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-L6 Seis mic Refl ect ion

·t..6. 1 Seismic Refl ecti on Profil ing

~.6 . 1. 1 cope a nd Obj ectives

The scope o f the seismic prog ram was to conduct sou rce tests and other parame ter tests du rin g tw o walkaways and

collec t 1,50 0 ee t of C OP data along two perpendi cu lar lines 500 and I00 0 fee long (see Plate 4-2 )0. The COP data w as

intended to test whe ther or not the se ismic method cou ld bridge the litho log ic info rm at ion gap between the tren hand

the boreholes especially in the upper 150 feel.

-t.6. 1.2 Dat a R ed uct ion

During the s urcc tests and walka ways, very low signal -to-no ise rati os were observed, Att empts to inc reas e these ra io s,

including stacking and filtering, made small impro vements . When such low rat ios are inherent in se ismic da ta.

subsequent use of the data must be lim ited. The mos t major limitation. namely the inability to interpret late rall y

continuous beds. is due to the loss of coherency. Coh erency is he most important a id to interp reta tio n o f seism ic darn

and inc reases the confi den ce o f the in terp retati on . Coh erency o f eve nts or un its is manifested on a se ismi sec tio n ::5

strong ampl itude wavelets \\ hic h align latera lly to produce an eas ily recogn ized tren ~ which. dependi ng on the geo logy ,

may be curv ed or stra igh t. Loss of oherency occurs due to near-surface incons iste n cics or dis co nt inuous geo log y. A

the source energy passes thro ugh the earth. its strength is red uced. The mo re red uced o r attenuated the s igna l str ength

becomes the less coheren t the rec orded signal. The Wake County site is characte rized by a non -un iform ncar-su rface .

effec tively reducing the coherency o f recorded signal. Some o f rhe non-uniformities include an irregular. deeply

wea thered layer: a large near-sur face ve la ity grad ient which produces strong refractions and reduces transm itted s ignal

streng th : an d de eper uni 5 w ith s imi lar ac oust ic prope rtie s.

As detailed ill their Draft Report subm itted und er sep arate cover (Blackhawk, 1997 ), Blackhawk proc essed the seism ic

data usi ng con ven tiona l techniques. Due to the low s igna l-to-noi se rat io and narro w ba ndwidth of the dat a . enh anced

pr ocessing was deem ed nec essary. T he raw da ta wa sent to Sterli ng Se ismic Services. Ltd. (S terling) for process ing .

terling processed the prev iou s se ism ic data coll ected at the s ite by anot her contractor and has extens ive exper ien e w ith

processing data acquired with the vibratory source used for th is su rvey . Because of thei r experience. the y were

recogni zed a hav ing the necessary capabilities to process this challeng ing dan se t.

m e specifi c irocessing steps used by rerling were as fo I ws:
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Data A nalysis

• V ibrose is sweep correlation

Geometry and trace ed it

Gain recovery

Su rface co nsistcn r am plitude ana lysis and recovery'

• Su rfac e consisten t de con vo lution, sp ik ing operator: 60 msec , no ise: 0 ,0 1%

Spectra l enhancement ( 100 - ': 00 Hz )

G ree n Mo unta in refra c tio n srar ics . datum : ':00 feel. velocity : 10.:500 feet/sec, nea r-surfac e ve loci ty :

1.:500 fee t/sec

ornrnon depth po int gather

Iteratio n ve loc itv-mu tc an alys is and ap pli cati on

Surface cc ns istent automatic statics. : 0 - 300 rnsec window

Linear no ise reject. f-k filter

lteration J velociry/m ute analysis and application

Sur fa ce cons istent autom atic stat ics, 10 - 400 rnsec wi ndow

• Ba nd pass fil ter ( 100/2-1 . -IOOi 72 Hz/dB)

Time variant sca ling gates

Com mon depth po int Slack

Spec tra l enhan ce ment ( 100 - -100 Hz)

Post stack enh an ce ment ( 100 - ·WQ Hz]

Bandpass ri her 0 .0 - 0 .:5 sec ( 100 2-1 - 260iT~ Hz/dB I

Time varian t scaling gates
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Data A n a ly s is

Besi des the applica tion o f the preceding process ing ste ps. Sterl ing ach ieved good resu lts by synth esizing a co rre lat ion

wavelet rather than using the wa velet ge ne rate d on the vibrator. Th e use o f <1 synth etic wave let h3.5 prov ed appropriate

during pr ev ious work Sterling has perfo rm ed tor other contra cto rs us ing the sa me vibrator.

Carefu l m ut ing of the nea r-su rfa ce "noise" signals was a necessary step in the processing. Since these signals are of a

much higher amplitude than oth er desi red sign als down the rec ord, a llow ing them to remain in the data is

counterpro ductiv e . Th e progressive app licat ion o f process ing ste ps and muting is prese nted in Appendi x I. The plots in

Appen d ix I represe nt pro gressi ve steps in processing the COP data . The intent of prese nting th is data is to allow

observa tio n of the ch anges to the data tha t each signi fica nt process ing step bring s. Scal ing and tra ce bal ance have bee n

app lied to all.

In order to convert re flect ion s identifi ed 011 the sei sm ic section to dep th. an ave rage vel oc ity fu nct ion was calculated .

Th is funct ion was ca lculated by inte rpo lating all o f tile stacking velocities to like t imes and ma thematically averaging .

Given the re lat ive insensitivity of th is da ta set to ve loci ty , the ca lculated depths sho u ld be considered ap proximate an d

not corrected for di p . The calculate d velocit y-depth con vers ion functio n is shown in Table ;l -9 .

Since the ov erall qu ality of the se isrnICsections is fair a t best. runner proc ess ing in terms o f m igration !O depth w as

dee m ed un necessary due to the time and expense without expectation of ga ining significant ad d itional information.

Relat ive depths o f ind iv idual re flections can be calculated us ing the above veloc ity function .

TIle limits of reso lution o f the seism ic data are su bject to interp retation . Th e horizontal subsurface sam pling in terms of

trace spacing is I too! s ince the shotpoint spacing was :2 fee t and each station was shot , Howeve r. cons idering the

overall fre quency o f the data at ap pro xima tely 125 Hz the Fresnel zone radius is ap proximately SO fee t. There fore . the

hor izonta l resol ut ion around 80 fee t at 150 feel. Th e vert ical resolu tion is some wha t mo re d ifficu lt to ca lcu late. Gi ve n

the inse nsitiv ity o f the da ta to changes in frequ en cy and velocity. the errors in ve rtical reso lution increase greatly with

depth . From 0 to 20 0 fee t the ve rtical resolution may be approxi mately 15 to 25 fe et, bt l! from 200 to 400 fee t below

grou nd surface the reso lution is on the order off 0 to 80 feet. S ince the useable data is largely bel ow 125 fe et. the

vertica l resol ut ion is approx imately 70 feet at best.

lhe data red uction s teps for the re fraction data are detailed in the Blackh awk report,

.t.6.1.3 In ter pr et a tion Res ults

Interp retation o f the sei sm ic d ata v.as performed by ide ntifyi ng packages of re flections on the seismic S~Cl!Dn . Due to

the need to reduce near-surface sign3-! :; (rnuring) to eliminate unwanted returns such as refract ions. ground roil ur~ d wide-

angle reflections. the first interpretable refl ections begin at approxima tely .;to msec or approximatel . 125 fee! below

ground surface . Rigorous and exact correlation of seismic reflections with known geologic units 1,\' 3.5 difficult mainly
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du e to lack o f coherency (caused by the non -uniform ne ar-surface) and also du e to the truncat ion of reflec tions at the

40 rnsec leve l (cause d by the removal or mu ting of m uc h o f the da ta tram 0 to 40 rnsec or so to rem ove un wanted noise) .

Without better co rre lati on between the boreholes an d the seismic section, ind ividua l refl ections were no t identified . T he

focus was placed the n on identi fy ing groups or packages of reflection s that wou ld ind icat e the ove rall d ip ofthe beds.

larger sca le faulting . and o ther stru ctural features suc h as folds. Thes e packages ar e pre sented on Plate 4 -2 and

Figure 4-1 1. Ea ch plate shows a se ism ic line w ithout interp retat ion on th e top and a line draw ing of the interpre tat ion on

the bottom . Th e short line segments sh own in the line draw ing port ion o f the p lates are meant to indicate the overall

trend o f the data and do nor represent geol ogic interface s.

L ine 1 sho ws east -di pp ing reflections in the eastern sect ion of the line and a sma ll sync lina l-ant icli na l pa ir in the we ste rn

section. Four pa cka ges o f re flecti ons ha ve been interpreted on this line. Each packag e is di ffe rent iated by changes in

trend or di p o f the refle ct ions . Pac kages A, £3 , and C are si milar in that they arc interp reted to represent somewhat

steeply dipp ing beds with laterally d isco ntin uous. but relati vely simi larly a ligned re flecti on s ind ica ting the beds. A

possi ble fault zone is ind icat ed on the se ction and may corresp ond wi th the W-S fault or a re lated sp lay the reo f. It has

been in terp re ted main ly by the d isc ontinuity o f reflect ion s on eith er s ide. however there ar c small west-d ipping

refle ction s at shotpoi n ts 300 to 320 an d two-way travel times 90 to 100 rnsec wh ic h may be from the fau lt itse lf.

Pack age D to the we s t has d ifferen t dip s tha n those to the east. Th is package is interprete d to represent a s light

sync line /ant icline pai r with the sync line axis at shotpoi nt ,150 and lhe anticl ine axis at shotpo int 370 .

Li ne 2 ' s re flections arc m uc h more discontin uous than L ine l 's yet indicate ge ne rally n at -ly ing reflec tors. T wo pac ka ges

ha ve been interpreted, Pac kage E to the north is unremarkable in its charact er w ith the except ion of a poss ible bo wl ­

shaped fea ture cente red abo ut sho rpoiut 1190 and more prono unced to the no rth (two-way travel t imes of70 to 50 rnse c

an d shotpoi nts I [9 0 to 12-+0.) Package F is d ist inct fro m Package E only by the slig ht indication o f re fl ec tion s that di p

so mewh at steeply to the south. The cause of this dip is no t understood . No fau lt zones ha ve bee n int erpreted on th is

line. Fa ult s su ch as the \1/-8 would be ima ged nearly flat-ly ing at th is or ientat ion. Lack of good signal coherency

restricts the interpre tati on o f such fea ture s on this line.

4. 6.1.4 Dis cu ss io n

Gi ve n the cha lleng ing seis mi c character of this s ite, the se ismi c data interpretations are lim ited . Th eir usefulness is in

corrob orating the ge o log ic inte rp reta tio n and in del ineating larg er-scale structur a l fea tures su ch as the sy nc line /a nticli ne

and the po ss ible fau lt zones on Line I. S ince the dam lack coh erency and therefor e continuity and confidence, e ven

..lcta iled work w ith sy nthetics wou ld be lim ited in app licat ion to the area imrne diare lv adjacent to th e bor eho le.
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~. 6 . 1.5 Reco m menda tions

G iven the obj ecti ves o f the seis mic su rvey, nam e ly to bridge the dat a ga p between the trench and the boreholes abo ve

150 feet. continued se ismic survey ing is no t indicated . The resolut ion of ind ividual reflections and the initial depth o f

usab le in form ation obtained is not within the stated objective s of the survey. However. the larger scale in formation

obtai ned below 150 feet indicate that the metho d may need to be rec onsidered should any of the prem ises of the overall

projec t change such as the loca tion of the faci lity . changes to the de sign or new ly ident ified hydrogeolog ic dam gaps.

Co llect o f ad di tional refract ion data is not indicated.

4.6.2 Vertica l Sc i m ic Profile (VS P)

4.6.2.1 Sco pe and Object ives

The scope and obj ec tive of the VSP survey W3S to ass ist in the inte rp reta tion o f the seismic dat a through th e use o f"

ve rt ica l se ism ic profi le dat a co llec ted from borehole \\,205CH 1. A seco nd objective of the V. P survey W~L" to co llect

shear wave data to calculate eng ineering parameters,

4.6.2.2 Proce ' i ng a nd R e ults

The proce ss ing and results are discussed in the Blackh awk report . In su m mary. the usc of the vibra tory so urce severel y

limi ted the first arriv al ident ificati n and usefulness of both offsets in the VSP d ata. Thi s lim ita tion a ffect ed sub seq uent

calcu lation of engineering parameters a lo g wi th ve loc ity and time da ta for processing the ent ire VSP data set,

Proc ess ,.; VS P data yields few re flect ions: there arc two that are notab le - one at approxim arcly 55 rnscc an ! one ar

25 rnsec. Since the pr imary objective o f the VSP was to tie the sei smic sections to de pth . no attemp t was made to

corre late these re flect ions to well logs since both of these re flections arc abo ve the zone of inte rpretab le da ta on the COP

sect ions .

-1.6.2.3 Rec orn men du tion s

Further co llec tion of VSP data is not indicated at this time.
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-Li Recommended Site Investi gation T ools

The results of th is investigat ion indicate th at a su bse t of the too ls eva luated during th e Pilo t Study can be e ffect ive ly

util ized to ac quire an d to int egrate sufficien t hydro ge ol ogic data to meet the objectives o f th e supp lem ent a l investigati o n

program (SIP) and th e int ent of th e LWP. The evaluation of the G1\I -1 Pilot rudy re su lts ind ica tes that s uffic ient

stratigraphic and lithologic data can be compiled using a reduce d com bina tio n o f geophys ica l and ima g ing tools for th e

purpo se o f hole to hol e correlation, the identifica tion of stra tigra phi c " packa ges", and the descriptio n of fra ct ure and

bedd ing o rien ta tion 'character. The hydrog eo logic character ofthe bo rehol es and the quantifica tion o rthe hydraul ic

parameters associ ated w ith the in flow interva ls can be established through the use of hydro physical logg ing and

sys te mat ic packer test ing o f the identified inflow inte rva ls . This combin ation o f all ge ophysical. image, and hydraulic

test in g techn iq ues will provide a su ffic ient ly derai led data set to ch aracteriz e the hydrogeo log ic systerms) of the site .

To aid in the selectio n of the recommended gcoph ysi ca ! and im aging too ls, panel d iag rams were prepared for each well

hydro phys ica l inflow interval s and We packe r test measur ements. Geophysical log s and image 10015 C3n be util ized

eithe r singly or in co m bin ation. Interpretat ion s o f the indi vidual logs c an be mad e us ing [he actual measureme nts or

w ith va lues calculated from the m easurements us ing cert a in assu mp tions whic h nuy or may not be val id in a ll case s,

Furthermore, co nd itio ns in th e ho le ( for example. ho le enlargements assoc iated with fractures) l11:ly a ffe c t Jog respo nse .

Geophy sical log s can be used to ide nt ify bou ndaries be tw een rock uni t w ith di Ifer en t pr op ert ies , but because mo st o f

these logs ha ve volumes of investigation with radi i g rea ter than on e foo t it is not poss ible [0 characteri ze fine-sca le

stratig ra phy w ith in a s ing le we ll. All of the se fac tors were taken into cons ide rat ion in the sel ec tio n of th e

reco m m endation s of the logg ing too ls to be utiliz ed in the s upp leme nta l s ite invcsti garion .

Table .I- lO is a mat r ix that q ualit .ui vely ra tes the ac tual pe rformance o f the sele c ted suite of ge ophysical loggin g too ls

based on results o f the G i\ l: I Pilot Study. This [able a lso pro vides J co m pari son o f the per fo rm an ce o f the se too ls to th e

co re an d B1PS data. Performance is rated by identi fyi ng the usefulness of each too ! in terms of da ta acquis ition fact o rs .

and fo r provid ing a se t o f geo log ic and hyd ro logic paramet ers tha t m ay be im portant for cha racteri z ing the si te. T he

o rder o f importance o f these para meters 10 the proj ect ha s been broad ly de fin ed as cr it ica l. useful. or not a ppl icable

unde r the column labe led " Im po rta nce to Project Objectives ' . The performance of the geophy sical techniques and

ima g ing tool s is co m par ed to that info rm ation tha t would be coll ec ted from COI1\ en rional co re k'gg ing and ana lysis. In

each cascothe techn iqu e is identifi ed as an exce llent sou rc e of data. a fa ir sou rce o f data , or a techn ique tha t doc s no t

provide information on th e particula r geo logic or hy drologic fCJture (s) .

In most cas es. aCHIJi performance met expectat io ns . Howe ver, based on the analysis of geophysica l fog perfo rmanc e th e

fo llo w ing issues we re noted:
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The time required to carry out the analys is was longer tha n ant ic ipated due to the need for a more

com prehens ive approach in the pilot study than is likely required for the s ite characterizar ion itsel f.

Consequently. the log acq uis ition and analys is was somewhat more expens ive than an ticipat ed .

There wa s a depth discrepancy between Blf'S and FML and between the 3-ann caliper and the DIne r logs . In no

case was th is discrepancy greate r than about 1.5 fee l. Although procedures we re in p lace 10 identi fy the sourc e

o f the d isc repancy, these were not applied early enough in the an alys is to correct the d isc repa nc y . There fore ,

these d iscrepancies were propagat ed thr oughout the wo rk. Th is issue has been addressed by cl arify ing

proced ure s for da ta vali dat ion pr ior to an alysis . Beca use depth diffe rences wi thin a si ng le log are no t affec te d

by this disc repancy, strata thickness and fracture frequency an d spacing determi nat ions me t expectations.

T he log-de rived hydrau lic ape rture is no t considere d effective because the el ec tr ical propert ies o f clays and

flu ids in these mater ia ls ar e s imi lar, and bec ause it was not poss ible to isolate the e ffects of frac tures from the

eff...crs c f the acccm panyi ng ho le en largements. However. because d irect hydro logic measurcrne nts ar use d to

q uantify these parameters. the log-base d est imates are not nec essary .

In combinat ion \\ ith hyd rophys ical testing and the pack er test ing of spec ific inte rvals identified. the proposed log su ite

w ill allow for the com pilat ion o f pertinent h;..d roge o log ic informati on tha t meets all su pplementa l in ves tigation program

objectives. T his su ite of logs an d hydra ulic tests provides for the idenrificarion an d characteriza tion of fra ctures .

quantira tive in fo rm ation on poros ity. permeabil ity an d the th ickness of hydrau licall y im po rtant fea tur es. and

in form at ion wh ich ca n be used to deve lop a structural model o f the site. Furthermore, the da ta can be used 10 re late key

litho logic, tecto nic, o r wea theri ng proc esses and/or fact ors and their in fluen ce on indi vidu a l hydro log ic features .

As was dem on strated through the Geolog ic Integration Mee ting an Aug ust 1·'\ . 199 7. un ique geophysical signatures and

patterns were develo ped an d correlated to bo th the co re logs fro m W2 05 C H I, W20SC H 1. and the Gi\.'l-series trenc h m a ps

fo r the ma pp ing units defined in Sect ion 5.0 . using a comb ination of the six geo phy sica l and imag ing log s rec ommended

tor use in the supplementa l fi e ld program. From the Tahlc 4- I0 co mpariso n, a combi nation of six standa rd log s can

identify the hydroge ologic. structu ra l, and litholog ic cha rac teris tics of the subs urface un its at the si te. The si x too ls

proposed fo r use as the standard logg ing sui te during the suppleme nta l in ves tigation program inc lude :

I.

,
~ .

Spec tra l Gamma

Three -Ann Ca liper

Neutron and Dens ity

Resisitivity
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5. Hig h Resolution, Electr ical Imag ing

6. Full Wa ve Form . Acoustic

SD~crra l gamma - Th is log prov ides better characterizat ion of gamma act ivity than a standard gamma ray , and is

avai lable with higher vert ica l reso lution.

Three-aml calio er - This log is essentia l to eva luate the effect of fractu res on the oth er logs, and ca n help to identify

those fract ures which should be ev aluated for hydrolog ica l test ing.

Full Wave Form Acoustic - An acc urate me asurem ent of cornpre sssion al wa ve ve locit y is req uired to determ ine the

extent of the weatherin g zone. Acqu is ition of acoust ic full waveforms is necessary to provide quality con tro l.

Neu tron / d~n sitv - Neutron and density logs (wi th the addition of the PEF me asurement whi ch is provided by most

modem gamma-gamm a sond es) are critical to accurate evalua tion of the re lative vo lumes of clays, gra ins (q ua rtz,

feld sp ar) and porosity. lt is importan t to rem emb er that clay vo lume ca nnot be esti ma ted from gamma alone . Add ition al

logs are re [uired in th is env ironmen t.

Resistiv itv - Resist ivity is necessa ry to cal ibrate the electrical image da ta . In add ition. it provide s valua ble input to

improve the accurate determ ination of cla y vo lume and porosity.

High Reso lut ion Electrical Im::I!!c- The F~H or ot her imag ing dev ice wi th equivalent resol ut ion can be use d to ide nt ify .

o rient. and ch aracterize fractures, to determ ine fine-sca le (I -em) beddi ng featu res, and to posi tion and orien t bed

boundar ies.
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Durn Interpretation and Integ ra t ion

5.0 DATA INTERPRETATION AND INTEGRATION

This sec tion describes the data interp retat ion performed during the G M- l Pilot Stu dy in the context o f contribution to

enhancing and refin ing the pre-existing hydrogeolog ic model of the Site. It also presents results o f the integrat ion o f

th ese data, w hich was accomplished through develop me nt o f the G~ I Cros s Sect ion (P late 5- 1). Fina lly. it provides a

summary o f s ign ificant observa tions made as :1 resu lt of this data int egration .

5.1 Ge olog ic Data

This section presen ts a dis cussion o f com ponents o f the Sit e geo logy that have be en updated us ing new information

collected during the G/'.I -I Pilot Study. These components include stra tigra phy . st ructure, and weathering .

5.1.1 S tra tig raphy

5. 1.I.l Rocks

Excep t for th in (u p to about 6 feet th ick), scatte red patches o f Te rt iary h igh- level sediment and Quaternary a llu v iu m

(Plat e 5-1 , Geolog ic Cross Sect ion and Plait: 5-2 , Geologic Map), the S ite is underlain by Triass ic sed imentary rocks of

the Sanford Formation (Re inernund, 1955). Thes e strata co nsist o f a seq uence of claystones, si lts tones, sa nd stones. a nd

congl ome rates that ar c representat ive of fluv ial sequences, lacustrine deposi ts , and allu vial fan complexes. These rock

uni ts have been de sc ribed in de rail in the Safety Analysis Rep or t (SA R) (Chern-Nuclear Systems. Inc., 1995,

Rev ision 9).

Duri ng this study, rock s mapped in G\ ! trenches 2.3, and 4, and logged in core from the \\'200 series boreholes, we re

des cr ibed and class ified according to the Fo lk ( 1980) classifi ca tion system and the Lexicon . The rock un its ident ified

include the foll ow ing :

Con gl omerate (> 30 percent gravel) , 3 percent o f total

San dston e, coarse to very coarse -grained, 14 pe rcent o f to ta l

San dstone, med ium [0 very fine -gra ined . 13 percent o f total

Mudstone (in clud ing siltstone). 5"; perce nt o f total

Claystone (-'66 perc en t clay), 6 percent o f total
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Based on th in section analyses o f core -plugs tak en fro rn S sandstones an d con g lom era tes from W205 CH I and

W:::OSCH1 cores by Reserv o irs . Inc ., ( 199 7). the sandstones are general ly poorl y so rted an d range co mpo sitio na lly fro m

fe ldspath ic li thareni tes to lithareni tes. Metamorph ic rod: fragments (I I to 42 pe r em ). bot h schistose and no n-sch istose

variet ie s. dorn inare the frame wor k consrituents. followed by quartz (17 to 43 percent) an d plagioclase fe ldspar (-4 to

22 percent ). Fo r these sands tones. the amount of pore- filling ma teri al is re lat ive ly m inor , ran ging fro m 4 percent to

20 percent of the bu lk volume. Hematitic clay ma trix is the mo st com mo n pore-fi lling phase a lthough calc ite and iro n

ox ide cemen ts are present loca lly . Based on th in sec tion ana lyses and co re logg ing, the bulk o f the primary por e spac e

in th e sandstones appears to have bee n lost thr ou gh mechan ica l com pact ion rathe r than cementation.

Th in section anal yses of co re -p lugs tak en from four mudston e an d cl aystone sa m p les from the W2 05 CH I and

\\'20 SCH I core s by Re servo irs. Inc.. ( 1997 ), ind icate that thes e roc ks are sandy to silty and cons ist b rgel y of m icaceous.

hematitic cia:. Immix w ith adm ixed silt to very coarse sand-sized quart z. metamorphic rock fragm ents , an d feld spar .

X-m y diffract ion of 3 core sa m ples and geophys ical log s ind icate tha t clay fra ct ions are pr im:lri ly illite wi th some

sm ect ite

The ELAN logs prod uc ed by Schlu m berge r show result s sim ilar to that o f the co re analys es . with a few exception s. Fo r

cxarnp!c. the ELAl\: log ind icates more clay in the sandston e at 159 feet in V20 5C H I tha n does the co re sample. Th is

mill' be J resu lt o f th e sm a ll am o unt of sa mp le tak en fro m the core for analy sis o r 0 - inaccurac ies in th e ELA :': . In

addit ion. the EL-\l\: shows m uscovi te percentage s up to 25 percent. Th is valu e is gre ate r tha n wha t was est imated fro m

thin sec tion an a lys is o r from core logg ing . Be ca use th e ELA:-; is an est imate o f m ineral pe rcentages. the high

muscov ite percentages may be a result ofth e Iarge perc entage o f schis tose rock fragmen ts in these rocks that were not

considered to be "mica" by e ither core loggers or microscop ists . Ahcmati vely, the percentage of muscovi te indi c~HeJ on

the EL A 1'1 m ay nor be accura te . :\ 5 di scussed in Section ·L 3A..3, the prec is ion impl ied w ith the EL:\ N techn ique is

mi slead ing and it cannot pro vide quant itatively accur ate m inera l vol umes throug hout the Si te .

Resu lts u f the: Fi\ll st ratig rap hic ana lysis of rocks at the Site performed by Sc hlumbe rger (Appendix D-.:! ) art: cons isten t

w ith obser vati ons ma de from the co re and ELAl\: analyses. The FM I ana lys is sho we d that the rucks cons ist o f poorly-

sorted sandstones and con glomerates \\ irh sub rounded clas ts retlecting a sho rt d istance o f tra nsport. Although scour

cuts are present locally. there are rarely large clasts at the base of these scou rs. Cross-bed d ing is nOI commonly seen in

the F;'.lI da ta, alt houg h it is locally presen t. i\lany o f the cong lomerates and san dsto nes an: interpreted to be sh eet sand

or de br is now depos its. Evidence o f sheet sands are horizo nta l flow structures indicating an up per fl ow re gim e such a s

parallel lam ina tion s. poor so rt ing . and the lack o f cross-bedding. Debri s tlows were recogn ized by poorl y -so rte d .

matrix -suppo rted co nglom erates/coarse-gra ined sa ndsto nes \\ ith la rge c last s di st rib uted throughout the un it and o ften

with larger cl asts near the top of the unit. O ther featur es ident ified on the FM I logs we re zones inte rp reted to be

rep resentat ive o r'd iagenet ic m incra lizarion ( reco gnized by thin. hom ogen eous. very res istive layers o r "b lobs"

interpre ted by Schlurnberger to be e ither ca lci te nodules or che rt zones) and pa leoso ls (recog nized by the pre sence o f

p ro- on ly /fflh"'_t :)S<~ c !- 5 doc
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mud Cr:!C. ·S and. in some cases . root structures) . In gene ra l, the results o f the core analys es and ge op hysical logg ing

indi cate an immature sediment dominated b:. sheet sands. deb ris flows and thick. fl oodplain deposits containing s me

we ll-de ve loped channe l sequences.

