ABSTRACT

GARLINGTON, CHRISTOPHER ALAN. Relation of Well Yidk to Fracture Patterns
and Lineaments in the Rolesville Batholith, Wakeu@ty, North Carolina. (Under the
direction of Dr. John C. Fountain).

In Wake County over 140,000 county residents (aB6&o of the population)
rely on groundwater resources for drinking and o&weryday uses. The increasing
population of the county is causing an increasgeimand for water resources. As surface
water supplies for the county reach maximum capagibundwater will become an
increasingly important source of water.

Most drinking water supply wells in the county ammpleted in the crystalline
bedrock. There is little matrix permeability in sleerocks, therefore groundwater storage
and flow is primarily through secondary fracturése three goals of this study are 1) to
determine via field study the primary surface fuaetdirections present at pavement
outcrops within the Rolesville granite area of W&aunty, 2) to perform a larger scale
land-surface lineament analysis using aerial phrafatgs and remote sensing data to
compare with the field data results, and 3) toawsslable well yield data to correlate
with the observed primary surface fracture direito identify possible areas within the
Rolesville granite of Wake County where the suleeaffracturing will allow for the
construction of wells with higher than average gsel

A total of 151 individual joints and fractures wedentified by field study and
were recorded. A rose diagram of these fracturetsfthe primary fracture azimuth to be

90° £ 5°, with 30.67 % of all measured fractures fallinghis range. The secondary

fracture azimuth in the field is approximateR/95° (18 % of all fractures). The third



most common fracture azimuth is roughly 2890 (14 %), and the fourth most
common azimuth is TO15° (8.67 %).

The computer program ENVI was used to identifytaltof 2362 lineaments on
aerial photographs of the same geographic areaevtherfractures were located in the
field study. The rose diagram of these land-surfm@aments also supports the E-W
trend (90 £ 5°) found in the fracture data measured in the fieldeaments in this range
account for 15.66 % of those found. The second wmsimon direction amongst the
computer lineaments i @ 5°. The number of fractures in this direction is rolyghalf
that found in the 90trend, accounting for 7.28 % of all lineamentsridu

The consistency between the results of the compuigefield data confirm the
validity of using the computer program ENVI for idéying lineaments in the Rolesville
batholith portion of Wake County. This suggests tha directional filter of the program

ENVI may be a useful tool in helping locate optiredies for new high yielding wells.
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Introduction and Problem Statement

In Wake County over 140,000 county residents (aB&uo of the population)
rely on groundwater resources for drinking and odweryday uses. Two-thirds of these
people obtain their water directly from private destic wells, with the other one-third
receiving groundwater from community water syst¢@/S) (CDM, 2003) (Figure 1).
CWS are public water systems that serve year-roesidents of a community,
subdivision, or mobile home park containing at i&&syear-round residents.

The water demands of Wake County, North Carolieacanstantly increasing
with population growth. As surface water suppliesthe county are appropriated,
groundwater will become an increasingly importaatev source (Welby, 1985).

Within the past decade Wake County has enacted gme@ronmental initiatives
(the 1998 Comprehensive Water/Sewer Plan, the LmedPlan, and the Comprehensive
Watershed Management Plan) that emphasize the iamwer of groundwater for current
and future water supplies for the county (CDM, 2003 e recent droughts leading to
surface water shortages and dropping water leudlsel Falls Lake reservoir may also
cause an increased demand for developing groundvesteurces in Wake County.

There is no productive surficial aquifer in eastéfake County, as a relatively
thin veneer of saprolite covers the crystallinerbek. “The thickest soils are found
capping the upland surfaces but are seldom more3fdeet thick. A much thinner soil
veneer is found on the slopes of draws and valMhere un-weathered granite usually
crops out. Exfoliated boulders of granite are comntdoodplains are narrow and thin
and un-weathered granite is commonly exposed @astrchannels” (May and Thomas,

1968). Thus most drinking water supply wells in toeinty are completed in the



Figure 1. The distribution of groundwater use in
Wake County, North Carolina.

Green Areas = Land parcels containing private wells
Red Areas = Land parcels served by CWS’

Black Dots = CWS well locations

Thick Black Outline = Rolesville Batholith

Meodified from CDM 2003

crystalline bedrock. There is little matrix permii&pin these rocks, therefore
groundwater storage and flow is primarily througkandary fractures. The relatively
small storage capacity of fractured bedrock (1-8%kes it important to identify areas in
the county where the bedrock fracture conditionsifancreased well yields (CDM,
2003). Two aspects that affect groundwater utilarain crystalline rocks are (1) the

actual volume of groundwater available (inventoay)d (2) the production aspect, or the



rate at which water can be withdrawn from any gigemt (Welby, 1984). The areas in
Wake County where increased yields are most liteelyccur are those areas where
fractures or fracture systems are better devel@geyy and Thomas, 1968). This
hypothesis is again supported by a study of WakenGathat determined; “The
characteristics of the fracture system are the mgstrtant factors affecting well yield,
but are difficult to measure directly” (Wilson, 188

The purpose of this study is to use a combinatidrelnl data and remote sensing
data (aerial photographs, topographic maps, LIDARation data), and directional
filtering software (the Environment for Visualizimgnages, or ENVI)) to locate areas
within the Rolesville batholith that have a higlfracture density. Identifiable surface
features that represent zones of increased pormstiracture traces, fracture
intersections, zones of shearing, and concenteatrés of fracturing. Siddiqui and
Parizek (1971) determined that wells located iraattire trace, or especially at the
intersection of two traces in a carbonate terraage statistically significant higher well
yields than wells not located on a fracture trace.

The three goals of this study are 1) to determiadigld study the primary
surface fracture directions present at pavemermtops within the Rolesville granite area
of Wake County, 2) to perform a larger scale landase lineament analysis using aerial
photographs and remote sensing data to comparéhveitiield data results and results of
previous geologic studies, and 3) to correlatelalobs well yield data with the observed
primary surface fracture directions in order tonitiliy possible areas within the
Rolesville granite of Wake County where these stfbsa fractures might allow for the

construction of wells with higher than average gsel



Background
Wake County Geology

There are two major geologic units that cover du&0 percent of Wake
County, North Carolina. These geologic units aeeigineous felsic intrusives (the
Rolesville granite), and the Triassic sedimentacks. In Figure 2, the mint-green bands
in the westernmost portions of Wake County repreenTriassic sedimentary rocks.
The orange colored area outlined with a bold blacekrepresents the felsic intrusive
rocks of the Rolesville batholith. The remainingkainits are diverse metamorphic rocks
that occur as north-south trending bands of vargings, and are located in between the
two major geologic units (CDM, 2003). This studylilecus exclusively on the igneous

felsic intrusive rocks that comprise the Rolesviétholith.



Miles

LEGEND ' Gneiss, felsic (GNF)
Hydrogeologic Unit Argillite (ARG)
Schist (SCH) Metavolcanic, felsic (MVF)
Phylitz (PHL) B Vetavolcanic, mafic (MVM)
. Metawvolcanic, undifferentiated (MVU) Triassic sedimentary (TRI)
Metaigneous, mafic (MIM) I Fauilt breccia (fault brec)
B Wetaigneous, felsic (MIF) [_] HUC-11 Drainage Basin
Metaigneous, intermediate (MIl)

R — Physiographic Province
lgnzous, felsic infrusive (IF1) Boundary {approximate)

Figure 2. Hydrogeologic Units of Wake County

The Rolesville Batholith is outlined in hlack
{Modified from CDI, 2003)




Study Area

The study area of this report is limited to thoseaa of the Rolesville batholith
that are contained within Wake County, North CaraliThis area covers roughly 628.59

square kilometers (242.7 square miles), or ~ 28 Wakke County’s total land area.

