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Project

Source of Material -
Twenty-five miscellaneous depth test borings drilled at

designated locations at the project site in Los Alamos, New Mexico

" TEST RESULTS -

Introduction:

- The test borings were made between June 2 and 30, 1966, using a Mobile
B-61 "Pacemaker" Rotary Drill mounted on a 1965 International Loadstar 1700,
Lx4 truck. The drill itself was powered by a Ford industrial engine. The
.‘est holes were drilled using the following equipment:

l. Five and one-half inch (5¥%") diameter, continuous flight, 5-foot
sectional augers.

2. Ten-foot length, double tube, bottom dischargé, 3 7/8 inch outside
diameter core barrel equipped with tungsten carbide or diamond
coring bits.

e,
. f

Standard penetration tests were made at noted vertical intervals in the
test borings at the time of drilling. These tests were conducted to obtain an
indication of the degree of fusion of the underlying volcanic tuff and to -
obtain tuff samples for visual 1nspectlon. Penetration tests were conducted
in the auger drilled portions of all test borings and in core drilled portions

where insufficient core was recovered.,

Compressed air was utilized during all core drilling operations to remove
cuttings and provide a bit cooling medium. Loss of air circulation occurred
in several test holes and is noted on the appropriate boring log. Auger drill-
ing was accomplished without fluid circulation.

Test Boring Locations:

The locations of test borings are given on the "Test Boring Layout", draw-
ing No..LAM=-A-CE-3X. .Field location of test borings was furnished by personnel
of the A.E.C. Irregular topographic features or the location of trees necessi-

-ted relocation of some borings. These relocations were minor with the excep=-
Lon of holes 6, 7 & 8. Test boring No. 6 was offset approximately 25 feet
west of the designated location; boring No. 7 approximately 18 feet southwest;

and boring No. 8 approximately 60 feet Respectfully Submitted, north.
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Test Data & Results:

The "Boring Log Graphs of Test Holes", given on cross-section sheets
1 and 2, depict the subsurface soil and rock conditions encountered in the
test borings and show:

l. The results and locations of the standard penetration tests.

2. The percent of core recovered from core drilled portions of
test borings.

3. The unconfined compressive strength (p.s.i.) of typical
recovered core sections.

4, The grain-size classification of typical penetration samples
recovered below elevation 6970 in zones where cores were not
obtainable.

5. The moisture content of typical recovered core sections or
typical recovered penetration samples from zones where cores
were not obtainable.

6. The dry densities (in lbs. per cu. ft.) of typical recovered
. core sections.

Test data and results of moisture-~density tests, approximate elastic
modulus determinations, and triaxial compression tests are appended to
this report, rather than tabulated upon the "Boring Log Graphs". Discussions
and recommendatlons precede these appended test results.
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Subsurface Soil & Rock Conditioné:

Irregular depths pf silty to clayey sand surface soils were encountered
in the majority of borings. This soil mantle is generally quite thin; how-
ever, considerable thicknesses of surface soils were noted at several boring
locations. '

The surface soils are in turn underlain by welded volcanic tuff bedrock.
formations. These formations are apparently ash flows which have been con-
solidated and fused or welded to varying degrees, and are composed of mineral
crystals (quartz and sanadine notably), pumice, latite and rhyolite fragments
and other debris fused in a frothy matrix which is siliceous in compositione.
The volcanic tuff rock is porous, of low unit weight and is generally soft
and friable in comparison with other rock formations. Recovered cores and
visual inspection indicated that the volcanic tuff formation contains vertical,
horizontal and diagonal seams or fractures. Within the zone of weathering
these seams often appear to be open and filled with silty clays or calcite.’
At depth these seams appear to be tightly closed and the formations are con-
sequently more competent. The tuff formations are composed of essentially
cohesionless materials and pulverized portions of sound tuff are non-plastic.
Tuff recovered from weathered zones exhibits low plasticity which probably
results from chemical decomposition of minerals within the tuff formation

'and the presence of clays in opened seams. The tuff formations encountered
R often appear irregular without sharp contacts between flows of dissimilar

{ character. Even within an apparently continuous flow horizontal and verti-
cal variation is noted in composition, density and degree of fusion or
strength,

Generalized descriptions of the character of the underlying volcanic
tuff encountered in specific portions of the project site follow::

1. Area between Test Holes 1 and &

Test borings in!this region penetrated a welded volcanic tuff
which is apparently well fused. Tuff encountered within this region
is a light pinkish gray in color and generally exhibits high density
andshigh, though not uniform, compressive strength. Joints are
indicated within the recovered core sections but appear to be tight-
ly closed, and the general formation appears competent and moderately
sound. Weathering is not indicated to extensive depth. A. less well
fused tuff was encountered above footing level between approximate
elevations 6989 and 6976 in Test Hole No. L.

2., Area between Test Holes 4 and 16

Within this region a lightly welded, light gray, more pumiceous
and very friable tuff overlies harder tuff comparable to that
‘ encountered in borings 1 thru 4. The contact between these appar-
ently differing tuff flows is gradual rather than sharply defined
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and slopes downward to the east. Frlable tuff extends to approx1—
mate elevation 6975 in boring No. 5., approximate elevation 6965

in boring No. 8, and approximate elevation 6948 in boring No. 12.
As in the region between borings 1 and 4, joints appear to be
tightly closed indicating a generally competent formation. Partial
or complete loss of air circulation was experienced in borings 12,
13 and 14 at approximate elevation 6946 or below. This c1rculatlon
loss could indicate a less competent zone within the underlying
tuff and may have been caused by an air permeable, cavitated or
severely fractured area. Thin core sections which had parted on
.approximate horizontal planes were recovered from areas where air
circulation loss was experienced. Some diagonal jointing was also
observed in cores recovered from these zones.

