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INDIVIDUAL WELL REPORT
FROM TEE PROGRAM ON

CIARACTZRIZATION AND ANALYSIS OF

DEVONIAN SHALES AS RELATED TO

RELZAST OF GASEQUS HYDROCARBONS

WELL N-4 HARDIN COUNTY, ILLINOIS
by

R. S. Xalyoncu and M. J. Sayder

INTRODUCTION AND SUMMARY

Comprehensive characcarization work was

'l

eriormed on shales:

from Hardin Councty,-Illinois (N-4). - A coral of 39 samplas

~~

1

O

Sor Battellas
and 20 Zor other DOE contractors) wers collaccad from Shis site. N=4

shales are basically characrtarized b& complate absences of aydrocarbon gases
and rather low organics (C-#) contents. In the absance of aydrocarbon gases
oo zeaningful corralaticas could be observed between che characterization
data and potaarial productive cdpacity of zhe well

.

OBJECTIVE AND SCOPE

The objectiva of this program is to decarmine the ralationships

o

erween shale charactarisctic, hydrocarbon gas content, and well locatiom
to provide a sound dasis for defining the nroductive capacity of che
Zastern Devonian shale deposits and for guiding research, development,
and demonstration projacts co snhance the recovery of natural gas Srom
the shals deposits. The program iancludes a aumber of elamental tasks as
a part of the Resource Inventory and Shale Charactarization subprojects
of DOE's Zastarn Gas Shales Projact and is designed to provide a wide
variacy of support data for chat project.

A large number of cors samples of zas bearing Zastarn Devonian
snale will have been examined by the =nd of the program. Afzer tie
characzarization daca for iadividuazl wells have been compilad, ac:tampcs

will be nade to astablish the intarralaticaships berween Zha shalas

BATTELLE —-— CoLUMBUS
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caaractaristics, the aydrocarbon gas content, and well
the samples wera obcained, amploying the
(AID) Analysis.

P - ; . -z ) .
R The following tasks comprise the total efforts ina this rasearch
program:
- v Task Cescriptive Title
1

Core Sampling

2 Gas Contant and Gas Relesase Ximerics
3 Chemical Charactsrization of Shale

4 Physical Characterizaticm of Shale

3 .

Lithology of Shala

Tasx 1. Cors Samnling

Well N-4 (Hardin County, Illinois) samples wers corad December 1378.
A total of 39 samples were collected; 19 for Battalla and 20 for other DOE

contractors. TIwenty-two barrels of snals cora was obtained. The coring was

nade between deptis of 32 and 26 t. Additional well and fiz2ld sampling

e

®

~2
]

or

ry

S
data are summarizad in Tables 1 and igure 1 depiccs on-surfacs tixzes
the N¥-4 shalss.

Task 2. Gas Contents znd Relsase Ratas

Gas contents determined for N-&4 shales ars dapiczad in Tables 3.
These shalas, 1ike =ost wells in 1llinois, do act axhibit any aydrocarbon

gas countants.

Task 3. Chemical Charactarizacion

Tabla 4 summarizes the tocal carbom, nydrogen, aicrogen contants
of che ¥-¢ snalas. Sulfur contencs are slso prasencad in che table.
Totzl carbon contants vary dbecween 1.5 zand 6.4 percsnt, avdrogen contants,
being morz uniforz, 0.2 and 0.3 percent, and che sulifur contsunrs Zrom 0.6 <o

i
3.0 perzenr.

as a3 functicn of depth.
- SATTELLE — COoLUMBUS
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Task 4. Phvsical Charactarization Data

Partial jnysical charactsrization data cn N-4 shalas are prasencad
in Table 5. These ars bulk and true demsitias, porositiss (calculatad from
the density data) and surface arsas. Statistical analysis with kay
parametars on these data are given in Table 6. Figures 6 through 11 illustrace
ona-~to-one relationships between various paysical and chemical characterization
data.

Porosities were also determined with the mercury intrusiorn mechod.
Some of these values, shown in Table 7, agrse well with the values in Table 3
calculatad from the demnsity data.

Permeability measursments wers made on three N-4 samplas, namely
N-4-73, =147, and =257. Tae values Sound wers 5.65 x lOfé. 5,99 x 10'6,

.
and 4.17 x 1079 darcy Zor the three samplas mentioned.

