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ABSTRACT 

An analysis of the implementation of local wellhead protection programs 
(LWHPPs) focused on preventing contamination of public ground water 
supplies is presented herein. From over 300 such programs in varying stages 
of development in the United States, the analysis presented is based on 
twenty-nine LWHPPs found in twenty-five different states. Delineation of 
wellhead protection areas (WHPAs) involved the use of using one or more of 
up to six methods as specified by the U.S. Environmental Protection Agency; 
the most frequently used method was hydrogeologic mapping. Approxi­
mately 150 potential types of sources of contamination were inventoried; 
however, prioritization of these sources was accomplished in only ten of the 
twenty-nine case study communities. Prioritization was typically based on 
rating source types or characteristics and local hydrogeological factors. A 
total of thirty-one different wellhead protection measures were identified, 
with all twenty-nine communities using a mixture of such approaches. New 
source evaluations were considered in eighteen case studies, with the most 
popular method for control being via the adoption of land use-related ordi­
nances. The following observations and lessons can be drawn from this 
comparative analysis study: 1) the twenty-nine LWHPPs were unique and 
reflected local needs, hydrogeological conditions, and land uses; 2) several 

*The information basic to this article was assembled as part of a University of Oklahoma research 
project sponsored by the U.S. Environmental Protection Agency's Robert S. Kerr Environmental 
Research Laboratory located in Ada, Oklahoma (Cooperative Agreement CR-819003). The project 
was entitled "Contaminant Identification and Prioritization." The assistance of Dr. Mike Jawson, 
Project Officer, is gratefully acknowledged. 
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methods are available for delineating WHPAs and identifying potential 
sources of ground water contamination within the defined areas; 3) methods 
are needed for facilitating consistent source/contaminant prioritization for 
different levels of available information; 4) research is needed on the imple­
mentation and effectiveness of pollution prevention measures, particularly as 
related to specific source types; and 5) systematic approaches are also needed 
for evaluating potential land use changes which may occur within defined 
WHPAs, or for evaluating proposed wells co-located within existing WHPAs. 

INTRODUCTION 

The 1986 Amendments to the Safe Drinking Water Act (SDWA) in the United 
States included provisions for wellhead protection. Specifically, Section 1428 
established state-focused programs for protecting the wellhead areas of all public 
water systems from contaminants that may have adverse human health effects. 
The term wellhead protection area (WHPA) means the surface and subsurface 
area surrounding a water well or wellfield, supplying a public water system, 
through which contaminants are reasonably likely to move toward and reach such 
water well or wellfield [1]. A national wellhead protection program is important 
in that the focus is on protection of ground water resources as opposed to 
remediation of existing contamination resulting from historically inappropriate 
waste disposal practices and other inadvertent activities of man. 

Over forty state wellhead protection programs have been implemented as a 
result of the SDWA requirements. However, specific applications of the concepts 
occur at the local city/municipality/town/community level. Due to the relative 
newness of such programs, there is a need to explore current practices and then 
use this information in further program planning and implementation. Accord­
ingly, this article presents an analysis of the planning and implementation of local 
wellhead protection programs (LWHPPs). It is estimated that over 300 such 
programs are in varying stages of development in the United States. The analysis 
presented herein is based on twenty-nine LWHPPs; and comparative information 
is included on the WHPA delineation methods used, potential sources of con­
tamination, contaminant/source prioritization methods used (if any), features of 
included ground water protection measures, and approaches for new source 
evaluations in WHPAs. 

DESCRIPTION OF STUDY SAMPLE 

The twenty-nine LWHPPs included in the study sample were identified through 
normal literature searching, contacts with regional offices of the U.S. Environ­
mental Protection Agency (USEPA), and discussions with ground water profes­
sionals. Information on over forty identified LWHPPs was requested, with use-
able information procured from twenty-nine in twenty-five different states. The 
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twenty-nine case studies and brief program descriptions are included in Table 1 ; 
they are listed in alphabetical order by state of origin, then community. The 
provided information was fairly complete for some implemented LWHPPs, while 
it was more sparse for others. More extensive information on the study sample 
and the comparative review is contained elsewhere [2]. 

