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INTRODUCTION 

Core Logging Form 
The procedure described here has been used successfully for logging 

carbonate cores for oil and gas exploration and production, geologic 
research, graduate-level courses, and industry short-courses. By design, 
the logging form discussed here is simple and flexible and can be readily 
altered to fit a specific project. However, this is only one of many logging 
styles used in industry and universities, and it should not be considered 
the only format applicable; personal preferences greatly influence the 
selection of a particular form. 

We strongly recommend that some sort of graphic logging form be used 
when studying carbonate cores and samples. A logging form allows fast, 
accurate, and easy recording of data. Most important, the data presented 
on a logging form can be compared directly to associated geophysical logs 
and to core descriptions from other wells. 

The logging form we devised is shown below (fig. 1), followed by a sample filled
out version (fig. 2). The rest of this Handbook contains charts and illustrations 
designed to facilitate logging carbonate cores using this logging form. We have 
also included photographs of slab surfaces and thin sections to illustrate some of 

.· the tYPical fossils and structures that may be encountered when logging core. Part 
_ of the filled-out logging form accompanies each example to serve as a guide in 
' using the logging procedure described in this Handbook. .. .. . ,. .. .... . 
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Figure 1. Logging form reduced 30 percent. See form in pocket at back for full-scale version. 
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Core Preparation 
Proper core preparation before examination is essential for obtaining 

the maximum detail. Minimum preparation should include slabbing the 
core lengthwise, and limestone core should be etched with dilute (10 
percent) hydrochloric acid to remove rock dust and some of the saw 
marks. Dolomite core is more easily examined after being dry sanded on a 
belt sander to remove the saw marks. The surface of the core should be 
kept wet at all times during study, except when estimating the amount 
and type of porosity, which are better observed on a dry surface. 

All the features described in this Handbook can be observed by usmg a 
low-power (lOX) binocular microscope. 

Keywords: carbonate rocks, core and sample logging. 
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Figure 2 . Completed logging form reduced 30 percent. 
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CARBONATE LOGGING GUIDE 

Porosity 
The percent porosity should be estimated as part of mineral composition. The 

type of porosity is recorded in the pore-type column according to the classification 
of Choquette and Pray (1970). 

BASIC POROSITY TYPES 

FABRIC SELECTIVE 

~ lnterpcrtocle BP 

.............. ....... ~ .. . ····· · .. -.-.·-·:: ~.·.·. ·-.·.;··... '··· ... , .. •. ::.:-:.~!--: :!~: 

lntraparticle WP 

lntercrystal BC 

~ ~ Moldic MO 

Fenestral FE 

Shelter 

Growth 
framework 

SH 

GF 

NOT FABRIC SELECTIVE 

Fracture FR 

Channel* CH 

Vug* VUG 

Cavern* CV 

*Cavern appltes to mon-s1ted or 
larc~tr porn of cnanntl or vuq snope 

FABRIC SELECTIVE OR NOT 

~ ~ ~ lBJ 
Brecc1a Boring Burrow Shnnkoge 

BR BO BU SK 

Figure 3. Basic porosity types, from Choquette and Pray (1970). 
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Mineral Composition 
Log in percent. Column width on logging form represents 100 percent and is 
subdivided into 10-percent intervals. The items listed here should be entered on the • 
mineral composition column in the order shown here, with porosity on the left and 
pyrite on the right. For example, on Figure 4C (p. 22) calcite is shown on the left 
and silicic sand, on the right. 

- { 
I 

A 
I 

I 
' 

