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 Harbor conducted field work on September 21-26, 2016.

 Harbor Senior Project Manager, Thomas Huetter, P.G., 
supervised field activities.  He was assisted by Mike 
Lybrand, P.G., Lybrand Consulting, LLC.

 Third-party independent professional geologist, Tai 
Hubbard, P.G. of Hydrogeology, Inc. (Bloomington, 
Indiana), was hired to observe drilling activities.

 Per the scope of work, a single boring was drilled to 120.5 
feet below ground surface (bgs) utilizing the rotosonic
drilling method.
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C&H Hog Farms 
Physical Setting

 The C&H Hog Farms facility is located in the Ozark Physiographic Region 
of Arkansas.

 The site slopes slightly to the east toward Big Creek, located roughly 
2,500 feet east of the site.  The site elevation ranges from approximately 
895 to 920 feet above mean sea level (amsl). 

 The uppermost geologic formation below the site is the Mississippian-age 
Boone Formation, which consists of gray, fine- to coarse-grained 
fossiliferous limestone interbedded with chert.

 Groundwater below the site is contained within the Springfield Plateau 
aquifer, which is comprised of the Boone Formation and the St. Joe 
Member of the Boone Formation. 
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Subsurface Conditions

 Generally, clay with varying amounts of silt, along with chert and 
limestone fragments, was encountered from the surface to a depth 
of 13.5 feet.

 Weathered limestone with clay seams was encountered from 13.5 
feet to 28 feet.

 Mostly competent limestone was encountered from 28 feet to 120.5 
feet bgs.

 Some water loss during drilling suggested fracture zones from 25 – 38 
feet bgs and again from 98.5 to 120.5 feet bgs.

 This was evidenced by fractures observed in the rock and 
correlated by geophysical logging of the borehole.
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Geophysical Logging

 Harbor utilized a subcontract geophysical consultant to 
conduct natural gamma and neutron logging of the 
borehole.   

 Natural gamma logging measures the amount of naturally 
occurring gamma radiation in the subsurface materials. 

 The primary use of natural gamma logging is to differentiate 
between clays and shales and non-clay/shale rocks, such as 
sandstone, limestone and dolomite.

 Neutron logging indicates porosity by measuring the amount 
of hydrogen, which is a direct indicator of fluid (water) in the 
pore spaces of the borehole.   
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Geophysical Logging

 The results of the geophysical logging show a good correlation 
with the boring log.    

 Natural gamma logging showed higher counts (consistent with 
clay) in the upper portion of the boring and lower counts as the 
boring encountered denser limestone. Minor spikes of increased 
counts, which might suggest weathered or fractured zones, 
occur at 64 feet, 78 feet, and 115 feet.

 Neutron logging showed consistency with the conditions 
encountered in the borehole. At 99 feet bgs, a sharp drop in 
neutron counts occurred.  From 100 to 120 feet, neutron counts 
range from approximately 600 – 1,500 CPS, suggesting a porous 
zone. 
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Sampling

 Soil samples were collected at 6 inches, 5 feet, 10 feet, 
13.5 feet, 18.5 feet and 25 feet for laboratory analysis of 
the analytes of interest (AOIs).  

 Soil samples were also submitted for leachate analysis to 
evaluate potential leaching of AOIs into groundwater.

 Subsurface water samples were also collected for 
laboratory analysis of the AOIs to evaluate groundwater.



C&H Hog Farms 
Sampling

 Soil, leachate, and water samples analyzed for some or all 
of the following AOIs:

*Soil samples analyzed for these parameters only.
** Laboratory substituted specific conductance for TSS 

Chloride Ammonia-Nitrogen
Sulfate Specific Conductance
Total Calcium* TOC*
Total Magnesium* Bicarbonate Alkalinity
Total Manganese* Carbonate Alkalinity
Total Phosphorus* Total Nitrogen
Total Potassium* Total Soluble Salts (TSS)**
Total Sodium* Percent Moisture*
Total Zinc* E. Coli*
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Sampling

 Selected water samples were analyzed for 
trihalomethanes (THMs) to screen for the presence of 
potable water.

 Chloroform

 Bromoform

 Bromodichloromethane

 Chlorodibromomethane
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Soil Sample Comparison

 The soil analytical results were compared to a 2004 United 
States Geological Survey (USGS) nationwide study of 
background soil and sediment samples. 