5.1. 1.2 Lith ofacies

Lithofacies c lass ification is a st andard pa rt o f the anal ysis metho dology for study ing sedimenta ry rocks (Mial l. 1996) .

Summaries of the pr inc iples and methods invo lved are presented in Read ing ( 1996 ). Miall (1992. 1996 ), Walker ( 19 86 ),

and Wa lker and Jam es ( 1992). The classification used in 'h is study is based pr imarily on bed Iing characte ristics. grai n

size. texture. and pr imary sed imenta ry structures (Co llinso n and Thompson, 1982; Pettijohn and Potter, 19M ; Re ineck

and Singh. 1973: Ricci Lucch i, 1995). Biogenic structures such as burrowing and root ing have been used as add ition a l

des rip tive attributes. hern ical sed imentary structures, such as ped ogenic calcretes form mino r compo nen ts but were

also considered in defining lithofacies. The sca le of an ind ividua l litho facies unit depends on the level of deta il

incorporated into its de fi n ition. Facies recognized in this study were defined broadly enough to : I ) identify mappable

strat igrap hic units. and 2) a commodate the level o f de tail required by the core logg ing proc ed ures (T P-29). The goa l

\\" :15 to exam ine all rock un its in considerable detail to make possible complete, unb iased observations of all important

lirhofacie: attributes.

The lithofacies sch eme util ized in this study is summarized in Table 5- 1 and is mod ified from one <lev el ped by :'I iall

(1978. 1996) fo r fluvial deposits. The class ification is based on derailed logging of 1,1::: 9-feet of dri ll core from

boreholes W20 IAR 1:\ through \\, 208CH 1 and careful exam inat ion o f 1.03 ':- -feer of sec tion (true stratigraphic

thi ckn ess) mappen in the G , I trenches, The capi ta l leu er in the facies code (Table 5- 1) indicates the dominant grain

siz e. where C = co nglomerate . - =sands tone, and ;"1 = muds tone and claystone . TIle lowercase letters serve as a

mnemonic fo r the characteristic textu re or structure of the lithofacie s (e.g. , x = cro ss-bedded, cg = clast-supported,

graded , m = mass ive). Detai led descr iptions of these lithofacies types arc giv en in Mial l ( 1996 . Chp. 5, p. 99- 130).

Bed th ickne ss minimum cu toffs of O.2-t"",eet wer e used to de fine litho faci es in core from boreho les W:::OI AR 1:\ through

W203CH I and in stratigra ph ic logs derived from deta iled litho log ic descr ipt ions o f the Gr.1trenches. Some of the

litho faci es types are grads ional with others. For example, massive sandstones with matrix conte nts close to the

.3 3.3 percent mu d cutoff could be classed ~ m or Sm rn (Table : - I ) based solely on I I egas opi c exam ination, :\150. the

degree of weat hering in he G. I trench es and core take n from the weathered zon e in boreholes \\'20 1..l.R 1A thr ugh

W20SCH I, present problems for lithofacies classifi Inion . Where we athering is intens e it is d iffi cu lt to dis tingu ish

indivi dua l lithofa cies withi n major groups. For example. intense '....eath ering may obl iterate original struc tures such as

lami nat ion , burrows. and root ing . which an: neces ary for corre ct subd ivision w ithin the muds one (~ l) litho fac ies.

Litho fac ies have been annotated on the graphic core logs for \V205CH I , \\'20SCIl I, and the rcqua lified core, The se

anno tated logs \\ ill be su bmi tted under separate cover.

P"(j-O!1(~·YJn!f!;rl '.st c!.j_doc
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5. 1.1.3 Map Units

Lithofac ies a ssoc iat ions are groupingsof gener ica lly-relat ed litho facies and form the basis for map units. Map un its are

bas ed on the pr oport ion o f individual litho fac ies w ithin groups as well as the na ture: of the ir bounding su rfaces an d

vertical sequen ce. Each map unit is characterized by a dist inctive lith ofacies as semblage. Five ma p un its are recognized

based on data der ived from core logging, Henc h ma pp ing , an d geophysica l logg ing :

I) (U j ) up ward li ning sequ ences, generally cons ist ing o f conglomerate and sa ndstone at the base with mudstone a t

the top;

2) ([1.15 ) massive mudstone wit h m inor sa nd stone;

3) (Sm) ma ssive sands tone wit h m ino r muds to ne;

.2 ) (Swb ) well-bedded sandsto ne with mi nor mudstone ; and

5 ) ( \ 1,,\ b ) w elt -bedded m ud ston e w ith subord ina te sands tone.

Wh ile map un its are primar ily based on litho fac ies as soc iat ions, they a lso incorporate ge op hysical response c riter ia. .-\

fu ller desc ript ion o f ho w map units were sel ected is presented in Sect ion .5A. Note that coarsening -upward sequence s

oc cu r locall y with in the map un its. Descript ions of the se map un its are presente d below:

Uf (upward-fining] - t-kd ium - to ve ry coa rse-gra ined. gray ish -red and redd ish- brown sands tone w ith

sub ord ina te cong lomerate, fin ing upward thro ugh ti ne and very-fine sandsto ne an d en d ing w ith red d ish- brown

si ltstone or m udstone at the top. Basal un its ar e commonly c last-sup po rted and cro ss- bedded and rest in sha rp

contac t w ith unde rlying silt s tone or mudstone . The sa ndston e is mode ratel y to poorly sort ed li th ic arkose ,

feldspat hic litharcn ite and litharcnite. Several upw ard-fi ning se quences m ay occu r w ithin one map un it.

Lithofac ies com mon ly inclu de : cong lom erate - Ce rn, Ccg, Ccb. Cc x and sa ndstone - Sc. Scm. Sm . S mm. Sx,

Sr, 51in the lower pan w ith m udst one - ;-"I rn, Ml, Mr. and Mb, and oc cas ional iy. cl ayston e - \lc and Mbp in the

upper port ion . The gamma-ray log response is be ll-shaped w ith 10·... A PI va lues ncar the abru pt base (l0-50).

increasing upward to the top (1 00-1 :20 API units). The type log fo r thi s uni t with three up war d li ning

se quences is \V20J AR 1, from }..1 to S5 feet (F igu re 5- 1). Th is uni t is common \\ es t o f the \VS fau lt and a lso

occurs near the .:ast end of th e G;' l-.-4 tre nch (top of sectio n).

\1 5 (mudstone/m ino r sandstone) - Interbedded grayish -red and redd ish- bro wn. with occas iona l g ray and purp le

interv a ls. ge ner a lly ma ss ive mudstone an I siltston e wi th subord inate, poorl y-so rted, ve r)' ti n t - to coa rse-

pro-only'[mtext'sec t-Ldoc
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gra ined mu dd y sa ndstone. C laystone and very fine- to medium-grai ned shee t sandsto ne occur wi th in the unit.

Some mudstone , s iltstone and fine san dstone may be laminated, Lithofacies in this unit an: dom inantly

mudstone - Mm, Mb, Mr, MI and clayston e - Me, i'.lbp with m inor sa nd stone - Srn, Srnrn , Scm and

conglomera te - Cmm. The gamma-ray log disp lays an irregu lar. serrated pattern that usually varies between

70 (m ud dy sandstone) and 120 (mudstone) AP I uni ts. Th e type log for th is unit is W20 2A R L from 99 to .

154 feet (F igure 5-2 ). Th is uni t is most common west o f the W3 fau lt.

• Srn san dstone/minor mudstone) - Interbedded grayish-red and reddish -bro..vn, generally m as sive , tine- to very

co ars e-grained sandstone an d lithic con glomerate wi th subordinate sandy to pe bbly m udstone. The sandstone is

us ual ly poorly-sorted arkos e. lithic arkose, fe ldspathic Iitharcn ite or litharenite. Sandstone is the ma in

litho fa cies - Sc. Scm, Smm wi th subordina te conglomerate - Cmm and minor mu dstone - Mill, Mp , Mb and

claystone - Me. Th e gamma-ray log response shows an irregu lar, serrated pattern that typ ically varies between

30 (sandston e) and SO (san dy mudstone) API un its . The type log for th is unit is \V203A R I , from 300 to

344 feet (Figure 5-3 ). This uni t is mos t comm on cast of the WS fault.

Swb (san dsto ne, we ll-bcdded ) - Gray, gray ish-red, redd ish-brown and brown sands tone w ith subordinate

co nglom erate and m ino r sa ndy and pebbly mudstone: individual litholog ies comm on ly range fro m less than one

to about three feet in th ick ness and often exhib it sharp contacts; plan ar - and cross-bedded int ervals occur wi thi n

this unit. t he sa ndston e is us ua lly tine- to co arse -g ra ined. moderate ly to poorly-sorted arko se, lith ic arkose and

fe lds pathic litharen ite . Th e Swb mapping unit be gins w ith an overall co arseni ng-u pw ard sequence in the low er

po rt ion o f the map un it, ch anging to an ov era ll lining-upward sequence in the upper portion of the mapping

un it. Co mmon lithofacies in th is uni t incl ude sandstone - Sx, 51, Sr. Sc m, Sm m and m ino r cong lomerate - Ccx ,

Ccb , mud sto ne - Mi. Mb, and claystone - "- le. The garnma-ray log response di splays a se rra ted. con vex ­

outward (to left) sym metrical pattern that typica lly varies between 50 an d lOa A PI un its . It has a round ed base

and top . The type log for this un it is W20..jAR I , from 54 to 30 feel (F igur e 5-4). Thi s un it is most co mm on

west of the WS !;1U It.

Mwb (mudstone , well-bedded) - Pred om inan tly gra yish-red and redd ish-brown mudstone and siltsto ne wi th

subord inate very fine - to coarse-grained, poorly -sorte d lithic arkose , feldspathic litharen ire. and litharenite

Includes gra yish-r ed pu rple and grayish mudstone an d sands tone. Lam inated mudstone (M I) is the dominant

lithofacies wi th subordi nat e sands ton e - SI. Sr. and Sx and claysto ne - "'lc. The gamma-ray d isp lays a se rra te d .

convex-Durward (to right) symmetrical pattern that va ries between 100 and 150 API units. The t;, pe log for th is

unit is W I04 from 90 to 112 feet (Figu re 5-5 ). Note that the example g ivcn contains J lam inated san ds to ne (S l)

near the m idpo int o f the ma ppi ng un it. Th ese uni ts arc commonly ob served with in the ~ lwb mapp ing unit.

The Mwb unit is we ll develop ed at the wes t end o f GM-3, and we st o f drainage I in G\l-l E and may be

;:!'O-O!f('/j:m:t:_xrJ~c:¥ j doc
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Sum ma ry o fC l\l- 1 Pil ot S tudy Activiti es

Strength

A de sig nated HLA staff member actu a lly at the work site wi th d irec t su pervision over, and respons ib ility for

subcontractor work in progress represents a soli d ac tivi ty con tro ls appro ach,

• Observed pac ker tes tin g pe rformed by Earth Data under direction of G older andeval uated re lated activity

contro ls, Th is work wa s per form ed under I-ILA procedure T P-5 ( Packer Te sting ). Th is survei l lance reported

the fo llowing :

Recommendation s I

Th e Work Instruct ion \\35 incomplete ly fil led out in that some spaces o n the form were le ft b lank. O n any

document su ch as this that w ill becom e a record o f Project activ ities . al l appropr i te spaces on the fo rm sho u ld

be e ither filled in. or N/.-\ marked in tha t space 10 provide for com p leteness or closure o f that document. If th e

sp ace in question is determine d to be un necessary. then conside ra tion shou ld be given to mod ifying the form .

Recommendation ill

S ince the procedure for obta ining a wa ter level measu rement is a relat ively simp le one that is pract ic ed by a

n um ber o f dis ciplines. the steps for taking water level me asureme nts for Packer Te sting should be \> riuen

d irectly into T P-S. taking into JCCOUnl the nec essary a llowance s for sire se tup d ifferences, TP -5 sh ould be

re vised to incorporate thi s recommended change. an d the refe rence to the Long Term monitoring proce dure

eliminated

Recommendation £:3

The ad ditiona l cal ibration records av ailable for the water level meas ur ing tape add defen si bility to the work

product and should be reques ted from the sub to be pa rt of the del iverable. if not a lread y spec ified.

For each of these surveillances, all: identified nonco nformances , or opportuni ties for procedura l or process

improvements were communicated to she Project )-.!an:lgement and trac ked for re so lution, 8:1se': on lesson s learned

from the G ;' l-l stu di es, th e Qr\ program and the procedures controll ing site studi es work acti vities have been further

streng thened in preparat ion for si re wide charac teriza tion.

pro-o nly. frntevr/scct-J doc
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Reanalysis of the da ta se t fo llowmg map unit definuion mdi catcs that three o f the map units ca n eas ily be identifred 10

bore ho les using o nly ca librat ed gammJ-ray log s a t a scal e o f l- inch eq uals lO-f.:et These inc lud e the up ward-fining (Uf),

mudstone/m inor SJnCSiOne {Ms ). and sand stone/minor mudstone (S m) units . The well-bedded sa ndstone (Swb) and well­

bedd ed m ud s to ne (;"lwb) un its are difficult to identity in boreho les using only the gamma- ray roo l. H o we ve r, whe n the

gamma-ray is combined with the fOITTIJ.tion micro-imager log (F.\II) at a scale of l -Inch equals I- fL1{Jt . these units can be

readi ly identified.

~l.1p Un it abundan ces along the GI\l -1 sect ion are ,"vIs-50 pe rce nt, Uf- 25 percent. Sm-16 percent. Swb-o pe rcent and ~lwb- 3

percent.

5 .1. 1,4 Compa rison of W ell Bore Loggin g T echniques (see pages 5-6 :1 th ro ug h 5-6c)

5.1.2 S tr uctu re

S ruct ural data at tho: S ite incl ude s data co lle cted during previo us investigati ons and during the GM- I Pilo t Study. Oat. we re

co llec ted during previous mvest igat io ns during ou tc ro p and trench ma pp ing. and borehole core and AT V lo gging. During the

G:.!·! P ilot Study. s ru ctural data \HTC col lected fro m addi tio na trenches and core, and from S IP S and F~ !I imagi ng too ls .

F:' !l 11l1d BIPS st ruc tural dat a. includ ing sU21igra phic and Iracture o rienta tions. are pro vided as tad po le p lot s on the montages

f,x W105CH . a nd W2 03CH! an d o n panel c iJ.grJ l11S for \\'20 l .-\R I A- \V204AR!. W2 06 AR I. and W .207AR I \r\pp;:mi,ces

D). T hese da ta . J.S we ll as the fra c ture data for the G :. ' trenches. are als o provided as stc rcone t p lots pr o vid ed in Appe ndi x E.

5 .1. 2_1 F:m lrs

Prev ious studies at the S ue have idcn u fied -' pri mary fault s: the WS fault. the ....V5.2 Iault. and the Borrow PH Faull. T he

loca tions o f these faults are sho wn o n Plate 5 -: . Ge ol og ic Map. The \V B fault tre nds gener:lliy no rth -so uth. an d the W S: a nd

the Bo rro w P it fau lts trend gen e rally east-west. T hus. the silt:' is ' und ivided in to a number of b loc ks separat ed by faults . The

G 1\1- 1 P ilo t Study was co nduct ed ac ross two of these fault blocks, separated by the no rth-so uth trend ing W S fault. Revi si o n of

the s ite geologic co nceptual model based o n G:'I-l P ilo t stud ies is . the re fo re . res tr ic ted to po rtions o f the W S fault and the t WLI

blocks it se parates . Contact s between rocks domina ted by 1\15 an d Uf m:lp un its and underlyi ng rocks dominated by Sm units

arc loca ted both cas: and west of tnt:' WS fault (Plat e 5 -1> Geol og ic Cross Secuo n G :-. l-G M ' ). Wes t o f the Iault. the co ntac t is

located in boreho les W20 2AR t and \\'203 .-\R I at de pths o f 17":' fee t and 302 k el. res pec tively. Elm o f the (:lUI t ;1 Simila r

co ntact is located in G:.1·4 fren c h at stati on 24 ) fee t. As suming tha t the se two co ntac ts are the same COnt3Ct . projections to the

fault show they are no w se parated along the dip by a d istance of abo ut 900 fee t. S ince th is is the o nly feature fo und that may

be correlarable ac ross the huh. it appears :h::: t d ip sli p alo ng the WS fa ult is a min imu m of 900 feet.

'T he \vg fJ.uit mapped H1 the G:.f- l E trench iLlS J d ip o f approx imat ely 55 UC ';: l C :'::., .

ge ophysical lo gs . BrPS and 8Il G.J.Ll ana lysi s have ind icated rha: the d ip on [h IS faul t IS npcroxirna tc ly 56

locati on . Projecung this di p to the sur face. tnt: fau lt wo uld proj ect wes t o f the mapped loca tio n in the trenc h. Th us.

g :\.365Q)\HpVldr l .fo:! ~2 7ft: L:. 5~6(l bf ·_djJc
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5.LI A Co m pa ri so u of Well Bore Logging T ech niques

Panel d iagrams have been prep ared thz; compare graphic core logs. \\'~ H bore image logs (BrPS and Fvll ) .:InC core

photographs . The purpose o f produ cing these diagrams is to cornp...rc, in J. side-by-si de rormai. [he different techn iques

used [0 acqui re and display lithologic information and sedimentary and structural feat ures . To best illustrate this

comparison . core intervals ~'on[Jining ~ :::ch of four t} pes of geologic mapp ing units ident ified in W205CHI were used.

The four mapping units. each shown on a separate panel. Me Uf. ~ls. Sm. and Swb, These comp aris ons were used to

assess the relati ve abil ity o f each acquisi tion techniq ue to provide: the informa tion needed to characterize the site . Keep ing

ill mind that the prmmry goa l of si te characterization is to Identify where and how groundw ater is moving. the critical

information required from the image logs is [hat which provides the ability to define and co rrelate both litho logic and

mappi ng units. and structur al tcatu res. (see Sections 5A and 6.0). The panel diagrams Me present ed in Appendix D as

Pla te s D 1 through D4 .

Anal yses of the four panel diagra ms c•.rnsisted of evaluat ing '.\hether or not each acqui sit ion technique adeq uate ly provides

informatio n on hthologH: types and their bou daries, the nat ' [C 01" bedding and co ntacts. and seconda ry features such as

rc ck struc tures and biogcnic/epigcnic markings. \Vhile gecphvsi cal lo gs (pr imarily gam ma ray an d resisti vity ) Me no t P~H !

Gra phic Core Logs

The com b inat ion o f the n,K'k c iJ.ssiftc3.tin n col umn and the rt'!:Hi vc abund an ce c urves de ve loped du r ing the C(}[C lo ggI ng

~tenerall y correlate wdl with the F\ ll ltJgs. Note that HI some cases, there is one or more (eet of of fser of con tacts betwee n

the gr:!phic CPI C log :lnd the images are noted. Th is likely resui!s from errors rn COl<: depth measure ment during drilling

and/or logging, or mis-idcnu fic.uiou or the actual location or" core loss zones . In thi S respect , the Imag e logs provide more

accurate data than the actua l cor e .

It \\' :15 also noted that. based on :1 comparison oi the graphic core logs to the image and garnm.r logs, the graphic cure logs

t~nJ to unde rest imate sand con ten ts of rocks in rhe very f ine sand to sil t [:lnges. Th is results in intervals of very- fine

grained sa nds to ne no t a lways being represented by the gr .l pil!c core logs. ..\ 5 :J. result. Swb and Srn mJ.pprng uruts InJy be

proposed in each bonng

The graphic logs do pro vide information on biogenic and epigenetic featur es that C:In :J1s~) be generally obs erved on the

13 IPS images. The Fi\Ir does not represen t these Icaturcs . J {o WC \'eL correla tions pcrtorrncd during the developme nt of the

s \j6595\H pVJdr l -~~ 2 ;rt·v ) \.5~t.i~ 1 !J( , :fl it'
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G:' I-l cross sec tio n indicated that thes e biogenic and epigenet ic features arc widespread throug ho ut the units at the si te

an d pro vide link to no additional bas is fo r correlatio ns . As such. the lac k of obse rved biogenic and epigene tic featu res on

the FMI is no t cons idere d a ser io us prob le m.

HIPS Images

B IPS images portray texture s , st ruc tures and col or s o f borehole wa lls . In general , the se fea tures are not sharply defi ne d

and col o r is pro babl y the least re liab le featur e. Reds and browns appear essen tial ly the sa me. Im porta nt d if fere nces in

shades o f gray are generally lost. Pan o f the prob lem ma y be a result of processi ng th e data to genera te the co lor

presented. Varia tion s in proc essing probably accoun ts fo r co lor ch anges such as those at the 27 0 .S an d 29 2.6 foo t J ep ths.

The poor rep resentation o f co lo r may also be rel ated to da ta acquisiti o n techn iqu es. Medium to coarse-g rai ned sandsto ne

inter vals o n the Bll' S log s compare ve ry well to those o n the graph ic cor e logs and the Flvll logs . Howe ver. subt le

di ffe re nces in color and tex tures on the BIPS logs make it diff icul t to define the fine r-gra ined litho log ic units . For

example, the up per S wb map ping unit in the Sw b panel d iagram would probably go u nident ified if BIPS we re used alone.

In add ition, fine-sca le fea tures suc h as lam ina tions do not show up wel l on the BIPS in com par ison to the Evil logs.

Frac tures ident ified on the S IPS logs, wh ere the log is cl ear . co mpare we ll with the location of frac tures show n on the F 0. lI

lo gs and the core logs.

Altho ug h no t spec ific to BIPS images on the se pane ls. an oth er pro blem Ide ntified wit h the B IPS data is the co ndition o f

the ho lt: duri ng acquisitio n. Po rtions of some HIPS log s are not c lear beca use of e ither the murkiness o f the wat er or poor

co nd ition o f the ho le: (incl ud ing lig hting).

In concl us ion, a lthough Uf map units C3n be identified on the BIPS log s. they ca nn ot be rel ied on (0 loca te .\15. Sm . an d

Swb mapping un it bo undar ies . especia lly since these ten d to be gradat ional.

Fi\1I Im ages

Measureme nt of the rel ative val ues of conductivity o f rock prov ides data tha t generally po rt rays lith ologies in shades

ranging fro m pale ye llow (sand and grave l) to da rk brown (s ill and clay). R>H logs are pre sented in two formats ; dyna m ic

normal iz.uion and sta tic normalizat io n. Th e static log best ident ifies litho logy an d relative grai u s izes. The s tatic

no rmalizat io n log portrays de ta ils o f UC S m and Swb mapping un its ve ry well and match es the assoc iated gamma jog

cu rve best of al! the fo ur types of images sh own on the panel d iagrams . It all ows for identification o f the S wb units

because it d isplays "cry Iinefy layered sandsto ne un its that do not sho w up \'ery wel l on the BIPS logs. M5 map ping units

are no t so we l! de fined by Fl\.il because sand (quan zj contents or" very ti ne gr.uned luhologies apparently can varv

considerably. However. when used in co njunction with gamma logs. l\ ls m apping uni ts nrc nccurately de fined and loca ted.

The dynam ic no rmali zat ion log ten ds to show sharper images of frac tu res than docs the static norm alizat ion log and

ind icat es that [he locations of fract ures closely marches those ide m:tied o n the B fPS logs. A discu ss ion of the comparison

of fractu res be tween the SIPS an d FMl im age log s is presented in Appendix E.

I g \365 9)\~~p'/ldrf 4"] ·. 1 7rr: '/.~\5 -6abc. dtJr
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Core Photographs

to red) and some fract ures . The h. A:1t l0 f. S of thes e lithologic ch anges and frac tures comp are very we ll to those ind ica.e d by

the ~u a nd E IPS logs .

In concl usi on . lithologres. contacts . structural features, and mapping units can most accurately and reliably be defined

using the Fr.ll images in co mbina tio n wnh gamma ray !o<; $ The gr:lphic core logs arc subject to the bias es of the logging

teams. an d the geoph ysica l logs suggest the curre nt core logs undere sti mate the amount o f tine-grained sa nd. Furt her.

uncertai nties in core depth due to me asurement e rro rs d ur ing dri llin g and logg ing. and d iffi cultie s in assig ning core loss

zones in troduce e rror s to con tact de pth s and unit thickness (although thes e e rrors arc gene ra l Iy less th an a few feet and are

not co nsid ered cru ic .il ;H sircwrdc mapping sca les ). The HIPS images. even where clea r. do not sh o w fi ne-scal e

stratification as well as the FMi logs and do not accurately di sti nguish fi ne-grained sands fro m mud s tone s. further. da ta

acqui sition issues \~ ith HiPS. including the need for c lean water In the hol e . appropr iate ligh nng, etc .. are not

s\. f t;5 9~\ ~ ~pVI.lr .''':':!-27ffn \ 5·fH:l '("do«
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the fault is not a planar featu re but like ly bends some wher e betwe en the surface and W105CH J. An alterna te

interpreta tion may be that the W8 fault observed in the trench actua lly projects to a greate r dep th in W105CH J and th a t

the fau lt a t 330 feet may be a sp lay associated w ith the W8 fault. The re is a large fracture noted at ab out 520 feet on the

Flvll log for W205CH I that could support th is interpretation. However, th is fracture does nor have the attribu tes

abo ve and below this interval as observed at the 330ft depth .

assoc iated w ith maj or fau lting, such as an asso ciate d frac ture zone, higher rates of water inflow, no ra chance in dip
f'- - ;

The W2 05 CH 1 core log and FM I tadpo le plot (Ap pendix 0 -1) indicate a significant inc rease in frac tu ring about 10 fee t

abov e the W8 fau lt at the 33 1 foot depth, and the FM I tadpole plot shows numerous frac tures to about 30 feet be low th e

fau lt. Thus, the W8 fau lt is no t a d iscre te plane, but actua lly rep resents a zone alo ng which dis placement occu rred (e.g.,

the \V8 fault zo ne) . This fau lt zone can be see n on both the FMI and the S IPS image logs. Localized drag in the fau lt

zone is evident from the tadpo le plots of the Flvll and SIPS fractu re da ta, The se indicate a shift in the or ientat ion of

beds tr am an easterly d ip to a west erly dip with in the fault zone. Trenching and mapping conducted ap prox imat ely

:2000 feet west and more than 1700 feet east of the \V8 fault outcrop have failed to find anot her fault s imilar in

mag n itud e to the W8 fault.

,_/_ -

In add ition to the WS fault. app roximately 20 sm alle r fault s ( i.e.. sli p surfaces and brecc ias wi th litt le to no measur ab le

offset) we re observed in the trenches and bor ings . Most of the smaller faults are low -ang le, and esse ntia lly parallel with

bedding conta cts They arc more com mon ly found near the contac t between clast-supported sandstones and mudstones

and may be traced downd ip in bore hole s. There is an increa se in densi ty o f minor faulting at the east end of the

Gi\ I-4 trench and a sl ight increase in de nsity in the vic inity o f the junction of GM -I \V and G t-..'I-3 trenches and the nearby

GT-5 trench.

