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Preface

This study was conducted in support of the US-AFCEC. The 13 cores, from
Air Force Plant 42, were logged in as CMB No. 160143-1 to 160143-13,
were subjected to an in-depth analysis consisting of visual and
petrographic examination. The technical monitor was Dr. Robert D. Moser
of the U.S. Army Engineer Research and Development (ERDC).

The work was performed by the Concrete and Materials Branch (GMC), of
the Engineering Systems and Materials Division (GM), US Army Engineer
Research and Development Center (ERDC), Geotechnical and Structures
Laboratory (ERDC-GSL). At the time of publication, Christopher M.
Moore was Chief, CEERD-GMC; Dr. Gordon W. McMahon was Chief,
CEERD-GM. The Deputy Director of ERDC-GSL was Dr. William P.
Grogan and the Director was Mr. Bart Durst.

COL Bryan Green was the Commander of ERDC, and Dr. Jeffery P.
Holland was the Director.
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1 Scope

The Concrete and Materials Branch (CMB) of the Geotechnical and Struc-
tures Laboratory was requested to perform an analysis on concrete core
samples extracted from Air Force Plant 42. A total of 13 cores were pro-
vided to the CMB which were checked in under CMB Serial Numbers
160143-1 to 160143-13. Table 1 lists the cores received with the CMB serial
number, original sample identifier, section sample came from, and core
length. Each core underwent petrographic examination according to
ASTM C-856. Scanning electron microscopy (SEM) imaging, was per-
formed on a samples to identify material in voids. The location of the ex-
tracted core locations can be seen in Figure 1.

The following sections provide a summary of the methods utilized, results
obtained from each core, and a summary of observed condition of cores for
the site investigated.

Table 1. Summary of cores received, corresponding CMB Serial No, core number
from site, section sample came from, and core length.

CMB ID Core # | Section | Core Length (in)
160143-1 02T Ro1A 8.5
160143-2 04T Ro3sC 8.75
160143-3 o5T Tos3A 9.75
160143-4 o8T 803C 9.5
160143-5 11T R14C 6.5
160143-6 13T T14A 6.75
160143-7 25T To6A 7.5
160143-8 28 T33A 9.875
160143-9 54T To7A 6.75
160143-10 56T T35A 9.5
160143-11 78T A13B 6.75
160143-12 120T R13C 7.75
160143-13 123T R13C 6.625
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Figure 1. Test location map of AF Plant 42 with core number locations.
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2.1

2.2

Methods

Testing was conducted to determine the mineralogical constituents of the
concrete and any possible chemical reactions and microstructural deterio-
ration present. The following describes the methods utilized.

Petrographic Analysis

Modes of distress such as sulfate attack, microcracking, and overall con-
crete quality were assessed by visual examination of the as received cores
as well as a petrographic analysis performed on polished cross sections
conducted according to ASTM C856 - Standard Practice for Petrographic
Examination of Hardened Concrete. A 25 mm thick section of a core was
cut and prepared for the petrographic analysis. The section for petro-
graphic analysis was polished using diamond incrusted polishing pads.
The polished sample was imaged using a Zeiss Stereo Discovery V20 mi-
croscope at magnifications of 5 X to 40 X. An overall image was obtained
for the sample at low magnification, and at least three selected sites were
also imaged at higher magnification. Specific focus was given to mi-
crocracking, air void structure, aggregate deterioration, and any other pos-
sible modes of concrete deterioration that are relevant for service life
estimation.

Scanning Electron Microscopy (SEM)

A specimen was examined using scanning electron microscopy (SEM) to
obtain high-resolution image to examine the deposits within an air void to
determine the crystallinity of the deposit. SEM imaging was per-formed
using an FEI Nova NanoSEM 630, capable of high-resolution imaging on
non-conductive materials. Imaging was performed in low-vacuum mode at
pressures of 0.1-0.5 mbar and accelerating voltage of 15kV.
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3.1

Results and Discussion

Core Sample 160143-1 (02T)

The as-received core 160143-1 (02T) is shown in Figure 2. The core was
8.5 inches long and 6 inches in diameter. There were 2 cracks greater than
o.5mm in width, one extends 3 in into core, extends through 2 coarse ag-
gregates and terminates at a coarse aggregate. The second crack extends
3.5 in into core, extends around 1 coarse aggregate, but through 4 others.
Carbonation staining is within the top inch from the surface. There was
some staining along the longer crack, indicating the crack was most likely
a shrinkage crack from construction. There was minor aggregate distress
observed, but no severe ASR deterioration observed. See Figure 3 for low
and high magnification microscopy images of 160143-1 (02T).

