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GEOLOG I C EVALUAT I ON AND D R I  LL I FIG PLAN 

EGSP-TENNESSEE 9 WELL 

I. INTRODUCT’ON AND SUMMARY 

The Eastern Gas Shale Project (EGSP) was initiated in 1976 at the 

Department of Energy ’s  Horgantown Energy Pesearch Center with the 

ultimate objective of increasing production of natural gas f ron shale 

fornations in the Appalachian, Illinois and Michigan Bas ins  through 

advanced explorarion a r d  ext:ac:ion techniques. To date numerous 

projects involvirg s t a t e  agencies, the U . S .  Geologic3\ Survey (USGj) and 

private industry have  been completed. A part c f  this program has been 

the  evaluation of :he Devonian-Mississippian ac,e Chatranooga Shale in 

eastern Tennessee. The evaluation of the Chattanooga Shale in eastern 

Ten17essee has i n v o l v e d  the cooperative effort o f  perssrcnei i;on t h e  

Tennessee Division of Geology (TDG) and the U S C S  to dzfine the siructural 

and stratigraphic relatiorship of the Chattanooga and i t s  resource 

potential. To date t w o  Vibroseis seismic surveys and eight NX core 

h o l e s  have beer, completed i n  northeastern Tennessee a s  part of the E G S P .  

Evaluation of the seismic lines, core samples and geophysical loss i s  i n  

p rog ress  and reports cn this work by the principal investigators a r e  in 

preparation. A summary o f  the E G S ?  exp\oration program i n  Tenncssez by 

Dean (May, 1979)  is included a s  A?pendix A .  

Gruy i e c s r a ! ,  Inc. (G3UY)  has been selected as p r i n o  contractor to 

D C E  co provide d r i l l i n g ,  coring and dell evaluation se rv ;ces  on up to 22  

weils in :he :pgalachian, i-iicnigan and liiinoi; 3 a s i n s .  As part o f  c n i s  
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contract, GRUY wili be responsible f o r  the continued drilling procram in 

Tennessee. G W Y  has reviewed the work completed to dat+ and has dis- 
- 

cussed work in progress with the principal investigators. An evaluation 

of the geolosic data and site availability and accessibility indicates 

that an area along the Saltville Fault in Grainger County, Tennessee 

(Dean's Prospect P3) would provide an exce! lent opportunity to evaluate 

the Chattanooga beneath the Saltville Fault thrust sheet in a location 

that has numerous technical and economic advantages. 

is possible to penetrate both the Pumpki-n Valley Sna 

Conasauga Group and the Rome Formation (Cambrian age 

wall of the Saltville Fault. A nearly complete sect 

The site proposed in this report is located in t h e  Grainger County 

Industrial Park along U.S. Highway 11-W and i s  accessible by pavtd roads 

into the induscrial park. At the proposed location it appears tnat i t  

e member o f  the 

in che hanging 

on o f  Srainger 

(Mississippian age) and a complete section of the Chattanooga should be 

present beneath the iaul;. Additionally the propcrsed location would 

provide an opportunity to evaluate the C1 inch Sandstone (Silurian age) 

ns mechanism 

the thrust 

nal structure 

the proposed locat ion should produce 

depth o f  the hole is not likely to 

t in rcasonable drilling cost. The 

proposed site is Owned by Grainger County who wil; retain 311 mineral 

rignts and will ;aka over the well f o l l o w i n g  the c o a p l t t i o n  o f  drilling 

and testing, should it prove productive. Site przparation cos t  wiil be 

at a prospective dep:h. At the proposed iocation a trapp 

exists at the truncation of the Chattanooga and Clinch by 

sheet. The proximity to the fault.and thc breached sync1 

of the Chattanooga and Clinch at 

high fracture density. The tot3 

exceed j C O O  feet which wi 1 1 resu  
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nor+ reasonable than other  l o c a t i o n  i n  the a r e a  bezause o f  the easy 

a c c e s s  t o  the s i t e  by paved roads i n t o  t h e  i ; l d u s t r i a i  p a r k .  

This repor: presents a summary o f  prev ious geo log ica l  

g a t i o n s  i n  the  area and a d r i l l  

Gra inget  County I n d u s t r i a l  Park 

Tennessee No. 9 we1 1 .  

ng prognosis w i t h  cost e s t  

s i t e ,  h e r e i n  r e f e r e d  t o  as 

3 

i nves t  i - 
mates f o r  the 

the EGSP- 
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11. GEOLOGIC SETTING 

4 

A. Structural and Topographic Features 

The proposed EGSP-Tennessee 9 well is located in the southern 

Appalachian Valley and Ridge Province. The topography of the Valley and 

ng 

1 eys 

Ridge F'rovince, as the name implies, i s  characterized by alternat 

broad valleys and narrow ridges. These topographic ri.dges and va 

reflect the predominant structural features of  rhe Sraa - paralle 
northeast-southwest trending folds and thrusc faults (FigLre 1 ) .  

ridges, averaging 500 feet of  relief above the vailsy f l oc . r s ,  are 

Till, 

tl-? 

result of differential weathering of rocks of var:,ing resistance Sroush- 

to ths surface in the structural folds and zhrust faults productd duf:- 

the crustal deformation that occured in the late Paleozoic Appalachian 

Orogeny. 

and Ridge structures is discussed by Dean, 1979 (Appendix A ) .  

The machan i sin be I i eved to have produced the Apoa 1 ach i an Va 1 1 Ey 

Tire EGSP-Tennessee 9 drilling prospect will be located south c -  :he 

surface trace of the Saltville Fault between Rutlzdge and 3ean Stat:3n, 

Tennessee, as shown in figure 2. The drill site at the Grainger C o u n c ~  

Industrial Park i s  situated on rolling hills in RTchlsnd Valley at the 

base of ?oor Valley Ridge. A segment o f  Cherokee Lake (resulting f r o ?  

the impoundnent o f  the HoTston River) forms the f loo r  of Richland \ / a i j ?> f  

to tne south and east o f  the drill site. Poor Valley RidSe, n o r t h  C '  

the drill site, i s  formed by resistant sandstones in t h e  %one For-,at'cn 

(Cambrian age] and the Graingcr Fornation (Mississippian a s ? ) .  !iorth of 
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Pcor Val!ey Ridge is Poor Valley formed i n  the less resistant shales and 

siltstones of the*Grainger Formation (niddle and lower members) and the 

Chaiztanooga Shale. Poor Valley is bounded on the north by Cliqch 

Mountain capped by the highly resistant Clinch Sandstone (Silurian age). 

Clinch Mountain forms a drainage divide between the Clinch 3iver on 

the north and t h e  Holston River (Cherokee Lake) on the south. Clinch 

Mountain rises from 1,000 to 1,600 feet above the adjoining valley and 

is 400 to 800 feet higher than the parrallel Zorne ridges. The photo in 

Figure 3 taken at che eastern sntrance t o  the Grainser C o u n t y  Industrial 

?ark  at US ll-'d shows Poor Valley Ridge and t h e  higher C l i n c h  3ountain 

in the backgroung. An exczrpt f rom Jeran's 1565 M.S. thesis (Figure 4) 

illustrates t h e  stratigraphic, structural, and topographic relationship 

o f  the rock units along a segment of C'lincti Mountain and Poor Valley 

southwest o f  the proposed drill site on the adjacent Dutch Valley 

Quadrangle (154-SE). 
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B .  S t t a t i s r a o h y  

As i n d i c a t e d  i n  the  prev ious d iscuss ions,  a l l  f o r n a t i o n s  o u t -  

cropping i n  the  area near the  d r i i l  s i t e  a re  Paleozoic i n  ace. The Rome 

Fornat ion. (Lower Cambrian) i s  t h e  o l d e s t  rock u n i t  ex?osed; t h e  Grainger 

Format ion (Middle N i s s i s s i g p i a n )  is t he  youngest. A general i zed  s t r a t i -  

g r a p h i c  column f o r  t he  Poor V a l l e y  area n o r t h  o f  the w e l l  s i t e  rn 

Grainger  County (Jeran, 1965) i s  shown i n  F igu re  5. T h e  Pumpkin V a l l e y  

Shale member o f  t he  Conasauga Group (Cambrian) s t r a t i y r a p h i c a l  1y  corn- 

formable and i n n e d i a t e l y  above t h z  Rome format ion,  outcrops a t  the 

proposed d r i l l  s i t e .  J e r a n ' s  map area d i d  n o t  extend t o  Richland 

V a l l e y ;  t he re fo re ,  t h e  Pumpkin V a l l e y  i s  n o t  mentioned i n  F igure 5 .  

The name Chattanooga B lack  Shale was proposed by Hayes, 1851, f o r  

- 
exposures a t  Cazeron H i l l  i n  Chattanooga, Tennessee. r h e  age of the 

Chattanooga Shale i n  t h e  area of i n i e r e s t ,  w h i l z  s t i l l  sub jec t  t o  

debate, i s  c u r r t n t l y  de f i ned  as Upper Devonian t o  Lower M i s s i s r i p ? i a n .  

Hasson (1972) prov ides an i n t e r e s t i n g  review of the h i s t o r y  o f  t h e  

nomenclature of t ne  "5 lack shale" i n  nor tSeastern Tsnnessee which i s  

summarized i n  F i g u r e  6.  Conant and Swanson (1961) a l s o  have an ex- 

t e n s i v e  rev iew of tSe nomenclature; however, t h e i r  areas o f  concen- 

t r a t i o n  a r e  west of the t h i c k  Chattanooga sec t i ons  in nor theas te rn  

Tennessee. The nomenclature problems o f  t he  Chattanooga can 5est be 

sumrrar i i td  by S a f f o r d  (1863) when he r e f a r c d  to  t h e  "b lack s h e l ? ' '  3s the  

" g e o l o g i s t  p lane o f  re ference,  and h i s  puzzle". A conpar ison of rsfar- 

enced s t r a t i g r a p h i c  sec t i ons  f o r  t h i s  a r e a  and o t h z r  s ta tes  (Swage;, 

1978) i s  shown i n  F i g u r e  7 .  
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GENERALIZED STRATICRAP HlC SECTlON I 

U?PER 

LOWEi 

LOWER 

NEWMAN 
LIM E STONE 

... .... 

C HATTA NO 0 C A  
S H A L E  - . -  
a .. 

FORMATION 

NOT P R E S E N T  IN AREA 

Figure 5. Generalized stratigraphic szc:lon i n  ?oor V a i l e y  a r e a  of  

GrainSer County, Tennessea ( J ~ r a n ,  !g6S). 
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111. EXISTING GfCLOGlC DATA 

A .  A Previous Investigations 

The previous geologic inveszigations along th? Saltville Fault 

strike belt in Grainger and adjacent counties include several masters 

theses and doctoral dissertations at the University o f  Tennessee (Haney, 

1961; Smith, 

ogg i ng pro9 r a m  

on of Geology and 

1966; Hasson, 1372; Hawkins, 1959; Jeran, 1965.; ?hilly 

1.968) and 'the seismic lines and shallow NX coring and 

conducted under contract to DOE by the Tannzssze Divis 

CSGS as described by Dean (Appendix A ) .  

M r .  Larry Knox, M r .  William Benz and M r .  Stuart Haher of the TOG in 

Knoxville provided GRUY with maps showing the location of core holes 

- EGSP-Tennessee 1 ,  3 ,  4, 5 ,  6, 7, and 8 (Appendix 6) and working copies 

Neither of electric logs on Tennessee 7 and Tennessee 8 (Appendix C). 

of the above named people were on location during coring of Tennessee 2 ;  

therefore, they were unab.le to spot that hoie location. ? .  C. Millici, 

Virginia State Geologist, formally with the TDG, proviaed lithologic 

discription and gamma ray  log curves f o r  Tennessee 6 and  7 (Figure 8). 

The szisnic-geologic base map (Figure 9); t h e  preliminary depth 

section interpretation (Figure 10) along 1 i n s  TC-1 ; 3 r .  Mi 1 1  ici 's re -  

interpreted 622th section (Plate I); an?,  Hassen's descri;:iocs of 

stratigraphic sec;ions at Avondale S p r i a g s  and near 3a.n Station a l o n g  

25-E ( h p e n d i x  0)  have Seen integrated inco this evaluation. 
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TOG-DOE 
7 

T;) G - DOE 
6 

Figure 8.  L i t h o  
SSa I e 

c D e s c r i p t i o n  a n d  ganna ray  log c u r v e  o f  Chattanooga 
v i c i n i t y  o f  proposed ive! 1 ! M i  1 1  i c i  , i n  p r e s s ) .  



UGR Fi-le $447 
Gruy Federal, Inc. 
Aug 24, 1979 

16 

b 
8 
- .  
L 

Y 

< 
n 

_ . _ _ _  - - - I  
I -  

-I 

m 
,! . 

w c 
V 
LL 

a - 
. 

. .  





. .  UGR Fl’le 8447 . .  
Gruy Federal, Inc. 
Aug 24, 1979 

Hasson’s outcrop sec t i ons  T-11 and T - I 3  a r e  proximal t o  EGS?- 

Tsnnessee 8 (Tennessee Coordinate:  723,500N; 2,783,250;) and Tennessee 

7 (Tennessee Coordinate:  709, jSON; 2,747,G03E), r e s p e c t i v e l y .  Ssismic 

l i n e  TC-I (F igures 9 and 10) f o l l o w s  highway 25-E and passes along 

Hasson’s s e c t i o n  T-11 betwsen depth p o i n t s  500 and 960. 

spudded near d e p t h g o i n t  930. 

25-E i s  approx imate ly  two n i l e s  no r theas t  of t he  proposzd Tennessee 9 

(Tennessee Coordinate:  710,300N; 2,762,000E) we1 1 s i  t z .  Sect ion T-11 

and seismic l i n e  TC-1 are approx imate ly  5 - i l e s  no r theas t  o f  t i re pro-  

posed 1 oca t i on. 

Tennessee 8 was 

Hasson’s s e c t i o n  T-12 along o l d  highway 

Sect ions T-11, T-12, and T-13 are  sunnar.sl-d as f o l l o w s :  

T-11 Grainger County 
Bean S t a t i o n  Quadrangle 
Tenn. Coord i na t e :  724,6GON 

2,784,6COE 

AGE - Fo rma t i cn 

Carnbr i an  Xone 85.0 

S a I t v i l l t  F a u l t -  

M i s s i p p i a n  Gra  i nger “37.8 
Upper Sar.dsto3e Member 52.0 
M idd le  S h a l e - S i l t s t o n e  

Member 301.3 
(G laccon i te  Zone 3 5 . 6  
f e e t  from top of Middin, 
Member i s  7.7 f e e t  t h k k ;  

Basa 1 S i 1 t s  tone ,YernSer !34 .5  

Chattanooga ;ha!+ &Og.  95 
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T- 12 Crai nger County 
Avonda 1 e Quad rang 1 e 
T3nn. Coordinate: 7 1 8 , 4 C O N  

2,771,200E 

Age Formation 

Carnbr i an Rome 5 2+ 

Saltville Fault 
Mississippian Grainger 5h3.2 

Upper Sandstone Member 97.0 
Middle Merrber 237.7 

(G1 aucon i te Zone 42.0 
feet from top of Hiddle 
Member is 9.4 Feet thick) Basal Si ltstont Minbsr 148.6 

Chattanooga Shale 316+ 

T-13 Gra i nger County 
Avonda 1 e Quad rang 1 e 
Term. Ccordinats: 709, OOON 

2,748,000E 

Format ion OIge 
CamSr i an ROfilP, 

Section Thickness (fest? 

1 03+ 

Saltville Fault 

Mississippian Grainger 
Upper Sandstone Member 
Middle Member 

Basal Si 1 tstone Member 
(Glauconite zone covered) 

5 5 7 . 0  
23.0 
512.0 

42 .0  

232.3+ Chat:anooga 

Figure 1 1 ,  ?late i i  from Hasson's disser'atian illustrates his in- 

terpretation o f  the stratigraphic relatianshi3s along t he  Sal  c v i  \ l e  

Fault strike b e ! t .  

(487.8 at T-11, 543.2 at T-12, and 557 a; 7-13] has 5eo-n used for an  

approximate thickness of the Crainger in t n z  area. 