5.1.2.2 Beddi ng O rienta tion

Displ acement a long the Jonesbo ro Fault dur ing evolution o f the port ion of the Deep River Bas in in which the Site is

loca ted has resulted in the or ig ina lly near -horizonta l beds being tilted to the east at approx imately 5 to 10 degrees with

local dips of lip to 25 to 30 deg rees (Parker, 197 9). Dur ing the Gi\I- 1 Pilot Study, bedding dip was interpreted based on

trench data and FMI and S IPS structura l data, and confirmed by correl at ion . Beddi ng dips west of the \\/8 fallIt range

from app roxim ate ly 20 to 25 degrees to the east and increase to approx imately 40 degrees near the \V8 fau lt. East of the

fault, pre viou s trench mapping has indicated that the beds from a very gen tle anticli ne. The Fi\-II and BIPS data for

W206. whic h is located near the crest of this anticline, ind ica te essent ially horizontal strata to a depth of 45 feet. The d ip

in this bore hole gradually increases to abou t 10 degre es northeast at 165 feet and then conti nues to steepen to

approximate ly 15 to 20 degre es at 400 feet. Trench and borehole data ind icate that the northeastward dip grad uali::

increases east of boreho le W206 to about 20 degrees near the borrow pit, Similar orie ntat ion of beddi ng west and eas t o f

prO-O>J~v!.iinlext\secr-5.doc
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the WS fault had been reponed previous ly (Geo logic :' b p and Cross Se tions o f the License Area and Vicin ity.

January, 1996).

5.1.1.3 Frac t u res

Defo rmation du r ing faulting Iu s ge nerated a net wo rk o f fracture s throu gh out the roc k mass. Fra c ture s in boreholes

W:105C H 1 - \V2 08CH 1 wac analyzed duri ng the GM- I pi lot study w ith respec t to orientation. aperture, and ti lliug

ma teria l us ing both e lectrica l an d optical image data. In add ition. fra cture dat a co llected during G "-I-I Pilot Study tre nch

ma pp ing (G :' !-2. G~ I -3 . G:-'I-4 ). and fract ure data from pre vious tren ch mapp ing GM - l W an d G M- I E) were

inte rpr eted. in combina tion w ith the boreh o le da ta. to assess frac ture character istics in the G:-'I-! Pilot Study are a, The

borehole dan used in the frac ture study included electrical image da ta, optical image data and analysi s of recovered

core . .-\ comparison of the fracture ana lys is bas ed on the three data source s is prese nted in Appendix E. The resul ts o f

the G:-.I-1 fract ure study are a lso co mpared with prev iou s results of an analysis of acoustic televie wer dat a recorded ill

the s ite.

Based o n the anal ysis of op tica l image data. two dom ina nt frac ture se ts were identi fied from bo reholes in the Grvl-I Pilo t

Study area . O ne set is bed ding paral lel. str iking. rou gh ly north-south and d ipp ing predom inant ly to the east. Thi s

fracture set appears to corr espo nd to internal bedd ing features detected in the electrica l ima ging data (s ee Append ix E).

T he other frac tur e se t is ort hogo nal 10 the dom ina nt bed d ing paralle l fracture set and is comprised of mere steep ly­

dipp ing fractu res Ih:E are not para llel to bedding. Both optical and elect rical imag ing techn iques detected th is fra cture

set and provide d simi lar de term inations of the ir or ienta tion and distribution. A ltho ugh there is subs tantia l scatter ill the

more steeply-d ipp ing fr acture Se t tht y are 3150 primarily nann-south striking but d ip steep ly to the \\cst. There is a

slight change in orientatio n orthe high angle fracture set in GM- I and GM -.t where trend chang es to s ligh tly north wes t

to northwest. This is consistent with orientations of high -ang le frac tures in W20 8A R I. Stcrco nct plots of fractur e

orient at ions a re prese nted in Append ix E.

Th e com bined structura l trend s o r' the fractures and stra ta are qui te sim ilar for bo th of the imag ing methods use d.

Bor eho le image analyses provide better and more complete info rma tion than the resu lts o f core an alysis because the

borehole samples a much larger fractu re area. and also because the images allow determ ination o f geog raphic

orientati on . The differences in interp re tation of the bedding paral lel feat ure s between optical and elec tric a l irnaging

techniques arc large ly due to the different attributes these too ls revea l, Intern al lam ina tion s can genef3.te m echanica l

discont inuit ies wh ich in the optical da ta could be interp reted to be fractures. The electrica l images re vea led d iffere nces

in the pr opert ies o f the rock on eit her side of these discontinuities. Co re ana lysts foun d that re lative ly ft: \\' of the se

fea ture s were large enough to be ca lled fractu res. and the refore were effectively closed ( impertu cable). Th is is an

important resu lt 0 f the GM - I Pilot Study an d is incorporated into permcab ilny mod els. Thus. the elifference s between

the results pro vided by these meth ods are due to di ffe rences in the phys ics of the measu remen ts. and between the displ ay
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an 1 analysis too ls used to interpret the data. Differences in the class ificat ion of planar features may also be the result o f

d iffe rent interpreta tions of these features by the analysts. See Appen dix E for a more detailed discussion and for

d ispla ys o f data and results within a subset of depth interva ls which highlight these differe nces,

As discussed in Section 4 .2, fracture plots generated from the analysis of elec trica l image dat a (Appendix E) pr imar ily

represent the high-angle fracture se t (i.e., the stereonet plots of fractures measu red from elec trica l image data do not

incl ud e bed ding plane fractures) . This high-ang le fracture set is also consistent w ith the fracture data co llected from th e

trenches, and in the optical image data, although in the stereoplots o f this data it is som ewha t obscured by the relative ly

large numb er or bedd ing para llel featur es, The stereone t plots o f dippin g strata derived from the e lectrica l imaging data

an: consistent with bedding plane fracture orientations for the optical ima ge data, The se fractur es may or may not be

import ant hydrologica lly - this is rev ealed by Hydrop hys ica lt>' logging and packer tes ting.

Fracture oriental ions measured from the we llbore imag e data recorded du ring the GM- I Pilot Study are consistent with

those observed fro m prev ious analys es of fracture orientations based on acoustic televiewer image da ta (SAR, 1994

Section 1.3 .1.3.5.3 and C. Bart on. 1995). The data analyzed in Barton ' s report revea led three dom inant subsets of

fractures based on data from 19 drill holes. Most fractures were sha llow to mod eratel y east-dipping (bedding-plane)

featu res. A seco nd. less prom inent set of moderately west -d ipping fracture s was a lso found as we ll as a steeply west

dippi ng frac ture set. An acoustic televiewer is bette r at detecti ng bedding parallel fractur es than is an electr ica l imag ing

100 1 because it is sens it ive to the mech anical character of macro scopic fractures. The acoustic te lev iewer generally

de tects fewe r overall fractures than either electric a l or optical imaging too ls beca use of its lower fea ture-size detec tion

threshold (approx imately one centi meter ).

Based on this ana lyses. fractures gen erally fall into two categories: h igh an gle 10 ncar vertical frac tures . and frac tures

oriented along and para llel to bedding planes. Some of the wea ker , cla y-rich rocks appear to a lso con tain broken zo nes

alo ng bedd ing plane s. These zones are c lassified as bedd ing parallel frac tures from the analysis of optica l image da ta

and as strata based on analysis of the electrica l image data . Compar ison of fracture stereonet plots for boreh oles

\1,'20 IAR IA through W205Clll (Append ix E) show s that high-angle fractures are more comm on ly located in close

proxi mity ttl the WS fault, espec ia lly in its hanging wal l. Examina tion of the same plo ts reveals tha t fracture density al so

incre ases in the hang ing wall of the \VS fault. A similar increase in fracture dens ity is seen in Gf\I-2 an d G;"I- I \\' data

plots (Appe ndi x I) and con firm earl ier findings reported in the Sr\ R (1994, Section 2.3. 1.3.5 .5, Fracture Domai n

Analysis).

A s imila r increase in occurrence of high-angle frac tures and fracture de ns iry is ob served in the stereon et plot for trench

G!\I-.4 where mapping has revea led many minor low - and high -aflglc faul ts . Greater than norm al dens ities of mangane se

ox ide -coated fractures are a lso observed near m inor faul ts loca ted nea r the j unction of G M- IWand Gi\I-3 and in the

pn'j-1)n~,,·~frz!i::(1 tsi!c:· -' doc
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nearby W2 0 2ARI bo rehole. This suggests that fracture densi ty may increase somew hat in the vicini ty o f minor faults as

we ll as in the vic in ity o f major faults , an ass oc iat io n no t pre vious ly reponed.

Fractur es were al so eva luated \\ ith respect to thei r d istribut ion in spec ific litho logies. Based o n this eva luat ion the re

does not appear to be a co rrelatio n between lithology and fracture oriental io n o r litho logy and fra cture dens ity .

However. it should be no ted that th is is bas ed on a limi ted data set co llected in the GM -I study area.

5.1..3 Rock Wea thering

Prev iou s studies sh owed tha t weathering effects on Triassic sedim entary rock at the Site range fro m complete at the

surface , to slight at variable depths be low the sur face ( Wake.' Chatham Safe ty An a lys is Report , Sect ion 2. 3. 1.3.4 .2 . Late

Cenozo ic We ather ing ). Those stud ies iden tified four zo nes o f we atheri ng . Fro m th e sur face down. they are: ( I) zone of

complete wea thering, (2) zone of se ve re weathering. (3) zon e of mo derate weather ing an d (") zon e of sli gh t weathering .

N0 co m p letely unweat he red or fre sh roc k was rec ogn ize d at the Site . Fig ure 2-3-50 of the SAR ( 1995) summarizes

major pro pe rt ies o f the four weath ering zon es. In addition . the text o f the SA R provided co nsidera ble data pe rtaining to

the mi neralogical. chern ica l and geo physica l chara cte ris tic s, and hydrolog ic properties o f the fou r wea ther ing zo nes .

D iscussi ons of the evolution o f the com plete ly. se verel y. and moderately weathered zones were- al so pres en ted.

5 .1.3 . 1 W eathe red Zon e

Ge ol og ical char act er ist ics o f the we athe red zone at the Sire were observed and measured du ring th ree

G:-'I- I P ilo t Stud ies activ ities : trench mapping. bo reh ole so il and roc k co re logging , and boreho le geophysi cal

measure ments. Earl ie r find ings re gard in g tex tu ral and m inera log ica l ch an ges to Triassic ro cks du e to

weathering were gene ral ly co nfirm ed. However. a num ber o f re finements have been mad e b:15Cd on data

col lecte d du ring the Gi\! - ! Pi lot Study. In th is report, the term "weathered zo ne" is me ant to include all its

subzo nes, i.e .. co mplete. seve re, and moderate.

G eophysica l me asurem ents col lec ted in boreholes d ri lled du r ing the GM-I Pi lot St udy ha ve furthe red ou r

understa nd ing of the de pth and hydro logi c na ture o f the zone of weathering. Based on the log res ults q uanti fied

us ing EL.; N. th is zo ne app ea rs to be sl igh tly m ore porous and so fter than the unweathered rock. C", IR poros ity

in th is zo ne is 10\\ er than tha t de termined us ing the othe r logs. wh erea s be lo w th is zone the EL :\ N porosity

mor e losely mat ches the C \ lR porosi ty. The weathered zo ne has lower de nsity an d ac ou stic velo it;: and

higher apparen t ne utron porosiry than the unweathered zone . The geophysical log showing the large st c han g e

bet ween the \\ ea:hcr cd tid the unwea thered zon es is the acoust ic Ydoci ty io g (DTC O) The di:T::r::nc ;:s

between the two zo ne s rec ogn ized on tn:: geop hys ical logs art: interp reted to be d ue. in part. 10 the pr esence of

st re ss-r elief m ic roc racks caused by mechan ical unload ing of the highl y compact ed sed im ent s (part icu larl y be

cl ayst one s) in the weath ered zone . Th ese microcracks a llo w the mo ve me nt o f groundwate r throu g h th is zo ne

pro-oniy'[ nuc.a's cct-Fdo:
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and contribute to de ve lopment of authigen ic clay minerals (chemica l wea theri ng) . Because the auth ige nic clays

have not be en com pacted. they may hav e a low er densi ty and slower sonic signat ure (and a different

m inera logy. although this was not obvious fro m the log data) than cla ys at greate r de pth. There fore th e

assumed clay properties used to compute the app arent e ffective poros ity using ELAN may not be approp riate

for these mate rials, resulting in an app arent e ffective porosity which is sl ightly large r than the CM R porosity .

Alternat ive ly. the CMR may s imply undersa rnple the rnicrocrack poros ity in this zone. as it may be assoc iated

with T: tim es less than the cutoff time used to compute the CMR porosity. In either case, it is appropriate to use

the C1vlR porosity as a lower bou nd, and the poro s ity derived using other logs or EL AN as an upper bound .

In ma ny cases, the base of the weathered zo ne corresponds with a fracture or set of fractu res, and a s light hole

enla rge me nt. The ho le enlargement ca uses slightly decre ased sonic co her ence and a loss of pad con tact which

results in much higher neutron log va lues , lower den s ity and an increased density correction at the contact. The

fract ure(s) at the base of the weat hered zone may hel p to limit fl uid c irculati on across the contact wit h the

unweathered zo ne by allo wing a pathway for preferential groundw ater flow parallel to the con tact.

The base o f the weathered zon e in boreholes 201- 208 ranges from 40 to 80 feet bgs (Tab le 5-2). Figure 5.6

illus trates the vert ical ex tent o f the zone at each bo rehole usin g the DTCO curve . Figure 5.7 shows the

d ifferences in propert ies in this zone for W205 based on velocity and de nsity da ta.

Di fferent de scriptions and de pth criter ia of the subzones within the zon e o f weathering have evo lved depending on this

part icu lar study/t echniqu e being ap plied . Figure 5-S sho ws the zone of weathering and its subzones and the criter ia used

for de pth determ inat ion. Eac h of the subzones and depth criteria are descr ibed in the sections that fo llow.

5.1.3.2 S ubzo ne o f Co m ple te W eathering

The definit ion o f the subzone of complete weathering was not changed dur ing GM- I Pilot Stu dies. This subzone, or so il

zo ne , was continuously measu red and described duri ng the mappi ng of Trenches GM -2, Gi\1-3 and GM-4. a to ta l o f

approxima tely 1600 feet, and in logging shallow intervals of the eig ht, \V200 -ser ies boreho les drilled in support o f the

Gi\ l- l P ilo t Stu dy. Stud ies of so ils pe rformed dur ing the Gi\ I- 1 Pilot Study support findin gs of previou s stu dies . For

example, it was observed that the B horizon of the co mpletely weathered subzone is the most clay rich of a ll the

weathe rin g zones, and thicknesses of the subzone o f comp lete weath ering were observed to genera lly fa ll with in the

range of th ickn esses descr ibed dur ing the previous studie s. The thic kness of the subzone of co mplete weathering was

estimated to range between 2.0 and 6.5 feet during prev ious investigat ions and up to 8.0 feet d uring the G1\l Pilot cud:

investigat ion.

The potent ial for understand ing the re lationship of pro pert ies of the subzone of co mplete weathe ring to its pa rent

mat erial has been significantly increased dur ing the Gvl- ! Pilot Study. Soi l types and their propert ies were ma pped at a

pro-onlys fm tex tssect -S doc
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sc ale of one inch = live fed along w ith unde rly ing litho log ies and fra ctu res in trenches Gl\ I-2, GM-3 and GM-4

(G M Cross Section). Such co nt inu ous ma pp ing of so ils had not previous ly been done at the S ite . De ta iled soil

descrip t io ns , re corded on electronic spreads heets sim ilar to those used for lithologies and fractu res, make ra p id son ing

and corre lat ion studies po ssible.

5.1.3.3 S ubzo nc of Sev ere Weat hering

Underlyin g th e subzone of comple te wea thering is the subzone of severe weathering. The subzone o f seve re weathering

is cha racterized by manganese, iron -oxide, and limon ite staini ng. Mangan ese -coated fractu res and m anganese -sta ined,

cl ast -supp ort ed sandsto nes appear [Q be largely confi ned to the severe ly weathered subzone but are not uniform ly

distrib uted o ver the S ite. Hem atite -filled frac tu res and sta ined rocks are occa siona lly present in the severely wea thered

zone but do not appear to be genet ica lly related to modem wea the ring. Rat her. the y are inte rpre ted to be re la ted to

I\lesozo ic- Jurass ic dia genetic pro cesses . These fea tures. including he matite nodules, arc obse rved at depths to several

hundred feet in rock co re .

The bast: of the subzone of sever e weathering wa s defined in earli e r studies as the depth at wh ich power auger re fusa l

oc curred . During the drainage studi es conducted in I99·f, core drilling was ins titu ted as soon as it was possib!e to

re trie ve cor e , gener..1lly at a depth shallower than power-au ger refu sa l. A s imilar approach wa s taken during the

Gi\! - 1 Pi lot Study, The definition o f the base of the subzon e of severe weather ing has been revised to corrcs ond to the

de pth at w hich sp lit -spoon sampling W3.5 abandoned, usually wh en m e blow counts rea ched 50 pe r inch. and core

drilling could be in itialed. The depth of the zone of severe weathering based 011 spl it-spoon "refusal" fo r boreho les

\\'20 I AR I A throug h W:;OSCIl i ranged fro m 5.9 to 16.1 feet bgs . This depth is indicated in Figure 5-8 in the co lumn

t it led "Core Logs" .

The su bzone of se ver e wea theri ng wa s subd ivided for mapping o f trench es G M-2. G t\ l -3 and Gr. l-4 into t\VO units: \T ry

severely -wea thered and se vere ly wea thered . Thes e ZOIl t:S are indicated on Figure 5- 8 in the co lum n titled " Tren ch

Maps" . Very severely wea thered rock is d e fi ned as rock in which soil peds are beginning to deve lop such that rock

structures and textures are local ly ab se nt. Th e de pth of thi s very severely-wea the red rock wa s rou nd to be genl.'r.:ll ly les s

than the depth of the tren ch which is approx imate ly 5 to 8 feet. This dep th would likely correspond to the depth o f

hand-auger refusa l as desc r ibed durin g previous investigat ions at the Site (Wake ! C hatham Safety A na lys is Rep ort.

1994, Sec tions 2.3. 1.3.4 .3 .2 and 2.3 .1.3 .6 .3).

lm rned iately bel ow the sub zo ne o f very se vere ly- wea thered rock is se vere ly-weathered rock where rock has los! all

portion of ge olog ic mapping trenches.
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After sp lit-spoon " re fusa l" (6- 16 feet bgs ), rock corin g continued unt il co mpeten t bedr ock was rea che d. Cas ing was

instalIed at th is depth. The dept h of casing, which ranges from 24 to 36 fee t bgs in boreholes W20 IARIA through

W20SCH I.. is shown in Figure 5-8 in the colum n titled " Dri ller 's Log", Cas ing depth is , there fore, into the mod erately

weathered subzone.

5. 1.3.4 S ubzo n e o f Moderate Weathering

Th e su bzone o f moderate weathering underl ies the subzone of severe we athering. Ou r unde rstand ing of the subzone of

moderate weat herin g is little chang ed as a result o f core logging during the GM - l Pilot Stud y. The rock is gene ra lly

moderatel y indu rated to indurated. Manganese oxide and limoni te coated fractures and rock staini ng are uncomm on

while local calcite cement and frac ture filling may be found. Th e base o f the zone of moderate weathe ring ca nnot be

determ ined by exam ination of rock core . As in ear lier studi es, the base is dete rm ined largely by exam ination of

geophysica l logs and corresp onds to the base o f the zone of weathe ring described in Section 5. 1.3.1 .

5.2 Hydroge ol ogic Data

One of the main objectives of the G r.1- l Pilot S tudy was to assess which geologic fea tures are important for cont ro llin g

ground water fl ow beneath the Site . Obs ervations of geo logic features in the trenches and core (Table 5-3) provide

indirec t ev idence of flow in the sh allow subsu rface . In addition , som e of the geophysi ca l logs a lso pro vide hyd ro logic

info rm at ion ( i.e .. the var ious po rosi ty tools , caliper log. and Stone ley wa veform log) . Howeve r, the mo s t d iagn ostic too l

fo r assessing con ductive in terva ls is di rec t testing . Th is W <lS accom pli shed for the saturated zo ne us ing bot h

hydrophysical logging and pack er test ing. Th is sec tion presents a d iscussion o f data tha t may be related to subsurface

water occ urre nce an d movement co llecte d from the vadose zorn: and the sat ura ted zone during the GM Pilot Stud y.

5.2.1 Vadose Zone

Manganese ox ide-coated fractur es and manganese staine d, clast-suppo rted sandstones appea r to be large ly confine d to

the se vere ly weathered zone. but arc not uniformly d istr ibut ed acro ss the Site. T hese features often ap pear to be

assoc iate d with near sur face "seepage col um ns" obs erved during trench mapp ing . During the GM- I Pilot Study.

ma nga nese oxide-coated frac tures and open fract ures were also observed to be associated with areas in wh ich minor

low- and h igh -angle fa u lts (ie: s lickensided sur faces with little or no meas urable offset) are locat ed and whe re

weathering zones are som ewhat deeper than normal ( Plate 5- 1, Geolog ic Cross Section GM-Gi\1' ), These feat ure s,

su gges ting the sha llow circu lat ion o f water, may mark the locatio ns of higher than norma! groundwater infi ltrat ion. If

so. [hey ar e ver:-.'- impo rtant features o f the vad ose zone. The best exam ple o f confluence of all these features is in the

vicinity of the j unc tion o f the Gx l- IW and G~!- 3 trenches. Boreho le W202r\ R I., located in the same vicinity,

penetrated rock that contains abundant fractures, most o f which are manganese ox ide-coated.
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Another important featu re of the vadose zone a re surface seeps. Sixteen seepage zones were ident ified in trenches that

hav e be en mapped prior to and during the GM - I Pilot Study. These have been annotated on the GM- I cross section .

Available da ta used to identi fy the seeps included trench map sprea dsheets. pho tographs. original field notes and

sketches , a nd the annotated trench map s. See page zone s were ident ified in trenches Gi\.l l E, G xl l-E f), GM-2 , GM.3,

and GT-5 . Tre nch GJ\'l--l had no seeps. and trench GT-5 had the greate st num ber of seeps . Eigh t seeps occur in fine­

grained seque nces, and seven occur in coarse-grai ned units. Eight of the seepage zones ident ified in trenches GJ\l-1

thro ugh GM -3 appea r to be d irectly re lated to fract ur ing, root ing. o r root -rela ted fracturing. [t is not clear what control s

the see p that was pho tographed in GM-2. Unit IS. but it may be assoc iated with the contact between Un its 15 and 16

(i.e.. bedd ing plane st.'cp). Litho logy does not appear to be an important fac tor contro lling the occurrence of seeps. Th is

obs ervation is consisten t with shallow core logs wh ich indi cat e abu ndan t fractures in all litholog ies a bove approximate ly

::; 0 feet. Additionally. the re is no apparent relat ion ship of seepage d istr ibut ion to map units or to topography. Rather.

seepage zones appear to be associated with fractures. roots , and root -induced frac tures. Increased frac tu re density in

near-surface units is pro bably due to a comb ination of I) brittle behav ior due to un load ing /low con fining pres ure and

2) biogenice (i.e.. root-induced ) fracturing. Th us. most of the seeps arc probab ly near-surface phenomena and may no t

be related to de eper pathways fo r groundwater flow .

S a tu ra ted Z one

Hydro logic data collected from the saturated zone include poros ity data from geop hysical logs . flow da ta from

hydrophysic al foggi ng, and permeabi lity data fro m packer test ing .

5.2 .2 .1 Porosity D;1t:l

The porosity cu rve s are planed on the montages for W::0 5CH I and W:;08CII I a nd on the ELAN logs for boreholes

\V20 1:\ R1t\ through W20--l AR I. \\'206:\ R I, and \v 207A R I. These curves ha I' C a lso been inc lude d on the Panel

Diagram s for \V201A R IA through \V20SAR I (Append ix D.3). The comput ed and edited Cl\lR porosity is be lieved to

rep resent a lower bound on format ion poros ity (see d iscuss ion in Section 4.3). Density porosity an d El.Ar-l-comp utcd

apparen t po rosity are also presented on the logs. I\S discussed in Sect ion 5. ! .3. 1, the apparent poro sity in the wea thered

zone is h igher than that in the unweathered zone , and CMR porosity is lower than the other porosi ty curves. In the

unwea thered zo ne. the po rosity curves more closely match the CM R poros ity . From the varioi s porosity curves. it is

apparent tha t the re are multiple zones of relative ly higher porosi ty be low the base of the weathered zon e. The major ity

of these relatively higher porosity zones correspond to sandstone interva ls for which poros ities range from 2 to

;;} pe rcen t Less than 100 feet o f logged depth have porosities above 10 percent. A lthough these porositi es arc sti l!

considered low, they stand ou t re lative to the remaind er of st rata encountered in the G 1'vl-1 Pilot Study, for which

porosi ties a rc less than 2 percen t. I Iisrograrns o f porosities which illustrate these obse rvat ions arc prese nted in

Figure 5-9 . A deta iled d iscussion of the ana lysis and interpretation of the porosity curves is presented in Sect ion -1.3 .
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5.:!.:!.2 Hydrophysica l l ogg ing R es ults

Hydro phys ica l lo gg ing is an excellent method for locating con ducting features and prov iding an es timate of the ir flow

cap ac ities. Flow-rate valu es measure d during hydrophysical logg mg range from 0.00 1 gpm to 1.06 gprn (Ta ble 4-5 ).
_.~._-~-"~" . _ '~ .~---_ .. ._-~.~ - --..._~ ._0-'~ .,. ' ' '"--" ~

Th e d istribution o f conductive zones shows that they are concentrated in three pri mary areas : wi thi n the weathered zone

as defined by geophysics. a long strata-concordant fractures, and with in the hanging wall of major faul ts. Most of the

cond uctive zones were observed to occur within the weathered zone, except at W:205CH I. W205CH I is located on the

hanging wall and in close pro xim ity to the \V8 fault

Below the we athered zone. conductive intervals identifi ed dur ing hydrophysica l logg ing oc cu r primar ily along bedding

plane fractures or high -angle fractures in sandston es. except in W205CH I . In W205CH I , con duct ive features were a lso

fou nd to occur within some of the finer -grained units. Resu lts of the hydroph ysical log ging ha ve be en plott ed on the

Geo logic Cross Sect ion (Plate 5-1).

5.2.2 .3 Packer Testin g

Packer tes ts were target ed at the conduct ive features or intervals that exh ib ited the highes t yields dur ing hyd rop hy sical

logg ing. Packer test transmiss ivities genera lly agreed we ll with the hydrophys ical log resui;s . The packe r test ing results

from the G r-.l -1 Pilot Stu dy boreho les indicate values ofT in the weathered zon e o f IOE-6;o IOE-8 m=:s. and generall y

lower value s of T ( IOE-S to IOE-9 m=/s) in the unw eathered zon e. Th e more tran sm issi ve features in the unweathered

zone typica lly are strata-concordant fractures. or fractu res on the hang ing wa ll and adjacent to the WS fau lt. w ith

T values of IOE-S to 10£-6 m=is. Values o f T cal ulated from packer testing ha ve been plotted on the Geologic Cross

Sec tion (P late 5- 1).

5 .3 Geoche mical Da ta

N ineteen groundwater sam ples were collected from packer-tested intervals in boreho les \V20 1A R I A throug h

W207AR l. and from the two production wel ls used to sup ply water for d rill ing du ring the G t\1 Pilo t S tudy . The data

were an alyzed for maj or cations and anions. In addit ion. pH. temperature . and specific conductanc e data were collec ted.

