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ABSTRACT

In Project SHOAL, & low-yield nuclear device was to be detonated under-
ground in granodiorite at a site approxiﬁately 28 miles southeast of Fallon,
Nevada. The U. 5. Army Engineer Waterways Experiment Station determined
pertinent physical properties of the granodiorite {as described in the
appendix) and developed a grout mixture with similar properties for use in
embedding instruments to measure carth motion, particle motion, ete. Two
other mixtures were develoved to meet less rigid requirements. In all, WES
grouted 10 surface stations, hrsurface and 30 tunnel instrument holes, 5
instrument niches, and 1 exploratory hole. From specimens cast at the
project site, the physical properties of the grout on the device-detonation
date were determined. The coupressive strength and ultrasonic pulse veloe-
ity of the specimens of the grout intended to match the granodiorite,
though considerably greater than those of conventicnal grouts, were some-
what less than desired. However, the density of the grout was almost
identical with that of the granodiorite, and it is believed that all
instruments were well embedded in and bonded to the grout and that the

field grouting operaiions were successful in all respects.
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PREFACE

The work performed by the U. 5. Army Engineer Waterways Experiment
Station (WES) in connection with Project SHOAL was accomplished in the
summer and fall of 1963 for the Defense Atomic Support Agency (DASA) and
the U. S. Atomic Energy Commission (AEC).

It i1s desired to acknowledge the excellent cooperation, logistic
support, and assistance furnished WES by the organizations and personnel
participating in.the Project SHOAL test. Among these organizations were:
DASA, AFC, Sandia Corporation, Lawrence Radiation Laboratory, U. S. Bureaun
of Mines, and Reynolds Electrical and Engineering Co., Inc.

The WES participation in the overall project was under the direction
of Mr. Thomas B. Kennedy, Chief, Concrete Division, and under the super-
vision of Messrs. James M. Polatty, Froject Officer, W. O. Tynes, R. L.
Curry, E. E. McCoy, Jr., and J. E. McDonald, and Mrs. Katharine Mather.
The laboratory investigation and actual field grouting were conducted unhder
the direct supervision of Mr. McDonald, who also prepared this report.

Col. Alex G. Sutton, Jr., CE, was Director of the WES during the in-
vestigation and thexpreparation and publication of this report. Mr. J. B.

Tiffeny was Technical Director.
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! ’ CHAPTER 1
OBJECTIVE AWD BACKGROUND

In Project SHOAL, a low-yield nuclear device was to he detonated
underground in granodiorite at a site approximately 28 miles southeast
of Fallon, Nevada (see Figure 1.1).

Since measurements of earth mofion, particle motion, ete., appear .
to be most reliable when the measuring instruments are emplaced and em-

bedded in a grout that matches as closely as possible such physical

properties of the surrounding medium as density, ultrasonic pulse veloec-

; i 4 participation in Progect
SHOAL were to: (l) develop and pump into instrument holes and niches a
grout that would match as nearly as possible the in-situ physical charac-
teristics of the rock at the project site, and (2) provide other grouting
support as requested by the various agencies participating in Project
SHOAL, , _

WES had successfully developed a matching grout mixture and performed
the field pumping of the grout for the Project HARD HAT test conducted in
granodiorite at the U. 5. Atomic Energy Commission's Nevada Test Site.l
Experience gained in Project HARD HAT was most beneficial in the develop-
ment of a grout mixture and performance of field pumping for Project SHOAL.