s 
SI 

sc 
SD 

ST 

Left Porosity 

Potash salts 

~Halite 
-Anhydrite 

-Gypsum 

E2Ij Dolomite 

~Calcite 
~Chert 
Ea Silicic sand grains 

~ Silicic silt 

~ Silicic mud 

ffij Organic 

S Replacement silica 

Ri ht~ p ' te g ~ yn 

Nature of Contact 

Sharp G Gradational 

Sharp irregular B Gradational-interbedded 

Sharp conformable VS Visibly scoured 

Sharp disconformable BU Burrowed 

Stylolite 
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Structure 

Carbonate Structures 

~ Streaky ~Solution cavity with 
breccia 

-z_ Streaky laminated 

~ Microstreaky 

~ Stylolites 

/ ..,.- Fractures 

QCloudy 

~ Shale and bituminous 
partings 

-#§ Interbedded 

__........- Truncated surface 

V5 Scoured surface 

/l/l./1/ Convolute 

~ Graded beds 

c;;oc;e Fining up 

~ Coarsening up 

Lamina types -
sketch 
diagrammatically 
example-

-e:: irregular laminations 

A..U.... Ripple marks 

~ Cross bedding 

Brecciation types 

0 Fracture 

0 Mosaic 

~Chaotic 

5 

\7 Highly disturbed 

,6 Hardground 

c-o Boudinage 

Burrows 

-u- Vertical 

~ Horizontal 

-v- Suggested 

/ Clasts 

--y- Borings 

C;) Keystone structures 

~ Mudcracks 

8 Birdseye 

f" Fenestral 

:/If Organic framework 

w Geopetal 

~ Roots 

--- Sheet cracks 



Anhydrite Structures• 

* Crystallotopic 

®Gypsum pseudomorphs 

QNodular 

~ Nodular mosaic 

A Mosaic 

f\1 Massive ==Bedded massive 

Modifiers using mosaic as an example 

)(' Distorted mosaic 

~Bedded mosaic 

-=*Distorted bedded mosaic 

\7 Highly distorted 

0 Breccia ted 

Size of Anhydrite Structures 

For nodular and mosaic and breccia 

Small(< 1/4 inch)· S 

Medium (1/4 to 1 inch)· M 

Large (> 1 inch) · L 

Beds or laminae 

Very thick(> 4.0 inches; 100 mm) · VTK 

Thick (1 to 4 inches; 30 to 100 mm) · TK 

Medium (0.4 to 1 inch; 10 to 30 mm) · ME 

Thin (0.1 to 0.4 inch; 3 to 10 mm) · TN 

Very thin(< 0.1 inch; 3 mm) · VTN 

*From Maiklem, Bebout, and Glaister (1969). 
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Texture 

Log in percent. Column width on logging form represents 100 percent and is 
subdivided into 10-percent intervals. The items listed here should be entered on the 
texture column m the order shown here, with ooids on the left and micrite on the 
right. For example, on Figure lB skeletal grains are shown on the left and micrite 
on the right. 

Carbonate Textures 

Left ~ Ooids¥ 

I @<i> <i> I Oncolites 

10®0 ® I Coated grains 

I a. & & ., I Lumps 

[Iill Lithoclasts 

I cp cp <P I Intraclasts 

~ Skeletal grains 

I<DQ) (f) (f) fZ) e I Pellets 

~Pelloids 

lo 00 ° 0° I Grains indeterminant 

Right p;:: :.: ; I Micrite 

Highly altered. Superimpose over 
interpreted texture. 

rzzzJ 
Anhydrite Textures• 

~ Felted 

~ Subfelted 

~ Aligned felted 

0 Blocky 

/ Lathlike 

j{ Needles 

M X Microcrystalline 

A Anhedral 

*From Maiklem, Bebout, and Glaister {1969). 
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Carbonate Fabrics 

M - Mudstone B - Boundstone 

w - Wackestone Ba- Baffles tone 

p - Packstone Bi - Bindstone 

G - Grainstone F - Framestone 

Depositional texture recognizable 
Depositional 
texture not 

Original c:omponenta not bound together 
during depositions 

Contains mud 
(particles of clay and fine silt) 

Lacks mud 
Grain· and is grain· 

Mud-supported supported supported 

Less than More than 
10 percent 10 percent 

grains grains 

Mudstone Wackestone Packstone Grainstone 

Original componenta were recognizable 
bound together during 

deposition ... as shown by 
intergrown skeletal matter, Crystalline 

lamination contrary to carbonate 
gravity, or sediment· 

floored cavities that are 
roofed over by organic or 

questionably organic matter (Subdivide according to 
and are too large to be classificattons for physical 

interstices. texture or diagenesis.) 

Boundstone 

I 
I Carbonate clasaification 
\ by Dunham (1962). 
I 
I 
I 
I 
I 

Autochthonous limestones; 
original components organically 

bound during deposition 

By By By 
organisms organisms organisms 

that that that 
act as encrust build 
baffles and a rigid 

bind frame-
work 

Baffle- Bind- Frame-
atone stone stone 

Modification of Dunham 
"boundstone" by Embry and 
Klovan (1971). 
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Grain Size 

Range of size of allochems, in millimeters. 

In some dolomite, where allochems are unrecognizable, give size of dolomite 
crystals. 

L 

M 

D 

m 

Crystal Shape (Dolomite) 

A - Anhedral (no crystal faces) 

- Light 

S - Subhedral (some crystal faces) 

E - Euhedral (most crystal faces) 

Color 

G - Gray 

· Medium B · Brown 

· Dark R · Red 

- Mottled 0 · Orange 

y - Yellow 

Gn- Green 

Bl - Blue 

Example: LBG = light brownish gray 
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c · Cream 

w . White 

Bk · Black 

Cl · Clear 

Tr · Transparent 

T - 'J)"anslucent 



Fossils 

Label fossil columns on logging form using name of appropriate organisms, and 
record relative fossil abundance as shown below. 

