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Executive Summary

Briar Chapel will be a planned mixed use development located in eastern Chatham
County, North Carolina (Figure 1). Wastewater from the Briar Chapel development will
be treated to North Carolina reclaimed water reuse standards as set forth in 15A NCAC
2H .0200. As an integrated part of the treatment system the reclaimed wastewater will be
used to irrigate dedicated sprayfields and greenways internal to the Briar Chapel
development. The reclaimed water applied as irrigation will satisfy the
evapotranspiration demands of mixed deciduous and pine forests, as well as turf areas in
greenways and parks. The Briar Chapel waste treatment and sprayfield system will be
permitted as a non-discharge facility under 15A NCAC 2H .0200.

This hydrogeologic study has been completed in support of the non-discharge permit as
required by 15A NCAC 2H .0200, and conforms to the criteria outlined in 15A NCAC
2H .0205(d)(5)(E) and 15A NCAC 2H .0205(d)(5)(F). The purpose of the hydrogeologic
study is to provide the necessary information and analyses to document the occurrence
and movement of groundwater beneath and in the vicinity of the planned sprayfields to
assess the potential for development of shallow water table conditions.

As a result of this study, the sprayfield areas for Briar Chapel have been reconfigured so
as to include only those areas where the likely depth to the water table will be more than
four feet under conditions where an assumed 50% of the design irrigation rate of 0.45
inch/week is applied as recharge in addition to high natural recharge that is expected
during January to April. This analysis showed that 471 acres of available sprayfield area
meet these criteria. Based upon the results of the Soil/Site Evaluation report, the same
irrigation rate was used on all sprayfields.

Further analyses showed that if the irrigation rate is increased to 1 inch/week that 450
acres meet the criteria of having a depth to water of greater than 4 ft. The design
sprayfield area used for the waste disposal system and for the wet weather storage
analysis was 450 acres and an irrigation rate of 0.45 in/wk. Consequently, there is
adequate sprayfield area accommodate more than twice the design irrigation rate that is
not constrained by the potential for developing shallow water table conditions.

The four-foot separation from groundwater criteria used in this report exceeds the
requirements of 15A NCAC 2H .0200 which the water table beneath sprayfields to at all
times be greater than one foot, and if between 3 feet and one foot, that a demonstration be
made that groundwater quality is not or will not be adversely affected. The groundwater
model analysis used to limit sprayfield areas is also very conservative because 50% of
irrigation was assumed to be groundwater recharge; and further, was applied in addition
to natural recharge during the wet period of the year. Generally less than 30% of applied
irrigation water becomes recharge to groundwater as found in other studies in the region
with soils and vegetation similar to Briar Chapel.
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The conclusions of this report are summarized as follows:

1. The hydrogeologic system in and around Briar Chapel has been characterized using a
pre-existing conceptual model developed by Mr. Ralph Heath in studies for the
Persimmon Hill Homeowners Association.

2. Extensive field measurements and observations confirm this conceptual model,
including the presence of more than 25 feet of weathered regolith in areas where large
boulder fields occur on the surface.

3. The conceptual model was quantified and successfully tested with a three-
dimensional groundwater flow model. The model was calibrated using water level
measurements made during the November-January period when groundwater
recharge is the greatest because evapotranspiration is low.

4. The successfully tested model was used to remove potential sprayfield areas that had
a depth to water of four feet or less under wet season natural recharge combined with
recharge from irrigation of 50% of the design application rate of 0.45 inches/week.
This analysis resulted resulting in 471 acres of sprayfields that met the groundwater
criteria.

5. Analyses with the model showed that 450 acres of sprayfields have a depth to water
of greater than four feet using more than twice the design application rate.
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1. Introduction

Briar Chapel will be a planned mixed use development located in eastern Chatham County,
North Carolina (Figure 1). Wastewater from the Briar Chapel development will be treated to
North Carolina reclaimed water reuse standards as set forth in 15A NCAC 2H .0200. As an
integrated part of the treatment system the reclaimed wastewater will be used to irrigate
dedicated sprayfields and greenways internal to the Briar Chapel development. The reclaimed
water applied as irrigation will satisfy the evapotranspiration demands of mixed deciduous and
pine forests, as well as turf areas in greenways and parks. The Briar Chapel waste treatment and
sprayfield system will be permitted as a non-discharge facility under 15A NCAC 2H .0200.

This work was performed by Eagle Resources, P.A. under contract to Newland Communities,
and the developer of Briar Chapel. Under this contract, Eagle Resources P.A. is also responsible
for the determination of the wet-weather storage requirements and providing hydrogeologic and
hydrologic input to the Environmental Impact Assessment. The wet weather storage analysis is
documented in a separate report (Eagle Resources 2004a).

1.1. Purpose

This hydrogeologic study has been completed in support of the non-discharge permit as required
by 15A NCAC 2H .0200, and conforms to the criteria outlined in 15A NCAC 2H .0205(d)(5)(E)
and 15A NCAC 2H .0205(d)(5)(F). The purpose of the hydrogeologic study is to provide the
necessary information and analyses to document the occurrence and movement of groundwater
beneath and in the vicinity of the planned sprayfields to assess the potential for development of
shallow water table conditions.

The hydrogeologic study provided information and analyses that was used in conjunction with
the results of the Soils Report (Soil and Environmental Consultants [S&EC], 2004), wetlands
mapping (S&EC, 2004), and site development constraints provided by The J.R. McAdams
Company to establish the location and configuration of the sprayfields. In particular,
hydrogeologic modeling analyses were used to eliminate areas of potential sprayfield areas that
currently have or are likely to have shallow water table conditions, and to refine the
recommended hydraulic loading rate for the sprayfields. For purposes of this study, sprayfields
were not located in any area that the results of the hydrogeologic study showed that the likely
steady-state average depth to water was less than four feet. This provides a very conservative
approach to locating sprayfield areas because the requirements of 15A NCAC 2H .0200 only
requires that the water table beneath sprayfields at all times be greater than one foot, and if
between one and 3 feet, that a demonstration be made that groundwater quality is not or will not
be adversely affected.

1.2. Disclaimer

Some analyses contained in this report relied upon data and information provided by others.
Eagle Resources P.A. makes no representations regarding the completeness, accuracy and
reliability of that data and information.
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2. Approach

The analyses documented in this report resulted from gathering and assessing existing sources of
information as well as from field investigations of geologic, hydrologic, and soils conditions.

The following tasks were implemented in the approach:

Review of existing data and information and basemap preparation
Construction of project Geographic Information System and Geodatabase
Field investigation and testing

Inventory of private water supply wells in the vicinity of the study area
Data analysis and modeling

Report preparation

These tasks were completed between November 2003 and April 2004.

3. Existing Information Review

A review of existing regional and site-specific topographic, hydrologic, climatic, soils, geologic,
and hydrogeologic, information was conducted to serve as the framework for site specific field
studies and analyses.

3.1. Topographic Information Sources

e Bynum and Farrington 7.5 minute U.S.G.S. topographic maps
http://www.lib.ncsu.edu:2512/DRG/spclipped/raleigh/.

e Digital elevation data downloaded from the U.S. Geological Survey Seamless National
Elevation Dataset. This dataset provides the topographic elevation of a horizontal grid of
points at a spacing of 30 meters (98.4 ft) with a vertical resolution of one meter (3.28 ft)
http://seamless.usgs.gov/.

e Surveyed topographic contours with one-ft contour interval provided as an AutoCAD®
drawing file by The John R. McAdams Company

e LIDAR Topographic data on a 20-ft x 20 ft grid North Carolina Flood Plain Mapping
Information System: http://www.ncfloodmaps.com/default_swf.asp?r=2.

e Surveyed locations and elevations of ground surface and water level measuring points for
piezometers were provided to Eagle Resources by The John R. McAdams Company.

3.2. Hydrology and Climate Information Sources

3.21.11. Stream Courses and drainage patterns

e Bynum and Farrington 7.5 minute U.S.G.S. topographic maps
http://www.lib.ncsu.edu:2512/DRG/spclipped/raleigh/
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Surveyed stream courses and stream channel boundaries, and pond and lake boundaries
provided by The John R. McAdams Company as an AutoCAD® drawing file.

Chatham County GIS website hydro_line and hydro_polygon shapefiles for streams
outside of the area surveyed by The John R. McAdams Company.

Orange County GIS website: hydro line shapefile.

3.21.1.2. Buffers associated with stream courses

Field survey and AutoCAD® drawing file provided by The John R. McAdams
Company.

Climate Data Sources

3.3.

Daily station climatic data including precipitation, evaporation, snowfall, minimum and
maximum air temperature for the Chapel Hill Co-op Station located 6.6 miles north of
the site, period of record used: January 1, 1902 to present.

Daily synthetic climatic generated for Siler City Co-op Station(located 20miles
southwest of the site as provided in the National Climatic Database contained in the Soil
and Water Assessment Tool model for humidity, wind speed and solar radiation
(Reference 10)

Soils Data Sources
Chatham County Soil Survey, 1937, U.S.D.A. Soil Conservation Service.

Chatham County Soil Survey (2004 draft working maps and map key provided in paper
copy (Roy Vick-Hill, Personal Communication, 2004).

Soil/Site Evaluation, (Soil and Environmental Consultants, 2003).

