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Craphic Core Logs for \V205 & \V208
are included in the attached map tube.
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Interpretive G ra phic Core Logs for \ V201 through \ V208
are included in th e attached map tube.
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Borehole Image Processing Sys tem (BIPS)
Images for \\'201 through \V208

are includ ed in the attached map tube.
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Appendix D-l

Description of Tracks Presented on th e Montages for Co re holes \V205CIIl and Wl0SClIl

Track 1:

Bit size

Caliper

Washout

Gamma Ray

High Res GR

SP

Size of bore ho le as reported to logging engineer in the field.

Borehole diameter as measured during a logg ing run. The final montages use the HCA L army

measured by the Platform express. It is a sing le arm measurement that is based on the extension of the

powered caliper of the dens ity tool. This reports a borehole diame ter every 2 inches .

Area fill between bit size and ca liper. Prov ides a visual representat ion of the amount of hole missing

due to sloughing and fracture s. It provides a good visual representation of potential problem areas

where log meas urements are suspect. The measurements most a ff ected by washout are : CMR,

density. and neutron (basically all of the porosity tools). The least affec ted are pass ive gamma ray

devi ces. No te that the bit size may have been adjusted to matc h the cal iper. If the ent ire hole had a

consis tent washout, then an adjustment was made .

Gross measurement of gamma ray activity. The GR responds to the activities o f potass ium, uran ium

family, and thorium fam ily radionucl ide. In general, a high GR is suggest ive o f increased clay

conlent. Conversely. low GR activ ity is a sand-rich and clay poor zone. The vert ical reso lution of th is

tool is around I foot and a measurement is recorded every 6 inches. The average mean free path of a

gamma ray in typical rocks is around 9 inches.

This track is comm only used for correl ation. This passive system is included in every logging run.

Using this too l, every logging run (except the FMI) was depth shifted to ensure that all com parisons

were depth consistent throughout the entire borehole. The avera ge depth shi ft was less than 6 inches .

Same as GR except the measurements are made every 2 inches. Provides better vertica l resolution at

the expense of measurement prec is ion.

Spontaneous potential. The SP is the electr ical pote ntial produced through interactions between

formation water, borehole water , and shale. The SP typically records a baseline measurerncnt through

shaley sections. It departs in permeable zone s. The magnitude of departure depends on the salinity

contra st betwe en forma tion waters and borehole wa ter. The position of the baseline provides no useful

informa tion.
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The SP measurements in 205 and 208 are inclu ded for comp leteness. They are essent ially featu reless

refle cting little salin ity contrast between formation and boreho le waters and the lack of permeable

zones, Note that there maybe slight deflections to the left in especially sa ndy zones .

Orienta tion of boreho le as measured by GPIT sonde of FI\l I. Th e tadpole presents the magn itude of

dip from 0 to 5 ~ . The long tadpole ta il shows the dip azimuth, the short tadpole tail shows the azimuth

of pad I of the FMI too l.

Resist ivity

Th is track presents the resul ts of the Array Induct ion Tool. The tool s imultaneous ly measure

formation res istivity at dep ths of 10, 20, 30, 60, and 90 inches. The vertical reso lution fo r each

mea surement is I foot . In addi tion the tool measures the resistivity of the borehole liqu id, labeled mud

resistivity. All are shown on a linear scale to accentuate variances between the curves which should

ass ist when corre lating with these curves.

The results indicate that formation res istivity increases with depth of investigatio n an d there is no

appreciable difference between the values measured at 60 and 90 inches. Also, the mud res istiv ity is

less than pract ically a ll of the format ion measurements. It is like ly that the trend towards lower

res istivity near the borehole wall is a resu lt of a slight amount of invas ion or diffusion of borehole

water into the formation, Those zones where the res istivit ies coinci de are always at the low end of the

spectrum near the mud resistiv ity . These zones may be slight ly more permeab le or frac tured , thus

perm itting the invasi on of boreho le waters.

This track also includes the RXOS, a rnic rorcsistiv ity device mea sured on the same pad as the density

100. Th is measurement is a cyndrical ly focused wit h a vertica l resolution of I inc h. The depth of

investigation of 3 inches. This measurement is made during the nuclear pass, so it doesn' t have the

upp er depth con stra ints of the All'.

Po rosity To ols

This tracks presents the results from the var ious porosity tools : density. neutron, sonic. and C1\!R.

Each tool mea su res porosity prima ri ly with a seconda ry respon se from matrix effects . For these wells,

the matrix effects are stronges t with the neu tron and sonic tools. The purpose of this track is to show

each of the porosity curves from wh ich lithology and other geologic propert ies can be estimated, A

ca lculate d poro sity is prov ided in the hydrol ogy sec tion of the montage. Each of poro sity results arc
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Appendix 0 - 1

labeled as ph i in this track to reduce con fusion between these measurements and the calculated

porosity provided elsewhere.

The neu tron phi curve depicts a porosity measurement that is much higher than what should be

expected. The neutron system measures the hydrogen index of the forma tion, regardless of whether it

is wate r in a pore space or a hydroxyl ion in a clay minera l lattice. The elevated phi measurements

ind icate that there is a considerable quantity of hydrogen in the format ion, much of it is probably in

hydrous minerals-probably clay minera ls.

Th e sonic phi curve estimates porosity from the Delta t compressional slowness. The porosity was

estimated using the Wylie equat ion:

ill - ill .
¢ = log marrrx

0.( - ill .
water matrix

where il/iog is measured with the loggi ng tool, f1 lmatr ix was estimated to be 55.8 usee/It, the

typical value for quartz. and !:.[waler is 189 usee/ft. The elevated poros ity is caused by too small a

value for the 0.1 . because the other values are invariant. 111e 0./ . for montmorillonitematrix matrix

and illite arc poorly defined. They are a function of clay compact ion, but typical values are around 80

usec/fr or grea ter. In order 10 get the sonic porosity plot to overlie the CMR log requires a D.{ .
t - - • - matrix

or arou nd 68 usee/ ft. This provides further evidence that there is a significant clay content in the

formation.

The density phi curve is calculated from the bulk density measured by the nuclear too l str ing. ' 1l 1C

porosity is estimated from the following equat ion:

¢=
PmalrL-r - Plog

Pmazrix - Plwater

whe re Pl og is measured by the density log and Pmatrix was adjusted to match the core poro sity

values plotted on this track. The resultinz p . is 2.7 1 glcm), idenrical to the average matr ix'-' matrix _ . -

density repon ed for these con: analyses. The d ose agreement between the core porosity values and

the density phi curve indicates that the core porosity is measured through a granulornerric procedure

that uses the same equation as that provided above.
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A p pend ix D- l

Th e CMR provides a porosity m easuremen t th at is least affected by matrix effects. TIle CMR ma kes

continuous pul se-echo Nuclear Magnet ic Reson ant measurements o f the subsurface format ion. Thes e

measurements are sensitive to the hydrogen nu clei (p rotons) co nta ined in the pore sp ace of the

form ation and contain information relat ing to both pore volum e and pore size. The pore s ize

info rmation ca n be used to part it ion the formation porosity into bo und and free fluid vo lum es. Th is

information can , in tum, be use d to estimate form at ion pe rm ea bility . The pore size information is

unique to NMR logging devices.

Perm anent magnets in the Cr-IR skid set up a powerfu l magnetic force that ali gn s the hyd rogen proto ns

in the format ion . A pulse is transm itted from the antenna , causing the proto ns to tip 90'" an d precess.

Th is precess ional motion creates a sign al that the an tenna detects be tw ee n pu lses. The t ime constant of

the energy decay rate of these signals is called the transverse relaxation time (T:) and is a funct ion of

the pore size d istri butio n in the formation. T he sensed volume is I inch from the surface of the CM R

skid. The meas ure me nt aperture is 6 inch .

TIle ClvlR tran sverse re laxat ion time, or Tz, measurement, wh ich is equivalent to the brightness o f the

CMR q uali ty curve ( far righ t trac k o f hydro logy section) , is direc tly proportional to poros ity , an d the

decay rate relates to pore s ize. Short 1': times indicate small po res and low perm eability . wh ile longer

times ind icate large r pores w ith genera lly higher permeabil ities, I used a 33 rnsec cut o ff tim e to

sep arate tota l and effect ive porosity . This is the typ ical va lue used for sands tones .

Two CM R curves are shown on this track: I) total poros ity and 2) effective poro sity (1'2 > 33 rns).

' D IC di fference is capillary bound water and is show n by the blue sha ding.

The CMR m easurement is very sha llow and the vo lume of invest igation is sma ll ; thus, the too! report s

high values of porosity in zon es with open fractures or othe r ru gose zones.

Bu lk Den sity meas uremen ts

Th is track presents the results fro m the density tool. It includes bulk density and ph otoelectric effect.

The bulk de nsi ty is calcu lated through the meas urement of the Co mp ton scatterin g of g amm a rays by

the form atio n. The tool has a colli mated ga mma ray source (Cs-137) and two detec tors that measure

the num ber of ga mma rays tha t traverse the fo rma tion. The rat io of co unts is proport iona l to the

de ns ity o f elec tro ns w ithin the fo rmation. T he resulting measurement is very well behaved. The dep th

o f invest igati on is aro und 1. inches. the ve rtic a l resolution is around 4 inc hes .
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Ap pendix D - l

A high resolution density curve is also presented. It is rec orded at 2 inch reso luti on. Th e actua l

measurement is s im ilar to that recorded in the typ ical dens ity j ust collected more often.

Bu lk density va lues from core are planed above the log bulk density . The two data sets co incide once

the core de nsity is adjus ted upwards by 0. 1 or 0.05 g/crrr'This may be due to drying of the core sam ple

prior to measurement wh ich would red uce the bulk density of the core samp le.

The photoelectric (Pe) measuremen t is a lso provided by the dens ity tool. Ga mma rays interact w ith

ma tter in thr ee manners:

1. pair pro duction

2. Compton scatter ing

3. photoe lectric absorp tion

The method o f interact ion is dependent on the energy of the gamma ray and the average atomic

number (Z) of the matter that the gamma ray trave rses . Photoelectr ic absorp tion be comes much mo re

prevalen t at low gamma ray energies where it becomes primarily dependent upon the formation Z.

The rela tionship betwee n Pe and Z is

(2)3.6
Fe = ':\0

Pe is measured by cou nting the num ber of low energy ga mma rays at the dens ity detectors. The mo re

low-energy ga mma rays, the lower th e formation Pe becau se fewer of the gamma rays have been

photoelectr ica lly abs orbed.

Spectra l Gam ma Ray

Naturall y occurr ing gamm a rays com e from the follow ing radionuc lides:

pota ssium -40

thorium fami ly

uran ium famil y
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Appe ndix D- 1

Uran ium and thorium decay through a complex ser ies of daughters unt il they tra nsmutate to lead.

Several of the daughter pro ducts produce gamma rays. Fortunatel y, the gamma rays produced by the

daug hter products of thori um and uran ium and those produced by potassiu m-40 are at differen t

ene rgies . The spectral gamma ray logg ing too l measures the energies and intens ities of gamma rays

and divides the signal into the activity of each of these rad ionucl ides.

Potassium is comm on in the crus t and occu rs in Kvfeldspar, m icas, and certain clay min erals. Th orium

is qu ite rare in the crust. It is insoluble and is typi ca lly fou nd in clay minerals with a high cation

exchange coeffic ient. The thorium crystallized in sp ec ific igneous minerals that were subsequent ly

transformed to clay. The thorium remained within the clay lattice because it is too inso luble to

migrate. Uraniu m is also rare in the crust. Its solubility and mobility is a function of the redox

potentia] of the subsurface env ironm ent. Uran ium is soluble in oxidizing envi ronments and

precipitates as sa lts in reduc ing env ironments. A common ca for reducing conditions is the pres ence of

orga nic materials.

Thorium and potas sium measure ments made with the spectra l gamma ray log in the NC well s was very

useful in determini ng clay content and discri minating betw een the two commo n clay minerals-ill ite

and montmorillon ite. There was litt le vari ation in uran ium content indicating that there is lirtle

varia tion in orga nic material within the formatio n.