30 Test Holes 19 and 20

Significant depths of clayey surface soils exist at these loca-
tions. Light gray, pumiceous and very friable tuff was encountered
beneath these soils to approximate elevations 6947 with a harder
more competent tuff formation below. An apparent weakened, fractured
or cavitated zone exists between elevations 6936 and 6927. Within
this region the drill string would often penetrate a short distance

. without appreciable resistance.

4, Test Hole No. 22

At this location a medium hard, moderately competent tuff was:
encountered. This tuff becomes friable and more pumiceous with in=-
creasing depth. Weathering is pronounced near the surface and cal=-
cite filled seams were noted to depths slightly below five feet.

S5« Test Hole No., 21

At this location, hard, well fused, light pinkish gray volcanic
tuff was found. Weathered seams were observed to a ten foot depth
with a competent and sound tuff formation noted below.

6. Test Holes 24 thru 28

Hard, well fused volcanic tuff was predominant in this area
below the zone of weathering with several intervals of lightly
fused, friable tuff observed in several borings. These friable
tuff zones were not continuous between adjacent borings and indicate
-possible dlscontlnultles in this vicinitye. A

Discussion of Tests & Results

. The penetration resistance values, "N" values, obtained from standard
‘enetration tests conducted invvolcanic tuffs do not appear to be directly
indicative of the density of the tuff as they would be when conducted in
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cohesionless‘soils. Rather; these "N" values appear to be more directly

influenced by the degree of fusion of the volcanic tuff. Where low resist- .
ance values were encountered, core was not recoverable, and very friable .
tuff is indicated. More complete recovery of broken and undersize, modera-
tely friable core was possible in zones where "N" values of approximately

50 were experienced. More complete recovery of nearly full size core was
possible in zones where "N" values ranged between 100 and refusal, and
compentent volcanic tuff is generally indicated in these areas. '

Recovered cores usually parted on horizontal planes of weakness or
seams into relatively thin sections during drilling, with the longest com=-
petent sections generally being about one foot in length. Exceptions were
noted in test borings 3, 12 and 13 where several long competent core sec-
tions were obtained,

Unconfined compressive strengths were obtained for typical recovered
tuff cores. Because short sections often were recovered, especially in
areas where slightly friable tuff was encountered, some tests were conducted
upon sections with ratios of length to diameter less than 2 to 1. _Where
longer core sections appeared to be representative of the tuff encountered
in a core run these were used in compressive strength determinations. Con=
siderable variation is apparent in the unconfined compressive strengths

btained and probably results from a lack of homogeneity within the -tuff
formation. Compressive failures were either diagonal or concoidal, but in
many instances passed irregularly through large pumice inclusions. When
such irregularities were observed in the failure surface, compressive
strengths were lower than for seemingly similar tuff sections which had
no large pumice inclusions. The higher strengths obtained would probably
be less representative of the ultimate strength of a specific tuff interval

“* than the average of numerous tests obtained at random throughout the inter-

val. The majority of compressive strengths reported are representative of
the underlying, harder and more competent tuff interval. A few, notably
those obtained for cores recovered from borings 8, 9, 6 at elevation 6970
and 1k at elevation 6943, are representative of tuff in the transitiomal .
area where a gradual hardening occurs. Strengths reported for samples
recovered from test pits located in the vicinity of Test Hole 15 pertain
to the friable tuff interval which could not be successfully cored.

Stress strain curves were obtained for several tuff samples from the
differing intervals. The elastic modulus values obtained from these plots
were generally more uniform for samples of the harder, competent underly-
ing tuff than were the compressive strengths; however, stress-strain rela-
tionships were established for relatively few samples. An elastic modulus
of approximately 25,000 p.s.i. was obtained for the very friable tuff
recovered from test pits while an approximate modulus of 200,000 poS.io is
indicated for the underlying harder tuff. Intermediate values were obtained
for tuff samples recovered.from the transitional zone where gradual harden-

‘ng is observed.

The grain-size diétributions tabulated on the "Boring‘Log Graphs'' are
for tuff samples which have been pulverized during penetration testing.
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Gravel-size particles are generally composed of uncrushed pieces of tuff;
the coarse, medium, and fine sand size particles are usually individual
mineral crystals; while the silt-size and some of the fine sand size partie-
cles are produced by pulverization of the matrix which fuses the tuff
deposit into a low strength rock. These grain size distributions should
prove indicative of the general particle size range of tuff rock which will
be removed and crushed during excavation processes,

Moisture density relationships were obtained by A. S. T. M. test
method D=1557 for pulverized tuff samples obtained from various borings,.
Maximum densities were nearly equal for pulverized samples of both hard
and friable tuff. The addition of hard, unbroken tuff fragments reduced
the maximum densities slightly, and produced a soil in which moisture cone -
tent control is apparently not especially critical. More nearly complete
pulverization of the volcanic tuff producés a more well-graded soil which
can be placed at slightly higher density.

Strength characteristics of the pulverized tuff soils were investie
gated by several triaxial compression tests conducted upon recompacted
tuff cuttings. Very high strength parameters were obtained for samples
compacted to densities higher than obtainable by 4. S. T. M. test method
D-1557, but parameters comparable to those of a medium-dense, poorly graded,
sub angular sand were observed for samples less compact. Even though a .
ight degree of cohesion was evidenced for both the very dense and less
'Itmpact specimens, the pulverized tuff should be considered cohesionless
and any apparent cohesion discounted.

Moisture contents of recovered cores and penetration samples from cone-
siderable depth were uniformly low. Higher moistures should be anticipated
within the tuff formations nearer ground level where water from precipita-
tion could be trapped and would slowly evaporate. All moisture contents
were obtained by drying the recovered core section or penetration sample
and the container in which the sample had been sealed to constant weight
at 1102 5°C, : '

Density values of typical recovered core sections were determined by
displacement of paraffin coated, oven dried core sections. Occasional
core samples with regular cross sections were carefully measured and their
density values checked against computed densities to insure validity of
procedure. Most recovered core pieces were slightly irregular in section;
therefore, volumn computation was difficult and impractical in many
instances. Density values generally exceeded 90 lbs. per cu. ft. for most
tuff which could be successfully cored, but unit weights averaging approxi-
mately 80 lbs. per cu. ft. were obtained for tuff samples removed from test
pits at approximate elevation 6970 in the vicinity of boring 15 and for
tuff chunks broken from outcrops between borings 7 and 11l at elevations
between 6980 and 6990, T ' ‘
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Conclusions and Recommendations:.