Legend

- Study Area

|| Rolesville Batholith
|:| Wake County
I:l North Carolina

o= .
ARG AT L %)
“f\aﬂﬁll‘ et ]
'1“%"}:3&‘1‘
7

Figure 3. Location of Study Area



The Rolesville batholith

The Rolesville batholith is the largest intrusivadlg in the southern Appalachians
(Speer, 1994). This large Carboniferous granitissnaccupies much of the eastern third
of Wake County, North Carolina (Parker, 1979).dtupies the core of the southern
Raleigh belt, roughly along the north-northeastiseaouthwest trending hinge zone of
the Wake-Warren antiform (Stoddard et al., 199hE @ranitiod Rolesville batholith was
formed as part of a larger group of plutons duthmgLate Paleozoic Alleghanian
orogeny of the southern Appalachians (Farrar, 2989. (Figure 4) Its size and range of
granitiod rock types make it likely that the battiols comprised of multiple magmatic
pulses (Speer et al., 1994). Zircon and monaziiblage dating performed on samples
taken from the batholith have concluded that it ey emplaced ca. 298 Ma
(Schneider and Sampson, 2001).

The Rolesville batholith has approximate dimensioin24 km x 80 km (14.9
miles x 49.7 miles). It is marked by a gravity lesuggesting a thick section of the less
dense granitic rock. A gravity study (Stephens,838iggests that the batholith thickens
toward the east and southeast, reaching depths tof 20 km (12.43 miles). The
Rolesville batholith is predominately bounded bg Baleigh terrane on the west and by

the Spring Hope terrane to the east. (Figure 5)



ALLEGHANIAN PLUTONS
ALLEGHAMLAMN SHEAR ZOMES _,.-f.-/ :
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Figure 4, Alleghanian plutons in the Seuthern Appalachiang (in black). Pluons are spatially and
temporally related o Alleghanian ductile shear zones (e.g. Mutbush Creek fault zone, Hollister shear
wome; after Horton et al., 19ES; Speer et al., 1904; Hibbard and Samgon, 1995; Coler 2t al., 1997). RY
= Rokeswille bathalith; HS = High Shoals pluten; LY = Lilesville platon; LH = Libesty Hill plton,

(Image from Gaughan, 1999




78°

Carolina
terrane

790 N, .
36°
s vbatholith ~

SN2y -~ 2Ny

YEM Wi \\/\\/\

i fn g gt e Bog >
Tnassich. - / ' R‘Ofesﬁ\l;, S

nee - 7
') Rolesville” /=~

! ]
\ I\,1\//l‘/\\,‘

ff

o~ \’ -
S ‘,Ca‘staha Ny
v, 1~

- “p[u)qn,\“
- & - \/

NN
L Sl P

~ !

-~
I AN/

Id
~
7

"~ Deep Riyer " . Ferg BF gyt
R I £ = : -
e B & i P . o R N - N .
] basm r VLN VN Spring Hope
. ; i v S on b Dy | thrust
ved f- 2 BV AN G 2 BN terrane
A g . = N s ~ fault
. - 4 \l Y ' S
i Crabtreeﬁ_.é
- terrane )i normal
i 1 Z fault
: &
£.
Y !
. ; N
.. ‘ ] L
Lol | ’
RN o Fuquay* “ N
5 i V:xrir;g\:l .
tlantic
35430 Coastal ? 110 i
& I T L
L () Plain 0 10 20 KM
79°

Figure 5. Tectonic map of the eastern North Carolina Piedmont.
(after Stoddard et al., 1991; Horton et al., 1994)

(Modified from Gaughan, 1999)



Fractures

Fractures are mechanical breaks in rocks. They foym various processes
including response to tectonic, thermal, and lithtis stresses, as well as high fluid
pressures. Fractures occur at a wide variety désciiom microscopic to continental in
extent. Hydraulically significant fractures providenduits for fluid flow and are
connected to other hydraulically conductive fraetuto form systems or networks. Due
to the irregular distribution of porosity withinaitctured rock bodies, flow systems
through fractures can have complex geometries (NIRG6). As a result, these intricate
systems exhibit often-irregular distribution of gnalwater, which must be taken into
account in the construction of water supply weall\lake County (Welby, 1984).

Fractures represent the concentration of void spagmks. Groups of closely
spaced and interconnected fractures are referras fi@cture zones. Fractures with little
to no offset are commonly referred to as jointsl groups of these fractures are called
joint sets. “Joints commonly cluster in groupseated around one or more preferred
directions” (Daniel, 1987).

Igneous, metamorphic, and consolidated sedimedigysits all tend to be
fractured to some extent when they occur withindmads of meters of the land surface.
Some fractures may extend to considerable depthgdmnerally fractures decrease in
size and number with increasing depth (LeGrand9L%facturing in a rock body exists
both vertical and horizontally, yet a major compuingf flow must be through horizontal
fractures or no depth dependant relationship weuisit.

Therefore, the permeability, well yield, and speoctfapacity in a fractured

crystalline aquifer will decrease with well deptWi(son, 1982). However, Daniel (1987)

10



reports that maximum well yields in North Caroler@ obtained at much greater depths
than the previously reported maximum well depthladut 300 feet. Using a statistical
analysis, he found that the average yield for @htter wells located in draws or valleys
reaches a maximum yield of roughly 45gal/min attdepf 500-525 feet. Similarly, the
average yields of 12” diameter wells located inndrar valleys reaches a maximum
yield of about 150 gal/min at depths of 700 to 8. This study was conducted on
wells constructed in crystalline rocks in the Piedinand Blue Ridge provinces of North

Carolina.

Joints and Dikes

In the Rolesville Batholith, the two prominent stiwral features are jointing and
sheeting. It is common to find at least two primgint sets intersecting at nearly right
angles (May and Thomas, 1968).

The oldest joints in Wake County are those fillgdjnartz veins. These joints
trend parallel to foliation, although some are gbé or at right angles (Parker, 1979). In
the Raleigh area, quartz veins are generally nraured than the surrounding rock.
Generally these veins are vertical or dip at neaglyical angles (May and Thomas,
1968).

The later joints are those that have been fillpgpdgmatite. In the Rolesville
batholith, vertical joints striking N8@90°E are the most prominent. Relatively less
common but widespread scattered joints strike negheast or northwest with varying
dips (Parker, 1979). The youngest joints are fibgdliabase dikes, which are considered

Jurassic in age (Speer, 1994).
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Dikes are tabular igneous rock bodies that cututiiinahe existing rock structure.
In Wake County, diabase dikes fill fractures that generally not parallel to the local
joints. They record an episode of crustal fracydoe to extension, and a subsequent
intrusion of basic magma. The diabase dikes shibi& donsistent relation to ductile
structures, but they do relate to brittle struciuifearker, 1979). In the Raleigh area dikes
are usually not good aquifers. However, the host ealjacent to these dikes has often
been made more permeable due to fractures caughe lgrce of intrusion and heat
(May and Thomas, 1968). The most common jointeénigneous rocks of the
Rolesville batholith strike near east-west, whilestndikes strike north-northwest

(Parker, 1979). (Figure 6)

Faults

Faults are planes along which the continuity ad@krformation is broken. Wake
County contains both ductile faults (mylonite zgregear zones, etc.) and brittle faults
(the Jonesboro fault (roughly NNW trend)).

The brittle faults and cataclastic zones mappeHdiier (1998) near the
Rolesville batholith may be grouped into three $etsed upon their strike and dip
attitude. The first set consists of two cataclaatioes that trend N& to N1COE, with
unknown dips. The second set consists of two fdlétsare moderately N-dipping (50
to 60°), and can be observed in outcrops. The third@edists of six faults and one
cataclastic zone. Four of these faults lie in tiognity of Lake Wheeler while two others
are located near the city of Cary. The structuezs hake Wheeler trend NAY to east-

west and are sub-vertical (Heller, 1998). This gtuders that similar brittle faults are

12



likely to exist elsewhere in the Rolesville batkiolieven though detailed geologic

mapping has not been performed on this area.

Lineaments

Lineaments are defined as topographic featuresi\gaviinear configuration; they
generally range in length from 2-100 km. Lineamemtscommonly expressed as
depressions, valleys, or as an alignment of featsmeh as streambeds or vegetation.

Spanjers (1983) reported a major lineament trends6f- 25°E within the Raleigh belt.

13



Common Joint and Dike directions within the
Rolesville Batholith "

N B0°—90% E: Most Prominent Joints
NE — NW: Less Common but Widespread Jonts

e N-NW: Most Common Digbase Dike Direction

0 10 20 40 Kilometers
L 1 1 1 | 1 1 1 |

Figure 6. Common Joint and Dike Directions within the RoldsviBatholith.