Figure 2. The as-received core 160143-1 (02T).
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Figure 3. Low and High maghnifications of 160143-1 (02T). (a) minor carbination
sataining at the surface, (b) carbination stainging and crack at the surface, (c)
carbination staining around cracked aggregate, (d) high maghnifiction to see fine
aggregate and cement, minir cracking.
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(a) Low magnification photom
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(c) Low maghification photomicrograph (d) High magnification photomicrograph

3.2 Core Sample 160143-2 (04T)

The as-received core 160143-2 (04T) is shown in Figure 4. The core was
8.75 inches long and 6 inches in diameter. A crack over 2 in into concrete,
greater than 0.5mm width, extends through 2 coarse aggregates and ter-
minates at a coarse aggregate. Carbonation staining is within the top inch
from the surface, mainly around aggregates. There was some staining
along the longer crack, indicating the crack was most likely a shrinkage
crack from construction. Air voids are infilled with precipitates (ettringite
and calcium hydroxide). A void, seen in Figure 5 (b), appears to be from an
aggregate that popped out earlier or from a large entrapped air void
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Figure 5. Low and High magnifications of 160143-2 (04T). (a) carbination sataining
at the surface, (b) carbination stainging, crack at the surface, and large void most
likely due to aggregate pop out, (c) carbination staining around cracked aggregate, (d)
high maghnifiction to see fine aggregate and cement, minir cracking.
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(c) Low
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3.3

Core Sample 160143-3 (05T)

The as-received core 160143-3 (05T) is shown in Figure 6. The core was
9.75 inches long and 6 inches in diameter. There was minor carbonation
staining within an inch of the surface. A crack was observed to extend
3mm, was less than 0.1 mm width and terminates at a coarse aggregate.
Some crack was observed in the coarse aggregate of which followed the fo-
liated fabric of the aggregate. Voids were partially infilled with a white de-
posit, most likely ettringite and calcium hydroxide. See Figure 7 for low
and high magnification microscopy images of 160143-1 (02T).

Figure 6. The as-received core 160143-3 (O5T).
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Figure 7. Low and High magnifications of 160143-3 (0O5T). (a) minor carbination
sataining at the surface, (b) carbination stainging at the surface, (c) carbination
staining around cracked aggregate, (d) high maghnifiction to see fine aggregate and
cement.

“E |

(c) Low magnification photomicrograph (d) High maghnification photomicrograph

3.4 Core Sample 160143-4 (08T)

The as-received core 160143-4 (08T) is shown in Figure 8. The core was
9.5 inches long and 6 inches in diameter. The large vertical crack in as re-
ceived core caused sample to separate upon cutting core. The crack did not
appear to go through any coarse aggregates. Minor carbonation staining
within an inch of the surface was observed. There was no visible signs of
ASR gel or damage due to ASR gel expansion. Voids were partially infilled
with a white deposit, most likely ettringite and calcium hydroxide. See Fig-
ure 9 for low and high magnification microscopy images of 160143-4
(08T).
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Figure 8. The as-received core 160143-4 (O8T).
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Figure 9. Low and High maghnifications of 160143-4 (08T). (a) minor carbination
sataining at the surface, (b) carbination stainging at the surface, (c) carbination
staining following preexisting crack, (d) high magnifiction to see fine aggregate and
cement.

(c) Low maghification photomicrograph (d) High magnification photomicrograph
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3.5

Core Sample 160143-5 (11T1)

The as-received core 160143-5 (117T) is shown in Figure 10. The core was
6.5 inches long and 6 inches in diameter. Very minor staining at surface is
due to carbonation and deeper in sample oxidation of iron oxide inclusions
in aggregates. Voids were partially infilled with a white deposit, most likely
ettringite and calcium hydroxide. There were 2 vertical cracks observed,
the first extended 20mm, greater than 0.2 mm wide and terminates in a
coarse aggregate. The second crack extended 12mm and terminated at a
coarse aggregate, and was greater than 0.1mm width. This sample con-
tained large entrapped air voids (greatest was 3/8” x ¥/4”). A coarse aggre-
gate has cracking throughout the aggregate, cracks follow the foliation of
the aggregate and does not appear to extend into paste. Some of the mi-
crocracks appear to be infilled with gel, evidence of minor ASR. See Figure
11 for low and high magnification microscopy images of 160143-5 (117T).

Figure 10. The as-received core 160143-5 (11T).
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3.6

Figure 11. Low and High magnifications of 160143-5 (11T). (a) minor carbination
sataining at the surface, (b) carbination stainging at the surface following older crack,
(c) carbination staining around coarse aggregate, (d) high magnifiction to see fine
aggregate and cement.