S&ME: 2000. Preliminary Subsurface Exploration Report, 1200 Acre Assemblage,
Chatham County, North Carolina.

Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. National Map Unit Interpretation Record (MUIR) 1997 [Online WWW].
Available URL.: "http://soils.usda.gov/soils/survey/nmuir/index.html” [Accessed 10
February 2004].

USDA/NRCS National Soil Characterization Database
(http://soils.usda.gov/survey/nscd/index.html).

3.3.1. Geology Data Sources

Geologic Map of North Carolina (Brown, NCDNRCD, 1985).

Geologic Map of North Carolina shapefile (NCDENR 09/1999):
(http://gis.enr.state.nc.us/sid/bin/index.plx?client=zGeologic_Maps&site=9AM).
Geology - North Carolina (1:250,000) Dikes, shapefile (NCDENR 09/1999).
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3.3.2. Hydrogeology Data and Information Sources

e Heath, Ralph:, 1994 and 1995. Letters to Persimmon Hill Homeowners Association.

e LeGrand, Harry E., 1988. Region 21, Piedmont and Blue Ridge, The Geology of North America.
The Geological Survey of America, Vol. O-2, Hydrogeology, pp 201-208.

e Toth, J., 1963. A theoretical analysis of groundwater flow in small drainage basins,
Journal of Geophysical Research 68, pp. 4795-4812.

e NC DENR Public Water Supply Section. Records of public water supply wells in
Chatham County.

4. Project Geographic Information System and Database

Base-map features for this study were prepared from digital maps and records acquired from the
Chatham GIS website, U.S. Geological Survey website, site plans prepared by The John R.
McAdams Company, maps prepared by Soil and Environmental Consultants, GPS Mapping by
Eagle Resources, P.A., and site survey data provided by The J.R. McAdams Company. These
digital maps and datasets were used to prepare the project Geographic Information System (GIS)
and integrated Geodatabase. The commercial GIS program ArcView® version 8.3 was used for
this purpose.

The project Geodatabase for this study included the standard environmental and water resources
database used by Eagle Resources for such studies. This database is structured to be used with
either Microsoft Access or Microsoft SQL Server. The database schema includes tables that
contain information on topography, site development, well and sampling locations, results of
chemical analyses of samples, results of hydraulic tests, boring logs of test holes, well
completion information, logs of simulation model runs, and chemical analyses.

Figure 2 shows the sources of information used for this study and their relationship to the project
GIS and Geodatabase.
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5. Field Investigation

Field investigations were conducted for the Briar Chapel property to assess hydrologic and
hydrogeologic conditions, to gather data to support the conceptual and numeric groundwater flow
models, and to document the presence of water supply wells within 500 feet of the sprayfield
boundaries.

5.1. Test Borings

S&ME installed 11 test borings as part of a preliminary subsurface exploration of the Briar Chapel
property (Attachment E). These borings ranged in depth from 1 to 29 feet and were drilled with a
hollow stem auger to refusal depth. The location of these borings is shown on Figure 3.

To obtain additional subsurface information beneath the Briar Chapel property, 34 Geoprobe™
borings were installed by subcontractors to Eagle Resources. All borings were taken to refusal at
depths ranging from 8 to 43 feet. Cores were continuously taken in 4-foot intervals in 1.5 inch
diameter clear plastic sleeves and were logged in the field to determine lithology, conditions of
saturation, and evidence of secondary permeability features such as root holes or fractures. Logs of
the borings are included in Attachment C

Boring locations were initially determined by Eagle Resources using GPS (10-20 ft accuracy) and
were subsequently surveyed by The John R. McAdams Company.

5.2. Piezometers

To obtain information on the likely depth to the shallow water table beneath the Briar Chapel
property, thirty (30) of the Geoprobe™ borings were completed as piezometers using one-inch
diameter PVC plastic casing and one-inch diameter PVC well screens. The well screen length
ranged from 2.5 feet to 10 feet long depending upon the depth of the boring and whether saturation
was encountered. The locations of the piezometers and borings are shown on Figure 3 and the
construction details are summarized in Table 1.

Elevations of water level measuring points and the ground surface at the piezometers was surveyed
by The John R. McAdams Company.

5.3. Backhoe Pits

As part of the initial evaluation by S&ME of the Briar Chapel property for development, 8 backhoe
pits were taken to refusal depth (Attachment E). The locations of these pits and borings are shown
on Figure 3 and the depths to refusal are summarized in Table 1a. As part of an investigation of the
character and nature of soils in the vicinity of surficial ‘boulder fields’, S&EC installed several
additional backhoe pits (S&EC Soils Report, 2004).
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Table 1a—Summary of Construction Details for Piezometers. All piezometers were drilled to refusal using Geoprobe® Down-hole hammer / push
technology.

Ground Casing Screen/Open Hole | Sandpack |  Bentonite
Elev | Well |Casing Depthto | Depthto | Depth| Depth| Depth| Depth

Easting | Northing | 1t Depth | Diam. | Depth | Top Bot. [toTop|toBot.|to Top |to Bot.
Site ID Site Type f f NGVD | in f f f t| R |
PZL  |Piezometer 1971711 754,006 486 140 1 140 90 1400 80| 140 | 80
PZ10  |Piezometer 1,967,516 753,203 492 280 1 2800 2300 280 210 280 | 210
PZ11  |Piezometer 1,969,376] 756,712 478 146 1 146 96| 46| 86| 146 | 86
PZ12  |Piezometer 1,968,700 761,990 554 151 1 151 105 151 95 151 4 95
PZ13  |Piezometer 1,961,106| 756,375 a6 178 1 178 128 178 118 178 | 118
PZ14a |piezometer 1,965,724| 749,347 g 197 1 97 47 197 137 197 | 137
PZ15  |Piezometer 1,960,338 754,811 459 186] 1 186  136|  186] 126| 186 | 126
PZ16  |Piezometer 1,962,313 755,274 b4 430 1 430 2001 340 280] 340 | 340
PZ17  |Piezometer 1,962,461 758,907 1
PZ18  |Piezometer 1,961,875 757,574 | 1 -
PZ19  |Piezometer 1,967,793 751,625 M1 1900 1 190  140] 190[ 130/ 190 | 130
PZ2  |Piezometer 1,970,360 754,075 439 2 1 119 69 119 59| 19| -| 59
PZ20  |Piezometer 1973775 749,092 403 1 1 120 95  120{ 85| 120f -| 85
PZ21  |Piezometer 1,972,702] 748,449 456 280 1 280 20 280 220 80| -| 220
PZ-22  |Piezometer 1,962,450, 757,112 |1 1 -
PZ23  |Piezometer 1,968,165 754,576 a1 19 1 190, 140 190 90| 10| -| 90
PZ24a  |Piezometer 1,972,054 | 753,885 45| 110] 1 11.0 501 100 40| 00| - | 40
PZ25  |Piezometer 1,962,745 | 758,248 -1 - -
PZ:26  |piezometer 1,969,371 | 755,294 49| 185| 1 185 135| 185| 125] 160| - | 125
PZ21  |Piezometer 1,967,830 | 750,120 400 190 1 190 1240 190] 130} 90| - | 130
PZ29  |Piezometer 1973547 749,609 | 1220] 1 120 95 120 95| 120 - | 95
PZ2a  |Piezometer 1,970,366 | 754,070 ) 1191 1 119 90| 119 80| 1L9| - | 80
PZ3  |Piezometer 1,966,961 | 759,985 51| 168 1 168 118| 168| 118] 168 - | 158
PZ30  |Piezometer 1973163 | 749,894 45| 115] 1 115 15| 15| 10| 15| - 10
PZ4  |Piezometer 1,967,051 | 758,688 484 300 1 30 20| 310 20| 30| - | &0
PZ5  |Piezometer 1,964,362 | 755,064 2| 20| 1 80 200[ 20| 290 0] - | 190
PZ6  |Piezometer 1,965,988 | 756,275 550 215 1 215 25| 18| 20| 278] - | 20
PZ7  |Piezometer 1,967,652 | 756,180 493 185| 1 185 135 185| 122| 185] - | 122
PZ8a  |Piezometer 1,968,193 | 757,453 o) 80 1 8.0 76| 101 55| 101 - 55
PZ9  |Piezometer 1965992 | 751,301 63| 22| 1 22| 2| 22| 162 22| - | 162

Note: PZ-17, PZ-18, PZ-22, and PZ-5 hawe not yet been installed



Table 1h.-- Location, Elevation, and Depth to Refusal in Borings and Test Pits.

