5 ng/L 3/29 (10%)17b-estradiol 29
0.5 0.5 00.5 ng/L 0/29 (0%)Estriol 29
3.28 0.6452 0.5720.5 ng/L 2/29 (7%)Estrone 29
0.112 0.0513 0.00890.05 mg/L 1/49 (2%)Dissolved Aluminum 49
0.005 0.0022 0.00220.0005 mg/L 1/49 (2%)Dissolved Antimony 49
0.005 0.0023 0.00220.0005 mg/L 5/49 (10%)Dissolved Arsenic 49
0.327 0.0551 0.04490.006 mg/L 49/49 (100%)Dissolved Barium 49
0.0005 0.0005 00.0005 mg/L 0/49 (0%)Dissolved Beryllium 49
0.001 0.0007 0.00020.0005 mg/L 1/49 (2%)Dissolved Cadmium 49
109 53.6672 22.28633.26 mg/L 49/49 (100%)Dissolved Calcium 49

0.0025 0.0013 0.0010.0005 mg/L 5/49 (10%)Dissolved Chromium 49
0.005 0.0021 0.00210.0005 mg/L 2/49 (4%)Dissolved Cobalt 49
0.01 0.0019 0.00190.0005 mg/L 10/49 (20%)Dissolved Copper 49
0.695 0.0656 0.09330.05 mg/L 2/49 (4%)Dissolved Iron 49
0.013 0.0017 0.0020.0005 mg/L 2/49 (4%)Dissolved Lead 49
24.1 2.2132 3.30220.464 mg/L 49/49 (100%)Dissolved Magnesium 49
0.24 0.0225 0.04690.0005 mg/L 26/49 (53%)Dissolved Manganese 49

0.0001 0.0001 00.0001 mg/L 0/49 (0%)Dissolved Mercury 49
0.0025 0.0024 0.00050.0005 mg/L 0/31 (0%)Dissolved Molybdenum 31
0.011 0.0027 0.00240.0005 mg/L 15/49 (31%)Dissolved Nickel 49
98.6 3.9174 13.90760.361 mg/L 49/49 (100%)Dissolved Potassium 49
0.005 0.0022 0.00220.0005 mg/L 1/49 (2%)Dissolved Selenium 49
0.0025 0.0012 0.0010.0005 mg/L 0/49 (0%)Dissolved Silver 49
61.7 5.9168 8.5180.997 mg/L 49/49 (100%)Dissolved Sodium 49
0.01 0.004 0.00460.0005 mg/L 0/49 (0%)Dissolved Thallium 49
0.005 0.0049 0.00050.0025 mg/L 0/49 (0%)Dissolved Vanadium 49
0.025 0.0054 0.0040.0025 mg/L 14/49 (29%)Dissolved Zinc 49
0.743 0.1369 0.1760.05 mg/L 16/49 (33%)Total Aluminum 49
0.005 0.0022 0.00220.0005 mg/L 1/49 (2%)Total Antimony 49
0.005 0.0025 0.00210.0005 mg/L 8/49 (16%)Total Arsenic 49
0.329 0.0568 0.04470.018 mg/L 49/49 (100%)Total Barium 49
0.0005 0.0005 00.0005 mg/L 0/49 (0%)Total Beryllium 49
0.001 0.0007 0.00020.0005 mg/L 0/49 (0%)Total Cadmium 49
110 52.5661 21.1143.44 mg/L 49/49 (100%)Total Calcium 49

0.003 0.0016 0.00090.0005 mg/L 13/49 (27%)Total Chromium 49
0.005 0.0022 0.00220.0005 mg/L 3/49 (6%)Total Cobalt 49
0.01 0.0016 0.00160.0005 mg/L 5/49 (10%)Total Copper 49
2.39 0.2478 0.47620.05 mg/L 20/49 (41%)Total Iron 49
0.008 0.0017 0.00150.0005 mg/L 5/49 (10%)Total Lead 49
18.7 2.0977 2.57160.467 mg/L 49/49 (100%)Total Magnesium 49
0.526 0.0417 0.09310.0005 mg/L 28/49 (57%)Total Manganese 49
0.0001 0.0001 00.0001 mg/L 0/49 (0%)Total Mercury 49
0.0025 0.0024 0.00050.0005 mg/L 0/31 (0%)Total Molybdenum 31
0.011 0.0019 0.00170.0005 mg/L 19/49 (39%)Total Nickel 49

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 14: Summary of Groundwater Spring Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

52.1 2.9879 7.36630.406 mg/L 49/49 (100%)Total Potassium 49
0.005 0.0022 0.00220.0005 mg/L 0/49 (0%)Total Selenium 49
0.0025 0.0012 0.0010.0005 mg/L 0/49 (0%)Total Silver 49
50.1 5.5958 6.96830.931 mg/L 49/49 (100%)Total Sodium 49
0.01 0.004 0.00460.0005 mg/L 1/49 (2%)Total Thallium 49
0.012 0.0053 0.00180.0025 mg/L 3/49 (6%)Total Vanadium 49
0.016 0.0046 0.00250.0025 mg/L 10/49 (20%)Total Zinc 49
1.8 0.1082 0.26960.026 mg/L 18/49 (37%)Ammonia Nitrogen 49
59.7 4.6757 9.5930.05 mg/L 48/49 (98%)Nitrite + Nitrate (as N) 49
10.6 2.169 2.16870.3 mg/L 43/49 (88%)Total Kjeldahl Nitrogen 49
2190 21902190 Copies/L 3/8 (38%)Brevibacteria 16S rRNA 8
0.198 0.0288 0.04360.0125 mg/L 6/18 (33%)Dissolved Ortho P (365.2) 18
5.838 0.1801 0.93140.0005 mg/L 38/39 (97%)Soluble Reactive P (4500PF) 39
0.253 0.0498 0.05560.0125 mg/L 12/18 (67%)Total Dissolved P (365.2) 18
6.1046 0.192 0.97360.001 mg/L 39/39 (100%)Total Dissolved P (4500PF) 39
1.122 0.6873 0.18740.386 mg/L 18/18 (100%)Total Dissolved P (6010) 18
5.3 0.2213 0.94520.005 mg/L 29/31 (94%)Total Dissolved P (6020) 31

0.263 0.0412 0.06250.0125 mg/L 7/18 (39%)Total ortho P (365.2) 18
0.337 0.0569 0.0750.0125 mg/L 12/18 (67%)Total P (365.2) 18
6.1969 0.2172 0.98720.005 mg/L 39/39 (100%)Total P (4500PF) 39
1.18 0.7244 0.20940.35 mg/L 18/18 (100%)Total P (6010) 18
5.42 0.2374 0.96540.005 mg/L 30/31 (97%)Total P (6020) 31
38.4 6.6024 6.45871.638 mg/L 49/49 (100%)Total Sulfate (SO4) 49
0.5 0.50.5 mg/L 0/1 (0%)DOC 1
17.4 1.5753 2.97510.29 mg/L 18/49 (37%)TOC 49
825 186.531 113.391715 mg/L 49/49 (100%)Total Dissolved Solids 49
86 7.6122 15.38511 mg/L 27/49 (55%)Total Suspended Solids 49

0.326 0.1876 0.07420.041 mmhos/cm 14/14 (100%)Conductivity 14
8.27 7.1204 0.69995.1 s.u. 49/49 (100%)pH 49

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 15: Summary of Broken Bow Surface Water Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

11 9.75 0.95749 mg/L 4/4 (100%)Alkalinity (as CaCO3) 4
6.3 4.7667 0.89783.2 ug/L 12/12 (100%)Chlorophyll a, corrected 12
7 5.3917 0.99863.6 ug/L 12/12 (100%)Chlorophyll a, uncorrected 12

0.075 0.075 00.075 ug/L 0/4 (0%)Microcystin 4
0.05 0.05 00.05 mg/L 0/12 (0%)Nitrite + Nitrate (as N) 12
2.46 1.1035 0.4680.755 mg/L 12/12 (100%)Total Kjeldahl Nitrogen 12

0.0345 0.0043 0.00860.0005 mg/L 14/24 (58%)Soluble Reactive P (4500PF) 24
0.0597 0.0099 0.01560.0025 mg/L 24/24 (100%)Total Dissolved P (4500PF) 24
0.7438 0.0624 0.15340.0053 mg/L 24/24 (100%)Total P (4500PF) 24

372 332.75 42.0268288 ug/L 4/4 (100%)TTHMFP as CHCl3 4
4.2 3.765 0.46523.14 mg/L 4/4 (100%)TOC 4

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 16: Summary of Lake Stockton Surface Water Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

168 131.75 32.356198 mg/L 4/4 (100%)Alkalinity (as CaCO3) 4
58.8 18.3071 16.01573.2 ug/L 14/14 (100%)Chlorophyll a, corrected 14
64.8 20.9571 18.15283.6 ug/L 14/14 (100%)Chlorophyll a, uncorrected 14
0.075 0.075 00.075 ug/L 0/4 (0%)Microcystin 4
0.64 0.1571 0.19190.05 mg/L 4/10 (40%)Nitrite + Nitrate (as N) 10
3.83 2.2844 1.18190.904 mg/L 10/10 (100%)Total Kjeldahl Nitrogen 10

0.0433 0.0071 0.01030.001 mg/L 20/20 (100%)Soluble Reactive P (4500PF) 20
0.0463 0.0114 0.01060.0036 mg/L 20/20 (100%)Total Dissolved P (4500PF) 20
0.2646 0.0655 0.06290.0103 mg/L 20/20 (100%)Total P (4500PF) 20
606.5 347.25 201.4375130 ug/L 4/4 (100%)TTHMFP as CHCl3 4
4.82 3.9 0.75263.16 mg/L 4/4 (100%)TOC 4

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 17: Summary of Surface Water Samples at Raw Water Intakes

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

110 70.625 19.408630 mg/L 32/32 (100%)Alkalinity (as CaCO3) 32
0.1 0.1 00.1 MPN*/100ml 0/12 (0%)Campylobacter species 12
13 2.5 3.42451 MPN*/100ml 5/12 (42%)E. coli 12
50 5.0083 14.17110.1 MPN*/100ml 1/12 (8%)Enterococcus Group 12
13 3.1667 3.61391 MPN*/100ml 6/12 (50%)Fecal Coliform 12
2 1.0083 0.40550.1 MPN*/100ml 1/12 (8%)Salmonella species 12
2 1.0083 0.40550.1 MPN*/100ml 1/12 (8%)Staphylococcus aureus 12

110 16.4167 30.15851 MPN*/100ml 10/12 (83%)Total Coliform 12
28.5 9.101 6.90590.05 ug/L 51/52 (98%)Chlorophyll a, corrected 52
31.1 10.3087 7.99550.05 ug/L 51/52 (98%)Chlorophyll a, uncorrected 52
0.075 0.075 00.075 ug/L 0/9 (0%)Microcystin 9
0.0151 0.0024 0.00460.0005 mg/L 4/10 (40%)Soluble Reactive P (4500PF) 10
0.0204 0.0045 0.00610.001 mg/L 5/10 (50%)Total Dissolved P (4500PF) 10
0.0705 0.0234 0.02060.0071 mg/L 10/10 (100%)Total P (4500PF) 10

18 16.8 1.303815 ug/L 5/5 (100%)Bromodichloromethane 5
0.25 0.25 00.25 ug/L 0/5 (0%)Bromoform 5
80 67.2 9.679958 ug/L 5/5 (100%)Chloroform 5
4 2.71 1.43460.25 ug/L 4/5 (80%)Dibromochloromethane 5

405.4 134.557 70.851414 ug/L 74/74 (100%)TTHMFP as CHCl3 74
3.75 2.4541 0.59340.5 mg/L 31/32 (97%)TOC 32

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 18: Summary of Public Drinking Water Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

6.22 3.3439 1.53930.5 ug/L 45/54 (83%)Bromochloroacetic Acid 54
1.64 0.6557 0.32410.5 ug/L 11/54 (20%)Dibromoacetic Acid 54
31.1 11.3811 6.93780.5 ug/L 45/54 (83%)Dichloroacetic Acid 54
0.5 0.5 00.5 ug/L 0/54 (0%)Monobromoacetic Acid 54
8.73 3.3952 2.35820.5 ug/L 45/54 (83%)Monochloroacetic Acid 54
44.6 13.9544 10.08230.5 ug/L 45/54 (83%)Trichloroacetic Acid 54
30 12.5676 7.14890.25 ug/L 45/54 (83%)Bromodichloromethane 54
2.1 0.5063 0.50440.25 ug/L 14/54 (26%)Bromoform 54
96 36.838 20.91480.25 ug/L 45/54 (83%)Chloroform 54
16 4.9361 4.26520.25 ug/L 45/54 (83%)Dibromochloromethane 54

107.9564 49.0017 26.03610.3468 ug/L 45/54 (83%)TTHM as CHCl3 54

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 19: Summary of WWTP Effluent Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

89 75.3333 11.846268 mg/L 3/3 (100%)Alkalinity (as CaCO3) 3
14 9.5 6.3645 MPN*/100ml 2/2 (100%)E. coli 2
8 4.5 4.94971 MPN*/100ml 1/2 (50%)Enterococcus Group 2

94 70 33.941146 MPN*/100ml 2/2 (100%)Fecal Coliform 2
1 1 01 MPN*/100ml 0/2 (0%)Salmonella species 2

0.55 0.55 00.55 MPN*/100ml 0/2 (0%)Staphylococcus aureus 2
12000 9800 3111.26987600 MPN*/100ml 2/2 (100%)Total Coliform 2
58.6 46.8667 10.302639.3 mg/L 3/3 (100%)Chloride 3
0.05 0.05 00.05 mg/L 0/3 (0%)Dissolved Aluminum 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Antimony 3
0.0014 0.0013 0.00010.0012 mg/L 3/3 (100%)Dissolved Arsenic 3
0.013 0.0085 0.00420.0047 mg/L 3/3 (100%)Dissolved Barium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Beryllium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Cadmium 3
39.4 36.0667 3.253232.9 mg/L 3/3 (100%)Dissolved Calcium 3
0.57 0.1929 0.32660.004 mg/L 3/3 (100%)Dissolved Chromium 3
0.021 0.0073 0.01180.0005 mg/L 1/3 (33%)Dissolved Cobalt 3
0.0534 0.0302 0.02020.0166 mg/L 3/3 (100%)Dissolved Copper 3
3.78 1.3317 2.12110.05 mg/L 2/3 (67%)Dissolved Iron 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Lead 3
3.24 2.5333 0.7051.83 mg/L 3/3 (100%)Dissolved Magnesium 3
0.213 0.113 0.0890.0424 mg/L 3/3 (100%)Dissolved Manganese 3
0.0001 0.0001 00.0001 mg/L 0/3 (0%)Dissolved Mercury 3
0.0063 0.0048 0.00180.0027 mg/L 3/3 (100%)Dissolved Molybdenum 3
0.487 0.1659 0.27810.0035 mg/L 3/3 (100%)Dissolved Nickel 3
12.9 10.7067 2.24158.42 mg/L 3/3 (100%)Dissolved Potassium 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Selenium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Silver 3
51.2 42.9333 9.470732.6 mg/L 3/3 (100%)Dissolved Sodium 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Dissolved Thallium 3
0.295 0.1029 0.16630.0058 mg/L 3/3 (100%)Dissolved Vanadium 3
0.0333 0.0276 0.00780.0187 mg/L 3/3 (100%)Dissolved Zinc 3
0.05 0.05 00.05 mg/L 0/3 (0%)Total Aluminum 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Antimony 3
0.0013 0.0012 0.00010.0011 mg/L 3/3 (100%)Total Arsenic 3
0.013 0.0097 0.00540.0035 mg/L 3/3 (100%)Total Barium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Beryllium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Cadmium 3
36.5 33.2333 3.464629.6 mg/L 3/3 (100%)Total Calcium 3

0.0032 0.0018 0.00120.0011 mg/L 3/3 (100%)Total Chromium 3
0.0155 0.0055 0.00870.0005 mg/L 1/3 (33%)Total Cobalt 3
0.0043 0.0025 0.00170.0011 mg/L 3/3 (100%)Total Copper 3
0.424 0.1747 0.21590.05 mg/L 1/3 (33%)Total Iron 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Lead 3
3.28 2.5133 0.72861.83 mg/L 3/3 (100%)Total Magnesium 3

0.0857 0.0545 0.02990.0261 mg/L 3/3 (100%)Total Manganese 3
0.0001 0.0001 00.0001 mg/L 0/3 (0%)Total Mercury 3
0.0052 0.0031 0.00190.0014 mg/L 3/3 (100%)Total Molybdenum 3
0.0067 0.0034 0.00290.0015 mg/L 3/3 (100%)Total Nickel 3

13 10.8967 2.15698.69 mg/L 3/3 (100%)Total Potassium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Selenium 3
0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Silver 3
50.9 43.4667 9.112833.3 mg/L 3/3 (100%)Total Sodium 3

0.0005 0.0005 00.0005 mg/L 0/3 (0%)Total Thallium 3

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 19: Summary of WWTP Effluent Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

0.0059 0.0055 0.00040.0051 mg/L 3/3 (100%)Total Vanadium 3
0.0314 0.0238 0.00830.0149 mg/L 3/3 (100%)Total Zinc 3
2.75 0.95 1.55880.05 mg/L 1/3 (33%)Ammonia Nitrogen 3
5.04 3.4733 1.46032.15 mg/L 3/3 (100%)Nitrite + Nitrate (as N) 3
10.5 6.3433 3.72433.31 mg/L 3/3 (100%)Total Kjeldahl Nitrogen 3

3.3302 1.1158 1.39580.0398 mg/L 8/8 (100%)Soluble Reactive P (4500PF) 8
3.5853 1.2173 1.47730.0637 mg/L 8/8 (100%)Total Dissolved P (4500PF) 8
2.67 0.9348 1.50270.0663 mg/L 3/3 (100%)Total Dissolved P (6020) 3

4.2887 1.4237 1.67390.1476 mg/L 8/8 (100%)Total P (4500PF) 8
2.9 1.061 1.59280.119 mg/L 3/3 (100%)Total P (6020) 3
83.3 55.4 24.353838.4 mg/L 3/3 (100%)Total Sulfate (SO4) 3
5.59 5.3233 0.26035.07 mg/L 3/3 (100%)TOC 3
294 273.667 20.0083254 mg/L 3/3 (100%)Total Dissolved Solids 3
9 4.6667 3.78592 mg/L 3/3 (100%)Total Suspended Solids 3

7.1 7 0.16.9 s.u. 3/3 (100%)pH 3

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 20a: Summary of SPLP Poultry Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

(SPLP-20-1)

1690 1605 120.20821520 mg/L 2/2 (100%)Alkalinity (as CaCO3) 2
12000 12000 012000 MPN*/100ml 2/2 (100%)E. coli 2
12000 8000 5656.85424000 MPN*/100ml 2/2 (100%)Enterococcus Group 2
12000 12000 012000 MPN*/100ml 2/2 (100%)Fecal Coliform 2

1 1 01 MPN*/100ml 0/2 (0%)Salmonella species 2
1.5 1.5 01.5 MPN*/100ml 0/2 (0%)Staphylococcus aureus 2

12000 12000 012000 MPN*/100ml 2/2 (100%)Total Coliform 2
469 402 94.7523335 mg/L 2/2 (100%)Chloride 2

4428 2486.5 2745.6956545 ng/L 1/2 (50%)17a-estradiol 2
174.5 87.5 123.03660.5 ng/L 0/2 (0%)17b-estradiol 2
7231.5 4129 4387.59761026.5 ng/L 0/2 (0%)Estriol 2

423 211.75 298.75260.5 ng/L 0/2 (0%)Estrone 2
1.96 1.23 1.03240.5 mg/L 1/2 (50%)Dissolved Aluminum 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Antimony 2
0.387 0.2375 0.21140.088 mg/L 2/2 (100%)Dissolved Arsenic 2
0.332 0.2015 0.18460.071 mg/L 2/2 (100%)Dissolved Barium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Beryllium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Cadmium 2
51.3 45.35 8.414639.4 mg/L 2/2 (100%)Dissolved Calcium 2
0.053 0.037 0.02260.021 mg/L 2/2 (100%)Dissolved Chromium 2
0.03 0.0265 0.00490.023 mg/L 2/2 (100%)Dissolved Cobalt 2
6.15 4.535 2.2842.92 mg/L 2/2 (100%)Dissolved Copper 2
8.72 7.47 1.76786.22 mg/L 2/2 (100%)Dissolved Iron 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Lead 2
87.2 59.65 38.961632.1 mg/L 2/2 (100%)Dissolved Magnesium 2
2.7 1.539 1.64190.378 mg/L 2/2 (100%)Dissolved Manganese 2
0.15 0.1145 0.05020.079 mg/L 2/2 (100%)Dissolved Molybdenum 2
0.244 0.235 0.01270.226 mg/L 2/2 (100%)Dissolved Nickel 2
1040 975.5 91.2168911 mg/L 2/2 (100%)Dissolved Potassium 2
0.019 0.0165 0.00350.014 mg/L 2/2 (100%)Dissolved Selenium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Silver 2
350 295 77.7817240 mg/L 2/2 (100%)Dissolved Sodium 2

0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Thallium 2
0.356 0.3395 0.02330.323 mg/L 2/2 (100%)Dissolved Vanadium 2
4.07 2.57 2.12131.07 mg/L 2/2 (100%)Dissolved Zinc 2
1.06 0.9792 0.08630.857 mg/L 2/4 (50%)Nitrite + Nitrate (as N) 4
922 683.5 182.8269492 mg/L 4/4 (100%)Total Kjeldahl Nitrogen 4

156.4439 130.720 36.3785104.9969 mg/L 2/2 (100%)Soluble Reactive P (4500PF) 2
212.55 165.35 66.7508118.1501 mg/L 2/2 (100%)Total Dissolved P (4500PF) 2

191 133.55 81.246676.1 mg/L 2/2 (100%)Total Dissolved P (6020) 2
445 297.725 159.33671.9 mg/L 4/4 (100%)Total Sulfate (SO4) 4
16.3 10.24 8.57014.18 mg/L 2/2 (100%)TOC 2
5780 5580 282.84275380 mg/L 2/2 (100%)Total Dissolved Solids 2
7.7 7.45 0.35367.2 s.u. 2/2 (100%)pH 2

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 20b: Summary of SPLP Poultry Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

(SPLP-4-1)

3680 36803680 mg/L 1/1 (100%)Alkalinity (as CaCO3) 1
12000 1200012000 MPN*/100ml 1/1 (100%)E. coli 1
5400 54005400 MPN*/100ml 1/1 (100%)Enterococcus Group 1
12000 1200012000 MPN*/100ml 1/1 (100%)Fecal Coliform 1
12000 1200012000 MPN*/100ml 1/1 (100%)Total Coliform 1
1840 18401840 mg/L 1/1 (100%)Chloride 1
0.5 0.50.5 mg/L 0/1 (0%)Dissolved Aluminum 1

0.005 0.0050.005 mg/L 0/1 (0%)Dissolved Antimony 1
1.44 1.441.44 mg/L 1/1 (100%)Dissolved Arsenic 1
0.495 0.4950.495 mg/L 1/1 (100%)Dissolved Barium 1
0.005 0.0050.005 mg/L 0/1 (0%)Dissolved Beryllium 1
0.005 0.0050.005 mg/L 0/1 (0%)Dissolved Cadmium 1
106 106106 mg/L 1/1 (100%)Dissolved Calcium 1

0.059 0.0590.059 mg/L 1/1 (100%)Dissolved Chromium 1
0.118 0.1180.118 mg/L 1/1 (100%)Dissolved Cobalt 1
10.4 10.410.4 mg/L 1/1 (100%)Dissolved Copper 1
16.6 16.616.6 mg/L 1/1 (100%)Dissolved Iron 1

0.016 0.0160.016 mg/L 1/1 (100%)Dissolved Lead 1
141 141141 mg/L 1/1 (100%)Dissolved Magnesium 1
5.04 5.045.04 mg/L 1/1 (100%)Dissolved Manganese 1

0.186 0.1860.186 mg/L 1/1 (100%)Dissolved Molybdenum 1
0.785 0.7850.785 mg/L 1/1 (100%)Dissolved Nickel 1
3070 30703070 mg/L 1/1 (100%)Dissolved Potassium 1
0.07 0.070.07 mg/L 1/1 (100%)Dissolved Selenium 1

0.005 0.0050.005 mg/L 0/1 (0%)Dissolved Silver 1
802 802802 mg/L 1/1 (100%)Dissolved Sodium 1

0.005 0.0050.005 mg/L 0/1 (0%)Dissolved Thallium 1
0.42 0.420.42 mg/L 1/1 (100%)Dissolved Vanadium 1
13.8 13.813.8 mg/L 1/1 (100%)Dissolved Zinc 1

487.1217 487.122487.1217 mg/L 1/1 (100%)Soluble Reactive P (4500PF) 1
596.4931 596.493596.4931 mg/L 1/1 (100%)Total Dissolved P (4500PF) 1

443 443443 mg/L 1/1 (100%)Total Dissolved P (6020) 1
13.5 13.513.5 mg/L 1/1 (100%)TOC 1

20900 2090020900 mg/L 1/1 (100%)Total Dissolved Solids 1
7.3 7.37.3 s.u. 1/1 (100%)pH 1

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 21a: Summary of SPLP Cattle Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

(SPLP-20-1)

392 227 99.991185 mg/L 10/10 (100%)Alkalinity (as CaCO3) 10
12000 9674 4903.6748330 MPN*/100ml 10/10 (100%)E. coli 10
12000 6880 5057.2742110 MPN*/100ml 10/10 (100%)Enterococcus Group 10
12000 9674 4903.6748330 MPN*/100ml 10/10 (100%)Fecal Coliform 10

1 1 01 MPN*/100ml 0/10 (0%)Salmonella species 10
56 6.905 17.27640.55 MPN*/100ml 2/10 (20%)Staphylococcus aureus 10

12000 9897 4446.307770 MPN*/100ml 10/10 (100%)Total Coliform 10
38.3 14.285 9.098910 mg/L 4/20 (20%)Chloride 20
338 84.875 168.750.5 ng/L 1/4 (25%)17a-estradiol 4
19.4 5.225 9.450.5 ng/L 0/4 (0%)17b-estradiol 4
505 126.625 252.250.5 ng/L 0/4 (0%)Estriol 4
194 64 91.23870.5 ng/L 1/4 (25%)Estrone 4
0.5 0.5 00.5 mg/L 0/10 (0%)Dissolved Aluminum 10

0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Antimony 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Arsenic 10
0.289 0.1716 0.05950.101 mg/L 10/10 (100%)Dissolved Barium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Beryllium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Cadmium 10
59.9 40.26 10.584523.5 mg/L 10/10 (100%)Dissolved Calcium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Chromium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Cobalt 10
0.03 0.0207 0.0080.005 mg/L 9/10 (90%)Dissolved Copper 10
0.5 0.5 00.5 mg/L 0/10 (0%)Dissolved Iron 10

0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Lead 10
36.4 24.09 8.424411.2 mg/L 10/10 (100%)Dissolved Magnesium 10
1.04 0.5386 0.34870.021 mg/L 10/10 (100%)Dissolved Manganese 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Molybdenum 10
0.013 0.0063 0.00280.005 mg/L 2/10 (20%)Dissolved Nickel 10
103 46.047 34.28261.96 mg/L 10/10 (100%)Dissolved Potassium 10

0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Selenium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Silver 10
71.4 25.419 23.63561.82 mg/L 10/10 (100%)Dissolved Sodium 10
0.005 0.005 00.005 mg/L 0/10 (0%)Dissolved Thallium 10
0.373 0.3261 0.04120.256 mg/L 10/10 (100%)Dissolved Vanadium 10
0.233 0.1094 0.070.025 mg/L 9/10 (90%)Dissolved Zinc 10
1.73 0.721 0.50230.025 mg/L 9/20 (45%)Nitrite + Nitrate (as N) 20
90 37.03 20.350110.9 mg/L 20/20 (100%)Total Kjeldahl Nitrogen 20

41.6702 28.0666 10.230213.0958 mg/L 10/10 (100%)Soluble Reactive P (4500PF) 10
49.2039 32.4763 11.017514.9466 mg/L 10/10 (100%)Total Dissolved P (4500PF) 10

37.3 23.64 9.15510.1 mg/L 10/10 (100%)Total Dissolved P (6020) 10
10.6 8.585 2.41545 mg/L 4/20 (20%)Total Sulfate (SO4) 20
240 32.287 74.31041.47 mg/L 10/10 (100%)TOC 10

1060 662.5 331.6813160 mg/L 10/10 (100%)Total Dissolved Solids 10
7.6 7.31 0.17297.1 s.u. 10/10 (100%)pH 10

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix C: Water
Table 21b: Summary of SPLP Cattle Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min Max Unitsn Percent
Detected

(SPLP-4-1)

735 614 171.1198493 mg/L 2/2 (100%)Alkalinity (as CaCO3) 2
12000 12000 012000 MPN*/100ml 2/2 (100%)E. coli 2
12000 12000 012000 MPN*/100ml 2/2 (100%)Enterococcus Group 2
12000 12000 012000 MPN*/100ml 2/2 (100%)Fecal Coliform 2

1 1 01 MPN*/100ml 0/2 (0%)Salmonella species 2
1.5 1.51.5 MPN*/100ml 0/1 (0%)Staphylococcus aureus 1

12000 12000 012000 MPN*/100ml 2/2 (100%)Total Coliform 2
50 50 050 mg/L 0/2 (0%)Chloride 2

1.15 0.825 0.45960.5 mg/L 1/2 (50%)Dissolved Aluminum 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Antimony 2
0.012 0.0085 0.00490.005 mg/L 1/2 (50%)Dissolved Arsenic 2
0.481 0.3615 0.1690.242 mg/L 2/2 (100%)Dissolved Barium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Beryllium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Cadmium 2
84.7 80.8 5.515476.9 mg/L 2/2 (100%)Dissolved Calcium 2

0.033 0.019 0.01980.005 mg/L 1/2 (50%)Dissolved Chromium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Cobalt 2
0.082 0.0605 0.03040.039 mg/L 2/2 (100%)Dissolved Copper 2
1.32 0.91 0.57980.5 mg/L 1/2 (50%)Dissolved Iron 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Lead 2

64 63.8 0.282863.6 mg/L 2/2 (100%)Dissolved Magnesium 2
1.52 1.1675 0.49850.815 mg/L 2/2 (100%)Dissolved Manganese 2

0.012 0.0085 0.00490.005 mg/L 1/2 (50%)Dissolved Molybdenum 2
0.038 0.0315 0.00920.025 mg/L 2/2 (100%)Dissolved Nickel 2
415 260 219.2031105 mg/L 2/2 (100%)Dissolved Potassium 2

0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Selenium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Silver 2

64 50.5 19.091937 mg/L 2/2 (100%)Dissolved Sodium 2
0.005 0.005 00.005 mg/L 0/2 (0%)Dissolved Thallium 2
0.367 0.3575 0.01340.348 mg/L 2/2 (100%)Dissolved Vanadium 2
0.316 0.2225 0.13220.129 mg/L 2/2 (100%)Dissolved Zinc 2

98.5671 72.6891 36.59746.811 mg/L 2/2 (100%)Soluble Reactive P (4500PF) 2
109.3953 81.3048 39.72653.2143 mg/L 2/2 (100%)Total Dissolved P (4500PF) 2

83 63.05 28.213643.1 mg/L 2/2 (100%)Total Dissolved P (6020) 2
12.6 8.61 5.64274.62 mg/L 2/2 (100%)TOC 2
3330 2480 1202.08151630 mg/L 2/2 (100%)Total Dissolved Solids 2
7.8 7.75 0.07077.7 s.u. 2/2 (100%)pH 2

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations
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Appendix D: Solids
Table 1: Summary of Poultry Waste FAC Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.1282 0.1257 0.00360.1232MPN*/gram 0/2 (0%)Campylobacter species 2 0.1 0.1 00.1
160000 42003.6 62687.2820.1108MPN*/gram 15/16 (94%)E. coli 16 120000 34809.4 51745.2150.09
160000 103151 58213.2514679.803MPN*/gram 16/16 (100%)Enterococcus Group 16 120000 83612.5 46903.93800
160000 48578 66755.1570.1108MPN*/gram 15/16 (94%)Fecal Coliform 16 120000 40450.7 55564.3060.09
2.0525 0.2323 0.48540.1008MPN*/gram 1/16 (6%)Salmonella species 16 1.8 0.1969 0.42750.09
0.1213 0.1105 0.00670.1008MPN*/gram 0/16 (0%)Staphylococcus aureus 16 0.09 0.09 00.09
160000 49115.8 66419.0500.1108MPN*/gram 15/16 (94%)Total Coliform 16 120000 40864.4 55300.7780.09
7402.27 3881.13 1722.71761409.147mg/Kg 16/16 (100%)Chloride (Water Soluble) 16 5870 3146.88 1371.62541140
4.2329 0.9214 0.94160.1576ng/g 1/15 (7%)17a-estradiol 15 3.78 0.7687 0.85120.125
1.6013 0.746 0.32150.1576ng/g 1/15 (7%)17b-estradiol 15 1.43 0.612 0.2860.125

48.5175 3.8269 12.36590.14ng/g 1/15 (7%)Estriol 15 36 2.8833 9.16370.125
44.8084 12.0765 13.26480.7242ng/g 11/15 (73%)Estrone 15 36.25 9.8723 10.92850.625
5912.654 2023.87 1823.5851185.4141mg/Kg 16/16 (100%)Total Aluminum 16 5280 1681.56 1585.1647150
0.3369 0.3068 0.01870.28mg/Kg 0/16 (0%)Total Antimony 16 0.25 0.25 00.25

45.3791 18.6327 15.86410.2998mg/Kg 14/16 (88%)Total Arsenic 16 38.3 15.3625 13.21080.25
72.3598 48.5544 13.482432.1346mg/Kg 16/16 (100%)Total Barium 16 55.5 39.4875 10.372826.5
0.3369 0.3068 0.01870.28mg/Kg 0/16 (0%)Total Beryllium 16 0.25 0.25 00.25
0.3369 0.3068 0.01870.28mg/Kg 0/16 (0%)Total Cadmium 16 0.25 0.25 00.25

55128.21 34264.8 10354.24017673.89mg/Kg 16/16 (100%)Total Calcium 16 43000 27750 7613.84715500
19.6154 7.1208 4.94411.9137mg/Kg 16/16 (100%)Total Chromium 16 15.3 5.7844 3.88421.42
3.5072 1.803 0.62261.0789mg/Kg 16/16 (100%)Total Cobalt 16 2.69 1.4594 0.45760.93

561.1602 416.673 113.7025216.6477mg/Kg 16/16 (100%)Total Copper 16 445 338.188 85.9847190
3393.057 1086.56 970.5015336.2176mg/Kg 16/16 (100%)Total Iron 16 3030 890.938 817.1632272
5.9574 1.8047 1.72270.2962mg/Kg 12/16 (75%)Total Lead 16 5.32 1.4843 1.4430.25

8853.333 6670.44 1612.25044207.526mg/Kg 16/16 (100%)Total Magnesium 16 6840 5404.38 1131.59463690
1268 714.279 268.1528345.7077mg/Kg 16/16 (100%)Total Manganese 16 951 574.438 192.2079298

0.0214 0.0056 0.00460.0035mg/Kg 2/16 (13%)Total Mercury 16 0.0164 0.0045 0.00350.0029
6.33 3.5586 1.42231.4988mg/Kg 8/10 (80%)Total Molybdenum 10 5.14 2.91 1.14621.25

19.1677 13.927 3.62598.7392mg/Kg 16/16 (100%)Total Nickel 16 15.2 11.2844 2.5767.07
46305.42 30663.1 7189.055119954.39mg/Kg 16/16 (100%)Total Potassium 16 37600 24875 5169.461617500

2.04 1.1965 0.55550.28mg/Kg 13/16 (81%)Total Selenium 16 1.53 0.9681 0.4320.25
69.0667 8.2315 21.75080.28mg/Kg 2/16 (13%)Total Silver 16 51.8 6.2625 16.47750.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 1: Summary of Poultry Waste FAC Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

13793.10 8077.76 2599.13994845.972mg/Kg 16/16 (100%)Total Sodium 16 11200 6546.25 1940.30544090
0.3369 0.3068 0.01870.28mg/Kg 0/16 (0%)Total Thallium 16 0.25 0.25 00.25

160.2564 17.5578 38.55852.8058mg/Kg 14/16 (88%)Total Vanadium 16 125 13.9825 30.03232.5
741.3333 496.033 149.7508301.0262mg/Kg 16/16 (100%)Total Zinc 16 582 401.25 108.6527264
3885.267 1662.37 1211.5982117.4458mg/Kg 16/16 (100%)Ammonium (Water Soluble) 16 2980 1325.94 919.6134103

2320 246.898 608.91215.5991mg/Kg 5/16 (31%)Nitrate-N (Water Soluble) 16 1740 188.938 459.73265
46630.73 30259.7 17250.0482631.579mg/Kg 16/16 (100%)Nitrogen Total (Inorganic + Organic) 16 39800 24652.5 14215.1502350

97.9 73.0438 14.308340.6% 16/16 (100%)Organic Matter 16 97.9 73.0438 14.308340.6
2.49E+09 1.1E+09 84588951021472040Copies/g 9/9 (100%)Brevibacteria 16S rRNA 9 2.49E+09 1.1E+09 84588951021472040
11761.41 5406.20 3112.44052394.667mg/Kg 16/16 (100%)Phosphorus (Mehlich 3) 16 9021 4365.94 2365.73111796
5851.319 1441.09 1521.4764455.9165mg/Kg 16/16 (100%)Phosphorus (Water Soluble) 16 4880 1166.25 1230.9741347
30559.17 20055.9 6925.161210114.03mg/Kg 16/16 (100%)Total P (6020) 16 23700 16176.9 5040.06588760

25.8 18.2438 4.97910.7% 16/16 (100%)Moisture 16 25.8 18.2438 4.97910.7
89.3 81.7688 4.990474.2% 16/16 (100%)Solids Total 16 89.3 81.7688 4.990474.2
22.2 11.745 4.88893.82mmhos/cm 16/16 (100%)Soluble Salts (1:2) 16 22.2 11.745 4.88893.82

8940.731 4401.42 2360.4046914.7095mg/Kg 16/16 (100%)Sulfate (Water Soluble) 16 7090 3560.06 1848.5353740
8.99 7.928 0.70846.8s.u. 10/10 (100%)pH 10 8.99 7.928 0.70846.8

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 2: Summary of Poultry Waste Road Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.3401 0.2302 0.15550.1202MPN*/gram 0/2 (0%)Campylobacter species 2 0.1 0.1 00.1
216.3462 186.404 42.3441156.4626MPN*/gram 2/2 (100%)E. coli 2 180 113 94.752346
5528.846 3002.52 3572.7671476.1905MPN*/gram 2/2 (100%)Enterococcus Group 2 4600 2370 3153.6962140
216.3462 186.404 42.3441156.4626MPN*/gram 2/2 (100%)Fecal Coliform 2 180 113 94.752346
0.3061 0.2071 0.140.1082MPN*/gram 0/2 (0%)Salmonella species 2 0.09 0.09 00.09
0.3061 0.2071 0.140.1082MPN*/gram 0/2 (0%)Staphylococcus aureus 2 0.09 0.09 00.09

81632.65 42258.6 55683.2712884.615MPN*/gram 2/2 (100%)Total Coliform 2 24000 13200 15273.5072400
1.15 1.151.15% 1/1 (100%)Chloride (Water Soluble) 1 1.15 1.151.15

6227.967 2820 2805.768530.0481mg/Kg 3/4 (75%)Chloride (Water Soluble) 4 5300 1861.5 2420.257425
1830.529 1000.02 707.9647293.772mg/Kg 3/5 (60%)Total Aluminum 5 1523 608.331 534.0945250
5.4585 2.3868 2.34180.3005mg/Kg 0/5 (0%)Total Antimony 5 2.5 1.15 1.23240.25

22.2092 7.2978 10.18480.6731mg/Kg 3/5 (60%)Total Arsenic 5 26.786 9.7992 12.25970.25
197.1154 79.7484 78.327735.8402mg/Kg 5/5 (100%)Total Barium 5 164 48.974 64.642812.2
5.4585 2.3868 2.34180.3005mg/Kg 1/5 (20%)Total Beryllium 5 2.5 1.1238 1.25740.119
5.4585 2.3868 2.34180.3005mg/Kg 1/5 (20%)Total Cadmium 5 2.5 1.1288 1.25250.144

152401.7 64495.2 60156.11116231.97mg/Kg 5/5 (100%)Total Calcium 5 69800 31180.5 23411.82913505
6.5922 4.8371 1.80372.3317mg/Kg 4/5 (80%)Total Chromium 5 8.5 4.002 2.99111.46
5.4585 2.552 2.16190.8503mg/Kg 2/5 (40%)Total Cobalt 5 2.5 1.4326 1.02220.25

700.8734 434.497 288.895624.2788mg/Kg 5/5 (100%)Total Copper 5 448 260.529 174.967820.2
3013.100 1752.98 937.3295794.3596mg/Kg 5/5 (100%)Total Iron 5 2269.982 1248 733.9362411
5.4585 2.9607 1.89970.8503mg/Kg 2/5 (40%)Total Lead 5 2.5 1.736 0.97110.25

8435.374 6706.19 1647.99224605.769mg/Kg 5/5 (100%)Total Magnesium 5 6360 4129 1599.21922480
925.7642 787.485 93.1988722.6792mg/Kg 5/5 (100%)Total Manganese 5 621 473.005 163.9897222

0.01 0.0062 0.00290.0038mg/Kg 0/5 (0%)Total Mercury 5 0.0034 0.0032 0.00020.003
mg/Kg 1/1 (100%)Total Molybdenum 1 4.545 4.5454.545

15.068 11.6591 5.30513.774mg/Kg 5/5 (100%)Total Nickel 5 12.3 7.1302 3.78933.14
40188.01 26097.8 17065.4151771.635mg/Kg 5/5 (100%)Total Potassium 5 34200 17060 13140.3741474
5.4585 2.7233 2.01610.8503mg/Kg 2/5 (40%)Total Selenium 5 2.5 1.6992 0.93840.25
5.4585 2.3868 2.34180.3005mg/Kg 0/5 (0%)Total Silver 5 2.5 1.125 1.25620.125

11433.61 6360.75 4682.417390.8654mg/Kg 5/5 (100%)Total Sodium 5 9730 4415.45 3909.312475.6
5.4585 2.3868 2.34180.3005mg/Kg 0/5 (0%)Total Thallium 5 2.5 1.2 1.19110.25

54.5852 23.8676 23.41823.0048mg/Kg 1/5 (20%)Total Vanadium 5 25 12.6144 11.5332.5

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 2: Summary of Poultry Waste Road Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

724.8908 461.901 254.1556115.5048mg/Kg 5/5 (100%)Total Zinc 5 449 292.265 166.053896.1
25.2 25.225.2% 1/1 (100%)Ammonium (Water Soluble) 1 25.2 25.225.2

5102.041 2577.71 2802.20533.0048mg/Kg 3/4 (75%)Ammonium (Water Soluble) 4 4170 1453.13 1933.23712.5
0.74 0.740.74% 1/1 (100%)Nitrate-N (Water Soluble) 1 0.74 0.740.74

11951.92 3000.84 5967.392810.917mg/Kg 2/4 (50%)Nitrate-N (Water Soluble) 4 9944 2493.5 4967.0055
43478.26 31774.4 9348.84821754.81mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 37000 19450 12167.85410100

74.5 65.3333 11.888851.9% 3/3 (100%)Organic Matter 3 74.5 65.3333 11.888851.9
75.1 75.175.1% 1/1 (100%)Organic Matter (Combustion) 1 75.1 75.175.1

28646.29 13189.1 11717.282435.0962mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 13120 6505.25 5530.5852362
8639.456 3639.72 3589.022891.3462mg/Kg 5/5 (100%)Phosphorus (Water Soluble) 5 2540 1507.8 1023.303676

mg/Kg 1/1 (100%)Total P (6010) 1 18963.6 18963.618963.6
27074.24 20477.2 10138.8065367.789mg/Kg 4/4 (100%)Total P (6020) 4 21400 11354 7464.01134466

70.6 39.125 27.707914.9% 4/4 (100%)Moisture 4 70.6 39.125 27.707914.9
85.1 60.875 27.707929.4% 4/4 (100%)Solids Total 4 85.1 60.875 27.707929.4
11.9 6.7825 5.49890.22mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 11.9 6.7825 5.49890.22

5757.932 2278.69 2578.87026.0096mg/Kg 4/5 (80%)Sulfate (Water Soluble) 5 4900 1416.4 2004.88845
8.48 7.8525 0.44347.46s.u. 4/4 (100%)pH 4 8.48 7.8525 0.44347.46

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 3: Summary of Cattle Manure Sample – Fresh

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

944881.9 805924 111145.43689655.2MPN*/gram 4/4 (100%)E. coli 4 120000 120000 0120000
689655.2 200893 327797.431678.322MPN*/gram 4/4 (100%)Enterococcus Group 4 120000 33835 57615.503240
944881.9 805924 111145.43689655.2MPN*/gram 4/4 (100%)Fecal Coliform 4 120000 120000 0120000
0.7087 0.6044 0.08340.5172MPN*/gram 0/4 (0%)Salmonella species 4 0.09 0.09 00.09
0.7087 0.6044 0.08340.5172MPN*/gram 0/4 (0%)Staphylococcus aureus 4 0.09 0.09 00.09

944881.9 805924 111145.43689655.2MPN*/gram 4/4 (100%)Total Coliform 4 120000 120000 0120000
4725 3191.47 1630.8705850.1577mg/Kg 5/5 (100%)Chloride (Water Soluble) 5 756 567.2 174.0164308

764.3678 493.047 227.0779153.1546mg/Kg 5/5 (100%)Total Aluminum 5 133 90.04 27.176766.8
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Antimony 5 0.25 0.25 00.25
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Arsenic 5 0.25 0.25 00.25

116.6667 82.1947 32.179535.8044mg/Kg 5/5 (100%)Total Barium 5 22.7 15.9 5.35410.2
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Beryllium 5 0.25 0.25 00.25
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Cadmium 5 0.25 0.25 00.25

15039.37 9008.29 4641.44792539.432mg/Kg 5/5 (100%)Total Calcium 5 1910 1587.2 353.2976986
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Chromium 5 0.25 0.25 00.25
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Cobalt 5 0.25 0.25 00.25

24.1732 13.9698 7.44963.6435mg/Kg 5/5 (100%)Total Copper 5 3.07 2.398 0.39362.07
827.5862 524.964 245.6784154.1009mg/Kg 5/5 (100%)Total Iron 5 144 95.2 29.417969.4
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Lead 5 0.25 0.25 00.25
6625 4819.92 2312.9869962.1451mg/Kg 5/5 (100%)Total Magnesium 5 1060 817 179.9014610

609.1954 341.519 182.7752100.6309mg/Kg 5/5 (100%)Total Manganese 5 106 62.48 25.786640.7
0.3414 0.0826 0.14490.005mg/Kg 1/5 (20%)Total Mercury 5 0.0594 0.0144 0.02520.003
4.5984 3.0026 1.84480.3943mg/Kg 3/5 (60%)Total Molybdenum 5 0.701 0.4924 0.22560.25
3.6379 1.8623 1.16430.3943mg/Kg 1/5 (20%)Total Nickel 5 0.633 0.3266 0.17130.25

14965.04 9271.54 4096.67813580.442mg/Kg 5/5 (100%)Total Potassium 5 2270 1728 448.18521280
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Selenium 5 0.25 0.25 00.25
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Silver 5 0.25 0.25 00.25

1921.26 1214.14 695.6312155.836mg/Kg 5/5 (100%)Total Sodium 5 303 197.76 80.134898.8
1.9685 1.4221 0.60850.3943mg/Kg 0/5 (0%)Total Thallium 5 0.25 0.25 00.25
9.8425 7.1104 3.04261.9716mg/Kg 0/5 (0%)Total Vanadium 5 1.25 1.25 01.25

116.0839 74.1279 38.914721.7666mg/Kg 5/5 (100%)Total Zinc 5 16.6 12.974 2.83468.77
1349.650 808.174 514.7525209.7792mg/Kg 5/5 (100%)Ammonium (Water Soluble) 5 193 137.2 44.533192

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 3: Summary of Cattle Manure Sample – Fresh

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

39.3701 28.4414 12.17047.8864mg/Kg 0/5 (0%)Nitrate-N (Water Soluble) 5 5 5 05
42307.69 30555.6 13718.1667902.208mg/Kg 5/5 (100%)Nitrogen Total (Inorganic + Organic) 5 6390 5346 831.79324450

87.3 86.26 1.001584.6% 5/5 (100%)Organic Matter 5 87.3 86.26 1.001584.6
0 0 00Copies/g 0/7 (0%)Brevibacteria 16S rRNA 7 0 0 00

4685.315 3275.68 1441.26421459.770mg/Kg 5/5 (100%)Phosphorus (Mehlich 3) 5 1300 677.6 382.8228254
6209.790 3017.92 2124.31881063.218mg/Kg 5/5 (100%)Phosphorus (Water Soluble) 5 888 545 264.4939185
8951.049 5924.03 2966.48591593.06mg/Kg 5/5 (100%)Total P (6020) 5 1280 1030 202.8189741

87.3 75.24 21.672636.6% 5/5 (100%)Moisture 5 87.3 75.24 21.672636.6
63.4 24.76 21.672612.7% 5/5 (100%)Solids Total 5 63.4 24.76 21.672612.7
7.54 3.846 2.15212.1mmhos/cm 5/5 (100%)Soluble Salts (1:2) 5 7.54 3.846 2.15212.1

1732.284 569.479 662.721580.4416mg/Kg 5/5 (100%)Sulfate (Water Soluble) 5 220 86.6 74.788449
7.8 7.44 0.33627s.u. 5/5 (100%)pH 5 7.8 7.44 0.33627

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 4: Summary of Cattle Manure Sample – Dry

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

463320.5 171213 214822.4436.7188MPN*/gram 4/4 (100%)E. coli 4 120000 51027.4 57231.8349.4
463320.5 152244 217924.69429.6875MPN*/gram 4/4 (100%)Enterococcus Group 4 120000 43730 56766.823110
463320.5 171213 214822.4436.7188MPN*/gram 4/4 (100%)Fecal Coliform 4 120000 51027.4 57231.8349.4
0.3516 0.2897 0.06940.2211MPN*/gram 0/4 (0%)Salmonella species 4 0.09 0.09 00.09
0.3516 0.2897 0.06940.2211MPN*/gram 0/4 (0%)Staphylococcus aureus 4 0.09 0.09 00.09

463320.5 201748 226273.215468.75MPN*/gram 4/4 (100%)Total Coliform 4 120000 62375 66595.8141400
793.1034 305.061 344.837335.7143mg/Kg 3/5 (60%)Chloride (Water Soluble) 5 299 101.2 122.872710
899.6139 562.495 226.425331.565mg/Kg 5/5 (100%)Total Aluminum 5 233 167.2 40.8252125
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Antimony 5 0.25 0.25 00.25
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Arsenic 5 0.25 0.25 00.25

116.9884 91.9191 23.975457.2944mg/Kg 5/5 (100%)Total Barium 5 33.9 28.04 5.384121.6
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Beryllium 5 0.25 0.25 00.25
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Cadmium 5 0.25 0.25 00.25

8515.625 6957.42 884.45056357.143mg/Kg 5/5 (100%)Total Calcium 5 2670 2178 440.13631700
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Chromium 5 0.25 0.25 00.25
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Cobalt 5 0.25 0.25 00.25

14.0541 10.4772 2.15798.6737mg/Kg 5/5 (100%)Total Copper 5 3.79 3.234 0.54122.42
872.5869 508.52 222.23294.4297mg/Kg 5/5 (100%)Total Iron 5 226 151.4 44.1396111
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Lead 5 0.25 0.25 00.25

4671.815 2832.86 1088.64461911.548mg/Kg 5/5 (100%)Total Magnesium 5 1210 867.6 273.362594
494.2085 348.340 110.1475212.9973mg/Kg 5/5 (100%)Total Manganese 5 141 107.06 30.289771
0.0375 0.0153 0.01260.0072mg/Kg 1/5 (20%)Total Mercury 5 0.0097 0.0044 0.0030.003
2.7273 1.4869 0.8020.8929mg/Kg 2/5 (40%)Total Molybdenum 5 1.11 0.5132 0.38770.25
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Nickel 5 0.25 0.25 00.25

2969.112 1951.81 1005.2408636.7188mg/Kg 5/5 (100%)Total Potassium 5 841 604.4 282.2938163
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Selenium 5 0.25 0.25 00.25
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Silver 5 0.25 0.25 00.25

291.7772 159.380 106.453661.4251mg/Kg 2/5 (40%)Total Sodium 5 110 50.3 37.903825
0.9766 0.8224 0.17160.6143mg/Kg 0/5 (0%)Total Thallium 5 0.25 0.25 00.25
4.8828 4.1121 0.85823.0713mg/Kg 0/5 (0%)Total Vanadium 5 1.25 1.25 01.25

125.0965 72.882 30.704346.4191mg/Kg 5/5 (100%)Total Zinc 5 32.4 21.86 6.244417.4
490.3475 214.932 157.2299115.4791mg/Kg 5/5 (100%)Ammonium (Water Soluble) 5 127 62.4 36.163544

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 4: Summary of Cattle Manure Sample – Dry

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

19.5312 16.4482 3.432612.285mg/Kg 0/5 (0%)Nitrate-N (Water Soluble) 5 5 5 05
48648.65 29990.3 10579.90723437.5mg/Kg 5/5 (100%)Nitrogen Total (Inorganic + Organic) 5 12600 9228 2614.33936000

89 86.64 3.336681.3% 5/5 (100%)Organic Matter 5 89 86.64 3.336681.3
3138.996 1611.03 1006.1851716.1804mg/Kg 5/5 (100%)Phosphorus (Mehlich 3) 5 813 462 217.6499270
2015.444 950.247 608.6417466.8305mg/Kg 5/5 (100%)Phosphorus (Water Soluble) 5 522 280.2 139.8238190
3441.406 2692.79 698.3411825.553mg/Kg 5/5 (100%)Total P (6020) 5 991 820.8 140.8268624

74.4 68.42 7.09759.3% 5/5 (100%)Moisture 5 74.4 68.42 7.09759.3
40.7 31.58 7.09725.6% 5/5 (100%)Solids Total 5 40.7 31.58 7.09725.6
7.3 2.176 2.87540.55mmhos/cm 5/5 (100%)Soluble Salts (1:2) 5 7.3 2.176 2.87540.55

138.9961 69.9498 51.651324.57mg/Kg 2/5 (40%)Sulfate (Water Soluble) 5 42 21.6 16.02510
8 7.58 0.30337.2s.u. 5/5 (100%)pH 5 8 7.58 0.30337.2

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 5: Summary of Dust Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.1105 0.11050.1105MPN*/gram 0/1 (0%)Campylobacter species 1 0.1 0.10.1
1436.464 1436.461436.464MPN*/gram 1/1 (100%)E. coli 1 1300 13001300
30939.23 30939.230939.23MPN*/gram 1/1 (100%)Enterococcus Group 1 28000 2800028000
1436.464 1436.461436.464MPN*/gram 1/1 (100%)Fecal Coliform 1 1300 13001300
243.0939 243.094243.0939MPN*/gram 1/1 (100%)Salmonella species 1 220 220220
0.1105 0.11050.1105MPN*/gram 0/1 (0%)Staphylococcus aureus 1 0.1 0.10.1

1436.464 1436.461436.464MPN*/gram 1/1 (100%)Total Coliform 1 1300 13001300
2143.646 2143.652143.646mg/Kg 1/1 (100%)Chloride (Water Soluble) 1 1940 19401940
4795.580 4795.584795.580mg/Kg 1/1 (100%)Total Aluminum 1 4340 43404340
1.0475 1.04751.0475mg/Kg 1/1 (100%)Total Antimony 1 0.948 0.9480.948

38.5635 38.563538.5635mg/Kg 1/1 (100%)Total Arsenic 1 34.9 34.934.9
20.3315 20.331520.3315mg/Kg 1/1 (100%)Total Barium 1 18.4 18.418.4
0.2762 0.27620.2762mg/Kg 0/1 (0%)Total Beryllium 1 0.25 0.250.25
0.2762 0.27620.2762mg/Kg 0/1 (0%)Total Cadmium 1 0.25 0.250.25

19558.01 19558.019558.01mg/Kg 1/1 (100%)Total Calcium 1 17700 1770017700
4.3757 4.37574.3757mg/Kg 1/1 (100%)Total Chromium 1 3.96 3.963.96
1.7569 1.75691.7569mg/Kg 1/1 (100%)Total Cobalt 1 1.59 1.591.59

409.9448 409.945409.9448mg/Kg 1/1 (100%)Total Copper 1 371 371371
787.8453 787.845787.8453mg/Kg 1/1 (100%)Total Iron 1 713 713713

1.337 1.3371.337mg/Kg 1/1 (100%)Total Lead 1 1.21 1.211.21
6397.790 6397.796397.790mg/Kg 1/1 (100%)Total Magnesium 1 5790 57905790
511.6022 511.602511.6022mg/Kg 1/1 (100%)Total Manganese 1 463 463463
0.0034 0.00340.0034mg/Kg 0/1 (0%)Total Mercury 1 0.0031 0.00310.0031
2.8729 2.87292.8729mg/Kg 1/1 (100%)Total Molybdenum 1 2.6 2.62.6

11.6022 11.602211.6022mg/Kg 1/1 (100%)Total Nickel 1 10.5 10.510.5
30497.24 30497.230497.24mg/Kg 1/1 (100%)Total Potassium 1 27600 2760027600

2.453 2.4532.453mg/Kg 1/1 (100%)Total Selenium 1 2.22 2.222.22
0.2762 0.27620.2762mg/Kg 0/1 (0%)Total Silver 1 0.25 0.250.25

5955.801 5955.805955.801mg/Kg 1/1 (100%)Total Sodium 1 5390 53905390
0.2762 0.27620.2762mg/Kg 0/1 (0%)Total Thallium 1 0.25 0.250.25
3.3481 3.34813.3481mg/Kg 1/1 (100%)Total Vanadium 1 3.03 3.033.03

344.7514 344.751344.7514mg/Kg 1/1 (100%)Total Zinc 1 312 312312

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 5: Summary of Dust Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

3292.818 3292.823292.818mg/Kg 1/1 (100%)Ammonium (Water Soluble) 1 2980 29802980
2.7624 2.76242.7624mg/Kg 0/1 (0%)Nitrate-N (Water Soluble) 1 2.5 2.52.5

77679.56 77679.677679.56mg/Kg 1/1 (100%)Nitrogen Total (Inorganic + Organic) 1 70300 7030070300
82.1 82.182.1% 1/1 (100%)Organic Matter (Combustion) 1 82.1 82.182.1

2236.464 2236.462236.464mg/Kg 1/1 (100%)Phosphorus (Mehlich 3) 1 2024 20242024
1314.917 1314.921314.917mg/Kg 1/1 (100%)Phosphorus (Water Soluble) 1 1190 11901190
15469.61 15469.615469.61mg/Kg 1/1 (100%)Total P (6020) 1 14000 1400014000

40 4040% 1/1 (100%)%Clay 1 40 4040
42 4242% 1/1 (100%)%Sand 1 42 4242
18 1818% 1/1 (100%)%Silt 1 18 1818

9.51 9.519.51% 1/1 (100%)Moisture 1 9.51 9.519.51
90.5 90.590.5% 1/1 (100%)Solids Total 1 90.5 90.590.5
11.4 11.411.4mmhos/cm 1/1 (100%)Soluble Salts (1:2) 1 11.4 11.411.4

9370.166 9370.179370.166mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 8480 84808480
7 77s.u. 1/1 (100%)pH 1 7 77

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 6: Summary of Feed Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

2102.336 2102.342102.336mg/Kg 1/1 (100%)Chloride (Water Soluble) 1 1890 18901890
119.0211 119.021119.0211mg/Kg 1/1 (100%)Total Aluminum 1 107 107107
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Antimony 1 0.25 0.250.25

13.3482 13.348213.3482mg/Kg 1/1 (100%)Total Arsenic 1 12 1212
4.7497 4.74974.7497mg/Kg 1/1 (100%)Total Barium 1 4.27 4.274.27
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Beryllium 1 0.25 0.250.25
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Cadmium 1 0.25 0.250.25

15461.62 15461.615461.62mg/Kg 1/1 (100%)Total Calcium 1 13900 1390013900
2.4805 2.48052.4805mg/Kg 1/1 (100%)Total Chromium 1 2.23 2.232.23
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Cobalt 1 0.25 0.250.25

132.3693 132.369132.3693mg/Kg 1/1 (100%)Total Copper 1 119 119119
255.8398 255.84255.8398mg/Kg 1/1 (100%)Total Iron 1 230 230230
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Lead 1 0.25 0.250.25

1423.804 1423.801423.804mg/Kg 1/1 (100%)Total Magnesium 1 1280 12801280
143.4928 143.493143.4928mg/Kg 1/1 (100%)Total Manganese 1 129 129129
0.0035 0.00350.0035mg/Kg 0/1 (0%)Total Mercury 1 0.0032 0.00320.0032
1.3904 1.39041.3904mg/Kg 0/1 (0%)Total Molybdenum 1 1.25 1.251.25
2.4472 2.44722.4472mg/Kg 1/1 (100%)Total Nickel 1 2.2 2.22.2
7819.8 7819.87819.8mg/Kg 1/1 (100%)Total Potassium 1 7030 70307030
0.9789 0.97890.9789mg/Kg 1/1 (100%)Total Selenium 1 0.88 0.880.88
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Silver 1 0.25 0.250.25

2569.522 2569.522569.522mg/Kg 1/1 (100%)Total Sodium 1 2310 23102310
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Thallium 1 0.25 0.250.25
0.2781 0.27810.2781mg/Kg 0/1 (0%)Total Vanadium 1 0.25 0.250.25

142.3804 142.380142.3804mg/Kg 1/1 (100%)Total Zinc 1 128 128128
14.4605 14.460514.4605mg/Kg 1/1 (100%)Ammonium (Water Soluble) 1 13 1313
1.9355 1.93551.9355mg/Kg 1/1 (100%)Nitrate-N (Water Soluble) 1 1.74 1.741.74

19466.07 19466.119466.07mg/Kg 1/1 (100%)Nitrogen Total (Inorganic + Organic) 1 17500 1750017500
93.8 93.893.8% 1/1 (100%)Organic Matter (Combustion) 1 93.8 93.893.8

1852.058 1852.061852.058mg/Kg 1/1 (100%)Phosphorus (Mehlich 3) 1 1665 16651665
202.4472 202.447202.4472mg/Kg 1/1 (100%)Phosphorus (Water Soluble) 1 182 182182
9187.987 9187.999187.987mg/Kg 1/1 (100%)Total P (6020) 1 8260 82608260

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 6: Summary of Feed Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

18 1818% 1/1 (100%)%Clay 1 18 1818
68 6868% 1/1 (100%)%Sand 1 68 6868
14 1414% 1/1 (100%)%Silt 1 14 1414

10.1 10.110.1% 1/1 (100%)Moisture 1 10.1 10.110.1
89.9 89.989.9% 1/1 (100%)Solids Total 1 89.9 89.989.9

0.761 0.7610.761mmhos/cm 1/1 (100%)Soluble Salts (1:2) 1 0.761 0.7610.761
727.475 727.475727.475mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 654 654654

5.9 5.95.9s.u. 1/1 (100%)pH 1 5.9 5.95.9

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 7: Summary of Growth Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

2408.257 2408.262408.257mg/Kg 1/1 (100%)Chloride (Water Soluble) 1 2100 21002100
111.4679 111.468111.4679mg/Kg 1/1 (100%)Total Aluminum 1 97.2 97.297.2
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Antimony 1 0.25 0.250.25

15.0229 15.022915.0229mg/Kg 1/1 (100%)Total Arsenic 1 13.1 13.113.1
8.4633 8.46338.4633mg/Kg 1/1 (100%)Total Barium 1 7.38 7.387.38
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Beryllium 1 0.25 0.250.25
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Cadmium 1 0.25 0.250.25

14220.18 14220.214220.18mg/Kg 1/1 (100%)Total Calcium 1 12400 1240012400
2.2018 2.20182.2018mg/Kg 1/1 (100%)Total Chromium 1 1.92 1.921.92
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Cobalt 1 0.25 0.250.25

194.9541 194.954194.9541mg/Kg 1/1 (100%)Total Copper 1 170 170170
202.9817 202.982202.9817mg/Kg 1/1 (100%)Total Iron 1 177 177177
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Lead 1 0.25 0.250.25

1513.762 1513.761513.762mg/Kg 1/1 (100%)Total Magnesium 1 1320 13201320
176.6055 176.606176.6055mg/Kg 1/1 (100%)Total Manganese 1 154 154154
0.0036 0.00360.0036mg/Kg 0/1 (0%)Total Mercury 1 0.0031 0.00310.0031
1.4335 1.43351.4335mg/Kg 0/1 (0%)Total Molybdenum 1 1.25 1.251.25
2.9128 2.91282.9128mg/Kg 1/1 (100%)Total Nickel 1 2.54 2.542.54

8302.752 8302.758302.752mg/Kg 1/1 (100%)Total Potassium 1 7240 72407240
0.7959 0.79590.7959mg/Kg 1/1 (100%)Total Selenium 1 0.694 0.6940.694
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Silver 1 0.25 0.250.25

2282.110 2282.112282.110mg/Kg 1/1 (100%)Total Sodium 1 1990 19901990
0.2867 0.28670.2867mg/Kg 0/1 (0%)Total Thallium 1 0.25 0.250.25
0.9931 0.99310.9931mg/Kg 1/1 (100%)Total Vanadium 1 0.866 0.8660.866

163.9908 163.991163.9908mg/Kg 1/1 (100%)Total Zinc 1 143 143143
25.2294 25.229425.2294mg/Kg 1/1 (100%)Ammonium (Water Soluble) 1 22 2222
2.1789 2.17892.1789mg/Kg 1/1 (100%)Nitrate-N (Water Soluble) 1 1.9 1.91.9

32568.81 32568.832568.81mg/Kg 1/1 (100%)Nitrogen Total (Inorganic + Organic) 1 28400 2840028400
93.8 93.893.8% 1/1 (100%)Organic Matter (Combustion) 1 93.8 93.893.8

1791.284 1791.281791.284mg/Kg 1/1 (100%)Phosphorus (Mehlich 3) 1 1562 15621562
387.6147 387.615387.6147mg/Kg 1/1 (100%)Phosphorus (Water Soluble) 1 338 338338
8853.211 8853.218853.211mg/Kg 1/1 (100%)Total P (6020) 1 7720 77207720

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 7: Summary of Growth Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

20 2020% 1/1 (100%)%Clay 1 20 2020
70 7070% 1/1 (100%)%Sand 1 70 7070
10 1010% 1/1 (100%)%Silt 1 10 1010

12.8 12.812.8% 1/1 (100%)Moisture 1 12.8 12.812.8
87.2 87.287.2% 1/1 (100%)Solids Total 1 87.2 87.287.2
1.04 1.041.04mmhos/cm 1/1 (100%)Soluble Salts (1:2) 1 1.04 1.041.04

650.2294 650.229650.2294mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 567 567567
5.9 5.95.9s.u. 1/1 (100%)pH 1 5.9 5.95.9

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 8: Summary of Compost Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.1056 0.10560.1056MPN*/gram 0/1 (0%)E. coli 1 0.1 0.10.1
834.2133 834.213834.2133MPN*/gram 1/1 (100%)Enterococcus Group 1 790 790790
7.1806 7.18067.1806MPN*/gram 1/1 (100%)Fecal Coliform 1 6.8 6.86.8
0.1056 0.10560.1056MPN*/gram 0/1 (0%)Salmonella species 1 0.1 0.10.1
0.1056 0.10560.1056MPN*/gram 0/1 (0%)Staphylococcus aureus 1 0.1 0.10.1

14.7835 14.783514.7835MPN*/gram 1/1 (100%)Total Coliform 1 14 1414
2059.134 2059.132059.134mg/Kg 1/1 (100%)Chloride (Water Soluble) 1 1950 19501950
58.0781 58.078158.0781ng/g 1/1 (100%)17a-estradiol 1 55 5555
3.2999 3.29993.2999ng/g 0/1 (0%)17b-estradiol 1 3.125 3.1253.125
3.2999 3.29993.2999ng/g 0/1 (0%)Estriol 1 3.125 3.1253.125

50.1584 50.158450.1584ng/g 1/1 (100%)Estrone 1 47.5 47.547.5
365.3643 365.364365.3643mg/Kg 1/1 (100%)Total Aluminum 1 346 346346

0.264 0.2640.264mg/Kg 0/1 (0%)Total Antimony 1 0.25 0.250.25
21.0137 21.013721.0137mg/Kg 1/1 (100%)Total Arsenic 1 19.9 19.919.9
25.3432 25.343225.3432mg/Kg 1/1 (100%)Total Barium 1 24 2424
0.264 0.2640.264mg/Kg 0/1 (0%)Total Beryllium 1 0.25 0.250.25
0.264 0.2640.264mg/Kg 0/1 (0%)Total Cadmium 1 0.25 0.250.25

31467.79 31467.831467.79mg/Kg 1/1 (100%)Total Calcium 1 29800 2980029800
6.8427 6.84276.8427mg/Kg 1/1 (100%)Total Chromium 1 6.48 6.486.48
1.0454 1.04541.0454mg/Kg 1/1 (100%)Total Cobalt 1 0.99 0.990.99

385.4277 385.428385.4277mg/Kg 1/1 (100%)Total Copper 1 365 365365
613.5164 613.516613.5164mg/Kg 1/1 (100%)Total Iron 1 581 581581
0.6441 0.64410.6441mg/Kg 1/1 (100%)Total Lead 1 0.61 0.610.61

5564.942 5564.945564.942mg/Kg 1/1 (100%)Total Magnesium 1 5270 52705270
661.0348 661.035661.0348mg/Kg 1/1 (100%)Total Manganese 1 626 626626
0.0035 0.00350.0035mg/Kg 0/1 (0%)Total Mercury 1 0.0033 0.00330.0033
3.981 3.9813.981mg/Kg 1/1 (100%)Total Molybdenum 1 3.77 3.773.77
8.5428 8.54288.5428mg/Kg 1/1 (100%)Total Nickel 1 8.09 8.098.09

24815.21 24815.224815.21mg/Kg 1/1 (100%)Total Potassium 1 23500 2350023500
1.0444 1.04441.0444mg/Kg 1/1 (100%)Total Selenium 1 0.989 0.9890.989
0.264 0.2640.264mg/Kg 0/1 (0%)Total Silver 1 0.25 0.250.25

6747.624 6747.626747.624mg/Kg 1/1 (100%)Total Sodium 1 6390 63906390

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 8: Summary of Compost Sample

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.264 0.2640.264mg/Kg 0/1 (0%)Total Thallium 1 0.25 0.250.25
2.6505 2.65052.6505mg/Kg 1/1 (100%)Total Vanadium 1 2.51 2.512.51

530.095 530.095530.095mg/Kg 1/1 (100%)Total Zinc 1 502 502502
231.2566 231.257231.2566mg/Kg 1/1 (100%)Ammonium (Water Soluble) 1 219 219219

0.528 0.5280.528mg/Kg 0/1 (0%)Nitrate-N (Water Soluble) 1 0.5 0.50.5
36430.83 36430.836430.83mg/Kg 1/1 (100%)Nitrogen Total (Inorganic + Organic) 1 34500 3450034500

65 6565% 1/1 (100%)Organic Matter 1 65 6565
2677.930 2677.932677.930mg/Kg 1/1 (100%)Phosphorus (Mehlich 3) 1 2536 25362536
1182.682 1182.681182.682mg/Kg 1/1 (100%)Phosphorus (Water Soluble) 1 1120 11201120
17845.83 17845.817845.83mg/Kg 1/1 (100%)Total P (6020) 1 16900 1690016900

34 3434% 1/1 (100%)%Clay 1 34 3434
60 6060% 1/1 (100%)%Sand 1 60 6060
6 66% 1/1 (100%)%Silt 1 6 66

5.28 5.285.28% 1/1 (100%)Moisture 1 5.28 5.285.28
94.7 94.794.7% 1/1 (100%)Solids Total 1 94.7 94.794.7
7.29 7.297.29mmhos/cm 1/1 (100%)Soluble Salts (1:2) 1 7.29 7.297.29

1657.867 1657.871657.867mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 1570 15701570
7.34 7.347.34s.u. 1/1 (100%)pH 1 7.34 7.347.34

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 9: Summary of Poultry Field LAL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.1095 0.102 0.00340.1003MPN*/gram 0/7 (0%)Campylobacter species 7 0.1 0.1 00.1
2059.732 116.021 393.43070.0902MPN*/gram 38/55 (69%)E. coli 55 2000 113.383 384.16230.09
123203.3 7019.55 24002.0160.4325MPN*/gram 55/55 (100%)Enterococcus Group 55 120000 6884.80 23483.6690.41
123076.9 3673.14 17326.1250.0902MPN*/gram 45/55 (82%)Fecal Coliform 55 120000 3596.83 16911.9020.09
0.1027 0.092 0.00220.0901MPN*/gram 0/55 (0%)Salmonella species 55 0.09 0.09 00.09
0.1027 0.0922 0.00250.0901MPN*/gram 0/55 (0%)Staphylococcus aureus 55 0.1 0.0902 0.00130.09

127388.5 35750.2 43521.2218.3299MPN*/gram 55/55 (100%)Total Coliform 55 120000 34954.6 42474.94118
58.7024 26.4044 14.98610.02mg/Kg 36/56 (64%)Chloride (Water Soluble) 56 57 25.7411 14.466610
0.7135 0.4544 0.24790.1251ng/g 1/51 (2%)17a-estradiol 51 0.625 0.4434 0.24030.125
0.7135 0.4672 0.2380.1251ng/g 4/51 (8%)17b-estradiol 51 0.625 0.4559 0.23050.125
0.7135 0.4497 0.25180.1251ng/g 0/51 (0%)Estriol 51 0.625 0.4387 0.24410.125
0.7135 0.4497 0.25180.1251ng/g 0/51 (0%)Estrone 51 0.625 0.4387 0.24410.125

10383.06 6608.29 1600.9463616.1616mg/Kg 73/73 (100%)Total Aluminum 73 10300 6481.64 1585.9645610
0.2854 0.2509 0.02460.1281mg/Kg 0/56 (0%)Total Antimony 56 0.25 0.2455 0.02340.125
6.6287 3.3162 1.12091.3427mg/Kg 73/73 (100%)Total Arsenic 73 6.41 3.2505 1.0931.34

445.1282 106.017 60.802236.6803mg/Kg 56/56 (100%)Total Barium 56 434 103.77 59.526635.8
1.1179 0.5187 0.22850.1281mg/Kg 36/56 (64%)Total Beryllium 56 1.09 0.5079 0.22460.125
2.0672 0.2833 0.2440.1281mg/Kg 1/56 (2%)Total Cadmium 56 2.03 0.2773 0.23960.125

8463.094 2920.52 1675.2246795.6284mg/Kg 56/56 (100%)Total Calcium 56 8370 2862.29 1656.457728
28.2942 13.5386 4.65765.584mg/Kg 56/56 (100%)Total Chromium 56 27.7 13.2512 4.55965.45
9.101 5.2793 1.79761.4242mg/Kg 56/56 (100%)Total Cobalt 56 9.01 5.1671 1.75721.39

60.2851 28.2195 13.83243.388mg/Kg 73/73 (100%)Total Copper 73 59.2 27.6629 13.52783.1
17671.09 9413.81 2357.94265035.035mg/Kg 56/56 (100%)Total Iron 56 17300 9215 2310.08544910
38.5947 15.3219 5.71227.1516mg/Kg 56/56 (100%)Total Lead 56 37.9 14.9896 5.57186.98
901.4374 682.804 120.134459.7586mg/Kg 56/56 (100%)Total Magnesium 56 883 668.393 117.6458444
2348.718 681.278 402.9215153.6885mg/Kg 56/56 (100%)Total Manganese 56 2290 667.054 395.9351150
0.0524 0.0258 0.00670.0141mg/Kg 56/56 (100%)Total Mercury 56 0.0511 0.0253 0.00660.0138
3.0785 1.1091 0.44230.2513mg/Kg 12/56 (21%)Total Molybdenum 56 3.02 1.0846 0.43140.25
9.3018 4.8189 1.54362.5102mg/Kg 56/56 (100%)Total Nickel 56 9.06 4.7163 1.50562.45

1345.566 798.499 251.3366241.8033mg/Kg 56/56 (100%)Total Potassium 56 1320 781.536 245.5813236
0.3672 0.2552 0.02370.1281mg/Kg 1/56 (2%)Total Selenium 56 0.358 0.2497 0.02230.125
3.6667 0.4967 0.73670.2503mg/Kg 7/56 (13%)Total Silver 56 3.63 0.4875 0.72680.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 9: Summary of Poultry Field LAL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

153.6906 46.5928 31.42725.025mg/Kg 25/56 (45%)Total Sodium 56 152 45.6304 31.026325
0.2854 0.2509 0.02460.1281mg/Kg 0/56 (0%)Total Thallium 56 0.25 0.2455 0.02340.125

184.0243 29.0453 41.84617.6622mg/Kg 56/56 (100%)Total Vanadium 56 182 28.3139 40.58557.44
126.9036 45.3405 20.650214.4262mg/Kg 73/73 (100%)Total Zinc 73 125 44.3849 20.030213.2
74.5659 16.665 15.88415.005mg/Kg 31/56 (55%)Ammonium (Water Soluble) 56 73 16.2679 15.48435
106.0143 14.5504 18.08775.005mg/Kg 24/56 (43%)Nitrate-N (Water Soluble) 56 104 14.2143 17.66325
9602.851 3727.78 1432.0111531.4109mg/Kg 73/73 (100%)Nitrogen Total (Inorganic + Organic) 73 9430 3658.93 1410.5781516

5.6 3.1973 1.17081.2% 73/73 (100%)Organic Matter 73 5.6 3.1973 1.17081.2
3752341 691733 1505763.84984.846Copies/g 29/31 (94%)Brevibacteria 16S rRNA 31 3752341 691733 1505763.84984.846
698.4772 319.006 192.20312.3077mg/Kg 73/73 (100%)Phosphorus (Mehlich 3) 73 688 313 188.944412
664.6279 71.4391 117.38142.5176mg/Kg 54/56 (96%)Phosphorus (Water Soluble) 56 652 69.75 114.94982.5
2116.349 1054.2 407.1971285.2459mg/Kg 73/73 (100%)Total P (6020) 73 2110 1034.27 401.5288261

32 13.8214 7.83720% 56/56 (100%)%Clay 56 32 13.8214 7.83720
78 48.0357 17.172920% 56/56 (100%)%Sand 56 78 48.0357 17.172920
74 38.1429 20.961810% 56/56 (100%)%Silt 56 74 38.1429 20.961810

12.4 1.9292 2.04590.1% 73/73 (100%)Moisture 73 12.4 1.9292 2.04590.1
99.9 98.0767 2.048187.6% 73/73 (100%)Solids Total 73 99.9 98.0767 2.048187.6
1.03 0.3811 0.19960.1mmhos/cm 73/73 (100%)Soluble Salts (1:2) 73 1.03 0.3811 0.19960.1

168.0162 52.2291 39.540610.0503mg/Kg 49/56 (88%)Sulfate (Water Soluble) 56 166 50.9464 38.354510
7.19 6.1788 0.50895.1s.u. 73/73 (100%)pH 73 7.19 6.1788 0.50895.1

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 10: Summary of Poultry Field LAL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.5111 0.3564 0.21880.2016MPN*/gram 2/2 (100%)E. coli 2 0.46 0.33 0.18380.2
2 1.2319 1.08630.4637MPN*/gram 2/2 (100%)Enterococcus Group 2 1.8 1.13 0.94750.46

0.8165 0.6638 0.2160.5111MPN*/gram 2/2 (100%)Fecal Coliform 2 0.81 0.635 0.24750.46
0.1 0.0954 0.00660.0907MPN*/gram 0/2 (0%)Salmonella species 2 0.09 0.09 00.09
0.1 0.0954 0.00660.0907MPN*/gram 0/2 (0%)Staphylococcus aureus 2 0.09 0.09 00.09

12222.22 6232.08 8471.342241.9355MPN*/gram 2/2 (100%)Total Coliform 2 11000 5620 7608.469240
282.2581 155.574 179.159128.8889mg/Kg 2/2 (100%)Chloride (Water Soluble) 2 280 153 179.605126
0.6944 0.4102 0.40190.126ng/g 0/2 (0%)17a-estradiol 2 0.625 0.375 0.35360.125
0.6944 0.4102 0.40190.126ng/g 0/2 (0%)17b-estradiol 2 0.625 0.375 0.35360.125
0.6944 0.4102 0.40190.126ng/g 0/2 (0%)Estriol 2 0.625 0.375 0.35360.125
0.6944 0.4102 0.40190.126ng/g 0/2 (0%)Estrone 2 0.625 0.375 0.35360.125

11705.35 7297.02 1602.26364924.471mg/Kg 66/66 (100%)Total Aluminum 66 11600 7215.91 1601.37054890
0.2778 0.2649 0.01820.252mg/Kg 0/2 (0%)Total Antimony 2 0.25 0.25 00.25
9.3408 3.5612 1.42921.2936mg/Kg 66/66 (100%)Total Arsenic 66 9.21 3.522 1.41241.26

102.5556 79.806 32.172757.0565mg/Kg 2/2 (100%)Total Barium 2 92.3 74.45 25.243756.6
0.6944 0.4732 0.31280.252mg/Kg 1/2 (50%)Total Beryllium 2 0.625 0.4375 0.26520.25
0.2778 0.2649 0.01820.252mg/Kg 0/2 (0%)Total Cadmium 2 0.25 0.25 00.25

1411.111 984.285 603.6227557.4597mg/Kg 2/2 (100%)Total Calcium 2 1270 911.5 506.9956553
12.5556 9.9975 3.61767.4395mg/Kg 2/2 (100%)Total Chromium 2 11.3 9.34 2.77197.38
4.3111 3.3854 1.30922.4597mg/Kg 2/2 (100%)Total Cobalt 2 3.88 3.16 1.01822.44
55.668 15.1691 10.80462.9246mg/Kg 66/66 (100%)Total Copper 66 55 15.027 10.73042.91