Task 5. Lirhology of N-4 Shales

Mineral analysis of N-4 shale samples through powder sxaminaticn

0y pectrograpnic microscope was not possible. Two types of grainms could be

Se
t
cbserved, one being a carbonats mineral, the cochers being highlv opaque

ggregatas. The anergy dispersive analyses of these samplas ars shewn in

-1 L
1

able 8. The X, Al, and Si counts indicate the prasence of quarcz, illite,

>
nd prcebably other clay ainerals. Also a small amount of pyrita is indicatad

(n

in Samples N-4-147 and =257, by the Fa2 and S contants. A significant
amount of Na was aotad, but the mineral in which it occurred could not e
determined by che techniques used.

SEM views of these shale samplss aras shown in Figurss 12 chrough
14.

BATTELLE — CQOQLUMBUS



233
Battelle Columbus Labs.

&
=
T

UGR File

. 24, 1979

Sept

Lot L 00 wl Fvarns it g
fudr S ldnvs any) T1O0 S HAd S HNNTEG vy ST O HtvH 9MIn0og tavea jav
UL 1444 v LY Udddauly ONTHOD vy 1 503 yy v nvydy Ontanl

S ot al ADvauns a1
4048 S AVanvS  ang T100U4 add SHIONEY YECE ST v ONTaY) 1YV Ay
ELLY DR W N F AN v Odaa0)S Oniun) v 1399 wy LY wvOId ifng)

sl 2 1° NT ADvdans L NO
Jt44M S 3 Tdnvy A1t} TIO0F U SAEONTH ¢7 L ST dbve unio0l) duviiianv
ELLV O WK B T) ] LY Udaad01S UNTHOD Oty L399 v Y 1V HVO Y ONTGOD

Sanur 4 * rel 1DV Heants a1l 0o
dudmM SAVIHYS dnt TJO0d Hdd STIONTe S1odive ONThUD A VHIAY
L 1344 vy IV U4dd0ls UNTHOD UGNy L4134 6t LV WV I ynland

Sanoi 21 N 3D fans 1 wo
ECELEEE BRI T1O04 A4 SHUNONIW 9°¢ ST Jlve MEa0D JUvadAvY
Jl 1334 ot 1V dadduls onluud UHv 1439 Yt v vy an 9nfood

SHnon 11" N 40V dany Al o
ERELERE B ET7A AN (7)) 1004 Mg S0y 210} ST ogtva ONLHOD A9V a LAY
L T334 v IV G4da01S UNIHOD Uhv 111y 28 IR ARTA A EITRRILT RV

U41931700 S4ldnvs e

M TV ARV A BT R R ET R TN IT |

~N THAM viieard NULI Vo IN]

Niter

ONV 3 T0atkvy od GAEDT0V100 S 3 Tauvs

ol

UANHNG 4

Y TOH HnY

s TUN 0

L4 SO mhv

t UM il

[4 TOW Nith

1 TUN hnh

*sughiiu hud
ERELIHE I

Jadn S Tdnvs

T4t S tlan Oy
Vo 4y Hnlouod

STivavy ¢ ok 11 1334 69 LV (Uiaad0ls Unv 1494 ¢
. Jung oo (SALIINIRTS 4309 100yt “dy
Junriev (SHIONTRES T409 30 €451 :

1id4 w1y

M A RMIOD MlGHYH

GUERRFR AT R ET N B ST

SAtvniunuo)

taung g v

ROLIVOU




Battelle Columbus Labs.

Sept. 24, 1979

5

RYZIALI LTI I (S0 B I A FIY ERSNE TN & I MY
Juin S 3 HIHVS ang TLOO Mg SHINNEw 99 U S Atvi il anl) ADvVHAAY
ML Ci444 99l 1V Ud0aDlSs ONLYOD Olev B34 9t U 1V MV aH Yl hg) Wl TOM NOn

Sangty v NE 40V ians Wl oo
Juim SIVdHVS g TH000 udd SHEOMIN HYe Hl ST dlv BMTa0) Juviiny
L "1 d3d JtE IV G4da0LS UMTa0D gnv 1344 ol AV avy s Htdlean) LV COnN MO

Songk ty e B 40V 4nns g no
Judm SINgRVS dnt Ca004 bdd SAHMIn t 16 ST Fdive 9nbaud duvi v )
ML C1344 ot LY Ugd0LS ONENUD Uy Ldd3 YO RV HYYIH UNTa0D) vyl “ON NI

Setttnt Lo N 4DV AHRS AHE NO
AN SHVINYS M) THO0 4 ndd S HONIW YTt ST odEve vl huy) dyvaiany
It 1334 vui LY Uddedls ONTHOD Uy 1433 V0L Lv Mvadd unlau) ST "on M