Th e results of the geochemical data analys is showed that there are tWQ basic type s of water in the G r.l study area :

pr imaril y sodiu m bicarbo nate (Na -Cl -HCO, or Na-IlCO,· CI) , and sod ium chloride (Na-Cl) . Piper d iagrams for the

various groundwater samples hav e been plotted on the G M Cross Sec t ion (Plate ) · 1). Values o f pH in site wat ers are

s ligh tly alkal ine (i.e. greater than pH of 7) with the highes t va lues repone d from well \\'205 CH I in the hanging wa ll of

the Wi> fauh.

A detailed discussion of the resu lts of the geochem istry data co llection activities is presented in Se ct ion ~ .5 . A

discussion of the geochemistry data integration resu lts is presented in Section 5.5.3.
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SA Development o f Gi\ I- l Cross S ectio n and G eolo gic i\lap

Prior to the G ;>' I-I Pilot Study act ivities, a sk e leta l cross section was develop ed a long the Gi\1 (ranSect or iented east-west

acro ss th e bu ffer zon e. This cross secti on pro vided a veh icle fo r integrat ing all ge olog ic. hyd ro log ic. and geoc hem ica l

data in the are a o f the ex ist ing an d p rop osed G~,l tre nches a nd boreholes to reline the hydrogeolog ic model for thi s area

o f th e site . The ultim a te goal o f th is in teg ra t ion effort was to as sess the geo logic feartln:s controlling groundwater now.

TIle cross sec t ion al so provided a fram ewo rk in which to plan add it ional data collecti on ac tiv ities. Th is ini tial c ro ss

se ction was presen ted at the Febru ary !8· 19, 1997. G M -I Pilot Stu dy p lanning meeting.

As add itional geol og ic . hydro lo gi c, and geochemica l data we re co llected d ur ing th e Gi\l-I Pilot Study program, th is

cross sect io n was updated and revised . The cross section is located coinc id en t with the locatio n of the G~ l tre nc he s

shown on the Ge ol ogic Map (Pl ate 5- 1). Data plotted on the CrQ _S sectio n. o r analyzed in co njunct ion w ith deve lopme nt

of the cross section. to assist in the geo log ic interp reta tio n and the integ rati on of various data types. are sum m ari zed in

T able 5-3. Table 5-~ summarizes how th e geophys ica l log s were used in development of th e cross sec t ion. Th es e

incl ude data fro m core, trench maps, and geo physical logs. . It shou ld be note d that the W32 cl ust er and W80W 100 are

loca ted ap prox imately 160 feel south and north o f the cross sec tion, re spect ive ly. 1 he geophysical /graphic co re log s for

\\, 3:2;"IP I4 and W80\\, 100 a pp ear to correlate a long strike to geolog y shown on the cro ss section. but requ ire pr oj ect ion

in a d irection that local strike data doe s not support. Howevcr. bec ause the data from these borings pr o vides add itiona l

in formation fo r the c ross secti on . the locat io ns were moved to a pos iti on w here the data arc cons istent wi th that shown

o n the c ro ss section ( i.e.. W32MPl-l was moved 21 feet west an d \\'1\0 \\'1 00 was m o ved 20 feet cas t). Bo re hole

W97SW·13 is loca ted 170 feet nort hwest o f the Gl'-I cross sect ion and the correlatio ns between the two ar c not read ily

apparen t. Th ere fore , the requa lificd grap h ic core log is shown screened bac k. but was not used in co nstructing the cross

section.

Wh ile d ata shown o n Table 5-3 were used to const ruct and in terp re t th e cross sec tio n, not all da ta lis ted are act ua lly

d isp layed on th e ClOSS sect ion incl uded in th is repo rt. Spec ifically, the g raph ic logs (bo th fro m (ore and in terpre ted

fro m geophysics) are incl uded se parately in Append ix B. In addition. o nly fra cture data that are im po rtan t for

und e rst and ing the nat ure of prod uct ive in flow inte rva ls identified du r ing hydrophy sica l loggi ng have been not ed . These

incl ud e an not a tion as to whether the water-p roducing in terva l is character ized by strata-concorda n t fr a ctures or h igh

angl e fractures, Fra cture plots fo r each borehole and fo r the tren ch ar e incl ude d in Append ix L

SA .I S tr u tig r n p h ic C or-r e latio ns

C orrect correlation of strat igr aphy is essent ia l for construction o f ge o logic cr oss sec:ions and 0 1..ips. unci. u iiimate lv. (or

developmen t of a three-dimensional hydrogeo logic m odel for the S ire . Co rrel ati on s were ma de using th e ga m m a an d

resisti-..iry log s. graphic IOf;S of W205CH 1. W10SCH I, and the rcq ua lified cor e. tre nc h maps, the tr ench co lum nar

sec tio n, and di p inform a tio n fro m bo th the FMllogs an d the trench m ap s. In support of cc rre latio n. a g ra phic log of the
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trench stratigraphic secti o n was de vel ope d and is included in Appe nd ix A. Cu rrent ly, most ge ologists correlate alo ng

stratigraph ic section s by mat ching log patterns (geophysica l and core log). a llo wing for varia tions in litho logy,

thickn ess, an d com pletene ss of section. Th is me thod was a lso em ploy ed d ur ing the GM Pilot S tudy.

Two ap proac hes were used for stra tigraphic correl ation: I ) using geophysica l log s, the trench cross section , and the

sha llow COre logs . and 2) using graph ic core logs and the trench stra tigraphic column. These two ap proaches were use d

to assess the rel iability of us ing geo phy sica l log s for correl ation during the sirewide inve stigat ion. If correlat ion s are

similar us ing both approac hes. the use of geophysical logs for corre lat ion du ring the sitewide invest igat ion is j ust ified .

Correlat io n o f lithol ogic un its using geop hysical log s was initiated by march ing patterns on the ga m m a-ray and

resistivi ty (primarily useful eas t of the W8 fault) logs bet ween boreholes, followed by march ing majo r (th icker) rock

units between trenches and ne ar by boreholes. Pr ior to using th is appro ach , the gamma logs we re ca libra ted with the co re

logs for \v205 CH I and \v20SCH I. Because the gamma logs run through casing d id no t appear to be r-e liable ind icato rs

o f sandy litho log ies. the core logs for the cased intervals were used for correlating to the shallow port ion s o f the

boreh o les. More rel iable gamma log signa tures in the cased inte rva ls can likely be obt ained by using the ap propr iate

type o f cas ing and grou t. Rock un it matching was constrained by bed d ing orientation da til co llected fro m the trenches

and the FM I logs. Follow ing the correlation of litholog ic un its . these litholo gic uni ts were gro uped to define larger-sca le

map un its that are assoc iated with dis tinctive gamma-ray log pattern s. It was observed that there ar e five dist incti vely

different g ramme-ray patterns on the cross sec tion thai are representative ofthese ma p unit s. O nce map units ..vere

defined. it was found !hat they could be corre lated more rel iably than ind iv idua l rock units.

In add ition to correlat ion us ing the geophysic:111 gs, correlations were also performed using the gr aphic 10£5 for

W205C H I, W2 0SCH !. and the requa lifi ed logs in conj unction with the french graph ic log , Pr ior to correlation usi ng

th is ap proach . lithofac ies were add ed to the graph ic logs for W205 . W208, and the trenc h gra phic log. Representative

lithofac ies have been annot ated on the Gl'-I - I hydrogeol ogic cross section. Corre lations were ma ch: by pattern match ing

o f various rock uni ts in conjunction with the ir litho facies des ignations. Using th is grap h ic log approach, only minor

rev isions in corre lations a nd map unit defi n itions, made using the geophys ical logs. were requi red. There fore. graph ic

co re log s ar e not conside red necessar y for corre lation of map ping units . A lthough lithofac ies we re ini tia lly helpfu l in

defining ma pping un its. the addition of lithofacie s is also not co nsidered necessary for future defi n ing of map units and

co rrelating strat igraphy,

In addi tion to lithofacies, d iagenetic featu res were also add ed onto the cr oss sect ion to asse ss whether these fea ture s arc

important for correlating or whether they an: diagnostic of water-producing intervals. These features include manganese

staining, man gane se nodules. iron srJi f1i ng~ iron nodu les, iron cement, calc ire erncm, carbonate nodules. sil ica ceme nt

(observed in trench). halo aureo les. and intense mottling. Diag enetic features such as mang anese staining and nodules

appea r to be re la ted to 'weather ing and are confined [0 that zone , and the ir distri but ion may be a n impo rtant chara cter ist ic

pro-only'fmtexs'secs ..5.doc
10/25/ 9 7 7. 2() PM

5 - 17



Data In terpre tat ion a nd lnrcgrutt ou

of the va dose zo ne. Mo ttling is generally ubi qu ito us thro ugho ut the sec tio n and no t d iagnosr ic of any one map unit.

Other feature s. such as carbona te nodu les. ce m ents . and hal os are present loca lly and do not appear [Q be con fined to or

d iagn ost ic of o ne m ap un it. Based on th ese o bse rvations . diagenetic features do no t ap pe ar to be a va luab le aid in

making correlat ions no r can they be used to pred ic t the location of produc ing int erv a ls.

Analysi s o f the d istribut ion of b iogen ic fea tur es. burrow ing . root ing and b iotu rbation , logged in core fro m Wl05 C H 1

and W2 0SCH I, indi ares that the y are fo und in all litho logies except most claysto ne, very coarse sands to ne. a nd

conglomerate . Furtherm ore. b io ge n ic fea tu res arc no t fo und !O be restricted to nor indi cati ve of an y part icular ty pe o f

ma p un it. Thus, they do not a ppea r to be important for maki ng correlati ons .

Success in defining litholog ic gr oups by means o f boreho le geophysica l logs suggests tha t, during the sitewide

inves tigation. strat igraphic interp retat io ns and co rre lations can be mad e usi ng only geophysical logs i f boreholes arc

spaced cl ose ly en o ugh. In add ition. the ex ist ing and the lim ited core to be acquired in the s upplem ent a l field

inves tigat ion w ill be us ed to ca librate the geophysica l logg ing result s.

Using the gamma logs lind trench maps. corre lations alo ng the G;-" j c ross sectio n (PI, tc 5- 1) wen: read ily ap parent Oil the

west side o f the W8 fault . in part, because of the close spacing of the bo rehol es. In add ition. the st raw. west of the fau lt

cons ists of th icker. more continuous cha nnel sands and cong lomerates interbedded with thick sihs tonc. mudst one units

tha t fo rm m or t: d ist inc tive gam ma log pa tte rns . Som e of the san dstones west of the fau lt can be correlated up to

d istances o f 900 fe et.

East o f th e fau lt the co rrelat ions were mo re d iffic u lt beca use o f wider spacing of boreho les and less di st inc tive ga mma

log patterns , Th e strata in th is area consists o f re latively thin. d iscon tinuous un its o f interbcdcd sand stone s, s ilts to ne s.

an d m inor co ngl om erates that are respo nsib le for the less d istinctive log pattern s. W ith the ex ce ption of ~ l s an d Uf ma p

uni ts near the east end o f tre nch G;. l -·! ([UP of the se ctio n), map un its ca st of the WS fault ar e do m inated by sa nd;'

packag es. Beca use of th is lithologic hete ro gene ity. correlat ion of boreho les W206:\£\ I , \l/207A£\ I , and W20SC H I wa s

extrem ely d ifficul t us ing pattern match ing. Howeve r, the gamm a-ray and res istiv ity logs ind icate exce llent co rrelat io n

wit h severa l cl ay-r ich layers that oc cur in all th ree bo re ho les and wh ich serve as m ar ker beds (se e Pia e5- 1, G :-"l C ross

sec tion). Dip data from the tre nches and the F~.II log s were aiso used to ass ist in th e corre lat ions . Correlation s east of

the \Vg fau lt indicated tha: the sectio n betw een 200 and 2·+0 fee t bgs in \Vl0 7A R I is m iss ing in W:::OSA R Idu e to non-

deposition or eros ion . The rema inder o f the se ct ion in W:WS abo ve 324 feet bg s corre lat es with the sect io n abo ve

200 fee t bg s in W2 07A R I and the se ction in W2 08A R I below 32.+ feet bgs correl ates we ll with the sec tio n belo w

2.10 feet b£5 in \\'2 07A R I. T he m issing sec t ion in W2 0S A R I is indicated o n the cross sec tion.

Stra tigraph y cou ld not be co rrel ated ac ross the \\ 'S fau lt using a\ ailabl e da ta. T ilt: lac k of correla tio n across the faul: is

mos t lik e ly Que to o ffset th at is 100 g reat to m ak e co rrelation s based on the stratig ra ph ic sect ion s avail ab le.
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In addition to corre lau ng un its along dip para llel to the G M 1 cross sec tion, correlations were also

performed along strike in a northerly direc tion from the G M 1 cross sec tion to assess the distance that map

units may extend in the strike d irecti on (see Geo logic Map, Plate 5-:n These correlations ar e presen ted in

the form of two cross sec tio ns: Plates )- 1:\ and ) - 1B. The location map for the se cross sec tio ns is

presented in Figure 5- 9:1. These cross sec tions were first pres ented in the Discrete Fracture Modeling

Re po rt (F igur es 3.3 to 3.5 , HL-\._ i9951and have been reproduced herein w ith minor edits to lithologic

corre lations and with the addition o f ma ppi ng units. Cross sec tion G 1\I:\ -/\ ' e xtends north fro m the GM I

cross section sou th o f W7.+PM·1 10 w 0 \\'61. Cross sec tio n Gl\ IB-B' begins at W 80\\'9 6 on cross section

G~vIA-:\' and extends northeas t throu gh WSfr[-t :\ to W80W5 9 .

Mapping units were iden ti fied on the basi s of ga mma log s pri ma ri ly . but gra phic core logs we re a lso used ,

where available . How e ver. as noted in Sec tio n -t.2A . the graph ic co re logs o ften underes tima te the amount

o f fine -gra ined sand and. the refo re. do not always correlate wi th the co rresponding gamma log. In these

cases . the ganHna lo g w as used to identify the mapping unit

Two sandstone s that oc cur near the top s o f bo th Gl\!.·\ ·.:\ ' an d GMB-B' cro ss sectio ns ha ve been de s ignated

35 ...\ an d D Sand ston e A C..H1 be correlated all the \ \':1;: north [0 \\!SO\V'59. .-\ fac ies change 03:S been

and ,\ '80W96 the n bac k 1O Uf between WSOW(,.l and WS:-'IC 12 . Sandstone D can be correlated nort hward

as parr o f an Uf ma p unit 10 WSDP~ then tra nsiu on s to an Swb map un it at \\'80W59. Cor relati ons o f these

sand sto nes and ma p units ind icate that bot h mapping un its and some- lithologic un its can be correlated for

distances o f more tha n 600 fee l 210ng str ike.

Ma pping units ide ntifie d alo ng strik e are s imila r to those reco gnized we s t o f the \'.' 8 fau lt in the G ill! Pilo t

Study area . The y are dominated by fl uvial sequence s (Uf) with minor Ms an d S ill units ncar th e GM I PIlot

Study area an d dom inant ly by Ms and relative ly th ick Sm units with only minor Ut units to the north and

northwes t (i.e .. no rth of \\, ' 0 \\'65 o n cross sec tion GM-A-,-';.' and north of W S:-' !P3 on G\I -B-8'). Thus.

there are some facies changes occurr ing north and nor thwest o f the G r.! I Pil ot Study area indi ca ting tha t

some fluvial seq icnccs ma y be fairly limn ed in area! extent in tha i pa rticu lar d irection . ..... thre e-d imensiona l

int erpretatio n is required to as sess the true extent and ,:<':)nfigllr:uion of mapp ing un us. These ac tiv ities 's tll

be perfo rm ed durmg [urthcr Site C har actenzatio n.

.As discu ssed In Section ...LL water level responses \\ ere noted H1 \'/ Sr>'fC12 du n ng df1 Hin~ o f \V205CI·!L

was noted when con ng be t vcen !.JO to ! .5 6 feet (sec Table J - l J. This interv al co rresponds appro ': irnate ly

to the inte rva l tha: had the highest yie ld du rin g hydroph ys ica l log ging and where a strara-co nco rdaru

co nductor oc c urs ( i.e .. at i59 feet in W::'05CI1! ). A like ly relationship may be that this cond uc tor correlates

g:\J6595\~~'pV:dr 1..J\:: ·?7rt'\'J\p5- /3a u.•!,:,(
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Dat a Inte rp re ta tio n a nd In teg ru tlon

no rth to \\.~ ", IC 12. Th is hyp o rhesis was examined y use of tte to, 0 new ero s: sec tion s. W 3:'1C 12 is

screened wi thin an inte rpre ted cond uctive zo ne bas ed o n ev aluat io ns o f the Aqu ifer Te st ~ urea by HL\

( 1995 ,. W ith in th is zo ne. o ne th in sand <. 'cur" whi ch has bee n in: . rpre ted [0 be part 0 - :l L f sequen e. Ii

the cond uctive z nc i ien ti fied in \\-S~ IC .:: is related to a strata -co ncc rdan feat ure . It is likcl v that thi s

fea ture would rcur at the co ntact between :l sa ndstone an d an undc rlying mu ls tone. Therefor e . an au crn pt

was made to co rre la te the sa nds tone idenll lied in the screened interva l at \\. :' !C 12 to the G:' 11 Pilot Study

area. T his sandstone can be co rrel ated as far south as W 0 \'196. Ho wever. it ap pe ar s [0 pinc h o ut j ust

nort h o f W "OW 100 and . the refore, like ly do.:s not co ntinue to W 20 -C H I. The na tu re of the connec tio n

bet ween \ \ '20 -0 ·11 and ...... v:' IC 12 is not c lear at this time. bu : co uld be through the enhanced fract ure

network JS ciated with the \\'8 Litl !; zone rathe r th an through a spec ific st rata - oncordant cond uc tor.

Addiuo nal wo rk IS required llJ co mplete the co rrel ation of map u nits and hyd ro lo gic co nducto rs th roughou t

g-\36595'>•.p\ ''il-:r i ':~ · 2 7f ~" ~\;;~ - j ~~7h .:0.
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5.4.2 Scale a nd Detail

Data Int erpretation and Integr ati o n

(
In comparing the var ious scales of data, it was found that litholog ic co rrelations are best made at a scale of I inch =

10 feet usin g bo th the gam ma logs and the graph ic log of the trench. Reso lution of the gamma logs (and other

geophysica l logs with the exception of the FM I) is lost at any greater scal e and lith olog ic sequ ences are too stretched on

the graphic trench log to ident ify co rrela tab le un its, In order to see de ta il in the trench maps, a nd to add a large am ount

of annotat ion data on the cross sectio n, it was init ially constru cted at bo th a ve rt ical and horizonta l scale of I inch =

10 feet. How ever, a smaller sca le (e.g .. I inch =0 20 feet) would be more workable for the s ite wide characterizat ion .

Th is study al so ind icates that litholog ic logg ing of co re or trench ex pos ure s at a scale of I inch equa ls 5 feet provides

sufficient detail for recognition of a ll m ap un its. However . for the purposes of showing finer deta ils obse rve d in core.

where necessary , and ann ota ting fractures wi th respect to specific lithofacies, I inch equals I foot will be use d whe n

logg ing new core or re logg ing exi sting co re.

5...U Gcologic Map

Bedding o rie nta tio n shown on the previ ous geo logic map o f the Site ( f eb rua ry 1996) has no t been sign ificant ly changed.

However. map uni ts have been rev ised and add itiona l min or fau lts hav e been added . All five map units occur both ea st

and wes t o f the \\'8 fau lt. Bou ndaries between map units were located on the geologic map (Plate 5-1) based on

bou nda r ies det ermined on the cross section. Bedd ing orien tation and faults on the geo log ic map are based on tren ch

mapping data. Stratigraphy west of the fault is dominated by muds ton e with mino r san dstone (Ms) and closely

assoc iated upward fi ning (Uf) map units , whereas the sandstone with minor mud stone unit (Sm) dom ina tes the area eas t

of tile fau lt. The port ion of the Geo log ic Map rev ised as a resul t o f G M- l Pilot Studies is indic ated on Plate 5-2

(Geo log ic Map) and is a 500-foOl wide strip with the Gi\1 trenches located nea r its center.

O ne area of the map requiring exp lanation is the area where trench Gt\'!3 and Gt\! 1\V tic . Two distinctive co arse-grai ned

sands tones have been identified in th is area during trench mapping cond ucted during prev io us invest iga tions and the

G lvl- I Pilot Stud y investigat ion. One unit occurs at the east ern term inus of trench GM3, where it joins G:-- l 1W. The

othe r unit has been mapped at the cast end of trench GT5 about 60 feet north of the main trench system . Both sand un its

have been des ignated as Sm ma p un its. However, a lthough these two san dsto nes are in close prox imity to eac h other ,

they do not appear to corr elate. Rathe r, they are each of limited latera l ext ent and appear to have a lentic ular geometry .

Th us, they are s how n to pinch ou t w ith in a relatively short dista nce on the geo log ic map . TI,e larger sand body at the

eas t end of G,,13 ca n be correlat ed to a thinner conglome rate un it that has been mapp ed in GT 5 (see st ratigra phic

co lum nar section: Appendix ;\ t However , the sandy co nglo merate unit at the eas t end of GT3 has not been mapped a:

any other locat ion.

pro-oniy'fmtexts:..ect -S doc
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Data In terpretation and Int egrati on

Boreho le W202AR I is located about 30 feet east o f th e eas tern edge of the G~13 sand. Exam ination of the sha llo w Core

log for th is borehole ind icates that it cons ists entirely o f silt and d ay . Therefore, the G f-.13 sand p inc hes out to th e eas t

pri o r to the location of W202:\ R I. The hypo thesis tha t tnt' G l\l3 sand is lent icu lar and may be of limited lateral extent is

supported by its northwest str ike and northea st d ip, ind icating tha t its o rie n tat ion is ano malo us wi th respec t to regio na l

str ike and d ip . The sand at th e ea st end of GT5 is no t pre sent in W202AR I. nor can it be proj ected into the G?\13 or

G M 1 trenche s . Th us. it also appears to be lent icular, p inch ing ou t to the so uth and east.

The exis ting geo log ic maps of the Si te sho w latera lly continuous ma p un its o f unifo rm th ickn ess striki ng N1'; E to SSW .

111is relat ive ly s imple map pattern is partly the re su lt o f the limi ted amount o f ou tc rop and subsurface in fo rm ation tha t

had been av ail able prior to the GM - I P ilot Stud y. It now appears tha t the Sm map un its ma y be much more la te rally

d isco ntinuo us th an previou sl y rea lized . In contra st, the Uf an d Swb m ap un its can often be correlated fo r rel at ively lo ng

d is tances across the s ite before pi nch ing out. However, based on the G tvl c ross sec tion, it appears that the m ap unit

wh ich may be the most latera lly con tinuous across the Site ar e the finer-gra ined sequences ot' the ,, (s unit

5.5 S ignifica n t Obscrvu ri ou s Based on Gi\I-I Cross Sectio n Data Integrat ion

Du ring and after devel opmen t o f the G ~ l Cross Sectio n several sign ifican t observa tions were made w ith regard to

geo logy . and the hyd rogeo logi c . an d geochem ical data integrat ion efforts. These have bee n su m m arized in the

fo llow ing subsect ion s.

5,5.1 Gc ology

The stra igraphy alon g the G:'- 1 trench co uld be co rre lated usi ng primarily the gamma ray log patte rn s, in

conj unc tio n w ith the FI-- ll an d trench stratig raphic orientatio n data . However. gam ma cu rv es w ith in casi ng (as

present ly de s igned) m;IY not be rel iable ind ica tors of sandy interva ls. C ore will be retr ieved fro m th e cased

interval s d urin g th e s itew idc investigation and w ill be used, in conj unction w ith the geop hysi cal cur ve s . to

corre late stra tig ra ph y.

TIle strat igraphy wes t of th e faul: d iffers from the strat igraphy east o f the fJtdL \ \ 'es of th e fa ul t th e strata

consist of th icker. more conti nuous chann el sands and cong lom era tes interbed de d wit h th ick silts tone 'm uds to ne

units. These units were readi ly corr e lated be cause o f the d ist inct gamma-ray signatures. 111e stra rigraph y ea st

o f the fault co ns ists of a g reater percentage of sands ton es. bu t which are th inner and less co nti nuous than tho se

west o f the fau lt. Most of the ind ivid ua l sandstone un it east o f the fau lt cou ld not be co rrel a ted fo r lo ng

d istance s . r\ dd itiona lly . the SWEa ea st o f the fault (inc ludi ng the fi ner- gra ined un its) a re more Q U:1rlZ r ich than

the Strata w est of the faul t. T hus. there ar e fewer extrem ely c lay- rich in terva ls on the eas t co mp ared 10 the wes t

side o f the faul t ( Fig ur e ,1-6 ). The clay uni t in Drainage I is on e such c lay-rich unit. In bo rehol e \V205 Cll L the

prl) - 0 t1 ~,, · ~f,·rl le.ff t.s t' C! -5.dl)("
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Data In terpretat ion a nd Integration

rack a ave the \\' fault is more similar to the strata we st o f the fault. and he interval bel a '•." the fault is more

s imilar to the cia a from boreholes on the east sid e o f the fault.

Gamma-ray logs and F1\II logs ind icate that core loggin g un derest im ated the sand/silt co nten t of v ry fine

Ii hologies east o f the WS fault. Thus, the ~ Is map un its identified in \\120 CH I bas ed on core logging are. in

some inst ances . probably Sm packages.

The Ms ma p uni ts comprise the greatest percentage of strata at the S ite and are ant ic ipated to be the most

laterally cont inuou s.

Based on experience ga ined in suppo rt of the G M Pilot Study act ivities . the data required for rec ogn ition of mapping

units ar c geophysical logs (primarily ga mma ray logs) and the Fi II im age data. Th ese da ta sources provide litho logy .

re lative gra in size. percentage o f clay versus quartz, contact ty pe. pr imary sedimenta ry features , and the geophy ical lo g

par em. Other lithologic features that were use d to define map units during the GM Pilot rudy , such as percent grave l­

sand-mud. fabric. col or . and b iogenic an d diagene tic features, arc no t conside red necessary to de fine m ap uni ts during

the si tewide churacterizat ion. It should also be no ted that a spec ific m app ing uni t recogni zed a t one loca tion on site do es

not nece ssari ly correl ate to the same type of mapp ing unit elsewhere on site . Rather. co rrelations made betwe en close ly-

spaced boreholes us ing the ge ophysical log s arc necessary to define the three -dimensiona l extent of a s ing le mapp ing

unit.

5.5.2 Hyd r ogeologic D a ta Integra tion

Based on hydrophys ical log ging. tht: dist ribution of conductive features sho ws that the y an: concentrated in three

primary areas : I ) with in the weathered zone as de fine d by geophysics (the base of Zone I . ee Section -1.0. Summ ary

Report fo r Dp -l ). 2) a long strata-concordant co nductors (b ed ding p lane fractu res ), and 3) wi thin the hang ing wa ll

adjacent to the \\'8 fault plane (a pproximately 50 feet above based on inc rease in fractur ing no ted on the FMI). In

assoc iation wi th an analys is of the di stribution o f co nduct ive features . hyd rophys ical an d pack er [est data were a lso

evaluat ed, in co nj unc tio n with the borehole image da ta and core data. to ident ify correlations be tween flu id flow

ind icat ors and geo log i fea tures that may be respons ib le fo r the t ow an omaly. Because o f po ssible depth tie

m ismatch es between he diff eren t log gin g tec hniques. an interval :::3.0 feet ab ove and below a flu id flo w ano malj I:IS

inspected for potent ially permeable (ope n, ero led ) fractures and/or struc tures mat carrel tc to 3. producing zone . ~o c

tha t Bl PS data are no t availabl e past i 00 feet depth for \L04AR 1 (T D 145 feet ) and the cblum berge r fr acture ana lys is

res ult s are required to ana lyz e the lower part o f thi s \1 e ll. Al so note tha t the BI? data qua iit: o f \\"1 03.-\R 1 \ 1 as very

poor be low a depth o f 100 fee t \ 1 here visihi lity \ 1 as lim ited and the flo w ana lys is for th is \\ ..: 11 also rei iires tne F\ 11

fractu re ana lys is resu Its.
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5.5.2 .1 Fluid Flow in the W eathered Zone

Th e un sarura red portion of the .., eathe red zone, th e vadose zone. cont ai ns localized areas o f m angan ese oxid e-coated and

op en fractur es associated w ith re la t ively deeper com ple tely- an d severe ly- weathered subzones. See pages are often

m apped in trenches at these locations . T h is association. which is not distr ibut ed unifo rmly ove r the s ite. m ay m ark the

loca t ions o f rela tively greater surface wat er infi ltra tio n to subs urfa ce water flow con d uits .