10188.89 8678.11 2136.55867167.339mg/Kg 2/2 (100%)Total Iron 2 9170 8140 1456.647110
15.6667 12.6065 4.32779.5464mg/Kg 2/2 (100%)Total Lead 2 14.1 11.785 3.27399.47
632.2222 572.664 84.2287513.1048mg/Kg 2/2 (100%)Total Magnesium 2 569 539 42.4264509
645.5556 400.399 346.7041155.2419mg/Kg 2/2 (100%)Total Manganese 2 581 367.5 301.9346154
0.0282 0.0241 0.00580.02mg/Kg 2/2 (100%)Total Mercury 2 0.0254 0.0226 0.0040.0198
1.3889 1.3245 0.09111.2601mg/Kg 0/2 (0%)Total Molybdenum 2 1.25 1.25 01.25
4.0444 3.4789 0.79982.9133mg/Kg 2/2 (100%)Total Nickel 2 3.64 3.265 0.53032.89

746.6667 648.031 139.492549.3952mg/Kg 2/2 (100%)Total Potassium 2 672 608.5 89.8026545
0.2778 0.2649 0.01820.252mg/Kg 0/2 (0%)Total Selenium 2 0.25 0.25 00.25
0.2778 0.2649 0.01820.252mg/Kg 0/2 (0%)Total Silver 2 0.25 0.25 00.25

27.7778 26.4897 1.821625.2016mg/Kg 0/2 (0%)Total Sodium 2 25 25 025

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 10: Summary of Poultry Field LAL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.2778 0.2649 0.01820.252mg/Kg 0/2 (0%)Total Thallium 2 0.25 0.25 00.25
14.4444 13.1698 1.802611.8952mg/Kg 2/2 (100%)Total Vanadium 2 13 12.4 0.848511.8
133.1988 26.6939 20.91638.6382mg/Kg 66/66 (100%)Total Zinc 66 132 26.3812 20.65848.5
30.2419 21.7876 11.956213.3333mg/Kg 2/2 (100%)Ammonium (Water Soluble) 2 30 21 12.727912

20 12.5202 10.57815.0403mg/Kg 1/2 (50%)Nitrate-N (Water Soluble) 2 18 11.5 9.19245
5371.486 1981.06 953.987872.523mg/Kg 61/66 (92%)Nitrogen Total (Inorganic + Organic) 66 5350 1961.42 960.556571

4.5 2.1076 0.890.8% 66/66 (100%)Organic Matter 66 4.5 2.1076 0.890.8
Copies/g 0/1 (0%)Brevibacteria 16S rRNA 1

548.583 178.899 133.203812.109mg/Kg 73/73 (100%)Phosphorus (Mehlich 3) 73 542 192.356 141.251812
91.1111 46.8156 62.64332.5202mg/Kg 1/2 (50%)Phosphorus (Water Soluble) 2 82 42.25 56.2152.5
1629.555 655.101 348.460946.9388mg/Kg 66/66 (100%)Total P (6020) 66 1610 647.985 344.908746

20 16 5.656912% 2/2 (100%)%Clay 2 20 16 5.656912
76 52 33.941128% 2/2 (100%)%Sand 2 76 52 33.941128
52 32 28.284312% 2/2 (100%)%Silt 2 52 32 28.284312
10 1.2992 1.49240.025% 63/66 (95%)Moisture 66 10 1.2992 1.49240.025
111 98.8712 2.120890% 66/66 (100%)Solids Total 66 111 98.8712 2.120890
1.67 0.2965 0.20560.09mmhos/cm 66/66 (100%)Soluble Salts (1:2) 66 1.67 0.2965 0.20560.09

50.4032 40.2016 14.427330mg/Kg 1/2 (50%)Sulfate (Water Soluble) 2 50 38.5 16.263527
7.28 6.0238 0.5514.99s.u. 66/66 (100%)pH 66 7.28 6.0238 0.5514.99

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 11: Summary of Poultry Field LAL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.0905 0.09050.0905MPN*/gram 0/1 (0%)E. coli 1 0.09 0.090.09
0.0905 0.09050.0905MPN*/gram 0/1 (0%)Enterococcus Group 1 0.09 0.090.09

24.1449 24.144924.1449MPN*/gram 1/1 (100%)Fecal Coliform 1 24 2424
0.0905 0.09050.0905MPN*/gram 0/1 (0%)Salmonella species 1 0.09 0.090.09
0.0905 0.09050.0905MPN*/gram 0/1 (0%)Staphylococcus aureus 1 0.09 0.090.09

1408.451 1408.451408.451MPN*/gram 1/1 (100%)Total Coliform 1 1400 14001400
10.0604 10.060410.0604mg/Kg 0/1 (0%)Chloride (Water Soluble) 1 10 1010
0.1258 0.12580.1258ng/g 0/1 (0%)17a-estradiol 1 0.125 0.1250.125
0.1258 0.12580.1258ng/g 0/1 (0%)17b-estradiol 1 0.125 0.1250.125
0.1258 0.12580.1258ng/g 0/1 (0%)Estriol 1 0.125 0.1250.125
0.1258 0.12580.1258ng/g 0/1 (0%)Estrone 1 0.125 0.1250.125

8298.298 7087.99 724.81076327.968mg/Kg 6/6 (100%)Total Aluminum 6 8290 7033.33 748.13556290
0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Antimony 1 0.25 0.250.25
2.5926 2.0388 0.37821.6463mg/Kg 6/6 (100%)Total Arsenic 6 2.59 2.0233 0.38181.62

52.6157 52.615752.6157mg/Kg 1/1 (100%)Total Barium 1 52.3 52.352.3
0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Beryllium 1 0.25 0.250.25
0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Cadmium 1 0.25 0.250.25

431.5895 431.59431.5895mg/Kg 1/1 (100%)Total Calcium 1 429 429429
6.7706 6.77066.7706mg/Kg 1/1 (100%)Total Chromium 1 6.73 6.736.73
2.1227 2.12272.1227mg/Kg 1/1 (100%)Total Cobalt 1 2.11 2.112.11
9.1892 4.8436 2.21823.0793mg/Kg 6/6 (100%)Total Copper 6 9.18 4.81 2.22513.03

6539.235 6539.246539.235mg/Kg 1/1 (100%)Total Iron 1 6500 65006500
7.5252 7.52527.5252mg/Kg 1/1 (100%)Total Lead 1 7.48 7.487.48

491.9517 491.952491.9517mg/Kg 1/1 (100%)Total Magnesium 1 489 489489
103.6217 103.622103.6217mg/Kg 1/1 (100%)Total Manganese 1 103 103103
0.0112 0.01120.0112mg/Kg 1/1 (100%)Total Mercury 1 0.0111 0.01110.0111
1.2575 1.25751.2575mg/Kg 0/1 (0%)Total Molybdenum 1 1.25 1.251.25
2.9779 2.97792.9779mg/Kg 1/1 (100%)Total Nickel 1 2.96 2.962.96

436.6197 436.62436.6197mg/Kg 1/1 (100%)Total Potassium 1 434 434434
0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Selenium 1 0.25 0.250.25
0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Silver 1 0.25 0.250.25

25.1509 25.150925.1509mg/Kg 0/1 (0%)Total Sodium 1 25 2525

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 11: Summary of Poultry Field LAL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.2515 0.25150.2515mg/Kg 0/1 (0%)Total Thallium 1 0.25 0.250.25
11.3682 11.368211.3682mg/Kg 1/1 (100%)Total Vanadium 1 11.3 11.311.3
32.032 19.459 8.609311.7886mg/Kg 6/6 (100%)Total Zinc 6 32 19.3 8.530911.6
5.0302 5.03025.0302mg/Kg 0/1 (0%)Ammonium (Water Soluble) 1 5 55
5.0302 5.03025.0302mg/Kg 0/1 (0%)Nitrate-N (Water Soluble) 1 5 55

1471.472 1031.93 459.0125287.0276mg/Kg 6/6 (100%)Nitrogen Total (Inorganic + Organic) 6 1470 1026.17 460.1628281
1.6 1.05 0.32710.7% 6/6 (100%)Organic Matter 6 1.6 1.05 0.32710.7

372.3724 110.892 133.9558.1301mg/Kg 72/73 (99%)Phosphorus (Mehlich 3) 73 4270 212.706 499.35872.5
2.5151 2.51512.5151mg/Kg 0/1 (0%)Phosphorus (Water Soluble) 1 2.5 2.52.5

973.974 407.397 287.3534188.0081mg/Kg 6/6 (100%)Total P (6020) 6 973 405.167 288.0906185
22 2222% 1/1 (100%)%Clay 1 22 2222
30 3030% 1/1 (100%)%Sand 1 30 3030
48 4848% 1/1 (100%)%Silt 1 48 4848

2.11 0.7967 0.8690.07% 6/6 (100%)Moisture 6 2.11 0.7967 0.8690.07
99.9 99.2 0.848597.9% 6/6 (100%)Solids Total 6 99.9 99.2 0.848597.9
0.36 0.195 0.08730.13mmhos/cm 6/6 (100%)Soluble Salts (1:2) 6 0.36 0.195 0.08730.13

24.1449 24.144924.1449mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 24 2424
7.28 5.8983 0.74815.07s.u. 6/6 (100%)pH 6 7.28 5.8983 0.74815.07

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 12: Summary of Reference CL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

222.8977 37.2442 90.95120.0905MPN*/gram 2/6 (33%)E. coli 6 220 36.76 89.76890.09
4.6465 1.3228 1.7590.0905MPN*/gram 4/6 (67%)Enterococcus Group 6 4.6 1.3 1.73780.09

222.8977 37.2627 90.94220.0905MPN*/gram 3/6 (50%)Fecal Coliform 6 220 36.7783 89.75990.09
0.0938 0.0913 0.00130.0905MPN*/gram 0/6 (0%)Salmonella species 6 0.09 0.09 00.09
0.0938 0.0913 0.00130.0905MPN*/gram 0/6 (0%)Staphylococcus aureus 6 0.09 0.09 00.09

1108.871 255.903 430.62170.2016MPN*/gram 6/6 (100%)Total Coliform 6 1100 253.6 427.20570.2
10.4275 10.1453 0.140910.0503mg/Kg 0/6 (0%)Chloride (Water Soluble) 6 10 10 010
0.6517 0.6341 0.00880.6281ng/g 0/6 (0%)17a-estradiol 6 0.625 0.625 00.625
0.6517 0.6341 0.00880.6281ng/g 0/6 (0%)17b-estradiol 6 0.625 0.625 00.625
0.6517 0.6341 0.00880.6281ng/g 0/6 (0%)Estriol 6 0.625 0.625 00.625
1.3397 0.7527 0.28770.63ng/g 1/6 (17%)Estrone 6 1.333 0.743 0.2890.625

6757.576 5869.77 828.0984858.871mg/Kg 6/6 (100%)Total Aluminum 6 6690 5783.33 796.23284820
0.2607 0.2536 0.00350.2513mg/Kg 0/6 (0%)Total Antimony 6 0.25 0.25 00.25
4.2424 2.6447 0.97461.5927mg/Kg 6/6 (100%)Total Arsenic 6 4.2 2.6117 0.9761.58

104.8387 85.6094 23.263945.7953mg/Kg 6/6 (100%)Total Barium 6 104 84.3667 22.891645.2
0.698 0.4018 0.22850.2513mg/Kg 2/6 (33%)Total Beryllium 6 0.691 0.3968 0.22750.25
0.2607 0.2536 0.00350.2513mg/Kg 0/6 (0%)Total Cadmium 6 0.25 0.25 00.25

2217.742 1151.02 814.5095344.4782mg/Kg 6/6 (100%)Total Calcium 6 2200 1137 809.6172340
9.3737 7.5938 1.88674.3649mg/Kg 6/6 (100%)Total Chromium 6 9.28 7.4917 1.8944.33

10.8081 4.6717 3.95511.5323mg/Kg 6/6 (100%)Total Cobalt 6 10.7 4.6133 3.92571.52
13.1313 5.5908 4.8612.1783mg/Kg 6/6 (100%)Total Copper 6 13 5.525 4.82532.15
12929.29 8829.95 2747.84665604.839mg/Kg 6/6 (100%)Total Iron 6 12800 8716.67 2758.36675560
17.5879 13.0663 3.17379.5035mg/Kg 6/6 (100%)Total Lead 6 17.5 12.9033 3.23679.38
886.8687 574.761 214.8491405.2685mg/Kg 6/6 (100%)Total Magnesium 6 878 567.5 214.9239395
1121.212 523.373 409.1285135.7649mg/Kg 6/6 (100%)Total Manganese 6 1110 516.333 405.7717134
0.0449 0.0355 0.00990.0226mg/Kg 6/6 (100%)Total Mercury 6 0.0445 0.0351 0.010.0223
2.6869 0.9144 0.97760.2513mg/Kg 3/6 (50%)Total Molybdenum 6 2.66 0.9043 0.96910.25

21.3131 8.5971 8.20992.7964mg/Kg 6/6 (100%)Total Nickel 6 21.1 8.4933 8.14652.76
991.9192 526.02 285.7092280.6484mg/Kg 6/6 (100%)Total Potassium 6 982 519.333 284.2152277
0.2607 0.2536 0.00350.2513mg/Kg 0/6 (0%)Total Selenium 6 0.25 0.25 00.25
0.2607 0.2536 0.00350.2513mg/Kg 0/6 (0%)Total Silver 6 0.25 0.25 00.25

26.0688 25.3632 0.352125.1256mg/Kg 0/6 (0%)Total Sodium 6 25 25 025

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 12: Summary of Reference CL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.2607 0.2536 0.00350.2513mg/Kg 0/6 (0%)Total Thallium 6 0.25 0.25 00.25
14.4724 12.2246 2.39668.0141mg/Kg 6/6 (100%)Total Vanadium 6 14.4 12.0583 2.427.95
37.4747 23.3855 10.326613.0699mg/Kg 6/6 (100%)Total Zinc 6 37.1 23.1 10.312712.9
42.3387 15.9959 14.07885.0659mg/Kg 4/6 (67%)Ammonium (Water Soluble) 6 42 15.8333 13.99175
5.2138 5.0726 0.07045.0251mg/Kg 0/6 (0%)Nitrate-N (Water Soluble) 6 5 5 05

2983.871 2329.38 566.07421738.694mg/Kg 6/6 (100%)Nitrogen Total (Inorganic + Organic) 6 2960 2298.33 569.9621730
4.4 3.05 0.80932.4% 6/6 (100%)Organic Matter 6 4.4 3.05 0.80932.4

26.2626 16.7395 6.04910.0503mg/Kg 6/6 (100%)Phosphorus (Mehlich 3) 6 26 16.5 5.991710
17.1371 9.0905 6.35522.5329mg/Kg 4/6 (67%)Phosphorus (Water Soluble) 6 17 9 6.31662.5
165.1469 165.147165.1469mg/Kg 1/1 (100%)Total P (6010) 1 163 163163
523.2323 310.506 174.8253171.0115mg/Kg 5/5 (100%)Total P (6020) 5 518 306.8 174.1542164

20 16 2.828412% 6/6 (100%)%Clay 6 20 16 2.828412
34 26.3333 7.527714% 6/6 (100%)%Sand 6 34 26.3333 7.527714
68 57.6667 8.041646% 6/6 (100%)%Silt 6 68 57.6667 8.041646
4.1 1.45 1.32170.6% 6/6 (100%)Moisture 6 4.1 1.45 1.32170.6
99.5 98.5833 1.340895.9% 6/6 (100%)Solids Total 6 99.5 98.5833 1.340895.9
0.44 0.2583 0.13170.07mmhos/cm 6/6 (100%)Soluble Salts (1:2) 6 0.44 0.2583 0.13170.07

144.9426 92.153 42.857242.3387mg/Kg 6/6 (100%)Sulfate (Water Soluble) 6 139 90.5 41.210442
5.96 5.525 0.4844.97s.u. 4/4 (100%)pH 4 5.96 5.525 0.4844.97

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 13: Summary of Reference CL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.0906 0.0905 0.00010.0905MPN*/gram 0/2 (0%)E. coli 2 0.09 0.09 00.09
4.6324 2.3614 3.21170.0905MPN*/gram 1/2 (50%)Enterococcus Group 2 4.6 2.345 3.18910.09
0.4632 0.2768 0.26360.0905MPN*/gram 1/2 (50%)Fecal Coliform 2 0.46 0.275 0.26160.09
0.0906 0.0905 0.00010.0905MPN*/gram 0/2 (0%)Salmonella species 2 0.09 0.09 00.09
0.0906 0.0905 0.00010.0905MPN*/gram 0/2 (0%)Staphylococcus aureus 2 0.09 0.09 00.09
1.8127 1.7606 0.07361.7085MPN*/gram 2/2 (100%)Total Coliform 2 1.8 1.75 0.07071.7

10.0705 10.0578 0.015210.0402mg/Kg 0/4 (0%)Chloride (Water Soluble) 4 10 10 010
0.6294 0.6288 0.00090.6281ng/g 0/2 (0%)17a-estradiol 2 0.625 0.625 00.625
0.6294 0.6288 0.00090.6281ng/g 0/2 (0%)17b-estradiol 2 0.625 0.625 00.625
0.6294 0.6288 0.00090.6281ng/g 0/2 (0%)Estriol 2 0.625 0.625 00.625
0.6294 0.6288 0.00090.6281ng/g 0/2 (0%)Estrone 2 0.625 0.625 00.625

7009.063 5913.72 929.27564814.070mg/Kg 6/6 (100%)Total Aluminum 6 6960 5865 913.5594790
0.2518 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25
4.0081 2.3107 1.04981.3869mg/Kg 6/6 (100%)Total Arsenic 6 3.98 2.2933 1.04481.38

112.7895 87.1263 23.677866.4659mg/Kg 4/4 (100%)Total Barium 4 112 86.6 23.416866.2
0.6928 0.4607 0.24270.251mg/Kg 2/4 (50%)Total Beryllium 4 0.688 0.4578 0.24060.25
0.2518 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

2104.733 1152.23 1014.6573255.0201mg/Kg 4/4 (100%)Total Calcium 4 2090 1144.5 1007.1628254
9.7684 7.8167 2.68313.9698mg/Kg 4/4 (100%)Total Chromium 4 9.7 7.77 2.6613.95
10.574 5.9363 4.54851.4372mg/Kg 4/4 (100%)Total Cobalt 4 10.5 5.8975 4.51381.43

13.4945 5.6568 5.3731.7688mg/Kg 6/6 (100%)Total Copper 6 13.4 5.615 5.33711.76
13192.35 9666.00 3572.16925025.126mg/Kg 4/4 (100%)Total Iron 4 13100 9607.5 3540.84155000
15.1057 12.3405 2.92838.3116mg/Kg 4/4 (100%)Total Lead 4 15 12.2675 2.89988.27
839.8792 601.431 220.0166380.9045mg/Kg 4/4 (100%)Total Magnesium 4 834 597.75 217.9149379
1077.543 599.213 499.2448100.5025mg/Kg 4/4 (100%)Total Manganese 4 1070 595.25 495.5101100
0.0421 0.0339 0.00640.0279mg/Kg 4/4 (100%)Total Mercury 4 0.0418 0.0337 0.00640.0278
2.4874 1.0722 1.0650.251mg/Kg 2/4 (50%)Total Molybdenum 4 2.47 1.065 1.05720.25

21.7523 11.4012 10.02252.6131mg/Kg 4/4 (100%)Total Nickel 4 21.6 11.325 9.94832.6
965.7603 582.226 355.9786276.3819mg/Kg 4/4 (100%)Total Potassium 4 959 578.5 353.0906275
0.2518 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Selenium 4 0.25 0.25 00.25
0.2518 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

100.7049 52.763 35.970425.1004mg/Kg 2/4 (50%)Total Sodium 4 100 52.425 35.686425

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 13: Summary of Reference CL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.2518 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25
14.4578 12.5454 2.96998.1307mg/Kg 4/4 (100%)Total Vanadium 4 14.4 12.4725 2.95048.09
35.9517 21.0537 10.993211.3265mg/Kg 6/6 (100%)Total Zinc 6 35.7 20.9 10.932711.1
30.1205 12.8116 11.88315.0352mg/Kg 2/4 (50%)Ammonium (Water Soluble) 4 30 12.75 11.84275
5.0352 5.0289 0.00765.0201mg/Kg 0/4 (0%)Nitrate-N (Water Soluble) 4 5 5 05

2527.694 1328.02 773.2423307.1429mg/Kg 6/6 (100%)Nitrogen Total (Inorganic + Organic) 6 2510 1319.33 768.4768301
3.4 1.85 0.78171.2% 6/6 (100%)Organic Matter 6 3.4 1.85 0.78171.2

18.1269 10.2464 3.94178.0321mg/Kg 6/6 (100%)Phosphorus (Mehlich 3) 6 18 10.1667 3.928
6.0423 4.025 1.79562.51mg/Kg 2/4 (50%)Phosphorus (Water Soluble) 4 6 4 1.77952.5

469.285 224.876 169.676386.7347mg/Kg 6/6 (100%)Total P (6020) 6 466 223.267 168.575885
22 20 1.63318% 4/4 (100%)%Clay 4 22 20 1.63318
20 15 4.163310% 4/4 (100%)%Sand 4 20 15 4.163310
70 65 3.829762% 4/4 (100%)%Silt 4 70 65 3.829762
2 0.8167 0.59810.4% 6/6 (100%)Moisture 6 2 0.8167 0.59810.4

99.6 99.2 0.698% 6/6 (100%)Solids Total 6 99.6 99.2 0.698
0.29 0.1933 0.10410.06mmhos/cm 6/6 (100%)Soluble Salts (1:2) 6 0.29 0.1933 0.10410.06

44.3102 38.4769 5.208833.1325mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 44 38.25 5.123533
6.03 5.4725 0.56144.95s.u. 4/4 (100%)pH 4 6.03 5.4725 0.56144.95

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 14: Summary of Reference CL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.0907 0.0906 0.00010.0905MPN*/gram 0/2 (0%)E. coli 2 0.09 0.09 00.09
0.0907 0.0906 0.00010.0905MPN*/gram 0/2 (0%)Enterococcus Group 2 0.09 0.09 00.09
2.2177 1.1541 1.50420.0905MPN*/gram 1/2 (50%)Fecal Coliform 2 2.2 1.145 1.4920.09
0.0907 0.0906 0.00010.0905MPN*/gram 0/2 (0%)Salmonella species 2 0.09 0.09 00.09
0.0907 0.0906 0.00010.0905MPN*/gram 0/2 (0%)Staphylococcus aureus 2 0.09 0.09 00.09

463.7097 232.328 327.22360.9457MPN*/gram 2/2 (100%)Total Coliform 2 460 230.47 324.60440.94
10.0806 10.0579 0.017310.0402mg/Kg 0/4 (0%)Chloride (Water Soluble) 4 10 10 010

0.63 0.6294 0.00090.6288ng/g 0/2 (0%)17a-estradiol 2 0.625 0.625 00.625
0.63 0.6294 0.00090.6288ng/g 0/2 (0%)17b-estradiol 2 0.625 0.625 00.625
0.63 0.6294 0.00090.6288ng/g 0/2 (0%)Estriol 2 0.625 0.625 00.625
0.63 0.6294 0.00090.6288ng/g 0/2 (0%)Estrone 2 0.625 0.625 00.625

7008.032 6052.49 1090.27844979.879mg/Kg 4/4 (100%)Total Aluminum 4 6980 6017.5 1082.66264950
0.252 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25
4.0222 2.6734 1.16811.2877mg/Kg 4/4 (100%)Total Arsenic 4 3.99 2.6575 1.15861.28

120.4819 86.772 30.632358.4507mg/Kg 4/4 (100%)Total Barium 4 120 86.275 30.480158.1
0.7681 0.4942 0.28150.2513mg/Kg 2/4 (50%)Total Beryllium 4 0.762 0.4912 0.27960.25
0.252 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

2058.233 1134.48 1048.3076213.2797mg/Kg 4/4 (100%)Total Calcium 4 2050 1127.75 1042.0148212
10.241 7.8976 2.77354.0644mg/Kg 4/4 (100%)Total Chromium 4 10.2 7.8525 2.75864.04

11.0887 5.9887 4.89171.1368mg/Kg 4/4 (100%)Total Cobalt 4 11 5.9525 4.85811.13
13.9113 7.5631 6.46551.67mg/Kg 4/4 (100%)Total Copper 4 13.8 7.5175 6.42311.66
14213.71 9863.4 3884.45535130.785mg/Kg 4/4 (100%)Total Iron 4 14100 9805 3852.80425100
14.5161 10.9211 3.91316.2374mg/Kg 4/4 (100%)Total Lead 4 14.4 10.8575 3.88616.2
809.4758 597.998 219.2094363.1791mg/Kg 4/4 (100%)Total Magnesium 4 803 594.5 217.6503361
1108.871 597.151 550.425867.7062mg/Kg 4/4 (100%)Total Manganese 4 1100 593.575 546.940967.3
0.0379 0.0287 0.00830.0201mg/Kg 4/4 (100%)Total Mercury 4 0.0376 0.0286 0.00820.02
2.4194 1.1277 0.96420.2515mg/Kg 3/4 (75%)Total Molybdenum 4 2.4 1.1205 0.95630.25
22.379 11.7564 10.50212.4145mg/Kg 4/4 (100%)Total Nickel 4 22.2 11.685 10.43222.4

992.9435 570.722 363.2268250.503mg/Kg 4/4 (100%)Total Potassium 4 985 567.25 360.4593249
0.252 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Selenium 4 0.25 0.25 00.25
0.252 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

25.2016 25.1446 0.043225.1004mg/Kg 0/4 (0%)Total Sodium 4 25 25 025

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 14: Summary of Reference CL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.252 0.2514 0.00040.251mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25
14.1129 12.5845 2.92428.1992mg/Kg 4/4 (100%)Total Vanadium 4 14 12.5125 2.90878.15
34.9798 24.0406 12.680411.4688mg/Kg 4/4 (100%)Total Zinc 4 34.8 23.9 12.600811.4
27.2177 10.5733 11.09635.0201mg/Kg 1/4 (25%)Ammonium (Water Soluble) 4 27 10.5 115
5.0403 5.0289 0.00865.0201mg/Kg 0/4 (0%)Nitrate-N (Water Soluble) 4 5 5 05

2278.226 1592.10 541.1475984.9246mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 2260 1582.5 535.8094980
2.1 1.475 0.48561% 4/4 (100%)Organic Matter 4 2.1 1.475 0.48561

12.0968 10.0589 1.84468.0402mg/Kg 6/6 (100%)Phosphorus (Mehlich 3) 6 665 118.833 267.57098
6.0484 4.2759 2.03622.51mg/Kg 2/4 (50%)Phosphorus (Water Soluble) 4 6 4.25 2.02072.5

430.4435 264.824 172.552103.6217mg/Kg 4/4 (100%)Total P (6020) 4 427 263.25 171.4106103
26 20.5 5.507614% 4/4 (100%)%Clay 4 26 20.5 5.507614
24 17.5 5.507612% 4/4 (100%)%Sand 4 24 17.5 5.507612
68 62 4.89956% 4/4 (100%)%Silt 4 68 62 4.89956
0.8 0.575 0.17080.4% 4/4 (100%)Moisture 4 0.8 0.575 0.17080.4
99.6 99.425 0.170899.2% 4/4 (100%)Solids Total 4 99.6 99.425 0.170899.2
0.27 0.2075 0.05190.16mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 0.27 0.2075 0.05190.16

41.1647 32.1816 6.382727.163mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 41 32 6.37727
6.18 5.59 0.60875.05s.u. 4/4 (100%)pH 4 6.18 5.59 0.60875.05

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 15: Summary of Cattle Field CP Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

20.1613 6.9072 11.47990.0905MPN*/gram 2/3 (67%)E. coli 3 20 6.85 11.38970.09
33.2661 11.9608 18.48390.2043MPN*/gram 3/3 (100%)Enterococcus Group 3 33 11.8667 18.3350.2
20.1613 6.9072 11.47990.0905MPN*/gram 2/3 (67%)Fecal Coliform 3 20 6.85 11.38970.09
0.0919 0.091 0.00080.0905MPN*/gram 0/3 (0%)Salmonella species 3 0.09 0.09 00.09
0.0919 0.091 0.00080.0905MPN*/gram 0/3 (0%)Staphylococcus aureus 3 0.09 0.09 00.09

14112.90 5554.48 7426.1472814.0704MPN*/gram 3/3 (100%)Total Coliform 3 14000 5503.33 7371.7727810
10.2145 10.1151 0.087410.0503mg/Kg 0/3 (0%)Chloride (Water Soluble) 3 10 10 010
8884.422 8652.72 355.7588243.105mg/Kg 3/3 (100%)Total Aluminum 3 8840 8556.67 423.35968070
0.2554 0.2529 0.00220.2513mg/Kg 0/3 (0%)Total Antimony 3 0.25 0.25 00.25
2.4093 2.0216 0.36081.6956mg/Kg 3/3 (100%)Total Arsenic 3 2.39 2 0.36761.66

161.2903 133.989 32.054898.6935mg/Kg 3/3 (100%)Total Barium 3 160 132.4 31.424298.2
0.8376 0.6257 0.32520.2513mg/Kg 2/3 (67%)Total Beryllium 3 0.82 0.6173 0.31870.25
0.2554 0.2529 0.00220.2513mg/Kg 0/3 (0%)Total Cadmium 3 0.25 0.25 00.25

1764.113 1483.20 245.95711306.533mg/Kg 3/3 (100%)Total Calcium 3 1750 1466.67 246.64411300
11.7944 9.9822 2.15487.5996mg/Kg 3/3 (100%)Total Chromium 3 11.7 9.88 2.19667.44
7.2278 5.9836 1.10095.1357mg/Kg 3/3 (100%)Total Cobalt 3 7.17 5.9167 1.10025.11
8.2125 6.4119 1.64274.995mg/Kg 3/3 (100%)Total Copper 3 8.04 6.33 1.56464.97

8568.548 7865.92 719.99947129.724mg/Kg 3/3 (100%)Total Iron 3 8500 7780 763.15146980
17.7419 15.752 2.559712.8643mg/Kg 3/3 (100%)Total Lead 3 17.6 15.5667 2.482612.8
817.5403 784.789 29.9044758.9377mg/Kg 3/3 (100%)Total Magnesium 3 811 776 34.0441743
1502.016 1201.19 468.5712661.3065mg/Kg 3/3 (100%)Total Manganese 3 1490 1186 459.0076658
0.0429 0.0305 0.01140.0206mg/Kg 3/3 (100%)Total Mercury 3 0.0426 0.0302 0.01130.0205
0.8018 0.5456 0.27730.2513mg/Kg 2/3 (67%)Total Molybdenum 3 0.785 0.538 0.26980.25
7.4464 6.5195 1.37914.9347mg/Kg 3/3 (100%)Total Nickel 3 7.29 6.44 1.32774.91

1441.532 1213.72 207.60971035.176mg/Kg 3/3 (100%)Total Potassium 3 1430 1200 206.63981030
0.2554 0.2529 0.00220.2513mg/Kg 0/3 (0%)Total Selenium 3 0.25 0.25 00.25
0.2554 0.2529 0.00220.2513mg/Kg 0/3 (0%)Total Silver 3 0.25 0.25 00.25

25.5363 25.2878 0.218525.1256mg/Kg 0/3 (0%)Total Sodium 3 25 25 025
0.2554 0.2529 0.00220.2513mg/Kg 0/3 (0%)Total Thallium 3 0.25 0.25 00.25

14.0121 12.8002 2.062510.4188mg/Kg 3/3 (100%)Total Vanadium 3 13.9 12.6667 2.136210.2
34.375 29.2105 6.010522.6131mg/Kg 3/3 (100%)Total Zinc 3 34.1 28.8667 5.882522.5

20.1005 16.8477 2.818815.121mg/Kg 3/3 (100%)Ammonium (Water Soluble) 3 20 16.6667 2.886815

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 15: Summary of Cattle Field CP Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

5.1073 5.0576 0.04375.0251mg/Kg 0/3 (0%)Nitrate-N (Water Soluble) 3 5 5 05
6424.923 5114.84 1256.60463919.598mg/Kg 3/3 (100%)Nitrogen Total (Inorganic + Organic) 3 6290 5050 1197.53913900

3.9 3.3333 0.73712.5% 3/3 (100%)Organic Matter 3 3.9 3.3333 0.73712.5
94.9949 43.7465 44.486815.0754mg/Kg 3/3 (100%)Phosphorus (Mehlich 3) 3 93 43 43.405115
9.0452 8.4271 0.5388.0645mg/Kg 3/3 (100%)Phosphorus (Water Soluble) 3 9 8.3333 0.57748

692.5434 540.017 206.8882304.5226mg/Kg 3/3 (100%)Total P (6020) 3 678 533 201.4324303
6 6 06% 3/3 (100%)%Clay 3 6 6 06
28 26 224% 3/3 (100%)%Sand 3 28 26 224
70 68 266% 3/3 (100%)%Silt 3 70 68 266
2.1 1.1333 0.85050.5% 3/3 (100%)Moisture 3 2.1 1.1333 0.85050.5
99.5 98.8667 0.850597.9% 3/3 (100%)Solids Total 3 99.5 98.8667 0.850597.9
0.13 0.1133 0.01530.1mmhos/cm 3/3 (100%)Soluble Salts (1:2) 3 0.13 0.1133 0.01530.1

21.4505 13.8605 6.573210.0503mg/Kg 1/3 (33%)Sulfate (Water Soluble) 3 21 13.6667 6.350910
5.8 5.5 0.26465.3s.u. 3/3 (100%)pH 3 5.8 5.5 0.26465.3

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 16: Summary of Cattle Field CP Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

9798.995 9551.09 218.42449386.935mg/Kg 3/3 (100%)Total Aluminum 3 9750 9503.33 217.33239340
2.3819 2.1407 0.30421.799mg/Kg 3/3 (100%)Total Arsenic 3 2.37 2.13 0.30271.79
8.1005 6.191 1.66845.0151mg/Kg 3/3 (100%)Total Copper 3 8.06 6.16 1.66014.99

22.2111 19.397 3.035116.1809mg/Kg 3/3 (100%)Total Zinc 3 22.1 19.3 3.019916.1
2462.312 2338.36 206.05062100.503mg/Kg 3/3 (100%)Nitrogen Total (Inorganic + Organic) 3 2450 2326.67 205.02032090

1.5 1.3333 0.15281.2% 3/3 (100%)Organic Matter 3 1.5 1.3333 0.15281.2
62.3116 27.1357 30.50058.0402mg/Kg 3/3 (100%)Phosphorus (Mehlich 3) 3 62 27 30.3488
478.392 342.379 120.2353250.2513mg/Kg 3/3 (100%)Total P (6020) 3 476 340.667 119.6342249

0.6 0.5333 0.05770.5% 3/3 (100%)Moisture 3 0.6 0.5333 0.05770.5
99.5 99.5 099.5% 3/3 (100%)Solids Total 3 99.5 99.5 099.5
0.1 0.0867 0.01150.08mmhos/cm 3/3 (100%)Soluble Salts (1:2) 3 0.1 0.0867 0.01150.08
5.7 5.5333 0.15285.4s.u. 3/3 (100%)pH 3 5.7 5.5333 0.15285.4

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 17: Summary of Cattle Field CP Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

mg/Kg 3/3 (100%)Phosphorus (Mehlich 3) 3 76 34.6667 35.921211

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 18: Summary of River Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Producee

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.544 0.2114 0.10060.11MPN*/gram 0/38 (0%)Campylobacter species 38 0.11 0.1079 0.00880.0722
2909.464 257.375 835.23586.5325MPN*/gram 6/12 (50%)Coliform Plate Count 12 1700 151.667 487.6495
967.8338 387.482 424.787666.9045MPN*/gram 8/8 (100%)Coliforms 8 340 140.625 123.416820
6132.626 561.377 1175.86451.093MPN*/gram 38/38 (100%)E. coli 38 2300 307.938 568.70590.78
0.3131 0.2013 0.07460.161MPN*/gram 0/8 (0%)Enterococci 8 0.11 0.11 00.11

5633.131 421.813 1089.4791.2031MPN*/gram 38/38 (100%)Enterococcus Group 38 2300 196.033 491.84390.93
126116.7 7025.16 20717.2720.161MPN*/gram 74/81 (91%)Fecal Coliform 81 62000 4213.89 12048.5150.11
13.5542 1.1594 2.1650.6184MPN*/gram 1/35 (3%)Salmonella (MPN) 35 9 0.7429 1.43680.5
7.7988 0.4277 1.23720.1294MPN*/gram 2/38 (5%)Salmonella species 38 4 0.217 0.65870.0996

36885.25 2358.34 6202.33460.6671MPN*/gram 29/35 (83%)Staphylococcus 35 25200 1517.49 4220.38460.5
16510.11 1201.05 2799.02480.1294MPN*/gram 20/58 (34%)Staphylococcus aureus 58 23000 1322.79 3706.30890.0996
116837.4 9515.00 22055.91514.6715MPN*/gram 73/73 (100%)Total Coliform 73 73000 5789.68 14207.5679.4
71.1642 40.4048 10.43530.9215mg/Kg 0/42 (0%)Chloride (Water Soluble) 42 25 25 025
14.2328 8.4341 2.8716.4683ng/g 0/9 (0%)17a-estradiol 9 5 5 05
14.2328 8.4341 2.8716.4683ng/g 0/9 (0%)17b-estradiol 9 5 5 05
14.2328 8.4341 2.8716.4683ng/g 0/9 (0%)Estriol 9 5 5 05
14.2328 8.4341 2.8716.4683ng/g 0/9 (0%)Estrone 9 5 5 05
13410.58 5429.66 2761.4525613.2325mg/Kg 89/89 (100%)Total Aluminum 89 8838.745 2945.92 1320.4608486.416
2.9632 0.3812 0.34090.0342mg/Kg 36/89 (40%)Total Antimony 89 1.716 0.2308 0.20570.025

37.8346 7.5315 7.46330.821mg/Kg 143/143 (100%)Total Arsenic 143 29.091 4.3741 4.51280.5478
146.7544 57.2225 28.904713.5305mg/Kg 89/89 (100%)Total Barium 89 94.793 31.3236 14.13849.903
2.5278 0.6907 0.39610.1236mg/Kg 86/89 (97%)Total Beryllium 89 1.321 0.3861 0.22820.098
1.1467 0.3419 0.26110.0354mg/Kg 58/89 (65%)Total Cadmium 89 0.788 0.1828 0.13940.025

88908.75 9127.96 19465.605724.6751mg/Kg 89/89 (100%)Total Calcium 89 37563.95 3473.57 5578.2951459.053
112.2924 27.5324 19.22398.0473mg/Kg 89/89 (100%)Total Chromium 89 76.808 16.2411 13.24283.94
23.3055 6.7564 3.37741.9279mg/Kg 89/89 (100%)Total Cobalt 89 17.838 3.9874 2.45711.411
278.4925 11.3895 32.01410.9194mg/Kg 143/143 (100%)Total Copper 143 161.275 6.1178 16.42920.6496
86587.61 18092.8 14264.5964635.573mg/Kg 89/89 (100%)Total Iron 89 66577.22 11050.8 11093.7292699.488
57.8985 12.3126 7.31552.764mg/Kg 89/89 (100%)Total Lead 89 33.529 6.8214 4.20321.95
4195.303 590.563 561.9372113.7883mg/Kg 89/89 (100%)Total Magnesium 89 3676.2 374.881 508.545381.7
1616.979 408.861 329.92770.0007mg/Kg 88/89 (99%)Total Manganese 89 1166.182 245.886 214.72590.0005
0.0912 0.0265 0.02090.0041mg/Kg 32/89 (36%)Total Mercury 89 0.0441 0.013 0.00740.003

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 18: Summary of River Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Producee

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

6.0835 0.9958 1.24820.1576mg/Kg 35/89 (39%)Total Molybdenum 89 8.278 0.774 1.25980.1135
44.4312 15.4051 9.14034.7038mg/Kg 89/89 (100%)Total Nickel 89 27.861 8.8272 5.58912.833
2741.379 654.08 445.328163.6662mg/Kg 89/89 (100%)Total Potassium 89 1844.4 378.284 286.218850.5
2.9626 0.6499 0.60540.0342mg/Kg 40/89 (45%)Total Selenium 89 1.856 0.3258 0.2710.025
0.7116 0.1797 0.12420.0333mg/Kg 7/89 (8%)Total Silver 89 0.25 0.1044 0.07050.025

196.7755 30.2734 26.54243.4158mg/Kg 35/89 (39%)Total Sodium 89 69.608 15.6775 10.45032.5
6.3916 0.6797 1.02780.0333mg/Kg 9/89 (10%)Total Thallium 89 5.02 0.4486 0.76490.025

67.2865 20.5124 10.98656.0609mg/Kg 89/89 (100%)Total Vanadium 89 46.024 11.8879 7.47444.162
382.1617 53.9286 44.824710.6015mg/Kg 143/143 (100%)Total Zinc 143 96.365 28.3329 16.97996.962
2167.630 188.816 470.88443.0921mg/Kg 27/42 (64%)Ammonium (Water Soluble) 42 8800 298.107 1360.25482.5
108.1697 17.9213 21.29516.1843mg/Kg 18/54 (33%)Nitrate-N (Water Soluble) 54 61 10.7963 12.78325
44166.88 4126.72 8496.510389.1266mg/Kg 68/85 (80%)Nitrogen Total (Inorganic + Organic) 85 34141 2149.11 5351.867370
9103.331 4119.52 4453.4779530.0327mg/Kg 2/3 (67%)Total Kjeldahl Nitrogen 3 3198 1780.83 1420.7636356.5

6.5 1.8128 1.50250.1% 119/119 (100%)Organic Matter 119 6.5 1.8128 1.50250.1
Copies/g 0/3 (0%)Brevibacteria 16S rRNA 3

164.2229 50.5441 34.32727.4316mg/Kg 47/47 (100%)Phosphorus (Mehlich 3) 47 60 29.9681 14.7085
435.158 48.969 93.67893.1518mg/Kg 26/54 (48%)Phosphorus (Water Soluble) 54 252 27.9074 53.9382.5
2060.061 822.15 486.0869232.552mg/Kg 23/23 (100%)Total P (4500PF) 23 1263.972 357.180 240.0763155.182
1856.914 625.751 347.1741165.2547mg/Kg 73/73 (100%)Total P (6010) 73 1458.42 416.143 247.2679127.4
1776.311 521.831 338.1333152.3009mg/Kg 47/47 (100%)Total P (6020) 47 858.491 246.510 128.791101.869

100 96.45 4.186183% 20/20 (100%)10-Day % Survival 20 100 96.45 4.186183
100 97.2 3.994490% 10/10 (100%)28-Day % Survival 10 100 97.2 3.994490

0.9932 0.5531 0.32310.1925mg 20/20 (100%)Average Dry Weight 20 0.9932 0.5531 0.32310.1925
50 16.9377 8.12396% 114/114 (100%)%Clay 114 50 16.9377 8.12396
92 71.7868 16.726422.6% 114/114 (100%)%Sand 114 92 71.7868 16.726422.6
50 11.1776 11.00630% 103/114 (90%)%Silt 114 50 11.1776 11.00630

79.78 37.495 15.080719.15% 114/114 (100%)Moisture 114 79.78 37.495 15.080719.15
80.85 59.8057 16.949220.22% 137/137 (100%)Solids Total 137 80.85 59.8057 16.949220.22
1.14 0.3665 0.25280.04mmhos/cm 85/85 (100%)Soluble Salts (1:2) 85 1.14 0.3665 0.25280.04

167.9476 38.1586 43.26836.1843mg/Kg 21/42 (50%)Sulfate (Water Soluble) 42 103 22.0755 25.57195
8.15 7.1652 0.55355.88s.u. 85/85 (100%)pH 85 8.15 7.1652 0.55355.88

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 19: Summary of River Sediment Reference Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.11 0.11 00.11MPN*/gram 0/3 (0%)Campylobacter species 3 0.0837 0.0665 0.02430.0386
570.9392 190.466 329.49970.1445MPN*/gram 1/3 (33%)Coliforms 3 400 133.407 230.87660.11

140 49.4 78.52311MPN*/gram 3/3 (100%)E. coli 3 98.084 33.791 55.68640.7611
0.3133 0.2049 0.0940.1445MPN*/gram 0/3 (0%)Enterococci 3 0.11 0.11 00.11

94 35.1667 50.97184.3MPN*/gram 3/3 (100%)Enterococcus Group 3 65.8564 23.8857 36.34962.5279
142.4096 35.9862 55.75570.1445MPN*/gram 5/11 (45%)Fecal Coliform 11 98.084 20.1448 32.03670.11
1.4241 0.9531 0.3670.6569MPN*/gram 0/5 (0%)Salmonella (MPN) 5 0.5 0.5 00.5

0.3 0.2 0.08660.15MPN*/gram 0/3 (0%)Salmonella species 3 0.1142 0.1082 0.00520.1051
19982.87 4265.07 8792.89310.6939MPN*/gram 3/5 (60%)Staphylococcus 5 14000 2948.2 6181.58930.5
2221.589 578.794 873.41250.15MPN*/gram 3/6 (50%)Staphylococcus aureus 6 780 280.054 342.87560.1051

19000 3225.34 6476.526671MPN*/gram 8/8 (100%)Total Coliform 8 13311.4 2093.29 4562.821530.8968
78.8333 56.8511 20.476434.6933mg/Kg 1/5 (20%)Chloride (Water Soluble) 5 60 32 15.652525
14.241 9.3157 4.27486.5694ng/g 0/3 (0%)17a-estradiol 3 5 5 05
14.241 9.3157 4.27486.5694ng/g 0/3 (0%)17b-estradiol 3 5 5 05

27.5916 16.3231 10.38527.1367ng/g 1/3 (33%)Estriol 3 21 10.3333 9.23765
14.241 9.3157 4.27486.5694ng/g 0/3 (0%)Estrone 3 5 5 05

11310.61 6066.65 3759.39722603.216mg/Kg 5/5 (100%)Total Aluminum 5 3971.154 2966.81 759.78291981.308
0.712 0.4765 0.18350.3285mg/Kg 0/5 (0%)Total Antimony 5 0.25 0.25 00.25
8.1944 5.9024 2.12243.4295mg/Kg 5/5 (100%)Total Arsenic 5 5.741 3.728 2.1781.343

102.9735 59.518 31.027223.8221mg/Kg 5/5 (100%)Total Barium 5 36.898 30.197 7.521118.131
2.6004 1.6086 0.67341.0432mg/Kg 5/5 (100%)Total Beryllium 5 0.913 0.8382 0.05560.787
0.712 0.4765 0.18350.3285mg/Kg 0/5 (0%)Total Cadmium 5 0.25 0.25 00.25

8392.278 3221.58 3133.4275644.6643mg/Kg 5/5 (100%)Total Calcium 5 5879.63 1864.09 2264.4003490.654
35.0885 21.9396 8.371413.9505mg/Kg 5/5 (100%)Total Chromium 5 24.583 13.6028 8.09215.463
10.0442 7.5307 2.62183.9903mg/Kg 5/5 (100%)Total Cobalt 5 7.037 4.1744 1.68073.009
10.4073 5.2602 3.44052.026mg/Kg 5/5 (100%)Total Copper 5 3.654 2.5578 0.76561.542
18213.99 14123.1 2798.47810663.75mg/Kg 5/5 (100%)Total Iron 5 13125 8486.73 3825.71214175.926
20.6779 13.517 7.00584.9113mg/Kg 5/5 (100%)Total Lead 5 13.611 7.1942 3.79973.738
835.2862 554.711 192.0904326.6299mg/Kg 5/5 (100%)Total Magnesium 5 352.778 296.621 48.4645248.598
605.962 362.559 164.6619181.7343mg/Kg 5/5 (100%)Total Manganese 5 424.537 206.791 124.1564126.389
0.045 0.0185 0.01960.0043mg/Kg 2/5 (40%)Total Mercury 5 0.0158 0.0078 0.00630.0032
3.5602 2.3827 0.91761.6424mg/Kg 0/5 (0%)Total Molybdenum 5 1.25 1.25 01.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 19: Summary of River Sediment Reference Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

13.4097 10.442 2.07937.9213mg/Kg 5/5 (100%)Total Nickel 5 9.663 6.2152 2.69543.102
820.225 497.933 218.1998268.9495mg/Kg 5/5 (100%)Total Potassium 5 343.75 261.266 58.8348188.426
0.712 0.4765 0.18350.3285mg/Kg 0/5 (0%)Total Selenium 5 0.25 0.25 00.25
0.712 0.4765 0.18350.3285mg/Kg 0/5 (0%)Total Silver 5 0.25 0.25 00.25

75.5966 55.6365 20.408732.8472mg/Kg 1/5 (20%)Total Sodium 5 52.963 30.5926 12.505425
0.712 0.4765 0.18350.3285mg/Kg 0/5 (0%)Total Thallium 5 0.25 0.25 00.25

29.8519 21.2038 6.708712.2178mg/Kg 5/5 (100%)Total Vanadium 5 16.296 11.539 2.96769.167
41.0795 32.8832 6.692223.269mg/Kg 5/5 (100%)Total Zinc 5 25.278 18.7282 6.000411.759
119.624 51.1706 57.0227.8833mg/Kg 5/5 (100%)Ammonium (Water Soluble) 5 42 21 19.18336
51.2674 20.3617 18.6986.5694mg/Kg 2/5 (40%)Nitrate-N (Water Soluble) 5 18 10 6.85575
8960.674 4009.37 4124.6758468.401mg/Kg 3/5 (60%)Nitrogen Total (Inorganic + Organic) 5 5622 2196.2 2310.3272356.5

8 2.65 2.95460.1% 10/10 (100%)Organic Matter 10 8 2.65 2.95460.1
146.6819 53.2549 53.969713.533mg/Kg 5/5 (100%)Phosphorus (Mehlich 3) 5 51.5 24.16 15.819510.3
552.5491 230.019 201.515384.6517mg/Kg 5/5 (100%)Phosphorus (Water Soluble) 5 194 105.2 54.329561
673.7055 359.059 209.0255154.1059mg/Kg 5/5 (100%)Total P (6020) 5 236.538 178.761 43.1678117.29

96 89.5 5.958279% 6/6 (100%)10-Day % Survival 6 96 89.5 5.958279
100 97.6667 4.041593% 3/3 (100%)28-Day % Survival 3 100 97.6667 4.041593

0.7288 0.4383 0.2410.2037mg 6/6 (100%)Average Dry Weight 6 0.7288 0.4383 0.2410.2037
18 12.7 4.68518% 5/5 (100%)%Clay 5 18 12.7 4.68518
90 71.1 25.368337.5% 5/5 (100%)%Sand 5 90 71.1 25.368337.5
45 16.2 20.88540% 5/5 (100%)%Silt 5 45 16.2 20.88540

64.89 41.5 19.677123.89% 5/5 (100%)Moisture 5 64.89 41.5 19.677123.89
76.11 58.5 19.677135.11% 5/5 (100%)Solids Total 5 76.11 58.5 19.677135.11
0.38 0.214 0.09940.12mmhos/cm 5/5 (100%)Soluble Salts (1:2) 5 0.38 0.214 0.09940.12

205.0698 88.3913 69.596230.2194mg/Kg 5/5 (100%)Sulfate (Water Soluble) 5 72 42.2 18.212623
7.76 6.7 1.01455.58s.u. 5/5 (100%)pH 5 7.76 6.7 1.01455.58

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 20: Summary of Small Lake Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

16212.71 3836.33 5873.60613.7024MPN*/gram 5/12 (42%)Coliform Plate Count 12 6500 1357.08 2227.66845
26886.49 13104.2 7292.80322429.907MPN*/gram 12/12 (100%)Staphylococcus aureus 12 7240 3526.67 1568.58551560
47068.21 5706.23 13230.2821.6169MPN*/gram 11/12 (92%)Total Coliform 12 11800 1440.42 3287.88445
19328.94 13257.2 4629.92463633.961mg/Kg 12/12 (100%)Total Aluminum 12 5194.818 3762.44 801.31652333.003
1.4426 0.8556 0.2940.3894mg/Kg 0/12 (0%)Total Antimony 12 0.25 0.2425 0.01110.2275

26.0431 9.167 6.27442.9969mg/Kg 12/12 (100%)Total Arsenic 12 4.107 2.4325 0.79831.152
377.7869 185.241 90.165663.8598mg/Kg 12/12 (100%)Total Barium 12 81.21 51.3032 12.496337.406
1.5155 1.0501 0.32760.4112mg/Kg 12/12 (100%)Total Beryllium 12 0.489 0.3087 0.08350.163
0.4866 0.2047 0.10420.0779mg/Kg 2/12 (17%)Total Cadmium 12 0.122 0.0595 0.02660.0455

75207.34 13661.9 21692.8772309.076mg/Kg 12/12 (100%)Total Calcium 12 18854.48 3894.63 5827.9932749.082
36.8104 23.6768 7.518211.4813mg/Kg 12/12 (100%)Total Chromium 12 9.79 6.8822 1.45074.482
19.7406 13.5885 4.33086.1199mg/Kg 12/12 (100%)Total Cobalt 12 5.573 3.9934 1.0592.55
822.1061 108.747 229.031111.7819mg/Kg 12/12 (100%)Total Copper 12 206.102 27.8998 56.86414.386
54012.29 26629 14660.24110690.48mg/Kg 12/12 (100%)Total Iron 12 10668.20 7438.77 2651.71423425.348
34.0531 22.7105 7.2968.4735mg/Kg 12/12 (100%)Total Lead 12 9.565 6.6456 1.72274.258
1447.521 1021.94 322.3102294.5483mg/Kg 12/12 (100%)Total Magnesium 12 381.6 293.583 62.9329189.1
5544.496 1312.37 1379.3792397.9403mg/Kg 12/12 (100%)Total Manganese 12 874.367 345.631 202.2382108.001
0.1137 0.0572 0.02380.0207mg/Kg 12/12 (100%)Total Mercury 12 0.0263 0.0166 0.00530.0097
6.5975 1.5192 1.76980.2417mg/Kg 8/12 (67%)Total Molybdenum 12 1.654 0.3981 0.41780.1135

90.5465 26.4105 21.93728.0794mg/Kg 12/12 (100%)Total Nickel 12 22.7 7.3925 5.23033.021
2489.537 1433.80 615.7993415.7321mg/Kg 12/12 (100%)Total Potassium 12 541.5 405.892 114.9988207.5
8.1292 1.9132 2.16190.3894mg/Kg 5/12 (42%)Total Selenium 12 2.038 0.5006 0.51060.2275
0.7197 0.4275 0.14680.1947mg/Kg 0/12 (0%)Total Silver 12 0.125 0.1212 0.00570.1135

243.0195 58.8616 59.784719.4704mg/Kg 1/12 (8%)Total Sodium 12 60.925 16.1566 14.10911.3635
2.8852 1.7112 0.58810.7788mg/Kg 0/12 (0%)Total Thallium 12 0.5 0.485 0.02220.455
55.689 34.8769 13.43329.3084mg/Kg 12/12 (100%)Total Vanadium 12 15.114 9.8065 2.3625.976

109.6248 75.615 24.500729.4237mg/Kg 12/12 (100%)Total Zinc 12 27.128 21.7218 3.929515.744
1179.455 317.186 416.596914.5773mg/Kg 10/12 (83%)Nitrate-N (Water Soluble) 12 272 78.25 85.90495
25615.16 6063.74 7130.04031040.498mg/Kg 12/12 (100%)Nitrogen Total (Inorganic + Organic) 12 8786 1753.33 2332.5743458

2.6 2.3333 0.1672.1% 12/12 (100%)Organic Matter 12 2.6 2.3333 0.1672.1
380.4692 209.874 76.441788.785mg/Kg 12/12 (100%)Phosphorus (Mehlich 3) 12 62 59.1667 1.89955
49.8275 22.0931 14.53324.8337mg/Kg 9/12 (75%)Phosphorus (Water Soluble) 12 13 5.875 2.97812.5

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 20: Summary of Small Lake Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

3306.531 1558.60 889.3671721.017mg/Kg 12/12 (100%)Total P (6010) 12 667.53 430.511 147.4976179.96
76.2 51.2583 14.191324% 12/12 (100%)%Clay 12 76.2 51.2583 14.191324
60 16.5875 22.80330.05% 7/12 (58%)%Sand 12 60 16.5875 22.80330.05

52.4 32.5833 14.246210% 12/12 (100%)%Silt 12 52.4 32.5833 14.246210
84.23 67.7108 13.680435.8% 12/12 (100%)Moisture 12 84.23 67.7108 13.680435.8
64.2 32.2892 13.680415.77% 12/12 (100%)Solids Total 12 64.2 32.2892 13.680415.77
1.32 0.68 0.37570.18mmhos/cm 12/12 (100%)Soluble Salts (1:2) 12 1.32 0.68 0.37570.18
7.7 6.5083 0.77285.6s.u. 12/12 (100%)pH 12 7.7 6.5083 0.77285.6

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 21: Summary of Broken Bow Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

158.8448 109.758 39.301970.9677mg/Kg 4/4 (100%)Chloride (Water Soluble) 4 44 33.25 9.21522
26838.71 25111.6 1701.261522935.15mg/Kg 4/4 (100%)Total Aluminum 4 8860 7775 986.22176720
0.9025 0.8146 0.08810.6964mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25

15.7762 9.174 4.80324.8189mg/Kg 4/4 (100%)Total Arsenic 4 4.37 2.7325 1.17681.73
368.231 275.184 62.795230.3621mg/Kg 4/4 (100%)Total Barium 4 102 84.025 12.558573.5
1.7129 1.2286 0.41990.8532mg/Kg 2/4 (50%)Total Beryllium 4 0.531 0.3875 0.15880.25
0.9025 0.8146 0.08810.6964mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

1141.936 912.798 209.0852699.6587mg/Kg 4/4 (100%)Total Calcium 4 371 286.25 88.4133205
30.0968 27.5884 2.44424.4369mg/Kg 4/4 (100%)Total Chromium 4 9.71 8.5425 1.18637.16
29.0253 18.135 7.373313.5154mg/Kg 4/4 (100%)Total Cobalt 4 8.04 5.4925 1.76683.96
29.3863 26.6498 3.281822.7019mg/Kg 4/4 (100%)Total Copper 4 8.59 8.1725 0.327.81
60288.81 43727.1 11460.81534818.94mg/Kg 4/4 (100%)Total Iron 4 16700 13325 2417.126411000
34.5126 32.0125 2.582228.4123mg/Kg 4/4 (100%)Total Lead 4 10.2 9.8475 0.30419.56
3096.774 2654.16 324.08452337.884mg/Kg 4/4 (100%)Total Magnesium 4 960 824.75 154.5237685
4115.524 1470.76 1765.3469490.2507mg/Kg 4/4 (100%)Total Manganese 4 1140 425 476.8634176
0.1444 0.1216 0.01540.1111mg/Kg 4/4 (100%)Total Mercury 4 0.04 0.0374 0.00320.0334
2.0217 1.3598 0.70530.6964mg/Kg 2/4 (50%)Total Molybdenum 4 0.561 0.4052 0.17930.25

33.8267 29.6298 3.432126.6295mg/Kg 4/4 (100%)Total Nickel 4 9.62 9.1175 0.80547.92
2438.71 2201.11 206.5051935.154mg/Kg 4/4 (100%)Total Potassium 4 800 683.25 112.2538567
0.9025 0.8146 0.08810.6964mg/Kg 0/4 (0%)Total Selenium 4 0.25 0.25 00.25
0.9025 0.8146 0.08810.6964mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

90.2527 81.465 8.806669.6379mg/Kg 0/4 (0%)Total Sodium 4 25 25 025
0.9025 0.8146 0.08810.6964mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25

41.8773 37.2171 3.374633.9833mg/Kg 4/4 (100%)Total Vanadium 4 12.2 11.45 0.580210.9
104.6931 99.4736 7.190788.8579mg/Kg 4/4 (100%)Total Zinc 4 31.9 30.625 1.330129
174.1935 153.581 18.8303130.9192mg/Kg 4/4 (100%)Ammonium (Water Soluble) 4 54 47.25 4.787143
18.0505 16.293 1.761313.9276mg/Kg 0/4 (0%)Nitrate-N (Water Soluble) 4 5 5 05
4007.220 3496.93 402.28993036.212mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 1110 1073.75 53.1311995

2.7 2.45 0.19152.3% 4/4 (100%)Organic Matter 4 2.7 2.45 0.19152.3
100 70.6963 28.035632.491mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 31 22.25 9.56999

9.0253 8.1465 0.88076.9638mg/Kg 0/4 (0%)Phosphorus (Water Soluble) 4 2.5 2.5 02.5
1000 853.909 128.2817735.376mg/Kg 4/4 (100%)Total P (6020) 4 286 262.25 28.3122222

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 21: Summary of Broken Bow Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

72.3 69.025 3.549164.1% 4/4 (100%)Moisture 4 72.3 69.025 3.549164.1
35.9 30.975 3.549127.7% 4/4 (100%)Solids Total 4 35.9 30.975 3.549127.7
0.76 0.63 0.10130.54mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 0.76 0.63 0.10130.54

1660.65 1245.35 403.4362774.1935mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 460 379 98.5427240
4.3 4.025 0.18933.9s.u. 4/4 (100%)pH 4 4.3 4.025 0.18933.9

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 22: Summary of Lake Stockton Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

72.0721 36.2685 24.917416.0051mg/Kg 1/4 (25%)Chloride (Water Soluble) 4 24 13.5 710
17267.27 13408.3 4671.19636722.151mg/Kg 4/4 (100%)Total Aluminum 4 6710 5200 1252.49094140
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25
7.0616 4.5788 1.97172.2567mg/Kg 4/4 (100%)Total Arsenic 4 2.11 1.7275 0.30581.41

182.3963 135.152 54.371956.8182mg/Kg 4/4 (100%)Total Barium 4 65.3 51.125 12.38535.5
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Beryllium 4 0.25 0.25 00.25
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

91365.46 48581.8 36488.98713860.44mg/Kg 4/4 (100%)Total Calcium 4 27300 16937.5 9176.31148660
18.2282 14.7503 3.66919.5711mg/Kg 4/4 (100%)Total Chromium 4 6.59 5.8325 0.80774.69
12.0817 9.3971 2.97955.4738mg/Kg 4/4 (100%)Total Cobalt 4 4.8 3.685 0.79992.91
11.9813 9.8828 2.77185.8419mg/Kg 4/4 (100%)Total Copper 4 4.81 3.875 0.62833.46
18440.43 15005 4433.54978674.776mg/Kg 4/4 (100%)Total Iron 4 6480 5822.5 481.41295420
23.7647 18.0751 5.715610.2273mg/Kg 4/4 (100%)Total Lead 4 10.1 7.14 1.98066
4924.925 3147.81 1511.79561840.589mg/Kg 4/4 (100%)Total Magnesium 4 1640 1194 335.3764826
4752.343 1791.1 1989.7691518.5659mg/Kg 4/4 (100%)Total Manganese 4 1420 619.5 541.6872256
0.0318 0.0275 0.00690.0173mg/Kg 4/4 (100%)Total Mercury 4 0.0127 0.0108 0.00130.0095
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Molybdenum 4 0.25 0.25 00.25

14.9933 12.5021 3.64897.1223mg/Kg 4/4 (100%)Total Nickel 4 5.69 4.8625 0.5784.45
2354.354 1672.61 659.8791787.452mg/Kg 4/4 (100%)Total Potassium 4 784 635.75 129.698492
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Selenium 4 0.25 0.25 00.25
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25
83.668 64.3949 19.244440.0128mg/Kg 0/4 (0%)Total Sodium 4 25 25 025
0.8367 0.6439 0.19240.4001mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25

26.1562 21.6866 6.535512.0519mg/Kg 4/4 (100%)Total Vanadium 4 9.89 8.42 1.12467.53
60.7059 40.2726 15.334723.5275mg/Kg 4/4 (100%)Total Zinc 4 25.8 16.2 6.548811.3
101.1765 71.6597 29.677430.4097mg/Kg 4/4 (100%)Ammonium (Water Soluble) 4 43 27.75 10.563319
16.7336 12.879 3.84898.0026mg/Kg 0/4 (0%)Nitrate-N (Water Soluble) 4 5 5 05
3239.625 1641.84 1388.0872278.4891mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 996 593.25 449.7254174

2 1.875 0.151.7% 4/4 (100%)Organic Matter 4 2 1.875 0.151.7
21.021 13.6773 5.42978.3668mg/Kg 3/4 (75%)Phosphorus (Water Soluble) 4 7 5.625 2.1362.5

662.6506 514.012 134.4013336.1076mg/Kg 4/4 (100%)Total P (6020) 4 226 202.25 21.4845175
70.12 57.96 14.631737.52% 4/4 (100%)Moisture 4 70.12 57.96 14.631737.52

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 22: Summary of Lake Stockton Sediment Samples

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

62.48 42.04 14.631729.88% 4/4 (100%)Solids Total 4 62.48 42.04 14.631729.88
1.22 0.7475 0.43780.3mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 1.22 0.7475 0.43780.3

1927.928 896.851 816.095983.2266mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 642 327.25 282.0352
7.68 7.0675 0.566.53s.u. 4/4 (100%)pH 4 7.68 7.0675 0.566.53

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 23: Summary of Lake Tenkiller Sediment Grab Samples – LK-01 to LK-04

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

319.1489 80.9423 86.759414.0252mg/Kg 5/15 (33%)Chloride (Water Soluble) 15 75 25.0667 19.912210
25873.02 14592.7 8386.16981666.607mg/Kg 15/15 (100%)Total Aluminum 15 14300 5017.21 3108.64171314.286
1.3298 0.7356 0.360.3145mg/Kg 0/15 (0%)Total Antimony 15 0.25 0.25 00.25

13.6518 7.5214 3.89831.6352mg/Kg 15/15 (100%)Total Arsenic 15 9.07 2.8352 2.01751.3
244.2181 136.476 81.544216.7867mg/Kg 15/15 (100%)Total Barium 15 89.5 44.7924 21.236213.238
4.6011 1.4618 1.3430.3145mg/Kg 6/15 (40%)Total Beryllium 15 1.14 0.4939 0.3340.25
1.3298 0.7356 0.360.3145mg/Kg 0/15 (0%)Total Cadmium 15 0.25 0.25 00.25

19281.91 10193.5 5618.0129589.3507mg/Kg 15/15 (100%)Total Calcium 15 6190 3433.65 1646.8395464.762
42.8571 28.959 7.646916.129mg/Kg 15/15 (100%)Total Chromium 15 30.3 11.9478 6.43785.75
18.1994 10.8954 4.23243.8651mg/Kg 15/15 (100%)Total Cobalt 15 7.17 4.0343 1.33742.24
25.3191 12.9102 7.73121.3289mg/Kg 15/15 (100%)Total Copper 15 7 4.178 1.75711.048
39514.73 23242.5 11552.2374426.168mg/Kg 15/15 (100%)Total Iron 15 27600 9056.8 6929.3683490.476
37.4828 20.2473 9.68344.6541mg/Kg 15/15 (100%)Total Lead 15 12.6 7.2024 2.60823.7
2352.702 1196.45 717.822112.9191mg/Kg 15/15 (100%)Total Magnesium 15 1030 403.562 237.017689.048
1698.953 878.657 523.3638115.3335mg/Kg 15/15 (100%)Total Manganese 15 649 295.315 150.719890.952
0.0658 0.044 0.01960.0103mg/Kg 15/15 (100%)Total Mercury 15 0.0237 0.0154 0.00530.0073
6.6489 1.6538 1.99090.3145mg/Kg 0/15 (0%)Total Molybdenum 15 1.25 0.5167 0.45770.25

33.7553 21.2706 10.3413.3819mg/Kg 15/15 (100%)Total Nickel 15 20.2 7.6879 4.49912.667
2864.16 1537.68 920.784186.5876mg/Kg 15/15 (100%)Total Potassium 15 1340 513.668 291.1497147.143
1.3298 0.7356 0.360.3145mg/Kg 0/15 (0%)Total Selenium 15 0.25 0.25 00.25
1.3298 0.7356 0.360.3145mg/Kg 0/15 (0%)Total Silver 15 0.25 0.25 00.25

134.6202 78.2121 39.165431.4465mg/Kg 1/15 (7%)Total Sodium 15 51.923 26.7949 6.951525
1.3298 0.7356 0.360.3145mg/Kg 0/15 (0%)Total Thallium 15 0.25 0.25 00.25

63.4202 32.8233 16.51478.212mg/Kg 15/15 (100%)Total Vanadium 15 29.5 11.8047 5.57356.476
116.867 61.1988 33.657310.6886mg/Kg 15/15 (100%)Total Zinc 15 45.6 22.2633 11.99557.55
345.7447 94.1546 102.92526.2893mg/Kg 12/15 (80%)Ammonium (Water Soluble) 15 65 24.4667 18.83345
813.8298 112.821 239.48356.2893mg/Kg 3/15 (20%)Nitrate-N (Water Soluble) 15 153 26.6 47.61875
32308.51 6176.74 8899.1092657.7086mg/Kg 15/15 (100%)Nitrogen Total (Inorganic + Organic) 15 6074 1662.93 1631.7409243
26675.53 13066.4 11226.199452.067mg/Kg 3/4 (75%)Total Kjeldahl Nitrogen 4 5015 3067.63 1957.4665356.5

3.4 1.44 1.07360.2% 15/15 (100%)Organic Matter 15 3.4 1.44 1.07360.2
178.7234 132.490 62.916544.0252mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 68 45.5 15.286235
398.9362 78.4292 143.6153.1447mg/Kg 6/15 (40%)Phosphorus (Water Soluble) 15 150 22.6333 41.70412.5

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 23: Summary of Lake Tenkiller Sediment Grab Samples – LK-01 to LK-04

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

2021.562 967.476 633.0646119.5612mg/Kg 15/15 (100%)Total P (6020) 15 562 312.552 142.565394.286
100 97 2.449593% 8/8 (100%)10-Day % Survival 8 100 97 2.449593
99 95 4.242689% 4/4 (100%)28-Day % Survival 4 99 95 4.242689

0.9514 0.5608 0.34230.1694mg 8/8 (100%)Average Dry Weight 8 0.9514 0.5608 0.34230.1694
40 23.475 13.91776% 4/4 (100%)%Clay 4 40 23.475 13.91776
86 37.4 33.386210% 4/4 (100%)%Sand 4 86 37.4 33.386210
50 39.15 20.77728% 4/4 (100%)%Silt 4 50 39.15 20.77728

81.2 56.2667 22.612820.5% 15/15 (100%)Moisture 15 81.2 56.2667 22.612820.5
79.5 43.7333 22.612818.8% 15/15 (100%)Solids Total 15 79.5 43.7333 22.612818.8
1.08 0.5633 0.26210.31mmhos/cm 15/15 (100%)Soluble Salts (1:2) 15 1.08 0.5633 0.26210.31

2480.851 847.121 809.616867.2077mg/Kg 15/15 (100%)Sulfate (Water Soluble) 15 583 241 164.401153
7.61 6.9367 0.55755.83s.u. 15/15 (100%)pH 15 7.61 6.9367 0.55755.83

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 24: Summary of Lake Tenkiller Sediment Core – LKT-SED01

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

20364.01 16368.0 3572.16975133.052mg/Kg 22/22 (100%)Total Aluminum 22 5320.162 3876.15 901.68031793.278
1.9128 1.1204 0.38310.3283mg/Kg 0/22 (0%)Total Antimony 22 0.25 0.25 00.25
8.6354 7.0988 1.57711.9451mg/Kg 22/22 (100%)Total Arsenic 22 2.11 1.6621 0.3290.847

278.3188 207.696 42.531114.9317mg/Kg 22/22 (100%)Total Barium 22 87.509 52.2627 19.928418.723
1.9128 1.1387 0.35170.5029mg/Kg 1/22 (5%)Total Beryllium 22 0.558 0.264 0.06570.25
1.9128 1.1204 0.38310.3283mg/Kg 0/22 (0%)Total Cadmium 22 0.25 0.25 00.25

23886.54 10063.2 5570.73021210.238mg/Kg 22/22 (100%)Total Calcium 22 3130.181 2088.61 650.7148921.475
33.6723 26.5123 5.8859.3801mg/Kg 22/22 (100%)Total Chromium 22 7.729 6.2377 1.22433.013
10.9198 9.1388 1.22355.6396mg/Kg 22/22 (100%)Total Cobalt 22 4.294 2.2704 0.75740.933
15.6514 11.0048 2.80813.4844mg/Kg 22/22 (100%)Total Copper 22 3.093 2.545 0.38141.303
26115.35 21076.6 4274.58467672.694mg/Kg 22/22 (100%)Total Iron 22 6687.745 5013.91 1099.2312345.438
39.2196 25.4126 6.87089.6099mg/Kg 22/22 (100%)Total Lead 22 9.75 6.2145 2.17432.168
2324.186 1830.33 416.606582.0961mg/Kg 22/22 (100%)Total Magnesium 22 551.117 429.427 87.3067214.962
873.228 722.353 95.9884476.6264mg/Kg 22/22 (100%)Total Manganese 22 408.776 179.432 65.190992.353
0.0667 0.0479 0.01060.0176mg/Kg 22/22 (100%)Total Mercury 22 0.0152 0.0112 0.00210.0066
9.5639 5.6018 1.91541.6417mg/Kg 0/22 (0%)Total Molybdenum 22 1.25 1.25 01.25

27.7595 22.0298 4.020711.4027mg/Kg 22/22 (100%)Total Nickel 22 8.682 5.3086 1.31062.435
3007.777 2180.69 529.7932711.14mg/Kg 22/22 (100%)Total Potassium 22 648.844 506.103 84.2165296.838
1.9128 1.1204 0.38310.3283mg/Kg 0/22 (0%)Total Selenium 22 0.25 0.25 00.25
1.9128 1.1204 0.38310.3283mg/Kg 0/22 (0%)Total Silver 22 0.25 0.25 00.25

191.2777 112.036 38.30832.8343mg/Kg 0/22 (0%)Total Sodium 22 25 25 025
1.9128 1.1204 0.38310.3283mg/Kg 0/22 (0%)Total Thallium 22 0.25 0.25 00.25
51.193 37.0443 10.179810.6803mg/Kg 22/22 (100%)Total Vanadium 22 12.23 8.7379 2.25262.494

87.6915 66.8295 14.595622.5151mg/Kg 22/22 (100%)Total Zinc 22 20.824 15.727 3.08857.756
59011.67 23881.7 17241.9551095.351mg/Kg 21/21 (100%)Nitrogen Total (Inorganic + Organic) 21 8144 4599.81 2232.6022834

4.7 3.8091 0.71511.5% 22/22 (100%)Organic Matter 22 4.7 3.8091 0.71511.5
173.6365 161.444 14.4074143.1831mg/Kg 6/6 (100%)AL BOUND P 6 34.8662 27.7942 6.031519.7602
71.2488 67.5197 2.94265.0306mg/Kg 6/6 (100%)CA BOUND P 6 13.309 11.528 1.72598.9746
314.1252 284.829 42.1587230.4565mg/Kg 6/6 (100%)FE BOUND P 6 63.0763 49.2978 13.005931.8045
2.1317 1.3772 0.58441mg/Kg 2/6 (33%)LOOSLY BOUND P 6 0.428 0.2442 0.13410.138

1407.058 1344.41 52.96681289.354mg/Kg 6/6 (100%)Total P (4500PF) 6 268.4314 229.722 35.5872177.9393
1689.226 1240.7 334.8521313.3819mg/Kg 22/22 (100%)Total P (6020) 22 428.986 286.507 59.3717195.429

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 24: Summary of Lake Tenkiller Sediment Core – LKT-SED01

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

86.93 75.9009 12.619923.86% 28/28 (100%)Moisture 28 86.93 75.9009 12.619923.86
76.14 24.0991 12.619913.07% 28/28 (100%)Solids Total 28 76.14 24.0991 12.619913.07
0.46 0.3806 0.03450.34mmhos/cm 17/17 (100%)Soluble Salts (1:2) 17 0.46 0.3806 0.03450.34
7.4 7.1382 0.19566.55s.u. 17/17 (100%)pH 17 7.4 7.1382 0.19566.55

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 25: Summary of Lake Tenkiller Sediment Core – LKT-SED02

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

17141.72 14176.4 2401.29439274.178mg/Kg 25/25 (100%)Total Aluminum 25 6081.021 4374.72 841.37332619.351
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Antimony 25 0.25 0.25 00.25
6.5382 5.2127 0.73283.8802mg/Kg 25/25 (100%)Total Arsenic 25 2.133 1.6148 0.29421.012

188.2991 150.29 20.5182109.8025mg/Kg 25/25 (100%)Total Barium 25 78.747 47.8256 14.608724.317
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Beryllium 25 0.25 0.25 00.25
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Cadmium 25 0.25 0.25 00.25

12469.65 6444.41 2986.03911977.025mg/Kg 25/25 (100%)Total Calcium 25 3263.432 1863.93 655.7011046.204
24.8061 20.8581 3.301714.5351mg/Kg 25/25 (100%)Total Chromium 25 8.538 6.4516 1.25364.042
10.1645 8.9414 1.03016.2858mg/Kg 25/25 (100%)Total Cobalt 25 4.873 2.8291 0.7871.562
10.8905 8.5082 1.68825.4727mg/Kg 25/25 (100%)Total Copper 25 3.334 2.6059 0.45961.652
20948.43 17690.6 2491.057312778.73mg/Kg 25/25 (100%)Total Iron 25 7838.568 5515.38 1214.79343200.804
32.1577 21.661 3.950315.1465mg/Kg 25/25 (100%)Total Lead 25 12.564 6.9494 2.39513.119
1596.611 1332.93 199.0389979.8958mg/Kg 25/25 (100%)Total Magnesium 25 623.796 416.214 98.7036244.78
802.3634 520.521 145.6111249.1825mg/Kg 25/25 (100%)Total Manganese 25 194.384 154.971 21.6947112.426
0.0538 0.0428 0.00950.0083mg/Kg 24/25 (96%)Total Mercury 25 0.017 0.0131 0.00320.0032
6.9754 4.197 1.09852.3492mg/Kg 0/25 (0%)Total Molybdenum 25 1.25 1.25 01.25
19.113 16.4559 2.237812.6311mg/Kg 25/25 (100%)Total Nickel 25 6.808 5.1148 1.02813.208

2054.301 1665.31 282.26941133.747mg/Kg 25/25 (100%)Total Potassium 25 684.78 512.232 90.0605342.82
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Selenium 25 0.25 0.25 00.25
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Silver 25 0.25 0.25 00.25

195.4135 88.5992 31.25346.9836mg/Kg 1/25 (4%)Total Sodium 25 61.907 26.4763 7.381425
1.3951 0.8394 0.21970.4698mg/Kg 0/25 (0%)Total Thallium 25 0.25 0.25 00.25

37.7297 28.0699 5.693216.6327mg/Kg 25/25 (100%)Total Vanadium 25 14.741 9.0002 3.17433.939
59.0039 49.1044 7.7133.7812mg/Kg 25/25 (100%)Total Zinc 25 19.962 15.15 2.71099.454
36718.75 15145.6 7381.96054063.927mg/Kg 25/25 (100%)Nitrogen Total (Inorganic + Organic) 25 6580 4292.4 1162.61241683

4.5 3.412 0.51672.7% 25/25 (100%)Organic Matter 25 4.5 3.412 0.51672.7
165.0643 161.290 5.1497154.6635mg/Kg 6/6 (100%)AL BOUND P 6 40.5218 37.867 2.934632.6282
53.2883 50.775 3.137846.7671mg/Kg 6/6 (100%)CA BOUND P 6 13.6947 11.986 1.73159.2963
148.5746 131.076 13.9949118.4319mg/Kg 6/6 (100%)FE BOUND P 6 38.9266 31.0153 5.947825.0901
4.5055 2.1685 1.81021mg/Kg 2/6 (33%)LOOSLY BOUND P 6 1.0187 0.4835 0.36920.226

1007.212 933.416 99.5311805.4213mg/Kg 6/6 (100%)Total P (4500PF) 6 263.8897 221.122 41.8946160.1009
1307.191 950.158 238.0678482.6609mg/Kg 25/25 (100%)Total P (6020) 25 383.779 287.279 55.2034206.94

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 25: Summary of Lake Tenkiller Sediment Core – LKT-SED02

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

82.08 69.8396 8.187446.79% 31/31 (100%)Moisture 31 82.08 69.8396 8.187446.79
53.21 30.1604 8.187417.92% 31/31 (100%)Solids Total 31 53.21 30.1604 8.187417.92
0.43 0.3104 0.07730.17mmhos/cm 25/25 (100%)Soluble Salts (1:2) 25 0.43 0.3104 0.07730.17
7.52 6.9008 0.5515.81s.u. 25/25 (100%)pH 25 7.52 6.9008 0.5515.81

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 26: Summary of Lake Tenkiller Sediment Core – LKT-SED03

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

21806.46 17779.3 3992.96573378.547mg/Kg 20/20 (100%)Total Aluminum 20 7504.44 5432.69 1443.2518630.099
1.3405 0.8657 0.22180.5308mg/Kg 0/20 (0%)Total Antimony 20 0.25 0.25 00.25
6.9622 5.4364 1.30191.3405mg/Kg 19/20 (95%)Total Arsenic 20 1.944 1.636 0.36260.25

261.8946 192.627 42.273934.1823mg/Kg 20/20 (100%)Total Barium 20 104.365 60.3828 21.73076.375
1.5804 1.0544 0.3030.6672mg/Kg 5/20 (25%)Total Beryllium 20 0.603 0.3206 0.1270.25
1.3405 0.8657 0.22180.5308mg/Kg 0/20 (0%)Total Cadmium 20 0.25 0.25 00.25

12846.27 8418.15 3408.67522628.062mg/Kg 20/20 (100%)Total Calcium 20 4105.629 2419.11 798.2807713.921
31.034 25.3134 5.71844.9544mg/Kg 20/20 (100%)Total Chromium 20 10.732 7.7221 2.01520.924

11.9445 10.1665 2.3431.3405mg/Kg 19/20 (95%)Total Cobalt 20 4.315 3.1141 0.84880.25
15.2165 11.7966 3.37023.0295mg/Kg 20/20 (100%)Total Copper 20 4.578 3.5176 0.87190.565
25638.27 21751.1 4588.73275287.099mg/Kg 20/20 (100%)Total Iron 20 9020.344 6642.45 1717.2821986.044
33.3966 27.4737 6.32583.9625mg/Kg 20/20 (100%)Total Lead 20 12.748 8.6113 2.96360.739
1837.778 1542.41 328.8159324.7024mg/Kg 20/20 (100%)Total Magnesium 20 675.976 472.46 127.246460.557
921.3121 672.731 157.6249198.118mg/Kg 20/20 (100%)Total Manganese 20 261.338 202.512 45.094336.949
0.0654 0.0559 0.00560.0412mg/Kg 20/20 (100%)Total Mercury 20 0.0208 0.0168 0.0030.0107
6.7024 4.3286 1.10912.6539mg/Kg 0/20 (0%)Total Molybdenum 20 1.25 1.25 01.25