M. Polatty and J. E. McDonald, "Operation NOUGAT, Shot HARD HAT,
Grouting Support,” POR 1807, Defense Atomic Support Agency. USAEC
Division of Technical Information Extension, Oak Ridge, Tennessee,
April 1963. Unclassified.
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) - CHAPIER 2
LABORATORY INVESTIGATION

2,1 DESIGN CRITERIA

A careful review of the grouting requifements of the various
participating agencies revealed that three basic grout mixtures would
be required. These three mixtures were as follows: o

g; Mixture 1 was to match as nearly as posgsible the in-situ phys-
ical prbperties of the rock at the project site. Design requirements for
this grout were based on the results of physical tests (see Appendix)
performed on core specimens obtained from exﬁloratory hole ECH-D at
the project site., The principal physical properties to be matched
by the grout were a density of l6k.lxlb per cu ft, an ultrasonic
pulse velociﬁy of l6,9h0 fps, and a compressive strength of 15,960 psi.

b. Mixture 2 was to have physical properties gppreciably different
from those of the granodiocrite at the test site. It was agfeed in dis-
cussions between WES and Sandia Corporatlion personnel that a grout with
a density of 90 to 100 1b per cu ft, an ultrasonic pulse velocity of
2000 to 4000 fps, and & compressive strength of 200 to L0O psi would be
satisfactory. This mixture, to be used in the upper 480 £t of hole PM—B,
was considerably weaker thah mixture 1 snd was to be used in an effort
to minimize instrument cable damage during shifting and spalling of the ..
formation at detonation.

c. Mixture 3ldid not have to meet rigidrphysical property re-
gquirements because it was to be used for stemming purposes rather
than for grouting instfumentation in place. BSandis Corporation left
the selection of a grouﬁ for this purpose to the discretion of WES
personnel, |
2.2 MATERIAIS
The following materials were used in the. laboratory proportioh—

ing studies to develop grout mixtures with the desired physical prop-

erties.
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Specific Unit Weight

Material Gravity . ib/cu ft
Aluminous cement ("Lumite") 3.08 191.88
Magnetite sand , _ k.38 272.87
Bentonitex 2.h8 15k.50
Aluminum powder¥* -- --
Grouting aidf - - --

* Blaine fineness, 3390 sq cm/gm _

%% 50:50 blend of 3-XD and atomized No. 1-511.

t  Blend of fluidifying, air-entraining, and water-reducing
agents.

Sand grading was as follows:

Sieve No. Cumulative Percent Passing
8 ' - -100
16 S 95
30 _ ' 23
50 - - 28
100 S . 1b

200 o 8
2.3 MIXTURES

The following three grout mixtures were proportioned in the laboratory
to meet the requirements described in paragraph 2.1.

. o : Dry Batch
Material - Bolid Volume, cu ft  Weight,* 1b
. Mixture 1 _
Aluminous cement - 0.490 . 9.0 -
Magnetite sand 0.550 150.0
Water : - 0.668 41.6
Aluminum powder Negligible (ko em
CGrouting aid . . Negligible 1.0
" Mixture 2
Aluminous cement 0.k90 gk.o
Bentonite 0.065 10.0
Water 1.846 115.0
Aluminum powder Negligible (2.0 em
Mixture 3
Aluminous cement C.hg0 ak.c
Water 0.562 35,0
Aluminum powder Negligible (6.0 gn

* Based on l-bag batch.
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- 2.4 PHYSICAL TESTS OF LABORATORY MIXTURES
Specimens of the three grout mixtures were tested at 28 days age

to determine thelr pertinent physical properties. Results were as follows:

Mixture No.
Test 1 2 3
Density (hardened), 1lb/cu £t S 167.4 931 --
Ultrasonic pulse velecity, fps . 12,070 - 230 - -
Compressive strength, psi . 8,200 220 850

2.5 DISCUSSION _ o ,

. In an effort to obtain opbimum strength and high-velodity charaéter—__
istics, the water content of mixture 1 was reduced to the minimnm.which
would result in a grout of pumpable consistency. The compressive strength
and ultrasonic pulse velocity of the specimens of this grout, intended to
match the properties of the granodiorite, remained somewhat less than de-
sired but considerably greater than those of conventional grouts. Howevéy,
the density satisfactorily matched that of the in-situ granodiorite. _

Mixtures 2 and 3 satisfactorily complied with the less sfringent de-

sign criteria, and had excellent purping characteristics.
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CHAPTER 3
FIELD GROUTING

3.1 EQUIPMENT

The following mejor items of equipment were used in grouting holes
drilled from the surface and in grouting holes and niches in a tunnel
excavated at the site:

a. One Wagner steam simplex pump, air-operated.