Drilling or Ground | Maximum
Excavation | Easting | Northing Elev Depth | Bottom
Site ID | Installed by | Site Type Method ft ft ft NGVD ft Condition
B-1 S&ME Test_Boring | HS Auger | 1,960,492 754,157 453.0 200 R
B-10 S&ME Test_Boring | HS Auger | 1,968,340 756,336 503.4 200 R
B-11 S&ME Test_Boring | HS Auger 1,968,161 757,550 448.1 29.0 R
B-2 S&ME Test_Boring | HS Auger | 1,962,361 755,267 514.9 08/ R
B-3 S&ME Test_Boring | HS Auger | 1,964,389 755,171 541.0 225 R
B-4 S&ME Test_Boring | HS Auger 1,966,009 754,109 506.0 215 R
B-5 S&ME Test Boring | HS Auger | 1,966,044 756,371 546.6 2801 R
B-6 S&ME Test_Boring | HS Auger | 1,969,653 754,175 425.8 190[ R
B-7 S&ME Test_Boring | HS Auger | 1,970,679 754,027 485.4 190 R
B-8 S&ME Test_Boring | HS Auger 1,971,630 753,858 487.4 29.0 R
B-9 S&ME Test Boring | HS Auger | 1,969,471 756,591 470.3 290 R
PZ-1 Eagle Res. | Piezometer | Geoprobe | 1,971,711 754,006 486.1 140 R
Pz-10 Eagle Res. | Piezometer | Geoprobe 1,967,516 753,203 492.3 28.0 R
PZ11 | Eagle Res. | Piezometer | Geoprobe | 1,969,376 756,712 477.8 146 R
PZ12 | Eagle Res. | Piezometer | Geoprobe | 1,968,700 761,990 553.7 151 R
Pz-13 Eagle Res. | Piezometer | Geoprobe 1,961,106 756,375 486.4 17.8 R
PZ14 | Eagle Res. | Piezometer | Geoprobe | 1,965,680 749,335 444.1 110 R
PZ-14a | Eagle Res. | piezometer | Geoprobe | 1,965,724 749,347 444.1 197 R
PZ15 | Eagle Res. | Piezometer | Geoprobe | 1,960,338 754,811 458.6 186 R
Pz-16 Eagle Res. | Piezometer | Geoprobe 1,962,313 755,274 514.3 43.0 R
PZ19 | Eagle Res. | Piezometer | Geoprobe | 1,967,793 751,625 441.3 19.0 R
PZ-2 Eagle Res. | Piezometer | Geoprobe | 1,970,360 754,075 488.8 11.9 R
PZ20 | Eagle Res. | Piezometer | Geoprobe | 1,973,775 749,092 403.0 12.0 R
Pz-21 Eagle Res. | Piezometer | Geoprobe | 1,972,702 748,449 456.0 28.0 R
Pz-23 Eagle Res. | Piezometer | Geoprobe | 1,968,165 754,576 426.8 19.0 R
PZ-24 | Eagle Res. | Piezometer | Geoprobe | 1,972,050 753,881 475.0 10.0 R
PZ24a | Eagle Res. | Piezometer | Geoprobe | 1,972,054 753,885 464.5 11.0 R
PZ26 | Eagle Res. | piezometer | Geoprobe | 1,969,371 755,294 419.4 18.5 R
Pz-29 Eagle Res. | Piezometer | Geoprobe | 1,973,547 749,609 450.0 24.0 R
PZ-2a | EagleRes. | Piezometer | Geoprobe | 1,970,366 754,070 484.0 11.9 R
PZ3 Eagle Res. | Piezometer | Geoprobe | 1,966,961 759,985 551.0 16.8 R
PZ30 | Eagle Res. | Piezometer | Geoprobe | 1,973,163 749,894 455.0 115 R
Pz-4 Eagle Res. | Piezometer | Geoprobe | 1,967,051 758,688 484.1 31.0 R
PZ5 Eagle Res. | Piezometer | Geoprobe | 1,964,362 755,064 542.0 28.0 R
PZ-6 Eagle Res. | Piezometer | Geoprobe | 1,965,988 756,275 545.3 215 R
pz-7 Eagle Res. | Piezometer | Geoprobe | 1,967,652 756,180 493.0 18.5 R
Pz-8 Eagle Res. | Piezometer | Geoprobe | 1,968,186 757,481 446.6 8.0 R
PZ-9 Eagle Res. | Piezometer | Geoprobe | 1,965,992 751,391 463.4 22.2 R
SS-1 S&EC Soil_Boring | Hand Auger | 1,967,069 753,294 501.4 3.2 R
SS-10 S&EC Soail_Boring | Hand Auger | 1,962,378 755,355 509.6 12.0 R
SS-11 S&EC Soil_Boring | Hand Auger | 1,965,289 754,842 524.1 15.0 R
SS-12 S&EC Soil_Boring | Hand Auger | 1,967,051 751,305 422.2 11.1 R
SS-14 S&EC Soil_Boring | Hand Auger | 1,967,883 754,124 430.7 11.0 R
SS-16 S&EC Soil_Boring | Hand Auger | 1,966,287 754,849 492.8 13.0 R

Note: R = Refusal, ME = Maximum capability of equipment
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Table 1a (concluded).- Location, Elevation, and Depth to Refusal in Borings and Test Pits.

Eagle Kesawrces

Drilling or Ground | Maximum

Excavation | Easting | Northing Elev Depth | Bottom
SiteID | Installed by | Site Type Method ft ft ft NGVD ft Condition
SS-18 S&EC | Soil_Boring [ Hand Auger | 1,970,307 | 754,345 |  456.2 185 R
SS-19 S&EC Soil_Boring | Hand Auger | 1,967,185 759,542 514.3 17.2 R
SS-2 S&EC | Soil Boring [ Hand Auger | 1,967,046 751,305 422.0 9.0 R
SS-20 S&EC Soil_Boring | Hand Auger | 1,967,361 757,915 438.8 5.8 R
SS-3 S&EC Soil_Boring | Hand Auger | 1,967,752 750,633 410.0 12.5 R
SS-4 S&EC Soil_Boring [ Hand Auger | 1,965,646 753,157 493.3 10.0 R
SSH S&EC | Soil_Boring [ Hand Auger | 1,965,729 | 752,322 |  466.1 120 R
SS-6 S&EC | Soil Boring [ Hand Auger | 1,964,739 755,314 546.2 5.0 R
SS-7 S&EC | Soil Boring [ Hand Auger | 1,959,606 753,753 4295 16.0 R
SS-8 S&EC Soil_Boring | Hand Auger | 1,960,553 754,803 446.0 6.2 R
SS9 S&EC Soil_Boring [ Hand Auger | 1,961,516 755,718 470.2 4.0 R
TP-1 S&ME Test Pit | Backhoe | 1,966,078 753,709 506.4 170 ME
TP-2 S&ME Test Pit | Backhoe | 1,965,671 754,794 519.1 13.0 R
TP-3 S&ME Test Pit | Backhoe | 1,964,520 754,939 530.2 170 ME
TP-4 S&ME Test Pit | Backhoe | 1,963,391 755,128 538.9 11.0 R
TP-5 S&ME Test Pit | Backhoe | 1,962,535 755,229 517.1 14.0 R
TP-6 S&ME Test Pit | Backhoe | 1,960,969 755,481 431.8 200 ME
TP-7 S&ME Test Pit | Backhoe | 1,966,085 755,915 541.2 170 ME
TP-8 S&ME Test Pit | Backhoe | 1,967,784 756,343 499.5 170 ME

Note: R = Refusal, ME = Maximum capability of equipment

5.4. Logs of Water Supply Wells

As part of the canvas of water supply wells within 500 feet of potential sprayfields, no drillers’ logs
or well yield test results were available from records of NCDENR as of the date of this report.

5.5. Water Level Measurements

Several rounds of water level measurements in the piezometers were completed during the period
January 2004 to April 2004. These data are included in Table 2. These measurements were used to
establish the likely depth to the water table in the potential sprayfield areas, and to constrain the

numerical groundwater flow model within the property boundaries.
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Table 2.—Water Level Measurements in Piezometers.

Eagle Kesawrces

Depth to Well Screen

Depth to

Depth to Water

water Water below
below Level Ground Well
MP Elevation | Surface Top Bottom | Depth
SITE_ID | SITE TYPE Date ft ft NGVD ft Qualifier ft ft ft
P71 Piezometer 1/2/2004 dry 9.0 14.0 14.0
3/29/2004 dry 9.0 14.0 14.0
p7-2a Piezometer 1/2/2004 dry 9.0 11.9 11.9
3/29/2004 dry 9.0 11.9 119
P73 Piezometer 1/2/2004 dry 11.8 16.8 16.8
3/29/2004 dry 11.8 16.8 16.8
1/2/2004 19.1 467.11 17 26.0 31.0 31.0
Pz-4 Piezometer | 3/26/2004 18.62 467.59 16.52 26.0 31.0 31.0
3/29/2004 18.45 467.76 16.35 26.0 31.0 31.0
1/2/2004 13.77 530.78 11.17 20.0 25.0 28.0
PZ-5 Piezometer | 3/26/2004 12.75 531.8 10.15 20.0 25.0 28.0
3/29/2004 12.81 531.74 10.21 20.0 25.0 28.0
. 1/2/2004 26.5 520.94 24 .4 225 27.8 27.5

Pz-6 Piezometer
3/29/2004 25.69 521.75 23.59 225 27.8 27.5
. 1/2/2004 15.61 478.7 14.31 135 18.5 18.5
Pz-7 Piezometer