(a) Low magnification photomicrograph
B, i

Core Sample 160143-6 (13T)

The as-received core 160143-6 (13T) is shown in Figure 12. The core was
6.75 inches long and 6 inches in diameter. Minor carbonation staining
within a half inch of the surface was observed. There was no visible signs
of ASR gel or damage due to ASR gel expansion. Voids were partially in-
filled with a white deposit, most likely ettringite and calcium hydroxide. A
crack, 11mm deep and less than 0.1mm width, was observed. Carbonation
staining was observed along this crack. See Figure 13 for low and high
magnification microscopy images of 160143-6 (13T).
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Figure 12. The as-received core 160143-6 (13T).

Figure 13. Low and High magnifications of 160143-6 (13T). (a) minor carbination
sataining at the surface, (b) carbination stainging at the surface around coarse
aggregates, (c) high magpnifiction to see fine aggregate and cement.

e Y L o] # i

(a) Low magnification photomicrograph

(b) Low maghnification photomicrograph

(c) High magnification photomicrograph
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3.7

Core Sample 160143-7 (25T)

The as-received core 160143-7 (25T) is shown in Figure 14. The core was
7.5 inches long and 6 inches in diameter. Minor carbonation staining
within an inch of the surface was observed. There was no visible signs of
ASR gel or damage due to ASR gel expansion. Voids were partially infilled
with a white deposit, most likely ettringite and calcium hydroxide. A crack
extends 45mm from the surface and was greater than 0.5mm width. The
crack extended around 1 coarse aggregate, but through 2 others, likely due
to mechanical stresses. See Figure 15 for low and high magnification mi-
croscopy images of 160143-7 (257T).

Figure 14. The as-received core 160143-7 (25T).
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3.8

Figure 15. Low and High magnifications of 160143-7 (25T). (a) little to no carbination

sataining at the surface, (b) carbination stainging at the surface following older crack,

(c) carbination staining around cracked coarse aggregate, (d) high magpnifiction to see
fine aggregate and cement.

(a) Lo
77 gy RS,

(d) High maghnification photomicrograph
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(c) Low maghnification phot

omicrograph

Core Sample 160143-8 (28)

The as-received core 160143-8 (28) is shown in Figure 16. The core was
9.875 inches long and 6 inches in diameter. Minor carbonation staining
within an inch of the surface was observed. There was no visible signs of
ASR gel or damage due to ASR gel expansion. Voids were partially infilled
with a white deposit, most likely ettringite and calcium hydroxide. A crack
extended through the sample, greater than 0.5mm width, but sample re-
mained intact. The crack did not extend through any aggregates except the
edge of one at 3 in in depth. See Figure 17 for low and high magnification
microscopy images of 160143-8 (28).



ERDC/LAB TR-XX-DRAFT

Figure 17. Low and High magnifications of 160143-8 (28). (a) minor carbination
sataining at the surface, (b) carbination stainging following crack around coarse
aggregate, (c) crack extending through coarse aggregate, (d) high magnifiction to see
fine aggregate and cement.
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gnification photomicrograph

(d) High ma

(c) Low maghnification photomicrograph



ERDC/LAB TR-XX-DRAFT

16

3.9

Core Sample 160143-9 (54T)

The as-received core 160143-9 (547T) is shown in Figure 18. The core was
6.75 inches long and 6 inches in diameter. Minor carbonation staining
within an inch of the surface was observed. There was no visible signs of
ASR gel or damage due to ASR gel expansion. Voids were partially infilled
with a white deposit, most likely ettringite and calcium hydroxide. A crack
at surface was 7mm deep and less than 0.1 mm in width, and terminates at
a coarse aggregate. Coarse aggregate near the surface show signs of chemi-
cal weathering at grain boundaries within the aggregate, most likely due to
wetting at the surface. Similar aggregates look like a gneiss and show no
sign of weathering of chemical alteration with depth. See Figure 19 for low
and high magnification microscopy images of 160143-9 (547T).

Figure 18. The as-received core 160143-9 (54T).
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Figure 19. Low and High magnifications of 160143-9 (54T). (a) minor carbination

sataining at the surface, (b) carbination stainging following coarse aggregate, (c)

carbination staining in older void, (d) high maghnifiction to see fine aggregate and
cement.

&

(a) Low magnification photomicrograph

Ty 3 =
;
B %

5ok 4 . e i s :".*‘\.'t
(c) Low magnification photomicrograph (d) High magnific

ation photomicrograph

3.10 Core Sample 160143-10 (56T)

The as-received core 160143-10 (56T) is shown in Figure 20. The core was
9.5 inches long and 6 inches in diameter. There was no visible signs of ASR
gel or damage due to ASR gel expansion, and no visible staining due to
carbonation. Voids were partially infilled with a white deposit, most likely
ettringite and calcium hydroxide. Two cracks were observed, both 20mm
deep and greater than 0.2mm width. See Figure 21 for low and high mag-
nification microscopy images of 160143-10 (567T).
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Figure 20. The as-received core 160143-10 (56T).