The Wake County Aquifer System

An aquifer is a geologic formation capable of pdiwg economic quantities of
water to wells (Freeze and Cherry, 1979). Wake Gosigroundwater is primarily
stored in the regolith and fractured crystallinekraquifer system. (Figure 7) The
regolith consists of all material (soil, saproli@yse rocks) found above the fractured
bedrock. The regolith is an important part of tiyeiter system in that it stores
groundwater while at the same time feeding water tine fractured bedrock below

(CDM, 2003).

Figure 7.
Major Components of the Regolith-Fractured Crystalline Rock Aquifer System
(adapted from Daniel and Dahlen, 2002) (From CDM, 2003)
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The regolith is relatively thin in those areas ok County underlain by the
Triassic sedimentary rocks and Rolesville granitésy and Thomas (1968) reported that
the regolith is rarely thicker than 30 feet. A maredern estimate of regolith thickness in
Wake County comes from Rick Bolich, a hydrogeolbgigh the NCDENR Division of
Water Quality’s Aquifer protection section, who tes, “a more appropriate estimate
would be that there is seldom more than about &0desaprolite/regolith in this area.
Depth to rock is probably most highly variable astern Wake County due to the
presence of the Rolesville granite, which has allzigariable weathering profile since it
is a massive rock” (personal communication, 2006% thin regolith in these areas
provides little potential for water storage withims layer, increasing the importance of
the fractured bedrock for water storage and redfidt/also makes these areas more
susceptible to reduced well yields and dry wellsrduperiods of drought (CDM, 2003).
Because the regolith is thin throughout the argh®ftudy, the focus of this study will
be on identifying those areas of the fractured raglifer system that have the potential

for wells of higher than average vyields.

Well Construction and Yields

The most common well construction method in Waker@pis air-rotary drilling
(R. Bolich, personal communication, 2006). Rotanilidg involves the use of drag or
roller bits attached to the end of a rotating ciidm. Air-rotary drilling uses compressed
air to cool the drill bit and to remove cuttingsidig well construction. This type of
construction allows for well depths greater thaf@ et and well diameters of 4 — 10

inches. This construction method is best suiteavielts constructed in bedrock aquifers
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(Huffman and Miner, 1996). In these wells, steePWIC casing is installed a few feet
into the bedrock, and the rest of the hole isdpfn to allow the water traveling through
fractures to enter the borehole (R. Bolich, perfoamnmunication, 2006). In order to
prevent surface contaminants from entering the, Waltth Carolina state well
construction standards require that the annulazespatween the drilled well hole and
casing be sealed with cement grout to a minimunthdep20 feet below the land surface

(Huffman and Miner, 1996). (Figure 8)

Regolith

Figure 8. Typical drilled well in Wake County, North Carolina,
{Modified from Huffman and Miner, 1996)

The yield of a well is defined as the maximum pumgpiate that can be supplied
by a well without lowering the water level belovethump intake (Freeze and Cherry,
1979). The quantity and size of the water beaniagtfires through which the well is
constructed will ultimately control the yield ofehvell (NRC, 1996). In Wake County

the most common method for estimating well yieldnseducated guess by the driller
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during well construction. “Obviously, this is naény accurate, but in my experience a
good well driller who has been in the businessaféew years will generally be able to
estimate the yield to within 20% of its “actual®jd.” (R. Bolich, personal
communication, 2006). The most accurate methatktdrmining well yield is a
pumping test, or a step-drawdown test, but thgsestyf tests are rarely conducted on
private household wells due to their expense. Téte ®f North Carolina requires 24-
hour pumping tests prior to the approval of a CWeH.w

Two previous studies have used reported well yielid to calculate the average
yield for wells located within the Rolesville gréamiof Wake County. May and Thomas
(1968) reported an average yield of 20 gpm forvtlke#s in their study. Both private and
CWS wells were included in this calculation. Wildd®82) found the average yield of

CWS wells within the Rolesville granite to be 2@g&m.
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Materials and Resources
The materials and resources used in the field yworkion of the study are: a
Bruntorf geological compass, a Garflihand-held GPS system, a Kofak 1
megapixel digital camera, 100 and 50 meter meagt@jpes, a meter stick, 7.5 minute
guadrangle maps of the study area, a field notekearuk the book “An Inventory of
Significant Natural Areas in Wake County, North @ara” by Harry E. LeGrand Jr.
The materials and resources employed for the caanmudrk section of the

research are: the Wake County GIS Webpagex.wakegov.com

http://Inweb02.co.wake.nc.us/gis/gismap9,N§iC DOT GIS Contour Maps of Wake

County fttp://ncdot.org/it/gis/DataDist/GISContourmaps.hirthe USGS Ground-

Water Site Inventory of North Carolina

(nttp://waterdata.usgs.gov/nc/nwis/gwsi?county _cd-83&format=station_ligt, a plotter, a ruler, and

the computer programs ENQ/(Environment for Visualizing Images), Arc(flSAdobé’
PhotoShoB, and Rick Allmendinger’s StereoWin 1.2 Computevg?am

(http://www.geo.cornell.edu/geology/faculty/RWA/RWAMI).

Methods

The research portion of this study involved twdid phases: fieldwork,
followed by computer work. The purpose of the fietdk was to identify and measure
the orientation of fractures within pavement oupsrof the Rolesville batholith in Wake
County. After the field data was collected to pdevan idea of the primary fracture
directions, the first step in the computer portdnhe research was to test to see how

well ENVI's directional filters were capable of i#ying lineaments of geological
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interest to the study. The second portion of themater work involved the comparison
of the fracture and lineament data with well datéhie Rolesville batholith area of Wake
County. The purpose was to determine if the saneaitnent directions could be found

amongst those wells with greater than average gield

Fieldwork Methods

The fieldwork consisted of three distinct partsL.afating granitic pavement
outcrops within the study area, 2) Obtaining pesiois from landowners to visit and
study the rock outcrops located on their privatgprty, and finally, 3) Visiting the rock
outcrop and taking measurements.

Based on collected information (LeGrand Jr., 2@03Stoddard, personal
communication, 2003), twelve payment outcrops wargeted for possible study.

(Table 1)
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Table 1: Potential field study sites

Site Number [Site Name Visited
1 Wildcat Hollow Yes
2 Barham Granitic Flatrock No
3 Mitchell Millpond State Park Yes
4 Pulleytown Road Granitic Flatrock Yes
5 Fowler’'s Mill Creek No
6 Southwest Rolesville Granites Yes
7 Lake Mirl Granitic Flatrock Yes
8 Hodges Mill Creek Flatrock No
9 Temple Flat Rock Yes
10 Wake Stone Quarry (Knightdale) Yes
11 The Rocks Preserve Yes
12 Old 64 Granite Yes

Once the potential study areas were identifieel ifake County tax information
web page was used to obtain the names of the pyop&ners for each outcrop. The
landowner’s phone number was then found using énetelephone directory of Wake
County. Each owner was called to obtain permistom site visit and to take
measurements on their property. Most owners wereigus, and granted access to the
outcrops on their land. Refusal by, or inabilityctintact owners prevented the visitation
of the following properties: Barham Granitic Flatks, Fowlers Mill Creek Granites, and
Hodges Mill Creek Granites. In the case of Barliatrocks, and the Fowlers Mill

Creek Granites, the quality of the data shouldoeoadversely affected due to the

21



extremely close proximity of two other field stusiyes: the Mitchell Millpond and
Pulleytown Road granite outcrops.

The nine field sites for which permission was ateal to study are: Old US 64
Granitic Flatrock, Mitchell’s Millpond State ParRulleytown Road Granitic Flatrocks,
The Rocks Preserve, Wildcat Hollow, Southwest RallesGranitic Outcrops, Lake Mirl
Granitic Flatrocks, Temple Flat Rock, and finale tWake Stone Quarry in Knightdale.