3/29/2004 14 480.31 12.7 135 18.5 18.5
p7.8a Piezometer 1/2/2004 dry 7.6 10.1 8.0
3/29/2004 dry 7.6 10.1 8.0
PZ-9 Piezometer 1/2/2004 dry 17.2 22.2 22.2
3/29/2004 dry 17.2 22.2 22.2
PZ-10 Piezometer 1/2/2004 dry 23.0 28.0 28.0
3/29/2004 29.7 464.33 28 23.0 28.0 28.0
pP7.11 Piezometer 1/2/2004 dry 9.6 14.6 14.6
3/29/2004 16.4 462.82 15 9.6 14.6 14.6
p7-12 Piezometer 1/2/2004 dry 10.5 15.1 15.1
3/29/2004 dry 10.5 15.1 15.1
p7.13 Piezometer 1/2/2004 dry 12.8 17.8 17.8
3/29/2004 19.55 469.15 17.25 12.8 17.8 17.8
P7-14a Piezometer 1/2/2004 13.35 433.09 11.05 14.7 19.7 19.7
3/29/2004 12.76 433.68 10.46 14.7 19.7 19.7
p7-15 Piezometer 1/2/2004 dry 13.6 18.6 18.6
3/29/2004 dry 13.6 18.6 18.6
1/2/2004 26.25 489.01 25.25 dry 29.0 34.0 43.0
PZz-16 Piezometer | 3/26/2004 28.65 486.61 27.65 dry 29.0 34.0 43.0
3/29/2004 28.48 486.78 27.48 29.0 34.0 43.0
1/2/2004 17.4 425.93 154 14.0 19.0 19.0
PZ-19 Piezometer | 3/26/2004 16.48 426.85 14.48 14.0 19.0 19.0
3/29/2004 16.41 426.92 14.41 14.0 19.0 19.0
PZ-20 Piezometer | 3/29/2004 dry 9.5 12.0 12.0
PZz-21 Piezometer | 3/29/2004 27.12 431.18 24.82 23.0 28.0 28.0
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Table 2 (concluded).-- Water Level Measurements in Piezometers.

water Level Water Depth to Well Screen | Depth

SITE_ID [ SITE TYPE Date below | Elevation | below |Qualifier ft ft ft
p7.23 Piezometer |1/2/2004 7.92 420.79 6.02 14.0 19.0 19.0
3/29/2004 7.55 421.16 5.65 14.0 19.0 19.0
1/2/2004 5.2 461.7 2.8 5.0 10.0 11.0
PZ-24a | Piezometer | 3/26/2004 5.05 461.85 2.65 5.0 10.0 11.0
3/29/2004 5.12 461.78 2.72 5.0 10.0 11.0
P7-26 Piezometer |1/2/2004 14.7 406.66 12.7 13.5 18.5 18.5
3/29/2004 14.48 406.88 12.48 13.5 18.5 18.5
Pz-27 Piezometer | 3/29/2004 9.42 391.58 8.42 14.0 19.0 19.0
Pz-29 Piezometer | 3/29/2004 dry 9.5 12.0 12.0
PZ-30 Piezometer | 3/29/2004 12.42 445.98 9.02 1.5 11.5 11.5

5.6. Pumping Tests on Water Supply Wells

No pumping or specific capacity test data was available for community water supply wells in the
vicinity of the Briar Chapel Property from the records of the NC Public Water Supply section at the
time this report was prepared. Yield data was obtained from well inspection reports for public water
supply wells in the vicinity of the project. There are no operating pubic water supply wells within
500 feet of the sprayfield boundaries.

5.7. Hydraulic Conductivity Tests in Piezometers

Hydraulic conductivity tests were conducted in the 12 piezometers that were completed below the
water table using slug tests. The slug tests were conducted by rapidly injecting a known volume of
water in the piezometer and measuring the water level response with a down-hole pressure
transducer and datalogger (Solinst™ Levelogger). The results were analyzed using the Bouwer and
Rice Method (Bouwer and Rice, 1976). The results are summarized in Table 3 and the analyses plots
are included in Attachment D.

As documented in the Soil Scientist Evaluation Report for Briar Chapel, S&EC conducted 48 tests of
the saturated hydraulic conductivity (Ksat) of the soil zone at depths up to 18.5 feet. (S&EC 2004).
The results of these tests are included in Table 3.

The least permeable horizon at each of the 21 tested locations is tabulated in Table 3a. The
geometric mean value of minimum Ksat at each test location from the S&EC tests is 0.09 ft/day and
the geometric mean of the slug tests in piezometers is 0.10 ft/day. A t-statistic test analysis of the
log-transformed (base e) of the minimum Ksat values and the log-transformed hydraulic
conductivity from slug tests showed that there is an 85% probability that the hydraulic conductivity
values come from the same population with the same mean. A probability plot of all the log(e) of
hydraulic conductivity values on a normal probability plot (Figure 4a) and a plot of the data against a
normal cumulative distribution (Figure 4b) shows that the Ksat and hydraulic conductivity values are
log-normally distributed and hence that the geometric mean of the test data represents the expected
value.

12






Eagle Kesawrces

Table 3.—Summary of Hydraulic Conductivity Measurements.

Depth Interval Tested | Efec-
tive [Hydrologic
Thick- Unit
ness or Trans-
Test Att D Top Bottom (1) Soil missivity Ksat
Location | Figure | welltype Test Type | Analysis Type ft ft ft Horizon | ft"2/day | ftday
Pz-4 1 Piezometer Slug-In Bouw er-Rice 25 31 6.0 |PWR NA 0.25
Pz-5 2 Piezometer Slug-In Bouw er-Rice 19 25 6.0 |PWR NA 0.59
PZ-5(repeat) 2 Piezometer Slug-In Bouw er-Rice 19 25 6.0 |PWR N/A 0.54
PZ-6 3 Piezometer Slug-In Bouw er-Rice 22 27.8 5.8 |PWR N/A 0.11
pPz-7 4 Piezometer Slug-In Bouw er-Rice 13 19 6.0 |PWR NA 0.12
Pz-14A 5 Piezometer Slug-In Bouw er-Rice 13.7 19.7 6.0 |PWR NA 0.06
PzZ-16 6 Piezometer Slug-In Bouw er-Rice 28 34 6.0 |PWR N/A 0.32
Pz-19 7 Piezometer Slug-In Bouw er-Rice 13 19 6.0 |PWR N/A 0.07
Pz-21 8 Piezometer Slug-In Bouw er-Rice 22 28 6.0 |PWR NA 0.09
Pz-23 9 Piezometer Slug-In Bouw er-Rice 9 16 7.0 |PWR NA 0.20
Pz-24a 10 Piezometer Slug-In Bouw er-Rice 4 10 6.0 |PWR NA 0.01
Pz-26 11 Piezometer Slug-In Bouw er-Rice 12.5 16 3.5 |PWR N/A 0.03
pPz-27 12 Piezometer Slug-In Bouw er-Rice 13 19 6.0 |PWR N/A 0.08
Pz-30 13 Piezometer Slug-In Bouw er-Rice 1 11.5| 10.5 |PWR NA 0.01
SS-1 N/A | Soil Boring Amozometer |S&EC NA 2.33 NA [C NA 0.03
SS-1 N/A | Soil Boring Amozometer |S&EC NA 192 NA |Bt N/A 0.03
SS-2 N/A | Soil Boring Amozometer |S&EC NA 217 | NA |Btl NA 0.11
SS-2 N/A | Soil Boring Amozometer |S&EC NA 400 | NA |(Bt2 N/A 0.02
SS-3 N/A | Soil Boring Amozometer |S&EC NA 3.00 NA |Bt NA 0.24
SS-3 N/A | Soil Boring Amozometer |S&EC NA 5.00 NA [BC NA 0.10
SS-4 N/A | Soil Boring Amozometer |S&EC NA 2.67 NA [Bt NA 0.11
SS-4 N/A | Soil Boring Amozometer |S&EC NA 4.17 NA [C NA 0.06
SS-5 N/A  |Soil Boring Amozometer |S&EC NA 2.33 NA |Bt NA 0.05
SS-5 N/A  |Soil Boring Amozometer |S&EC NA 12.00 NA [C NA 0.10
SS-6 N/A | Soil Boring Amozometer |S&EC NA 2.50 NA [Bt NA 0.96
SS-6 N/A | Soil Boring Amozometer |S&EC NA 4.00 NA [BC NA 0.03
SS-7 N/A  |Soil Boring Amozometer |S&EC NA 2.50 NA [Bt NA 0.15
SS-7 N/A | Soil Boring Amozometer |S&EC NA 350 NA |BC N/A 0.70
SS-7 N/A | Soil Boring Amozometer |S&EC NA 16.00 [ NA |C NA 0.11
SS-8 N/A | Soil Boring Amozometer |S&EC NA 350 NA (Bt NA 0.70
SS-8 N/A  |Soil Boring Amozometer |S&EC NA 16.00 NA [BC NA 0.11
SS-9 N/A | Soil Boring Amozometer |S&EC NA 2.17 NA |Bt NA 0.11
SS-10 N/A | Soil Boring Amozometer |S&EC NA 1.00 NA |Bt NA 0.09
SS-10 N/A | Soil Boring Amozometer |S&EC NA 3.00 NA [BC NA 0.09
SS-10 N/A | Soil Boring Amozometer |S&EC NA 12.00 NA [C NA 0.81
SS-11 N/A | Soil Boring Amozometer |S&EC NA 4.17 NA [Bt NA 0.37
SS-11 NA | Soil Boring Amozometer |S&EC NA 6.00 NA [BC NA 0.00
SS-11 N/A | Soil Boring Amozometer |S&EC NA 15.00 NA [C NA 0.15
SS-12 NA | Soil Boring Amozometer |S&EC NA 2.25 NA [Bt NA 1.71
SS-12 N/A | Soil Boring Amozometer |S&EC NA 317 NA |BC NA 0.09
SS-12 N/A | Soil Boring Amozometer |S&EC NA 11.08 NA |C N/A 0.20
SS-13 N/A | Soil Boring Amozometer |S&EC NA - NA |Unk NA 2.75
SS-14 N/A | Soil Boring Amozometer |S&EC NA 3.83 NA [Bt NA 0.20
SS-14 N/A  |Soil Boring Amozometer |S&EC NA 5.00 NA [BC NA 0.07
SS-14 N/A | Soil Boring Amozometer |S&EC NA 11.00 NA [C NA 0.12
SS-15 N/A | Soil Boring Amozometer |S&EC NA NA  [Unk N/A 6.03
SS-16 N/A  |Soil Boring Amozometer |S&EC NA 3.00 NA [Bt NA 0.52
SS-16 N/A | Soil Boring Amozometer |S&EC NA 4.17 NA [Bt NA 0.06
SS-16 N/A | Soil Boring Amozometer |S&EC NA 13.00 NA [C NA 0.10
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Table 3 (concluded).-- Summary of Hydraulic Conductvity Measurements.

