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Abstract 

If deeper aquifers have cleaner water, we would expect homeowners near water pollution sources to invest in 

deeper wells.  This adaptive behavior remains undocumented but highlights that the social cost of water pollution 

includes direct exposure and private defensive investments to avoid exposure.  We focus on private well drilling 

in four rural North Carolina counties that are among the nation’s leaders in pork and poultry production with over 

$2.5 billion in annual sales.  Private contractor drilling logs are used to map well depths nearby concentrated 

animal feeding operations (CAFOs).  The average homeowner in our sample lives approximately 3 kilometers 

from its nearest CAFO.  For each one-kilometer increase in CAFO proximity, homeowners extend their well 

casing depth by 30 feet.  We show that this avoidance-of-risk effect is isolated on wells known to be drinking 

water sources and is robust to a variety of specifications including controlling for soil profiles.  We estimate that 

our study area contains approximately 70,000 wells based on dasymmetric population mapping, census data, 

known public water supply boundaries and the spatial distribution of drilling activity.  To the extent that our 

sample is representative of all study area wells, we estimate the total private drilling cost of CAFO avoidance 

approaches $88 million but is as little as $406,000 per annum.  We examine but do not find increases in well yield 

as a potential co-benefit from sourcing deeper groundwater.  Given the lifespan of wells, the distributional burden 

of private adaptation and the size of the local animal agriculture industry, targeted and agriculture-funded 

subsidies for well construction and public water supply expansion may generate tremendous social benefits.  

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Private wells in the United States (U.S.) are federally unregulated and serve as the primary drinking water source 

for more than 44.5 million people (Maupin 2014).  Individuals relying on these private, or “domestic” wells, are 

generally at a greater risk of exposure to chemical and microbial contaminants than those with access to public 

water supplies (Charrois 2010).  Such groundwater exposures are a major public health concern explaining 

approximately 76% of waterborne disease outbreaks and over 6 million waterborne illnesses annually in the U.S. 

(Reynolds et al. 2008). Rural homeowners can partly mitigate these risks by drilling deeper wells that source 

water less prone to contamination by total coliform (Gonzales 2008), nitrate (Liu et al. 2005) and other inorganic 

chemicals such as arsenic, barium and strontium (Fontenot et al. 2013).  Yet, the extent to which rural 

homeowners’ well drilling decisions are influenced by perceived surface contamination risks remains 

undocumented.  Such a long-run adaptation strategy to the risk of pollutant runoff may be a significant contributor 

to the social cost of groundwater pollution in agricultural areas that often lack access to public water 

infrastructure. 

A long-standing literature documents intermittent “avoidance behavior” in response to signals of potential water 

contamination (Abdalla et al. 1992, Zivin et al. 2011, Garg et al. 2018). These studies often focus on the 

propensity for individuals to switch to a more expensive drinking water source, such as bottled water, when a 

contamination signal is received.  Several studies have documented more drastic avoidance strategies such as 

relocation away from polluted areas (Banzaf and Walsh 2008, Currie et al. 2013) or installation of water filtration 

systems (Abdalla 1990, Abdalla et al. 1992).  Such costs, which are incurred by private homeowners but often 

undocumented by planners, governments and water utilities, are a significant contributor to the social cost of 

water pollution and are critical to guiding public water infrastructure expansion and evaluating the social benefits 

associated with such projects.  We contribute to the avoidance behavior literature by documenting that rural 

residents’ proximity to concentrated animal feeding operations (CAFOs) triggers deeper well construction 

designed to access confined aquifers as a protected drinking water source.   

We focus on four rural counties located in the North Carolina coastal plain. North Carolina is an interesting area 

to investigate adaptive well drilling behavior.  Trailing only Pennsylvania nationally, approximately 3.3 million 

residents rely on private wells (Maupin 2014), which became regulated by the North Carolina Department of 

Environmental Quality in 2009.  North Carolina’s coastal plain counties are characterized by a low depth to the 

water table (Terziotti and Eimers 2018) and porous soils (Sharkey 2006) that present a natural menu of “risk of 

contamination” vs. “drilling cost” options for rural homeowners and developers. With the highest concentration of 

swine CAFOs in the U.S. (Jones et al. 2017), animal waste that is stored in uncovered surface lagoons and applied 

on nearby fields generates a clear signal of potential water contamination to nearby residents.  Further, the study 

region is prone to sustained rainfall, flooding events and tropical storms (Kruse and Hochard 2019), which, when 

taken together, may create a “perfect storm” of potential contamination in shallow aquifers from pollutant runoff 

(Andrade et al. 2018).   