Th e sa tu ra ted portion of the we ath ered zon e coma ins the greates t num ber of wa ter pro d uc ing in te rv al s. except in

W205CH I w hi ch is located in the ha ngi ng wall o f the W3 fault . Th e increased number o f con ducti ve interva ls in the

weat hered zo ne is interp re ted to be a resu lt o f enhanced secondary po ro s ity/p ermea bility du e to chem ica l we athe r ing o r

to en han ced fra cturing as :1resul t o f isostatic unloa ding . A conductive zone was iden tifi ed ill o r near th e ba se o f the

weat hered zo ne in ev ery bore ho le except W2 06 A R I. ind icat ing that this contact m ay be a pre feren tia l pat hway fo r

grou nd wa te r flo w. A ca liper increase at the base o f the weather ed zon e also suggests inc reased permeab ility at the bas e

of th is zone .

The bas e of the zo ne of weathe ring de termi ned by ge ophysi cal lo gs appears 10 be mo re sig n ificant hydraulic a lly than the

base of the subzo ne of severe weathering determined by con: and auger re fusa l. This suggests tha t a visual assessment

of the depth of hydraulica lly s ignificant weathe ring is d iffic u lt. Rathe r, the de pth of hyd ra ulica lly s ign ificant weathering

can best be asses sed by ide nti fy ing a change in ro k m atrix based on the po rosity logs. th e den s ity log, the so nic log . and

the ca lipe r log . The base of this l on e ranges from 49 fee t bgs in \\'204AR I to S4 feet bgs in \V20 SCH ! .

5.5.2.2 Stra ta-C o nc orda nt Co nd ucto rs

The res ults of the G;\ l Pilot Study ev aluatio n show ed (h;1I alm ost every flow ano ma ly is associated w ith a fracture . At

sha llo w de pt hs (i.e .. a bo ve 20 0 fed ), most o f these an: pa ra llel to bedd ing , \\ h ilc at g rea ter dep th mo st of these a re

steep ly d ipping. Ta ble 5-5 prt:scnts the pre limin ar y resu lts of the co rrel a tio n betwe e n frac tures and prod uci ng zo ne s .

Three hyd ra u lica lly significant strata-co nco rdan t fractur es hav e bee n identifie d on the G i\l- l c ross sec tio n ; at 129 an d

159 fee t bgs in \.\/20 5CII . an d bet ween 159 and 16 1 fee t bgs in W20 7AR L Th ese fract ures y ielded .265. 1.06. and

0.69 gpm . respective ly . during the hyd ro pb vs ica! Josgi ng pro:;ra!l1 . T he fractures at 159 feet in \1.::05CI-{ I and at

159 - 161 in W207A R I were the hig hest prod uce rs identified d uring the G:-l l P ilo t Study program . The sands tones

With w hich these fractures in W20 5C H I are as sociated ha ve been co rrelated acr oss the G :'I -I Pi lot Study a rea as shown

on the G~ ! - l c ross section The strata-c oncordant fr actures at 159 -161 fee t in \\"2 07A R I do nor continu e ; 0 boreho les

each side o f \\~107 :\ R I. G roundw at er ei:.=- \ arion mon itor ing d ur ing dr il ling indica ted iha: the stra ta -concordan t fract u re

at 159 fee t in W20 5Cil J is ~yJr:iu!ic a l l :. connected to \\ eH \V \ICI 2. and may be o ne ofthe strara -co nco rdan t

cond uctors identified in the vic in ity o f the \V3 'ivell cl uster during HLA' 5 ! 996 eva lua tio n of Aquifer Test 4. Add itiona l

evaluation of th is h:. pothc sis w ill be conducted duri ng the SIP .
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Hydraulical ly-significant strata-conc ordant fractures genera lly occur at the conta ct between coars e-grained to

cong lomerat ic sand stones and underlying siltstones or claystones (i .e. , where large contrasts in phys ical propert ies occur

acro ss the contact). lt is difficu lt to determine whether fluid flow at a given location is more dependent on

strata-concordant fractures or on the overly ing lithologic unit that app ears to be relat ively more permeable than others ;

for example in borehole W2 05CHI near 161.5 feet depth . The sandstone interval includ ing this feature is relat ivel,Y m ore

perm eable (0 .259 md) relat ive to the sandston e un it 5 feel higher (0.157 md). T he highest T values below the weath ered

zone ( IOE-5mz/s) were measured in W205CH I at 159 and 270 feet bgs. T values elsewhere in the unwe athe red zone

ranged from 1OE-5 to IOE-9 m2/5. The sandstones above the bedding plane fracture at 159 feet has an est imated

effect ive poros ity of up to S percent based on the CMR and ELAN logs. The h igher T value in th is zo ne may be a resu lt

o f both fracture poros ity and secondary porosity in the sandstone. Th in section analysis of this san dstone during the

G!\l - 1 Pilot Study and performed during previous investigations at the Si te ind icates tha t the porosi ty is secondary and is

a result of the dissolut ion of feldspar and. in some cases, intcrgranular cement. Of interest is that some o f the fractu res

wi th relatively high T va lues (I OE-5 ml/s at :170 feet in W205CH 1) have flows durin g hydrophysica l testing as low as

0.005 gpm as compared to 1.06 gprn at 159 feet in W205C H I. The higher T value at no feet is likely a resu lt of

increa sed fractur ing approaching the \V8 fault. Both bedding plane and high angle fractu res were noted in this

sandstone . Thu s, the hig her producing intervals appe ar to be assoc iated with bedding plane fractures that are in contac t

with a relat ively higher permeabil ity sand. The bedding plane frac tures are most likely a resu lt of slip along these

surfaces to accommodate stress associated with faulting and are mechan icall y more likely along fold limbs. Thu s, thes e

features may becom e less important with increased dis tance away from the major fault zones .

There are also examples o f significant beddi ng plane fractures identified through geophysics that did not produce du rin g

the hydrophysical logg ing. An example is at 90 to 100 feet in W20·1AR l. Th is sandstone corre lates to the sandstone in

\V205CH i at 159 feet. A lthough these sandstones correlate and are both characterized by bedding p lane fractures at

thei r base, the sandstone in W204AR I did not produce. The hydrophys ical logging ind icated a producing Wile from

! 03 to 138 feet. It may be poss ible that it was act ually producing from the fractu re at the base of the sandsto ne (i.e ., at

100 feet). Altematively, the sandstone in W204A R I may not have produced because it has a higher clay content (base d

on the geophys ical logs) than the sandstone in W205CII I. This would suggest that the location of the "clean"

sandston es may be predictors o f produ cing intervals. Although the C;\lR porosi ty in the sands tone in \V20.+:\ R1 is

14 percent, this value is likely a result ofbo rehole enl argement rather than matrix porosity.

5.5 .2.3 Han ging W all »r ws F:1Ult

In addi tion to the weathered l one and bedding plant: fractu res in tht: unwcathered zone, tilt: hJn ging wall of the \lfrS fau l:

zone is also interp reted to be a zone of higher conductivi ty. The \\'8 fault is clearly visible in image data. Inten sely

fractured rock assoc iated with the faul t. especially its hanging wall side, appear to be fluid flow cond uits. in support of

this conclusion. \V205CH I, locate d on the hanging wall and adjacent to the W3 fault. had the highest number of
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producing features and higher porosity inte rva ls (as interpreted from the ELAN:;) in the G~ I-I pilot study ar ea .

A ltho ug h seve ral cond uct ive features were iden tified in the weathered zone in W2 05CH 1. se ve ra l con ductive features

we re a lso identified bel ow this zone. Th ese occur a bov e the \ I,/S fau lt both a long strata-concordant fractur es and as

high-angle fractures wi th in sandstones and claystones . As indicated from th e BlPS. F~ll, and Sron eley waveforms, thi s

borehole ex h ib its has a high dens ity of fra ctu res ap proach ing th e W3 fau lt an d for some depth ben eath it.

5.5 .2..t Other Potential Con trols on Groundwater Flow

Fractu re s incli ned to bedd ing m ay a lso play an important role in controlling ground wa ter flow if they co nn ect one

be dding-p lane fra ctu re to ano th e r. These are like ly to be co nfin ed to ind ividua l units an d to be truncated a t bedd ing

co ntacts. One such fea ture crosses W2 05 CH I w ith in the sand above 165 feel. It is as socia ted w ith a large thor ium

anomaly, po ssibl y sugges ting th at it has carried , o r is, carrying lar ge amoun ts o f flu ids. The hydro phys ical anom aly a t

ISS feet m ay be associated wit h th is h igh-an g le fracture as wel l us th e fr acture at the base of the sandstone and the

sands tone itself. Open. high ang le shear fracrures are al so responsibl e for permeab ility at depth. pa rticu lar ly in

W20 5C H I . A lar ge . high-angle fract ure in a sandstone at 3 17 fee t bgs in \V205CH I had a relative ly high flow rate a t

0 .0 5 gpm. This frac tu re occurs approx ima tely 23 feet abo ve the \V3 fault. In so m e ca ses th e permeable zo ne s

correspond to the depth loca tion of the intersec tion of the two o rthogona l fracture sets. However. it sho ul d be no ted th at

these fractures a ll occ ur in \V105 C H 1 which is located in the hangi ng wall and adj acent to the WS fau lt, TIle importance'

of these high-angle frac tures 3\V3)' from fault zones will continue to be evaluated during the sirewide invesrigation.

A t greater depth. the more steeply d ipp ing frac tur e set assoc iated with h igh -angle faults ma y assume a more im po rtant

hydraulic role. Based on fra cture data from \\,205 CI J I. the hy d rolog ic importance o f the bedding paral le l fra ct ure s

ap pears to decrease wi th de p th . Most of th e cond uct ive inte rvals ident ified belo w 200 feet in th is boreho le (4 out of 5 )

arc as sociated with high-angle fractures. Th is is like ly a result of the inc rease in lithostatic load wit h de pth. Produc ing

interva ls in o ther bo reho les were not ident ified be low 20 0 fcc!. Therefore. th is hyp oth esis is bas ed on a very limi ted

d.ua set ,

5.5.3 Geochemical Data Int egration

DP-2 Geochemica l Si te Conceptua l Mod e! S um ma ry

The geochem ica l si re con ce ptual model has been rev ised bas ed on the re su lts o f the Gi\ I- 1 program. The essentia l

observat ions used in the deve lopm en t o f the geoche m istry site conceptua l m od el for major ion chem istry' inc lude the

Three basic types o f g ro undw a ter have be en iden tified th us fa r as a result of the rev iew of his to rical ami

recently co llected da ta and include Na-C I-I ICO; or Na-H CO ) -C l, N a-C!. and pr od uct ion mixed cation -H f' O ,
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waters. The total dissolved so lids (T DS) co nte nt o f these waters range fro m several hundred to nea rly

5000 milligrams per liter (rng /l) w ith the highes t T DS wa ters found in the most highly wea th ered rocks in the

prox im ity o f su rface drainages.

Surface-waters are mostly dilu te Na-SO. to dilut e Na-C I waters with T OS values typ ica lly les s than 50 mg/l .

Precipitation is dilute Na-SO. w ater wi th TOS values less than 50 rng/l .

111e dom inance of Clover HCO] an d the range of T DS va lues observed in groundwater may be re lated to

w eathering, res ide nce time. amount o f gr oundwater ci rcu lation, ch anges in lith o logy, and the presence of

faulting and fracturing . Specific con ductan ce is stro ng ly correlated with chloride an d T OS. This makes for th e

easy distinction o f waters w ith in the system based on major ion chemistry.

Stable iso tope ch em istry data for ox ygen and deut er ium pre sented in the DP-2 info rmation pack age and the recently

collect ed packer test data collec ted in su pport o f the GM Pi lot Study indicate the fo llowing :

Groundwater is no t evapora tive ly enriched and su r face-waters a re moderately en riched.

~o evidence of isot op ic enric hme nt by the rm al ex change.

No evidence of depletion associated with pa leo temperature effec ts .

Isotopic compositions of waters are con sistent with post-pleistocene prec ipi ta tion in central north America.

These find ing ind icate thar stable isotope sign a ture s wi ll be a very use fu l tool in distingu ish ing wa ter types at the site.

Rad on-2 22 resu lts ind icate the follow ing:

Groundwater values are higher than in sur face wa ter and range from 23 0 to 2. 100 picocuries per liter (r C i/I).

G enerally surface-water rad on conce ntratio ns are less than the me thod dete ct ion limit o f 50 pC i/1.

R:ldon -222 resu lts suggest tha t low levels observed in surfac e-waters may be the result of di lution. diffus ion acr oss ai r-

II arer in terfaces. or the abs enc e of groundwate r discharg e to surface -water w ith in the foo tprint of the s ite. Th e utili ty of

rad on 3S a too l to identify discharge of groundwater to the surface is cons idered to be limited unless lower method

repon ing limits can be obtained.

Un stable isoto pe analyses for carbcn- Lt and tr itium ind ica te that groundwater at the site may no t be as old a s mod el ages

ind icate and correct ion o f toe data m ay be necessary. However, they do indicate a general downward flow o f

gro undwa ter with increasing age with depth.
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G;\ I Pil ot S t ud y Geochemis try Si te C o nc eprua l M od e l Upda te

The res ults ob tai ned during eva luat ion o f the geochemical data collect ed during t h e: G:-.\ Pi lo t Study co nfirm the

previous find ing s dera iled in the DP -2 Information Package concerning the ge och em ica l sit e conceptu a l mode l. Tnt:

re su lts a lso pr ov ide so me ad d iti ona l insights that will be used in moving fo rw ard to wards s ite charac terizat ion ac tivitie s.

Packer tes t analy tica l resu lts ind icate the fol lo w ing :

Pro duc tion water is lo w in sod ium. chlor ide and TDS. and high in magnesiu m .

East a -the W-8 fault ro cks in bo reho le W20 iAR I are highe r in q ua rtz and lower in cl ay conten t and fewe r

permea ble water beari ng zones ex ist. Waters in this en vironm ent are d omina ted by the an ion ch lor ide relat iv e

to t icarbo nare even at depths below th e we athering zon e . Tigh ter , less p rod uc tive bo reho les (insufficient fl o w

dur ing packer test ing to suppo rt pum p testing) west of the fau lt from wh i h samples we re co llect ed fro m the

weathering zone are also dominated by chloride over bi carbon ate, w hile tighter bo reholes tes ted be lo w the

w eather ing zone show bicarbonate dominat ing ove r chlo r ide .

In th e ha ngi ng wall or tilt: Wi) fau lt g rou nd water sam ples co llec ted from co re hole \ \/ 205:\R I are do m inated by

b icarbonate o ver ch lo ride and TOS values are lo wer.

n ,ygenfdeuH: riu m resu lts fro m the packer tests plot with groundw2rer fro m e lsew here at the site and show no

sign ",f enrichment

Radon on cn trat ions in ground water collect ed du ring the packer tests appear 10 crud d y increase w ith depth

an d are s im ilar to tho se obtained dur in g th e 01',2 g roundwater sampling pro gram .

The analytical res u lts collected J ur ing the GM Pilot Progr am co nfirm previous OP-2 observa tio ns used in the

de vel opment o fthe in itia l ge ochemi ca l site co nceptua l mode l w ith one except io n. It also app ears th at waters h igher in

chl oride th an bicarbo nate. and h igher in TDS. exi st at depths below the wea thered zo ne in areas cast o fth e \\' -8 fault .

This occurs in less produ ct ive zon es I I here the m ine ra log y of the seq uence is less clay-r ich and m o re quartz- rich.

T ime serie s resu lts a lso pro 'ide interest ing re sults relative :0 the current geoc he m ica l si te con ceptual model and inc lude

the fo llo w ing :

A grad uJI decrease in spec ific co nductance and rapid de crease in tempera tu res were observed in te st in te rva ls

fro:u 1\ e ll \\'2 0 7(11 1. The pH \ a lues \\ en: rel ati ve!', constant and m oderat ely basic (pll - S) and less tha n

200 ga llons 100ai we re produ ced fro m any one interval.
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The pH val ues from the deepest interval tested in well \V205CH I increased wi th time fro m approximately 8 to

9 and temperatures were relatively constant throughout the tests . As m uch as 14.5 0 gallo ns of wa ter were

pro duced in a 3 hour pe riod.

Constant a nd relatively lower specific conductance, and consta nt temperatures. suggest uniform groundwate r

composit ion and more rapid circ ulat ion in coreho le \V205CH I. Varia ble and rel atively hig her specific conductance

suggest higher res idence times, lower circulat ion, and more mature weatherin g in borehole W207CH I. Increases in p H

w ith time sugge st that carbonate sequences found be low the WS fault may be influencing water chem istry.

Geolog ic, C limat ic, and Physic al Factors In flue ncing the Ge ochemica l Sire Concep tual Model

Clay mine ralogy was found to be predominant ly smectite and illite based on analysis o f sam ples collected from co re

a nd analys is of the geophys ical logs run during the GM Pilot Program. Previous anal yses conducted by Rust (19 95 ) also

indicate the presence of some kao linite clays (primarily in samp les coll ected fro m the weathered zone). Mineralog ical

info rmatio n from rock s present at the site is inco mplete, as is the wa ter chemistry data. However, prel imin ary

ind ications based on the ava ilable data are that the minera logy of the rocks is simple; composed pri marily quartz,

plagioc lase feldspa rs, and clay, wi th variable amo unt s of potash felds pars , micas , and oxides . Ra in and surface-waters

are ac id ic wi th a pH of around 4.5 and vegetation (evapotransporation) rel ati ve ly pro lific across the site . These and

o ther fac tors are the resu lt o f, or co ntrol the processes that are responsib le for , the geoc hemistry of the waters presen t a t

the site.

Su mlila ry a nd Concl us ions

At present . insufficient data of a known qual ity is ava ilab le to refine our understandin g of the geoch emi cal processes that

contro l the wat er chemistry and re lated mineral-fanning pro cesses at the site. Geochemical model ing using several o f

many cod es (e. g. PHREEQC, WATEQ4 F, NETPATH) will need to be used to analyze the ava ilable data once it has

bee n compiled and verified. The overall nature of the system and the processes controlling the system can , however, be

exam ined briefly given the currently avai lable and veri fied da ta.

Rock -dam inated waters are those in re lative ly closed system s. out o f contact wi th fresh, diluting recha rge . Such wate rs

car. approach equ ilibrium with respec t to contact ing s ilicates and alumnos ilicat es , and so tend to hav e relative ly high

pHs and high majo r ion and silica concentration s (Langmui r, 1997) . High pH values may also resu lt from the

concentrat ing impact of evapotran sporatio n. Cla y type s and content reflect d ifferences in the matur ity of weat hering.

roc k composi tion, and fracturing that has enha nced water circulation,

The early weather ing products of com plex silic ate roc ks, such as plagiocla se felds pars to clays, result pr imarily in the

release of sodium and bicarbonate (Andre ws, 1996) . Ch lorine and the related anion chloride is fo und to occu r in
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gneissic roc ks, similar to those whi ch are found as lithic fragments thro ug hout the sedimentary section at the site at

concentrations as hi gh as 200 micrograms per kilogram (Johns. 1966 ) . Ch lorine in these roc ks is likely to have

substituted for hydroxy l ions in mic as or occur in late magmatic fluid incl us ion s in quartz and potash feldspars . As

weathering rea ches a mature stag e, chlorine is rele ased when micas and qu art z breakdown. Th is ex p la ins the presence o f

Na-CI wa ters in th e we athered zone and in rocks containing e lev ated percent age s o f weathered mi cas. Diabase rocks a re

inherently h igh er in mag nesium tha n those re latively more acid parent rocks fro m which mos t of the sedi mentary roc ks

found througho ut the s tra rigra j hie sequ ence we n: de rived . ntis exp lains the m ixed cat ion co mp osition o f the produc tion

wa ter.

In add itio n to the release o f sod ium and bicarbonate into the system as a result o f the in itia l weather ing o f complex

s ilicates to form c lays, hydron ium ions (0 1-1") arc also released to the sys tem ac ting to ra ise the pH ( Lang m uir, I 'J9i ).

Time series plo ts of pH ve rs us time d iscussed in Section ·1 indic ate that pHs are highest in the vici nity of wel l

W?0 5CH I. Th is is consistent wi th the upp er pan ion of W205CH I in the han g ing wall of the \VS fau lt w here rock -

water inte ractions are likely enhanced du e to increased circulation and aquifer capac ity.

Figure 5- 10 shows the pathways for the development o f clay m inerals and iron oxides under va rious degrees o f

maturation and parent rock composi tion . Fro m th is fi gure it is e:lsy to conclude w hy the do minant clay r:"pes found at

the site' are illite 30d smectite. \Il:!gnesium and potass ium contents o f rocks and waters at the site are low and cation

rem o val likely s low thr oughout mo st o f the sy stem although in areas where ca tion rem oval is high it is an tici pa ted that

subs tantia l ka ol inite shou ld be present . !r is suspected because o f its relat ively high so lubi lity that in areas where

c irculation is lo w (beGlUSCof less fracturing). we athering more complete (weathered zon e). or where rocks contain a

larger abundance of lithic fragm en ts containing m icas. tha t chloride would dom inate over bicarbonate as the primary

anion . T his hypothesis , however. m ust be confirmed through mor e de tailed analyses of the d istribution of micas and the

ac tual so urce or ch loride in the syste m. The h igh solub ility of chloride and the highe r relative abun dan ce o f comp lex

silicates in most o f the ro cks at the s ite wou ld sugg est that. under condi tions tha t enhance c irculation ( i.e .. fractured

zo nes ) and where we athe ring is 1I0t as com plete , that bic arbonate would be found at h ighe r co nce ntr at ions. Th is

co ncl usion is further supported by the fact tha t wa ters found to have higher T DS. which are general ly assoc iated with

longer res idence times or more complete weather ing, arc dorn inated by chl oride (W206AR I, W202ARI . \ 1,120 IA R I ).

wh ile waters w ith lower TDS which genera lly occur below the weat hered zone, or in areas that are more highly

fractured , conta in su bst ant ia l quantities of bicarbonate.

Figu re 5- 11 shows how the bulk chemist ry of mos t systems can be tied into the processes responsib le tor the dom inan ce

o f ch loride over bicarbonate and result in a range o f TDS concentrations in groundwarers, While th is is a gr oss ov er

sirnplificcrion o f the geochemical s :.s rc r.1 !i kel~ present at [he site this same ~~ner3. 1 diagr:ull can be applied to most

wa ter typ es found across the globe . During site charac terizat ion these re lat ionships will be exam ined in detail and

specific me chan isms and reactions ident ified. TIl!S information w ill the n be funneled into facil ity pe rformance

asses sm en t,
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Signifi cant Findings o f the G l\ l -1 Pilot S tu dy

6.0 SrGNlFICANT FINl)fNGS OF THE GM- I PILOT srtrnv

During the Gjvl-I Pilot Study, a large volume of in formation and data was com piled for the geo logic. geochem ica l. and

hydrog eologic condit ions within the investig ation area. The analysis and integra tion of this comprehensive data se t has

resulted in the an increased knowledge and understanding regard ing the hydrogeolog ic condit ions along the GM-I ; Pilo t

Study Area. Th is Section presents a summary of the most significant find ings of th is G M- I Investigat ion:

I . T his field investigat ion evaluated a nu mbe r of investigative techniques. tools and protoc ols for the compi lat io n

o f data req uired to characterize the hydrogeologic, hydrau lic, and geochem ical conditions at the Wake s ite .

From this study. a series of six downhole geophysi ca l tools and two hydraulic testing too ls ha ve been identified

as best suited to site cond itions and the proj ect needs for site characterization and ana lysis. Th ese too ls inclu de:

three arm cal iper, fu ll wave form soni c, high resolution electrical imag ing, density and neutron, spectral

gamma, and resistiv ity . In addi tion . hydrophys ica l and packer test ing techn iqu es provide del ine at ion and

quanti fi cation of the important hyd rog eo logic features. Comparis on of the information gaine d from these ·

techn iques to that from rock core, when used in co mb ination with trench maps and ex isti ng s ite data, indicates

tha t the selected geo ph ysica l and hydraulic testing tools signi ficant ly improve the acc urac y. rep eatability.

co ns istency. and rel iability of meas urem ent , whil e reducing uncertai nty in the resu lts and interpretations. The

proposed combination of geophysical, imaging. and hydraul ic too ls allows:

d irect ide ntifi cation of hydrau lica lly conduct ive discrete features or zones.

rapid eva luation of the re lative ma gnitude of fl ow through each feature or zone.

quantita tive ana lysis of condu ctive-feature geometric and hydrau lic parameters,

in-situ images of the conduc tive features or zones for geologic classification.

a range o f associated physical characteristi cs of the feature or zone and su rroundi ng rocks,

the abi lity to col lect water samp les direct ly from the feature or zone for geochem ica l analysis, and

the iden t ificat ion of mapping units for correlation and geo logic data integration.

! Dev elopment of the ge ologic cross sec tion a long the GM- I trench has provided va luable insights into the sca le

and de tail of invest igations needed for site-wide studies . Work along the GM- I trench inc luded logg ing two

deep cores and selected ex isting core s at a scale of I inch= I fool. This sca le allowed defin ition of fi ne-scale

features in these cores and comparison of fine-scale features to geo phys ica l logs and images. The trench

mapp ing was done ele ctron ically by surveyi ng points along contac ts and fractures. As such. this mapping can
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be con sidered scale-independent. Sim ilar ly, the geophysical logs have resol utions ranging from less than an

inc h to approx imately one fool. Th e hydrop hysical testing allows direct and accurate locat ion of conductive

features . which can the n be corr elated £0 images and geoph ysical data. Correlat ion of map un its with those

exposed in the GM trenches was done primarily by pattern matching using the graph ic log of the trenc h with

the resu ltant graphic logs for each boreho le. Th is comparison ind icated that the co rrelat ions made using on ly

the gamma log patterns for map units . in combination with the trench map s. provided the same results as us ing

the trench graphic log in combination with borehole graphic logs.

3 . The basic geo logic information eva luated in the G~I- I Pilot Stud y \,'as co llected at very fine scales . As part o f

the integration and co rre lation studies . lithofacies were identified which ranged from a few inches to a few fed

in thickness. Associati ons o f lithofac ies were assembled into mappable rock units ranging in th ickn ess from

about 10 to about 60 fee t, These mappable units have characte rist ic physical prop ert ies, geologic att ribu tes an d

geophysica l signatures that arc d ist inctive across the GM- I Stud y Area . As suc h. this sca le of geo log ic units

appears appropriate and usable for correlat ion betwee n trenches, surface exposures . and borings at the site for

the SIP. Th is sca le of mappab le units is also appropriate to meet the regulatory requ irem en ts for geolog ic

mapping of the si te at a scal e o f I inch= IOO feet. Litho log ic correlations were read ily made over di stance s of

SOO II and for th icknes s on the order o f 60 -90 fl.