I3
g

Robbing and Myers Moyno pumps, air-operated.
Two T-cu-fh-capacity, tub-type grout mixers, air-operated.

I~ 1o
o
5
o

conventional 16-8 concrete mixer, gasoline-operated.

|o

. One 2500-gal-capacity water trailer with gasoline-operated
centrifugel pump. o - '

s

. One JOy-Carpuller'hbist, electrically operated.
g. DPerforated plastic pipe, 2-in. inside diameter (ID)
h. Plastic grout injection hoses 3/h~ and 1-in. ID.

Approximate locations of the four, deep instrument holes drilled
from the surface and the ten surface stations, all of which were grouted

from the surface using mixture 1, are shown in Figure 3.1.

For grouting the surface stations, the grout materials and mixers
were loaded on a Flatbed truck which was positioned in the immediate
viecinity of a station. Upon completion of instrument emplacement, grout
mixing was begun. As soon as each batch of grout was sufficiently mixed,
the mixer valves were opened and the grout flowed by force of gravity

into the trench or drill hole.
The depths of the four, deep, 1l-in.-

diamater holes and the type of grout used in each are given in the

16
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 fbllowing tabulation:

=5

Hole Grout
Depth, ft Mixture No.

personnel to expedite instrumentation placement and grouting in each of
these holes. Two grout injection hoses (1-in. ID) were uséd in holes
PM-1, -2, and -3. The discherge end of the first hose was attached to
the messenger cable immediately above the deadweight (Figure 3.4), and 7
the second hose was attached to the messenger cable approximately 50 %
above the discharge end of the fifst hose. This second hese was provided
for use in case of grout stoppage in the first hose, and also to expedite
pumping by eliminating the necessity of pumping against & high head of
grout. These hoses were attached to the messenger cable with clamps and
Kellum grips at approximate intervalg of 50 and 200 ft, respectively.

After the instrument array was lowered to the desired depth ang
final instrument checks and orientation had been completed, groﬁt injecﬁion
was begun through the first hose and continuéd until the grout level was
approximately 25 £t above the discharge end of the second hbse.r Grout
injection was then discontinued through the first hose and started through
the second hose and continued until the total requiréd amount {approxi-
mately 125 1in ft) had been injected. . »

The grouting procedure for hole PM-8 was somewhat different from
that for the other three holes, because it was necessary to completely
fill this hole with grout. To allow withdrawal of the grout injection
hose as grout filled the hole, it was decided to place perforated, semi-
rigid, plastic pipe the entire depth of the hole as a casing for the
injection hose. This pipe was clamped and taped to the messenger cable at
approximately S50-ft intervals. The plastic pipe had an inside diameter of
2 in. and an outside diameter of 2-3/16 in., and was obtained in 10-ft
lengths perforated with diametrically opposed, l-in.-diameter holes spaced
L £t center to center along the pipe length. The sections of pipe were

connected by means of glued slip connections which had an outside
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diameter of 2-9/16 in. (Figure 3.5).

After the instrument array had been ldwered to the desired level in
hole PM-8 and instrumentation checks completed, a l-in.-ID grout injection
hose was attached to a 1/k-in. messenger cable and lowered inside the per-
forated pipe the entire depth of the hole. Grout injection (mixture 1) was
then begun (see Figure 3.6) and contimued until approximately 450 lin f4 of
grout had been pumped into the hole. The grout injection hose was then
withdrawn from the hole and flushed with water. This stage of the grout
was allowed to harden for approximately 24 hr, at which time the grout
injection hose was lowered to the level of the first stage and the remain-
ing portion of the hole was filled using mixture 2. This hole required
approximately 20 percent more grout than the computed volume which was
determined assuming an 1l-in.-diameter hole. No caliper logs were avall-
able on this holej howe#er, logs of hole ECH-D,_a@proximately'lO £t away,
indicated considerable "washout" down to a depth of about 300 ft. This

washout is probably the reason for the extra quantity of grout required ﬁo
£111 hole PM-8. ' .