An averase of Hasson'; thickntssls 50; th2 G r a i n g e r  
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F i g u r e  1 1 .  Hasson‘s ( 1 9 7 2 )  i n t z r p r e t a t i o n  sf  the s t r a t i j r a p n i c  

r e l a t i o n s h i p s  o f  G r a i n S e c  a n d  Chattanooga n e a r  

EGSP-Tennesses 9. 
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Core n o l e  Tennessee 7 at Avondale Springs was spuded in the Grainger 

and mcountered the top of the Chartanooga at I 6 5  feet and the bottom of 

che Chattanooga at 827 feet. Tenntsseo, 8 also spuded in the Grainger 

with the top of the Chattanooga at 140 feet and bottom a t  900 feet. 

average of the Chattanooga thickness in Tennessee 7 (662 feet) and 

Tennessee 8 (740 feet) has been used to estimate the thickness of the 

Chattanooga in Tennessee 9 .  

The 

The boundary between the Grainger and Chattanocga is subject to 

interpretation. Some workers have defined the bouncary as occuring a: 

the first black shale zone, which may be 10 feet lower than  the boundary 

defined by Hasson. For the purposes of well planning, these differences 

in definition will be minor. It has been ajsumed for well planning that 

the Grainger wi:l have a minimum thickness of 500 feet and the Chartanooga 

will be a minimum of 700 feet thick at Tennessee 9. 

I n  estinatirg the thicknes; of the Rome and Pumpkin 'Jalley near 

Tsnnessee 8, the seismic-geologic nap f o r  line TC-I (Figure 9 )  shows the 

areal "thickness" cf the Rome to average 2500 feet wich a dip o f  lsss 

than 20". The ?ampkin Valley appears to have an areal "thickness" o f  

1000 feet with similar dips. A simple construction (Figure 12)  indicates 

that the Rome probably has a true thickness on the order of  XI9 feet and 

the Pumpkin Valley has a trile thickness of E?proximately 350 feet along 

TC-I. A s s m i n g  the fault plate and rock units above a n d  b%low h a v t  a 

uniform 20" d i p ,  true thicknesses trar.sls:e to hole sections o f  a?- 

Froximatsly 200 F2et o f  ?urr;pkin Val l ey  and 350 feet of Tone above the 

f a u l t  near depch point 970. Using przvious c a r e  no12 and outcrop data 
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indicaticg at least 500 fset  o f  Grainger and 700 f2et o f  Chattanooga, 

raintaining che 23" dip below tne fault plane and assunins that the 

thickness of all units remains constant along strike, then a minimum 

bottom hole depth of 2350 feet could be expected a t  Tennessee 9. 

Other interpertations of this data are possible. A s  shown in 

Figure 13 ,  a sketch by Mr. Bill Brent o f  the TOG in Knoxvills, it is 

possible that the Grainger and Chattanooga.couId be truncated at a 

shallower depth. 

i+ json's T-13 and T-12 sect 

. iar ious formations) appears 

couid be attributable to a 

Figure 1 4  snows the location o f  c3re and stratisraqhic data de- 

s-ribed in t h i s  report. At the site o f  Tennessee 9, the areal extent of  

? 5 Rome FormaZion and Pumpkin 'Valley Shale (based upon projezrions of 

ons and the topograohic expression of 

to be g-eater than a: Tennessee 8. 

esser  dip on the fault p l a n e ,  rather than 

This 

more section. A constraction o f  :he ap3arent ares1 "thickness" with a 

1 5 "  di? would indicated that the bottom o f  the Chattanooga v.oulc' be 31: 

ac?roxir;ately 2,060 fezt. 

?;lace tSe bottom of the Chattanooga at 4,200 feet. 

dip measurement by Jerar: ( l 3 6 ; ) ,  daney (1966) and on the seismic-gaologic 

A similar construcrion u s i n g  3 30" d i p  would 

Outcrop strlki and 

a 1 ong 

gher  

i n a i  

o f  TC-1 indicatz that the Grainger, Chattanoosa, and Clinch 

3cor l'aliey Z i d g e  are nore steeply dipping than the Rome. The h 

cips shown at the surfac? f o r  thess  fornations r e f l e c t  the sync 
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struction using this inter3reta:ion is shown in iigure 15. This in- 

terprttat:on would place the bottom of the Cnattancosa at amroxinatsIy 

2,700 feet hole dsoch, very close to the deFth shown m the reinter- 

pretated seismic line TZ-1.  T h e  dip used i n  this interpretstion results 

in and extremely large Grainger section, however. Thjs raises the 

p o s s i b i l i t y  that the Newman Limestono, is present beneath the f a u l t  at 

the Tennessee 9 well location. The Iiewman, although not shown on TC-1, 

is known to outcrops along Poor Valley Ridge in other locations (Jeran, 

1365; Hsney, 1966) .  

8 .  JnterDtetations and Recommendations 

A s  the above exercise indicates, thd EGSP Tennessee 9 we1 1 is a 

true,wildcat, i.e., the determination o f  formation boundaries can only 

be made while drilling. 

the Tennessee 9 well has a high probability of encountering a highly 

fractured, kerogen rich Chattanooga Shale sequence beneath the fault. 

The Clinch Sardstone beneath thp_ Chattanooga scurce rock has potential 

o f  being a productive reservoir in this location. The drilling, coring, 

and logging program described in section IV o f  this r=por t  provides For 

a dual evaluation program. 

Although the exisiing data are not conclusive, 

A 1 imited number of cores i n  the Chattanooga will be taken during 

drilling since the previous eight E G S ?  s ~ t l l s  i n  Tennessee have shown a 

clean log/rock section incsrprztatisn t o  be 30~slble. The recomendei 

coring intervals are: 

1 .  Base of Grainger - To? o f  Ckattanooga 
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2 .  180 foot section o f  Lower Huron member (Figure 8) 

3 .  Base of Chattanooga - Top of  Clinch 

A 60-foot section o f  core at the Gra;nger/Chattanooga boundary is 

recommended to enable an accurate projection on the depth to the coring 

interval in the Lower Huron. The cost o f  obtaining a core at this point 

during drilling would be less than the cost o f  mobilizing the logging 

company and would provide the same information. The Lower Huron core i s  

desirable for geochem:cal analysis. Another 60-foot core interval at 

the base of che Chattanooga and too o f  CI inch (40  feet of C1 inch) 

should be taken to characterize this possible reservoir formation. 

The logging program recommended f o r  Tennessee 9 i s  diff.etent than 

previous EGSP a.id is intended to provide the sane information at less 

cost. This is described fully in Section IV-Logsing Program. 

Since the proposed driliing plan does not include continous coring, 

a cutting sampla program is recommended. The sampling interval will be 

specified by the DOE Technical Project Parsonnel. 
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IV. DRILLING ?ROGNOSIS 

A .  

8. 

1 .  

2. 

3. 

4. 

5. 

6 .  

7 .  

We1 1 Location 

Loca t ion : Grainger County, Tennessee 
Avonda 1 e Quad rang 1 e (7 -  f /2") 
La t i tude : 36" 18 ' 56"N 
Longitude: 83"24'33"W 
Tennessee Coord i nates : 

Elevation: 1100 feet 

710, 3OON 
2,762,  OOOE 

LeasejProject Agreement: Appendix E 

Drilling and Coring Procedures 

Prepare the location to landowner's requirements and as t o  

minimize impact on the land surface. Remove curbing at road 

side to facilitate a turn-in. Apply 2" gravel stone to the 

100' x 200'. area and dig the reserve pits. 

Move in a rotary rig (capacity 3000') and r i g  up f o r  air 

dri 1 I ing. 

Dri I a 17-1/2" hole to approximately 20' with air. 

Set a joint o f  16" O.D. 

Dri 1 a 15'' hole to approximately 200 feet. 

Set 13-3/8"-48$-ST-H40 casing at approximately 200 feet wizh 

guide shoe and float collar. Cement with Halliburton using 

type A and circulate cement back t o  surface. 

surface around casing if needed. 

Dri!l 7-7/8" hole under the 13-3/8" casing t o  the top  of the 

Devonian Shale. If no free water  has been encountered and t h e  

hoie s t a y s  d r y ,  drillins will proceed. I f  the open ho!e 

produces i oo  much h a t e r  for efficient air d r i l l i n g ,  this 

line pipe and cement by wheeibarrcw. 

. 

Re-cement from 
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drilled with fluid and a mud pump. 

8. I f  any .free water i s  entering the hole, this can cause severe 

caving of the 3evonian shale and make coring very difficult. 

9. I f  no water has been found from 200' to the sha:e top or after 

12. 

13. 

8-.5/8" casing has been set, drill 7-7/8" hole through the 

shale using dry  air, no soap, no foam, to the'chattanooga 

shale coring point as picked by the geologist at the well 

s i te. 

10.. The geologist may choose :o cut a core at the top of the 

Devonian snala f o r  corelation. 

At coring point, run a 3-1/2" x 7-7/8" diamond core head below 1 1 .  

a 6-1/4" x 4" x 60' core barrel with piastic sleeve. Three 

60-foot lengths of oriented core will be taken, marked, and 

delivered on site t o  Cliff Minerals. 

Upon completion of  coring through the Lower Huron menbar of 

the Chattanooga Shalt, continue drilling through ths base of 

the Chattanooga Formation into the top o f  t h e  C1 nch Sandstone 

a s  directed by the geologist on site. During dri ling of this 

interval, the geologist will designate a 60-foot core  interval 

near the base of the Chattanooga t o  include the top of the 

Clinch Sandstone. 

Following completion of drilling, the hole will be electrically 

logged. A complete s u i t s  of open-hole logs will be run, a s  

described larer. 

1 4 .  Following loc jg ing ,  a ptriod o f  time (no t  to excsed 6 m o n t h s )  

will be required t o  dstarinine t h e  feasibility of completing 

t h e  well. 
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! S  

C. 

I f  the hole i s  to be completed f o r  later stimulation o r  

evaluation, 4-1/2" casing (K-55, 9 . 5 ,  STZC) will be run t o  the 

base of the Chactanooga and cemented. 

Bradenhead will be welded on top o f  the casing for stimulation 

and testing. 

will be plugged and abandoned i n  accordance with the rules and 

regulations'of the Tennessee Oil and Gas Board. 

f o r  a well completed fo r  testing i s  shown in Figure 16. 

A 4-1/2" x 2000-psi 

I f  hole is not to be completed fo r  testing, i t  

.4 schematic 

D r i  1 1  i n g  Tine Curve 

A dri!ling time curve is shown in Figure 17. It is  

all drilling activities will be completed within 25 days. 

stiin t d t h  t 

0. R i g  Specificatlons . 

A drilling rig with the following characteristics is needed for the 

ESGP-Tennessee 9 well. 

1 .  

2 .  

3. 

4. 

5. 

/ 
0. 

Drilling Depth, 7-7/8" hole to 4500'. 

Capable of circulating mud at 5 barrels per minute against 500 

psi. 

Capable of circulating a minimum of 2,400 cubic f ee t  of air 

per minute, with foam or soap. 

Capable of circulating Combinations of air, mud, foam, etc. 

Circuiation head and Pack-Of? Equigment for air drilling that 

can shut off and hold a maximum wellbore pressure of  590 p s i .  

Fuel capacity to operate rig for several days minimum. 
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GROUND 

L E V E L  

POSSIBLE CORE 
I N T E R V A L  1- 

W 
-I 

v) 
4 
a 
W 
0 
0 z 
0 
t- 
t- 

0 
I 

I 

O N E  JOINT 16" P I P E  
SET AT  20' 

1 3 i "  CASING S E T &  
8 CEMENTED B A C K  TO 

290 ' 

SURFACE 

8 %  " CASING SET AND 

CEMENTED SACK TO SUZ- 

ON 

ITER : V A L  

B A S E  C H A T T ,  8 CORING 
TOP OF C L I N C H  I N T E R V A L  1 

4%" C A S I N G  S E T  A T  50' 
BELOW D E V O N I A N  SHALE 

AND CEMENTED 

SET A CEMENT PLUG I N  

OPEN HOLE OF CL IP lCH 

FIGURE 1 5 ,  EGSP-TENNESSEE N O , g  WELL S C H E N A T I C  
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7 .  

8. 

9. 

10. 

1 1 .  

E .  

Water tankage capacity for 150 'barrels water. 

Pipe racks for maximuir; 2,000' of 8-j/8" casing. 

?ipe handling tools for 16'l conductor, 13-3/81' surface and 

8-5/8" in termed i are casing. 

B . O . P . E . ,  10" x ser 900 with companion flanges for 13-3/8" 8R 

and 8-5/8" 8R casing. 

Adequate safety equipment f o r  rig/crew and to protect en- 

v i ronmen t . 

togg i ny Drog ram 

The exact suite of logs to be run in Tennessee 9 has not been 

determined. 

to drill a completely dry hole. A typical suite of wtll logs run on 

The logs to be run will depend upon whether it is possible 

EGSP wells includes the following: 

DRY-HOLE LOGS 

Gamna Ray 
Temper a tu re 
S i  bi lation/Noise 
Caliper 
Formation Density Compensated 

WET-HOLE LOGS 

Compensated Neutron 
Gamma Ray 
Formation Density Cornpensated 
Cal iper 
Dual Induction 
LateroiDg - 8 
9oreholz  Compensated Sonic 
Variaiie Density 
Fracture tdentification 
Cor i Sand Kerogen 

If the hole i s  filled with f l u i d  f o r  wet-hole logging, t h e r e  will be 



. UGR F i l e  if447 
GmY Federal, Inc. 
Aug 24, 1979 35 

a high probability that ic will become unstab e. I.fence, if future well 

testing is planned, it will be necessary t o  s t 4-1/2 inch casing to 

maintain the hole (item 15, Drilling and Coring Procedures). An alter- 

nate suite of dry hole logs will provide most of the information obtain- 

able from the combined wet and dry log suite. The recommended suite of  

logs to be run in Tennossee 9 is as f o l l ows :  0 

1. Dual Induction. 

2. Compensated Density Log/Caliper. 

3 . .  Sidewall neutron. 

4 .  Temperature. 

5 .  Noise log. 

6 .  Spectral gamma-ray log. 

This recommended suite will not require a fluid filled borehole, which 

could contribute to an unstable open hole; however, it will provide 

sufficient information for formation analysis. A brief discussion of 

2ach recommended logging device and the expected information is included 

below: 

Dual Induction - This is an "inductance" type resistivity device. 
In a dry borehole, it records "medium" and "deep1' formation resistivities, 

from which the true undisturbed formation resistivity may be deterrnincd. 

This device i s  used to determine the water saluration, porosity, o r  

water salinity when :he other two parameters a r z  known. 

Conpensated Density Log - This dev ce actually records the electron 

density which is then converted t o  a bL: k densi t y  (porosi ty) . 

a dual detector systern, borehole varia; ons may be cmpensated f o r .  

'when combined with a compensated and/or sidewall neutron devices, other 

9y using 
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a.  identification of lithology and minerals present 

b. identification o f  gas-bearing formations 

c. determination of hydrocarbon density 

d .  eva1ua:ion of complex lithology 

Sidewall Neutron - This is a dual detector “epitherna!” neutron 

device. 

filled porosity may be measured with minimal effect from the borehole. 

By mounting the neutron source and both d e t e c t o r s  in a spring loaded 

shoe, the device may be run in dry holes where compensated neutron tape 

tools are useless. This log i s  used (in conjunction with the density 

log) f o r :  

By recording the r a t i o  o f  the fast neutron counts, the fluid 

a. delineation and analysis of porous intervals 

5 .  identiiication‘of gas bearing zones 

C. lithology identification and =valuation of shale content. 

Temperature Log --This device may be run in either open o r  cased 

holes. When run in a dry, open hole, the uses a r e  essentially: 

a .  location of gas producing zone. 

b. determination o f  geothermal gradients. 

C .  identification of thermal ananolies 

Noise Log (SONAN) - This device records down-hole “noise”. cre- 

quency recordings are taken at four peak levels, usually between 200 and 

2,GOG hertz. 

ducing strata and any intervals which may 3e producing fluid. 

In a dry open hole this device should indicate gas prc- 
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. -  

Spectral Gamma Ray Log - This device records the total ra?ural 
gamna activity of the formation and in addition records the relative 

concentration of potassium, uranium, and thorium. This device is very 

nellr and preliminary reports indicate that it i s  an excellent fracture 

identification device. 

A brief discussion of each logging device used in the typical EGSD 

wet and d r y  suite logging program and the expected information i s  in- 

cluded below: 

1 .  Compensated Neutron - This is a dual detector, Sorehole compensated 
porosity device. It is run in combination with the formation 

density/garnma-ray/and caliper devices. The uses of this log are: 

a. delineation of porous irrtervals and the determination o f  their 

poros i ty 

b. identification of gas bearing zones 

c. t ithology identification and evaluation of shale content 

2.  Garma Ray - This device records the natural radioactivity of the 

formations. In sedimentary formations this log normally reflects 

tho, shale content of the formations. It may be run in either open 

or cased holes and serves as an excellent correlation device. 