There are four typical components in a WHPP: WHPA delineation, con­
taminant source inventory, management plan, and implementation. For com­
parison of the LWHPPs, the following components and related issues were con­
sidered: delineation of WHPAs, contaminant source inventory, volunteers used 
for the inventory, a management plan, a contingency plan, and public participa­
tion. A summary of the comparisons is in Table 2. The component included most 
often (20 case studies) was a contaminant source inventory; the second most 
included were contingency plans and the delineation of WHPAs (19 communities 
each). The case studies were also examined for use of geographic information 
systems (GISs). Eight communities used GISs, in some form, to assist in mapping 
potential sources of contamination, ground water vulnerability, and management 
strategies. Two reports received were proposals for WHPPs, and while some 
information was given about the community, not enough was provided to be 
considered a complete program. Three communities sent reports that consisted of 
relevant ordinances. These reports gave insight as to the composition of the 
community's program, but likewise, they did not reflect complete programs. 

WHPA DELINEATION 

The technical method (or methods) used to delineate WHPAs in the case 
studies was examined. As shown in Table 3, WHPA delineation methods were 
based on six types specified by the USEPA; they include arbitrary fixed radius, 
calculated fixed radius, simplified variable shapes, analytical methods, hydro-
geologic mapping, and numerical flow and transport modeling [1]. A time-of-
travel (TOT) method is also included in Table 3. Since all of the twenty-nine 
communities were unique, any single WHPA method cannot be universally 
applied. For the case studies analyzed herein, more than one method of delinea­
tion was commonly used. This can be beneficial to a community because it 
enables the delineation of a WHPA for their unique conditions, and possibly, at a 
more affordable cost. 

Nine of the twenty-nine case studies used either the arbitrary or calculated 
fixed radius method alone, or in combination with another method. Eleven 
LWHPPs used a form of hydrogeologic mapping to define their WHPA. TOT 
boundaries were used in six of the case studies, and analytical methods were used 
by eight of the communities. Five communities listed no WHPA delineation 
method: Central Connecticut Planning Region; Rathdrum Prairie Aquifer, Idaho/ 
Washington; Portland, Oregon; East Dakota Water Development District, South 
Dakota; and Williamstown, West Virginia. Two communities used a special 
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Table 3. WHPA Delineation Methods Used in Twenty-Nine LWHPPs 

Delineation Method3 

Case Study 

Madison, AL X X 
Prattville, AL X X 
Gila River Indian Reservation, AZ X 
Santa Clara Valley, CA X 
West San Bernardino County, CA X X 
Eads, CO X X 
Central Connecticut — — — — — — 
Broward/Dade Counties, FL X 
Moloka'i, HI X 
Rathdrum Prairie Aquifer, ID/WA _ _ _ _ _ 
Pékin, IL X 
Winnsboro, LA X 
Norway, Oxford, Paris Water 

District, ME 
Hollister, MO X 
Santa Fe, NM X 
Dutchess County, NY X X 
Rolla, ND X 
Towner, ND X X 
Dayton, OH 
Enid, OK X 
Portland, OR — — — — — 
Lehigh-Northampton Counties, X X X 

PA 
North Kingstown, RI X 
East Dakota Water Development — — — — — 

District (SD) 
El Paso, TX X 
Houston, TX X 
Thurston County, WA 
Williamstown, WV — — — — — 

a1 = arbitrary fixed radius, 2 = calculated fixed radius, 3 = simplified variable shapes, 
4 = analytical methods, 5 = hydrogeological mapping, 6 = numerical flow and transport 
models, 7 = time-of-travel (TOT), — = no information available. 
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WHPA model created by the USEPA, including Enid, Oklahoma, and West San 
Bernardino County, California. Some WHPA delineations were taken directly 
from state WHPPs such as Louisiana and New Mexico. Others utilized an 
original method such as Moloka'i, Hawaii. 