Tracks 6 a nd 7: ELAN

Eleme ntal analysis (E LAN) is a computationa l method used to calcu late the mineralogy and flu id

co ntent of the fo rmation thro ugh the use of log data. Tw o ELAN plots are provid ed. Both usc Ci\·lR.

neutron, density, spectral gamm a, and so nic tools to calcu late the plotted results . The ELAN plot on

the left also includes Elemental Cap ture Sonde (ECS) results.

ELAN applies a series of linear or non- linear equat ions to convert the log results [Q mine ralogy and

fluid contents . The user picks the exp ected minera logy, equati ons, and uncertainties to be used to

ca lculate the ELAN. The minera log y picked for the North Carol ina wells was bas ed on co re

descriptions. The minera ls used for the ECS ELAN were:

I.

2.

3.
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Appe ndix D-1

4 . quartz

5. albite (An20)

6. muscovite

7. hematite (labeled Spe cial M inera l I)

8. calcite

9. water-fi lled porosity

The non ECS ELAN d id not include calcite and muscovite.

In order to hav e a determin ed system, ELAN requires at least as many equations as there are

unknow ns. The eq uations used were:

1. neutron ph i

2. bulk dens ity

3. cmr porosity

.. U....

5. po tassiu m

6. thoriu m

7. ca lcium (ECS)

8. iron (ECS)

9. silicon (EC S)

10. delta T compressional

An internal dat abase ass igns pa rame ters 10 every equat ion that are spec ific to each mineral. For

examp le, quartz has a si licon content of 0,457. A pr imary concern in using ELA N with the North

Ca rol ina mineralogy is that many of these parameters are poorly defined for the clay minerals. Clays

have variable geochemistry and the ir physical properties can \'ary sign ificantly bas ed on compact ion
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and dia gen esis. To tal clay cont ent is typica lly a robust determ ination because these minerals arc

d ist inctly different from the Q-F-M and calcite pan: of the form ation . However, d ifferentiating the Q_

F-,vl fractio n is sens itive to the clay parame ters.

ELAN ass igns a prec is ion to each equat ion (log measurem ent) bas ed on well de fined log respon ses. In

addi t ion, an uncertainty is assigned tha t weights the valu e of each equ ation in dete rmining the

minera logy. The uncertainties are common ly adjusted to compen sate for uncerta inties in some of th e

param eters.

ELA N calculates a minera logy for each depth interval (6 inches) . A sy nthetic log curve for each

equat ion, based on the equations and parame ters input into ELAN, arc subsequently calc ulated. The

syn thetic log curves are overplotted on the actual log curves and res idual difference s are plotted. A

good ELAN should have very sma ll residuals. However . it is very import ant to rea lize tha t ELA N

docs not provid e an unique so lution and one with a sma ll residua l may not be correct. Co re da ta arc

necessary to ensure that the ELAN resu lts rep resent rea lity, at least as exp ressed by core ana lyses .

Core XRD results are ove rp lorted on the ECS-dcvelopcd E LA N. The circl e sho ws the total X RD Clay

cont en t. the square is the clay -i- quartz content. The tr iangle is the clay " quartz-feldspar conte nt.

XRD results do not report muscovite or lithic fragments, large contrib utors to the rock according to th e

th in section po int counts , Note tha t the core results are reported in dry weight percent and ELAN

resu lts are reported in wet volume fract ion. Th e core resu lts were converted to w et volume fraction

prior to plo tting on the ELA N disp lay.

ECS is a geochemical logging tool that uses a chemica l neutron source to identify and quanti fy the

amo unt of Si, Fe, Ca, T i, S, Gd , and H in the form ation. The measuremen ts are based on neutron

capture where the rmal neutrons are captured by nuclei that emit gamma rays of specific ene rgie s

depe ndent on the capture nucleus.

ECS data were invalu able in d iscr iminat ing between the quartz-fe ldsp ar-m ica portion oft he form ation.

Core results ind icate that the predominant fe ldspar is andes ine (An:o). Andesine has th e same density.

neutron porosity, delta T Compressi onal slow ness, and spectral gam ma signal as quartz. These two

minerals, howeve r, can be readily d istinguished by the ir differ ing Si conten t (the Si conten t o f quartz is

mu ch higher).

ECS was also very valuable in de term ining the amou nt of hematite and ca lcite in t h ~ formation. The

di rect measure of Fe prov ided the best d iscr iminator for hemat ite; the dir ect meas ure of Ca was the
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best measure for ca lcite. The latter, howe ver, was also affec ted by vary ing Ca content in the clay

m inera ls so it also rel ied on other log informat ion.

The S and Ti data we re not very useful because ne ithe r occurred in sign ifican t quant ity within the

form ation .

The ELAN calculated with ou t ECS provides a robu st measure of total clay co ntent, but is incapable of

discriminating the Q- F-M fracti on . As stated earlier, there is too litt le difference between the quartz.

and Anz~ and too little difference between mu scovite and clay minera ls. The fe ldspar in this ELA N

was ca lculated by honor ing (w ith signifi cant uncertainties) the ratio betwee n quartz and feldspar

repon ed in the core analyses .

FMI Im age

A norm alized Fr.tl image is pro vided in order to see a compressed e lectr ica l image of the borehole. Its

pr imary use is to loo k at gross features of the stratigrap hy and se veral of the larger fractures.

Bed O ri en ta tion

Tw o se ts o f dip azimu th and dip magnitude are presented . The black arc considered to be " bed

boundaries." These are sli ghtly di pping boundar ies bet ween gro ups of fin ing-upwards sequences .

Th e contacts are typi call y sharp with conductive units (shales") overlain by resis tive units (sands" ).

Com monly th is contact is not ab olu tely planar , indicating tha t was some slight amount of

dow ncuuing tha t occurred durin g the deposition of the overlying unit.

The red tadpo les show the orientatio n of bedding an d lam inae within each sed imentary seq uence.

The lack of sig nificant channe ling sugg ests rapid dep ositi on in a subsiding bas in

Note that the bedd ing seq uences are commonly be tter illustrat ed in a non-norm ali zed F~l l image

Fra cture Orientation

Tadpo les for all fractu res identified in the fMI images are incl uded. All fractures were conductive,

fi lled with a ma ter ial more cond uctive than the surro unding form ation . Th is typ ica lly ind icates either

a cla y or an open fracture filled with water. Bedding plane fractures arc very d ifficu lt to map from

FMI images . TIle FMI pro vides a surficial image of the borehole. Thus it can on ly det ect those

frac ture s that intersect the boreho le.
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Fra ct ure Aperture

A scaled FM I image was used to calc ulate the aperture (ope n gap) o f ea ch fracture. Th e FMI image is

scaled to an AIT induction log so that an accurate va lue of formation conduct ivity can be assigned to

the image.

An ape rture and a map of the aperture trac e for each fracture is generated in GeoFrame.

Unfortunat ely, the current release of Geof' rame Playbac k will not perm it the plott ing of this

inform ation onto a mo ntage. Rather a 50 foo t averag e of apert ure was plo tted. N ote that the averag e

apert ure does not vary much throughout the we lls.

Stoncley Reflection Coeffici ents

Att enu ation of direct Sto nel ey waves (essentially a tube wave that is transmitted a lon g the boreho le

interfac e) is due to fluid flow inro the perm eab le frac tu re, a me ch anism that also pro duces re flected

Standel' waves .

The amplitude o f a Stonc lcy wave is red uced as it crosses a flu id-fil led ga p (open fracture). A

re flec ted St one ley wave is ge nerated at the gap . Whe n the di rect Stone ley wave encou nters the gap, a

wav e is generated within the ga p tha t prop agate s rad ially away from the borehol e . Thus, a Stone ley

wave processed to look for reflections generated with in the borehole can be used to ide nt ify frac ture s .

Th e Stoneley wa ve has a depth o f investigation up to 30 fed; howe ver, the vertica l resolu tion is only

around 4 feet.

The magni tude o f a Stoneley ano maly ca n be qu ant ified by ca lcul at ing a re flect ion coe ff icien t. A

reflec tion coefficient is the ratio of the amplitude ora refle c ted wave to the amplitude of the inc iden t

so nic wave. The larger the reflect ion co effic ient, the greater the Stoneley ano maly (l arger the

fracture ) .

Reflec tion coefficients are calculated and d isplayed for Stone Icy wa ves tha t are ge nerated and

tran sm itted both uphole and downho le. The location o f pote ntial frac tures are de fi ned by their

location. The magn itude of the fracture is prop ort iona l to the reflection coe ffic ient.

S to neley Processed W aveform

The proces sed waveform disp lays down-go ing refl ected arr iva l waveforms in the time dom ain. Th is

plot is made by sep arat ing the re flected Stone ley wa ves from the total sonic signal. For m ost fractured

rocks , the Stoneley- rnode s lowness is dominated by the bulk modulus of the boreh ole flui d . T h is bu lk
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modu lus is assumed to not change; thus, the arri val time of the direct Stoneley wave should not vary

s ignificantly over a small section of borehole . For refl ected Stoneley waves (emanat ing from l1uid­

tilled fractures), all waveforms in the sonic arra y are stacked a long a line corresponding to the inverse

of the Stoneley wave. Th is enh ances the reflected Stone ley. and rejects most un desired components

such as remn ant s of compressio nal or shear arrivals.

The resulting plot highlights down-going reflec tors that are generated from fractures or hol e washouts .

Th e presence of up-going reflectors are a good ind icat ion of a significant Stone ley -wave anomaly.

Porosit y

A series of porosity logs are plotted on Track 3. Each curve is affected by matrix affects; the

magn itude is dependen t upon formation conditions and the type of poro sity measurement. The

purpose of this track is to plot a computed poro sity that is believed to represent true form ation

porosity.

The comp uted and ed ited CMR poros ity is bel ieved to be the best represen tat ion of form ation poros ity .

A total CMR and effect ive CMR porosity curve is plotted . Core porosity is also plo tted. It is evident

that the CMR porosity closely matches point count resu lts from core. It does not , ho wever, close ly

match the granulornetric results from core.

An ELAN-computed apparent porosity is also presen ted. This curve docs not use the CMR results, so

is much more affecte d by the rock matrix. In general. the ELAN phi clos ely mat che s the CMR

porosity exc ept for the upper part of each borehole.

The deviat ion in the upper part of each boreh ole indicates that there is a difference in the rock matrix

within these zone s, probably due to weathering. The ELAN phi is calc ulated primarily from son ic,

neu tron, and density measurements. Close inspection of these logs suggests that the pr imary

contributor to the increased shallow ELAN phi is the sonic and neutron logs. The C MR log is usua lly

not effected.

The base of the weathered zone is usually very app arent in the logs . The de lta T compress ional

coh erence [sonic STC plot (last rrackj] almos t a lways degrades at th is point. Th e caliper increases and

the densi ty corre ct ion increases. These phen omena sugg est tha t the hole washes out at the bottom of

the weathered zone due probably to a phys ical cha nge in the formation.

The ELAN phi like ly reflects an altera tion of the format ion whe re mechanical changes (due to

unl oading?) are causing a change in the formation. The highly compacted shales are pro bably mic ro-
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fracturing and expanding and authi gen ic mineral s are forming . Th e auth igeni c minera ls have not be e n

com pac ted by 3 krn of burial so they have a lower density and greate r son ic slown ess .

Any porous zones that are rea l (confirmed by CMR) appear to have a much higher permeabi lity that

those fo und in the unaltered part of the boreho les. Th is is may be a result o f the difference in

cementation between these zones .

Pe rm ea bility

Perhaps the most important feat ure of NMR logg ing is the abil ity to record a real- time permea bil ity

log . Permeability is derived from empirical relationships be twe en NM R porosi ty and m ean va lues o f

T: relaxation tim es. These relationships were de veloped from brine permeabi lity measu rements and

NMR measurements made in the labora tory on hun dreds of d iffer ent core samples. The fo llowing

formula is common ly used:

whe re k.W R is the estimated permeabi lity. 9'V.\lR is C i\m porosity, T 2.b g is the loga r ithm ic me an o f

the T: distribution and C is a constant , typica lly 4 for sands tones and 0.1 fo r carbona tes.