-I. The GM- l Pilot Study results indicate tha t groun dw ater occurs in three principallocations: I ) w ith in and at the

base of the weathering zon e. 2) alo ng incl ined bedd ing plane (stra ta-con cordan t) co nductors near the litho log ic

contacts o f sands tones and mudstones. and 3) with in the enhanced fractu re zone o f the \VS fa ult. approximatel y

i 50 10 200ft from the fau lt plane in the h:mg ing wal l. The weathered 7.On" co ntai ns the greatest num ber of

prod ucin g interval s. except in W205 . wh ich is in the hanging wall o f the WS fault. A prod ucing feature is

generally pres en t at or just above the base o f the weathered zo ne. TIle geophysical log anal ys is ind icat es this

zo ne is higher in poros ity. lower in acou stic velocity. and contains lower density geulog ic mater ia ls. Ana lyses

of both the geophys ical and image too l resul ts. in combination with the hydrop hysical logg ing , indicate that

fluid flows appears to be dom inated by op en strata-co ncordant fracture s. part icularly at shal low depth. Where

dam are avai lable from some of the deeper boreholes, there is evidence that the hydra ulic importance of the

strata -con cor dan t frac tures decreases with depth as the lithosta tic load increases. At greater depth. the more

steeply di pp ing fracture sets assoc iated with high-angle faults may assu me a more importan t hydrol og ic role in

g rou ndwater occu rre nce and move me nt. In many cases . the strata -concordant frac tu res occur at the contact

be tw een an upper. mo re permeable. unit (usua lly sandstone) and a lower, impermea ble. unit (usua lly mudstone

difficult to de termine whethe r infl ow at a g ive n loca tion is more de pendent on bedd ing plane frac tures . or on J

litholog ic unit that is relat ively mo re permeable than others. In its hanging wall. the W-3 fau lt onta in;
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inte nse ly fractured rock ass oc iated with the fault and acts as a fluid flow condu it Fract ures inclined to bedding may

also play an imp ortant role if th ey connect one bedding- plane fracture to ano ther.

S ign ificant understanding has been compiled regarding the structural ge ology a long the G~l- I Pilot St udy Area . The

comb inatio n of tren ch mapping and oriented downhole imaging provide in-si tu fracture data. incl uding fracture

density. o rientation. and ap parent aperture. The dominant fractur e direc tions in the GM -I area incl ude generally

north-tre nding high-an gle fracture sets as well as low -angle fractures paralle l to the east -dip ping strat igrap hy. The

high angl e fractu re set is more prevalent in the hanging wall o f the WS faulr. Strata-concordant fract ure zones tend to

occur ill the bou ndaries of units with significa ntly differen t mechan ical properties. such 25 coarse-grained sandstone

in contact wi th mudston e. This relationship is cons isten t with pre fere nt ial slip alon g these zones to accommodate

mo vements duri ng anci ent faulti ng and riltiog ep isodes . Downhole imag ing provides ori ented bedding di rections

thro ughout eac h boring, so that va riati ons in bedd ing orientation du e to changes in deposit ional en vironme nt or

st ructural deformation can be rec ogn ized. Dips west o f the WS fault art: on the ord er of 20 de grees to the east,

increasi ng to abou t ..0 degrees ap proach ing the fault. im mediately east of the WS faul t. a gen tle anticline has been

mapped. with nearl y horizontal beds at the surface near the fault and dips sysrerunically increasing 10 about 20

degrees NE both with depth nea r the fau lt and eastward.

6 . The location of drainages across the sit e was hypothesized to be controlled by the presence o f major faulting .

Co mparison of the rev ised geo logic map and the trench maps in the Gl'. l-1 Pilot Stud y Are a. an d the app arent absen ce

o f faults in the topog raph ic lows. indicate that the topog raphy in this area is more likely cont rolled by st ratigraphy

th an by st ructure. A correlat ion does exist between topographic saddles and strike -pa ralle l drainages whi ch are

un derlain by tine -grained uni ts such as mudstone s withi n the G i\l - I Pilot Study Ar ea (Plate 5-2_Geol og ic ~ lap ) . T he

to pographic sad dle at G1\I-3 Trench Station 150 feet and Drainage I are both underl ain by 1\ 15 map uni ts . Similarly .

to pographic highs and ridge-lines tend to co rrelate wit h lithologic intervals do mi nat ed by san dstone units mapped in

th e trenche s (Plate 5- 1. Ge o log ic Cross Section) and on the geo logic map . The sou theastern trend ing ridge at G~ l ·::

T rench Station 250-350 feet is held lip by an Sm uni t, and the topogr aphic high wi th ass ociated no rtherl y trending

ridges at Givt l- \V Tren ch sta tion 500 to 765 feel can be corre lated wi th a litho logic interva l dom inated by sandy map

uni ts. At a small er scal e. iso lated zones o f deeper weathering and minor to pog raph ic low s lend to correl ate with the

occurrence of sm all faults or incr eased fracturing observed in the trenc hes. An example is located in G\ I-l Trench at

Station 5 10 feet.

A na lysis o f the G t\.I -1 Pilol Stud y. review of the exi sting dam. and rev iew o f the data coll ection method ologies

provided a technically strong founda tion upon which EO design theSl!' . A combina tion o f prev ious ly applied

techniq ues along witl. the: recommended geop hys ica! and ilnagi ng toots w i]] be impl em ented . These me thodolog ies

incl ude but are nor limited to:

Trenching.and sc raping IO expose near-surface so ils. rock, and geolog ic structu res:

prcJ-<Hl~vi/":1te.Y t L~t·c:·6 doc
osos-os ]";.1 P.\!

6-3



Sig nifican t Find il1 g ~ of th e G ~I-I Pilo t St u dy

Continuous sam pling in all bo rings from the surface to an appropriat e depth for setting cas ing.

includi ng stand ard penetration testing in the upper zone for geot echnical evaluat ion :

Percussi on drill ing to provide bore hole s for geophysica l logging and hy dro log ic testing ;

• Do wnhole imagi ng and geophy sical logging usi ng the prop osed su ite of too ls from the GM- I Pi lot

Studv:. ,

Hydr ophys ica l logg ing to identify significant groundwater conductor s:

Targeted packer testing of these d iscrete features or zones:

• Co llec tion o f sa mples from grou ndwater, surface w ater and so il and roc: ' for geochem ica l analysi s:

Infi ltrat ion tes ting at or near final design grade:

Inte rference test ing in pair ed we lls to dev elop add itional hy dro log ic parameters . and;

Na tural gradie nt tracer test ing . and use o f tracers du ring aqu ifer and in filtration tes ting .

8. The analys is an d integration proces s o f th is G~ l - I program demon strate that integ ra tion o f mu ltiple lines of

ev idence does lead to a more comp lete and internally co nsistent understand ing of the si re co ndi tions in the

G M-I a rea . Th is ob scrva rion is based . in pan . on:

Direct observat ion and meas urement o f wat er level responses in we lls a long the \VS fault and alon g.

strata-concordant conductors perpend icular to the fault duri ng dri lling and packer testing at well

W205CII I :

Success fu l packer testing and ma dd ing of ge ometries and hydrau lic character ist ics of discrete

conductors iden ti fied thro ugh hydrophysi ca l logg ing, and the consistency of those ge o logic analysis

models with the curren t unde rs tand ing of the re la tionsh ips o f high angle frac tures to stra ta-c on cordant

conductors:

Hydrau lic resp onses and ana lyses of packer rests that arc con sistent w ith earl ier ob servations at the

s ite , incl udi ng the res ults o f Aq uifer Tests I and .):

The abil ity to geologically cla ssify disc rete hydraul ic features by dow nhole imag ing and geophysic:l l

tec hniques. and recog niti on that these fe ature s arc re lated to speci fic geo log ical ch arac teristics :

;::ra-IJr.t... / '!,u 1'!ls ecr·6 ..ioc
! (j/ 25 /9 - 6 :8P.\!

6--\



S ign ifica n r F ind ings o f the G i\I- 1 P ilo t St udy

Demonstration that uncontaminated formation water an be co llec ted for geochemical an alyses even

aft er dr illing an d geophysical an d hyd rophysical logging of new borings, and ;

• Tre nds in the geoch em ica l da ta that an: co ns iste nt w ith water mo vem ent and geoc he mica l evo lut ion

laterall y and dow nward from the potentiome tric high along th e \V8 fau lt towards bo th the eas t and

W~SI.

6.1 Significan t Findi ngs Rega rd ing the Appl ica bility of th e P ro posed Field Testing a nd An a lysis T ech niq ues

Many techn ica l issues regarding the protocols and the sequ ence of test ing methods were ad dres sed during the

GM- I Pilot Study. The following summarizes so me ofthe pertinent findings re lated !O field methods .

protoc o ls, and da ta ana lys is techn iq ues :

Conti nuous sa mp ling from the surface to the de pth o f casing provides geolog ical information re lated to

the we ath ere d port ion of the geologi c section . This inform atio n is lac ki ng fro m most previou s

inves tig at ions at the site.

Downho le ge ophysical data provide a rel iab le and un biased indicator of the top of slightly weathered

rock . In contrast. visua l observat ion of cor e or observa tions dur ing dri lling appear to be inconsistent

and hig hly variab le.

In fo rmation fro m tren ching . cor ing and downh o le: geophysics and imag ing in the G1\. l-1 area allowed

defin itio n o f five mappable geo logic units ge nera lly ranging from 10 to 60 feet in thic kn ess. Each ma p

un it has charac ter ist ic geol og ica l ( lithofacies) co mpo ne nts. phys ical prop erti es, ;:1Od geophys ical

s ignatures . Th ese map pin g units were co rrelabl e for d istan ces approximately on the order o f 500 ft

alon g strike an d d ip. The geology underl ying the Gi\1 portion of the site is co mprised o f alternating

combina tion s of these un its .

Corre lation s o f map un its from the trench to and be tween boreho les were succes sfully accomplished.

both by pattern matching of ge ophysical s ignatures an d by geologic co rrelation of ind ivid ual map

uni ts. Each approach yie lded the same co rrelations al ong the GM-j cross section.

Fine descriptive deta ils ofroc k character ist ics, su ch as the presen ce or absence of no du les. burrows

and root traces, co lor mottling and small variations in composit ion or physica l characterist ics were

found to be of lin k use in cor re lating between boreholes and to the trenches

Downho le ima g ing and ge ophys ica l data prov ide true orientatio ns o f bed ding and frac tures . This

a llo ws resol ution of changes in the str ike and dip o f map units both laterally and with depth, and

p1"c'-()f11.y~~~~texf 15ect·6. doc
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Si gn ifi ca n t F indi ngs of th e Cl\ I- 1 P ilo t S t udy

pro vides ac tua l fracture orientations. A dditionally. in-situ fracture apertures can be est imated from the

images, and the in-p lace character istics of fault s and broken zon es can be determ ined. None o f this

information is ava ilable from rock core .

Hydrophysica l testing o f boreh o les allows direct measurement of conducti ve features. Once

co nd uc tive featur es are identified , targeted pack er tes ting pro vides in forma tion on geo m etry and

properties and pro vides samples for ge oc hemica l testing. This app roach is more e ffici ent 11Ild superio r

to fixed int erva l packer test ing and bu lk ge ochemical sam pling .

Water-level moni toring us ing pressure transducers in nearb y wel ls during the dr illing and testing

programs pro\ ided valuable information with respe ct to del ineating the connectivi ty o f conductive

featu res in the su bsurface.

The techn iqu es and sequencing of borehole drilling and test ing e va luated in [he Gi\l -l Pilot Study

demonstrate that re liable samples of formation wa ter can be extrac ted fro m individ ual hydrologi c

conduct ive featu res in boreho les fo r geochemical ana lysis . Th is was demon strated by com pa rison of

maj or ion chem istry o f tested wa ters with the production we ll and surface water and the stab ility of

fie ld geoche m ical parame ters wi th time during pump-out packer tes ting.

The suite o f gt:oche rnica l parame ters propo sed for ana lysis provi des info rmation userul for flow and

transport mode ling of the site and for estimat ion of grou ndwa ter res idence time and rock/water

inte ract ion . Info rma tion [rom the groundwater testing program w ill be en ha nced once the rock

geoch em istry program is ins titu ted

6.2 Sig n ifica n t Findings Related to Refinement of th e Si te Co nc e p t ua l i\ l od cl

The (j~. I - I Pilo t Study provided signifi cant inform at ion and data result ing ill the refinement of bo th tho: Gi\ I- 1 cros s

sec tion and the hydrogeo log ic conceptua l model a long the study are a. Th is section br ie fly sum marizes some o f the 1110rc

pert inent find ing s relating to [he conceptual understan d ing of the hYlb.l geolog ic setting:

Five major m ap un its ha w been ide nti fie d in the G:'l- l are a, bas ed on trench mapp ing. core. and

ge ophysical signatures: 1) Uf: upward li ning seq uence s, 2) 1\15: mass ive m udstones wi th m inor

san dsto ne, 3) Srn : massive san dstones with m inor mud stone , 4) Swb: wel l bedded sand sto ne with

min or mu dstone, and 5) i-.h' b: we ll bed ded mu dstone w ith subord inate san dstone. Each map unit is

chara c terized b:,' distinct! -e lithofacies. phy sical characteristics and ge op hy sical signatures. :o.l ap uni ts

range in thickness from about 10 to 60 feet, The geology underlying the G M- I por ti n of the site is

p r O-lU'!'> j~J11 tc·.r r\!t~Cl -6 ::1,")-;:
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Sign ific:UII Find ings o f t he G ;\ I- I Pilot S t u dy

composed 0 - alternating ornbinations 0'" these un its. Appro x imately 75 percen of the I' cks along the

G~I-l ross se tion area are within the U f and :'ls un its .

• Along the G, I- I trench. corre lat ions of map units were readily made 0\ ' 1' d istances exceeding : 00 feet

in the dip direction. Extension of ma p un its to he WS well cluster area and other bo rin gs indicates

sim ilar correlation d istances along str ike .

Stra tig rap hy west o f thc \\'8 fau lt d iffe rs from that to the east of the fau lt. No clearly corre latable un its

were identified across the faul t. As such. a preliminary est imate of the vertica l displacement on the

\VS fault ap pears to be in excess of 900 feel.

D ur ing the drill ing o f boring W205CHI along the WS fault, hydrolog ic responses were 0 served in the

WS well cluster, about 650 feet to the no rth. Responses to pac ker te ring at W20 5CH I w ere a lso

observe I at the W8 clu ster and at the original deep v SP boring \\, 1095 V:;. abou t 125 feet to the west.

These ob servation are consistent wit h the concept of enhanced connec tivity along the hanging wall of

the W8 Fault and or the late ra l extent of a strata-conco rda nt co nductor.

During packer testing at \'.' 205, hyd ro log ic response. were also noted at wel] \V203 :\R I. abo ut

5::: 5 feet west. Th is connec ion is inte rpreted to be a long a stra ta-c o ncor dan t conductor and is

cons iste nt with the conceptua l mod el of now along these featu res.

A total o f 27 conductive featu res were identifi ed in the \\'200 \\ e ll series by h:-droph ys ical tes ting.

Con duct ive zon es o cc urred in the lower port ion o f the weathered zone wh ich in elude s the con tac t

between mod era tel y wea thered and sl ightly weat hered ro ck de fined by ' he geop hy sical data. This

bservation is consistent w ith en ha nce d secondary poro sity in at least the lower po rt ions o f the

weathered zone d ue to weather ing and poss ibly fractur ing rela ted to un loading.

Conduct ive features were also ass ociated withstrara-concordant fractures, and . particu larly near the

W' fau lt. with indi vidual high ang le frac tures. These observations are cons istent w ith the curren t

conceptua l model of two classes o f con duct ors in ligh tly weathered to fresh rock (' edding plane and

high-ang le frac tures), and en hanced con nect ivi ty and .onducrivit~ in the han ging wall of faults .

Infl ow ra tes from th e con ductive features during hy drophy sical logg ing ran ged fro m 0.00 I to

1.06 gJll ons per m inute . Th e h ighest y ields came fro m boring W205Cfl i in the hanging wa ll o f "he

\\'8 faul t. wh ere over 1500 gallons of water were extracted in a three- ho ur pa ck er tes t. Th is is

consistent with the cu rrent co nceptua l mode l o f enhanced hydraul ic conduct ivity in the ha ngi ng wa ll

of the fault,

pr(rvn(vlf."'l': f{xt~.Y.."~:-6 . doc
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S ignifi c:ult Findings of the G;\I- I Pilot t udv

Duri ng the analys is o f the packer test data. modeling o f the packer test response da ta ind icated that the

cond uctors exhibit finite sou rces of water, which is consis tent with the expected physical

characteristics o f the conductors at the site. Both high ang le frac tures and strata -concordant conduct or s

likely vary in aperture. dl....ct ive POroSiIY. sto rage and tran sm iss ivity both laterally and vert ica lly The

packer test data provide val uab le insights into the geome tr ies of these features.

Major ion and isotope geochemical data from groundwater samples analyzed as part o f the GM-l Pilot

Study arc cons istent with those obtained du ring earlier site-w ide geochemical sampling act ivities.

The major ion chemistry is consistent with the current concep tual model in the vicinity of the

\VE fault. For example . samples fro m W205CH I are re lat ively lower in chloride than sa mples from

wel ls to the east and wes t. This observation is consistent with a model of lateral movement and

evohuion of groundwater from the poremi ometric high along the han ging wall of the \VE fault outward

to the east and west. The sing le excep tion is we ll \V20';AR I. which has sign ilic:m tly lower TDS and

chloride content and may represent local recharge .

Tim e series geoch emi ca l sampling for field param ete rs during packer testing at W205CH I and

W207 AR I yielded generally sta ble results. suggest ing that sin gle geoc hemica l samples from earl ier

sam pling program s are likely representat ive of the formation waters in the area o f the sam pling well.

Dur ing the dr illing of boring W205CI-11along the \VS fault , water- level resp onses were ob served in

Well \V206AR I . located approxim ately 350 feet eas t of W205 Cl-l1 and ap proximately 30 feet east of

the \1:3 fau lt trace. This response sugg ests thai there is hyd rauli c con nection across [he \\'3 tault,

desp ite the large apparent throw on the fault (greater than 900 feet ) and desp ite the significant

difference ill the type of mappable geologic units on either side or the faul t. Th is response implies the

fo llowing: (a) the WS fault alo ng the al ignment o f Gf. I-1 ac tivities (tren h and boring locat ions) doe s

not apparently serve as a barr ier to hydra ulic response; and (2) di fferent. bur hyd raulically conn ected

conductors occur on both sides of the \V S fa ult.
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T a ble I- I. To pica l Meeting Held Rela ted to the G M- I Pilot rudy

NCLLRWDF
Wake County, North Carolina

Dale

February 18,1 9. 199;

March 12, 199;

Apri12 1.1 99 7

May 29 . 1997

August t , S. 199;

August 14, 1997

ep ternber io , i 9 7

eptember 17. 199/

September 17. 1997

cpternber IS. 1997

Top ic

Plann ing meeting for GM -I pilot studies /

Discussion of G1\I- 1 wor k plan

Field progress meet ing

f irst topical mee ting to discuss imaging techni ques

Tre nch walk through and rev iew

Geolog ic integration and cross- section review

Second top ica l meeting on comparison of rocx core with ima g ing

and geophysical r su it;

Vad ose zo ne status report

Gcochem istry status report

LWPS C meeting on proposed strateg y for supp lemental field investigation -' _'

Lwrsc . Licensing \\' r Plan S tc~rir: ;; Commrttcc

rrr:J-cr.i; t;Orr.-:aI~f..s~c:- l xls
10/ 3/ ) 7 9-.:2 A.\ !
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Tab le l-:!. umrnary of Borehole Geophy sics an d Irn:Jging Tool Runs

NCLL RWOF

Wake County, North Carolina

Borehole BIPS CPR AIT CMR

W20l ARIA X X X X

W20lARI B X X

\ \ 202AR I X X X X

W203A R I X X X X

W204ARI X X X X

W205CHI X X X X

W206AR I X X X X

W207ARI X X X X

\v'2 0SCH I X X X

mrs - Borebole Imag ing Processing '~~tem

CPR· } Arm Cal iper

AIT - Array Induction Tool

C Z-IR · Comb inable ~. l.!gn<:ic Resonance Imager

ECS - Elem ental C apture SPCCIOSC:;py T<XJI

F1-ll • Formation ~l i cro Imager

N"GT· ;-<arural Gamma Ray Spectornctry Tool

PEX • Platform Expre ss Tool

p r ';;-Only lj on ,..a lb f'oUcl-! sls

!0I3197 l! -o? .~ .\f

EC

x

X

X

Fivl1 NGT PEX

X X X

x X X
X X X
X X X
X X X
X X X
X X X
X X X
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l lo rchnl e Il!i IIing
Number Dale

\\' 20 1AR1A snrn
W20 1,\ IU \1 ·1/V '>7

W:'li:!:\ R I -1/(,/97

\\' 20M R I ,\lI 1'l7

\\, .!I)<\:\RI 1/.\1'17

W.!OSCI II 1/ 11'1 7
\\' 206AR I 1!,li l}7

W207,\ !, I inm
W20XCIII ,11:'1'>7

MSL · t.teM' se n k \ l j

hg ~ . Helow g!(w nd \ H! t, l l ~

N" . N fl ! :l pp ll ~nhh.·

PrtH)II ~l \/,.flUHlbl\.\'"ct·3 t!\
/ O'JI9 - '1' /1 A.If

Tabl e }- I. Suuuna ry of Boruh nlc Constr uction

~I C L Ll\ WD!'

\\' .II:c County, North Caro lina

TOIaI Split- Total Depth of Total Depth o f Depth of Total
Eud Ground Surface Top or Surface Spoon Non-Competent Cored Competent Surface Borehole. DJiliing or

Drilling lilevalion Cn ~i n g Elevation Slll il p l in~ Bedrock Bcdruck CII~ i llg Depth Reaming Il it
Date (l'eet llbovc ~ l SL ) (Icct above MSL\ Depth (feet bgs) (feet bgs) (fed bgs) (feel bgs) Type

,115/97 251.3 252.8 I 98 3G.O Nl\ «o 115,0 '1'1i-CtJI\\: hit
· 1 1· 1 1 ~J7 251.2 '25 2 . ~) 7 i'J ,\ NA NA .16.0 115,0 Hutton bi!

·1/ 12/9 7 25R.5 260 29 -1.9 JOO NA .l I.O 2 15.0 Tri-cone hit
·\f10197 17.:.1 273.·IX 5(, ra.o NA 32.0 365.0 Hutton bit
...19/97 270.9 2n·l X I I. 2 32.0 NA 32.0 145,0 1I11(1on bit

·1/22/97 ~ (;H H 270.01 12,.1 31.0 562.0 3 1,0 7 15,0 liuuun bil
,1/ 16/97 271.3 273. H 7.'1 32.0 NA no 415.0 Tri-cone bit
.111·11,!7 2·1 '1.3 25 1.66 <). •\ 22.5 NA 24.0 ·165.0 Iluttun hit
.11 IH!') 7 :;,1') .7 2S I,02 7,0 32.0 50 1.1 32.5 515.0 Tri-cone bit
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T able 3-2. Soil ami Rock Core Logged During GiU- l Pilot Study

NCLLRWDF
Wake County. Nort h Carolina

Bore ho le So il (by Split Spoon ) Rock (by Coring)
Depth (ft ) Recovered/Logged Depth Cft) Recovered/ Logged

Number Total Depth (ft) Sampled Footage Cored Footage

W20 l ARI A 115 0-9.8 7.85 10.1 -36 .0 243 5
\V202AR I 215 0-4 .9 .,L j .) 5.85-30 .0 23.05
W203AR I 365 0-5.6 3.25 5.95-32.0 23 .75
W204ARI 145 o-! 1.2 ' .6 11.5-32.0 16.45

W205CHI 715 0- 12.4 9.25 12.5-562.0 513.05
W206AR I 415 0-7.4 4. 05 8.0-32 .0 23. 1

W207A RI 465 0-9.4 4.6 10.0-22.5 12.05
\ \;? OSCH I 515 0-7.0 5.6 8.0-501. 1 .190.6

pro~o!: (vVormalb l \Si!ct.J xis
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T ab le 3 -3. Bo r eho le Im3gin~ and Geophysical Log ;\I ne rno n ic.

l"C LLR \\ TIl'

Wake Count y. North Carolina

Tool

AIT

C/l. IR

DSI

ECS

t'GT

I' ;; ' ·... ...

Acronym

Am 'I O

AHT10
AHDO
AI-IT6O
AHT90
AI-II~lR

Cl\IFF
CMRP
KCl\IR
DTCO

DTSl\l

DTST .

CFE

en
CGD
CCA
CS I

CSUL

SGR
CGR

T HOR

P TA

URA.'"
HeAL
TXPll
~PHI

. 'POR

!l~PO

PEFZ
PEFs
RHO Z

RHOS

HDRA

DPH Z

DPHS
RXO::

RXOS

Units

ohm-rn

ohrn-rn
ohm-m

ohm-rn

ohm-rn
ohrn-rn
decima l

decimal

rnDarc)'

10·6 scc/tt
10-6 sec/ft

10-6 ft
no uni ts

no units

no un its

no uni ts

n units

no units

API uruts

API units

pp m

decimal

ppm

mch e

dec imal

iecimal

decimal
decimal
Barnes/ .

Barnes/c
g/cm

l;!crn
glcm

decim

' n:-:1' ;;:

ohrn-rn

Measurement

AIT·H Two 1'001 Res istivity A 10

AIT-I-I Two Foot Resisti'; it:,. A10
AIT-H Two Foot Resis tivity A30

AIT·II Two Foo t Resistivity ,.\ 60

AIT-H Two Foot Resistiv ity A90

AIT-H Input Boreho le Mud Resistivity To AlT Proces sing
CI\IR Free Fluid

CMR Porosity
I'ermeability fro m Cl\1R

Comp ress. wave inverse ve locity ( t /V p)

Shear wave inverse velocity ( J/V s:

Stoneley wa ve inve rse veloc ity

ECS Capture Iron Rela tive Yield

ECS Cap ture Titan ium Relative Yield

ECS Capture Gadoliniu m Relat iveYield

ECS Capture Calcium Relative Yield

EC_ Capture Sihcon Relat ive Yield
ECS Cap ture Sulphur Relative Yield

Total Gamma Ray

Computed Gamma Ray (T ot a l minu URAN)
Th or ium

Potass ium

Uran ium

HRCC C:lI cal iper S

Thermal Neutron Porosity
Therm al Neutron Potosi .. (Ratiox tctho..:! )
Enhanced Thermal ~;e:Jlron Porosity

Il iRes Enhanced Thermal Neu tron Porosity

HRDD Formation Photoelectric Factor

I1RDD HiRes Form ation PEF

HRDD Formation Density

HRDD Hikes Formation Density
HRDD Dens ity Correction

HRDD Density Porosity

HRDD HiRe.> L.osi::. Porosity
~.!CFL Ir,..·::':: :i ZC~ :: R~$ ;S~ ". i ~ :.