POTENTIAL SOURCES OF CONTAMINATION 

There are numerous potential sources of ground water contamination in com­
munities, and the twenty-nine case studies were examined for such identified 
source categories. There were approximately 150 different contaminant sources/ 
activities identified. The most frequently cited threats were underground and 
above ground storage tanks (USTs and ASTs), septic tank systems, and solid 
waste disposal facilities. Twenty communities cited USTs and ASTs, septic tank 
systems were listed by seventeen, and solid waste disposal facilities were noted 
by sixteen communities. The case studies varied in the number of potential 
contaminant sources cited. At one extreme, the LWHPP documents for Prattville, 
Alabama, and Santa Fe, New Mexico, included no lists of contaminant sources; 
this probably reflects their development stage. In contrast, the LWHPP for Madi­
son, Alabama, listed the most potential source types with sixty-two. There were 
six communities with single digit listings, eleven included ten to nineteen poten­
tial source types, and six listed from twenty to twenty-nine source types; the next 
highest was the Central Connecticut Regional Planning Agency with forty-eight. 

An attempt was made to group the contaminant source categories as appro­
priate. However, many contaminant inventories provided no explanation of 
source types per se; also, there was no uniformity in terminology and categories. 
For example, land run-off for the Towner, North Dakota, LWHPP included run­
off from applied herbicides, pesticides, and fertilizers; and the land use listing 
addressed agricultural, residential, industrial, and commercial uses. Liquid waste 
was cited as a source category by Dade County, Florida, and it included the 
following: waste treatment works; air pollution control facilities; domestic, com­
mercial, mining, institutional, agricultural, or governmental operations; septic 
tank grease traps; sediment traps; portable toilets; solvents; sewage; industrial 
waste; hazardous waste; semisolid waste; or potentially infectious waste. Other 
LWHPPs included separate listings of one or more of the components of the Dade 
County liquid waste category. Finally, manufacturing as a source type was used in 
several LWHPPs as a broad category which encompasses different types of 
manufacturing. For example, manufacturing in the Pekin, Illinois, LWHPP means 
paper and cardboard manufacturing; for other communities there were different 
meanings. 

CONTAMINANT/SOURCE PRIORITIZATION 

The majority of the twenty-nine case studies did not prioritize potential con­
taminants, sources, or source types. Instead, they delineated WHPAs, conducted 
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an inventory with respect to potentially contaminating activities and sources, and 
implemented a pollution prevention management plan. However, as shown in 
Table 4, ten of the local communities applied some type of analysis. This 
approach is desirable since not all land-use activities pose the same pollution 
hazards for ground water resources [3]. The simplest contamination prioritization 
method involved rating land uses according to their risk to ground water quality. 
For example, the Central Connecticut Planning District LWHPP qualitatively 
identified potentially contaminating activities with high risks. The Central Con­
necticut Regional Planning Agency (CCRPA) utilized a GIS to pinpoint high risk 
land uses in the area (Central Connecticut Regional Planning Agency, undated). 
Additionally, the Connecticut Department of Environmental Protection (DEP) 
has developed a rating system for land uses according to their potential risk to 
ground water quality. The qualitative ratings of the land uses with the highest risk 
to ground water are displayed in Table 5 (Central Connecticut Regional Planning 
Agency, undated); these ratings were used in the Central Connecticut Planning 
District LWHPP. 

The next method (in increasing complexity) listed in Table 4 involved the 
rating of potential contaminants based on a determined risk factor. This method 
was used by Eads, Colorado, and the Norway, Oxford, and Paris Water Districts 
in Maine. Each potential contaminant source/activity was assigned a number 
based on increasing risk; the higher the number, the higher the risk. The Eads, 
Colorado, LWHPP utilized a simplified contamination prioritization system (1 = 
lowest risk to 5 = highest risk). The goal was to protect WHPAs that were 
assigned a risk factor of 3 or above. The methodology used to create the 
prioritization system was not described in the information received; however, the 
results for seven sources are shown in Table 6 (Colorado Department of Health, 
undated). 