Depth Interval Tested | Efec-

tive |Hydrologic

Thick- Unit

ness or Trans-

Test AttD Top Bottom | (1) Soil missivity | Ksat

Location | Figure | Welltype | TestType |Analysis Type| Tt ft ft | Horizon | ft"2/day | ftiday
SS-17 N/A  [Soil Boring Amozometer |S&EC NA 217 NA |Btl NA 0.11
SS-17 N/A  |Soil Boring Amozometer |S&EC NA 383 | NA (B2 NA 0.04
SS-17 N/A  [Soil Boring Amozometer [S&EC NA 750 NA |[C NA 0.03
SS-18 N/A  [Soil Boring Amozometer [S&EC NA 267 NA (Bt NA 0.18
SS-18 N/A  |Soil Boring Amozometer |S&EC NA 425 NA |BC NA 0.24
SS-18 N/A  [Soil Boring Amozometer |S&EC NA 1850 NA |C NA 0.33
SS-19 N/A  [Soil Boring Amozometer |S&EC NA 217 NA (Bt NA 0.22
SS-19 N/A  [Soil Boring Amozometer [S&EC NA 300 NA |BC NA 0.03
SS-19 N/A  [Soil Boring Amozometer |S&EC NA 1725 NA |C NA 0.12
SS-20 N/A  |Soil Boring Amozometer |S&EC NA 250 NA [BW N/A 0.80
SS-22 N/A  [Soil Boring Amozometer [S&EC NA NA |Bt NA 0.22
SS-22 N/A  [Soil Boring Amozometer |S&EC NA NA ([BC NA 0.03
SS-22 N/A  |Soil Boring Amozometer |S&EC NA NA |C N/A 0.12

Table 3a. Minimum Ksat Measured at Soil
Boring Locations by S&EC.

Minimum

Depth Ksat

Site ID Horizon ft f/day
SS-1 Bt 1.9 0.03
SS-2 Bt2 4.0 0.02
SS-3 BC 5.0 0.10
Ss-4 C 4.2 0.06
SS-5 C 12.0 0.05
SS-6 BC 4.0 0.03
SS-7 C 16.0 0.11
SS-8 BC 16.0 0.11
SS-9 Bt 2.2 0.11
SS-10 C 12.0 0.09
SS-11 C 15.0 0.00
SS-12 C 11.1 0.09
SS-13 ? ? 2.75
SS-14 C 11.0 0.07
SS-15 ? ? 6.03
SS-16 C 13.0 0.06
SS-17 C 75 0.03
SS-18 C 18.5 0.18
SS-19 C 17.3 0.03
SS-20 BW 25 0.80
SS-22 ? ? 0.03
Min 0.00
Max 6.03
Geometric Mean, ft/day 0.09
5% of Geometric Mean, ft/day 0.0044

5% of Geometric Mean, in/wk 0.37 15
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5.8. Water Quality Analyses

No water quality sampling or analyses were required for this study. However, we recommend
that a groundwater and surface water monitoring program be instituted soon for Briar Chapel to
document pre-development baseline conditions.

6. Inventory of Private Water Supply Wells

Regulations in 15A NCAC 2H .0200 require an applicant to identify water wells within 500 feet
of sprayfields boundaries and where possible to provide information on their construction. There
are a number of groundwater wells serving private residences within 500 feet of the potential
sprayfield areas. Limited documentation was available on these wells from Chatham County as
the County’s well records are filed under the name of the original property owner who arranged
for installation of the wells and many of the wells are as much as 50 years old.

Possible well locations were determined prior to field inventory at all locations of buildings and
structures evident from the Chatham County GIS structure layer and from AutoCAD® drawing
files provided by The John R. McAdams Company. A preliminary tabulation of these possible
locations was entered into the project database for an area extending approximately 1000 feet
outside of parcels of land that contain the proposed application fields. Initial estimates of well
ownership of the wells was made by using the spatial analysis capabilities of the project GIS and
the Chatham County Tax Parcel GIS layer. A field ‘windshield” survey was conducted of the
potential well locations. Eagle Resources delivered well surveys to all residences
identified within 500 feet of the sprayfields. The information provided by homeowners via these
surveys is included in Table 4.

Additional information on nine water wells that are located in the Persimmon Hill Subdivision
that are adjacent to a portion of the western Briar Chapel boundary were obtained from wells
identified only by lot numbers on Figure 2 of the letter report prepared by Ralph Heath in 1994
(Attachment B). That report did not include a plan view locating the wells. Consequently the
correlation between the information in the Heath report and the wells identified by the
windshield survey is based upon our attempt to assign lot numbers in the Heath report to tax
parcel boundaries shown on Figure 3. Data for these wells is included in Table 4.

Subdivisions such as Farrington, Polk’s Landing, Beachwood Cove, and Herndon Woods have
used community groundwater wells in previous years but their current water supply sources are
derived from surface water purchased from either Chatham County or the Town of Pittsboro.
The North Carolina Department of Environment and Natural Resources Public Water Supply
Section no longer maintains well information on these systems.

Additional information on nine public water supply wells is included in Table 4 for an area
extending one-half mile outside the boundary of the watershed that includes the Briar Chapel
property was obtained from the NC Public Water Supply Section. There are no operational
pubic water supply wells within 500 feet of the sprayfield boundaries.
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7.1.2. Geology and Soils

Briar Chapel is situated in the eastern part of the Carolina Slate Belt and is underlain by
megacrystic, well foliated granite belonging to the Chapel Hill suite. (Figure 5). This
bedrock is of Late Proterozoic to Cenozoic Age (520 t0650 million years old) and is part
of the intrusive series described as the Chapel Hill Suite NCGS, 1985), also referred to as
the Chapel Hill Granite (Heath, 1994). The eastern edge of the area modeled for this
project lies approximately 1 mile west of the western edge of the Triassic Basin (Figure
5).

No intrusive diabase and dioritic dikes have been mapped in the project area, although
such features are present northeast of the site. No mapped faults are present within the
study area, although one mapped fault is present in the Triassic Basin approximately 2
miles east of the project area (Figure 5).

7.1.2.1. Stratigraphy

The conceptual model of the area including Briar Chapel divides the subsurface into three
zones based upon regional and local published studies: Soils and Saprolite, Partially
Weathered Rock, and Fractured Bedrock. The occurrence and characteristics of these
zones were confirmed using the results of test pits, borings, logs of water supply test
wells, and logs of cores from geoprobe soundings.

7.1.2.1.1. Soils and Saprolite

Soils in the study area have been mapped by the National Resources Conservation
Service (NRCS, 1937), and have been remapped as part of an as yet unpublished revision
to the Chatham County Soil Survey Figure 6 shows these soils for the modeled area as
provided to Eagle Resources by Roy Vick-Hill of the North Carolina State NRCS Office
(personal communication, 2003).

Detailed field soil mapping in the areas proposed for sprayfields has been done by S&EC
under contract to Newland Communities. This field mapping and testing included soil
borings at 22 locations and 48 hydraulic conductivity tests S&EC also installed several
backhoe pits to investigate the character and nature of soils around and beneath surficial
boulders in several areas of the Briar Chapel Property. The hydraulic conductivity (Ksat)
tests were conducted in the least permeable soil horizon at representative locations in or
near proposed sprayfields. The location of the soil borings and Ksat tests were
determined by GPS by S&EC and are shown in Figure 4. The results of the Ksat tests are
included in Table 3. The soils characteristics and irrigation potential are summarized in
the S&EC Soils Report for Briar Chapel (S&EC, 2004).