~.ICFL Hik es Invaded Zone Rcsistivit::

ohm-m • Oh~ • mete:>

p nHlttb, Y~lr!!lalht\.S~·cI · J..xl ,

/(J/Y'r 1I .lllA..vs

em - cenumcrcr

Vp - VdOCIt: ' of pnrnJ..) \" J\ -::

Vs · Velocity of scc.,n ury \.. ve

SR.DU - Hlfi1?~;cl u!J or: C": i:5It~ D:::ecrcof

~·~CFL - ~~;~ C~ l i;1c%' ; .::ll : : Fcc ~ ! l og

C,Xi' .

ECS -
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Table 3-·t Borehole Imaging and Geop hysica l Log Field A ctivi ty Chronology

NCLLR\VDF
Wake County, Nort h Carolina

Borehole No. Da te Tool

W2 01ARIA 417197 S IPS

W2 0l ARIA 4/7/97 BlPS

\V20 1ARIA 417/97 BIPS

W20 1AR I A 41 '97 BIPS

W20 IAR l.-\ 419197 3-Ann Caliper

W20 1AR IA 4/ 10/97 BlPS
Wl0 lAR IA 4/11/9 7 BrPS

Wl0 lA R IA 4/24/97 HIPS

W2 0 l AR IA 4124/97 3-A rm Caliper

W2 0 IAR I:\ 4/29/97 Schlumberger

Activ ity

With am bient wa ter

Bo rehole pumped dry

Borehole refi lled with clear water

Boreho le j ened and pumped dry

Ad ditional testi ng

Add itional testi ng

FINAL LOG:First log aft er fur lough.using

new calibration rank and color-adjusted too l

FIN AL LOG

Mino r acqu is ition problems were reso lved and

succes sful logs obtained in the fo llowing

order: NGT. Hvfl, PEX . A IT, CMR. DSI.DS I

dipo le da ta poor (see above and com ment fo r

W205C H I )

\\"20 IAR L-\

\\"2 0 1ARlB

W20l ARIB

\ \':>0 I:\R l B

\\,J OIAR I B

W20 1AR I B

'.V202:\Rl

W202AR I

W2 02ARI

W2 03AR I

W20J AR I

\i/20J ARI

\V20J A R I

W20JAR I

W2 0JARI

pro-ontvformatbl'Sect- Lsls
1013/97 tI 1/ AM

4130/97

4//,97

4/3,'97

4/ 10/9i

-l/l 2!9 7

5/3;97

4!l 2J. 7

4l15/97

5/2!97

13/9 7

-lfl O'97

41l 1i97

4125/97

4/2 7/97

4f2SJ97

5tlf97

ECS

BIPS
13 IPS: logged twice while

borehole refil led

3-Ann Calipe r

I3IPS
BIPS3-aml cal iper

S fPSJ -arm ca liper

BIPS3-aml ca liper

Schlumberger :

Schlurnberger CM R log

Bl PS

3-A rm Calipe r

S IPS

BIPS
3-~-\rm Caliper

Schlumbcrge r:

Run to test tool per formance an d acquisition

so ftware - test successful

With ambient water
Boreho le jetted clea n an d pum ped dry

FINAL LOG
To test boreh ole condition s

FlNA LLOG

< 16:42- 18:55> Data were acquired in the

following order : F/l- ll . DS !. AJT/N GT. DSI

dipole data poor (see above and com ment for

W205C H 1)

<9:2 5- 1O:25>St.2t!on measur ement acqui red a:

!J5 it
Wate r mu rky at depth

Abo rted at 40 feet - opaq ue water

Sus pended solids observable in water

< 11:34- 15:30> Data were ac quired in the

fo llowing order: F:-'1 1 DS !. NGT!AIT. PEX f a

high gamm a reading at 293 ' was au n bured to

havi ng s topp ed there pr io r to log ging 10

pe rfo rm ele ctrica l checks )DS! d ipole data poor

(see abov e and comment for W205 CH 1)

Page I of3
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T a b le 3-·t Borehol e Im :lg in g and G eophys ica l Log F ield Activ ity Chrono logy

NCLLRWDF
Wake County, North Caro lina

Borehole No. Date Tool
W_OJARI 6f1!97 Schlurnberg er CMR log

W204A RI 4/9197 SIPS

W204AR J 4/9/97 }-Ar m Cali per

\V204ARI 4/2 5/97 SIPS

W204AR I 4f26i .. 7 J -Arm Caliper

W204AR I 513;97 Schlurnberger

Activity

<J6:4 5- J8: 13> Sta tion m easurem ents were

obtained at 26 1.3 and 21 9.5 ft

Ha lted at 32.4 m due to high sus pen ded solids

beginning at 30 m.

Carr ied out a fter atte mpting a lPS log of

W208 CH I

<9:45- 12:44> Data were acqu ired in the

follow ing order: Fl\lI , DSI , A ITlNGT,

PEX.OSI dipo le data poor (sec a bove and

comment for \V205C H I)

W204A RI

V205 CH I

W20.5CHI

\\, 205C II I

W205 CH I

\V205Cll l

W"'06CH I

'.... : CJ GCH I

W206CH I

prO~F:(t/a.('~J1tbr\S~~:-; xts
1fJ/ ] ; I ! . II ..;.I f

612197

'!"/2 7/9 j

4 /30/97

5 7· 5/S

.1·:6 97
" I I ':: !... ~ -- -

6/3/9 7

Schl um berge r C~ I R

S IPS

3-:\1111 Caliper

Schlurnberger:

FI\ lIfOSl /A ITiNGT

st rs

Schlumberaer U .IR

B[PS3-:lnn caliper

Schlu mt.erge.

Schlurnberger C1"- IR

< 14 :00- 15:24>:\ station measurem ent was

obtained at 95 ft
front wate!" level to :2 SO fee t

OSl d ipo le da ta poor - du e to the shallow

depth of the borehole and operational

requirement fur finite pressure (see above) ­

mon opol e data is sufficient here to meas ure

shea r-wav e ve loc ity.Cblk faile d wh ile run nin g

stations -< 11:3.5 ·2 1:30>

From TO to 267 feet : repealed logs , bor eho le

flus hed an d filled with 01 w ater p rior to

logg ing.An exception was all owed to record

S IPS data moving uphole, rath er than

downhole as the TP requ ires· this allows fluid

replacement from TO w ith too l be low, and

This was the first log acquired w ith the C ~, I R

in Jun e. A cal ibration \ \' 35 obta ined prior tn

logging using a borehole simulator conta ining
a gel II ith known prop ert ies .Two runs: Repe al

stations were acquired at 167.1 it using

carbonat e and sandsto ne sett ings.

Fl i"-i .:'.L L OG

< 16:-lS· !S: 15><(,3'·:5-10:35> Da ta were

acqu ired in me following order: on 5/1: Fl\ H.

DSl (repeat hal ted for thude rsto rms ): O n 5:: :
AlTfNG T, P:C:X.OSl di pol e data poor (see

above and comment for W: 05CH I)

< I0:40· 14:02>3 statio ns we re o btain ed

Page 2 of 3



Table 3-..t Borehole Imaging and Geophysica l Log Field Ac tivity Chronology

NCLLRWDF
Wake County, North Carolina

Bo reh ole No, Date Tool Activity
W207ARJ

W2 07 ARJ

W207ARl

W2 07A R I

W2 07AR I

W20 SCHI

W20SCH I
W20SCH I

4/24f97

4125/97
5/1/97

5/4197

6/3F97

-l!2S/97

5/3/97

B1P

3-Aml Cal iper

Schlurnberger wi re line

Schlumberger wireline

Schlumberger C vlR

SIPS

BIPSJ-arm caliper

Schlurnberger wireline

loggi ng

FIN AL LOG:Second log after fu rloughbelow

about 124 m (406 It) ther e was a slight

dec reas e in image qu ali ty d ue to su spended

sedime nts

<10:00..15:40> Data were acquired in the

follo wing order: Fl'oll. DSI , .';JT. PEX, NGT..

NGT was run only 1\\'0 hours after PEX ...",i

nuclear sou rce .DSl d ipol e data po or (see

above and comment for W205CH 1)

<9 :00- 1O:20> NGT re-ru n to ob tain bette r data

than acquired during the earl ier ru n: That run

may have been con taminated due to runni ng

immed iate ly a fter the PE X che mica! nucl ear

sou rces .

< !4:!O- 16:JO> No statio ns we re obta ined

B IPS in dry borehole - log STopped due to

gl are at 85 feet

FlNAL LOGS - borehole filled with water

< 15:45-2 1:30> Data were acquired in the

fo llowing order: r j" I[ . AITt1\G T. ECS. PEX.

OS!. DSI dipole data poo r (see above and

co mmen t for \\ '205CH 1):--:0 C:, IR log was

obtaine d in W20SCH 1

BIPS· Borehole Im3glfig Process Systern

NGT· Natural Gamma Ray Spectroscopy Tool

F~U . Form .iuo n Micro Imager

PEX ~ Platform f.:xpress Tool

AIT - Arr~l Inc":"le, T",~l

DSI . Dipole Sonic Im, ?;",-

pro-r.;n!J'1or:r ,a!bf1....~C!-3..-ds
Wi}";; u -u ,H f

Page 3 of3
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Ta ble 3-5. Ra ting of Conduct ive Features Encounter ed in the

Hydro phys ica l Logging

NCLLRWDF
Wake County. North Carolina

Category

Very Low
Low

Moderate

Medium
High

Inflow Rate (gpm)

<0.0 1

0.01 - 0.05

0.05 - 0.1
0. 1 - 0.5

>0.5

Values based 0 11 ;I maximum drrwd own of < I0 fL

gprn - gallon per minute

pro-only'foramtbl'Sect-Lxls

IO!J!97 9:J·5A.\f Page 1 o f 1
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Ta ble 3 -6. S um ma ry of T es t Interv a ls and Hyd rophvsical Logging Results

NCl l R\VDF
Wake County, Nort h Car ol ina

Top of Bottom of

Test Interva l Interv al Hydrophysical
Borehole No. (ft. BGS ) (ft. BGS) Type of Te st Category

W20l AR IA 44 .6 64. 1 Slug Low

W20 2AR I 3 1.0 2 15.0 Co nstant Rate I @ Low. 2@

Veri Low

W103AR I 117.0 126.3 Slug Low

2 ' 58.0 67. 3 Slug Low

3 6 1.0 70 .3 Pulse Lo w

4 * 38 .8 52.2 Slug Very Low

W204AR I 38.8 55.2 Slug low

W205A RI 1" 145.2 166.2 Constant Rate High

2 14 8.2 169.2 Constant Rate High

J ' 3 13.0 334.0 Con stant Rate Modera te

·1 301.1 715.0 Constant Rate Modw.ue

5" 262 .9 283.9 Constant Rate Moderate

6 2.5 8.9 :2 / 9.9 Co nstan t Rate Mod erate

7 195.6 2 16.6 Pulse Very Lo w

S I IS. 1 139.1 Slug Low
9 72.0 93.0 _ lug Low

W206A R I 41. 7 57. 1 Slug 2 @ Low

W207A RI J5.0 44.3 Slug Moderate

2 67 .5 76.8 Con stan t Rate Moderate

3 153 .1 465 .0 Constant Rate Medium

--I '! 1.5 50.8 Slug Lo w

• Tests piem2!Urrly ended title to packer byp ass

b~;; . bd o\\ gTounJ surface

pro-or.~-"" '/aTm:::lb{tS~t:!~ 3_"(h

!L"':]J9i 9 .1(; ,4.\t Page 1 of I



T a b le -1-- 1. Hydro geo log ic Res p o n ses t o F ie ld Activi ti es

NCLLRWDF
Wake County, Nonn Carolina

Hyd rogeol ogic Locano n 01 Magnitude or Response

Response No. Response S tar. Date End Date (feer of head chance]

U W103Al{I 4/1 2/ 97 ~:1.J 197 4 1.6

W20.3ARI ·1/1·1,97 .J!l5/97 *22.2

2 W103 ARI ·1/15/9 7 · ~/ 1 7 i9 7 11.99

Suspected Cause

Natural recharge a rter air rotary dri lling at W2U3AR 1 and
respo nse (0 rock coring at W205 at de pths of 476 to 54 6
feel bgs

Reaming at W205CIII (at depths of 3 1 to 556 feet bgs ,

8,050 ga llons ofgroundwater produced from formation)
and A ir rot ary d rill ing at \V206A R 1

Natura l recovery of formation ground wa ter afte r/duri ng

reami ng at \\,205C II, and a po tentia l rise in head resu lti n g

from the insta llat ion o f casing at \"'20SC H I

6

')

10
l I s

li b
u ,
12

I·'

15
16
17

IS

19

20

l ib

W20.3A R I ·11 1/197 4118/9 7 9.7

\\ '2 03AR 1 41'2 },97 4/21t'97 7J l

W2 0J ARI 4/2 2 ·t.j / -1 123/97 -4.7

\\'2 0J AR I 5!2 1 "i - .52L97 At LC.15t -1-1 0

W2 0SCl I I ..i!l 6Jii) ; 4118,97 At Least ~6 5 . ":

W2 05CH I ·l/ ls'r ~ f}O ·9 7 AI Leas: 91.3

W2 05 CH I ·1f21,.9' ~ . f2 2/9 7 At LeU5t -~;9 .J

W2 05CBI ·1f2Y 9"7 · ~ l2 :/97 At Least 56.5

\\'l OSCH I 5il 6'9: 5/ 19 ') 7 At I ...C3..i -7.S

W 109V5 3 5/ 16' 97 S/J 9 '9 7 -1 1.7

\\ '203ARI 51169 7 511'!;97 -·L7

Wl06AR I ·lll 01')7 ~n 1/97 ..7.3

\v'106AR I ·1/2 11'17 4;22/97 53 I

W2 06A RI ·1f22197 ~ f22J97 AI LC:L,t -9.·1

W2G6.-\ RI .jl2 " 'F ~; J 26;97 ~~\t Least )4 ,

\Vl 06.-\R I 5/1-1.;Q'7 5ii-l ,97 :\1 Least -3.1

WR:'1C I2 ·I 'u.9 7 -: r!}.J 97 l.3

W8M C 12 4/11 9 7 .1..17J97 -32

WS:, IC I2 4; j 1,9 - --+,2j ,9 , I) 7

WS;'! C l l -1'11 9- ~ :'5pt.)! ..2 .~

Wl 01AR IA 511 5.'C(; 5.:1)197 -2 ~

W20 1AR IB 5' 1519; 5/1 5,91 0.6

Rock curing at W2 05CH I (ar depths of 556 to 51i2.5, 10

gallons of water los t to fo rmation)

Recove ry afte r air ro tary drilling 2! W 20 5CH I

Air rotary drill ing at W205CH I (at depths o f 5&5 to 7 15

bgs, 12.200 ga llons o f wate r produced fr om form at ion)

Packer resi ing at \\ 20J:\R I

Reaming o f W205 (1I I (at dept h s of 500 to 556 feel bg s,

3.,270 gallons ofwarer produced from formation)

Air rotary dri llin g at W205C l-lI

Natural recovery of formation groundwater
Packe r Testing a t W205CH I

Pa ker testing at W205 C H I

Packer testing at Wl OSC H1

A ir rot ary d rilling at W20SCll i (at de pths of 55 6 to SR5
bgs, 2,300 ga llons of water prod uced fro m formatio n)

Natura l recharge

Air rotary dr illing a t W20 5CH I (a t de pths of 5liS :0 ; 15

bgs. 12.200 galtons o f wa ter produced from form ation)

t<aiural recharge

Packer Test ing at Wl06A R 1

Rod: Conng at W20 5C H I ar a depth of I-W to 156

bgs: I ~ .lI O gallons water !OSl to fo rm ation

Ream ing at \\/2 05CH I at a depth of 546 to 561 .5 bg):

11.680 gallons water produce d from forma tion

N~~urat rech arge utter air rotary dri lling a: \V10 ]AR 1 and

resronse to rock t onng at \\~2 0 5 a: c~;:l hs o f .: 76 1\1 5 · 1{~

.-\ir re t;::: criHing at \V205CH 1 a: :: depth o f :35 to

'7i 5: i 5.300 gallons water p:oduc ed fr om frJ :-m ~ iion

rr" -' Jr)!."'VtJr llfmhI 5 I;'CI.J .rJ\

JOI !J_''j - .if 16 [' .'. f Page I 0 1' 2
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Ta ble 4-1. Hyd rogeo logic Responses to Field Activit ie

NCLLRWDF
Wake County, North Carolina

H) drcgeologrc

Respons No.

23
2·\
25

Location of

Response Start Date

W202ARI

\\'104ARI

W20i AR I

~ 1J.gnllude of Response
(feel of head change)

-3.0

-z.
-4.6

Suspected Cause

PC'CKer tesun g at \\ '_OlAR I
Geochem i I arnpli ng ar W201AR I

Packer Testi ng at \\'20~AR I
Packer testing at W207:\R I

p., ~_*'.l j-fijrmo:.M·...\~...-f.-..Jrl ,

IO/2.:trr .... :4rJt
Page 2 oi l
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T a ble .t-l . Boreh oles With Hydrogeologic Co n nection s

NCLLRWDF
Raleigh. N0I1h Carolina

Locat ion of F ield

Ac tivitiy

W205CH l

W205CH I

W205CH I

W205CH I
W20 lA R IA

Bore hole W ith

Hydraulic
Respon se

W203AR I

W206AR I

WI09VS3
W8i\IC I2

W:20 IAR IB

Hyd roge ologic

Respo nse Number s

12 a nd 1-"
lIb

17 through 20

2 1'

Open Inte rval Of

Borehole With

Hydraulic Respo nse

(It:et bgs)

31 to 365

33 to -l15

94,9 to 125

36 to 115

Relative Location of Boreho le \ \Oith Hydraulic Responses

530 feet w est (updip) on the hanging wal l block
350 fee t east (downdip) across the W8 Fau lt on the foot
wall block

110 fee l west (u pdi p) on the hanging wall block

500 feet no rth along strike o f the W8 Fault

10 fee t west (updip)

prt'-t,nlyljormulbrSn r·"'_TI.'i.
I1l/! J ,'r 8:16 P.\1 Page I of 1



Ta bl e +3. S umm a ry o f Hyd rophy ica l Loggi ng Re sults

NCLLR WD F

Wak e Cou nty, North Caro lina

Hydraulica lly Inflow Rate:

Drawdown Con duct ive Interva ls Simulated ' Inflow Rate

Boreho le Type o f Test (feet) ( feet bgs) (gpm) Rat ing"

W20l A RIA Slug 3.80 45.28 0.0048 Very Low
48 .88 0.0098 Very Low

\V20 IA R IB Slug 2.30 46.92 • 47.90 0.004 Very Low
' 6.76 · 62..34 0.00 1 Very Low

W202A R i Slug 6. 16 33.79· 39.37 0.01 3 Low
53 .15 0.006 Very Low
9 1. ' 6 0.0 01 Veri Low

W203A R I Slug 6 .5 3 44 .95 0.002 Very Low

~3 .1 5 . 80.05 0.0 11 Low

103 .27 . 1·11.0 0.009 Very Low

\\ ·2Q..1.:\ R I lug. 5.60 42.9 0.0 106 Low

103.0 2 · 13 ,45 0.00 77 Very Low

\L OSCI I I Purnpng Test 5.64 61.0_ 0.0 13 Low

SO.05 0.053 Modera te

82. :: 0.0 ' 3 Moderate

128.94 0.265 Medium
153.14 1.05. High
206 0·1 .00, \ ' CI"} Low

270.0 1 0.00 5 Very Low

316.93 0.050 Moderate

V206A RI _lug 8.53 36JJ9 · .u.o 0.00_ - Vel"}' Low

42.98 · 43.96 0.0 120 Low

46 .92 O.OOSO Very Low

W20 7A R i Pump ing Te st 10 .33 38.39 ·39.37 0. 1060 Medium
.111. 92 0.0397 Low

70 .54 - 76.4': O. i.393 t tedium
159.12 - 16 1.09 0.6 60 High

l l lnfl ow Rate simulated by numerical modeling using code BORE Inflow Rates reported for late time Colla.

2j Inflow Rolle Rating: Very Low - < 0.01 gpm

Low .

High .

Gallons per minute

lp"o-on('1/Vcrmalbf xls 'Sect-sxls

! ()::F97 5 .;; PM

00 1 ·0.05 gpm

0 05 . I) I g;:m

Page ! o f I
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Table .l-·t Ph ysical Input Parameters

NCLL RWDF

Wake Co unt)'. NOr1h Caro lina

Bor ehole rad ius

T est su ing rad ius

Interval length

Inte rval vo lume

Formation porosity

Water viscos ity

Water densi ty

Total co mp ressibil ity

(formation)

Duration of boreh ole

history

f1 ' Feet

Pas - Paschal • second

kgm . KiiogrJ.In • mete r

h - Hei ght

pro-onl y'format bl'Se a -s .xls
IOI:?o/? 1 8.:?5P,\ (

r,
h

p "

c,

I;,

6.75

2.0

0.05

1.00E-03

1000

7.00 E-06

o

[inc h] nomina l

[ inch ] measured

[ft] test spec ifi c

[ftJJ test specific

[-] assumed

CPa s] PVT corre lation

[kg rn" ] assume d

[PSi'l ] assumed

[h] assumed

Page I of I



NC1.LRWDF
Wake County, Norlh Curolinu

Borehole T,' SI I fl bg s] Phase Arrangement Boulld:'L~:___ I> lodd BOllndary T (111 ' /51 Rating In bgsL
WlOIARli\ "~ i l . I } . (l·U -S1UI{ -- b ollblc Pat[~;;· \V.S. l lorno. Infinite 8.51E-07 Low 2.2.'1
\\'2021\IU n O· 2 15.0 Productio n Open Borehole . \V.S Compos ite Infinite Ti .~ 6.04E-07 l @ 1.ow,2 @ NtA

(nnaly/.ed as u S\U1{ 1 No Puckers To " 6.0'\ E-06 Very Low
W20] ,\ IU I '\ 7.0 · 1211.3 Slug Double Packe;;' \V.S. Composne Infinite Ti u 5.95E-06 Loll' 3 ~U;

To > 1.9RE-()7
J 1>1 {} · 70.3 Pulse Double Packers \V.S. Homo. Infinite T - ')AZE-09 Low J ~)( )

\VlO·\ARl I .ix.x ·55 .2 Slug Double Packers \V .S. Homo. Infinite T ~ }.32E-07 Low 2.5 .5

W205,\ IU 1,IS.2 - li i9.2 l' roduction Double l'nckers \V.S. &. Skin Homo. Open Ended Rectangle l
) '1'''' '1.97E-05 Il igll ),1.3

,1' .\ il l , I - 7 15.0 I' ruduction Single Packer \V.S. .\: Skin Dual l'orosity Infinite T " 2,34E-06 Moderato: 3(;.5

(, .~ " l';' ) . 27').9 Production Double Packers \\' .S. .\: Skin 110111 0. Open Ended Rectangle!' T " 7.14E-05 Moderate .\7.")
1' /5 (, - 2 16.6 l' ll1 se Double Pucker» \V.S. Composi te Infinite Ti = 2.DE -09 Very Low :U ,]

To · 3.55E·()9
I IX I 139.1 Slug Double P ,";kt:I ~. \\' ,S Co111 I' " SI Ic Infinite li • 5.29E-07 Low )J, I

'1" 1 5.29E-05
' I 72.il . 93.0 Slug Double Packe, ,; \V.S. Composite Infi nite 'Ii 7.70E-07 Low .\2 .:\

I'o > l .oOE-O(i
IV ,~O(}I\ I( I 011 7 57. 1 Slug Double I'nc ~ c , ~ \V,S, Com pos ite Infinite 'I i " 9.54E-07 '2 (til Low 27( ,

To 1.91.:-07
W207M: 1 ; i 11- 4-U Slug Double l'ackcrs \V.S. Composite lnfi nite Ti '" 2,33E·06 !\1 odCHIIC 9 .S

'I'll " J.3J E·OR
(,7 5 ·76.8 Production Double l'nckctS \V.S. .\: Skin Dual l'urusity Infinite r.. 1.86E-06 1\!oderntc 10,,'

I '; 3 I · 465,0 I' rmluction Single Packer \V.S, ,~ Skill l lomn, Open Elided Rectangle1\ T " 3.09E-05 Medium 12..1
,I I ,t . SO.S Slug Double Puckers \V.S. &.Skin Homo. Channel tlou mlarics1

) T ,. .\,9-1E-07 Low 11.0

I) Open 'cli1k d , ccl ;lll ~; l ,' mn.l,'! .,ontains three ( 1(,1 tl i) \\ bound,me\­

2) Ctcnmcl tHl llm!;n icli IIl mk i \:1.IIl1aln5 IV·' n 11 0 nnw lii itllHl ;m t 5

\V.S.. Wd lbNe S I Ot.I ~t·

T ... InUl J\I1H S ~,I\ i l)'

n " 1 11 11 ~' 1 vunc lr J, n !i l ll l ~ ~ i \' ll \

Ttl · Outer Il lite tranu lH$\ ivll, In J c'ompt)sih"flow model

ft · F,'el

b~!) - Helow l\muud ~l ll 1. ll~ t'

I'm" u lhV(, rmoIM~'}(·(I. J \J~

JO/.! .//?; ;'j' J \ )' ,\1 "age I of I



T a ble 4-6. C ornpa r iso n Between Hyd ro phy ical Logging and Packer T est R...s ul ts

NCLLRWDF
Wake County, No rth Carolina

Group Transmissivi ty [m!/s]

I 9.42E-09

1 2.13E-09

2 8.5 1E-07

2. 6.0.t E-07., 5.95E-06

2. 3.32E-07

2 5.29 E-07

2 i .7DE-O!