Setttost e NL 4OV autts 4Nl 1o
JuIn S lgnvs 4l 1004 bdd HSHINNIN ¢o°d ST vy OkTHO3 Juvndav
4HL "1334 oo 1V UdagaUlS YUNTUOY Uy 1444 vo Lv mvadd gnlgo) 1 0 Ny

SO L ml SOV aans dant by
dodn SINdHYS A T 1004 odd SIINNTE wu 't ST dve anlhog Jyvoany o
M) 1443 9o AV UdaddO1S UNIN0D UMy L334 <o 1v tvyd4n Y0 U "un NOYy

SHUIONE ¥y ® w1l DV auns diil no
Fudn SAVWJuvS Al T Huod ddd SIENKIn byt ST o atva 9nTHOD d9ve iy
ML L334 <o PV Ydaa0trs UNTH0OD UNv 1314 0w tv WYY Yl ey ¢l “ON NnY

SHION e NL 30V s ang ng
A SIVHYS Nl 1000 sdd STHONIN wu b ST v 9Oninos doveday
ME 1434 ov LY G3ad01S UNTHOY Uy L1434 yv v Hvody untuoy L "un N

Sunutt we® Ml 3V gans g ng
Audn SHNIHYS dnl CHO04 0dd SAINNTR Sete S dvi UNEno) Juvhiav )
ELI S I 2] IV Uledaly UNINO) Unv 13313 vy LV 11vyid ynlavd 0l “ure Nt

St £ 00w 4OV 4SS it 1o
ECELER-F AN ANy | 1003 ddd SHINNIW 0%°Y ST ALVYE Seia0) duvedny
I *1334 by IV U4ddOlS UNTHOY Uiy £349 Uy IV VYN Ontoud) 6 fOn N

SoltOH Ye¢* NI 3Dviahns g wo
JHIM S IIHYS dh) L1004 ndd SHINNEW 21T ST vy antaod 4vvhdny
g 1333 Uy 1Y Udaotis 9oNlOO)d duv 1944 ui IV Lvy Ju un i) H o TUn N

Safos L1 NL JOVaans Al w0
EREL] muf.:«v ang L0044 BAd SHINNTW Y7L ST Jtve YRTUD) 19V Ay
il 1434 we 1Y QdddO1s UNTNOD (v Ld44 w2 LY vY I uNT o) i CuN N

Y H INNEENG D VLI BOa s MO LYHAD N NG
- :5::-.:.:5 1 AV



Battelle Columbus Labs.

UGR File #233
Sept. 24, 1979

JUAN S IIHYS 914}

ECELIRE RE 1A A TF

|
}

04M 5 ldnvs Mg

i

AN S 3 lanivs iy
ME 1344 Vel
!
Yy -h

T100s nid
ami *1333 ovye 1V uiddgory

f1O0 4 Uid
3L 1333 Yve LV UIdJOLS

C100 4 o
ELDE C1344 Yed LY UIdants

1004 Hia
IV UscadOts

[EEIILIE N RN

SaltO ¢%°  ul IV auns  Int Ho
SALMMIIW <% ST 41va ONTHOD 49V 4y
UNTGUD ONVY 133 L% 1V NVYIY Ynlno)

SANON ¢4%° N AV NS dHL 10
SN S2000 ST 4ive 9nToo) dyvadav
ONTHOD) Unv L4444 Yed BV nuvody uynion)

SUMUH DY ML 1DV IS dil wo
STl cotal S vH UNTHOD H9VeadAay
GHIHOY Une 1343 1ol 1Y nvydy uNnlsud

Sunon Uyt ND 2IvaNnS dul wo
SHINNDy 99t ST dive 9NEH0D Juvnany
ONINOD Ol 1434 990 IV v wiilund

Fhim vodd MOEEVRHIOANT B
(panupavon) 1 oaavlL

[



53

UGR F

.

wy

+Q

L

w1

n

3

0

mg
~

— Oy

O —

(&

-
[
— O
i
Q -
PSR
oy
o O
m v
~

e
(24
i
te
ue
{{K4
0 vl
v %]

S ecsSsa

<

v vl
[} (AL
v vl
[} 1t
o 1
vl
v vl
1] 1 |
v (A

M 1Y ] (13}
LV PN Yinnvi

[
0,2
s Ly
el
[ 3 Al
| B4
[ A4
tute
YR
gy 1
ey
G0t
L2 I |
toe®
Lty
A
99
P4 1
tys¢

il
13V gnny
Z13]

v M Fidm o vivo

t7720A%
t77ury
V7¢As
172A4
L/CuAY
trday
[/7¢8AG
1/7¢Ay
L72ay
ireay
V7 ey
L/72HAG
1/7¢A%
(/7dAs
1/7¢Ay
L7Z2AY
t7%ay
t/%As
L/ Ay

LA ]

UNT ldnvs

AT
“1ve
TrLee
1ée
T0dd
ole
“o6l
Toul
A
MG
YRR
*ytl
et
vt
AR
oyl
ool
‘0o

te

Ul

[ D P aJrmvy,

Fdnvs



tn
N
ol

UGR File #

Battelle Columbus Labs.