Based upon.the subsurface conditions encountered in the twenty-five test

borings drilled on the proposed site of the Los Alamos Meson Physics Facility
and the properties of the underlying tuff formations indicated by the testing
program conducted, we submit the following opinions and recommendations con=

cerning foundation and embankment design for the contemplated structures:

1. Bearing capacity and foundation recommendations follow for typical
sections given on sheet L-l, entitled "Typical Foundation Sections and -
Loads'":

Section AA:

This section will be founded at an elevation (approximate elevation
6956) which is below the bottom of test borings drilled in the vicinitye.
Prior to construction the nature of the underlying tuff rock should be
verified to a significant depth below foundation elevation. If tuff
comparable to that encountered in borings No. 1 and 2 between elevations
6970 and 6960 underlies this section for a significant depth, we recommend
a maximum bearing capacity of 20 kips per sq. ft. be utilized in foundlng
static loadings. If vibratory, equipment loadings are contemplated we
would recommend maximum bearing capacltles be reduced to 10 kips per sq.
fto :

Toe pressures under the interior portion of the retaining wall
foundation provide limiting or maximum bearing pressures. For the sec-
tion shown, these pressures will probably be less than the maximum static
bearing value recommended if fully active lateral earth pressures are
developed (an essentially hydrostatic lateral pressure distribution).
This section must be well supported when adjacent backfill is compacted.
Vibratory compactors in particular could damage the retaining wall if
bracing were 1nadequate.

Computed elastlc settlement (assuming a Modulus of Elastlclty of
200,000 psi) is less than 0.2 inches for the section shown. 1Inelastic
settlements are largely unpredictable and could be caused by compression
of fractured or pulverized tuff beneath footings, movement of the under-
lying tuff along seams or joints, closing of opened seams or other unpre-
dictable occurrence., If the tuff underlying the foundation is relatively
competent, we would not anticipate major inelastic settlements.

Section BB:

The total loading on the beam channel will approach 5 kips per sg.
ft. and will include the 2 kips per sq. ft. live load, the dead load of
the structure and the weight of backfill. Net bearing values will be -
less, but where overburden pressures are released by excavation elastic

PRSPPI
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settlements should be computed using gross bearing capacities.

Bearing capacity is adequate between borings 1 and 7, and computed
elastic settlement (assuming a Modulus of Elasticity of 200,000 psi)
is negligible. Inelastic settlements of major magnitude are not expected
for this portion of the beam channel., Between borings 7 and 12 the beanm
channel will be based upon a fairly soft, friable volcanic tuff which
possesses low compressive strength. In the proximity of boring 12, com=-
puted elastic settlement (assuming a Modulus of Elasticity of 20,000 psi
to elevation 6945) approaches O.4 inches. Inelastic settlements could
be appreciable and result in total settlements greater than the 1/2 inch
considered allowable. Static bearing capacities between 4 and 6 kips per
sq. ft. may be allowable for the friable tuff located between borings 7
and 12 at elevation 6970, but settlement characteristics of this tuff
should be carefully evaluated by several large scale plate bearing tests.
Loaded or contact areas in these tests should be as large as practicleo.

A suggested alternate would be to base the beam channel upon belled
piers between borings 7 and 12 with all piers carried into the gradually
deepening, more competent underlying tuff encountered in test borings.
Net bearing capacities of approximately 20 kips per sq. ft. would be
allowable for these piers, and for the deeper piers increased bearing
values would be warranted. ‘ '

For the individual footing based at elevation 6998% we recommend &
bearing capacity of 4 kips per sq. fte. for static loadings. These foot-
ings should be carried several feet into'tuff, and as the ground surface
is irregular in this locality, adjustments may be necessary in foundation
depths. Foundation excavations should be carefully cleaned and inspected
to insure that footings will be based on unbroken tuff. If these founda-
tions are to be subjected to vibratory loadings piers carried into under-
lying, harder tuff would be preferred. Computed elastic settlement for a-
L+ x 4 foundation loaded to 60 kips (assuming a Modulus of Elasticity of
20,000 psi) would be negligible, Inelastic settlements would probably
be of greater magnitude but should not exceed the maximum allowable settle=-
ment.

Section CC: .

Toe pressures under the interior portion of the retaining wall
foundation will probably exceed the allowable bearing capacity of the
underlying friable tuff for the section as detailed. Elastic settlements:
could approach the maximum allowable and inelastic settlements could proove
excessive., Vibrations transmitted through the retaining wall footing dur-
ing compaction of backfill adjacent to the retaining wall could pulverize
the underlying, friable tuff and produce additional localized, damaging
settlements. : -

‘Utilization of belled piers based upon the more competent underlying
tuff is recommended for this section. lLateral earth pressures could be
reduced, in actuallity, by limiting the width of cut beyond the exterior

v
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face of the retaining wall section and thereby reducing the quantity of
backfill soil actually supported by the retaining structure. Conserva=
tive design procedure, however, will probably dictate that the wall be

so proportioned to withstand fully active pressures, at least, to prevent
damage from localized shifting or sliding of the adjacent tuff rock.