25.1619 20.2152 4.41184.5469mg/Kg 20/20 (100%)Total Nickel 20 8.168 6.1586 1.55340.848
2886.575 2260.95 506.6851834.1394mg/Kg 20/20 (100%)Total Potassium 20 828.481 679.287 147.9984155.567
1.3405 0.8657 0.22180.5308mg/Kg 0/20 (0%)Total Selenium 20 0.25 0.25 00.25
1.3405 0.8657 0.22180.5308mg/Kg 0/20 (0%)Total Silver 20 0.25 0.25 00.25

323.7288 206.706 90.442653.0786mg/Kg 15/20 (75%)Total Sodium 20 74.453 57.5149 19.754825
1.3405 0.8657 0.22180.5308mg/Kg 0/20 (0%)Total Thallium 20 0.25 0.25 00.25

53.1257 42.9484 11.7774.6702mg/Kg 20/20 (100%)Total Vanadium 20 16.262 12.9946 3.49120.871
78.2677 62.3783 14.180814.5898mg/Kg 20/20 (100%)Total Zinc 20 26.51 18.9248 4.65882.721
32000 15490.1 8059.58244511.628mg/Kg 20/20 (100%)Nitrogen Total (Inorganic + Organic) 20 6257 4309.25 1342.07991261

5.4 3.42 0.78312.5% 20/20 (100%)Organic Matter 20 5.4 3.42 0.78312.5
185.9556 173.835 9.3905167.5597mg/Kg 6/6 (100%)AL BOUND P 6 44.8197 40.5175 4.841633.5493
55.1656 51.8855 4.231446.4623mg/Kg 6/6 (100%)CA BOUND P 6 14.4148 12.1588 2.10069.3028
165.8913 140.900 21.3876118.2377mg/Kg 6/6 (100%)FE BOUND P 6 44.2598 33.0564 7.732926.9448

1 1 01mg/Kg 0/6 (0%)LOOSLY BOUND P 6 0.2668 0.233 0.02480.2002
1066.216 1023.65 33.394996.4553mg/Kg 6/6 (100%)Total P (4500PF) 6 284.4663 239.012 31.7975201.8792
1331.121 1020.89 260.339234.8525mg/Kg 20/20 (100%)Total P (6020) 20 417.884 308.439 80.444943.8

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 26: Summary of Lake Tenkiller Sediment Core – LKT-SED03

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

81.35 71.0707 7.262252.9% 26/26 (100%)Moisture 26 81.35 71.0707 7.262252.9
47.1 28.9293 7.262218.65% 26/26 (100%)Solids Total 26 47.1 28.9293 7.262218.65
0.5 0.367 0.07540.24mmhos/cm 20/20 (100%)Soluble Salts (1:2) 20 0.5 0.367 0.07540.24
7.32 6.9385 0.37926.22s.u. 20/20 (100%)pH 20 7.32 6.9385 0.37926.22

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 27: Summary of Lake Tenkiller Sediment Core – LKT-SED04

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

21202.99 17330.3 2980.69517924.704mg/Kg 26/26 (100%)Total Aluminum 26 8756.835 5795.71 2083.38981445.466
3.4509 0.8925 0.57290.5358mg/Kg 0/26 (0%)Total Antimony 26 0.25 0.25 00.25
8.5445 5.6869 0.93013.3936mg/Kg 26/26 (100%)Total Arsenic 26 2.376 1.8391 0.50550.619

261.0896 189.265 42.613784.0296mg/Kg 26/26 (100%)Total Barium 26 120.78 64.3408 28.400615.327
3.4509 1.3812 0.58120.6874mg/Kg 13/26 (50%)Total Beryllium 26 0.8 0.4429 0.21030.25
3.4509 0.8925 0.57290.5358mg/Kg 0/26 (0%)Total Cadmium 26 0.25 0.25 00.25

36491.39 9356.81 6346.86354269.253mg/Kg 26/26 (100%)Total Calcium 26 3267.921 2575.01 359.17851899.208
30.5643 24.8802 4.078411.9079mg/Kg 26/26 (100%)Total Chromium 26 12.188 8.2725 2.8452.172
12.6994 10.2256 1.85095.0439mg/Kg 26/26 (100%)Total Cobalt 26 5.539 3.4095 1.25390.92
17.1441 11.9718 1.92936.8092mg/Kg 26/26 (100%)Total Copper 26 5.161 3.8928 1.12481.242
27739.59 22525.3 3731.70510761.91mg/Kg 26/26 (100%)Total Iron 26 11127.68 7498.42 2610.06011962.973
34.8069 26.3994 6.18599.8575mg/Kg 26/26 (100%)Total Lead 26 14.123 9.0603 3.93261.798
1991.080 1557.62 260.1494790.8059mg/Kg 26/26 (100%)Total Magnesium 26 769.211 516.219 177.1131144.243
1118.967 786.818 148.2644350.7895mg/Kg 26/26 (100%)Total Manganese 26 432.342 259.912 87.712963.984
0.0939 0.0534 0.00940.0373mg/Kg 26/26 (100%)Total Mercury 26 0.0232 0.0173 0.00510.0068

17.2546 4.4625 2.86452.679mg/Kg 0/26 (0%)Total Molybdenum 26 1.25 1.25 01.25
26.3788 20.0768 3.267910.477mg/Kg 26/26 (100%)Total Nickel 26 9.745 6.6084 2.15351.911
2836.099 2130.72 345.86391126.425mg/Kg 26/26 (100%)Total Potassium 26 1015.132 703.220 234.5051205.46
3.4509 0.8925 0.57290.5358mg/Kg 0/26 (0%)Total Selenium 26 0.25 0.25 00.25
3.4509 0.8925 0.57290.5358mg/Kg 0/26 (0%)Total Silver 26 0.25 0.25 00.25

345.0913 134.866 54.773369.6573mg/Kg 13/26 (50%)Total Sodium 26 70.919 43.293 19.297725
3.4509 0.8925 0.57290.5358mg/Kg 0/26 (0%)Total Thallium 26 0.25 0.25 00.25

50.4915 40.8124 7.769716.0965mg/Kg 26/26 (100%)Total Vanadium 26 20.853 13.7978 5.19852.936
79.6333 59.4349 9.391331.6283mg/Kg 26/26 (100%)Total Zinc 26 27.46 19.5412 6.2065.769
52854.19 12072.9 9747.40471017.699mg/Kg 23/26 (88%)Nitrogen Total (Inorganic + Organic) 26 4705 3329.02 1249.5734356.5

5.6 3.3308 0.74012.7% 26/26 (100%)Organic Matter 26 5.6 3.3308 0.74012.7
245.9362 189.451 55.0718123.8159mg/Kg 6/6 (100%)AL BOUND P 6 59.7133 37.211 19.00118.9698
65.6327 55.9928 8.668246.2508mg/Kg 6/6 (100%)CA BOUND P 6 15.9356 10.6955 4.48953.3506
231.8031 164.352 52.9657120.9069mg/Kg 6/6 (100%)FE BOUND P 6 42.2809 28.3697 8.263216.7929
2.6066 1.5355 0.82971mg/Kg 2/6 (33%)LOOSLY BOUND P 6 0.6329 0.3083 0.23160.0724

1341.617 1222.54 96.08941132.888mg/Kg 6/6 (100%)Total P (4500PF) 6 289.6872 228.058 77.498782.0716
1566.317 1168.86 244.1362586.6667mg/Kg 26/26 (100%)Total P (6020) 26 544.222 380.278 116.8842107.008

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 27: Summary of Lake Tenkiller Sediment Core – LKT-SED04

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

92.7555 69.7912 10.541553.34% 32/32 (100%)Moisture 32 92.7555 69.7912 10.541553.34
46.66 30.2088 10.54157.2445% 32/32 (100%)Solids Total 32 46.66 30.2088 10.54157.2445
0.44 0.3519 0.06280.22mmhos/cm 26/26 (100%)Soluble Salts (1:2) 26 0.44 0.3519 0.06280.22
7.34 6.8488 0.31996.24s.u. 26/26 (100%)pH 26 7.34 6.8488 0.31996.24

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 28: Summary of Lake Tenkiller Sediment Core – LKT-SED05

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

19506.54 15941.2 2721.910610981.74mg/Kg 10/10 (100%)Total Aluminum 10 7919.143 5076.27 1509.09432803.637
1.0285 0.8172 0.14480.6086mg/Kg 0/10 (0%)Total Antimony 10 0.25 0.25 00.25
5.5455 4.7896 0.48543.7485mg/Kg 10/10 (100%)Total Arsenic 10 2.073 1.5137 0.33790.957

184.7639 149.987 25.2158106.7098mg/Kg 10/10 (100%)Total Barium 10 75.901 47.8823 14.787127.243
1.5555 0.9837 0.27270.6711mg/Kg 2/10 (20%)Total Beryllium 10 0.639 0.3171 0.14370.25
1.0285 0.8172 0.14480.6086mg/Kg 0/10 (0%)Total Cadmium 10 0.25 0.25 00.25

19167.32 13684.2 3063.80348625.256mg/Kg 10/10 (100%)Total Calcium 10 4659.168 4169.77 414.63463476.886
28.6656 23.384 3.526617.1876mg/Kg 10/10 (100%)Total Chromium 10 11.222 7.4172 2.00194.388
10.8895 8.8368 1.35396.4943mg/Kg 10/10 (100%)Total Cobalt 10 4.276 2.8045 0.7651.658
10.8977 8.9872 1.37226.9095mg/Kg 10/10 (100%)Total Copper 10 4.465 2.856 0.80561.764
23489.1 19404.9 2929.135413794.92mg/Kg 10/10 (100%)Total Iron 10 9207.37 6167.54 1702.48663521.843
27.6947 20.7208 4.052114.0541mg/Kg 10/10 (100%)Total Lead 10 11.377 6.6457 2.29813.588
1904.164 1539.50 232.62221124.575mg/Kg 10/10 (100%)Total Magnesium 10 727.072 487.888 128.6113287.104
762.7732 615.126 85.2115429.8237mg/Kg 10/10 (100%)Total Manganese 10 247.374 193.354 39.4381109.734
0.0543 0.0467 0.00440.0397mg/Kg 10/10 (100%)Total Mercury 10 0.0223 0.0147 0.00340.0116
5.1424 4.086 0.72383.0428mg/Kg 0/10 (0%)Total Molybdenum 10 1.25 1.25 01.25

21.8077 18.0302 2.406413.4117mg/Kg 10/10 (100%)Total Nickel 10 8.407 5.7065 1.4163.424
2172.197 1772.26 243.08221333.141mg/Kg 10/10 (100%)Total Potassium 10 810.178 560.364 137.0473340.351
1.0285 0.8172 0.14480.6086mg/Kg 0/10 (0%)Total Selenium 10 0.25 0.25 00.25
1.0285 0.8172 0.14480.6086mg/Kg 0/10 (0%)Total Silver 10 0.25 0.25 00.25

102.8473 81.7204 14.475160.8569mg/Kg 0/10 (0%)Total Sodium 10 25 25 025
1.0285 0.8172 0.14480.6086mg/Kg 0/10 (0%)Total Thallium 10 0.25 0.25 00.25

37.8944 27.1854 6.715815.1312mg/Kg 10/10 (100%)Total Vanadium 10 15.567 8.78 3.48663.863
64.2179 53.7809 6.77141.8175mg/Kg 10/10 (100%)Total Zinc 10 25.135 17.0396 4.293710.676
16480.25 10109.9 4251.70161396.396mg/Kg 9/10 (90%)Nitrogen Total (Inorganic + Organic) 10 4006 3105.35 1032.0865356.5

4.2 3.45 0.44032.9% 10/10 (100%)Organic Matter 10 4.2 3.45 0.44032.9
160.0891 153.116 10.7723139.209mg/Kg 6/6 (100%)AL BOUND P 6 52.3171 44.1142 6.991933.8388
62.9644 58.5373 3.969754.088mg/Kg 6/6 (100%)CA BOUND P 6 20.5768 16.8244 2.448914.2346
120.2031 106.379 13.108391.0138mg/Kg 6/6 (100%)FE BOUND P 6 35.7724 30.3565 3.648326.233
2.0233 1.3411 0.52841mg/Kg 2/6 (33%)LOOSLY BOUND P 6 0.5487 0.3745 0.11530.2796

977.9415 968.491 10.2225955.7882mg/Kg 6/6 (100%)Total P (4500PF) 6 312.3516 277.519 25.4928237.7169
1225.541 1029.06 153.5016752.0016mg/Kg 10/10 (100%)Total P (6020) 10 499.278 327.586 92.9915191.986

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 28: Summary of Lake Tenkiller Sediment Core – LKT-SED05

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

75.6921 69.5471 5.048258.92% 16/16 (100%)Moisture 16 75.6921 69.5471 5.048258.92
41.08 30.4529 5.048224.3079% 16/16 (100%)Solids Total 16 41.08 30.4529 5.048224.3079
0.4 0.306 0.03950.27mmhos/cm 10/10 (100%)Soluble Salts (1:2) 10 0.4 0.306 0.03950.27
7.47 6.711 0.39676.4s.u. 10/10 (100%)pH 10 7.47 6.711 0.39676.4

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29a: Summary of Barney Barnes Field LAL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

159.3291 100.588 39.773375.3382mg/Kg 4/4 (100%)Total Sodium 4 152 95.95 37.764272.4
0.2674 0.2619 0.0040.258mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25

30.8012 24.4415 8.622811.74mg/Kg 4/4 (100%)Total Vanadium 4 29.6 23.35 8.30611.2
47.2746 27.8444 16.271714.3447mg/Kg 4/4 (100%)Total Zinc 4 45.1 26.475 15.337613.9
6.2893 3.5361 1.83592.58mg/Kg 1/4 (25%)Ammonium (Water Soluble) 4 6 3.375 1.752.5

36.3636 16.2912 13.64935.7966mg/Kg 4/4 (100%)Nitrate-N (Water Soluble) 4 34 15.4325 12.6545.53
3689.728 2774.40 713.78541946.524mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 3520 2652.5 694.42421820

7 6.075 0.83025% 4/4 (100%)Organic Matter 4 7 6.075 0.83025
204.2781 92.936 74.231255.1509mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 191 88 68.673153
22.4599 13.1788 8.25826.192mg/Kg 4/4 (100%)Phosphorus (Water Soluble) 4 21 12.5 7.68116
781.8182 631.795 155.1504494.324mg/Kg 4/4 (100%)Total P (6020) 4 731 601.75 140.1651479

34 25.5 6.608118% 4/4 (100%)%Clay 4 34 25.5 6.608118
54 46 5.887840% 4/4 (100%)%Sand 4 54 46 5.887840
34 28.5 6.191420% 4/4 (100%)%Silt 4 34 28.5 6.191420

6.54 4.5275 1.48523.07% 4/4 (100%)Moisture 4 6.54 4.5275 1.48523.07
96.9 95.475 1.452393.5% 4/4 (100%)Solids Total 4 96.9 95.475 1.452393.5

0.362 0.2885 0.07020.224mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 0.362 0.2885 0.07020.224
46.2019 34.0531 11.894417.7149mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 44.4 32.525 11.43416.9

6.5 6.2 0.2166s.u. 4/4 (100%)pH 4 6.5 6.2 0.2166

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29a: Summary of Barney Barnes Field LAL Samples – 0 to 2 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.107 0.1048 0.00160.1032MPN*/gram 0/4 (0%)Campylobacter species 4 0.1 0.1 00.1
0.2081 0.1308 0.05160.1032MPN*/gram 1/4 (25%)E. coli 4 0.2 0.125 0.050.1

11764.71 3041.39 5817.46645.0568MPN*/gram 4/4 (100%)Enterococcus Group 4 11000 2846.23 5437.75194.9
17.6899 4.8662 8.55960.1048MPN*/gram 3/4 (75%)Fecal Coliform 4 17 4.675 8.22690.1
19.2513 4.8909 9.57370.1032MPN*/gram 1/4 (25%)Salmonella species 4 18 4.575 8.950.1
0.107 0.1048 0.00160.1032MPN*/gram 0/4 (0%)Staphylococcus aureus 4 0.1 0.1 00.1

8449.198 2985.00 3980.91151.153MPN*/gram 4/4 (100%)Total Coliform 4 7900 2813.78 3725.30081.1
151.9916 64.6414 59.881924.2456mg/Kg 4/4 (100%)Chloride (Water Soluble) 4 145 61.55 57.062923.3
3.3422 3.2737 0.05023.225ng/g 0/4 (0%)17a-estradiol 4 3.125 3.125 03.125
3.3422 3.2737 0.05023.225ng/g 0/4 (0%)17b-estradiol 4 3.125 3.125 03.125
3.3422 3.2737 0.05023.225ng/g 0/4 (0%)Estriol 4 3.125 3.125 03.125
3.3422 3.2737 0.05023.225ng/g 0/4 (0%)Estrone 4 3.125 3.125 03.125

7731.53 6220.17 1610.48284779.874mg/Kg 4/4 (100%)Total Aluminum 4 7430 5952.5 1609.41764560
0.2674 0.2619 0.0040.258mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25
6.1176 4.4929 1.33123.1027mg/Kg 4/4 (100%)Total Arsenic 4 5.72 4.28 1.2182.96

125.7862 104.486 31.408658.9305mg/Kg 4/4 (100%)Total Barium 4 120 100.025 30.773455.1
0.6394 0.4434 0.20910.258mg/Kg 2/4 (50%)Total Beryllium 4 0.61 0.4238 0.20090.25
0.2674 0.2619 0.0040.258mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

2569.659 2200.74 421.43071647.059mg/Kg 4/4 (100%)Total Calcium 4 2490 2105 426.18461540
19.9174 14.7433 5.84557.3899mg/Kg 4/4 (100%)Total Chromium 4 19.3 14.1125 5.72697.05
5.8169 4.4521 1.51292.2888mg/Kg 4/4 (100%)Total Cobalt 4 5.59 4.265 1.48392.14

42.5577 22.002 16.45118.5848mg/Kg 4/4 (100%)Total Copper 4 40.6 20.905 15.58028.25
13735.69 11578.2 2247.24178417.191mg/Kg 4/4 (100%)Total Iron 4 13200 11057.5 2177.74168030
21.9563 18.3387 2.787115.6184mg/Kg 4/4 (100%)Total Lead 4 21.1 17.525 2.814714.9
502.6738 484.599 16.544463.3643mg/Kg 4/4 (100%)Total Magnesium 4 470 462.5 9.4692449
1247.38 647.11 428.298250.2674mg/Kg 4/4 (100%)Total Manganese 4 1190 619 409.0363234
0.0372 0.0288 0.00630.0219mg/Kg 4/4 (100%)Total Mercury 4 0.0355 0.0275 0.00620.0205
1.3369 1.3095 0.02011.29mg/Kg 0/4 (0%)Total Molybdenum 4 1.25 1.25 01.25
6.7715 4.9026 1.59893.123mg/Kg 4/4 (100%)Total Nickel 4 6.46 4.6875 1.54382.92

533.6898 468.966 56.5597406.6047mg/Kg 4/4 (100%)Total Potassium 4 499 447.25 48.5893394
0.6972 0.6449 0.04070.6006mg/Kg 4/4 (100%)Total Selenium 4 0.67 0.6157 0.04020.582
0.2674 0.2619 0.0040.258mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29b: Summary of Barney Barnes Field LAL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

100.7246 56.189 30.071834.9535mg/Kg 4/4 (100%)Chloride (Water Soluble) 4 97.3 54.425 28.957933.8
8273.009 6499.28 1952.07194720.497mg/Kg 4/4 (100%)Total Aluminum 4 8000 6307.5 1921.09994560
0.5994 0.343 0.17090.2551mg/Kg 1/4 (25%)Total Antimony 4 0.579 0.3322 0.16450.25
4.8914 4.4578 0.68853.4369mg/Kg 4/4 (100%)Total Arsenic 4 4.73 4.3225 0.67213.32

137.7551 102.254 36.651450.8808mg/Kg 4/4 (100%)Total Barium 4 135 99.275 36.06849.1
0.7205 0.5464 0.20660.2591mg/Kg 3/4 (75%)Total Beryllium 4 0.696 0.5302 0.20160.25
0.2591 0.2579 0.00190.2551mg/Kg 0/4 (0%)Total Cadmium 4 0.25 0.25 00.25

1458.118 1288.50 230.2552951.2953mg/Kg 4/4 (100%)Total Calcium 4 1410 1249.5 224.7391918
25.102 16.8932 8.92657.8054mg/Kg 4/4 (100%)Total Chromium 4 24.6 16.41 8.74057.54
7.4388 5.166 2.39031.8342mg/Kg 4/4 (100%)Total Cobalt 4 7.29 5.0175 2.34391.77

18.8406 9.0417 7.25813.5367mg/Kg 4/4 (100%)Total Copper 4 18.2 8.745 6.99743.42
16132.37 13032.7 3389.54148985.507mg/Kg 4/4 (100%)Total Iron 4 15600 12645 3335.08128680
21.0962 18.4537 3.978912.6294mg/Kg 4/4 (100%)Total Lead 4 20.5 17.9 3.909812.2
436.2694 410.273 22.2746381.9876mg/Kg 4/4 (100%)Total Magnesium 4 421 397.75 21.469369
1097.309 655.323 389.0411154.4041mg/Kg 4/4 (100%)Total Manganese 4 1060 635.75 376.6496149
0.0345 0.0283 0.00510.0221mg/Kg 4/4 (100%)Total Mercury 4 0.0333 0.0274 0.00490.0213
1.2953 1.2894 0.00931.2755mg/Kg 0/4 (0%)Total Molybdenum 4 1.25 1.25 01.25
7.4327 5.2025 2.00562.8601mg/Kg 4/4 (100%)Total Nickel 4 7.18 5.0475 1.95192.76

337.4741 303.857 30.3017275.0776mg/Kg 4/4 (100%)Total Potassium 4 326 294.5 28.2076266
0.7026 0.3688 0.22260.2551mg/Kg 1/4 (25%)Total Selenium 4 0.678 0.357 0.2140.25
0.2591 0.2579 0.00190.2551mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

107.6605 72.1775 24.403851.9171mg/Kg 4/4 (100%)Total Sodium 4 104 69.95 23.48450.1
0.2591 0.2579 0.00190.2551mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25

36.5047 27.4037 11.639611.5942mg/Kg 4/4 (100%)Total Vanadium 4 35.3 26.6 11.377511.2
21.7391 14.1492 6.32868.9038mg/Kg 4/4 (100%)Total Zinc 4 21 13.6975 6.07448.61
2.5907 2.5788 0.01862.551mg/Kg 0/4 (0%)Ammonium (Water Soluble) 4 2.5 2.5 02.5

22.0725 12.2825 8.09522.8261mg/Kg 4/4 (100%)Nitrate-N (Water Soluble) 4 21.3 11.9125 7.82922.73
1770.186 1407.57 391.4205869.4301mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 1710 1364.75 378.5722839

4 3.3 0.47613% 4/4 (100%)Organic Matter 4 4 3.3 0.47613
101.5544 56.3771 45.223717.3469mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 98 54.5 43.577517
8.2816 5.1679 3.03122.551mg/Kg 2/4 (50%)Phosphorus (Water Soluble) 4 8 5 2.91552.5

530.0207 358.845 131.0071254.0816mg/Kg 4/4 (100%)Total P (6020) 4 512 347.5 125.5136249

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29b: Summary of Barney Barnes Field LAL Samples – 2 to 4 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

26 23.5 320% 4/4 (100%)%Clay 4 26 23.5 320
50 40.5 10.50426% 4/4 (100%)%Sand 4 50 40.5 10.50426
52 36 10.954528% 4/4 (100%)%Silt 4 52 36 10.954528

3.54 3.0725 0.69382.04% 4/4 (100%)Moisture 4 3.54 3.0725 0.69382.04
98 96.95 0.704796.5% 4/4 (100%)Solids Total 4 98 96.95 0.704796.5

0.259 0.2352 0.02740.196mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 0.259 0.2352 0.02740.196
44.0816 31.9069 13.248213.354mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 43.2 30.975 12.984212.9

6.3 6.025 0.255.7s.u. 4/4 (100%)pH 4 6.3 6.025 0.255.7

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29c: Summary of Barney Barnes Field LAL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

43.2238 36.1859 6.882430.0403mg/Kg 4/4 (100%)Chloride (Water Soluble) 4 42.1 35.475 6.651529.7
9105.858 6757.15 2254.16524495.968mg/Kg 4/4 (100%)Total Aluminum 4 8860 6620 2183.81934460
0.2569 0.2549 0.00230.252mg/Kg 0/4 (0%)Total Antimony 4 0.25 0.25 00.25
5.9035 4.3933 1.42442.4899mg/Kg 4/4 (100%)Total Arsenic 4 5.75 4.3 1.36672.47

130.0813 97.0749 33.714551.3347mg/Kg 4/4 (100%)Total Barium 4 128 95.275 33.21950
0.6778 0.5078 0.17970.2567mg/Kg 3/4 (75%)Total Beryllium 4 0.667 0.4988 0.17850.25
1.128 0.4734 0.43640.252mg/Kg 1/4 (25%)Total Cadmium 4 1.11 0.465 0.430.25

1077.236 973.41 169.679719.7125mg/Kg 4/4 (100%)Total Calcium 4 1060 955.25 170.2848701
26.3104 19.0772 8.61556.7036mg/Kg 4/4 (100%)Total Chromium 4 25.6 18.6625 8.36286.65
6.8756 5.0975 2.2171.9507mg/Kg 4/4 (100%)Total Cobalt 4 6.69 5.0025 2.17161.9

11.0887 6.4453 4.03062.8983mg/Kg 4/4 (100%)Total Copper 4 11 6.335 3.99522.82
17368.96 14411.2 4733.12567379.032mg/Kg 4/4 (100%)Total Iron 4 16900 14105 4557.34947320
21.6463 17.175 5.079910.5847mg/Kg 4/4 (100%)Total Lead 4 21.3 16.825 4.925710.5
428.5714 396.869 35.966345.7661mg/Kg 4/4 (100%)Total Magnesium 4 417 389 32.1144343
1028.226 606.668 352.6843167.3511mg/Kg 4/4 (100%)Total Manganese 4 1020 597 351.1932163
0.0457 0.0312 0.01060.0203mg/Kg 4/4 (100%)Total Mercury 4 0.045 0.0306 0.01060.0198
1.2847 1.2746 0.01171.2601mg/Kg 0/4 (0%)Total Molybdenum 4 1.25 1.25 01.25
6.6431 5.4034 1.24724.3121mg/Kg 4/4 (100%)Total Nickel 4 6.59 5.3075 1.27114.2

305.4435 288.526 15.0038269.3089mg/Kg 4/4 (100%)Total Potassium 4 303 283 15.748265
0.6149 0.3456 0.17950.2541mg/Kg 1/4 (25%)Total Selenium 4 0.61 0.34 0.180.25
0.2569 0.2549 0.00230.252mg/Kg 0/4 (0%)Total Silver 4 0.25 0.25 00.25

80.6911 54.928 22.919425.2016mg/Kg 3/4 (75%)Total Sodium 4 79.4 53.8 22.428725
0.2569 0.2549 0.00230.252mg/Kg 0/4 (0%)Total Thallium 4 0.25 0.25 00.25
39.26 30.2352 13.407610.2823mg/Kg 4/4 (100%)Total Vanadium 4 38.2 29.575 13.008810.2

14.7177 11.097 3.64797.9167mg/Kg 4/4 (100%)Total Zinc 4 14.6 10.8925 3.62157.78
6.1665 4.3377 2.07212.5202mg/Kg 2/4 (50%)Ammonium (Water Soluble) 4 6 4.25 2.02072.5

15.5031 9.9992 6.27331.6935mg/Kg 4/4 (100%)Nitrate-N (Water Soluble) 4 15.1 9.78 6.12871.68
1284.687 1082.45 221.3269767.9671mg/Kg 4/4 (100%)Nitrogen Total (Inorganic + Organic) 4 1250 1062 218.4247748

2.8 2.4 0.42431.9% 4/4 (100%)Organic Matter 4 2.8 2.4 0.42431.9
85.6855 41.1514 35.764510.2775mg/Kg 4/4 (100%)Phosphorus (Mehlich 3) 4 85 40.5 35.444810
5.0403 3.1793 1.24082.5407mg/Kg 1/4 (25%)Phosphorus (Water Soluble) 4 5 3.125 1.252.5

430.4435 288.070 102.0525213.7718mg/Kg 4/4 (100%)Total P (6020) 4 427 283 102.5573208

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29c: Summary of Barney Barnes Field LAL Samples – 4 to 6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

26 23.5 2.516620% 4/4 (100%)%Clay 4 26 23.5 2.516620
54 42.5 10.11630% 4/4 (100%)%Sand 4 54 42.5 10.11630
44 34 9.092122% 4/4 (100%)%Silt 4 44 34 9.092122

2.69 1.92 0.88280.84% 4/4 (100%)Moisture 4 2.69 1.92 0.88280.84
99.2 98.075 0.899597.3% 4/4 (100%)Solids Total 4 99.2 98.075 0.899597.3

0.227 0.1818 0.04010.141mmhos/cm 4/4 (100%)Soluble Salts (1:2) 4 0.227 0.1818 0.04010.141
28.7474 18.6968 7.290311.2903mg/Kg 4/4 (100%)Sulfate (Water Soluble) 4 28 18.3 7.021411.2

6.3 5.7 0.45.5s.u. 4/4 (100%)pH 4 6.3 5.7 0.45.5

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29d: Summary of Barney Barnes Field LAL Samples - >6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

MPN*/gram 0/1 (0%)Campylobacter species 1 0.1 0.10.1
MPN*/gram 0/1 (0%)E. coli 1 0.1 0.10.1
MPN*/gram 1/1 (100%)Enterococcus Group 1 24000 2400024000
MPN*/gram 1/1 (100%)Fecal Coliform 1 11 1111
MPN*/gram 0/1 (0%)Salmonella species 1 0.1 0.10.1
MPN*/gram 0/1 (0%)Staphylococcus aureus 1 0.1 0.10.1
MPN*/gram 1/1 (100%)Total Coliform 1 18000 1800018000

50.2668 50.266850.2668mg/Kg 1/1 (100%)Chloride (Water Soluble) 1 47.1 47.147.1
3.3351 3.33513.3351ng/g 0/1 (0%)17a-estradiol 1 3.125 3.1253.125
3.3351 3.33513.3351ng/g 0/1 (0%)17b-estradiol 1 3.125 3.1253.125
3.3351 3.33513.3351ng/g 0/1 (0%)Estriol 1 3.125 3.1253.125
3.3351 3.33513.3351ng/g 0/1 (0%)Estrone 1 3.125 3.1253.125

4983.992 4983.994983.992mg/Kg 2/2 (100%)Total Aluminum 2 7560 6115 2043.53864670
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Antimony 2 72.5 36.375 51.08850.25
5.8378 5.83785.8378mg/Kg 2/2 (100%)Total Arsenic 2 109 57.235 73.20685.47

59.3383 59.338359.3383mg/Kg 2/2 (100%)Total Barium 2 240 147.8 130.390555.6
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Beryllium 2 44.4 22.325 31.21880.25
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Cadmium 2 71 35.625 50.02780.25

1611.526 1611.531611.526mg/Kg 2/2 (100%)Total Calcium 2 3330 2420 1286.93431510
18.7834 18.783418.7834mg/Kg 2/2 (100%)Total Chromium 2 82.3 49.95 45.749817.6
1.8356 1.83561.8356mg/Kg 2/2 (100%)Total Cobalt 2 53.7 27.71 36.75541.72

29.2423 29.242329.2423mg/Kg 2/2 (100%)Total Copper 2 51.8 39.6 17.253427.4
13874.07 13874.113874.07mg/Kg 2/2 (100%)Total Iron 2 14000 13500 707.106813000
17.3959 17.395917.3959mg/Kg 2/2 (100%)Total Lead 2 100 58.15 59.184816.3
512.2732 512.273512.2732mg/Kg 2/2 (100%)Total Magnesium 2 2400 1440 1357.645480
196.3714 196.371196.3714mg/Kg 2/2 (100%)Total Manganese 2 473 328.5 204.3539184
0.0215 0.02150.0215mg/Kg 2/2 (100%)Total Mercury 2 0.0421 0.0311 0.01560.0201
1.334 1.3341.334mg/Kg 1/2 (50%)Total Molybdenum 2 36.5 18.875 24.92551.25
3.2551 3.25513.2551mg/Kg 2/2 (100%)Total Nickel 2 57.2 30.125 38.28983.05

543.2231 543.223543.2231mg/Kg 2/2 (100%)Total Potassium 2 3080 1794.5 1817.9715509
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Selenium 2 106 53.125 74.77650.25
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Silver 2 95.2 47.725 67.13980.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29d: Summary of Barney Barnes Field LAL Samples - >6 inches

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

80.0427 80.042780.0427mg/Kg 2/2 (100%)Total Sodium 2 842 458.5 542.350975
0.2668 0.26680.2668mg/Kg 1/2 (50%)Total Thallium 2 117 58.625 82.55470.25

31.4835 31.483531.4835mg/Kg 2/2 (100%)Total Vanadium 2 78.9 54.2 34.931129.5
35.3255 35.325535.3255mg/Kg 2/2 (100%)Total Zinc 2 236 134.55 143.47233.1
28.8154 28.815428.8154mg/Kg 1/1 (100%)Ammonium (Water Soluble) 1 27 2727
37.5667 37.566737.5667mg/Kg 1/1 (100%)Nitrate-N (Water Soluble) 1 35.2 35.235.2

mg/Kg 1/1 (100%)Nitrogen Ammoniacal 1 22 2222
2209.178 2209.182209.178mg/Kg 2/2 (100%)Nitrogen Total (Inorganic + Organic) 2 2070 1458 865.4987846

4.8 2.865 2.73650.93% 2/2 (100%)Organic Matter 2 4.8 2.865 2.73650.93
351.1206 351.121351.1206mg/Kg 1/1 (100%)Phosphorus (Mehlich 3) 1 329 329329
25.6137 25.613725.6137mg/Kg 1/1 (100%)Phosphorus (Water Soluble) 1 24 2424
741.7289 741.729741.7289mg/Kg 2/2 (100%)Total P (6020) 2 731 713 25.4558695

24 2424% 1/1 (100%)%Clay 1 24 2424
44 4444% 1/1 (100%)%Sand 1 44 4444
32 3232% 1/1 (100%)%Silt 1 32 3232

6.26 6.266.26% 1/1 (100%)Moisture 1 6.26 6.266.26
93.7 93.793.7% 1/1 (100%)Solids Total 1 93.7 93.793.7

0.988 0.9880.988mmhos/cm 1/1 (100%)Soluble Salts (1:2) 1 0.988 0.9880.988
38.7407 38.740738.7407mg/Kg 1/1 (100%)Sulfate (Water Soluble) 1 36.3 36.336.3

6 66s.u. 1/1 (100%)pH 1 6 66

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29e: Summary of Poultry Waste FAC SAmples from Barney Barnes Property

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

0.135 0.1248 0.01620.106MPN*/gram 0/3 (0%)Campylobacter species 3 0.1 0.1 00.1
57264.05 23470.0 29266.5136533.333MPN*/gram 3/3 (100%)E. coli 3 54000 21266.7 28347.8984900
213333.3 88357.1 111176.04455.9915MPN*/gram 3/3 (100%)Enterococcus Group 3 160000 66143.3 83424.706430
97560.98 40546.1 49682.3286533.333MPN*/gram 3/3 (100%)Fecal Coliform 3 92000 36633.3 48119.6774900

2.439 0.9469 1.29390.135MPN*/gram 2/3 (67%)Salmonella species 3 2.3 0.8667 1.24230.1
0.135 0.1248 0.01620.106MPN*/gram 0/3 (0%)Staphylococcus aureus 3 0.1 0.1 00.1

97560.98 40546.1 49682.3286533.333MPN*/gram 3/3 (100%)Total Coliform 3 92000 36633.3 48119.6774900
3849.417 3473.87 328.64313238.866mg/Kg 3/3 (100%)Chloride (Water Soluble) 3 3630 2843.33 683.10572400

80 61.0476 32.499823.5207ng/g 3/3 (100%)17a-estradiol 3 60 47.06 21.552522.18
4.2173 3.8993 0.50763.3139ng/g 0/3 (0%)17b-estradiol 3 3.125 3.125 03.125
4.2173 3.8993 0.50763.3139ng/g 0/3 (0%)Estriol 3 3.125 3.125 03.125

43.5223 27.6496 20.75224.1667ng/g 2/3 (67%)Estrone 3 33.25 22.875 17.11133.125
1646.424 1264.53 544.9198640.509mg/Kg 3/3 (100%)Total Aluminum 3 1220 984.667 332.7241604
0.3374 0.3119 0.04060.2651mg/Kg 0/3 (0%)Total Antimony 3 0.25 0.25 00.25
48.583 43.9297 4.385639.8727mg/Kg 3/3 (100%)Total Arsenic 3 37.6 35.3667 2.608332.5

38.0567 33.6073 4.734328.632mg/Kg 3/3 (100%)Total Barium 3 28.2 26.9333 1.301325.6
0.3374 0.3119 0.04060.2651mg/Kg 0/3 (0%)Total Beryllium 3 0.25 0.25 00.25
0.3374 0.3119 0.04060.2651mg/Kg 0/3 (0%)Total Cadmium 3 0.25 0.25 00.25

39001.35 33863.5 4450.50431200mg/Kg 3/3 (100%)Total Calcium 3 29600 27300 3395.585423400
10.4049 8.8779 1.5287.3489mg/Kg 3/3 (100%)Total Chromium 3 7.71 7.1 0.54536.66
1.5385 1.3797 0.14981.2407mg/Kg 3/3 (100%)Total Cobalt 3 1.17 1.11 0.07941.02

597.8408 530.116 69.3899459.1729mg/Kg 3/3 (100%)Total Copper 3 443 425.333 22.5019400
1474.019 1448.12 28.8631417.004mg/Kg 3/3 (100%)Total Iron 3 1390 1176.67 185.83151050
1.5655 1.2297 0.48770.6702mg/Kg 3/3 (100%)Total Lead 3 1.16 0.9607 0.28680.632

7435.897 6538.94 784.4775980.912mg/Kg 3/3 (100%)Total Magnesium 3 5640 5266.67 537.99014650
835.3576 741.338 88.1106660.6575mg/Kg 3/3 (100%)Total Manganese 3 623 596 43.3474546
0.0044 0.004 0.00060.0033mg/Kg 0/3 (0%)Total Mercury 3 0.0032 0.0032 0.00010.0032
4.5749 4.1634 0.54763.5419mg/Kg 3/3 (100%)Total Molybdenum 3 3.39 3.3367 0.05513.28

15.1147 14.0345 0.965513.2556mg/Kg 3/3 (100%)Total Nickel 3 12.5 11.3333 1.10610.3
35100.74 31691.1 3134.963728933.33mg/Kg 3/3 (100%)Total Potassium 3 33100 25933.3 6240.459421700
2.5641 2.1132 0.59251.4422mg/Kg 3/3 (100%)Total Selenium 3 1.9 1.67 0.27871.36
0.3374 0.3119 0.04060.2651mg/Kg 0/3 (0%)Total Silver 3 0.25 0.25 00.25

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix D: Solids
Table 29e: Summary of Poultry Waste FAC SAmples from Barney Barnes Property

Confidential Attorney Work Product
Draft – Do Not Produce

Parameter Avg Standard
Deviation

Min MaxUnitsn Percent
Detected

Dry Weight
Avg Standard

Deviation
Min Max

Wet Weight

8780.488 8360.78 496.07077813.333mg/Kg 3/3 (100%)Total Sodium 3 8280 6810 1291.08485860
0.3374 0.3119 0.04060.2651mg/Kg 0/3 (0%)Total Thallium 3 0.25 0.25 00.25
6.5182 5.8196 0.98964.6872mg/Kg 3/3 (100%)Total Vanadium 3 4.83 4.6467 0.20844.42

661.2686 589.387 77.7331506.8929mg/Kg 3/3 (100%)Total Zinc 3 490 472.667 20.5264450
8475.034 5231.41 4361.9747272.5345mg/Kg 3/3 (100%)Ammonium (Water Soluble) 3 6280 3915.67 3213.3482257
3.3738 2.4125 1.63020.5302mg/Kg 0/3 (0%)Nitrate-N (Water Soluble) 3 2.5 1.8333 1.15470.5
46400 44116.5 2694.031341145.28mg/Kg 3/3 (100%)Nitrogen Total (Inorganic + Organic) 3 38800 35600 2884.44133200

60 6060% 1/1 (100%)Organic Matter 1 60 6060
75.8 75.6 0.282875.4% 2/2 (100%)Organic Matter (Combustion) 2 75.8 75.6 0.282875.4

4558.705 3731.74 764.82123049.841mg/Kg 3/3 (100%)Phosphorus (Mehlich 3) 3 3378 2981.33 355.88952690
1569.459 1076.7 426.7463829.9595mg/Kg 3/3 (100%)Phosphorus (Water Soluble) 3 1480 906 497.1147615
26720.65 22488.8 4188.177118345.71mg/Kg 3/3 (100%)Total P (6020) 3 19800 17966.7 1607.275116800

40 31.3333 9.018522% 3/3 (100%)%Clay 3 40 31.3333 9.018522
66 57.3333 7.571952% 3/3 (100%)%Sand 3 66 57.3333 7.571952
14 11.3333 3.05518% 3/3 (100%)%Silt 3 14 11.3333 3.05518

25.9 18.8733 11.45.72% 3/3 (100%)Moisture 3 25.9 18.8733 11.45.72
94.3 81.1333 11.411574.1% 3/3 (100%)Solids Total 3 94.3 81.1333 11.411574.1
13.7 9.2567 4.19685.36mmhos/cm 3/3 (100%)Soluble Salts (1:2) 3 13.7 9.2567 4.19685.36

4170.041 3711.59 762.49522831.389mg/Kg 3/3 (100%)Sulfate (Water Soluble) 3 3100 2953.33 245.42482670
7.38 7.0267 0.31016.8s.u. 3/3 (100%)pH 3 7.38 7.0267 0.31016.8

NOTES:
(1) Non-detects treated as 1/2 the detection limit for min/max/avg/st. dev calculations



Appendix E 
Probability Plots (Run SW3) 
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Probability Plot of Log10 Concentration - SW 3
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Probability Plot of Log10 Concentration - SW 3
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Appendix F 
Principal Component Scores (PC1 and PC2) 

SW3, SW17, SD1 (Varimax), SD6, SW18 



SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2
BS-08:8/23/2005:SW:S:-:- 1.2505508234 3.4776342730
BS-117:9/14/2005:SW:S:-:- 1.4145731216 3.7642780441
BS-208:5/1/2007:SW:S:0:- 1.2706651191 3.3730112723
BS-208:9/1/2005:SW:S:-:- 1.2842496981 3.3293785312
BS-28:8/23/2005:SW:S:-:- 1.2615482519 3.7045307341
BS-35:5/2/2007:SW:S:0:- 1.3127338516 3.8463264796
BS-35:9/22/2005:SW:S:-:- 1.4390547346 3.8050638165
BS-62A:5/1/2007:SW:S:0:- 1.3235155117 3.8627513059
BS-68:5/2/2007:SW:S:0:- 1.2786548761 3.9321464578
BS-HF04:5/1/2007:SW:S:0:- 1.5373208603 5.7424007881
BS-HF22:5/2/2007:SW:S:0:- 1.5205054133 4.8435067403
BS-HF22:8/24/2005:SW:S:-:- 1.5298193012 4.9471816482
BS-REF1:8/30/2005:SW:S:-:- 1.1834742751 3.6878162516
BS-REF2:8/31/2005:SW:S:-:- 1.0000000000 4.3736537929
BS-REF3:9/1/2005:SW:S:-:- 1.1878138051 3.6366685531
EOF01:5/23/2005:SW:S:-:- 4.4818964561 2.1085453867
EOF02:5/23/2005:SW:S:-:- 5.9370147958 1.1444228189
EOF07:5/15/2005:SW:S:-:- 6.6122026030 3.8745314254
EOF07:5/23/2005:SW:S:-:- 1.9457262837 3.6010395810
EOF07:6/5/2005:SW:S:-:- 2.0918148131 4.1529180119
EOF07-222:4/13/2007:SW:S:-:- 2.7874494503 3.4658401378
EOF07-230:4/24/2007:SW:S:-:- 1.9186996988 3.8627136184
EOF07-232:4/24/2007:SW:S:-:- 2.4965378698 2.5951687268
EOF07-259:4/13/2007:SW:S:-:- 2.9523718813 2.6629869615
EOF07-LOR#1:4/24/2007:SW:S:-:- 2.5094688437 3.2889782400
EOF08:5/23/2005:SW:S:-:- 1.7367737895 3.8739167854
EOF09:6/5/2005:SW:S:-:- 2.1355448415 3.8424229413
EOF11:6/5/2005:SW:S:-:- 2.5515570131 3.7794119770
EOF14:6/2/2005:SW:S:-:- 6.1452763456 6.0026497009
EOF15:6/2/2005:SW:S:-:- 2.0695467922 2.6886608693
EOF16:6/5/2005:SW:S:-:- 2.4541289679 2.8462972574
EOF17:6/5/2005:SW:S:-:- 2.4461763465 2.7652669043
EOF18:6/5/2005:SW:S:-:- 1.7060627008 3.5110065633
EOF19:6/5/2005:SW:S:-:- 1.7767845024 3.1690299027
EOF20:6/5/2005:SW:S:-:- 3.9047350807 3.1590242798
EOF21:6/5/2005:SW:S:-:- 2.0071555983 4.4694506339
EOF22:6/5/2005:SW:S:-:- 2.1900239721 5.6294381345
EOF23:6/5/2005:SW:S:-:- 1.8082038278 2.6543803175
EOF24:6/5/2005:SW:S:-:- 2.5251595736 2.5737959056
EOF25:6/5/2005:SW:S:-:- 2.0020758669 2.8586554922
EOF26:6/5/2005:SW:S:-:- 2.0923552659 4.3090244319
EOF27:6/5/2005:SW:S:-:- 3.2536628649 2.6872189287
EOF28:6/5/2005:SW:S:-:- 2.2212633655 3.7220604951
EOF29:6/5/2005:SW:S:-:- 5.7839470681 1.0000000000
EOF30:6/5/2005:SW:S:-:- 2.7131088876 2.4261967744
EOF-CP-1A:3/31/2008:SW:S:-:- 1.6790976667 2.8696764214
EOF-CP-1B:3/31/2008:SW:S:-:- 2.1069060719 3.1842598874
EOF-EOF1:6/17/2006:SW:S:-:- 2.2043450547 2.7396655039
EOF-GF1:3/9/2006:SW:S:-:- 1.9390451662 3.1695746486
EOF-SPREAD002:4/25/2006:SW:S:-:- 2.2095379002 3.8362720455

PC Size (No Rotation) normalized to 1

1



SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

EOF-SPREAD007:4/25/2006:SW:S:-:- 2.3944310516 2.6164587927
EOF-SPREAD007:5/4/2006:SW:S:-:- 2.0917590070 3.2856504512
EOF-SPREAD010:5/9/2006:SW:S:-:- 6.2292072162 5.8732848684
EOF-SPREAD017A:5/1/2006:SW:S:-:- 6.9106047198 4.8183414321
EOF-SPREAD023:4/25/2006:SW:S:-:- 8.0983224800 9.4664884801
EOF-SPREAD023:6/18/2006:SW:S:-:- 6.6792993132 9.0800003516
EOF-SPREAD025:5/4/2006:SW:S:-:- 1.6410881542 2.8597515989
EOF-SPREAD025:6/18/2006:SW:S:-:- 1.3823091899 4.0560300153
EOF-SPREAD026:4/25/2006:SW:S:-:- 2.6164814021 2.4778236173
EOF-SPREAD026:4/29/2006:SW:S:-:- 2.0119167769 2.6297763189
EOF-SPREAD029:4/25/2006:SW:S:-:- 3.0251167731 3.0430185766
EOF-SPREAD030:3/31/2006:SW:S:-:- 1.8943017305 4.3404471682
EOF-SPREAD031:4/7/2006:SW:S:-:- 1.6485522237 4.2107841591
EOF-SPREAD036:4/25/2006:SW:S:-:- 3.3045442406 5.2784315208
EOF-SPREAD044:6/18/2006:SW:S:-:- 1.4463286140 4.2562516027
EOF-SPREAD048:5/9/2006:SW:S:-:- 2.4649238601 3.3886498389
EOF-SPREAD052:4/25/2006:SW:S:-:- 1.9109324514 3.4464616261
EOF-SPREAD053B:5/4/2006:SW:S:-:- 1.9423720683 4.0000983128
EOF-SPREAD053E:4/29/2006:SW:S:-:- 7.6490409287 9.6341597904
EOF-SPREAD053G:5/4/2006:SW:S:-:- 2.2926230103 3.3604252366
EOF-SPREAD059:4/29/2006:SW:S:-:- 1.5834908548 3.4890514931
EOF-SPREAD060:4/29/2006:SW:S:-:- 6.8966308258 9.3375530707
EOF-SPREAD064:5/4/2006:SW:S:-:- 5.6665853034 4.1394873574
EOF-SPREAD065:5/4/2006:SW:S:-:- 1.7366661166 3.3158006959
EOF-SPREAD068:6/18/2006:SW:S:-:- 1.6891670420 3.7313342401
EOF-SPREAD071:5/10/2006:SW:S:-:- 1.7557500985 3.2985125182
EOF-SPREAD073E:6/22/2006:SW:S:-:- 1.8682488946 2.9306347323
EOF-ZPEOF001:4/25/2006:SW:S:-:- 3.3824044662 2.4593256724
EOF-ZPEOF030:4/25/2006:SW:S:-:- 1.8605726402 3.4505919464
HFS-02:4/29/2006:SW:S:-:INITIAL 1.3336815355 3.6017497812
HFS-02:5/1/2006:SW:S:-:- 1.3975630432 3.7616557394
HFS-02:5/10/2006:SW:S:-:- 1.3670297221 3.7651688752
HFS-02:5/11/2006:SW:S:-:PEAK 1.3952601855 3.6471265932
HFS-02:5/4/2006:SW:S:-:PEAK 1.4221896304 3.7009750589
HFS-02:5/6/2006:SW:S:-:- 1.3751948984 3.7451841987
HFS-02:6/15/2005:SW:S:-:- 1.3766300126 3.5236622989
HFS-02:6/15/2006:SW:S:-:BF1 1.2310134253 3.6628628516
HFS-02:6/27/2005:SW:S:-:- 1.3685426951 3.5866895243
HFS-02:6/8/2006:SW:S:-:- 1.3471572113 3.6545840876
HFS-02:7/11/2005:SW:S:-:- 1.3140080835 3.5653968545
HFS-02:7/11/2005:SW:S:-:BF1 1.3210744839 3.8163217946
HFS-02:8/1/2006:SW:S:-:BF2 1.2832458648 3.5677550442
HFS-02:8/27/2005:SW:S:-:BF2 1.3053131863 3.6177405215
HFS-02:9/16/2005:SW:S:-:- 1.3025218188 3.5529792741
HFS-04:3/10/2006:SW:S:-:- 1.7294026164 6.1749557317
HFS-04:3/10/2006:SW:S:-:PEAK 1.7047056185 6.0003051089
HFS-04:4/26/2006:SW:S:-:- 1.7479152448 6.0097489461
HFS-04:4/30/2006:SW:S:-:- 1.5769140279 4.7911150554
HFS-04:4/4/2006:SW:S:-:- 1.7132714950 6.1613180043
HFS-04:4/8/2006:SW:S:-:- 1.6237631640 5.8401397293
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-04:5/11/2006:SW:S:-:EVENTB 1.6523831179 4.2465910379
HFS-04:5/25/2005:SW:S:-:1 1.5796054835 4.8074329709
HFS-04:5/25/2005:SW:S:-:14 1.5428687955 4.6087816501
HFS-04:5/25/2005:SW:S:-:7 1.5960202980 4.6974142414
HFS-04:5/31/2006:SW:S:-:- 1.5422598207 4.3106420338
HFS-04:5/31/2006:SW:S:-:PEAK 1.5631703583 4.3022649198
HFS-04:5/6/2006:SW:S:-:- 1.5611978850 5.1430475680
HFS-04:5/9/2006:SW:S:-:EVENTA 1.5536244439 4.9690523656
HFS-04:6/15/2006:SW:S:-:BF1 1.6679145833 7.0249588568
HFS-04:6/22/2005:SW:S:-:A 1.7299210364 6.0451069558
HFS-04:6/22/2005:SW:S:-:B 1.5612221847 5.2987178592
HFS-04:7/13/2005:SW:S:-:BF1 1.6906856886 6.2546574969
HFS-04:7/27/2005:SW:S:-:- 1.4824832316 4.6803488984
HFS-04:8/1/2006:SW:S:-:BF2 1.7648148212 7.6169367661
HFS-04:8/20/2005:SW:S:-:A 1.5519810795 5.6864181278
HFS-04:8/20/2005:SW:S:-:B 1.6106163038 5.8377554487
HFS-04:8/27/2005:SW:S:-:BF2 1.7034251577 6.8308590302
HFS-04:9/28/2005:SW:S:-:- 1.6934113148 7.2890708901
HFS-05:3/22/2006:SW:S:-:- 2.2177295516 4.4695680795
HFS-05:3/22/2006:SW:S:-:PEAK 1.4320257293 4.8427370588
HFS-05:4/26/2006:SW:S:-:- 1.4576405494 4.1828231428
HFS-05:4/26/2006:SW:S:-:PEAK 1.4505168803 3.8818363971
HFS-05:4/29/2006:SW:S:-:PEAK 1.4025299517 4.1533207761
HFS-05:4/3/2006:SW:S:-:- 1.4180236142 4.3680647104
HFS-05:4/30/2006:SW:S:-:- 1.5129514753 4.1930336496
HFS-05:5/10/2006:SW:S:-:EVENTA 1.9543268266 6.2327961046
HFS-05:5/11/2006:SW:S:-:EVENTB 1.6102554410 4.0026939731
HFS-05:5/31/2006:SW:S:-:- 1.3941130663 4.1155146166
HFS-05:5/6/2006:SW:S:-:- 1.5263280989 4.2162864209
HFS-05:6/15/2006:SW:S:-:BF1 1.2698065225 4.3901885967
HFS-05:6/27/2005:SW:S:-:A 1.4127233052 3.8270667820
HFS-05:6/27/2005:SW:S:-:B 1.5370088483 3.7042563561
HFS-05:6/7/2005:SW:S:-:A 1.5181727976 4.1273117643
HFS-05:6/7/2005:SW:S:-:B 1.7516272030 3.6160307302
HFS-05:6/7/2006:SW:S:-:- 1.3351031336 4.1528961708
HFS-05:7/12/2005:SW:S:-:BF1 1.3517998946 4.0285537502
HFS-05:7/7/2005:SW:S:-:- 1.3607729080 4.0152166349
HFS-05:8/1/2006:SW:S:56:BF2 1.3911795413 3.8926447187
HFS-05:8/29/2005:SW:S:-:BF2 1.2436923686 4.3444649430
HFS-05:9/13/2005:SW:S:-:A 1.4077623279 3.5030224684
HFS-05:9/15/2005:SW:S:-:B 1.3776490729 3.9205220883
HFS-05:9/28/2005:SW:S:-:- 1.2997874315 3.6118752797
HFS-08:6/15/2005:SW:S:-:A 1.4879581475 3.6455951838
HFS-08:6/15/2005:SW:S:-:B 1.4437547434 3.3356119034
HFS-08:7/12/2005:SW:S:-:- 1.4170108637 3.2490046007
HFS-08:7/13/2005:SW:S:-:BF1 1.3515417748 3.3500626455
HFS-08:8/28/2005:SW:S:-:BF2 1.2574581397 3.5743880110
HFS-14:3/10/2006:SW:S:-:- 1.3964472981 3.7199055350
HFS-14:3/10/2006:SW:S:-:PEAK 1.6036982808 4.0134250477
HFS-14:4/25/2006:SW:S:-:- 1.4847393708 3.8641406911
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-14:4/25/2006:SW:S:-:PEAK 1.6079019998 3.8553521697
HFS-14:4/7/2006:SW:S:-:- 1.3430419633 3.7281763890
HFS-14:4/7/2006:SW:S:-:PEAK 1.3601402608 3.8536445155
HFS-14:5/10/2006:SW:S:-:- 1.4234763291 3.8212089011
HFS-14:5/11/2006:SW:S:-:PEAK 1.6446447667 4.1570079551
HFS-14:5/31/2006:SW:S:-:- 1.8405647786 4.3625485316
HFS-14:6/15/2005:SW:S:-:A 1.3694239564 3.4206232614
HFS-14:6/15/2005:SW:S:-:B 1.3020895831 3.3818423647
HFS-14:6/15/2006:SW:S:-:BF1 1.1818754636 3.5425163162
HFS-14:6/5/2006:SW:S:-:- 1.3858003647 3.9222152169
HFS-14:6/9/2005:SW:S:-:- 1.2901941108 3.4257222824
HFS-14:7/12/2005:SW:S:-:BF1 1.3616815638 3.2736216087
HFS-14:7/23/2005:SW:S:-:- 1.2310938454 3.2966078939
HFS-14:8/1/2006:SW:S:-:BF2 1.2572549054 3.4821004004
HFS-14:8/27/2005:SW:S:-:BF2 1.2288536135 3.5283839235
HFS-16:3/10/2006:SW:S:-:- 1.5273309318 3.6445465527
HFS-16:4/25/2006:SW:S:-:- 1.4936446225 3.4308003246
HFS-16:5/1/2006:SW:S:-:PEAK 1.3134058758 3.8249566721
HFS-16:5/2/2006:SW:S:-:- 1.3008076368 3.8722290344
HFS-16:5/31/2006:SW:S:-:- 1.4046815062 3.4487318100
HFS-16:5/6/2006:SW:S:-:A 1.3181566054 3.9136746480
HFS-16:5/7/2006:SW:S:-:B 1.4002381586 4.4813123357
HFS-16:6/15/2005:SW:S:-:- 1.5007374150 3.7453106111
HFS-16:6/15/2006:SW:S:-:BF1 1.3455762674 3.7688587297
HFS-16:6/27/2005:SW:S:-:A 1.4310342060 3.7049862589
HFS-16:7/11/2005:SW:S:-:BF1 1.8174216798 3.7309099056
HFS-16:7/13/2005:SW:S:-:- 1.3691011583 3.8564536047
HFS-16:8/14/2005:SW:S:-:- 1.5186468550 3.7711223294
HFS-16:8/27/2005:SW:S:-:BF2 1.3564378635 4.2749764045
HFS-16:9/15/2005:SW:S:-:- 1.4622660450 3.8259137915
HFS-20:3/10/2006:SW:S:-:- 1.3294432254 3.8662752400
HFS-20:4/26/2006:SW:S:-:- 1.3090851934 3.7924872520
HFS-20:4/3/2006:SW:S:-:- 1.3029038024 3.9198115606
HFS-20:4/3/2006:SW:S:-:PEAK 1.3039006006 3.8930443048
HFS-20:4/30/2006:SW:S:-:- 1.3109480235 4.1136454171
HFS-20:4/7/2006:SW:S:-:- 1.1992472148 4.1136901571
HFS-20:5/10/2006:SW:S:-:EVENTB 1.6111287409 3.3904302434
HFS-20:5/31/2006:SW:S:-:EVENTA 1.3586301041 3.8132461695
HFS-20:5/31/2006:SW:S:-:EVENTB 1.3686562474 3.7244443515
HFS-20:5/4/2006:SW:S:-:LEADINGEDGE 1.3471085901 4.0936229696
HFS-20:5/6/2006:SW:S:-:PLATEAU 1.3151443018 4.0407525927
HFS-20:5/9/2006:SW:S:-:EVENTA 1.6014585952 3.3701251847
HFS-20:6/15/2005:SW:S:-:A 1.3840496833 3.6544778068
HFS-20:6/15/2005:SW:S:-:B 1.5475382535 3.6350921418
HFS-20:6/15/2006:SW:S:-:BF1 1.1941895907 3.9103049919
HFS-20:7/10/2005:SW:S:-:- 1.2094224551 4.1100130772
HFS-20:7/13/2005:SW:S:-:BF1 1.3290078291 4.1071933940
HFS-20:7/26/2005:SW:S:-:- 1.5578477616 3.8356042182
HFS-20:7/7/2005:SW:S:-:A 1.3198684135 4.0609285314
HFS-20:7/7/2005:SW:S:-:B 1.3467999829 4.3134574332
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-20:8/1/2006:SW:S:-:BF2 1.4635936370 3.8607187492
HFS-20:8/14/2005:SW:S:-:- 1.1920633657 4.2677947760
HFS-20:8/27/2005:SW:S:-:BF2 1.2626557429 4.4167147044
HFS-20:9/16/2005:SW:S:-:- 1.4881550360 3.5101013146
HFS-21:3/21/2006:SW:S:-:- 1.4046753079 3.4112190516
HFS-21:3/9/2006:SW:S:-:- 1.4623037062 3.4208834975
HFS-21:4/26/2006:SW:S:-:- 1.4950326783 3.2915128407
HFS-21:4/26/2006:SW:S:-:PEAK 1.4465379294 3.1304432638
HFS-21:4/29/2006:SW:S:-:PEAK 1.4995208751 3.3007951203
HFS-21:4/3/2006:SW:S:-:- 1.4483626012 3.3247606009
HFS-21:4/30/2006:SW:S:-:- 1.4742108235 3.2846064632
HFS-21:4/6/2006:SW:S:-:A 1.4527998735 4.0354892653
HFS-21:4/7/2006:SW:S:-:B 1.5308768727 3.4487527492
HFS-21:5/10/2006:SW:S:-:EVENTB 1.3603582539 3.8294218129
HFS-21:5/31/2006:SW:S:-:- 1.4667864514 3.3153728776
HFS-21:5/4/2006:SW:S:-:PEAK 1.5661032288 3.6942794956
HFS-21:5/5/2006:SW:S:-:- 1.5259651239 3.1690231937
HFS-21:5/9/2006:SW:S:-:EVENTA 1.3159738362 3.8940525775
HFS-21:6/15/2006:SW:S:-:BF1 1.4806258043 3.5414501595
HFS-21:6/7/2005:SW:S:-:- 1.5172926371 3.2912401175
HFS-21:7/10/2005:SW:S:-:- 1.4939670987 3.5614819709
HFS-21:7/13/2005:SW:S:-:BF1 1.8318387424 4.1436310877
HFS-21:7/7/2005:SW:S:-:- 1.5002780019 3.4143547915
HFS-21:8/14/2005:SW:S:-:- 1.6128629441 3.8478197276
HFS-21:8/20/2005:SW:S:-:- 1.3642109807 3.7088615145
HFS-21:9/16/2005:SW:S:-:- 1.5866524532 3.9401775282
HFS-21:9/28/2005:SW:S:-:- 1.5713720514 3.6764004987
HFS-22:3/22/2006:SW:S:-:- 1.6210168217 4.8385850501
HFS-22:3/22/2006:SW:S:-:PEAK 1.6813117049 5.0619170404
HFS-22:4/27/2006:SW:S:-:- 1.8117528449 5.2359512290
HFS-22:4/27/2006:SW:S:-:PEAK 1.8485254608 5.4354187579
HFS-22:4/30/2006:SW:S:-:- 1.5841753456 3.6894033799
HFS-22:4/4/2006:SW:S:-:- 1.5910787556 4.8197236338
HFS-22:4/4/2006:SW:S:-:PEAK 1.6226334148 4.9753667809
HFS-22:5/10/2006:SW:S:-:EVENTA 1.9975495498 5.1436172032
HFS-22:5/11/2006:SW:S:-:EVENTB 1.5814300541 3.5699574840
HFS-22:5/31/2006:SW:S:-:EVENTB 1.4920579723 3.8821848908
HFS-22:5/6/2006:SW:S:-:- 1.5694384988 3.7079634469
HFS-22:6/15/2005:SW:S:-:A 1.6445375795 5.0170734261
HFS-22:6/15/2005:SW:S:-:B 1.6559916797 4.8836970220
HFS-22:6/15/2006:SW:S:-:BF1 1.5089488956 5.0237771165
HFS-22:6/7/2005:SW:S:-:- 1.6379439857 5.1052030260
HFS-22:7/12/2005:SW:S:-:BF1 1.5680496634 4.9225836088
HFS-22:8/1/2006:SW:S:1:BF2 1.7187944091 5.6284339413
HFS-22:8/28/2005:SW:S:-:BF2 1.5695327553 5.5861181548
HFS-22:9/15/2005:SW:S:-:- 1.2424179717 3.9617321673
HFS-23:3/22/2006:SW:S:-:- 1.4752815840 4.0464655675
HFS-23:4/27/2006:SW:S:-:- 1.5695809209 4.1223543811
HFS-23:4/27/2006:SW:S:-:PEAK 1.5656955141 3.8873472617
HFS-23:4/30/2006:SW:S:-:- 1.4751440077 3.8938825433
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-23:4/4/2006:SW:S:-:- 1.4615499889 4.0283008808
HFS-23:4/8/2006:SW:S:-:- 1.4701025782 4.1470567106
HFS-23:5/10/2006:SW:S:-:PEAK 1.5221467408 3.4954990666
HFS-23:5/11/2006:SW:S:-:- 1.4671700313 3.4727709609
HFS-23:5/31/2006:SW:S:-:- 1.5563314280 3.7760427408
HFS-23:5/4/2006:SW:S:-:G 1.5685544709 3.2966277066
HFS-23:6/15/2005:SW:S:-:- 1.5500439268 3.8936250010
HFS-23:6/15/2006:SW:S:-:BF1 1.5875339257 4.4358461812
HFS-23:6/27/2005:SW:S:-:- 1.5175876283 4.2141213304
HFS-23:6/7/2005:SW:S:-:- 1.5532412254 4.1229397903
HFS-23:6/7/2006:SW:S:-:- 1.4276593208 4.0417177560
HFS-23:7/12/2005:SW:S:-:BF1 1.7024663882 3.8825989762
HFS-23:7/16/2005:SW:S:-:- 1.5011937751 3.9247174626
HFS-23:7/23/2005:SW:S:-:- 1.5567613556 3.8023059341
HFS-23:8/1/2006:SW:S:56:BF2 1.5043715072 4.1697450097
HFS-23:8/14/2005:SW:S:-:A 1.5605293026 4.5382627199
HFS-23:8/14/2005:SW:S:-:B 1.5773309164 4.5547670985
HFS-23:8/28/2005:SW:S:-:BF2 1.4932183088 4.6639783704
HFS-23:9/16/2005:SW:S:-:- 1.6826362847 3.9504751706
HFS-23:9/25/2005:SW:S:-:- 1.8051470082 3.9824481473
HFS-26:7/13/2005:SW:S:-:BF1 1.3363683756 3.5008918032
HFS-26:7/7/2005:SW:S:-:- 1.3245373887 3.4907980890
HFS-26:8/27/2005:SW:S:-:BF2 1.2263305494 3.7997629997
HFS-28A:4/25/2006:SW:S:-:- 1.2261277508 3.3379951438
HFS-28A:4/26/2006:SW:S:-:TAIL 1.2832180888 3.3136781321
HFS-28A:4/29/2006:SW:S:-:RISINGLIMB 1.2688142385 3.3404852720
HFS-28A:4/30/2006:SW:S:-:- 1.2697066829 3.3956807730
HFS-28A:5/10/2006:SW:S:-:- 1.3478006903 3.2925342541
HFS-28A:5/4/2006:SW:S:-:LEADINGEDGE 1.2958982881 3.3617816510
HFS-28A:5/5/2006:SW:S:-:- 1.2702497475 3.3405244935
HFS-28A:6/15/2006:SW:S:-:BF1 1.1985009841 3.3339267619
HFS-28A:6/7/2006:SW:S:-:- 1.2564057640 3.0247613619
HFS-28A:8/1/2006:SW:S:-:BF2 1.2488777394 3.3940878448
HFS-28A:8/28/2005:SW:S:-:BF2 1.1998353268 3.6395292148
HFS-29:3/10/2006:SW:S:-:- 1.3544725515 3.4407299958
HFS-29:4/24/2006:SW:S:-:- 1.3872731454 3.5173809006
HFS-29:4/29/2006:SW:S:-:- 1.3363992218 3.6549366899
HFS-29:4/29/2006:SW:S:-:PEAK 1.4268034938 3.4607376720
HFS-29:4/7/2006:SW:S:-:- 1.3511503156 3.5269150141
HFS-29:4/7/2006:SW:S:-:PEAK 1.3047685366 3.4437483081
HFS-29:5/10/2006:SW:S:-:EVENTA 1.4190801384 3.7991069497
HFS-29:5/10/2006:SW:S:-:EVENTB 1.4348814087 3.6892910743
HFS-29:5/5/2006:SW:S:-:- 1.4565995989 4.1680300941
HFS-29:6/15/2006:SW:S:-:BF1 1.3143633745 3.6932205659
HFS-29:8/1/2006:SW:S:-:BF2 1.3411996069 3.5030194242
HFS-30:4/24/2006:SW:S:-:- 1.3000413417 3.3701940305
HFS-30:4/26/2006:SW:S:-:TAIL 1.2769687838 3.4360580345
HFS-30:4/29/2006:SW:S:-:PEAK 1.2846080045 3.4304887596
HFS-30:4/30/2006:SW:S:-:- 1.2889505956 3.4056169407
HFS-30:5/11/2006:SW:S:-:- 1.2924425628 3.0375469601
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-30:5/3/2007:SW:S:0:- 1.2273361471 3.1717963779
HFS-30:5/31/2006:SW:S:-:- 1.2951043171 3.2140157362
HFS-30:5/4/2006:SW:S:-:- 1.3769679579 3.0355864282
HFS-30:6/15/2006:SW:S:-:BF1 1.1919231735 3.4129818830
HFS-30:8/1/2006:SW:S:-:BF2 1.2220531165 3.4421369288
LincolnWWTP:4/2/2008:SW:S:-:- 1.4340495414 3.7321837074
LK-01:7/12/2005:SW:S:1:- 1.4286330751 3.2193905891
LK-01:7/12/2005:SW:S:14:- 1.4282510148 3.4432763967
LK-01:7/12/2005:SW:S:18:- 1.4181527554 3.4587571154
LK-01:7/12/2005:SW:S:25:- 1.4576849464 3.3893793981
LK-01:8/24/2005:SW:S:1:- 1.3604275457 3.3183082623
LK-01:8/24/2005:SW:S:14:- 1.4132102395 3.4490349545
LK-01:9/26/2006:SW:S:0:- 1.3148184288 3.5918798800
LK-01:9/26/2006:SW:S:16:- 1.3544417415 3.5609371447
LK-01:9/26/2006:SW:S:20:- 1.4390385590 3.5256838468
LK-02:7/12/2005:SW:S:1:- 1.4103531989 3.2755475357
LK-02:7/12/2005:SW:S:10:- 1.4742406477 3.3995324868
LK-02:7/12/2005:SW:S:22:- 1.5839841761 3.3740194639
LK-02:8/23/2005:SW:S:1:- 1.4285556540 3.2972145825
LK-02:8/23/2005:SW:S:10:- 1.4315290534 3.3508471484
LK-02:8/23/2005:SW:S:21:- 1.6982184218 3.3901343263
LK-02:9/26/2006:SW:S:0:- 1.3121602373 3.6372371042
LK-02:9/26/2006:SW:S:16:- 1.3804800982 3.5434614843
LK-02:9/26/2006:SW:S:19:- 1.7295670578 3.3654889630
LK-03:7/12/2005:SW:S:1:- 1.4748569619 3.3412232294
LK-03:7/12/2005:SW:S:3:- 1.4715279525 3.3049116907
LK-03:7/12/2005:SW:S:6:- 1.4563299872 3.3724475328
LK-03:8/23/2005:SW:S:1:- 1.3923983105 3.4217026581
LK-03:8/23/2005:SW:S:3:- 1.4160119231 3.4428948292
LK-03:8/23/2005:SW:S:4:- 1.4304349143 3.4190206454
LK-03:9/26/2006:SW:S:0:- 1.3262227180 3.8058229078
LK-04:8/23/2005:SW:S:1:- 1.4706112001 3.8392974362
LK-04:8/23/2005:SW:S:2:- 1.4932841511 3.8321521744
LK-04:8/23/2005:SW:S:3:- 1.6467507401 3.7633709573
LK-04:9/26/2006:SW:S:0:- 1.4322300551 3.7202993007
RBS-0000019:8/14/2006:SW:S:0:- 2.0748179873 3.0967299457
RBS-0000028:8/14/2006:SW:S:0:- 1.3251399583 3.6802678344
RBS-0000031:8/16/2006:SW:S:0:- 1.4470772204 5.8888790653
RBS-0000043:8/11/2006:SW:S:0:- 1.3631347084 4.4421413318
RBS-0000057:8/11/2006:SW:S:0:- 1.3844170650 4.1370643338
RBS-0000075:8/10/2006:SW:S:0:- 1.5334567012 6.9994862074
RBS-0000086:8/10/2006:SW:S:0:- 1.3664415689 4.0228728106
RBS-0000109:8/9/2006:SW:S:0:- 1.5748554014 5.0532138858
RBS-0000120:8/9/2006:SW:S:0:- 1.3780972592 5.5074857411
RBS-0000121:8/10/2006:SW:S:0:- 1.6414809101 7.8983032640
RBS-0000137:8/11/2006:SW:S:0:- 1.3592308148 4.1429157138
RBS-0000148:8/10/2006:SW:S:0:- 1.2039568830 3.8145936429
RBS-0000150:8/10/2006:SW:S:0:- 1.2318979737 3.7599789381
RBS-0000225:8/11/2006:SW:S:0:- 1.6475201353 4.8522541444
RBS-0000246:8/9/2006:SW:S:0:- 1.5850663362 4.8151650043
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

RBS-0000286:8/9/2006:SW:S:0:- 1.8913900219 3.7715141593
RBS-0000312:8/9/2006:SW:S:0:- 1.2374848775 3.6051911179
RBS-0000336:8/16/2006:SW:S:0:- 1.4101674851 3.6229161649
RBS-0000340:8/15/2006:SW:S:0:- 1.3160397667 4.0525708524
RBS-0000344:8/16/2006:SW:S:0:- 1.2135578460 3.9027877990
RBS-0000345:8/11/2006:SW:S:0:- 1.6777824170 8.0879886638
RBS-0000349:8/11/2006:SW:S:0:- 1.5966128844 6.4681754549
RBS-0000350:8/16/2006:SW:S:0:- 1.4339525565 5.8764149768
RBS-0000395:8/10/2006:SW:S:0:- 1.2431950768 3.8717243074
RBS-0000548:8/15/2006:SW:S:0:- 1.2513401225 3.5750128997
RBS-0000574:8/10/2006:SW:S:0:- 1.4882282937 4.0293605941
RBS-0000577:8/10/2006:SW:S:0:- 1.4424297706 4.1783520334
RBS-0000578:8/10/2006:SW:S:0:- 1.3581186422 4.0013116585
RBS-0000625:8/10/2006:SW:S:0:- 1.3229373421 3.8085145848
RBS-0000630:8/11/2006:SW:S:0:- 1.6215165533 3.5363092996
RBS-0000662:8/15/2006:SW:S:0:- 1.2412426727 3.6767831785
RBS-0000704:8/8/2006:SW:S:0:- 1.2327183154 3.8271762887
RBS-0000706:8/9/2006:SW:S:0:- 1.2428652175 3.5298625978
RBS-0000770:8/11/2006:SW:S:0:- 1.2866354869 3.3826102196
RBS-0000901:8/9/2006:SW:S:0:- 1.4742313283 5.7705945208
RBS-0010003:8/14/2006:SW:S:0:- 1.2327097928 3.4078023599
RBS-0010004:8/14/2006:SW:S:0:- 1.3026607712 3.2331927145
RBS-7198000:8/9/2006:SW:S:0:- 1.3764925577 3.7500831365
RogersWWTP:4/1/2008:SW:S:-:- 1.4719381082 5.0725117220
RS-1:6/13/2006:SW:S:0:- 1.2819939384 3.5709975400
RS-1:7/11/2005:SW:S:0:- 1.3592721522 3.4958632654
RS-1:7/12/2006:SW:S:0:- 1.2237944761 3.4616031276
RS-1:8/24/2005:SW:S:0:- 1.2991798191 3.5157480451
RS-1:8/8/2006:SW:S:0:- 1.2755893718 3.5352109619
RS-1:9/25/2006:SW:S:0:- 1.2716714425 3.6710990116
RS-10004:5/21/2007:SW:S:0:- 1.2449958730 3.1202318267
RS-109:5/2/2007:SW:S:0:- 1.3348387157 4.1474929030
RS-122:5/3/2007:SW:S:0:- 1.3529148275 4.8198087091
RS-133:5/21/2007:SW:S:0:- 1.3545894908 3.6035412835
RS-150:5/3/2007:SW:S:0:- 1.2165880961 3.6325584699
RS-160:5/3/2007:SW:S:0:- 1.2597624218 3.6087469539
RS-2:6/13/2006:SW:S:0:- 1.2480185853 3.4622912374
RS-2:7/11/2005:SW:S:0:- 1.3736662323 3.3560475900
RS-2:7/12/2006:SW:S:0:- 1.2871077374 3.3643801023
RS-2:8/10/2006:SW:S:0:- 1.2928123218 3.4130979912
RS-2:8/24/2005:SW:S:0:- 1.3343907087 3.3997627875
RS-2:9/25/2006:SW:S:0:- 1.3224423295 3.6694023752
RS-233:5/21/2007:SW:S:0:- 1.4025211719 4.0285332786
RS-297:5/21/2007:SW:S:0:- 1.3016844334 4.6893002992
RS-3:6/13/2006:SW:S:0:- 1.3456268636 4.1529832842
RS-3:7/11/2005:SW:S:0:- 1.4255464433 3.8927636351
RS-3:7/12/2006:SW:S:0:- 1.3177557534 4.0126856051
RS-3:8/10/2006:SW:S:0:- 1.3861774433 4.2803674363
RS-3:8/24/2005:SW:S:0:- 1.4093107043 4.0920059745
RS-3:9/25/2006:SW:S:0:- 1.5752410411 3.8909233143
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

RS-312:5/2/2007:SW:S:0:- 1.2260656453 3.4344499313
RS-336:5/10/2007:SW:S:0:- 1.3969586373 3.7749848475
RS-386:5/2/2007:SW:S:0:- 1.3380075734 4.0217141064
RS-399:5/2/2007:SW:S:0:- 1.4989781783 3.7564506694
RS-402:5/21/2007:SW:S:0:- 1.2988213989 3.0500477213
RS-43:5/21/2007:SW:S:0:- 1.3262869865 4.1044482448
RS-433A:5/2/2007:SW:S:0:- 1.2786501205 3.9639694759
RS-578:5/2/2007:SW:S:0:- 1.3022140797 3.8250842056
RS-667:5/1/2007:SW:S:0:- 1.1853333043 3.5150162348
RS-682:5/2/2007:SW:S:0:- 1.2704106832 3.7612554733
RS-696:5/21/2007:SW:S:0:- 1.2761904957 3.4265929021
RS-704:5/2/2007:SW:S:0:- 1.2049289530 3.5119274434
RS-72:5/21/2007:SW:S:0:- 1.3527576177 5.0012755408
RS-728:5/2/2007:SW:S:0:- 1.3597720855 4.3908185761
RS-75:5/8/2007:SW:S:0:- 1.3771127205 5.2543623550
RS-757:5/1/2007:SW:S:0:- 1.3035358203 4.0826083397
RS-770:5/1/2007:SW:S:0:- 1.2570000591 3.3042656299
RS-793:5/3/2007:SW:S:0:- 1.3824249692 4.4569071974
RS-795:5/1/2007:SW:S:0:- 1.3318605296 3.6187100729
RS-902:5/1/2007:SW:S:0:- 1.3349616612 4.0331777903
RS-97:5/21/2007:SW:S:0:- 1.2932831106 4.2077943608
RS-BALLARD:5/5/2006:SW:S:0:- 1.4830087377 3.3464430509
RS-FLYCREEK:5/5/2006:SW:S:0:- 1.4147102484 3.4948643608
RS-ILLINOISRIVER:4/30/2006:SW:S:0:- 1.6843318744 3.5956237357
RS-LOC:4/7/2006:SW:S:0:- 1.6099704644 3.8782400142
RS-OSAGE:5/5/2006:SW:S:0:- 1.3557362954 4.1927509547
RS-PRICECREEK:4/29/2006:SW:S:0:- 1.5272085960 3.2896653457
RS-TYNER:5/5/2006:SW:S:0:- 1.2713160066 3.4389269998
SiloamWWTP:3/31/2008:SW:S:-:- 1.9048742286 6.3564874012
SN-SBC2:4/25/2007:SW:S:0:- 3.4206332775 5.0931703900
SpringdaleWWTP:3/31/2008:SW:S:-:- 1.5783295213 5.9463631151
SSA01:5/14/2005:SW:S:-:- 2.1592172130 4.8248505168
USGS-07195500:10/15/2007:SW:S:-:- 1.3302879661 4.2936201115
USGS-07195500:10/2/2006:SW:S:-:- 1.3693893265 4.2651938366
USGS-07195500:10/4/2007:SW:S:-:- 1.4432706566 3.6788487618
USGS-07195500:12/12/2007:SW:S:-:- 1.3277515426 4.0972479981
USGS-07195500:12/6/2007:SW:S:-:- 1.2832603455 4.5468006208
USGS-07195500:12/7/2006:SW:S:-:- 1.3242302125 4.0467820222
USGS-07195500:2/7/2007:SW:S:-:- 1.2996766185 4.1500373349
USGS-07195500:3/10/2006:SW:S:-:- 1.3672324127 4.8186938312
USGS-07195500:3/9/2006:SW:S:-:- 1.3740795658 4.6642885169
USGS-07195500:4/12/2006:SW:S:-:- 1.3392788561 4.4148580788
USGS-07195500:4/26/2006:SW:S:-:- 1.3897610270 4.7843288510
USGS-07195500:4/26/2007:SW:S:-:- 1.3545519644 3.9563557215
USGS-07195500:4/3/2006:SW:S:-:- 1.3426260772 4.6012609710
USGS-07195500:4/30/2006:SW:S:-:- 1.5480019344 3.7115964129
USGS-07195500:4/9/2007:SW:S:-:- 1.3001506250 4.3431707287
USGS-07195500:5/23/2005:SW:S:-:- 1.3463166786 4.0967911108
USGS-07195500:5/5/2006:SW:S:-:- 1.9792352864 3.2734188589
USGS-07195500:6/12/2007:SW:S:-:- 1.4064401689 3.8290709179
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