Figure 21. Low and High magnifications of 160143-10 (56T). (a) little to no
carbination sataining at the surface, (b) cracks at the surface of the sample, (c) crack
in coarse aggregate with iron staining, (d) high magnifiction to see fine aggregate and

cement with cracking.

Low magnification p
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3.11 Core Sample 160143-11 (78T)

The as-received core 160143-11 (78T) is shown in Figure 22. The core was
6.75 inches long and 6 inches in diameter. Minor carbonation staining
within an inch of the surface was observed. There was no visible signs of
ASR gel or damage due to ASR gel expansion. Voids were partially infilled
with a white deposit, most likely ettringite and calcium hydroxide. A crack
was observed that extends 15mm from the surface and was less than
o.1mm in width. See Figure 23 for low and high magnification microscopy
images of 160143-11 (787).

Figure 22. The as-received core 160143-11 (78T).




ERDC/LAB TR-XX-DRAFT

20

Figure 23. Low and High magnifications of 160143-10 (56T). (a) little to no
carbination sataining at the surface, (b)little to no satining at the surface, (c) very
little destress seen within the sample, (d) high magnifiction to see fine aggregate and
cement.

fa

(a) Low magnification photomicrograph (b) Low maghnification photomicrograph
T B 4 L. e . -‘:z::h s -

For A NG

T i -

(c) Low maghification photomicrograp (d) High magnification photomicrograph

3.12 Core Sample 160143-12 (120T)

The as-received core 160143-12 (120T) is shown in Figure 24. The core was
7.75 inches long and 6 inches in diameter. There was no visible carbona-
tion staining observed. There was no visible signs of ASR gel or damage
due to ASR gel expansion. Voids were partially infilled with a white de-
posit, most likely ettringite and calcium hydroxide. A crack was observed
at the surface, extends 3o0mm into sample and was less than 0.1mm in
width. See Figure 25 for low and high magnification microscopy images of
160143-12 (120T).
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Figure 24. The as-received core 160143-12 (120T).
e . v 3 S —— e 8

B e

Figure 25. Low and High magnifications of 160143-12 (120T). (a) little to no
carbination sataining at the surface, (b) fine crack at the surface of the sample, (c)
minor staining around coarse aggregate, (d) high maghnifiction to see fine aggregate

and cement.

(b) Low maghnification photomicrograph
) e R Y. e '.-._iw ol P ¢ ¥

ot | el W

- P

(c) Low maghification photomicrograph (d) High magnification photomicrograph
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3.13 Core Sample 160143-13 (123T)

The as-received core 160143-13 (123T) is shown in Figure 26. The core was
6.625 inches long and 6 inches in diameter. Carbonation staining was ob-
served only around large entrapped air voids. Large entrained air voids
have little to no deposits of ettrignite or calcium hydroxide. There was no
visible signs of ASR gel or damage due to ASR gel expansion. Two cracks
were observed in the core. The first; a 3 mm crack, less than 0.2mm in
width extends from the surface, terminates at a large entrapped air void
(1/4” x 34”), reappears at a coarse aggregate boundary and extends into
another entrained air void (1/8” x 1/4”). The second was a 15mm crack
that was less than 0.1mm in width. See Figure 27 for low and high magnifi-
cation microscopy images of 160143-13 (1237T).

Figure 26. The as-received core 160143-13 (123T).

-
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Figure 27. Low and High magnifications of 160143-13 (123T). (a) little to no
carbination sataining at the surface, (b) minor staining around coarse aggregate, (c)
cracking through large entrapped air void, with little to no staining, (d) high
maghnifiction to see fine aggregate and cement.

3.14 Scanning Electron Microscopy (SEM)

Core 160143-6 (13T) was evaluated in the SEM to determine the constitu-
ents of the white deposits that are found filling voids for most of the sam-
ples. In the image of a void, Figure 28, the radial needle-like crystals are
ettrignite and the smaller particles throughout the image are calcium hy-
droxide. If the deposits were ASR gel, there would be no crystal form and
the gel would most likely by highly cracked.
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Figure 28. SEM image of a void in core 160143-6 (13T). The radial needle-like
crystals are ettrignite, while the small particles are calcium hydroxide.