Present 

Common 

Abundant 

Fossil Reflected Transmitted 

Mollusks 250~ 125~ 

Corals 250 250 

Foraminifers 62 62 

Bryozoans 250 125-250 

Barnacles 500 125-250 

Echinoids 125 62 

Halimeda 125 62-125 

Coralline algae 500 125 

.. 
Spicules <62 <62 

• 

• 

Figure 4. Approximate lower size limits (microns) at which various skeletal components 
can be recognized in both reflected and transmitted light. Data from Milliman (1974). • 
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Taxon 

Calcareous Ahrae: 
Red 

Green 
Coccoliths 

F oro.minifers: 
Benthonic 
Planktonic 

Sponges: 
Coelenterates 

Stromatoporoids CAl 
Milleporoida 
Rugose CAl 
Tabulate CA) 
Scleractinian 
Alcyonanan 

Bryozoans: 
Brachiopods: 
Mollusks: 

Chi tons 
Pelecypods 
Gastropoda 
Pteropods 
Cephalopoda (most) 
Belemnoids and Aptychi (A) 

Annelids (Serpulids!: 
Arthropods: 

Decapods 
Ostracodes 
Barnacles 
Tnlobites (A) 

Echmoderma: 

X Common 

SKELETAL COMPOSITIONS 

ORare 

Arag. 

X 

0 

0 

X 
X 

X 
0 
0 

X 
X 
X 
X 
X 

X 

Calcite 
CfoMg 

0 ~ 10 ·~ 20 2~ 30 " 

)( )( 

X 

)( *---X 
>H< 
~ 

X? 

X··· 
X? 

~ 

~ 
)H( 

>H< 
~ 

X 
~ 

~ 

~ 
~ 

X 
)( )( 

(A) Not based on modem forms 

Both 
Aragonite 
and Calcite 

0 

X 
X 

X 

Figure 5. Original shell skeletal composition (from Scholle, 1978). Aragonite shells 
generally lose their microstructure during diagenesis, whereas calcite and Mg-calcite shells 
retain their microstructure. 

Cement 

C- Calcite 

S- Silica 

B- Bitumen 
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A - Anhydrite 

H- Halite 

D- Dolomite 

G- Gypsum 
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Figure 6. Charts for estimating percentages of angular grains in samples. From Terry and 
Chilingar (1955) . 
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FOSSILS AND STRUCTURES: 
LOWER CRETACEOUS PEARSALL FORMATION 

The photographs of slab surfaces and thin sections shown at low magnification 
on the following pages illustrate a few of tht- maJor iossils and structure~ 
encountered when logging core. Accompanying tlhe photographs is part of the 
filled-out log~ing form for that particular sample. With the exception of the modern 
examples (figs. 1A, 3A, 4A . 5A, 6A), all illustraticms are of core from the Lower 
Cretaceous Pearsall Formation of South Texas. Publications that illustrate the 
fossils and grains in carbonate rocks of other areas and geologic ages include those 
listed below; a more complete list appears in Schollle (197Hl. 

Azienda Generale Italian a Petroli, Mineraria, 1 B59, Microfacies ltaliane (dal 
Carbonifero al Mioceno medio): Milan. Italy, S. Donato, 35 p. 

Carozzi, A.-V., Bouroullec, J., Deloffre, R., and Rumeau, J.-L .. 1972, Microfacies du 
Jurassique d'Aquitaine: Bulletin du Centre de H.(~chcrche Pau, Spec Vol. No. 1, 

594 p. 

Carozzi, A.-V., and Textoris. D. A., 1967, Paleozoic carbonate microfacies of the 
eastern su.ble interior (U.S.A.): Leiden, E. J. Bri1ll , 146 p. 

Cita, M. B., 1~65, Jurassic, Cretaceous, and Tertiary microfacies from the southern 
Alps: Leiden, E. J. Brill, 99 p. 

Cuvillier, Jean, 1961, Stratigraphic correlation by microfacies in western 
Aquitaine: Lei den, E. J. Brill, 34 p. 

Ford, A. B., and Houbolt. J. J. H. C., 1963, The microfacies of the Cretaceous of 
Western Venezuela: Leid~n, E. J. Brill. 55 p. 

Hagn, Herbert, 1955, Fazies und Mikrofauna der Gestein~ der baycrischen Alpen: 
Leiden, E. J. Brill, 174 p. 

Hanzawa, Shoshiro. 1961, Facies and miero·organi:sms of the Paleozmc, Mesozoic, 
and Cenozoic sediments of Japan: Lciden, E. J. Brill. 4~0 p. 

Horowitz, A. S., and Potter, P. E., 1971, Introductory petro~rnphy of fossils: New 
York, Springer-Verlag, 302 p. 

Majewske, 0 . P., 1969, Recognition of invertebratE~ fossil fragments m rocks and 
thin sections: Leiden, E. J. Brill, 101 p. {plus lOin plales). 

Milliman, J.D., 1974, Marine carbonates: New York, Springer-Verlag, 375 p. 

Rey, M., and Nouet, G., 1958, Microfacies de la reguon prcrifnine et de la moyenne 
Moulouya (Western Morocco): Leiden, E. J. Brilll. 41 p. 

,. 

Scholle, P. A., 1978, A color illustrated guide to carbonate rock constituents, 
textures, cements, and porosities: American Association of Petroleum Geologists 
Memoir 27, 241 p. 