3 .  Compensated forination Density - This is a pad-type, dual detector, 
Sorehole compensated pzrosity device. When run i n  combination with 

the cor?ensated neutron device, other potential uses are: 

a. idaptification of lithology and minerals present 
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b. detection of gas 

c. determination o f  hydrocarbon dtnsi ty 

d. evaluation of complex lithologies 
- 

Density data may be integrated with sonic-log information to yield the 

mechanical properties of the formation matrix. Llhile not  conclusive in 

' itself, the density "rho" correction curve may indicate zones of frac- 

tur i ng . 
4. Caliper - While simply a recording of borehole diameter, the 

caliper i s  important f o r  a number of reasons: 

a .  determination o f  Sorehole diameter required to correct other 

log responses 

5. determination o f  p ~ i - 0 ~ ~  permeable zones as indicated by the 

p resencc of mud-ca - 2 

c .  identification of ! 'ractured" zones where the borehole may be 

rugose and/or en!Zrged. 

The caliper is an i : t sgra l  part of the Compensated 9ensity/Neutron 

system. 

5 .  Dual Induction/laterolog $ - This is a focused type rgsistivity 
device. It records thret resistivity measurenents f2btained from 

three different "depths-of-investigation". From the resistivity 

profilz obtained, the depth of fiitrate invasIon and the true 

undisturbed formation :esistivity may be obtained. This aivice i s  

used to determine thil v..ater saturation, porosity 3r water salinity 

when 'the cther two par37eters are known. 

6 .  3orehole Cornpensatea j o n i z  - T h i s  is a recordi2g of the time, L T ,  

required for con?ression;l sound wave to traverse one foot o f  

formation. When used i ,  :cnj~!nction with other p o r o s i t y  d e v i c e s ,  
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the sonic lcg yields acurate lithology information. Integrated 

sonic transit times are used as time-depth correlations for seismic 

appl ications. 

7 .  Variabl* Density Log - This is a particular presentation of the 
cement bond log. When run in the open hole, fracturing may be 

apparent in the variable density presentation of the sonic wave- 

train. When run in its normal cased hole mode, the log i s  used to: 

a .  evaluate the effectiveness o f  the casing-formation cement bond 

b. locate cement top 

c. check effectiveness of squeeze cementing 

k casing collar log is normally run in conjunction with : h i s  device, 

where applicable when combined with sonic and density data, the Fechan- 

ical properties of the formation matrix may be determined. 

8.  Fracture Identif!cation - 4 A r m  - Dipmeter - This device i s  run to 

determine: 

a. formation dip and direction 

b. 

C. hole geometry 

d. location and evaluation of significant fracturing 

s tructura 1 ident i f i ca t i on 

If necessary, the infornation may be processed to yield a ho le  survey 

arld/or to convert log depths to true vertical depths. 

9. Temperature Log - This device may be r u n  i n  either open or  cased 

holes. The uses are primarily as follows: 

a .  location o f  cement top 

b .  locatiorr cf gas producing zcnes  

c. determine geothermal gradient 

d .  locate lost circulation zones and fluid entry zones 
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This device is capable of recording temperature changes as  smal! as 

5" F. 

10. Sibilation/Noise Log - This device records down hole "noise". 
y between Frequency recordings are taken at four  peak ievels, usual 

200 and 2,000 hertz. 

a. 

b .  locate lost circulation zones 

c. determine gas well product within the open hole. 

d .  locate tubing leaks. 

This device is used primarily to: 

locate fluid f l o w  and gas entry within or  behind the 

A l l  logs w i l l  be digitally recorded and fift5en (1s) copies Of 

c a i  i ng 

each log 

will be provided to the DOE Technical Project 

of the logging program. 

Officer upon completion 
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IT:? REPORT -- r z w s s s  DIVISIOK OF GEOLOGY, mcxn~xz, E ~ ~ S S ~  -- 
D E C W E R  7 AhD 8 ,  1978 

December 7 and 8 ,  19?3. I v i s i t e d  Rober: C .  Y i l l c i  Ln - [ n o m i l l e ,  Tectessee. 
He was then s t i r1  t h e  p t i n c i a l c  i n v e s t i g a t o r  on ECS? courract ZY-75-C-05-5195 
vich Ode Tennessee Division of  Geology ( T D G ) ,  f o r  vhich I am T c c i r i c a l  
Ptoject  Off icer .  
bu t  he cont inues t o  f u l f i l l  h i s  ob l iga t ions  t o  the  contracz.)  The prxrnaq 
purpose of my visit vas t o  develop ECSP e q l o r a t i o n  proopeczs associated 
with t h e  N e q n  Ridge and Grezndalc Synclines i n  e a s r e r r  Temesset and 
routhwescern Virginia .  Having recently acquired r e s p o n s i b i l i t y  f o r  t h i s  
resource assessmaat c o n t r a c t ,  aov near ing compiction. I also desi:eb a 
first-hand o ~ e r v i e v  of rhe p r o j e c t ,  vkLch has been the focus of some con- 
t roversy  recent ly .  A t  my reques t ,  Glenn S a d h e b e : ,  geopbysicis t  ~ 7 l o y e d  
by Uound Laboratory but s ta t ioned  a t  MTC, accompanied me. His i x h a t e  
u d e r s t a n d i n g  of  explora t ion  seismolopp vas needed t o  render an inforned,  
ob jec t ive  opinion o n  the s i g n i f i c a n c e  and credibFLity o f  the seismic pto- 
f i l e s  and t h e i r  in:crprctation obrained under c o n t i a c t  :ha: a r e  the crux 
of the  prospeccs h e r t  pzeseoced. 

(He nov is s t a t e  geoiogis t  f o r  the s t a t e  of V i r g d a ,  

Ve spent the fi:s: day i n  th* f i e l d  exaninizg the geology along severa l  
roads t h a t  t r a v e r s e  the Xevma'n a i43e  and Crctndalc Syncl ines ,  i a c l u d i t g  
those followed by the K 1 S - T C 1  seismic l i n e  purchased u d e r  cout:act. 
The e q e r i e n c c  vas v a i u b l s  i n  t h a t  i t  enabled me t o  obta in  an i a i x i t r \ - e  
understanding of che t e c t o n i c  s t y l e  of the arza.  
cor ing i n  progress  a t  the  s i t e  o f  core  bole  ri7. 
t e c t o n i c s  of  the  southern Appalachians and i;s i p a c t  on cbe Devonian 
shale .  
herein.  

Se a lso  wicnesscd hX 
Xe rcvievad :bt regional  

Out of t h i s  rzviev came tbe seven c q l o r a c i o n  prospects  presented 
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Backproud Review 

Devonian and Hiss i ss ippian  strata occur i n  the cores of t h e  Yewan Ridge 
and Creeadale Syncli.net in nor-Aeastcra Tennessee and southvesterr: Virginia  
(Figure 1). 
Valley and Ridge province,  Lying be- the t u b e r l a a d  Plateau (west) 
aad the Blue Ridge (ease), exposer only racks a l d e r  than Devonian. P r i o r  
to t!ie i a i t i a t i o n  of  ECSP Coatract  ET-76-C-05-5196 w i - h  the Tennessee 
Division of Geology (TDC), it was,lenovo that: 

I .  Bath sync l ines  c o n u i n  s e c t i o n s  of the black D e v o e i a n - ~ i s s i s s i p p i a n  
Chatzanooga Shale an order  of magnitude thicker u a n  tDe 50-100 foot 
section underlying the C~lrnberland Plateau.  

Apar: from these tuo prominent s t r u c t u r e s ,  the s t rongly  deforined 

2 .  3oCh syncl ines  a r e  bounded t o  :he southeas t  by major chrus: f a u l t s  
o f  regional  e x t e n t ,  the Hunter Valley,  Clinckqorz, and Salzville 
'Pxust Faul t s  (F iguze .1) .  The Cht taaooga  Shale passes i a t o  tSe 
subsurface beneatk these soutkeas t  dipping t h r u s t s .  

Inasmuch 3s t h e  sha le  erodes p r e f e r e n t i a l l y  r e l a t i v e  t o  'de more res i s ten ;  
ad jacent  u n i t s  (the S i l u r i a n  Clinch Sandstone and the  Xiss i ss i?p ian  Granger 
Formation), it i s  poorly exposed; consequently, i t s  true th ickass  and 
i n t e r n a l  s t r a t i g r a p h y  were e s s e n t i a l l y  u n k n o a .  A l t o  uakaovn was the 
extent to w h i c h  '-he Chattanooga c a r t i e d  under the Eunter Valley, Clinchport ,  
and S a l t v i l h  Thrusts. 
tha cout racf .  

Resolut ion of  these ~ ~ O V D S  was t he  o b j e c t  of 

To def ine  the subsurface extent of the  Chat-wnooga Shale ,  t!ie Tennessee 
D i v i s i i n  of Geology z e t a b e d  Geophysical -Service,  I n c . ,  (GI)  to conduct 
a Vibmseis  seismic survey a l i a g  cvo l i n e s ,  XIS-TCl and TCZ, crossing 
the Valley and Ridge Province a t  r i g h t  angles  t o  s t r i k e  (see Figure 1). 
To lea,?! the  true thickness  and i n t e r n a l  s t r a t i g r a p h y  of t h e  Chattanooga 
Shale ,  they sponsored a core d r i l l i a g  program along t h e  tvo major outcrop 
b e l t s  of  the s h a l e  ia nor theas te rn  Tennessee (Figuze 1 ) .  IL consis:s of 
eight d i v e r s e l y  1ocated.NX co:e holes  spudded near the  upper contic; of 
the formation; most of the cores  obtained span the e i c i r e  shale  s e c t i o n .  

The Chattanooga S b l e  is  not imaged on  t h e  seismic r e f l e c t i o n  p r o f i l e s  
generated by CSI. Apparently, LL is  l a r a e l y  :onfined t o  depths of 3,000 feet 
or Less; near surface r e s o l u t i o n  o f  Vibroreis  surv igs  designed f o r  
reg iona l  recormaissance is ve.-y Limited. 
3,000 feet  V a r i e s  from f a i r  :o good. GSI tendered the  f i r s t  in te rpre-  
t a t i o n  of the seismic p r o f i l e s  a f t e r  p r o c e s s i q  (regland,  1973);  it is 
very general and lacks  geologic  c r e d i b i l i t y .  R. C.  E i l i c i ,  L .  D .  Har r i s  
(USCS). and A .  T. Staclcr (in press ;  r e i n t e r p r e t e d  zhe p r o f i l e s  f o r  th: 
Tennessee Divisioo of Geology. They had the  advantage o f  many years f i e l d  
experience mapping t h e  geology of the s o u t h e n  Appalachians and a viabLe 
t e c t o n i c  model f o r  t h e  region as a whole ( I ta r t i s  & Y i l i c i ,  1977, USCS 
?rofess iona i  Paper 1016). Their  i n c e q r e ? a t i o n  appears t o  be q u a l i t a t i v e l y  
as  near the t r u t h  as p o s s i b l e  givea a v a i l a b l e  d a t a .  Q u a n t i t a t i v e l y ,  it is 

IiesoLution of strata beloci 
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only a rough approx-hat ion because the seismic v e l o c i t i e s  of  the var ious 
s t r a t .  a r e  not known and had to be es:imated. .U-,hough &e Cha tunooga  
Stale is not d i r e r - l y  a g e d  on *-he seismic p r o f i l e s ,  i ts subsurface d i s -  
t r i b u t i o n  is  nonetheless r e s ' b i c t e d  by, as it were, w o  bouadary c o n s t r a b r s :  

1. From above, the d i s t r i b u t i o n  of s t r a t a  exposed a t  Cte  surface.  

2. From below, the i n t c r p z e u c i o a  of s c i s e i c a l l y  resolved st:au. 

The NX core d r i l l i n g  program i s  near ing complatioa; seven core holes  have 
been d r i l l e d ;  the eidhth and f i u l  one w i l l  sooa be s7udded. (One of the 
previous holes was prrmaturely te rn ina tad ;  it must be r2-entercd pad deep- 
e d . )  R. C. tfi l ici  v - i su l ly  logged the cores  as they were taken, noting 
s t r u c u r r a l  f e a t u r e s  ( f r a c t - u e s ,  f r a c t u t e d  i n r e m a i s ,  folds, e t c . )  as w e l l  
a s  l i t h o l o g y .  Two of the c o t c  holes (4 h (t6) produced s i g n i i i c a o t  shows 
of gas. Detai led ana lys i s  of t h e  corzs ( s t r a t i g r s ? b c  c o r r e l a t i o a ,  marura- 
r im studies, ourgassing,  e t c . )  is che rcsponsibiLi ty  o f  -he U.S. Geological 
Survey; that work i s  barc iy  begun. 

E n l o r a t i o n  Rat ioaa le  

In memo of December 28, 1978, I defined an e m i o r a z i o a  r a t i o n a l e  a s  
"a theory of hou severa l  h o r n  o r  suspected geological  circunrs*ances aay 
coabine t o  c r e a t e  a favorable  enrironment f o r  the generat ion and accumu- 
l a c i a o  of producibie  hydrocarboar." "Shale s p e c i f i c  r a t i o a r l e s  a r c  charac- 
t e r i z e d  by a hypocherizad geological  mechanism f o r  the c r e a t i o n  of  a na tura l  
f r a c t u r e  systm, because the p r o d u c i b i l i t y  o f  rbe s h a h  d e p a d s  on f r a c t u r e .  
permeabi l i ty ."  The seven Devonian Shale prospects  presented here in  a r c  
based oa  a single explora t ioa  raz ioaa le .  131b ir t!ie SiS? Zxplorarion 
InventorJ, A t t r c b e a t  4 t o  my December 23. The r a t i o o a l e  s t a t e s  -Lac 
t h e  Devouiaa Shale ,  here represented bp t h e  Chatcanooga Shale ,  shculd be 
anomalously f r a c t u r e d  wherever i: occurs i n  3 r o x i a i t y  t o  dcrachment- 
type th-wst f a u l t s ,  such a s  a r e  :be dominaat teczonic  e l m e a t  of the  
southern Appalachians. The highest degree of f r a c t u r f n g  in the shale i s  
expected vhere:  

1. I t  OCCUTS irmnrdiately above on upper level detackneat  (Harzis 
b Y i l i c i ,  1977). . 

2 .  I t  occurs in che f o o t v a l l  of a d e u c h a e a t  t h r u s t  aaking t h e  
t r a a s i t i o n  betueen rampiag mode and upper l e v e l  00dc. 

Tbe geologic  s f m c c u r e  of t h e  southe= Appalachians i s  beui lder inply  com- 
p l e x  i n  d e u i l ;  y e t ,  the t eczonic  neckanism cha t  prodcced the structural 
c o a p h x i t y  i s  fuadrmenta:ly simple. P r i o r  t o  d e f o w a r i o a ,  the  region 
was a depos i t iona l  bas in  cons is t ing  of a ";over" of  s e d b e n r a r j  rocks,  
some 20,000 f ee t  t h i c k ,  r e s t i n g  on a "basement" of hard c r y s t a l l i n e  rocks, 
g r a n i t e s  and gnc isses .  The zrusul  d e f a m a t i o n  t h a t  Troduced -Ac s a j a r  
s t m c t u r e s  of the  southern Appalaciiaas occurred approxiiEately 250 s i l l i o o  
years  ago, f a l l o v i n g  depos i t ion  of the pormges: sediaents  i n  t h e  bas in .  
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The presumption of anomalous f r a c t u r i n g  i n  the Devonian Shale i s  a neces- 
sary, but no t  aft all s u f f i c i e n t ,  condi t ion f o r  a v i a b l e  prospect .  Other  
fac:ors t h a t  in f lueace  or i a d i c a t c  p o t e n t i a l  gas production nust also be 
favorable ,  w h i c h  thap are  in the Hevm~a Ridge and Greendale Syncl ines .  
The Chattanooga Shale in the Newman Ridge and Greendale Synclines is 
r h i t k ;  the Kx cote  aolcs e s u b l i s h  a range o f  thichcsr from 500 to 
1,500 f e e t .  A s u b s a n t i a l  p ropor t ion  of the s e c t i o n  is Slack skale; i n t e r -  
bedded s i l t s t o n e  and shale occur near the middle. Conodont Color Altera-  
tion Indices  (CAI) f o r  Devonian aad Xiss i ss ippian  rocks range from 1.5 
t o  2.0 fa the N-r Ridge Syncline and from 1.5 t o  3 . 0 ,  but  mostly 2.5 
to 2.0, i n  the Greendale Spncline ( a a r r i s  h H i l i c i ,  1977) .  CAI in t h e  
range 1.5 t o  6 .5  i n d i c a t e  thermal matur i ty  conducive to the g e m r a t i o n  
o f  n a t u r a l  gas i n  c o m e r c i a 1  q u n t i t i c s .  Cometc ia1  gas 7roduct ion was 
achieved i n  the now-abandoned Early Grove Gas FieicLd si:uated in t h e  
Greendale Syncline j u s t  nor th  of the Tennessee s t a t e  l i n e .  
vas fzom a Z i s s i s s i p p i a o  age limestone, but  t h e  gas had undoubtedly migrated 
upward fraa t h e  u a d e r l p b g  Chattamoga Shale. 
t h e  Cha:*dooga rnd achieved minor production vithouc s c b u l a t i o n .  
core  holds 30's. 6 and 6 exhibited s u b s t a n t i a l  shows of 3 a s ;  i n  these 
aud severa l  o t h e r  cores the  shale was n a r a r a l l y  f raccured.  