HFW | mag |det| HV ‘ WD |spot| 8/8/2016 — 50 pm —
298 pm |1 000 x| vCD | 15.0 kV |13.5 mm| 5.0 | 4:22:37 PM| US Army ERDC CMB
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4 Summary and Conclusions

This study examined thirteen concrete cores provided to the ERDC by the
US-AFCEC from Air Force Plant 42. The 13 cores, which were logged in as
CMB No. 160143-1 to 160143-13, were subjected to an in-depth analysis

consisting of visual and petrographic examination. The results of the study
include were:

e Minor evidence of ASR was observed in 160143-5 (Core # 11T).
Some of the microcracks appear to be infilled with gel.

e Staining was typically within an inch of the surface of each sample
and due to carbonation.

e Air Void infilling is ettrignite and calcium hydroxide.

e Summary of observed cracks according to crack width
o # 11T, # 04T, # 08T, # 25T and # 28 (0.5 mm)
e # 11T, # 56T, and # 123T (= 0.2 mm)
e # 05T, #13T, # 54T, # 78T, and # 120T (<0.1 mm)

Most of the cracks appear to have been caused by mechanical stresses
and/or shrinkage. There is little evidence of ASR induced issues. The pres-
ence of cracks larger than 0.2 mm can reduce the mechanical properties
and durability of the concrete.
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Contact Information

For any questions related to the results of this study please contact:

E. Rae Reed-Gore, G.I.T.

Research Geologist

Concrete and Materials Branch

Geotechnical and Structural Laboratory

U.S. Army Engineer Research and Development Center
Office: (601) 634-2235

Erin.R.Gore@usace.army.mil

Robert D. Moser, Ph.D.

Senior Research Civil Engineer

Engineering Systems and Materials Division — Research Group
Geotechnical and Structural Laboratory

U.S. Army Engineer Research and Development Center

Phone: (601) 634-3261

Robert.D.Moser@usace.army.mil



ERDC/LAB TR-XX-DRAFT

27

Appendix A

. HIL AND YYPEL OF BT

== AT

SR B T

Qubion {D1A

14 TOTAL NUNBER COAS BOXES

S ELEVATION GROUND WATER

Cyvennieas [CJmccmes

sranvae [EL S L [

W OATE HOLE

[? TeCawEss OF OVERBLEMDEN

I7. CLEVATION TOF OF mOLE

. OEFTH DRILLED INTO mOCK

' TOTAL COME RECOVARY FOR BORING
. MEMATURE OF INMSECTOR

F, TOTAL OEFTH OF mOa €
LEOEN: CLABMIFICATION OF MATERmIALY CRT | BOR O A
ELEVATION| uv:- la":-“‘ :ﬁtﬁ ll=.:.\l w—sm-. ﬂ"'
. . - -

(A
 /
H 3

{

!

{
—

"

M aly < g t

'\_‘Dxi} 3 MRLLA i
<y -
T

il f"m

c

lll]lllll]“ul_l]ullllllllliillllllll1]1]]]]1][11][];[1“IllllllllIlll|lllllllrllllllllllilllltul

1 ol

§

-

i

IIIIII”I'[T”IIIIH|IIlI|II'II[IH[]IIIIIIIIIlllllllllI|II”[lllllIliill|l|]IIlllliIIIl'lT‘l']””ll”

S
ENG FORM 1834 pucvious coimions ane ossoLere

AR 7Y

TRANTLUCENT)



ERDC/LAB TR-XX-DRAFT

T S oo S
L . _PF ST ——

: — qal\" ‘1"2— T WARoT ACTUREN | GAWGRATION OF L |
B A Pocen ——

A TOTAL WUNBER CORE BORET

" ELEVATION CROURD WATER

P—— rn-no. I A
Cirearngan Jecumes __________ €8, #5ow yaary. i
. KL TOr OF moLe
TR momOi
o Ll W TOTAL COME RECOVERY FOR BORINS .

jo. OEFTH CRILLED WTO BOCK
TOTAL OCPTE OF wOLE

W MENATURE OF InsSeCTOR

LEvaTIon| DEFTS |LEGE CLAMIFICATION OF mATEAIALY % h"?‘.i T i

*-.“
?—"- Rrael Er* op ~
\ bads &) et
| 5

|

L o
e "H

Ca

I.IIIIIl,l_l.llrlllll!lllll!l]IIlllllll]llllIllllllllllllli I)]I]llllllllllllllllll]lllllll]lllllllllll

5.
e
'\.\t‘l

—
-

m?'“ 1836 rarvious sosmoms ans cmsoLaTs m’ F“F

ITRANMLCENTY

lllll]l[llllllIIIIIIIIIHIIIHIIIIl]”lllllll'Illl|IIII[IIII[Il”[ll"’]l”l‘”ll‘lllllIlllllilllllll



ERDC/LAB TR-XX-DRAFT

29

Hel o No.