Ci\IR permeabil ity is plotted on this track . Co re permeability is overp lotted . In general , the two ag ree

well and no chan ge was mad e [0 C. Most o f the core perm eability was be low 0. 1 mD an d was not

plott ed. In wel l 20 8 one perm eable zone is plotted that was not confirmed by log. Th is sample,

however, is from a fractured shale and the core res ult s W J m that it may be affected by these fractures.

Permeable zo nes arc rare in 205 and none appear to ex ist in 208. Note that there was no CivlR log fo r

208 ; permeab ility was est imated from the ELAN geochem istry. The most permeabl e zo ne in 205 h ad

very s imilar co re and CivlR result s. The zone at 156 ' had core penn above 0.1 mD . The log d id

recogn ize a perm eab le zon e bu t the peak perm was well below 0.1 mD .

Hyd r a ulic Condu ctivit y

The perm curv e of Tra ck 15 is converted lo hydraul ic conducti vity (cm/s) using a convers ion

a lgorit hm pro vided in Freeze and Cherry .

The resu lts of the hydrop hy sical logg ing is also plotted in logar ithm ic scale. The highest How rate

co incided with the permeable zone measured with the C :-' IR.
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Track 17:

Track 18:

T rack 19:

T rack 20:

Appendi x D-I

CMR Q ua lity

This track prov ides a 2-D contour map of the CMR waveforms. Any ligh ter zones indicate porosity.

Those zones to the left of the red line are bound wa ter and those to the right ind icate effect ive po ros ity .

The logarithm ic mean ofD (use d to calculated perm) is also plotted . For mo st of the log (non -porous

zones) the curve is j ust recording noise in a non-signal.

The CiVIR log is adversely affected by standoff. Some of the most po rous zones dir ectly coi ncided

with wash ou ts recorded with the cal iper log. TIle result ing porosity and permeab ility were ed ited out

of the prev ious trac ks. Lighter representations of the unedited results arc also presented .

So nic Slowness

The slowness for shear, compress ional, and Stone ley wavefo rms are presented . The shear and

compressional va lues are overplo ned at a rat io of I: I.S.

Dyn amic Elas tic Moduli

Elastic modul i are calcu lated from the she ar, compressio nal. and density logs. These valu es are

dynam ic, calc ulated fro m so nic waves with frequenc ies greater than 1 kHz; therefore , they shoul d not

be compare d direc tly to typ ical un iaxial and triaxial core resu lts . Th ese cu rves can be used to get an

qualitative measure in changes in the mechan ical pro pe rties o f the formation.

Sonic ST C Plot

The Slo wness -Ti me Coherence plot presents a 2-D representat io n of the data used to label each of the

three sonic wav eforms. A tight and brigh t zon e indic ates good coherence and a con fident sonic

slowness. The shear slowness can be seen to be weak in several intervals and one should use shea r

data from those inte rva ls with caution .
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Ap pen dix 0 -2

Fi\H I nt erpreta tion Sum ma ry R eport

P r ocessing

Wells W:!OIARIA, W202ARI , Wl03AR I. W204AR I, W206AR I, and W207AR I were exa mi ned on the Sch lumberger

GeoFrame so ftwa re for structural and strat igraphic features. Prior to inte rpretation, the fo llow ing correc tions were made

to the FMI (Formation Micro Imager): bad buttons were detec ted and corrected, image arrays were equali zed on a

button- to-button basis, EMEX correction ap plied to the but tons , and dep th err ors caused by the differe nces in tool and

cable veloc ities were app lied to image arrays and associated cu rves . The images were normaliz ed us ing a 2-ft. runn ing

w indo w to enhan ce the displayed data (these normal ized data are displayed on the left in each of the pla ybacks). The

fina l step in proce ssing scales the Ft\1I button response to a calibrated sha llow resi stiv ity curve (AI·H20 in each we ll

excep t W20 I whe re R..,XOS was used). Th is sca ling process allows frac ture apertures to be computed, and is displayed in

each of the playba cks in the fou rth track next to the aperture ca lculat ion.

In terpretation Method

Th e images were evaluated for the follow ing dat a sets: bedd ing , internal sands, scou r, cross bedding, fractures (a lso

called Fractu re B on the plots). healed frac tures, fau lts, and drill ing induced fractures . Beddi ng is picked in shale,

estimating present-d ay overall structu ra l dip o f the wel l. Interna l sands are bedding plan es w ithi n sands show ing mo re

high ene rgy events. Thes e give informa tion as to the source area of the sand. Scours are downcurting events, usually o f

greate r energy than internal sands , giving clues to the deposi tional en vironment along wi th source area . Cross-bedd in g

is picke d as a series of either planar or trou gh layers whi ch can be o f variable thic kne ss. Cross-bedd ing gives

informat ion on flow dire ction and depositional environment. " Fractures" (a lso called Fractu re B on some plots) are

open or part ia lly open natural fractures . A best fit sine wave is assigned to eac h frac ture. An apertu re trace is ca lculat ed

off of the scaled image in orde r to calcu late a thickn ess ofthe open port ion of the frac tur e. An average app arent

hydraulic ape rtur e is assigned to each fractu re. Note that becau se be dding planes cannot be d istingu ishe d between

bedd ing plane frac tures on the FMI images, horizonta l frac tures are not pic ked in this interpr etati on . A faul t is picked

wher e there is evidence of move ment, and a dip and azimu th is as signed to the fau lt plane. A drilling-induced fractu re is

seen as a ve ry vert ical fracture. Th ese occur in very britt le rocks whe re the re is a strong princ ipal stress field in the area.

Explanation of Log Display

For each well, a 1"= I0' vertica l scale display is provided. In the far left track. is the depth in fee t a long w ith the gam ma

ray log from the FMI tool string. and the 1 perpe ndic ular ca liper curves (C 1 and C2) calc ulated from the Fi\ 11. In the

second trac t, the dynamic norm alized image is d isplayed on a 0-360 degree sca le. Ov er lying this are the sinus oid dips

for each of the stratigraph ic and structu ral even ts obs erved . In the thi rd track arc the " tadpo les" associated wit h each
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event. The head of the tadpole gives the magnitude of the dip read on a 0-90 degree scale , and the tail po ints to the

direct ion of dip, No rth being at the top of the plot and East to the right. TIle fourth track sho ws a scaled image; therefo re

showing an image of true resistiv ity of the formati on (dark being conductive, the ligh t colors being res istive). In the

fifth track are the fracture traces of open natur al fractures. The scale at the top ind icates the openness of the trace alon g

the frac ture. The black or blue dot in th is track is the ave rage mean hydraul ic apertu re for each trace, give n in inches.

The last track is a note track with observations made while interpreting the images docu men ted.

Following each log plot is a series of stereonets. The first is a stereon et with structural features including natural

" Fractures" (b lue dots), heale d fractu res (pink dots) , and drilling-induced frac tures (p ink pentagons) . The data arc

show n first as a Wulff projection giving dip magnitude and azimuth o f each feature. Following this is a Strike Rosette

diagra m showing overall strike direction of the cluster. Next the stratigraph ic fearures are disp layed on the ste reonet

including sco ur bedding (green circles), scour (light blue circles), cross-be dd ing (red circles), and intern al sands (yello w

circles) . The stratig raphic data are first displayed as an upper Hemisphere Wulff proj ection show ing agai n the dip

direction and magnitude of each feature , and then as an azim uthal rosette diagram showing the overall dip direction o f

the cluster.

Facies In te rpr etation

111e overall data qua lity is goo d and the holes are in gauge. There are s igns o f drill bit scars freq uently on the images:

very regular diagonal striping on the images. Also at the top of some we lls the images become very light on the sca led

image, yet detai ls are still seen in the normalized images. This is likely an affec t of the fluids in the top of the ho le

displaced dur ing logg ing.

Average bedd ing trends East in we lls 20 I, 202 , 203 , and 204 : however the tren d wells in 206 and 207 is more ENE.

Bedding dip is relatively high in wells 20 I-204 (roughly 19 degrees), however less steep in wells 206 and 207 (roug hly

9 degrees) . Although scour cuts are present , there are rare ly large clasts at the base of the scours. Cross-b edding is not

comm only seen in this data, a lthough locally present. Internal sand bed deposition, along with bedd ing, is interpreted to

be more stable in well s 20 1-204, yet more dispersed in wells 206-207. Sort ing within the conglom erates is typ ically

very poor. In add ition, clasts appear poorly rounded on the Flvll, reflect ing a sho rt distance of transport . Fossi ls are not

noted, however there is some evidence of local bioturbat ion. Local caliche hor izons are seen in wel ls 203-207. All of

these features indicate a setting where deposition is very rapid and subsidence is keep ing up with deposition.
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W2 01

Well 20 I cont a ins occ as ional con glomerates mi xed with horizonta lly layere d san d and shale. Average bedding d ips to

the eas t at 17.83 degrees. Fractures are stee ply dip ping (average 70.5 degrees) and strike N-S .

Bedding
Intern al San d
Scour
Deformation
Fracture

Ave rage Dip Set Attributes
True Dip

17.83
15.02
23.16
19.73
70.48

W202

True Azimuth
61 .79
91.19
122 .93
99. 39

269.47

Ap parent D ip
19.07
15.97
23.56
20.64
69.5 8

App aren t Azimu th
60.8

88.18
120.3 1
96.76

269 .7 1

Well 202 co ntains some rare cha nnel san ds and typ ical fining upward sequences . Soft sediment deformat ion is common .

Average bedding dips to the east at 18.42 degrees . Fractures are again high angle (63 degrees) and strike N-S. Some

pos sib le drill ing-ind uc ed fracture s are picked whi ch strike NW-SE . A single fault has been picked in th is well wi th a d ip

of 40.82 and azimuth of 104.77.

Beddin g
Intern al Sa nd
Scour
Cross-bed
De formation
Fractu re
Healed Fracture
Fau lt

Average Di p Set Attributes
Tru e Dip

18.42
21.7 6
21.47
15.86
44 .83
63.1 8
67 .5

40 .82

pr o-onlysappendix'd-Ldoc
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True Azimuth
85.83
75 .24
121.7 6
110.08
119.7 1
25 3.36
338.08
104.77

Apparent Dip
17. 13
19.58
20.1
13.4 1
43.6

64. 37
68.22
39.52

Appare nt Azimuth
86 .6 1
74.2 9
122. 53
116.2

119.82
1 53.35
336.94
105.76
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W2 03

We I! 203 shows more th ick sa nds with fining upward sequ ences. Average bedding for the well is 2 1.88 at an 86.27

degree azimuth. The fracture pattern in this ho le is mo re widely dispersed, wh en viewing the ent ire well. With in a

particular zone however, the fracture patterns appear more regular .

Bedd ing
Internal Sand
Scour
Cross -bed
Deformation
Fract ure
Ile aled Fracture

Average Dip Set Attrib ut es
True Dip

21.88
20.3

26.63
2 1.8

37.69
64.2 4
51 .67

W 204

True Azimuth
86.27

85
8 1.94
132.45
91.45

269 .99
18.98

Apparent Dip
19.4

[S.83
24.53
21.57
35 .31
65.45
50 .43

Apparent Azimuth
93.48
89.3 9
84 .32
139. 1
95.45

269.28
17.86

Well 204 contains fl uvial and debris now deposits. A large permeabl e zone is interpret ed from 90-97 feel based on the

low gamma-ray. Howev er. resist ive colors (dar k) are seen on the sca led image. Internally this feature is a channel sa n d

with a fining upwa rd sequenc e. Bedding d ips due East with an av erage dip of22.39 degrees. Fractures are high an gle

and strike ei th er N-S or E-W.