Wilson, J. L .. 1975, Carbc::::ate facies in gf'ologir history: NPw York, Springer· 
Verlag, 471 p. 
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APPENDIX 8.3 

ROSE DIAGRAM PLOTS OF FRACTURES 

AT RAILROAD CUT OUTCROP 



• 
a 

• 
~~ao~u~• S•~ 1 Oa~o a~ Ver~ i cal Pro~i I• 1 

Maund Plan~. Mlom l ebu~~ Oh i o 

Calculat1on Method .. 
Class Interval ..... . 
F1 lter1ng ......... . 
Data Type . . . ... . 
Rotat1on Amount ... . . 
Populat ion 
Max1mum Percentage 
Mean Percentage 
Standard Oev1at1on 
Vector Mean 
Confidence Interval 
A-mag 

• 

Frequency 
10 Degrees 
Deact1vated 
81direct1ona l 
0 0 Degrees 
118 
35 ~ Percent 
11 1 Percent 
13 .11 Percent 
288 22 Degrees 
~ 7~ Degrees 
0 90 

o r o 

a 



0 

0 

Cl 

• 

Frcc~ure Se~ 2 Oc~o cT V e rTocci Proro le ~ 
Ha~nd P i a~~ ; H o ~m• •bu~~ Ohoo 

• 

Calculat1on Method 
Class Interval 
F i Iter i ng 
Data Type 
Rotat1on Amount 
Populat1on 
Maximum Percentage 
Mean Percentage 
Standard Oev1ation 
Vector Mean 
Confidence Interval 
R-mag 

Frequency 
10 Degrees 
Deact1vated 
81d1rect1onal 
0 .0 Degrees 
122 
29 .5 Percent 
7 7 Percent 
9 89 Percent 
17 80 Degrees 
b 35 Degrees 
0 82 

• 

0 



• 
Cl 

lh--+n H' HJ 11 n , 

C) 

Cl 

• 
F~ccTu~• SeT 3 OcTo aT V•rTiccl P~ori I• ~ 

Maund Plan~ . H l cm l •bu~~ Oh i o 

Cal culation Method 
Class Interval ..... . 
F i I ter 1 ng . .. . . .... . 
Data Type 
Rotation Amount 
Population 
Max1mum Percentage 
Mean Percentage . . 
Standard Deviat1on 
Vector Mean .. 
Confidence Interval 
R-mag ........ . 

• 

Frequency 
10 Degrees 
Deact1vated 
81direct1onal 
0 .0 Degrees 
52 
15 .1 Percent 
7 .7 Percent 
~ . 88 Percent 
279 .98 Degrees 
101 6£1 Degrees 
0 10 

C) 



0 

AI I ~~ac~u~e Se~e a~ Prari le 1 
Mound Plan~ ; M l amlabur~ Ohla 

Calculation Method .. . 
Class Interval ...... . 
F i Iter i ng ........... . 
Data Type ........... . 
Rotation Amount ..... . 
Population ... . .... . . 
Maximum Percentage . . . 
Mean Percentage · ... . . 
Standard Deviation .. 
Vector Mean ......... . 
Confidence Interval .. 
A-mag ...... . ........ . 

Frequency 
10 Degrees 
Deactivated 
Bidirectional 
0 .0 Degrees 
31~ 
13 .7 Percent 
5 .5 Percent 
~ . 0~ Percent 
290 .89 Degrees 
11~ . 05 Degrees 
0 . 0~ 

0 0 

0 

• • • 



• 
a 

• 
All r~acTu~ee in Shol•• aT P~o~ll• ~ 

Maund Plan~ J Mlomlebu~a On to 

Calculation Method .. . 
Closs Interval .. . .. . 
F i Iter i ng . . . .... . . . 
Data Type 
Rotation Amount 
Popu I at i on .. 
Mox1mum Percentage 
Mean Percentage . . 
Standard Deviation 
Vector Mean . 
Confidence Interval 
A-mag ... . .... .. ... . . 

• 

Frequency 
10 Degrees 
Deactivated 
81d1rect1onol 
0 0 Degrees 
138 
15 .7 Percent 
5 5 Percent 
£1 79 Percent 
8£1 71 Degrees 
179 31 Degrees 
0 0£1 

0 I 0 

a 



0 

AI I F~oc~~~•• in I ·~--~one c~P~oro le ~ 
Mound Pion~ . Mlami•bur~ Ohio 

Calculat1on Method 
Class Interval 
F 1 Iter 1 ng 
Data Type 
Rotat1on Amount 
Population 
Max1mum Percentage 
Mean Percentage 
Standard Dev1at1on 
Vector Mean 
Confidence Interval 
A-mag 

Frequency 
10 Degrees 
Deactivated 
81direct1onal 
0 0 Degrees 
175 
13 E> Percent 
5 5 Percent 
3 85 Percent 
299 30 Degrees 
122 51 Degrees 
0 OS 

0 ' 0 

0 

• • • 



D 

• • • 
Froc~ur• ••T ~ ~or •hole• only a~ Pro~i I• ~ 

Maund Plan~ # M l am l ebur~ Oh i o 

Calculation Method ... Frequency 
Class Interval . ...... 10 Degrees 
Filtering ............ Deactivated 
Data Type ............ Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population .......... 50 
Maximum Percentage ... 38 .0 Percent 
Mean Percentage ...... 1~ . 3 Percent 
Standard Deviation ... 1~ . oS Percent 
Vector Mean .. . ....... 285 .o9 Degrees 
Confidence Interval .. G.90 Degrees 
R-mag ..... . .......... 0 . 91 