The drift excavated at a depth of approx 1300 £t in the granodiorite
formation extended 320 £t west of the shaft and 1050 £t east ending in a
vertical buttonhook at the weapon point. Instrument holes-and niches
were drilled and excavated at various angles in the tunnel roof, walls, and
floor at wvarious inte;vals along the entire lengbh of the tunnel.

The tunnel grouting was divided into four phases: Particle Motion,
Hydyme, Bureau of Mines and IRL, and Miscellaneous Grouting. Pertinent
physical characteristics of the tunnel holes and the types of grout used

in the four phases are contained in the following tabulation:

Nominal Hole
Hele . Depth

g Phase Hole No. Diameter, in. £t
" Particle Motion . PM-4 ' 10 - 57
Particle Motion PM-5 10 57
Particle Motion -6 10 127

i Particle Motion -7 10 , 132

&5 Hydyme -1 10 11
Hydyme ‘ HDh-2 10 7

(Continued)
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Nominal Hole Grout

7 Hole Depth  Mixture

& Fhase Hole No. Dismeter, in. % No.

£ :
cydyme _ ' HD-4 3 108 3
¢ Hydyme HD-5 3 112 3
& Hydyme . HD-7 3 L 1
4 Hydyme HD-8 3 L 1
Hydyme HD-11 3 Y 1
Bureau of Mines and IRL 9-hole cluster i 5 1
Bureau of Mines and IRL 6-hole cluster 4 5 1
Bureau of Mines and IRL * L 5 1
Bureau of Mines and IRL IRL-V 4 10 1
Bureau of Mines and IRL *¥ - -- 1
Miscellaneous Grouting Geophone 6 5 1
Miscellaneous Grouting Geophonet - -~ 1
Miscellaneous Grouting E-1 L 200 3

;; Note: Station references begin at the shaft, station 0+00.
¢ * Three unnumbered holes, stations 9451, 9+75 and 9+84, fo
*%  Four 1- by 1l- by 2-ft niches in tunnel wall; two each at stations G
7+60 and 8+55. :
T One 1- by 1- by 3-ft niche in shaft wall approximately 700 £t
below ground level.

3.3.1 Particle Motion Grouting. To grout the instruments to be used

in measuring particle motion, two 1-in.-ID grout injection hoses, cut to
desired lengths, were lald out along the tunnel while Sandia Corporation
personnel were making canister connections and checking the instruments
for each of the four, horizontal 10-in.-diameter {approximately) holes
involved in this pﬁ&se of the grouting. Upon completion of the assembly
and instrument dhecks, the first grout injection hose was attached to the
pipe used to push instruments into the hole as near to the front end of
the instrument array as possible (Figure 3.7). It was desirable to locate
the hose in this position to ensure complete and satisfactory embedment

" of the array. '

The instrument array was pushed intoc the hole in approximately 10-ft
.increments to permit connecting of additional pipe sections and taping of
the first grout hose to the pipe as required. The second grout injection
hose was attached to the pipe by two to three layers of tape at a point
approximately 20 £t from the discharge end of the other hose. The second
hese was attached in this manner so that it could be pulled free from the

pipe when a small force was applied to the outside end.
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After the instrument array was placed in the desired position and
final checks, orientation, etc., were completed, a quick-set-cement dry
pack was used to form a partidl piug épproximately 1 ft long with a
diameter equal to 3/b4 of the hole diameter (see Figure 3.8). This was
necessary to hold the grout inside the drill hole until the hole was
almost entirely filled. The dry-pack plug was allowed to harden for
approximately 30 min before grout injection gith the Tirst injection hose
was begun. Grout was injected through this hose until the grout level was
well past the discharge end of the second hosej; grout injection was then
shifted to the second hose. The'second hose was slowly withdrawn as the
hole filleﬁ with grout. When grout began to flow out of the hole, '
additional dry pack was used to plug that portion of the heole remaining
- open so that the hole would be completely filled. A typical setup of
grout mixers and pump for this_gfouting is shown in Figure 3.9.