Section DD

As in section AA, this foundation will be based at an elevation
below the bottom of adjacent test borings. Again assuming that hard come
petent tuff underlies this footing to significant depths, maximum bearing
values suggested for section AA are recommended. The use of 20 kips per
sq. ft. would produce the smallest section that we deem practical for
foundations with little confining surcharge. Very small, heavily loaded
sections could cause localized slippage or failure along joints or seams.
existing within the tuff rock. Computed elastic settlement (assuming a
Modulus of Elasticity of 200,000 psi) would be negligible for a &' x: 4t
foundation loaded to 300 kips. :

Section EE:

We recommend that this section be founded on belled piers carried
to the more competent tuff at approximate elevation 6945, We recommend
that a maximum gross bearing capacity of 30 kips per sq. ft. be used for
static loadings if any severely fractured zones existing for a short dis~
tance beneath the pier are pressure grouted. If dynamic or vibratory
loadings are contemplated a reduction to at most 20 kips per sqg. ft. is
recommended., Computed elastic settlements (assuming a Modulus of Elas-
ticity of200,000 psi) would be negligible and probably less than the
elastic compression of a two foot diameter pier 25 feet long loaded with
550 kips. These recommendations are for footings widely spaced where
interaction of pressure bulbs will not occur.

- 10 Kip per sq. ft. Slab, 50! x 50':

As for section 'EE we recommend this section be founded on belled
piers carried to approximate elevation .6945%, Severely fractured zones:
within the underlying tuff should be pressure grouted. Air circulation
was lost during coring operations at this elevation in mearby test bor-
ings. Since core recovery was high and circulation-was eventually
restored, cavitation if present is probably not excessive. More likely
the circulation loss occurred in a severely fractured area. Because
piers will be closely spaced and their pressure bulbs interact, bearing
capacities recommended for section EE should be reduced when designing
foundations for this large, heavily loaded section. Maximum bearing capa-
cities between 20 and 25 kips per sq. ft. are recommended in the design
of a pier foundation as described above. Computed elastic settlement for
a 50' x 50' area, founded at elevation 6945 and loaded to a net intensity
of ‘10 kips per sq. ft. would be approximately 0.25 inches if a Modulus
of Elasticity of 150,000 psi were assumed to elevation 6845. This large
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loaded area will be susceptible to inelastic settlements, and loading

Test Borings 19 and 20

‘release or alteration would cause elastic rebound.

Light structural loadings are anticipated within this area. ' Ve
recommend building foundations be carried at least several feet into
underlying tuff and recommend the following presumptive bearing values

for statically loaded footings::

Footing Type

Continuous foundation with a
minimum width of 18"

Spot footings or piers with a
min. dimension of approximately 5!

Piers with a diameter of approxi-
mately 4°

Max. Recomﬁended Pre-

Elevation sunptive Bearing Cape.
Between - L xips/sqofte
6960 & 6947

Between ' L kips/sq.fte.
6960 & 6947 ‘ .
Between 10 kips/sqe. fto
6947 & 6945 :

The weakened zone encountered at elevation 6937 and below dictates a
considerable bearing capacity reduction for piers or footings placed upon
the harder tuff encountered at elevation 6947. If vibratory loadings or
heavy structural loadings are contemplated, we recommend a foundation

elevation of 6947 feet,

Test Boring 22:

Light structures without basement are anticipated at this location.
We recommend an approximate foundation elevation of 7021 and a maximum
presumptive bearing capacity of 6 kips per sq. ft. for continuous footings
with a minimum width of 18 inches or a individual footing with a minimum

dimension of four.fqeto

Test Béring 21:.

Light'structures without basement are again anticipated. We recom- °

‘mend bearing values outlined for boring 22 be used at a foundation eleva=-

tion of 6995. Hard competent tuff is available at greater depthse.

Test Boring 24 thru 28:

- Light structures without basement are again anticipated. We recom=-
mend footings be carried several feet into volcanic tuff rock and at

least four feet below ground level.
for boring 22 are again recommended.

Minimum footing sections described

Maximum presumptive bearing capaci- .

ties of 4 kips per sq. ft. are indicated where penetration values, "N"
values, of less than 30 were obtained; and 6 kips per sq. ft. i; recom=--
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mended where "N" values exceeded 30 consistently. If very heavy loadings
or vibratory loadings are contemplated, footings should be based in areas

‘where "N" values exceed 50,

General Observations, All Sections:

The volcanic tuff should not be considered as a uniform, cohesive
soil with allowable bearing capacities equalling or often exceeding the
unconfined compressive strength. Joints or seams were obsérved or are
indicated in all tuff formations either drilled or visually inspected.
These joints or seams would provide potentially weakened zones within
the formation and thus produce a formation without homogeneous strength
characteristics., Considering this, it is our opinion that a safety fac-
tor of at least 5 and possibly as high as 10 should be used in determining
an allowable bearing capacity for the volcanic tuff formation when the
unconfined compressive strength of this formation is known. For statiec
loadings only, a factor of 5 would in our opinion proove adequate, but
for vibratory loadings a factor as high as. 10 may be indicated.

As unconfined compressive strength tests were determined for speci-
mens at their low, natural moisture contents, these bearing capacities
pertain to relatively dry tuff formations. Care should be exercised dur-
ing construction to prevent intrusion of water into foundation excavations
during construction. Backfills against retaining walls should be sloped
slightly to afford surface drainage away from these walls to prevent satue
ration of these backfills and underlying tuff.

Particular care should be taken to insure that overcuts are not made
during foundation excavation. We recommend that no backfill be permitted
beneath foundations, and that excavations be carefully cleared of all
loose soil and debris before concrete placement to insure a good contact
between foundations and sound, underlying tuff.