The Hewan RiCgc and Greendale Synclines a r e  bounded to the southeast  by 
m a j o r  southeas t  dipping thruss f a u l t s ;  t h e  Chat:anooga Shale passes i n t o  
the  subsurface beneath these -sts. Hos t  of the  prospects prescnscd 
i n  :he next s e c t i o n  c a l l  f o r  d r i l l i n g  through the upper ph:c of one o f  
these  t h r u s t s  in 'o rder  t o  pene t ra te  the shale i n  the lower p l a t e .  Accord- 
i a g  to a old  geological  rule o f  ' h u b ,  a map unit that i s  p e r s i s t e n t  aiong 
s t r i k e  should be propor t iona te ly  p e r s i s t e n t  down d i ? .  
fundamental na ture  of southern ADpalachian s t r u c t u r e s ,  ~ L i s  rule of thumb 
cannot be appl ied to the Chattanooga Shale. 
e a c o u t e r  the  sha le  under a thrust as  f a r  dovadip as poss ib le  in t h a t  
t h e r e  is  more l ike l ihood of  the gas beina trapped i n  t h e  f r a c t u r e s  r a t h e r  
than leaking o f f  t o  the sur face .  The danger i n  d r i l l i n g  too fa-  back 
from the sur face  t r a c e  of the  chzust f a u l t  is t h a t  the &rurc may trun- 
c a t e  the Chattanooga Shale i n  t he  subsurface up d ip  o f  the poin t  vhrte 
the  w e l l  penetracer  t h e  f a u l t .  Thus, t he  shale would m t  be eacountered 
below the thrus:, but  r a t h e r  somz o l d e r  u n i t .  h f O r C U a t e l 7 ,  fhs  lack 
of shallow reso lu t ion  seismic along the ECSP purchased lises nakas i: 
inrpossible t o  know precisei j r  hov f a r  t h e  Chattanooga Shale c a r r i e s  izco 
'the subsurface before  being t runcated.  

Ptoduction 

Sne well -;as despened to 
3X 

aecause of the 

i t  vould be advancagelus to 

Prosoccts  

In t h i s  s e c t i o n  I i d e n t i f y  seven EGS? exp1o:ation prospects  ia oot:heasterx 
Tennessee and southvestern Virg in ia  (Figure 1) assoc ia ted  G i t h  :he Semaa 
Ridge and Greendale Syrc l ines  t h a t  a r t  based on the  above s t a t e d  e- lorai ioa 
rationale. I present  them f o r  management cons idera t ioc  racked according 
t o  decreasing value of  a s u b j e c t i v e l y  appraised a:c:activeness index, 
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t h a t  i s ,  a t t r a c t i v e n e s s  f:om *the present  perspec t ive  o f  the Z G ?  explorat ion 
prograa,  a11  p e r t i n e s t  f a c t o r s  considered. The i n d u  is di:ec:lp propor- 
t i o o l l  to produczion p o t e n t i a l  and Logis t ic  ease (lease a c q u i s i t i o n ,  p e m i s -  
s i o o  LO d r i l l ,  poss ib le  pr ivace  s e c t o r  p a r t i c i p a t i o n ,  e t c .  ) and inverse ly  
propor t iona l  t o  d r y  hole  r i s k ,  r i s k  of entizelp m i s s i n g  the  sha le  a t  depth, 
a d  tom1 C O t t  as sugsestcd by tbe i n f e r r e d  depth of t h e  carge t  i n t e r n a l .  
The a p p l i c a t i o n  of some explora t ion  technique, p a r t i c u l a r l y  high reso lu t ion  
shallow seismic,  could dramat ica l ly  znhance t h e  a t t r a c t i v e n e s s  of some 
of  these prospects .  
these prospects  is the a v a i l a b i l i t y  of  leases. A l e a s e  play involving 
three majors, h c o ,  b o a ,  and Chevron i s  reported t o  be undervay i n  
rDe a r e a ,  probably stimulated by our  release to t h e  publ ic  of t h e  ECSP 
purchrsed seismic. 
pursued. 

A f a c t o r  t h a t  a f f e c t s  t h e  l o g i s t i c  ease i n  testing 

Cooperative agretmenzs may be poss ib le  aod should be 

Ream out  to f u l l  bore ,  l o g ,  case, perforace ,  rcd s t i m u l a t t  XX care  ho le  
No. 4 ( ? l a ) ,  o r  a l t e r n a t i v e l y  .Yo. 6 (Plb), o r  both. 3 u ~ h  sf zhesc c o r e s  
a r e  located near the upper con:acz of :he p r i n c i p a l  Chactacooga Shale 
OU:C:O? b e l t  ia t h e  Greendale Syncl ine;  chey penet ra te  t h e  c- t i re  s t a l e  
sec t ion .  Both core holes had s u o s t a n t i a l  shows o f  gas a t z r i b u t a b l e  to 
s p e c i f i c  f r a c t u r e s  o r  f r a c t u r e d  intervals in t h e  core .  In  t h a t  respec t ,  
PIa (co te  ho le  No. 4 )  i s  p r e f e r r e d  over Plb (core  hole 30. 6 ) .  T?x ?ro-  
j e c t e d  depths of  &e vel ls ,  equivalent t o  t h e  :hicloesr o f  r;le Cta:zanooga, 
is 1,500 f e e t  f o r  P l a  and S O 0  f o r  PLb, both very shal low.  Obtaining p e m i s -  
s i o n  from landovoers sheuld pose .no ser ious  problem; s ince  permission to 
d r i l l  the u i s t i o g  core ’holes vas r e a d i l y  granted. The production p o t e n t i a l  
i s  probably low. The black sbales penetrated a r e  in c lose  proximity to 
t h e  outcrop; hence, rock pressures  encountered a r e  l i k e l y  to b e  low. 
The nacural  gas shows suggesc,Fhowever, t h a t  the r i s k  o f  a cocple te l :~  
drg  hole  i s  s l i g h t .  The ?os ic ive  f a c t o r s ,  COS: and dry h o l c  t i s k ,  more 
than compensate f o r  the negat ive one, prodkction p o t e z t i a l ;  i :ate chis  
an a t t r a c t i v e  prospect .  

Prospect  P3 

Drill tvo o r  three wildcat  veils t h r o u g h  che upper p l a t e  o f  i h e  S a l t - r i l l e  
Thrust, but  less than a couple miles back f rom che Leading edge, b e t v e s  
h a  Spriags and Bean S t a t i o n ,  Tezmessee. X i l i c i ,  X a r r i s ,  h Stacler’s, 
( i n  p r e s s )  i n r e r p r e u t i o n  of seismic liie TCI shows b e  Chattrnocga S h a l t  
car ry ing  back under t h e  S d r v i l l c  thrust a: l e a s t  t h a t  f a r  before being 
C+amcated. The Chrt’Anooga i s  reasonabl-y thick, abour 500 f e e t ,  and in 
t h e  c o r r e c t  s t n l t u r a l  s e t t i n g  to develop a high degree of f r r c t u r i n $ .  
Core ho le  Yo. 6 (PIb) d r i r l e d  i n t o  the outcrop b c l z  iz ihe  Greencale 
s:.=cline opposi te  the prospect  displayed a good nazutal  show and the  
c o r t  was f rac tured .  The l o g i s t i c s  of d r i l l i n g  a well in this area seems 
a t  f i r s :  glance not  t o  be d i f f i c u l t .  “VA OMS some of t h e  land and a 
p z i v a t e  property omer hearing of our i n t e r e s t  approached se vi:h an 
i n f o n a l  o f f e r  of cooperat ion.  
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The est imated depth of -he prospect  is 3,000 feet, shallow from t h e  aspect  
of  drilling c o s t ,  bur deep enough to insure  a t  the  gas has not leaked 
o f f  t o  t h e  sur face .  There i s  s m  r i s k ,  not g r e a t ,  chat  t h e  Chattanooga 
Shale may be c u t  out o r  d is rupted  b subsrcfaca by some unsuspected s t r a c -  
t u r a l  coerplicatioo, e . g . ,  a t h m s t  sp lay .  This is  an a t t r a c t i v e  prospect .  
The production potenc ia1  is r e l a t i v e l y  high. The l o g i s t i c s  may be uncom- 
plicated; the r i s k s  a r e  minimal; and the cost should be reasonable. 

Prospect Pb 

Drill a wildca t  v e l l  i n  the general  v ic in i=y  of Alumvell, Temesrce. 
According t o  Uilici ,  Harris, h S u t l e r ' s  ( in  press )  i n t e r p r t t a t i m  o f  
TC2, tie Chattanooga Shale should be eacountercd as a depth of P,OOO f e t  
o r  less forvard of the t r a c e  of the Saltoille Wut. If core hole Yo. - 
. a t  ? l a  can be taken as an i n d i c a t i o n .  tAe sha le  ought t o  be very h c k  
(1,SOC. feer) and highly f r a c t u r e d ;  the  f r a c t u r e s  should contain gas a C  
reasonable pressure .  Again, d e r e  i s  some :fsk t h a t  the Chattanooga S h a l t  
could be prematurely c u t  out i n  b e  subsGrface by small undetected f a u l t s ;  
it i s  more likely, however, t o  be d q l i c a t e d  by the same, a possible advaa- 
t a g c .  I race t h i s  prospect  reasonablp a t r r a c t i v e .  

Prospec-, P2 

Drill one o r  two v i l d c a t  w e l l s  - k o u g h  t h e  upper p l a t e  of  the H u t e r  Valley 
Thrust  vhcre it is i so latrc  by the  Clinchgorz Tarus: i n  t h e  general vic in icy  
of  Evrnrtoa, Tenaessee (Figure 5 ) .  The wells must be d r i l ? e d  f a i r l y  close 
t o  the leading edge of the Yunrer Valley Thrust in order  t o  avoid missing 
the Chattanooga Shale  altogethe:. Small fenstcrs (e ros iona l  window i n  
the upper plate) adjacent  t o  rhe Clinchpcrt  Thrust reveal  rocks > l d e r  
than Devonian, i n d i c r t i s g  chat  t!x Chatzanooga Shale is  t runcated by the 
Hunter Valley Fault somewhere between i t s  leading edge and the  f t z s t e r s .  
One can reasooably guess vhere t h e  t runca t ion  is l i k e l y  to OCCU:, bu: 
only high reso lu t ion  s h a l l o w  seismic can accura te ly  defizte i t .  The st:ati- 
graphic  thickness  of the Chattanooga Shale in t h e  prospect  a:ea is approxi- 
mately 500 f e e t .  Lf the exposure in  the borrow pi :  l e s s  thaa  a mile South 
of  Snecdville is  any i n d i c a t i o n  (see pre;rious discussion. paae 4 ) ,  t i e  
sha le  bclov t h e  Hunter Valley Thmst i s  almost cerza in ly  vtr;. h ighly f r a c -  
tu red .  I am coocerned, however, th3t much o f  the g a s  nay t a v e  diss ipa ted  
t o  t h e  rur face  through i i g h l y  developed f rac tured  system;  the  prospect  
is a s h a l l o w  one, perhaps less t b n  1,000 f e e t .  A11 o f  t h e  t ! x t e  cores 
t a k a  along C h a t u n o o ~ a  o*Jtcrop in the  Hewnan Ridge s F c l i n e  were highly 
f r a c t u r e d ,  but t he  cors  holes  evinced ao c r c u r a l  s h o w s .  AF?raisa.? is 
d i f f i c u l t  because o f  the u n c e r t a i n t i e s  involved. Pet, the  prospect  is 
highly i n t r i g u b g  and couid be a good one; the  cbs: of  a wildcat  o r  wo 
should be r e l a t i v e l y  ?ow. 
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Prvsuect  P5 

-8- !fay 18, 1979 

Drill a v i l d c a t  v e l l  ia t h e  g e i e r r l  v i c i a z t y  of  *zhe Surgener Cuneta.-g on 
t h e  T r a i l  o f  the Loaesooc ?im about 2 miles norawest  of Kyies Ford, 
Tennesrec; the prospect  is loca ted  on the Tcylessee-Virgin11 boundary. 
The i n t e r p r e u t i o a  of r e i s n i e  Line ‘iC2 by SLilici, Harris, b S u t l e r  ( i n  
p r e s s )  p r e d i c t s  the Ckatunooga Shale bclov the Buuter Valley Thrust Faul: 
a t  a depth of 3,000 f e e t .  S t r a t i g r a p h i c  tbiclrness of the sha le  i s  about 
600 feet  .nd it is  in the c a r r e c t  s t r u c t u r a l  p o s i t i o n  t o  be highly f r a c -  
tured. Core hole  l o .  3, d r i l l e d  on che outcrop in t h e  Ncwan Ridge sw- 
cline about 5 miles away, yie lded  a somewhat f r a c t u r e d  core ,  b u t  no natural 
show. 
thnrrt sp lay  earher dupl ica tes  or  c u t s  ou t  the Chattanooga i n  the subsurface.  
Appraisal  o f  t h i s  prospect  is d i f f i c u l t .  

The i n t e r p r e t e d  seismic p r o f i l e  TC2 suggests t h a t  a small buried 

Prospect  P i  

Re-enter, deepen, and stimulate a t  l e a s t  t w o  old wells i n  zhs Early Grove 
GAS Field approximately 5 miles routheas: o f  a i l t o n ,  VA. 
f i e l d  i s  confined to a small a n c i c l i a e  v i th in  a broad s t r e z c h  of  :he Crcen- 
d a i e  s m c l i n e .  I t  vas t;le on ly  commercial gas f i e l d  i n  the  Valley and 
itidge Province of the siuthtrn AppalacUaor; it produced f r o a  !‘!ississi?pian 
age limescone. 
subsurface t h r u s t  sp lay  system (Karr i s  h Y i l i c i ,  1977). 
n o t ,  the gar undoubted?y der ived from the underlying Chattanooga Shale. 
One well vas d r i l l e d  i n t o  f i e  s h a l e  and obtained ainor ?reduction without 
s t h u l a t i o n .  The r i s k  of  a d q  hole  is virzually n i l  and the product ion 
p o t e n t i a l  would appear to be good. 
r e e n t e r i n g  an rbaadgned wall ,  e tc . )  may be d i f f i - d t ,  bur  c a w o t  b e  evalu- 
a t e d  v i t h o u t  more information. 
s t r a i g h r f o r v a r d ,  a low cost SLCCISS could be ackieoed. I r a t e  t k s  an 
uncer ta in  prospect  that could markedly -rove v i t k  more infoma:ion. 