2. 9 .54E-07

2 4.94E -07

J 23-tE-06

3 7.1-1E-OS

3 _.33E-06

3 I.S6E -06

4 3.09E-05

5 4.97E -05

Relative Rating

from Hydrophysical Logging

Very Low
Very Low

Low
Lo w

Low
Low
Low
Low
Low

Low

Moderate

Moderat e

Moderate

Moderate

Medium
High

The transmi ssiv ~ t :. is J::! i \' ~d from either 3 homogenous m _J~ J frc rn the inner zone in cern site

rcrraarion ~o,jd

pro -only'[armatbl'Se ct-s xis
tono»: 8:':0 P.'.! Page I o f I



t<cLLRWDF
\Vah~ Co ullty. !'J ntlh Curulina

I'1(( )lJ1J(::11 (1~l · (l 1 ·l/;Wn 1) :55 NA 260 ) ,l,.! 1.31 IS I :lb.2 1 1 12 .5,8 ·37 I> lfl

W207AR1·67.5·77.')· 1 511 1197 12:50 67.5 ·77.<1 Ull rl .3 (dl 27.6 2S6 470 5U ·5 .7 ·30 NA
\\ '207AltI·67 .5· ·1'1 '). / 511 11'17 16 20 675·77.') 1')0 >I~ . I) ,I IS 16.3 164 510 7.5 . S,? ·32 NA
W207;\R 1·67.5.77.0·1 5111197 16'30 67 5 ·77 .') 200 .l 6 l7X ILl n l 170 5 .5,(, ~29 NA
W',0 7ARI ·67.5· 77.9·4 5111197 16;.15 67.$ -77.') 190 H5 .I.n 12.6 }} I ·160 5.1 ·5.6 ·31 NA
\\' 207;\ R1·67 .5· '17,')·5 511 lt9 7 17 00 «t 5 ·77 .0 200 30,3 j .,19 10 <) 309 2S0 5\1 ·5.8 ./8 NA
W:07AR I· 156- IM,·1 V12j97 1.1 :55 !3r,·I(}(i 150 27,S U9 7Ji,1 254 J'10 6.2 -5.6 ·J· I NA
\\'207 AI'. I· I soru 5/ 12.''.1 7 1·l.Ol I56··!D 120 ~:A NA NA NA HO 2K ·5.S ·2X NA
\\,207,\R I·15 3· 5112197 17;10 153·1'1) ISO IS,) lXI 3,.\1, 2,ol ·1 310 IS -5.\ ·n 1400

W2U7,\R I· 153.,1 Im!97 1'1:35 ISJ·TU 160 I'I X 2.'2l 3.24 270 :!In 22 ·5.5 ·31 1·100

W207AIU·1 53· 1 51121'17 17;·15 1S1: m 170 20 7 2.2K 3.21 189 ) Hi 2·1 .5.5 ·30 1350
\V'20o l\R I· 42·5'/ 5/ \41' )7 1,\:(10 42·57 7r, IX'i .I (,1 i)fl xo no 5 . 5,8 ':1-1 100
IV,0 IAR tB -.\.l.5X.I> I .OK 5/15i97 12:25 ·1-U X·til.OX SI 1)2< '2 ~ ..l 26 205 100 51.1 .(,.3 <l-l 70
\\' 10 )AR I · I · I ~ . 18 ·H'(i · 1 51!(j;97 I H5 )·15.18·166 39 3,59 1.52 1.2-1 so.t X2 5\.1 ·5.7 ·),1 r< A
IV20SAR 1-1·11.1H· IM ·:' 51 HII97 16.11 1 145. IX- IM 190 111 .5 1.15 1.9 1 177 160 51.1 ·5.5 ·35 N,\
W ~(j )AR 1-1·11.1S· I/I(,· ) V II)'')? I(dl 1·1118·I M 2~ o '/ ')7 1.\ '1 1.72 173 1.\0 13 -5.3 ..29 N:\

\\'2 05AR ] · 1.15 .18·1 t,«...( 511 (.I1j7 17:00 1,15.I S·I <> 11 ).. 11) '1.75 U ,I 1.( 4) 17,1 \ ,111 16 -5.3 ·31 NA
\V2 0 $t\R l- 1·t~ l· 16') r-t ~, / l t;;'97 IK3ti J.lK.2· 16\1. 2 : ..' 0 1fI.2 I.lh I 8 177 120 H! ·5.4 ·2 8 NI\

\V 105AR I· 1-1 8 2· 16'17· : lI 16'97 l' I Ot) 1.\11 .:' - 169.1 ;< ,10 'J.18 1.6.1 1.71 117 110 5.8 -5.} .)() riA
W}O) AR1-1,18.•~ · 1 1,').> .1 5i Hi/'J7 1'),1 1 1·187 · 169.:1 '2·l tl 'J ) 5 l .5Q lIi·1 171 110 8.2 ·54 .) 11 NA
W201:\R I· I·IS 2· H,9.}··l III (';~17 W' 13 I·IL! . 169.2 2StJ " ,2 1.41 l.tJ2 170 1zu 51! · 5.'\ ·3 1 ri,\

W205AIU · I,IK .~ · Ih') .'·5 \/1 t,i97 10:50 1-IS .2 • l ll l/,} 210 'U·I 1. 6 1~ 1.6,1 172 1;'0 5\.1 .5,) . '}.'J NA
W20' ''R 1· 1·IS.l.· 1h'l.} · ,. 5/1()I'J7 :1 :32 1·1 8 2 · 11; 9.2 2·;0 'JA J 1.% I.(,X 165 120 7.3 ·53 ·n 11:\
\V20 ~AR l · :\n f1 uluf\ ~l 17i'fJ7 H :57 0 l'<n llole 1)0 H ] J.;f) 3.'11 \70 'l'l u NA PA NA 1'1f\
W105 AR1·.1 11•.l J.l . J 11171'17 \ 5.0 1 .1 1;1 ·334 170 x.~ x U2 \ .\7 1·15 120 5\1 -u ·3.1 NA
W20lAR 1·31) . :\3.1·2 5117/97 1\ :21 ) 1.1 ·31·1 1·\0 $.11 I III 0.6.'2 IIIX 87 51} -505 · l 4 N,\
W21l 5AR1·) IlI· 715· 1 5117.~n IS:-I:! 31l 1·715 I.HI 5.fd 1.2·1 O.X I'l II I ~7 10 ·5.5 ../.7 Ni\
\\' 205AR1·.;(11 · 7 1 5 ·.~ 5/17!'J7 10:·1 '1 30 1·715 1·10 ~ ,·lt} I 0,5\1 1 11·\ Xi) 16 · 5.7 ·31 NA
W:WSr\RI·301 ·1 15·) 5/17197 19.13 .ifl ] -7 JI 150 5 \) I tU51i 123 96 24 ·5.6 ·26 1'~J\

\\'.!lI ~ "I< I · ) 01 · 71 ' ..1 ~ !l7/,)7 1'1..15 '111 1· 715 1511 5 , ~n O.S') I [un 12·1 1011 .10 ·5.5 -29 NA
\\'205:\R 1·30 }-71 )· 5 5117/'17 20:16 311 1·715 HO It 3 0 877 0.5·\·\ 130 \(III .1 X ·5.6 ·n NA
W205 AR1·30 J·7 15·6 5/17!97 20:36 301·7 11 140 6,2·' IJ.SS,I 0.548 112 1110 ) 01 .5,5 .so HA
W205ARI ·;·' ,:! S ~ ·2 S :1 ~X ·I 511 KI97 ') ;3) 262 .X~ · 2X.US 1·10 " 1·\ O.SX·I 0.532 132 9~) .12 ·5.6 ·31 ?-IO
W21l lAR J · 21, 2 S 8 ·2 ~ .l . S X · l 5/1Xi97 '1.3,} 261J' S..2S3.X8 140 {),17 0.'121 0.55X 13 J 110 33 ·5.5 . )2 I n ,o
W20 \AR 1-2(,6 SK·2X7 . ~ X· I 5i1 k/97 11 .11 3 ~ (j(j . X S·2~j7 ,S ~ zoo V,52 \.J7 I I I IIi0 1·11) 1\ .5..l •.1 0 Gfl\)

W;'lI5:\ R I - Y.h S S · 2 ~ 7 .~ ~.. , I i i 81'17 un 2t.6.XS·:!Xi SB '200 'UX l ..t'} 1.15 16.\ UO 17 ·5.5 .J I 700



T a h ir ·1-7. ( ; r llrh "ll\ l.- a ll~r,u l l s l{c"l rW<·, l ln SUI' I'" r llf 1l1' ·1

NCLLRWDF
Wah County, North Cnrolina

\V'20 51\JU -2(,6~X ·lX 7 ,~ ~ : 511 Xi'J7 12:15 266.XX-28UX Isn X. II 1.12 It ~; SX 153 !:lll 25 -5.5 ~L K 6liO

W:'OSAR I· 2r;6 XX-.' X7 ~ ~; 1 511Xin 1201 I 21, (' XX-207.SS IXU 7.7·: lOr, o '!'S i) 1·1 9 1.1 1) 2'1 ~ 5 . 6 ·2'} ,it o
W20 5AR l · l I,1l XX·2S'l.S, ,, , Ii 1s ,n 11, IS :'M ./iX-2S7.XS 1:0 'I IIX 1.05 0 .17 1 I ·I ~' 110 .HI -5.5 .'J n o
\V10SAK )-"2(J(I.XR · iX 1,Sx, i SI1KI97 11.:;0 ;60 _ 8S ·2 3 7. S ~; 17iJ 7.X 1.0r, n 17.j J 52 130 3 1 -5.5 -32 7 11l

W2oSAR I·I" 5 (, · 211, (,· I 5!1lli' l7 " ;-1 0 1'15.6·21r,l i 1711 iX:l5 1.11 \) X IS2.5 12!1 :l2.S ·5.-1 ·30 5(,t)

W20SAR I- I')SJ ,. 211', ri·I, 1I ~ / I Q/ln 1)-·10 11")5.6-2 1(I , /} 1 Oil 7.7(, 1.1:' (1 7 '1 15 1 1.\0 n · 5.6 .JJ 5·10 l.Jnplicatc

W20 5AR I·RI I·h ll. 5119197 IIU I NA 1,tH! 57,6 \I 06 1 IS 138 \.oU su ·7 .6 - IS JUlJ Trip Hlank

W20 SAR I· I'11 5i 19/97 10 SO ~.T,\ I Ill) XX I 006 I 0'111 132 i.ou 51 ·i.7 -u sou E'l',i plllcnlll \a/l!

W20SARI · IIX I· IVI 1·1 5119:n 12:15 118. 1· 139.1 ISO 902 117 I 19 156 ISO 27 -5.5 .).\ 6')0

W205 AR I·il.n·I'2.'lS ·1 511 9197 H :·IS 7L9S ·92 .n 170 13.9 1.9 l .1 1 In 230 15 -5.5 ·31 5'lO

\\, 20MI{] ·7 1. ~l X · ' l ? .' I ~." 51l'l/9 7 1 7 : ,~ O 7 1.9S·n .n 150 1'1.7 2,52 5, I 1').) : so 12 ·5 .5 -29 500

W2u2AR1·1 51201')7 Nil .IUS-55 . IX 'WO 25.9292 3.'! I IOr,ON 64 0 183 2,l(l I U ·5.6 ·:11 2·W
W2U2ARl·/, I1..·RII 5120'97 10: 15 NA l.OU 50 3 61 17.4 3S.3 l.UU su .7.6 ..16 oloU Tri p 1lI, ,,1.
W:02AR I· /-IL /20197 111.20 NA I.O\! 5 ~·1 6~ II K 36.6 \' (lU m ·7.6 ··15 4UU l" jUiplnClll lll""l.
WI.02 AR I-RII 5/20/97 10 :2 \ NA l.OU 101 63 1" .7 8ol5 \.OU 5tJ .7.6 · 45 aou l'umrBlalll:
W21HAR I· 1 51211/97 12:0 5 J3. n-55.1f; 50 .1.3 1.·1 ,1 2 05 17.9 5. 1 5U -5,5 · 32 70

W:'O·IAR 1· 2 5!20(1)7 I·V.W Hn·55 . 1f: 59 ·1.7 1.)2 2 III 17.·1 ·\.9 511 NA NA NA
\\'203 I\R I- 117·I2I, ·\· 1 Sf'.'1197 111 0 5 117· 1264 50 \. 79 II.X\K O.\ .JJ H .I) ·\6 5tJ -5.7 -.I5 120
\~'20:lAR 1· 117· I 2t, H .11 \ i 21/97 10 11 5 117·1 264 .IS 1.8 07·12 O. \·13 ·16 ·16 5U ·54 ·3 ·1 n o Dupl ica te

W2U3AR 1· 117· 12/, .1· '11 1 ~/l l l~n I 1:21 I~A I 011 29 () ! I Ll 65.2 I fll.J I II -7.5 · ol(, ·IO U Td pll lalll.
IV203AIU · 117·1 2601 ·1i F 5/2 1197 II :411 NA i .nu 4 1.5 1<1 \ .'..1 47.8 \. Ou 5L1 · 7.6 ·ol ) ·IO U E(luipmcHt UI;lllk
IV20.1AR I· 117-12I, .\ ·S:;11 sr: 1/97 I :~ :2 5 117· 126.4 I UU 21)..\ 1<1 ID 42.5 1.0U 5U ·7.5 . -1-1 .rou E'luil'm""11l1,1ll!;
W211 3AR l · II 'I· 121i.·I·!' 1'1 5,'2 Jll)7 11:: \ 117·1 26 ·1 I IiU J R.7 Id I : I 5 1 6 \. ull H) -7. 6 ··11, 51HJ PUtl'lP B l,utl:
W:'03.-\1{1·11 7·\ :'(, 1, 2 1!2 l i ~17 1·1 11 .\ 117-1~ (, 4 57 1.1S 0.6 1·' \1.2 )6 .13.\ n su -55 ·n 320

W20 3M~ 1-5S·(,7.·1· 1 V21i97 1/; .1/ 11 5S·67.-1 .1/; I 63 u.SI,9 O. Hi ) .1() ) 9 IU .5,5 . J) I lill

W) O.1 AJ(1·(, I · 71).1 - 1 'if21197 17:-1 j r.1·70 .·1 I I 2.32 1.07 n.SIi ·17.1 52 It! . 5,(, · 11 1711

ll • N lll d et e ct e d Jt Of ,d '\1\ l,I the !\letlloJ r c: pOl ( i ll ~ Luuit

I·IA · $ , mplc N"I Aual)'/ d 11'1 'he pH.meter ill,h :llc<l OJI "JI :I fI<'>1 JPl,1J c:lble Il'lhe .., ,,,pl< Il"pe

[J'(J . u1I !,l' 'for"wtL,/\Sf( t-4"\.J1



T able -l-S. C he mic a l Co m posi t ions of Croundwa ter from Sa m pled In te rv al s

NCLLRWDF

Wake County. North Carolina

Well 10

\V20]ARI B

W202 AR I

W20 3ARl

W_03A RI

W203ARI

W204ARI

\V205AR I

W1 05A RI

W205AR I

W205ARI

W205ARl

W205ARI

W205A R I

W205AR I

W205ARi

\V206 AR I

\V207i\R I

W207AR i

W207 AR I

Produ ction We ll

Interval Sampled

44 .8 - 65.08

Grub Sample

53 - 67 .4

61- 70A

117 · 126.4

38.78 - 55 . 18

7 1.98 - 92.98

118.1 - 139.1

(,15.18 - 166

148 - 169 .2

195 - 2 16.6

262 .88 - 283 .1

266.38 - 2 37.88

313 - 334

30] - 715

·12- 57

67 .5 - 77.9

156 - 166

156- TO

No. of Samp les

2

2

6

I

2

6

5

Composition

Na-Ca-Mg -CI

Na-Ca-!\lg-CI-HCO]

Na-CI- HCO j

Na-CI-HCO j

Na-CI-HCO j

Na-Ca-Mg- HCOrCI

Na·CI-HCO j

Na-C[· HCO j

Na-CI-HCO j

Na-HCO j -C1

Na-CI-HCO J

Na-CI-HCOj -SO .

Na-Cl -IICO)

Na-CI-HCOJ

Na-Cl-BCO)

Na-Ca-i'> lg-Cl-! ICO)

Na·Ca-CI-HCO)

Na-Ca-C I-HCO)

Na· CI-HCOJ

Ca· Na-Mg-HCO;-CI

•• Cations listed in order of abundance followed by anions Iistcd 111 order of abundance

p ro,oll(v!jormolbIL5ccl. s .s ts

tonu«: S ·2J PM Page I of 1



Table 4-9. Velocity F unct ion

NCLLRWDF
Wake County, North Carolina

Two-way trav el time
(msec)

o

125

150

175

100
12:
150
17:
300
3 ~ 5

350

375
400

pro-only ;'or",.::::!:5,,::.4 .I / ;

10..: :i9~ .) : 3 P It

Average Stacking Velocities

(ft/sec)

7.932

10 182

11,039

13.665

14,63 0

15,408

15.90 7

16,2 2
16,631

16,993

17.260
17. -39

17,S­

IS. 117

18,407

IS,7IS

19,030

Ca lculated Depths (feel) Below
Ground Surface from Stac ki ng

Velocities

127

30 1

51­

731
96:

1.193
1,424

1.663

1.912
2,15

2.4 1-
1.674
2,94.\

3,12 1

3.5 10

3.806

Page I of 1



~;CLL:O..°t:DF
\\.:J. ~. ~ Ccunry, ~:or-:.h L .KOiHo._l

' f:;:">:-::::::::'~' ~

.-1*-.->::::;::.,. :;..

;. :r.
c ;;

2 U ,.,:: '"
1

~ -
~ Z. 5- - :.. ,

f ·
j

I !

nu-s

",. ~. ,.;,.,,,,,,.! .....' ,,,'",,
!. .. '~' . ,,". ~<':ii!!!i'!iJ::;_

C ore

Import.UlCC'tll

Oh ccth' ~s

11l'I 'oIl!lliilllll' llI,

t::::::==-:~~~.;::: x-; -~./.:-'" f f.:.•
_n. :~:~2::F-~ :~~.f~""&"~.•.:*': ='d ~.;;. ... I

I IIIIIIIIIIIII '!' '1i.1I

1 11 11 1 1 111 llii,."i l" I ·" r;:'":~:t'*'''::1cI

G Cllln~ic and I1ytlr"lo :.!i~

f eatures
F~\LrLl{ES! FAU1~S

Frnctcre u~

Fmct-..:re Din
Fracture Drp Direcuon
H-;d.nt:h l:: A nae

Dar, Acq uisition Factors
RccC'-o:n".,: ..-':~"::l

Fracture $P.1CL.~

Fractcre FrrQtX."l:-'·
F:x::.:r~ h..,~

Fractc re ;~Ctl:I"

j----t-I - - - i-- - - t------ - r = -"'-1

t:t...t::~t~U~~:; :i
f:.-:~~~:::;:~>-:J)d-:: '

"~~~:~~t€l?~

I 1
j I

l. 1

......~... !
., -; I

....-:..~.". I
I !
I j

j I

f j

/ I

I I
f I
I f

. ,

. /

I I

I

"" ··°'· 1

lJ! r -I __" J '.h~ ;:::~ret U1 = ~ n:~ tJi :%.'l £ I ' ... ... r .. "t . !.o f' u . :"r ::~ c . -{ ,. ".til ;"UU :f.~H·:_

rt::tU,,'A.. r.:;l l:" t il:ln~ j 1I1 "":",bul ~ -"I .. d oC"'l ,#t d 1 1-0 n f nty p-p )c..-rnq~l!tln . l t· ~

.~ ~~~: " - -- ;
~.{»&%~-w... m ~"m:

1 I j

ST RA T A

r:"....'l o j;;x"1.::.k ..::.! :c..-s
Irue <"~L' ~ l.::-

L.":::c::e Oll.\~..:C"',,"'h'::

=uJ~~...n -

,:)O::' lr: ;.:

Coarse :: ::-""-'100 Acceasorscs

Con tact [ th
Strata Dm
Strata Dic L'uecc.cn
Tree ~:'~~l.c'"~~h.-: ThJ;L-:::::5

') !....::- . tv

; ro-o ..h'!a' ...... u tJfS, o · .t , i s
: o; 7 "1.0 [ 0 I() ,/..H ?;e I d I



Co ng lomerate

Cmm

Cmg

Ccm

Ceg

Ceo

Ce x

Sandstone

Sm
Smrn

Sc

Scm

Sx
Sr

SI

Mudstone

Mp

Mm

MI

Mr

Mb

Mn

CLl\ s:one

Me

t\lbp

Table 5-1. Lit hofacies Classifica tion

NCLLRWDF

Wake Cou nty, North Carolina

Matrix support ed, mass ive

Matr ix su pported, normal or inverse grad ed

C last support ed, m assive

C last supported, normal or inve rse graded

Clast su pported. crude horizonta l bedding

Cl ast supported, c ross-bedded

Massive, ve ry fine to very coarse grained

Massive, muddy (> 33% mud ma trix) . very fine 10 very course g rained, may

be burrowe d, b ioturbated , or rooted

Massive, conglomerati c (trace to 30% gravel ). ve~: fi ne to very coars e grained

Massive, con glo mera tic (trace to 30% gravel ), muddy r- 33% mud mat rix ) .

wry fine to very coarse grained

Cross-bedded. tine to very co arse gra ined . ma y be pebbly

Ripp le cr oss- laminated. very fine to coarse grained. ma y be pebb ly

l Iorizonta l laminated. very fine to coa rse gra ined. may \).~ pebbly

Massive, pe bb ly ( trace to 30% grave l), ma y be sand y

Massive, may be sandy

Laminated, may be sandy and micaceou s

Rooted, may be sandy and bioturbated

Burrowed, b ioturbated or textu ra lly monied ; may be sandy

1'. tas sive. with ca lcareous nodules : may be sandy

,\ tass i\<:. may display mino r root structu re. lamina tion , bu rrows, or biotu rbation

Waxy. blocky or platy structures , may contain root traces. and small-sca le

s lickens ided sur faces

Page I o f I



Table 5-2. Base of " W eathered Z one" based on Geophysics

NCLLR\VDF
Wake County, North Carolina

Well/Boring Base of "weathered zone" based 0 11

ELAN or acoustic velocity chan ge
Casing Depth -

(near base of severe weather ing in feet)

W201
W202
W203
W204
W205
W206
W207
\\'208
WlO ..HvlPl3
W74PM4
\V73PM 3
W32lv lP lS
W975 W43
WI I21v lP2:2
W30W lO0

p-rD-Or;IY''l?r rn;:-;fb! i..~C:~5.xL:

j !k'27/9 7 8:55 ..-l~. {

62
53
53
49
lL
6S
79
:u

50 (,~.VL)

5-1 or 66 (1\VL)

66 (AVl)

36
31
32
32
3 1
J '
2 ·~

31.5
17.5

53
1.5
5

·H

Page I of 1



(
Table 5-3. Data Used to Const ruct the G~I Cross Section

NCLLRWDF
Wake County. North Carolina

Boring l\\'ell ID

Wl0LARIA

W202 ARI A

W203AR IA

\V20·t·\HJ

W205CH I

Spectral Gamma Log

ELAN log *
F/l.H log"
Integr ated grap hic log "
Fracture Data
Stonelev anomalies
Spec tra l Gamma Log
ELAN log ;.

FMl log *
Integra ted grap hic log i<

Fracture Data
Stonelev anomalies
Spec tral Gamma Log
EL·\ !'l log "
FMl log'
C1\lR log"
Integrated graphic log ;.
Fracture Data
Stonclev anomalies
Spectral Gamma Log
ELANlog "
FlyH log'
CtvfR log-
Integrated gra ph iC log ..

Fr act ure Data

Stonelev anom alies
Spectral Gamma Log
ELAN log •
FMl logf
CMR log-
Integrated graphic log '"
Graphic core log ..
Fra ctu re Data

Diagenetic Featu res

Biogen ic Features
Lithofacies
Fault fabrics
Stonelev anomalies
~pC'c tr.1! GrrmEi."l L-"';
ELI.-.\': log ­
FtvU log-
Cf~tH. log'
Integrated gr::phic log "
Fracture Data
Stonelevanomalies

BOREHOLE DATA
Hydrologic

Hydrophysical Data
Packer Test Data
W ater lev el (.+197)

Hydrophysical Data
Packer Test Data
Water level (4/97)

Hydrophys ica l Data
Packer Tes t Data
Viarer level (4/97 )

Hydrophysical Data
Packer Test Data
Wale, level (4/97)

Hydrophysical Data

Packer Test Da ta
Watel level (-U97)

H~;,"~j"{ T' h ~-~::::!c:d D~!u

Pack~'T T-est D ata

\:.'a;er level - sti ll

recovering ( .1197)

Geochemical

Groundwater Sample from packer
test intervalfs)
Stiff diagra ms

Groundwater Sample from packer
test inte rval is)
StitTdiagrams

Groundwat er Sample (rom packer
test interval ts)
Suffdiagrams

GWtL"ldW31er Sample fr om packer
test interv alfs)
StitTdiagrams

Groundwater Sample from packe r
test inte rv nl/s)

Stitr diagrams

pro .only 'iforrnctbl'Sect-Yxls
JO/J ..1:9 7 9:30 .4.\f Page 1 01' 3



Tabl e 5-3. Data Used to Construct the GI\I Cross Section

NCLLRWDF
Wake County, North Carolina

Borina/Well ID
W207AR I

W208A.R l

WI 04?-1PlS

Geol ogic

Spectral Gamma Log
ELA.}J log "
FMJ log"
CMR log'"
Inte gra ted graphic log '"
Fra cture Data
Stanek v anomalies
Spec tral Gamma Log

ELAN log "
FMI log '"
C!vIR log"
Integrated grap hic log "

Graphic core log •
Fracture Data "
Dragcnetic Features

Biogenic Features
Lithofacies
Fault fabrics
Stonclv anomalies
Gamma Log
Requalified Graphic Core _og ~

Acoustic velocity log"
Tem pcruturc Log '"
Zones ofwater loss/production
Lithofacies
Fault fabrics

BOREHOLE DATA
H....drolozic
Hydrophysical Data
Packer Test Data
Water level (4/97)

Hydrophysical Da ta
Packer Test Dam
Water level - still
recovering (4/9 7)

Packer Tes t data

Geoc hemical

Gro undwater Samp le from packer
test interval/s )
Stiff diagr ams

\ VJ 2iv[P I4

W I3P \G
\V I0 9VSJ

Wcll construction Information
(W32MCJ9, W311\IC40, W32MC41)
Gam ma Log
Rcq ualificd Graphic Core Log "
Acousti c velocity log~

Tcmperaturc Log "
Zones of water Ioss/prodoc uon
Lithofacres
Fault fabrics
Reo ualified Graolu c Core Loa
Gamm a log
~~.COU5l i · ~ veloc ity

Tern perature ing •
Zones of water 10'$:..-9pr scuon
Rcc ualiried graphic core loz

Water-level data (4!4i97)

pro-only-f ormcubi-Sect-Scd»

! ()/2 .Jr97 9:30 AAf Page 2 of 3



Table 5-3. Data Used to Construct the GJ\I Cross Section

NCLLRWDF
Wake County, North Carolina

BorimrAVell [D

\'1 ' O WI C'O

Geolozic

Well completion information
Gamma log
Acoustic velocity log·
Temperature log ,.
Zones of water loss/nrodu lion

BOREHOLE DATA
Hvdrolozic
Water level data (4197 )

Geochemical

W97SW43 Rcqualificd graphic core log"

OT HE R DAT A

Trench maps
Base of Weath ering and casin g depth (see Table 5-4)
Start Depth of Co rin g (I.e., base of sever::!y we athered zone)
Diagenetic features in trench
Lithofacies in tren ch
Seepage Zones in trench
Locations of potentia! C1U!lS based on interpreta tions f pre-pilot study study se ismic by Malin

Map Units

;. Starr ed data was used for construction and analysis of cro ss-sect ion but is not directly displayed on sec tion,

pro~only~rormarb l\S~c!. 5 .xls

[ ()/] J I97 9: JO.-t\f Page 3 of :;



T ah le 5-·1. C cnp hyslcu l Logs used 10 C o ns t r uc t GM Cross Sect ion and for Associated lnt erprctntious

Ne L LRWDF
Wakc County, North Carulina

Natural Ganun.r Spectroscopy
Resistivity
Ncutnlllldc n s l l ~ '

DSI
1'1\,11
IIII 'S
C 1\ I I~

Acoustic Vch'd ty'
Tcm pernture '

stratigraphic correlations, idenrificarinn orlithologies
strtuigrnphic corrclatious, hk lltflication of Iithologics, phy:,icill properties
porosiry Ilnd other physical properties, lithologies ("log·sands" and "log-shales"), idcntificntiun of base of weather ing
idcntiflcation of base of wcmhcring, stonclcy anomalies
idcntitlc.uion ofI ithologics, contacts, some primary and secondary sedimentary features, suutigruphic nud fracture orientations
identification of lithologic, . contacts, some primary and secoudary sedimentary features, stratigraphic and fracture orientations
porosity, permeability
identification or base oCwealhering, lows Illay be indicative of producing fractures
anomalies lllay be indicative of producing tructurcs

' Lugs .rvailahle for prc-GM Pilot Study wells/boring» only

plo.onlylg", . \ ISeet·5., II
I(JI;:'li'J'l 10 25 M .I I of I
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