The primary empirical challenge of relating well drilling responses to local contaminant risks is that households 

often sort, along socioeconomic lines, away from undesirable locations.  Such sorting behavior may confound 

estimates by capturing other factors, such as income levels and education, which are likely to influence well 

construction decisions and be captured by physical proximity to a CAFO.  Our empirical strategy exploits the fact 

that (1) downwind communities are disproportionately affected by CAFO presence, (2) prevailing wind direction 

follows consistent patterns over extended time periods and (3) a residence’s angular position, relative to a CAFO, 

is unlikely to influence groundwater drilling behavior. To the extent that these assumptions are valid, we estimate 

that the average homeowner extends well casing depth by 10 feet for each 1/3-kilometer increase in nearest-

CAFO proximity.  A spatial analysis of the approximated distribution of private wells throughout our study area 

suggests that the full cost of such adaptive drilling behavior approaches $88 million.   

 

 



Study Area, Animal Agriculture and Private 

Well Regulations 

Our study area includes the four rural coastal 

North Carolina counties of Bladen, Duplin, 

Sampson and Pender (Figure 1).  Together, these 

counties yield $1.37 billion in hog and pig sales 

and $1.17 billion in poultry and egg sales 

(USDA Center of Agriculture 2012) annually.  

The four counties, with just over 200,000 

residents and a poverty rate of 18.9%, produce 

over 21 million broiler poultry, 4.4 million hogs 

and pigs and nearly 10 million turkeys each year 

(Table 1).     

Most swine waste in North Carolina is stored in 

lagoons that are subject to siting requirements.  

Under the state’s “Swine Farm Siting Act” 

(1995, . 420, 2. 1; 1995 (Reg. Sess., 1996), c. 

626, s. 7(a); 1997-458, s.4.1.), setbacks were 

imposed in distance from occupied residences 

(1,500 feet), schools, hospitals, churches, 

outdoor recreation facilities, national parks and state parks (2,500 feet), property boundaries (500 feet) and 

drinking water supply wells (500 feet).  Swine CAFOs adopt nutrient management plans that document the 

operation’s application of liquid waste on nearby “spray fields” at rates compliant with the nutrient uptake of the 

spray field’s crops.  Dry waste system poultry operators are also required to develop and maintain a nutrient 

management plan that documents similar on-field applications of dry waste.  Despite these waste application 

management plans, studies have shown that surface waters nearby CAFO operations in this region have poor 

sanitary quality that is exacerbated by sustained rainfall events (Heaney et al. 2015) in areas dependent on private 

well systems (Wing et al. 2000).   

 

 

Statewide, the first set of standards governing private well construction in North Carolina (NCGS – Chapter 87 

Article 7) became effective on January 1, 1972. These initial standards have undergone a series of amendments 

and discourage well construction in areas prone to flooding.  Further, a series of setback distances ranging from 

10 to 100 feet have been adopted to discourage well construction near surface water bodies and potential sources 

of groundwater contamination.  Statewide permitting of private wells began on July 1, 2008.  Following 

permitting, all constructed private wells require an inspection by county health authorities to ensure compliance 

with construction standards.  A water sample is also collected by a county environmental health specialist and 

Table 1: Four-county study area populations, housing units and socioeconomic characteristics. 

County Population 

(2016) 

Housing Units 

(2010) 

Per-Capita Income 

(2017) 

Pop. below poverty line 

(2017) 

Pop. share below poverty line 

(2017) 

Bladen 35,183 14,430 $34,439 6,869 20.70% 

Duplin 58,335 22,495 $33,440 12,119 20.70% 

Pender 52,223 20,333 $35,619 7,548 12.60% 

Sampson 63,451 24,005 $36,035 12,925 20.70% 

Total 209,192 81,263  39,461  

* Population estimates are based on the U.S. Environmental Protection Agency’s EnviroAtlas Dassymetric Population 

Mapping toolbox valid for February 2016 and within NC Department of Transportation official county boundaries.  

Housing units, per-capita income and poverty statistics are from U.S. Census Bureau county QuickFacts.   