?Xis now-abandoned 

The a n t i c l i a e  i s  probably tfie sur face  c q r a s s i o n  o f  a 
(i’ethcr so o r  

Logis r ics  (obta in ing  permission, 

If the  u n d e r u k i n g  turns o u t  to be f a i t l g  

Prospect  P6 

Drill three wildca t  walls through the upper p lace  o f  t h e  Saltvilli Th-nst  
Fault in Cbe region bc tve tn  :he P3 area ard chc Cherokee Lake Ant ic l ine .  
This prospect  i s  an u r c n s i o n  of  Prospecr P3; most o f  vhar was s a i d  abou: 
?3 a p p l i e s  to ?5 also. P6, howeve:, e n t a i l s  a g r e a t  dea l  more r i s k  :hat 
t h e  Chat:anooga Shale may noc be presenr under t h e  S a l t v i l l e  Thrust E a u ? t  
than P3. The shale, i f  it i s  encountered, ougtr: t o  have a grea ter  rock 
pressure  as a consequence o f  g r e a t e r  depth (1,000-5,060 f a c t )  and l a t e r a l  
d i s t a n c e  from the outcro?. I r a t e  ?rospecc- P6 highly specula t ive .  I t  
should n o t  be a t t e q t e d  without the beaefi: of a l o c a l  h i g h  resolution 
se ismic  s u w e y ,  and then probabiy on ly  i n  c o n j u c t i o n  v i t h  a wildca t  i n  - 
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t h e  P3 area. 
a seismic veloc i ty  p r o f i l e ,  without which it would b e  d i f f i c u l t  to interpret  
the high reso lut ion seitaic. 

A sonic log from the 23 wi ldcat  would be required to develop 

Claude S .  Dean 
Geo l o g i s t  
Resource Characterization 

CSD: bo: 303c . 

C E :  M t t r o l o  
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bK07e:jey 
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ETa\rr, SAI 
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RCXilici ,  VGS 
LDHlrris, USGS 
WPerry, USGS 
WdeWitc, USGS 
RCShurker, WU 
RLWleeler, VW 
BRKuiaade:, Wright S t a t e  
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A P P E N D I X  a 
E G S P  T E N N E S S E E  CORE 

HOLE LOCAT IONS 
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d& QMa+v - / h a  - die) 
EGS? No. Tennessee 1 (we11 d a t a  not availabl2) 
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k r s t  - D 1 - M  

EGS? No. Tennessee 4 .  MDc t o p - c o l l a r ,  YDc botrom-1590 f e e t ,  HDc t h i i k n e s s -  

E G S ?  NO. Tennessee 5 .  HCc top-90 f z e t ,  MCc bot:om-300 f e e t ,  Pa?13c t h i c h e s s -  
1590 f e e t ,  Bot tom of nole-1625 fee:. 

3 0  f e e t ,  aottorn o f  hole-300 f e e t .  
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E G S P  No. Tennesstz 6 n9c t op -  at co!lar, !40c bottom-600 f e e t ,  MDc thickness- 
600 feet, Bottom o f  ho:e 6 2 5  f?p_t. 
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UNITED STATES 
DE?kRTMEIYT OF THE I N E 2 l G R  

-, - GEOLOGICAL S U R V E Y  

ESSP No. Tznnejsze 8 .  MOc t o p -  I40 f e e t ,  NGc bottom-830 feet, ~ D c  
' 

th ickness-750 f e e t ,  aotton of h o l e  915 f5es: 
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LWGl NG 1 NfORHAT ION YELL INFORHATIOR 

- -. . Source L pdc i ng : ; A  # 

T o o l  l eng th ,  cab le  h e ' ~ '  . J & l e c t o r  't- i n  
C a l i b r a t i o n :  - M ~ I  
Logging speed: 3 J ' - ' ~ ~ ~ ' ~ ~ *  2 n s  
Log v e r t .  s c a l e :  y f t / i n  

nO0UlE SETTINGS 

Sca le  s w l t c h  (rate or c o u n t s ) : / m ~  cpr }char t  d l v  (or) 
A P I  f u l l  sca le  

'-(circle a s  appl i c a b l e )  

T .  C. s n i t c h :  scc .  
Posit ion Pot.--(Blre,rero, or s u  p r e s s l o o ) :  /a O I ~ I  UIV. 
S e n s i t i v i t y  Pot.  (span):  d' 
D i s c r l r i n a t i o n  Pot . :  
Inpu t  pu l se :  - - v o l t s ;  P o l a r i t y  . 

D i a l  D iv .  
Dia l  D i v .  

-. 
- 

Output sw i t ch :  norm 2 reverse  
Ac tua l  sca le :  L-J 

RECORDER SETTINGS 
Ch I C h  2 C h  3 

- P o s i t i o n  Pot.: 
S e n s i t i v i t y  P o t . :  

Run Ho. of 

Reinarhs : 
-.-. 

veil No. (USGS): 
Other: 
Nap or Quad 
S i t e  desc r ig t  ion 

Agency or Owner: - 
l o g  N.P. m______f_t 
Top log I n t e r v a l :  f t  

Address : 
A l t l t u d e  of 1 . S .  

Btn l o g  I n t e r v a l :  

Type of  f ln l rh :  

f t  P o t  c e c .  m c .  
Y 

h) 
Above 

f t / l n  Below 1 . 5 .  Casing: E lev .  of top ~ n i  
* @  

r ( D  

4 l U :  
, type " .  

It uell  10: 

e ;  

, I type.___ F !  

1.0. * , from t o  , t y p e - l o  k j  

, from to 
, from t o  

I . o .  
I .D. 

Cement: from to g Perf .  I n t e r v n l ( s )  fron to , type 
Open hole d i a m e t e r :  from to 

from to 

f l u i d  l e v e l :  f t / i n  Above 
A t  C . S . .  Top Csg 
& l W  . temp O F ,  'C f I u l  d type :. _- 

F l u i d  r e s i s t . :  ohm- 
D r i  1 l e r :  

Address : 
Type o f  r i g :  

A q u i f e r  or format ion:  

NOTE: 

Date s t a r t e d :  camp I e t e d - 
This l o g  i s  not to be used t o  f u l f i l l  p r i v a t e  
ob L i ga t i ons . 

Other data  JFO loqr avah iab le  for r h c s  w e l l ' _  



LOGGING INfORUATION 

4 O p e r a t o r  ( s )  
[ q u i p m r n t  Addre?-@;z+L &"";a- 
Logger t y p e : - ~ u  r # A .  * N Nos- 
T o o l  t y p e .  b5LJ 
D t t e C l O r  t y p e :  T r J L  QL~ZL- 
Source  l y p e .  - 
Source  s i z e :  
Source  s p a c i n g  i n  

( ;  UC 

1001 l e r i q l h .  c a b l e  h e a d  10 d e t e c t o r  f t -  
C a l i b r a t i o n :  H P J I d -  

f t /in i n 2-c L o y g i n g  speed:  
Log v e r t .  s c a l e :  zrr, f t / i n  

HODULE SITTINGS 

S c a l e  s w i t c h  ( r a t e  or c o u n t 5 ) : y m  cps 

WELL IWfOflUATION 

Well No. (USGS): 
O t h e r :  
n a p  or Quad 
S i t e  d c s c r i p l i o n  

Agency or &t ier :  I 

A l t i t u d e  of L . S .  
Address: - 

Log H . P .  b g  Ti) I1 

B t m  log i n t e r v a l :  'I W e l l  TD:  f t  
Top log  i n t e r v a l :  f l  
Tyoe of f i n i s h :  

c a s i n g :  € l e v .  o f  top 

r 

f t / i n  Above f l u i d  l e v e l :  
A t  L.5.. l op  Csp 
Be Irm 

. t e v  ' F .  'C f l u i d  t y p e :  _- 
f l u i d  r e s i s t . :  ollnv-m 

O r i l l c r :  
AJdr t 5 s : 

Tvpe of r i g :  
D a t e  s t a r t e d :  
h u l l e r  or f o r m a t i o n :  

canp lc t e d  

I1 p r i v a t e  c o n t r a c t u a l  I 

I 



D l s t r l c t  or P r o J c c t :  TYPE: G- 6 r m -  + J -  DATE: V - / a - ? t  
4 
Femr :/f;7/llE LOCATION NO.: 

3 
LOCATION: s t a t e  

LOCC I NC 1 NFORHAT ION 

O p e r a t o r ( s )  < R k  / d / * / L  
L o g g e r  t y p e  : ~ . I . - & - c - v  
1001 t y p e :  b < L  I- - 
tquipmcnt ~ d d r c s s  :..-&xi v a .  

D e t e c t o r  t y p e :  /A+flJL f I[ Q A r 
La Source  t y p e :  

Source  s i z e :  L ;  g MC 
Source  s p a c i n g :  / I .  ’ 
1001 l e n g t h .  Cab le  h e a d  to d e t e c t o r  

l o g g i n g  speed:  3 3  f t / m i n  up) doun 
l o g  v e t t .  s c a l e :  f t / i n  

in  ft- 
Cal ibrat ion:>-  A CPS 

HODUCE SCTTINCS 

S c a l e  s w i t c h  (rate or c o u n t s ) :  /- cps c h a r t  d i v  (or) 
APi} l u l l  s c a l e  

7 w . s  a p p l i c a b l e )  

7 .  c. ~ u i t c h :  t 5cc. 
p r e s s i o n ) :  /a D l a l  D l v .  

D i a l  D i v .  
D i s c r l m l n a t i o n  P o t . :  D l a l  D i v .  

yQr; P o l a r i t y  input p u l s e :  

ntcotatn S L T T  INCS 

P o s i l i o n  Pot.:  -- 
seas i t i v i  t y  Pot. : 

Run No. O f  

Ch I Ch 2 Ch 3 

Well No. 

U f l L  INFORMTIOH 

(USCS) : 
nthrr. -...-. . 
Hap or Quad 
S i t e  d e s c r i p t i o n  

. - -_ 
Agency or Owner: 8 

A d d r e s s !  . .- - . - - - . 
A l t l t u d c  of 1 . S .  --- 

Btn 109 I n t e r v a l :  f t  
Top log i n t e r v a l :  f l  

l o g  H.P. LOP. f t  

W e l l  TD: I t  

Type of f i n i s h : -  
C a s i n g :  [ l e v .  of  top f t / i n  1.s.  

Bc IOU 

Cement: from to- COY 
4 P, P. 
Q D r P  to  0 t y p e  Y 4 P e r f .  i i i t e r v r I ( s )  from 

Open hole d i a m e t e r :  from to 
from t o  H 

?J 

F l u l d  l c v e  

f l u i d  t y p e  

f t / i n  Above 
A t  L.S.. l o p  Csy 
Be lo, 

F l u i d  rrslst.: olun-m 
Dr i I l e r  : 

Address:-- 

- l y p e  of r i g :  
Da te  s t a r t e d :  comp le ted  
A q u i f e r  or f o r m e l i o n :  

N O T f :  T h i s  lo9 i s  not to  be u s e d  to 
obj  i g a i  ions. 

O t t i r r  d a t a  and I n o \  available for  111 

l u l l  

5 w r  

I1 p r i v b t c  c o n t r a c  

-___- I 

u a l  
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9 7  
I .  

G r a i n a e r  Countv 

S e c t i o n  1-11. 3za" S t a t i o n  Quadra2gIs. 7 3 L , 5 0 0  N, 2 , 7 8 4 , 5 0 0  5. 
*-- .. L , ~ - S  is tne t y p e  section cf  t h e  Grainger  P3rr;a:ion. 3 e a s u r e s e n t  =adz 
i n  c u t s  on zne n o r t h e a s t  s ide  of C.S. 25-Z.. S a c t i c n  b e g h s  about  500 
f e e t  s o u t h  or' i n t e r s e c t ; o n  v i t h  Girt road 122ding t o  I?oun:aia V i e w  
Church and p r o c e e i s  zoward U . S .  11-W. 

6 9  
6 8  
67 

66 
5 5  

6 4  

- 6 3  

6 2  
6 1  

60 

59 
j a  

3 7  

56 

5 5  

F e e t  
Piot measured. . 
S i l t s t o n e ,  i n d i s t i n c t l y  bedded. 4.0  
S h a l e ,  v e r y  t h i c k l y  lamina:ed, g r a y i s h  r e d .  

T y p i c a l  Rome r e d  s h a l e .  5 .0  
S i l t s t o n e ,  t h i n l y  bedded. 4.0 
S i l t s t o n e ,  mass ive ly  b e d i e d ,  micaceous.  

2 2 . 0  
Covered. 3ase o f  i n t e r v s l  t aken  as Rone- 

G r a i n g e r  c o n t a c t  and ? o s i t l o g  or' S a l t v i l l e  
f a u l t .  Contac t  probakly  co:rect w i t h i n  
25 fee t .  

Rone Z o n a t i o n  (86.0 F e e t )  - 

Zedding n o t  d i s t i n c t  l i k e  t h a t  of Gra inger .  

Gra inger  F o n a t i o r ,  ( 4 3 7 . 8  F s e t )  
Up?er Sandstone ?feEber (52.0 Z e e i )  

Sands tone ,  very  f i n e  t o  fine g r a i n e d ;  
medium t o  t h i c k l y  bedded; s e d i m  g r a y ,  
v e a i h e t s  light o l i v e  gray .  (he f o o t  bed 
q u a r t z  pebble  conglomerate  g r a d i n g  i n t o  
cong1omera:ic s a z d s t o n e  a t o u t  6 f e e t  below 
t o p  of i n t e r v a l ;  minor c rossbedding;  l o w e r  
4 f e e t  very  s i l t y  s h a l e .  1 9 . 0  

Covered. 18.0  
Sznas tone ,  ineliun t o  f i n e  g r a i n ,  f t l d s ? a t h i c ,  

medi*m g r a y ;  beds up t o  1.5 f e e t ;  very  
thinly bedded n e a r  t o p  of  i n t e r v a l .  

S h a l e ,  t h i c k l y  l a x i n a t e d ,  l i g h t  olive 
g r a y ,  very s i l t y .  3 0 . 6  

S i l t s t o n e ,  single- bed. 0 .6  
S h a l e ,  as i n  u n i t  60 ,  weathers  

Glauconiee  .Zoze ( 7 . 7  F e e t )  

15 .O 
AYiddle Yenber (301.3 F e e t )  

s p h e r o i d a l l y .  L.4 

S h a l e  ( g i a u c o n i t i c )  v i t h  s t r i n g e r s  
of l i g h t  brcwn-weathering t r e q  
f i n e  g r a i n e d  l i z x s t o n e .  G l a u c o x i t i c  
n a t e r i z l  grades i n t o  shale above. 

G l a u c o n i t i c  f i n e  g r a i n e d  l i x e s t o n e ,  
vea:hers l i g h t  'arm- (j??. 5/5). 

Glauconice,  sand sits i n  na:rix o f  
s i l t  and c a r b o n a t e ;  t 'zzt:1ers 
2c.sIqi blue-gr..-er. (jZG 31'2). 

51.0 

3 .  s 

0 . 3  

I. 3 
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j L  

5 3  S h a l e ,  g1auconi:i:. 
5 2  

51 

Limestone ,  very  f i n e  g raLae6 ,  S i l Z y ,  
k 

w e a t h e r s  l i g h t  b rovn .  

L i n e s t o n s ,  very f i n e  g r z i n e d ,  s i l t y ,  

S h a l e ,  v e r y  s i l t y ,  a lmos t  s i l t s t o n e ,  bu r  
bedding  i n d i s t i n c t ;  l i g h t  o l i v e  g ray  
w i t h  g r a y i s h  r e d  (5R 4 / 2 1  s p l o t c h e s .  

w e a t h e r s  l i g h t  5row-n. 

!& 

0 . 4  
i.5 

0 . 3  

39 .O 
192.0 

13.0 
14.0 

50 Covered.  
49  S h a l e ,  vqty s i l t y ,  bedding  i n d i s c i n c t  

and i r r e g u l a r ,  l i g h t  o l i v e  g r a y ;  upper  
1 . 5  f e e t  w e a t n e r s  b l a c k i s h  r e d  (5R 2 / 2 ) .  

s 
4 8  Covered.  P robab ly  as above .  

47  
c.' 

w- c 4  

aasa l  S i l t s t o n e  iIenber (13L .5  F e e t )  
S i l t s t o n e ,  medium t o  t h i n l y  bedded ,  

l i g h t  o l i v e  p r a y ,  5econir.g s h a l y  
towzrd t o p .  About L f s e t  o f  s h a l e  .s% 

2 i . o  
L5 S h a l e ,  s i l t y ,  v e a r h e r s  l i g h t  o l i v e  8'2)' 1 . 0  

45 

$4 
5 . 3  

43 
19 .a  

A ?  S h a l e ,  v e r y  s i l t y ,  v e r y  t h i c k l y  l a m i n a t e d ,  3 . 0  

5 .0  
L 1  

+- E i n t e r b e d d e d  i n  i n t e r v s l .  

and ch ip?y .  
S i l : s t cne ,  l i g h t  o l i v e  gray  with g r a y i s h  

S i l t s t o n e ,  w e a t h e r s  l i g h t  o l i v e  gray  an2 

S i l t s t o n e ,  t h i c k l y  t o  medium bedded ,  

L- 
*i r e d  s p l o t c h e s .  S i n g l e  bed .  L.0 

g r a y i s h  r e d .  S i n g l e  b e d .  
- 3  
?* l i g h t  o l i v e  g r a y .  