The next category included the rating of contamination potential based on 
a high, moderate, or low scale. For Thurston County, Washington, this rating 
approach was accomplished for both the regional and local level. The LWHPP for 
Lehigh-Northampton County, Pennsylvania, incorporated a rating approach to 
assess the vulnerability of the ground water and soils in the area. The rating was 
based on the vulnerability of the soils in relation to their ability to transport 
potential contaminants to ground water. All soils in the LWHPP area were rated 
and mapped according to one of the following categories: low, low to moderate, 
moderate, moderate to high, high, and low to high [4]. Finally, the Dayton, Ohio, 
LWHPP used a potential contaminants "intensity" rating for prioritization. 

The next most complex contaminant/source prioritization method used was the 
DRASTIC vulnerability analysis. Three of the communities categorized the vul­
nerability of their local ground water using DRASTIC: 1) Santa Clara Valley, 
California; 2) Enid, Oklahoma; and 3) Thurston County, Washington. The GIS-
based DRASTIC method was used in the Thurston County, Washington, LWHPP. 
Activities considered to be threats to ground water were delineated based on the 
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Table 5. Rating of Potentially Hazardous Land Uses by 
Connecticut Department of Environmental 

Protection [7] 

Land Use Category Higher Risk Uses 

Open Space Golf courses; cemeteries 

Residential Unsewered high and moderate density residential; certain 
home occupations 

Agricultural Commercial nurseries and greenhouses 

Commercial All automotive sales and services; general repair shops; 
body shops; machine shops; junk or salvage yards; fuel 
oil distributors; lumberyards; hardware stores; auto and 
home supply stores; garden centers; heavy construction 
businesses; personal and repair services including 
laundromats, beauty shops, photo processors, phar­
macies, funeral parlors, and printers; medical, dental, and 
veterinary offices; furniture strippers; appliance repair; 
exterminators; research labs; underground fuel and/or 
chemical storage 

Institutional Garages and vehicle service areas; fuel storage and 
dispensing; salt storage; hospitals; secondary schools; 
colleges; prisons; nursing homes 

Industrial All manufacturing and processing except simple assembly 
and warehousing of durable goods (no chemicals); 
warehousing distribution and storage of chemicals, 
fertilizers, pesticides, petroleum, coal, other fuels, and 
hazardous materials; mining and quarries 

Utilities Electric power generation; oil or chemical pipelines 

Transportation Airports; highway maintenance facilities; truck, rail, or bus 
terminals and maintenance facilitites 

Waste Disposal All waste disposal sites and businesses 
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Table 6. Rating of Potential Sources of Contamination 
for Eads, Colorado [6] 

Risk Factor 
Site Source Description PotentialSource(s) (1-5) 

1 

2 

3 

4 

5 

6 

7 

Pig Breeding 

Pig Breeding 

Pig Breeding 

Residence 

Residence 

NE Wellfield 

Homestead 

Units 

Units 

Units 

Anaerobic Lagoon 

Water Wells 

Irrigation Circles 

Water Well, Septic Tank 

Water Well, Septic Tank 

Water Wells 

Water Well 

following criteria: 1) known problem activities; 2) known instances of con­
tamination in Thurston County; and 3) the professional experience of the Ground 
Water Management Plan (GWMP) committee members [13]. The land uses were 
rated according to their contamination potential based on a high, moderate, and 
low scale. The results are shown in Table 7 [13]. 

The LWHPP for Portland, Oregon, used a complex risk assessment model 
to determine risk to the ground water supply; the model was primarily based 
on containment of hazardous materials in the Columbia South Shore area. 
The model, called the Airport Way Water Quality Risk Assessment Model 
(AWWQRAM), was designed to examine the relationship between existing and 
potential area development and effects on hydrogeology and surface hydrology 
based on a "risk/probability" approach. AWWQRAM simulates a hazardous 
material release, migration, and interception by selected target locations chosen 
to represent single or multiple supply wells. Generally the model can predict the 
effects of future development by 1) estimating the release rates of three hazardous 
material types from a variety of sources; 2) calculating the hazardous material 
concentrations in the ground water directly below the points of release; 3) cal­
culating the resulting ground water concentrations at the targets; and 4) compar­
ing the predicted concentrations with water quality criteria [12]. 