 Six sample points from Newton County were utilized for 
comparison purposes.
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Soil Results

 Calcium concentrations ranged from 627 to 314,000 milligrams 
per kilogram (mg/Kg).  With the exception of the sample 
collected from 25 feet bgs, calcium concentrations were within 
the background ranges of the USGS study.  The detected 
concentration of 314,000 mg/Kg in the sample collected from 25 
feet bgs is not unusual as this sample was collected at the soil-
limestone interface.  

 Magnesium concentrations ranged from 896 to 2,650 mg/Kg.  All 
the detected magnesium concentrations were within the USGS 
background ranges. 
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Soil Results

 Manganese concentrations ranged from 244 to 1,690 mg/Kg.  
Four of the detected manganese concentrations exceeded the 
USGS background ranges.  These detections were within the 
same order of magnitude of the highest detected background 
concentration, 1,110 mg/Kg. 

 Phosphorus was detected at concentrations ranging from 119 to 
715 mg/Kg.  All the detected phosphorus concentrations were 
within the range of the USGS background concentrations. 

 All detected potassium, sodium and zinc concentrations were 
within the USGS background concentrations.
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Soil Results

 Percent moisture ranged from 9.90 to 31.7 percent.  

 TOC ranged from 65.1 to 262 mg/Kg.  

 No E. Coli was detected in any of the soil samples. 

 No background ranges have been established for these 
parameters. 
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Soil Leachate Results

 The soil samples collected above were also submitted for leachate 
testing for chloride, sulfate, calcium, magnesium, manganese, 
phosphorus, potassium, sodium, zinc, ammonia as nitrogen, specific 
conductance, TOC, bicarbonate alkalinity, carbonate alkalinity, and 
total nitrogen.   

 The leachate concentrations were then compared to the results of 
laboratory analysis of samples from the two waste ponds on site 
(provided by ADEQ) and compared to a USGS study of groundwater 
from the Boone Formation.

 All of the detected leachate concentrations were substantially lower 
than the concentrations detected in the two pond samples.  
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Soil Leachate Results

 Chloride concentrations ranged from 0.881 to 21.60 milligrams per liter 
(mg/L).  With the exception of the 21.60 mg/L sample (collected from 
18.5 feet bgs), all of the samples were below or within the ranges 
measured in the USGS study.  It should be noted that the highest 
concentration of chloride measured in the ambient study was 20.25 
mg/L, which is within the same order of magnitude.   

 Sulfate concentrations were below or within the ranges measured in the 
USGS study.  

 Calcium concentrations were below the ranges measured in the USGS 
study.

 Magnesium concentrations were below or within the ranges measured in 
the USGS study.
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Soil Leachate Results

 Phosphorus concentrations ranged from <0.026 (non-detect) to 0.138 
mg/L.  Phosphorus was not analyzed in the USGS study.

 Potassium concentrations were below or within the ranges measured in 
the USGS study.

 Sodium concentrations ranged from 0.533 to 24.3 mg/L.  Four of the 
detected sodium concentrations exceeded the highest background 
concentration of 13.0 mg/L; however, the detected concentrations were 
within the same order of magnitude.

 Zinc concentrations were below the ranges measured in the USGS 
ambient study.
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Soil Leachate Results

 Specific conductance analyses were below the ranges measured in the 
USGS ambient study.

 Bicarbonate alkalinity concentrations were below the ranges measured in the 
USGS ambient study.

 Ammonia was non-detect (<0.500 mg/L) in all of the samples.  

 Total nitrogen was detected in one sample at 2.37 mg/L.  

 TOC was detected in two samples at 1.31 and 1.27 mg/L.  

 Carbonate alkalinity was non-detect (<5.0 mg/L) for all samples.  

 None of the above parameters were measured in the USGS study. 
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Water Sampling & Analysis

 A total of five water samples were collected from the borehole.  

 After evaluating the data, it is likely that samples B-1GW-1, B-1GW-
2 (analyzed for THMs only), and B-1GW-3 are drilling water, as the 
borehole went dry after these samples were collected.  

 Sample B-1GW-4 is likely a mix of drilling water and groundwater.  

 Sample B-1GW-5 is likely mostly groundwater; as the field 
parameters stabilized and the borehole continued to make water. 