$< l i g h t  o l i v e  g r a y .  

**. 

a 
SFL:stone, t h i c k l y  bedded ,  l i g h t  o l i v e  

S i l t s t o n e ,  l i g h t  o l i v e  gray  w i t h  s h a l y  

gray. 

p a r t i n g s  a t  to? .  S i n g l e  bed .  

p a r t i n g s .  

w e a t h e r s  l i g h t  o l i v e  g r a y  and g r a y i s h  
red (5R 4 / 2 ) .  
w d l  j o i n t e d .  

S i l : s tonz ,  w e a t h e r s  g r a y i s h  z e d ,  s i ~ g l s  

S i l t s  t c n e ,  t h i n  t o  n e d i u n  bedded w i t h  

S i l z s t o n e ,  t h i c k l y  bedded ,  l i g h t  o l i v e  

Beds a p p r o x i m a t e l y  2 f e e t  t h i c k .  40 S i l t s t o n s ,  l i g h t  o l i v e  g r a y ,  s i n g l e  bed .  4 . 0  

39 
2 . 5  s< 33 S i l t s t o n e ,  medlua beddzd vi:h s h a l y  2 . 5  

@., 
1.0 3 7  

36 
Sha l? ,  t h i c k l y  l a m i n a t e d ,  l i g h t  o l i v e  g r a y .  
S i l e s t o n e ,  t h i c k l y  t o  n e d i m  bedded,  

Beds a re  v e v  d i s t i n c t ,  
L 7 . 3  

35 

34 

33 

3 " 
b2d.  : .O 22: 

3.0 

5.0 

sS.aiy p a r t i n g s .  

$ ray  - 2% 

a. % c 
-?a. -gp. -2 

r & -3, 

1: -. in -at+ 

+- 

r-; -* 
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Feet - 
S i l C s t o n e ,  v e a t h e r s  p e c u l i a r l y  a s  though 

nodu les  have  wea:hered c u t  in f a c e  o f  
1.0 

30 

29 

28 

27 

26  
25 

24 

23 
22 

21 

20 

19 

18 
1 7  
1 6  
1 5  

1 4  
1 3  
1 2  
11 

10 

9 
8 

, au tc rop .  

c o a t i n g .  
b a s e  of  Gra inge r  F o r n a t i o n .  

S i l t s t o n e ,  t h i c k l y  bedded,  l i n o n i t e  
Bzse o f  t h i s  i n t e rva l  i s  

Cha t t anooga  S h a l e  (L03.95 F e e t )  
Shalo-, v e r y  t h i c k l y  l a n i n a t e d ,  s i l t y ,  

S i l t s t o n e ,  s i n g l e  b e d ,  n o n l a n i n a t e d ,  
weazhers  l i g h t  o l i v e  g r a y .  

medium g r a y .  . 

S h a l e ,  s i l t y ,  weachers  l ungy ,  ch ippy  
and d a r k  g r a y .  

S i l t s t o n e ,  s i n g l e  b e d ,  n o n l a n i n a t e d ,  
n.-dlum d a r k  g r a y .  

S h a l e ,  a s  i n  u n i t  28.  
S i i c s t o n e ,  s i n g l e  b e d ,  n o a l a z i n a t e d ,  

n e d i m  d a r k  g r a y .  
S i l t s c o n e ,  s i n g l e  b e d ,  n o n l a n i n a t e d ,  

zediun d a r k  g r a y .  
Shzle,  as i n  u t i t  28 .  
S i l t s t o n e ,  s i n g l e  bed ,  n o n l a m i n a t e d ,  

nedium d a r k  g ray .  
Shale, t h i c k l y  l a m i n a t e d ,  l i g h t  o l i v e  

3 . 0  

b . 0  

0 . 3  

2.0 

0 .1  
2 . 0  

0 . 2  

0 . 1  
0 . 5  

0.1 

2 .o g r a y  
S i l t s t o n e ,  s i n g l e  b t d ,  non lamina ted ,  

.05 n e d i m  d a r k  g r a y .  

g r a y .  
Sna le  , t h i c k l y  l a m i n a t  zd  , l i g h t  ' o l i v e  

S l l t s t o n e ,  s i n g l e  bed .  
S h a l e ,  as above.  
S i l t s t o n e ,  s i n g l e  bed. 
S h a l e ,  t h i c k l y  l a m i n a t e d ,  i i g h t  o l i v e  

S i l t s t o n e ,  s i n g l s  bed .  
S h a l e ,  as i n  u n i t  15. 
S i l t s  t one ,  s i n g l e  bed .  
S h a l e ,  t h i c k i v  l z n i n a t e d ,  weathers l i g h t  

o l i v e  g r a y ,  f r e s h  c o l o r  msdium g r a y .  
Not s i l t y .  Weathers  y e l l o w i s h  grzy  
and l m p y  on  o u t c r o p  f a c e .  

S h a l e ,  g r a y i s h  b l a c k ,  t h i n l y  w i t h  some 
t h i c k l y  l a m i n a t e d ,  s i l t y  . Weathers  
t o  small d a r k  gray g l a t e s  and c h i p s .  

Covered .  
S h a l e ,  t h i c k l y  l a z i n z t e d ,  g r a y i s h  b l a c k ,  

gray  - 

very  s t i f f  ar-d s l l t y ;  w e a t h e r s  t o  

3 . 5  
0 . 2  
0 . 4  
0 . 2  

9 . @  
0.3 
0 . 7  
0 . 3  

69.0 

L 4 . 3  
1 3 6 . 0  

1 0 . 0  12rg.J- chiys. 
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7 Si l : s toae  and s h z l e .  j i l t s t o n e  very 
t h i c k l y  bedded , ind iv i tuca l  beds 4 
f e e t  and c v e r  and s m e  s h a l y  ?zrtir .gs;  
s h z l e  g r a y i s h  b l a c k ,  t h i c k l y  t o  z h i n l y  
l a m i n a t e d ,  v e a t h e r s  dark gray. This 
i n t e r v a l  has  odd r e l a t i o 3 s h i p  t o  r e s t  
o f  formztion. It appears  t o  b e  a 
c h a m e l  fill v i t h  d i p  30" and r e s t  of 
s e c t i o n  15'. Bottom of s i l t s  a l so  
appears concave. 

6 Covered. 
5 S i l c s t o n e ,  e h a l y ,  Eedium d a r k  g r a y ,  

u e a t h e r s  t o  l a r g e  p l a t e s .  I n d i v i d u a l  
s h e e t s  up t o  . 4  inch ,  w i t h  f i n e  
l a m i n a t i o n s  vithin t h e s e  b o u n d a r i e s .  
Scrre t h i n ,  lmi i lated  si1ts:ones a t e  
a s s o c i a t e d .  . 

4 S i l t s t o n e ,  b l c c ' q ,  e s s e A t i a l i y  si33le 
bed. Konlarninated. 

t h i c k l y  t o  very t h i c k l y  l a n i n a t e d  
t o  n e d i u z  bedded; s i l t s i o n e s  a r e  
fineiy l a c i n a t e d  w i t h i n  l a r g e r  u n i t s ;  
lanizae occur  a s  thin q u a r t z  l a y e r s  
which show w h i t e  a g a i n s t  t h e  dark 
backgrotxi?. k 'eathers t o  l z r g e  p l a t e s  
and s h e e t s .  

3 S J ' c  si stone, s h a l y ,  veiy dark  gray ,  

Lover alack Shaie  Cnit (23- T e e t )  
2 S h a l l ,  g r a y i s h . b l a c k ,  t h i n l y  l a s i n a t e d .  
1 Covered, n o t  n e a s u r e d ,  

100 

2 6 . 5  
2.0 

11.0 

5.0 

8 3 . 0  

23c 
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Se:tion T-l.2. Avondale quadrangle .  718,400 H ,  2,771,ZOC Z .  
S e c t i o n  measured i n  c u t s  or! z o r t k e a s t  sicie o i  9Ld V . S .  25-€  and in bed 
o f  uz2:tced s t rea3 b t s i d e  -0z6. 
5000 f e e t  f r o g  i n r e r s a c t i c n  o f  road v i t h  U . S .  11-Y. 

S e c t i o n  5egixs  i n  'sack c f  3 . 3 ~ s ~  a5ou: 

Fee t  - 
F.oze FOiwCiOx (52+ Feet)  

5 5  Hot measured. . 
54 Sandstone,  t h i n  t o  medium bedded, Light-  

c o l o r e d .  43.0 
53 Conglomerate,  quar tz  pebble .  1 . 0  
52 Sandstone,  as above. P o s i t i o n  of S a l t v i l l e  

8 . 0  f a u l t  2nd b a s e  o f  Rome F o r c a t i o n .  
G r a i n g e r  F o r c a t i o p  ( 5 4 3 . 2  Tee:) 

Upper Sands toze  tfenber (97.0 F e e t )  
51 Sandztone,  very  f i a e  g r a i n ,  beccming f i n e  

g r a i n e d  up'w'ard, f e l d s p a t h i c ,  mediun: 
t o  t n i c k l y  bedded, c o n g l o n e r a t i c  
sznds tone  sear t o p ;  poor ly  ? r e s + r v e d  
p i z n t  f r a p e n t ,  Minor i n t e t b a d d e d  s h a l e .  13.5 

2L.5 50 Covered. 
49 Szndstone,  t h i n l y  to n e d i u  beddsd,  most ly  

t h i n l y ,  v e r y  f i n e  g r a i n e d ,  cross-bedded, 
light o l i v e  zray; weat5ers r e d d i s h  gray.  44.0 

48 Sandstone, m e d i m  t o  t h i c k l y  bedded, very  
f i n e  g r a i n e d ,  weathers  y e l l o w i s h  brown. 
Two f e e t  o f  micaceous s a n d s t o n e  i n  
i n t e r v a l .  

47 Szndstone,  very  f i n e  g r a i n e d ,  t h i n l y  
7.0 

t o  medium bedded. 7 . 0  
46  Sandstone,  -7er)r . f i n e  g r a i ~ ,  s i n g l e  bed. I. 0 

45 S h a l e ,  t h i c k l y  lamina ted ,  l i g h t  o l i v e  g r a y .  4.0 
Irc S i l t s t o 2 e ,  s i z g l e  bzd. 1.0 

Middle Member ( 2 9 7 . 7  Feet) 

43 Shale,  v e r y  t h i c k l y  laeinaced, s i l t y ,  
v e r g e s  3n s i l t s t o n e  but  l a c k s  5edding .  
Keat 'ntrs l i g h t  o l i v e  gray and g r a y i s h  
r e d .  37.0 

G l a u c o n i t e  Zone (9.4 F e e t )  
4 2  Glauconi t? ,  sand-sized, v i t h  

4 1  M i c r i t e ,  s i l t y  w i t h  some sand- 

Irc G l a u c o n i t e ,  sand-s ized ,  weathers  
dusky blue-green (53G 3 /2 )  and 
g r a y i s h  red p u r p l e  !jRP 4 / 2 ) .  1 . 5  

b r o n  (SIX 3 / 5 1 .  0 . 4  

in te rbedded  c a l c i t i c  s h a l e .  3.0 

s i r e d  g l z u c o n i t e .  I. 3 

39 ?-!liciitp_, s i l t y ;  wea:hers l i a h t  

38 Shaiz, g l a u c o n i t i c .  L . 0  

I31 
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37 

36 

35 

3 4  
3 3  

3 2  
3 1  

30 
29 

2 8  

27 

26 

20 

19 
13 

Ufcri:e, s i l t y ;  v e a t h e r s  yc l1o t ; i sh  

S h a l e ,  g l t u c o a i t i c ,  p r o b a b l y  a l s o  
brmit?. 

c a l c i t i c .  Base S l a u c o n i c e  zone .  
S i l t s c o n e ,  l i g h t  o L i v e  g r a y .  Upper 4 f e e t  

h a s  y e l l o w i s h  brown punky beds  which  
ver'e probab , ly  liczy. Voids  agpear t o  
result fros l e a c h a d  s h e l l s .  

S h a l e ,  t h i c k l y  l a a i n a t e d ,  l i g S t  o l i v e  g r a y .  
Siale, silty, v e r y  t h i c k l y  beddzd ,  v e r g i n g  
03 s i l t s  t o n e s ;  W-.athers g r a y i s n  y e l l o w  
(5Y 8 / 4 ) .  Lower 5 f e e t  h3s  punky 
i,t:ervais s u z g e s t i v e  of d e e p l y  ve2:hered 
l i n e .  

S h a l s ,  Lab.: o l i v e  g r a y .  
S h a l e ,  :hickcly b e d d s d ,  z p p r s a c h e s  sF1:s tone;  

S h a l e ,  :hickl;J lanL;la:ed, l i g h :  o l i v e  g i a y .  ' 

Shals, v e r y  A i c k l y  b e d i e d ,  n c a r i n g  s i l t s  t o n e ;  

S h a l s ,  t h i c k l y  l m ' , n a t e d  , weachers l i g h t  

S h a l e ,  t h i c k l y  b s d d e d ,  i r e a t h e i s  l i g h t  olive 

S h a l e ,  thickly l a s i n a t e d ,  v e a c h e r s  l i g h c  

Siltstsrbe. 
S n a l e ,  c h i c k i y  Lar i tnarod ,  l i g h t  oliv? g r a y .  
Silt-stone, i i g n r  o l i v e  g r a y .  
S h a i c ,  :h ick ly  l z x i n a t e d ,  l i g h :  olive g r a y .  
SilCs:ot.?,  p a x  s h a l y ,  p a r i  d i s t i n c t l y  

w e a t h e r s  g r a y i s h  r e d  (5R 0 1 2 ) .  

v e a t h e r s  g r a y i s h  r e d .  

o l i v e  g r a y  and ch ip?y .  

g r a y  azc g r a y i s h  r e d .  

o l i v e  g r a y  a d   chip?^. 

bcdded ;  v + a t h c r s  l i 3 h t  olive g r a y  ar.d 
g r a y i s n  zed .  . 

S h a l e ,  t h i c k l y  l z n i n a t e d ,  s i l t y ,  l i g h t  
o l i v e  g r a y ;  w e a t h e r s  c h i p p y .  Xlmos: 
g r a d e s  i n t o  beaded  sL1:stone i n  p l a c e s .  - 
D l c t y o c l o s t u s  s p . ,  
Iz3rsxiz? s p . ,  Chone tas  s p . ,  Tylothyris? 
S D i r F f e r  g r i s e s i ,  P u g n o i d e s ?  S Q . ,  Dictvo- 
c l s s t u s  f e r n ? l e n e n s i s ,  Xtyr.choDor2? p+rs i  - n u a t d ,  E 1 i 3 i d z n e l l a  missourlensis, 
AckvrLs? s?. , R i i o f a o m l l a  cf oweni ,  
C l z i o t h v r t d i n a  c f  s u b l a m e l l o s z ,  Taozurus 
1 

S? 9 

3 , * s e t  - 
0 . 2  

2 .O 

12.0 
7,O 

9 . o  
3 . 0  

2.0 
2 . 5  

20.0 

11.0 

3 . 3  

2.5 
1.0 
4.0 
1.3 
1 . 5  

7 .O 

1 2 k  .o 
7 . 3  

16.5 
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2 . 5  
9 . 5  

1 7  S i l : s  t o n e ,  l i g 5  t o l i v e  g r a y ,  v e a t h e r s  
g r a y i s h  r e d .  S i n g l e  bed.  

1 5  Covered.. 3 z s e  o f  Middle  E a b e r .  

15 S i l t s c o a e ,  m e r l i l a  t o  t h i c k l y  beddad,  
l i g h t  o l i v e  g r a y ;  w e z t h e r s  grayish 
r e d  ( 5 X  5 / 2 ) .  h b o u t  20 p e r c e c t  of 
in te rva l  is silty, l i g h t  o l i v e  gray  
s h a l e  . 

3asal S i l t s  ;one ! : a b e t  (148.5 i e e t )  

1 4  Covered, p r o b a b l y  s h a l e .  
13 S i l t s t o n e ,  v e r y  t h i c k l y  bedded, l i g h t  

o l ive  g r a y ;  w e a t h e r s  g i c y i s h  r e d ;  f e w  
o r  no s h a l e  ~ a r t i n g s .  