The bottom of the soil and saprolite zone is taken as the depth of refusal in geoprobe
soundings and backhoe pits. A frequency analysis of the refusal depths from Table 1a is
shown in Figure 7. Based upon this analysis the thickness of the soil and saprolite zone
in the conceptual model is taken as 20 feet.
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Figure 7.-- Frequency Distribution of Depth to Refusal, All Sources, Briar Chapel Development
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7.1.2.2. Boulder Zone

Several upland areas that are mapped on the NRCS soils map as Wedowee Bouldery- Silt
Loam on the Briar Chapel property are covered with granite boulders ranging in size
from one to several feet in diameter (Figure 8). These boulders have resulted from being
more resistant to the weathering than the surrounding granitic parent material that has
weathered to saprolite and partially weathered rock. These boulders do not represent
continuous shallow bedrock in the areas where they are found. Backhoe pits excavated
by S&EC and several geoprobe borings by Eagle Resources were intentionally installed
next to or in the middle of such a surficial boulder field. The geoprobe borings showed
that weathered saprolite and partially weathered rock are present between the boulders, to
depths as great as 28 feet at PZ-10 (Figure 8). The backhoe pits demonstrated that
weathered soils are present beneath the boulders (Figure 8 and Attachment E). Some
borings also encountered weathered soils beneath small boulders (~1 ft diameter) that
were completely penetrated the Geoprobe™ drill shoe. Several Geoprobe™ borings
showed the presence of the weathering in place of multiple boulder zones with red-brown
moist clays found immediately below gray-green fine-grained dry weathered granite. An
example of this is the log of piezometer PZ-19 (Figure 8). This is evidence that the
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weathering of the boulders occurs as soil moisture migrates downward and accumulates
on top the boulders and facilitates the weathering to clays.

Mr. Ralph Heath in a letter report to the Persimmon Hill homeowners in 1994 proposed a
general model that explains the apparent anomalous occurrence of the boulder fields on
the Briar Chapel property as a result of a weathering in place process that is supported by
the field evidence gathered for this hydrogeologic study and the soils study (S&EC,
2004). Figure 9 shows Mr. Heath’s conceptual model and the zones used to quantify this
model in for the groundwater flow model described in Section 7.2 of this report. As
described below, the field data and interpretations by S&EC and Eagle Resources show
that this model is reasonable and therefore it is used as the basis for the conceptual and
numerical models for this study.

7.1.2.2.1. Partially weathered rock (PWR)

PWR is often referred to as the transition zone between soil and the parent bedrock, and
often exhibits the same properties as deeper saprolitic soils but with higher occurrence of
rock and rock fragments. With the conceptual model developed by Mr. Heath and used
for this study, the PWR zone includes increasingly common unweathered boulders
(Figure 9).

The bottom of the PWR zone is the top of the fractured bedrock in the conceptual model.
This boundary is assumed to be the depth to which surface casing is set in water supply
wells. Data on these depths is available for nine wells in the Persimmon Hill Subdivision
(Heath, 1994) and nine public water supply wells in areas within 0.5 mile of the model
boundary. These depths range from 26 to 105 feet and averages 65 feet. Based upon this
information the depth to fractured bedrock in the conceptual model is taken as 65 feet.
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nodes, and outlet locations required to route rainfall, nutrients, and pesticides through the
watershed to the outlet.

Sixteen sub-watersheds that drain the entire area covered by the conceptual and numerical
groundwater flow models were analyzed with the SWAT model for purpose of estimating
recharge. These watersheds range in size from 0.01 to 2.69 sq miles (4 to 1727 acres). The
watersheds and the NRCS soils (NRCS 2004) used for the SWAT model are shown in Figure 6.
A single vegetation type of mixed deciduous-evergreen forest was used for the entire watershed
for the simulation to estimate groundwater recharge.

714.1. Water shed Model Construction

Simulation of hydrologic processes in the watersheds used to estimate groundwater recharge
using SWAT requires the generation of gridded watershed topography, soils, and vegetation.
Digital topography mapped with from the USGS National elevation dataset supplemented within
the property boundary by the detailed 1-ft topographic contours provided by The John R.
McAdams Company was used to generate the gridded topography for SWAT. SWAT uses grid
analyses to generate the digital drainage network necessary to simulate surface runoff processes.
These analyses were constrained by the surveyed stream locations that drain the watersheds.

The SWAT model includes equations to simulate the following types of processes
e Climate
e Hydrology
e Land and Plant Cover
e Management Practices
Nutrients (not used)
Pesticides (not used)
Erosion (not used)
Main Channel Processes
Water Bodies (not used )

The methods used to simulate these processes to estimate recharge with the SWAT model are
described in the following sections. A more complete description of these processes and the
basis for the equations used to simulate them in SWAT can be found in the SWAT Theoretical
and SWAT User’s Manuals (References 9 and 10).

7.1.4.1.1. Climate Processes and Data Sources

SWAT requires daily precipitation, snow and snowmelt for the source of water input to the
watershed. The model also requires daily minimum and maximum air temperature, solar
radiation, wind speed, and relative humidity to compute potential evapotranspiration (PET).
SWAT provides the option to use actual measured daily values for these climate variables, to
generate them using a synthetic daily climate generator that uses statistics from a selected
station, or a combination of both. The Chapel Hill, NC climate station was selected for modeling
the Briar Chapel watersheds, as it is the nearest station with long term records. The Chapel Hill
station is located approximately 6.6 miles north of the centroid of the Chapel Hill Property. The
period of record used comprises approximately 98 years from 1/1/1902 to 12/31/1999. The Siler
City Station, located approximately 20 miles southwest of the site was used for variables
necessary for generation of solar radiation data and missing precipitation and temperature data as
shown in Table 6.
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Table 5.—Climate Variable Sources Used for Model to Estimate Recharge.

Data Definition Method
SWAT
Daily Climatic Observations Synthetic Climate Synthetic Climate Method
Variable (Chapel Hill) Generator (Siler City Statistics)
. - Wet days: Markov chain
Precipitation X Missing records only Precip: Skewed Distribution
Min and Max Air X Missing records only | Normal Distribution
Temperature
Solar Radiation X Normal Distribution
. Modified Exponential
Wind Speed X Distribution
Relative Humidity X Triangular distribution from
monthly average

The parameters necessary for the synthetic climate methods were those provided with the SWAT
model for the Siler City station (Reference 10).

7.1.4.1.2. Simulated Processes and Data Sources
SWAT simulates hydrologic processes using the following water balance equation (Reference 9,
page 9):

t
S\Nt = SWO + Z(Rday - qurf - Ea ~ Weeep — ng) (1)
i=1
Where:
SW; = Final soil moisture storage (water content) on day i,
SWy = Initial soil moisture storage on day i,
Rday = Rainfall + Snowmelt on day i,
Qsurf = Surface Runoff on day i,

Ea = Actual Evapotranspiration on day i,
Weeep = Deep percolation from the bottom of the soil profile on day i, and
Qgw = Return flow or base flow from the shallow aquifer on day i.

Surface Runoff (Qaur)

Runoff (Qsurr) is predicted for each HRU using daily or shorter duration rainfall volumes. SWAT
provides the option of using either a modified SCS Curve Number method which uses a daily
time step or the Green and Ampt infiltration method, which uses shorter time periods. The
simulation Briar Chapel watersheds used the modified SCS Curve Number method. The
modified Curve Number used for a HRU varies non-linearly with the soil moisture of the top soil
layer, dropping as soil moisture approaches the wilting point and approaching 100 as it
approaches saturation.

Surface runoff from each HRU is routed to the channel network and then to the watershed outlet.
Overland flow is routed to the channels using a modified Manning equation to determine the
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flow velocity. Manning’s equation requires the average slope of the HRU and an estimate of the
resistance to flow as defined by the ‘n-factor’.

Soil Water (SW)

SWAT requires the areal distribution of soil types and tabulated values of soil characteristics that
drive the soil moisture storage and transmission portion of the model. The soil types used for the
watershed are shown in Figure 6 and their characteristics for the SWAT model are shown in
Table 6. Soil data shown in Table 6 were obtained from the USDA/NRCS National Soil
Characterization Database (http://soils.usda.gov/survey/nscd/index.html) for the soils shown on
Figure 6.

SWAT simulates the soil moisture for each defined depth interval for each soil within a HRU.
SWAT allows the use of up to ten depth intervals for each soil. For the model of the North
Sprayfield watershed, the number and depth of the computational intervals was taken to be the
same as number and depths of reported soil horizons shown in Table 6.

Soil water storage is increased by infiltration and decreased by plant uptake, soil water
evaporation, redistribution, and drainage. Because the simulation of the Briar Chapel
watersheds used the Modified Curve Number Method, infiltration was the difference between
precipitation and surface runoff.

SWAT simulates the redistribution of soil moisture by including all processes that move
moisture vertically or laterally as a result of spatial differences in soil moisture. Vertical
redistribution occurs downward in the soil profile whenever the soil water content exceeds the
field capacity of a layer, and the underlying layer is not saturated. Percolation from the deepest
layer in the profile is recharge to the underlying shallow aquifer.

SWAT includes an option to simulate enhanced infiltration and redistribution in cracks or voids
in the soil. This option was not used.