Figure 1. Study area in Lower Cape Fear River Basins, North Carolina 
encompassing Bladen, Duplin, Pender and Sampson counties with swine and 
poultry operations.  



analyzed by a state or certified laboratory for bacteria and a battery of inorganic chemicals (e.g. nitrite, arsenic, 

lead, etc.).  While the water sample and analysis are mandatory, there is no requirement that the well meets an 

acceptable drinking water standard.  In addition, well contractors complete a “drilling log” that documents the 

well’s soil profile, total well depth, casing depth and whether the well is intended to serve as a drinking water 

source.  These drilling logs are stored non-digitally at the county level.   

Data 

Private well specifications data came from physical collection, digitization and georeferencing of well 

construction record (GW-1) forms.  At the point of well construction, North Carolina Department of 

Environmental Quality requires the completion of these forms by drilling contractors.  Precise well locations, 

either by residential address or coordinates, are recorded for each well in addition to drilling date, well casing 

depth (feet), grouting depth, a soil drilling log, casing diameter, well yield (gallons per minute), information on 

the well drilling contractor and whether the well’s intended use is drinking water.  The georeferenced locations of 

swine-based concentrated animal feeding operations (CAFOs) are taken from the NC DEQ’s Divison of Water 

Resources georeferenced animal feeding operations permits.  Georeferenced poultry broilers are from the 

Environmental Working Group.1 

Table 2 Within-sample summary statistics for select variables. 

Variable Observations Mean Std. Dev. Min Max 

Well specifications      

   Casing depth (ft) 759 111.2 70.4 0 360 

   Grout depth (ft) 746 22.3 17.0 0 220 

   Well yield (gpm) 739 31.4 28.1 2 160 

   Diameter of casing (inches) 759 4.32 1.55 1 11 

   Intended for drinking water use (=1) 628 0.80 0.40 0 1 

Soil types: Drilling log      

   Clay 759 0.30 0.35 0 1 

   Gravel 759 0.02 0.11 0 1 

   Sand 759 0.60 0.39 0 1 

   Topsoil 759 0.05 0.15 0 1 

Proximity variables      

   Distance to nearest CAFO (m) 759 3545 3574 156 15411 

        Nearest swine operation (m) 759 3779 3528 282 15411 

        Nearest broiler operation (m) 759 7667 8702 156 29476 

   Nearest point of interest (m) 759 1551 1043 15 4711 

Well direction relative to nearest CAFO 

   NE 759 0.19 0.39 0 1 

   SE 759 0.24 0.43 0 1 

   SW 759 0.40 0.49 0 1 

   NW 759 0.17 0.37 0 1 

   Angle 759 33.5 103.0 -179 178 

*Summary statistics based on within-sample selection from most parsimonious specification. Nearest CAFO variables 

based on the nearest swine or broiler operations from the well location.   

                                                           
1 Environmental Working Group, www.ewg.org. 

http://www.ewg.org/


 

 

  

Within our sample, approximately 25% of wells had casing depths less than five feet and approximately 25% of 

wells had casing depths deeper than 200 feet.  Approximately half of the wells in our sample were within 2km of 

their nearest CAFO with about 20% of wells being more than five miles from their nearest CAFO.  The in-sample 

correlation coefficient between casing depth and distance to nearest CAFO was -0.1202.   

Empirical Strategy 

We use casing depth of a drilled private well, 𝐷𝑖,𝑐,𝑚,𝑦, drilled by contractor 𝑐 in month 𝑚 and year 𝑦 as our 

indicator of a homeowner’s adaptive response to perceived risk, which is proxied by the distance of the parcel’s 

centroid to the nearest swine or poultry CAFO, 𝑁𝑖,𝑐,𝑚,𝑦.  The casing depth is an important indicator of a 

homeowner’s avoidance because it often represents the top of the well’s screen where groundwater begins to enter 

the well.  Contractor-specific (𝜃𝑐), month-specific (𝛾𝑚) and year-specific (𝛿𝑦) differences in casing depths are 

controlled for using fixed effects.  A vector of observable control variables, 𝑥𝑖,𝑐,𝑚,𝑦, are also included and contain 

the diameter of well casing and the portions of each soil type that exist along the drilled well.  The estimating 

equation is 

𝐷𝑖,𝑐,𝑚,𝑦 =  𝛽0 + 𝛽1𝑁𝑖,𝑐,𝑚,𝑦 +  𝛽2𝑋𝑖,𝑐,𝑚,𝑦 + 𝜃𝑐 +  𝛾𝑚 +  𝛿𝑦 + 𝜖𝑖,𝑐,𝑚,𝑦  (1) 

where 𝜖𝑖,𝑐,𝑚,𝑦 is the error term. The coefficient of interest, 𝛽1, captures the marginal change in casing depth for 

each 1-meter decrease in proximity to the nearest CAFO.   