3.3.2 Hydyme Grouting. Holés HD-1 and -2 (10 in. in diameter) were

instrumented and checked bhefore the grout injection and bleeder hoses
{each 1l-in. ID) were placed in the holes. The position and alignment of
the holes (drilled almost vertically in the tunnel roof) necessitated
construction of a simple plywood bulkhead, braced against the tunnel floor,
around each hole collar to support the grout until it developed sufficient
bond strength to become self-supporting., Burlap bags were placed around
the bulkhead to minimize grout leskage. The end of the bleeder hose was
pogitioned as high as poésible in the hole to ensure complete grouting,
while the end of theiinjection hose was positioned approximately 1 £1
below the bleeder hose. Groub mixbture 3 was injected until grout return
was obtained through the bleeder hose, indicating that the hole was .
completely filled. Injection operations were then stopped, and the
injection and bleeder hoses were "crimped” simultaneously to ensure that
the hoses were left full of grout. ) ‘

In vertically slanted holes HD-h, -5, -7, -8, and ~11 (3 in. in
diameter), the grout injection and bleeder hoses (each 3/b-in. ID) were
placed simultanecusly with the instrumentation. The end of the bleeder
hose was positioned as near the cleosed end of each hole as possible, and
the injection hose was positicned 1 to 2 £t behind the bleeder hose.

Upon completion of hole instrumentation operations, a quick-set-cement dry

20



" pack was used to form a plug in the open end.of each hole. This plug was
allowed to harden before grout injection operations began. Injection
operations were terminated when grout return was obtained through the
bleeder hose, at which time the hoses were crimped to prevent loss of
grout . | ' .

3.3.3 Bureau of Mines and IRL Grouting. The 17, 4-in.-diameter,

horizontal holes included in this phase of the grouiing operations each
contained several canisters which were approximately 3 in.

in diameter and 8 in. long. After the canisters were placed in the drill
holes, guick-set-cement dry packs were used to form partial plugs at the
kole collars. After the partial plugs had hardened, 3/h-in.-ID grout
injection hoses were extended the entire-lengths bf the holes, and grout
was injected ﬁntil it began to flow out over the partial plugs. The
injection hoses were theh slowly withdrawn, as punping was conbinued,
until they were removed; the holes were then completely plugged to
prevent any loss of grout. '

Hole IRI-V was a Y-in.-diameter, vertical hole drilled in the roof;
the canister was inserted prior to placing the grout hoses in the hole.
The end of the bleeder hose (S/ﬁ-in. ID) was positioned as near the top
of the hole as possible, and that of the injection hosge (3/h-in. ID)Vwas
placed approximately 1 £t below the bleeder hose. A guick-set-cement dry
pack was used to form a plug which was supported by a simple plywood
bulkhead similar 4o those described for the Hydyme phase. When the plug
hardened, grout injection was begun and continued until grout return was
obtained through the bleeder hose. The hoses were then crimped to preveﬁt
loss of grout.

In addition to the drill holes, four niches (approximately 1 ft square
and 2 in. deep) in the tunnel wall were grouted. Samples were placed
in each of the niches immediately prior to placing & guick-set-cement dry
pack over the front of the niches. Only a small opening in the extreme-
top of the dry pack was left. After the dry pack hardéned,'a grout
injection hose (i-in. ID) was inserted in the dry pack opening and the

~niche was completely filled with grout.

3.3.4 Miscellaneous Grouting. Due to the small quantity of grout

reguired for the shallow geophone hole in the tunnel floor, the grout was

21



mixed in the conventional msnner but was poured into the hole rather than
punped. The geopnone niche in the shaft wall was grouted in the same
menner a&s the niches described in the preceding paragraph, exceﬁt that the
grout was mixed in the tunnel and transported in buckets on the shaft |
hoist up to the niche location and funnelled through a l—in;~ID hose into
the niche instead of being pumped.