USGS-07195500:6/28/2007:SW:S:-:- 1.3365080293 4.1779312245
USGS-07195500:6/4/2007:SW:S:-:- 1.3624425418 3.8974993810
USGS-07195500:7/12/2005:SW:S:-:- 1.3241935188 4.3199113109
USGS-07195500:8/23/2005:SW:S:-:- 1.3715948797 4.2718336915
USGS-07195500:8/6/2007:SW:S:-:- 1.4136419620 4.3064318360
USGS-07195500:9/15/2005:SW:S:-:- 1.3397182919 4.5310108251
USGS-07196000:1/24/2007:SW:S:-:- 1.2996231643 3.7707601174
USGS-07196000:1/9/2008:SW:S:-:- 1.3661013136 3.6253801394
USGS-07196000:10/1/2007:SW:S:-:- 1.3323335155 4.3721585165
USGS-07196000:10/3/2007:SW:S:-:- 1.4207725168 3.8452283169
USGS-07196000:10/5/2006:SW:S:-:- 1.3509287625 4.4781228876
USGS-07196000:12/12/2007:SW:S:-:- 1.3348394544 3.9708269147
USGS-07196000:12/3/2007:SW:S:-:- 1.3681501094 4.4758850291
USGS-07196000:12/6/2006:SW:S:-:- 1.3391070147 4.1162080062
USGS-07196000:2/4/2008:SW:S:-:- 1.3497336502 4.1953218733
USGS-07196000:2/5/2007:SW:S:-:- 1.3064847341 4.0059905777
USGS-07196000:4/12/2006:SW:S:-:- 1.3285749005 4.6326447190
USGS-07196000:4/2/2007:SW:S:-:- 1.3278887008 4.2250480590
USGS-07196000:4/29/2006:SW:S:-:- 1.4002493412 4.5524119421
USGS-07196000:4/30/2006:SW:S:-:- 1.4252644858 4.5277410917
USGS-07196000:5/11/2006:SW:S:-:- 1.3294911948 4.1850565462
USGS-07196000:5/5/2006:SW:S:-:- 1.3903275178 4.3307323773
USGS-07196000:5/8/2007:SW:S:-:- 1.3224466394 3.8794720777
USGS-07196000:6/12/2007:SW:S:-:- 1.3617418749 3.8145482010
USGS-07196000:6/14/2006:SW:S:-:- 1.3335105364 4.4104822299
USGS-07196000:6/5/2007:SW:S:-:- 1.3272393463 4.1047546114
USGS-07196000:7/12/2005:SW:S:-:- 1.3436963139 4.1263227370
USGS-07196000:7/13/2006:SW:S:-:- 1.3629763144 4.4841907517
USGS-07196000:8/24/2005:SW:S:-:- 1.3332043605 4.2503662407
USGS-07196000:8/7/2007:SW:S:-:- 1.4199992135 4.2298714686
USGS-07196090:10/15/2007:SW:S:-:- 1.3030774981 4.1392773986
USGS-07196090:10/4/2007:SW:S:-:- 1.4858779452 3.5193962516
USGS-07196090:10/5/2006:SW:S:-:- 1.3272019620 4.2190397463
USGS-07196090:12/12/2007:SW:S:-:- 1.3064727208 4.1730161691
USGS-07196090:12/6/2007:SW:S:-:- 1.2724830682 4.4182083458
USGS-07196090:12/7/2006:SW:S:-:- 1.3125095174 3.9908729269
USGS-07196090:2/5/2008:SW:S:-:- 1.2980799771 4.2782585744
USGS-07196090:2/7/2007:SW:S:-:- 1.2866830195 4.0302967557
USGS-07196090:3/10/2006:SW:S:-:- 1.2957088057 4.5779387496
USGS-07196090:4/20/2006:SW:S:-:- 1.3191018579 4.4718411360
USGS-07196090:4/26/2006:SW:S:-:- 1.3480316806 4.4653388131
USGS-07196090:4/26/2007:SW:S:-:- 1.3017399357 4.1675352233
USGS-07196090:4/3/2006:SW:S:-:- 1.3078955183 4.5008445614
USGS-07196090:4/30/2006:SW:S:-:- 1.5349683379 4.0109999141
USGS-07196090:4/9/2007:SW:S:-:- 1.2861990238 4.1371131810
USGS-07196090:5/23/2005:SW:S:-:- 1.3434405747 4.0305589986
USGS-07196090:5/5/2006:SW:S:-:- 1.7704431234 3.7995480544
USGS-07196090:6/12/2007:SW:S:-:- 1.3891988369 3.6369411326
USGS-07196090:6/14/2006:SW:S:-:- 1.3151134661 4.2711980268
USGS-07196090:6/28/2007:SW:S:-:- 1.3090017109 3.8830708912
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

USGS-07196090:6/4/2007:SW:S:-:- 1.3083552381 3.9769172813
USGS-07196090:7/12/2005:SW:S:-:- 1.3099523808 4.0174981513
USGS-07196090:7/3/2007:SW:S:-:- 1.4285174763 3.8227750432
USGS-07196090:8/23/2005:SW:S:-:- 1.3189053503 4.1609954515
USGS-07196090:8/6/2007:SW:S:-:- 1.3937346857 4.0996423434
USGS-07196090:9/16/2005:SW:S:-:- 1.3137563652 4.4216463441
USGS-07196500:1/9/2008:SW:S:-:- 1.4332966442 3.5216745386
USGS-07196500:10/3/2006:SW:S:-:- 1.3105059702 4.0468102797
USGS-07196500:11/17/2006:SW:S:-:- 1.3975528970 4.2366057681
USGS-07196500:12/13/2007:SW:S:-:- 1.3630498068 4.1318589303
USGS-07196500:12/5/2006:SW:S:-:- 1.3344613811 3.8617907332
USGS-07196500:12/6/2007:SW:S:-:- 1.2705144174 4.2483004546
USGS-07196500:2/12/2007:SW:S:-:- 1.3154529975 3.9047808237
USGS-07196500:3/11/2006:SW:S:-:- 1.3133655694 4.2976305880
USGS-07196500:4/13/2006:SW:S:-:- 1.2993609861 4.2776458352
USGS-07196500:4/27/2006:SW:S:-:- 1.2917134136 4.3553328264
USGS-07196500:4/27/2007:SW:S:-:- 1.2968709771 4.0595634423
USGS-07196500:4/29/2006:SW:S:-:- 1.4018415549 4.3366634865
USGS-07196500:4/3/2007:SW:S:-:- 1.3047822359 3.9813260957
USGS-07196500:5/1/2006:SW:S:-:- 1.3643601585 4.2888515410
USGS-07196500:5/25/2005:SW:S:-:- 1.3202859195 4.0072069264
USGS-07196500:6/13/2006:SW:S:-:- 1.3088324690 4.0294816557
USGS-07196500:6/13/2007:SW:S:-:- 1.3345419190 3.6401240282
USGS-07196500:6/25/2007:SW:S:-:- 1.2998851912 3.8167812132
USGS-07196500:6/7/2007:SW:S:-:- 1.3175138895 3.8423257236
USGS-07196500:7/11/2005:SW:S:-:- 1.3204498590 3.9461398433
USGS-07196500:7/16/2007:SW:S:-:- 1.3698197544 3.7983337234
USGS-07196500:7/5/2007:SW:S:-:- 1.3372955303 3.7438712354
USGS-07196500:7/6/2007:SW:S:-:- 1.3802286113 3.5908267184
USGS-07196500:8/24/2005:SW:S:-:- 1.3293554493 4.1056302680
USGS-07196500:9/19/2005:SW:S:-:- 1.3077305693 4.2192009364
USGS-07196500:9/19/2006:SW:S:-:- 1.4751993872 3.8788530885
USGS-07197000:1/10/2008:SW:S:-:- 1.2243743024 3.5430785850
USGS-07197000:1/25/2007:SW:S:-:- 1.2643215391 3.4421021759
USGS-07197000:10/4/2006:SW:S:-:- 1.2561909925 3.4711748042
USGS-07197000:10/4/2007:SW:S:-:- 1.2664764454 3.4955643744
USGS-07197000:10/9/2007:SW:S:-:- 1.2381077384 3.5084806643
USGS-07197000:11/17/2006:SW:S:-:- 1.3019789276 3.5150797858
USGS-07197000:12/13/2007:SW:S:-:- 1.2242553502 3.5227847926
USGS-07197000:12/4/2007:SW:S:-:- 1.2877982642 3.5444247297
USGS-07197000:12/5/2006:SW:S:-:- 1.2665738358 3.5082955476
USGS-07197000:2/6/2007:SW:S:-:- 1.2514287941 3.4724647772
USGS-07197000:4/19/2006:SW:S:-:- 1.2411197332 3.4394950088
USGS-07197000:4/29/2006:SW:S:-:- 1.3091525919 3.4270674217
USGS-07197000:4/4/2007:SW:S:-:- 1.2490730554 3.4773053590
USGS-07197000:5/1/2006:SW:S:-:- 1.2512965846 3.5184036373
USGS-07197000:5/11/2006:SW:S:-:- 1.3096354198 3.3564623539
USGS-07197000:5/4/2006:SW:S:-:- 3.2419367687 2.3855502512
USGS-07197000:6/12/2007:SW:S:-:- 1.2732544230 3.3750811683
USGS-07197000:6/14/2006:SW:S:-:- 1.2476063097 3.4338223679
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SW 3 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

USGS-07197000:6/6/2007:SW:S:-:- 1.2540548240 3.4329831124
USGS-07197000:7/11/2005:SW:S:-:- 1.2836007498 3.4206661506
USGS-07197000:7/3/2007:SW:S:-:- 1.3680647380 3.3727993889
USGS-07197000:7/6/2007:SW:S:-:- 1.6409256033 3.2879024755
USGS-07197000:8/23/2005:SW:S:-:- 1.2901216540 3.4291351028
USGS-07197360:1/25/2007:SW:S:-:- 1.2335615339 3.3654722129
USGS-07197360:10/4/2006:SW:S:-:- 1.2348560026 3.5423728712
USGS-07197360:10/4/2007:SW:S:-:- 1.2210658357 3.5920187148
USGS-07197360:10/9/2007:SW:S:-:- 1.2202288216 3.6490906707
USGS-07197360:12/4/2006:SW:S:-:- 1.2278242495 3.5284396686
USGS-07197360:12/4/2007:SW:S:-:- 1.2550625840 3.6298115775
USGS-07197360:2/6/2007:SW:S:-:- 1.2158385182 3.3856312213
USGS-07197360:4/19/2006:SW:S:-:- 1.2198265429 3.6399895651
USGS-07197360:4/25/2007:SW:S:-:- 1.2450108674 3.5017422998
USGS-07197360:4/29/2006:SW:S:-:- 1.2684320063 3.5373524475
USGS-07197360:5/11/2006:SW:S:-:- 1.2536566039 3.4605617159
USGS-07197360:5/4/2006:SW:S:-:- 2.6007708694 2.7089987054
USGS-07197360:6/13/2006:SW:S:-:- 1.2238924458 3.5086058313
USGS-07197360:6/21/2007:SW:S:-:- 1.2548972664 3.4939242337
USGS-07197360:6/25/2007:SW:S:-:- 1.2284590505 3.5355041549
USGS-07197360:6/6/2007:SW:S:-:- 1.2275976879 3.5011082461
USGS-07197360:7/11/2005:SW:S:-:- 1.2615850890 3.4925523419
USGS-07197360:8/23/2005:SW:S:-:- 1.2643225824 3.5066033875
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2
BS-08:8/23/2005:SW:S:-:- 1.2320640246 4.3585969044
BS-117:9/14/2005:SW:S:-:- 1.3952379832 4.6219165265
BS-208:5/1/2007:SW:S:0:- 1.2537501098 4.2214250631
BS-208:9/1/2005:SW:S:-:- 1.2671231236 4.2087727383
BS-28:8/23/2005:SW:S:-:- 1.2542769803 4.5885077609
BS-35:5/2/2007:SW:S:0:- 1.2801628654 4.6566662466
BS-35:9/22/2005:SW:S:-:- 1.4044455906 4.6556688462
BS-62A:5/1/2007:SW:S:0:- 1.3159385994 4.7097747693
BS-68:5/2/2007:SW:S:0:- 1.2764688443 4.7530536349
BS-HF04:5/1/2007:SW:S:0:- 1.6510119481 6.4355800803
BS-HF22:5/2/2007:SW:S:0:- 1.5180756515 5.4982622759
BS-HF22:8/24/2005:SW:S:-:- 1.5719796125 5.7086280374
BS-REF1:8/30/2005:SW:S:-:- 1.1661012938 4.6015414594
BS-REF2:8/31/2005:SW:S:-:- 1.0000000000 5.3458093657
BS-REF3:9/1/2005:SW:S:-:- 1.1912031437 4.5612176660
EOF01:5/23/2005:SW:S:-:- 5.0309251130 2.8242664765
EOF02:5/23/2005:SW:S:-:- 6.9831020983 1.9975200653
EOF07:5/15/2005:SW:S:-:- 6.8816470900 4.0806181855
EOF07:5/23/2005:SW:S:-:- 1.9843332175 4.3744697344
EOF07:6/5/2005:SW:S:-:- 2.1511260555 4.8550702620
EOF07-222:4/13/2007:SW:S:-:- 2.8918440055 4.1023012334
EOF07-230:4/24/2007:SW:S:-:- 1.9923139934 4.6596186548
EOF07-232:4/24/2007:SW:S:-:- 2.5591666749 3.2488603448
EOF07-259:4/13/2007:SW:S:-:- 3.0250271529 3.1997701419
EOF07-LOR#1:4/24/2007:SW:S:-:- 2.5984155366 3.8938576467
EOF08:5/23/2005:SW:S:-:- 1.7626396673 4.6375318466
EOF09:6/5/2005:SW:S:-:- 2.1897026969 4.4237906500
EOF11:6/5/2005:SW:S:-:- 2.6292191072 4.2959693574
EOF14:6/2/2005:SW:S:-:- 6.1952745762 6.2007993699
EOF15:6/2/2005:SW:S:-:- 2.1121748537 3.4383471014
EOF16:6/5/2005:SW:S:-:- 2.5853955169 3.4479232004
EOF17:6/5/2005:SW:S:-:- 2.5333416563 3.4065818824
EOF18:6/5/2005:SW:S:-:- 1.7288832584 4.2836831044
EOF19:6/5/2005:SW:S:-:- 1.8045223417 3.8641604846
EOF20:6/5/2005:SW:S:-:- 4.3852803789 4.0134868767
EOF21:6/5/2005:SW:S:-:- 1.9850262986 5.2097229375
EOF22:6/5/2005:SW:S:-:- 2.2399792346 6.3934569424
EOF23:6/5/2005:SW:S:-:- 1.8262049117 3.4237765605
EOF24:6/5/2005:SW:S:-:- 2.5775175455 3.4013753509
EOF25:6/5/2005:SW:S:-:- 2.0214253557 3.6857071868
EOF26:6/5/2005:SW:S:-:- 2.1466379287 5.0140098190
EOF27:6/5/2005:SW:S:-:- 3.3886607398 3.3323149571
EOF28:6/5/2005:SW:S:-:- 2.2715974491 4.3931421183
EOF29:6/5/2005:SW:S:-:- 6.0772665112 1.0000000000
EOF30:6/5/2005:SW:S:-:- 2.7958376913 3.0820183087
EOF-CP-1A:3/31/2008:SW:S:-:- 1.7184875756 3.7166987378
EOF-CP-1B:3/31/2008:SW:S:-:- 2.1182647615 3.9642579021
EOF-EOF1:6/17/2006:SW:S:-:- 2.2810212365 3.5308406557
EOF-GF1:3/9/2006:SW:S:-:- 1.9658356247 3.8583454137
EOF-SPREAD002:4/25/2006:SW:S:-:- 2.2065495617 4.3812150546

PC Size (No Rotation) normalized to 1
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

EOF-SPREAD007:4/25/2006:SW:S:-:- 2.4547597435 3.2924569001
EOF-SPREAD007:5/4/2006:SW:S:-:- 2.1405022070 4.0391037673
EOF-SPREAD010:5/9/2006:SW:S:-:- 6.9039554139 6.1685630299
EOF-SPREAD017A:5/1/2006:SW:S:-:- 7.9944282779 5.4436338916
EOF-SPREAD023:4/25/2006:SW:S:-:- 8.6622846320 9.5518693374
EOF-SPREAD023:6/18/2006:SW:S:-:- 7.1967587143 9.2419054720
EOF-SPREAD025:5/4/2006:SW:S:-:- 1.6671685153 3.6685313606
EOF-SPREAD025:6/18/2006:SW:S:-:- 1.3568041771 4.8593341443
EOF-SPREAD026:4/25/2006:SW:S:-:- 2.6646110014 3.1440640631
EOF-SPREAD026:4/29/2006:SW:S:-:- 2.0411427356 3.3593134317
EOF-SPREAD029:4/25/2006:SW:S:-:- 3.1601987892 3.6033997201
EOF-SPREAD030:3/31/2006:SW:S:-:- 1.9291324880 5.1180023103
EOF-SPREAD031:4/7/2006:SW:S:-:- 1.6980078030 5.1296648903
EOF-SPREAD036:4/25/2006:SW:S:-:- 3.5140435975 5.7514001495
EOF-SPREAD044:6/18/2006:SW:S:-:- 1.4376578703 5.0667354357
EOF-SPREAD048:5/9/2006:SW:S:-:- 2.6811623163 4.2320426962
EOF-SPREAD052:4/25/2006:SW:S:-:- 1.9497531081 4.2554860820
EOF-SPREAD053B:5/4/2006:SW:S:-:- 2.0292786542 4.7600508384
EOF-SPREAD053E:4/29/2006:SW:S:-:- 8.4655596339 9.8080488720
EOF-SPREAD053G:5/4/2006:SW:S:-:- 2.3890896545 4.1658904874
EOF-SPREAD059:4/29/2006:SW:S:-:- 1.5820331901 4.3060753650
EOF-SPREAD060:4/29/2006:SW:S:-:- 7.4783082947 9.5408897950
EOF-SPREAD064:5/4/2006:SW:S:-:- 6.5245175876 4.7470208413
EOF-SPREAD065:5/4/2006:SW:S:-:- 1.7710447887 4.1380273016
EOF-SPREAD068:6/18/2006:SW:S:-:- 1.6713170394 4.4979808716
EOF-SPREAD071:5/10/2006:SW:S:-:- 1.8112671530 4.1282795142
EOF-SPREAD073E:6/22/2006:SW:S:-:- 1.8977328480 3.6626986475
EOF-ZPEOF001:4/25/2006:SW:S:-:- 3.4604191548 3.0546911982
EOF-ZPEOF030:4/25/2006:SW:S:-:- 1.8877669603 4.2250065959
GP-GW01:11/27/2006:GW:S:3:- 1.1190065180 7.2395447657
GP-GW06:6/27/2007:GW:S:14:- 1.3654042485 4.1459843570
GP-GW08:11/29/2006:GW:S:25:- 1.6886711814 4.1260387422
GP-GW09:11/30/2006:GW:S:11:- 1.4862502238 5.0925566911
GP-GW10:11/30/2006:GW:S:4:- 1.6654092855 6.8418940308
GP-GW14:6/27/2007:GW:S:13.6:- 1.3782679650 4.3256067989
GP-GW18A:6/26/2007:GW:S:16.6:- 1.3154740507 4.3400220291
GP-GW19:11/30/2006:GW:S:7:- 1.5079151838 3.8174936952
GP-GW20:11/30/2006:GW:S:6:- 1.6227161962 4.4001968248
GP-GW29:6/28/2007:GW:S:6:- 1.4875901134 4.0818639164
GP-GW31:6/28/2007:GW:S:16.5:- 1.3778430731 4.9432093309
GP-GW34:6/26/2007:GW:S:11:- 1.3281880512 4.6254377986
GP-GW36:6/26/2007:GW:S:12.7:- 2.1632994303 4.1301223713
GP-GW39:6/27/2007:GW:S:12.9:- 1.3288289807 4.5441771095
GP-GW40:6/27/2007:GW:S:14:- 1.3832290381 4.4318353613
GP-GW44:12/1/2006:GW:S:7:- 1.4026911519 4.6470466501
GP-GW48:12/1/2006:GW:S:11:- 1.4706898406 4.4842478814
GW-1:7/7/2006:GW:S:-:- 1.9074771735 4.4224925998
GW-10:7/18/2006:GW:S:-:- 1.3721669295 5.1180166954
GW-11:7/19/2006:GW:S:-:- 1.1920932094 4.9621295124
GW-12:7/20/2006:GW:S:-:- 1.2850503279 5.1894205677
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

GW-13:7/20/2006:GW:S:-:- 1.1487852635 4.4183255309
GW-14:7/20/2006:GW:S:-:- 1.2808274509 4.1485504973
GW-15:7/20/2006:GW:S:-:- 1.0332439886 6.8259106618
GW-16:7/20/2006:GW:S:-:- 1.1855858641 4.5579106548
GW-17:7/20/2006:GW:S:-:- 1.1420340663 4.8593245889
GW-18:7/20/2006:GW:S:-:- 1.1677820922 4.4757866172
GW-19:7/24/2006:GW:S:-:- 1.3219458689 4.3911067162
GW-2:7/7/2006:GW:S:-:- 1.4096602044 5.1659908763
GW-21:7/24/2006:GW:S:-:- 1.3406477700 5.2440259441
GW-23:7/24/2006:GW:S:-:- 1.3907674882 4.3381582577
GW-24:7/25/2006:GW:S:-:- 1.2961930080 4.3004093169
GW-25:7/25/2006:GW:S:-:- 1.4116490061 3.5781027039
GW-26:7/25/2006:GW:S:-:- 1.1884222824 4.2557088797
GW-27:7/25/2006:GW:S:-:- 1.1776714393 4.3001264139
GW-28:7/26/2006:GW:S:-:- 1.2837813753 4.8814636106
GW-29:7/26/2006:GW:S:-:- 1.1976924351 5.4934460494
GW-3:7/11/2006:GW:S:-:- 1.2486286212 6.5753515887
GW-30:7/26/2006:GW:S:-:- 2.0289919798 5.2323945006
GW-31:8/7/2006:GW:S:-:- 1.2202428323 4.5845444988
GW-32:8/9/2006:GW:S:-:- 1.1915172711 4.3909911350
GW-33:8/9/2006:GW:S:-:- 1.1352208344 4.6922488742
GW-34:8/10/2006:GW:S:-:- 1.2517409749 4.5798012657
GW-35:8/10/2006:GW:S:-:- 1.2663392026 7.0101109861
GW-36:8/10/2006:GW:S:-:- 1.1865431320 4.5853198804
GW-37:8/10/2006:GW:S:-:- 1.0880806163 5.2062677649
GW-38:8/10/2006:GW:S:-:- 1.3551202391 5.0453479855
GW-39:8/10/2006:GW:S:-:- 1.2265370602 4.7414240050
GW-40:8/15/2006:GW:S:-:- 2.5943415162 8.9416239225
GW-41:8/15/2006:GW:S:-:- 1.2895361837 4.1682318692
GW-42:8/17/2006:GW:S:-:- 1.1965419121 4.6134698997
GW-43:8/17/2006:GW:S:-:- 1.6172196531 4.4966498285
GW-5:7/13/2006:GW:S:-:- 1.4608103112 3.6312338391
GW-50:1/22/2007:GW:S:-:- 1.1879016029 5.1347572776
GW-51:1/22/2007:GW:S:-:- 1.1710380665 4.1501977742
GW-52:1/22/2007:GW:S:-:- 1.6295469991 6.1157638031
GW-53:1/22/2007:GW:S:-:- 1.1368839659 4.9356466258
GW-54:1/23/2007:GW:S:-:- 1.6519128589 6.2275940901
GW-55:1/23/2007:GW:S:-:- 1.1933369156 4.7306057420
GW-56:1/23/2007:GW:S:-:- 1.2572419009 3.9732580283
GW-57:1/23/2007:GW:S:-:- 2.0876825401 8.3582855045
GW-58:1/23/2007:GW:S:-:- 1.2043980286 4.4648043339
GW-59:7/30/2007:GW:S:-:- 1.1431028959 4.3972659360
GW-6:7/13/2006:GW:S:-:- 1.3819822311 4.0974303034
GW-60:7/10/2007:GW:S:-:- 1.5815780606 4.1356137832
GW-61:7/11/2007:GW:S:-:- 1.1464337412 5.2145290503
GW-62:7/11/2007:GW:S:-:- 1.2125046495 5.2289824128
GW-63:7/10/2007:GW:S:-:- 1.1958960510 5.2422764227
GW-64:6/28/2007:GW:S:-:- 1.5489198201 5.4268399858
GW-65:7/10/2007:GW:S:-:- 1.3845545202 5.1810887381
GW-66:7/10/2007:GW:S:-:- 1.4688152518 4.3676219956
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

GW-67:7/11/2007:GW:S:-:- 1.8257148517 8.0345658013
GW-68:7/10/2007:GW:S:-:- 1.6847519676 6.3726068068
GW-69:7/30/2007:GW:S:-:- 1.4466500949 5.1975642916
GW-7:7/13/2006:GW:S:-:- 1.1241461316 4.5573320111
GW-8:7/13/2006:GW:S:-:- 1.1723292299 4.9685009677
GW-9:7/18/2006:GW:S:-:- 1.4001473506 5.3998350404
HFS-02:4/29/2006:SW:S:-:INITIAL 1.3351323507 4.4772972094
HFS-02:5/1/2006:SW:S:-:- 1.4034895864 4.6021079424
HFS-02:5/10/2006:SW:S:-:- 1.3603722423 4.5548110544
HFS-02:5/11/2006:SW:S:-:PEAK 1.3891359904 4.4686402076
HFS-02:5/4/2006:SW:S:-:PEAK 1.4201136859 4.5507775692
HFS-02:5/6/2006:SW:S:-:- 1.3721829745 4.5638586577
HFS-02:6/15/2005:SW:S:-:- 1.3748538843 4.3543973908
HFS-02:6/15/2006:SW:S:-:BF1 1.2246920406 4.5139257717
HFS-02:6/27/2005:SW:S:-:- 1.3598516904 4.4131233846
HFS-02:6/8/2006:SW:S:-:- 1.3365066115 4.5001796271
HFS-02:7/11/2005:SW:S:-:- 1.3017767308 4.4171651845
HFS-02:7/11/2005:SW:S:-:BF1 1.3225020763 4.6879781461
HFS-02:8/1/2006:SW:S:-:BF2 1.2724145794 4.3996780408
HFS-02:8/27/2005:SW:S:-:BF2 1.2891683081 4.4483558679
HFS-02:9/16/2005:SW:S:-:- 1.2926284822 4.4088049121
HFS-04:3/10/2006:SW:S:-:- 1.8763901343 6.8138516498
HFS-04:3/10/2006:SW:S:-:PEAK 1.8409355321 6.6665191335
HFS-04:4/26/2006:SW:S:-:- 1.9116518757 6.8801331797
HFS-04:4/30/2006:SW:S:-:- 1.6476658686 5.5310596166
HFS-04:4/4/2006:SW:S:-:- 1.8713518070 6.8115686181
HFS-04:4/8/2006:SW:S:-:- 1.7535676100 6.5293495238
HFS-04:5/11/2006:SW:S:-:EVENTB 1.6939864405 4.9954612344
HFS-04:5/25/2005:SW:S:-:1 1.6496226438 5.5337321373
HFS-04:5/25/2005:SW:S:-:14 1.6025639878 5.3501710588
HFS-04:5/25/2005:SW:S:-:7 1.6624395928 5.4242946775
HFS-04:5/31/2006:SW:S:-:- 1.6211372929 5.0891575476
HFS-04:5/31/2006:SW:S:-:PEAK 1.6240547083 5.0723318308
HFS-04:5/6/2006:SW:S:-:- 1.6416914596 5.8616864704
HFS-04:5/9/2006:SW:S:-:EVENTA 1.6192792894 5.6898365750
HFS-04:6/15/2006:SW:S:-:BF1 1.8510568445 7.5866824209
HFS-04:6/22/2005:SW:S:-:A 1.8664374750 6.6894360570
HFS-04:6/22/2005:SW:S:-:B 1.6532430492 5.9994144495
HFS-04:7/13/2005:SW:S:-:BF1 1.8459458343 6.9149217355
HFS-04:7/27/2005:SW:S:-:- 1.5534643768 5.4579815225
HFS-04:8/1/2006:SW:S:-:BF2 1.9796522544 8.1472026261
HFS-04:8/20/2005:SW:S:-:A 1.6659302188 6.3687605090
HFS-04:8/20/2005:SW:S:-:B 1.7210207837 6.4940928503
HFS-04:8/27/2005:SW:S:-:BF2 1.8601122342 7.3911461235
HFS-04:9/28/2005:SW:S:-:- 1.8868003909 7.8128861981
HFS-05:3/22/2006:SW:S:-:- 2.1425838622 4.9659929142
HFS-05:3/22/2006:SW:S:-:PEAK 1.4405655649 5.5992270853
HFS-05:4/26/2006:SW:S:-:- 1.4594313355 4.9953425003
HFS-05:4/26/2006:SW:S:-:PEAK 1.4540290416 4.7293229704
HFS-05:4/29/2006:SW:S:-:PEAK 1.3998172167 4.9656344370
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-05:4/3/2006:SW:S:-:- 1.4388709532 5.1218352214
HFS-05:4/30/2006:SW:S:-:- 1.5023311679 4.9528060827
HFS-05:5/10/2006:SW:S:-:EVENTA 1.8471096374 7.3951987661
HFS-05:5/11/2006:SW:S:-:EVENTB 1.5860662191 4.7413400629
HFS-05:5/31/2006:SW:S:-:- 1.3846259391 4.9340809960
HFS-05:5/6/2006:SW:S:-:- 1.5101711651 4.9685463294
HFS-05:6/15/2006:SW:S:-:BF1 1.2611822884 5.2114092762
HFS-05:6/27/2005:SW:S:-:A 1.4033449226 4.6382093514
HFS-05:6/27/2005:SW:S:-:B 1.5228650921 4.4842678643
HFS-05:6/7/2005:SW:S:-:A 1.4875365069 4.9191439352
HFS-05:6/7/2005:SW:S:-:B 1.7527363792 4.3959467336
HFS-05:6/7/2006:SW:S:-:- 1.3279432278 4.9798226169
HFS-05:7/12/2005:SW:S:-:BF1 1.3424913458 4.8574711793
HFS-05:7/7/2005:SW:S:-:- 1.3528677568 4.8407342842
HFS-05:8/1/2006:SW:S:56:BF2 1.3713322110 4.7320990297
HFS-05:8/29/2005:SW:S:-:BF2 1.2247804501 5.2553746436
HFS-05:9/13/2005:SW:S:-:A 1.4178125458 4.3436704378
HFS-05:9/15/2005:SW:S:-:B 1.3881560921 4.7718819008
HFS-05:9/28/2005:SW:S:-:- 1.2829027130 4.4469556967
HFS-08:6/15/2005:SW:S:-:A 1.5206854718 4.4884624964
HFS-08:6/15/2005:SW:S:-:B 1.4347019398 4.1959564312
HFS-08:7/12/2005:SW:S:-:- 1.4157603154 4.0934826022
HFS-08:7/13/2005:SW:S:-:BF1 1.3412161943 4.2044768176
HFS-08:8/28/2005:SW:S:-:BF2 1.2339480707 4.4687800094
HFS-14:3/10/2006:SW:S:-:- 1.4015899023 4.5592059055
HFS-14:3/10/2006:SW:S:-:PEAK 1.6202013210 4.8183231512
HFS-14:4/25/2006:SW:S:-:- 1.5040341374 4.7109993958
HFS-14:4/25/2006:SW:S:-:PEAK 1.6194650084 4.6810631642
HFS-14:4/7/2006:SW:S:-:- 1.3379090852 4.5708589690
HFS-14:4/7/2006:SW:S:-:PEAK 1.3565143121 4.6660378095
HFS-14:5/10/2006:SW:S:-:- 1.4059546632 4.6303040782
HFS-14:5/11/2006:SW:S:-:PEAK 1.6152348119 4.8725995181
HFS-14:5/31/2006:SW:S:-:- 1.9040456807 5.1815118209
HFS-14:6/15/2005:SW:S:-:A 1.3636115299 4.2714031530
HFS-14:6/15/2005:SW:S:-:B 1.2951160275 4.2531602051
HFS-14:6/15/2006:SW:S:-:BF1 1.1776763165 4.4186131687
HFS-14:6/5/2006:SW:S:-:- 1.3969276561 4.7802220601
HFS-14:6/9/2005:SW:S:-:- 1.2903293280 4.3178124016
HFS-14:7/12/2005:SW:S:-:BF1 1.3752620025 4.1475241321
HFS-14:7/23/2005:SW:S:-:- 1.2241386539 4.1723399748
HFS-14:8/1/2006:SW:S:-:BF2 1.2536268202 4.3598785328
HFS-14:8/27/2005:SW:S:-:BF2 1.2253793420 4.4490015290
HFS-16:3/10/2006:SW:S:-:- 1.5578192848 4.4877012339
HFS-16:4/25/2006:SW:S:-:- 1.5092074848 4.2997199519
HFS-16:5/1/2006:SW:S:-:PEAK 1.3038069272 4.6667877225
HFS-16:5/2/2006:SW:S:-:- 1.2928810684 4.7096102879
HFS-16:5/31/2006:SW:S:-:- 1.4083009850 4.3329402714
HFS-16:5/6/2006:SW:S:-:A 1.3107933352 4.7325638920
HFS-16:5/7/2006:SW:S:-:B 1.4023113007 5.2131173112
HFS-16:6/15/2005:SW:S:-:- 1.5180547480 4.5631810644
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-16:6/15/2006:SW:S:-:BF1 1.3261349306 4.6115413483
HFS-16:6/27/2005:SW:S:-:A 1.4258690266 4.5190996027
HFS-16:7/11/2005:SW:S:-:BF1 1.8453026889 4.6088362607
HFS-16:7/13/2005:SW:S:-:- 1.3670092107 4.6872652985
HFS-16:8/14/2005:SW:S:-:- 1.4850175494 4.6122963762
HFS-16:8/27/2005:SW:S:-:BF2 1.3675643052 5.1773233342
HFS-16:9/15/2005:SW:S:-:- 1.4643239641 4.6590678301
HFS-20:3/10/2006:SW:S:-:- 1.3261739312 4.7200202218
HFS-20:4/26/2006:SW:S:-:- 1.2986456612 4.6616556146
HFS-20:4/3/2006:SW:S:-:- 1.3010270218 4.7898199202
HFS-20:4/3/2006:SW:S:-:PEAK 1.3028214663 4.7634608212
HFS-20:4/30/2006:SW:S:-:- 1.3139010443 4.9746841910
HFS-20:4/7/2006:SW:S:-:- 1.2028170408 4.9684317342
HFS-20:5/10/2006:SW:S:-:EVENTB 1.5983064033 4.1983669234
HFS-20:5/31/2006:SW:S:-:EVENTA 1.3578261368 4.6602346434
HFS-20:5/31/2006:SW:S:-:EVENTB 1.3706226411 4.5700946553
HFS-20:5/4/2006:SW:S:-:LEADINGEDGE 1.3585976420 4.9195528153
HFS-20:5/6/2006:SW:S:-:PLATEAU 1.3232513132 4.8601374428
HFS-20:5/9/2006:SW:S:-:EVENTA 1.5780603844 4.1693836631
HFS-20:6/15/2005:SW:S:-:A 1.3852254133 4.4857035483
HFS-20:6/15/2005:SW:S:-:B 1.5694967038 4.4478086294
HFS-20:6/15/2006:SW:S:-:BF1 1.1960468411 4.7705806003
HFS-20:7/10/2005:SW:S:-:- 1.1981359837 4.9725307627
HFS-20:7/13/2005:SW:S:-:BF1 1.3251465307 4.9496029682
HFS-20:7/26/2005:SW:S:-:- 1.5860982156 4.6671708470
HFS-20:7/7/2005:SW:S:-:A 1.3181310030 4.8889354642
HFS-20:7/7/2005:SW:S:-:B 1.3568274810 5.1474767644
HFS-20:8/1/2006:SW:S:-:BF2 1.4589163341 4.7199603350
HFS-20:8/14/2005:SW:S:-:- 1.1825531875 5.1798328005
HFS-20:8/27/2005:SW:S:-:BF2 1.2473371290 5.3492520208
HFS-20:9/16/2005:SW:S:-:- 1.4669039665 4.3437628723
HFS-21:3/21/2006:SW:S:-:- 1.3783846019 4.2428051569
HFS-21:3/9/2006:SW:S:-:- 1.4143267609 4.2336441089
HFS-21:4/26/2006:SW:S:-:- 1.4612722981 4.1223332645
HFS-21:4/26/2006:SW:S:-:PEAK 1.4185533318 3.9816701613
HFS-21:4/29/2006:SW:S:-:PEAK 1.4729274193 4.1359361755
HFS-21:4/3/2006:SW:S:-:- 1.4267482536 4.1619231142
HFS-21:4/30/2006:SW:S:-:- 1.4480837652 4.1258085606
HFS-21:4/6/2006:SW:S:-:A 1.4584305368 4.9186302120
HFS-21:4/7/2006:SW:S:-:B 1.5159239489 4.2689550611
HFS-21:5/10/2006:SW:S:-:EVENTB 1.3574412077 4.6395536751
HFS-21:5/31/2006:SW:S:-:- 1.4216811184 4.1650837383
HFS-21:5/4/2006:SW:S:-:PEAK 1.5820679184 4.5854128551
HFS-21:5/5/2006:SW:S:-:- 1.5060176642 4.0108724821
HFS-21:5/9/2006:SW:S:-:EVENTA 1.3117589988 4.7023384701
HFS-21:6/15/2006:SW:S:-:BF1 1.4152644564 4.3755471235
HFS-21:6/7/2005:SW:S:-:- 1.4685599671 4.1398701435
HFS-21:7/10/2005:SW:S:-:- 1.4334294148 4.3349911646
HFS-21:7/13/2005:SW:S:-:BF1 1.7415376718 4.8946555261
HFS-21:7/7/2005:SW:S:-:- 1.4646594755 4.2025938878
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PC Size (No Rotation) normalized to 1

HFS-21:8/14/2005:SW:S:-:- 1.5357330439 4.5573805706
HFS-21:8/20/2005:SW:S:-:- 1.3566192895 4.5473127518
HFS-21:9/16/2005:SW:S:-:- 1.4907885597 4.6246912378
HFS-21:9/28/2005:SW:S:-:- 1.4740684170 4.4174955075
HFS-22:3/22/2006:SW:S:-:- 1.6280975264 5.4990031856
HFS-22:3/22/2006:SW:S:-:PEAK 1.7072238309 5.6852089119
HFS-22:4/27/2006:SW:S:-:- 1.8737763175 5.9667663432
HFS-22:4/27/2006:SW:S:-:PEAK 1.9272653491 6.1784550987
HFS-22:4/30/2006:SW:S:-:- 1.5534209983 4.4459963163
HFS-22:4/4/2006:SW:S:-:- 1.6127404625 5.5293156389
HFS-22:4/4/2006:SW:S:-:PEAK 1.6524594558 5.6680280298
HFS-22:5/10/2006:SW:S:-:EVENTA 1.8919404305 6.2920380492
HFS-22:5/11/2006:SW:S:-:EVENTB 1.5586689298 4.3300857618
HFS-22:5/31/2006:SW:S:-:EVENTB 1.4862182868 4.6507176961
HFS-22:5/6/2006:SW:S:-:- 1.5580921988 4.4947346115
HFS-22:6/15/2005:SW:S:-:A 1.6793892047 5.6881817472
HFS-22:6/15/2005:SW:S:-:B 1.6812647383 5.5627501262
HFS-22:6/15/2006:SW:S:-:BF1 1.5312213528 5.7192013618
HFS-22:6/7/2005:SW:S:-:- 1.6613247288 5.8321504482
HFS-22:7/12/2005:SW:S:-:BF1 1.5934768303 5.6444194731
HFS-22:8/1/2006:SW:S:1:BF2 1.8111620362 6.3575606318
HFS-22:8/28/2005:SW:S:-:BF2 1.6379046140 6.3957112518
HFS-22:9/15/2005:SW:S:-:- 1.2375828996 4.8178489359
HFS-23:3/22/2006:SW:S:-:- 1.4621335261 4.8414658858
HFS-23:4/27/2006:SW:S:-:- 1.5764784269 4.9177754412
HFS-23:4/27/2006:SW:S:-:PEAK 1.5533887390 4.6999930030
HFS-23:4/30/2006:SW:S:-:- 1.4581126939 4.5555191042
HFS-23:4/4/2006:SW:S:-:- 1.4614113929 4.8362655755
HFS-23:4/8/2006:SW:S:-:- 1.4645678701 4.9353017393
HFS-23:5/10/2006:SW:S:-:PEAK 1.4937954955 4.2890930869
HFS-23:5/11/2006:SW:S:-:- 1.4388281986 4.2888138053
HFS-23:5/31/2006:SW:S:-:- 1.5469791870 4.5918926826
HFS-23:5/4/2006:SW:S:-:G 1.5533707055 4.1239097897
HFS-23:6/15/2005:SW:S:-:- 1.5095456642 4.6773423263
HFS-23:6/15/2006:SW:S:-:BF1 1.5342400204 5.1982155818
HFS-23:6/27/2005:SW:S:-:- 1.4673820711 5.0104751777
HFS-23:6/7/2005:SW:S:-:- 1.5158947976 4.9231289236
HFS-23:6/7/2006:SW:S:-:- 1.4087078917 4.8564682261
HFS-23:7/12/2005:SW:S:-:BF1 1.6565127397 4.6888391513
HFS-23:7/16/2005:SW:S:-:- 1.4654185857 4.7465362905
HFS-23:7/23/2005:SW:S:-:- 1.5219685127 4.6152036031
HFS-23:8/1/2006:SW:S:56:BF2 1.4898625359 4.9970418005
HFS-23:8/14/2005:SW:S:-:A 1.4958951936 5.4071565843
HFS-23:8/14/2005:SW:S:-:B 1.5106950492 5.4205371393
HFS-23:8/28/2005:SW:S:-:BF2 1.4697726185 5.5758231510
HFS-23:9/16/2005:SW:S:-:- 1.6794274026 4.7515232831
HFS-23:9/25/2005:SW:S:-:- 1.7781621106 4.7808892324
HFS-26:7/13/2005:SW:S:-:BF1 1.3318517222 4.3648433136
HFS-26:7/7/2005:SW:S:-:- 1.3260534918 4.3545596320
HFS-26:8/27/2005:SW:S:-:BF2 1.2114218381 4.6924150788
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-28A:4/25/2006:SW:S:-:- 1.2174845612 4.2099034653
HFS-28A:4/26/2006:SW:S:-:TAIL 1.2705175230 4.1808640706
HFS-28A:4/29/2006:SW:S:-:RISINGLIMB 1.2575836538 4.2340305710
HFS-28A:4/30/2006:SW:S:-:- 1.2628433734 4.2673991401
HFS-28A:5/10/2006:SW:S:-:- 1.3466153593 4.0901700894
HFS-28A:5/4/2006:SW:S:-:LEADINGEDGE 1.2887980549 4.2265835813
HFS-28A:5/5/2006:SW:S:-:- 1.2637605354 4.1674810016
HFS-28A:6/15/2006:SW:S:-:BF1 1.1930517687 4.1857614474
HFS-28A:6/7/2006:SW:S:-:- 1.2458258159 3.8806654154
HFS-28A:8/1/2006:SW:S:-:BF2 1.2404573964 4.2397388360
HFS-28A:8/28/2005:SW:S:-:BF2 1.1787608521 4.5389278348
HFS-29:3/10/2006:SW:S:-:- 1.3359127066 4.2857836605
HFS-29:4/24/2006:SW:S:-:- 1.3772987380 4.3841713557
HFS-29:4/29/2006:SW:S:-:- 1.3231302249 4.4794728537
HFS-29:4/29/2006:SW:S:-:PEAK 1.4120904243 4.2974288365
HFS-29:4/7/2006:SW:S:-:- 1.3381299368 4.3729212830
HFS-29:4/7/2006:SW:S:-:PEAK 1.2957626918 4.2922869582
HFS-29:5/10/2006:SW:S:-:EVENTA 1.4064391129 4.5550764449
HFS-29:5/10/2006:SW:S:-:EVENTB 1.4250237474 4.4500176520
HFS-29:5/5/2006:SW:S:-:- 1.4780314482 4.9694129772
HFS-29:6/15/2006:SW:S:-:BF1 1.2981520631 4.4967844448
HFS-29:8/1/2006:SW:S:-:BF2 1.3197234782 4.3284847064
HFS-30:4/24/2006:SW:S:-:- 1.2905081359 4.2707354147
HFS-30:4/26/2006:SW:S:-:TAIL 1.2679560218 4.3375445367
HFS-30:4/29/2006:SW:S:-:PEAK 1.2759163125 4.3348747708
HFS-30:4/30/2006:SW:S:-:- 1.2808292714 4.2904619472
HFS-30:5/11/2006:SW:S:-:- 1.2762974553 3.9033146136
HFS-30:5/3/2007:SW:S:0:- 1.2128372487 4.0492470757
HFS-30:5/31/2006:SW:S:-:- 1.2830847284 4.0998229399
HFS-30:5/4/2006:SW:S:-:- 1.3769527467 3.8797378206
HFS-30:6/15/2006:SW:S:-:BF1 1.1881552691 4.2901694614
HFS-30:8/1/2006:SW:S:-:BF2 1.2144708692 4.3392016044
LincolnWWTP:4/2/2008:SW:S:-:- 1.4066325505 4.5145471954
LK-01:7/12/2005:SW:S:1:- 1.4160668865 4.0647150795
LK-01:7/12/2005:SW:S:14:- 1.4183998071 4.2759676664
LK-01:7/12/2005:SW:S:18:- 1.4094349451 4.3001542955
LK-01:7/12/2005:SW:S:25:- 1.4482844449 4.2219219068
LK-01:8/24/2005:SW:S:1:- 1.3375157178 4.1794035186
LK-01:8/24/2005:SW:S:14:- 1.3920026615 4.3103573118
LK-01:9/26/2006:SW:S:0:- 1.3052187303 4.4569192688
LK-01:9/26/2006:SW:S:16:- 1.3429649346 4.4347671669
LK-01:9/26/2006:SW:S:20:- 1.4276205707 4.3974506209
LK-02:7/12/2005:SW:S:1:- 1.3974992566 4.1389682453
LK-02:7/12/2005:SW:S:10:- 1.4654545182 4.2575090540
LK-02:7/12/2005:SW:S:22:- 1.5721710291 4.2171453365
LK-02:8/23/2005:SW:S:1:- 1.3989802074 4.1346826738
LK-02:8/23/2005:SW:S:10:- 1.4041872679 4.2016991199
LK-02:8/23/2005:SW:S:21:- 1.6819128449 4.2162463970
LK-02:9/26/2006:SW:S:0:- 1.2997330539 4.5083030930
LK-02:9/26/2006:SW:S:16:- 1.3692580190 4.4122411684
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

LK-02:9/26/2006:SW:S:19:- 1.7162911056 4.2174099625
LK-03:7/12/2005:SW:S:1:- 1.4659548797 4.1966063694
LK-03:7/12/2005:SW:S:3:- 1.4570237629 4.1585001459
LK-03:7/12/2005:SW:S:6:- 1.4418473666 4.1884834547
LK-03:8/23/2005:SW:S:1:- 1.3740423623 4.2874377027
LK-03:8/23/2005:SW:S:3:- 1.3961774550 4.3101338707
LK-03:8/23/2005:SW:S:4:- 1.4115709556 4.2843654193
LK-03:9/26/2006:SW:S:0:- 1.3219781801 4.6531288779
LK-04:8/23/2005:SW:S:1:- 1.4712667493 4.7128784740
LK-04:8/23/2005:SW:S:2:- 1.4939569507 4.7065216340
LK-04:8/23/2005:SW:S:3:- 1.6527584938 4.6134347982
LK-04:9/26/2006:SW:S:0:- 1.4354858267 4.5318329447
RBS-0000019:8/14/2006:SW:S:0:- 2.0516109884 3.9176649550
RBS-0000028:8/14/2006:SW:S:0:- 1.3103885058 4.5549964370
RBS-0000031:8/16/2006:SW:S:0:- 1.5336897805 6.6231118234
RBS-0000043:8/11/2006:SW:S:0:- 1.3845969012 5.3288227333
RBS-0000057:8/11/2006:SW:S:0:- 1.3633016453 4.9704068448
RBS-0000075:8/10/2006:SW:S:0:- 1.7102191649 7.8397074201
RBS-0000086:8/10/2006:SW:S:0:- 1.3615910315 4.8930826833
RBS-0000109:8/9/2006:SW:S:0:- 1.5802454011 5.8689228125
RBS-0000120:8/9/2006:SW:S:0:- 1.4639582028 6.3478814838
RBS-0000121:8/10/2006:SW:S:0:- 1.8527692225 8.7065183917
RBS-0000137:8/11/2006:SW:S:0:- 1.3517801835 4.9862159359
RBS-0000148:8/10/2006:SW:S:0:- 1.2081626150 4.7081045731
RBS-0000150:8/10/2006:SW:S:0:- 1.2284130031 4.6519781963
RBS-0000225:8/11/2006:SW:S:0:- 1.6028512602 5.6125858877
RBS-0000246:8/9/2006:SW:S:0:- 1.6008079768 5.6355706991
RBS-0000286:8/9/2006:SW:S:0:- 1.7164221229 4.4377635122
RBS-0000312:8/9/2006:SW:S:0:- 1.2246658397 4.5186799167
RBS-0000336:8/16/2006:SW:S:0:- 1.4037275745 4.4620505548
RBS-0000340:8/15/2006:SW:S:0:- 1.3257273628 4.8807200697
RBS-0000344:8/16/2006:SW:S:0:- 1.2266430481 4.8082000617
RBS-0000345:8/11/2006:SW:S:0:- 1.9006162680 8.8829811476
RBS-0000349:8/11/2006:SW:S:0:- 1.7584789013 7.2884100639
RBS-0000350:8/16/2006:SW:S:0:- 1.5485902359 6.7336663984
RBS-0000395:8/10/2006:SW:S:0:- 1.2351947963 4.7906022830
RBS-0000548:8/15/2006:SW:S:0:- 1.2435287955 4.4368998330
RBS-0000574:8/10/2006:SW:S:0:- 1.4849783024 4.8915525183
RBS-0000577:8/10/2006:SW:S:0:- 1.4537805723 5.1071219511
RBS-0000578:8/10/2006:SW:S:0:- 1.3604921531 4.8763753478
RBS-0000625:8/10/2006:SW:S:0:- 1.3222976467 4.6807115700
RBS-0000630:8/11/2006:SW:S:0:- 1.6500537265 4.3718880576
RBS-0000662:8/15/2006:SW:S:0:- 1.2453449886 4.5643213535
RBS-0000704:8/8/2006:SW:S:0:- 1.2341580020 4.7090822667
RBS-0000706:8/9/2006:SW:S:0:- 1.2375413030 4.4126511250
RBS-0000770:8/11/2006:SW:S:0:- 1.2721291986 4.2691235805
RBS-0000901:8/9/2006:SW:S:0:- 1.5785929589 6.5422563423
RBS-0010003:8/14/2006:SW:S:0:- 1.2148647042 4.2767789712
RBS-0010004:8/14/2006:SW:S:0:- 1.2801761728 4.0714232854
RBS-7198000:8/9/2006:SW:S:0:- 1.3758339093 4.6088042702
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

RogersWWTP:4/1/2008:SW:S:-:- 1.5432603783 5.8640796598
RS-1:6/13/2006:SW:S:0:- 1.2629399612 4.4241645110
RS-1:7/11/2005:SW:S:0:- 1.3592250562 4.3711768477
RS-1:7/12/2006:SW:S:0:- 1.2142937244 4.3323751215
RS-1:8/24/2005:SW:S:0:- 1.2799246763 4.4018413352
RS-1:8/8/2006:SW:S:0:- 1.2644689819 4.4147236611
RS-1:9/25/2006:SW:S:0:- 1.2665770600 4.4708150903
RS-10004:5/21/2007:SW:S:0:- 1.2147065699 3.9708551680
RS-109:5/2/2007:SW:S:0:- 1.3083826950 4.9127848408
RS-122:5/3/2007:SW:S:0:- 1.4042134181 5.5999024978
RS-133:5/21/2007:SW:S:0:- 1.3164953180 4.4143696546
RS-150:5/3/2007:SW:S:0:- 1.2164210224 4.4665892135
RS-160:5/3/2007:SW:S:0:- 1.2562529303 4.4217887041
RS-2:6/13/2006:SW:S:0:- 1.2285502042 4.3133665306
RS-2:7/11/2005:SW:S:0:- 1.3607214059 4.2213973776
RS-2:7/12/2006:SW:S:0:- 1.2707525187 4.2138337697
RS-2:8/10/2006:SW:S:0:- 1.2685940775 4.2731051486
RS-2:8/24/2005:SW:S:0:- 1.3073781009 4.2593645285
RS-2:9/25/2006:SW:S:0:- 1.3086619071 4.4059446759
RS-233:5/21/2007:SW:S:0:- 1.3780106715 4.8214630273
RS-297:5/21/2007:SW:S:0:- 1.3367546761 5.5264087889
RS-3:6/13/2006:SW:S:0:- 1.3528313409 5.0146083467
RS-3:7/11/2005:SW:S:0:- 1.4348942506 4.7707594863
RS-3:7/12/2006:SW:S:0:- 1.3305235216 4.8928551084
RS-3:8/10/2006:SW:S:0:- 1.4066421861 5.1645066689
RS-3:8/24/2005:SW:S:0:- 1.4109896393 4.9555676812
RS-3:9/25/2006:SW:S:0:- 1.5872723106 4.5571975758
RS-312:5/2/2007:SW:S:0:- 1.2193397674 4.2918079913
RS-336:5/10/2007:SW:S:0:- 1.3923688596 4.5877098397
RS-386:5/2/2007:SW:S:0:- 1.3294923940 4.8499463891
RS-399:5/2/2007:SW:S:0:- 1.4691561854 4.5377029531
RS-402:5/21/2007:SW:S:0:- 1.2563818471 3.8821821071
RS-43:5/21/2007:SW:S:0:- 1.3122586215 4.9200964524
RS-433A:5/2/2007:SW:S:0:- 1.2874246896 4.7961810912
RS-578:5/2/2007:SW:S:0:- 1.3064001935 4.6618156420
RS-667:5/1/2007:SW:S:0:- 1.1782728397 4.3938327729
RS-682:5/2/2007:SW:S:0:- 1.2540581163 4.5713737127
RS-696:5/21/2007:SW:S:0:- 1.2496295214 4.2746133339
RS-704:5/2/2007:SW:S:0:- 1.1993102970 4.3663919485
RS-72:5/21/2007:SW:S:0:- 1.3662993270 5.7990116997
RS-728:5/2/2007:SW:S:0:- 1.4090895867 5.1662479843
RS-75:5/8/2007:SW:S:0:- 1.4481585346 6.0654390142
RS-757:5/1/2007:SW:S:0:- 1.3115610046 4.9260795452
RS-770:5/1/2007:SW:S:0:- 1.2397966834 4.1576667909
RS-793:5/3/2007:SW:S:0:- 1.4057724595 5.2289848600
RS-795:5/1/2007:SW:S:0:- 1.3133652884 4.3956091864
RS-902:5/1/2007:SW:S:0:- 1.3435134931 4.8800313967
RS-97:5/21/2007:SW:S:0:- 1.2880733880 5.0495439409
RS-BALLARD:5/5/2006:SW:S:0:- 1.4629031957 4.1348094802
RS-FLYCREEK:5/5/2006:SW:S:0:- 1.3983778749 4.2566716986
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

RS-ILLINOISRIVER:4/30/2006:SW:S:0:- 1.7033697417 4.3892481918
RS-LOC:4/7/2006:SW:S:0:- 1.6878637688 4.6772034353
RS-OSAGE:5/5/2006:SW:S:0:- 1.3843735403 5.0171590355
RS-PRICECREEK:4/29/2006:SW:S:0:- 1.4902899059 4.0683071905
RS-TYNER:5/5/2006:SW:S:0:- 1.2652450800 4.2393773931
SiloamWWTP:3/31/2008:SW:S:-:- 2.0774594158 7.0596984503
SN-SBC2:4/25/2007:SW:S:0:- 3.6265052944 5.4326477632
SPR-001JBF050806:6/27/2006:SW:S:-:- 1.2535267467 4.4985036664
SPR-001RPH051806:6/27/2006:SW:S:-:- 1.1313584003 4.5193583415
SPR-002RPH051006:6/27/2006:SW:S:-:- 1.2572571235 4.4929228418
SPR-002X-060706:6/7/2006:SW:S:-:- 1.2253115962 3.7990524974
SPR-004RPH051806:6/27/2006:SW:S:-:- 1.2243159844 5.1592792932
SPR-005RPH051206:6/27/2006:SW:S:-:- 1.2425836720 4.7240024937
SPR-005RPH051806:6/27/2006:SW:S:-:- 1.0507717497 5.0061394649
SPR-012RPH051206:6/6/2006:SW:S:-:- 1.2466518762 3.9995158806
SPR-04:5/25/2005:SW:S:-:- 1.2959001332 4.5243674973
SPR-07:6/14/2005:SW:S:-:- 1.3076524642 4.2787049469
SPR-07:6/7/2006:SW:S:-:- 1.2439605303 4.4298545865
SPR-14:5/24/2005:SW:S:-:- 1.4983324564 4.2298944685
SPR-14:6/27/2006:SW:S:-:- 1.3028405138 4.5292590681
SPR-16:5/25/2005:SW:S:-:- 1.3839802688 4.6178918551
SPR-16:6/28/2006:SW:S:-:- 1.2240841009 4.8141870607
SPR-18:5/25/2005:SW:S:-:- 1.3087740515 4.9261047411
SPR-23:6/16/2005:SW:S:-:- 1.2502675022 4.6465974688
SPR-23:6/27/2006:SW:S:-:- 1.1749892079 4.4726391780
SPR-24:6/16/2005:SW:S:-:- 1.2969430101 4.2944491307
SPR-24:6/6/2006:SW:S:-:- 1.1719447182 4.3776763920
SPR-25:6/16/2005:SW:S:-:- 1.2947143578 4.0154964594
SPR-25:6/7/2006:SW:S:-:- 1.2056562927 3.9458403325
SPR-26:5/26/2005:SW:S:-:- 1.5884973799 4.9598953545
SPR-26:6/28/2006:SW:S:-:- 1.5413328779 6.2666362788
SPR-27:5/24/2005:SW:S:-:- 1.3409235977 4.4821258099
SPR-27:6/28/2006:SW:S:-:- 1.2256936432 4.8499362012
SPR-28:5/25/2005:SW:S:-:- 1.3236797122 4.3457788374
SPR-28:8/10/2006:SW:S:-:- 1.1648508455 4.7575682966
SPR-32:6/2/2005:SW:S:-:- 1.4614848095 5.1709562516
SPR-32:6/28/2006:SW:S:-:- 1.5529880392 5.0930845630
SPR-36:6/2/2005:SW:S:-:- 1.3974271336 4.3582758829
SPR-36:6/27/2006:SW:S:-:- 1.2506021706 4.6212480433
SPR-48:5/26/2005:SW:S:-:- 1.3141572881 4.6158477145
SPR-48:6/28/2006:SW:S:-:- 1.2041782945 4.8233620862
SPR-61:5/25/2005:SW:S:-:- 1.3699834874 4.8389725563
SPR-61:6/28/2006:SW:S:-:- 1.1739197612 5.1497792650
SPR-62:6/2/2005:SW:S:-:- 1.2828934631 4.3019443282
SPR-63:6/1/2005:SW:S:-:- 1.3872716217 4.1973519873
SPR-63:6/7/2006:SW:S:-:- 1.2940637034 4.4850688216
SPR-65:6/14/2005:SW:S:-:- 1.2576594657 4.2257540370
SPR-Anderson:6/13/2006:SW:S:-:- 1.3530913851 4.4799720212
SPR-Fite500:8/10/2006:SW:S:-:- 1.2761626865 4.4465429559
SPR-Fite501:8/10/2006:SW:S:-:- 1.1421703571 4.6573915073
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SPR-Hester:6/8/2006:SW:S:-:- 1.6723444628 3.5414461315
SpringdaleWWTP:3/31/2008:SW:S:-:- 1.6777702684 6.6805505044
SPR-Jones:1/23/2007:SW:S:-:- 1.2983574312 5.1781904373
SPR-LAL15SP2:7/11/2006:SW:S:-:- 1.1520363362 4.4935373304
SPR-LAL16-SP1:7/18/2006:SW:S:-:- 1.2029613241 4.2066806410
SPR-LAL16-SP2:7/18/2006:SW:S:-:- 3.8865914692 11.2630705086
SPR-VANCE:7/30/2007:SW:S:-:- 1.3184649640 4.3786768948
SSA01:5/14/2005:SW:S:-:- 2.1049399820 5.5379188943
USGS-07195500:10/15/2007:SW:S:-:- 1.3515946484 5.1387857778
USGS-07195500:10/2/2006:SW:S:-:- 1.3827952762 5.0796615367
USGS-07195500:10/4/2007:SW:S:-:- 1.4601706070 4.5201725580
USGS-07195500:12/12/2007:SW:S:-:- 1.3514784277 4.9418185536
USGS-07195500:12/6/2007:SW:S:-:- 1.3097057596 5.3968869182
USGS-07195500:12/7/2006:SW:S:-:- 1.3261792550 4.8266256718
USGS-07195500:2/7/2007:SW:S:-:- 1.3046917354 4.9287032791
USGS-07195500:3/10/2006:SW:S:-:- 1.4297273839 5.6752006278
USGS-07195500:3/9/2006:SW:S:-:- 1.4243513627 5.5418145237
USGS-07195500:4/12/2006:SW:S:-:- 1.3657802874 5.2756821698
USGS-07195500:4/26/2006:SW:S:-:- 1.4414356533 5.6444273208
USGS-07195500:4/26/2007:SW:S:-:- 1.3619021402 4.8008405305
USGS-07195500:4/3/2006:SW:S:-:- 1.3845272758 5.4675861956
USGS-07195500:4/30/2006:SW:S:-:- 1.5597949524 4.5474353849
USGS-07195500:4/9/2007:SW:S:-:- 1.3187210034 5.1789398805
USGS-07195500:5/23/2005:SW:S:-:- 1.3618130862 4.9341993168
USGS-07195500:5/5/2006:SW:S:-:- 2.0648113583 4.0708958679
USGS-07195500:6/12/2007:SW:S:-:- 1.4235869483 4.6689622412
USGS-07195500:6/28/2007:SW:S:-:- 1.3566099115 5.0339960677
USGS-07195500:6/4/2007:SW:S:-:- 1.3740170094 4.7421066143
USGS-07195500:7/12/2005:SW:S:-:- 1.3541546877 5.1969691916
USGS-07195500:8/23/2005:SW:S:-:- 1.4011074302 5.1235838169
USGS-07195500:8/6/2007:SW:S:-:- 1.4312295573 5.1594614822
USGS-07195500:9/15/2005:SW:S:-:- 1.3874006268 5.4140222731
USGS-07196000:1/24/2007:SW:S:-:- 1.3049150780 4.5376763178
USGS-07196000:1/9/2008:SW:S:-:- 1.3787955492 4.4082717774
USGS-07196000:10/1/2007:SW:S:-:- 1.3639522128 5.2139692888
USGS-07196000:10/3/2007:SW:S:-:- 1.4499468868 4.6767612960
USGS-07196000:10/5/2006:SW:S:-:- 1.3827905013 5.3125898715
USGS-07196000:12/12/2007:SW:S:-:- 1.3523257762 4.7749330578
USGS-07196000:12/3/2007:SW:S:-:- 1.3948858311 5.2852375711
USGS-07196000:12/6/2006:SW:S:-:- 1.3543698202 4.8907295944
USGS-07196000:2/4/2008:SW:S:-:- 1.3662621240 4.9706096626
USGS-07196000:2/5/2007:SW:S:-:- 1.3153532570 4.7716666226
USGS-07196000:4/12/2006:SW:S:-:- 1.3682616992 5.4445577326
USGS-07196000:4/2/2007:SW:S:-:- 1.3451367715 5.0377072806
USGS-07196000:4/29/2006:SW:S:-:- 1.4435693174 5.3792757129
USGS-07196000:4/30/2006:SW:S:-:- 1.4731979446 5.3458264202
USGS-07196000:5/11/2006:SW:S:-:- 1.3523242833 5.0054364950
USGS-07196000:5/5/2006:SW:S:-:- 1.4368522876 5.1433099245
USGS-07196000:5/8/2007:SW:S:-:- 1.3343890122 4.7185021384
USGS-07196000:6/12/2007:SW:S:-:- 1.3797690169 4.6571486555
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

USGS-07196000:6/14/2006:SW:S:-:- 1.3673787715 5.2548359079
USGS-07196000:6/5/2007:SW:S:-:- 1.3394266483 4.9686438252
USGS-07196000:7/12/2005:SW:S:-:- 1.3660968313 4.9851796526
USGS-07196000:7/13/2006:SW:S:-:- 1.4059597162 5.3170729197
USGS-07196000:8/24/2005:SW:S:-:- 1.3542594291 5.0986197052
USGS-07196000:8/7/2007:SW:S:-:- 1.4341534937 5.0948636176
USGS-07196090:10/15/2007:SW:S:-:- 1.3170148200 4.9885885894
USGS-07196090:10/4/2007:SW:S:-:- 1.5043992668 4.3327041542
USGS-07196090:10/5/2006:SW:S:-:- 1.3400140794 5.0539587198
USGS-07196090:12/12/2007:SW:S:-:- 1.3291660411 5.0024872231
USGS-07196090:12/6/2007:SW:S:-:- 1.2918646449 5.2672903425
USGS-07196090:12/7/2006:SW:S:-:- 1.3146482985 4.7798124784
USGS-07196090:2/5/2008:SW:S:-:- 1.3130965972 5.1048343526
USGS-07196090:2/7/2007:SW:S:-:- 1.2876412390 4.8082901925
USGS-07196090:3/10/2006:SW:S:-:- 1.3379989342 5.4427437417
USGS-07196090:4/20/2006:SW:S:-:- 1.3523374614 5.3496759760
USGS-07196090:4/26/2006:SW:S:-:- 1.3844161604 5.3310275875
USGS-07196090:4/26/2007:SW:S:-:- 1.3158176401 5.0205467443
USGS-07196090:4/3/2006:SW:S:-:- 1.3477555037 5.3752941310
USGS-07196090:4/30/2006:SW:S:-:- 1.5728291184 4.8510976173
USGS-07196090:4/9/2007:SW:S:-:- 1.2953856132 4.9808276011
USGS-07196090:5/23/2005:SW:S:-:- 1.3610773028 4.8712142095
USGS-07196090:5/5/2006:SW:S:-:- 1.8103157528 4.5912137834
USGS-07196090:6/12/2007:SW:S:-:- 1.4033824301 4.4826878637
USGS-07196090:6/14/2006:SW:S:-:- 1.3397583314 5.1465103323
USGS-07196090:6/28/2007:SW:S:-:- 1.3163797140 4.7383428098
USGS-07196090:6/4/2007:SW:S:-:- 1.3183945618 4.8392732763
USGS-07196090:7/12/2005:SW:S:-:- 1.3177417278 4.8769130502
USGS-07196090:7/3/2007:SW:S:-:- 1.4402657580 4.6853060628
USGS-07196090:8/23/2005:SW:S:-:- 1.3354987740 5.0180605647
USGS-07196090:8/6/2007:SW:S:-:- 1.3976263647 4.9642400277
USGS-07196090:9/16/2005:SW:S:-:- 1.3483506754 5.3145297730
USGS-07196500:1/9/2008:SW:S:-:- 1.4430431815 4.3264853547
USGS-07196500:10/3/2006:SW:S:-:- 1.3184762677 4.8930045891
USGS-07196500:11/17/2006:SW:S:-:- 1.4139706465 5.0848783023
USGS-07196500:12/13/2007:SW:S:-:- 1.3802885590 4.9654197255
USGS-07196500:12/5/2006:SW:S:-:- 1.3360123722 4.6570775723
USGS-07196500:12/6/2007:SW:S:-:- 1.2784966946 5.1071241722
USGS-07196500:2/12/2007:SW:S:-:- 1.3131969827 4.7061671340
USGS-07196500:3/11/2006:SW:S:-:- 1.3369022769 5.1918724033
USGS-07196500:4/13/2006:SW:S:-:- 1.3208330049 5.1595966027
USGS-07196500:4/27/2006:SW:S:-:- 1.3143158226 5.2380673515
USGS-07196500:4/27/2007:SW:S:-:- 1.3033341676 4.9126955710
USGS-07196500:4/29/2006:SW:S:-:- 1.4397457865 5.2257167053
USGS-07196500:4/3/2007:SW:S:-:- 1.3069064057 4.8231445027
USGS-07196500:5/1/2006:SW:S:-:- 1.3933777990 5.1457945899
USGS-07196500:5/25/2005:SW:S:-:- 1.3253491411 4.8429853398
USGS-07196500:6/13/2006:SW:S:-:- 1.3228585861 4.9072647498
USGS-07196500:6/13/2007:SW:S:-:- 1.3320213881 4.4944092169
USGS-07196500:6/25/2007:SW:S:-:- 1.2949223089 4.6848568573
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SW 17 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

USGS-07196500:6/7/2007:SW:S:-:- 1.3154847294 4.6975153867
USGS-07196500:7/11/2005:SW:S:-:- 1.3297500557 4.8346043354
USGS-07196500:7/16/2007:SW:S:-:- 1.3589670044 4.6549762591
USGS-07196500:7/5/2007:SW:S:-:- 1.3390699203 4.6035826521
USGS-07196500:7/6/2007:SW:S:-:- 1.3747846201 4.4509084830
USGS-07196500:8/24/2005:SW:S:-:- 1.3450459675 4.9960360704
USGS-07196500:9/19/2005:SW:S:-:- 1.3297520209 5.1252263615
USGS-07196500:9/19/2006:SW:S:-:- 1.4995714410 4.7275864742
USGS-07197000:1/10/2008:SW:S:-:- 1.2071363154 4.3777220748
USGS-07197000:1/25/2007:SW:S:-:- 1.2453022327 4.2580236735
USGS-07197000:10/4/2006:SW:S:-:- 1.2357857217 4.3275314244
USGS-07197000:10/4/2007:SW:S:-:- 1.2506436287 4.3452996971
USGS-07197000:10/9/2007:SW:S:-:- 1.2212365034 4.3595738547
USGS-07197000:11/17/2006:SW:S:-:- 1.2848816515 4.3565978045
USGS-07197000:12/13/2007:SW:S:-:- 1.2061540430 4.3704223689
USGS-07197000:12/4/2007:SW:S:-:- 1.2669279236 4.3918637140
USGS-07197000:12/5/2006:SW:S:-:- 1.2537473752 4.3094041992
USGS-07197000:2/6/2007:SW:S:-:- 1.2323337432 4.2704368679
USGS-07197000:4/19/2006:SW:S:-:- 1.2218779208 4.2999897357
USGS-07197000:4/29/2006:SW:S:-:- 1.2982725518 4.3024399967
USGS-07197000:4/4/2007:SW:S:-:- 1.2288746116 4.3097376456
USGS-07197000:5/1/2006:SW:S:-:- 1.2382198102 4.3799154357
USGS-07197000:5/11/2006:SW:S:-:- 1.2983249640 4.1799366629
USGS-07197000:5/4/2006:SW:S:-:- 3.3705834508 3.1083948265
USGS-07197000:6/12/2007:SW:S:-:- 1.2597140301 4.2255503367
USGS-07197000:6/14/2006:SW:S:-:- 1.2303593638 4.2861239623
USGS-07197000:6/6/2007:SW:S:-:- 1.2316311725 4.2891679191
USGS-07197000:7/11/2005:SW:S:-:- 1.2673639192 4.3046656511
USGS-07197000:7/3/2007:SW:S:-:- 1.3494198739 4.2284680549
USGS-07197000:7/6/2007:SW:S:-:- 1.6481793744 4.1402138911
USGS-07197000:8/23/2005:SW:S:-:- 1.2704144197 4.3132589062
USGS-07197360:1/25/2007:SW:S:-:- 1.2238841147 4.1912042967
USGS-07197360:10/4/2006:SW:S:-:- 1.2240793332 4.4169962595
USGS-07197360:10/4/2007:SW:S:-:- 1.2140211533 4.4630750307
USGS-07197360:10/9/2007:SW:S:-:- 1.2128522738 4.5251924414
USGS-07197360:12/4/2006:SW:S:-:- 1.2226754583 4.3610321156
USGS-07197360:12/4/2007:SW:S:-:- 1.2453333731 4.4973028547
USGS-07197360:2/6/2007:SW:S:-:- 1.2036662935 4.2225596690
USGS-07197360:4/19/2006:SW:S:-:- 1.2123846898 4.5218709879
USGS-07197360:4/25/2007:SW:S:-:- 1.2371199646 4.3709440408
USGS-07197360:4/29/2006:SW:S:-:- 1.2631319891 4.4217105819
USGS-07197360:5/11/2006:SW:S:-:- 1.2491051648 4.3108066940
USGS-07197360:5/4/2006:SW:S:-:- 2.6775033043 3.4804120636
USGS-07197360:6/13/2006:SW:S:-:- 1.2160839364 4.3755704359
USGS-07197360:6/21/2007:SW:S:-:- 1.2442403968 4.3691411171
USGS-07197360:6/25/2007:SW:S:-:- 1.2168233691 4.4078204582
USGS-07197360:6/6/2007:SW:S:-:- 1.2139368171 4.3753093922
USGS-07197360:7/11/2005:SW:S:-:- 1.2563186426 4.3869573935
USGS-07197360:8/23/2005:SW:S:-:- 1.2543746308 4.3928805493
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SD 1 Principal Component Scores
EDA_Sample PC 1 PC 2
BS-08:8/23/2005:SD:S:-:- 1.1644655970 3.2136215716
BS-117:9/14/2005:SD:S:-:- 1.3950576197 3.1487697475
BS-208:10/12/2005:SD:S:-:- 1.2685692295 2.8687404805
BS-208:9/1/2005:SD:S:-:- 1.0000000000 3.4371380689
BS-28:10/12/2005:SD:S:-:- 1.5264442958 4.0434468722
BS-28:8/23/2005:SD:S:-:- 1.4329895150 4.0680496960
BS-35:10/13/2005:SD:S:-:- 1.2913351125 3.5346641143
BS-35:9/22/2005:SD:S:-:- 1.4751938844 3.3677804284
BS-62A:8/16/2005:SD:S:-:- 1.1521604486 3.2627633251
BS-62A:9/22/2005:SD:S:-:- 1.4572252832 2.8203110216
BS-68:8/19/2005:SD:S:-:- 1.1650606790 3.4034145717
BS-HF04:8/17/2005:SD:S:-:- 1.4264253957 4.0900301081
BS-HF22:8/25/2005:SD:S:-:- 1.5384758874 4.9717067047
BS-HF28A:8/18/2005:SD:S:-:- 1.1433358167 3.2187804838
BS-REF1:8/18/2005:SD:S:-:- 1.2271285914 3.7285112467
BS-REF1:8/30/2005:SD:S:-:- 1.1340646175 3.3806285299
BS-REF2:8/31/2005:SD:S:-:- 1.2155115858 4.0983123860
BS-REF3:8/18/2005:SD:S:-:- 1.3485789602 3.0424213466
BS-REF3:9/1/2005:SD:S:-:- 1.3905397458 3.2589818931
CL-1A:10/24/2006:SL:S:2:- 1.1907058781 2.6128972718
CL-1B:10/24/2006:SL:S:2:- 1.1791667579 2.8012291438
CL-2A:10/24/2006:SL:S:2:- 1.3922646577 3.6239110932
CL-2B:10/24/2006:SL:S:2:- 1.3472719486 3.3942481561
CL-3A:12/12/2006:SL:S:2:- 1.1696786346 3.0150932277
CL-3B:12/12/2006:SL:S:2:- 1.1178800596 2.9826848684
CP-1-A:4/1/2008:SL:S:2:- 1.2112124495 3.1240740896
CP-1-B:4/1/2008:SL:S:2:- 1.3155793618 3.2334373763
CP-2-A:4/2/2008:SL:S:2:- 1.3083599168 3.0701013875
FAC-01:6/20/2006:LT:S:-:- 4.9248603293 3.7977715331
FAC-02:6/21/2006:LT:S:-:- 5.4462668958 5.5845281212
FAC-03:7/6/2006:LT:S:-:- 5.7521469272 4.9570919084
FAC-04:7/12/2006:LT:S:-:- 3.4884791486 4.2959285684
FAC-05:7/12/2006:LT:S:-:- 3.9081072706 4.2782078105
FAC-06:7/20/2006:LT:S:-:- 2.6795230501 3.3667406556
FAC-07:8/3/2006:LT:S:-:- 4.4454695148 4.3700521021
FAC-08:8/15/2006:LT:S:-:- 5.0239386969 3.9514379503
FAC-09:8/31/2006:LT:S:-:- 4.3353507476 3.4640028674
FAC-10:9/22/2006:LT:S:-:- 3.4081295939 3.4610446701
FAC-11:10/17/2007:LT:S:-:- 4.3943112962 4.1269912687
FAC-12:11/30/2007:LT:S:-:- 4.6808782935 4.1104264474
FAC-13:11/29/2007:LT:S:-:- 5.6017732755 4.9546887468
FAC-14:12/7/2007:LT:S:-:- 4.5907758885 4.8371157186
FAC-15:12/12/2007:LT:S:-:- 3.7038796628 3.1154656848
FAC-16:12/14/2007:LT:S:-:- 3.6445301986 3.4280124401
FAC-17:12/19/2007:LT:S:-:- 3.6404835879 3.1828575023
FAC-1A:2/2/2006:LT:S:-:- 5.3275679263 4.9976614125
FAC-1B:2/2/2006:LT:S:-:- 5.1024150285 4.7043869958
FAC-1C:2/2/2006:LT:S:-:- 4.2013075681 4.4441914530
HFS-04:10/11/2005:SD:S:-:- 1.2748177795 3.5795446298
HFS-05:10/11/2005:SD:S:-:- 1.4753888831 5.1286717628

PC Size (Varimax) normalized to 1

1



SD 1 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (Varimax) normalized to 1

HFS-08:10/12/2005:SD:S:-:- 1.4119118876 2.8154927223
HFS-16:10/11/2005:SD:S:-:- 1.7397180883 3.8280049267
HFS-26:10/11/2005:SD:S:-:- 1.4155093602 3.6235596997
LAL-10A:6/26/2006:SL:S:2:- 1.2740342625 3.1358003785
LAL-10B:6/26/2006:SL:S:2:- 1.1611302636 3.2927599407
LAL-11A:6/29/2006:SL:S:2:- 1.3075609804 3.1402477873
LAL-11C:6/28/2006:SL:S:2:- 1.3348629040 3.0976834733
LAL-11D:6/28/2006:SL:S:2:- 1.3244645501 3.1737251267
LAL-12A:7/6/2006:SL:S:2:- 1.2402785402 3.2022477856
LAL-12C:7/7/2006:SL:S:2:- 1.2264390499 3.2338105631
LAL-12D:7/7/2006:SL:S:2:- 1.2455021518 3.2016427613
LAL-13A:7/6/2006:SL:S:2:- 1.2951243869 3.0016434231
LAL-13C:7/7/2006:SL:S:2:- 1.3223117020 3.0711161848
LAL-13D:7/6/2006:SL:S:2:- 1.1951278616 3.1878816331
LAL-14B:7/10/2006:SL:S:2:- 1.3226755285 3.2634069871
LAL-14C:7/11/2006:SL:S:2:- 1.3403592610 3.2702931945
LAL-14D:7/11/2006:SL:S:2:- 1.3050435844 3.2420298901
LAL-15B:7/19/2006:SL:S:2:- 1.2237692935 2.8860966192
LAL-16B:7/17/2006:SL:S:2:- 1.4019308891 3.0497316090
LAL-16C:7/18/2006:SL:S:2:- 1.3158856892 3.3568792472
LAL-16D:7/18/2006:SL:S:2:- 1.4104984262 3.1995790710
LAL-17A:7/17/2006:SL:S:2:- 1.2414733322 3.4429414641
LAL-17C:7/18/2006:SL:S:2:- 1.2691591734 3.2193682624
LAL-17D:7/18/2006:SL:S:2:- 1.2213632811 3.4175189502
LAL-18A:8/16/2006:SL:S:2:- 1.2301506617 3.1327543825
LAL-18B:8/16/2006:SL:S:2:- 1.2380876377 3.1848884166
LAL-18C:8/16/2006:SL:S:2:- 1.2987314548 3.7072479822
LAL-18D:8/31/2006:SL:S:2:- 1.2155533312 3.1051264339
LAL-19B:10/17/2007:SL:S:2:- 1.3366460672 3.4136941288
LAL-19C:10/18/2007:SL:S:2:- 1.3492470311 3.5117558845
LAL-19D:10/18/2007:SL:S:2:- 1.3556334551 3.2744148704
LAL-1A:2/2/2006:SL:S:2:- 1.2305687079 3.2585339612
LAL-20A:11/13/2007:SL:S:2:- 1.3017965236 3.3744913230
LAL-20B:11/14/2007:SL:S:2:- 1.1657815174 3.2901107814
LAL-20C:11/13/2007:SL:S:2:- 1.3502228098 3.4609008814
LAL-21A:12/7/2007:SL:S:2:- 1.2185559161 3.0738573548
LAL-21B:12/6/2007:SL:S:2:- 1.2324728716 2.9007172961
LAL-21D:12/7/2007:SL:S:2:- 1.2924748838 3.3986909467
LAL-22A:12/18/2007:SL:S:2:- 1.3471005230 3.3454118479
LAL-22B:12/18/2007:SL:S:2:- 1.2503752191 3.1008862755
LAL-22C:12/19/2007:SL:S:2:- 1.2001217407 3.1739307808
LAL-23A:12/13/2007:SL:S:2:- 1.3440855346 3.0792523283
LAL-23C:12/14/2007:SL:S:2:- 1.2291120457 2.7928816224
LAL-23D:12/14/2007:SL:S:2:- 1.3628635753 2.9699450103
LAL-2A:2/3/2006:SL:S:2:- 1.3352143336 3.1101596239
LAL-3A:2/3/2006:SL:S:2:- 1.2530249004 3.4727981517
LAL-3B:2/3/2006:SL:S:2:- 1.2203629270 3.4192795429
LAL-5A:6/12/2006:SL:S:2:- 1.3202409752 3.4272993195
LAL-5B:6/12/2006:SL:S:2:- 1.2514881158 3.1041940877
LAL-5C:6/12/2006:SL:S:2:- 1.3318769792 3.5573512875
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SD 1 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (Varimax) normalized to 1