A potential challenge with estimating equation 1 is that rural residents are likely to sort, geographically and along 

socioeconomic lines, to avoid the byproducts associated with CAFOs.  A large hedonic literature documents that 

these byproducts are capitalized into home sale prices (Kim and Goldsmith 2009).  Chief among these byproducts 

is odor that has been shown, using prevailing wind patterns, to decrease home prices that are within 3 miles 

downwind of CAFOs.  In such a case, we would expect homes near hog and poultry operations to be inclined to 

drill deeper wells to protect against potential water contamination but to be less able to afford the expense 

associated with drilling deeper wells.  Such geographic sorting would generate a downward bias in 𝛽1 as our 

estimated avoidance, or “averting behavior”, parameter is mediated by the budget constraint faced by lower 

income homeowners who live nearer CAFOs.   

Figure 2. Cumulative distribution of casing depths (outcome variable) and distance to nearest CAFO 

(explanatory variable of interest) for our most parsimonious sample.  



We address the endogeneity of income-based sorting by leveraging the relationship between prevailing wind 

patterns and odor-based sorting of residents in proximity to CAFOs.  Here, the angle of a residence relative to its 

nearest CAFO, 𝑁𝑖,𝑐,𝑚,𝑦
𝑎𝑛𝑔𝑙𝑒

, is used as an instrument for that residence’s distance to the CAFO, 𝑁𝑖,𝑐,𝑚,𝑦.  The intuition 

here is that 𝑁𝑖,𝑐,𝑚,𝑦
𝑎𝑛𝑔𝑙𝑒

 is a relevant instrument, or meaningful predictor of the residence’s distance, because higher 

income residents are likely to locate upwind (or farther downwind) from a CAFO whereas lower income residents 

are likely to locate downwind.  However, prevailing wind and resulting odor patterns, as a determinant of such 

sorting, are unlikely to affect drilling depth or groundwater-borne risk of well contamination directly, thus 

satisfying the exclusion restriction needed to support the instrument’s validity.   

Results 

The ordinary least squares (OLS) estimation (Table 3) reveals a consistent negative relationship between casing 

depth and distance of the well to its nearest CAFO.  

Table 3. Ordinary least squares (OLS) estimates of casing depths in proximity to nearest CAFO.   

*Additional controls include percentage of soil profile consisting of clay, gravel, sand and top soil as well as casing diameter.  

Robust standard errors reported in parenthesis. Average cost calculations are based on $14 per foot of casing reported average 

by the six largest drilling contractors in the sample.  *p<0.1, ** p<0.05, ***p<0.01.   

The result is robust to including different combinations of fixed effects (columns 1-4) and when focusing on wells 

that intended for drinking water use.  However, we find a similar effect in significance and magnitude on wells 

not intended to be used as a drinking water source.  This finding suggests income-based geographic sorting may 

be distorting our estimated effects.  At the sample’s CAFO distance mean, our point estimates suggest that 

proximity to the nearest CAFO explains between 11.23 and 14.04 of well depth, which, based on the $14/linear-

foot cost of drilling that was reported by major well contractors in our sample, amounts to a $150.36 to $196.56 

cost of avoidance per well.   

We then use the two-stage least squares estimator to instrument our CAFO distance variable with its angular 

relationship to its nearest CAFO (Table 4).  As expected, accounting for potential income-based sorting in this 

way increases the magnitude of our estimated coefficient substantially.  Further, the “avoidance effect” is now 

centered only on those wells that are intended for drinking water use.  Here, column 3 serves as a falsification test 

where we would not expect “non-drinking water” wells -i.e., used for animals or irrigation - to discriminate 

between the surficial and sub-surficial aquifers.  The point estimate on the avoidance parameter increases by an 

order of magnitude under 2SLS (-0.0306) compared to the OLS estimate (-0.0038).  This increase in magnitude is 

consistent with the intended adjustment in purchasing power of those homeowners nearest CAFOs who are less 

able, financially, to drill deeper wells.   

For all specifications, we reject that the model is underidentified using the Kleibergen-Paap LM statistic 

suggesting that the angular relationship of a well to its nearest CAFO is a strong predictor of the physical 

distances between these well-CAFO pairs.  The increased magnitude of our avoidance parameter implies that the 

representative well’s casing in our sample extends 90 feet deeper because of the perceived risk of nearby CAFOs.  