1 2  S i l t s T o n e ,  s e d i m  5edded.  
11 Silts tone, t h i c ' d y  bedded,  w e a t h e r s  l i g h t  

o l i v e  g r a y  z t d  g r a y i s h  r e d  (5R 4/21. 
Base of G z a i z g e r  F g r z a t i o n .  

Ckat tanooga  S h a l e  (3161. T e e t )  
10 Covered. Flozt is d e e p l y  v e a t h e r e d  

C5a:tanooga-zype s h a l e  vi th  i z t e r -  
rdxed  s i l t s t o n e .  S h a l e  r x m - s i l t y ;  
weazhers  t o  sail p l a t e s .  70.0 

9 S h a l e ,  t h i n l y  l a i n a t e d ,  very d a r k  griiy , 

8 
7 

w e a t h e r s  p l a t y .  10.0 . 
Covered. . 105.0 
S U ' t s t o n e ,  n e d i u n  to t h i c k l y  'bedded 

rjith s o n e  s h a l y  s i l t s t o n e  i n  a i d d l e  
o f  in te rva l .  S i l t s t o n e s  n o n l a r z h a t e d ,  
nadirm t o  medium dark g r a y ;  weathers 
yellowish brown. 

6 S i l t s t o n e ,  m e d i m  bedded,  n o n l z i c h a t e d ,  
n o  i n t e r b a d d e d  s h a l e ,  weathers biocky . 

5 S i l t s t o n e ,  shaly, t h i n l y  :a v e r j  t h i c k l y  
Is.lir.ated t o  thickly beddcd. Siltstones 
are f i n e l y  l a d n a t e d .  Cclor  v e r j  d a r k  
g r a y ,  w e a t h e r s  m e d i m  gray  and p l a t y .  
Ouzcrop g i v a s  a p p e a r a n c e  of s i n g l e  s i l t -  
s t o n e  bed,  b u t . t . h i s  is due  t o  j o i n i b g .  23.0 

4 Covezed. 17 .0  
3 S h a l e ,  t h i c k l y  l r m i n a t e d ,  o e d i m  g r a y ;  

2 S i l t s t c n e ,  s h a l y ,  very t h i c k l y  l a r h a : e d  

- 

w e a t h e r s  p l a t y .  6 .0  

t o  t h i c k l y  bedded. Laiger u n i t s  Lt=i3ateC.  
C o l o r  nedfxn d a r k  g r a y ;  v e a t 5 e r s  t o  t h i c k  
s h e e t s  and b l o c k s .  ; a s s  of e q c s u r e  a d  
approxisate base of Chat:anoogz s i l : s ~ o n e s .  16.0 

- 7 Covered. S o t  z e z s u r e d .  

. 2 5 . 5  
51.0 

50.0 
6.0 

16.0 

61.0 

8 . 0  
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Se::icn T-13. A v x C a l z  Qctdra-gle .  7 3 9 , C O O  S ,  2 , 7 4 3 , 0 0 0  f. 
Sect ior :  n e a s u r e d  ir. e q o s u r e s  cs ZDrtheas: s i d e  o f  iiz: roa? l ezd i i ig  
f r o n  U. S. ?.cute 11-h t o  .-.vsndale S?riz:gs. .. 

Fee: - 
Xooe ? o = t i a n  (192- Fee t )  

LO Cavered.  Xat =ezsureZ. 
33 S'nrle azd s i l ; s t o n e ,  relciish g r a y ,  t h k  t o  

n e d i u a  bed2ed v i t h  srsll fold a ; ~ d  :nrus: 
f 2 u l t  . 11.0 

38 Covered. 2one t y p e  f l o a t  i n  bank. T e l e ? h m e  
p o l e  o p ? o s i t e  largo,  sprhghouse  a t  'case of  
i n t e n d .  80.0 

a t  b a s e  of Fnccrval. L o c a t i o n  of c o n t a c t  
i n t s q r e t e d  t o  be a t  b a s e  o f  s p r h g h o u e .  
S m d s t o n e  l i k e  :ha t  a t  scc:io3 T-12 p r o f  e c i s  
t o  t 'n ls  ? O F 3 ? r .  . 

37 Covered. F a u l t  c o n t a c t  w i t h  Gr t inge r  ?oz=2:103 

9.9 
Graioger Tor,z:ion (557.0 Zect) 

, U2po-r Sazcktoiie ? k = b ~ r  (23.0 ?.p_o_t) 

SanEs:one, v e v  f i l e  g r a i n + < ,  l i g h t  olive 
5.0 
9 . 0  

36 

35 Covered. 
3 4  SznCstone, t h i c l y - 5 e 0 d e d ,  i c q  5e czoss- 

bedded; vcry f ize-grained,  s4&lar t o  
sandstone, a t  t o ?  o f  Sect iorr  T-12. 

gray. 

9.0 

33 Covered. 5 7 . 0  
'32 S i l t s t o n e ,  t h i c z y  t o  medim-bedded,  

YLddLe llu5er (512.0 F e e t )  

p r o j a b l y  s o a e  s i l t y  sfiala i n  Fatervzl; 
l i g h t  o l i v e  g r a y .  i4 . O  

5 . 0  
30 

1 . 0  29 Siltstone, c h i n l y  bedded,  ligh: olive Szajr. 
23 Covered. 155 .G 
27 

l i g h t  o E v e  gray.  1 7 . 0  
2.0 

170.0 

- 
31 C o w r e d .  91.0 

S i l t s t o n e  2nd ve-y s i l t y  shal?; weathers 
light 0li.Je g r a y  a d  Ch,i??Y. 

very s i l q  shala;  shr le  t h i c k l y  laz i r .a ted ,  
S i l t s t o z e ,  c e L i u  b e d i e 2  vi:h i3:erbsdded 

26 S i l t s t o n e ,  s i c g l e  bed. 
25 Covered. 

24 S i l t s t o n e ,  l i g h t  o l i v e  gray, thiclcly to 

23 

22 S i l E s t c n r ,  t s  i n  ci: 2 C .  32s e_ o f  G r a i n g e r  

Basal S i l t s  tone  Xe=;cr ( 4 2 . 0  Feet) 

r e d i m  bedded. 12 .0  
Si l :s tone,  s i n g l e  bed ,  l c ~ e r  2 feat  x e z t h e t s  

5 .0  

23.0 

s p h e r o i d a l l y .  

:o===zFon. - 
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Chattanooga S k a l e  (232.3+ F e e t )  
S h a l e ,  thi:kly l a s i n a t e d ,  zeaiho,rs s p l i n t e r y  

t o  ch ippy ,  has-ever,  s o z e  p l a t y  v e a t h e r i n g ,  
ncc - s i i zy  Chattar.ooga-ty?e s h a l e  i s  i n  t h i s  - i n t e r v a l .  The t h i n  s i l t s t o n e  beds of  t h e  
t r a z s i t i o n  zone appear t o  b 2  a b s e n t  here. 

S h a l e ,  g r a y i s h  b l a c k ,  t h i a l y  l a n i n a t e d ,  
s l i g h t l y  si1:y; w e a t h e r s  nedim d a r k  
gzay i n t o  f l a t  c h i p s .  r n i s  i c te rva l  is 
p a r t l y  covered  but  i s  d e f i n i t e l y  
Chat tanooga-type s h t l e .  

Covered. 
Skale ,  t h i c k l y  l a s i n a t e d ,  weaihers l i g h t  

o l i v e  g r a y . .  No s i l t s t o n e s  observed.  
. Zxposed irt c u t  3 e h f n d  house. 
Covered. 
S i f t s t o n e ,  shaly w e a t h e r s  i a t o  stiff shale 

p l a t e s .  
S i l t s t o n e ,  t h i c k l y  t o  nediua bedded,  v?ry 

d a r k  gray.  
a??ezrs s t r u c t u r e l e s s .  Xeseables  n idd le  
s i l t s t o n e  of T-12; p o s s i b l e  s n t l l  f a u l t  i n  
13 z erval . 
a r t y  - 

3edJing n o t  a n i f o n l y  d i s r i x t ;  

S h a l e ,  t h i c k l y  l m i n a t e d ,  s i l ty ,  very dark 

S i l t s  t o n e ,  iigh t o l i v e  g r a y ,  n o n l u n i n a t e d ,  

Shale, v e r y  t h i c k l y  io t h i c k i g  l a n i n a t e d ,  
vezy s i l t y ,  very  d a r k  gray v i t h  v i s i b l e  
quartz l u i n a e .  R e s e n b l s s  s i l t s t o n e  U n t i l  
w e a t h e r e d  and t h e n  w e a t h e r s  i n t o  l t r g e  
s h e e t s .  . .  

flaggy 

S i l t s  t o n e ,  m e d i m  d a r k  gray. 
S h z l e ,  as iri bed 12. 
S i l t s  tme.  
S h a l e ,  as i n  bed If. 
S i l t s  t o n e .  
S h a l e ,  as i n  bed 12. 
S i l t s t o n e ,  f l a g g y ,  l i g h t  o l i v e  gray .  
S h a l e ,  as in bed 1 2 .  
S i l t s t o n e ,  l a n i n a t e d ,  very  d a r k  g r a y ,  s i n g l e  

3 e d .  G r a d a t i o n a l  froo s h a l e  below. 
S i l t s t o x e ,  s h a l y ,  v e r y  t h i c k l y  t o  t h i c k l y  

l a z i i n a t c d ,  dark gray w i t h  v i s i b l e  q u a r t z  
123inae; loo?cs l i k e  f laggy s i l t s t o n e  u n t i l  
v e t t h e r e d  and the?. weat3ers  Fa:o l z r g z  
sket  ts  . 

Covered .  h'ot n e z s u r e d .  

F e e t  - 

12.0 

105 

44.0 
77.0 

30.0 
12.0 

7.0 

19.0 

1.5 

2.0 

7 . 5  
1 . 5  
3.0 
0 .3  
1 .0  
0 .5  
I. 0 
0.5 
2.5 

1 . 0  

9.0 
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Sec:ion 7-14. 3ui:h Vail'ey quadrangLe.  598,800 !.i , 2 , 7 2 6 , 2 9 0  E .  
.L.r?osures a long souznves: s i d t  of  r c a d  t o  S o p  Chz?e l  and i n  s t r e a n  bed 

a o r e  o r  less  p a r z l l a l  r o  r o a d .  Yeasu renenr  b e g i n s  a t  ex?osu res  o p p o s i c e  
'Toe Chapal zzd ? r o c e e d s  s o u t h e a s t u a r d  a l o n g  road  f r z n  t h a t  p o i a r .  

17 

16 

1 L  
13 

12 

11 

1c 
4 
a 
7 
6 
5 

4 

Rome F a m a t i o n  (69+ F e e t )  
Thickly bedded ,  l i g h t  o l i v e  grzy s i l t s t o n e  

and s i l t y  s h a l e  w i t h  so== p r c n i n e n c  
b l o c k y  s i l t s t o n e s ,  which are not t y p i c a l  
of  t h e ' s i l t s t c n e s  i n  t h e  uppe r  p a r t  o f  the 
C r a i n g e r .  E x p x u r e  i n  rear o f  house .  

Covered .  P r o b a b l e  p o s i t i o n  or' S s l t v i l l e .  
F a u l t  a c  b a s e  of t h i s  i n t e r v a l  ar,d a t  t o p  
of  s i l t s t o n e  be low.  

G r a i n g 2 r  F z ~ n a c i o n  ( 5 3 7 . 0  F e e t )  
7 .  L??er jzndsccone !!ember (21.0 Fee:) 

S i l z s t o n e ,  l i 3 i ) . t  o l i v e  g r a y ,  c e d i m  t o  t h i c k l y  
bedded, w i t h  in:erbedded thickly l a m i n a t e d  
s l l : y  s h a l e ;  vea:hers ch ippy  . 

XLddle i-'.anSer (375 .0  F e e t )  
Covsred .  
Shz le ,  z h i c k l y  l s n i n a t e d ,  t o  tb . inly b e d d s d ,  

n o t  s i l t y ,  c a l c r  i a d s t e m i n a t e .  Exposed 
i n  s t rem b e d ,  for3 i r .g  l o w  r a p i d s .  This 
u n i t  o c c u p i n s  a r a t h e r  b r o a d  f h t  v a l l e y  
a t  t h e  b a s e  o f  P a o r  Vc l l ey  X i d g e .  

C0-Jers-d. 
aasal S l l c s t o n a  X s r b e r  ( 1 2 8 . 0  Fel-:) 

S i l r s r o n t ,  nediiim bedded ,  p r o b a b l y  l i g ' n t  
Q l i v e  g r a y ,  j u c g i - g  from p a i t i a l  e x p o s u r e s  
~ l c ~ . : g  r o a d .  Zxposed i n  s:rean bed .  

Covsred .  P robab ly  s h a l e .  
S i l t s  t c n e ,  s i n g l e  bed .  
Covs_rs_d. 
S i l t s t s n e ,  s i n g - e  b e d .  
i o v e r e i .  
Sil:stsne, :hixi.y bedded ,  l i g h t  o l i v e  g r a y .  

Shale, g r a j j i s h  black, t h i n l y  l a n i n a t e d ,  
Cha t t anooga  S t a l e  (1EO- F e a t )  

vsathers  i n c o  snall p l a t e s ;  t h i s  i n t s r v a l  
p a r c l y  c o v e r e d ,  p i r t l y  ex?osed a l l  t h a  way 
C o x i  t o  i n t e r s e c t i o n .  

S i l t s t o r . c ,  11~:1: o l i v e  g r a y ,  x<?osed  i n  
sczea f ,  bed.  

S;?.ie. ~ r q l s n  b l a c k ,  c h i 2 l y  r3 :hic'sly l az i -  
Zazsd, vea:hsrs v t r y  d a r k  g r a y  ap.d 712:~. 

S;h.z:e, 1 i sS .c  o l i v e  3 r a y ,  t h i c k l y  :a t h l r ? l y  
l az . inaced .  :<cc  i leascrcd.  

F e e t  - 

21.0  

48 . O  

31.0 

74.0  

1 2 7 . 0  
1 7 7 . 0  

6 5 . 5  
6.0  
4 . 0  
3 . 5  
2.0 

29.0 
18.0 

IjA. 0 

i .C 

iO.0 

19.0s 
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CRUY F E D E W L ,  ZHC. 

PROJECT ACREZYZNT 
Grainge: County T e n n e s s e e  

LSX by and  be tween  Cra i r . ge r  C o u a t y ,  R u t l e d g e ,  Ter.nessne 37661 

( h e r e i n a f t e r  r e f e r r e d  t o  a s  W n e r ) ,  and Cruy Federal, Inc., 2500 

r a n g l e u i l d e ,  S u i t e  1 5 0 ,  0,' ~ o u s t o n ,  T e x a s  7 7 0 6 3  ; he re ina f :o r  called 

the o p e r a t o r ) .  

WHZPZAS t h e  Q p e r a t o r ,  unde r  c o n t r a c t  t o  DOZ-3organt5wn Enerqy 

r e c h n o l o q y  C e n t e r ,  Morgar.tovn, West V i r g i n i a ,  d e s i r e s  t o  c b t a i n  

:or+s and loqs from t h e  C h a t t a z o o q a  s h a l e  ( a s  d e s c r i b d  i n  E x t i h i t  

" A " )  f o r  the purpose of  c h a z a c t e r i z i n g  a potential source of ' 

u n c o n v e n z i o n a l  S;as o n  tna following d e s c r i b e d  l ands  and bounCeG 

s u b s t a n t i a l l y  by l a n d s  ncw owned by t h e  u n d e r s i g n e d  Oe . s r ,  E S  

fCll0WS: 

2nd mare p a r t i c u i a r l y  doscribed by ieed on :?cord i n  ' ~ i r r a n t y  Deed 

Sook 136, pag$s  2 2 6 ,  223, i n  th+ R c g i s t e r s '  o f f i c s  oL Zra ing=r  

County, T e n n e s s e e  c o n t a i . i i n r j  100 ac:ss,  nore o z  less. 