Settlement predictions for the various foundation sections were
rmade on the basls of elastio deflections within the leoaded tuff formation,
and thus differ from methods traditionally utilized for settlement pre-
diction in soils. Other settlements which are non-elastic in nature and
which are largely unpredictable in magnitude may occur when the tuff for-
mation is stressed. It is our opinion these non-elastic settlements will
be of minor consequence in the harder, more competent tuffs which exhibit
"N'" values between 100 and refusal. In the more friable tuffs, especially
those with very low "N" values, these settlements could be of major con-
sequence, ‘

2. It is our.opinion that the tuff excavated from on site will provide

an excellent material for embankment £ill and fill behind retaining
structures. To provide suitable fills we would recommend that no unbro-
ken tuff particles exceeding three inches in dimension be allowed in fills
and that the tuff be pulverized until a minimum of 50 percent will pass:

1D
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a No. & mesh sieve. The pulverized tuff will be an essentially cohes-
ionless soil and compaction methods suitable for sands should prove
appropriate. Small steel wheeled vibratory rollers would probably com-
pact this material most efficiently - perhaps to densities in excess of
those obtained by A. S. T. M. test method D-1557-64T7. Shrinkages will
result when the volcanic tuff is pulverized and recompacted with a pro-
bable shrinkage range between 10 and 30 percent.

3., We believe that excavated volcanic tuff can be adequately pulverized
without the use of on-site crushing or screening equipment. Heavy dozer
drawn rippers may be required during excavation, especially between bor-

- ings 1 and 5. The softer more friable tuffs may be readily removed by

bottom discharge carry-alls without previous ripping. Much pulverization
will be accomplished during excavation. Any remaining crushing can pro-
bably be accomplished by crawler tractors pulling sheepsfoot rollers
when excavated materials are stockpiled.

4, For fill slopes we would consider a slope ratio of 2:1 (2 horizontal
to 1 vertical) as optimum. Since these fill materisls are cohcsionless
erosion protection or slope maintenance will be necessary. Nearly vertie
cal cut slopes have proven satisfactory in the tuff formations for high-
way cuts around Los Alamos.

Respectfully Submitted,

ALB§i§ERQU§7§§STING LABORATORY
By 72 ZJ")?(/L

Cgbhn P. Boyd, ‘#laterials Zngineer
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Engineer or Architect

Giffels & Rossetti

Date _JUly 13, 1966

Contractor
Sample Identification

Project ...

Composite cuttings from Test Holes 1 & 4 to Elev. 6970

Los _Alamos Meson Physics Facility - Los Alamos, New Mexico’

Date Received

June 3, 1966

Date Tested

June 6: 1966

LABORATORY DETERMINATION OF OPTIMUM MOISTURE

AND MAXIMUM DENSITY
~ Test Results
Trial No. 1 2 3 b
Water added (cc) 517 | 603 690 776
gﬁei‘f-;bgtogogﬂagffr 23.20 23.62 23.68 | 23.58
a’gi)ight of Cylinder | mmmcmedaee 14|,60cccandccae e
Thcight of Wet Soil 8.60 9.02 9.08 | 8.98
Weight Density 114.6 | 120.2 | 121.0 | 119.7
0.075 cu. fto

Volume of mold used in compaction test .22~ (<

Weight Wet Soil

tgrems) (1bs) 8.61 9.00 9,07 8.96
Weight Dry Soil

gomd (1bs) 7.68 .91 2.83 | 7.61
% Moisture in terms

of dry soil weight 12.11 13.78 15.84 17 .74
ety 102.2 | 105.6 | 10k.4 | 101.6

Respoctfully Submitted, -
ALBUQUERS}QE TESTING LAB.

Original gn/d By
Agékazja ,

Registered Professional Englaeer

"EMICAL & PHYSICAL TESTING == RESEARCH == INSPECTION =~ CONSULTING ANALY.S:—IS

IS
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EMICAL & PHYSICAL TESTING == RESEARCH == INSPECTION == CONSULTING ANALYSIS

p

532 JEFFERSON 8T., N. E. P. 0. BQX 4101 PHONE 255-8916 255-1322 {
ALBUGUERGQUE, NEW MEXICO :

Laboratory Reference No. ___6...2_92.__ , Date July 14, 1966

MODIFIED
PROCTOR COMPACTION TEST
Reported To: Giffels & Rossetti
11} . " .
Architect and/or Engineer . -
Project Los Alamos Meson Physics Facility - _los Alames +,_N_-;-;,\nz‘ Mexico

Sample 1dentification ____5___O/o Comnos:.te volcanic tuff cuttings from Test Holes 1 & 4 to
Elevation 6970; 50% Minus 3/4" to Plus No. & mesh volcanic tuff
fragments obtained TEST RESULTS from sound recovered core sections,.

Maximum Dry Density — ...103 «7lbs/cu. ft.

Optimum Moisture -:.L.§....§.._..

1 Gradation of Aggregate .
] or Soil Used in
Compaction Test

Screen Cumulative
Size % Passing

3/4n 100.0 -
. 1 1/2m 65.4
= H 3/8n 57.2 .
E 3] No. 4 50,0
a ! NCo 10 ) 47'7
' H No. 30 - 32.8
E ] Nge 60 26.2
z No. 100 23.2
a No. 200 - 19.3
> No. 270 . 17.6
a Wash Test 16.1
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TEMICAL

& PHYSICAL

TESTING

532 JEFFERSON 8T., N. E.

P. O. 80X 410}

Lab No. ...6209

PHONE 255-8916 255-1322

ALBUQUEROUE, NEW MEXICO

Engineer or Architect ...

Contractor

— RESEARCH o= {NSPECTION == CONSULTING ANALYSIS

Date wJulj___lL_L,.Jl9_6.6_

Method of Compaction

Date Received

Giffels & Rossetti

503% Comp051te volcanic tuff cuttlngs from Test Holes 1 & & to elevat:\.on
Sample Identification ©9703. _50% Minus_ 3/4" to Plus_No. 4 mesh volcanigc tuff frag;mants obtalned

from sound recovered core sections,
Project Los.Alamos.Meson..Physics.Facility.-..Los-Alamos. - New-Mexico

Date Tested

July 12, 1966

LABORATORY DETERMINATION OF OPTIMUM MOISTURE
AND MAXIMUM DENSITY

Test Raults_

Tl’i.’.ll NO. l N 2 3 l+ ) 5

Water added (cc) 603 646 690 T 733 776

et |23.36 | 23.50 | 23.59 | 23.57 | 23.54

(\]’S;g)ight of Cylinder | ____ | 14.60 lemmcccedeccman

fhcisht of Wet Soi 8.76 8.90 8.99 8.97 | 8.94

A 116.8 }118.6 | 119.8 | 119.6 | 119.2

Volume of mold used in compaction test ._9:.975 9“ .. ft.