OLS Full Sample Drinking 
 

Not Drinking 

Outcome: Casing depth (ft) (1) (2) (3) (4) (5)  (6) 

Nearest CAFO Distance (m) 
-0.0035*** 

(0.0007) 

-0.0049*** 

(0.0011) 

-0.0048*** 

(0.0012) 

-0.0047*** 

(0.0013) 

-0.0038** 

(0.0017) 
 

-0.0042* 

(0.0025) 

        

Sample CAFO Dist. Mean (m) 3,543 2,865 2,904 2,904 2,957  2,800 

Average Effect at Sample Mean (ft) 12.53 14.04 13.94 13.65 11.23  11.76 

Average cost of avoidance ($) $150.36 $196.56 $195.16 $191.10 $157.22  $164.64 

Fixed Effects - C C, Y C, Y, M C, Y, M  C, Y, M 

N 760 658 588 588 391  197 



The cost incurred on the representative drinking water well in our sample is $1,268.40 and aggregates to $494,676 

based on the 390 wells in our sample intended to be used as a drinking water source.   

We investigate whether the distance calculations in our relatively small sample are overfitting the variation in our 

casing depths by using a placebo exposure exercise.  In such a case, we might expect that any meaningless point 

dataset in the region would falsely predict an increased depth of well casings as an avoidance response.  Here, we 

use a North Carolina Point of Interest (POI) dataset that documents the locations of parking lots, stop signs,  

Table 4. Two-stage least squares (2SLS) estimates of casing depths in  

proximity to nearest CAFO.   

 

 

 

 

 

 

 

 

 

*Additional controls include percentage of soil profile consisting of clay,   

gravel, sand and top soil as well as casing diameter.  Robust standard errors  

reported in parenthesis. Average cost calculations are based on $14 per foot  

of casing reported average by the six largest drilling contractors in the sample.   

*p<0.1, ** p<0.05, ***p<0.01.   

airports, banks, ATMs, other attractions, beaches, bicycle parking, lodging sites, bus stops, cafes, court houses, 

fast food restaurants and fire stations.  The proximity of these POIs to a new well site should have no meaningful 

impact on a homeowner’s decision to drill a deeper well.  The results suggest that casing depths are unrelated to 

these false exposure points, irrespective of whether a well is used as a drinking source or not (Table 5).  This null 

result raises the confidence that our finding is not spurious or somehow being driven by the distance measurement 

and instrumenting process.  Further, we find low Kleibergen-Paap LM statistics, which is expected given that a 

well’s angular relationship with its nearest POI is likely to be unrelated to its physical distance to that POI – i.e., 

we do not expect prevailing wind patterns to affect geographic sorting upwind and downwind of POIs.   

Table 5. Two-stage least squares (2SLS) estimates of placebo exposure variable, 

distance to nearest point of interest, on estimates of casing depth.   

2SLS Full Sample Drinking Not Drinking 

Outcome: Casing depth (ft) (1) (2) (3) 

Nearest POI Distance (m) 

-0.2184  

(0.5441) 

0.0024 

(0.0.0470) 

0.3526 

(0.8690) 

    

Kleibergen-Paap LM 0.169 1.794 0.185 

Fixed Effects C, Y, M C, Y, M C, Y, M 

N 588 391 197 

2SLS Full Sample Drinking  Not Drinking  

Outcome: Casing depth (ft) (1) (2) (3) 

Nearest CAFO Distance (m) 
-0.0075 

(0.0079) 

-0.0306** 

(0.0154) 

0.0138 

(0.111) 

 

Sample CAFO Dist. Mean (m) 

 

2,906 

 

2,960 2,800 

 

Effect at Sample Mean (ft) 
21.80 90.60 -38.64 

Average cost of avoidance ($) $305.20 $1,268.40 -$540.96 

    

Kleibergen-Paap 18.440*** 8.405*** 11.225*** 

Fixed Effects C, Y, M C, Y, M C, Y, M 

N 587 390 197 



*Additional controls include percentage of soil profile consisting of clay, gravel,  

sand and top soil as well as casing diameter.  Robust standard errors reported in  

parenthesis. *p<0.1, ** p<0.05, ***p<0.01. 