Finally, the USEPA Priority Setting Approach was used by Pekin, Illinois, to 
prioritize potential contaminants in the WHPA [14]. The approach consisting of a 
three phase potential hazard screening system was utilized. Phase I determines 
whether or not potential primary or secondary sources, potential routes, or other 
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possible sources meet certain minimal hazard and Illinois Responsible Property 
Transfer Act (RPTA) criteria. If a site fails to meet the requirements then it is 
considered a potential threat. Phase II consists of an analysis of the Phase I 
screening results in conjunction with geologic susceptibility, soil attenuative 
properties, and depth to the water table. A GIS was used to relate the variables, 
and to evaluate potential hazards to ground water in the study area. Phase ΙΠ 
consisted of applying the USEPA Priority Setting Approach document to screen 
for potential hazards [8]. One GIS-based package Pekin used was GRASS 
(Geographic Resource Analysis Support System); it was used to relate recharge 
areas for wells to zoning districts. By combining zoning, geologic susceptibility, 
and zones of capture, existing local controls were evaluated. GRASS was also 
used to identify areas in which certain activities were most likely to contaminate 
ground water, such as in commercial and industrial zoning districts [8]. 

GROUND WATER PROTECTION MEASURES 
A variety of protection measures were identified in the twenty-nine case studies 

to guard against potential contamination of ground water supplies. Comparisons 
of the protection measures are displayed in Table 8. There were thirty-one cate­
gories of measures identified. Contingency plans and ordinances/legislation/ 
regulations were the measures most often used (19 communities). Zoning, public 
education, and water quality monitoring were also frequently used by com­
munities. A few communities used measures that were unique, such as a "grassy 
swale" for stormwater or land application for treated effluent. The Dutchess 
County, New York, LWHPP listed the most protection measures with seventeen. 
No protection measures were listed in the LWHPPs for three communities: Pratt-
ville, Alabama; Gila River Indian Reservation, Arizona; and West San Bernardino 
County, California. It should be noted that the key issue is not listing measures, it 
is to implement such measures. No information was available from the twenty 
case studies on the actual effectiveness of the measures in protecting local ground 
water resources. 

NEW SOURCE EVALUATION 

New source evaluation refers to how a LWHPP will manage new sources of 
potential contamination proposed for location in the WHPA. The sources could 
come from new land use activities or as a result of an accident, such as a spill on 
a road passing through the community. Most of the twenty-nine case studies 
examined herein concentrated on addressing new sources before they became a 
problem. The focus was on the implementation of ordinances or permitting proce­
dures. Many communities also highlighted the siting of new water wells and the 
prevention of their contamination from current and future land use activities. 
New source evaluation considerations are tabulated in Table 9; and six main 
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approaches were identified: build-out analysis, computer modeling for siting new 
wells, land use and sources controls, ordinances, permits, and upgrading of 
facilities. Ordinances were the most popular approach as fourteen case studies 
used them for preventing and/or controlling new and existing sources of con­
tamination. Permitting of facilities and new wells were typically a part of these 
ordinances; however, they are listed separately in Table 9. 

Five LWHPPs included a "build-out analysis" to deal with any new pollution 
that may enter the WHPA, or possibly into the drinking water wells. Build-out 
analysis basically identifies future land uses based on applying current zoning 
laws. The zones are expanded to their boundaries and "inventoried" for poten­
tially contaminating activities and sources. In this way, a community can forecast 
what the potential contaminants might be and how to prevent them. For example, 
BCI Geonetics, Inc., conducted a build-out analysis for three water districts 
(Norway, Oxford, and Paris) in Maine. Surface and ground water samples were 
collected and analyzed for contamination. A time-lapse analysis of aerial 
photographs was then used to detect any historical changes in land-use and the 
presence of any previous, but currently unknown, contaminant threats. Further, 
the effect the "building-out" of the land area would have in the zone of contribu­
tion (ZOC) in relation to current land use ordinances and regulations was also 
considered [9]. The Dutchess County, New York, LWHPP also included a similar 
analysis by examining existing and potential development and correlating that 
with the potential contribution of contamination to the water supply based on 
local zoning regulations [15]. 