[ T

TRIVACCATION

i SHEETS
3. MIE AMD TYPE OF BT

T YR PN WO VETION WO T |

(74

S e Z

et oF oot . TOT AL MUNBER COAL BOXES
Tojﬁ’ 15 ELEVATION GROUND WATER
(& DINECTION OF mow TranTes
6. DIRCCTION OF L] e BAYE L TART ' LETED
o Cwesimes Cas. Tmow vEnT. 1 i

7. L TOF OF monl
7. THICKNESS OF ovERmUmOEN

- TOTAL CORE RECOVERY FOR DORING *
B SEPTH GRILLED BrT0 ROCK A A e, 1

8. TOTAL OCPTH OF mOLE

- -

cmneguug s (A RN mag oI o

T

L

o A

o

IIIIIII]lllll.lll“]l_ll_ll]l]lllilllillllllllllllIIII]lIllllllIllllll]l_l_llllllllltl]_lll!lll]llllllll!

8 9%

FORM
anr 1836 racvious eoemoms ang ossoLeTe.

(TRANILECEN T

’II|IIIIIFI”IIIIFII]IIII]IIlllIlll]IIIllIIII|illllllll|IlHIl[ll;lllllllllllllllllllllllllIIlI|!III



ERDC/LAB TR-XX-DRAFT

30

W HIE AND TYPE OF BT

e A R A

T T AYOW PN FUTVETIN W T

T TOT AL SUNBER CORE BONET

1h ELEVATION GROUND SATES

Civenvicar [Clmdvmen

G

7. TenCuwEss OF OVERBUADES

L3 TOF 0F woLl

. OEFTw DRILLED INTO SO0s

8 TOTAL CORE ACCOVERY FOm BOMwE .

8. TOTAL DEPTH OF wOLE

{;Tiiﬁ?iiii7iﬁiii7ii

" oreTe |LEo

el L T e

\n

=T
L~

nlrl}lultnlllln‘llnlnnlllnllllllHtll||llllulhlu[‘nul'l|n[l||llllll|IIllllll!]lllI[ull

95"

IIIIIIIII[IlIIIIIIt|||{llllll]III[llIIIlIIIllllll]flri]llllllllllllll|l!ll|lill|ll|IIIIIIIIIIIElIII

AR T

1836 rarvicus Konmions ARE OOLETE Tm

ITRANILECENT)

[



ERDC/LAB TR-XX-DRAFT

—— T po g =

—
0. MIE AND TYPE OF BT

o g Ay ]
. TOT AL WumSER CORE BONLS

raaiEn Teowrcwres |

DRECTION OF N0
o [Dimduimen GEE. PADN VERT.

" DATE MOLE

7. THICKNESS OF OVERBURDEN

e M. TOT AL COME RECOVERY FOM BOMING b3
8. CEFTm ORSLLED INTO ROCH I3 LORATURE OF MAFECTOR
5. TOTAL BEPTH OF HOLE

= oEPTH LT
-

g e

CLASSAFICATION OF MATERIALS @ =ﬁ 'l:ll‘

,
.

4
veven'S

(] Jarg dhacks
J

| om0

5

@ (e 5oL

.
uuliIJ.|!lu1|llntlllltlllltllilil]lilllllllllﬁlllll’llllllulllllllllllllllllIlllllllllullllllI

A

”llllllilll!I!'lll'lllllllllllllll[llIIIlIIIlIIlllllll|||l|iIlllllllllIIlll”lllllllllIIl!IIIIII’IIT

':'-:9-“ 1836 rruvicus koiTiows ast casoLETE. Fﬂ!‘ [ﬂl'l?n.
ITRANSLUCENT)



ERDC/LAB TR-XX-DRAFT

32

Dveavicar [Chweumie

. SIC AND TYPE OF BT

T EAY O P

e TUE
SRS DA B Vi | 3
—{ Ve ToTAL NuMaER ComE BoXES
T8 ELEVATION GRownD WATER
T

W DATE wOLE

im.

BEe Pl vERT.

Ll To# OF WoLE

[*.

(8 CEFTH CHILLED WTO ROCK

. TOTAL CORE RECOVERY FOR BORING

. SIGHATURE OF inSFEc Tom

l]l]ll.l.ltlljlllIllIlllillIillll]lltlllil]llll]]lllIllli_lJ.IJlJ]]lll !Ihllilllllllll]lll]l]lllllll]l

!. TOTAL CEFTm OF MOLE
comE srmAmey
©w ’ ..:.. LE . CLAFIC l'm:a WATESIALY ]“;z* m.,rvn - -:{'_.__‘ 4
>
s v h.‘-u” s
Vedire
—t ]
4
ot L

l' 3‘ FRLVIOUS EQITIONS ARE OBSOLETE.