The soil moisture storage capacity of the soil simulated with SWAT is defined as the Available
Water Capacity (AWC in Table 6). This capacity corresponds to the amount of water that is
available to plants and is the difference between so-called field capacity (the moisture stored at a
soil moisture tension of 1/3 atmosphere) and the permanent wilting point (the moisture stored at
a soil moisture tension of 15 atmospheres).
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USLE K
Moist Factor,
Sail (0.013
Available Organic Rock | Albedo, [metric ton
Water | Saturated| Carbon Clay Silt Sand | Fragment |fraction of| m”"2 hr)/
Layer Bulk | Capacity, | Hydraulic | Content, | Content, | Content, | Content, | Content, solar (m”3-
Depth, | Density, | mmH20/ |Conductivi| % Soil % Soil % Soil % Soil | % Total | radiation |metric ton
NRCS Map Unit Map UnitName HYDGRP| Layer mm gm/cm”3 | mmSoil [ty, mm/hr| Weight | Weight Weight Weight Weight | reflected cm)
1 102 15 0.1 102 2 13 24 63 0 0 0.24
2 203 15 0.12 38 0.05 22 36 42 0 0 0.24
37B Wedowee sandy loam, 2 to 6 percentslopes B 3 =57 15 012 38 0.05 20 >0 20 0 ) 024
4 1600 15 0.08 38 0.05 23 23 54 0 0 0.24
1 102 15 0.1 102 2 13 24 63 0 0 0.24
2 203 15 0.12 38 0.05 22 36 42 0 0 0.24
37C Wedowee sandy loam, 6 to 10 percentslopes B 3 =57 it 012 38 0.05 20 >0 20 0 ) 024
4 1600 15 0.08 38 0.05 23 23 54 0 0 0.24
1 102 15 0.1 102 2 13 24 63 0 0 0.24
2 203 15 0.12 38 0.05 22 36 42 0 0 0.24
37D Wedowee sandy loam, 10 to 15 percentslopes B 3 =57 15 012 38 0.05 20 >0 10 ) 0 024
4 1600 15 0.0008 38 0.05 23 23 54 0 0 0.24
1 102 15 0.1 102 2 13 24 63 0 0 0.24
2 203 15 0.12 38 0.05 22 36 42 0 0 0.24
37E Wedowee sandy loam, 15 to 25 percentslopes B 3 =57 15 012 28 0.05 20 0 20 0 0 024
4 1600 15 0.08 38 0.05 23 23 54 0 0 0.24
1 102 15 0.1 102 1 13 23 64 15 0 0.24
2 203 15 0.12 38 0.05 22 36 42 3 0 0.24
39C Wedowee sandy loam, 2 to 15 percentslopes, bouldery B 3 =57 15 012 28 0.05 20 0 20 0 0 024
4 1600 15 0.08 38 0.05 23 23 54 0 0 0.24
1 102 15 0.1 102 1 13 23 64 15 0 0.24
2 203 15 0.12 38 0.05 22 36 42 3 0 0.24
39E Wedowee sandy loam, 15 to 35 percentslopes, bouldery B 3 =57 15 012 28 0.05 20 0 20 0 0 024
4 1600 15 0.08 38 0.05 23 23 54 0 0 0.24
1 229 2 0.1 102 1 13 38 49 3 0 0.24
2 483 15 0.13 13 0.05 28 27 45 3 0 0.24
51B Helena sandy loam, 2to 6 percentslopes C 3 1391 15 013 001 0.05 78 >4 8 3 0 024
4 1575 15 0.13 0.01 0.05 48 24 28 3 0 0.24
1 229 2 0.1 102 1 13 38 49 3 0 0.24
2 483 15 0.13 13 0.05 28 27 45 3 0 0.24
51C Helena sandy loam, 6 to 10 percentslopes C 3 391 it 013 001 0.05 18 A 8 3 0 024
4 1575 15 0.08 0.01 0.05 48 24 28 3 0 0.24
1 203 15 0.1 102 1 14 14 72 3 0 0.24
Vance sandy loam, 2to 6 percentslopes 2 991 15 0.12 0 0.05 48 25 27 3 0 0.24
57B C 3 1651 15 0.05 0.01 0.05 48 25 27 3 0 0.24
Chewacla and Wehadkee soils, 0to 2 percentslopes,
5A frequently flooded D 1 305 15 0.15 38 3 23 50 27 0 0 0.28

36



Eagle Kesaurces

Evapotranspiration (Ej)

Actual evapotranspiration (E,) is computed by SWAT as a combination of evaporation of soil
water and plant transpiration of soil water that has been taken up by roots. Soil water
evaporation is computed using a maximum rate estimated using potential evapotranspiration
(PET) and the Leaf Area Index (LAI). The LAI is the ratio of the leaf area in a HRU to the area
of the HRU. Actual soil water evaporation is computed as an exponentially decreasing function
of soil profile depth. The Leaf Area Index is computed with SWAT as an output of the Plant
Growth Model described below for each plant or crop type as a function of growth stage.

Actual transpiration is computed by SWAT as a linear function of PET and LAI when soil
moisture is available SWAT includes three methods to compute PET from climatic input
variables: Priestley-Taylor, Penman-Monteith, and Hargreaves. The Hargreaves method was
used for the recharge estimation simulation:

AE, = 0.0023H, (Tyax = T ) (Tave +17.8) (2)

Where: A = Latent heat of vaporization, MJ/kg;
Eo = Potential Evapotranspiration (PET), mm/day;
Ho = Extraterrestrial solar radiation, MJ/mzlday;
Tmax and Tyin = Maximum and Minimum daily air temperature, °C; and
Tave = Mean air temperature for the simulation day, °C.

7.1.4.1.3. Land and Plant Cover

Three plant cover processes were simulated with SWAT for the watersheds that include Briar
Chapel: Potential Plant Growth, Potential and Actual Transpiration, and Nutrient Uptake. The
method used to simulate plant transpiration was discussed in the previous section. Plant cover
was assumed to be constant over the simulation period for all land cover categories.

Land use and vegetative cover for modeling the watershed was prepared by an analysis within
ArcGIS of digital black and white orthophotos for 2002 downloaded as MrSID™ format files
from the Chatham County GIS web site. Based upon this analysis, the recharge estimation
model used a single mixed deciduous-evergreen forest plant cover type for all simulated
watersheds.

Potential Plant Growth

Potential plant growth in SWAT simulates both perennial and annual plant growth. All forest
areas in the Briar Chapel watershed model were simulated as perennial with growth and water
uptake occurring during the period when the mean daily air temperature exceeded the default
SWAT values for the minimum temperature for each type of forest cover. SWAT constrains the
actual plant growth to be less than the optimal or potential rate as a result of stresses caused by
temperature and the availability of water and nutrients.
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7.1.4.2. Simulated Recharge Characteristics

7.1.4.2.1. Non-Irrigation Recharge

The SWAT model of the Briar Chapel watersheds was used to estimate recharge input to
the groundwater under non-irrigation conditions. The average monthly recharge
computed for the 98-year SWAT simulation for each month during the year is shown in
Figure 11. The recharge values are consistent with Ralph Heath’s statement (Attachment
B) that the majority of recharge occurs during the months of December through April
when evapotranspiration is low.

Figure 12 shows the frequency distribution of annual recharge to groundwater for the 98-
year SWAT simulation. These results show that the median recharge under non-irrigation
analysis is 14 inches/year. Figure 12 also shows the probability distribution of annual
recharge rates for the simulation period.

The median value of recharge from the 98-year SWAT simulation of 14 inches/year was
used as the initial steady state recharge for calibration of the groundwater flow model.
Groundwater model calibration did not alter this value.
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Figure 11.—Average Recharge for Each Month from 98-year SWAT Simulation.
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7.1.4.2.2. Irrigation Recharge

The recommended maximum application rate for irrigation on the Briar Chapel
sprayfields was estimated by using a percentage of the hydraulic conductivity of the least
permeable horizon tested by S&EC with Ksat tests. The U.S. Environmental Protection
Agency (USEPA) recommends using between 4% and 10% of the hydraulic conductivity
of the least permeable soil horizon as a design drainage rate (recharge to underlying
groundwater) in water balance calculations. This range for the Briar Chapel Ksat tests
shown in Table 3 is 0.37 to 0.74 inches/wk.

To assess the potential for buildup of the water table beneath sprayfields to depths less
than 3 feet from the land surface, a recharge rate under the sprayfields of 50% of the
applied irrigation rate of 0.45 inches/wk was applied in the groundwater model to all
sprayfields on a steady state basis. This is overly conservative because it assumes that
half of applied water becomes recharge. Experience on other sprayfield projects has
shown that the recharge from irrigation is generally less than 30% of the applied
irrigation.
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7.1.5. Discharge from Groundwater

Groundwater discharges to the lower reaches of drainages during times of high water
levels following extended periods of precipitation. Groundwater also may discharge in
these areas after following fracture zones that are coincident with linear portions of
drainage features.

Groundwater discharge by evapotranspiration where the water table is shallow was not
included in the model because field observations and analysis of reported static water
levels showed that in general, the water table is always deeper than 5 to 10 feet. This is
deeper than vegetation in the area can extract significant quantities of groundwater.
Discharge by evapotranspiration in wetland and stream bottom areas is included in the
simulated discharge to surface water drainage.

Discharge by public water supply wells was not included in the model because interviews
with the NCDENR Public Water Supply staff and Hydraulics, Ltd, show that most of
these wells have either been abandoned or are not in use because most of the systems
have been connected to the county water system which is derived from surface water
sources. These wells are sufficiently far from the sprayfield and their pumping rates are
so low that they will have virtually no effect on groundwater flow beneath and
downgradient of the sprayfields. Groundwater discharge from individual private wells
within 500 feet of the property boundary was included at a steady rate of 360
gallons/day/well.