LAL-5D:6/12/2006:SL:S:2:- 1.2868664615 3.2529503717
LAL-6A:6/14/2006:SL:S:2:- 1.3889401622 3.3593716829
LAL-6B:6/14/2006:SL:S:2:- 1.4105019269 3.3503798956
LAL-6D:6/15/2006:SL:S:2:- 1.3593643041 3.4048935742
LAL-7A:6/20/2006:SL:S:2:- 1.3863824596 3.9394540662
LAL-7B:6/20/2006:SL:S:2:- 1.3952578635 3.7677171194
LAL-7D:6/19/2006:SL:S:2:- 1.3756367349 3.8273631356
LAL-8A:6/19/2006:SL:S:2:- 1.3995408539 4.2651350571
LAL-8B:6/21/2006:SL:S:2:- 1.3949387693 4.0316304944
LAL-8D:6/21/2006:SL:S:2:- 1.2511219273 3.6631408595
LAL-9A:6/22/2006:SL:S:2:- 1.2411620547 3.2245143973
LAL-9B:6/22/2006:SL:S:2:- 1.2497140599 3.1373875773
LAL-9D:6/21/2006:SL:S:2:- 1.2686970014 3.3439531535
LK-01:10/26/2007:SD:S:-:- 1.7825550417 4.4104922917
LK-01:6/12/2007:SD:S:-:- 1.7716735459 4.4501419563
LK-01:8/24/2005:SD:S:-:- 2.1755986478 4.7763334667
LK-01-B:6/12/2007:SD:S:-:- 1.5074504371 5.0633305024
LK-02:10/26/2007:SD:S:-:- 1.8619408455 4.8324803180
LK-02:6/12/2007:SD:S:-:- 1.8273433513 5.1175346314
LK-02:8/23/2005:SD:S:-:- 2.0281090685 4.9725544138
LK-02-B:6/12/2007:SD:S:-:- 1.3987639770 4.6504804197
LK-03:10/26/2007:SD:S:-:- 1.0631093300 3.1884590170
LK-03:6/13/2007:SD:S:-:- 1.2642877755 3.7215492275
LK-03:8/23/2005:SD:S:-:- 1.0625991600 3.1330104982
LK-03-B:6/13/2007:SD:S:-:- 1.1838780540 3.3703410157
LK-04:10/26/2007:SD:S:-:- 1.4043443759 3.8035462779
LK-04:6/13/2007:SD:S:-:- 1.7669097945 4.5705055506
LK-04:8/23/2005:SD:S:-:- 1.6561945494 4.2780693217
LKSD-1L-A:3/16/2005:SD:S:-:- 1.5161091144 4.4929844973
LKSD-1L-B:3/16/2005:SD:S:-:- 1.6117665059 4.8953929803
LKSD-2L:3/15/2005:SD:S:-:- 2.9692636959 6.2915288539
LKSD-3L:3/15/2005:SD:S:-:- 1.3877341466 4.8550075962
LKSD-4L:3/15/2005:SD:S:-:- 1.5730338942 4.6057098512
LKSD-5L-A:3/16/2005:SD:S:-:- 1.4029160173 3.8154867002
LKSD-5L-B:3/16/2005:SD:S:-:- 1.2244636252 3.4041696796
LKSD-6L:3/16/2005:SD:S:-:- 1.5265176564 3.8403326004
LKSD-7L:3/15/2005:SD:S:-:- 1.7661984669 5.2076624645
LKSD-8L:3/16/2005:SD:S:-:- 1.5772866498 4.3028199711
LKSD-9L:3/15/2005:SD:S:-:- 1.4730257789 3.6704834713
LKSD-S15:3/17/2005:SD:S:-:- 2.0127391687 6.2569724469
MAN-BC-20D:3/31/2008:CM:S:-:- 1.5072056408 2.0963851467
MAN-BC-20F:3/31/2008:CM:S:-:- 1.8193056337 1.6600311133
MAN-BC-21D:3/31/2008:CM:S:-:- 1.6163515761 2.0993834308
MAN-BC-21F:3/31/2008:CM:S:-:- 1.8445921384 1.0000000000
MAN-BC-22D:4/1/2008:CM:S:-:- 1.7078350212 2.0942620437
MAN-BC-22F:4/1/2008:CM:S:-:- 1.5564577150 2.2370891824
MAN-BC-23D:4/2/2008:CM:S:-:- 1.8970031989 1.8525163925
MAN-BC-23F:4/2/2008:CM:S:-:- 2.1429220360 1.2188219649
MAN-BC-24D:4/3/2008:CM:S:-:- 1.8933525014 2.0985971304
MAN-BC-24F:4/3/2008:CM:S:-:- 2.0644113652 1.5482229274
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SD 1 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (Varimax) normalized to 1

RS-3:10/12/2005:SD:S:-:- 1.2497902153 2.9958746100
SD-006:4/20/2005:SD:S:-:- 1.1457918611 3.5788146811
SD-008:10/12/2005:SD:S:-:- 1.4203525003 3.7515090205
SD-008:4/20/2005:SD:S:-:- 1.2801952439 4.3446432063
SD-027:10/12/2005:SD:S:-:- 1.2828574163 3.3341678736
SD-027:4/19/2005:SD:S:-:- 1.2099391440 3.9314812811
SD-029:10/12/2005:SD:S:-:- 1.2177718824 3.0157185150
SD-029:4/19/2005:SD:S:-:- 1.0861416893 3.4248849200
SD-031:10/11/2005:SD:S:-:- 1.3705182363 4.4261738783
SD-031:4/20/2005:SD:S:-:- 1.1586327901 3.9542308093
SD-033:10/13/2005:SD:S:-:- 2.0214821618 4.2779212428
SD-033:3/2/2005:SD:S:-:- 1.5738608148 6.1266086593
SD-035:3/2/2005:SD:S:-:- 1.6879570435 6.3135756345
SD-059:3/1/2005:SD:S:-:- 1.3362031299 3.4027476685
SD-061:10/13/2005:SD:S:-:- 1.3103016072 3.2629873683
SD-062:10/11/2005:SD:S:-:- 1.5832033974 3.8996316325
SD-063:4/19/2005:SD:S:-:- 1.0969599378 3.6771251368
SD-064:3/3/2005:SD:S:-:- 1.2110535282 3.4917320827
SD-068:3/3/2005:SD:S:-:- 1.3853186233 5.0698839475
SD-083:10/11/2005:SD:S:-:- 1.3201692817 3.2464251767
SD-083:3/2/2005:SD:S:-:- 1.2910204588 3.6320725355
SD-086:3/2/2005:SD:S:-:- 1.2481098194 3.2097483855
SD-092:3/2/2005:SD:S:-:- 1.2515831008 3.5657862096
SD-095:3/2/2005:SD:S:-:- 1.3256540061 4.3749446715
SD-109:3/3/2005:SD:S:-:- 1.2778444117 3.6544716006
SD-111:3/3/2005:SD:S:-:- 1.2153230095 3.6831088250
SD-201:10/12/2005:SD:S:-:- 1.1936150790 3.0383071480
SD-201:4/19/2005:SD:S:-:- 1.0867218603 3.3551965153
SD-202:10/12/2005:SD:S:-:- 2.1687553014 3.9272301917
SD-202:4/20/2005:SD:S:-:- 1.1613730028 4.2169546284
SD-203:10/13/2005:SD:S:-:- 2.0415349338 4.8342624014
SD-203:4/20/2005:SD:S:-:- 1.5916592121 6.7356691741
SD-204:4/20/2005:SD:S:-:- 1.1472154453 3.5546442044
SD-205:4/19/2005:SD:S:-:- 1.1736024339 3.4295761995
SD-206:4/20/2005:SD:S:-:- 1.0845596103 3.7559750989
SD-207:4/20/2005:SD:S:-:- 1.1468866900 4.2103342684
SD-208:4/19/2005:SD:S:-:- 1.3552634547 5.9736326262
SD-210:10/11/2005:SD:S:-:- 1.4484781148 3.3657854367
SD-210:4/18/2005:SD:S:-:- 1.4132356385 5.3567191343
SD-211:4/18/2005:SD:S:-:- 1.2757476456 3.8362890299
SD-212:4/18/2005:SD:S:-:- 1.2879463198 3.8257036625
SD-213:4/18/2005:SD:S:-:- 1.3785245034 3.7278916855
SD-214:4/19/2005:SD:S:-:- 1.3705850950 3.4486137895
SD-301:10/12/2005:SD:S:-:- 1.4223868351 3.9506784364
SD-301:4/20/2005:SD:S:-:- 1.1485699992 3.3334288338
SD-302:4/20/2005:SD:S:-:- 1.3057412640 3.6244294090
SD-303:4/20/2005:SD:S:-:- 1.5036280981 4.3004607500
SD-304:6/25/2005:SD:S:-:- 1.2856538892 4.2789394805
SD-305:6/25/2005:SD:S:-:- 1.3398983738 4.0126946479
SD-306:6/25/2005:SD:S:-:- 1.4193094144 5.0067977628
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SD 1 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (Varimax) normalized to 1

SD-307:6/25/2005:SD:S:-:- 1.1517816763 3.7691264329
SD-308:6/25/2005:SD:S:-:- 1.1283548779 3.3609056565
SD-S03:3/2/2005:SD:S:-:- 1.1908620246 3.3615051154
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SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2
BS-08:8/23/2005:SD:S:-:- 2.3267586045 1.4187971960
BS-117:9/14/2005:SD:S:-:- 2.4551056777 1.7325332197
BS-208:10/12/2005:SD:S:-:- 2.3244552254 1.2405353147
BS-208:9/1/2005:SD:S:-:- 2.1616841311 1.5412537269
BS-28:10/12/2005:SD:S:-:- 1.9884258376 2.3186972441
BS-28:8/23/2005:SD:S:-:- 1.7400084906 2.9637517606
BS-35:10/13/2005:SD:S:-:- 2.2090849369 1.5412832783
BS-35:9/22/2005:SD:S:-:- 2.3174226240 1.8913113002
BS-62A:8/16/2005:SD:S:-:- 2.3107124518 1.4662445728
BS-62A:9/22/2005:SD:S:-:- 2.4155008011 1.8138844303
BS-68:8/19/2005:SD:S:-:- 2.2642981872 1.5078505051
BS-HF04:8/17/2005:SD:S:-:- 1.6605721249 2.8545505238
BS-HF22:8/25/2005:SD:S:-:- 1.4113415906 3.2417587710
BS-HF28A:8/18/2005:SD:S:-:- 2.2459460074 1.5200243326
BS-REF1:8/18/2005:SD:S:-:- 2.0952104247 1.8190091288
BS-REF1:8/30/2005:SD:S:-:- 2.2751554422 1.4587228780
BS-REF2:8/31/2005:SD:S:-:- 1.9801728239 2.2566664420
BS-REF3:8/18/2005:SD:S:-:- 1.9864381160 2.1871200894
BS-REF3:9/1/2005:SD:S:-:- 1.7998558138 2.5720340307
CL-1A:10/24/2006:SL:S:2:- 2.2863792300 1.3692675666
CL-1B:10/24/2006:SL:S:2:- 2.1713833791 1.4402659723
CL-2A:10/24/2006:SL:S:2:- 1.9928880301 2.3119296848
CL-2B:10/24/2006:SL:S:2:- 2.0898075407 2.0911336724
CL-3A:12/12/2006:SL:S:2:- 2.3203147763 1.4241534841
CL-3B:12/12/2006:SL:S:2:- 2.3325359597 1.2452808191
CP-1-A:4/1/2008:SL:S:2:- 2.1740643858 1.6740606825
CP-1-B:4/1/2008:SL:S:2:- 2.0652268119 2.2476251959
CP-2-A:4/2/2008:SL:S:2:- 2.1559452324 2.0447125820
FAC-01:6/20/2006:LT:S:-:- 6.2593058318 4.0013691149
FAC-02:6/21/2006:LT:S:-:- 5.4394784896 5.1254813339
FAC-03:7/6/2006:LT:S:-:- 6.3604400348 4.2420980365
FAC-04:7/12/2006:LT:S:-:- 5.0509601022 3.0809897540
FAC-05:7/12/2006:LT:S:-:- 5.0353152040 3.1628839418
FAC-06:7/20/2006:LT:S:-:- 3.6842993525 2.5925839191
FAC-07:8/3/2006:LT:S:-:- 5.2298636929 3.4831184603
FAC-08:8/15/2006:LT:S:-:- 6.0204990422 4.0035674904
FAC-09:8/31/2006:LT:S:-:- 5.7557558085 3.5230361754
FAC-10:9/22/2006:LT:S:-:- 5.0951158558 2.7704514011
FAC-11:10/17/2007:LT:S:-:- 5.6066722338 3.7159321476
FAC-12:11/30/2007:LT:S:-:- 6.1111063514 4.0192970962
FAC-13:11/29/2007:LT:S:-:- 6.4728193867 4.6871093552
FAC-14:12/7/2007:LT:S:-:- 5.6172464014 4.1243144728
FAC-15:12/12/2007:LT:S:-:- 5.0926208461 2.9323614489
FAC-16:12/14/2007:LT:S:-:- 4.9881727754 2.8512646411
FAC-17:12/19/2007:LT:S:-:- 4.9183560126 2.7455179517
FAC-1A:2/2/2006:LT:S:-:- 5.8836695756 4.3721920383
FAC-1B:2/2/2006:LT:S:-:- 5.8417000738 4.0285641332
FAC-1C:2/2/2006:LT:S:-:- 5.5730161340 3.7697080090
HFS-04:10/11/2005:SD:S:-:- 2.1176884209 1.6596825598
HFS-05:10/11/2005:SD:S:-:- 1.6080814853 2.6719338333

PC Size (No Rotation) normalized to 1

1



SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

HFS-08:10/12/2005:SD:S:-:- 2.3192561080 1.6152091961
HFS-16:10/11/2005:SD:S:-:- 2.1811695497 2.7372848752
HFS-26:10/11/2005:SD:S:-:- 2.0591834258 1.9757384657
LAL-10A:6/26/2006:SL:S:2:- 2.2131825259 1.7882137030
LAL-10B:6/26/2006:SL:S:2:- 2.1514143451 1.6140911301
LAL-11A:6/29/2006:SL:S:2:- 2.2814523087 1.6675544981
LAL-11C:6/28/2006:SL:S:2:- 2.3302194684 1.7643792319
LAL-11D:6/28/2006:SL:S:2:- 2.2268688271 1.9406117004
LAL-12A:7/6/2006:SL:S:2:- 2.1785105172 1.6792672563
LAL-12C:7/7/2006:SL:S:2:- 2.0927767909 1.7980947736
LAL-12D:7/7/2006:SL:S:2:- 2.1353967370 1.8204831012
LAL-13A:7/6/2006:SL:S:2:- 2.4279652868 1.5009962042
LAL-13C:7/7/2006:SL:S:2:- 2.4213332049 1.5298032461
LAL-13D:7/6/2006:SL:S:2:- 2.2912643114 1.4773489431
LAL-14B:7/10/2006:SL:S:2:- 2.2833579324 1.7254409693
LAL-14C:7/11/2006:SL:S:2:- 2.2628438759 1.9244170801
LAL-14D:7/11/2006:SL:S:2:- 2.2979683863 1.7618062275
LAL-15B:7/19/2006:SL:S:2:- 2.3810057505 1.4447638694
LAL-16B:7/17/2006:SL:S:2:- 2.1073907549 2.8608041738
LAL-16C:7/18/2006:SL:S:2:- 2.1581016328 1.9976512669
LAL-16D:7/18/2006:SL:S:2:- 2.1823245252 2.5257268114
LAL-17A:7/17/2006:SL:S:2:- 2.0625366570 1.7837080742
LAL-17C:7/18/2006:SL:S:2:- 2.1884797407 1.6933916327
LAL-17D:7/18/2006:SL:S:2:- 1.9783619269 1.7745137582
LAL-18A:8/16/2006:SL:S:2:- 2.1722215481 1.6922304013
LAL-18B:8/16/2006:SL:S:2:- 2.2112249257 1.6094232170
LAL-18C:8/16/2006:SL:S:2:- 1.8923571742 2.2646528475
LAL-18D:8/31/2006:SL:S:2:- 2.1763236191 1.7227069546
LAL-19B:10/17/2007:SL:S:2:- 2.0425258980 1.9657202366
LAL-19C:10/18/2007:SL:S:2:- 2.0018090922 2.1008870827
LAL-19D:10/18/2007:SL:S:2:- 2.1337830270 1.9403790249
LAL-1A:2/2/2006:SL:S:2:- 2.2202387470 1.5651105375
LAL-20A:11/13/2007:SL:S:2:- 2.2365590364 1.8112322406
LAL-20B:11/14/2007:SL:S:2:- 2.2359451204 1.6440119328
LAL-20C:11/13/2007:SL:S:2:- 2.2393873175 2.0044147405
LAL-21A:12/7/2007:SL:S:2:- 2.3708568900 1.4655441796
LAL-21B:12/6/2007:SL:S:2:- 2.3876182345 1.4478173123
LAL-21D:12/7/2007:SL:S:2:- 2.1402734074 1.9835863738
LAL-22A:12/18/2007:SL:S:2:- 2.1637836813 2.0223404957
LAL-22B:12/18/2007:SL:S:2:- 2.3024063125 1.4924405468
LAL-22C:12/19/2007:SL:S:2:- 2.2296865567 1.5186465375
LAL-23A:12/13/2007:SL:S:2:- 2.2935779590 1.7304555565
LAL-23C:12/14/2007:SL:S:2:- 2.4693533221 1.1687006700
LAL-23D:12/14/2007:SL:S:2:- 2.3840794230 1.6383677850
LAL-2A:2/3/2006:SL:S:2:- 2.2734840566 1.9197325796
LAL-3A:2/3/2006:SL:S:2:- 1.9538121396 2.0649997507
LAL-3B:2/3/2006:SL:S:2:- 2.0525192743 1.8487024846
LAL-5A:6/12/2006:SL:S:2:- 1.9728718083 2.3383354826
LAL-5B:6/12/2006:SL:S:2:- 2.0849496154 2.0380734941
LAL-5C:6/12/2006:SL:S:2:- 2.0738846294 2.2620411675
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SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

LAL-5D:6/12/2006:SL:S:2:- 2.1109196319 1.9849918616
LAL-6A:6/14/2006:SL:S:2:- 2.3315007889 2.0615264271
LAL-6B:6/14/2006:SL:S:2:- 2.2383081541 2.1603166023
LAL-6D:6/15/2006:SL:S:2:- 2.3054192975 2.0353322582
LAL-7A:6/20/2006:SL:S:2:- 1.7604600026 2.6427894320
LAL-7B:6/20/2006:SL:S:2:- 1.9260789868 2.4741870551
LAL-7D:6/19/2006:SL:S:2:- 1.9721143070 2.3432546733
LAL-8A:6/19/2006:SL:S:2:- 1.8663275632 2.7203376994
LAL-8B:6/21/2006:SL:S:2:- 1.9666426081 2.4916210392
LAL-8D:6/21/2006:SL:S:2:- 2.1895913037 1.8668695409
LAL-9A:6/22/2006:SL:S:2:- 2.1348434231 1.8107400901
LAL-9B:6/22/2006:SL:S:2:- 2.2045781478 1.7564480653
LAL-9D:6/21/2006:SL:S:2:- 2.1226208546 1.8315561695
LK-01:10/26/2007:SD:S:-:- 1.6787019906 3.3616523627
LK-01:6/12/2007:SD:S:-:- 1.7539875988 3.3071524631
LK-01:8/24/2005:SD:S:-:- 1.2844499412 5.1987798499
LK-01-B:6/12/2007:SD:S:-:- 1.5393067346 3.2205833317
LK-02:10/26/2007:SD:S:-:- 1.4694677088 3.7220723434
LK-02:6/12/2007:SD:S:-:- 1.4316895735 3.9652881248
LK-02:8/23/2005:SD:S:-:- 1.1421630994 5.0752894227
LK-02-B:6/12/2007:SD:S:-:- 1.7100937372 2.6332843481
LK-03:10/26/2007:SD:S:-:- 2.3288589377 1.1926687300
LK-03:6/13/2007:SD:S:-:- 1.9800066794 2.1009199474
LK-03:8/23/2005:SD:S:-:- 2.3327925367 1.2573713922
LK-03-B:6/13/2007:SD:S:-:- 2.1069065655 1.6451741936
LK-04:10/26/2007:SD:S:-:- 2.0462853145 2.3072480267
LK-04:6/13/2007:SD:S:-:- 1.5059422798 3.7189194204
LK-04:8/23/2005:SD:S:-:- 1.6204660599 3.6348184773
LKSD-1L-A:3/16/2005:SD:S:-:- 1.6349832181 3.0119706621
LKSD-1L-B:3/16/2005:SD:S:-:- 1.3883110766 3.6287104215
LKSD-2L:3/15/2005:SD:S:-:- 2.6317303153 5.0196875667
LKSD-3L:3/15/2005:SD:S:-:- 1.2161881343 3.4471831465
LKSD-4L:3/15/2005:SD:S:-:- 1.7336324364 3.3894541384
LKSD-5L-A:3/16/2005:SD:S:-:- 1.9401091880 2.4596314784
LKSD-5L-B:3/16/2005:SD:S:-:- 2.2509874202 1.5962622523
LKSD-6L:3/16/2005:SD:S:-:- 1.7587714702 3.1232736502
LKSD-7L:3/15/2005:SD:S:-:- 1.3727532944 4.1383892589
LKSD-8L:3/16/2005:SD:S:-:- 1.3028807826 3.7499537939
LKSD-9L:3/15/2005:SD:S:-:- 2.2989211685 2.2956770117
LKSD-S15:3/17/2005:SD:S:-:- 1.2220941201 5.3968511680
LKT-SED-01:8/11/2005:SD:S:0:- 2.2838899171 3.2456333802
LKT-SED-01:8/11/2005:SD:S:10:- 1.8578629404 3.3719680481
LKT-SED-01:8/11/2005:SD:S:12:- 1.8118943306 3.3843539844
LKT-SED-01:8/11/2005:SD:S:14:- 1.6688759465 3.7064948304
LKT-SED-01:8/11/2005:SD:S:16:- 1.7861110042 3.3596737973
LKT-SED-01:8/11/2005:SD:S:18:- 1.7230194469 3.1980415345
LKT-SED-01:8/11/2005:SD:S:2:- 1.9006790313 3.9516010594
LKT-SED-01:8/11/2005:SD:S:20:- 1.5592102596 3.6005109978
LKT-SED-01:8/11/2005:SD:S:22:- 1.6245656089 3.5375180239
LKT-SED-01:8/11/2005:SD:S:24:- 1.6435499529 3.4633663035
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SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

LKT-SED-01:8/11/2005:SD:S:26:- 1.7467272443 3.2659003839
LKT-SED-01:8/11/2005:SD:S:28:- 1.8099698249 3.0055188015
LKT-SED-01:8/11/2005:SD:S:30:- 1.6793078140 3.3671883899
LKT-SED-01:8/11/2005:SD:S:32:- 1.7915884822 3.0087909897
LKT-SED-01:8/11/2005:SD:S:34:- 2.1784253932 2.0847636587
LKT-SED-01:8/11/2005:SD:S:36:- 2.2403340684 1.7035844160
LKT-SED-01:8/11/2005:SD:S:4:- 1.8960112038 3.7444514519
LKT-SED-01:8/11/2005:SD:S:6:- 1.8532025573 3.4576330975
LKT-SED-01:8/11/2005:SD:S:8:- 1.9816590713 3.0202719642
LKT-SED-02:8/11/2005:SD:S:-:- 2.0871164773 2.9915600443
LKT-SED-02:8/11/2005:SD:S:10:- 1.8938808676 2.9238670466
LKT-SED-02:8/11/2005:SD:S:12:- 1.8270256498 3.0054074064
LKT-SED-02:8/11/2005:SD:S:14:- 1.8189039034 3.0072262591
LKT-SED-02:8/11/2005:SD:S:16:- 1.8980264191 2.8186192345
LKT-SED-02:8/11/2005:SD:S:18:- 2.1215150719 2.2636635150
LKT-SED-02:8/11/2005:SD:S:2:- 1.9721869194 2.9050894097
LKT-SED-02:8/11/2005:SD:S:20:- 2.1068692731 2.2573943578
LKT-SED-02:8/11/2005:SD:S:22:- 1.7852384273 3.0118430312
LKT-SED-02:8/11/2005:SD:S:24:- 1.8849647256 2.7530206285
LKT-SED-02:8/11/2005:SD:S:26:- 1.9750164592 2.4797918436
LKT-SED-02:8/11/2005:SD:S:28:- 2.0011008060 2.3993908742
LKT-SED-02:8/11/2005:SD:S:30:- 1.8557303666 2.5952839778
LKT-SED-02:8/11/2005:SD:S:34:- 1.7573517999 2.7552137626
LKT-SED-02:8/11/2005:SD:S:38:- 1.9203529579 2.4235842188
LKT-SED-02:8/11/2005:SD:S:4:- 1.9308625809 2.9191867706
LKT-SED-02:8/11/2005:SD:S:42:- 1.7696459516 2.6673190819
LKT-SED-02:8/11/2005:SD:S:46:- 1.7116705677 2.7544851792
LKT-SED-02:8/11/2005:SD:S:50:- 1.9522799552 2.1560272537
LKT-SED-02:8/11/2005:SD:S:54:- 1.9345384951 2.2212923075
LKT-SED-02:8/11/2005:SD:S:6:- 1.8726825642 3.0259937200
LKT-SED-02:8/11/2005:SD:S:8:- 1.9529541017 2.8095998832
LKT-SED-03:8/11/2005:SD:S:-:- 2.5841023996 1.5683937561
LKT-SED-03:8/11/2005:SD:S:10:- 1.5796052163 3.4876369009
LKT-SED-03:8/11/2005:SD:S:12:- 1.5501905171 3.5806354534
LKT-SED-03:8/11/2005:SD:S:14:- 1.6538107986 3.3054633672
LKT-SED-03:8/11/2005:SD:S:16:- 1.5723337645 3.5065787316
LKT-SED-03:8/11/2005:SD:S:18:- 1.6547998428 3.2178332725
LKT-SED-03:8/11/2005:SD:S:2:- 1.7193020591 3.7108695014
LKT-SED-03:8/11/2005:SD:S:20:- 1.6459144533 3.2891347607
LKT-SED-03:8/11/2005:SD:S:22:- 1.7280312595 3.2120956644
LKT-SED-03:8/11/2005:SD:S:24:- 1.7889137911 2.8499794468
LKT-SED-03:8/11/2005:SD:S:26:- 1.7752201870 2.7875808390
LKT-SED-03:8/11/2005:SD:S:28:- 1.5405648839 3.3111934653
LKT-SED-03:8/11/2005:SD:S:30:- 1.5086512038 3.4394540785
LKT-SED-03:8/11/2005:SD:S:32:- 1.7879643971 2.7106894756
LKT-SED-03:8/11/2005:SD:S:4:- 1.7242974064 3.5256659491
LKT-SED-03:8/11/2005:SD:S:6:- 1.6617913636 3.4333512273
LKT-SED-03:8/11/2005:SD:S:8:- 1.5272435475 3.5461975338
LKT-SED-04:8/11/2005:SD:S:-:- 2.0814162810 3.3634858939
LKT-SED-04:8/11/2005:SD:S:10:- 1.6727841218 3.4042543773
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SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

LKT-SED-04:8/11/2005:SD:S:12:- 1.7300275055 3.1758013796
LKT-SED-04:8/11/2005:SD:S:14:- 1.5674622820 3.5430653724
LKT-SED-04:8/11/2005:SD:S:16:- 1.8763915082 2.5732699270
LKT-SED-04:8/11/2005:SD:S:18:- 1.7542820136 2.9870247041
LKT-SED-04:8/11/2005:SD:S:2:- 2.0797713042 2.6942557713
LKT-SED-04:8/11/2005:SD:S:20:- 1.7540775828 2.9727906305
LKT-SED-04:8/11/2005:SD:S:22:- 1.7829986097 2.9632089238
LKT-SED-04:8/11/2005:SD:S:24:- 1.7770183775 2.9852115876
LKT-SED-04:8/11/2005:SD:S:26:- 1.6878890897 3.1370152385
LKT-SED-04:8/11/2005:SD:S:28:- 1.6406756419 3.3965839063
LKT-SED-04:8/11/2005:SD:S:30:- 1.5213621551 3.5162069629
LKT-SED-04:8/11/2005:SD:S:32:- 1.5819609057 3.4079549924
LKT-SED-04:8/11/2005:SD:S:34:- 1.4893545896 3.5437764113
LKT-SED-04:8/11/2005:SD:S:36:- 1.4590907234 3.5803350077
LKT-SED-04:8/11/2005:SD:S:38:- 1.3380072368 3.8095434343
LKT-SED-04:8/11/2005:SD:S:4:- 1.6547824614 3.6222337005
LKT-SED-04:8/11/2005:SD:S:40:- 1.4762395274 3.4818137925
LKT-SED-04:8/11/2005:SD:S:42:- 1.4708950004 3.5369690223
LKT-SED-04:8/11/2005:SD:S:44:- 1.4958778523 3.4226583239
LKT-SED-04:8/11/2005:SD:S:6:- 1.7123871661 3.1261466934
LKT-SED-04:8/11/2005:SD:S:8:- 1.5730886553 3.4790145542
LKT-SED-05:8/11/2005:SD:S:-:- 1.9698716542 2.5988838053
LKT-SED-05:8/11/2005:SD:S:16:- 1.9053337454 2.7252709328
LKT-SED-05:8/11/2005:SD:S:2:- 1.8088506656 3.2112112092
LKT-SED-05:8/11/2005:SD:S:28:- 1.7619067651 3.1189962755
LKT-SED-05:8/11/2005:SD:S:4:- 2.0145779743 2.6291050669
LKT-SED-05:8/11/2005:SD:S:40:- 1.6405263994 3.3049746450
LKT-SED-05:8/11/2005:SD:S:6:- 1.9027357659 2.8108805683
MAN-BC-20D:3/31/2008:CM:S:-:- 3.4552108677 1.3856818966
MAN-BC-20F:3/31/2008:CM:S:-:- 3.8292503758 2.1191919312
MAN-BC-21D:3/31/2008:CM:S:-:- 3.3163574491 1.3319924537
MAN-BC-21F:3/31/2008:CM:S:-:- 3.1924192261 3.1497807085
MAN-BC-22D:4/1/2008:CM:S:-:- 3.3666043007 1.5414547223
MAN-BC-22F:4/1/2008:CM:S:-:- 3.3351874589 1.0000000000
MAN-BC-23D:4/2/2008:CM:S:-:- 3.6440410643 1.9897443225
MAN-BC-23F:4/2/2008:CM:S:-:- 3.9154566994 2.3726128161
MAN-BC-24D:4/3/2008:CM:S:-:- 3.5211580022 1.5549771809
MAN-BC-24F:4/3/2008:CM:S:-:- 4.0029219311 2.4124151719
RS-3:10/12/2005:SD:S:-:- 2.4489716447 1.1933036200
SD-006:4/20/2005:SD:S:-:- 2.2514709394 1.6546169554
SD-008:10/12/2005:SD:S:-:- 2.1262077819 1.9867179910
SD-008:4/20/2005:SD:S:-:- 1.9742586804 2.1528710348
SD-027:10/12/2005:SD:S:-:- 2.3856693327 1.3949128864
SD-027:4/19/2005:SD:S:-:- 2.2598181485 1.6116148469
SD-029:10/12/2005:SD:S:-:- 2.4305034557 1.1263629309
SD-029:4/19/2005:SD:S:-:- 2.3677012355 1.3463916898
SD-031:10/11/2005:SD:S:-:- 1.8456741783 2.1902216608
SD-031:4/20/2005:SD:S:-:- 2.1918517564 1.6397895577
SD-033:10/13/2005:SD:S:-:- 1.8727407733 3.6702216141
SD-033:3/2/2005:SD:S:-:- 1.2641247500 3.5968764639
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SD 6 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation) normalized to 1

SD-035:3/2/2005:SD:S:-:- 1.0807245062 4.1039768648
SD-059:3/1/2005:SD:S:-:- 2.1451567484 1.9850943444
SD-061:10/13/2005:SD:S:-:- 2.3117325529 1.5170307065
SD-062:10/11/2005:SD:S:-:- 1.9816917042 2.6956057849
SD-062-V1:10/11/2005:SD:S:-:- 2.2170687010 1.6378053333
SD-062-V2:10/11/2005:SD:S:-:- 2.1460450100 1.8406720507
SD-063:4/19/2005:SD:S:-:- 2.2342077481 1.4334062821
SD-064:3/3/2005:SD:S:-:- 2.2755493931 1.4837725363
SD-068:3/3/2005:SD:S:-:- 1.5463375880 2.7388541765
SD-083:10/11/2005:SD:S:-:- 2.1519488272 1.6631094416
SD-083:3/2/2005:SD:S:-:- 2.0235492604 2.0299930548
SD-086:3/2/2005:SD:S:-:- 2.2386645154 1.6136872534
SD-092:3/2/2005:SD:S:-:- 2.1506849940 1.8395877824
SD-095:3/2/2005:SD:S:-:- 1.5648724176 2.7091740490
SD-109:3/3/2005:SD:S:-:- 2.0060069247 1.8852348348
SD-111:3/3/2005:SD:S:-:- 2.2272141745 1.5599617979
SD-201:10/12/2005:SD:S:-:- 2.4433045804 1.0808417385
SD-201:4/19/2005:SD:S:-:- 2.3743700974 1.2205112459
SD-202:10/12/2005:SD:S:-:- 2.8922905310 2.6559145142
SD-202:4/20/2005:SD:S:-:- 2.0430438845 1.8263402469
SD-203:10/13/2005:SD:S:-:- 2.0783885243 3.4067190556
SD-203:4/20/2005:SD:S:-:- 1.0000000000 3.9719642430
SD-203-V1:10/13/2005:SD:S:-:- 2.5375709543 3.0577738803
SD-203-V2:10/13/2005:SD:S:-:- 2.1939774831 3.4860755322
SD-204:4/20/2005:SD:S:-:- 2.3084899101 1.4433929521
SD-205:4/19/2005:SD:S:-:- 2.3087451910 1.4033209212
SD-206:4/20/2005:SD:S:-:- 2.1900112379 1.5338568053
SD-207:4/20/2005:SD:S:-:- 1.9788344662 2.0441843628
SD-208:4/19/2005:SD:S:-:- 1.0045834940 3.4718425637
SD-210:10/11/2005:SD:S:-:- 2.2233447763 2.0092392567
SD-210:4/18/2005:SD:S:-:- 1.2345384159 3.1889912460
SD-211:4/18/2005:SD:S:-:- 1.9923375404 2.1186611391
SD-212:4/18/2005:SD:S:-:- 2.1339130284 1.6745783556
SD-213:4/18/2005:SD:S:-:- 2.0610373994 2.1827962512
SD-214:4/19/2005:SD:S:-:- 2.0719915392 2.3217153319
SD-301:10/12/2005:SD:S:-:- 1.8411961159 2.2832861965
SD-301:4/20/2005:SD:S:-:- 2.2063856415 1.6585533000
SD-301:4/4/2005:SD:S:-:- 2.5144898142 1.2400134417
SD-302:4/20/2005:SD:S:-:- 2.2077054399 1.9101800346
SD-302:4/4/2005:SD:S:-:T1 2.4104824590 1.7130200325
SD-302:4/4/2005:SD:S:-:T2 2.2727613724 2.1482586748
SD-303:4/20/2005:SD:S:-:- 2.2322484371 2.4743458806
SD-303:4/4/2005:SD:S:-:- 2.6102371950 1.7260468463
SD-304:6/25/2005:SD:S:-:- 1.9739407537 2.0885949818
SD-305:6/25/2005:SD:S:-:- 2.0551634472 2.0882980747
SD-306:6/25/2005:SD:S:-:- 1.8563291373 2.5830275488
SD-307:6/25/2005:SD:S:-:- 2.2231645862 1.6011086856
SD-308:6/25/2005:SD:S:-:- 2.4976454163 1.2068209467
SD-S03:3/2/2005:SD:S:-:- 2.3217054632 1.3466617082
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SW 18 Principal Component Scores
EDA_Sample PC 1 PC 2
EOF07:6/5/2005:SW:S:-:- -0.2365192852 -0.3439592084
EOF07-222:4/13/2007:SW:S:-:- -0.3566174506 0.3323526927
EOF07-230:4/24/2007:SW:S:-:- -0.3518057593 -0.5500691233
EOF07-232:4/24/2007:SW:S:-:- -0.4275540296 0.4915380085
EOF07-259:4/13/2007:SW:S:-:- -0.4311946068 0.8381554979
EOF07-LOR#1:4/24/2007:SW:S:-:- -0.3691622589 0.1517585528
EOF09:6/5/2005:SW:S:-:- -0.3190680906 -0.0295276936
EOF11:6/5/2005:SW:S:-:- -0.2138671095 0.2896468192
EOF14:6/2/2005:SW:S:-:- 0.1767359448 0.2538489429
EOF15:6/2/2005:SW:S:-:- -0.4585525002 0.0723530633
EOF16:6/5/2005:SW:S:-:- -0.3962101376 0.4831555586
EOF17:6/5/2005:SW:S:-:- -0.4370235602 0.4107669520
EOF18:6/5/2005:SW:S:-:- -0.4014428376 -0.2936784065
EOF19:6/5/2005:SW:S:-:- -0.4969311388 -0.0861022016
EOF20:6/5/2005:SW:S:-:- 0.1737885776 0.7501567384
EOF21:6/5/2005:SW:S:-:- -0.0880689535 -0.5354927746
EOF22:6/5/2005:SW:S:-:- 0.0109555686 -0.5991896983
EOF23:6/5/2005:SW:S:-:- -0.4882831169 -0.0739529483
EOF24:6/5/2005:SW:S:-:- -0.3379966905 0.4727080501
EOF25:6/5/2005:SW:S:-:- -0.3361062414 -0.0517565360
EOF27:6/5/2005:SW:S:-:- -0.3092334462 1.0025597642
EOF28:6/5/2005:SW:S:-:- -0.3571394083 0.1056019210
EOF29:6/5/2005:SW:S:-:- -0.3730129714 3.5664392214
EOF30:6/5/2005:SW:S:-:- -0.3932433767 0.7617609901
EOF-CP-1A:3/31/2008:SW:S:-:- -0.4771246506 -0.4170374139
EOF-CP-1B:3/31/2008:SW:S:-:- -0.3859027991 -0.2036803765
EOF-EOF1:6/17/2006:SW:S:-:- -0.3543576562 -0.0368158383
EOF-GF1:3/9/2006:SW:S:-:- -0.5073841848 0.0058340458
EOF-SPREAD002:4/25/2006:SW:S:-:- -0.2998328604 -0.0571161909
EOF-SPREAD007:4/25/2006:SW:S:-:- -0.4126970495 0.2899808373
EOF-SPREAD007:5/4/2006:SW:S:-:- -0.3840975133 -0.2391061044
EOF-SPREAD010:5/9/2006:SW:S:-:- 0.2181645812 0.4991344536
EOF-SPREAD017A:5/1/2006:SW:S:-:- 0.6395836125 1.7639492934
EOF-SPREAD023:4/25/2006:SW:S:-:- 0.6582008387 0.3764019405
EOF-SPREAD023:6/18/2006:SW:S:-:- 0.3345533842 -0.1267780425
EOF-SPREAD025:5/4/2006:SW:S:-:- -0.4847622698 -0.3670798338
EOF-SPREAD025:6/18/2006:SW:S:-:- -0.3061408135 -0.7830633414
EOF-SPREAD026:4/25/2006:SW:S:-:- -0.4163911828 0.5617472879
EOF-SPREAD026:4/29/2006:SW:S:-:- -0.4840558653 0.0084582936
EOF-SPREAD029:4/25/2006:SW:S:-:- -0.3524000314 0.6499252905
EOF-SPREAD030:3/31/2006:SW:S:-:- -0.1899438294 -0.7409894749
EOF-SPREAD036:4/25/2006:SW:S:-:- -0.3458337863 -0.1644322748
EOF-SPREAD044:6/18/2006:SW:S:-:- -0.3186409162 -0.6439801518
EOF-SPREAD048:5/9/2006:SW:S:-:- -0.2389634369 -0.0972977451
EOF-SPREAD052:4/25/2006:SW:S:-:- -0.3603299118 -0.3681558104
EOF-SPREAD053B:5/4/2006:SW:S:-:- -0.4040759177 -0.4928272955
EOF-SPREAD053E:4/29/2006:SW:S:-:- 0.3057470759 -0.2570527859
EOF-SPREAD053G:5/4/2006:SW:S:-:- -0.3338719492 -0.2163190327
EOF-SPREAD059:4/29/2006:SW:S:-:- -0.3926887839 -0.6226879158
EOF-SPREAD060:4/29/2006:SW:S:-:- 0.2493287889 -0.3556996909
EOF-SPREAD064:5/4/2006:SW:S:-:- 0.3233592554 1.1507572260

PC Size (No Rotation)
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SW 18 Principal Component Scores
EDA_Sample PC 1 PC 2

PC Size (No Rotation)

EOF-SPREAD065:5/4/2006:SW:S:-:- -0.4224081739 -0.5535931595
EOF-SPREAD068:6/18/2006:SW:S:-:- -0.3274944240 -0.6931275178
EOF-SPREAD071:5/10/2006:SW:S:-:- -0.3998894929 -0.5468109902
EOF-ZPEOF001:4/25/2006:SW:S:-:- -0.2693319851 1.0559510888
EOF-ZPEOF030:4/25/2006:SW:S:-:- -0.3237620204 -0.4296738496
FAC-16:12/14/2007:SW:S:-:(SPLP-20-1) 6.6046090702 0.8160398639
FAC-17:12/19/2007:SW:S:-:(SPLP-20-1) 4.8000459072 -1.1335453877
MAN-BC-20D:3/31/2008:SW:S:-:(SPLP-20-1) 0.1629937791 -0.8003285843
MAN-BC-20F:3/31/2008:SW:S:-:(SPLP-20-1) 0.4791442469 -0.8362012988
MAN-BC-21D:3/31/2008:SW:S:-:(SPLP-20-1) -0.1942627397 -0.6248799015
MAN-BC-21F:3/31/2008:SW:S:-:(SPLP-20-1) 0.2657769774 -0.3745529046
MAN-BC-22D:4/1/2008:SW:S:-:(SPLP-20-1) 0.0650028375 -0.6740337671
MAN-BC-22F:4/1/2008:SW:S:-:(SPLP-20-1) 0.5280430884 -0.4603343637
MAN-BC-23D:4/2/2008:SW:S:-:(SPLP-20-1) 0.4233648277 -0.6580011238
MAN-BC-23F:4/2/2008:SW:S:-:(SPLP-20-1) 0.5462788518 -0.6220516353
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LAL-01 and LAL-02 Soil Sampling Locations
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Prepared By:
B. Bennett
Date:
  4/25/08

Figure
2.2-2

!

Location Map

Note: Location data from CDM field recorded GPS locations
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LAL-03 Soil Sampling Locations
02-02-2006 and 02-03-2006
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Note: Location data from CDM field recorded GPS locations
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LAL-5 Soil Sampling Locations
6-12-2006 and 6-13-2007
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Location Map

Note: Location data from CDM field recorded GPS locations and CRA
submitted dataset.  Both datasets plotted due to apparent discrepencies.
*LAL5-A-4 and LAL5-A-17 locations interpreted from aerial photograph
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LAL-06 Soil Sampling Locations
06-14-2006 and 06-15-2006
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Note: Location data from CRA supplied dataset
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LAL-07 Soil Sampling Locations
06-19-2006 and 06-20-2006
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Note: Location data from CRA supplied dataset
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LAL-08 Soil Sampling Locations
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Note: Location data from CRA supplied dataset
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LAL-09 Soil Sampling Locations
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Note: Location data from CRA supplied dataset
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LAL-10 Soil Sampling Locations
06-26-2006
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Note: Location data from CRA supplied dataset
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LAL-11 Soil Sampling Locations
06-29-2006
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Note: Location data from CRA supplied dataset
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LAL-12 Soil Sampling Locations
07-06-2006 and 07-07-2006
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Note: Location data from CRA supplied dataset
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LAL-13 Soil Sampling Locations
07-06-2006
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Note: Location data from CRA supplied dataset
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LAL-14 Soil Sampling Locations
07-10-2006 and 07-11-2006
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Note: Location data from CRA supplied dataset
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LAL-15 Soil Sampling Locations
07-10-2006 and 07-19-2006
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Note: Location data from CRA supplied dataset
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LAL-16 Soil Sampling Locations
07-17-2006 and 07-18-2006

Prepared By:
B. Bennett
Date:
  4/18/08

Figure
2.2-15

!

Location Map

Note: Location data from CRA supplied dataset
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LAL-17 Soil Sampling Locations
07-17-2006 - 07-18-2006
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Note: Location data from CRA supplied dataset
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LAL-18 Soil Sampling Locations
08-16-2006 and 08-31-2006
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Note: Location data from CRA supplied dataset
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LAL-19 Soil Sampling Locations
10-17-2006 and 10-18-2007
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Note: Location data from CDM field recorded GPS locations
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LAL-20 Soil Sampling Locations
11-13-2006 and 11-14-2007
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Note: Location data from CDM field recorded GPS locations
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LAL-21 Soil Sampling Locations
12-06-2007 thru 12-07-2007
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Note: Location data from CDM field recorded GPS locations
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Figure
2.8-3Note- All stations sampled for field PO4 measurements shown
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Figure 3.11.4-1
Comparison of Field versus Laboratory Phosphorus Results
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Figure 4.1
Database Relationships 



 

 

Figure 4.2
Data Transfer Flow Chart 
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Figure 6.5-2
Comparison Between Surface Water Environmental Components - Total P (4500) (mg/L)
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Figure 6.5-3
Comparison Between Surface Water Environmental Components - Total P (4500) (mg/L)
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Figure 6.5-4
Comparison Between Surface Water Environmental Components - Soluble Reactive P (4500PF) (mg/L)
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Figure 6.5-5
Comparison Between Surface Water Environmental Components - Soluble Reactive P (4500PF) (mg/L)
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Figure 6.5-6
Comparison Between Surface Water Environmental Components - Enterococci (MPN*/100mL or cfu/100mL)
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Figure 6.5-7
Comparison Between Surface Water Environmental Components - Enterococci (MPN*/100mL or cfu/100mL)
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Figure 6.5-8
Comparison Between Surface Water Environmental Components - TOC (mg/L) 
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Figure 6.5-9
Comparison Between Surface Water Environmental Components - TOC (mg/L)
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Figure 6.5-10
Comparison Between Surface Water Environmental Components - Total K (mg/L)
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Figure 6.5-11
Comparison Between Surface Water Environmental Components - Total K (mg/L)
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Figure 6.5-12
Comparison Between Groundwater Environmental Components - Total P (4500) (mg/L) 

0

20

40

60

80

100

120

Geoprobe Springs Well

To
tal

 P 
(45

00
) (m

g/L
)

Lower Quartile

Median

Upper Quartile

41

20

62

Value above the boxplot is the sample number



Figure 6.5-13
Comparison Between Groundwater Environmental Components - Total P (4500) (mg/L) 
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Figure 6.5-14
Comparison Between Groundwater Environmental Components - Soluble Reactive P (4500PF) (mg/L)
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Figure 6.5-15
Comparison Between Groudnwater Environmental Components - Enterococci (MPN*/100mL or cfu/100mL)
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Figure 6.5-16
Comparison Between Groundwater Environmental Components - TOC (mg/L)
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Figure 6.5-17
Comparison Between Groundwater Environmental Components - Total K (mg/L)
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Figure 6.5-18
Comparison Between Groundwater Environmental Components - Total K (mg/L)

0

0.5

1

1.5

2

2.5

Springs Well

 To
tal

 K
 m

g/L

Lower Quartile

Median

Upper Quartile

51

62

Value above the boxplot is the sample number



Figure 6.5-19
Comparison Between Solids Environmental Components - Total P (6020) (mg/kg)
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Figure 6.5-20
Comparison Between Solids Environmental Components - Total P (6020) (mg/kg)
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Figure 6.5-21
Comparison Between Solids Environmental Components -Total K (mg/kg) 
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Figure 6.5-22
Comparison Between Solids Environmental Components -Total K (mg/kg)
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Figure 6.5-23
Comparison Between Solids Environmental Components - Total Cu (mg/kg)
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Figure 6.5-24
Comparison Between Solids Environmental Components - Total Cu (mg/kg)
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Figure 6.5-25
Comparison Between Solids Environmental Components - Total As (mg/kg)
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Figure 6.5-26
Comparison Between Solids Environmental Components - Total As (mg/kg)
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Figure
6.6-1

Average Total P Results (4500PF) (mg/l)
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Figure
6.6-2

Average Total P Results (4500PF) (mg/l)
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Figure
6.6-3

Average Total P Results (4500PF) (mg/l)
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6.6-4

Average Total P Results (4500PF) (mg/l)
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Average Synoptic P 492 (mg/l)
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Average Enterococci (MPN*/100ml or cfu/100ml)
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Average Enterococci (MPN*/100ml or cfu/100ml)
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Average Enterococci (MPN*/100ml or cfu/100ml)
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Average Enterococci (MPN*/100ml or cfu/100ml)
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Figure
6.6-9

Average TOC Results (mg/l)
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Figure
6.6-10

Average TOC Results (mg/l)
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Average TOC Results (mg/l)
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Figure 6.11-1
Scree Plot: Surface Water  (SW3)

SW 3 (No Rotation)
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Figure 6.11-2
Bar Chart with % Variance (SW3)
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Figure 6.11-3
Scree Plot: Surface Water and Groundwater (SW17)
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Figure 6.11-4
Bar Chart with % Variance (SW17)
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Figure 6.11-5
Scree Plot: Solids (SD1)

SD 1 (No Rotation)
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Figure 6.11-6
Bar Chart with % Variance (SD1)

SD 1

38.3

16.7

12.7

8.4

5.2
3.4

6.7

10.4

16.6

44.3

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5

Principal Component

%
 V

ar
ia

nc
e 

Ex
pl

ai
ne

d

SD 1 (No Rotation)
SD 1 (Varimax)

Total (PC 1-5) = 81.4%



Figure 6.11-7
Scree Plot: Solids with Core Samples (SD6)
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Figure 6.11-8
Bar Chart with % Variance (SD6)
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Figure 6.11-9
Eigenvalue: Surface Water (SW3)
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SW 3 - Loadings (No Rotation) - PC 1
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Figure 6.11-10
Loadings (SW3)



SW 3 - Coefficients (No Rotation) - PC 1
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Figure 6.11-11
Coefficients (SW3)



SW 17 - Loadings (No Rotation) - PC 1
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Figure 6.11-12
Loadings (SW17)



SW 17 - Coefficients (No Rotation) - PC 1
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Figure 6.11-13
Coefficients (SW17)



SD 1 - Component Loadings (No Rotation) - PC 1
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SD 1 - Rotated Loading Matrix (VARIMAX) - PC 1
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Loadings (SD1 Varimax)



SD 1 - Coefficients (No Rotation) - PC 1
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Figure 6.11-15a
Coefficients (SD1)



SD 1 - Coefficients (VARIMAX) - PC 1
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Coefficients (SD1 Varimax)



SD 6 - Component Loadings (No Rotation) - PC 1
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Figure 6.11-16
Loadings (SD6)



SD 6 - Coefficients (No Rotation) - PC 1
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Coefficients (SD6)



Figure 6.11-18a
PC1 vs. PC2 Scores: Surface Waters (SW3)
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Figure 6.11-18b
PC1 vs. PC2 Scores: Surface Waters (SW3)
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Figure 6.11-18d
PC1 vs. PC2 Scores: Surface Waters (SW3)
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Figure 6.11-18e
PC1 vs. PC2 Scores: Surface Waters (SW3)
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Figure 6.11-19a
PC1 vs. PC2 Scores: Surface Waters, Groundwaters, and Springs (SW17)
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Figure 6.11-19b
PC1 vs. PC2 Scores: Surface Waters, Groundwaters, and Springs (SW17)
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Figure 6.11-19c
PC1 vs. PC2 Scores: Surface Waters, Groundwaters, and Springs (SW17)
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Figure 6.11-19d
PC1 vs. PC2 Scores: Surface Waters, Groundwaters, and Springs (SW17)
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Figure 6.11-20a
PC1 vs. PC2 Scores: Solids (SD1 Varimax)
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Figure 6.11-20b
PC1 vs. PC2 Scores: Solids (SD1 Varimax)
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Figure 6.11-20c
PC1 vs. PC2 Scores: Solids (SD1 Varimax)
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Figure 6.11-20d
PC1 vs. PC2 Scores: Solids (SD1 Varimax)
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Figure 6.11-20e
PC2 vs. PC3 Scores: Solids (SD1 Varimax)
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Figure 6.11-20f
PC1 vs. PC2 Scores: Solids (SD1 No Rotation)
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Figure 6.11-21a
PC1 vs. PC2 Scores: Solid and Core Samples (SD6)
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        Figure 6.11-21b
PC1 vs. PC2 Scores: Solid and Core Samples (SD6)
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       Figure 6.11-21c
PC1 vs. PC2 Scores: Solid and Core Samples (SD6)
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        Figure 6.11-21d
PC1 vs. PC2 Scores: Solid and Core Samples (SD6)
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Figure 6.11-22a
Comparison Between Surface Water Environmental Components - Principal Component Value
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Figure 6.11-22b
Comparison Between Surface Water Environmental Components - Principal Component Value
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Figure 6.11-22c
Comparison Between Groundwater Environmental Components - Principal Component Value
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Table 2.1-1:  Summary of Poultry Houses Sampled by Integrator, Grower, Type of Poultry in the House, and 
Sample Date. 
Sample 

ID Integrator Grower Type of 
Poultry 

Date 
Sampled 

FAC-1A Simmons Barney Barnes Broiler 2/2/2006
FAC-1B Simmons Barney Barnes Broiler 2/2/2006
FAC-1C Simmons Barney Barnes Broiler 2/2/2006
FAC-01 Tyson Jim Pigeon Broiler 6/20/2006
FAC-02 Simmons Juana Lofton Broiler 6/21/2006
FAC-03 Simmons Joel Reed Broiler 7/6/2006
FAC-04 Petersons Saunders Broiler 7/12/2006
FAC-05 George's Franklin Glenn Broiler 7/13/2006
FAC-06 Tyson - Westville Complex 123 Ken Butler Broiler 7/20/2006
FAC-07 Tyson Larry McGarrah Broiler 8/3/2006
FAC-08 Cargill Schwabe Turkey 8/15/2006
FAC-09 Cobb Anderson Pullets 8/31/2006
FAC-10 Cobb Anderson-Chancellor Pullets 9/22/2006
FAC-11 George's Morrison Broilers Broiler 10/17/2007
FAC-12 Tyson Barney Nubbie Broiler 11/30/2007
FAC-13 Petersons O'Leary Broiler 11/29/2007
FAC-14 Cargill Masters Turkey 12/7/2007
FAC-15 Tyson Butler Green Country Complex No. 9 Broiler 12/12/2007
FAC-16 George's Ricky Reed Broiler 12/14/2007
FAC-17 Tyson Butler Green Country Complex No. 12 Broiler 12/19/2007

 



 
Table 2.2-1:  Summary of Soil Sampling Locations 

Sample 
ID Integrator Grower Date Sampled 

Applied Fields 

LAL-01 Simmons Barnes - historical 2/2/2006 

LAL-02 Simmons Barnes - compost applied 2/2/2006 

LAL-03 Simmons Non-grower 2/3/2006 

LAL-05 Cobb Anderson & Anderson-Chancellor - Section 30 6/12/2006 - 6/13/2006 

LAL-06 Cobb Anderson - Section 9 6/14/2006 - 6/15/2006 

LAL-07 Tyson Pigeon 6/19/2006 - 6/20/2006 

LAL-08 Tyson* Non-grower 6/19/2006 - 6/21/2006 

LAL-09 Simmons Joel Reed 6/21/2006 - 6/22/2006 & 8/3/2006 (area C)

LAL-10 Tyson Butler - Westville Complex 123 6/26/2006 

LAL-11 Simmons* Non-grower 6/28/2006 - 6/29/2006 

LAL-12 Tyson McGarrah 7/6/2006 - 7/7/2006 

LAL-13 Simmons Collins - historical 7/6/2006 - 7/7/2006 

LAL-14 George's Glenn 7/10/2006 - 7/11/2006 

LAL-15 Petersons Saunders 7/10/2006 & 7/19/2006 

LAL-16 Cargill Schwabe 7/17/2006 - 7/18/2006 

LAL-17 Simmons Loftin 7/17/2006 - 7/18/2006 

LAL-18 Cobb Anderson - Section 33 8/16/2006 & 8/31/2006 (area D) 

LAL-19 George's Morrison Broilers 10/17/2007 - 10/18/2007 

LAL-20 Tyson Research Farm 11/13/2007 - 11/14/2007 

LAL-21 Tyson Barney Nubbie 12/6/2007 - 12/7/2007 

LAL-22 Petersons Engleman 12/18/2007 - 12/19/2007 

LAL-23 George's Ricky Reed 12/13/2007 - 12/14/2007 

Control Fields 

CL-1 N/A N/A 10/24/2006 - 10/25/2006 

CL-2 N/A N/A 10/24/2006 

CL-3 N/A N/A 12/12/2006 

CP-1 N/A N/A 4/1/2008 

CP-2 N/A N/A 4/2/2008 
*Integrators listed for non-growers are from the suspected primary source of waste applied at that location, based on 
landowner statements. 

 



 
Table 2.3-1:  Summary of Edge of Field (EOF) Run-Off Water Samples Collected 

Number of Sample Events by Analysis Group 
Station ID 

Estrogens Bacteria Metals Nitrogens Phosphorus 
Collection Dates 

Colcord Field #1     1   1 4/5/2005 
Colcord Field #2     1   1 4/5/2005 
EOF01 1 1 2 1 2 5/14/2005, 5/23/2005 
EOF02   1 2 1 2 5/14/2005, 5/23/2005 
EOF03     2 1 2 5/14/2005, 5/23/2005 
EOF04     2 1 2 5/14/2005, 5/23/2005 
EOF05     2 1 2 5/14/2005, 5/23/2005 
EOF06     3 1 3 5/14/2005, 5/23/2005 

EOF07 3 2 3 3 3 5/15/2005, 5/23/2005, 
6/5/2005 

EOF07-222 1 1 1 1 1 4/13/2007 
EOF07-230 1 1 1 1 1 4/24/2007 
EOF07-232 1 1 1 1 1 4/24/2007 
EOF07-259 1 1 1 1 1 4/13/2007 
EOF07-LOR#1 1 1 1 1 1 4/24/2007 
EOF08 1 1 3 1 3 5/14/2005, 5/23/2005 

EOF09 1 1 3 2 3 5/15/2005, 5/23/2005, 
6/5/2005 

EOF10     1 1 1 5/23/2005 

EOF11 1 1 3 2 3 5/23/2005, 6/2/2005, 
6/5/2005 

EOF12     2 1 2 5/23/2005, 6/1/2005 
EOF14 1 1 1 1 1 6/2/2005 
EOF15 1 1 1 1 1 6/2/2005 
EOF16 1 1 1 1 1 6/5/2005 
EOF17 1 1 1 1 1 6/5/2005 
EOF18 1 1 1 1 1 6/5/2005 
EOF19 1 1 1 1 1 6/5/2005 
EOF20 1 1 1 1 1 6/5/2005 
EOF21 1 1 1 1 1 6/5/2005 
EOF22 1 1 1 1 1 6/5/2005 
EOF23 1 1 1 1 1 6/5/2005 
EOF24 1 1 1 1 1 6/5/2005 
EOF25 1 1 1 1 1 6/5/2005 
EOF26 1 1 1 1 1 6/5/2005 
EOF27 1 1 1 1 1 6/5/2005 
EOF28 1 1 1 1 1 6/5/2005 
EOF29 1 1 1 1 1 6/5/2005 
EOF30 1 1 1 1 1 6/5/2005 
EOF-321   1       3/21/2006 
EOF-CP-1A   1 1 1 1 3/31/2008 



Table 2.3-1:  Summary of Edge of Field (EOF) Run-Off Water Samples Collected 

Number of Sample Events by Analysis Group 
Station ID 

Estrogens Bacteria Metals Nitrogens Phosphorus 
Collection Dates 

EOF-CP-1B   1 1 1 1 3/31/2008 
EOF-EOF1 1 1 1 1 1 6/17/2006 
EOF-GF1 1 1 1 1 1 3/9/2006 
EOF-SPREAD002 1 1 1 1 1 4/25/2006 
EOF-SPREAD007 2 2 2 2 2 4/25/2006, 5/4/2006 
EOF-SPREAD010 1 1 1 1 1 5/9/2006 
EOF-SPREAD017A 1 1 1 1 1 5/1/2006 
EOF-SPREAD023 2 2 2 2 2 4/25/2006, 6/18/2006 
EOF-SPREAD025 2 2 2 2 2 5/4/2006, 6/18/2006 
EOF-SPREAD026 2 2 2 2 2 4/25/2006, 4/29/2006 
EOF-SPREAD029 1 1 1 1 1 4/25/2006 
EOF-SPREAD030 1 1 1 1 1 3/31/2006 
EOF-SPREAD031 1   1 1 1 4/7/2006 
EOF-SPREAD036 1 1 1 1 1 4/25/2006 
EOF-SPREAD044 1 1 1 1 1 6/18/2006 
EOF-SPREAD048 1 1 1 1 1 5/9/2006 
EOF-SPREAD052 1 1 1 1 1 4/25/2006 
EOF-SPREAD053B 1 1 1 1 1 5/4/2006 
EOF-SPREAD053E 1 1 1 1 1 4/29/2006 
EOF-SPREAD053G 1 1 1 1 1 5/4/2006 
EOF-SPREAD059 1 1 1 1 1 4/29/2006 
EOF-SPREAD060 1 1 1 1 1 4/29/2006 
EOF-SPREAD064 1 1 1 1 1 5/4/2006 
EOF-SPREAD065 1 1 1 1 1 5/4/2006 
EOF-SPREAD068 1 1 1 1 1 6/18/2006 
EOF-SPREAD071 1 1 1 1 1 5/10/2006 
EOF-SPREAD073B 1 1 1 1 1 6/18/2006 
EOF-SPREAD073E 1   1 1 1 6/22/2006 
EOF-WF         1 10/25/2007 
EOF-ZPEOF001 1 1 1 1 1 4/25/2006 
EOF-ZPEOF030 1 1 1 1 1 4/25/2006 
SSA01 1   1 1 1 5/14/2005 

Total 63 63 88 74 89   

 



 
Table 2.4-1:  Summary of Small Tributary Sampling Locations 

Site 
ID Site Name Stream 

Order 
Drainage 

Area  
(sq miles) 

Density of 
Active 
Poultry 
Houses 
(#/mi2) 

USGS 
Flow 
Gage 

Landuse Point 
Sources 

Sampling 
Period 

2 Flint Creek at 
Springtown 3 14.5 2.2 Yes cropland/pasture, 

forest No 2005 – 06

4 
Sager Creek 
near W. Siloam 
Springs 

2 18.3 2.9 Yes cropland/pasture, 
residential Yes 2005 – 06

5 Goose Creek 2 13.9 0.5 No cropland/pasture, 
forest No 2005 – 06

8 N. Trib to Lower 
Baron Fork 2 11.4 3.3 No cropland/pasture, 

forest No 2005 

14 Reference 4  
(Trib to Illinois) 2 4.6 0 No forest, 

cropland/pasture No 2005 – 06

16 Tributary to 
Osage Creek 2 0.8 8.8 No cropland/pasture No 2005 – 06

20 Tributary to 
Cincinatti Creek 2 2.7 15.4 No cropland/pasture No 2005 – 06

21 Moores Creek 2 3.6 8.9 No cropland/pasture, 
forest No 2005 – 06

22 Bush Creek 2 3.4 1.8 No cropland/pasture, 
forest Yes 2005 – 06

23 Budd Kidd Creek 2 25.9 1.9 No cropland/pasture, 
forest No 2005 – 06

26 Five Mile Hollow 
at Flint 2 5.3 0 No forest No 2005 

28A Tyner Creek 3 7.1 0.7 No forest, 
cropland/pasture No 2005 – 

2006 

29 Peacheater 
Creek 2 3.8 2.6 No cropland/pasture No 2006 

30 Tributary to 
Baron Fork 2 4.9 0.6 No forest No 2006 

 
 



 
Table 2.4-2:  Summary of Laboratory Analyses: Small Tributary Sampling 

Analysis Bottle Preservative Minimum 
Volume 

Analytical 
Laboratory Analytical Method 

Total Organic Carbon 2-40-mL glass HCl 80 mL A&L 415.2 

Total Metals+Mo+P 500-mL poly HNO3 125-mL A&L EPA SW-
3050/6010 

Dissolved 
Metals+Mo+P 
(filtered) 

500-mL poly HNO3 125-mL A&L EPA SW-
3050/6010 

TKN, Ammonia 500-mL poly H2SO4 225-mL A&L TKN, 351.3 
Sulfate, Chloride, 
Alkalinity (filtered) 500-mL poly None 350-mL A&L 375.1, 310.2 

Nitrate+Nitrite, TSS, 
TDS, pH 500-mL poly None 400-mL A&L 353.3, 160.2, 

160.1, 150.0 
Total and Dissolved 
Phosphate, ortho 
phosphate 

150-mL poly None 100-mL Aquatic 
Research 365.2 

Estrogens 1000-mL 
amber glass H2SO4 1000-mL GEL LC-MS-MS 

PCR 1000-mL poly 
sterile None 1000-mL Northwind/Idaho 

State University qPCR 

Bacteria 500-mL poly 
sterile None 500-mL EML 

SM-9221B,  
SM-9221F,  
SM-9230B,  
SM-9221F, MPN, 
MPN, MPN 

 
 
 
 
 
 
 
Table 2.4-3:  Summary of Small Tributary Sampling 

Year Sample Sites Sampling Period Total Number of 
Samples Collected 

Highflow Events 
per Site 

Baseflow Events 
per Site 

2005 12 5/25 – 10/12 95 0 – 9 1 -4 
2006 12 3/9 – 6/30 143 4 – 11 2 

 



 
Table 2.5-1:  Summary of Groundwater Sampling Locations 

Station ID Sample 
Date Location Type Property Owner 

Well 
Depth 
(Feet) 

Drinking Water 
Basin 

Area (sq. 
miles) 

Active Poultry 
House Density 
(Houses per sq 

mile) 

Nearest 
Active 
House 

(meters) 
GP-GW01 11/27/2006 Geoprobe Location State/County ROW 3 No 16.4 1.34 2,969 
GP-GW06 6/27/2007 Geoprobe Location State/County ROW 14 No 4.1 0.00 2,051 
GP-GW08 11/28/2006 Geoprobe Location State/County ROW 25 No 5.5 0.36 2,159 
GP-GW08 11/29/2006 Geoprobe Location State/County ROW 25 No 5.5 0.36 2,159 
GP-GW09 11/30/2006 Geoprobe Location State/County ROW 11 No 24.5 0.00 1,152 
GP-GW10 11/30/2006 Geoprobe Location State/County ROW 4 No 8.7 0.35 807 
GP-GW14 6/27/2007 Geoprobe Location State/County ROW 13.6 No 14.8 1.08 972 
GP-GW18A 6/26/2007 Geoprobe Location State/County ROW 16.6 No 11.1 0.54 251 
GP-GW19 11/30/2006 Geoprobe Location State/County ROW 7 No 10.7 2.53 2,045 
GP-GW20 11/30/2006 Geoprobe Location State/County ROW 6 No 10.7 2.53 2,332 
GP-GW26 11/29/2006 Geoprobe Location State/County ROW 15 No 13.4 0.00 6,047 
GP-GW29 6/28/2007 Geoprobe Location State/County ROW 15 No 2.4 0.00 4,708 
GP-GW31 6/28/2007 Geoprobe Location State/County ROW 16.5 No 11.5 0.70 2,502 
GP-GW33 6/25/2007 Geoprobe Location State/County ROW 21.5 No 13.3 2.56 1,364 
GP-GW34 6/26/2007 Geoprobe Location State/County ROW 11 No 13.3 2.56 779 
GP-GW36 6/26/2007 Geoprobe Location State/County ROW 12.7 No 13.3 2.56 533 
GP-GW39 6/27/2007 Geoprobe Location State/County ROW 12.9 No 14.8 1.08 181 
GP-GW40 6/27/2007 Geoprobe Location State/County ROW 14 No 14.8 1.08 126 
GP-GW44 12/1/2006 Geoprobe Location State/County ROW 7 No 17.3 3.76 1,237 
GP-GW48 12/1/2006 Geoprobe Location State/County ROW 11 No 18.3 2.95 1,307 

GW-1 7/7/2006 Residential Well Larry McGarrah n/a Unlikely - no 
evidence of use 17.3 3.76 57 

GW-10 7/18/2006 Residential Well Robert Schwabe n/a Unlikely - cattle well 7.6 0.13 632 
GW-11 7/19/2006 Residential Well Rhonda Brown 140 YES 2.4 0.00 522 
GW-12 7/12/2006 Residential Well Sara Blagg 147 Not Specified 9.8 1.94 532 
GW-12 7/20/2006 Residential Well Sara Blagg 147 Not Specified 9.8 1.94 532 
GW-13 7/20/2006 Residential Well Bill Huestis 100 Not Specified 2.9 0.00 528 
GW-14 7/12/2006 Residential Well Judy Bunch 140 Not Specified 2.0 0.00 524 
GW-14 7/20/2006 Residential Well Judy Bunch 140 Not Specified 2.0 0.00 524 



Table 2.5-1:  Summary of Groundwater Sampling Locations 

Station ID Sample 
Date Location Type Property Owner 

Well 
Depth 
(Feet) 

Drinking Water 
Basin 

Area (sq. 
miles) 

Active Poultry 
House Density 
(Houses per sq 

mile) 

Nearest 
Active 
House 

(meters) 
GW-15 7/20/2006 Residential Well Carl Welch 100 YES 2.8 0.00 274 
GW-16 7/20/2006 Residential Well Charlotte Flute 143 Not Specified 16.4 0.00 1,474 
GW-17 7/20/2006 Residential Well Nowell Peteet n/a Not Specified 4.0 1.50 809 
GW-18 7/20/2006 Residential Well LeeRoy Christie 124 Not Specified 4.0 1.50 915 
GW-19 7/24/2006 Residential Well Michael Davenport 143 YES 2.4 0.00 1,334 

GW-2 7/7/2006 Residential Well Roger Collins n/a No- Former drinking 
water sources 1.7 7.75 35 

GW-21 7/24/2006 Residential Well Bobby Baird 118 YES 2.4 0.00 1,344 
GW-23 7/24/2006 Residential Well Jim Lingla 120 YES 6.0 0.00 1,394 
GW-24 7/25/2006 Residential Well Michelle Seay 150 YES 18.6 4.19 1,381 
GW-25 7/25/2006 Residential Well Martha Guinn 140 YES 1.9 0.51 1,038 
GW-26 7/25/2006 Residential Well Charles Dye 100 YES 1.9 0.51 997 
GW-27 7/25/2006 Residential Well Mose Killer 80 YES 13.4 0.00 1,372 
GW-28 7/26/2006 Residential Well K. Millican 100 No - Irrigation 2.7 1.88 1,145 
GW-29 7/26/2006 Residential Well Bob Granderson 100 YES 2.7 1.88 1,123 
GW-3 7/11/2006 Residential Well Bev & W.A. Saunders 543 Not Specified 6.2 3.72 1,512 
GW-30 7/26/2006 Residential Well Marlyn Potter 136 YES 3.8 3.20 697 
GW-31 8/7/2006 Residential Well Henry J. Wilson, Jr. 150 YES 4.9 1.83 132 
GW-32 8/8/2006 Residential Well Mitchell Chuculate 100 YES 6.2 0.48 598 
GW-32 8/9/2006 Residential Well Mitchell Chuculate 100 YES 6.2 0.48 598 
GW-33 8/9/2006 Residential Well D. Ellis n/a Not Specified 5.0 0.00 1,205 
GW-34 8/10/2006 Residential Well Ronnie Hester 140 YES 11.5 0.70 701 
GW-35 8/10/2006 Residential Well Ronnie Hester 203 No 11.5 0.70 223 
GW-36 8/10/2006 Residential Well Howard Asher 17 YES 8.7 0.35 278 
GW-37 8/10/2006 Residential Well Trey Rogers 100 No- bathing only 16.5 0.24 1,017 
GW-38 8/10/2006 Residential Well Ed Fite 150 YES 1.9 0.00 2,610 
GW-39 8/10/2006 Residential Well Kenneth Oakball 123 Not Specified 5.8 1.72 2,552 
GW-40 8/15/2006 Residential Well Gary Faubian 70 No - Irrigation 16.5 0.24 496 
GW-41 8/15/2006 Residential Well Matthews 75 Not Specified 16.5 0.24 1,470 



Table 2.5-1:  Summary of Groundwater Sampling Locations 

Station ID Sample 
Date Location Type Property Owner 

Well 
Depth 
(Feet) 

Drinking Water 
Basin 

Area (sq. 
miles) 

Active Poultry 
House Density 
(Houses per sq 

mile) 

Nearest 
Active 
House 

(meters) 
GW-42 8/17/2006 Residential Well Dorsey & Jane Brewer n/a YES 20.8 0.00 1,153 
GW-43 8/17/2006 Residential Well Dorsey & Jane Brewer n/a No - Irrigation 20.8 0.00 1,127 
GW-5 7/13/2006 Residential Well Victor Fleig 110 YES 11.4 3.35 769 
GW-50 1/22/2007 Residential Well Davis Beaver 40 YES 11.1 0.54 822 
GW-51 1/22/2007 Residential Well Paul Igo 120 Not Specified 11.1 0.54 910 
GW-52 1/22/2007 Residential Well Everett Ames 80 Not Specified 5.5 0.36 1,355 
GW-53 1/22/2007 Residential Well Oleta McCoy 100 Not Specified 5.5 3.25 1,182 
GW-54 1/23/2007 Residential Well Vernon Reese 100 Not Specified 13.3 2.56 800 
GW-55 1/23/2007 Residential Well Bobby McAlpine 125 Not Specified 2.2 0.00 1,455 
GW-56 1/23/2007 Residential Well Patsy Madewell 150 Not Specified 4.0 1.50 440 
GW-57 1/23/2007 Residential Well Curtis Kindle 123 Not Specified 5.5 0.36 2,396 
GW-58 1/23/2007 Residential Well Joe Jr. Jones 75 Not Specified 11.8 4.64 342 
GW-59 7/30/2007 Residential Well Bill Ames 75 Not Specified 6.0 0.00 1,419 
GW-6 7/13/2006 Residential Well Barbara Kemper 74 YES 18.6 4.19 651 
GW-60 7/10/2007 Residential Well Sharon Beck 40 Not Specified 1.2 0.00 2,446 
GW-61 7/11/2007 Residential Well Bobby Choate 150 Not Specified 15.4 0.72 521 
GW-62 7/11/2007 Residential Well Josie Scism 85 Not Specified 13.3 2.56 792 
GW-63 7/10/2007 Residential Well Leon Dixon 100 Not Specified 2.3 0.00 2,086 

GW-64 6/28/2007 Residential Well Clouis Kuelbs 120 No - Irrigation and 
Livestock 4.4 0.23 705 

GW-65 7/10/2007 Residential Well Shawn Kustenborter 103 Not Specified n/a n/a n/a 
GW-66 7/10/2007 Residential Well Darrell Ross 100 Not Specified 13.3 2.56 867 
GW-67 7/11/2007 Residential Well Rhonda Sewell 140 Not Specified 1.2 0.00 3,169 
GW-68 7/10/2007 Residential Well Lester Turner 28 Not Specified 16.4 0.00 1,081 
GW-69 7/30/2007 Residential Well Jason Vance 70 Not Specified 17.0 0.41 1,728 

GW-7 7/13/2006 Residential Well Brenda and Lonnie 
Thomason 140 YES 18.6 4.19 1,724 

GW-8 7/13/2006 Residential Well Frank Glenn 803 No - Livestock 10.7 2.53 55 
GW-9 7/18/2006 Residential Well Robert Schwabe n/a Unlikely - cattle well 8.7 0.35 981 

 



 
Table 2.6-1:  Summary of Spring Sampling Locations and Dates 

Station ID Sample Date Spring Name Land Owner 
Used for 
Drinking 

Water 

Basin 
Area  

(sq. miles) 

Active Poultry 
House Density 
(houses per sq. 

mile) 

Nearest Active 
Poultry House 

(meters) 

SPR-001JBF050806 6/27/2006   Delia M. Kindle   4.9 0.20 2,992 
SPR-001RPH051806 6/27/2006       0.0  1,044 
SPR-002RPH051006 6/27/2006   Steve Whitmire   3.2 0.63 1,455 
SPR-002X-060706 6/7/2006       8.3 0.00 2,541 

SPR-004RPH051806 6/27/2006   Brian & Sandy 
Shacklerford   0.0  703 

SPR-005RPH051206 6/27/2006   Tera Gebhart   9.8 1.94 1,821 
SPR-005RPH051806 6/27/2006   Walter Duncan   0.0  3,624 
SPR-012RPH051206 6/6/2006   Darrel Abshier   17.0 0.41 635 
SPR-04 5/25/2005 Anderson Spring     6.5 2.47 697 
SPR-07 6/14/2005 Black Fox Springs     8.7 0.35 225 
SPR-07 6/7/2006 Black Fox Springs     8.7 0.35 225 
SPR-14 5/24/2005 Dripping Springs     5.5 0.73 1,235 
SPR-14 6/27/2006 Dripping Springs     5.5 0.73 1,235 
SPR-16 5/25/2005 Elm Springs     9.5 3.89 687 
SPR-16 6/28/2006 Elm Springs     9.5 3.89 687 
SPR-18 5/25/2005 Goad Springs     9.1 2.43 327 
SPR-23 6/16/2005 July Spring V. Potter Yes 16.4 0.00 1,721 
SPR-23 10/12/2005   V. Potter Yes 16.4 0.00 1,721 
SPR-23 6/27/2006   V. Potter Yes 16.4 0.00 1,721 
SPR-24 6/16/2005 Keys Spring     20.8 0.00 241 
SPR-24 10/12/2005 Keys Spring     20.8 0.00 241 
SPR-24 6/6/2006 Keys Spring     20.8 0.00 241 
SPR-25 6/16/2005 Kirk Springs     5.9 0.00 2,788 
SPR-25 10/12/2005       5.9 0.00 2,788 
SPR-25 6/7/2006       5.9 0.00 2,788 
SPR-26 5/26/2005 Living Waters Spring     9.0 2.22 481 
SPR-26 6/28/2006 Living Waters Spring     9.0 2.22 481 
SPR-27 5/24/2005 Logan Spring     14.9 2.22 544 



Table 2.6-1:  Summary of Spring Sampling Locations and Dates 

Station ID Sample Date Spring Name Land Owner 
Used for 
Drinking 

Water 

Basin 
Area  

(sq. miles) 

Active Poultry 
House Density 
(houses per sq. 

mile) 

Nearest Active 
Poultry House 

(meters) 

SPR-27 10/11/2005 Logan Spring     14.9 2.22 544 
SPR-27 6/28/2006 Logan Spring     14.9 2.22 544 
SPR-28 5/25/2005 Osage Spring     16.8 1.25 1,754 
SPR-28 6/28/2006 Osage Spring     16.8 1.25 1,754 
SPR-32 6/2/2005 Salem Springs     2.5 10.62 271 
SPR-32 10/11/2005 Salem Springs     2.5 10.62 271 
SPR-32 6/28/2006 Salem Springs     2.5 10.62 271 
SPR-36 6/2/2005 Tyler Spring     6.4 0.00 1,639 
SPR-36 6/27/2006 Tyler Spring     6.4 0.00 1,639 
SPR-48 5/26/2005       1.5 4.13 531 
SPR-48 10/11/2005       1.5 4.13 531 
SPR-48 6/28/2006       1.5 4.13 531 
SPR-61 5/25/2005 Debby Hugues Spring     3.3 1.54 353 
SPR-61 10/11/2005 Debby Hugues Spring     3.3 1.54 353 
SPR-61 6/28/2006 Debby Hugues Spring     3.3 1.54 353 

SPR-62 6/2/2005 Spring seep 
Limestone     16.4 0.00 1,612 

SPR-63 6/1/2005 Davis Spring     3.8 3.42 113 
SPR-63 6/7/2006 Davis Spring     3.8 3.42 113 
SPR-65 6/14/2005       8.3 0.00 2,575 
SPR-65 10/12/2005       8.3 0.00 2,575 
SPR-Anderson 6/13/2006 Anderson Spring 1 Bill Anderson Yes 10.7 2.53 484 
SPR-Fite 500 8/10/2006 Fite Spring 1 Fite No 1.9 0.00 3,875 
SPR-Fite 501 8/10/2006 Fite Spring 2 Fite No 1.9 0.00 3,873 
SPR-Hester 6/8/2006 Hester Spring 1 Ronnie Hester No 11.5 0.70 652 
SPR-Jones 1/23/2007 Joe Jones Jr. Joe Jones No 13.3 2.56 146 
SPR-LAL15SP2 7/11/2006   Bev & W.A. Saunders No 6.2 3.72 1,751 
SPR-LAL16-SP1 7/18/2006   Robert Schwabe No 7.6 0.13 1,061 
SPR-LAL16-SP2 7/18/2006   Robert Schwabe No 7.6 0.13 458 
SPR-VANCE 7/30/2007 Vance Spring 1 Jason Vance No 17.0 0.41 1,749 