(Figure 9)
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L]

12 Kilometers

Legend 1 - Wildcat Hollow
2 - Southwest Rolesville
Wake County 3 - Mitchell Millpond
4 - Pulleytown Road
Rolesville Batholith 5 - Lake Mirl
6 - Temple Flat Rock
. Field Study Sites 7 - Wake Stone Quarry (Knightdale)

8 - The Rocks Preserve
9 - Old 64 Granite

Figure 9. Field Sites Visited
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Data obtained at each outcrop location includeotientation of the fracture,
fracture length, GPS location of fracture, anddtess cutting relationships of the
fractures. In the field, the dominant fracture otagions were determined by measuring
the orientation of surface joints located in thdroek (pavement) outcrops. Due to the
nature of the pavement outcrops studied, dips weteecorded. However, it is our
assumption that most dips trend near-vertical (Bd&ard, personal communication,
2007). Also, a determination of the number of fuaes$ that occur along a transect line
was measured in order to provide an estimate attfire density.” Our assumption in
this fieldwork is that those fractures presentatgurface are also present at depth
(LeGrand, 1979).

The procedures followed for taking measurementhierfield are as follows: 1)
Locate the granite outcrop using a 7.5-minute qaregle map and compass. 2) In a
systematic manner, traverse the outcrop until edra is located. 3) Lay out the
measuring tape along the length of the exposetultec4) Use measuring tape and meter
stick to help with the measurement of fracturertagon (In the case of slightly curved
fractures an estimated orientation was recordedprd strike of the fracture 5) Record
GPS waypoint for one end of the fracture. 6) Redendth of fracture in meters 7)
Record data on fracture width, fracture cross igttelationships, and areas of fracture
intensification zones (if present) 8) Take digjhbtograph(s) of fracture. Limited data

was recorded for dikes and veins as they were found

24



Computer Work Methods

The computer program ENQ/(The Environment for Visualizing Images) was
used to filter aerial photographs in order to aithie identification of land surface
lineaments. ENVI is a commercially available img@gecessing system designed to
manipulate satellite and aircraft remote sensirig ead provide data visualization and
analysis for images of any size and any type. ENWIritten in Interactive Data
Language (IDE’), a structured programming language that offelesgirated image
processing which is required to run ENVI (ENVI UsdBuide, 2003).

For this project, ENVI was used to apply a direcdilfilter to aerial photographs
in order to help identify potential land surfageelaments. The directional filter used is a
first derivative edge enhancement filter that dalety enhances image features having
specific direction components (gradients). The sdithe directional filter kernel
elements is zero. The result is that areas witfotmi pixel values are zeroed in the
output image, while those that are variable aregrted as bright edges. This output
representation allows for determination of surfiacgitudinal lineament features (ENVI
User’s Guide, 2003).

The aerial photographs used for analysis in thogept were downloaded from
Wake County’s GIS webpage (http://Inweb02.co.wakesigis/gismaps.nsf). Due to the
time consuming nature of the process of filtering enarking lineaments, it was decided
to limit the aerial photograph analysis to portiefishe county that had known fracture

data, i.e. those sites which were visited in thislg and had field measurements taken.
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The individual aerial images downloaded from thek&/&@ounty GIS web site
covered a smaller area of land than was desirethi®study, so it was necessary to
combine multiple images into “mosaics” containihg tlesired land areas. For each field
location a mosaic was made containing betweenngh@idual color aerial photographs.
The resulting mosaic formed one large square @aamgclar image containing the field
study location as well as some surrounding land.afue to their proximity, the Temple
Flat Rock and Lake Mirl outcrops were both included single land area mosaic. The
Mitchell Millpond and Pulleytown Road granites wailso in close enough proximity to
warrant their inclusion in a single mosaic. In altotal of 6 land mosaics were
constructed containing all field measurement lacetiwith the exception of the Old 64
outcrop. The OIld 64 outcrop was not included inabgal photograph analysis due to the
extremely limited and poor quality fracture infortioa recorded at the outcrop.

The six mosaics that were created are: Mitchellgdnd and Pulleytown Rd
Granites, Rocks Preserve, Southwest Rolesville @sriremple Flat Rock and Lake

Mirl Granites, Wake Stone Quarry, and Wildcat Hallo
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Figure 10. Image mosaicking in ENVI
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215 5 10 Kilometers

Legend

Wake County

Rolesville Batholith

1 -Wildcat Hollow

2 - Southwest Rolesville
3 - Mitchell Millpond

4 -TFR & Lake Mirl

5 -Rocks Preserve

6 - Wake Stone Quarry

Figure 11. Land Areas Analyzed in ENVI
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Each mosaicked image was then filtered for the¥alhg four azimuths: Q 45,

90°, and 315. These directions were chosen in order to indwaelineaments from all

360° would be found. The way that ENV/I's directiondtdr works is that the closer in

direction the lineament is to the inputted analysilsie, the more the resulting lineament

will stand out on the output file. So those linésatures closest to the inputted value

would appear the darkest on the filtered imageiak determined that all lineaments

within 22.5 of the angle selected for enhancement would baresdd enough to be

visible, thus by filtering for § 45°, 9C°, and 318 all lineaments in any compass

direction would be found. (Figure 12)

315 Deg.

90 Deg.

0 Deg.

45 Deg.

0 Deg.

90 Deg.

315 Deg.

Figure 12. ENVI filtering directions.

After each mosaic was filtered for all four directs, the next step was to mark

the geologically significant lineaments (i.e. thdisat were not man made). ENVI’s

directional filter finds all linear features on hgtograph including roads, buildings,

walls, power lines, etc. As a result, an additistap was required to eliminate as many
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of the obvious man-made lineaments as possibls. Stp was necessary in order to give
a more accurate representation of the true geablyreaments present on the land
surface.

In order to compare both the land area mosaic laadiltered images side by side,
the displays were linked together in ENVI, allowingth images to be viewed
simultaneously and at the same scale. By compéaotiyimages side by side, many
man-made features that had been identified iniltegihg process were eliminated. It is
important to note that in some instances it wasiaity impossible to determine what had
caused the lineament (either man made or natunates), and in these instances those
features were marked as and were considered ndheaients. (Figure 13)

The resulting lineaments that were found and cared to be from natural
sources were marked onto an overlay of the origmanh-filtered) air photo mosaic. The
marking lines were drawn the same length and cosnghasction as the found
lineaments, but were offset slightly in one direntiThis was done so that on the final
image one would be able to view both the actuadment and the marking line, making
it easier for the viewer to discern what featureseibeing identified. The aerial images
were zoomed in to provide as much detail in the lsurface as possible when
identifying and marking the lineaments. This pracess done on a total of 24 filtered
aerial images (six different land-area mosaicsduy tlirections per mosaic). The
identification and marking of each land-area wastbto be rather time consuming,
taking anywhere from 3 to 6 hours per image dependn the total surface area being

covered. In order to eliminate the effects of fatéigrom sitting in front of a computer
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screen for extended periods of time, 30-minutekz®aere taken for every 60-90

minutes of lineament identification and marking.

41 (R:Mesabe [Band 1),G:Mosaic (Band 2) B:Mo... |~ | 02| 3 #2 (RCony (Virlual Mosaic (Band 1):Rocks Pre... |- O]

A 1 Seroll (0.02430) [« |0 Fittered Image
4 N - = {35 Degrees)
-

Fizure 13 — Linked Displays in ENVI.

In this exarrple both the onginal aerial photograph and the resulting filtered rnage (315%)
are displased. The top boxes represent the scale at which line arnents were identified and
ratked (with red lines), while the bottom boxes display one cormplete land area that was
analyzed.
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The resulting mosaics with directional overlaggilwere extremely large (0.5 —
1.0 GB in size), so the next step was to compnedseaale down the images to an
acceptable size for printing on an 8.5” x 11” shefghaper. This was done in ENVI by
saving the image as a TIFF file. This file was tbgened up in Adobe Photoshop and
was saved as medium size TIFF file using PhotoshdpEG compression. The resulting
files were much smaller (~100MB), while still reteag much of the original image
detail. All 24 overlay images were then printedo®15” x 11” sheets of paper using a
high-quality color laser printer.