Bedd ing
Interna l Sand
Sco ur
Cross-bed
Deformation
Fracture

,\ verage Dip Set Attri butes
True Dip

72.39
22.38
29.83
22.28
32.65
59 .56

W 206

True Azim uth
89.08
86. 16
98.2 1
72.41

138.64
235.66

Apparent Dip
2 1.09
2 1.47
29 . 11
2 U6
32.2:2
59.56

Apparent Azimuth
89. 17
85.73
98 .07
7 1.9 1
138 .63
235.89

Interpreted sheet flood cong lome ra tes are common in well 206. Internal sand de posits are mor e random in d irect ion th an

in prev ious wells. Bedd ing d ip is much lower than seen in we lls 201-204, and the bedding d ips to the ENE. Fractures

are aga in random, but strike dom inan tly W-E. A few microfa ults are noted with an average dip of62 degrees and stri ke

WNW-ESE
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229 .07

Apparent Azimuth
117. 11
112.29
84.87
2 7. 12
186 .65
165.84
322 .0 1
138.44
351.8

Appare nt Dip
9.33
13.06
20 .62
17.51
47.34
65.26
52.34
62 .2
81.3

229.6

True Azimuth
104 .89
102 .25
78. 17
23 .54
186.46
165.57
324 .64
138.36
351.83

79.4

Average Dip Se t Att r ib utes
Trut: Dip

9. 16
14. 17
21.33
19.8

47.17
66.07
56.64
61.8
84.48

Bedding
Internal Sand
Sc our
Cross-bed
Deformation
Frac ture
Heale d Fra cture
Micro Fault
Drilling- Induced
Breakout
Drilling-Induced
Fracture

\\"1 07

Well 20 7 con ta ins fining upward con glomerates along with sheetflood depos its. A couple of large clasts are noted.

indicati ng episodic massive depos ition . Ave rag e bedding is 10 degree s to the ENE. Fractures are very random, as seen

by the stereone t logs .

Bedding
internal Sand
Scou r
Cross-bed
Deformation
Fract ure
Drilling Ind .
Fracture

Average Dip Se t Att ri bu tes
True Dip

10. 11
14.4 7

17-2
32.2 1
31. 64
59.03
80A I

True Azimuth
54.98
83.5 7
54.94
47.5 7
117.6

20 7.63
159.42

Apparent Dip
9.44
14.89
16.4 7
J 1.75
J 1.63
59 .41
80.53

Apparent Azimuth
55 .06
88.03
54.93
47.0 7
117.83
20 7.82
159.57
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Panel Diagrams
are included in the attached map tube.



Appendix 0 -3

Descriptions of Tracks how n on Panel D iagra ms Track I :

Hole size was measured usin" a 3-ann cal iper by CO LOG . Also shown is HCAL. the hole d iame ter obtained from the

extensi on of the ba king ann used to ecc en ter the PE X logging sonde. The :i-arm caliper is much m ore se ns itive to ho le

enlarg ements associated with fractures . Th is serves two purposes. First, it provides information on fracture severity, and

sec ond, it ide nt ifies sec ions in which the oth er logs are affe cted by ho le enlarge ment.

Track 2:

U is the prod uct o f logged de nsity (RHO) and photoelectr ic facto r (PEF). US is the product of PEF S an d RHOS, the hig h

resolution cu rves, and U is the product of RHOZ and PEFZ, the stan dard reso lution data. US has s lightly greater ve rtical

resolution and, there fo re, pro vides bett er bed boundary defi n ition, but is more sens itive to hole size changes associ ated

with fractures. Because both gra in de ns ity and atomic number <Ire higher in clays, micas, and mafic m ine rals than for

quartz and feld spar , U is an excellent "clay indicator" ,

T rack 3 :

Reprocessed son ic dat a <Ire shown in this trac k, with slowness increasin g linearly from right to left ( ve locities in rcas jng

to the right). 1.9 ' OT CO is plotted to allo w visual estimation of the shear to compress ional veloci ty ratio , wh ich has an

app roximate mean value overall of 1.9. Values to the left of OTS:'-! indica te lower V 'Vs; values to the right ind icate

higher Vp/Vs. OTSM (shear s lowness) and OT T ( toneley-wave slowness) are plotted without resca ling. Lighter

colors and thinner lines are plo ted where cohere nce is lower . The cohe rence cuto ff! ar e 0.9 fo r Stone ley, 0.7 for

compress ional, and O..t for shear wave data, The da ta were smoothed prior to release by Schlu rnbe rge r.

Track -I:

This trac k shows a number of curves whic h are related to various measures of porosity. Density po rosity (DP! lZ. norm a l

resolution and OPHS< shaded>, high reso lution) is computed from bu lk dens ity assu ming a gra in de nsity of2 .7 1

gm /crrr', Porosi ty from the CMR so nde (CMRP) is also plott ed and shaded in this track. It has not been ed ited to remove

intervals wh ere washouts cause erroneously large values. Neutron porosity curves with high (HN PO) and normal 1
11'1,/1)

resolution d isp layed in th is track respond ma inly to hyd rogen associated with lays and minera l surfaces . Lower va lue s

of dens ity po rosity than neutron porosity are associat d with highe r clay content , largely be ause or this effect.

Trac k 5:

Photoelectr ic fa ctor is measured by the PEX tool. Th is va lue is relat ed to the mean atomic numbe r of elements in the

formation. PEFZ (normal reso lut ion) and PEFS (h igh reso lut ion) are genera lly s imilar except for the greater vertica l
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resolution of PEFS, and within zones of hole enlargement where PEFS va lues are too low. Quartz has a lower PEF than

other min eral s. so lower values of PEF are generally found in "sands" .

Track 6:

Resist iv ity me asu reme nts were obtained by the AIT and by the PEX too l. Two AIT cu rves are plo tted here along with

RXOZ, the normal resolut ion " flushed zone" resistivity . If there is no variation in resistivity with d istance from the

borehole and if the curves are not affected by ho le size, all three curves should be identica l. The primary con ductive

elements in these rocks are pore flu ids and clays. Because pore fluids here have low conductance, more clay-rich and

finer-gra ined intervals generally have lower resistivity than "sands" .

Track 7:

Densi ty ob ta ined from the PEX tool is plotted here . High (RHOS) and norm al (RHOZ) resolution data are shown. As

with the other P EX measuremen ts, higher resolution data is better for bed defin ition but is more sen sitive to ho le

enlargemen ts associated wi th fractures. Density in these rocks is primari ly controlled by porosity , w hich ma kes the

density tool the best overall single - log measure of porosity. Even better prec ision can be obt ained by com bin ing the

dens ity log with the CMR poros ity.

Track 8

Although N GT records a number of addi tiona l data, only SGR (standa rd gam ma ray) and CGR (co mputed gamma ray .

the intensity of radiation associ ated with potass ium and thor ium decay series ) are d isplayed here. High gamma act ivity is

genera lly associated with clays. CGR is considered to be a better ind icator of clay minera l volume than SGR because it

does not respond to uranium. These curves are insensitive to hole size or roughness.

Track 9

Seismic travel time dis played in this track was compute d by integrating the reprocessed DTCO data . It corr esponds to

the re lat ive time at which a refl ection from a given depth would appe ar in a se ismic section.

Track 10

Stoneley -wave reflectivity calculated by Schlu rnber ger increases in intervals of hole enlargement or increased wall

roughness and where permeable featu res intersect the borehole . The dara plotted here has not been ed ited to remo ve

reflec tions associa ted with hole size increases, so large values can at best be only qualitative ly related tv pe rmeab le

fractures .
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T ra ck 11

Porosity com puted using ELAN and perm eability determin ed from crvrR data are plotted in this track. Whe re two ELAN

pass es we re made, two porosity curv es are presented. CMR perm eab ility, planed on a linear scale increas ing from righ t

to left, has not been edi ted to remove intervals where washo uts affect the data.

Trac k 12

Log-de rived lithology was obtained from ELAN witho ut the use of the ECS data (see Appendix D-l ). The width of each

shaded interval corresponds to the volume associated with the given mineral. Th e unshaded portion at the right-hand

edge is the porosity which was replotte d in Track I I. Because the logs used in th is ana lys is are not sen sitive to the

differenc e between quartz and the predominant feldspar, this rat io was fixed for purposes of display.

T rack 123

Log-derived litho logy in this track was determined with ELAN using ECS results in addition to the other logs (see

Ap pend ix D-l ) .

T rack 13

This track is a litho logic column prepared using the BIPS data to detect bed boundar ies and identify geo logic attributes .

Gamma and FM l data was used to furth er refine the results. The process is descr ibed in more detail in Section 4-2 .

T ra ck 14

The S IPS da ta is presen ted in this track at a grea tly redu ced scale relative to its resolving power, as an unwrapped (N-E­

S-W-N) image of the inside of the borehole . The dark band which win ds around the borehole is a shadow cast by the

light source.

T rack 15

Orientations of fractures detected in the BIPS data are displayed here using a " tadpole" plot. Dip angle is plotted using a

linear scale from zero to ninety degrees; dip az imuth is drawn as a "tail" whi ch projects in the down dip d irection

measured clockwise from north defined as up in the plot, from the "head" of the tadpole. Each frac ture is plotted at its

midpoint dep th.
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T rack 16

Lines ar c planed in th is track every foot whose length is prop orti onal to the number of fractures in the one-toot interva l

surrounding the plotted depth .

Track 17

The length of the lines in this track is propo rtional to the sum of the ape rtures 0 f frac tures within the one -toot inte rva l as

measured on the l3lPS images.

Track 18

Temperature log recorded with the downgoing amb ien t FEC log obtained during HpLTl-1data co llect ion .

T rack 19

FEC (fluid electrica l conduct ivity) recorded at the start o f HpLTMlogg ing and pr ior to replacement of the flu id in the

borehole with de ionized water. Beca use these we lls have been dri lled and evacuated, sometimes severa l times, the FEe

profile does not necessarily repr esent the profile o f pore fluid conductivity in the rock surrounding the we ll.

Track 20

Summ ary of the results of HpU~1 logg ing includes a se lection of the FEe profiles conducted during the ac tive pumpin g

phase o f the test, and bars which represent on a log scale the interval specific hydraulic conduct ivitie s obta ined by

COLOG from a forward model for the respon se of the well to pump ing.

T ra ck 21

Transmi ss ivities d isplayed in th is track were computed over the interva ls isolated us ing packers during long-term fl uid

drawdown tests. In some cases models of the respon se allowed determination of the transmissivities of both an inner and

an outer zon e around the borehole.
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Appendix E Fracture Analysis

Fracture Analysis Comparison

Three different me thods were used to acquire fracture data dur ing the GM - I pilot study. These incl uded ana lysis of

recovered core and the analysis of both optical and electrical wellbore image data. There are impo rtant differences

in these techniques that are outlined in sect ions 3.3.4, 3.4.2.2 and 3.4 .2.7 o f th is report. There are also difference s in

the analys is and interpretat ions procedures used to detect and measure fractures using these methods. Further, these

three types of data analyses were comp leted independently for the GM-I study to prov ide unbi ased data for a

com parative study of the methods.

Examples of the orientation and classification of fracture pop ulatio ns measured in dri llho le W205CH 1 from

electr ica l. op tical and core ana lysis are presented in the Fracture Analysis Comparison Figure. T h is figu re compares

the different fracture detection and ana lys is techniqu es used in the GM- l pilot program over the interva ls 130 to

145 feet. 275 to 290 feet. and 630 to 6-10 feet wh ich represent typical data from the analysis of planar feat ures in this

study. Column (a) shows interva ls of W205C H I whe re stratigraph ic dips were measured from electrical image data.

The red tadpole symbo ls indica te the orientation of internal bedding fabric whe reas black represents bed bou ndaries.

Column (b) shows the correspond ing interval of fractu re planes picked fro m the electrical image data. Bot h bedd ing

para lle l and non-bedding paralle l fractures measured in the opt ical image data are shown in co lumn (c). The depth

offset in the measured fractures is due to a known 1.5 feet depth mismatch be tween the electr ica l and opt ical image

logging runs, It is recommen ded for follow-on studies that such dep th discrepancies be iden tifie d and corrected

before the start of the dat a analysis.

The open tadpoles in column (c) represent frac tures that ap pear to be open in the opti cal image data . The "open"

classificat ion is interpretive and not an indicatio n of the hyd rologic importance of these fractures. The hydro logic

importance of planar feature s observed in any wellbore image data can only be eval uated by hydrologic test ing.