FTRAN RLOCENTY

l:!'ﬂ_

II||||l|l||l”l|l'l[Tl'll¥l|llll!IlII|Il]lillll[|lll]lrll]!lll]llll]llIl[lIH'IlIl|HIlIIIH|1III]IlII



ERDC/LAB TR-XX-DRAFT

33

" Wu F! ETuRBEe |b\u-lmnm

4. TOTAL NUMBER CONT BOKEE

. ELEVATION GROURD WATER

Clvemvican [Jrwesimtn

TamTaD Tcoweiaran
. DATE worE I g

1. L TOP OF WOLE

[*. THICHNESS OF OWERDURDEN

8 DEFTH CRILLED INTO ROCK

W, TOTAL CORE RECOVERY FOR BORING L3

. MGRATURE OF m3PEC TR

(9. TOTAL DEFTw OF HOLE

L EERTH | LEGE b

O
-
o

LT IOm OF MATERIALY

4

AT R | oy R

- L) Ll

llllllllllllllllllllllll!]llllllll[lll]lIlIlllllltlljllllllllllll|lllllIil’I]IlIillIllllllllllIllll

£ e

Lo X
.dé,dl-‘“‘

TS

fof

)
+
[

llllIIIIIIIIIIIllll]|IIIIIlllil[IIlll]l’llllilIIIl]ll!]llll]lllliIlIl]II[I|III!'IIII!!IFII’IIY]IIII

an 1836 racvious eoimions ane oesoLETE

STRANSLUCENT)

e B i



ERDC/LAB TR-XX-DRAFT

34

. HIL AND TYPL OF BIT
3 -

VRO Y teneR TR e

" %wm TumBED !“I'\-III

. TOT AL WUNMBER COALE BOVEY

M TLEVATION GROUND WATER

Covemmecsn [ewtomle e 006 FRGw sla T,

WTARTEG |Come et D
W DATE MOLE i %

. L TOP OF woa it

(7 Teslanlss OF OVEABUADEN

B CEFTH DRILLED INTO ROCe

1 TOT AL CORE RECOVERT FOM Bisnws %
¥

8. TOTAL DEFTH OF wiLE

ELEVATION]

'!
w

v ccomrgngronss e PR o oFEE

c g At

o LY ralyer

14

pheene o e bbb b b bos b b b b Lo b L

AMoe yrld. ..-._dl-'r

lIflIIlIiIIIIII[IlIlIIII!II||i|IlIIIIIIII[II[IIIl[lr'rllll'”]lll'l]llllllllllll'll]lIHIIIIIIIHI]IIII

-
SR 1836 previcus CoiTions ame oRsoLETE
TRANILYC RN T

]'B'Wn —Fflﬂ



ERDC/LAB TR-XX-DRAFT

35

Hele Mo

0. HIE AND TYPE OF BT
TT DATUR 7ON TLACATIOR TROWR (TR = e |
(T WRUPICTUROR Y SRR e |

k]

_"‘39-.«,*

Cachn: OTA

‘L e TOT AL syumMblA COME BONES

e

T8, ELEVATION GROUND WATER

Clvenvicas [Cliwtumte

DES FRouw vERT,

TaATED CowPLET

7, " TOF OF HOLE

2. ¥ oF

o, EF T CRRLLED N TO ROCR

W TOT AL Comil RECOVERY FOR BORI RG A
T, HORATURE OF mabacTom

0. TOTAL OLFTH OF WOLE

-

CLASISCATION OF

o [V R e o i

kAl

I.IIIIIHIIIlIII“HIIIIIIIIIIIIIHIIIII}IIHIIl]ll]lll;lll]l)ll}tI]lII IllhlllllllllIIIIIIIIIIIIII

Ve v

ke

¥

AR Ty

ITRANS EFCFN T

1836 smevious coemons ane cesoLeTe

lilll"[l[ll;lllIIII'I—!'II'III'Il”lll”'l}'l'lll'llHlHII'lIII|II!IIHII| HII|IIII|IlIIlI[II]HI’lIIlI['IIII




ERDC/LAB TR-XX-DRAFT

36

Hel o M.
oG Loe | smeers
PR 3 Ae = win Awo TYre OF T ]
- Tlowt 42
“““.o.--a-uﬂq_c oLt "ms‘&-‘&ﬁﬂ“-n! " 1: :
- — LY 4 TOTAL NUNBER COMT BOXER
Gaskisa '“1:’55.#. M ELEVATION GROUND BATER
TIRECT IO OF L€

[vamvegan [Jiwduimes

DR FRON VERT.