The next step in the computer portion involved soeiag the orientation
(azimuth) of all the lineaments that were identifiea ENV/I's directional filter. These
compass orientations were measured directly fracthor printouts. A procedure was
developed to ensure that all lineaments were medsag accurately as possible. First, all
lineaments were individually numbered by hand, each color printout was given its
own unique identification code. The lineament digts were then measured using a
plotter (a navigational protractor) and ruler (agraight edge). The values were recorded
onto loose-leaf paper containing the identificattmae of the image. Upon the
completion of a page, random lineaments were decideked to ensure repeatability
and accuracy of the measurements. In order to aya@datigue, 15-minute breaks were
taken after every hour of lineament direction measient. The data were then entered
into a Microsoft Excel spreadsheet containing thilwing information: site name,
lineament ID, lineament number, and compass doecti

In order to provide a way to visually compare fileéd fractures with the ENVI

lineament data, a series of rose diagrams was peadiror the field data, a rose diagram
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was produced for each study area containing tileesif all fractures found. A rose
diagram containing all of the fieldwork fracturesa a single graph was also made. From
the ENVI aerial photograph data analysis, a sins&drof rose diagrams was produced.
Data from each filtering direction {045°, 9C°, and 3158) were plotted individually for
each site, as well as a “master” rose diagram aantpall four directions combined

from each site. From this data, one is able tolduicompare and contrast the field
measurements with the lineaments found througblaste analysis.

The next step of the research was to compareutifi@ce lineaments that were
identified via air photos with current topographbita. The purpose of this was to
compare lineaments against the topographic datadfiacts the underlying geologic
structure of the area. Areas of depressions sudnaags or valleys suggest that the
underlying rock has more openings (joints and tnast) through which groundwater can
move (Le Grand and Mundorff, 1952). The topographtontour data used in this study
were acquired from the NC DOT GIS web page:

(http://ncdot.org/it/gis/DataDist/GISContourmaps.htnT his data were generated in March 2005

using LIDAR Data, and at the time of this reporthie most up to date elevation
information available for Wake County. In orderdisplay the ENVI lineament data in
ArcGIS, the ENVI overlay layers were converted ibidX files using an ENVI convert
feature. Once all of the required data was loademArc View, an 8.5” x 11” layout was
created for each of the six land areas that weaiyaed. Each layout contained four
guadrants, one for each of the compass directmmstiich lineaments were filtered®(0
45°, 9, and 318). This lineament information was displayed over ¢hevation data so

that all data sets could be quickly and easily carag. (Appendix A)
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The final research portion involved acquiring wedld data for wells located

within the study area. In order to be useful irs thtudy, the acquired data must include

both well location (latitude and longitude) and hgéld. Well depth information was

also desired for yield per foot of total well degticulations. In all, five unique well

yield databases were found:

Table 2: Well yield data used in the study

Well Yield Data (Rolesville Batholith)

Data Source

# of Wells (Yield >0)

# of Wells (Yield and Depth Data > 0)

Wake Well Permit Database 437 437
Public Water Supply Wells 238 142
Aqua North Carolina CWS Wells 73 71
1968 Groundwater Bulletin # 15 Wells 58 58
NC DENR Study Wells 4 4

Total Number of Wells 810 712

This well yield data was acquired from five diffatesources. The Wake County

Well Permit database was acquired from John Bay€amp, Dresser, and McKee

(CDM). The shapefile containing the Wake CountylRuater Supply Wells was

obtained from David Hammerman at the Source Wassessment Program at the North

Carolina Department of Natural Resources (NC DENR)Strickler provided the data

on the Aqua North Carolina CWS wells. Rick BolidHN&C DENR supplied the
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spreadsheet data titled “NC DENR Study Wells.” @&héhor of this report created the
1968 Groundwater Bulletin # 15 GIS shapefile by pdimg data from two separate
sources. The Groundwater Bulletin # 15 containati bgpaper map of Wake County
showing well locations, and a corresponding talée provided information about the
wells including: well number, depth (ft), and yidlgbm). This data for the wells located
within the Rolesville Batholith portion of Wake Quy was entered into an Excel
spreadsheet. The well location data (latitude anditude) for each well was acquired
from the USGS Ground-Water Site Inventory of Ndzdrolina webpage:

(http://waterdata.usgs.gov/nc/nwis/gwsi?county_cd-83&format=station_ligt The USGS webpage

is designed in such a way that well WK-085 corresisato the location of well number
85 in the Groundwater Bulletin # 15, and so on. [Deation data for each of the wells
was presented in degrees, minutes, and secondslafibide and longitude data for each
well was copied from the web site and pasted inéospreadsheet containing the well
record data. Next, these latitudes and longituda® wonverted into decimal degrees so
that the data could be plotted in ArcGIS. To canfthat the well location data was
displayed properly, the paper location map from1&&8 GW Bulletin # 15 was scanned
and the image file was then georeferenced in Arc@lSvell yield data in this study is
reported in gallons per minute (gpm).

The data was then displayed in ArcGIS. Prior to amglysis, the well data was
filtered so that only those wells reporting yie(gigeld > Ogpm) were included in this
study. A new column was also added to each dala ta\rcGIS containing a
calculation of yield per foot of total well depthlculation (gpm/feet) for those wells with

both yield and depth data available. The data Wwas teviewed in an attempt to locate
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any outliers or anomalous values. Ultimately, twallg/were removed from the data sets
due to much greater than average reported yiellsgf@m at a depth of 545 ft., from
PWS (05/05), and yield per foot of total well defih7241gpm/ft, depth = 29 ft., yield =
50gpm, from the1968 GW Bulletin).

Four different maps were ultimately created ushedcquired well data. First, a
map was made of all 810 wells having yields gretitan zero gallons per minute. The
yields of the wells were grouped into 3 categotilesse wells of “average” (25 gpm)
yield or below were colored yellow, those wellsgeng in yield from 26-50 gpm were
marked in green, and all wells with yields 51 gpngeater were colored red. The
second image created was a plot of all 712 welsnigaboth yield and depth data
available. This data was displayed using yieldfpet of well depth calculations
(gpm/ft), this was done in order to identify th@eas where well productivity is greatest
per foot of depth. In theory, the highest yieldmells per foot of depth will be located in
areas where the bedrock fracturing is the moshggeFinally, maps were made of the
Agqua NC CWS well data both by yield in gpm, andyistd per foot of well depth in
gpm/ft. This data was displayed on its own, bec#@usas the only data set containing
solely data on wells that had undergone a 24 hoonpptest prior to the determination of
yield. All well maps were displayed over a LIDARee&tion layer to provide
visualization of the topography in the RolesvillatBolith at the location of each well.

The next step was to infer linear zones of highantaverage well yields by
drawing lines connecting above average yieldingsabhat are in close proximity. After
all zones of higher than average well yields wdsntified and marked onto an Arc GIS

image, the files were printed out, and the orieotabf each zone was measured by hand
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using the same procedure as the ENVI lineamentse Biagrams were then produced for
each map to help visualize the primary directiossoaiated with wells of higher than

average Yields.
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Results
Field Research

In the field a total of 151 individual joints ancétures were identified and
recorded. Six of the nine granite pavement outcvagited were found to be moderately
or sparsely fractured, with each containing 25 orerexposed fractures on the outcrop
examined. The remaining three granite outcrops ¥aened to contain limited surface
fracture data. In the case of Wildcat Hollow, thargte exposure turned out to be
comprised of large surface boulders and caves mgakdifficult to find relevant bedrock
fracture information. Another field site that pragual data of questionable value was the
Old 64 granite outcrop. This outcrop appeared tar®venly weathered, and the surface
joints that were visible were extensively curvedjrgy the appearance that these were

shallow surface fractures, most likely the restilveathering.

Table 3: Fracture and Lineament Frequency

Site Name £ of Field |2 of Computer |# of Lineaments |# of Lineaments |2 of Lineaments |# of Lineaments
Fractures|Lineaments |0 Degrees 45 Degrees 90 Degrees 315 Degrees
All Sites Comnbined 151 2362 486 BE7 B33 578
Mitchell Millpond + Pulleytown Rd. 40 458 96 195 9 18
Rocks Presenve 3 459 102 143 135 118
Southwest Ralesyille 3 232 52 B3 b1 Al
Temple Flat Rack (TFR) + Lake Mir ] 458 17 120 150 111
Wake Stone Quarry (Knightdale) 5 363 b7 57 14 112
Wildeat Hollow B 282 52 83 a0 b7
Old B4 Granite 5 nfa nfa nia nfa nfa

Computer Research
In the computer portion of the research ENVI wssdito identify a total of 2362

lineaments. All of this data originated from thad¥ial photograph mosaics that were
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analyzed. Combining the data from all six sitégved one to get an idea of the
prominent lineament directions throughout the Rallesbatholith portion of Wake
County. Lineaments identified with & @lter applied in ENVI accounted for 20.6% of
all lineaments. Those lineaments identified afiiéering for 45 were found to be the
most numerous, comprising 28.2% of the total. Riigefor 90 found the second most
common direction with 26.8% of all lineaments. Hiyna24.4% of all lineaments

identified were found as a result of filtering 5. (Table 3)

Images Produced

The data acquired in the research phase of thisstlowed for the production
of many graphics that help to visualize the lineats@nd fractures that were identified.
For each of the six land-areas analyzed in ENVltipla graphical representations of the
lineaments were produced. Lineaments found in &aaharea were displayed in five
separate graphics. One graphic was produced foraabe four filter directions: 0
45°, 9(F, and 318. These pictures show all of the lineaments idiextifor each
direction displayed on top of an aerial photograpthe land area. The final image
produced for each land area contains all of thetified lineaments (all four filter
directions: 0, 45°, 9C°, and 318) displayed over the aerial photograph of the lares.