Co mparison of column s (a) and (c) shows that the popu lation of bedding pa rallel feature s dete cted in the opti cal

image data is represented by the popu lation of the bed ding fabr ic and bed con tacts measured in the electrica l image

da til. Low ang le features are more poorly oriented in image data because it is more difficult to unique ly measure the

orientation of sha llow dipping fractures. and thus the dip directio n and magni tude are not ide ntical. Higher ang le

frac ture s detected in the electrical imag e data generally corr espond well with higher angle fracture s measured in the

optica l imag e data (e.g. column s (b) and (c) .

Co lumn (d) shows fractures detected in core over the intervals 130 to 145 feet and 275 to 230 feet. Tile red and

black symbo ls ind icate mineralized and non-min eralized fractu res respectively. The red tadpole symbols in column

(c ) represent fract ures that app ear to be minera lized in the optica l image data; these generally co rrespond to the

mineralized fractu res detected in core. These data segmen ts a lso show that electri ca l imaging reso lved most
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Appendix E Fracture Analysis

mineralized frac tures det ected in the optical image da ta and ore but somewhat i wer ofthe frac ture- that were

interpreted :IS open in the optica l image data .

From this comparison it is apparent that each method used 10 d teet and measure fractu res produ es somewhat

di fferen t results. How ever, the overall structura l trends of the frac tures and strata are quite sim ilar for bot h imagi ng

meth ods . .... Iany o f the differen ces betw een the meth ods arc due to differences in the d isplay and ana lyst tools used

to interpret the data. Differences in the classificat ion of planar features may also be the resul t of d ifferent

interpretatio ns of these features by the ana lysts .
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Figure 4.2 : Summary of Head Data for Borehole W20 3ARI

•
19D

+
1" 0

:J
eJ)

«
:S
~ 90
c:
Q).....
E....
l/)
Q)

40I-....
0.....
c:
'0
0-
U

~ · 10

·GO

240239238237236235234233232231
· 1 10 t--- - -,---- - --i- - - -+- ---+- - - -..,..- - - -.-- - - -+-- - - ...J-- - - ""'-- - --l

230

Stati c Fr oshwater Head [ft ASL]



190

Figu re 4-3: Summary of Head Data for Borehole W205ARI
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Figure 4-4 : Summary of Head Data for Bo rehole W207ARI
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T:thle II -I. Fi eld Para met er Resul ts for Time Se r ies Pl ots W ell ' ''20 AR 1

}.;CLLRWDF

Wake Co unty, North Ca rol ina

Fie ld Param eter

ample Descript ion

W2 0 ARI /67.S-i7.9

W2 07.-\R I/67..5-7 .9

V207AR li67.S-n 9
W207ARI /67 .5-77. 9

W20 AR I/67.5- 77.9

\\'"20 ARI /67 .5- 77.9

t.V_07A R I/67. 5-77.9

W207AR 1/67.5-77.9

W207A R 1/67.5-77.9
W207AR lI6 7.5-77.9

W20 7AR I/67.:-77.Q

W~07ARI /67 . - - 7.9

W207AR 1/67 . --77 .9

W207AR 1/67.: -77.9

W207 A R 1/67.5-77 .9

\V20 7A R 1/67.: -77.9

W20 7AR 1/67.'::-77.9

W207AR 1/67.5-77.9

W207AR 1/67.: -7 7.9

W207AR li67.:-77 .9

\\ .:.07ARI /67.:-Ti .9

W207AR 1/67.5- 77 .9

\V207AR 1/67.5-77 .9

W207AR li6 .5-77 .9

WZ07AR 1/67.5- i7 .9

\\'20 AR l f67. --77.9

W20 7AR 1/67 .5-7 7.9

\\'207AR 1/67.5- 77. 9

W207 AR 1/67.5-7 7.9

\V207ARJ I67.5 · 7L

W207 A R 1/67.5-7";.9

\\'2 07AR 1/6t.: -77.9

W201AR 1/67 .5-' 1.9

W207 AR I/6";.: -71.9

W207:\ R I /67.5-77.9

W2 07.-\R 1/67.5-77.9

W20 7A R l/67.5- 7.9

pro-onl...sforma tbtvtpp -}:xls

j (J/j / 97 11 ·08 AM

Samp le

Date

511 1/97

5 ' 11, 97

5l1 U97
5/ 11/97

5/1[/97
5/1 L 7

5111; 97

5/1 1 7

5/ 1!/9 7

SI l l '97

: ' 11;91

Si l l 7

51\ 1197

511 1;97

5/ 11 9 7

5 i 11 9";

5
'
11 9 7

5/1 1.97

51 1197

Sil l 97

511 1'9 7

5/11/97
SIl I !97

5/i 1/9 7

5/ 11 ,97

5111;97

5/1 1/97

5111197

5111'97

5 ' 11.97

5/ 11.9 7

5/1 1.97

5 ' 11 9 7

5!1 1. 97

5f l 1 97

511 1/97

511 1197

Sam ple

Time
12: -0

1-1- :34

14:42

14 :45

14:4 7

15:0S

15:10

15:12

15: 14

15: 1

15:18
1: :20

15:22

15:24
I - ..... -

1s.z
15:30

15:32

15:34

15:36

15:38

15:40

15:42

15:4.1

15:46

15:-1 S

15:50

15:52

15:54

J -::5 6

15:58

16:00

16:0:5
16:-. :

16:: 0

16:55

17:00

pH
7.5S

7.76

7.5S

7.55
1.57

7.6 2

7.68

7.6 7

7.65

7.64

1.63
i .6-l

1.64

1.6~

i .67

7.66

7.67

7.67

7.68

7.68

1.69
7.7 1

7.71

7.7 1

7.73

7.74

7.75

7.75

7.76
7.77

7 78

- ..,
I . U ":"

- 9

7.90

7.9 1

Temp
(DC)

19_

?\'R
16.9

16.9

16.9

NR
IS.9

IS .3

IS .3

18.0

17.S

li .9

17.9

IS .O

17.9

17.9

17.7

17.7

17.9

i 7.9

17.9

17.9

17.8

17.8

17.8
17.8

17.8

17.9

17.8

17.9

17.9

17.9

17.9

17.9

17.9

17.9

17.9

Sp ec ific

Conductance

( Il S)

1345

NR
258 0

24 80

2 550

25 40

2570

262 0

26 10

26 10

2600

2 580

2570

~ 55 0

_53 0

_52 0

2490

2480

2450

242 0

2 ' 10

2390

2370

2350

2320
2290

228 0

2260

2250

2_30

2210
2200

21:0
1936

191 5

1908
189S

Pumping

Rate

(gprn)

NA
1.07

1.07

1.07

1.07

0 ,45

OAO
0,30

0 .40

0 .40

0. ':0

0 .40

OAO
OAO
0 .40

0040
0..10
0.40

0.40

0..10

DAD
0 040

0.'10

OAO
0 .40

0..10
0.40
0.'10
0.40

0 .40

OAO
0..10
0.'10
0 .40

OAO
0.40

0.'10

Tota l

Water

Pumped

(ga l)
o

2 .1

10.7

13.9

16 . 1

17.0

1 .8

ISA

19 .2

20 .0

20.8

21.6

22..1
23.2

24 .0

2

25.6

26 .4

-'.2
2 S.0

28.S

29.6

30.4

3 1.2

32 .0
32.8

33.6

34.4
3 - .2

36.0

36.8

"7.6

39.6
5~ _:

57.5

59.5

61.5

Page I o f2



Tabl e H-I. Field Parameter Results for Time Series Plots Well W207ARI

NC LLRWDF

Wake County. 1 o rth Carolina

Field Parameter

Tota l
Specific Pumping Water

Sample Sample Temp Conductance Rate Pumped

Sample Descr iption Date T ime pH e C) (~lS ) (gpm) (gal)

W207 ARli67.5-77 .9 5/1 1/97 17: I8 7.93 17.9 1845 0040 68 .7

W207ARI1I 53 5!l1/97 16:55 8.02 16.6 1573 NR 15

W20 7ARI / 153 511 2/97 17:00 8. 19 16.8 1474 NR 30

W20 7AR II15 3 5/ 12/97 17:05 8.28 16.6 1454 NR 45

W20 7AR I! 153 : /12/97 17:10 8.3 1 16.8 146 1 NR 60

W207AR I/1 53 5/ 12197 17:15 8.3 1 16.7 1472 NR 75

\V207 ARl /153 s/ 12/97 17:25 8.29 16.7 1500 NR 91

W207 AR lI I53 5/ 12/97 17:30 8.29 16.7 1517 NR 104

W207AR1/15 3 5/12/9 7 17:35 8.29 16.7 1539 NR 138

W20 7ARI!l 53 5/12 /97 17:45 8.3l 16.7 1545 NR 170

NA - NOI Applicable

:'-" R . NOI Recorded

"C- Degrees Centigrade

IlS - ~l i crosicms or rnicromhos

gal- Gallons of water produced total

gprn - Gallons per minute

p ro-only\[orma tbh -4pp-h .xis

10/3197 II .OS A.\f
Page2of2



T able B-2. Fi eld P arameter R esults for Time S eries Plots 'Veil W205ARI

NCLLRWDF

\\ ake County, North Caro lina

Ficld Parameter
T otal

Specifi c Wate r
Sample Sam ple Temp Conductance Pumped

Samplc Descri pti on Date Timc pH ("C) (m S) (ga l)

\V205AR I/ 118. 1-139. 1 5/16/97 12: IS 8.6 1 18.4- 166 3
\V205AR11l45. I8 -166 5/16/97 15:-l7 8.8 1 17.6 26 1 9
\V205AR IIl45. IS- 166 511 6/97 15:54 8.27 16.6 804 3 1
\V205.~ 1 / 1 45 . IS-1 66 511 6/97 15:57 8.29 16.7 794 36
\V205ARIIl 45 . IS-166 511 6/97 15:59 8.3 1 16.8 796 39
\V205.~11145. 18- 166 5/ 16/97 16:0 1 :UO 16.9 7S0 4 9
\V205ARlI I45. IS-1 66 511 6/97 16:06 8.25 16.9 777 71
\V20 5ARlI I45. 18- 166 5/16/97 16: 11 8.29 16.9 77 1 8~, ,)

\V205.~11 1 45. IS- 1 66 511 6/97 16:16 8.27 16.9 77 1 102
W205 .~li I 45. 1 8 - 1 66 5/16/97 16:21 8.29 16.9 77 1 lI S

\V205.~11145 . 18-1 66 511 6/97 16:27 8.28 17.0 767 136

\V205.~ 11l 4 S . I 8 - 1 66 -11 6/97 16:31 8.25 1 .0 767 149

\V20S.~1 / 145 . IS-1 66 5/16/97 16:36 8.25 17.0 764 172

\V205.~liP5 . 1 8 - 1 66 511 6/97 16: --l 8.25 17.0 759 221

\V20S .~li I 45 . IS- 1 66 5116/97 17:00 8.25 17.0 75 24 7

W20SARlI I45. 13-166 5/ 16/97 17: 10 8.32 17.0 755· 26S

\V20S.~1I 1 -l5 . 13-1 6G 511 6197 17: 15 3.28 17.0 754 n s

W205.~1I1 48 . 2 - 1 69.2 51l6/97 18:30 8.29 16.9 757 36

W20 5AR I/ 148 .2- 169.2 5/ 16/97 18:44 8.27 17.6 763 94

\V205AR IIl48 .2- 169.2 51l6/97 18:55 3.27 16.8 743 166

\v205AR1I148.2 -I G9.2 511 6/97 1'):00 3.23 16.S 737 2 1G

W205AR 1/1 48.2- 169.2 511 6/97 19:09 8.23 16.5 737 275

W205AR 111 48.2-169.2 5116/97 1\!:2 1 8.2 1 16.5 736 373

W205ARI /14 8.2 -169.2 511 6/97 1 9 : ~ 0 S.20 16.5 73~ 44 7

W205.~ 1 1l 4 S.2- 1 69.2 SI16/97 19:4 1 8. IS 16.4 732 521

W205AR 11l 4S .2-169.2 5/16/9 7 19:52 S.16 16.2 728 Gn
W205.~ 1 11 4S . 2 - 1 69.2 5/16/97 20:01 8.21 16.3 730 664