0~ • I 0 

0 



F~ocTu~e eeT ~ ro~ LimeeTonee only oT P~or i Ia ~ 
Mound Plan~ ; Miamiebu~~ Ohio 

Calculation Method ... Frequency 
Class Interval ....... 10 Degrees 
Filtering ........... Deactivated 
Data Type ............ Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population ........... o8 
Maximum Percentage ... 35 .3 Percent 
Mean Percentage ...... 12 .5 Percent 
Standard Deviation ... 12 .59 Percent 
Vector Mean .......... 290 .09 Degrees 

36--30 26 20 1~ lD~ Confidence Interval .. o .25 Degrees 
R-mag ............. .. . 0 . 90 

o ~w o 

0 

I_ • • • I 



a 

• • • 
~rac~ur• --~ 2 reF Shal•• only o~ P~or i le ~ 

Mound Plan~. H l omtabu~~ Oh i o 

Calculation Method .. 
Closs Interval ..... . 
F1ltering ......... . 
Data Type . . . . ... . 
Rotation Amount 
Population 
Mox1mum Percentage 
Mean Percentage . 
Standard Dev1ot1on 
Vector Mean 
Conridence Interval 
R-mog ............ . 

Frequency 
10 Degrees 
Deact1voted 
Bid1rect1onol 
0 0 Degrees 
St:f 
38 9 Percent 
10 0 Percent 
12 92 Percent 
13 .73 Degrees 
8 01 Degrees 
0 87 

0 t 0 

a 



D 

Frcc~ur• •eT 2 rcr L•m••Tcn•• only cT Prcri I• 1 
Mound Pion~ ; Mlami•bu~~ Ohio 

Calculat1on Method .. . 
Class Interval ...... . 
F i Iter 1 ng . . ... . .... . 
Data Type . . . . . 
Rotat1on Amount ... __ _ 
Population 
Maximum Percentage 
Mean Percentage . 
Standard Deviat1on 
Vector Mean . . . . .. 
Confidence Interval .. 
R-mag . . . . . .. .. ... . 

Frequency 
10 Degrees 
Deactivated 
8id1rect1onol 
0 .0 Degrees 
68 
27 .9 Percent 
9 .1 Percent 
8 . 8~ Percent 
21 38 Degrees 
9 . ~5 Degrees 
0 78 

0 • ' 0 .. 

• • • 



• 
'0 

• 
Frcc~ur• --~ ~ Da~a c~ V•r~ic~Prari I• 2 

Maund Plon~ J Mlamlebur~ Ohio 

Colculot1on Method 
Closs Interval ... . . . 
F i Iter 1ng . . ....... . 
Data Type .... . 
Rotot1on Amount 
Populat1on 
Mox1mum Percentage 
Mean Percentage 
Standard Deviat1on 
Vector Mean .. 
Confidence Interval 
R-mog ... ... ..... . . . 

• 

Frequency 
10 Degrees 
Deactivated 
Bid1rect1onal 
0 .0 Degrees 
132 
~1 7 Percent 
11 1 Percent 
1~ 83 Percent 
289 21 Degrees 
~ - 2~ Degrees 
0.91 

0 • 0 

a 



a 

Fr-ac-t-ur-e ea-t 2 Oa-t-a a-t- Ver--t- !Cia I Pr-aF' i-1 • 2 
Maund Pion~ ; M i om i •bu~a O~io 

Calculation Method ... Frequency 
Class Interval ....... 10 Degrees 
Filtering ............ Deactivated 
Data Type ...... . ..... Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population .......... 127 
Maximum Percentage ... 27 .o Percent 
Mean Percentage ...... 7 .1 Percent 
Standard Deviation ... 8 .13 Percent 
Vector Mean .......... 18 .07 Degrees 
Confidence Interval .. 10 .19 Degrees 
R-mag ................ 0 . o1 

0~ ~ I 0 

a 

• • • 



• 
D 

• 
Frac~ure ••~ 3 Oo~a o~ Ver~ i cal Pre~• le 2 

Mound Plan~ J M i am i •bu~~ O~ l o 

Calculation Method 
Class Interval ..... . 
F i Iter 1ng .... .. .... . 
Data Type 
Rotation Amount ..... 
Population . 
Max1mum Percentage 
Mean Percentage 
Standard Dev1at1on 
Vector Mean . . . . ... 
Confidence Interval . 
R- mag .............. . 