Sept. 24, 1979

61 on-o e Iheat 65708 0u°o 4o -n an-n an-o vuce  noco no*o “ZhG *pap “n6e 167
ui 0o 0 fe ThURYT GI0W 000 o0 o 000 a0y on*n 0o°e won ‘611 1129 064 ‘vz
I3 RN 59°2 56°61 2119 na‘o 000 po°6  anvo poce  unto 004 *599 607 “ng i ‘152
91 000 2914 v1°51 89°20 w06 on o gn°n  on*p gn*v  oo-o vty cynsn hay Y Iy
3] onco 56 £9°02 0% Rs 000 oo poco oy toce  noco RO Xt ‘NG ‘pzz
"t 900 11°9 9% g 1R G0 060 nem  60°0 uncn  Bo-y 902 TGN ‘002 012
€1 foo 99°g 261 G%'9a  0uco o0 a0°0 no-n N0 wo°o e “gng IV “HEY
21 o0 n-s 96° %1 Y6 °6L 0p°0 000 ‘o oao o0 uwo°o 2 *269 1y kel
i on-n 6011 £1°2 80°99 00U 0n-n EX uwoen oncn unco LIy ‘ony “nns T
0t R 95y 6E°2T  %2°'wR  qao°e® on-0 90°0  Wo°o0 s uu-o 9% g FEh 004 661
6 000 50°1 2168 S1°61 600 00°0 nn*o0  en°u an*e  oo°o0 61°% “2rs *nGe Lk
9 oo 1a* P6°61 0261  00°0 oo w0 onto anco no‘e noo ‘94 *0q4 ‘yrt
! n-n 11 gn* nR*we w0°0 000 on-o fnc 0 uno nu*o 91°2 cqG “nny TR
9 vuco w2y L2 Y whet8  noco on-o wn-o oo ancu oo L REA LNt 16 ‘uu/ ‘r21
o 000 e (TERY| 60°97  00°0 no‘o 00°n no*n a6°n  nn*o 62 “1eR ‘f9q *nGl ‘91
" I RY] IRy 019 %7°w9  o0°0 oo "o oo no°o one voco he's *2611 ter? ‘64 ‘hnt
3 0o°on g0t PA AR 90°6 ¢ a0°0 no°n 0o°od LU [1E LR (] nn-a LR} 61y RN ‘ust ‘aot
2 111 A H] f0°4 g 21 68 23 an *o (UK I ] oo -0 L{N I \] nn-Q [N} VAR AR A] ‘na ‘N6
1 onn q1'el 18 6%°89  00°0 00°0 00°n on-u on R no°n an*o ‘926 c7724 “ons ‘2
‘0N JIVHS 40 JIIXOT0 HI9AX0 HISOMIIN “D0u0AH THYINTS IYING A0 WYL JuvitLan *10d m ) g g ar 1anvs
035 IUNI0A 1THR  NODYVD WUt . ALTSOMOd FUNTIOA KNIOA 140SS Nid
/0395v371Y Sy9 THAMY )G N I0AHOTLTS0dHD ) SV9 1300 134
60731760
OB TN Y EvO ISYINN SYa WILIND ¢ apvy



0
ta]
o
3
0
J
bg
. L
tny A O
~N O
e O
-
o O <t
— — o)
el
1, O -
LB
24
G_Me
D %]
(oA

]
-
HO DB OEUHDHUE BB OB HNnnan

Lol T B BTNV I~ N

*ON 3007
n3as nyva

9°1 P Z2* [} 162 - N
£°1 1 £ n°s VA PR
g 1 L 3 €°s If7 -h% N
I L 2° 62 *122 - N
I 1 £ "2 027 -w N
b ) 1 | B 6% ‘N8z -% n
n°e Ve L3 26 THhet -~ N
0V e 2" 1°¢ ‘1Y -n M
PA ¢ 1 2" 49 MUA R SR B
e° 1 2" eh 661 -n N
6 1 e 92 AR AR B |
1’ ¥ 2" a°h e - M
92°1 Ve 2" 1°¢ *Ift -n u
. L 1 2 61 £21 -n N
9 i 2" V°F 911 -% N
172 v Z° 9Ih “hoey - N
91 | 2" 12 001 -% N
a2 1 2" 02 ML B L
n°f [ §° ' 1°g 2 - N
[UEMLEN] 1AM 11 32% o INITH 3
mons NI LT H HIT0M0AH MO MDD ny Mave
Lol ™ot Iviod ot