W205.~ I I1 '+S . 2 - 1 69 . 2 SI16/97 20: 13 8 20 16 .2 730 S07

\V205..\ R I/ 14S.2-169.2 S/16/97 20:26 8.20 16. 1 729 8S4

W20S .~ 1 11 4S .2 -1 69.2 5/1 6/97 20:::6 8.23 16.3 730 93.+

W205AR lil48 .2- 169.2 S116/97 20 :41 8.29 16.3 730 N"R
\V20S...\.R 111-+8 .2-169.2 511 >/97 20:.50 8.24 16.2 731 109S

W205ARlII -l ' .2- 169.2 511 M97 2 1:10 S.25 16.2 732 1259

W205:\Rl I148 .2- 169.2 5/16/97 21 :1 ~ 8.15 16.0 726 1~,~

W205AR 11148.2- 169.2 5/ 16/97 2 1:32 S.23 16.2 730 1.+-t3

W205ARl I262 .88 -283.SS 5/18/97 09 :33 8.97 19. 1 S67

\V205ARlI262 .88-283.88 511 Sf97 09 :3S 8.87 17.5 653 :5

\V205.~ 11262 .S8-2 S 3 .8 8 5118/97 09:37 8.80 17.2 65 5 8

W205 .~11262 .SS-2 S3 . S S 511 8/97 09:·W 8.78 17.2 650 13

pro-on ly'[ormatbl'App- a.xls
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Table H-2 . Field Parameter R ~ ults for T ime er ies Plots W ell W205:\RI

NCLLRWDF
Wake County, North Carolina

Field Parameter

Sample Desaiprion
W105ARI!262 .SS-2 - .SS

W205AR I!2 6 2.SS-28J . S

W205ARI /1 62.8S-28 3.SS

W20 5AR I!26G.8S-2S7 .SS
W205ARI1266 .S8-287.S8

\V20 5A.Rl!266 .S -2 87.88
W20 5AJH . 66 .8 ' -2 87.88

W205AR.l1266 .8S-28 7.SS

w205AR 1/1 66 . S-2 7.8S

\V205.-\R l f. 66. 8-28/.'
\V20 5AR 1I2(,(iR5;-2 ,. 7 . ~

W:W-.-\R11266.SS-2 7.8 '

\V205AR Ii2 66 .8S-2l:>7.S8

W205AR I1266 .S:-; -28 7.8S
\\'20 -ARI /266 .3S-28 7.88

\V205ARI J jo.S ' -287 .38

\\·2 0 5:\ ..JU ' . 66. ' -2S7. ~ .:'

W20':- ..-\R I I266 . ' ,' -2 ';. "
W20':-.-\R11-66., 8 - 2:7.~

W.05A.RJ /266. , -2 '7 .8

W205AR II266 ' 8-2: 7., S

W205 ARI!2 66 .S, · 28 7.S3

\\'205A.R 11266 .SS-2S7 .S3

\V205 AR 1/26 6.38-2:-; 7.83

\V205 .-\R1/2 66 .::;:-; -28 7.88

W2 05 A RI .:.66 .83 -23 7 S8

\V205 ..-\R I(260. 88-28 7 "

\V205 AR I/2 66., S-28i.
W20 SAR1!266. '-287 .88

W. 05A.R.l1166 .S ' -28 7.8

W20 ':- ,-\R 1/266. 8-287 . S
\V205 AR li2G6 .SS-287.8

W20 5AR I IJ{ 1-71 ­

\\'205ARI I3UI-7 15

\V10 - .-\RL -,0 i-ns
\V205.~~~ 1 0 1-7 1'

W205ARl f301 -715
W205.~.R i/30 1-,1 5

W205ARI f301-/ 15
W205.-\R I J OI-7I5

pro.oHiy ipJr nw cbI1.A.pp-h.x!.\

I fl'3i 9j t t ' OJ ..~\ f

Sample

Date
-Il SJ97

5/ 18/97

5/ 18!97

5/ 18/97
"/18/97

"/18 /97

5/ 18/97
' / 1 ' /97
-118/97
- j) 8/97

-II S/97

-/l Si97

"/18/97
-/18/9,

5/1 8/97
.-/lSf97
5/lS/9 7

5/ 1.' / 7
-/I 3/9 7

5/ 18/97
511 8r<)7
511 8/97
51l8/97
5/18197
5/18/97

5/1 8/9 7
"/1 8/97
-/18197
5/ 1g , 7

5/1 8/97

: 118/97
-/18/97

S1l7!9i
"/1719 7

5/ 17/97
5/1 7197

5/17/97
-/ 17/91

.11 7/97

5117/97

Sample
Time
09: -\. 5

09:52
09:57
11:0 3
11:06

11:08

11:10

II :13
11:20

11:25
I I ' ~ O

11:35
11:-\.0

I I :-n
I I:55
12:00
12.06

12: II
L I 5
12:. 0
12:25
1 2 :~ O

12:35
12:40

12:-\.5
12:':- 2
12:58
1' :00
13: 1.5
13:20

13:25
I ~ : ~ O

17:5 "

1i :59
18:01

I 3
1 :0 5

1: :39
18:-\.2
18:olol

pH
' .72

S.14

SIO
S.D
S.IO
3. 10

. 10
S 12

S.IO

0:1
ST
' . 17

8. 17
8.27

s.so
.30

8.3 ­

8..3:

8.3 7

8.35
8.3 1
s.so
.36
.- I

' .39
8 -10

8.3-1
8. ~ 6

s.u
8.71

.S9

7.98

.37
SA;

Temp
roC)
17.4

17.3
17.-1
18.9

17.3
17.2

17.2

17.3
I7 A
17.5
17.5

17.6

18.2
17.5

1/.5

17.-+
17A

11.5
17. ­

1/ .6
17.5

17.7

17.6
17.5

17.7

17.7

18.2

17.7
17.6

17.7

17.. 5
17.5

19. 1

17.9

17.9
17.5

1 .-1

17.

17.-\.
I -

Specific

Conductan ~

(mS)
6 -7

199
SO-\.
8 1-l
798

795
790l
794

822
80 .

792

79 1
78-1

730

7r
i73
769
, 69
76

770

76

76 9
767

765

765

760l
763

763
763
760l
76 1

762

568

561

566
: 72
511

70

592
5 2

Total

Water
Pumped

(zal)

23
35
42

3
10

13
16
22

37
-l6
59
68
77
9 1

107

117

131
u o
l olS
158

167

178
137
198
209
221

230l
25 3

267
282
28 9

298

32

52
6 1
72

82
108
ll -l

123
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T a ble H-2. Field Pa rameter Results for Ti me Series Plot s W ell W 20SARI

NCL LR\VDF
Wake County. North Carolina

Field Parameter
Total

Specific Wate r
Sample Sample Temp Conductance Pumped

Sam ple Description Date Time pH ("C) (mS) ( gal)

W20SAR lf30 1-7 1:5 5/17 /9 7 18 :47 8'S 2 17.':- 60 1 13 1
W20 SAR lfJ OI-7IS 5/1 7/97 ISA 9 8.5S 17.5 605 143
W20 SAR I130 1-7 1S SIl 7N 7 18 :.5 '+ 8.56 17.7 6 19 16 7
W20 SAR IIJOI -71S S1l 7!97 IS:59 8.57 17.6 62 1 195
W 20 SAR I/30 1-7 1S S1l7!')1 19 :04 8.59 !j.6 63 -+ 216
W20SAR lfJO 1-715 5/1 7/91 19:09 8.9 -+ 17.4 M8 24 7

\V20 SAR W OI -7I 5 S1l7/97 19:13 S.9G 17.5 653 272
W20SAR 1!30 1-715 SIl7/'), 19.2S 8.91 17.--1 669 ' 7 "'.1 ~J

W20 SAR I130 1-7 15 51l 7i97 19:30 9.00 17.-+ 673 3-+6
W205AR IIJ OJ -7 15 5117/97 19:37 8.99 17.4 67S 384

\V205AR ln Ol -, 15 5/ 17/97 19:--l 5 9 DO 17...! 6 '4 .+ 17
W20.5AR IIJ O1-7 15 5!l 7/97 19:51 9.0-+ 17.3 GSS 453
W20 S:\RI130 1-7 15 5117/97 19:56 9.06 17.3 690 1~[

'"t J \ )

W205 ARl/30 1-7 15 S1l7/91 20 :0 1 9.0 S 17.3 69 1 50 2

W205...... R I1301 -7 15 5111191 20 :0 7 9. 10 17.3 69 3 534

\V205:\R I1301 -7 15 5/17 /97 20 :1 1 9. 12 17.2 69-+ .54 7

W205AR 1130 1-7 1S 5/ 17/97 20 : 16 9. 13 17 .3 695 5 78

W20SAR 1!30 1-7 I S 5fl 7/97 20:23 9. 16 17.2 696 6 1 I

W 205AR I!30 1-7 15 Sf! 1/97 20 :30 9. 1S 17.2 696 63 7

W205AR liJO 1-715 511 7/97 20:35 9.2 1 17.3 6% 666

\V205:\R Ii30 1-7 15 51l7 /97 20 :36 9.23 17.3 69 8 677

\V205AR II3 13-r --l 51l7N 7 1--I :S9 8..56 17.3 88 2 6

W20SAR 1/3 13- 33·1 5117/97 1.5 :0 1 S.69 17.3 857 S
\1./205 :\1<.113 1 3 -3 3 ~ 5/1719, 15:0 3 I) .OS 17.5 7X2 11

W20SAR II3 I' -] 3--1 5/17/91 15:06 8.79 17 A 7 13 IS

\v205AR 1/3 13- 334 51\7/97 15:0S 9.2-1 17.4 69 1 17

W20.5AR I13! - -334 51[7/97 15: 11 8.79 17. 1 616 24

W205AR I1313-334 5117/97 15: 13 S.70 17.2 585 28
\V20 5:\R 1!313 -33 4 -117/97 [ .5 : 15 S.7-1 17.3 553 - 1.1 _

\V205AR I1313-33 -t 511 7/97 1.5 : 17 S.74 17. - .560 31

\V205AR l!3 I3-33 --l 5/ 17/97 [5 : 19 S.73 17.3 .56 1 39

W20.5:\ R li3 1J -33-l 5/17/9i 152 1 8.55 17.4 .5 ·6 4-+

~:A - ;:Qt A;:ph;;abIc

NR - ~",,' vt R;."C rued

lie~ D-:! i:'=cC's C-entig adc

~lS * \.i t",,,: csi :ms or rnicrcrnh os

£3i..G:sHop..<; of water rroe.u.:-eJ totnl

g:;m - G:slions pe r minute

prO-O-f"i iy ,/orm l1lbtApp-h ,.r LJ

i fJ,3J?; i I .os ..!..\! Page 3 of 3



T able H-3. Summ a ry of Data Qualifiers Based on Ch arge Calculati ons

NCLLRWDF
Wake County, North Carolina

1993 Grcl lfiuWal.:r Rc.'iull'i

\VIOMC13
wioucrs
WIIMC2S
WI IMC29
\\' 12!>!C24
W l 3MC 19
\V13MC20
W 1 ' D134

W 160W33

W1liOW37
W l 60 W3 9

W160 W-1 1
\VI60W·j·1
WI e O ;';" !