Ep—— —Iim rm

(7. THICKNEES OF OvERBURDEN

| 77, ELEVATION YO8 OF wOLE

W TOTAL CORE RECOVERY FOR BORING A3
o, DEPTH CAILLED INTO ROCK " NGRATURE OF Ton
0. TOVAL OCPFTE OF WOLE
CLABIFICATION OF MATERIALS % ! Loy SO
o oerTh |LE 3
" - o x : "'-:!:.."u.. el i
. .

0 ader

PR ‘\.5“

s
IIIJIIIIIllltlllljl]llllllllll IlllsllllillljllillIllllllllJIJlJJIlltIllll!lIlll;llllllllllllll!Itll

e v 2wl S i

Pf-" e

llll‘llllllilIIIIIIEIIIIIIlIIIIlIIIIlIIIIIIl|IIIlll||l|llIlllIlIIIIlIll'lll]ll?[]llfllllllilllIIIIII

_‘:ﬂ’ 1836 prevvous coimons ane

omoLETE.

STRANSLUCEN T




ERDC/LAB TR-XX-DRAFT

Hel o Me.
omme ioc [ e
H TR T TrTvETr =
Dt %2
SN A e kel
:C,Dw* -?51— e TOT AL MUNSER CORL BONES g
T propmem—— i#ﬁ?ﬁ !E=E7ﬂ5
[ T E LT TR e ETTNT S p— L [ LS e T -
(7. THICKMESS OF CvEmBUmDEN W, TOTAL CORE ALCOVERY FOR BORING .
o DEPTH DRILLED WTO ROCK (% HGRATUAE OF inSPECTOR
5. TOTAL BEPTH OF WOLE
" ) j_;. oo cLAmIRIC uo:w TEmIALS 1%# %' .uém“ oa, dmnet

el

i

e

nuluu!unlI||llullluul11||fllll|ll|lttlllllltl[l!llllllll lllllllllllll]lllllIlllillllllul

-_“m 1836 pravious EDITIONS ARE ORIOLETE.
ITRANTLUCENT)

Tﬁm

|

III|II|llfl"ll'lllIIlllIlll]llllllﬂl]lllllIIIIllIII]IHI]IlIIlIIIl'il'lII]IIlI|lllllll”lllllillll‘llll



ERDC/LAB TR-XX-DRAFT

38

Hale Me.

|

W, WIE ARD TYFR OF T

T i AT D
™ IS B W Vinen I

M TOTAL NUSSER CORE BONCT

M FLEVATION SACLND WATER

[ | Lot s s

(. TeslanCit OF OvERSUAOES

in»n. Teomearan
- DATE wOLE H
B4 FRAGE vERT. i
. EL TP oF wink
W TOTAL COAE ALCOVEAY FOA BOMING Al

6. OLPTH DRILLED MTO RO

W SGNATURE OF INSPECTOR

[o. YOTAL OEFTH OF mOLE

CLARIFICATION OF

ot [ BA] e ol e

n

-
]l]lllllllIllll}]!ll]l]ii]l]ll]ll]l|l|lIJlllIJllllJJlJlf}]lll]lJllllllllll!|Il||||llll]ll!ll]llllll

y{d“{\(34r!' T

A

ke

pNE [EAP-S g

N ’{bl
v

IIII[I[IIIIIII!Illllllfllllll]llllill]l]"llll]lllIlllllllIll]IlIl[]'lll]'lllllllll]llll]llllllllllllll

1836 ruwvioun soimcns ans omsoLaTe.

TRANSLUCEN T
—

Im




ERDC/LAB TR-XX-DRAFT

Hele Ko

i s st

e i

4 TOTAL MUMBER COAT BONES

Ll s susvaTion snouws wATER

SIRECTION OF Bt o BATE WL Im. T iLETan
Clvemmcas [Clwwcomes ________ S§6. SWoW vE&T. H

. L ToF oF moLe

. TOTAL CORE RECOVERY FOR BORINE *
" SEuATVRE OF IN!

. TH AN OF OvERTsaDEN
o, CLFTH DRILLED INTO BOCE
5. TOTAL DEPTH OF oL |

v s vl s |GG ] oo R e

—r}
. . 4 - L]

(A

s
|

<

IlIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIlllllllljllllllljlIllll}llllIl]llllIIIll]lilllllll!llllllllllll

I”T'I””[I'HllllIIII]II'HII'II[Iill”]”lllllll|I[ll|ll!llllll]Hlllllll]llll]ll”lllll'Hillllll

1834 pagveous £oimiows ane omsoLETE Img Im
TRANEL TCEN T

AR T




ERDC/LAB TR-XX-DRAFT

40