 
Table 2.7-1:  Summary of Stream and Small Impoundment Sampling 

Station ID Latitude Longitude Waterbody Sample Collection Date 

BS-08 35.79517 -94.84580 Caney Creek 8/23/2005 
BS-117 36.02507 -94.32159 Illinois River 9/14/2005 
BS-208 35.97317 -94.67706 Peacheater Creek 9/1/2005, 10/12/2005 

BS-28 35.90448 -94.62292 Peavine Creek 8/23/2005, 10/12/2005,  
11/15/2005 

BS-35 35.87241 -94.45710 Fly Creek 9/22/2005, 10/13/2005, 
11/15/2005 

BS-62A 36.08741 -94.58895 Ballard Creek 8/16/2005, 8/24/2005, 
9/22/2005 

BS-68 36.09154 -94.50596 Cincinnati Creek 8/19/2005, 8/24/2005 
BS-HF04 36.20151 -94.60464 Sager Creek 8/17/2005, 8/24/2005 
BS-HF22 35.91576 -94.43543 Bush Creek 8/25/2005 

BS-HF28A 36.02831 -94.72511 Tyner Creek 8/18/2005 ,8/23/2005 
BS-REF1 35.65246 -94.62246 Little Lee Creek 8/18/2005 ,8/30/2005 
BS-REF2 35.99961 -92.72758 Dry Creek 8/31/2005 
BS-REF3 36.14498 -94.90716 Spring Creek 8/18/2005, 9/1/2005 
HFS-04 36.20174 -94.60510 Sager Creek 10/11/2005 
HFS-05 36.05633 -94.29074 Goose Creek 10/11/2005 
HFS-08 35.95885 -94.63788 Green Creek 10/12/2005 
HFS-16 36.24004 -94.23841 Puppy Creek 8/27/2005, 10/11/2005 
HFS-26 36.19498 -94.72543 Flint Creek Tributary 10/11/2005 

RS-3 35.92308 -94.92347 Illinois River 10/12/2005 
SD-006 35.84148 -94.77278 Caney Creek 4/20/2005 
SD-008 35.84802 -94.68690 Caney Creek 4/20/2005, 10/12/2005 
SD-010 36.20256 -94.60653 Sager Creek 3/1/2005 
SD-012 35.86813 -94.89760 Baron Fork Creek 3/3/2005 
SD-016 35.91518 -94.82123 Wall Trip Branch 3/1/2005 
SD-024 36.00252 -94.63521 Peacheater Creek 3/3/2005 
SD-025 35.94779 -94.68910 Baron Fork Creek 3/3/2005 
SD-027 35.91983 -94.62048 Baron Fork Creek 4/19/2005, 10/12/2005 
SD-028 35.89365 -94.62828 Peavine Creek 3/3/2005 
SD-029 35.87495 -94.56977 Evansville Creek 4/19/2005, 10/12/2005 
SD-031 35.90578 -94.51697 Baron Fork Creek 4/20/2005, 10/11/2005 
SD-032 35.88002 -94.48724 Baron Fork Creek 3/2/2005 
SD-033 35.89825 -94.44724 Baron Fork Creek 3/2/2005, 10/13/2005 
SD-035 35.86872 -94.40340 Fly Creek 3/2/2005 
SD-037 35.89190 -94.95575 Tahlequah Creek 3/1/2005 
SD-039 35.92283 -94.92385 Illinois River 3/1/2005 
SD-046 35.96550 -94.91082 Illinois River 3/1/2005 
SD-051 36.09960 -94.82505 Illinois River 3/1/2005 
SD-057 36.21700 -94.60380 Flint Creek 3/1/2005, 10/11/2005 



Table 2.7-1:  Summary of Stream and Small Impoundment Sampling 

Station ID Latitude Longitude Waterbody Sample Collection Date 

SD-059 36.25580 -94.43374 Flint Creek 3/1/2005 
SD-061 36.12962 -94.57223 Illinois River 3/3/2005, 10/13/2005 
SD-062 36.04408 -94.56815 Ballard Creek 3/3/2005, 10/11/2005 

SD-062-V1 36.08741 -94.58895 Ballard Creek 10/11/2005 
SD-062-V2 36.08741 -94.58895 Ballard Creek 10/11/2005 

SD-063 36.01442 -94.54653 Ballard Creek 4/19/2005 
SD-064 35.94577 -94.47901 Ballard Creek 3/3/2005 
SD-068 36.04103 -94.51307 Illinois River 3/3/2005 
SD-071 36.16681 -94.43478 Illinois River 3/4/2005 
SD-074 36.19181 -94.38753 Osage Creek 3/4/2005 
SD-079 36.19728 -94.33782 Osage Creek 3/2/2005 

SD-083 36.25819 -94.31759 Lick Branch 3/2/2005, 10/11/2005, 
11/15/2005 

SD-084 36.22169 -94.28772 Osage Creek 3/2/2005 
SD-086 36.28206 -94.26900 Little Osage Creek 3/2/2005 
SD-092 36.23993 -94.23819 Puppy Creek 3/2/2005 
SD-094 36.26550 -94.23770 Osage Creek 3/2/2005 
SD-095 36.29352 -94.15710 Osage Creek 3/2/2005 
SD-096 36.17734 -94.39185 Illinois River 3/4/2005 
SD-103 36.11967 -94.14404 Mud Creek 3/3/2005 
SD-104 36.10157 -94.34403 Illinois River 3/4/2005 
SD-105 36.05853 -94.35086 Muddy Fork Creek 3/3/2005 
SD-107 36.01850 -94.37421 Moores Creek 3/3/2005 
SD-109 35.99835 -94.42715 Moores Creek 3/3/2005 
SD-111 35.97149 -94.33392 Muddy Fork Creek 3/3/2005 
SD-112 36.05455 -94.31865 Illinois River 3/4/2005 
SD-116 35.95389 -94.24958 Illinois River 3/3/2005 
SD-117 35.92015 -94.27319 Illinois River 3/3/2005 
SD-201 35.90998 -94.56000 Baron Fork Creek 4/19/2005, 10/12/2005 
SD-202 35.81127 -94.55250 Evansville Creek 4/20/2005, 10/12/2005 
SD-203 35.80498 -94.49470 Evansville Creek Tributary 4/20/2005, 10/13/2005 

SD-203-V1 35.80498 -94.49470 Evansville Creek Tributary 10/13/2005 
SD-203-V2 35.80498 -94.49470 Evansville Creek Tributary 10/13/2005 

SD-204 35.83135 -94.57498 Evansville Creek 4/20/2005 
SD-205 36.10518 -94.56557 Ballard Creek 4/19/2005 
SD-206 35.84465 -94.79148 Bidding Creek 4/20/2005 
SD-207 35.85538 -94.77525 Bidding Creek 4/20/2005 
SD-208 36.02288 -94.61883 Peacheater Creek 4/19/2005 

SD-210 36.23423 -94.67092 Flint Creek Tributary 4/18/2005, 10/11/2005, 
11/15/2005 

SD-211 36.23337 -94.61908 Crazy Creek 4/18/2005 



Table 2.7-1:  Summary of Stream and Small Impoundment Sampling 

Station ID Latitude Longitude Waterbody Sample Collection Date 

SD-212 36.21665 -94.66348 Flint Creek 4/18/2005 
SD-213 36.23453 -94.59015 Flint Creek Tributary 4/18/2005 
SD-214 36.07117 -94.67695 Tyner Creek 4/19/2005 

SD-301 36.00970 -94.81317 Pumpkin Hollow 4/4/2005, 4/20/2005, 
10/12/2005, 11/15/2005 

SD-302 35.98577 -94.87712 Tully Hollow 4/4/2005, 4/20/2005 
SD-303 35.99797 -94.89727 Cedar Hollow 4/4/2005, 4/20/2005 
SD-304 35.93965 -92.71375 Bear Creek 6/25/2005 
SD-305 35.94017 -92.71090 Bear Creek 6/25/2005 
SD-306 35.90700 -92.81987 Calf Creek 6/25/2005 
SD-307 35.99867 -92.72732 Dry Creek 6/25/2005 
SD-308 36.30720 -92.56793 White River 6/25/2005 
SD-S03 35.50765 -94.83299 Sallisaw Creek 3/2/2005 
SD-S04 35.55883 -94.73491 Brushy Creek 3/2/2005 
SD-S06 35.65622 -94.74656 Sallisaw Creek 3/2/2005 

LKSD-1L-A 35.97197 -94.35436 Budd Kidd Lake 3/16/2005 
LKSD-1L-B 35.96851 -94.35362 Budd Kidd Lake 3/16/2005 
LKSD-2L 36.23973 -94.54564 Flint Creek Lake 3/15/2005 
LKSD-3L 36.19702 -94.21931 Lake Elmdale 3/15/2005 
LKSD-4L 36.13435 -94.13868 Lake Fayetteville 3/15/2005 

LKSD-5L-A 36.13032 -94.56040 Lake Frances 3/16/2005 
LKSD-5L-B 36.12357 -94.55654 Lake Frances 3/16/2005 
LKSD-6L 36.00328 -94.42197 Lake Lincoln 3/16/2005 
LKSD-7L 35.93685 -94.33747 Lake Prairie Grove 3/15/2005 
LKSD-8L 36.09172 -94.36685 Lake Weddington 3/16/2005 
LKSD-9L 36.22306 -94.54196 Siloam Springs City Lake 3/15/2005 

LKSD-S15 35.76354 -94.70832 Stillwell City Lake 3/17/2005 
 



 
Table 2.8-1:  Summary for the 2005 River and Biological Sampling 

Number of Surface Water Samples by Parameter Group Biological Samples 

Station ID 
Bacteria Chloride Dissolved 

Metals 
Total 

Metals Estrogens Forms of 
Phosphorus 

Nitrogen 
Compounds Sulfate 

Total 
Dissolved 

Solids 

Water 
Quality 

Parameters 
Total Fish 

Benthic 
Invertebrates 

(BMI) 
Periphyton 

Sample 
Dates 

BS-08 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 8/23 

BS-117 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 9/14 

BS-208 2 1 1 1 1 2 1 1 1  17 Yes Yes Yes 9/1, 
10/12 

BS-28 2 1 1 1 2 2 1 1 1  18 Yes Yes Yes 8/23,  
10/12 

BS-35 3 1 1 1 2 2 1 1 1 1 23 Yes Yes Yes 
9/22, 

10/13, 
11/15 

BS-62A 1  1 1 1 1 1  1  10 Yes Yes Yes 8/16, 
8/24 

BS-68 1  1 1 1 1 1  1  10 Yes Yes Yes 8/19, 
8/24 

BS-HF04 1  1 1 1 1 1  1  10 Yes Yes Yes 8/17, 
8/24 

BS-HF22 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 8/24 

BS-HF28A 1  1 1 1 1 1  1  10 Yes Yes Yes 8/18, 
8/23 

BS-REF1 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 8/30 

BS-REF2 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 8/31 

BS-REF3 1 1 1 1 1 1 1 1 1  12 Yes Yes Yes 9/1 

 



 
 
 
 
 
 
Table 2.8-2:  Summary of Site Selection Based on Poultry House 
Densities During the 2006 River and Biological Program 

Quintile Number of original Sites Selected in each Quintile 

1 51 
2 52 
3 52 
4 55 
5 44 

Large Watersheds 22 
No Data 20 

 
 
 
 
 
 
 
 
Table 2.8-3:  Summary of Sites Selected for Intensive Biological Sampling by Field PO4 
Quintile 
Quintile Range of Field Measured PO4 Number of original Sites Selected in each Quintile 

1 <  0.08 9 
2 0.08 - 0.15 12 
3 0.15- 0.24 10 
4 0.24 - 0.54 17 
5 > 0.54 24 

note: quintiles created from 194 Phase 1 sampling stations 

 



 
Table 2.8-4:  Summary of the 2006 River and Biological Program Sampling 

Number of Samples Collected 
Parameter Group 

Phase 1 Phase 2 Total 

Bacteria 0 50 50 
Chlorophyll a 0 72 72 
Estrogens 0 37 37 
Forms Of Phosphorus 145 72 217 
Nitrogen Compounds 145 70 215 
Sulfate 0 38 38 
Chloride 0 38 38 
Dissolved Metals 0 38 38 
Total Metals 0 38 38 
Total/Dissolved Organic Carbon 17 14 31 
Total/Dissolved Solids 0 38 38 

 
 
 
 
 
Table 2.8-5:  Summary of Full Suite Sample Sites by Selection Criteria 

Chicken House Quintile Number of Sites 

1 4 
2 2 
3 5 
4 6 
5 8 

None (large river sites) 10 

Field PO4 Quintile Number of Sites 

1 5 
2 6 
3 6 
4 9 
5 6 

Not sampled 3 
Note:  includes HFS-30 sampled for full suite although not one of the 70 
Biological Stations 

 



 
Table 2.8-6:  Summary of the 2007 River and Biological Program Sampling 

Number of Samples collected by Sub-task 

Subtask 1a Subtask 1b Subtask 1c Subtask 1d Subtask 2 Parameter Group 

 Pre-survey Weekly Intensive  Full 
Suite 

Partial 
Suite Biological Synoptic 

Total 
Number of 
Samples  

Bacteria    36 2   38 
Chlorophyll a, Benthic   414     414 
Chlorophyll a, Sestonic   72   38  110 
Diatoms   70     70 
Benthic Macroinvertebrates   70     70 
Estrogens    36    36 
Forms Of P  613 70 36 35 37  791 
Nitrogen Compounds    36 35 38  109 
Chloride    36  38  74 
Sulfate    36    36 
Dissolved Metals    36    36 
Total Metals    36    36 
Total/Dissolved Organic Carbon  72 70 36 35 34  247 
Total Suspended/Dissolved Solids    36    36 
Field PO4 samples 86      99 185 

 



 
 
Table 2.10-1:  Summary of USGS Sampling Efforts as of 4/30/2008 

Approximate Number of Samples for Parameter Groups at Each Station 
Station ID 

Number of 
Dates 

Sampled 
Date Ranges 

Bacteria Chloride Dissolved 
Metals 

Total 
Metals Estrogens Forms of 

Phosphorus 
Nitrogen 

Compounds Sulfate Suspended 
Sediment 

Total 

07195500 50 04/12/2005 - 
04/01/2008 30 22 24 24 29 32 30 22 18 231 

07196000 42 04/22/2005 - 
04/01/2008 29 24 24 24 21 29 29 24 13 217 

07196090 45 04/12/2005 - 
04/02/2008 31 23 26 26 27 32 32 23 15 235 

07196500 52 04/13/2005 - 
04/02/2008 32 25 26 26 28 33 33 25 18 246 

07197000 43 04/29/2005 - 
04/01/2008 28 24 24 24 24 30 30 24 13 221 

07197360 35 07/11/2005 - 
03/19/2008 23 19 19 19 19 21 21 19 8 168 

07195855 6 10/10/2006 - 
08/07/2007      6 6  1 13 

07195865 6 10/10/2006 - 
08/07/2007      6 6   12 

 



 
Table 2.11-1:  Raw Water Intakes on and Around Lake Tenkiller, Populations Served, and CDM Sampling Summary 

System Name Public Water 
Supply ID Source 

Residential 
Population 

Served 

Transient 
Population 

Served 

Wholesale 
Population 

Served 

Number of 
CDM Sampling 

Events 
CDM Station ID Status 

Tahlequah PWA OK1021701 Illinois River 14458 - 3973 12 RWI-TAHPWA   
Gore PWA OK1021773 Lake Tenkiller 1688 - - 15 RWI-GOREPWA   
Cherokee Co RWD #13 OK1021721 Lake Tenkiller 1640 480 - 13 RWI-CHRWD13   
Cherokee Co RWD # 2 (Keys) OK1021711 Lake Tenkiller 1188 - 51 15 RWI-CHRWD2   
Adair Co RWD #5 OK1021770 Baron Fork Creek 675 275 - 9 RWI-ADRWD5   
LRED (Dutchmans Cabins) OK1021722 Lake Tenkiller 145 - - - - Inactive 
East Central Okla Water Auth OK1021713 Lake Tenkiller 1200 - - - -   
Fin & Feather Resort OK1021730 Lake Tenkiller 150 - - 2 RWI-FINFEA   
LRED (Chicken Creek) OK1021707 Lake Tenkiller 272 - 30 - -   
LRED (Lakewood) OK1021731 Lake Tenkiller 200 - 50 2 RWI-LREDLW   
LRED (Wildcat) OK1021703 Lake Tenkiller 200 - 50 - -   
LRED (Woodhaven) OK1021727 Lake Tenkiller 200 - - 2 RWI-LREDWH   
Paradise Hill Water Users Assn OK1021716 Lake Tenkiller 270 - - - - Inactive 
Pettit Mt Water OK1021702 Lake Tenkiller 90 - - - -   
Sequoyah Co RWD # 5 OK1021775 Illinois River 1075 - - - -   

Sequoyah County Water Assoc. OK1020210 Lake Tenkiller, Lee Creek, 
Roland 13460 - 2259 - -   

Summit Water Company Inc OK1021710 Lake Tenkiller 120 - 100 2 RWI-SUMWCI Inactive 
Tenkiller Aqua Park OK1021745 Lake Tenkiller 150 - - 2 RWI-TKAP   
Tenkiller Utility Co OK1021756 Lake Tenkiller 500 - - 2 RWI-TKUC   
Flintridge RWD OK1021694 Illinois River, Clear Lake 1300 - - - - Emergency use only 
Tenkiller State Park OK1021714 Lake Tenkiller 150 - - 2 RWI-TKSP Inactive 
Burnt Cabin RWD OK1021763 Lake Tenkiller 118 - - - -   
Burnt Cabin Ridge Water OK1021757 Lake Tenkiller - 650 - - - inactive 
Cherokee Landing Motel OK1021754 Lake Tenkiller - 50 - - - inactive 
Cherokee Landing State Park OK3001117 Lake Tenkiller - 25 - - - inactive 
Cherokee Land Yacht Harbor OK1021718 Lake Tenkiller 100 - - - - Inactive 
Dept Of Human Services OK1021752 Lake Tenkiller 400 - - - - Inactive 
Mongolds Water System OK1021765 Lake Tenkiller 24 - - - -   
Pettit Bay Resort OK1021755 Lake Tenkiller - 30 - - -   



 
Table 2.11-2:  Summary of Samples Collected During the 2005 Lake Events 

Approximate Number of Sample Collected for Each Parameter Group at each Site 

Station ID Bacteria Chloride 
Chlorophyll 

a 
Dissolved 

Metals Estrogens 
Forms Of 

Phosphorus 
Nitrogen 

Compounds Sulfate THM 
Total 

Metals 

Total 
Dissolved 

Solids Phytoplankton Zooplankton 

Primary Lake Stations 
LK-01 3 6 46 31 4 78 57 6 - 31 40 16 14 
LK-02 3 6 41 30 4 84 60 6 - 30 42 16 14 
LK-03 3 6 37 30 3 53 44 6 - 32 41 16 14 
LK-04 2 3 17 14 2 22 14 3 - 14 14 11 9 
Raw Water Intakes 
RWI-ADRWD5 - - - - - - - - 5 - - - - 
RWI-CHRWD13 1 - 2 - - 1 - - 6 - - 2 - 
RWI-CHRWD2 1 - 2 - - 1 - - 6 - - 2 - 
RWI-FINFEA 1 - 2 - - 1 - - 1 - - 2 - 
RWI-GOREPWA 1 - 2 - - 1 - - 6 - - 1 - 
RWI-LREDLW 1 - 2 - - 1 - - 1 - - 2 - 
RWI-LREDWH 2 - 2 - - 1 - - 1 - - 1 - 
RWI-SUMWCI 1 - 2 - - 1 - - 1 - - 3 - 
RWI-TAHPWA 1 - - - - - - - 6 - - - - 
RWI-TKAP 1 - 2 - - 1 - - 1 - - 2 - 
RWI-TKSP 1 - 2 - - 1 - - 1 - - 1 - 
RWI-TKUC 1 - 2 - - 1 - - 1 - - 2 - 
Beach Sampling 
SK-LANDINGS-SP 1 - - - - - - - - - - 1 - 
TK-SP-BEACH 1 - - - - - - - - - - 1 - 
PETTIT BEACH 1 - - - - - - - - - - 1 - 
River Inlet Stations  
RS-1 1 2 9 9 1 10 9 2 - 9 9 - - 
RS-2 1 2 9 9 1 10 9 2 - 9 9 - - 
RS-3 1 2 9 9 1 11 9 2 - 9 9 - - 

 



Table 2.11-3:  Summary of Samples Collected During the 2006 Lake Events 

Approximate Number of Sample Collected for Each Parameter Group at each Site 

Station ID 
Bacteria Chloride Chlorophyll 

a COD/BOD Dissolved 
Metals Estrogens Forms Of 

Phosphorus 
Misc. 
AAL 
Data 

Nitrogen 
Compounds Sulfate THM Total 

Metals 

Total 
Dissolved 
Organic 
Carbon 

Total 
Dissolved 

Solids 

Water 
Quality 

Parameters 
Phytoplankton Zooplankton 

Primary Lake Stations 
LK-01 5 14 47 38 14 10 87 - 87 14 - 4 30 87 87 17 14 
LK-02 5 14 42 39 14 10 87 - 87 14 - 4 30 87 86 13 14 
LK-03 5 8 36 15 10 8 35 - 35 8 - 1 16 35 35 14 14 
LK-04 5 7 34 14 8 7 34 - 34 7 - 1 16 34 34 14 14 

Raw Water Intakes 
RWI-ADRWD5 - - 2 - - - - - - - 3 - - - - - - 
RWI-CHRWD13 - - 2 - - - - - - - 3 - - - - - - 
RWI-CHRWD2 - - 4 - - - - 2 - - 6 - - - - - - 
RWI-FINFEA - - 1 - - - - - - - 1 - - - - - - 
RWI-GOREPWA - - 4 - - - - 2 - - 6 - - - - - - 
RWI-LREDLW - - 1 - - - - - - - 1 - - - - - - 
RWI-LREDWH - - 1 - - - - - - - 1 - - - - - - 
RWI-SUMWCI - - 1 - - - - - - - 1 - - - - - - 
RWI-TAHPWA - - 4 - - - - 1 - - 6 - - - - - - 
RWI-TKAP - - 1 - - - - - - - 1 - - - - - - 
RWI-TKSP - - 1 - - - - - - - 1 - - - - - - 
RWI-TKUC - - 1 - - - - - - - 1 - - - - - - 

Beach Sampling 
LK-CB 4 - - - - - - - - - - - - - - 4 - 
LK-CLSP 4 - - - - - - - - - - - - - - 4 - 
LK-TKSP 4 - - - - - - - - - - - - - - 4 - 

River Inlet Stations  
RS-1 6 4 14 6 5 4 15 - 15 4 - 5 8 14 14 - - 
RS-2 6 4 14 6 5 3 15 - 15 4 1 5 8 14 14 - - 
RS-3 6 4 14 6 5 4 15 - 15 4 - 5 8 14 13 - - 

 
 



 
Table 2.11-4:  Summary of Samples Collected During the 2007 Lake Events 

Approximate Number of Sample Collected for Each Parameter Group at each Site 
Station ID Chlorophyll 

a 
Forms Of 

Phosphorus 
Nitrogen 

Compounds THM 
Water 

Quality 
Parameters 

Phytoplankton 

Primary Lake Stations  

LK-01 3 8 4  4 3 
LK-02 3 8 4  4 3 
LK-03 3 8 4  4 3 
LK-04 3 8 4  4 3 

Raw Water Intakes  

RWI-CHRWD13 3   2  2 
RWI-CHRWD2 3   3  2 
RWI-GOREPWA 3   2  2 

 
 
 
 
 
 
 
 
 
Figure 2.13-1:  Total Phosphorus Concentration in Sediment and Poultry House Density Used 
for Reference Location Selection 

Stream Name Station ID 
Total P in 
Sediment 

mg/Kg 

Chicken 
Houses per 

Square Mile in 
watershed 

Sampling Period 

Spring Creek BS-REF3 237 0.75 2005 
Little Lee Creek RS-10003/BS-REF1 117 0.14 2005-2007 
Dry Creek BS-REF2 91 <0.01 2005 
Little Lee Creek RS-10004 - 0.042 2006-2007 

 



 
Table 2.13-2:  Number of Sampling Events for Each Parameter Group at the Primary 
Reference Stream Locations 

Number of Sampling Events 
Parameter Group 

BS-REF1 BS-REF2 BS-REF3 RS-10004 

Surface Water  

Bacteria 1 1 1 1 
Chloride 2 1 1 3 
Chlorophyll a 2 - - 3 
Dissolved Metals 1 1 1 1 
Estrogens 1 1 1 1 
Forms Of P 12 1 1 12 
Nitrogen Compounds 3 1 1 3 
Sulfate 1 1 1 1 
Total Metals 1 1 1 1 
Total/Dissolved Organic Carbon 1 - - - 
Total/Dissolved Solids 1 1 1 1 

Sediment 

Bacteria 2 1 2 - 
Chloride 2 1 2 - 
Estrogens 1 1 1 - 
Forms Of P 2 1 2 - 
Nitrogen Compounds 2 1 2 - 
Sediment Toxicity 1 1 1 - 
Soil/Sediment Classifications 2 1 2 - 
Sulfate 2 1 2 - 
Total Metals 2 1 2 - 

Biota 

Benthic Macroinvertebrates 3 1 1 2 
Periphyton 3 1 1 3 
Fish 2 1 1 1 

 



 
Table 2.13-3:  Comparison of Reservoirs Selected as Potential Reference Locations to Lake Tenkiller 

 Tenkiller Broken Bow Stockton Lake Clearwater Lake Table Rock 

Reservoir Yes Yes Yes Yes Yes 

Year Constructed 1952 1970 1969 (impoundment 
began) 

Begun 1940 
Completed 1948-1951 

Completed 1954-1958 
(1959) 

Major Tributary Illinois River Mountain Fork River Little Sac River Black River White River 

Existing WQ Data   

Chlorophyll, Total-P, 
transparency data at a 
deep station that is 
oligotrophic; 21 years 

Chlorophyll, Total-P, 
transparency data at a 
deep station that is 
oligotrophic; 20 years 

Chlorophyll, Total-P, 
transparency data at a 
deep station that is 
oligotrophic; 20 years 

EPA EcoRegion 39 (Ozark Highlands) 36 (Ouachita 
Mountains) 39 (Ozark Highlands) 39 (Ozark Highlands) 39 (Ozark Highlands) 

Relevant State and 
Counties 

Adair,OK 
Delaware, OK 
Benton, AR 
Washington, AR 

OK Cedar, MO 
Polk, MO 

Reynolds, MO 
Iron, MO 
Wayne, MO 
Butler, MO 

 

Mean Depth ~ 16 m 19.7 m 12.3 m 11.7 m 19.2 m 
Surface Area (flood 
control pool; acres)   38,300 10,250 52,300 

Surface Area 
(multipurpose pool; 
acres) 

12,906 (normal pool) 14,211 (normal pool) 24,300 1,650 (conservation 
pool) 

43,100 (conservation 
pool) 

Storage Flood Control 
Pool (acre-ft) 1,230,800 1,368,245 875,000 413,000 3,462,000 

Storage Multipurpose 
Pool(acre-ft) 654,100 918,090 776,000 22,000 (conservation 

pool) 2,702,000 

Drainage Area (mi2) 1,610 754 1,150 898 4,020 
Poultry Population  
(2002 Broiler Sales) 110,471,049 30,727,935 30,725 30,735 16,679,124 

Poultry Population  
(2002 Turkey  Sales) 3,208,345 0 79,061 0 861,588 

Cattle Population 212,527 47,930 23,113 1,850 27,888 
Swine Population  
(2002 Hog Sales) 146,856 81,981 1,041 27 8,000 

Summer Average 
Chlorophyll-A (mg/L)   5.7 4.5 4.3 

Total P (mg/L)   11 14 10 

 



 
Figure 2.13-4 Summary of Samples Collected at Broken Bow Reservoir and Stockton Lake, 2007 

Approximate Number of Samples Collected for Each Parameter Group at each Site 
Surface Water Samples Sediment Samples Station ID 

Chlorophyll 
a 

Forms of 
Phosphorus 

Nitrogen 
Compounds THM Water Quality 

Parameters Phytoplankton Sediment 
Chemistry 

Benthic Macro-
invertebrates 

Broken Bow Reservoir 

BBL-03 2 6 2 - 2 2 1 1 
BBL-06 2 6 2 2 2 2 1 1 
BBL-07 2 6 2 - 2 2 1 1 
BBL-08 2 6 2 2 2 2 1 1 

Stockton Lake 

SLK-01 2 6 2 2 2 2 1 1 
SLK-02 2 6 2 - 2 2 1 1 
SLK-03 2 6 2 2 2 2 1 1 
SLK-04 2 6 2 - 2 2 1 1 
SLK-05 2 6 2 - 2 2 - - 

 



 
 
Table 2.14-1 Summary of Number and Type of Manure Samples Collected 

Fecal Source Number of Samples 
for DNA Analysis 

Number of Samples for Full Suite 
Chemical Analyses 

Beef Cattle 31 10 

Dairy Cattle 6 - 

Ducks 11 - 

Geese 11 - 

Humans 7 - 

Swine 3 - 

 
 
 
 
 
 
 
Table 2.15-1:  Summary of the Poultry House Datasets Created and Used During the Course of the 
Investigation 
 Preliminary Dataset Interim Dataset Final Dataset 

Database issue date 2005 7/1/2006 4/22/2008 

Aerial Imagery Source 2001 OSU data and 2003-
2004 NAIP Aerials 2005 mosaic 2005 mosaic 

Raw House Count 3629 3656 3656 
Abandoned Houses - 345 361 
Active Houses - 1967 1918 
Inactive Houses - 826 836 
N/A - 121 137 
Removed Houses - 106 110 
Status Unknown - 291 294 

Source of Status 
Information None 

Aerial photographs, 
preliminary field 
investigation 

Aerial photographs, 
2007-2008 field 
investigations 

 
  



 

 
Table 3.3-1:  Primary Analysis Performed on Solid Samples 

Parameter Approx. # of 
Samples Laboratory Method No. Method Title 

Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (SW-846), Third Edition, Final Update III 

Metals and P 264 A&L 6020/3050(prep) Total and dissolved metals by Inductively Coupled Plasma-Mass 
Spectrometry 

Metals and P 96 A&L, Aquatic 6010/3050(prep) Total and dissolved metals by Inductively Coupled Plasma-Atomic 
Emission Spectrometry 

Mercury 230 A&L 7471 Mercury in solid or semisolid waste (Manual Cold Vapor 
techniques) / in Liquid Waste 

pH 47 A&L 9045D Soil and Waste pH 
Standard Methods for the Examination of Water and Wastewater, 20th Edition 1998 
Staphylococcus aureus  37 EML 9213B Swimming Pools 
Total Coliform 132 EML 9221B Standard Total Coliform Fermentation Technique 
Fecal Coliform  127 EML 9221E Fecal Coliform Procedure 
E. coli  52 A&L 9221F Escherichia coli Procedure 
Fecal Coliform  40 A&L 9222D Fecal Coliform Membrane Filter Procedure 

Enterococcus Group  132 EML 9230B Fecal Streptococcus and Enterococcus Groups Multiple-Tube 
Technique 

Enterococcus  64 A&L 9230C Fecal Streptococcus and Enterococcus Groups Membrane Filter 
Technique 

Salmonella species  36 EML 9260B General Qualitative Isolation and Identification Procedure for 
Salmonella 

Salmonella  40 A&L 9260D Quantitative Salmonella Procedure 
Bacteriological Analytical Manual, 8th Edition 1998, FDA 
Staphylococcus aureus 24 A&L BAM-12 Staphylococcus aureus 
Salmonella species 98 EML BAM-5 Salmonella 
Campylobacter species 55 EML BAM-7 Campylobacter 

Coliform Plate Count 24 A&L BAM-4 (ECOLI PC) Enumeration of Escherichia coli  
and the Coliform Bacteria 

Methods of Phosphorus Analysis for Soils, Sediments, Residuals, and Waters 
Mehlich 3 347 A&L Mehlich 3 Soil Test Phosphorus: Mehlich 3 



 

Table 3.3-1:  Primary Analysis Performed on Solid Samples 

Parameter Approx. # of 
Samples Laboratory Method No. Method Title 

Miscellaneous Methods 
Estrogens 96 GEL GEL SOP LCMS Analysis of Estrogen in Solids 

Soil Texture 212 A&L Soil Texture Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

SOIL PH 1:1 256 A&L SOIL PH 1:1 Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

SOLUBLE SALTS 1:2 231 A&L Soluble Salts 1:2 Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

Nitrate-N (Water Soluble) 
Phosphorus (Water Soluble) 
Sulfate 
Chloride 
Ammonium 

202 A&L SOLUBLE 
NUTRIENTS 

Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

WALKLEY-BLACK 69 A&L WALKLEY-BLACK Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

OM-WB-COLOR 280 A&L OM-WB-COLOR Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

SOIL TOTAL N 314 A&L SOIL TOTAL N Methods of Soil Analysis, Part 2 – Chemical and Microbiological 
Properties, 2nd Edition, 1982 

 



 

 
Table 3.3-2:  Primary Analysis Performed on Aqueous Samples 

Parameter Approx. # of 
Samples Laboratory Method No. Method Title 

Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (SW-846), Third Edition, Final Update III 

Metals and P 1043 A&L 6020/3050(prep) Total and dissolved metals by Inductively Coupled Plasma-Mass 
Spectrometry 

Metals and P 316 A&L, Aquatic 6010/3050(prep) Total and dissolved metals by Inductively Coupled Plasma-Atomic 
Emission Spectrometry 

Methods for Chemical Analysis of Water and Wastes, 3rd Edition, March 1983 

Mercury 1030 A&L 245.1 Manual Cold Vapor technique 
Conductivity 194 A&L 120.1 Conductance, Specific Conductance 
pH  407 A&L 150.1 pH, Electrometric Measurement 
Total Dissolved Solids 856 A&L 160.1 Residue, Filterable, Gravimetric, Dried at 180ºC (TDS) 
Total Suspended Solids 861 A&L 160.2 Residue, Non-Filterable, Gravimetric, Dried at 103-105ºC (TSS) 
Turbidity  283 A&L 180.1 Turbidity, Nephelometric 
Chloride, Nitrate + Nitrite (as N) 
and Sulfate  1232 A&L 300.0 Anions by Ion Chromatography 

Alkalinity  512 A&L 310.1 Alkalinity (Titrimetric pH 4.5) 

Ammonia Nitrogen 82 A&L 350.2 Nitrogen (Ammonia, Colorimetric, Titrimetric, Potentiometric 
Distillation Procedure) 

Ammonia Nitrogen 393 A&L 350.3 Nitrogen (Ammonia, Potentiometric Ion Selective Electrode) 
Total Kjeldahl Nitrogen (TKN)  1097 A&L 351.3 Nitrogen (Kjeldahl, Total, Colorimetric, Titrimetric, Potentiometric) 
Total Phosphorus 
Total Dissolved Phosphorous 
Total Ortho Phosphorus 

354 A&L 365.2 Phosphorus (All Forms, Colorimetric, Ascorbic Acid, Single 
Reagent) 

Chemical Oxygen Demand 124 A&L 410.4 Chemical Oxygen Demand (Colorimetric, Automated; Manual) 
Total Organic Carbon 1396 A&L 415.1 Organic Carbon (Total, Combustion or Oxidation) 

Standard Methods for the Examination of Water and Wastewater, 20th Edition 1998 

Nitrogen (Nitrate) 53 A&L 4500NO3-E Cadmium Reduction Method 
Alkalinity 79 A&L 2320B Titration Method 
Total Dissolved Solids 63 A&L, Aquatic 2540C Total Dissolved Solids Dried at 180ºC 
Total Suspended Solids 61 A&L 2540D Total Suspended Solids Dried at 103-105ºC 
pH 61 A&L 4500H+ B. Electrometric Method 
Ammonia Nitrogen 63 A&L 4500-NH3D Ammonia-Selective Electrode Method 
Total Kjeldahl nitrogen (TKN) 168 A&L 4500-Norg-TKN Macro Kjeldahl Method 
Nitrate + Nitrite (as N) 63 A&L 4500-NO3E Cadmium Reduction Method 



 

Table 3.3-2:  Primary Analysis Performed on Aqueous Samples 

Parameter Approx. # of 
Samples Laboratory Method No. Method Title 

Soluble Reactive P 
Total Phosphorus 
Total Dissolved Phosphorous 

1950 Aquatic 4500PF Automated Ascorbic Acid Reduction Method 

Disinfection By-Products 
(Haloacetic acids and 
Trichlorophenol) 

45 Alpha 6251 Disinfection By-Products 

Total Organic Carbon 20 A&L 5310B High Temperature Combustion Method 
THMFP as CHCl3 76 A&L 5710B Trihalomethane Formation Potential (THMFP) 
Staphylococcus aureus  112 EML 9213B Swimming Pools 
Total Coliform 645 EML 9221B Standard Total Coliform Fermentation Technique 
Fecal Coliform  643 EML 9221E Fecal Coliform Procedure 
E. coli  642 A&L 9221F Escherichia coli Procedure 

Enterococcus Group  639 EML 9230B Fecal Streptococcus and Enterococcus Groups Multiple-Tube 
Technique 

Salmonella species  97 EML 9260B General Qualitative Isolation and Identification Procedure for 
Salmonella 

Chlorophyll a, corrected 631 Aquatec 10200H3-C Chlorophyll – Fluorometric Determination of Chlorophyll a 
Chlorophyll a, uncorrected 631 Aquatec 10200H3-U Chlorophyll – Fluorometric Determination of Chlorophyll a 

Bacteriological Analytical Manual, 8th Edition 1998, FDA 

Staphylococcus aureus 527 EML, A&L BAM-12 Staphylococcus aureus 
Salmonella species 541 EML BAM-5 Salmonella 
Campylobacter spp 108 Food Protech Food Protech SOP Not Provided 
Campylobacter species 276 EML BAM-7 Campylobacter 
Estrogens 539 GEL GEL SOP LCMS Analysis of Estrogens in Water 
Microcystin / GWL 18 GWL (ELISA) from Abraxis Not Provided 



 

 
Table 3.3-3:  Miscellaneous, Infrequently Used Methods 

Parameter Laboratory Method No. Method Title 

Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods (SW-846), Third Edition, Final Update III 

Semivolatile Organic Compounds A&L 8270C Semivolatile Organic Compounds by Gas Chromatography/Mass 
Spectrometry (GC/MS) 

Mercury A&L 7470A Mercury in solid or semisolid waste (Manual Cold Vapor techniques) / in Liquid 
Waste 

pH A&L 9045D Soil and Waste pH 

Volatile Organic Compounds Alpha 524.2 Drinking Water method - Volatile Organic Compounds by Gas 
Chromatography/Mass Spectrometry (GC/MS) 

Methods for Chemical Analysis of Water and Wastes, 3rd Edition, March 1983 

Metals A&L, Aquatic 200.7 Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 
Element Analysis of Water and Wastes 

Chloride A&L, Aquatic 325.3 Chloride (Titrimetric, Mercuric Nitrate) 
Solids Total  Aquatic 160.3 Residue, Total Gravimetric, Dried at 103-105° C(TS) 
Total antimony A&L, Aquatic 200.9 Total antimony (Graphite Furnace Atomic Absorption) 
Total Arsenic A&L, Aquatic 206.2 Total Arsenic (Graphite Furnace Atomic Absorption) 
Total Lead A&L, Aquatic 239.2 Total Lead (Graphite Furnace Atomic Absorption) 
Total Organic Carbon Aquatic 415.2 Organic Carbon (Total, UV Promoted, Persulfate Oxidation) 

Standard Methods for the Examination of Water and Wastewater, 20th Edition 1998 

Sulfate Aquatic 4500SO4-E   Turbidimetric Method 
Nitrogen (Nitrate) Aquatic 4500NO3-F Automated Cadmium Reduction Method 
Alkalinity A&L 2320B Titration Method 
Total Solids  Aquatic 2540B Total Solids Dried at 103-105ºC 
Total Dissolved Solids A&L, Aquatic 2540C Total Dissolved Solids Dried at 180ºC 
Total Suspended Solids A&L 2540D Total Suspended Solids Dried at 103-105ºC 
pH  4500H+ B. Electrometric Method 
Nitrate + Nitrite (as N) Aquatic 4500N03F Automated Cadmium Reduction Method 
Ammonia Nitrogen  4500-NH3D Ammonia-Selective Electrode Method 
Total Kjeldahl nitrogen (TKN)  4500-Norg-TKN Macro Kjeldahl Method 
Nitrate + Nitrite (as N) A&L 4500-NO3E Cadmium Reduction Method 
Soluble Reactive P  4500PF Automated Ascorbic Acid Reduction Method 
Disinfection By-Products (Haloacetic 
acids and Trichlorophenol) Alpha 6251B Disinfection By-Products 

Total Organic Carbon A&L 5310B High Temperature Combustion Method 
THMFP as CHCl3 A&L 5710B Trihalomethane Formation Potential (THMFP) 



 

Table 3.3-3:  Miscellaneous, Infrequently Used Methods 

Parameter Laboratory Method No. Method Title 

Staphylococcus aureus  EML 9213B Swimming Pools 
Total Coliform EML 9221B Standard Total Coliform Fermentation Technique 
Fecal Coliform  EML 9221E Fecal Coliform Procedure 

E_ coli  A&L 9221F Escherichia coli Procedure  
R 

Fecal Coliform  A&L 9222D Fecal Coliform Membrane Filter Procedure 
Enterococcus Group  EML 9230B Fecal Streptococcus and Enterococcus Groups Multiple-Tube Technique 

Enterococcus  A&L 9230C Fecal Streptococcus and Enterococcus Groups Membrane Filter Technique  
 

Salmonella species  EML 9260B General Qualitative Isolation and Identification Procedure for Salmonella 
Salmonella  A&L 9260D Quantitative Salmonella Procedure 
Campylobacter  A&L 9260G Campylobacter jejuni R 
Chlorophyll a, corrected Aquatec 10200H3-C Chlorophyll – Fluorometric Determination of Chlorophyll a 
Chlorophyll a, uncorrected Aquatec 10200H3-U Chlorophyll – Fluorometric Determination of Chlorophyll a 

Bacteriological Analytical Manual, 8th Edition 1998, FDA 

Campylobacter species Food Protech - 
Solids BAM-7 Campylobacter 

Coliform Plate Count Food Protech - 
Solids BAM-4 (ECOLI PC) Enumeration of Escherichia coli and the Coliform Bacteria 

Coliform Plate Count A&L BAM-4 (ECOLI PC) Enumeration of Escherichia coli and the Coliform Bacteria 
Salmonella species Food Protech BAM-5 Salmonella 
Staphylococcus aureus Food Protech BAM-12 Staphylococcus aureus 

Miscellaneous Methods 

Campylobacter spp, Coliforms, 
Enterococci Food Protech Food Protech Method Title Not Provided 

Campylobacter spp, Generic E_coli, 
Salmonella 

Food Protech - 
Solids Food Protech Method Title Not Provided 



 

 

 
Table 3.4-1:  Laboratories 

Laboratory Type of Data 

A&L Laboratories Inc., Memphis, Tennessee Metals, Nutrients, water quality 
Alpha Analytical Laboratories, Westborough, 
Massachusetts 

Total Trihalomethane formation potential (TTHM) and 
halo acetic acids (HAA) 

Aquatec Biological Sciences (Aquatec) Chlorophyll a and plankton 
Aquatic Research, Seattle, Washington (Aquatic 
Research) Total P, total dissolved P, soluble reactive P  

Environmental Microbiological Laboratory, San Bruno 
CA, (EML) Bacteria 

Environmental Testing and Consulting, Inc. (ETC) Chlorophyll a and plankton 
Food Protech  Bacteria 
Great Lakes Environmental Center Travers City, MI 
(GLEC) Chlorophyll a and plankton 

GEL Analytics, LLC Golden, CO (GEL) Estrogens 
Waters Edge Scientific, Baraboo WI, (WES Benthic analysis (Algae, diatoms) 
Reservoirs Environmental, Denver, CO Dust and Metals in Air 
Northwind Inc, Idaho Falls, ID PCR 
Green Water Labs (GWL) Palatka, FL Microcystin 
Michigan State University (MSU), East Lansing, MI Benthic macroinvertebrate identification 
Chadwick/GEI, Littleton, CO Benthic macroinvertebrate identification 
Jeff Janik, PhD, Davis, CA Phytoplankton/zooplankton identification 

 



 

 

 
Table 3.7.4-1:  Completeness - Aqueous  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected

Total 
Analyzed 

% 
Completeness

Semi-Volatile Organic 
Compounds A&L 0 0 0.00% 0.00% 1 100.00% 

Volatile Organic 
Compounds A&L 0 0 0.00% 0.00% 1 100.00% 

1,2-Dichlorobenzene-d4 AAL 0 0 0.00% 0.00% 64 100.00% 
17a-estradiol GEL 131 86 19.85% 13.03% 660 86.97% 
17b-estradiol GEL 192 86 29.09% 13.03% 660 86.97% 
2,3-Dibromopropionic 
Acid AAL 0 0 0.00% 0.00% 55 100.00% 

4-Bromofluorobenzene AAL 0 0 0.00% 0.00% 64 100.00% 
Alkalinity (as CaCO3) A&L 106 0 15.38% 0.00% 689 100.00% 
Alkalinity (as CaCO3) Aquatic 0 0 0.00% 0.00% 2 100.00% 
Ammonia Nitrogen A&L 2 0 0.33% 0.00% 612 100.00% 
Brevibacteria 16S rRNA Northwind/ISU 0 0 0.00% 0.00% 32 100.00% 
Bromochloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
Bromodichloromethane AAL 0 0 0.00% 0.00% 69 100.00% 
Bromoform AAL 0 0 0.00% 0.00% 69 100.00% 
Campylobacter A&L 2 2 100.00% 100.00% 2 0.00% 
Campylobacter species EML 0 0 0.00% 0.00% 292 100.00% 
Campylobacter spp. FoodProtech 116 116 100.00% 100.00% 116 0.00% 
Chloride A&L 83 0 11.89% 0.00% 698 100.00% 
Chloride Aquatic 0 0 0.00% 0.00% 2 100.00% 
Chloroform AAL 0 0 0.00% 0.00% 69 100.00% 
Chlorophyll a GLEC 0 0 0.00% 0.00% 12 100.00% 
Chlorophyll a, corrected Aquatec 0 0 0.00% 0.00% 700 100.00% 
Chlorophyll a, 
uncorrected Aquatec 0 0 0.00% 0.00% 700 100.00% 

COD (Chemical Oxygen 
Demand) A&L 42 0 30.88% 0.00% 136 100.00% 

COD (Chemical Oxygen 
Demand) Aquatic 0 0 0.00% 0.00% 2 100.00% 

Coliforms FoodProtech 0 0 0.00% 0.00% 116 100.00% 
Conductivity A&L 0 0 0.00% 0.00% 247 100.00% 
Dibromoacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
Dibromochloromethane AAL 0 0 0.00% 0.00% 69 100.00% 
Dichloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
Dissolved Aluminum A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Antimony A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Arsenic A&L 0 0 0.00% 0.00% 805 100.00% 
Dissolved Barium A&L 4 0 0.57% 0.00% 705 100.00% 
Dissolved Beryllium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Boron A&L 0 0 0.00% 0.00% 9 100.00% 
Dissolved Cadmium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Calcium A&L 3 0 0.43% 0.00% 705 100.00% 
Dissolved Chromium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Cobalt A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Copper A&L 0 0 0.00% 0.00% 805 100.00% 
Dissolved Iron A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Lead A&L 0 0 0.00% 0.00% 705 100.00% 



 

 

Table 3.7.4-1:  Completeness - Aqueous  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected

Total 
Analyzed 

% 
Completeness

Dissolved Magnesium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Manganese A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Mercury A&L 0 0 0.00% 0.00% 686 100.00% 
Dissolved Molybdenum A&L 0 0 0.00% 0.00% 640 100.00% 
Dissolved Nickel A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Ortho P (365.2) A&L 0 0 0.00% 0.00% 403 100.00% 
Dissolved Potassium A&L 7 0 0.99% 0.00% 705 100.00% 
Dissolved Selenium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Silver A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Sodium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Strontium A&L 0 0 0.00% 0.00% 9 100.00% 
Dissolved Thallium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Titanium A&L 0 0 0.00% 0.00% 9 100.00% 
Dissolved Vanadium A&L 0 0 0.00% 0.00% 705 100.00% 
Dissolved Zinc A&L 21 0 2.61% 0.00% 805 100.00% 
DOC A&L 0 0 0.00% 0.00% 211 100.00% 
E. coli EML 0 0 0.00% 0.00% 729 100.00% 
E-coli Plate Count A&L 2 2 100.00% 100.00% 2 0.00% 
Enterococci FoodProtech 0 0 0.00% 0.00% 106 100.00% 
Enterococcus A&L 2 2 100.00% 100.00% 2 0.00% 
Enterococcus Group EML 0 0 0.00% 0.00% 729 100.00% 
Estriol GEL 131 86 19.85% 13.03% 660 86.97% 
Estrone GEL 131 86 19.85% 13.03% 660 86.97% 
Fecal Coliform A&L 0 0 0.00% 0.00% 2 100.00% 
Fecal Coliform EML 0 0 0.00% 0.00% 729 100.00% 
Fecal Coliform FoodProtech 17 17 14.66% 14.66% 116 85.34% 
Generic E. coli  FoodProtech 116 116 100.00% 100.00% 116 0.00% 
Microcystin GWL 0 0 0.00% 0.00% 19 100.00% 
Monobromoacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
Monochloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
Nitrite + Nitrate (as N) A&L 19 0 1.36% 0.00% 1402 100.00% 
Nitrite + Nitrate (as N) Aquatic 0 0 0.00% 0.00% 14 100.00% 
pH A&L 0 0 0.00% 0.00% 549 100.00% 
Salmonella (MPN) A&L 0 0 0.00% 0.00% 3 100.00% 
Salmonella species EML 0 0 0.00% 0.00% 728 100.00% 
Salmonella spp. FoodProtech 116 116 100.00% 100.00% 116 0.00% 
Soluble Reactive P 
(4500PF) Aquatic 0 0 0.00% 0.00% 2123 100.00% 

Staphylococcus A&L 0 0 0.00% 0.00% 2 100.00% 
Staphylococcus aureus EML 0 0 0.00% 0.00% 726 100.00% 
Staphylococcus aureus FoodProtech 0 0 0.00% 0.00% 85 100.00% 
Staphylococcus spp. FoodProtech 0 0 0.00% 0.00% 31 100.00% 
Sulfate Aquatic 0 0 0.00% 0.00% 14 100.00% 
TOC A&L 0 0 0.00% 0.00% 1394 100.00% 
TOC Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Aluminum A&L 9 0 1.37% 0.00% 658 100.00% 
Total Aluminum Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Antimony A&L 19 0 2.89% 0.00% 658 100.00% 



 

 

Table 3.7.4-1:  Completeness - Aqueous  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected

Total 
Analyzed 

% 
Completeness

Total Antimony Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Arsenic A&L 3 0 0.40% 0.00% 758 100.00% 
Total Arsenic Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Barium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Barium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Beryllium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Beryllium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Cadmium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Cadmium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Calcium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Calcium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Chromium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Chromium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Cobalt A&L 0 0 0.00% 0.00% 658 100.00% 
Total Cobalt Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Coliform A&L 0 0 0.00% 0.00% 2 100.00% 
Total Coliform EML 0 0 0.00% 0.00% 729 100.00% 
Total Copper A&L 9 0 1.19% 0.00% 758 100.00% 
Total Copper Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Dissolved P (365.2) A&L 0 0 0.00% 0.00% 400 100.00% 
Total Dissolved P 
(4500PF) Aquatic 0 0 0.00% 0.00% 2123 100.00% 

Total Dissolved P (6010) A&L 176 0 98.88% 0.00% 178 100.00% 
Total Dissolved P (6020) A&L 3 0 0.48% 0.00% 623 100.00% 
Total Dissolved Solids A&L 368 0 35.38% 0.00% 1040 90.77% 
Total Dissolved Solids Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Iron A&L 0 0 0.00% 0.00% 658 100.00% 
Total Iron Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Kjeldahl Nitrogen A&L 36 0 2.55% 0.00% 1413 100.00% 
Total Kjeldahl Nitrogen Aquatic 0 0 0.00% 0.00% 14 100.00% 
Total Lead A&L 0 0 0.00% 0.00% 658 100.00% 
Total Lead Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Magnesium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Magnesium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Manganese A&L 0 0 0.00% 0.00% 658 100.00% 
Total Manganese Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Mercury A&L 1 1 0.15% 0.15% 658 99.85% 
Total Mercury Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Molybdenum A&L 12 0 2.15% 0.00% 558 100.00% 
Total Molybdenum Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Nickel A&L 0 0 0.00% 0.00% 658 100.00% 
Total Nickel Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total ortho P (365.2) A&L 0 0 0.00% 0.00% 402 100.00% 
Total P (365.2) A&L 0 0 0.00% 0.00% 387 100.00% 
Total P (4500PF) Aquatic 0 0 0.00% 0.00% 2102 100.00% 
Total P (6010) A&L 178 0 98.89% 0.00% 180 100.00% 
Total P (6020) A&L 17 0 2.97% 0.00% 572 100.00% 
Total Potassium A&L 8 0 1.22% 0.00% 658 100.00% 



 

 

Table 3.7.4-1:  Completeness - Aqueous  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected

Total 
Analyzed 

% 
Completeness

Total Potassium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Selenium A&L 9 0 1.37% 0.00% 658 100.00% 
Total Selenium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Silver A&L 3 0 0.46% 0.00% 658 100.00% 
Total Silver Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Sodium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Sodium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Sulfate (SO4) A&L 19 0 2.95% 0.00% 644 100.00% 
Total Suspended Solids A&L 300 0 29.10% 0.00% 1031 95.83% 
Total Suspended Solids Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Thallium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Thallium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Vanadium A&L 0 0 0.00% 0.00% 658 100.00% 
Total Vanadium Aquatic 0 0 0.00% 0.00% 2 100.00% 
Total Zinc A&L 9 0 1.19% 0.00% 758 100.00% 
Total Zinc Aquatic 0 0 0.00% 0.00% 2 100.00% 
Trichloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00% 
TTHM as CHCl3 AAL 0 0 0.00% 0.00% 54 100.00% 
TTHMFP as CHCl3 A&L 0 0 0.00% 0.00% 91 100.00% 
TTHMFP as CHCl3 AAL 0 0 0.00% 0.00% 11 100.00% 
Turbidity A&L 94 68 30.42% 22.01% 309 77.99% 

Total 2516 784 3.95% 1.23% 63654 98.7% 

 



 

 

 
Table 3.7.4-2:  Completeness - Solids  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected 

Total 
Analyzed 

% 
Completeness

%Clay A&L 0 0 0.00% 0.00% 242 100.00% 
%Sand A&L 0 0 0.00% 0.00% 242 100.00% 
%Silt A&L 30 0 12.40% 0.00% 242 100.00% 
10-Day % Survival GLEC 0 0 0.00% 0.00% 40 100.00% 
17a-estradiol GEL 11 0 9.40% 0.00% 117 100.00% 
17b-estradiol GEL 45 21 32.61% 15.22% 138 84.78% 
17b-estradiol-d3 GEL 21 21 15.22% 15.22% 138 84.78% 
28-Day % Survival GLEC 0 0 0.00% 0.00% 20 100.00% 
AL BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00% 
Ammonium (Water Soluble) A&L 7 0 3.30% 0.00% 212 100.00% 
Average Dry Weight GLEC 0 0 0.00% 0.00% 40 100.00% 
Brevibacteria 16S rRNA Northwind/ISU 0 0 0.00% 0.00% 16 100.00% 
CA BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00% 
Campylobacter A&L 41 41 100.00% 100.00% 41 0.00% 
Campylobacter species EML 0 0 0.00% 0.00% 58 100.00% 
Campylobacter spp. FoodProtech 12 12 100.00% 100.00% 12 0.00% 
Chloride (Water Soluble) A&L 2 0 0.94% 0.00% 212 100.00% 
Coliform Plate Count A&L 0 0 0.00% 0.00% 25 100.00% 
Coliforms FoodProtech 0 0 0.00% 0.00% 12 100.00% 
E. coli EML 0 0 0.00% 0.00% 156 100.00% 
E-coli Plate Count A&L 66 66 100.00% 100.00% 66 0.00% 
Enterococci FoodProtech 0 0 0.00% 0.00% 12 100.00% 
Enterococcus A&L 66 66 100.00% 100.00% 66 0.00% 
Enterococcus Group EML 0 0 0.00% 0.00% 156 100.00% 
Estriol GEL 32 21 23.19% 15.22% 138 84.78% 
Estrone GEL 32 21 23.19% 15.22% 138 84.78% 
FE BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00% 
Fecal Coliform A&L 0 0 0.00% 0.00% 41 100.00% 
Fecal Coliform EML 0 0 0.00% 0.00% 156 100.00% 
Fecal Coliform FoodProtech 0 0 0.00% 0.00% 12 100.00% 
Generic E. coli  FoodProtech 12 12 100.00% 100.00% 12 0.00% 
LOOSLY BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00% 
Moisture A&L 0 0 0.00% 0.00% 476 100.00% 
Moisture Aquatic 0 0 0.00% 0.00% 15 100.00% 
Nitrate-N (Water Soluble) A&L 2 0 0.84% 0.00% 237 100.00% 
Nitrogen Ammoniacal A&L 0 0 0.00% 0.00% 4 100.00% 
Nitrogen Total (Inorganic + 
Organic) A&L 16 0 3.60% 0.00% 445 100.00% 

Organic Matter A&L 0 0 0.00% 0.00% 472 100.00% 
Organic Matter 
(Combustion) A&L 0 0 0.00% 0.00% 6 100.00% 

pH A&L 0 0 0.00% 0.00% 429 100.00% 
Phosphorus (Mehlich 3) A&L 26 0 6.75% 0.00% 385 100.00% 
Phosphorus (Water Soluble) A&L 4 0 1.69% 0.00% 237 100.00% 
Salmonella (MPN) A&L 0 0 0.00% 0.00% 41 100.00% 
Salmonella species EML 0 0 0.00% 0.00% 156 100.00% 
Salmonella spp. FoodProtech 12 12 100.00% 100.00% 12 0.00% 
Solids Total A&L 0 0 0.00% 0.00% 476 100.00% 



 

 

Table 3.7.4-2:  Completeness - Solids  

Parameter Laboratory Number 
Qualified 

Number 
Rejected 

% 
qualified 

% 
rejected 

Total 
Analyzed 

% 
Completeness

Solids Total Aquatic 0 0 0.00% 0.00% 29 100.00% 
Soluble Salts (1:2) A&L 0 0 0.00% 0.00% 440 100.00% 
Staphylococcus A&L 0 0 0.00% 0.00% 41 100.00% 
Staphylococcus aureus A&L 0 0 0.00% 0.00% 25 100.00% 
Staphylococcus aureus EML 0 0 0.00% 0.00% 156 100.00% 
Staphylococcus aureus FoodProtech 0 0 0.00% 0.00% 12 100.00% 
Sulfate (Water Soluble) A&L 2 0 0.94% 0.00% 212 100.00% 
TOC A&L 0 0 0.00% 0.00% 3 100.00% 
Total Aluminum A&L 26 0 5.71% 0.00% 455 100.00% 
Total Antimony A&L 72 0 19.83% 0.00% 363 100.00% 
Total Arsenic A&L 128 0 26.23% 0.00% 488 100.00% 
Total Arsenic Aquatic 0 0 0.00% 0.00% 14 100.00% 
Total Barium A&L 12 0 3.31% 0.00% 363 100.00% 
Total Beryllium A&L 15 0 4.13% 0.00% 363 100.00% 
Total Cadmium A&L 9 0 2.48% 0.00% 363 100.00% 
Total Calcium A&L 15 0 4.13% 0.00% 363 100.00% 
Total Chromium A&L 18 0 4.96% 0.00% 363 100.00% 
Total Cobalt A&L 24 0 6.61% 0.00% 363 100.00% 
Total Coliform A&L 0 0 0.00% 0.00% 54 100.00% 
Total Coliform EML 0 0 0.00% 0.00% 156 100.00% 
Total Copper A&L 68 0 13.93% 0.00% 488 100.00% 
Total Copper Aquatic 0 0 0.00% 0.00% 14 100.00% 
Total Iron A&L 22 0 6.06% 0.00% 363 100.00% 
Total Kjeldahl Nitrogen A&L 0 0 0.00% 0.00% 10 100.00% 
Total Lead A&L 16 0 4.41% 0.00% 363 100.00% 
Total Magnesium A&L 18 0 4.96% 0.00% 363 100.00% 
Total Manganese A&L 28 0 7.71% 0.00% 363 100.00% 
Total Mercury A&L 19 0 5.25% 0.00% 362 100.00% 
Total Molybdenum A&L 49 0 13.96% 0.00% 351 100.00% 
Total Nickel A&L 18 0 4.96% 0.00% 363 100.00% 
Total P (4500PF) Aquatic 0 0 0.00% 0.00% 29 100.00% 
Total P (6010) A&L 90 0 97.83% 0.00% 92 100.00% 
Total P (6020) A&L 2 0 0.50% 0.00% 398 100.00% 
Total Potassium A&L 7 0 1.93% 0.00% 363 100.00% 
Total Selenium A&L 53 0 14.60% 0.00% 363 100.00% 
Total Silver A&L 13 0 3.58% 0.00% 363 100.00% 
Total Sodium A&L 38 0 10.47% 0.00% 363 100.00% 
Total Thallium A&L 9 0 2.48% 0.00% 363 100.00% 
Total Vanadium A&L 22 0 6.06% 0.00% 363 100.00% 
Total Zinc A&L 63 0 12.91% 0.00% 488 100.00% 
Total Zinc Aquatic 0 0 0.00% 0.00% 14 100.00% 

Totals 1293 293 7.57% 1.72% 17073 98.3% 

 



 

 

 
Table 3.9-1:  Summary of CDM Analytical Methods vs. CRA Analytical Methods 

CDM CRA 
Parameter Method Lab Parameter Method Lab 

Metal Analyses 
Aluminum 3050A/6020 A&L Aluminum 3050A/6010B APPL 
Antimony 3050A/6020 A&L Antimony 3050A/6010B APPL 
Arsenic 3050A/6020 A&L Arsenic 3050A/6010B APPL 
Barium 3050A/6020 A&L Barium 3050A/6010B APPL 
Beryllium 3050A/6020 A&L Beryllium 3050A/6010B APPL 
Cadmium 3050A/6020 A&L Cadmium 3050A/6010B APPL 
Calcium 3050A/6020 A&L Calcium 3050A/6010B APPL 
Chromium 3050A/6020 A&L Chromium 3050A/6010B APPL 
Cobalt 3050A/6020 A&L Cobalt 3050A/6010B APPL 
Copper 3050A/6020 A&L Copper 3050A/6010B APPL 
Iron 3050A/6020 A&L Iron 3050A/6010B APPL 
Lead  3050A/6020 A&L Lead  3050A/6010B APPL 
Magnesium 3050A/6020 A&L Magnesium 3050A/6010B APPL 
Manganese 3050A/6020 A&L Manganese 3050A/6010B APPL 
Mercury 3050A/6020 A&L Mercury 3050A/6010B APPL 
Molybdenum 3050A/6020 A&L Molybdenum 3050A/6010B APPL 
Nickel 3050A/6020 A&L Nickel 3050A/6010B APPL 
Phosphorus 3050A/6020 A&L Phosphorus 3050A/6010B APPL 
Potassium 3050A/6020 A&L Potassium 3050A/6010B APPL 
Selenium 3050A/6020 A&L Selenium 3050A/6010B APPL 
Silver 3050A/6020 A&L Silver 3050A/6010B APPL 
Sodium 3050A/6020 A&L Sodium 3050A/6010B APPL 
Thallium 3050A/6020 A&L Thallium 3050A/6010B APPL 
Vanadium 3050A/6020 A&L Vanadium 3050A/6010B APPL 
Zinc 3050A/6020 A&L Zinc 3050A/6010B APPL 

Phosphorus Analyses 
Phosphorus Mehlich P A&L Phosphorus 6010/M3-P APPL 
   Phosphorus 6010/DIWE APPL 

Wet Chemistry - Waters 
TKN EPA 351.3 A&L TKN EPA 351.3 APPL 
TOC EPA 415.1 A&L TOC EPA 415.1 APPL 
Chloride EPA 300.0 A&L Chloride EPA 300.0 APPL 
Nitrate as N EPA 300.0 A&L Nitrate as N EPA 300.0 APPL 
Nitrate + Nitrite as N EPA 300.0 A&L Nitrate + Nitrite as 

N 
EPA 300.0 APPL 

Sulfate EPA 300.0 A&L Sulfate EPA 300.0 APPL 
Ammonia as N EPA 350.3 A&L Ammonia as N EPA 350.3 APPL 
Conductivity EPA 120.1 A&L Conductivity EPA 120.1 APPL 
pH EPA 150.1 A&L pH EPA 150.1 APPL 
Dissolved total 
phosphorous 

EPA 365.2 A&L    

Dissolved ortho 
phosphorous 

EPA 365.2 A&L    

Total ortho 
phosphorous 

EPA 365.2 A&L Ortho Phosphate P EPA 300.0 APPL 

Total phosphorous EPA 365.2 A&L Phosphate as P SM4500PB5 APPL 
Total Dissolved P  EPA 365.1 Aquatic    
Soluble Reactive P  EPA 365.1 Aquatic Ortho Phosphate P EPA 300.0 APPL 
Total P  EPA 365.1 Aquatic Phosphate as P SM4500PB5 APPL 



 

 

Table 3.9-1:  Summary of CDM Analytical Methods vs. CRA Analytical Methods 
CDM CRA 

Wet Chemistry - Soils 
   TOC Walkley Black Servi-

Tech 
Ammonium, Water 
soluble 

Soluble 
Nutrients 

A&L Ammonia as N EPA 350.1 APPL 

Chloride Soluble 
Nutrients 

A&L Chloride EPA 300.0 APPL 

Nitrate as N Soluble 
Nutrients 

A&L Nitrate as N EPA 300.0 APPL 

   Nitrite EPA 300.0 APPL 
   Ortho Phosphate P EPA 300.0 APPL 
Sulfate Soluble 

Nutrients 
A&L Sulfate EPA 300.0 APPL 

Phosphorus, water 
soluble 

Soluble 
Nutrients 

A&L    

Nitrogen, Total 
(Inorganic + Organic) 

Soil Total N A&L    

Soluble Salts Soluble Salts 
1:2 

A&L Specific 
Conductance 

SM2510B APPL 

pH Soil pH 1:1 A&L pH EPA 9045C APPL 
Bacteria 

Total Coliform SM-9221B EML Total Coliform SM-9221B GAP 
E_ coli SM-9221F EML E_ coli SM-9221F GAP 
Fecal Coliform SM-9221E EML Fecal Coliform SM-9221E GAP 
Enterococcus Group SM-9230B EML Enterococcus 

Group 
SM-9230B GAP 

Staphylococcus aureus BAM-12 EML Staphylococcus 
aureus 

 GAP 

Salmonella species BAM-5 EML Salmonella species  GAP 
Campylobacter species BAM-7 EML Campylobacter 

species 
 GAP 

 



 

 

 
Table 3.9-2:  Aqueous CDM to CRA RPD 

Parameter 
Total 

Number 
of 

Samples 

Number of 
RPD 

observations 
Min 
RPD 

Max 
RPD 

Average 
RPD 

CDM 
Detection 

Limit 
(norm) 

CRA 
Detection 

Limit 
(norm) 

Ammonia Nitrogen 10 10 10 164 139 0.1 0.01 
Campylobacter species 1 1 199 199 199 2 2 
Chloride 10 10 0 30 13   
Conductivity 2 2 26 35 30   
Dissolved Aluminum 10 10 0 133 68 0.1 0.1 
Dissolved Antimony 10 10 86 164 150 0.001 0.005 
Dissolved Arsenic 10 10 22 164 146 0.001 0.005 
Dissolved Barium 10 10 1 20 12  0.005 
Dissolved Beryllium 10 10 67 120 109 0.001 0.002 
Dissolved Cadmium 10 10 133 164 161 0.001 0.005 
Dissolved Calcium 10 10 3 23 10  0.029 
Dissolved Chromium 10 10 86 164 140 0.001 0.005 
Dissolved Cobalt 10 10 100 164 154 0.001 0.005 
Dissolved Copper 10 10 1 164 106 0.001 0.1 
Dissolved Iron 10 10 0 132 20 0.1 0.05 
Dissolved Lead 10 10 91 143 132 0.001 0.003 
Dissolved Magnesium 10 10 0 29 14  2.5 
Dissolved Manganese 10 10 2 164 74 0.001 0.13 
Dissolved Mercury 10 10 0 133 67 0.0002 0.0006 
Dissolved Molybdenum 10 10 0 120 18 0.005 0.005 
Dissolved Nickel 10 10 6 164 119 0.001 0.005 
Dissolved Potassium 10 10 2 21 13  14 
Dissolved Selenium 10 10 151 179 163 0.001 0.008 
Dissolved Silver 10 10 0 67 60 0.001 0.001 
Dissolved Sodium 10 10 2 26 7  7.5 
Dissolved Thallium 10 10 133 164 161 0.001 0.005 
Dissolved Vanadium 10 10 0 67 13 0.01 0.005 
Dissolved Zinc 10 10 86 200 157 0.005 0.05 
E. coli 10 10 0 164 55 2  
Enterococcus Group 10 10 0 199 140 2  
Fecal Coliform 10 10 0 143 46 2  
Nitrite + Nitrate (as N) 1 1 2 2 2 1  
pH 6 6 0 11 7   
Salmonella species 10 10 67 200 107 2  
Soluble Reactive P 
(4500PF) 10 10 6 199 161 0.001 0.2 

Staphylococcus aureus 10 10 58 200 149 1.19  
TOC 10 10 27 171 132 1  
Total Aluminum 10 10 0 122 63 0.1 0.1 



 

 

Table 3.9-2:  Aqueous CDM to CRA RPD 

Parameter 
Total 

Number 
of 

Samples 

Number of 
RPD 

observations 
Min 
RPD 

Max 
RPD 

Average 
RPD 

CDM 
Detection 

Limit 
(norm) 

CRA 
Detection 

Limit 
(norm) 

Total Antimony 10 10 133 164 156 0.001 0.005 
Total Arsenic 10 10 22 164 142 0.001  
Total Barium 10 10 1 15 8   
Total Beryllium 10 10 3 120 100 0.001  
Total Cadmium 10 10 164 164 164 0.001  
Total Calcium 10 10 1 29 11   
Total Chromium 10 10 50 164 116 0.001  
Total Cobalt 10 10 18 164 134 0.001 0.005 
Total Coliform 10 10 0 196 96 2  
Total Copper 10 10 17 180 93 0.001  
Total Dissolved P (6020) 10 10 11 164 81 0.01  
Total Iron 10 10 0 138 42 0.1  
Total Kjeldahl Nitrogen 10 10 18 146 88  0.6 
Total Lead 10 10 46 164 140 0.001  
Total Magnesium 10 10 10 22 16   
Total Manganese 10 10 2 133 64 0.001 0.007 
Total Mercury 10 10 0 133 53 0.0002 0.0005 
Total Molybdenum 10 10 0 132 62 0.005 0.005 
Total Nickel 10 10 5 164 104 0.001  
Total P (4500PF) 10 10 8 183 123 0.002  
Total P (6020) 10 10 1 133 65 0.01  
Total Potassium 10 10 3 62 17   
Total Selenium 10 10 143 171 161 0.001 0.007 
Total Silver 10 10 67 67 67 0.001  
Total Sodium 10 10 1 20 11   
Total Sulfate (SO4) 10 10 1 43 17   
Total Thallium 10 10 164 164 164 0.001  
Total Vanadium 10 10 0 131 36 0.01 0.005 
Total Zinc 10 10 8 200 111 0.005 0.05 

 



 

 

 
  
Table 3.9-3:  Solid CDM to CRA RPD 

Parameter 
Total 

Number 
of 

Samples 

Number of 
RPD 

observations 
Min 
RPD 

Max 
RPD 

Average 
RPD 

CDM 
Detection 

Limit 
(norm) 

CRA 
Detection 

Limit 
(norm) 

%Clay 12 12 0 100 40   
%Sand 11 11 4 120 71   
%Silt 11 11 13 111 75   
Ammonium (Water 
Soluble) 54 54 0 190 85 10 8 

Campylobacter species 11 11 143 196 161 0.2  
Chloride (Water Soluble) 55 55 0 180 73 20 22 
Conductivity 1 1 13 13 13   
E. coli 58 58 0 200 133 0.18  
Enterococcus Group 58 58 10 200 143 0.18  
Fecal Coliform 58 58 0 200 134 0.18  
Nitrate-N (Water Soluble) 55 55 11 200 146 10 24 
Organic Matter 115 115 0 200 42   
pH 122 122 0 38 6   
Phosphorus (Mehlich 3) 172 172 1 199 48 5 3.0 
Salmonella species 58 58 36 200 151 0.18  
Soluble Salts (1:2) 118 118 3 168 53   
Staphylococcus aureus 58 58 148 200 161 0.18  
Sulfate (Water Soluble) 55 55 4 170 92 36 22 
Total Aluminum 118 118 0 109 18   
Total Antimony 55 55 0 164 66 0.5 0.5 
Total Arsenic 118 118 8 173 69 0.5  
Total Barium 55 55 3 96 20   
Total Beryllium 55 55 1 123 26 0.5 0.3 
Total Cadmium 54 54 0 153 82 0.5 0.5 
Total Calcium 55 55 0 133 19   
Total Chromium 55 55 3 122 36   
Total Cobalt 55 55 2 119 37   
Total Coliform 58 58 4 200 166 0.18  
Total Copper 118 118 5 120 43   
Total Iron 55 55 7 162 44   
Total Lead 55 55 0 94 21 0.5 1.15 
Total Magnesium 55 55 1 121 20   
Total Manganese 55 55 0 111 24   
Total Mercury 55 55 6 199 94 0.01 0.1 
Total Molybdenum 55 55 2 131 33 2.5 0.69 
Total Nickel 55 55 1 107 31   
Total P (6020) 118 118 0 170 15   



 

 

Table 3.9-3:  Solid CDM to CRA RPD 

Parameter 
Total 

Number 
of 

Samples 

Number of 
RPD 

observations 
Min 
RPD 

Max 
RPD 

Average 
RPD 

CDM 
Detection 

Limit 
(norm) 

CRA 
Detection 

Limit 
(norm) 

Total Potassium 55 55 2 96 16   
Total Selenium 55 55 0 162 77 0.5 1 
Total Silver 55 55 86 86 86 0.5  
Total Sodium 55 55 1 183 65 50 142 
Total Thallium 55 55 120 169 152 0.5 2 
Total Vanadium 55 55 6 168 58 5  
Total Zinc 118 118 3 139 44  27 

 



 

 

 
Table 3.10-1 Total vs. Dissolved Metals 

Element Total Number of 
Pairs Compared 

Count of Pairs where 
Dissolved > Total 

% Dissolved > 
Total 

Copper 744 273 36.7 
Zinc 744 207 27.8 
Vanadium 644 47 7.3 
Thalium 644 47 7.3 
Sodium 644 360 55.9 
Silver 644 4 0.62 
Selenium 644 18 2.8 
Potassium 644 219 34.0 
Nickle 644 154 23.9 
Molybdenum 551 90 16.3 
Manganese 644 30 4.7 
Magnesium 644 246 38.2 
Iron 644 14 2.2 
Cobalt 644 26 4.0 
Chromium 644 39 6.1 
Calcium 644 272 42.2 
Cadmium 644 11 1.7 
Berylium 644 1 0.16 
Barium 644 83 12.9 
Arsenic 744 53 7.1 
Aluminum 644 3 0.47 
Antimony 644 11 1.7 
Lead 644 14 2.2 
Mercury 639 7 1.1 
Barium 644 83 12.9 

 



 

 

 
 

Table 3.10-2:  Total versus Dissolved for Copper and Zinc 

COPPER ZINC 

MatrixID StudyID 
Count of 

Sample Pairs 
where 

Dissolved > 
Total 

Count of 
Sample Pairs 
of Dissolved-

Total 

% 
Dissolved > 

Total 

Sample 
Count of 

Copper > 2x 
Det. Limit 

Sample 
Count of 

Copper > 5x 
Det. Limit 

Sample 
Count of 
RPD < 20 

for Copper 

Count of 
Sample Pairs 

where 
Dissolved > 

Total 

Count of 
Sample Pairs 
of Dissolved-

Total 

% 
Dissolved > 

Total 

Sample 
Count of 
Zinc > 2x 
Det. Limit 

Sample 
Count of 
Zinc > 5x 
Det. Limit 

Sample 
Count of 
RPD < 20 
for Zinc 

Surface Water Edge of Field Sampling 36 94 38% 31 19 11 16 94 17% 11 7 2 
Groundwater Geoprobe Sampling 1 18 6% 1 1 0 0 18 0% 0 0 0 
Groundwater Groundwater Sampling 23 62 37% 21 11 2 21 62 34% 14 4 9 

Surface Water High Flow Surface Water 
Sampling 135 237 57% 93 17 2 94 237 40% 55 14 17 

Surface Water Litter and Soil Sampling 1 4 25% 0 0 0 0 4 0% 0 0 0 
Surface Water Raw Water Intake Sampling 0 1 0% 0 0 0 0 1 0% 0 0 0 
Surface Water River Water Sampling 60 144 42% 23 6 0 33 144 23% 8 1 8 
Surface Water Spring Sampling 8 51 16% 3 0 0 11 51 22% 8 1 8 
Surface Water Synoptic Sampling 1 1 100% 1 1 0 0 1 0% 0 0 0 
Surface Water Tenkiller Water Sampling 3 127 2% 0 0 0 29 127 23% 6 1 0 
Surface Water WWTP Sampling 5 5 100% 0 0 0 3 5 60% 0 0 1 

TOTALS 273 744 37% 173 55 15 207 744 28% 102 28 45 



 

 

 
Table 3-11.1-1:  Aqueous PE Results 

Sample ID Laboratory 
ID Test ID Parameter Results 

(mg/L) 
Certified 

Value 
(mg/L) 

Lower 
Control 

Limit 
(mg/L) 

Upper 
Control 

Limit 
(mg/L) 

HFS01C Aquatic SM4500-PF Soluble Reactive P 
(4500PF) 4.58 6.76 4.54 8.88 

HFS01C Aquatic SM4500-PF Total Dissolved P 
(4500PF) 4.84 6.76 4.54 8.88 

HFS01C Aquatic EPA-365.1 Total P (4500PF) 7.84 6.76 4.54 8.88 

P135-525 A&L SM-4500-
NH3D-TKN 

Total Kjeldahl 
Nitrogen 75.6 70.1 47.1 91.9 

P136-500 A&L SW-6020 Total Aluminum 2.14 1.76 1.44 2.16 
P136-500 A&L SW-6020 Total Antimony 0.59 0.539 0.378 0.649 
P136-500 A&L SW-6020 Total Arsenic 0.18 0.168 0.137 0.199 
P136-500 A&L SW-6020 Total Barium 1.55 1.43 1.24 1.61 
P136-500 A&L SW-6020 Total Beryllium 0.55 0.497 0.422 0.561 
P136-500 A&L SW-6020 Total Cadmium 0.62 0.568 0.485 0.645 
P136-500 A&L SW-6020 Total Chromium 0.55 0.519 0.452 0.587 
P136-500 A&L SW-6020 Total Cobalt 0.308 0.311 0.272 0.349 
P136-500 A&L SW-6020 Total Copper 0.76 0.703 0.633 0.773 
P136-500 A&L SW-6020 Total Iron 0.835 0.66 0.582 0.748 
P136-500 A&L SW-6020 Total Lead 0.72 0.642 0.56 0.721 
P136-500 A&L SW-6020 Total Manganese 0.58 0.539 0.483 0.599 
P136-500 A&L SW-6020 Total Molybdenum 0.291 0.279 0.234 0.321 
P136-500 A&L SW-6020 Total Nickel 1.22 1.13 1.02 1.26 
P136-500 A&L SW-6020 Total Selenium 0.89 0.816 0.648 0.945 
P136-500 A&L SW-6020 Total Silver 0.5 0.467 0.401 0.535 
P136-500 A&L SW-6020 Total Thallium 0.81 0.732 0.601 0.87 
P136-500 A&L SW-6020 Total Vanadium 0.67 0.72 0.31 0.805 
P136-500 A&L SW-6020 Total Zinc 1.7 1.56 1.34 1.79 

P138-505 A&L SM-4500-
NH3D Ammonia Nitrogen 9.5 13.1 7.4 16.3 

P138-505 A&L SM-4500-
NO3E 

Nitrite + Nitrate (as 
N) 29.1 22.3 18.2 25.9 

P139-525 A&L SM-4500-
NH3D-TKN 

Total Kjeldahl 
Nitrogen 20.1 22.3 14.7 28.7 

P140-500 A&L SW-6020 Total Aluminum 1.71 1.5 1.22 1.76 
P140-500 A&L SW-6020 Total Antimony 0.115 0.115 0.07 0.143 
P140-500 A&L SW-6020 Total Arsenic 0.505 0.504 0.422 0.591 
P140-500 A&L SW-6020 Total Barium 0.648 0.649 0.563 0.732 
P140-500 A&L SW-6020 Total Beryllium 0.75 0.722 0.641 0.815 
P140-500 A&L SW-6020 Total Cadmium 0.58 0.577 0.492 0.655 
P140-500 A&L SW-6020 Total Chromium 0.272 0.285 0.247 0.323 
P140-500 A&L SW-6020 Total Cobalt 0.178 0.191 0.167 0.215 
P140-500 A&L SW-6020 Total Copper 0.744 0.741 0.667 0.815 
P140-500 A&L SW-6020 Total Iron 2.02 1.77 1.57 1.99 
P140-500 A&L SW-6020 Total Lead 0.185 0.178 0.15 0.206 
P140-500 A&L SW-6020 Total Manganese 1.09 1.07 0.961 1.19 
P140-500 A&L SW-6020 Total Molybdenum 0.273 0.282 0.237 0.325 



 

 