U H E X X S ,  t h e  u n d e r s i g n e d  Gwner is t h e  h o l d e r  of  surf.:,:a and 

mineral r i g h t s  in and t o  t h e  a b o v e - d e s c r i b e d  l a n d s  an2  i s  w a l l i n g  

t o  p e r m i t  O p e r a t o r  c,o d r i l l ,  core ,  log a n 2  test, or cac;3t to 50 

2 r i l l e d ,  c o r e d ,  l ogqed  and t e s t e d ,  a c o r e  hole o r  test k3L-f ( h c r c -  

i n a f t e r  r e f e r r e d  'co a s  " t h e  h o l e " )  or. O u n e r ' s  said l a n f s ,  suS;--=t 

t3 :he following terns an& c o n d i t i s n s :  
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NOW, THEPLFORC, &o and  l n  c o n s i d e r a t i c n  of t h e  ?.remises, 

:ovisions, coveno,;tr ,  :ems and condi t io . i s  herci:: c o n t a i . s e 9 ,  a22 

1 9  p a r t i e s  i n t e n d i n g  t o  be  l e c a l l y  b o u d  .C.ereby, it is h a r e b y  

; r e e l  as f 3 l l c w s :  

' 1. IN,Z~F(?O?ATES DCCUUESTS: The foL!.ouinS e x h L i b i t s  a r e  

: t ached  h e r e t o  and  i n C O r p O i d t e d  h e r e i n  by reference,  i n c ? g S i n c :  

S x k i S i t  h - L i t h o l o s i c  d e s c r i p t i o n  and  g a m a  ray l o g  

curve  of C h a t t a n o o q a  S h a l e  i n  v i c i n i t y  of 

p r o p o s e d  h o l e .  

E x h i b i t  a - A u t h o r i z a t i o n  for  e x e c u t i o n  of  t h i s  

Agreement  by  J u d g e  Ho-man Xcuff. 

E x h i b i t  C - Proof of insuzanco , .  

2 .  DEFINITIONS: 

" S u b - c o n t r a c t o r "  - Aqy zerscn,  c o m ? e ~ y ,  p r r t n e r s h i ? ,  

c c r ? o r a t i o n ,  o r  ocher e n t i t y  vh3se s e r v i c e s  o r  

m r e r i a l s  a r e  s e c u r e d  by t;?e O p e r a z D r  zo a s s i s ;  i n  

t h e  p e r f o - T a n c e s  of a n y  o b ? i j t t i o n  or  a c t i v i z y  u n 6 e r  

the te-ns cf t h i s  Agzeement.  

"Drill" - S h a l l  mean the d r i l l i n S  o f  a t e s t  h o l e  

c a g a h l e  of b e i n g  c o r d ,  l o q g e d  and p o s s i b l y  t%stec? 

2cr t h e  p u r p o s e  of c h a r a c t e r i z i n g  t h e  ? c t e n t i a l  of 

t h e  C h a t t a n o o g a  S h a l e  a s  a scarce 3f u n c o n v e n t i o n a l  

$as.  D r i l l i n g  s h a l l  r E  be c o ~ s t r i l e d  t o  i n c l u d e  

o r  require t h a t  t h e  O p e r a t o r  d r i l l  an2/or c o s p l e t e  

cny h o l e  t o  t h e  e x t e n t  n e c e s s a r y  t o  s r o v i d e  a well 

capable of p r o d u c i n g  oil or g z s .  

"Cored"  - S h a l l  b e  c m s t r u e d .  t o  i n C i u 2 e  ~ 1 1  t y ? a s  

a n d  methodo of c o r i 2 g  w h i c h ,  i n  t h e  so'e and 

a b s o l u t e  d i s c r e t i o n  of  t h e  C?erszor ,  a r e  n e c e s s a r y  o r  

u s e f u l  i n  a c h i e v i n g  t h e  o b j p c t i v e s  of t h i s  A 9 r o e n e n t .  

"Logged" - S h a l l  b e  Construed t o  inciuc',.. any  a n 5  a l l  

ne thods  of  l o g g i n g  d e t e r n i n e d  i n  t h e  sole an5 a 3 s o ? c t 2  

d i s c r e t i o n  of t h e  02,arator  k~ 5 s  nec;.ssary or  ss- . f - i  

i n  a c h i e v i n g  the objetzivzs of z h i s  &;re+nent. 
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a l l  methods  of t e s t i n g  v h i c h ,  i n  the  s o l e  ar.d 

cbsoiute d i s c r e t i o i :  of tho, O p e r a t o r ,  a r e  C e t e r n i n e ?  

t o  be n e c e s s a r y  and  u s a f s l  i n  a c h i e v i n g  t 3 e  o b j e c -  

t i v e s  of t h i s  Agreement .  

3 .  F o r  a t e r n  of t w e l v s  (12) ca;endaz m n t h s  fzom t h e  l a t e  of 

s i g n i n g  of t h i s  kg rcemen t  by all p a i t i s s ,  t h e  u n d e r s i g n e d  Owner 

aereby g r a n t s  t o  O p e r a t o r  and  its s u b - c o n t r a c t o r s ,  and t o  t h e  a g e n t s ,  

empLoyeen and r o p r e s e n t a t i v e s  of t h e  O p e r a t o r  and its s u b - c o n t z a c t o r s  

the r i g h t  t o  d r i l l ,  l o g ,  c o r e  and t e s t  a h o l e  c)r h o l e s ,  t o g e t h e r  

with such easa rnen t s  and  o t h e r  r i g h t s  as migh t  b e  n e c e s s a r y  o r  

: onvcn ien t  t o  sa d r i l l ,  core ,  log and res t .  

4 ;  Operator, s h a l l  s e l e c t , s u S j c c t  t o  t 0 n s e r . t  of :he @.mc of, 

the l o c a t i o n  o f  e a c h  t . o l C  drilled m d e r  t h i s  Agreement.  Ir- is 

snders t?OC r n d  a q r e e d  t h a t ,  if t h e  o z i g i n a l  ho.ie i s  lost, is 

o;herwise n o t  i n  m e c h a n i c a l  c o n d i t i o n  t o  be deepen& t o  t3.e 

3 e t t a n o o q a  S h a l e ,  c~ is a t h e m i s e  deemed u n s a t i s f a c t o r y  i n  t h e  

sole  and  abso l -Ate  d i s c r e t i o n  of t h e  O p e r a t o r ,  t h e n  a r e ? l a c e a a n t  

h o l e  a a y  b e  d r i l l e d  a t  a n o t h s r  l o c a t i o n  s e l e c t e d  mutual1:i by t h e  

W n e r  and the Operator. A l l  h o l e s  w i l l  be d r i l l s d ,  Logger',, cored 

a n 8  t e s t& i n  a c c o r d a n c e  w i t h  p r u d e n t  a p e i a t i n g  p r o c e d c i e s .  

5 .  As c o n s i d e r a t i o n  t o  t h e  Owner f o r  t h e  r i q h t s  gianzed 

O p e r a t o r  i n  th i s  Agreement ,  a l l  d a t a  s e c u r e d  o r  developed h e r e i n z i z e t  

by  t h e  O p e r a t c r  w i l l  be made a v a i l a b l e  t o  t h e  C v n e r  throuch t h ~ ,  

F z d e r a l  G o v e r n z e n t ' s  Morgantovn Enerqy Techno logy  C e n t e r ,  ? . O .  3ax 

S80, Horgantown,  H e s t  V i r g i n i a  2 5 5 0 5 ,  upon r sques :  of  t h e  O ~ n s r .  

6 .  The  t a t a l  d e p t h  o f  any h o l e  d r i l l e d  s h a l l  be de toza ice6  

by t h e  O T e r a t o r  i n  i t s  SCLO and  absolste d i s c r z t i b n .  Ope t i to :  

s h a l l  o r d i n a r i l y  < r i l l  t o  a t o t a l  b o t t o m  h o l e  d 2 p t h  e q u a l  t G  t h e  

b o t t o m  of t h e  C h a t t a n o o q a  S h a l e ,  c r  t o  a d e p t h  of 3 , 0 0 0  f e e t  sub- 

surface,  which  e v e r  d e p t h  is f i r s t  encountere*. No c o r i n g  ci tost- 

Fng s h a l l  be conduc:ed i n  a n y  ~ ~ o i o g i c  f o r m a t i o n  ot;:e= than :he 

C h a t t a n o o g a  Shale. i n  ' the  e v e n t  t k a t ,  i n  t h e  531.2 and a b s o i - i z e  

d i s c r e t i o n  of :he O p e r a t o r ,  any h o l e  is 2 z t e i - L n e d  t o  be =a?ak i le  

1 
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f p r o l u c t - o n  of g a s  cr  oil f r o m  t h e  C h a t t a n o o g a  S h a l e ,  :he C?arac,or 

g r e e s  t o  l e a v e  t h e  s u r f a c e  c a s i n g  and o t h e r  t h e n - i n s t a i l a d  w e l l h e a d  

quipment  i n  and on t h e  h o l e  a s  full c o n s i d e r a t i o n  t o  tho, h r n e r  f o r  

he  r i 5 h t  t o  d r i l l  and  t o  c o n d u c t  t h e  o t h e r  o p e r a t i o n s  au:horized 

e r e k  and a s  f ~ l l  se t t l eae? .k  of 211 damagos d:rect ly  c a - i s e d  thzre3;f. 

t i s  a g r e e d  and u n d e r s t o s d  by the- ? a r t i e s  tha: C p e r a t o r  coos no: 

c a r a n t e e l  and d o e s  n o t  Yar:a;lt, t h a r  any  hole so p r o v i d e d  w i l l  be 

apaktle of  p r o d u c i n g  oil a n d / o r  5 3 s  o r  w i l l  b e  c o f q l c t e d  t o  any 

x t e n t  necessa-ry t o  p r o v i d e  f o r  t h e  p r o d u s t i c n  of  o i i  cnd /o r  gas. 

ny a d d i t i o n a l  c o m p l e t i o n  o: o t n e r  a 2 d i t i o n a l  p r o c e d u r e s  n e c e s s a r y  

o r e n d e r  s u c h  h o l e  capable  o r  ? ioc?ucing  o i l  a n d / o r  g a s  snall be 

h e  s o l e  and e n c i r e  r e s p o n s i b i l i t y  of  t h e  Cwner. A full a n a l y s i s  

f 211 d a t a  o S t a i n e 2  f o r  a g i v e n  hole u n d e r  t h L s  Agreement ,  and 

S e t e - m i n a t i o n  Sy O p c i a t o i  uhezhe: said n a l e  1s p o t e n t i a l i y  ca?abLe 

f p r o d u c i n g  o i l  znC,/or g z s  f r o n  t h e  C h a t i a n o o g a  S h a l e ,  s 2 a l l  3e 

r d e  n o t  l a t e =  than Z L X  (6) c a l e n C a r  months f r a n  t h o  iate of  

e r n i n a t i o n  of  o n - s i t e  uoric by Operator on s a i d  hole. 

7 .  The O p e r a t o r  s h a l l  be r e s p o n s i j l e  t o  t h e  O w n e r  f O i  all 

n d i r P c t  damages ,  i n c l u Z i n q  damages done  t o  b u i l d i n g s ,  f e n c e s ,  g a t e s ,  

.anks and o t h e r  sr;rZace h p r o v e n e n t s  of t h e  O w n e r  on t h e  above-dss- 

* r i b e l  l a n d s ,  if, 2nd o n l y  i f ,  s a i d  lanages a r i s e  directly an6 

broxrmate ly  f r o m  t h e  n e g l i g m c e  of t h e  O p e r a t o r .  The @ = r a t o r  s h z l i  

Fepaiz all darnages f o r  wdich it is liable t o  t h e  r z i s o n a ~ l e  sat i s -  

l ac t ic ln  of Ovner ,  o r  s h a l l  make r e a s o n a b l e  paymen: t o  ths  O ~ z e z  f o i  

a l l  socn damages ,  w i t h i n  t h i r t y  ( 2 0 )  d a y s  a f t ? :  cox?lcr:on of 

2 p e r a t i q n s  unde r  t h i s  k g r e e n 5 n t .  

. 8 .  O p e r a t o r  a s r e e s  t o  i n d e l n i f y  Owner f o r ,  a n 2  t o  no18 Owner 

i a r n l a s s  f rom,  any  a n t  all c l a i n s  a r l s i n s  out of  0pera:ior.s con- 

i u c t e d  on  t he  a b o v e - d c s c r i b e d  lands by t h e  O p e r a t o r  t3 t h e  xaxkx :  

2 x t e n t  or' t w e n t y  n i l l i m  d o l l a r s  ($zc! ,  050, o a o )  g s n e r a l  l i a b i l i z y  

i n s u r a n c e  c o v e r a g + .  ( A  copy cf ?roof  of s a i 3  i n s u - a n z s  is a t ta t? . . sd  

h e r e t o  and i n c o r 2 o r z t e d  herein a s  E x h i b i t  C .  



ment e x e c u t e d  by a l l  t h e  p a r t i e s  h e r e t o ,  s p e c i E i c a l 1 y  r e f e r r i n g  t o  

t h e  p r o v i s i c n  o f  t h i s  X g r e m e n t  t o  be amendecf o r  m o d i f i e d ,  and 
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16. ~f any provision of t h i s  hg rccmen t  sis;1 bc f o u n d  to be' 

i l l e g a l ,  i n v a l i c !  o r  o t h c r d i s e  u n e n f o r c e a b l e ,  then t h e  r e n a i r . i n g  

s r o v i s i o n s  of t h i s  Agreemar,: s?.al l  remain i n  f u l l  f s r c a  ane e f f e c t  

c o 7 m i n s u r a t e  u i r h  s a i d  r e a a i n i n g  ? r c w i s i o n s  and t h e  s ? i r i t  an:! inter.: 

o f  t h i s  X j r e e n e n t ,  a s  t h r 2 u 5 h  s a i d  il?c:al, i n * : a l i d ,  o r  unenfo:reab?.a 

2,rov:sion had no= Laor: i n c l u d e d  h e r e i n .  

17. T h i s  Agieement  s h a l l  n o t  be a s s i g n r c .  t r a n s f e r r e d ,  ~i.:s.n 

as a ? l e d g e  o r  s e c u r i t y ,  o r  o t h e - v i s e  e n c a r d s r e d  by e i t h e z  ?a:t:~ 

w i t h o u t  t h e  s i g n e d  w r i t t e n  c o n s e n t  of t h e  o c h e r  p a r t y .  

WIIEREFOPZ, &re: anC O p e r a t o r ,  a n t e n d i n s  t o  be l a g a l l y  bound 

h a r e b y  nave  s u b s c r i b e d  t h e i r  h a n d s ,  n a m e s  and sea l s  on t h e  d a t e s  

i n d i c a t e d  b5low. 

G X U Y  FEDZ.UL, IXC. 

p e r s o n a l l y  a?$rared .  -rn i n d i v i d u a l  known to me to be  Judr;e Ns-rzan 

Acuff, who b e i n g  b u l y  d c p o s e l  and sworr . ,  "reby s v e a r s  and a f f i - ? .~  

t h a t  hi. is a ; s age  of t h e  Courts of GtiirnGer C s u n t y ,  Ts.yr;essts = h i t  

he i s  em?cwsred and  a u t h o r i z e d  t o  execute the a c c s ~ s a n y L n q  hGr-lene7.z 

for  a x ?  on  b r > a l f  of  s a i d  S r a i n g s r  CoGnty, Ts?.nessc.e an<  t h a t  h l  > a s  

e x e c u t e d  and  signed t h e  a t t a c h e d  Agreement Y O  b e h a l f  of CraFi,ga= 

Coun ty ,  T e n n e s s e e  f o r  t h e  i n t e n t  and Pui?oses set f3r:h t h e r e i n .  

Swcrn to 2nd subscribed before r.5 a 

Notary Tublic i n  and $ s r  t h e  County  

o f ~ i a i A ? : ,  stat? of T e n n e s s e e  
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On this 7th day of A u g u s t  1973, before me, t h e  

undersigned auChority,  per son t l ly  appeared an l d t v l d r r a l  

knom t o  me t o  be Robert 5. Steffy,  who befng & d y  deposed 

a d  sworn hereby sveers atd aff ims &a: ho 1 s  !-"ru3er of 

the P F t t s b a r g  Operations o f  Cruy Federal ,  Inc., and as su=h 

is authorized t o  sign t h e  of Jaaes H. tiartsock Vice  

President of Gruy Poderal,  Inc. t o  the foreg0fr.g conttac: 

dated Augusc 7, 1979 batdeen Cruy Federal, Izc. and C r a f q e r  

County, Tennossea €or the  i n t e n t  and purposes s e t  f o r t h  

therein.  

Oct. 21, 1979 
My C o r L s s i a n  'LupFres 
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