To plug exploratory hele E-1, a grout injection hose was attached to
a pipe extending from a packer which had been placed ln the hole by the
drillers. The valve on the packer line was opened, and the volume of
grout (mixture 3) necessary to fill the hole with a grout column approxi-
mately 50 £t long was injected. It was desired to have this grout plug
in the hole in case the packer should fail at shot time alloﬁing water to
111 the tummel. Inspection of the hole after theAgrout hardened showed
, that the grout plug had satisfactorily stemmed the water which wag flowing

(with the packer valve open) from the hole at a rate of approxlmately
70 gal per min prior to the groutlng.
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NOTE: DIMENSIONS SHOWN ARE
APPROXIMATE, AS THEY l
i

VARIED WITH ROCK

CONDITIONS.
15
|
12" DIAM HOLE —\
M
PYLE S—— ~
T , i
- /5 -
PLAN
GROUND SURFACE ?
i " /8"
Z 120"
PROFILE

Figure 3.2 7Plan and profile of surface stations 88-1, -2, and -3.

Figure 3.3 General view of activities at hole PM-2 as

instrument array is being lowered into the hole. (FCWT
DASA 148-36-FTS-63). ‘

2l



Figure 3.4 First grout injection hose attached
to messenger cable immediately above the dead- - .
weight. (FCWT DASA 148-LO-FTS-63).
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Figure 3.5 Connecting sections of perforated
plastic pipe to serve as a casing for the
grout injection hose, hole PM-8. (FCWT DASA
148-76-FTS-63).



Sy

Figure 3.6 Grouting opelatlons for hole PM— (FCWT DASA
148-82-FT5-63).




Figure 3.7  Instrument array immediately prior to emplace-
ment in hole PM-5. Note grout injection hose near end of |
the array. (FCWT DASA 160-T0-FIS-63).
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Figure 3.8 Quick-set-cement dry pack to hold the grout
ingide the drill hole. (FCWT DASA 160-72-FIS-63).
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Figure 3.9 Typical groutmg ‘equipment setup for tunnel
grouting., (¥CWT DASA 160-73-FTS- 63)
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CHAPTER L
PROPERTIES OF FIELD-MIXED GROUTS, AND CONCIUSIONS

4,3 RESULTS OF LABORATORY TESTS ON FIELD-CAST SPECIMENS

The following physical properties of grout specimens cast at the
project site from mixtures 1, 2, and 3 were detérmined on the device-.
detonation date.

Mixture No.

Test : 1 2 3
Density (hardened), 1b/cu ft 165.k 92,5 -
Ultrascnic pulse velocity, fps 12,870 2180 ae

Compressive strength, psi 9,340 200 . 8620

4.2 CONCLUSIONS .

Ihe properties of the field-cast specimens agree closely, paiticularly
those of mixtures 2 and 3, with the results of the'laboratory investigation
(paragraph 2.4). The strength and velocity of mixture 1 were slightly -
higher in the field-cast specimens, though still somewhat lower than
desired. The density of mixture 1 closely matched that of the in-situ.
granodiorite. '

In general, it is believed that the instruments were well embedded
in grout in all holes., that good bond of grout to instrument canisters was

obtained, and that the grouting operation was successful in all respects.
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APPENDIX
TESTS TO DETERMINE PHYSICAL PROPERTIES OF GRANODIORITE CORES

A.1 FURPOSE 7

Prior to the Project SHOAL event, tests were conducted in the
laboratory at WES on three grancdiorite cores from core hole ECH-D at
the Project SHOAL site to provide information on the physical character-
istics of the grancdiorite formation in the area. Results of these tests
were used as design criteria for grout mixtures simﬁlating the granodiorite
formation. The three granodiorite cores were identified as follows:

Depth from Ground

: ‘ Surface
Core No. Diameter, in. £t
NTS-11 DC-1{A) b4 606.77-608. 20
NTS-11 DC-1(B) o 843.27-845. 87
NTS-11 DC-1(C) 4 1158.0-1161.0

In the following paregraphs these cores will be referred to as A, B, and C.