Table 3-11.1-1:  Aqueous PE Results 

Sample ID Laboratory 
ID Test ID Parameter Results 

(mg/L) 
Certified 

Value 
(mg/L) 

Lower 
Control 

Limit 
(mg/L) 

Upper 
Control 

Limit 
(mg/L) 

P140-500 A&L SW-6020 Total Nickel 0.552 0.557 0.501 0.624 
P140-500 A&L SW-6020 Total Selenium 0.93 0.925 0.735 1.07 
P140-500 A&L SW-6020 Total Silver 0.365 0.363 0.311 0.416 
P140-500 A&L SW-6020 Total Thallium 0.55 0.531 0.428 0.637 
P140-500 A&L SW-6020 Total Vanadium 0.286 0.282 0.247 0.316 
P140-500 A&L SW-6020 Total Zinc 0.429 0.426 0.365 0.493 

P140-505 A&L SM-4500-
NH3D Ammonia Nitrogen 2.52 2.88 2.03 3.81 

P140-505 A&L SM-4500-
NO3E 

Nitrite + Nitrate (as 
N) 34.5 30.1 24.5 35 

RS-999-
042307-1 Aquatic SM18 

4500PF 
Soluble Reactive P 
(4500PF) 3.29 3.46 2.98 3.97 

RS-999-
042307-1 Aquatic SM18 

4500PF 
Total Dissolved P 
(4500PF) 3.54 3.46 2.98 3.97 

RS-999-
042307-1 Aquatic SM18 

4500PF Total P (4500PF) 3.64 3.46 2.98 3.97 

RS-999-
042307-2 Aquatic SM18 

4500PF 
Soluble Reactive P 
(4500PF) 3.17 3.21 2.75 3.81 

RS-999-
042307-2 Aquatic SM18 

4500PF 
Total Dissolved P 
(4500PF) 3.36 3.21 2.75 3.81 

RS-999-
042307-2 Aquatic SM18 

4500PF Total P (4500PF) 3.45 3.21 2.75 3.81 

RS-999-
042307-3 Aquatic SM18 

4500PF 
Soluble Reactive P 
(4500PF) 3.08 2.91 2.53 3.47 

RS-999-
042307-3 Aquatic SM18 

4500PF 
Total Dissolved P 
(4500PF) 3.12 2.91 2.53 3.47 

RS-999-
042307-3 Aquatic SM18 

4500PF Total P (4500PF) 3.16 2.91 2.53 3.47 



 

 

 
Table 3.11.1-2:  Soil and Litter PE Results 

Sample ID Test ID Parameter Result Units Flag Certified 
Value 

Lower 
Control 
Limit 

Upper 
Control 
Limit 

FAC-03-P1 SW-6020 Total Aluminum 5820 mg/Kg  6890 3310 10500 

FAC-03-P1 SW-6020 Total Antimony 6.27 mg/Kg J 24.9 Det. 
limit 55.4 

FAC-03-P1 SW-6020 Total Arsenic 63 mg/Kg  89.6 63 115 
FAC-03-P1 SW-6020 Total Barium 241 mg/Kg  258 208 308 
FAC-03-P1 SW-6020 Total Beryllium 59.1 mg/Kg  61.9 50.5 73.3 
FAC-03-P1 SW-6020 Total Cadmium 67.4 mg/Kg  71.5 58.7 84.3 
FAC-03-P1 SW-6020 Total Calcium 2300 mg/Kg  3740 3020 4460 
FAC-03-P1 SW-6020 Total Chromium 64.4 mg/Kg  82.4 64.1 99.3 
FAC-03-P1 SW-6020 Total Cobalt 88.5 mg/Kg  115 86.1 144 
FAC-03-P1 SW-6020 Total Copper 47.8 mg/Kg  67.6 54.5 80.5 
FAC-03-P1 SW-6020 Total Iron 6580 mg/Kg  12300 6800 17800 
FAC-03-P1 SW-6020 Total Lead 113 mg/Kg  122 95.9 148 
FAC-03-P1 SW-6020 Total Magnesium 1820 mg/Kg J 2150 1640 2660 
FAC-03-P1 SW-6020 Total Manganese 165 mg/Kg  212 174 250 

FAC-03-P1 SW-6020 Total 
Molybdenum 32.7 mg/Kg J 47.4 36.4 58.4 

FAC-03-P1 SW-6020 Total Nickel 69.7 mg/Kg  85.5 69 102 
FAC-03-P1 SW-6020 Total Potassium 1680 mg/Kg  2340 1650 3030 
FAC-03-P1 SW-6020 Total Selenium 89.9 mg/Kg J 127 83.2 171 

FAC-03-P1 SW-6020 Total Silver 57.7 mg/Kg  104 Det. 
limit 215 

FAC-03-P1 SW-6020 Total Sodium 180 mg/Kg  200 137 263 
FAC-03-P1 SW-6020 Total Thallium 120 mg/Kg  139 107 171 
FAC-03-P1 SW-6020 Total Vanadium 79.7 mg/Kg  98.8 73.8 124 
FAC-03-P1 SW-6020 Total Zinc 194 mg/Kg  290 231 349 
FAC-03-P1 SW-7471A Total Mercury 1.93 mg/Kg  2.32 1.58 3.06 

FAC-03-P2 Soil 
Ammonia 

Nitrogen 
Ammonia 328 mg/Kg  234 104 364 

FAC-03-P2 SOIL TKN Total Kjeldahl 
Nitrogen 1860 mg/Kg  1100 652 1540 

FAC-03-P2 SW-6020 Total P (6020) 759 mg/Kg  1710 851 2570 
FAC-03-P2 SW-9060 TOC 697 mg/L  8840 4350 13300 
CL3-03-P1 SW-6020 Total Aluminum 7550 mg/Kg  7590 4390 10800 

CL3-03-P1 SW-6020 Total Antimony 3.81 mg/Kg  77.5 Det. 
limit 173 

CL3-03-P1 SW-6020 Total Arsenic 76.6 mg/Kg  80.9 64.5 97.3 
CL3-03-P1 SW-6020 Total Barium 150 mg/Kg  156 128 184 
CL3-03-P1 SW-6020 Total Beryllium 152 mg/Kg  143 117 169 
CL3-03-P1 SW-6020 Total Cadmium 245 mg/Kg  233 188 277 
CL3-03-P1 SW-6020 Total Calcium 4090 mg/Kg  4320 3420 5220 
CL3-03-P1 SW-6020 Total Chromium 52.4 mg/Kg  60.8 47.7 73.8 
CL3-03-P1 SW-6020 Total Cobalt 61.4 mg/Kg  68.6 56.1 81.1 
CL3-03-P1 SW-6020 Total Copper 114 mg/Kg  131 108 154 



 

 

Table 3.11.1-2:  Soil and Litter PE Results 

Sample ID Test ID Parameter Result Units Flag Certified 
Value 

Lower 
Control 
Limit 

Upper 
Control 
Limit 

CL3-03-P1 SW-6020 Total Iron 10100 mg/Kg  14400 7420 21400 
CL3-03-P1 SW-6020 Total Lead 80.3 mg/Kg  76.8 61.9 91.8 
CL3-03-P1 SW-6020 Total Magnesium 2100 mg/Kg  2220 1710 2730 
CL3-03-P1 SW-6020 Total Manganese 270 mg/Kg  304 243 365 
CL3-03-P1 SW-6020 Total Nickel 44.5 mg/Kg  49.6 40.4 58.8 
CL3-03-P1 SW-6020 Total Potassium 2450 mg/Kg  2380 1700 3060 
CL3-03-P1 SW-6020 Total Selenium 84 mg/Kg  82.9 62.6 103 
CL3-03-P1 SW-6020 Total Silver 29.8 mg/Kg  80 49 111 
CL3-03-P1 SW-6020 Total Sodium 464 mg/Kg  456 254 658 
CL3-03-P1 SW-6020 Total Thallium 157 mg/Kg  158 119 197 
CL3-03-P1 SW-6020 Total Vanadium 54.8 mg/Kg  72.4 51.7 93 
CL3-03-P1 SW-6020 Total Zinc 102 mg/Kg  116 90.5 141 
CL3-03-P1 SW-7471A Total Mercury 4.29 mg/Kg  3.6 2.45 4.75 

CL3-03-P2 EPA-351.3 
TKN 

Total Kjeldahl 
Nitrogen 1700 mg/Kg  1140 652 1730 

CL3-03-P2 MEHLICH 
3 

Phosphorus 
(Mehlich 3) 1646 mg/Kg  680 373 987 

CL3-03-P2 Soil 
Ammonia 

Nitrogen 
Ammoniacal 195 mg/Kg  291 148 434 

CL3-03-P2 WALKLEY
-BLACK TOC 4.38 %  8850 4480 13200 

LAL1-A-10 SW-6020 Total Aluminum 7560 mg/Kg  7890 4560 11200 

LAL1-A-10 SW-6020 Total Antimony 72.5 mg/Kg  105 Det. 
limit 234 

LAL1-A-10 SW-6020 Total Arsenic 109 mg/Kg  142 113 171 
LAL1-A-10 SW-6020 Total Barium 240 mg/Kg  224 184 264 
LAL1-A-10 SW-6020 Total Beryllium 44.4 mg/Kg  40.6 33.3 47.9 
LAL1-A-10 SW-6020 Total Cadmium 71.3 mg/Kg  64.5 52.6 76.4 
LAL1-A-10 SW-6020 Total Calcium 3330 mg/Kg  3600 2850 4350 
LAL1-A-10 SW-6020 Total Chromium 82.6 mg/Kg  86.5 67.9 105 
LAL1-A-10 SW-6020 Total Cobalt 53.7 mg/Kg  63.6 52 75.2 
LAL1-A-10 SW-6020 Total Copper 51.8 mg/Kg  68.6 56.5 80.7 
LAL1-A-10 SW-6020 Total Iron 14000 mg/Kg  13600 7640 19600 
LAL1-A-10 SW-6020 Total Lead 100 mg/Kg  93.6 75.4 112 
LAL1-A-10 SW-6020 Total Magnesium 2400 mg/Kg  2500 1930 3070 
LAL1-A-10 SW-6020 Total Manganese 473 mg/Kg  501 400 602 
LAL1-A-10 SW-6020 Mercury 0.0421 mg/Kg  2.8 1.91 3.7 

LAL1-A-10 SW-6020 Total 
Molybdenum 36.5 mg/Kg  39 30.9 47.1 

LAL1-A-10 SW-6020 Total Nickel 57.2 mg/Kg  68.4 55.8 81 
LAL1-A-10 SW-6020 Total Potassium 3080 mg/Kg  3300 2350 4250 
LAL1-A-10 SW-6020 Total Selenium 106 mg/Kg  124 93.7 154 
LAL1-A-10 SW-6020 Total Silver 95.2 mg/Kg  171 105 237 
LAL1-A-10 SW-6020 Total Sodium 842 mg/Kg  899 500 1300 
LAL1-A-10 SW-6020 Total Thallium 117 mg/Kg  110 83.1 137 



 

 

Table 3.11.1-2:  Soil and Litter PE Results 

Sample ID Test ID Parameter Result Units Flag Certified 
Value 

Lower 
Control 
Limit 

Upper 
Control 
Limit 

LAL1-A-10 SW-6020 Total Vanadium 78.3 mg/Kg  82.4 61.6 103 
LAL1-A-10 SW-6020 Total Zinc 236 mg/Kg  296 235 357 
LAL1-A-10 SW-6020 Total P (6020) 731 mg/Kg  726 580.8 871.2 

LAL1-A-10 
SOIL 
AMMONIA
-N 

Nitrogen 
Ammoniacal 22 mg/Kg  550 279 821 

LAL1-A-10 SOIL TKN Total Kjeldahl 
Nitrogen 846 mg/Kg  1490 852 2130 

LAL1-A-10 WALKLEY
-BLACK TOC 9300 mg/Kg  9080 4600 13600 

SD-001-P SW-6010B Total Aluminum 8090 mg/Kg  7730 4470 11000 

SD-001-P SW-6010B Total Antimony 46.5 mg/Kg  60.6 Det. 
limit 135 

SD-001-P SW-6010B Total Arsenic 260 mg/Kg  257 205 309 
SD-001-P SW-6010B Total Barium 384 mg/Kg  472 387 557 
SD-001-P SW-6010B Total Beryllium 86.5 mg/Kg  88.4 72.5 104 
SD-001-P SW-6010B Total Cadmium 110 mg/Kg  117 95.4 139 
SD-001-P SW-6010B Total Calcium 2894 mg/Kg  3640 2880 4400 
SD-001-P SW-6010B Total Chromium 63.1 mg/Kg  72.8 57.2 88.4 
SD-001-P SW-6010B Total Cobalt 66.6 mg/Kg  82.5 67.5 97.5 
SD-001-P SW-6010B Total Copper 83.5 mg/Kg  100 82.6 118 
SD-001-P SW-6010B Total Iron 20249 mg/Kg  14500 7340 21600 
SD-001-P SW-6010B Total Lead 163.4 mg/Kg  166 134 198 
SD-001-P SW-6010B Total Manganese 308.6 mg/Kg  374 299 449 

SD-001-P SW-6010B Total 
Molybdenum 76.8 mg/Kg  82.7 65.6 99.8 

SD-001-P SW-6010B Total Nickel 80.7 mg/Kg  103 84 122 
SD-001-P SW-6010B Total P (6020) 801 mg/Kg  726 580.8 871.2 
SD-001-P SW-6010B Total Potassium 2213 mg/Kg  2410 1720 3100 
SD-001-P SW-6010B Total Selenium 167 mg/Kg  173 131 215 
SD-001-P SW-6010B Total Silver 30.2 mg/Kg  123 75.3 171 
SD-001-P SW-6010B Total Sodium 463 mg/Kg  574 319 829 
SD-001-P SW-6010B Total Thallium 190 mg/Kg  194 147 241 
SD-001-P SW-6010B Total Vanadium 120 mg/Kg  138 103 173 
SD-001-P SW-6010B Total Zinc 162 mg/Kg  201 159 242 
SD-001-P SW-6020 Total Aluminum 7647 mg/Kg  7730 4470 11000 

SD-001-P SW-6020 Total Antimony 30.1 mg/Kg  60.6 Det. 
limit 135 

SD-001-P SW-6020 Total Arsenic 250 mg/Kg  257 205 309 
SD-001-P SW-6020 Total Barium 431 mg/Kg  472 387 557 
SD-001-P SW-6020 Total Beryllium 92.9 mg/Kg  88.4 72.5 104 
SD-001-P SW-6020 Total Cadmium 115 mg/Kg  117 95.4 139 
SD-001-P SW-6020 Total Calcium 3411 mg/Kg  3640 2880 4400 
SD-001-P SW-6020 Total Chromium 66.5 mg/Kg  72.8 57.2 88.4 
SD-001-P SW-6020 Total Cobalt 72.4 mg/Kg  82.5 67.5 97.5 



 

 

Table 3.11.1-2:  Soil and Litter PE Results 

Sample ID Test ID Parameter Result Units Flag Certified 
Value 

Lower 
Control 
Limit 

Upper 
Control 
Limit 

SD-001-P SW-6020 Total Copper 95.1 mg/Kg  100 82.6 118 
SD-001-P SW-6020 Total Iron 18402 mg/Kg  14500 7340 21600 
SD-001-P SW-6020 Total Lead 170 mg/Kg  166 134 198 
SD-001-P SW-6020 Total Manganese 374 mg/Kg  374 299 449 

SD-001-P SW-6020 Total 
Molybdenum 77.7 mg/Kg  82.7 65.6 99.8 

SD-001-P SW-6020 Total Nickel 99.4 mg/Kg  103 84 122 
SD-001-P SW-6020 Total P (6020) 749 mg/Kg  726 580.8 871.2 
SD-001-P SW-6020 Total Potassium 2341 mg/Kg  2410 1720 3100 
SD-001-P SW-6020 Total Selenium 169 mg/Kg  173 131 215 
SD-001-P SW-6020 Total Silver 29.1 mg/Kg  123 75.3 171 
SD-001-P SW-6020 Total Sodium 579 mg/Kg  574 319 829 
SD-001-P SW-6020 Total Thallium 198 mg/Kg  194 147 241 
SD-001-P SW-6020 Total Vanadium 133 mg/Kg  138 103 173 
SD-001-P SW-6020 Total Zinc 195 mg/Kg  201 159 242 
SD-001-P SW-7471A Total Mercury 4.19 mg/Kg  4.18 2.85 5.52 

SD-002-P 
SOIL 
AMMONIA
-N 

Nitrogen 
Ammoniacal 398 mg/Kg  391 174 608 

SD-002-P SOIL TKN Total Kjeldahl 
Nitrogen 2183 mg/Kg  2183 1270 764 

SD-002-P SW-6010B Total P (6020) 1049 mg/Kg  750 373 1130 
SD-002-P SW-6020 Total P (6020) 921 mg/Kg  750 373 1130 

SD-002-P WALKLEY
-BLACK TOC 0.8 %  8670 4270 13100 

 



 

 

 
Table 3.11.2-1:  Average RPD for Selected Parameters in Soil and Poultry 
Waste 
Matrix Parameter RPD

 Aluminum 8
 Arsenic 13
 Total P 5
 Copper 4
 Zinc 9
 Matter 60
 Soluble Salts 23
 Ammonium 16
 Chloride 11
 Nitrate 12
 Phosphorus (Water Souble) 15
 Sulfate 18
 Nitrogen 11
Phosphorus (Mehlich 3) 42
Staphylococcus aureus NC
Salmonella Species NC
Total Coliform 150
Fecal Coliform 113
E. coli  89

Soil 

Enterococcus Group  135
Aluminum  78
Arsenic 25
Total P 4
Copper 2
Zinc 64
Organic Matter 8
Soluble Salts 14
Ammonium 167
Chloride 6
Nitrate NC
Phosphorus (Water Souble) 14
Sulfate 2
Nitrogen 27
Phosphorus (Mehlich 3) 4
Staphylococcus aureus NC
Salmonella species NC
Campylobacter species NC
Total Coliform 81
Fecal Coliform 94
E. coli 104

Poultry 
Waste 

Enterococcus Group 79
NC – Not calculated because one or both results are below detection limits 

 



 

 

 
Table 3.11.2-2:  Average RPD for Selected Parameters in Water 

Parameter RPD Number of 
Duplicate Pairs 

Dissolved Aluminum 12 5 
Dissolved Antimony NC 0 
Dissolved Arsenic 3 7 
Dissolved Barium 2 26 
Dissolved Beryllium NC 0 
Dissolved Cadmium NC 0 
Dissolved Calcium 4 26 
Dissolved Chromium 0 5 
Dissolved Cobalt 0 2 
Dissolved Copper 15 13 
Dissolved Iron 11 5 
Dissolved Lead NC 0 
Dissolved Magnesium 2 26 
Dissolved Manganese 6 18 
Dissolved Mercury NC 0 
Dissolved Molybdenum 7 2 
Dissolved Nickel 0 11 
Dissolved Potassium 5 26 
Dissolved Selenium 0 2 
Dissolved Silver NC 0 
Dissolved Sodium 3 26 
Dissolved Thallium NC 0 
Dissolved Vanadium 28 4 
Dissolved Zinc 24 10 
Total Aluminum 50 12 
Total Antimony NC 0 
Total Arsenic 21 14 
Total Barium 11 26 
Total Beryllium NC 0 
Total Cadmium NC 0 
Total Calcium 6 26 
Total Chromium 50 8 
Total Cobalt 82 2 
Total Coliform 89 12 
Total Copper 34 12 
Total Iron 53 13 
Total Lead 64 3 
Total Magnesium 9 26 
Total Manganese 33 24 
Total Mercury NC 0 
Total Molybdenum 46 3 
Total Nickel 26 13 
Total Potassium 10 26 
Total Selenium 0 4 
Total Silver NC 0 
Total Sodium 3 26 



 

 

Table 3.11.2-2:  Average RPD for Selected Parameters in Water 

Parameter RPD Number of 
Duplicate Pairs 

Total Thallium NC 0 
Total Vanadium 3 3 
Total Zinc 38 10 
Dissolved Ortho P (365.2) 28 6 
Soluble Reactive P (4500PF) 12 58 
Total Dissolved P (365.2) 31 7 
Total Dissolved P (4500PF) 13 64 
Total Dissolved P (6010) 6 6 
Total Dissolved P (6020) 12 19 
Total ortho P (365.2) 16 6 
Total P (365.2) 15 7 
Total P (4500PF) 12 63 
Total P (6010) 8 6 
Total P (6020) 21 25 
Alkalinity (as CaCO3) 8 26 
Ammonia Nitrogen 22 6 
Chloride 1 25 
Chlorophyll a, corrected 16 35 
Chlorophyll a, uncorrected 13 35 
COD (Chemical Oxygen Demand) 20 3 
Conductivity 10 9 
DOC 9 7 
Nitrite + Nitrate (as N) 5 41 
pH (1:1) 2 16 
TOC 8 38 
Total Dissolved Solids 12 41 
Total Kjeldahl Nitrogen 45 42 
Total Sulfate (SO4) 5 24 
Total Suspended Solids 50 32 
Turbidity 14 11 
TTHMFP as CHCl3 9 9 
Campylobacter species NC 0 
Coliforms 40 2 
E. coli 63 9 
Enterococci 67 14 
Fecal Coliform 69 13 
Salmonella species 73 3 
Staphylococcus aureus 41 3 
17a-estradiol NC 0 
17b-estradiol 24 3 
Estriol NC 0 
Estrone NC 0 
NC – Not calculated because one or both results are below detection limits 



 

 

 

Table 3.11.2-3:  %RSD range for Selected Parameters 

Parameter %RSD Range Method Reference 

Copper 9 - 25 SW-848 method 6020 

Zinc 14 - 42 SW-848 method 6020 

Arsenic 12 - 23 SW-848 method 6020 

Aluminum 11 - 39 SW-848 method 6020 

TOC 3.93 - 8.32 EPA method 415.1 

 



 

 

 
Table 3.11.3-1 Decontamination Rinsate Blank Results 

Parameter Units LAL-14D LAL-15C LAL-16B LAL-17D 

Alkalinity (as CaCO3) mg/L <4 <4 8 <4 
Ammonia Nitrogen mg/L <0.1 <0.1 <0.1 <0.1 
Chloride mg/L <1 <1 <1 <1 
Dissolved Aluminum mg/L <0.1 <0.1 <0.1 <0.1 
Dissolved Antimony mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Arsenic mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Barium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Beryllium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Cadmium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Calcium mg/L <0.1 0.246 0.17 0.122 
Dissolved Chromium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Cobalt mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Copper mg/L <0.001 0.001 <0.001 <0.001 
Dissolved Iron mg/L <0.1 <0.1 <0.1 <0.1 
Dissolved Lead mg/L <0.001 <0.001 <0.001 0.013 
Dissolved Magnesium mg/L <0.1 <0.1 <0.1 <0.1 
Dissolved Manganese mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Mercury mg/L <0.0002 <0.0002 <0.0002 <0.0002 
Dissolved Molybdenum mg/L <0.005 <0.005 <0.005 <0.005 
Dissolved Nickel mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Potassium mg/L <0.1 <0.1 <0.1 <0.1 
Dissolved Selenium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Silver mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Sodium mg/L <0.1 0.238 0.125 <0.1 
Dissolved Thallium mg/L <0.001 <0.001 <0.001 <0.001 
Dissolved Vanadium mg/L <0.01 <0.01 <0.01 <0.01 
Dissolved Zinc mg/L <0.005 <0.005 <0.005 <0.005 
Nitrite + Nitrate (as N) mg/L 0 <0.1 5.45 <0.1 
pH (1:1) s.u. 7.6 7.7 6.9 5.4 
TOC mg/L <1 <1 <1 <1 
Total Aluminum mg/L <0.1 <0.1 <0.1 <0.1 
Total Antimony mg/L <0.001 <0.001 <0.001 <0.001 
Total Arsenic mg/L <0.001 <0.001 <0.001 <0.001 
Total Barium mg/L <0.001 <0.001 <0.001 <0.001 
Total Beryllium mg/L <0.001 <0.001 <0.001 <0.001 
Total Cadmium mg/L <0.001 <0.001 <0.001 <0.001 
Total Calcium mg/L <0.1 <0.1 <0.1 <0.1 
Total Chromium mg/L <0.001 <0.001 0.002 0.002 
Total Cobalt mg/L <0.001 <0.001 <0.001 <0.001 
Total Copper mg/L <0.001 <0.001 <0.001 <0.001 
Total Dissolved P (6020) mg/L 0.023 0.023 0.017 0.011 
Total Dissolved Solids mg/L <7 U <9 U 198 J 7 J 
Total Iron mg/L <0.1 <0.1 <0.1 <0.1 
Total Kjeldahl Nitrogen mg/L 2.5 2.8 2.5 2.5 



 

 

Table 3.11.3-1 Decontamination Rinsate Blank Results 

Parameter Units LAL-14D LAL-15C LAL-16B LAL-17D 

Total Lead mg/L <0.001 0.002 <0.001 0.008 
Total Magnesium mg/L <0.1 <0.1 <0.1 <0.1 
Total Manganese mg/L <0.001 <0.001 <0.001 <0.001 
Total Mercury mg/L <0.0002 <0.0002 <0.0002 <0.0002 
Total Molybdenum mg/L <0.005 <0.005 <0.005 <0.005 
Total Nickel mg/L <0.001 <0.001 <0.001 <0.001 
Total P (6020) mg/L <0.01 0.013 0.013 <0.01 
Total Potassium mg/L <0.1 <0.1 <0.1 <0.1 
Total Selenium mg/L <0.001 <0.001 <0.001 <0.001 
Total Silver mg/L <0.001 <0.001 <0.001 <0.001 
Total Sodium mg/L <0.1 <0.1 <0.1 <0.1 
Total Sulfate (SO4) mg/L <1 <1 <1 <1 
Total Suspended Solids mg/L 0 2 18 14 
Total Thallium mg/L <0.001 <0.001 <0.001 <0.001 
Total Vanadium mg/L <0.01 <0.01 <0.01 <0.01 
Total Zinc mg/L <0.005 <0.005 <0.005 <0.005 
Soluble Reactive P (4500PF) mg/L <0.001 <0.001 <0.001 <0.001 
Total Dissolved P (4500PF) mg/L 0.00232 <0.002 <0.002 <0.002 
Total P (4500PF) mg/L 0.00272 0.00213 <0.002 <0.002 

E. coli MPN*/10
0ml <2 <2 <2 <2 

Enterococcus Group MPN*/10
0ml <2 <2 <2 <2 

Fecal Coliform MPN*/10
0ml <2 <2 <2 <2 

Salmonella species MPN*/10
0ml <2 <2 <2 <2 

Staphylococcus aureus MPN*/10
0ml <1.1 <1.1 <1.1 <1.1 

Total Coliform MPN*/10
0ml <2 <2 <2 <2 

17a-estradiol ng/L na <1 na na 
17b-estradiol ng/L na <1 na na 
Estriol ng/L na <1 na na 
Estrone ng/L na <1 na na 

 



 

 

 
Table 3.11.4-1:  Comparison of Field versus Laboratory Phosphorus Results 

Sample ID Sampling Program 
Field Measured 

Phosphate 
(PO4) 

Field Measured 
Phosphate 

(Converted to P) 

Laboratory (Aquatic 
Research) Total P 

(4500PF) 
RPD 

SN-CAN-UP1-A Synoptic River Sampling 0.04 0.013 0.018 34 
SN-SGR-UP1 Synoptic River Sampling 0.09 0.029 0.037 23 
SN-BldCl-03-A Synoptic River Sampling 0.09 0.029 0.042 35 
SN-RS780-A Synoptic River Sampling 0.02 0.007 0.045 149 
SN-MUD-TPUP-A Synoptic River Sampling 0.03 0.010 0.053 138 
SN-ILR07-A Synoptic River Sampling 0.18 0.059 0.077 27 
SN-RS776-A Synoptic River Sampling 0.16 0.052 0.086 49 
SN-OSAGE-DN1A Synoptic River Sampling 0.15 0.049 0.099 68 
SN-RS-728-A Synoptic River Sampling 0.36 0.117 0.124 5 
SN-RS50-A Synoptic River Sampling 0.35 0.114 0.127 11 
SN-SPRING-DN1 Synoptic River Sampling 0.39 0.127 0.164 25 
SN-OSAGE-TP-A Synoptic River Sampling 0.13 0.042 0.226 137 
SN-SPRING-TP Synoptic River Sampling 0.51 0.166 0.232 33 
SN-CAN-DNTP-A Synoptic River Sampling 0.61 0.199 0.315 45 
SN-CAN-TP-A Synoptic River Sampling 0.94 0.307 0.489 46 
SN-SBC2-A Synoptic River Sampling 1.93 0.630 0.650 3 
SN-SBC-DNLG-A Synoptic River Sampling 1.79 0.584 0.763 27 
SN-MUD-DS1-A Synoptic River Sampling 4.8 1.566 1.488 5 
SN-SGR-TP Synoptic River Sampling 7.1 2.316 2.477 7 
SN-SGR-DNTP Synoptic River Sampling 9.4 3.067 3.233 5 
SN-SBC-DSCG-A Synoptic River Sampling 12.4 4.046 4.289 6 
RS-365 2007 Spring 0.02 0.007 0.011 51 
RS-770 2007 Spring 0.05 0.016 0.023 34 
RS-160 2007 Spring 0.1 0.033 0.034 4 
RS-578 2007 Spring 0.09 0.029 0.039 28 
RS-433 2007 Spring 0.1 0.033 0.051 44 
RS-348 2007 Spring 0.29 0.095 0.094 1 
RS-25 2007 Spring 0.18 0.059 0.111 62 
RS-421 2007 Spring 0.65 0.212 0.224 5 
RS-9008 2006 Summer 0.06 0.020 0.006 111 
RS-401 2006 Summer 0.06 0.020 0.006 106 
RS-662 2006 Summer 0.12 0.039 0.007 137 
RS-10004 2006 Summer 0.03 0.010 0.008 25 
RS-286 2006 Summer 0.04 0.013 0.009 41 
RS-10013 2006 Summer 0.05 0.016 0.009 58 
RS-368 2006 Summer 0.04 0.013 0.010 26 
RS-443 2006 Summer 0.06 0.020 0.010 65 
RS-10005 2006 Summer 0.01 0.003 0.010 102 
RS-10014 2006 Summer 0.07 0.023 0.012 62 
RS-753 2006 Summer 0.04 0.013 0.016 20 
RS-772 2006 Summer 0.07 0.023 0.017 30 
RS-646 2006 Summer 0.1 0.033 0.018 58 
RS-22 2006 Summer 0.08 0.026 0.018 36 
RS-536 2006 Summer 0.06 0.020 0.019 3 
RS-604 2006 Summer 0 0.000 0.021 200 
RS-7198000 2006 Summer 0.04 0.013 0.021 47 
RS-365 2006 Summer 0.02 0.007 0.022 109 
HFS-28A 2006 Summer 0.08 0.026 0.022 16 



 

 

Table 3.11.4-1:  Comparison of Field versus Laboratory Phosphorus Results 

Sample ID Sampling Program 
Field Measured 

Phosphate 
(PO4) 

Field Measured 
Phosphate 

(Converted to P) 

Laboratory (Aquatic 
Research) Total P 

(4500PF) 
RPD 

HFS-30 2006 Summer 0.07 0.023 0.023 1 
RS-548 2006 Summer 0.11 0.036 0.023 42 
RS-343 2006 Summer 0.11 0.036 0.024 40 
RS-696 2006 Summer 0.02 0.007 0.025 117 
RS-360 2006 Summer 0.05 0.016 0.025 42 
RS-657 2006 Summer 0.12 0.039 0.025 44 
RS-361 2006 Summer 0.05 0.016 0.027 49 
RS-10003 2006 Summer 0.05 0.016 0.027 50 
RS-301 2006 Summer 0.04 0.013 0.027 70 
RS-649 2006 Summer 0.09 0.029 0.029 3 
RS-124 2006 Summer -0.01 -0.003 0.029 251 
RS-234 2006 Summer 0.02 0.007 0.029 127 
RS-351 2006 Summer 0.08 0.026 0.029 11 
RS-706 2006 Summer 0.11 0.036 0.030 17 
RS-795 2006 Summer 0.13 0.042 0.030 33 
RS-257 2006 Summer 0 0.000 0.031 200 
RS-86 2006 Summer 0.08 0.026 0.031 17 
RS-637 2006 Summer 0.2 0.065 0.033 66 
RS-27 2006 Summer 0.08 0.026 0.034 25 
RS-335 2006 Summer 0.05 0.016 0.034 70 
RS-518 2006 Summer 0.06 0.020 0.035 57 
RS-9002 2006 Summer 0.14 0.046 0.035 26 
RS-770 2006 Summer 0.15 0.049 0.035 32 
RS-133 2006 Summer 0.08 0.026 0.036 32 
RS-329 2006 Summer 0.17 0.055 0.036 42 
RS-661 2006 Summer 0.16 0.052 0.037 34 
HFS-29 2006 Summer 0.1 0.033 0.038 16 
RS-55 2006 Summer 0.16 0.052 0.039 30 
RS-65 2006 Summer 0.11 0.036 0.039 8 
RS-123 2006 Summer 0 0.000 0.039 200 
RS-786 2006 Summer 0.15 0.049 0.040 20 
RS-409 2006 Summer 0.17 0.055 0.040 32 
RS-371 2006 Summer 0.08 0.026 0.040 43 
RS-756 2006 Summer 0.17 0.055 0.041 30 
RS-205 2006 Summer 0.08 0.026 0.043 50 
RS-150 2006 Summer 0.19 0.062 0.044 34 
RS-667 2006 Summer 0.17 0.055 0.045 21 
RS-59 2006 Summer 0.2 0.065 0.045 37 
RS-102 2006 Summer 0.15 0.049 0.045 8 
RS-126 2006 Summer 0.03 0.010 0.045 129 
RS-538 2006 Summer 0.19 0.062 0.045 32 
RS-334 2006 Summer 0.11 0.036 0.046 24 
RS-147 2006 Summer 0.19 0.062 0.047 28 
RS-367 2006 Summer 0.17 0.055 0.048 14 
RS-163 2006 Summer 0.24 0.078 0.049 45 
RS-160 2006 Summer 0.23 0.075 0.051 39 
RS-379 2006 Summer 0.1 0.033 0.051 43 
HFS2-BF2-01 2006 Summer 0.16 0.052 0.051 2 
RS-312 2006 Summer 0.21 0.069 0.051 29 



 

 

Table 3.11.4-1:  Comparison of Field versus Laboratory Phosphorus Results 

Sample ID Sampling Program 
Field Measured 

Phosphate 
(PO4) 

Field Measured 
Phosphate 

(Converted to P) 

Laboratory (Aquatic 
Research) Total P 

(4500PF) 
RPD 

RS-442 2006 Summer 0.21 0.069 0.052 27 
RS-701 2006 Summer 0.14 0.046 0.052 13 
RS-327 2006 Summer 0.07 0.023 0.053 79 
RS-36 2006 Summer 0.15 0.049 0.053 8 
RS-104 2006 Summer 0.12 0.039 0.054 32 
RS-32 2006 Summer 0.15 0.049 0.055 12 
RS-630 2006 Summer 0.18 0.059 0.055 7 
RS-625 2006 Summer 0.22 0.072 0.056 25 
RS-10008 2006 Summer 0.19 0.062 0.057 9 
RS-514 2006 Summer 0.21 0.069 0.057 18 
RS-19 2006 Summer 0.06 0.020 0.058 98 
RS-260 2006 Summer 0.11 0.036 0.059 49 
RS-391 2006 Summer 0.25 0.082 0.062 27 
RS-137 2006 Summer 0.29 0.095 0.062 42 
RS-682 2006 Summer 0.24 0.078 0.062 23 
RS-623 2006 Summer 0.24 0.078 0.066 16 
RS-9007 2006 Summer 0.11 0.036 0.067 60 
RS-704 2006 Summer 0.24 0.078 0.067 15 
RS-9009 2006 Summer 0.1 0.033 0.069 72 
HFS23-BF2-01 2006 Summer 0.08 0.026 0.070 91 
RS-117 2006 Summer 0.1 0.033 0.071 74 
RS-578 2006 Summer 0.33 0.108 0.074 37 
HFS5-BF2-01 2006 Summer 0.18 0.059 0.081 32 
RS-386 2006 Summer 0.41 0.134 0.081 49 
RS-654 2006 Summer 0.27 0.088 0.086 2 
RS-43 2006 Summer 0.19 0.062 0.088 35 
RS-342 2006 Summer 0.14 0.046 0.095 70 
RS-621 2006 Summer 0.21 0.069 0.097 34 
RS-609 2006 Summer 0.28 0.091 0.098 7 
RS-348 2006 Summer 0.27 0.088 0.100 12 
RS-577 2006 Summer 0.28 0.091 0.100 9 
RS-72 2006 Summer 0.24 0.078 0.102 26 
RS-148 2006 Summer 0.07 0.023 0.106 129 
RS-433 2006 Summer 0.3 0.098 0.108 10 
RS-57 2006 Summer 0.21 0.069 0.108 45 
RS-7194800 2006 Summer 0.31 0.101 0.110 8 
RS-139 2006 Summer 0.34 0.111 0.118 6 
RS-340 2006 Summer 0.32 0.104 0.120 14 
RS-574 2006 Summer 0.43 0.140 0.122 14 
RS-757 2006 Summer 0.54 0.176 0.122 36 
RS-258 2006 Summer 0.02 0.007 0.129 181 
RS-180 2006 Summer 0.38 0.124 0.129 4 
RS-53 2006 Summer 0.31 0.101 0.139 32 
HFS-14 2006 Summer 0.35 0.114 0.141 21 
RS-382 2006 Summer 0.21 0.069 0.145 72 
RS-97 2006 Summer 0.31 0.101 0.146 36 
RS-29 2006 Summer 0.44 0.144 0.159 10 
RS-218 2006 Summer 0.39 0.127 0.162 24 
RS-233 2006 Summer 0.49 0.160 0.166 4 



 

 

Table 3.11.4-1:  Comparison of Field versus Laboratory Phosphorus Results 

Sample ID Sampling Program 
Field Measured 

Phosphate 
(PO4) 

Field Measured 
Phosphate 

(Converted to P) 

Laboratory (Aquatic 
Research) Total P 

(4500PF) 
RPD 

RS-313 2006 Summer 0.54 0.176 0.167 5 
RS-7195430 2006 Summer 0.54 0.176 0.167 5 
RS-31 2006 Summer 0.49 0.160 0.173 8 
RS-134 2006 Summer 0.31 0.101 0.174 53 
RS-243 2006 Summer 0.01 0.003 0.180 193 
RS-727 2006 Summer 0.52 0.170 0.185 9 
HFS-20 2006 Summer 0.35 0.114 0.187 48 
RS-256 2006 Summer 0.01 0.003 0.187 193 
RS-780 2006 Summer 0.54 0.176 0.189 7 
RS-421 2006 Summer 0.69 0.225 0.204 10 
RS-47 2006 Summer 0.65 0.212 0.212 0 
RS-790 2006 Summer 0.38 0.124 0.240 64 
RS-7 2006 Summer 0.65 0.212 0.243 13 
RS-347 2006 Summer 0.71 0.232 0.249 7 
RS-28 2006 Summer 0.71 0.232 0.250 8 
RS-50 2006 Summer 0.74 0.241 0.259 7 
RS-350 2006 Summer 0.8 0.261 0.265 2 
RS-25 2006 Summer 0.74 0.241 0.266 10 
RS-5 2006 Summer 0.69 0.225 0.267 17 
RS-109 2006 Summer 0.7 0.228 0.273 18 
RS-75 2006 Summer 0.96 0.313 0.302 4 
RS-121 2006 Summer 0.91 0.297 0.305 3 
RS-119 2006 Summer 1.09 0.356 0.358 1 
RS-122 2006 Summer 1.09 0.356 0.362 2 
RS-120 2006 Summer 1.22 0.398 0.413 4 
RS-793 2006 Summer 1.09 0.356 0.470 28 
RS-390 2006 Summer 0.62 0.202 0.475 81 
RS-902 2006 Summer 1.51 0.493 0.492 0 
RS-564 2006 Summer 0.58 0.189 0.510 92 
RS-246 2006 Summer 1.29 0.421 0.511 19 
RS-728 2006 Summer 1.47 0.480 0.519 8 
RS-349 2006 Summer 1.74 0.568 0.577 2 
RS-9005 2006 Summer 0.33 0.108 0.592 138 
RS-345 2006 Summer 1.86 0.607 0.624 3 
RS-901 2006 Summer 1.99 0.649 0.661 2 
RS-399 2006 Summer 0.81 0.264 1.050 120 
HFS22-BF2-01* 2006 Summer 6.7 2.186 1.932 12 
HFS-04* 2006 Summer 6.1 1.990 2.014 1 
RS-9006* 2006 Summer 7.6 2.480 2.081 17 
RS-9001* 2006 Summer 6.1 1.990 2.158 8 
RS-245* 2006 Summer 18 5.873 7.710 27 
* - Field P result from high concentration test kit 



 

 

 
 
 
Table 3.12-1:  Potential 

Parameter Documented 
RPD (%) 

Calculated 
Low RPD (%) 

Calculated 
High RPD (%) 

Calculated 
Average RPD 

(%) 
Phosphorus (Mehlich 3) (mg/Kg) 42 0.002 0.778 0.107 
Total P (6020) (mg/Kg) 5 0.010 0.223 0.083 
Total Arsenic (mg/Kg) 13 0.010 0.270 0.081 
Total Copper (mg/Kg) 4 0.007 0.356 0.096 
Total Zinc (mg/Kg) 9 0.011 0.345 0.093 
Nitrogen Total (Inorganic + Organic) 
(mg/Kg) 11 0.010 1.008 0.112 

Organic Matter (mg/Kg) 60 0.011 0.378 0.093 
Fecal Coliform 113 - - - 

 
 
 
 
 
Table 3.12-2:  Measured Bacteria Concentrations 

Sample ID Depth 
(inches) 

Fecal Coliform 
(MPN/gram) E Coli (MPN/gram) Enterococcus 

(MPN/gram) 
LAL-05B 0-2 2.4 2.4 1.4 
LAL-11C 0-2 180 14 54000 
LAL-12D 0-2 40 40 12000 
LAL-15B 0-2 2000 2000 1800 
LAL-16C 0-2 27000 240 9400 
LAL-17A 0-2 27000 <0.18 240 
LAL-20C 0-2 2 2 20 
LAL-21B 0-2 24 24 33 

 



 

 
 
 



 

 
Table 6.4-1:  Chemical and Bacterial Composition of Poultry Waste and Cattle Manure (Solids) 

Cattle Manure  Poultry Waste 
Fresh Dry 

Parameter Units ID Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Literature 
Average 

(1) 

Literature 
Average 

(3) 

Literature 
Median 

(3) 

Literature 
Average 

(4) 
Literature 

(2) 
Literature 
Average 

(5) 
Literature 

Average (7) 
Literature 
Average 

(9) 

Literature 
Average 

(10) 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median Literature 

(2) 

Literature 
Average 

(4) 

Literature 
Average 

(5) 

Literature 
Average 

(6) 

Literature 
Average 

(8) 

Estriol ng/g 15 5.87 3.7 - - - - - - - - - - - - - - - - - - - - 
17a-estradiol ng/g 15 3.18 3.75 - - - - - - - - - - - - - - - - - - - - 
Estrone ng/g 15 13.2 8.82 - - - - - - - - - - - - - - - - - - - - 
17b-estradiol ng/g 15 3.01 3.7 - - - - - - - - - - - - - - - - - - - - 
Campylobacter 
species MPN*/gram 2 0.126 0.126 - - - - - - - - - - - - - - - - - - - - 

E. coli MPN*/gram 16 40400 3860 - - - - - - 
0 (non-

compost) - - 4 806000 795000 4 171000 111000 - - - - >300,000 
Enterococcus 
Group MPN*/gram 16 107000 137000 - - - - - - - - - 4 201000 56100 4 152000 72600 - - - - >300,000 

Total Coliform MPN*/gram 16 47500 11800 - - - - - - 
0 (non-

compost) 646000 - 4 806000 795000 4 202000 169000 - - - - - 
Staphylococcus 
aureus MPN*/gram 16 0.11 0.111 - - - - - - 

0 (non-
compost) 7.94E+12 - 4 0.604 0.596 4 0.29 0.293 - - - - - 

Salmonella 
species MPN*/gram 16 0.232 0.112 - - - - - - 

0 (non-
compost) 10 - 4 0.604 0.596 4 0.29 0.293 - - - - - 

Fecal Coliform MPN*/gram 16 46900 7610 - - - - - - - - - 4 806000 795000 4 171000 111000 - - - - >300,000 
Organic Matter % 16 73.2 74.3 - - - - - - - - - 5 86.3 86.4 5 86.6 88.7 - - - - - 
Solids Total % 16 81.6 81.1 - - - - - - - - - 5 24.8 15.9 5 31.6 28 - - - - - 
Moisture % 16 18.4 19 - - - - - - - - - 5 75.2 84.2 5 68.4 72 - 14.7 - - - 
Total Molybdenum mg/Kg 10 3.56 3.48 6 -   - - - - - 4.03 5 3 2.82 5 1.49 0.977 - - - - - 
Total Barium mg/Kg 16 48.8 45.5 - 21.6 21 - - - - - 19.1 5 82.2 97.4 5 91.9 90.2 - - - - - 
Total Cadmium mg/Kg 16 0.307 0.308 3 0.252 0.232 - - - - 4.9 - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total P (6020) mg/Kg 16 20100 19600 22400 17100 17900 13600 12800 16000 21000 6000 15700 5 5920 5940 5 2690 2630 16000 10800 4940 9000 - 
Nitrogen Total 
(Inorganic + 
Organic) mg/Kg 16 30000 37700 34500 - - - - - - 34000 37200 5 30600 37400 5 30000 26100 - - - - - 
Ammonium (Water 
Soluble) mg/Kg 16 1700 1400 - - - - - - - - - 5 808 938 5 215 161 - - - - - 
Total Mercury mg/Kg 16 0.00561 0.00396 - - - - - - - - - 5 0.0826 0.0231 5 0.0153 0.0105 - - - - - 
Phosphorus 
(Mehlich 3) mg/Kg 16 5410 4320 - - - - - - - - - 5 3280 3230 5 1610 1380 - - - - - 
Total Beryllium mg/Kg 16 0.307 0.308 - - - - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Chromium mg/Kg 16 7.33 6.67 - - - - - - - - 22.5 5 1.42 1.59 5 0.822 0.893 - - - - - 
Phosphorus 
(Water Soluble) mg/Kg 16 1440 796 - - - - - - - - - 5 3020 2350 5 950 754 - - - - - 
Sulfate (Water 
Soluble) mg/Kg 16 4410 4310 - - - - - - - - - 5 569 361 5 69.9 39.1 - - - - - 
Total Aluminum mg/Kg 16 1930 1350 1180 3170 2370 - - 473 3960 - 727 5 493 562 5 562 514 - - 1530 1440 - 
Total Antimony mg/Kg 16 0.307 0.308 - - - - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Arsenic mg/Kg 16 18.7 21 43 15.7 14.8 - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Chloride (Water 
Soluble) mg/Kg 16 3880 4130 - - - - - - - - - 5 3190 3080 5 305 113 - - - - - 
Total Iron mg/Kg 16 1100 732 1100 2190 1910 - - 860 3860 - - 5 525 584 5 509 493 - 918 1150 2030 - 
Total Calcium mg/Kg 16 34400 35100 - 22400 22200 18600 - 20600 30000 - 21200 5 9010 8420 5 6960 6560 - 16500 15900 19600 - 
Total Nickel mg/Kg 16 14 13.3 15 11.1 10.8 - - - - - - 5 1.86 1.86 5 0.822 0.893 - - - - - 
Total Cobalt mg/Kg 16 1.81 1.69 6 - - - - - - - 2.47 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Copper mg/Kg 16 417 430 748 479 414 - - - 557 - 565 5 14 14.2 5 10.5 9.45 - - - 40 - 
Nitrate-N (Water 
Soluble) mg/Kg 16 248 11.8 - - - - - - - - - 5 28.4 31.9 5 16.4 17.9 - - - - - 
Total Manganese mg/Kg 16 1490 754 956 449 460 - - - 6300 - 688 5 342 350 5 348 346 - 224 - 154 - 



 

Table 6.4-1:  Chemical and Bacterial Composition of Poultry Waste and Cattle Manure (Solids) 
Cattle Manure  Poultry Waste 

Fresh Dry 
Parameter Units ID Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Literature 
Average 

(1) 

Literature 
Average 

(3) 

Literature 
Median 

(3) 

Literature 
Average 

(4) 
Literature 

(2) 
Literature 
Average 

(5) 
Literature 

Average (7) 
Literature 
Average 

(9) 

Literature 
Average 

(10) 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median Literature 

(2) 

Literature 
Average 

(4) 

Literature 
Average 

(5) 

Literature 
Average 

(6) 

Literature 
Average 

(8) 

Total Lead mg/Kg 16 1.82 1.33 11 2.06 1.78 - - - - - 13 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Magnesium mg/Kg 16 5900 6760 6570 7160 7170 6820 - 6470 - - 4700 5 4820 5010 5 2830 2340 - 5760 6851 6000 - 
Total Selenium mg/Kg 16 1.2 1.31 - 1.18 1.13 - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Potassium mg/Kg 16 30700 29100 26400 33000 35800 18200 15000 - 30000 13000 23400 5 9270 9060 5 1950 2230 35000 24700 - 7300 - 
Total Vanadium mg/Kg 16 17.6 6.27 - - - - - - - - - 5 7.11 7.96 5 4.11 4.46 - - - - - 
Total Thallium mg/Kg 16 0.307 0.308 - - - - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Sodium mg/Kg 16 8090 7510 7840 10800 11300 6820 - - 8200 - - 5 1210 1380 5 159 97.7 - 3530 - 10 - 
Total Silver mg/Kg 16 8.23 0.308 - - - - - - - - - 5 1.42 1.59 5 0.822 0.893 - - - - - 
Total Zinc mg/Kg 16 506 469 718 373 376 - - - 484 154 517 5 74.1 78 5 72.9 68 - - - 127 - 
Soluble Salts (1:2) mmhos/cm 16 11.8 12.2 - - - - - - - - - 5 3.85 3.28 5 2.18 0.89 - - - - - 
pH (1:1) s.u. 10 7.93 8.05 - - - - - - - 5.9 - 5 7.44 7.6 5 7.58 7.6 - 7 - - - 
Brevibacteria 16S 
rRNA Copies/g 9 1.1E+09 1.03E+09 - - - - - - - - - 0 - - - - - - - - - - 
(-) samples were not analyzed for the parameter of interest for the sample of interest 
Non-detects treated as 1/2 the detection limit 
1. Moore, P.A., Jr., T.C. Daniel, and D.R. Edwards. 1999a. Reducing phosphorus runoff and improving poultry production with alum. Poult. Sci. 78:692–698. 
2. Barth, C., T. Powers, and J. Rickman. 1992. Agricultural waste characteristics. Agricultural Waste Management Field Handbook. USDA-Soil Conservation Service, U.S. Gov. Print. Office, Washington, DC. 
3. Jackson, B. P., P. M. Bertsch, M. L. Cabrera, J. J. Camberato, J. C. Seaman, and C. W. Wood. 2003. Trace element speciation in poultry litter. J. Environ. Qual. 32:535–540 
4. ASAE Data D384.1, "Manure Production and Characteristics." ASAE Standards, 1991. St. Joseph, Michigan 49085-9659 
5. Turner BL, Leytem AB: Phosphorus Compounds in Sequential Extracts of Animal Manures: Chemical Speciation and a Novel Fractionation Procedure.  Environmental Science & Technology 2004, 38:6101-6108 
6. Kirchmann, H. and E. Witter. 1992. Composition of fresh, aerobic, and anaerobic farm animal dungs. Bioresource Technology 40:137-142 
7.  Martin, S.C., M.A. Mccann, and W. D. Waltman II. 1998. Microbiological Survey of Georgia Poultry Litter. Appl. Poultry. Res. 7:90-98 
8. Soupir. M.L. , S. Mostaghimi, E. R. Yagow, C. Hagedorn and D. H. Vaughan. 2006. Transport Of Fecal Bacteria From Poultry Litter and Cattle Manures Applied to Pastureland.  Water, Air, & Soil Pollution. 169:125-136 
9. Omeira, N., E.K. Barbour, P.A. Nehme, S.K. Hamadeh, R. Zurayk, and I. Bashour. 2006. Microbiological and chemical properties of litter from different chicken types and production systems. Science of the Total Environment 367:156-162 
10. Koon, J.K., C.A. Flood, Jr., T.A. McCaskey, and R.N. Brewer. 1994. Changes in physical and chemical characteristics of poultry litter due to rotary tilling. Society of Agricultural Engineers. 37(1):269-274 

 



 

 
Table 6.4-2a:   Chemical and Bacterial Compounds of Poultry and Cattle Wastes (Water) 

POULTRY CATTLE 

SPLP Leach SPLP Leach on Fresh Manure SPLP Leach on Dry Manure 
Edge of Field 

4:1 Ratio 20:1 Ratio 
Edge of Field Cattle Impacted Spring 

4:1 Ratio 20:1 Ratio 4:1 Ratio 20:1 Ratio Parameter Units 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

17a-estradiol ng/L 43 2.48 0.5 - - - 2 273 273 2 0.05 0.05 1 0.5 0.5 - - - 3 113 0.05 - - - 1 0.05 0.05 

17b-estradiol ng/L 43 2.49 2.11 - - - 2 0.05 0.05 2 0.05 0.05 1 0.5 0.5 - - - 3 0.05 0.05 - - - 1 0.05 0.05 
Alkalinity (as 
CaCO3) mg/L 67 110 60 1 3680 3680 2 1610 1610 2 25 25 2 188 188 1 735 735 5 302 291 1 493 493 5 152 145 

Ammonia 
Nitrogen mg/L 66 4.26 0.369 - - - - - - 2 0.145 0.145 2 0.0695 0.0695 - - - - - - - - - - - - 

Brevibacteria 
16S rRNA Copies/L 38 5310000 73700 - - - - - - - - - 2 - - - - - - - - - - - - - - 

Campylobacter 
species 

MPN*/100ml 
or cfu/100mL 60 29.6 1 - - - - - - - - - - - - - - - - - - - - - - - - 

Chloride mg/L 67 22.3 5.08 1 1840 1840 2 402 402 2 3.62 3.62 2 51.9 51.9 1 50 50 5 27.1 31.7 1 50 50 5 10 10 

Conductivity mmhos/cm 43 0.196 0.15 - - - - - - - - - - - - - - - - - - - - - - - - 
Dissolved 
Aluminum mg/L 81 0.334 0.159 1 0.5 0.5 2 1.23 1.23 2 0.05 0.05 2 0.05 0.05 1 1.15 1.15 5 0.5 0.5 1 0.5 0.5 5 0.5 0.5 

Dissolved 
Antimony mg/L 81 0.00362 0.001 1 0.005 0.005 2 0.005 0.005 2 0.0005 0.0005 2 0.0005 0.0005 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved 
Arsenic mg/L 91 0.823 0.005 1 1.44 1.44 2 0.238 0.238 2 0.00175 0.00175 2 0.003 0.003 1 0.012 0.012 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved 
Barium mg/L 83 0.0573 0.037 1 0.495 0.495 2 0.202 0.202 2 0.017 0.017 2 0.208 0.208 1 0.481 0.481 5 0.198 0.196 1 0.242 0.242 5 0.145 0.131 

Dissolved 
Beryllium mg/L 81 0.00119 0.0005 1 0.005 0.005 2 0.005 0.005 2 0.0005 0.0005 2 0.0005 0.0005 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved 
Cadmium mg/L 81 0.00147 0.0005 1 0.005 0.005 2 0.005 0.005 2 0.0005 0.0005 2 0.0005 0.0005 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved 
Calcium mg/L 83 37.2 22 1 106 106 2 45.4 45.4 2 5.75 5.75 2 101 101 1 84.7 84.7 5 46.1 48.5 1 76.9 76.9 5 34.4 34.6 

Dissolved 
Chromium mg/L 83 0.00809 0.0025 1 0.059 0.059 2 0.037 0.037 2 0.00118 0.00118 2 0.00125 0.00125 1 0.005 0.005 5 0.005 0.005 1 0.033 0.033 5 0.005 0.005 

Dissolved 
Cobalt mg/L 81 0.153 0.001 1 0.118 0.118 2 0.0265 0.0265 2 0.0005 0.0005 2 0.00175 0.00175 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved 
Copper mg/L 91 0.123 0.0125 1 10.4 10.4 2 4.54 4.54 2 0.0378 0.0378 2 0.0065 0.0065 1 0.082 0.082 5 0.0242 0.025 1 0.039 0.039 5 0.0172 0.018 

Dissolved Iron mg/L 82 0.607 0.175 1 16.6 16.6 2 7.47 7.47 2 0.097 0.097 2 0.05 0.05 1 1.32 1.32 5 0.5 0.5 1 0.5 0.5 5 0.5 0.5 

Dissolved Lead mg/L 81 0.00259 0.003 1 0.016 0.016 2 0.005 0.005 2 0.0005 0.0005 2 0.00675 0.00675 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 
Dissolved 
Magnesium mg/L 83 6.17 2.46 1 141 141 2 59.7 59.7 2 1.96 1.96 2 14.8 14.8 1 64 64 5 28.1 28.3 1 63.6 63.6 5 20 20.2 

Dissolved 
Manganese mg/L 83 0.254 0.03 1 5.04 5.04 2 1.54 1.54 2 0.00401 0.00401 2 0.0605 0.0605 1 1.52 1.52 5 0.773 0.886 1 0.815 0.815 5 0.304 0.297 

Dissolved 
Molybdenum mg/L 69 0.0159 0.0025 1 0.186 0.186 2 0.115 0.115 2 0.0005 0.0005 2 0.0025 0.0025 1 0.012 0.012 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved Nickel mg/L 82 0.0123 0.005 1 0.785 0.785 2 0.235 0.235 2 0.00084 0.00084 2 0.0065 0.0065 1 0.025 0.025 5 0.0076 0.005 1 0.038 0.038 5 0.005 0.005 
Dissolved Ortho 
P (365.2) mg/L 35 0.304 0.043 - - - - - - - - - - - - - - - - - - - - - - - - 

Dissolved 
Potassium mg/L 83 41.8 7.13 1 3070 3070 2 976 976 2 7.59 7.59 2 51.1 51.1 1 415 415 5 73.1 64 1 105 105 5 19 9.23 

Dissolved 
Selenium mg/L 81 0.0035 0.001 1 0.07 0.07 2 0.0165 0.0165 2 0.0005 0.0005 2 0.0005 0.0005 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 

Dissolved Silver mg/L 81 0.00223 0.0005 1 0.005 0.005 2 0.005 0.005 2 0.0005 0.0005 2 0.0005 0.0005 1 0.005 0.005 5 0.005 0.005 1 0.005 0.005 5 0.005 0.005 
Dissolved 
Sodium mg/L 83 19.3 3.75 1 802 802 2 295 295 2 1.91 1.91 2 36.8 36.8 1 37 37 5 42 37.8 1 64 64 5 8.86 4.62 

Dissolved 
Titanium mg/L 1 0.0005 0.0005 - - - - - - - - - 2 0.0005 0.0005 - - - - - - - - - - - - 

Dissolved 
Vanadium mg/L 81 0.0118 0.005 1 0.42 0.42 2 0.34 0.34 2 0.0025 0.0025 2 0.005 0.005 1 0.367 0.367 5 0.308 0.308 1 0.348 0.348 5 0.344 0.357 

Dissolved Zinc mg/L 91 0.0811 0.023 1 13.8 13.8 2 2.57 2.57 2 0.0312 0.0312 2 0.00675 0.00675 1 0.316 0.316 5 0.119 0.089 1 0.129 0.129 5 0.0994 0.073 

`E. coli MPN*/100ml 
or cfu/100mL 67 88300 5950 1 >12000 >12000 2 >12000 >12000 2 >12000 >12000 2 820 820 1 >12000 >12000 5 >12000 >12000 1 >12000 >12000 5 7350 >12000 

Enterococcus 
Group ng/L 67 122000 11000 1 5400 5400 2 8000 8000 2 >12000 >12000 2 6020 6020 1 >12000 >12000 5 8320 7600 1 >12000 >12000 5 5440 2400 

Estriol ng/L 43 32.6 0.5 - - - 2 0.05 0.05 2 0.05 0.05 1 0.5 0.5 - - - 3 0.05 0.05 - - - 1 0.05 0.05 



 

Table 6.4-2a:   Chemical and Bacterial Compounds of Poultry and Cattle Wastes (Water) 
POULTRY CATTLE 

SPLP Leach SPLP Leach on Fresh Manure SPLP Leach on Dry Manure 
Edge of Field 

4:1 Ratio 20:1 Ratio 
Edge of Field Cattle Impacted Spring 

4:1 Ratio 20:1 Ratio 4:1 Ratio 20:1 Ratio Parameter Units 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

Estrone ng/L 43 5.26 0.5 - - - 2 0.05 0.05 2 0.05 0.05 1 0.5 0.5 - - - 3 64.7 0.05 - - - 1 0.05 0.05 

Fecal Coliform MPN*/100ml 
or cfu/100mL 68 89900 5000 1 >12000 >12000 2 >12000 >12000 2 >12000 >12000 2 670 670 1 >12000 >12000 5 >12000 >12000 1 >12000 >12000 5 7350 >12000 

Nitrite + Nitrate 
(as N) mg/L 69 1.63 1.21 - - - 2 1 1 2 0.197 0.197 2 33.4 33.4 - - - 5 1 1 - - - 5 1 1 

pH (1:1) s.u. 67 6.82 6.7 1 7.3 7.3 2 7.45 7.45 2 6.5 6.5 2 6.35 6.35 1 7.7 7.7 5 7.34 7.4 1 7.8 7.8 5 7.28 7.2 
Salmonella 
species 

MPN*/100ml 
or cfu/100mL 68 2.3 1 - - - 2 1 1 2 1 1 2 1 1 1 1 1 5 1 1 1 1 1 5 1 1 

Soluble 
Reactive P 
(4500PF) 

mg/L 46 3.66 0.529 1 487 487 2 131 131 2 0.553 0.553 2 2.94 2.94 2 132 65.9 4 30.5 32.8 2 33.7 33.7 4 26.2 25.2 

Staphylococcus 
aureus 

MPN*/100ml 
or cfu/100mL 67 11 1 - - - 2 1.5 1.5 2 0.825 0.825 2 0.55 0.55 1 1.5 1.5 4 1.76 1.25 - - - 6 10.3 1 

TOC mg/L 71 57.8 10 1 13.5 13.5 2 10.2 10.2 2 11.7 11.7 2 11.4 11.4 1 12.6 12.6 5 50.7 3.34 1 4.62 4.62 5 13.8 6.95 

Total Aluminum mg/L 83 9.14 4.09 - - - - - - 2 2.76 2.76 2 0.05 0.05 - - - - - - - - - - - - 

Total Antimony mg/L 81 0.00354 0.002 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Arsenic mg/L 91 0.0171 0.005 - - - - - - 2 0.00282 0.00282 2 0.0035 0.0035 - - - - - - - - - - - - 

Total Barium mg/L 83 0.174 0.086 - - - - - - 2 0.0621 0.0621 2 0.209 0.209 - - - - - - - - - - - - 

Total Beryllium mg/L 81 0.00149 0.0005 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Cadmium mg/L 81 0.00149 0.0005 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Calcium mg/L 83 64.5 26.3 - - - - - - 2 5.99 5.99 2 80.8 80.8 - - - - - - - - - - - - 

Total Chromium mg/L 82 0.0218 0.008 - - - - - - 2 0.00132 0.00132 2 0.00125 0.00125 - - - - - - - - - - - - 

Total Cobalt mg/L 82 0.00973 0.005 - - - - - - 2 0.00118 0.00118 2 0.00175 0.00175 - - - - - - - - - - - - 

Total Coliform MPN*/100ml 
or cfu/100mL 68 220000 30000 1 >12000 >12000 2 >12000 >12000 2 >12000 >12000 2 6900 6900 1 >12000 >12000 5 >12000 >12000 1 >12000 >12000 5 7790 >12000 

Total Copper mg/L 91 0.16 0.014 - - - - - - 2 0.00306 0.00306 2 0.006 0.006 - - - - - - - - - - - - 
Total Dissolved 
P (365.2) mg/L 38 0.568 0.183 - - - - - - - - - - - - - - - - - - - - - - - - 

Total Dissolved 
P (4500PF) mg/L 46 4.68 0.582 1 596 596 2 165 165 2 0.607 0.607 2 3.09 3.09 2 148 73.9 4 37.9 38.5 2 37.4 37.4 4 28.3 27.8 

Total Dissolved 
P (6010) mg/L 45 1.37 0.737 - - - - - - - - - - - - - - - - - - - - - - - - 

Total Dissolved 
P (6020) mg/L 46 5.92 0.788 1 443 443 2 134 134 2 0.523 0.523 2 2.7 2.7 1 83 83 5 27.4 27.2 1 43.1 43.1 5 19.8 19 

Total Dissolved 
Solids mg/L 65 401 224 1 20900 20900 2 5580 5580 2 98 98 2 590 590 1 3330 3330 5 918 965 1 1630 1630 5 407 290 

Total Iron mg/L 83 11.9 5.69 - - - - - - 2 2.45 2.45 2 0.122 0.122 - - - - - - - - - - - - 
Total Kjeldahl 
Nitrogen mg/L 79 24.2 3.6 - - - 2 603 603 2 4.19 4.19 2 2.1 2.1 - - - 5 45.2 42.5 - - - 5 45.5 27.5 

Total Lead mg/L 83 0.0172 0.008 - - - - - - 2 0.00348 0.00348 2 0.00425 0.00425 - - - - - - - - - - - - 
Total 
Magnesium mg/L 83 6.95 3.1 - - - - - - 2 2.19 2.19 2 12.3 12.3 - - - - - - - - - - - - 

Total 
Manganese mg/L 83 0.661 0.24 - - - - - - 2 0.197 0.197 2 0.107 0.107 - - - - - - - - - - - - 

Total Mercury mg/L 81 0.000115 0.0001 - - - - - - 2 0.0001 0.0001 2 0.0001 0.0001 - - - - - - - - - - - - 
Total 
Molybdenum mg/L 54 0.00403 0.0025 - - - - - - 2 0.0005 0.0005 2 0.0025 0.0025 - - - - - - - - - - - - 

Total Nickel mg/L 83 0.0179 0.008 - - - - - - 2 0.00241 0.00241 2 0.0065 0.0065 - - - - - - - - - - - - 
Total ortho P 
(365.2) mg/L 35 2.29 1.06 - - - - - - - - - - - - - - - - - - - - - - - - 

Total P (365.2) mg/L 21 2.13 0.305 - - - - - - - - - - - - - - - - - - - - - - - - 
Total P 
(4500PF) mg/L 46 7.81 1.12 - - - - - - 2 1.1 1.1 2 3.2 3.2 - - - - - - - - - - - - 

Total P (6010) mg/L 45 5.17 2.29 - - - - - - - - - - - - - - - - - - - - - - - - 

Total P (6020) mg/L 46 40.6 1.07 - - - - - - 2 0.827 0.827 2 2.82 2.82 - - - - - - - - - - - - 



 

Table 6.4-2a:   Chemical and Bacterial Compounds of Poultry and Cattle Wastes (Water) 
POULTRY CATTLE 

SPLP Leach SPLP Leach on Fresh Manure SPLP Leach on Dry Manure 
Edge of Field 

4:1 Ratio 20:1 Ratio 
Edge of Field Cattle Impacted Spring 

4:1 Ratio 20:1 Ratio 4:1 Ratio 20:1 Ratio Parameter Units 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

Total Potassium mg/L 83 46.2 8.89 - - - - - - 2 8.34 8.34 2 28.3 28.3 - - - - - - - - - - - - 

Total Selenium mg/L 81 0.0035 0.001 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Silver mg/L 81 0.0022 0.0005 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Sodium mg/L 83 19.1 3.24 - - - - - - 2 1.42 1.42 2 31.4 31.4 - - - - - - - - - - - - 
Total Sulfate 
(SO4) mg/L 67 20.4 9.8 - - - 2 384 384 2 3.34 3.34 2 34.1 34.1 - - - 5 10 10 - - - 5 10 10 

Total 
Suspended 
Solids 

mg/L 65 266 113 - - - - - - 2 153 153 2 7 7 - - - - - - - - - - - - 

Total Thallium mg/L 81 0.006 0.0005 - - - - - - 2 0.0005 0.0005 2 0.0005 0.0005 - - - - - - - - - - - - 

Total Vanadium mg/L 83 0.029 0.005 - - - - - - 2 0.00805 0.00805 2 0.0085 0.0085 - - - - - - - - - - - - 

Total Zinc mg/L 91 0.154 0.045 - - - - - - 2 0.0198 0.0198 2 0.00575 0.00575 - - - - - - - - - - - - 

(-) samples were not analyzed for the parameter of interest for the sample of interest 
Non-detects treated as 1/2 the detection limit 
 



 

 
Table 6.4-2b:   Chemical and Bacterial Compounds of Poultry and Wastewater Treatment Plant Wastes (Water) 

Poultry 
SPLP Leach 

Wastewater Treatment Plant 
Edge of Field 

4:1 Ratio 20:1 Ratio Direct Discharge Impacted Surface Water Parameter Units 
Number 

of 
Samples 

CDM 
Average 

CDM 
Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

Number of 
Samples CDM 

Average 
CDM 

Median 

Number of 
Samples CDM 

Average 
CDM 

Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
17a-estradiol ng/L 43 2.48 0.5 - - - 2 273 273 - - - 16 1.25 0.5 
17b-estradiol ng/L 43 2.49 2.11 - - - 2 0.05 0.05 - - - 16 1.07 0.5 

Alkalinity (as CaCO3) mg/L 67 110 60 1 3680 3680 2 1610 1610 3 75.3 69 25 100 104 
Ammonia Nitrogen mg/L 66 4.26 0.369 - - - - - - 3 0.95 0.05 24 0.0565 0.05 

Brevibacteria 16S rRNA Copies/L 38 5310000 73700 - - - - - - - - - 12 6590 - 

Campylobacter species 
MPN*/100ml or 
cfu/100mL 60 29.6 1 - - - - - - - - - 9 0.561 0.561 

Chloride mg/L 67 22.3 5.08 1 1840 1840 2 402 402 3 46.9 42.7 25 48.1 49.1 
Conductivity mmhos/cm 43 0.196 0.15 - - - - - - - - - 11 0.422 0.422 

Dissolved Aluminum mg/L 81 0.334 0.159 1 0.5 0.5 2 1.23 1.23 3 0.05 0.05 25 0.0479 0.05 
Dissolved Antimony mg/L 81 0.00362 0.001 1 0.005 0.005 2 0.005 0.005 3 0.0005 0.0005 25 0.000574 0.0005 
Dissolved Arsenic mg/L 91 0.823 0.005 1 1.44 1.44 2 0.238 0.238 3 0.00131 0.0013 25 0.00136 0.00118 
Dissolved Barium mg/L 83 0.0573 0.037 1 0.495 0.495 2 0.202 0.202 3 0.00852 0.0079 25 0.0389 0.039 

Dissolved Beryllium mg/L 81 0.00119 0.0005 1 0.005 0.005 2 0.005 0.005 3 0.0005 0.0005 25 0.0005 0.0005 
Dissolved Boron mg/L 1 0.021 0.021 - - - - - - - - - 2 0.101 0.101 

Dissolved Cadmium mg/L 81 0.00147 0.0005 1 0.005 0.005 2 0.005 0.005 3 0.0005 0.0005 25 0.000508 0.0005 
Dissolved Calcium mg/L 83 37.2 22 1 106 106 2 45.4 45.4 3 36.1 35.9 25 48.1 51.5 

Dissolved Chromium mg/L 83 0.00809 0.0025 1 0.059 0.059 2 0.037 0.037 3 0.193 0.00456 25 0.00642 0.001 
Dissolved Cobalt mg/L 81 0.153 0.001 1 0.118 0.118 2 0.0265 0.0265 3 0.00733 0.0005 25 0.00109 0.0005 
Dissolved Copper mg/L 91 0.123 0.0125 1 10.4 10.4 2 4.54 4.54 3 0.0302 0.0205 25 0.00386 0.003 

Dissolved Iron mg/L 82 0.607 0.175 1 16.6 16.6 2 7.47 7.47 3 1.33 0.165 25 0.0902 0.05 
Dissolved Lead mg/L 81 0.00259 0.003 1 0.016 0.016 2 0.005 0.005 3 0.0005 0.0005 25 0.000549 0.0005 

Dissolved Magnesium mg/L 83 6.17 2.46 1 141 141 2 59.7 59.7 3 2.53 2.53 25 2.64 2.65 
Dissolved Manganese mg/L 83 0.254 0.03 1 5.04 5.04 2 1.54 1.54 3 0.113 0.0836 25 0.00624 0.005 

Dissolved Mercury mg/L 79 0.000104 0.0001 - - - - - - 3 0.0000001 0.0000001 25 0.0000846 0.0001 
Dissolved Molybdenum mg/L 69 0.0159 0.0025 1 0.186 0.186 2 0.115 0.115 3 0.00478 0.0053 25 0.00369 0.0025 

Dissolved Nickel mg/L 82 0.0123 0.005 1 0.785 0.785 2 0.235 0.235 3 0.166 0.00716 25 0.00695 0.004 
Dissolved Ortho P (365.2) mg/L 35 0.304 0.043 - - - - - - - - - 9 0.436 0.436 

Dissolved Potassium mg/L 83 41.8 7.13 1 3070 3070 2 976 976 3 10.7 10.8 25 12.8 11.1 
Dissolved Selenium mg/L 81 0.0035 0.001 1 0.07 0.07 2 0.0165 0.0165 3 0.0005 0.0005 25 0.000613 0.0005 

Dissolved Silver mg/L 81 0.00223 0.0005 1 0.005 0.005 2 0.005 0.005 3 0.0005 0.0005 25 0.000533 0.0005 
Dissolved Sodium mg/L 83 19.3 3.75 1 802 802 2 295 295 3 42.9 45 25 48.3 42.7 

Dissolved Strontium mg/L 1 0.0005 0.0005 - - - - - - - - - 2 0.0005 0.0005 
Dissolved Thallium mg/L 81 0.006 0.0005 1 0.005 0.005 2 0.005 0.005 3 0.0005 0.0005 25 0.000657 0.0005 
Dissolved Titanium mg/L 1 0.0005 0.0005 - - - - - - - - - 2 0.0005 0.0005 

Dissolved Vanadium mg/L 81 0.0118 0.005 1 0.42 0.42 2 0.34 0.34 3 0.103 0.00798 25 0.0101 0.005 
Dissolved Zinc mg/L 91 0.0811 0.023 1 13.8 13.8 2 2.57 2.57 3 0.0276 0.0308 25 0.0174 0.015 

E. coli 
MPN*/100ml or 
cfu/100mL 67 88300 5950 1 12000 12000 2 12000 12000 2 9.5 9.5 21 1080 95.5 

Enterococcus Group ng/L 67 122000 11000 1 5400 5400 2 8000 8000 2 4.5 4.5 21 652 180 
Estriol ng/L 43 32.6 0.5 - - - 2 0.05 0.05 - - - 16 12.5 0.5 



 

Table 6.4-2b:   Chemical and Bacterial Compounds of Poultry and Wastewater Treatment Plant Wastes (Water) 
Poultry 

SPLP Leach 
Wastewater Treatment Plant 

Edge of Field 
4:1 Ratio 20:1 Ratio Direct Discharge Impacted Surface Water Parameter Units 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number of 
Samples CDM 

Average 
CDM 

Median 
Number of 
Samples CDM 

Average 
CDM 

Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Estrone ng/L 43 5.26 0.5 - - - 2 0.05 0.05 - - - 16 14.5 11.3 

Fecal Coliform 
MPN*/100ml or 
cfu/100mL 68 89900 5000 1 12000 12000 2 12000 12000 2 70 70 21 1400 240 

Nitrite + Nitrate (as N) mg/L 69 1.63 1.21 - - - 2 1 1 3 3.47 3.23 26 3.95 3.46 
pH (1:1) s.u. 67 6.82 6.7 1 7.3 7.3 2 7.45 7.45 3 7 7 24 7.45 7.4 

Salmonella species 
MPN*/100ml or 
cfu/100mL 68 2.3 1 - - - 2 1 1 2 1 1 21 2.87 1 

Soluble Reactive P (4500PF) mg/L 46 3.66 0.529 1 487 487 2 131 131 3 0.916 0.0442 23 0.524 0.298 

Staphylococcus aureus 
MPN*/100ml or 
cfu/100mL 67 11 1 - - - 2 1.5 1.5 2 0.55 0.55 21 44.2 0.55 

TOC mg/L 71 57.8 10 1 13.5 13.5 2 10.2 10.2 3 5.32 5.31 26 3.67 3.44 
Total Aluminum mg/L 83 9.14 4.09 - - - - - - 3 0.05 0.05 25 0.109 0.063 
Total Antimony mg/L 81 0.00354 0.002 - - - - - - 3 0.0005 0.0005 25 0.000574 0.0005 
Total Arsenic mg/L 91 0.0171 0.005 - - - - - - 3 0.0012 0.00123 25 0.00145 0.00129 
Total Barium mg/L 83 0.174 0.086 - - - - - - 3 0.00969 0.0126 25 0.0402 0.04 

Total Beryllium mg/L 81 0.00149 0.0005 - - - - - - 3 0.0005 0.0005 25 0.0005 0.0005 
Total Cadmium mg/L 81 0.00149 0.0005 - - - - - - 3 0.0005 0.0005 25 0.000508 0.0005 
Total Calcium mg/L 83 64.5 26.3 - - - - - - 3 33.2 33.6 25 47.2 52 

Total Chromium mg/L 82 0.0218 0.008 - - - - - - 3 0.0018 0.00111 25 0.00121 0.00121 
Total Cobalt mg/L 82 0.00973 0.005 - - - - - - 3 0.0055 0.0005 25 0.000997 0.0005 

Total Coliform 
MPN*/100ml or 
cfu/100mL 68 220000 30000 1 12000 12000 2 12000 12000 2 9800 9800 17 3950 2400 

Total Copper mg/L 91 0.16 0.014 - - - - - - 3 0.00249 0.00212 25 0.00156 0.002 
Total Dissolved P (365.2) mg/L 38 0.568 0.183 - - - - - - - - - 9 0.494 0.494 

Total Dissolved P (4500PF) mg/L 46 4.68 0.582 1 596 596 2 165 165 3 1.01 0.0732 23 0.568 0.312 
Total Dissolved P (6010) mg/L 45 1.37 0.737 - - - - - - - - - 3 1.93 1.93 
Total Dissolved P (6020) mg/L 46 5.92 0.788 1 443 443 2 134 134 3 0.935 0.0681 22 0.575 0.315 
Total Dissolved Solids mg/L 65 401 224 1 20900 20900 2 5580 5580 3 274 273 25 302 298 

Total Iron mg/L 83 11.9 5.69 - - - - - - 3 0.175 0.05 25 0.118 0.05 
Total Kjeldahl Nitrogen mg/L 79 24.2 3.6 - - - 2 603 603 3 6.34 5.22 26 2.02 1.98 

Total Lead mg/L 83 0.0172 0.008 - - - - - - 3 0.0005 0.0005 25 0.000555 0.0005 
Total Magnesium mg/L 83 6.95 3.1 - - - - - - 3 2.51 2.43 25 2.66 2.62 
Total Manganese mg/L 83 0.661 0.24 - - - - - - 3 0.0545 0.0518 25 0.0139 0.014 

Total Mercury mg/L 81 0.000115 0.0001 - - - - - - 3 0.0001 0.0001 25 0.0001 0.0001 
Total Molybdenum mg/L 54 0.00403 0.0025 - - - - - - 3 0.00309 0.00269 25 0.00331 0.0025 

Total Nickel mg/L 83 0.0179 0.008 - - - - - - 3 0.0034 0.00197 25 0.00417 0.004 
Total ortho P (365.2) mg/L 35 2.29 1.06 - - - - - - - - - 9 0.454 0.454 

Total P (365.2) mg/L 21 2.13 0.305 - - - - - - - - - 9 0.602 0.602 
Total P (4500PF) mg/L 46 7.81 1.12 - - - - - - 3 1.23 0.231 23 0.594 0.341 

Total P (6010) mg/L 45 5.17 2.29 - - - - - - - - - 3 1.97 1.97 
Total P (6020) mg/L 46 40.6 1.07 - - - - - - 3 1.06 0.164 22 0.606 0.341 

Total Potassium mg/L 83 46.2 8.89 - - - - - - 3 10.9 11 25 12.5 11.9 
Total Selenium mg/L 81 0.0035 0.001 - - - - - - 3 0.0005 0.0005 25 0.000613 0.0005 



 

Table 6.4-2b:   Chemical and Bacterial Compounds of Poultry and Wastewater Treatment Plant Wastes (Water) 
Poultry 

SPLP Leach 
Wastewater Treatment Plant 

Edge of Field 
4:1 Ratio 20:1 Ratio Direct Discharge Impacted Surface Water Parameter Units 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Number of 
Samples CDM 

Average 
CDM 

Median 
Number of 
Samples CDM 

Average 
CDM 

Median 

Number 
of 

Samples 
CDM 

Average 
CDM 

Median 
Total Silver mg/L 81 0.0022 0.0005 - - - - - - 3 0.0005 0.0005 25 0.000533 0.0005 

Total Sodium mg/L 83 19.1 3.24 - - - - - - 3 43.5 46.2 25 48.6 42.5 
Total Sulfate (SO4) mg/L 67 20.4 9.8 - - - 2 384 384 3 55.4 44.5 25 51.2 43 

Total Suspended Solids mg/L 65 266 113 - - - - - - 3 4.67 3 25 4.07 4 
Total Thallium mg/L 81 0.006 0.0005 - - - - - - 3 0.0005 0.0005 25 0.000659 0.0005 

Total Vanadium mg/L 83 0.029 0.005 - - - - - - 3 0.00547 0.00541 25 0.036 0.027 
Total Zinc mg/L 91 0.154 0.045 - - - - - - 3 0.0238 0.0251 25 0.0187 0.012 

          (-) samples were not analyzed for the parameter of interest for the sample of interest 
             Non-detects treated as 1/2 the detection limit 



 

 

Table 6.4-3:  Comparison: Poultry Waste and Cattle Manure 
Poultry Waste Fresh Cattle Manure Dry Cattle Manure Parameter Units 
CDM Average Factor Factor 

Estriol ng/g 5.87 n.v. n.v. 