(Figures 14-43)
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Mitchell Millpond & Pulleytown Rd. - 0°

0 0.45 09 1.8 Klometers

Figure 14. Mitchell Millpond and Pulleytown Rd. lineaments filtered for 0°.
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Mitchell Millpond & Pulleytown Rd. - 45°

0 0.45 ns 1.8 Kilometers

Figure 15. Mitchell Millpond and Pulleytown Rd. lineaments filtered for 45°.
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Mitchell Millpond & Pulleytown Rd. - 90°
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Figure 16. Mitchell Millpond and Pulleytown Rd. lineaments filtered for 90°.
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Mitchell Millpond & Pulleytown Rd. - 315°

] 0.45 0g 1.8 Kilometers

Figure 17. Mitchell Millpond and Pulleybwn Rd. lineaments filtered for 315°.
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All ENVI Lineaments

Mitchell Millpond & Pulleytown Rd. ‘Jf'

0 0.45 0g 1.8 Kilometers

Figure 18. Mitchell Millpond and Pulleytown Rd. all lineaments.
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The Rocks Preserve - 0°

1.2 HKilometers

Figure 19. The Rocks Preserve lineaments filtereaf 0°.
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The Rocks Preserve -45°

1.2 HKilometers

Figure 20. The Rocks Preserve lineaments filtereaf 45°.
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The Rocks Preserve - 90°

1.2 HKilometers

Figure 21. The Rocks Preserve lineaments filtereaf 90°.
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Figure 22. The Rocks Preserve lineaments filtereaf 315°.
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Figure 23. The Rocks Preserve all lineaments.
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Figure 24. Southwest Rolesville lineaments filteretbr 0°.
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Figure 25. Southwest Rolesville lineaments filteretbr 45°.
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Figure 26. Southwest Rolesville lineaments filteretbr 90°.
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Figure 27. Southwest Rolesville lineaments filteretbr 315°.
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Figure 28. Southwest Rolesville all lineaments.
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Figure 29. Temple Flat Rock and Lake Mirl lineamens filtered for 0°.
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Figure 30. Temple Flat Rock and Lake Mirl lineamens filtered for 45°.
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Figure 31. Temple Flat Rock and Lake Mirl lineamens filtered for 90°.
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Figure 32. Temple Flat Rock and Lake Mirl lineamens filtered for 315°.
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Figure 33. Temple Flat Rock and Lake Mirl all lineanents.
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Figure 34. Wake Stone Quarry (Knightdale) filteredfor 0°.
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Figure 35. Wake Stone Quarry (Knightdale) filteredfor 45°.
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Figure 36. Wake Stone Quarry (Knightdale) filteredfor 90°.
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Figure 37. Wake Stone Quarry (Knightdale) filteredfor 315°.
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Figure 38. Wake Stone Quarry (Knightdale) all lineanents.
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Figure 39. Wildcat Hollow lineaments filtered for O.
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Figure 40. Wildcat Hollow lineaments filtered for 4°.
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Figure 41. Wildcat Hollow lineaments filtered for 9D°.
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Figure 42. Wildcat Hollow lineaments filtered for 3L5°.
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Figure 43. Wildcat Hollow all lineaments.
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In order to visualize the lineaments and theirtredafrequency, the next images
produced were rose diagrams. For this part oftindysa total of 40 individual rose
diagrams were created. A rose diagram was créaitedl of the fractures and joints
identified in the field. A similar diagram was prezed containing all lineaments
identified through ENVI. This was done in ordercampare the results from both
research phases. Next, similar rose diagrams weated comparing the field and
computer results for each individual study siteufradditional rose diagrams were made
for each site, one for each of the four filteringedtions (0, 45°, 9C¢°, and 3158). This
was done so that differences between individualyssites could be compared at a
glance. A rose diagram was also produced for tigenadite dikes found in the field, and
one was also produced for the quartz veins idextidiuring the field research.

(Figures 44-57)

70



Figure 44. Rose diagrams of ENVI lineaments for thlitchell Millpond and
Pulleytown Rd. land area.
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Figure 45. Rose diagrams of ENVI lineaments for th&ocks Preserve land
area.
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Figure 46. Rose diagrams of ENVI lineaments for th&outhwest Rolesville
land area.
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Figure 47. Rose diagrams of ENVI lineaments for th&@emple Flat Rock and
Lake Mirl land area.
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Figure 48. Rose diagrams of ENVI lineaments for th&Vake Stone Quarry
(Knightdale) land area.
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Figure 49. Rose diagrams of ENVI lineaments for th&Vildcat Hollow land
area.
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Figure 50. Comparison of fracture orientations to ineament orientations in
the Rolesville batholith.
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Figure 51. Comparison of field fracture orientatiors to ENVI lineament
orientations for Mitchell Millpond and Pulleytown R d. study areas.
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Figure 52. Comparison of field fracture orientatiors to ENVI lineament
orientations for the Rocks Preserve study area.
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Figure 53. Comparison of field fracture orientatiors to ENVI lineament
orientations for the Southwest Rolesville study am
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Figure 54. Comparison of field fracture orientatiors to ENVI lineament
orientations for the Temple Flat Rock and Lake Mirl study areas.
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Figure 55. Comparison of field fracture orientatiors to ENVI lineament
orientations for the Wake Stone Quarry (Knightdale)study area.
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Figure 56. Comparison of field fracture orientatiors to ENVI lineament
orientations for the Wildcat Hollow study area.
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Figure 57. Rose diagrams of pegmatite dikes and qua veins found in the
field.
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The final set of images created were ArcGIS plogsied from the acquired well
yield data. Table 4 shows the average well yie&hth, and yield/depth values for each
individual data set, as well as the averages adat sets combined. Table 5 displays the
overall average yield, depth, and yield/depth valuas well as the maximum and
minimum values for each category along with the bemof wells included in each
calculation.

The first image created shows the distributionlb8&0 wells with yields greater
than O gpm. A similar layout was produced of alR #tells with yields per foot of total
well depth larger than 0 gpm/ft. Images were alsmipced displaying only the Aqua NC
CWS well data, as it is the only data set on wtkack4 hour drawdown pump test was
performed on each well. All wells were displayecoa LIDAR elevation layer in order

to provide visualization of the topographic contaf the area. (Figures 58-67)
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Table 4: Average well yield, yield/depth, and depth valuesdach well yield data set

Well Yield Data Source Average Average Depth (ft)
Yield (gpm) | Yield/Depth
(gpm/ft)
Wake Well Permit Database 13 0.0702 280
Public Water Supply Wells 46 0.1981 294
Aqua NC CWS Wells 45 0.1865 324
1968 Groundwater Bulletin #15 | 20 0.2016 122
NC DENR Study Wells 29 0.1292 239
All Well Data 26 0.1184 274