Weight Wet Soil '

(mans) (1bs) 8.77 8.93 9.01 8.98 | 8.97

Weight Dry Soil

(grams) (1bs) 7.69 7.77 7.78 7.70 7.61
e |14.0% | 14.93 | 15.81 | 16.62 | 17.87

Yoy 102.4 [ 103.2 | 103.4 | 102.6 | 101.1

Respoctfully Submitted,
ALBUQUERQUC TESTING LAB
Original od By

Tt 752D

Registered Professional Engineer
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"MICAL & PHYSICAL TESTING - RESEARCH omre INSPECTION —— CONSULT“‘JG AHALYSIS

|

532 JEFFERS8ON 8T., N. E. P. 0. BOX 4101 PHONE 255-8916 255-1322 ) ’ }
ALBURUERQUE, NEW MEXICOD X -

Laboratory Reference No. 6209 MODIFIED | Date ___ July 1&, 1966

PROCTOR COMPACTION TEST
Giffels & Rossetti

- Reported To:
1" " . . . .
Architect and/or Engineer . i .
Project Los Alamos Meson Physics Facility - Los Alamos, New Mexico .
Sample Identification Composite volcanic tuff cuttings from Test Hole 7 & 11 to Elevation
S 6970
TEST RESULTS
Maximum Dry Density — 1044 pe/eu. g
Optimum Moisture — _}5..5.. %
106 , -
o ; =+
. Gradation of Aggregate
. or Soil Used in
{ - _ I Compaction Test
104 Screen  Cumulative
Size % Passing
= No. & 100.0
< No. 10 ©96.2
- Lt No. 30 6209
g 102 ; No. 60 - 50.0
& : No. 100 b4 ,0
' Fispaastanass i No. 200 35.2
R No. 270 30.9
Z e B Wash Test  26.8
fa) R EEnaERA N SRR RN EERANE! '
= 100 e e
) S eras 5 :
e :
98 iﬁn : R s :
Sasisas e e e e
trp by T Tt
ET: “';;‘;:_;_ ' zr.
. H HH R R
SH N RARINS RS EsRat e ik
, ‘-: it R s e
14 15

MOISTURE CONTENT - %
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- oy “'""\'“ “’"J"” i~ - o e GULRQUE TESTING LABORATORY \\"
maTEn f\ /j}"?r\r"/'\r"\vv - _J?__.__d“‘;‘w”.;_lf -y
BERYRIE \\1 ﬁj Vo AT ? 5§ i

CTTEMICAL

& PHYSICAL TESTING == RESEARCH == [NSPECTION o= CONSULTING ANALYSIS

RN

5323 JEFFERBON 87., N. E.

- Contractor

Lab No. 5209

r. 0.

80X 4101

ALBUQUERQUE, NEW MEXICO

Engineer or Architect

PHONE 255-8916 255-132a2 l‘..

"3

:

Date July 14, 1966

Giffels & Rossetti

Sample Mamﬁmumxngpgsiigmxglanigw&uiimguttingsmerxLIaaimHolﬁ;Zm&,llmtmelaxa_B970

Project ool
Method of Compaction

Date Received

Los_Alamos Meson Physics Facility - Los Alamos, New Mexico

Date Tested .....

July 1, 1966

...------:.uh__a_‘_ l 9 6 6

LABORATORY DETERMINATION OF OPTIMUM MOISTURE

AND MAXIMUM DENSITY

Test Results .

Trial No. 1 2 3 L 5

- Water added (cc) 603 646 689 733 776
et S (g™ 25.30 | 23.44 |23.60 | 23.56 | 23.46
a‘ll)gight of Cylinder | ccaccadecacacaa 14,60 | =—mm—eedeceaaa
Tbeight of Wet Soi 8.70 | 8.84% | 9,00 8.96 | 8.86
Ticight Density 116.0 | 117.8 [120.0 119.4 [118.1

Volume of mold used in compaction test 02075 cu. ft.
reight Wet Soil
e UTby 8.72 8.87 | 9.01 8.97 8,87
gy Py ool 7.68 | 7.7% [ 7.82 | 7.70 | 7.57
v a— _
of dry soil weight . |13.54 | 14.60 |15.22 |16.49 [17.17
gﬁsy/c?f?f)“" 102.2 [102.8 |104.1 |102.5 [100.8
Respectfully Submitted,

ALBUQUERQUE TESTING LAB.
Ongmal Sigfied By

g T AStiy R

Registered Professional Engineer
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C "EMICAL & PHYSICAL TESTING — RESEARCH ws |[NSPECTION w= CONSULTING ANALYSIS

"
" 532 JEFFERSON BT., N. E. P. 0. BOX 4101 PHONE 255-8916 255-1332

ALBUQUERGQUE, NEW MEXICD

Laboratory Reference No. __.6_?9,%__._ Date July 13, 1966
- . MODIFIZD
_PROCTOR COMPACTION TEST
Reported To: Giffels & Rosetti

" n
Architect and/or Engineer ' ;

Project _..._.-..__.......__......_...‘.LQ..S_.-.AlaII}.Q.S_.MQ.S.Q_H_..Ph,}’_.SiQS«.EaC.ility.:_-LQS._Alasz,;_DIe'AL.Mexic.o__._

11 and crushed to minus No. & mesh size.
TEST RESULTS

Maximum Dry Deuosity — 964 hy/eu. g1

Optimum Moisture — =722 -

100
Gradation of Aggregate
or Soil Used in
C Compaction Test
- 98 Screen  Cumulative
Size % Passing
No. & 100.0
= Vo, 10 89.2
»a- i No. 30 Lke.7
S E=r No. 60 34,0
A : fishd} No. 100 28¢5
' Sasadiosn No. 200 22,k
2 SR No. 270 20.0
g e Wash Test 17.0
a e |
E 94 - i ~t
R i
92 =i
ST
L S
ey R
® L
Erifacat
T
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- b u\.~\.’~4~‘J\~~ ».J S e ALOUQUZRQUE TESTING I-ABONT‘)"V ; \\: .
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bonsTnie LABORATORY S e ]
ICA & PHYSICAL TESTING -— RESEARCH o INSPECTYION = CONSULTING A"‘JALYS‘S

" 8532 JEFFERGBON ST, N. E.