• 

Frequency 
10 Degrees 
Deactivated 
81d1rect1onal 
0 .0 Degrees 
5~ 
29 G Percent 
7 7 Percent 
7 ~8 Percent 
19 83 Degrees 
21 G2 Degrees 
0 . ~7 

0 I 0 

D 



0 

AI I Froc~ure Se~• o~ Pro~[ Ia 2 
Mound Pion~. M l cm l •bura Oh i o 

Calculation Method 
Class Interval . . . . 
F 1 Iter 1 ng . . . . . ... . 
Data Type ..... 
Rotation Amount .... . . 
Popu I at ion .......... . 
Maximum Percentage . . . 
Mean Percentage . . . . . 
Standard Deviation .. 
Vector Mean ........ . 
Confidence Interval .. 
R-mag . . . . . . . . . . . . . 

Frequency 
10 Degrees 
Deactivated 
Bidirectional 
0 .0 Degrees 
319 
17 .5 Percent 
5 .5 Percent 
5 £11 Percent 
292 55 Degrees 
105 27 Degrees 
0 0£1 

0 I 0 

0 

• • • 



• 
D 

• • 
AI I Fr-ac:Tur-ee i ,..,- Sha I ee aT Pr-of'"' rIa 2 

Mound Plan~ • Mlamlebu~~ Onla 

Calculation Method ... Frequency 
Class Interval ....... 10 Degrees 
Filtering ............ Deactivated 
Data Type ............ Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population ........... 13~ 
Maximum Percentage ... 2~ . G Percent 
Mean Percentage ...... 5 .9 Percent 
Standard Deviation . . . 7 .GG Percent 
Vector Mean .......... 270 . 9~ Degrees 
Confidence Interval .. 233 .3G Degrees 
R-mag ................ 0 . 03 

0 I r I 0 

a 



l 

0 

AI I ~~acTur•• i n L i m••Tan• aT Pra~ i 1• Z 
Mou"d P i a"~ ; M l am l •bur~ Qh l o 

Ca lculat ion Method .. . 
Class Interva l ...... . 
F i Iter i ng ....... : ... . 
Data Type ........... . 
Rotation Amount ..... . 
Popu I at i on . . . . . . . . . . 
Max imum Percentage .. . 
Mean Percentage ..... . 
Standard Dev iation .. . 
Vector Mean . . . . . ... . 
Confidence Interval .. 
R-mag ............... . 

Frequency 
10 Degrees 
Deact ivated 
Bidirect iona l 
0 .0 Degrees 
185 
12 . ~ Percent 
5 .6 Percent 
~ . 22 Percent 
299 .35 Degrees 
95 .G9 Degrees 
O.OG 

CJ -r- CJ 

.. 

• • • 



• 
0 

• 
rocTure eeT ~ ror eholee only oT 

Mound ~lan~ J Mlam l ebu~~ On t o 

Calculation Method 
Class Interval . .... . 
F i Iter ing .... . . ... . 
Data Type . . . . .. . 
Rotation Amount .... . 
Population 
Max1mum Percentage 
Mean Percentage 
Standard Deviat1on . . 
Vector Mean .. 
Confidence Interval . 
R-mag .. . . .. .. .... .. . 

• 

Frequency 
10 Degrees 
Deactivated 
8id1rect1onal 
0 .0 Degrees 
60 
55 .0 Percent 
15 .7 Percent 
21 37 Percent 
285 .57 Degrees 
~ - 1~ Degrees 
0 . 95 

0 I 0 

0 



a 

~rac~ur• ••~ ~ rar I i maa~on•• onfY a~ Prori ia 2 
Maund Plan~ ; M l am l ebu~~ Ohla 

Calculation Method ... Frequency 
Class Interval ....... 10 Degrees 
Filtering ............ Deactivated 
Data Type ............ Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population ........... 72 
Maximum Percentage ... 31 .9 Percent 
Mean Percentage ...... 12 .5 Percent 
Standard Deviation ... 12 . ~0 Percent 
Vector Mean . . ........ 292 . 5~ Degrees 
Confidence Interval .. 5 . 58 Degrees 
R-mag ................ 0 . 88 

0 I ' I 0 

a 

• • • 



• 
r-ac"t'ur-e 

• • 
ha I •• an I y a"t' Pi-a ... I I • 2 
Mia~lebu~~ Ohla 

Calculation Method 
Class Interval ...... . 
F 1 Iter 1ng .......... . 
Data Type .. . .. . 
Rotation Amount .... . 
Population . 
Maximum Percentage 
Mean Percentage ..... . 
Standard Dev1ation 
Vector Mean . . . 
Confidence Interval .. 
R-mag ............. . 

Frequency 
10 Degrees 
Deactivated 
Bidirectional 
0 .0 Degrees 
58 
~~ . 8 Percent 
10 .0 Percent 
1~ 08 Percent 
1~ . 37 Degrees 
8 .92 Degrees 
0 .83 

0 • 0 



.. Frac~u~e ••T 2 rar Lim••Tan• only aT Prari I• 2 
Mou~d Pla~~ J Mlomlabu~~ Ohio 

Calculation Method .. . 
Closs Interval .... .. . 
F i Iter ing ... . ....... . 
Data Type . . . ...... . 
Rotation Amount .. _ .. _ 
Population _ 
Maximum Percentage .. . 
Mean Percentage . . . . . 
Standard Deviation .. . 
Vector Mean . . . . . .. . 
Confidence Interval .. 
R-mag .. . ........ . .. . 