We also investigate whether residents exercise avoidance behavior in distance from CAFOs by increasing 

grouting depth.  Here, deeper grouting depth may make a well less vulnerable to surface water infiltration and 

surface-originating contamination (Edil et al. 1992).  We find no evidence of deeper grouting in proximity to 

CAFOs.  Rather, over 70% of in-sample wells have 20 feet of grouting, which is driven by state statute 15A 

NCAC.0101 that states “Casing shall be grouted to a minimum depth of 20 feet below land surface…”.   

Table 6. Two-stage least squares (2SLS) investigation of surface-level avoidance  

via deeper grouting.    

2SLS Full Sample Drinking Not Drinking 

Outcome: Grouting depth (ft) (1) (2) (3) 

Nearest CAFO Distance (m) 
0.0005 

(0.0008) 

0.0016 

(0.0015) 

-0.0007 

(0.0009) 

    

Kleibergen-Paap LM 17.70*** 9.024*** 10.305*** 

Fixed Effects C, Y, M C, Y, M C, Y, M 

N 578 387 191 

*Additional controls include percentage of soil profile consisting of clay, gravel,  

sand and top soil as well as casing diameter.  Robust standard errors reported in  

parenthesis. *p<0.1, ** p<0.05, ***p<0.01. 

Lastly, we investigate whether wells nearer a CAFO experience an increased water yield relative to those farther way.  This 

empirical test is important for two reasons.  First, a higher yield from deeper wells may be a co-benefit of 

sourcing water from deeper and better-pressurized aquifers.  Such a benefit would need to be considered when 

classifying drilling costs associated with casing depths as an important component of the social cost of 

groundwater pollution.  Second, individuals near a CAFO may drill into confined aquifers to reserve surficial 

aquifer pumping for agricultural operations – i.e., responding to water quantity perceptions rather than water 

quality perceptions.  In such a case, we would expect well yields to vary with proximity to the well’s nearest 

CAFO.  We find no relationship between well yield and CAFO proximity suggesting that co-benefits from deeper 

wells are not arising from increased water volume and that homeowners in agricultural areas are not deferring to 

deeper wells to “free up” the surficial aquifer for agricultural operation use.   

Table 7. Two-stage least squares (2SLS) estimates of co-benefits in well yield (gpm)  

from deeper drilling.  

2SLS Full Sample Drinking Not Drinking 

Outcome: Yield (gpm) (1) (2) (3) 

Nearest CAFO Distance (m) 
0.0028 

(0.0028) 

0.0004 

(0.0037) 

-0.0005 

(0.0040) 

    

Kleibergen-Paap 19.83*** 12.147*** 7.844*** 

Fixed Effects C, Y, M C, Y, M C, Y, M 

N 564 377 187 

*Additional controls include percentage of soil profile consisting of clay, gravel,  

sand and top soil as well as casing diameter.  Robust standard errors reported in  

parenthesis. *p<0.1, ** p<0.05, ***p<0.01. 



Policy Simulation 

The policy simulation attempts to estimate the number of private wells in the rural eastern North Carolina 

counties of Bladen, Duplin, Pender and Sampson to generate a total cost of avoidance across the study area.  We 

begin with the number of housing units within each county according to 2010 census data and assign these 

housing units to two categories: “access” and “no access”, which is based on the portion of the dasymmetric-

mapped population (U.S. EPA 2019) located within a known or a planned water distribution area.  Here, Type A, 

Type B and Type P water systems encompass all known and planned piped and non-piped water systems 

boundaries expected to exist in 2010 (NCREDC - N.Ca 2000, NCREDC - N.Cb 2000, NCREDC - N.Cc 1999).  

All housing units outside of the Type A, Type B and Type P units are assumed to rely on a private well system as 

their water source.  The ratio of our transcribed dataset’s wells within and beyond these water distribution 

boundaries is used to scale the number of housing units within the water distribution areas to create an 

approximation of the total number of wells within the boundaries of the public water supply.   

Table 7. Policy simulation:  Estimates of the total number of wells and the cost of study area-wide adaptation to 

perceived groundwater contamination risks near CAFOs.   