Lab No. 6 902

P. O. BOX 4101 PHONE 255-8916

ALBUQUERDUE, NEW MEXICO

Engineer or Architect

uiffels & Rossetti

255~1322

Date

s ]

July 13, 1966

(010 1+ .11 ) S

Friable volcanic tuff” renoved from cutcrops betiween Test dole
Sample 'Identification ........... 7.%.11 and. crushed. to.minus.No.. .4 mesh size
Project Los _Alamos Meson Physics Facility -~ Los Alamos, New Mexico

Method of Compaction ......

A.S.T.M. D 1557 Method A"

Date Received ...

June..24 y

June 29, 1966

1966, Date Tested

LABORATORY DETERMINATION OF OPTIMUM MOISTURE

. AND MAXIMUM DENSITY
Test Results
: Trial No. 1 2 3 4
Water added (cc) 689 7_76 862 oL8
- Weight of Syiinder 22,64 | 22.99 23.25 | 23.22
a‘é:)ight of Cylinder R R 14 160macccl oo
:a\ée;'ght of Wet Soil 8.0k 8.39 8.65 8.62
h‘{,i‘/gc*:f Density 107.2 | 111.8 115.3 | 114.9
Volume of mold used in compaction test ....9..'925 cu. ft.
Weight Wet Soil
(g:?é%s) 1bs) 8.07 8.42 8.68 8.65
Weight Dry Soil .
(srans) (108 ) 6.95 7.4 7.26 | 7.14
R e e v 16.12 | 17.93 | 19.56 | 21.15
Dry D
Ty i 92.3 9% .8 96.4 | 94.8

Respectfully Submitted,
ALBUQUERQUE. TESTING LAB.

Original Sighéd By f %\//4€/ o[)

o’ 7

Registered Professional En/meer
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C;, MICAL & PHYS!CAL TESTING == RESEARCH - INSPECTION — CONSULTIN ANALYSIS

\

532 JEFFERBON 8T., N. E. P. 0. BOX 4101 PHONE 255-8916 255-13232 i o
ALBUQUERGUE, NEW MEXICO . ;

6209 Date._July 33, 1966
MODIFIED :
PROCTOR COMPACTION TEST

Giffels & Rossetti

Laboratory Refexence No. et

Reported To:

" " . :
Architect and/or Engineer : . -
Project Los Alamos Meson Physics Facility - Los Alamos, .New Mexico

Sample Identification Friable volcanic tuff removed from outcrops between Test Hole 7
' & 11 and crushed to minus 3/41 size

TEST RESULTS

Maximum Dry Density — 9747 ns/eu. g

* Optimum Moisture ~ 19.2 ¢4

Gradation of Aggregate
or Soil Used in
Compaction Test

Screen  Cumulative

Size % Passing

3/4n ' 100.0
S 1/2m 89.5
g 3/8n 737
> No. & 59.0
& No. 10 52.6
' No. 30 - 27.6
g No. 60 20.1
2 No. 100 16.8
=) No. 200 13.2
> No. 270 11:8
A Wash Test 10.0 "

MOISTURE CONTENT — % L
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. 532 JEFFERSON 8T., N. E.

& PHYSICAL TESTING == RESEARCH - INSPECTION - CONSULTING ANALYSIS

620
Lab No. 209

P. O. BOX 4101

PHONE 255-8916 255-1322

ALBUQUERGQUE, NEW MEXICO

Engineef or Architect

Giffels & Rossetti

S j

Date Julyml3._l966

Contractor
Sample Identification .

Project ...

Friable volcanic tuff

removed from outcrogs oetween Test Hole

7. & .11 and crushed. to Minus. 3/4" size

Method of Compaction

Date Received

June 24, 1966

Date Tested

June 29, 1966

LABORATORY DETERMINATION OF OPTIMUM MOISTURE

AND MAXIMUM DENSITY
Test Results
Trial No. 1 2 3 5
Water added (cc) 603 689 776 862 948
Weight of Sylinder 22.67-] 22.91 | 23.19 | 23.34% | 23.25
igh lind

aﬂécse)g t of Cylinder | occodecmccaan 14,60 |emmcommetmeeean
a\éeight of Wet Soil 8.07 8.321 8.59 8.74 8.65
Ticight Density 107.6 | 110.8 | 114.5 | 116.5 | 115.3

Volume of mold used in compaction test

..Q..'_st. ClUl. fto

W, Wet Soil

eizhs (158) 8.10 | 8.33 8.63 8.76 | 8.67
Weight Dry Soil

(geams) (1bs) ?7.09 72.17 7.29 7.31 2,14
% Moisture in terms .

of dry soil weight 14,24 | 16.18 18,10 19,84 | 21,43
Dry D .

mfsy/c.f‘f‘f)"’ 9k.2 | 95.4 97.0 97.2 | 95,0

Respectfully Submitted,
ALBUQUERQUE TESTING LAB.