Table 5: Average well yield, yield/depth, and depth valuassdll well data used

Parameter Average Max. Value [Min. Value # of Wells
Well Yield (gpm) 26 175 1 810
Total Well Depth (ft) 274 845 28 712
Well Yield/Total Well Depth (gpm/ft) 0.1184 1.384 0.0012 712
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Figure 58. Location of all wells used in the study.
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Figure 59. Location of all wells used in the studwith inferred “zones of high
yielding wells” marked with black lines.
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Figure 60. Location of all wells with yield and defh data that were used in
the study.
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Figure 61. Location of all wells with yield and deth data with inferred
“zones of high yielding wells” marked with black lines.
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Figure 62. Location of all Aqua NC CWS wells with jeld data.
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Figure 63. Location of all Agua NC CWS wells with jeld data with inferred
“zones of high yielding wells” marked with black lines.
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Figure 64. Location of all Agua NC CWS wells with yeld and depth data.
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Figure 65. Location of all Agua NC CWS wells with jeld and depth data
with inferred “zones of high yielding wells” marked with black lines.
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Figure 66. Inferred zones of high well yields for lhyield and yield/depth
data.
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Figure 67. Inferred zones of high well yields for §ua NC CWS wells with
available yield and yield/depth data.
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Discussion of Results

The three goals of this study were 1) to determvigefield study the primary
surface fracture directions present at pavememtrops$ within the Rolesville granite area
of Wake County, 2) to perform a larger scale landaze lineament analysis using aerial
photographs and remote sensing data to compardtwatheld data results and the results
of previous geologic studies, and 3) to correlatailable well yield data with the
observed primary surface fracture directions ireottd identify possible areas within the
Rolesville granite of Wake County where these stfbsa fractures should allow for the

construction of wells with higher than average gsel

Comparison of Field and Computer Rose Diagram Data

Comparison of Field Fractures to Computer Lineamex{Figure 50)

Figure 50 shows the primary field fracture direntio be 90 + 5°, with 30.67 %
of all measured fractures falling in this rangeeTdecondary fracture direction in the
field is approximately D+ 5° (18 % of all fractures). The third most commoncftaie
direction is roughly 28829C° (14 %), and the fourth most common direction i$-1%
(8.67 %).

The rose diagram of all the 2,362 land-surfacedments found using ENVI, also
exhibits the E-W trend (90x 5°) found in the fracture data. Lineaments in thisgex
account for 15.66 % of those found. The second mostmon direction amongst the
computer lineaments i’ @& 5°. This number of fractures in this direction is gbly half

that of the 90 trend, accounting for 7.28 % of all lineamentsiduThe remainder of the
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lineament data seem to be more uniformly distrithuteith slight preferences towards

332, and ~ 62 respectively.

Mitchell Millpond and Pulleytown Rd. Fractures antlineaments(Figure 51)

In Figure 51, the rose diagram of the 40 fracturesdon the field shows a very
strong fracture preference of 9f 5° at this site (62.5 % of all fractures found). The
remaining fractures favors a N-S trend, represgritih% of the fractures found.

The rose diagram containing all 488 lineamentsdoduring the analysis of aerial
photographs shows a different trend than the filth for this site. The most common
lineament directions are those found betweehat 80 (37.09 % of all lineaments).
The second strongest trend is for the E-W @®°) lineaments that account for 10.04 %
of the lineaments found. Lineaments trending N-S+6°) comprise only 4.30 % of the
lineaments found. The lineaments ranging from°32350C account for 16.1 % of all

lineaments found.

Rocks Preserve Fractures and Lineamel(Esgure 52)

The field data for the Rocks Preserve site contaitstal of 34 fractures. These
fractures strongly favor strike directions betw@2rx 5°, or those trending roughly N-S.
Fractures found within this range account for 61%6of the fractures found in the
outcrop. Few fractures were found trending E-What site.

The ENVI data (499 lineaments) acquired for thekRoPreserve site shows that

the E-W (90 £ 5°) direction is strongly favored for lineaments (I%.%), followed by
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lineaments trending N-S {0t 5°) with 8.62 %. The lineaments that were found by

filtering for 45> and 318 exhibit a much wider range of orientations.

Southwest Rolesville Fractures and Lineameifsgure 53)

The fracture data (35 fractures total) for the Swauatst Rolesville field site shows
the dominant direction of fracturing to be rougByV, ranging from 90+ 5°. In fact
these fractures account for 45.71 % of all fractuieund at this site. The second most
common direction for fractures at this site was °1Q0Epresenting 22.86 % of the
fractures found. 8.57 % of the fractures founddreartheasterly with a strike of 10

The lineament data (232 total) also show the dantidirections for this site to be
within 5° of E-W, with 16.38 %. The second most common dimacamong the marked
lineaments is approximately N-S°(f 5°) with 10.34 %. The lineaments filtered for°45
and 3158 also show a much wider range of directions, anci@toshow a strong singular

directional trend.

Temple Flat Rock (TFR) and Lake Mirl Fractures andineaments(Figure 54)

The field data for this site reports that a tatial5 fractures were found. The Rose
data shows two major directions of surface fraomrirfhe most dominant field fracture
direction (32 %) was found to be between 28295, and the second band of fracturing
(52 % of all fractures found) lies betweéehand 22, with the most fractures in this
range trending 10

The lineament analysis for this site found 498diments in the land area studied.

These results differ from the fracture data in tiat 90 + 5° trending lineaments were
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the most dominant directions with 21.01 % of aflelhments within this range. The
remaining lineaments appear to be more or lesslewbstributed, with a very slight

preference to N-S trending lineaments (7.23 % @l imeaments).

Wake Stone Quarry (Knightdale) Fractures and Lineamts(Figure 55)

The field fracture data for this site is limitedtiwionly a total of 5 fractures
recorded. These fractures were measured at thenbait the quarry pit in order to give
an idea of fracture azimuth at depth within thedRuillle batholith. The data were limited
due to a number of inaccessible areas due to agtiaerying at the time of visit, and
limited access time to the area. Because of thdl sem@ber of fractures recorded there is
no way to determine if they accurately reflect shbsurface fractures in this area.

The ENVI lineament analysis for this site recordetbtal of 363 lineaments. The
most frequent direction was found to be® 905° with 13.5 % of all lineaments found
within this range. The remaining lineaments are enerdely dispersed, with a slight
preference towards those trending 33%° (7.16 %). The lineaments trending N-S {0

5°) only account for 5.51 % of the lineaments founthss site.

Wildcat Hollow Fractures and Lineament@-igure 56)

The fracture data for this site are limited to @cfures. This site consists of
granite caves and boulders, and as a result itfisudk to discern if these rocks are in the
same position as when they were emplaced. Theretore difficult to determine the

validity of these measurements. The dominant doecbof fracturing (2/3 of the
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fractures) in this area was found to trend E-WY9The other two fractures were found
to trend 12 and 287, respectively.

The ENVI data for this site showed a total of 282aments within the land area
analyzed. The dominant directional frequency wasrafpund to be 90+ 5° accounting
for 19.15 % of the lineaments at this site. Theoedcmost frequent lineament direction
was N-S with the 9.93 % of lineaments falling with® £ 5°. The remaining marked

lineaments are fairly well distributed around tivewdar graph.

Well Yield Data in the Rolesville Batholith

Well Yields(Figures 58 and 59)

The raw well yield data (810 wells) shows fairlyifoanm distribution of wells
throughout the area underlain by the RolesvillenBkith in Wake County. However,
there does not appear to be much of a linear patibethe locations of the wells, instead
the highest yielding wells are often located withiver or stream basins, implying a
direction of preferential erosion due to fracturifigne greatest density of high yielding
wells can be found in the southern portion of tlahblith near the Knightdale and
Wendell areas of the county, near the Neuse RMaongst the wells with yields greater

than or equal to 75 gpm, there exists a groupingaelfs in this area trending roughly

East-West (89.

101



It appears that wells of low to average yields2%lgpm) are more common in the
northern part of the Rolesville batholith within Yéa County. Conversely, a greater

concentration of high yielding wells is presenthe southern half of the batholith.

Well Yields per Foot of Well Dept(Figures 60 and 61)

The vyield per foot of well depth data (712 well&aaexhibits a fairly uniform
coverage of wells located throughout the study.afsawith the raw well yield data the
southern portion of the study area exhibits a gredgnsity of the high-yielding wells per
foot of depth. In an attempt to identify the mostcuctive wells per foot of depth a map
including the yield per foot of total well depthtdavas created for all wells (712 wells).
This plot shows that the most productive wellsfpet are located in the southern portion
of the Rolesville Batholith. The highest yieldinfjitbese wells (.390001 — 1.3846 gpm/ft)
also exhibits a linear trend of roughly East-WdS8%°E). This area is located at a
topographically low elevation in a roughly east-ivesnding section of the Neuse River
Basin. This portion of the river basin appears ¢obledrock controlled, as the general

trend of the Neuse is to flow roughly southeasttigh this part of the state.