 The concentrations of AOIs detected in this sample (and all of the 
other water samples collected from the borehole) were 
substantially lower than the concentrations detected in the two 
pond samples. 
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Water Sampling & Analysis

 Chloride concentrations ranged from 7.24 to 29.0 mg/L.  Two of the 
samples (B-1GW-3 and BD-3) exceeded the highest ambient background 
concentration of 20.25 mg/L.  The remaining samples were within the 
ranges measured in the USGS study.  Three of the samples (B-1GW-1, B-
1GW-3, and BD-3) exceeded the concentration measured in potable 
water sample PW-2.  It should be noted that the exceedances were within 
the same order of magnitude.   

 Sulfate concentrations were within the ranges measured in the USGS study.  
With the exception of sample B-1GW-1, the sulfate concentrations 
detected were below the concentration detected in sample PW-2.

 Calcium concentrations ranged from 64.4 to 416 mg/L.  Three of the 
detected calcium concentrations exceeded the ranges measured in the 
USGS study.  All of the samples exceeded the concentration detected in 
sample PW-2.  The elevated calcium is likely due to the presence of fine 
limestone in the water that was a result of the drilling process. 



C&H Hog Farms 
Water Sampling & Analysis

 Magnesium concentrations ranged from 3.11 to 8.59 mg/L.  One of 
the detected magnesium concentrations exceeded the ranges 
measured in the USGS study.  All of the detected magnesium 
concentrations were below the concentration detected in sample 
PW-2.

 Manganese concentrations were below the ranges measured in the 
USGS study.  Manganese was non-detect (<0.0104) in sample PW-2.

 Phosphorus concentrations ranged from 0.062 to 0.494 mg/L.  
Phosphorus was not analyzed in the USGS study.  Phosphorus was 
non-detect (<0.026) in sample PW-2.

 Potassium concentrations were within the ranges measured in the 
USGS study.  Potassium was detected at a concentration of 2.23 
mg/L in sample PW-2.
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Water Sampling & Analysis

 Sodium concentrations were within the ranges measured in the 
USGS study.  Sodium was detected at a concentration of 3.37 
mg/L in sample PW-2.

 Zinc concentrations were below or within the ranges measured in 
the USGS ambient study.  Zinc was detected at a concentration 
of 0.024 mg/L in sample PW-2.

 Ammonia was non-detect (<0.500 mg/L) in all but one of the 
borehole water samples.  Ammonia was detected at a 0.680 
mg/L in sample B-1GW-1 and 0.754 mg/L in sample PW-2.  Both 
detections exceeded the concentrations measured in the USGS 
ambient study, but only slightly exceeded the laboratory 
detection limit of <0.500 mg/L. 
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Water Sampling & Analysis

 Specific conductance measurements were within the ranges 
measured in the USGS ambient study.  The specific conductance was 
measured at 233 µS/cm in sample PW-2. 

 Bicarbonate alkalinity ranged from 161 to 456 mg/L. With the 
exception of the sample measured in B-1GW-4 (456 mg/L), 
bicarbonate alkalinity concentrations were within the ranges 
measured in the USGS ambient study.  Bicarbonate alkalinity was 
detected at a concentration of 99.0 mg/L in sample PW-2.

 Total nitrogen concentrations ranged from <1.00 mg/L to 1.96 mg/L.  
Total nitrogen was not detected in PW-2.  TOC concentrations 
ranged from <1.00 mg/L to 2.97 mg/L.   TOC was detected at a 
concentration of 1.97 mg/L in sample PW-2.  Carbonate alkalinity was 
non-detect (<5.0 mg/L) for all samples.  None of these three 
parameters were measured in the USGS study. 
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Borehole Abandonment

 After completion of the drilling and sampling operations and 
geophysical logging, the borehole was abandoned in accordance 
with the Arkansas Water Well Construction Commission Rules and 
Regulations (May 2016) and ADEQ Interim Policy 96-4.  

 The borehole was grouted to the land surface via tremie method 
(from bottom up) using Portland cement (no bentonite).  

 Due to weathered/fracture zones encountered in the subsurface, 
the borehole took more grout than calculated for its volume.  
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Borehole Abandonment

 Borehole volume was estimated at 23.6 cubic feet (176 gallons).  
Total estimated grout placed in the borehole was approximately 
280 gallons.  

 The borehole was grouted on Friday, 9/23/16; however, the driller 
ran out of grout and was unable to grout the borehole to the 
surface. At the time, the driller visually estimated the depth to grout 
at 25 feet bgs; however, he did not physically check it.  When the 
driller returned on Monday, 9/26/16, the grout was measured at 12 
feet bgs. 
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