17a-estradiol ng/g 3.18 n.v. n.v. 

Estrone ng/g 13.2 n.v. n.v. 

17b-estradiol ng/g 3.01 n.v. n.v. 

Campylobacter species MPN*/gram 0.126 n.v. n.v. 

E. coli MPN*/gram 40400 0.0501 0.236 

Enterococcus Group MPN*/gram 107000 0.532 0.704 

Total Coliform MPN*/gram 47500 0.0589 0.235 

Staphylococcus aureus MPN*/gram 0.11 0.182 0.379 

Salmonella species MPN*/gram 0.232 0.384 0.8 

Fecal Coliform MPN*/gram 46900 0.0582 0.274 

Organic Matter % 73.2 0.848 0.845 

Solids Total % 81.6 3.29 2.58 

Moisture % 18.4 0.245 0.269 

Total Molybdenum mg/kg 3.56 1.19 2.39 

Total Barium mg/kg 48.8 0.594 0.531 

Total Cadmium mg/kg 0.307 0.216 0.373 

Total P (6020) mg/kg 20100 3.4 7.47 
Nitrogen Total (Inorganic + 
Organic) mg/kg 30000 0.98 1 

Ammonium (Water Soluble) mg/kg 1700 2.1 7.91 

Total Mercury mg/kg 0.00561 0.0679 0.367 

Phosphorus (Mehlich 3) mg/kg 5410 1.65 3.36 

Total Beryllium mg/kg 0.307 0.216 0.373 

Total Chromium mg/kg 7.33 5.16 8.92 

Phosphorus (Water Soluble) mg/kg 1440 0.477 1.52 

Sulfate (Water Soluble) mg/kg 4410 7.75 63.1 

Total Aluminum mg/kg 1930 3.91 3.43 

Total Antimony mg/kg 0.307 0.216 0.373 

Total Arsenic mg/kg 18.7 13.2 22.7 

Chloride (Water Soluble) mg/kg 3880 1.22 12.7 

Total Iron mg/kg 1100 2.1 2.16 

Total Calcium mg/kg 34400 3.82 4.94 

Total Nickel mg/kg 14 7.53 17 

Total Cobalt mg/kg 1.81 1.27 2.2 

Total Copper mg/kg 417 29.8 39.7 

Nitrate-N (Water Soluble) mg/kg 248 8.73 15.1 

Total Manganese mg/kg 1490 4.36 4.28 

Total Lead mg/kg 1.82 1.28 2.21 

Total Magnesium mg/kg 5900 1.22 2.08 

Total Selenium mg/kg 1.2 0.845 1.46 



 

Table 6.4-3:  Comparison: Poultry Waste and Cattle Manure 
Poultry Waste Fresh Cattle Manure Dry Cattle Manure Parameter Units 
CDM Average Factor Factor 

Total Potassium mg/kg 30700 3.31 15.7 

Total Vanadium mg/kg 17.6 2.48 4.28 

Total Thallium mg/kg 0.307 0.216 0.373 

Total Sodium mg/kg 8090 6.69 50.9 

Total Silver mg/kg 8.23 5.8 10 

Total Zinc mg/kg 506 6.83 6.94 

Soluble Salts (1:2) mmhos/cm 11.8 3.06 5.41 

pH (1:1) s.u. 7.93 1.07 1.05 

Brevibacteria 16S rRNA Copies/g 1100000000 n.v. n.v. 
n.v: non value: samples were not analyzed for the parameter of interest for the sample of interest. 
Non-detects treated as 1/2 the detection limit 
 

 



 

 
Table 6.4-4:  Comparison: Synthetic Leachates - Poultry Waste and Cattle Manure 

Poultry Waste 
20:1 

Fresh Cattle Manure 
SPLP 20:1 

Dry Cattle Manure 
SPLP 20:1 Parameter Units 

CDM Average Factor Factor 
17a-estradiol ng/L 272.525 2.42 5450 
17b-estradiol ng/L 0.05 1 1 
Estriol ng/L 0.05 1 1 
Estrone ng/L 0.05 0.000773 1 
Alkalinity (as CaCO3) mg/L 1610 5.33 10.6 
Chloride mg/L 22.3 8.34 22.6 
Dissolved Aluminum mg/L 1.23 2.46 2.46 
Dissolved Antimony mg/L 0.005 1 1 
Dissolved Arsenic mg/L 0.238 47.6 47.6 
Dissolved Barium mg/L 0.202 1.02 1.39 
Dissolved Beryllium mg/L 0.005 1 1 
Dissolved Cadmium mg/L 0.005 1 1 
Dissolved Calcium mg/L 45.4 0.985 1.32 
Dissolved Chromium mg/L 0.037 7.4 7.4 
Dissolved Cobalt mg/L 0.0265 5.3 5.3 
Dissolved Copper mg/L 4.54 188 264 
Dissolved Iron mg/L 7.47 14.9 14.9 
Dissolved Lead mg/L 0.005 1 1 
Dissolved Magnesium mg/L 59.7 2.12 2.99 
Dissolved Manganese mg/L 1.54 1.99 5.07 
Dissolved Molybdenum mg/L 0.115 23 23 
Dissolved Nickel mg/L 0.235 30.9 47 
Dissolved Potassium mg/L 976 13.4 51.4 
Dissolved Selenium mg/L 0.0165 3.3 3.3 
Dissolved Silver mg/L 0.005 1 1 
Dissolved Sodium mg/L 295 7.02 33.3 
Dissolved Thallium mg/L 0.005 1 1 
Dissolved Vanadium mg/L 0.34 1.1 0.988 
Dissolved Zinc mg/L 2.57 21.6 25.9 
E. coli MPN*/100ml 12000 1 1.63 
Enterococcus Group MPN*/100ml 8000 0.962 1.47 
Fecal Coliform MPN*/100ml 12000 1 1.63 
Nitrite + Nitrate (as N) mg/L 1 1 1 
pH (1:1) s.u. 7.45 1.01 1.02 
Salmonella species MPN*/100ml 1 1 1 
Soluble Reactive P (4500PF) mg/L 131 4.3 5 
Staphylococcus aureus MPN*/100ml 1.5 0.852 0.146 
TOC mg/L 10.2 0.201 0.739 
Total Coliform MPN*/100ml 12000 1 1.54 
Total Dissolved P (4500PF) mg/L 165 4.35 5.83 
Total Dissolved P (6020) mg/L 134 4.89 6.77 
Total Dissolved Solids mg/L 5580 6.08 13.7 
Total Kjeldahl Nitrogen mg/L 603 13.3 13.3 
Total Sulfate (SO4) mg/L 384 38.4 38.4 



 

Table 6.4-5:  Comparison: EOF, Cattle Impacted Springs and WWTP 

Poultry EOF Cattle EOF Cattle Impacted 
Springs 

WWTP 
Discharge 

WWTP Impacted 
Surface Water Parameter Units 

CDM Average Factor Factor Factor Factor 

17a-estradiol ng/L 2.48 49.6 4.96 n.v. 1.98 

17b-estradiol ng/L 2.49 49.8 4.98 n.v. 2.33 

Alkalinity (as CaCO3) mg/L 110 4.4 0.585 1.46 1.1 

Ammonia Nitrogen mg/L 4.26 29.4 61.3 4.48 75.4 

Brevibacteria 16S rRNA Copies/L 5310000 n.v. n.v. n.v. 806 

Campylobacter species MPN*/100ml or cfu/100mL 29.6 n.v. n.v. n.v. 52.8 

Chloride mg/L 22.3 6.16 0.43 0.475 0.464 

Conductivity mmhos/cm 0.196 n.v. n.v. n.v. 0.464 

Dissolved Aluminum mg/L 0.334 6.68 6.68 6.68 6.97 

Dissolved Antimony mg/L 0.00362 7.24 7.24 7.24 6.31 

Dissolved Arsenic mg/L 0.823 470 274 628 605 

Dissolved Barium mg/L 0.0573 3.37 0.275 6.73 1.47 

Dissolved Beryllium mg/L 0.00119 2.38 2.38 2.38 2.38 

Dissolved Boron mg/L 0.021 n.v. n.v. n.v. 0.208 

Dissolved Cadmium mg/L 0.00147 2.94 2.94 2.94 2.89 

Dissolved Calcium mg/L 37.2 6.47 0.368 1.03 0.773 

Dissolved Chromium mg/L 0.00809 6.86 6.47 0.0419 1.26 

Dissolved Cobalt mg/L 0.153 306 87.4 20.9 140 

Dissolved Copper mg/L 0.123 3.25 18.9 4.07 31.9 

Dissolved Iron mg/L 0.607 6.26 12.1 0.456 6.73 

Dissolved Lead mg/L 0.00259 5.18 0.384 5.18 4.72 

Dissolved Magnesium mg/L 6.17 3.15 0.417 2.44 2.34 

Dissolved Manganese mg/L 0.254 63.3 4.2 2.25 40.7 

Dissolved Mercury mg/L 0.000104 1040 1.04 1040 1.23 

Dissolved Molybdenum mg/L 0.0159 31.8 6.36 3.33 4.31 

Dissolved Nickel mg/L 0.0123 14.6 1.89 0.0741 1.77 

Dissolved Ortho P (365.2) mg/L 0.304 n.v. n.v. n.v. 0.697 

Dissolved Potassium mg/L 41.8 5.51 0.818 3.91 3.27 

Dissolved Selenium mg/L 0.0035 7 7 7 5.71 

Dissolved Silver mg/L 0.00223 4.46 4.46 4.46 4.18 

Dissolved Sodium mg/L 19.3 10.1 0.524 0.45 0.4 



 

Table 6.4-5:  Comparison: EOF, Cattle Impacted Springs and WWTP 

Poultry EOF Cattle EOF Cattle Impacted 
Springs 

WWTP 
Discharge 

WWTP Impacted 
Surface Water Parameter Units 

CDM Average Factor Factor Factor Factor 

Dissolved Strontium mg/L 0.0005 n.v. n.v. n.v. 1 

Dissolved Thallium mg/L 0.006 12 12 12 9.13 

Dissolved Titanium mg/L 0.0005 n.v. n.v. n.v. 1 

Dissolved Vanadium mg/L 0.0118 4.72 2.36 0.115 1.17 

Dissolved Zinc mg/L 0.0811 2.60 12.0 2.94 4.66 

E. coli MPN*/100ml or cfu/100mL 88300 7.36 108 9290 81.8 

Enterococcus Group ng/L 122000 10.2 20.3 27100 187 

Estriol ng/L 32.6 652 65.2 n.v. 2.61 

Estrone ng/L 5.26 105 10.5 n.v. 0.363 

Fecal Coliform MPN*/100ml or cfu/100mL 89900 7.49 134 1280 64.2 

Nitrite + Nitrate (as N) mg/L 1.63 8.27 0.0488 0.47 0.413 

pH (1:1) s.u. 6.82 1.05 1.07 0.974 0.915 

Salmonella species MPN*/100ml 2.3 2.3 2.3 2.3 0.801 

Soluble Reactive P (4500PF) mg/L 3.66 6.62 1.24 4 6.98 

Staphylococcus aureus MPN*/100ml or cfu/100mL 11 13.3 20 20 0.249 

TOC mg/L 57.8 4.94 5.07 10.9 15.7 

Total Aluminum mg/L 9.14 3.31 183 183 83.9 

Total Antimony mg/L 0.00354 7.08 7.08 7.08 6.17 

Total Arsenic mg/L 0.0171 6.06 4.89 14.3 11.8 

Total Barium mg/L 0.174 2.8 0.833 18 4.33 

Total Beryllium mg/L 0.00149 2.98 2.98 2.98 2.98 

Total Cadmium mg/L 0.00149 2.98 2.98 2.98 2.93 

Total Calcium mg/L 64.5 10.8 0.798 1.94 1.37 

Total Chromium mg/L 0.0218 16.5 17.4 12.1 18 

Total Cobalt mg/L 0.00973 8.25 5.56 1.77 9.76 

Total Coliform MPN*/100ml or cfu/100mL 220000 18.3 31.9 22.4 55.7 

Total Copper mg/L 0.16 52.3 26.7 64.3 103 

Total Dissolved P (365.2) mg/L 0.568 n.v. n.v. n.v. 1.15 

Total Dissolved P (4500PF) mg/L 4.68 7.71 1.51 4.63 8.24 
Total Dissolved P (6010) mg/L 1.37 n.v. n.v. n.v. 0.71 
Total Dissolved P (6020) mg/L 5.92 11.3 2.19 6.33 10.3 



 

Table 6.4-5:  Comparison: EOF, Cattle Impacted Springs and WWTP 

Poultry EOF Cattle EOF Cattle Impacted 
Springs 

WWTP 
Discharge 

WWTP Impacted 
Surface Water Parameter Units 

CDM Average Factor Factor Factor Factor 

Total Dissolved Solids mg/L 401 4.09 0.68 1.46 1.33 

Total Iron mg/L 11.9 4.86 97.5 68 101 

Total Kjeldahl Nitrogen mg/L 24.2 5.78 11.5 3.82 12 

Total Lead mg/L 0.0172 4.94 4.05 34.4 31 

Total Magnesium mg/L 6.95 3.17 0.565 2.77 2.61 

Total Manganese mg/L 0.661 3.36 6.18 12.1 47.6 

Total Molybdenum mg/L 0.00403 8.06 1.61 1.3 1.22 

Total Nickel mg/L 0.0179 7.43 2.75 5.26 4.29 

Total ortho P (365.2) mg/L 2.29 n.v. n.v. n.v. 5.04 

Total P (365.2) mg/L 2.13 n.v. n.v. n.v. 3.54 

Total P (4500PF) mg/L 7.81 7.1 2.44 6.35 13.1 
Total P (6010) mg/L 5.17 n.v. n.v. n.v. 2.62 
Total P (6020) mg/L 40.6 49.1 14.4 38.3 67 

Total Potassium mg/L 46.2 5.54 1.63 4.24 3.7 

Total Selenium mg/L 0.0035 7 7 7 5.71 

Total Silver mg/L 0.0022 4.4 4.4 4.4 4.13 

Total Sodium mg/L 19.1 13.5 0.608 0.439 0.393 

Total Sulfate (SO4) mg/L 20.4 6.11 0.598 0.368 0.398 

Total Suspended Solids mg/L 266 1.74 38 57 65.4 

Total Thallium mg/L 0.006 12 12 12 9.1 

Total Vanadium mg/L 0.029 3.6 3.41 5.3 0.806 

Total Zinc mg/L 0.154 7.78 26.8 6.47 8.24 

n.v: non value: samples were not analyzed for the parameter of interest for the sample of interest. 
Non-detects treated as 1/2 the detection limit 
 



 

 
Table 6.4.6 Discharge Volumes 

 
 
 
 
 
 
 

WWTP Flow (mgd) 
 

Springdale 12.4 
Siloam Springs 2.68 

Fayetteville-Noland 5.18 
Rogers 5.71 
Lincoln 0.44 

Prairie Grove 0.32 
Tahlequah 2.65 

Stillwell 0.81 
Westville 0.14 
Gentry 0.44 



 

 
Table 6.4-7a:  Potential Masses in Leachates    

Poultry-Greatest Leachable Concentration Fresh Manure-Greatest 
Leachable Concentration  

Dry Manure-Greatest 
Leachable Concentration  

20:1 Ratio 20:1 Ratio 20:1 Ratio Parameter Units 
Number of 
Samples Low limit High limit Number of 

Samples Averag Number of 
Samples Average 

17a-estradiol kg 2 2.37E+06 3.34E+06 3 9.80E+05 1 4.34E+02 
17b-estradiol kg 2 4.34E+02 6.12E+02 3 4.34E+02 1 4.34E+02 
Alkalinity (as CaCO3) kg 2 1.40E+10 1.97E+10 5 1.93E+09 5 9.70E+08 
Chloride kg 2 3.49E+09 4.92E+09 5 1.73E+08 5 6.38E+07 
Dissolved Aluminum kg 2 1.07E+07 1.51E+07 5 3.19E+06 5 3.19E+06 
Dissolved Antimony kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 
Dissolved Arsenic kg 2 2.06E+06 2.91E+06 5 3.19E+04 5 3.19E+04 
Dissolved Barium kg 2 1.75E+06 2.47E+06 5 1.26E+06 5 9.25E+05 
Dissolved Beryllium kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 
Dissolved Cadmium kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 
Dissolved Calcium kg 2 3.94E+08 5.56E+08 5 2.94E+08 5 2.19E+08 
Dissolved Chromium kg 2 3.21E+05 4.53E+05 5 3.19E+04 5 3.19E+04 
Dissolved Cobalt kg 2 2.30E+05 3.25E+05 5 3.19E+04 5 3.19E+04 
Dissolved Copper kg 2 3.94E+07 5.56E+07 5 1.54E+05 5 1.10E+05 
Dissolved Iron kg 2 6.48E+07 9.15E+07 5 3.19E+06 5 3.19E+06 
Dissolved Lead kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 
Dissolved Magnesium kg 2 5.18E+08 7.31E+08 5 1.79E+08 5 1.28E+08 
Dissolved Manganese kg 2 1.34E+07 1.89E+07 5 4.93E+06 5 1.94E+06 
Dissolved Molybdenum kg 2 9.97E+05 1.41E+06 5 3.19E+04 5 3.19E+04 
Dissolved Nickel kg 2 2.04E+06 2.88E+06 5 4.85E+04 5 3.19E+04 
Dissolved Potassium kg 2 8.46E+09 1.20E+10 5 4.66E+08 5 1.21E+08 
Dissolved Selenium kg 2 1.43E+05 2.02E+05 5 3.19E+04 5 3.19E+04 
Dissolved Silver kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 
Dissolved Sodium kg 2 2.56E+09 3.61E+09 5 2.68E+08 5 5.65E+07 
Dissolved Thallium kg 2 4.34E+04 6.12E+04 5 3.19E+04 5 3.19E+04 



 

Table 6.4-7a:  Potential Masses in Leachates    

Poultry-Greatest Leachable Concentration Fresh Manure-Greatest 
Leachable Concentration  

Dry Manure-Greatest 
Leachable Concentration  

20:1 Ratio 20:1 Ratio 20:1 Ratio Parameter Units 
Number of 
Samples Low limit High limit Number of 

Samples Averag Number of 
Samples Average 

Dissolved Vanadium kg 2 2.95E+06 4.16E+06 5 1.97E+06 5 2.19E+06 
Dissolved Zinc kg 2 2.23E+07 3.15E+07 5 7.59E+05 5 6.34E+05 

E. coli MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1.04E+15 5 6.37E+14 

Enterococcus Group kg 2 6.94E+07 9.80E+07 5 7.21E+07 5 4.72E+07 
Estriol kg 2 4.34E+02 6.12E+02 3 4.34E+02 1 4.34E+02 
Estrone kg 2 4.34E+02 6.12E+02 3 5.61E+05 1 4.34E+02 

Fecal Coliform MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1.04E+15 5 6.37E+14 

Nitrite + Nitrate (as N) kg 2 8.67E+06 1.22E+07 5 6.38E+06 5 6.38E+06 

Salmonella species MPN* or 
cfu 2 8.67E+10 1.22E+11 5 8.67E+10 5 8.67E+10 

Soluble Reactive P (4500PF) kg 2 1.14E+09 1.60E+09 4 1.95E+08 4 1.67E+08 

Staphylococcus aureus MPN* or 
cfu 2 1.30E+11 1.84E+11 4 1.53E+11 6 8.93E+11 

TOC kg 2 8.84E+07 1.25E+08 5 3.23E+08 5 8.80E+07 

Total Coliform MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1.04E+15 5 6.75E+14 

Total Dissolved P (4500PF) kg 2 1.43E+09 2.02E+09 4 2.42E+08 4 1.81E+08 
Total Dissolved P (6020) kg 2 1.16E+09 1.64E+09 5 1.75E+08 5 1.26E+08 
Total Dissolved Solids kg 2 4.84E+10 6.83E+10 5 5.86E+09 5 2.60E+09 
Total Kjeldahl Nitrogen kg 2 5.23E+09 7.39E+09 5 2.88E+08 5 2.90E+08 
Total Sulfate (SO4) kg 2 3.33E+09 4.70E+09 5 6.38E+07 5 6.38E+07 

Non-detects treated as 1/2 the detection limit 
 



 

 
Table 6.4-7b:  Comparison of Potential Masses in Leachates 

Poultry-Greatest Leachable 
Concentration  

Fresh Manure-Greatest Leachable 
Concentration  

Dry Manure-Greatest Leachable 
Concentration  

20:1 Ratio 20:1 Ratio 20:1 Ratio Parameter Units 
Number of 
Samples Low Limit High Limit Number of 

Samples 
Low Limit 

Factor 
High Limit 

Factor 
Number of 
Samples 

Low Limit 
Factor 

High Limit 
Factor 

17a-estradiol kg 2 2.37E+06 3.34E+06 3 2.42 3.41 1 5460 7710 

17b-estradiol kg 2 4.34E+02 6.12E+02 3 1 1.41 1 1 1.41 

Alkalinity (as CaCO3) kg 2 1.40E+10 1.97E+10 5 7.25 10.2 5 14.4 20.3 

Chloride kg 2 3.49E+09 4.92E+09 5 20.2 28.5 5 54.6 77.2 

Dissolved Aluminum kg 2 1.07E+07 1.51E+07 5 3.34 4.72 5 3.34 4.72 

Dissolved Antimony kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Arsenic kg 2 2.06E+06 2.91E+06 5 64.7 91.4 5 64.7 91.4 

Dissolved Barium kg 2 1.75E+06 2.47E+06 5 1.39 1.96 5 1.89 2.67 

Dissolved Beryllium kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Cadmium kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Calcium kg 2 3.94E+08 5.56E+08 5 1.34 1.89 5 1.79 2.53 

Dissolved Chromium kg 2 3.21E+05 4.53E+05 5 10.1 14.2 5 10.1 14.2 

Dissolved Cobalt kg 2 2.30E+05 3.25E+05 5 7.2 10.2 5 7.2 10.2 

Dissolved Copper kg 2 3.94E+07 5.56E+07 5 255 360 5 359 507 

Dissolved Iron kg 2 6.48E+07 9.15E+07 5 20.3 28.7 5 20.3 28.7 

Dissolved Lead kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Magnesium kg 2 5.18E+08 7.31E+08 5 2.89 4.08 5 4.06 5.73 

Dissolved Manganese kg 2 1.34E+07 1.89E+07 5 2.71 3.82 5 6.89 9.72 

Dissolved Molybdenum kg 2 9.97E+05 1.41E+06 5 31.3 44.2 5 31.3 44.2 

Dissolved Nickel kg 2 2.04E+06 2.88E+06 5 42 59.4 5 63.9 90.2 

Dissolved Potassium kg 2 8.46E+09 1.20E+10 5 18.1 25.6 5 69.8 98.6 

Dissolved Selenium kg 2 1.43E+05 2.02E+05 5 4.49 6.33 5 4.49 6.33 

Dissolved Silver kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Sodium kg 2 2.56E+09 3.61E+09 5 9.55 13.5 5 45.3 63.9 



 

Table 6.4-7b:  Comparison of Potential Masses in Leachates 
Poultry-Greatest Leachable 

Concentration  
Fresh Manure-Greatest Leachable 

Concentration  
Dry Manure-Greatest Leachable 

Concentration  
20:1 Ratio 20:1 Ratio 20:1 Ratio Parameter Units 

Number of 
Samples Low Limit High Limit Number of 

Samples 
Low Limit 

Factor 
High Limit 

Factor 
Number of 
Samples 

Low Limit 
Factor 

High Limit 
Factor 

Dissolved Thallium kg 2 4.34E+04 6.12E+04 5 1.36 1.92 5 1.36 1.92 

Dissolved Vanadium kg 2 2.95E+06 4.16E+06 5 1.5 2.12 5 1.34 1.9 

Dissolved Zinc kg 2 2.23E+07 3.15E+07 5 29.4 41.5 5 35.1 49.6 

E. coli MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1 1.41 5 1.63 2.31 

Enterococcus Group kg 2 6.94E+07 9.80E+07 5 0.962 1.36 5 1.47 2.08 

Estriol kg 2 4.34E+02 6.12E+02 3 1 1.41 1 1 1.41 

Estrone kg 2 4.34E+02 6.12E+02 3 0.000773 0.00109 1 1 1.41 

Fecal Coliform MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1 1.41 5 1.63 2.31 

Nitrite + Nitrate (as N) kg 2 8.67E+06 1.22E+07 5 1.36 1.92 5 1.36 1.92 

Salmonella species MPN* or 
cfu 2 8.67E+10 1.22E+11 5 1 1.41 5 1 1.41 

Soluble Reactive P 
(4500PF) kg 2 1.14E+09 1.60E+09 4 5.84 8.25 4 6.8 9.6 

Staphylococcus aureus MPN* or 
cfu 2 1.30E+11 1.84E+11 4 0.852 1.2 6 0.146 0.206 

TOC kg 2 8.84E+07 1.25E+08 5 0.273 0.386 5 1 1.42 

Total Coliform MPN* or 
cfu 2 1.04E+15 1.47E+15 5 1 1.41 5 1.54 2.18 

Total Dissolved P 
(4500PF) kg 2 1.43E+09 2.02E+09 4 5.92 8.36 4 7.92 11.2 

Total Dissolved P (6020) kg 2 1.16E+09 1.64E+09 5 6.65 9.39 5 9.2 13 

Total Dissolved Solids kg 2 4.84E+10 6.83E+10 5 8.26 11.7 5 18.6 26.3 

Total Kjeldahl Nitrogen kg 2 5.23E+09 7.39E+09 5 18.1 25.6 5 18 25.4 

Total Sulfate (SO4) kg 2 3.33E+09 4.70E+09 5 52.2 73.7 5 52.2 73.7 
Non-detects treated as 1/2 the detection limit 
 



 

 
Table 6.5-1:  Average Concentrations by Environmental Component ( Surface Water) 

Small 
Tributaries Surface Water USGS 

Parameter Units EOF 
High Base High Base High Base 

Tenkiller Lake Reference 

Phosphorus (T)1 mg/L 8.14 0.312 0.337 0.119 0.147 0.176 0.163 0.0378 0.0138 
TOC mg/L 58.7 4.25 2.26 2.31 2.22 4.65 1.66 2.15 2.26 
Copper (T) ug/L 180 2.5 1.3 1.5 1.3 1.6 0.9 1.4 0.52 
Zinc (T) ug/L 165 15.4 11.2 8.3 10.1 4.7 1.2 4.1 2.52 
Potassium (T) mg/L 48 4.28 4.32 3.73 4.58 4.01 3.83 2.96 1.61 
Enterococcus Group MPN/100 mL 126000 21700 548 844 606 4480 108 5.07 83.5 
Fecal Coliform MPN/100 mL 89900 3210 3010 1060 824 2510 161 44.7 25.3 
E. coli MPN/100 mL 89700 3300 182 658 464 2530 99.5 3.74 16.1 
Coliforms MPN/100 mL 220000 7910 4080 3080 2330 14300 1090 92.9 262 
TKN mg/L 24.4 3.31 2.09 2.78 1.62 0.477* 0.25* 2.18 1.38 
Aluminum (T) mg/L 9.5 0.314 0.113 0.691 0.0879 0.483 0.0492 0.124 0.0767 
Iron (T) mg/L 12.2 0.333 0.184 0.969 0.131 0.675 0.0664 0.202 0.0646 
Estrone ng/L 7.67 3.33 6.25 2.48 2.59 1.91 1.34 1.27 1.42 
Sodium (T) mg/L 19.9 9.15 11 7.96 13.6 10.9 12.1 6.71 4.24 
Alkalinity (as CaCO3) mg/L 112 98.5 135 83.4 107 87.3 106 76.3 145 
Calcium (T) mg/L 64.8 43.1 53.2 39 50 40.8 44.6 30.9 39.6 
Arsenic (T) ug/L 19.6 1.5 2.1 0.9 1.5 0.8 0.6 2.7 0.9 
Magnesium (T) mg/L 7.15 2.5 2.56 2.09 2.36 1.98 1.98 1.88 1.47 
Total Dissolved Solids mg/L 405 213 205 151 179 163 178 130 123 
1 - Method 4500PF 

2 -  Non-detects treated as 1/2 the detection limit 

3 - Following USGS method 



 

 
Table 6.5-2: Average Concentrations by Environmental Components (Groundwater) 

Groundwater Groundwater Groundwater 
Parameter Units EOF 

Geoprobe Springs Well 

Phosphorus (T)1 mg/L 8.9 71.3 0.217 0.0203 

TOC mg/L 61.9 2.34 1.58 0.606 

Copper (T) ug/L 188 109 1.6 19.5 

Zinc (T) ug/L 171 456 4.6 37 

Potassium (T) mg/L 50.1 15.6 2.99 1.73 

Enterococcus Group MPN/100 mL 133000 1370 657 251 

Fecal Coliform MPN/100 mL 95300 1350 344 40.9 

E. coli MPN/100 mL 95400 1310 353 4.81 

Coliforms MPN/100 mL 233000 2510 1730 456 

TKN mg/L 25.6 10.3 2.17 2.03 

Aluminum (T) mg/L 9.81 196 0.137 0.296 

Iron (T) mg/L 12.5 248 0.248 0.365 

Estrone ng/L 8.23 0.52 0.645 0.52 

Sodium (T) mg/L 20.7 5.92 5.6 12.9 

Alkalinity (as CaCO3) mg/L 111 91.4 122 129 

Calcium (T) mg/L 51 88 52.6 65.8 

Arsenic (T) ug/L 20.2 81.7 2.5 0.8 

Magnesium (T) mg/L 7.34 16.7 2.1 3.61 

Total Dissolved Solids mg/L 422 300 187 240 

1 - Method 4500PF 

2 - Non-detects treated as 1/2 the detection limit 
 



 

 
Table 6.5-3:  Average Concentration by Environmental Component (Solids) 

Parameter Units Poultry 
Waste 

Soil 0-2" with 
Poultry Waste 

Application 

River 
Sediments 

Tenkiller 
Lake 

Sediments 

Reference 
Soil 0-2" 

Phosphorus (T)1 mg/kg 20100 1050 522 967 311 

Organic Matter % 73 3.2 1.81 1.44 3.05 

Copper (T) ug/kg 417000 28200 11400 12900 5590 

Zinc (T) ug/kg 496000 45300 53900 61200 23400 

Potassium (T) mg/kg 30700 798 654 78.2 526 

Arsenic (T) ug/kg 18600 3320 7530 7520 2640 

Calcium (T) mg/kg 34300 2920 9130 10200 1150 

Estrone ng/g 12.1 0.45 8.43 n.v. 0.753 

E. coli MPN*/gram 42000 116 561 n.v. 37.2 

Enterococcus Group MPN*/gram 103000 7020 422 n.v. 1.32 

Fecal Coliform MPN*/gram 48600 3670 7030 n.v. 37.3 

Coliforms MPN*/gram 49100 35800 9520 n.v. 256 

Nitrogen (T) mg/kg 30300 3730 4130 6180 2330 

Soluble Salts mmhos/cm 11.7 0.381 0.367 0.563 0.258 

Sodium (T) mg/kg 8080 46.6 30.3 1540 25.4 

Magnesium (T) mg/kg 6670 683 591 1200 575 

Sulfate (SO4) mg/kg 4400 52.2 38.2 847 92.2 
Phosphorus (water 
soluble) mg/kg 1440 71.4 49 78.4 9.09 

1 - Method 6020 

n.v: non value: samples were not analyzed for the parameter of interest for the sample of interest. 



 

 
Table 6.9-1:  Potential Total Phosphorus Predictor Variables 

Variable Description Rationale 

Total House Density 
(THD) 

density (houses per mi2) of all 
identified poultry houses, including 
inactive houses, in sub-basin 

poultry waste is spread on fields in vicinity of 
poultry houses (expected positive correlation) 

Active House Density 
(AHD) 

density (houses per mi2) of all 
identified active poultry houses in sub-
basin 

“” 

THD – 1 mile buffered 
density (houses per mi2) of all 
identified poultry houses in sub-basin 
plus 1 mile perimeter buffer 

tributary water quality may be impacted by 
poultry houses a short distance outside of sub-
basin (waste transported from a house outside 
the basin to a field inside the basin) (expected 
positive correlation) 

AHD – 1 mile buffered 
density (houses per mi2) of all 
identified active poultry houses in sub-
basin plus 1 mile perimeter buffer 

“” 

THD – 2 mile buffered 
density (houses per mi2) of all 
identified poultry houses in sub-basin 
plus 2 mile perimeter buffer 

approximately 60% of poultry waste is spread 
on fields within 2 miles of poultry house 
(Fisher) 
(expected positive correlation) 

AHD – 2 mile buffered 
density (houses per mi2) of all 
identified active poultry houses in sub-
basin plus 2 mile perimeter buffer 

“” 

SCS CN Soil Conservation Service Curve 
Number 

sub-basins with varying runoff potential may 
differ in their impact on receiving stream water 
quality 

Septic Tank Density estimated density (tanks per mi2) of 
septic tanks in sub-basin 

leaching from septic tanks may carry a 
significant phosphorus load (expected positive 
correlation) 

% Pasture percent of pasture in sub-basin 

amount of pasture in a sub-basin can serve as 
a surrogate for agricultural activity which may 
be a good predictor of stream phosphorus 
concentration (expected positive correlation) 

% Riparian Buffer percent of stream length in sub-basin 
that is buffered by forest 

riparian buffers can filter nutrients from runoff 
prior to entering streams (expected negative 
correlation) 

Median Distance to 
Chicken Houses 

median of distances (mi) from poultry 
houses in the sub-basin to the 
sampling site 

poultry houses closer to the stream may have 
a greater impact on water quality than those 
further away (expected negative correlation) 

 



 

 
Table 6.9-2:  Regression Analysis Results Summary1 

 2005 
Baseflow 

2005 
Highflow 

2006 
Baseflow 

2006 
Highflow 

2005 – 06 
Baseflow 

2005 – 06 
Highflow 

THD 0.66 0.65 0.14 0.65 0.76 0.68 
AHD 0.34 0.43 0.26 0.47 0.58 0.47 

THD – 1 mi 0.31 0.32 0.39 0.32 0.65 0.3 
AHD – 1 mi 0.15 0.18 0.49 0.19 0.5 0.19 
THD – 2 mi 0.52 0.42 0.27 0.37 0.73 0.33 
AHD – 2 mi 0.54 0.43 0.28 0.35 0.74 0.33 

SCS CN 0.11 0.06 0.14 0.43 0.23 0.25 
Septic Tanks 0.38 0.08 0.15 0.58 0.37 0.39 

% Pasture 0.13 0.03 0.09 0.01 0.12 0.03 
% Rip. Buff. 0.06 0.03 0.49 0.21 0.18 0.13 

Med. Dist. CH 0.19 q -0.25 0.01 0.04 0.001 

1:  statistically significant correlations (p < 0.05) indicated by yellow highlighting 
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Table 6.11-1b Excerpts from Selected References 
 
Reference: 1 
“Multivariate Statistical Assessment of the Pollution sources along the stream of Kamchia River, Bulgaria” 
 
 “PCA of each sampling site was performed in order to identify emitting sources and compare them to really existing industries and 
anthropogenic waste inlets along the stream.  In table 2 the results of the PCA carried out are presented along with the location of 
real emitters in the vicinity of each sampling site.  The source identification by PCA is performed using the Varimax rotation mode of 
PCA.  As statistically significant, loadings higher then 0.70 are taken into account (Malinowski, 1991). 
 Each latent factor (PC) is presented in the table with the correlated variables (statistically significant factor loadings), with 
its conditional name and percentage of explained variance. 
 It might be seen that each sampling region offers its specific pattern of pollution.  The identification of polluting sources by 
PCA reveals that in some cases the correlation between the water parameters varies from site to site indicating in one case a 
certain latent factor, in another case – quite different.  This is no surprise as the water quality at the different sites also differs due to 
the variability of the emitters.  A very important and specific validation of the PCA models for any sampling site is not only the 
percentage of the explained total variance (over 75% at almost all sites) but the very exact coincidence between the latent factors 
and the real emitters in the vicinity of the sites.  Thus, the approach applied offers a simple opportunity for source identification and 
apportioning. 
 
Conclusion 
The study carried out makes it possible to gain specific information about polluting sources along the stream of Kamchia River.  The 
known industrial wastes (from metallurgy, food production, wineries, domestic inorganic and organic inlets to the river flow, etc.) as 
well as natural sources are additionally recognized and apportioned by the use of principal components analysis.” 
 
Mihailov, G.; V. Simeonov; N. Nikolov; G. Mirinchev. 2005. "Multivariate Statistical Assessment of the Pollution Sources Along the 
Stream of Kamchia River, Bulgaria." Water Sciences and Technology. V 51, n 11, pp. 37-43. IWA Publishing.   
 
Reference: 2 
“Chemometric Analysis of Hydro-Chemical Data of an Alluvial River- A Case Study” 
 
“The second PC accounting for 15.2% of total variance showed high positive loadings on dissolved oxygen, moderate loadings on 
pH and negative loadings on BOD and COD, whereas, the third PC capturing 10.8% of variance was negatively correlated with fecal 
and streptococcus coliforms.  Both these PCs represent anthropogenic pollution sources and can be explained that high levels of 
dissolved organic matter consume large amounts of oxygen.” 
 
“PCA performed on complete data matrix yielded 6-significant PCs explaining 71% of the data variance.  The first PC mainly 
contained variables having origin in hydro geometrical processes, whereas, second and third PCs correlated anthropogenic pollution 
indicator variables.” 
 
Singh, Kunwar P.; Amrita Malik; Vinod K. Singh. 2006. "Chemometric Analysis of Hydro-chemical Data of an Alluvial River – A Case 
Study." Water, Air, and Soil Pollution. V 170, n 1-4, pp 383-404. Kluwer Academic Publishers. February. 
 
Reference: 3 
“Assessment of the surface water quality in Northern Greece” 
 
“PCA is a powerful pattern recognition technique that attempts to explain the variance of a large dataset of intercorrelated variables 
with a smaller set of independent variables (principal components) [20].  PCA was employed on our dataset to compare the 
compositional patterns between the examined water systems and to identify the factors that influence each one. 
 Six principal components were obtained with eigenvalues > 1 summing almost 90% of the total variance in the water 
dataset (Table 2).  The first PC, accounting for 22.1% of the total variance was correlated with COD. BOD5, TON, TP and PO3-

4.   This 
“organic” factor may be interrupted as representing influences from point sources such as municipal and industrial effluents.  The 
second PC, accounting for 19.8% of the total variance was correlated primarily with water soluble N-species, NO-

2, NH+
4 and NO-

3 
and secondarily with PO3-

4 or TP.  This “nutrient” factor represents influences from non-point sources such as agricultural runoff and 
atmospheric deposition.” 
 
Simeonov, V.; J. A. Stratis; C. Samara; G. Zachariadis; D. Voutsa; A. Anthemidis; M. Sofoniou; Th. Kouimtzis. 2003. "Assessment of 
the Surface Water Quality in Northern Greece." Water Research. V 37, pp. 4119-4124. 
  
Reference: 4 
“Polychlorinated Biphenyls in Narragansett Bay Surface Sediments” 
 
“Principal component analysis (PCA) of the surface sediment PCBs separated the Taunton River samples from the rest of the 
samples.   This result suggests that this river has a different PCB composition and sources than the other areas investigated.  It also 
showed that this river has a limited influence on other bay stations as the adjacent samples downstream did not have the same 
chemical signature.” 
 
Hartmann, Paul C.; James G. Quinn; Robert W. Cairns; John W. King. 2004. "Polychlorinated Biphenyls in Narragansett Bay 
Surface Sediments. Chemosphere. V 57, n 1, pp. 9-20. Elsevier Ltd. October. 
 



 

 
Table 6.11-2 Comparison of IRW Study to Published Literature 

 

Paper Rivers 
Watershed 

size 
(sq.mi.) 

No. of 
Sampling 
Locations 

No. of 
Samples 

Yr of 
sampling 

No. of 
Parameters 

used in 
PCA 

No. of 
Data 

points 

No. of 
Major 

Sources 
Identified 

No. of 
meaningful 

PCs 

% variance 
explained by 
Meaningful 

PCs 

% variance 
explained by 

PC1 

Singh et al Gomti 
(India) 

9,900 10 1080 3 20 21,600 6 6 71 25.3 

Mihailov et al Kamchia 
(Bulgaria) 

2,060 16 1000 5 to 10 11 900 6 4 75 ? 

Hartmann et al Tauton, 
Seekonk, 

Providence 
(RI) 

500 41 82 2 24 1,968 2 2 36 20.5 

Simeonov et al Aliakmon, 
Loudias, 
Gallikos, 

Axios 
(Greece) 

3,200 25 900 3 22 22,350 4 6 90 22 

IRW Illinois, 
Baron, 
Caney 

1,645 279 621 2.5 25 14,700 2 2 56 38 

 
 



 

  Table 6.11-4a Parameters Not Retained (water) 
ParamID Action-Reason ParamID Action-Reason 

Specific Conductance Not Retained - Insufficient Percent Complete Dissolved Boron 
Not Retained - Insufficient Percent 
Complete 

Turbidity Not Retained - Insufficient Percent Complete Dissolved Strontium 
Not Retained - Insufficient Percent 
Complete 

Conductivity Not Retained - Insufficient Percent Complete Dissolved Titanium 
Not Retained - Insufficient Percent 
Complete 

Water Temperature Not Retained - Insufficient Percent Complete Pheophytin a 
Not Retained - Insufficient Percent 
Complete 

DO Not Retained - Insufficient Percent Complete Phytoplankton Biomass - Ash Free Dry Mass 
Not Retained - Insufficient Percent 
Complete 

Barometric pressure Not Retained - Insufficient Percent Complete Sample purpose, code 
Not Retained - Insufficient Percent 
Complete 

Turbidity - White Light Not Retained - Insufficient Percent Complete Biomass/chlorophyll ratio 
Not Retained - Insufficient Percent 
Complete 

Gage height Not Retained - Insufficient Percent Complete Phytoplankton Biomass - Ash Weight 
Not Retained - Insufficient Percent 
Complete 

Discharge Not Retained - Insufficient Percent Complete Phytoplankton Biomass - Dry Weight 
Not Retained - Insufficient Percent 
Complete 

Air Temperature Not Retained - Insufficient Percent Complete 1,2,3,4-Tetrachlorobenzene 
Not Retained - Insufficient Percent 
Complete 

Total P (6010) Not Retained - Inaccurate Data 1,2,4,5-Tetrachlorobenzene 
Not Retained - Insufficient Percent 
Complete 

Total Dissolved P (6010) Not Retained - Inaccurate Data 1,2,4-Trichlorobenzene 
Not Retained - Insufficient Percent 
Complete 

Turbidity - IR LEE Light Not Retained - Insufficient Percent Complete 1,2-Dichlorobenzene 
Not Retained - Insufficient Percent 
Complete 

COD (Chemical Oxygen Demand) Not Retained - Insufficient Percent Complete 1,3-Dichlorobenzene 
Not Retained - Insufficient Percent 
Complete 

TTHMFP as CHCl3 Not Retained - Insufficient Percent Complete 1,4-Dichlorobenzene 
Not Retained - Insufficient Percent 
Complete 

Sampling method, code Not Retained - Insufficient Percent Complete 2,3,4,6-Tetrachlorophenol 
Not Retained - Insufficient Percent 
Complete 

Sampler type, code Not Retained - Insufficient Percent Complete 2,4,5-Trichlorophenol 
Not Retained - Insufficient Percent 
Complete 

Suspended sediment <0.063 mm Not Retained - Insufficient Percent Complete 2,4,6-Trichlorophenol 
Not Retained - Insufficient Percent 
Complete 

Suspended sediment concentration Not Retained - Insufficient Percent Complete 2,4-Dichlorophenol 
Not Retained - Insufficient Percent 
Complete 

Agency analyzing sample, code Not Retained - Insufficient Percent Complete 2,4-Dimethylphenol 
Not Retained - Insufficient Percent 
Complete 

Bromodichloromethane Not Retained - Insufficient Percent Complete 2,4-Dinitrophenol 
Not Retained - Insufficient Percent 
Complete 

Bromoform Not Retained - Insufficient Percent Complete 2,4-Dinitrotoluene 
Not Retained - Insufficient Percent 
Complete 

Chloroform Not Retained - Insufficient Percent Complete 2,6-Dichlorophenol 
Not Retained - Insufficient Percent 
Complete 

Dibromochloromethane Not Retained - Insufficient Percent Complete 2,6-Dinitrotoluene 
Not Retained - Insufficient Percent 
Complete 

Dissolved oxygen (%) Not Retained - Insufficient Percent Complete 2-Chloronaphthalene 
Not Retained - Insufficient Percent 
Complete 

Bromochloroacetic Acid Not Retained - Insufficient Percent Complete 2-Chlorophenol 
Not Retained - Insufficient Percent 
Complete 



 

Dibromoacetic Acid Not Retained - Insufficient Percent Complete 2-Methylnaphthalene 
Not Retained - Insufficient Percent 
Complete 

Dichloroacetic Acid Not Retained - Insufficient Percent Complete 2-Methylphenol 
Not Retained - Insufficient Percent 
Complete 

Monobromoacetic Acid Not Retained - Insufficient Percent Complete 2-Nitroaniline 
Not Retained - Insufficient Percent 
Complete 

Monochloroacetic Acid Not Retained - Insufficient Percent Complete 2-Nitrophenol 
Not Retained - Insufficient Percent 
Complete 

Trichloroacetic Acid Not Retained - Insufficient Percent Complete 3&4-Methylphenol 
Not Retained - Insufficient Percent 
Complete 

TTHM as CHCl3 Not Retained - Insufficient Percent Complete 3,3'-Dichlorobenzidine 
Not Retained - Insufficient Percent 
Complete 

Hardness (as CaCO3) Not Retained - Insufficient Percent Complete 3,3'-Dimethylbenzidine 
Not Retained - Insufficient Percent 
Complete 

Noncarbonate hardness (as CaCO3) - 
filtered Not Retained - Insufficient Percent Complete 3-Nitroaniline 

Not Retained - Insufficient Percent 
Complete 

Sodium adsorption ratio Not Retained - Insufficient Percent Complete 4,6-Dinitro-2-methylphenol 
Not Retained - Insufficient Percent 
Complete 

Sodium fraction of cations Not Retained - Insufficient Percent Complete 4-Bromophenyl phenyl ether 
Not Retained - Insufficient Percent 
Complete 

Drainage area, square miles Not Retained - Insufficient Percent Complete 4-Chloro-3-methylphenol 
Not Retained - Insufficient Percent 
Complete 

Brevibacteria 16S rRNA Not Retained - Insufficient Percent Complete 4-Chloroaniline 
Not Retained - Insufficient Percent 
Complete 

Altitude of land surface, feet Not Retained - Insufficient Percent Complete 4-Chlorophenyl phenyl ether 
Not Retained - Insufficient Percent 
Complete 

Chlorophyll a Not Retained - Insufficient Percent Complete 4-Nitroaniline 
Not Retained - Insufficient Percent 
Complete 

Microcystin Not Retained - Insufficient Percent Complete 4-Nitrophenol 
Not Retained - Insufficient Percent 
Complete 

Suspended sediment discharge Not Retained - Insufficient Percent Complete Acenaphthene 
Not Retained - Insufficient Percent 
Complete 

Sample splitter type, field, code Not Retained - Insufficient Percent Complete Acenaphthylene 
Not Retained - Insufficient Percent 
Complete 

Acetophenone Not Retained - Insufficient Percent Complete Fluoranthene 
Not Retained - Insufficient Percent 
Complete 

ANC as CaCO3 Not Retained - Insufficient Percent Complete Fluorene 
Not Retained - Insufficient Percent 
Complete 

Aniline Not Retained - Insufficient Percent Complete Hexachlorobenzene 
Not Retained - Insufficient Percent 
Complete 

Anthracene Not Retained - Insufficient Percent Complete Hexachlorobutadiene 
Not Retained - Insufficient Percent 
Complete 

Benzidine Not Retained - Insufficient Percent Complete Hexachlorocyclopentadiene 
Not Retained - Insufficient Percent 
Complete 

Benzo(a)anthracene Not Retained - Insufficient Percent Complete Hexachloroethane 
Not Retained - Insufficient Percent 
Complete 

Benzo(a)pyrene Not Retained - Insufficient Percent Complete Isophorone 
Not Retained - Insufficient Percent 
Complete 

Benzo(b)fluoranthene Not Retained - Insufficient Percent Complete lndeno(1,2,3-cd)pyrene 
Not Retained - Insufficient Percent 
Complete 

Benzo(g,h,i)perylene Not Retained - Insufficient Percent Complete Loss on ignition 
Not Retained - Insufficient Percent 
Complete 

Benzo(k)fluoranthene Not Retained - Insufficient Percent Complete Naphthalene 
Not Retained - Insufficient Percent 
Complete 

Benzoic acid Not Retained - Insufficient Percent Complete Nitrobenzene 
Not Retained - Insufficient Percent 
Complete 



 

Benzyl alcohol Not Retained - Insufficient Percent Complete N-Nitrosodiethylamine 
Not Retained - Insufficient Percent 
Complete 

Bis(2-chloroethoxy)methane Not Retained - Insufficient Percent Complete N-Nitrosodimethylamine 
Not Retained - Insufficient Percent 
Complete 

Bis(2-chloroethyl)ether Not Retained - Insufficient Percent Complete N-Nitroso-di-n-butylamine 
Not Retained - Insufficient Percent 
Complete 

Bis(2-chloroisopropyl)ether Not Retained - Insufficient Percent Complete N-Nitrosodi-n-propylamine 
Not Retained - Insufficient Percent 
Complete 

Bis(2-ethylhexyl)phthalate Not Retained - Insufficient Percent Complete N-Nitrosodiphenylamine 
Not Retained - Insufficient Percent 
Complete 

Butyl benzyl phthalate Not Retained - Insufficient Percent Complete Noncarbonate hardness (as CaCO3) - unfiltered 
Not Retained - Insufficient Percent 
Complete 

Carbazole Not Retained - Insufficient Percent Complete Pentachlorophenol 
Not Retained - Insufficient Percent 
Complete 

Chrysene Not Retained - Insufficient Percent Complete Phenanthrene 
Not Retained - Insufficient Percent 
Complete 

Dibenz(a,h)anthracene Not Retained - Insufficient Percent Complete Phenol 
Not Retained - Insufficient Percent 
Complete 

Dibenzofuran Not Retained - Insufficient Percent Complete Pyrene 
Not Retained - Insufficient Percent 
Complete 

Diethyl phthalate Not Retained - Insufficient Percent Complete Pyridine 
Not Retained - Insufficient Percent 
Complete 

Dimethyl phthalate Not Retained - Insufficient Percent Complete Total Residue 
Not Retained - Insufficient Percent 
Complete 

Di-n-butyl phthalate Not Retained - Insufficient Percent Complete Residue on evap. 
Not Retained - Insufficient Percent 
Complete 

Di-n-octyl phthalate Not Retained - Insufficient Percent Complete Chlorophyll a, corrected Not Retained - Not Applicable 

Fecal Streptococci Not Retained - Insufficient Percent Complete Total Suspended Solids Not Retained - Not Applicable 



 

 
           Table 6.11-4b Parameters Not Retained (solids) 

ParamID Action-Reason 
Salmonella species Not Retained - Insufficient Percent Complete 
17b-estradiol-d3 Not Retained - Insufficient Percent Complete 
17b-estradiol Not Retained - Insufficient Percent Complete 
Estriol Not Retained - Insufficient Percent Complete 
Estrone Not Retained - Insufficient Percent Complete 
17a-estradiol Not Retained - Insufficient Percent Complete 
10-Day % Survival Not Retained - Insufficient Percent Complete 
28-Day % Survival Not Retained - Insufficient Percent Complete 
Average Dry Weight Not Retained - Not Applicable 
Brevibacteria 16S rRNA Not Retained - Insufficient Percent Complete 
AL BOUND P Not Retained - Insufficient Percent Complete 
CA BOUND P Not Retained - Insufficient Percent Complete 
FE BOUND P Not Retained - Insufficient Percent Complete 
LOOSLY BOUND P Not Retained - Insufficient Percent Complete 
Total Kjeldahl Nitrogen Not Retained - Insufficient Percent Complete 
Soil Classification Not Retained - Not Applicable 
Total P (6010) Not Retained - Inaccurate Data 
Solids Total Not Retained - Not Applicable 
Moisture Not Retained - Not Applicable 

 
 



 

Table 6.11-5 Percent Detection and Retained Parameters (water) 
ParamID or EDA_Variable Percent Detection Action - Primary Reason 

P_T 95.62 Retained for PCA 
P_TD 94.36 Retained for PCA 
P_SOL_REAC 86.80 Retained for PCA 
NO2_NO3 79.09 Retained for PCA 
TOC 84.53 Retained for PCA 
TKN 92.20 Retained for PCA 
TDS 99.65 Retained for PCA 
Dissolved Beryllium 0.12 Not Retained - Insufficient Percent Detection 
Dissolved Silver 0.24 Not Retained - Insufficient Percent Detection 
Dissolved Thallium 0.48 Not Retained - Insufficient Percent Detection 
Dissolved Cadmium 6.59 Not Retained - Insufficient Percent Detection 
Dissolved Antimony 11.98 Not Retained - Insufficient Percent Detection 
Dissolved Lead 15.09 Not Retained - Insufficient Percent Detection 
Dissolved Selenium 23.71 Not Retained - Insufficient Percent Detection 
Dissolved Vanadium 28.02 Not Retained - Insufficient Percent Detection 
Dissolved Chromium 19.57 Not Retained - Insufficient Percent Detection 
Dissolved Cobalt 28.21 Not Retained - Insufficient Percent Detection 
Staphylococcus aureus 14.21 Not Retained - Insufficient Percent Detection 
Ammonia Nitrogen 48.98 Not Retained - Redundant with TKN 
Total Silver 2.67 Not Retained - Insufficient Percent Detection 
Total Thallium 3.05 Not Retained - Insufficient Percent Detection 
Total Beryllium 7.37 Not Retained - Insufficient Percent Detection 
Total Antimony 11.69 Not Retained - Insufficient Percent Detection 
Total Cadmium 12.83 Not Retained - Insufficient Percent Detection 
Total Lead 35.62 Not Retained - Insufficient Percent Detection 
Total Selenium 27.84 Not Retained - Insufficient Percent Detection 
Total Cobalt 28.99 Not Retained - Insufficient Percent Detection 
Dissolved Molybdenum 25.19 Not Retained - Insufficient Percent Detection 
Dissolved Mercury 2.21 Not Retained - Insufficient Percent Detection 
Total Chromium 35.51 Not Retained - Insufficient Percent Detection 
Total Vanadium 27.08 Not Retained - Insufficient Percent Detection 
Total Mercury 6.08 Not Retained - Insufficient Percent Detection 
Salmonella species 12.18 Not Retained - Insufficient Percent Detection 
AS_D 39.61 Retained for PCA 
ZN_D 64.59 Retained for PCA 
CU_D 61.17 Retained for PCA 
Total Molybdenum 29.11 Not Retained - Insufficient Percent Detection 
AS_T 45.63 Retained for PCA 
CU_T 54.93 Retained for PCA 
ZN_T 55.04 Retained for PCA 
COLIFORMS 94.88 Retained for PCA 
ALKALINITY 99.76 Retained for PCA 
Estriol 4.72 Not Retained - Insufficient Percent Detection 
17a-estradiol 5.67 Not Retained - Insufficient Percent Detection 
Estrone 15.91 Not Retained - Insufficient Percent Detection 
17b-estradiol 19.84 Not Retained - Insufficient Percent Detection 



 

ENTERO 86.14 Retained for PCA 
AL_D 30.78 Retained for PCA 
BA_D 99.64 Retained for PCA 
CA_D 100.00 Retained for PCA 
FE_D 31.98 Retained for PCA 
K_D 99.52 Retained for PCA 
MG_D 99.88 Retained for PCA 
MN_D 77.49 Retained for PCA 
NA_D 99.88 Retained for PCA 
NI_D 57.33 Retained for PCA 
CL 96.84 Retained for PCA 
FECAL 87.67 Retained for PCA 
AL_T 58.73 Retained for PCA 
BA_T 99.75 Retained for PCA 
CA_T 100.00 Retained for PCA 
FE_T 65.09 Retained for PCA 
K_T 99.88 Retained for PCA 
MG_T 99.88 Retained for PCA 
MN_T 88.78 Retained for PCA 
NA_T 100.00 Retained for PCA 
NI_T 62.78 Retained for PCA 
SO4 98.83 Retained for PCA 
PH 100.00 Retained for PCA 
ECOLI 84.18 Retained for PCA 



 

Table 6.11-6 Percent Detections and Parameter Retained (solid) 
ParamID or 

EDA_Variable 
Percent 

Detection Action - Primary Reason 

AS_T 97.17 Retained for PCA 
CU_T 100.00 Retained for PCA 
ZN_T 100.00 Retained for PCA 
OM 100.00 Retained for PCA 
AL_T 99.58 Retained for PCA 
NITROGEN 93.60 Retained for PCA 
SALTS 100.00 Retained for PCA 
P_T 100.00 Retained for PCA 
PH 100.00 Retained for PCA 
P_MEHLICH 99.74 Retained for PCA 
BA_T 100.00 Retained for PCA 
BE_T 52.88 Retained for PCA 
CA_T 100.00 Retained for PCA 
CO_T 95.81 Retained for PCA 
CR_T 97.12 Retained for PCA 
FE_T 100.00 Retained for PCA 
HG_T 73.56 Retained for PCA 
K_T 100.00 Retained for PCA 
MG_T 100.00 Retained for PCA 
MN_T 99.74 Retained for PCA 
NA_T 40.58 Retained for PCA 
NI_T 97.64 Retained for PCA 
PB_T 95.03 Retained for PCA 
V_T 95.55 Retained for PCA 
Total Antimony 9.79 Not Retained - Insufficient Percent Detection 
Total Cadmium 16.32 Not Retained - Insufficient Percent Detection 
Total Selenium 19.88 Not Retained - Insufficient Percent Detection 
Total Silver 4.45 Not Retained - Insufficient Percent Detection 
Total Thallium 2.97 Not Retained - Insufficient Percent Detection 
Total Molybdenum 27.22 Not Retained - Insufficient Percent Detection 
CLAY 100.00 Retained for PCA 
SAND 98.01 Retained for PCA 
SILT 95.22 Retained for PCA 
COLIFORMS 91.77 Retained for PCA 
P_WS 73.73 Retained for PCA 
STAPH 30.43 Retained for PCA 
NH4_WS 68.72 Retained for PCA 
SO4_WS 82.46 Retained for PCA 
FECAL 82.44 Retained for PCA 
ENTERO 88.41 Retained for PCA 
ECOLI 75.00 Retained for PCA 



 

Table 6.11-5 Percent Detection and Retained Parameters 
ParamID or EDA_Variable Percent Detection Action - Primary Reason 

P_T 95.62 Retained for PCA 
P_TD 94.36 Retained for PCA 
P_SOL_REAC 86.80 Retained for PCA 
NO2_NO3 79.09 Retained for PCA 
TOC 84.53 Retained for PCA 
TKN 92.20 Retained for PCA 
TDS 99.65 Retained for PCA 
Dissolved Beryllium 0.12 Not Retained - Insufficient Percent Detection 
Dissolved Silver 0.24 Not Retained - Insufficient Percent Detection 
Dissolved Thallium 0.48 Not Retained - Insufficient Percent Detection 
Dissolved Cadmium 6.59 Not Retained - Insufficient Percent Detection 
Dissolved Antimony 11.98 Not Retained - Insufficient Percent Detection 
Dissolved Lead 15.09 Not Retained - Insufficient Percent Detection 
Dissolved Selenium 23.71 Not Retained - Insufficient Percent Detection 
Dissolved Vanadium 28.02 Not Retained - Insufficient Percent Detection 
Dissolved Chromium 19.57 Not Retained - Insufficient Percent Detection 
Dissolved Cobalt 28.21 Not Retained - Insufficient Percent Detection 
Staphylococcus aureus 14.21 Not Retained - Insufficient Percent Detection 
Ammonia Nitrogen 48.98 Not Retained - Redundant with TKN 
Total Silver 2.67 Not Retained - Insufficient Percent Detection 
Total Thallium 3.05 Not Retained - Insufficient Percent Detection 
Total Beryllium 7.37 Not Retained - Insufficient Percent Detection 
Total Antimony 11.69 Not Retained - Insufficient Percent Detection 
Total Cadmium 12.83 Not Retained - Insufficient Percent Detection 
Total Lead 35.62 Not Retained - Insufficient Percent Detection 
Total Selenium 27.84 Not Retained - Insufficient Percent Detection 
Total Cobalt 28.99 Not Retained - Insufficient Percent Detection 
Dissolved Molybdenum 25.19 Not Retained - Insufficient Percent Detection 
Dissolved Mercury 2.21 Not Retained - Insufficient Percent Detection 
Total Chromium 35.51 Not Retained - Insufficient Percent Detection 
Total Vanadium 27.08 Not Retained - Insufficient Percent Detection 
Total Mercury 6.08 Not Retained - Insufficient Percent Detection 
Salmonella species 12.18 Not Retained - Insufficient Percent Detection 
AS_D 39.61 Retained for PCA 
ZN_D 64.59 Retained for PCA 
CU_D 61.17 Retained for PCA 
Total Molybdenum 29.11 Not Retained - Insufficient Percent Detection 
AS_T 45.63 Retained for PCA 
CU_T 54.93 Retained for PCA 
ZN_T 55.04 Retained for PCA 
COLIFORMS 94.88 Retained for PCA 
ALKALINITY 99.76 Retained for PCA 
Estriol 4.72 Not Retained - Insufficient Percent Detection 
17a-estradiol 5.67 Not Retained - Insufficient Percent Detection 
Estrone 15.91 Not Retained - Insufficient Percent Detection 
17b-estradiol 19.84 Not Retained - Insufficient Percent Detection 



 

Table 6.11-5 Percent Detection and Retained Parameters 
ParamID or EDA_Variable Percent Detection Action - Primary Reason 

ENTERO 86.14 Retained for PCA 
AL_D 30.78 Retained for PCA 
BA_D 99.64 Retained for PCA 
CA_D 100.00 Retained for PCA 
FE_D 31.98 Retained for PCA 
K_D 99.52 Retained for PCA 
MG_D 99.88 Retained for PCA 
MN_D 77.49 Retained for PCA 
NA_D 99.88 Retained for PCA 
NI_D 57.33 Retained for PCA 
CL 96.84 Retained for PCA 
FECAL 87.67 Retained for PCA 
AL_T 58.73 Retained for PCA 
BA_T 99.75 Retained for PCA 
CA_T 100.00 Retained for PCA 
FE_T 65.09 Retained for PCA 
K_T 99.88 Retained for PCA 
MG_T 99.88 Retained for PCA 
MN_T 88.78 Retained for PCA 
NA_T 100.00 Retained for PCA 
NI_T 62.78 Retained for PCA 
SO4 98.83 Retained for PCA 
PH 100.00 Retained for PCA 
ECOLI 84.18 Retained for PCA 



 

 
Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_1 

Edge of Field 
Lake - Tenkiller 
SPLP 
SPLP – (Cattle only) 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

583 26/20 Surface Water Run - Total Metals (using >20 variable threshold)

0428_SW_2 

 Edge of Field 
Lake - Tenkiller 
SPLP 
SPLP - (Cattle only) 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC  
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

617 26/20 Sensitivity - Same as SW_1 using Dissolved Metals 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0427_SW_3 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

573 26/20 Surface water without SPLP (using >20 variable threshold) 

0427_SW_4 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

607 26/20 Sensitivity - Same as SW_2 without SPLP 

0427_SW_5 

Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

508 26/20 Investigative - Same as SW_3 without EOF 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0427_SW_6 

Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

542 26/20 Sensitivity - Same as SW_4 without EOF 

0428_SW_7 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream – Small Trib – BFC 
SW Stream – Small Trib – HFC  
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

589 24/17 Sensitivity - Same as SW_3 with one P variable 

0428_SW_8 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

607 24/17 Sensitivity - Same as SW_4 with one P variable 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_9 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

605 23/17 Sensitivity - Same as SW_3 with one bacteria variable (ECOLI) 

0428_SW_10 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

641 23/17 Sensitivity - Same as SW_4 with one bacteria variable (ECOLI) 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_11 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

605 23/17 Sensitivity - Same as SW_3 with one bacteria variable 
(ENTERO) 

0428_SW_12 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

641 23/17 Sensitivity - Same as SW_4 with one bacteria variable 
(ENTERO) 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_13 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

616 21/14 Sensitivity - Same as SW_3 with one P and one bacteria variable 
(ENTERO) 

0428_SW_14 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

641 21/14 Sensitivity - Same as SW_4 with one P and one bacteria variable 
(ENTERO) 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_15 

Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

267 26/26 Investigative - Same as SW_3 with no missing data allowed 

0428_SW_16 

GW Geoprobe 
GW Spring 
GW Well 
Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

366 26/26 Investigative - Same as SW_15 with GW added 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0428_SW_17 

GW Geoprobe 
GW Spring 
GW Well 
Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

699 26/20 Surface and Ground water run same as SW_3 with ground water 
(using >= 20 variable threshold) 

0502_SW_18 
SW - Edge of Field 
SPLP 
SPLP – (Cattle and Poultry) 

66 26/26 Investigative - EOF and SPLP only with no missing data allowed

0502_SW_19 
SW - Edge of Field 
SPLP 
SPLP – (Cattle only) 

64 26/26 Sensitivity - Same as SW_18 with two FAC samples removed 

0502_SW_20 SW - Edge of Field 65 26/20 Investigative - EOF only 

0502_SW_21 SW - Edge of Field 61 14/11 Investigative - Same as SW_20 with variables based on CP 
chemistry 



 

Table 6.11-7a:  Summary of PCA Run (Water) 

Solids Run No. Summary of Groups Selected Total Samples 

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0504_SW_22 

GW Spring 
Edge of Field 
Lake - Tenkiller 
SW Stream - BFC 
SW Forest 
SW Stream - HFC 
SW Stream - Small Trib – BFC 
SW Stream - Small Trib – HFC 
SW Stream PA-BFC 
SW Stream PA- HFC 
SW Stream NA 
SW Stream - Synoptic 
SW Stream - USGS - BFC 
SW Stream - USGS - HFC 
SW Stream - WWTP 

622 26/20 Investigative - Same as SW_3 with Springs added. 

  
 
 
 
 



 

 
Table 6.11-7b:  Summary of PCA Run (Solids) 

Solids Run No. Summary of Groups Total Samples

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0502_SD_1 

Cow manure,  
Poultry Waste,  
Poultry Waste Plus Soil (FAC06), 
 Lake Sediment - Small IRW Reservoirs,  
Lake Sediment- Lake Tenkiller Grab, 
Stream Sediment,  
Surface Soil (0-2”) 

203 32/26 Solids run (using > 26 variable threshold) 

0502_SD_2 

Cow Manure, 
Poultry Waste, 
Poultry Waste-Plus Soil (FAC06), 
Sediment-Lake-Small IRW Reservoirs, 
Sediment-Lake-Tenkiller Grab, 
Sediment Stream, 
Surface Soil (0-2”) 

82 32/32 Sensitivity - Same as SD_1 with no missing data allowed 

0501_SD_3 

Sediment-Lake-Small IRW Reservoirs. 
Sediment-Lake-Tenkiller Grab, 
Sediment Stream, 
Surface Soil (0-2”) 

173 32/26 Investigative - Same as SD_1 without Poultry Waste and 
Cow Manure 

0501_SD_4 

Sediment-Lake-Small IRW Reservoirs. 
Sediment-Lake-Tenkiller Grab, 
Sediment Stream, 
Surface Soil (0-2”) 

61 32/32 Sensitivity - Same as SD_2 without Poultry Waste and Cow 
Manure 

0501_SD_5 Sediment-Lake-Tenkiller Core 88 23/18 Investigative - Tenkiller Core samples only 

0501_SD_6 

Cow manure, 
Poultry Waste, 
Poultry Waste Plus Soil (FAC06), 
Lake Sediment - Small IRW Reservoirs, 
Lake Sediment- Lake Tenkiller Grab, 
Lake Sediment – Lake Tenkiller Core, 
Stream Sediment, 
Surface Soil (0-2”) 

299 23/18 Investigative - Same as SD_1 with Core samples 

0501_SD_7 

Cow Manure, 
Poultry Waste, 
Poultry Waste-Plus Soil (FAC06), 
Sediment-Lake-Small IRW Reservoirs, 
Sediment-Lake-Tenkiller Grab, 
Lake Sediment – Lake Tenkiller Core 
Sediment Stream, 
Surface Soil (0-2”) 

274 23/23 Sensitivity - Same as SD_6 with no missing values allowed 



 

Table 6.11-7b:  Summary of PCA Run (Solids) 

Solids Run No. Summary of Groups Total Samples

No. of 
Parameters/
Parameter 

of 
Threshold 

Purpose 

0502_SD_8 

Cow Manure, 
Poultry Waste, 
Poultry Waste-Plus Soil (FAC06), 
Sediment-Lake-Small IRW Reservoirs, 
Sediment-Lake-Tenkiller Grab, 
Lake Sediment – Lake Tenkiller Core 
Sediment Stream, 
Surface Soil (0-2”) 

288 32/23 Sensitivity - Combination of SD_1 and SD_6 

 
 
 
 
 
 
 
 



 

 
 

Table 6.11-11 Largest PC2 Scores and Locations 

Sample ID PC2 Score Location 

RBS-0000345:8/11/2006:SW:S:0:- 8.088 downgradient of Springdale 

RBS-0000121:8/10/2006:SW:S:0:- 7.898 downgradient of Springdale 

HFS-04:8/1/2006:SW:S:-:BF2 7.617 downgradient of Siloam Springs 

HFS-04:9/28/2005:SW:S:-:- 7.289 downgradient of Siloam Springs 

HFS-04:6/15/2006:SW:S:-:BF1 7.025 downgradient of Siloam Springs 

RBS-0000075:8/10/2006:SW:S:0:- 6.999 downgradient of Springdale and Rogers 

HFS-04:8/27/2005:SW:S:-:BF2 6.831 downgradient of Siloam Springs 

RBS-0000349:8/11/2006:SW:S:0:- 6.468 downgradient of Springdale 

SiloamWWTP:3/31/2008:SW:S:-:- 6.356 Siloam Springs Discharge 

HFS-04:7/13/2005:SW:S:-:BF1 6.255 downgradient of Siloam Springs 

HFS-05:5/10/2006:SW:S:-:EVENTA 6.233 not downgradient of WWTP 

HFS-04:3/10/2006:SW:S:-:- 6.175 downgradient of Siloam Springs 

HFS-04:4/4/2006:SW:S:-:- 6.161 downgradient of Siloam Springs 

HFS-04:6/22/2005:SW:S:-:A 6.045 downgradient of Siloam Springs 

HFS-04:4/26/2006:SW:S:-:- 6.010 downgradient of Siloam Springs 

HFS-04:3/10/2006:SW:S:-:PEAK 6.000 downgradient of Siloam Springs 

SpringdaleWWTP:3/31/2008:SW:S:-:- 5.946 Springdale WWTP Discharge 

RBS-0000031:8/16/2006:SW:S:0:- 5.889 downgradient of Fayetteville 

RBS-0000350:8/16/2006:SW:S:0:- 5.876 downgradient of Springdale and Rogers 

HFS-04:4/8/2006:SW:S:-:- 5.840 downgradient of Siloam Springs 

HFS-04:8/20/2005:SW:S:-:B 5.838 downgradient of Siloam Springs 

RBS-0000901:8/9/2006:SW:S:0:- 5.771 downgradient of Siloam Springs 

BS-HF04:5/1/2007:SW:S:0:- 5.742 downgradient of Siloam Springs 

HFS-04:8/20/2005:SW:S:-:A 5.686 downgradient of Siloam Springs 

HFS-22:8/1/2006:SW:S:1:BF2 5.628 downgradient of Lincoln 

HFS-22:8/28/2005:SW:S:-:BF2 5.586 downgradient of Lincoln 

RBS-0000120:8/9/2006:SW:S:0:- 5.507 downgradient of Rogers 

HFS-22:4/27/2006:SW:S:-:PEAK 5.435 downgradient of Lincoln 

HFS-04:6/22/2005:SW:S:-:B 5.299 downgradient of Siloam Springs 

RS-75:5/8/2007:SW:S:0:- 5.254 downgradient of Springdale and Rogers 

HFS-22:4/27/2006:SW:S:-:- 5.236 downgradient of Lincoln 

HFS-22:5/10/2006:SW:S:-:EVENTA 5.144 downgradient of Lincoln 

HFS-04:5/6/2006:SW:S:-:- 5.143 downgradient of Siloam Springs 

HFS-22:6/7/2005:SW:S:-:- 5.105 downgradient of Lincoln 

SN-SBC2:4/25/2007:SW:S:0:- 5.093 downgradient of Westville 

RogersWWTP:4/1/2008:SW:S:-:- 5.073 Rogers WWTP discharge 

HFS-22:3/22/2006:SW:S:-:PEAK 5.062 downgradient of Lincoln 

RBS-0000109:8/9/2006:SW:S:0:- 5.053 downgradient of Lincoln 

HFS-22:6/15/2006:SW:S:-:BF1 5.024 downgradient of Lincoln 

HFS-22:6/15/2005:SW:S:-:A 5.017 downgradient of Lincoln 

RS-72:5/21/2007:SW:S:0:- 5.001 downgradient of Fayetteville 

HFS-22:4/4/2006:SW:S:-:PEAK 4.975 downgradient of Lincoln 

HFS-04:5/9/2006:SW:S:-:EVENTA 4.969 downgradient of Siloam Springs 

BS-HF22:8/24/2005:SW:S:-:- 4.947 downgradient of Lincoln 



 

Table 6.11-11 Largest PC2 Scores and Locations 

Sample ID PC2 Score Location 

HFS-22:7/12/2005:SW:S:-:BF1 4.923 downgradient of Lincoln 

HFS-22:6/15/2005:SW:S:-:B 4.884 downgradient of Lincoln 

RBS-0000225:8/11/2006:SW:S:0:- 4.852 not downgradient or WWTP 

BS-HF22:5/2/2007:SW:S:0:- 4.844 downgradient of Lincoln 

HFS-05:3/22/2006:SW:S:-:PEAK 4.843 not downgradient or WWTP 

HFS-22:3/22/2006:SW:S:-:- 4.839 downgradient of Lincoln 

RS-122:5/3/2007:SW:S:0:- 4.820 downgradient of Rogers 

HFS-22:4/4/2006:SW:S:-:- 4.820 downgradient of Lincoln 

USGS-07195500:3/10/2006:SW:S:-:- 4.819 not immediately downgradient of WWTP 

RBS-0000246:8/9/2006:SW:S:0:- 4.815 downgradient of Prairie Grove 

HFS-04:5/25/2005:SW:S:-:1 4.807 downgradient of Siloam Springs 



 

 
Table 6.11-8:  Chemical and Bacterial Composition for PCA Parameters (Poultry Waste and Cattle Manure) 

Poultry Waste Fresh Cattle 
Manure 

Dry Cattle 
Manure Parameter PCA Variable 

ID Units 
CDM Average CDM Average CDM Average 

Total Sodium NA_T mg/Kg 8090 1210 159 
Total Potassium K_T mg/Kg 30700 9270 1950 
Mehlich 3 Phosphorus  P_MEHLICH mg/Kg 5410 3280 1610 
Total P (6020) P_T mg/Kg 20100 5920 2690 
Soluble Salts SALTS mmhos/cm 11.8 3.85 2.18 
Organic Matter OM % 73.2 86.3 86.6 
Total Magnesium MG_T mg/Kg 5900 4820 2830 
Water Soluble 
Phosphorus  P_WS mg/Kg 1440 3020 950 

Enterococcus  ENTERO MPN*/gram 107000 201000 152000 
Water Soluble 
Ammonium NH4_WS mg/Kg 1700 808 215 

Total Zinc ZN_T mg/Kg 506 74.1 72.9 
Water Soluble Sulfate SO4_WS mg/Kg 4410 569 69.9 
E. coli ECOLI MPN*/gram 40400 806000 171000 
Total Calcium CA_T mg/Kg 34400 9010 6960 
Total Copper CU_T mg/Kg 417 14 10.5 
Total Nitrogen NITROGEN mg/Kg 30000 30600 30000 
Fecal Coliform FECAL MPN*/gram 46900 806000 171000 
Total Coliform COLIFORMS MPN*/gram 47500 806000 202000 
pH PH s.u. 7.93 7.44 7.58 
Total Manganese MN_T mg/Kg 1490 342 348 
Total Arsenic AS_T mg/Kg 18.7 1.42 0.822 
Total Barium BA_T mg/Kg 48.8 82.2 91.9 
Total Nickel NI_T mg/Kg 14 1.86 0.822 
Total Beryllium BE_T mg/Kg 0.307 1.42 0.822 
Total Mercury HG_T mg/Kg 0.00561 0.0826 0.0153 
Staphylococcus  STAPH MPN*/gram 0.11 0.604 0.29 
Total Vanadium V_T mg/Kg 17.6 7.11 4.11 
Total Aluminum AL_T mg/Kg 1930 493 562 
Total Chromium CR_T mg/Kg 7.33 1.42 0.822 
Total Cobalt CO_T mg/Kg 1.81 1.42 0.822 
Total Lead PB_T mg/Kg 1.82 1.42 0.822 
Total Iron FE_T mg/Kg 1100 525 509 
 



 

 
Table 6.11-9:  Chemical and Bacterial Composition for PCA Parameters (Synthetic Leachate) 

Poultry Litter 
20:1 

Fresh Cattle 
Manure SPLP 
20:1 

Dry Cattle 
Manure SPLP 
20:1 Parameter PCA Variable ID Units 

CDM Average CDM Average CDM Average 

Dissolved Copper CU_T mg/L 4.54 0.0242 0.0172 
E. coli ECOLI MPN*/100ml 12000 12000 7350 
Dissolved Iron FE_T mg/L 7.47 0.5 0.5 
TOC TOC mg/L 10.2 50.7 13.8 
Dissolved Aluminum AL_T mg/L 1.23 0.5 0.5 
Dissolved Nickel NI_T mg/L 0.235 0.0076 0.005 
Fecal Coliform FECAL MPN*/100ml 12000 12000 7350 
Enterococcus ENTERO MPN*/100ml 8000 8320 5440 
Total Coliform COLIFORMS MPN*/100ml 12000 12000 7790 
Dissolved Potassium K_T mg/L 976 73.1 19 
Dissolved Zinc ZN_T mg/L 2.57 0.119 0.0994 
Dissolved Manganese MN_T mg/L 1.54 0.773 0.304 
Dissolved Arsenic AS_T mg/L 0.238 0.005 0.005 
Total Dissolved P 
(4500PF) P_TD mg/L 165 37.9 28.3 

Soluble Reactive P 
(4500PF) P_SOL_REAC mg/L 131 30.5 26.2 

Dissolved Magnesium MG_T mg/L 59.7 28.1 20 
Total Kjeldahl Nitrogen TKN mg/L 603 45.2 45.5 
Dissolved Barium BA_T mg/L 0.202 0.198 0.145 
Total Dissolved Solids TDS mg/L 5580 918 407 
Sulfate SO4 mg/L 384 10 10 
Nitrite + Nitrate NO2_NO3 mg/L 1 1 1 
Chloride CL mg/L 226 27.1 10 
Dissolved Sodium NA_T mg/L 295 42 8.86 
Alkalinity (as CaCO3) ALKALINITY mg/L 1610 302 152 
Dissolved Calcium CA_T mg/L 45.4 46.1 34.4 

 
 



 

 
Table 6.11-10:  Chemical and Bacterial Composition for PCA Parameters (Water Samples) 

 Poultry EOF Cattle EOF Cattle Impacted 
Springs 

WWTP 
Discharge 

WWTP Surface 
Water Parameter PCA Variable 

ID Units 
CDM Average CDM Average CDM Average CDM Average CDM Average 

Total Copper CU_T mg/L 0.16 0.00306 0.00483 0.00249 0.00156 

E. coli ECOLI MPN*/100ml or 
cfu/100mL 88300 12000 790 9.5 1080 

Total Iron FE_T mg/L 11.9 2.45 0.318 0.175 0.118 
Total Organic Carbon TOC mg/L 57.8 11.7 8.72 5.32 3.67 
Total P (4500PF) P_T mg/L 7.81 1.1 3.2 1.23 0.594 
Total Aluminum AL_T mg/L 9.14 2.76 0.273 0.05 0.109 
Total Nickel NI_T mg/L 0.0179 0.00241 0.00517 0.0034 0.00417 

Fecal Coliform FECAL MPN*/100ml or 
cfu/100mL 89900 12000 452 70 1400 

Enterococcus ENTERO ng/L 122000 12000 4100 4.5 652 

Total Coliform COLIFORMS MPN*/100ml or 
cfu/100mL 220000 12000 6900 9800 3950 

Total Potassium K_T mg/L 46.2 8.34 21.3 10.9 12.5 
Total Zinc ZN_T mg/L 0.154 0.0198 0.0055 0.0238 0.0187 
Total Manganese MN_T mg/L 0.661 0.197 0.166 0.0545 0.0139 
Total Arsenic AS_T mg/L 0.0171 0.00282 0.004 0.0012 0.00145 
Total Dissolved P 
(4500PF) P_TD mg/L 4.68 0.607 3.09 1.01 0.568 

Soluble Reactive P 
(4500PF) P_SOL_REAC mg/L 3.66 0.553 2.94 0.916 0.524 

Total Magnesium MG_T mg/L 6.95 2.19 9.4 2.51 2.66 
Total Kjeldahl Nitrogen TKN mg/L 24.2 4.19 1.87 6.34 2.02 
Total Barium BA_T mg/L 0.174 0.0621 0.176 0.00969 0.0402 
Total Dissolved Solids TDS mg/L 401 98 457 274 302 
Sulfate SO4 mg/L 20.4 3.34 25.4 55.4 51.2 
Nitrite + Nitrate NO2_NO3 mg/L 1.63 0.197 22.9 3.47 3.95 
Chloride CL mg/L 22.3 3.62 37.6 46.9 48.1 
Total Sodium NA_T mg/L 19.1 1.42 22.9 43.5 48.6 
Alkalinity (as CaCO3) ALKALINITY mg/L 110 25 188 75.3 100 
Total Calcium CA_T mg/L 64.5 5.99 77.3 33.2 47.2 
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