7.1.6. Water Levels and Flow Directions

Based upon experience in similar hydrogeologic systems, the configuration of the water
table in the conceptual model is assumed to be principally controlled by topography
(Toth, 1963). Seasonal perched water tables may occur locally where fine-grained soils
exist, but the zone of permanent saturation occurs begins in the lower part of the saprolite
and lower units. Based upon the results of Geoprobe™ borings and field water level
measurements in piezometers and water supply test wells, the water table beneath upland
areas occurs at depths of approximately 20 to 25 feet, at approximately 10 to 15 feet
below mid-slope areas, and at less than 10 feet near drainages (Table 2). The water table
is present within the saprolite where the saprolite is generally deeper than 20 feet and in
the underlying units where the combination of shallow bedrock and surface drainage
features are present, the water table may be as shallow as four to six feet.

There is not a sufficient density of monitoring wells to prepare observed potentiometric
maps for the site. The best representation of the configuration of the water table and
groundwater flow directions results from simulation with a groundwater flow model that
can be shown to replicate observed water levels at available measurement points. Figure
16 shows the simulated steady state water table computed with the calibrated
groundwater flow model.

Water levels beneath the uplands are expected to fluctuate several tens of feet between
the wet and dry parts of the year according to Heath (1994, 1995, Attachment B). These
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water level fluctuations were assessed with the groundwater model as described in the
next section.

7.2. Groundwater Flow Model

To assess the reasonableness of the conceptual hydrogeologic model for Briar Chapel,
and to assess the likely depth to the water table under the sprayfields, a three-dimensional
groundwater flow model was constructed. The lateral boundary of this model is shown
on Figure 3. All model calibration and analysis model runs utilized steady state
conditions.

7.2.1. Purpose
The groundwater flow model was constructed for the following purposes:

1. To assess the reasonableness of the conceptual model for the area by generation
of steady state expected water table configurations in and around the Briar Chapel
Property;

2. To evaluate the range of likely water table fluctuations caused by changes in
average monthly recharge over the year;

3. To limit sprayfields to areas where the depth to the water table under design
application rates is likely to be greater than four feet; and

4. To assess the need to constrain hydraulic loading (irrigation) rates to minimize the
likelihood of the water table being less than three feet below the land surface.

7.2.2. Model Construction

The model was constructed using MODFLOW, a public domain computer code
developed and maintained by the U.S. Geological Survey. The model was constructed,
run and the output evaluated using Visual MODFLOW™ by Waterloo Hydrogeologic
combined with the project GIS.

The project database and GIS were used to facilitate both the preparation of datasets for
the groundwater flow models and to analyze output from the models. All maps included
in this report have been prepared using the project GIS. Figure 12 shows the sources of
data used to construct the necessary datasets for the groundwater flow models.

7.2.2.1. Computational Grid

The model was constructed by assigning values of the parameters described in the
following sections to a finite-difference computational grid. The plan view of the finite
difference grid is shown in Figure 13. The dimension of the finite difference cells ranges
from 50 ft square in the areas in and around the Briar Chapel property to 100 ft square at
the external model boundaries. The vertical boundaries of the three layers in the
conceptual model were assigned by using the elevation surfaces of the top of each a
described in the conceptual model. Figure 13 shows the configuration of the layer
surfaces along three representative west-to-east and south to north sections.
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7.2.2.2. Boundary Conditions

Drain boundaries were assigned along all drainages. The elevation of the drain was
assigned to be 5 feet below the average elevation of the land surface for each cell. The 5
feet elevation difference was based upon field reconnaissance to assess the degree to
which streams were incised below the surrounding topography. This boundary condition
allows water to drain from the system via surface drainage if and when the water table
rises to the level of the drain. Drain conductance was set to a value of 100 ft*/day to
assure a high degree of hydraulic connection between the drain and the groundwater
system.

A River boundary condition was assigned to the large beaver ponds that are present in the
east-central part of the Briar Chapel Property.

No-flow boundaries were assigned to all external model boundaries because these
boundaries were selected to coincide with topographic boundaries, which have been
found to generally coincide with groundwater flow divides. A no flow boundary
condition was assigned to the bottom of Layer 3 in both models. Figure 15 shows
Boundary Conditions used for the groundwater flow model.
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7.2.2.3. Recharge and Discharge

Steady state recharge was applied to the top layer of the model at the rate of 0.27 in/wk
(14 in/yr) as determined from the SWAT model simulation without irrigation as
described in a previous section. No changes in this value were made during model
calibration. Discharge from water wells supplying individual residences within 500 feet
of the Briar Chapel property were simulated using a steady state discharge of 360
gallons/day/well.

7.2.3. Model Calibration and Sensitivity Analysis

The model was calibrated by comparing the simulated steady state head to measured
water levels measured in January and April in the piezometers shown in Table 2. Where
multiple water levels were available, an arithmetic average was used for calibration.

The parameters that were varied in the model calibration were the following:
e Hydraulic conductivity in all three layers

Variations in hydraulic conductivity during calibration were constrained to be less that a
factor of 10 from the initial estimates based upon field tests.

A combination of manual calibration and least squares fitting using the Parameter
Estimation (PEST) component of Visual Modflow® was used to achieve an acceptable
degree of fit between simulated and observed water levels as measured by a visual plot of
one versus the other and multiple statistical measures as shown in Figure 16.

Sensitivity analyses were performed to demonstrate the effect on the goodness of fit to

ranges in parameters varied during model calibration and to varying rates of recharge.
Table 7 documents the results of these analyses.
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7.3.3. Assessment of Design Application Rates

The groundwater flow model was used to assess the amount of reduced sprayfield area
that might result from irrigation in excess of the design application rate of 0.45 inches per
week. The model was run with a combination of natural recharge plus 50% of the
following sprayfield application rates: 0.75 in/wk, 1.0 in/wk, and 1.5 in/wk. For each of
these analyses, the area beneath the design sprayfield areas where the water table was less
than four feet was determined using ArcGIS Spatial analysis using a 5-ft x 5 ft grid. The
remaining sprayfield area was determined by subtracting the increased shallow water
table areas from the total sprayfield area for the design application condition of 0.45
inf'wk. Figure 19 shows the sprayfield areas available under each of these conditions. As
shown in Figure 19, the groundwater system can accept application rates of more than
twice the design application rate and still have 450 acres available for use.

45, 471
0.75, 463
\3\1.00, 452
\\
150415
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Hydraulic Loading Rate, In/wk

Figure 19.— Sprayfield Area Available for Irrigation Application Rates Greater Than
the Design Rate of 0.45 in/wk..
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8. Conclusions

A defensible conceptual hydrogeologic model of the areas including the potential spray
application areas for Briar Chapel has been constructed using available information from
public domain sources, field investigations, and tests by other contractors for Briar
Chapel The conceptual model developed of subsurface geology and hydrogeology was
based upon that previously developed by Mr. Ralph Heath. Field data collected by Eagle
Resources for this study and by S&EC for the Soils investigation for Briar Chapel
substantiate this model.

A three-dimensional groundwater flow model has been constructed and successfully
tested against measured groundwater level measurements. The flow patterns and degree
of modeled water level fluctuations during an average year area all consistent with the
Heath model. Consequently the mode can reliably be used to assess the likely average
water table configuration and depth to water table under conditions where irrigation is
applied to the Briar Chapel sprayfields.

Recharge to the simulated groundwater system without irrigation was independently
determined by using a daily water balance model using 98 years of local climatic and
site-specific soils and vegetation data. This recharge rate was not adjusted during model
calibration.

Initial hydraulic conductivity values used in the simulation model are based upon a large
number of field tests, and an acceptable model calibration was achieved by only
increasing the average of these tests by a factor of seven. The calibrated values are
within the range of the field test values.

As a result of this hydrogeologic study, the sprayfields have been reconfigured so as to
only include those areas where the likely depth to the water table is more than four feet
under conditions where 50% of an irrigation rate of 0.45 in/wk is applied as recharge in
addition to high natural recharge that is expected during January to April. This provides a
very conservative approach to locating sprayfield areas because the requirements of 15A
NCAC 2H .0200 only require the water table beneath sprayfields to at all times be greater
than one foot, and if between 3 feet and one foot, that a demonstration be made that
groundwater quality is not or will not be adversely affected.

The groundwater model analysis used to limit sprayfield areas is also very conservative

because over one half of the irrigation was assumed to be recharge and it was applied
along with natural recharge during the wettest period of the year.
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The conclusions of this hydrogeologic report are summarized as follows:

1. The hydrogeologic system in and around Briar Chapel has been characterized
using a pre-existing conceptual model developed by Mr. Ralph Heath in studies
for the Persimmon Hill Homeowners Association.

2. Extensive field measurements and observations confirm this conceptual model,
including the presence of more than 25 feet of weathered regolith in areas where
large boulder fields occur on the surface.

3. The conceptual model was quantified and successfully tested with a three-
dimensional groundwater flow model. The model was calibrated using water
level measurements made during the November-January period when
groundwater recharge is the greatest because evapotranspiration is low.

4. The successfully tested model was used to remove potential sprayfield areas that
had a depth to water of four feet or less under wet season natural recharge
combined with recharge from irrigation of 50% of the design application rate of
0.45 inches/week. This analysis resulted resulting in 471 acres of sprayfields that
met the groundwater criteria.

5. Analyses with the model showed that 450 acres of sprayfields have a depth to
water of greater than four feet using more than twice the design application rate.
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