Frequency 
10 Degrees 
Deactivated 
Bidirectional 
0 .0 Degrees 
69 
21 7 Percent 
7 .1 Percent 
5 . ~5 Percent 
23 .80 Degrees 
20 .05 Degrees 
0 . ~5 

a ' a .. 

• • • 



• 
a 

• 
~oc~ur• --~ ~ Do~a a~ v-~~iaal P~c~i I• 3 

Maund Plan~J Mlamlebu~~ Ohio 

Colculat1on Method .. 
Closs Interval ..... . 
F 1 Iter ing .......... . 
Data Type .... . 
Rotation Amount .. _ .. 
Population 
Maximum Percentage 
Mean Percentage 
Standard Devtatton 
Vector Mean 
Conf1dence Interval . 
R-mag ............. . 

• 

Frequency 
10 Degrees 
Oeact1voted 
81d1rect1onal 
0 0 Degrees 
111 
55 9 Percent 
12 5 Percent 
18 17 Percent 
291 88 Degrees 
~ OG Degrees 
0 93 

0 0 

a 



a 

~~acTu~• --~ 2 OcTo aT V•~Tical P~ari •• 3 
Mound Plan~ J Niamiebu~a 0M i o 

Calculation Method .. . 
Class Interval ...... . 
F i Iter 1 ng ........... . 
Data Type ..... . 
Rotation Amount ..... . 
Population 
Maximum Percentage 
Mean Percentage . 
Standard Deviation 
Vector Mean ..... . 
Confidence Interval .. 
R-mag ............... . 

Frequency 
10 Degrees 
Deactivated 
Bidirectional 
0 .0 Degrees 
109 
~'1 . 0 Percent 
10 .0 Percent 
12 .96 Percent 
28 29 Degrees 
7 .'19 Degrees 
0 .78 

0 • 0 

a 

• • • 



• 
a 

• 
~~CCTU~- --T 3 OaTa DT v-~T i ca l P~ari ·- 3 

Mou"d Pla"~ J M i om i ebu~~ O~io 

Calculation Method .. . 
Class Interval ..... . 
F i Iter ing ........... . 
Data Type . . . ... . 
Rotation Amount ..... . 
Population .. 
Max1mum Percentage ... 
Mean Percentage . . . . . 
Standard Deviation 
Vector Mean . . ..... 
Confidence Interval .. 
R-mag .. . . ... . . .... . 

• 

Frequency 
10 Degrees 
Deactivated 
Bid1rect1onal 
0 .0 Degrees 
12 
16 7 Percent 
10 0 Percent 
1 .31 Percent 
32 51 Degrees 
32 .10 Degrees 
0 37 

0 -r 0 

a 



D 

AI I ~~OCTU~- s-~- O T Prore · - 3 
Maund Plan~. M e am • •bu~~ Oh•a 

Calculatton Method 
Closs Interval 
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Data Type 
Rotat1on Amount 
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Maximum Percentage 
Mean Percentage 
Standard Oev tatton 
Vector Mean 
Conftdence Interval 
R-mag 

Frequency 
10 Degrees 
Deact tvated 
Btdtrecttona l 
0 0 Degrees 
25~ 
23 5 Percent 
5 5 Percent 
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72 91 Degrees 
5~ 07 Degrees 
0 09 
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F 1 Iter 1 ng .......... . 
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Standard Oev1at1on .. 
Vector Mean .. 
Conf1dence Interval . 
R-mog ............. . 
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Frequency 
10 Degrees 
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Calculat1on Method 0 0 

Class Interval 0 0 0 0 0 0 0 

F 1 Iter 1 ng 0 0 0 0 0 0 0 0 0 0 0 

Data Type 0 0 0 0 • 0 

Rotation Amount . 0 0 0 0 

Population 
Maximum Percentage 
Mean Percentage 
Standard Dev1at1on 
Vector Mean 0 

Confidence Interval 0 

R-mog 0 0 0 0 0 0 0 0 0 0 0 0 0. 

Frequency 
10 Degrees 
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0 0 Degrees 
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69 0 07 Degrees 
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Calculation Method 
Class Interval . 0 0. 0 0 0 
F i Iter ing . 0 ..... 0 0. 
Data Type 0 • ••• 

Rotation Amount 0 0 0 0 0 0 
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Mean Percentage 0 0 0 
Standard Deviation 
Vector Mean 
Confidence Interval 
R-mag 0 0 0 ... . ... . . .. . 

Frequency 
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0 00 Degrees 
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Data Type . . .. .. .. . 
Rotation Amount ... . . . 
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Standard Deviation 
Vector Mean .. 
Confidence Interval .. 
A-mag . . ....... . .. . .. . 

Frequency 
10 Degrees 
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0 .0 Degrees 
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Mean Percentage 
Standard Deviation 
Vector Mean 
Confidence Interval 
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Frequency 
10 Degrees 
Deactivated 
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0 0 Degrees 
5~ 
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Standard Deviation 
Vector Mean . . . .. 
Confidence Interval .. 
R-mag ....... . .. .. .. . 