\V2DC-1

W2DC5
wnncr«
W3i DC9

\V32i\!C~ 1
W3i-f C4

W3MC6
\V·~ }' lC ~

\\' 4:. ! 3
\V52S\V26

W6SWSI
\V7MeS
W7rv1C9
WSt-IC !O
WSMC ll

\V9MC31
'.V9!v!C3 1

1995 Dr~tln;:F' ': Stud'" R':sU!L~

WI Or...JC13
Wl 0MC l'l
WI OMCI5
W I21vlC2.J
Wl 2MC25

W32M C4j

W33S\\ '13

W3j, lC4

W3MC5

\V3MC6
W52SW26

Sample Ds te

3/S"93

3i17/93
2/2 2/93

2122193
3f4f93

3"s/93
:; ,/93

2/23/93
2i2 3"93
2123193
2/23/93
2i23/93
7J23i93
3!lO!93

3/4 /93

3/1 1/93
3/9/93

3/8/93
3n19 3

3/ 10/93
319/93

2!l3!93
212-1 /93
31S19}

3;i 0/93
3ii O/93
3/i 1/93
2122/93
2/23/93
3rS/93

.311 0/93

7!l '95
7ll Sf95

7llS/95
7113/95
7/ i SN :

7!l ~ 95

7/1 '95
7/]8/95
711 8/95
7118/95
711 8/95

Toral Cations
(mcq /l )

1.09
7.'18

43.08
38 m;
53.24
75.54
43 09
9.21
15.-12
]2.27
8.89

8.30

15.49

7.71

3.75

3 99

7.39

22.21
7.40

256
SAtS

SUI
28 .07

55.GO
6S.T
31 .63

3.99

.., 9D

Ll 7
7.67

8 12
5 1.59

5S:jS
-Uj ,S

7...4

5 83
2.56
6.70
8.04

19 64

Total .Anions
(meq/l)

0.96
7.37

32 .14

3·1.51

: 6.69
7 7.22

47.99
9. 10

16.41
12.02
9.36

7.88

16.05
7 .40

3.29
7.10

21.,17

6 95

2.06

7.87

25.77
87.76

27.9·1

56.93
71.2 5

208 .96

3 8 1
3.90

11. 93
7.57

1.6 1
7.0

8.69
57 .53

62 32

776

6 .10

V l6

7.11
9.06

21.9 1

Char ge Bala nce

(%)

6.10%
0.75%
I ~t 5 5~/u

..L92~~

- 3 . 1 3":-~

-l.lO%
- 5 .3 S~~

CUi·;%

-3. ] 1%

1 06%
-1.62%

2.61%
- 1.7 %
2.0 ' r;.,0

9.fH7<­
1.93 1;

3. 18%

ill 75%

-1.80~-o

-73.711}0

~ 15 . 6S ~~

,10 1%

-3 . 3 5 ~b

-0 6 -;'~·':'

-2. t2'io
·1.S6~/(I

1075%

·2 .97~o

-5.95'rr.

Data
Qual ifi er

CUE

CBR

e BE

CBE

CBR

CDR

CBE

eBR

CBE
CBE

eBR

(BE
eBE

Page I of 6



T able 11-3. Summary of Data Qu alifiers Based on Char ge Calculations

NClLRWDF
Wake County, North Carolina

Sample Designa tion

W'6MC34

\V7?-.IC7
W 13ivlC1 9

W3 1DC IO

W3 1DC 9

WThl C8

WSOW99
W9MC31
\'/1 0 15W..:7

WI 03MC·I'l
WI 030W90
W1030W93
\'/ 1035WJ 29
W IO' 5W 50
WI 19SW52
W1 195W53

WI 10SW 56
W1 21SWSS

WI225 W62

\'1122SW 63

WI13MC45
W1235W69
\','1 245W"'6
Wil..1 S\V73

W 12 55W80

WI255 W82

W1 25 5W84

WI 255W86
W1155\VS9

WI 255W97
W I265W9..1
W1255W95

W J::.6S\'i96
W1265W99
W 127SW IO..J

W l2SSWI OS

W l30MC50
\V130SW 115

W131SW I22
W1325WI23
\\1132S\'112..1
W21Mcn

W215W113
WllSWl1 4
\,,'15SW'i'

\,\1315W17

pro-on ly'[o rmatbi'App-h.xl s
10/l .!I,}7 j Q: 17 ..{,"oJ

Total Cati ons Tow Anions Charge Balance
Sample Dale (meq/l ) (meq/l) (% )

7/18/95 2526 25.92 - 1.2 %

7!l '95 39.56 ~S. 1 5 -9 .7~" Q

7125/95 61.2·\ 67 .47 - LS4%

7f:.5 /95 6 .82 .- "'""l 4 .61 %o.z;

7/25/95 34 .93 36.72 -2.5 1%

7125/95 64 .48 69. 13 -3.5 1%

7/25/95 2..12 6 24 .56 -0 .62%

7t2 5/95 17. 1') 17.06 0.36%

l U I Sf!)5 44 .02 46.66 -2 . 90t;/~

I I/ IS/95 7.47 7.S2 -1 .26~/(}

11/ 1 195 7 11 3.9 1 28.99%

111l S/95 13.70 14 .5... -2.97%

1111 3/95 25.40 19 56 13.00 '7.

11118/95 22.03 23,55 -3 ~J5 ~1~

W IS/95 1:32 2.23 -2 5 . 6 3 ~o

111l 8!95 2.05 2.29 -5.6 1%

11/ 16/95 40 .3(, 44.67 -5.03%

11/ 13!95 30.S7 32 .6,,~ -2 .7S~'U

I lfl 6/95 1.92 10. tS -68.310/0

11116/95 17 80 31.47 -f' . ISi a

11li S/95 6.6·, 5,92 5.71%

IJ/IS/9 5 ~ 2 . J." 43 .0: - 1.Oi'%'

li ! i 9f95 S 52 H O -4A6 fth

1111919' .fUW 53.39 -5.521'%.

Il fl 61'!5 ~ ""l' .19 -6 .St ~'ot c :

111l6N ) ·n09 ~6 .6 9 -4 .0 1%.1

I !fl o/95 12 59 1-1 .59 -7 "36~-o

11116/95 44 .2· l 494 6 -5.57%

11/ 17/95 57.57 66 .S·1 _7 .4 (}tXj

11/ 17/95 10.50 In , -3.25%

111I i'/<J 5 63 .4~~ 69 .~'9 -4 . g.., ~ 'o

j 111 7/95 65.55 IO·UI -2 3 . (~t ~/o

J lIlIi'95 S2...j- 56 0 1 -3.30,};,

11/ 17i95 37.32 4 1.39 -5.17%

J1/16!95 25 61 If.Gl 18.49'%

Ilii/!95 lOS] 859 11.72%

11/20195 5.57 5.4 1 1.42%

l iil !)/95 29.06 28 .77 ll.:l9%

11/ 16/95 i'5 75 3S59 -6 .10%

111l6i9 ; -:... ...16 -:. .8 ' -S.7su
N

11/16/95 4 20 4 .17 O . J · t~:j,

11117195 6 27 : .71 4.66%

I ll l ?195 65.20 67. 19 - 1.50%

11lli/95
... . ..~ 38.42 ~ 5 ...12c/l·
" .... "'- 1

III I 19.5 12.79 13:;: -1 26%

II ll i /95 3 1 67 38.99 , 10.36%

DIlta

Qualif"ier

CBE

CER

CBR

CBR
CBE
CBE

CBR
CBE
CBE

CBE
(BE

CiJE
CDE

cur
CBE

CRR

CBE
eER
CBR

CBE
eBE

CBE

CSR
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Table FI-3. Summa ry of Dat a Qualifiers Based on Charge Calculations

NCLLRWDF
Wake County , North Carolina

Sample Designation

WJ8SW lli

W2 1MC-17

W2 1SW I1 3

W21SW l14

W25SW67

W37SWl7

W3 SWIS

W65',\'77
W940V; I

\\7940W85

\V9.lS W"O

Tota l Cations Total Ani ons Charge Balance Data
Sample Date (rneq/l ) (rneq/l ) (%) Qualifier

11/ 17/95 IO.Y6 15 0 5 -J5.7 I% CBR
11 / l7f95 6.27 5.71 4 . 66~,''O

I III 7/9 5 65.20 67. 19 - 1.50%
1l /l7!9) 34.47 38.4 2 -5.J 2i}'b CBE

I iflS/95 12.79 13.38 -2 26%

1lIl7!95 31.6 7 3 .99 - 10.36% CBR
1111 7/95 10 .95 15.0 5 - 15.7 1% e BR
11/19195 54.56 5732 -247%

1III 'I!!)) 34.J 3 383 0 -5 . 47~/o CBE
11i19/9S 19.55 17.81 4.64%

Il!1 9l95 31.9 0 34 .69 -4.10'1t

1997 GroundWater Resu lls

PRODUC110 N-OI

PRODUCTlON-02
W 103MC-l')

W I035\\,1 29

\'11065\\'50

WI 195\\'52

WI j9SW54

VI 1205W56

WI 22SW62

W l 235W68
W I 235\1,'69

WI 2·15 \\,73

W I 255W82

W l255W83

W 1265W94
W l 263W95

W l3 0MC50

W130SWl 15

W 132SW 123

W2 1SWIIJ

W2lSW3

\\'321'-10 9

W32MC~O

W375W1 7

W6S\V!6

\V7M CS

WSMC 10

WSMC 1I

WSOW50

W9 40W84

W9 40W85

?ro-(}n~j, ' ~{orm(i;bllApP"' ;Lt!J

j(]/7 .t/ 97 i t) : i 7Al.f

4121197 5.9l 4.85 9,82QAi

·' f2 l197 5.31 5 10 6 .49%

5/8/97 7.42 6.99 3.0 1%

5!1/97 17.72 11.98 19.32 ~'{)

4/30/97 2 1.66 19.5 - 5 05%

~rO/97 1.·12 0.95 19 63 %

5fS/97 0.00 3 on -9 5 . 3 1 ~;;'

5/ 97 2.50 1.70 - 3 .~i ~)~

,+[30/97 26 75 4 1.70 -2L ~ t} ~

4114/97 1.56 l.2 7 10 3 " \j<)

511 /97 l.59 -l.99 -5 l.7 7%

5/ U 97 12.08 19.75 5j6~<1

·';/30/97 50.8 i 53.65 -2.72i~f~

4124197 55,4 3 55.06 O,3·-ttYo

4/241')7 26.05 22. 12 8. 16%

~(]AI97 74. 24 65.76 6.05%

4124i97 67 .91 58.6 7.29%

5/1197 6.·+9 6 S1 -2.4.2?;Q

511 /97 30.94 34. 17 -t95~ it

51l! 97 4~i 19 45.9U - !..} } ';"

.!t /24f'1j7 62.66 87 .35 - I 6 . 461~

"n,, /97 0.78 0 54 17~56~~o

Snl97 2.62 2.3S 4·L6, ~o

517197 (, ~-;- 5 96 3.85%

4/30/lj7 45.31 40.34 5 80~-b

4 /2~ /97 20 .00 18.33 ·1 3 7~-:1

5fl!97 60 .97 80.·16 - 13,7Si}>j)

·1/30/97 5.36 4.53 8 .t~ Q "
. "'t ~ f J;1

4/30/97 3.63 2.87 I 1.7 1%

5m ')7 2.75 5.33 -3 1.93%

5n197 4 2.03 41 .22 O.961}t

Snl97 1 . 5~ 19.57 -2 70~';

CBE
CBE

CBR
CBE
CBR
CER

caR
e BR
e RR
e RE

CBE
CBE
CBE

eRR.
CBR

CSE

CHR
CBE

COR
CDR
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T able H-J . Sum ma ry of Data Qu alifiers Based 0 11 Cha rge Calcula tions

NCLLRWDF
Wake County. Nort h Carolina

Sample Designaticn Sample Dale
Total Cat ions

(rneq /l)

Total Anions
(rneq/l)

Charge Balance
(% )

Data

Qual ifi er

Packer T.::sl Ground Wa ler

\\'202AR I- l

\\'201AR 1B-44.58 -65 0

\'.'2 03ARI · I17-12 6.·1- 1

\V203AR 1- 117-1264-2

\V2.03AR1 -5S-67 .4- 1

W1 03ARI -6 1-70.4 -1

W2 04ARI- I

W2 ARI-::

W205ARI - 118.1-139. 1- 1

W205AH.I· 14 5.1S-166-1

W2 05ARI ·145.1 - 166-2
W2 05AR 1-14 5. 18- 166-3

W205AR 1- 14 5. 18- 166....