£L/12760 SYIYO NMOTIVZINILD™SMVHY WITHINT -y Fgvi



[sp]

o
e

Battelle Columbus Labs.
Sept. 24, 1979

UGR File

10

61 toL"¢ nono Huy e Lyt Lbe -Y N
41 699° L 000" 0 ety e vio*¢e 1yl -v H
11 09t°e non°*o P AR YUY tte v N
1 19 ¢ LEn°g LI T S Y9t “led ~v N
wl peete Hru” w99 s IRV AR Tugd - N
L2 *6Y" 2 962 TS Al [ N A T0te -y N
[ £Y6° o000 19y ¢ Suyte TH6t -y M
el glo°1 iy-2 tHy“2 909" Wil -~y N
[ e’ FAS B lye°é 9yy9 -2 Tyt ~% N
ol 169" EL A ) (UL s Gyl ot - N
6 9yyeo t LY 1949° < Y9Gt e Lyt -~ h
1] $%6° wooto 194 ¢ o9 ¢ hE11 2N B 2
i 201 oal*e LA FAR AR b T RS 2 1
9 6l6" Ty9° 4 w2 tty-¢ “tet =% on
4 Yottt ELT A W69 169°¢ “9it - n
Yy LA 11 ' HEW" S tvt*¢ [RTAYRE ‘vl -y o
t IZAN 000y Y0y 6YY*© e MTATE BRI
4 YR A | [{ X/ LAV [ A4 MR TX PR R ¥
i Ltvy 0onto 1Yt e tus ¢ 't -%Y N

U Y/ 1O BRYA)) 2379 BT S N FUIZA A
(LR ] MR AN ES0N0d SAlSE ) CALISKH A
3av auns innl R

0l/7ul/40
Vivg HolivZzindlovaviy) WIOTSARd 10 AHYMEKS ¢ UV



233

F
Battelle Columbus Labs.

Sept. 24, 1979

UGR File

11

61

61

[}
LRI

S4lanvs
40 un

t9v<

t90°¢

w9 e
LR A4

LIWD Y d3ddn

wot 'l
PA N

[LATAT 4
Y0y ¢

LIWEY) Win0O

WA It JONIGLIN0D " 1Jd so

VIVY NOYIVZTH 41DVHYIE)

6g "
tre

Yo"
to*

HOTIVIAAOQ 40
INER N EERIVE

Y

(470

[T

to-
ve-

FINVIAVA

[ R EL]

6l /ul/%0

WOISALG 40 SISA vy

NOTAVIAIU
[GAUARY

Mvalististhivis

eyt
L6 1

aLyte
yly=¢

NY A

9 Ava,

LVl Jimalsnl Sk Be

9/

JIry
D7y

vy 40V deny
Iog *ALTSOH0a

CALISNAO d0nd
PARTONAO X e



UGR File #233
12 Battelle Columbus Labs.
Sept. 24, 1979

TABLE 7. MERCURY INTRUSION POROSITIZS
OF N-4 SHALES

Sequence Sampls
Numbez ID Porosity
1 N-4-73 1.86
3 N-4-100 2.12
3 N-4-116 8.75
7 N-4-131 10.33
. 9 N-4-147 2.92
11 N-4-168 3.45
13 N-4-199 3.45
15 N-4-220 4.77
17 N~4~237 3.30

19 N-4=-257 3.98
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TABLE 8. EINERG7-DISPERSIVE ANALYSIS OF N-4 STALES

Sample

Number Ya X Ca Mz Al Si TYe 3 TL ? Fe/S R/AL R/Si Al/Si
N=4=73 1.8 8.2 - - 18.5 67.0 3.8 - 0.7 - = 0.30 0.12 0.25
N=4=147 2.4 11,1 1.7 - 18.2 &61.0 2.7 1.2 7 - 2.2 0.38 0.18 0.32
N=4~257 2.3 9.0 3.7 - 17.3 64,5 1.4 1.1 0.6 = 1.2 0.52 0.14 0.27
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FIGURE 13. SEM MICROPHOTOGRAPH OF SAMPLE N-1-147
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FIGURE 14. SEM MICROPHOTOGRAPH OF SAMPLE N-4-73