Frequency 
10 Degrees 
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0 .0 Degrees 
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32 .7 Percent 
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Standard Deviation 
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R-mag ........ . ...... . 
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50 .0 Percent 
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16 3~ Percent 
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Vector Mean . . . . . 
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R-mag . ... .... .. .. . . . 
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Frequency 
10 Degrees 
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0 .0 Degrees 
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9.1 Percent 
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0 .35 
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Standard Deviation 
Vector Mean . . 
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Frequency 
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0 0 Degrees 
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Standard Deviation 
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10 Degrees 
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Confidence Interval .. 7 .37 Degrees 
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Population .. 
Maxrmum Percentage 
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Vector Mean . . . .. 
Confidence Interval . 
R-mag . . . ... . ....... . 

Frequency 
10 Degrees 
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0 .0 Degrees 
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19 87 Percent 
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Calculation Method .. . 
Class Interval ...... . 
F i Iter i ng ........... . 
Data Type . . . .... . 
Rotation Amount ..... . 
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Maximum Percentage 
Mean Percentage . 
Standard Deviation 
Vector Mean . 
Confidence Interval .. 
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Frequency 
10 Degrees 
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0 .0 Degrees 
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Calculation Method 0 0 

Class Interval 0 0 0 0. 0 

F i Iter ing ..... 0 0 0. 0 

Data Type 
Rotation Amount ..... . 
Population 
Max1mum Percentage 
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Standard Deviation 0. 

Vector Mean . 0 • 0 • •• 

Confidence Interva l . 
R-mag ... 0 0 0 •• 0 0 ••• 0. 

Frequency 
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Bidirectional 
0 .0 Degrees 
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Calculation Method ... Frequency 
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Data Type ............ Bidirectional 
Rotation Amount ...... 0 .0 Degrees 
Population ........... 1059 
Maximum Percentage ... 18 .5 Percent 
Mean Percentage ...... 5 .5 Percent 
Standard Deviation ... 5 .25 Percent 
Vector Mean .......... 89 .52 Degrees 
Confidence Interval .. 17 .11 Degrees 
R-mag ................ 0 . 05 
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Data Type . . .. . 
Rotation Amount ... . . 
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Maximum Percentage . . 
Mean Percentage .... . 
Standard Deviation 
Vector Mean . . . . . 
Confidence Interval . 
R-mag . .... .. .... .. . . 

Frequency 
10 Degrees 
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Bid1rect1onal 
0 .0 Degrees 
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19 9 Percent 
S.E> Percent 
E> . 3~ Percent 
79 89 Degrees 
87 25 Degrees 
0 0~ 
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APPENDIX C 

C.1. Geophysics Data Sheet: Borehole 0335 

C.2. Geophysics Data Sheet: Borehole 0348 

C.3. Geophysics Data Sheet: Borehole 0349 > 

• 
., ., 
m 

C.4. Geophysics Data Sheet: Borehole 0350 
z 
0 
)( 
0 

C.5. Geophysics Data Sheet: Borehole 0352 

C.6. Geophysics Data Sheet: Borehole 0355 

C.7 . Variable Density Logs from Full Waveform Sonic 
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Well Panel 0335 

Prepared for 
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Remedial Investigation 
January 1994 

Boreho le Geophys ics 
Da t a Sheet fo r borehole 0335 
Ground elevation 705.9 ' (P lant Datum) 
Outer casing 10" surface to 27' (St ickup 1.0') 
Inner casing 4 " surface to 28 .5 ' (stickup 6 4' ) 
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Reference depth Ground Surface 
Logged on 22.24 Mar ch 1993 by Colog, Inc . 
170301 W. Colfax Suite 265 Go lden Co. 80401 
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Borehole Geophysics 
Data Sheet for boreho le 0348 
Ground elevation 876.4' (Plant Datum) 
Outer casing 10" surface to 10' (St ickup 0 9') 
Inn e r casing 4 " surfac e to 15.5' (stickup 0 3') 
water level 44' on 30 March 1993 
Reference depth Ground Surf ace 
Logged on 24,26,28 March 1993 by Colo g, Inc. 
170301 W. Colfax S utte 265 Golden Co. 80401 
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APPENDIX D 

D. 1 . Results of Falling Head Test at boreholes 
0335, 0349, 0352, and 0355 

D. 2. Results of Bouwer-Rice slug test analyses for 
boreholes 0335, 0348, 0350, and 0352 

0.3. Water level changes in boreholes 0350, 
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APPENDIX 0.1 

RESULTS OF FALLING HEAD TEST AT BOREHOLES 0335, 
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APPENDIX D.2 

RESULTS OF BOUWER-RICE SLUG TEST ANALYSES FOR 

BOREHOLES 0335, 0348, 0350, AND 0352 
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APPENDIX D.3 

WATER LEVEL CHANGES IN BOREHOLES 0350, 0352, 

AND 0355, APRIL 30 TO JULY 31, 1993 
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