\V105J~R 1-14lL !-169.2-1

W2 05AR 1- 1.13.2-16 9.2-2

W2 05AR 1- 14 8.2-169.2-3

W2 05AR 1· IJ8 ,l· 169.2- 1

W205/\R 1-148 .2-169.2-5

\V205ARI -I ·U\.2- 169.2-6

W2 05AR 1-195 .6-216.6- 1

W205AR 1-262.88 -28 3.88-1

W20SAR 1-262.88 -2 3.88 -2

W205AR 1-266.88-28788-1

W2 05ARI-266 .8 -2 ' 7.88-2

\V205AR 1-266 .88-287.88-3

W2 05:\R I-266.8S-2S7.8S-l

W205:\R 1-266.88-2 87.88-5

W205AR 1-266.88-287. 88-6

W205/\1<. 1-266.88-2 87.8 ' -7
\\'2051\R 1-30 1-7 15· 1

\V205AR I-30 1-7 i 5-2

W205ARI-30 1·715-3

W205ARI-301-7!S-1

W205AR I-30 1-7 15-5

W205AR 1-30 [-7 !5-6

W20 5:-\RI-3 13-334-1

W205AR\ -313-33..\·2

V/20 5AR 1·-;198-9298- 1

WI I 5\'.'52-1 18-23

\\'11 95\\'52-\36-19

\'/1 195 \\'5'2-152-20

\Vi i9SV/52-1 62-&5

W205AR 1-71.9S-92.98-_

\\'206ARI "'2-57
W207AR I· 153-3

pro-orr ;y'tjon~a!b!\App-;'!.I{S

j f¥:': "Y1 10.1"i .-Ltd

5/20/97 5.05 10 17 -33.630/0
5/15/97 15.S0 13.56 O.75~lO

5l"llfiF 211 ::.22 -2.61%

5/? l l97 1.9S 1.94 1.1 1%

savn I.S8 1.96 -1 . 1 3 ~'i;

5/2 1/97 226 2 .~~ I -3. 17%
5n O/'}"] 1.20 I.! 7 I ~. 39~·"'l)

5fJ.. '1/97 1.20 1.2 1 ~. 5 7~{'

5/ 19/97 7.37 7.74 -2.50Yo

5/ 16/97 2.93 306 -2 . 04'i~

511 6197 SA2 7.73 4.29%

5/1 ,J97 8 20 ~ .O·l 1.04%

5/16/97 S 23 8.22 0 . \ 1%

5n S/if : S...\O 7.09 5\ ' - '01"... . .., ) / 0

S1l6/if7 36 7"!-l 5. 3 ~~

5/16/97 S.08 7.49 3.80%,

511 6/97 .02 7.59 2 . S 1 ~f"

5!J oN 7 8. \2 7.5' 3.43 %

5/ 16/97 7.S-; 7,47 2.39%

5/19i97 ..,
12 6 . ')') 0. 92%

:ill S/9 7 6 11 5.75 3.0.:;0/1)

5/i./97 6_0S 6.0S -0.07%

511 8/97 7.56 7.5·1 O . 14~~

51l '197 7.74 7.30 1.91~'o

511 8/97 7.27 7.0 5 1.53%

5/1 3/97 7. 16 7. H 0. 15%

511 8/97 6.96 7. IX -1.56%

5118/97 6.95 70S -0.38%

511 SJ97 7.09 7. 10 -0.05 %

511 7/97 5 2 1 ·1.79 4 . 1~ ~1tt

511 7/97 31 5. l · -~ 1.62%

5/ 17/97 5.72 5.67 0.44%

51l 7/'l7 5.76 5.90 -1.26%

5/ 17/97 6 0-1 5.91 1.09%

5/17/97 6 12 , 82 2.49%

5/ 17/97 6 90 6 .28 .1.7 117'&

5/ 17/97 5.03 4.85 1. 0%

5n 9!97 s , .1 '} 60 - 171 %

5/20/97 0 "; 1 O S-I -7.-li%

512.0/97 0.. 5 0 98 -29.-17%

5/ 14/97 0 52 1.72 -53_ 9%

51\.1 /97 0 57 0.73 - 12.0":':.0

5/ 19/97 , .81 10.6 3 -l > O 3~'~

5! 1 ~197 -,33 4 .73 5 _ 93!}~

5/ 12/97 I I '7 1] .6-1 0 .98%

CBR

CBE
CBE

eBE
CBR
eBR
CBR

e SE

Page -4 of 6



T abl e H-3. Summary of Data Qu alifiers Based on Ch ar-se Ca lculat ions

'CLLRWDF

Wake County, North Carolina

\1,'207p..R1-153-1

W207_~~1-153-5

W207AR! -156-1 66-1

W207AR1-67.5-77. 9- 1
W207ARl -67.5-77 .9-2

W207AR l-67.5-77.9-3
W207AR 1-67 .5-77. 9-4
W207:\RI -67. --77 .9-5

199 7 Surtilce Water R":lIlts
CHliRC H CREEK-OI
CI ruRCH CREEK-D3
CHURC H CREEK- 170·~O

/l -Ol
!5-05--:: 7
l7-Di-P9.1
W llJ: O\'.'79-270-62 .:
WI 030\'.70 -: 7.1- 100 2

WI 03m"'9-~..."X· I ·1
W1030'''''9 3- 1-:2 ..10-;
V:I 030V:93-1 ' _-52

WI030\':93 -29 -I I'

W I03 5\'.'129-220-1 9.5

WI 195\\'52-16 -19
'1" 1195W52..17 -20

\\'1195 \1/52-63-90
W I I95W52-72 ..35
WI1 IS\V58-X"":{-XX
W I22S\V62-56- 12.3
W I22SW62-56- 12. ­

·VI22SW62-76-1-1.
WI22SW62-76-1-L
WI .2 55\\'30-3- ·:-66
·VI 25SWS 2..- -50

Wl 25SW _- -0-50

W126SW . ': -2 O- 1 2~

W\ 265 \\'9': -290- i 7

W1 305Wl ! - 1-16- 0

\\'1305 ....115-20..-1..
WI 305Wll':·2 · ' -35

W I30S\VI 15-XX-160
W I325\1,'123-..10-30

W132SWI 23-310 -350

W19SW52 ..XX-XX

pro-only'[ormotbtvlpp-h .xls
! (}':J/ 97 10:} 7.-1..Af

Sample Date

5il 2/97
511 1197

5/12197
5/11197

5/11 /9
5/1l1 97
511 1/97

5/ 11/97

4;~3f97

4 "-3/9,
St20f9,
5/4! .7
5141 7
5l4 /97

5/5/9,

5/5/97

5/5f97

5/5/97
5/5/97
5/5/97
5/5/ 97

5 "_0/97

5120/97
5/20/97
5f20197

...122J97
5/-1 /97

4/2.../97

5/4197
-U}4197

·L 1/97
5112i97
511 2197
5i12J97

5Ji2i97
4f23/9,
515/9"7
5/6/,7

516197
5/6/97

5/6/97

5!l 2i97
511 2i97
4[22/ 97

T I Ca tions
{m

13 06

13.'r

13 15
17.1-1
19.·12
17.52

17.25
15.9·1

0 ' ,
0 :; ­

0 93
0 17
0 30
f) 31

0 :0
0 19

0 31
0 30
0 1n

0.2<'
0 31
() ~ ·I

0.53
0.51
lJ 60
ll.23
n.35

0.35
0 .33

0 3·:
0 5.

0 6
0 /1
3 ~1

1 14

0 17

0 31
0 ::.
0-7
0 3,

0.17

0.53
5.4'
0 25

Total Anions

16.88
16.-11
II..', ')

0.20

0.20

O. "
0.18
0 29
o 3~

0.20
0.23

0. 19
0.16

0. 1.5
0.29
O. ~6

1.::'::
1.64
0.6
1.93

0.28
0.20

O.··Ll
0.25

0.27
0.45
0., 2
0,..1

1. -7

11.59
I) ' '1

0 1
0.17

0.30

0. 23

0.62

4. 2

O. ! S

Charge Bal t::

(%)

~ . 32%

6.69%

0. 11%
4.57%

3.99%
1. 5%
2 . 5 0~1,1

16.2 1%

1650'X

-1 .09%
-1 .j 7~o

_ 10%

I ' 75%
12.::0%

2-; . · 5"'~

29.5 . ~Q

. ~ 6~ ~

9."9%
-39. -0%

, 50.8"%

-1... .4-1%

·52.67%

25 ' 7%

-10.32%

I·J 1 6~~

II 3 9~/g

:: 95%
-1, ' 9%
- 1.50%
-.7 1%

13 1 %

5. 2~o

1"'1 32%

..3. 1%

9.32%
s.......0;.

- 91%
' .07%

15.34%

D:ll.a

Qualifier

CEE

CBR

CBR
CBR

eB E
eBR
CBR

e BR
eBR
CBE

CBE
CDR
CBR
CUR
CBR
CBE
CUR
CBR
CBR
CBR
CBR

CBE

CBR
CSC:
CER
CuR
CBE
CBE
CBE
CBE
CDR
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Table B-3. Sum mary of Data Qualifiers Based on Cha rg e Calculatio ns

NCLLRWDF
Wake County, North Carolina

Sampk Desig na tion

\....105CH 1-XX-XX:

\\'215\.\' 113-262-385

\\'215WI13 -S8- 110
\'/"SW.I-2, 0-33

\\'255\V66-208 -16-1

\.V255\V66-32 2- 152

W25S\V )6-328-67

W3 7SWI 7-XX-XX:

W37SWI 7-XX-XX

W37SW I7-XX -XX.
W9-l;"lC·:S-22()-32 2

\\l94MC·\3·29&-36

Total Cati ons Total An ion s Charge Balance Dat i
Sampl e Dat~ (rneo/ l) ( rneu/ l ) ('%) O!Jalifi~r

..+121/97 0 52 1.21 -39. Ql) ,; CBR"'. .ru

S112197 0 39 0.3 1 1 I . S·'~ ;' eRR
5112/97 0.29 0.-\... -20 . 2 7?~ CBR
51l2!'}7 I 26 1.1 3,25°/u
·ltl ' /97 0.67 0.60 Ii OO~'i, CBE
·1f2' IY7 1 OR 2.36 -37.350/u CBR
4i2 7/97 1.14 127 -5 . 3·~ ~- ti CBE
4/21197 0 5 1 0 42 10.03% ('FIR

4/23/97 0.3 2 0. 19 25.88% CBR
4!.30/97 0 32 0.36 -6 > O7~~ CBE
5/6/97 0 50 0 50 ..n . 69') ~

51 /97 0 13 0.36 -20.94% CBR

mc"q 1 nuHi<quly;i}eni-,i it~r

CBE Estimated Value due h' d 1.trg-= b:i.!J.n.:.: c,,)nl;:i \krati\."rls~ no to tn u:;cL! in quan -1t .:lt tVC' evaluation

C BR Estimated V.:.l u~ due h' dVtf~C: b:.1Lmc'i:c0n.<ild ,c( <1!1(lflS. t ':t he used only for des cripti ve rurp,,--)s~$.

pro-ontycormatbtvcpp-h.xls
! (JI] .J·Y;7 If): !7 ~-t.\ { Page 6 of 6
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Figure 1-3 Sh otpoint l. Line l. Deconvolution and spect ra l wh iten ing
added to previous process ing.
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Fi~1l re 1-5 Sho tpoint I. Line I. First nr riva l muti ng and f-k filte rin~ added to
previo us processin g.
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Figure 1-10 hor point 1115. Line J . R:1 \\ field g:1 lh er. no processi ng a pplied othe r than

vibroseis S\ \ CC P cor relanon.
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72 84 96 108

Sh otpo int 1115. Line 2. Fi rst a rr ival mu tin ~ and f-k filt eri ng
added to previ ous p rocess ing.
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Figure 1- 15 C OP gather 2135 . sho tpoint 1067.5. Li ne 2. Ca ther and norma l
moveou t added to previous processing.
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Figu re 1-16 C DI' ga ther ~J70 . sh ot poim II SS. Line 2. G:ll he r and norma!

1II0\ l'Out ad de d to prev iou s p ro ccssing.
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