The siting of new wells was mentioned in the LWHPPs of several case studies, 
including: Santa Clara Valley, California; Moloka'i, Hawaii; Pekin, Illinois; Enid, 
Oklahoma; and North Kingstown, Rhode Island. Regulations and ordinances that 
govern existing wells were considered to apply to new wells, including WHPA 
delineation, and management options. For example, in Pekin, Illinois, the estab­
lishment (e.g., siting and developing) of new well sites is part of the state per­
mitting process. The Illinois Environmental Protection Agency may issue permits 
for new community water wells on the condition that an evaluation of a WHPA 
within 1,000 feet around the proposed well be conducted. The area must be 
examined for contaminants and routes of contamination. Such an evaluation 
would assist in the determination of the maximum setback zones for a new well 
[8]. Similarly, the Houston, Texas, LWHPP, in anticipation of new contamination 
sources, calls for the conduction of an inventory of wells within a quarter-mile 
radius of any proposed well. A computer model for locating new well sites was 
employed by the North Kingstown, Rhode Island, LWHPP. 

SUMMARY 

An analysis of current practices related to different components (issues) of 
LWHPPs has been presented based on twenty-nine case studies. Delineations of 
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WHPAs were typically achieved using one or more methods as specified by the 
U.S. Environmental Protection Agency; the most frequently used method was 
hydrogeologic mapping. Approximately 150 potential types of contamination 
sources were inventoried in the twenty-nine LWHPPs; however, prioritization 
of these sources was accomplished in only ten case study communities. The 
most popular method of prioritization involved a GIS application of DRASTIC, 
a hydrogeologically-based vulnerability scoring method. Several different 
measures were delineated for preventing ground water contamination; in all, 
thirty-one different measures were identified, with all twenty-nine communities 
using a mixture of such approaches. New source evaluations were considered in 
eighteen case studies. The most popular method for preventing new contaminant 
sources in WHPAs was via the adoption of land use-related ordinances. 

Based upon this comparative analysis of twenty-nine LWHPPs in the United 
States, and recognizing that the amount of information on each program differed 
depending upon program status and response to the information request, the 
following lessons can be delineated: 

1. The twenty-nine LWHPPs were each appropriately unique in that they 
reflected the needs of local communities and existing local hydrogeological 
features and land uses in the WHPAs. While similar principles were used, 
the specific features of individual programs differed. 

2. Program components most frequently addressed included WHPA delinea­
tion and surveys to identify potential ground water contamination sources. 
This is understandable since the initial emphasis in the national wellhead 
protection program, based upon guidance from the USEPA, was to 
delineate WHPAs. Considerable information is available on the relative 
features of different bases for delineating WHPAs. A second emphasis area 
has been on identifying potential sources of ground water contamination 
within the defined areas, and approaches for identifying such sources are 
also well-developed. 

3. An emerging issue of importance in LWHPPs is the prioritization of poten­
tial types of contamination sources and resultant contaminants. Approxi­
mately one-third of the twenty-nine case studies incorporated such a 
prioritization, with the techniques used ranging from qualitative compari­
sons of source types to the application of a developed numerical scoring 
method (the USEPA Priority Setting Approach). Additional guidance is 
needed on appropriate techniques for prioritization, including the develop­
ment of methods of varying complexity which would provide consistency 
in approaches used for prioritization. 

4. The most extensive information in the twenty-nine case studies was related 
to measures that could be used to prevent ground water pollution. While 
this is admirable and responsive to the general program thrust toward 
pollution prevention, added emphasis needs to be given to relating specific 
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measures to prioritized sources, and to evaluating the effectiveness of 
such measures over time. Said differently, it is relatively easy to identify 
measures which might be used to prevent ground water pollution, the real 
need is to evaluate actual implemented measures. 

5. Methods are needed for the evaluation of potential land use changes which 
may occur within defined WHPAs, or for the evaluation of proposed wells 
co-located within existing WHPAs. In this context, such proposed land-use 
changes or new wells need to be evaluated from the perspective of their 
potential impact on the subsurface environment, and the impact of the 
existing conditions on such proposed developments. A focused environ­
mental impact assessment process needs to be developed to facilitate these 
evaluations. 
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