 

Housing 

Units (2010) Pop. (total) Pop. (access) 

Pop  

(no access) 

Pop  

(access %) 

Pop  

(no access %) 

Housing 

Units (access) 

Housing 

Units  

(no access) 

Bladen 14,430 35,183 26,173 9,010 74.4% 25.6% 10,735 3,695 

Duplin 22,495 58,335 19,476 38,859 33.4% 66.6% 7,510 14,985 

Sampson 24,005 63,451 43,647 19,804 68.8% 31.2% 16,513 7,492 

Pender 20,333 52,223 6,438 45,785 12.3% 87.7% 2,507 17,826 

Total 81,263 209,192 95,734 113,458 0.0% 0.0% 37,264 43,999 

 

 Sample 

Wells 

Wells 

(access) 

Wells  

(no access) 

Wells  

(% access) 

Wells  

(% no access) 

Wells 

(est.) 

County wells est. 

(access) 

County wells est.  

(no access) 

Bladen 21 11 10 52.4% 47.6% 7760 4065 3695 

Duplin 35 18 17 51.4% 48.6% 30851 15866 14985 

Sampson 165 8 157 4.8% 95.2% 7874 382 7492 

Pender 168 37 131 22.0% 78.0% 22861 5035 17826 

Total 389 74 315 0.0% 0.0% 69347 25348 43999 

Total cost of avoidance $87.96 million 
* Total cost of avoidance calculated at $14/foot across all wells (69,347) for the average point depth of avoidance, 90.6 ft. (Table 4).   

We estimate that a total of 69,347 wells exist throughout our study area of which nearly two-thirds are in areas 

unlikely to be serviced by a public water supply.  To the extent that these wells are represented by our sample, the 

total cost of avoidance based on perceived risk from nearby CAFOs is approximately $88 million.  It is essential 

to highlight that this is the total cost of adaptation for rural residents over a long-term horizon given that the 

lifespan of a private well spans 30 to 50 years.  Well construction rates provided by the North Carolina 

Department of Human Health and Statistics document 320 new wells that were constructed in our study area in 

2014: Bladen (4), Duplin (49), Pender (161) and Sampson (106).  To the extent that 2014 was a representative 

year of well construction rates and locations, we estimate the annual cost of avoidance among rural households in 

our four-county study area to be less than half-million dollars ($405,888) annually.   

Discussion and Conclusion 

The social cost of groundwater pollution remains poorly understood because many public, community-wide 

adaptation investments, downstream health and climate outcomes and private adaptive investments remain 

undocumented.  We document a new, longer-run adaptive practice that is adopted by rural homeowners who 



construct new drinking water wells in areas with perceived threats to groundwater quality.  Our findings suggest 

that the sourcing of water from deeper aquifers is a costly but common practice among homeowners who live near 

CAFOs.  While this cost is minimal compared to the sales generated by the animal agriculture industry in our 

study area, we expect it to be burdened annually by a small, lower-income portion of the rural population.  

The distributional consequences of deeper well drilling, as an adaptive response to a prominent local agriculture 

sector, suggests that a Coasian exchange (Coase 1960) between rural homeowners and animal agriculture 

operators may generate tremendous social benefits.  Such an exchange could also be facilitated with agriculture-

funded and CAFO proximity-based subsidies on private well construction in rural areas. Targeted infrastructure 

investments in rural areas may, more generally, mitigate environmental exposures in rural agricultural areas, such 

as consructing shelterbelts to reduce odor (Tyndall and Grala 2009).   

In North Carolina, an ongoing series of nuisance lawsuits against swine CAFOs total nearly $550 million in 

awarded damages citing local externalities, such as odor.  A revised Right to Farm Act was proposed and adopted 

by the state’s General Assembly and became state law on June 27, 2018.  The statute requires that “The real 

property affected by the conditions alleged to be a nuisance is located 2 within one half-mile of the agricultural or 

forestry operation. When the 3 operation consists of multiple parcels, the one half-mile radius shall be 4 measured 

from the parcel that is the alleged source of the nuisance.”  It is therefore unlikely that such Coasian exchange will 

be facilitated through future nuisance claims as our work documents cost of avoidance spanning more than one-

half mile from potential pollution sources.   

We provide the first evidence that rural homeowners adapt to perceived risks of groundwater contamination by 

extending well casing.  Yet, data on the well construction specifications is limited and the behavior in our study 

area may not generalize to other states, agricultural sectors and areas with different underlying geology.  Future 

work will focus on expanding the documentation of well drilling behavior in response to perceived risks of 

groundwater contamination.  The future mapping of wells into specific aquifers will enable analysis of water 

extraction externalities.  Here, coordinated drilling into sub-surficial aquifers should be considered in the context 

of domestic and agricultural groundwater supply and implications for aquifer recharge.    
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