Discussion of Limits to Well Data

Unfortunately, there are a number of limits to tekability of the well data used
in this study. First is the accuracy of the weklgli values. Most yields reported in this
study are based on often-unreliable estimates geadviby the well driller. These
estimates are generally not based on long-termfexqoiump tests. Proper estimation of

well yield would involve measuring the static watevel before pumping and periodic
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measurements of both yield and water level throughbe test. Accurate well yield
estimation usually requires a minimum 24-hour aejui¢st.

Another factor affecting well yields is the presenof subsurface horizontal
fractures. The vertical fractures studied in thissis only represent two dimensions of the
three dimensional aquifer system. Horizontal fraotyin the Rolesville batholith has the
potential to greatly influence the flow of waterdbghout the aquifer, but these fractures
are extremely difficult to measure directly at thime.

One more factor that could potentially affect teéability of the well data is the
lack of information about the diameter of each wal was discussed by Daniel (1987),
well yield increases dramatically as the well ditanencreases. For wells of the same
depth, increases in well diameter are directly propnal to increases in yield per foot of
depth in a well. This is due to the increased giiia the well bore that a larger diameter
well will allow. This additional storage should grprovide a temporary increase in well
yield until the stored water in the well bore isnaed dry, then the yield would be
controlled by the transmissivity of the fracturechigte aquifer through which the well
was constructed. The methods employed for welbygstimation would ultimately affect
the reliability of the yields reported for theseger diameter wells.

Finally, the well yield data set “Wake Well Perrbitabase” used an estimation
method in the location of their wells. The datasstd land parcel centroids, instead of
actual well locations for the placement of privdtamestic wells. This resulted in well

locations that were estimates rather than absolatdhis particular data set.

10z



Discussion

In Figure 50, the strike direction ftwoth field fracture data and ENVI lineament
data clearly show that features trending 205° are found the most frequently in the
areas studied within the Rolesville batholith (30% and 18 %, respectively). The
second most frequent strike direction among babtiire and lineament measurements is
found to be 0 £ 5°. The field fracture data clearly show that N-S $05°) trending
fractures are the secondary fracture directionpaating for 18 % of all fractures found.
The lineament data also show that lineaments tngn@ = 5° occur second most

frequently, accounting for 7.28 % of all lineaments

Table 6. Percentage of total lineaments found for each Eitér direction

Lineament Filter Direction Percentage of Total Lineaments Found
0° 20.60 %
45° 28.20 %
90° 26.80 %
315° 24.40 %

As reported earlier, the absolute numbers of ENNédments found for each
filtering direction may suggest that lineaments @requal importance for all directions.
However, when the rose diagrams showing the bremkdd each filtering direction are
analyzed, an interesting trend becomes evidengvAty study site the lineaments filtered

for 90° show the least variability in orientation of theeaments. Nearly all rose diagram
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lineaments filtered for this direction occur withansingle east-west trending band. This
suggests that there is some underlying geologitufeahat is strongly influencing the
lineaments in this direction. Not surprisingly, theeaments filtered for Oshow the
second least variation among the lineament vallles.widest distribution of lineament
values was found in the 24&and 318 filter directions, suggesting there is no singtersg
geological influence in these directions.

As stated in the “Discussion of Limits to Well Datsection above, there are
limits to the accuracy of the well data used i $tudy. However, some conclusions can
still be drawn from the data. The average yielddlbrof the wells in this study was 26
gpm. The average depth for a well in the Roles\Bi&holith portion of Wake County
was found to be 274 feet. The average yield petr dbtotal well depth in the study area
was found to be 0.1184 gpm/ft. The southern halthef study area appears to have a
greater concentration of higher-than-average yigldvells, than the northern part of the
study area. In the southern part of the study #veee is a roughly East-West trending
band of wells of much higher than average yield@%>gpm), and yield per foot of well (>
0.39 gpm/ft). This is the area of the Rolesvillegtgdith in Wake County that appears to

have the greatest potential for the constructiones? high yielding wells.

10¢



Conclusions

1)

2)

3)

The Rolesville batholith was found to be sparéedctured throughout the study
area, with no evidence of extensive fracturing thunany of the outcrops visited
in the field. The major fracture directions foumdtihe Rolesville batholith are 90
+ 5° (30.67%), and 0+ 5° (18 %). These trends are also reflected in the

lineaments found throughout the study area. Th@nliaeament directions were

found to be 90+ 5° (18%), and 0+ 5° (7.28 %) as well.

The consistency between the results of the coenpund field data confirm the
validity of using the computer program ENVI for tidentification of lineaments
within the Rolesville batholith portion of Wake Guy. The directional filter of

the ENVI program appears to be the most effectivereeament analyses of large
land areas (study area of kilometers), as the ugsalof the aerial photos appears
to limit the effectiveness of the identificationshaller lineaments (meters in
extent). This suggests that ENVI may be a usefillttmhelp locate optimal sites

for new high yielding wells situated within majaméaments.

Due to the nature of the well data used in shisly, it is difficult to draw concrete
conclusions on well yields. However, the area whegh yields appear to be the

greatest is in the southern portion of the stuagaavithin the Neuse River Basin.
In this area there is a roughly E-W (N&) trending band of wells with yields

greater than 50 gpm. It is possible that this bafnadells correlates with a brittle
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4)

5)

6)

fault zone that has been studied and mapped imbegdia the west of the

Rolesville Batholith.

Several high yielding well trends appear to lognad with river valleys and
ridges. Rivers can be structurally controlled by iedrock, and thus may indicate
zones of more concentrated fractures. In partighkaiN-S trending river and
stream valleys throughout the study area appeaxhibit preferential erosion,

and thus are likely to be structurally controll@tie E-W trending lineations

likely represent streams or tributaries that forraedght angles to the
preferentially eroded river valleys. This seemsithcate that the N-S trending
river and stream lineations may be used to helatéosites for new high

productivity wells.

The well yield data used in this study refleantsaverage yield of 26 gpm, and an
average well depth of 274 feet for wells in thedgtarea. The Aqua NC CWS
data, which is a better estimation of true actuakimum yields throughout the
study area, had an average well yield of 45 gpmeamaverage well depth of 324

feet.

The reported yields of CWS wells are currently best data on actual maximum
groundwater yields for this study area. This is tlughe fact that the state of
North Carolina requires 24-hour pump drawdown téstbe performed on each

CWS well after construction. This high quality weiéld data is currently limited



7)

to those areas of the county served by CWS, aradrasult are more likely to be
irregularly spaced and appear in clusters. Howemar knowledge on well yields
throughout this study area is constantly increasiNgw CWS wells are
constructed weekly, and detailed records are bmiaigtained on the productivity

of these wells.

Only vertical fractures were studied in thiseash. There is not enough evidence
to confirm whether these vertical fractures contha fluid flow throughout the
fractured rock aquifer system. Horizontal fractuneay prove to have a greater
influence on fluid flow within the Rolesville graei Future research is required
to determine the properties of the flow system gmeswithin the Rolesville

batholith.
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APPENDIX A — LINEAMENTS AND CONTOUR DATA
This set of images (Figures 68-73) displays the EN¥aments overlaid on top
of a 5 ft. topographic contour data layer. This wase in order to compare the found
lineaments with the underlying geologic structuféhe area. Those lineaments that are
located within underlying geologic structures angcimnmore likely to be geologically and

hydraulically significant, than those without.
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Figure 68. ENVI lineaments and 5 ft. topographic cotours for the Mitchell
Millpond and Pulleytown Rd. study area.
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Figure 69. ENVI lineaments and 5 ft. topographic cotours for the Rocks
Preserve study area.
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Figure 70. ENVI lineaments and 5 ft. topographic cotours for the Southwest
Rolesville study area.
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Figure 71. ENVI lineaments and 5 ft. topographic cotours for the Temple
Flat Rock and Lake Mirl study areas.



Figure 72. ENVI lineaments and 5 ft. topographic cotours for the Wake
Stone Quarry (Knightdale) study area.
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Figure 73. ENVI lineaments and 5 ft. topographic cotours for the Mitchell
Millpond and Pulleytown Rd. study area.