A.2 TREPARATION OF CORES
After the three cores were measured and logged, they were sawed and

numbered as shown in Figure A.1l. The numbered cores were tested as

follows: ‘
Test Core No,
Density . ‘ 2, 5, 9
Ultrasonic pulse velocity 2, 5, 9
Petrographic examination 1, 3, 0k, 7, 8, 12
Tensile-splitting strength 2(1),* 6, 10
Static chord modulus of
elasticity » 2(2), 5(1), 9(1)*
Compressive strength 5(2), 9(2)*

* Upon completion of density and ulirasonic
pulse velocity tests, two 8-in. specimens were
sawed from each of the three 20-in. specimens.

A.3 TESTS PERFORMED )
A.3.1 Density. After the cores had been sosked for three days,

their satursgted, surface-dry densities were determined.

A.3.2 Ultrasonic Pulse Velocity. Using a soniscope, the velocity
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« .,wgs determined according to¢ the procedure described in Method CRD-C 51
. 1
of the Corps of Engineers "Handbook for Concrete and Cement.'

A.3.3 Modulus of Elagticity. ZElectrical resistance gages vere

mounted (diametrically opposite each other) on the granodiorite specimens
+o determine strains at 1000-psi unconfined compréssive stress intervals.
Stress versus strain was plotted, and the chord modulus of elasticity was
determined between 4000~ and 12,000-psi stresses.

A.3.4 Tensile-Splitting and Compressive Strengths. These strengths

were determined according to procedures described in Methods CRD-C 77 and

CRD-C 14, respectively, in "Handbook for Concrete and Cement."

A4 TEST RESULTS 7
Results of the tests were as follows:

Results

Test Core A Core B Core C
Density, 1lb/cu ft 163.9 165.1 165.1
Ultrasonic pulse velocity, fps 17,075 16,785 156,940
Compressive strength, psi 15,560 17,120 15,210
Tensile-splitting strength, psi 9ko _ 950 965
dtatic chord medulus of elasticity, 6 6 6
psi ' 7.14 x 10 7.1 x 10 7.3% x 10

A.5 FPETROGRAPHIC EXAMINATION
In addition to the previously mentioned tests, s@ecimens of the three
cores were subjected to petrographic examination.

A.5.1 Test Procedure. The top and bottom portions of cores A,

B, and C wvere examined using a stereomicroscope, and one thin section
from each core, oriented parallel to the long axis of the coré,'was
preparcd and examined with a petrographic microscope. Small pieces
of rock from each sample were crushed to pass the No. 325 sieve and
eXamined as powder samples on the XRD-5 diffractometer using copper
radiation at 50 kvp and 16 ma.

A.5.2 Description of Rock. The cores were coarse-grained, gray

granodiorite with granitic texture. The tops of two of the cores (A and C)

1
U. S. Army Engineer Waterways Experiment Station, CE, "Handbook for

Concrete and Cement," with quarterly supplements (Vicksburg, Miss.,
August 1949). :
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were calcite-coated joint surfaces. The major constituents, as determined
by X-ray tests and thin-section examination, were plagicclase {(oligoclase)
feldspar, poﬁash feldspar, quartz, and biotite. The minerals detected in
small amounts were chlorite, calcite (in small filled cracks), and amphi-
bole. The texture was coarse-grained granitic, with subhedral feldspars . ..
and quartz well interlocked with each other and with the micas.

A.5.3 Summary. The cores appeared to be dense, cohesive, and.
unweathered. It was concluded that the feature most likely to affect the
resistance to explosion was the presence of Jjoints which, if not thoroughly
sealed by grouting, would probably be lengthened by the shock. The X-ray
pabterns and thin sections were compared with resuits of previous tests of
granite at the Nevada Test Site (NIS G-1) and were found to be very

similar, except for the absence of sulfide-filled fractures in the
Project SHOAL area cores.
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Figure A.1 Cores before and after sawing.
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