Original jj&

7”@4: D

Registered Professional Engineer




Lab. No. 6209 ALBUGQUERQUE TESTING LABORATORY
iffels & Rossetti
" TEST DATA

o Unconfined Compressive Strength

o ,
- Test Hole Ave, X-Section .-~ Compressive Compressive Ratio
© & Elevation Diameter Area Height Load Strenzth ,Q:d
(in.) (sq. in.): (in.) (1bs) (p.s.i.)
'1- 6968 2.55 5.11 3.8 6250 : 1225 1.5
1- 6960 2.48+ - k.85 5.2 3300 680 2+
| 2-6968 2.51 4.95 4.1 . 5100 1030 1.6
3 6966 2.55 5.11 4.2 5700 . ~ 1115 1.65
3 6964 2.58 5.23 7+ 4200 805 2+
- 4 6965 2.55 5.11 74 . 5000 " 980 24
© . b 6964 2.60 5.31 k.0 4550 855 1.55
5- 6961 2.55 5,11 3.5 - 6750 1320 1.4
6- 6970 2.52 5.00 . k.6 2800 560 1.8
6- 6962 2.484 4.85 3.3 . 6250 1290 1.3
7- 6962 2.51 4,95 L,7 4 4450 900 1.9
8- 6965 2.52 5.00 - b3 1200 24o 1.7
g 962 2.52 5.00 b2 1350 270 1.7
96961 2,55 5.11 k4,0 : 1375 - 270 1.6
'1(:: '~ No core recovered o ‘ -
.11~ 6953 2.52- 4,97 4.0 3850 775 1.6
 12- 694k - - k90 4.8 4850 1030 2.0
. 12- 6934 2.53 - 5.03 L.b4 5300 1055 "1.75
12- 6932 2.59 5.27 - 6+ 3300 625 24
13- 6946 2.60 5.31 5.2 4950 - 930 2.0
13- 6938 2.5k 5.07 bt 4100 - 810 1.75
13- 6930 2.59- 5.25 5.3 3200 610 24
1h= 6943 2.52- 4,27 5.2 2050 410 2+
1h- 6940 2,60 5131 4.6 3650 685 1.75
14- 6932 | 2.56 . 5.15 5.1 . 5150 1000 2.0
15- 6937 2.59- 5.25 . 4.6 5800 1105 1.8
©15- 6925 2.52 k.97 3.8 2000 400 1.5

©16- 6945 2.55 5.11 5.3 5150 1010 2+

(.
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L No. 6209

ALBUQUERGQUE TESTING LASBORATORY

. G;:fels & Rossetti

£ .

TEST DATA

Stress Strain Determinations

Initial Loading

Compressometer
Dial Reading

Axial Load

Core Sample, T.H. No. 3, Elev. 6964

Release ' " Reloading

~ Compressometer ‘ . Compressometer
Dial Reading Axial Load Dial Reading Axial Load

(10-% in.)
| 5

10
15

20

1100

- 110
120
130
140
150
160
170
180
190
200

{

220
240
260
280
300

(1bs)
50

90
- 120

145
170
195
225
255
290
325
Loo
. 460
530
605
695
760
850
940
1030
1125
1310
1500
1600
1770
1990
2200
2400

2590

(10-% inches) (1bs) (10-% in.) (Tbs)
300 2590 60 60

275 ' 2020 70 140
250 A 1660 . . 80 - 200

225 1325 90 - 280
200 11055 ', 105 - 4o
175 805 - 130 615
150 . 675 - 165 - 8s0
125 390 : 190 - 1075
100 210 215 1345
75 | 100 - 2k 1620
50 . - 0+ . 265 1930
4o : _ o 290 2240
L 315 2510
340 2810
365 3050

390 3260
4o 3480

Ave. sample diameter = 2.58 inches
Compressometer gage.length = 5.25 inches

. Total deformation = ' Dial reading
' . ! 200

* - Compressometer removed
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ALBUQUERQUETESHNGLABBRATDRY

.ab . No. 6209
iffels & Rossetti
S R . , |
B A  TEST DATA

Stress Strain Determinations

Core Samole, T.H. No. 4, Elev. 6965

Initial Loading

t

Compressometer :
Dial Reading Axial Load
(10-% inches) (1bs)

10 , .90
20 - 160
30 - 220
ko . 285
50 345
60 | 410
70 . 480
80 540
90 620
100 | 690
125 S - 890
150 11100
175 | | 1325
200 1560
225 | 1800
250 =« 2030

275 - ) 2300
300 2530
325 2800
350 * 3040

*Compressometer removed
Ave. sample diameter = 2.55 inches
Compressometer gage length < 5.25 inches

Total deformation _ = dial reading
2.0 .
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ALBUQUERQUETESNNGIJBDRATDRY

‘Lab. No. 6209
@ Girfels & Rossetti

[
* TEST DATA

Stress Strain Determinations

W .
Core Samvle, T.H. No. 6, Elev. 6570

Initial Loading

it

Axial Comvression

Dial Reading * Axial Load
(10-% inches) - ~ (Tbs)
10 - 25
20 | 60
30 ' 110
40 | 190
50 | 290
60 385
| | 70 - 480
‘ 8o ' 600
e | 90 - 720
N ' 100 - 850
125 . 1200
150 1550
175 1910 )
200 . 2250
225 : 2500
250 ' 2710
275 2790
Ultimate 2800

* Core section of insufficient length to affix
compressonmeter. Axial movement of testing
machine platen measured by two Ames dial indicators.

2.52 inches
4 .56 inmches

Ave. sample diameter
Sample length

W ohn

‘ ' ' Total deformation dial reading

T
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ALBUQUERQUETESTH“SLABDRATDRY .

Lab. No. 6209
Giffels & Rossetti

"o

TZST DATA

Stress Strain Detérminations

Core Sample, T.H. No. &, Elev. 6965

Initial Loading

Axial
Compression
Dial, Reading * Axial Load
(10 'inches) T (Tos)y
10 25
20 45 11
30 ’ 60
. &0 ' 95
» o 50 120
‘ | ’ 60 155 |
9 70 200 |
N 80 . 250
90 | 305
100 ' ' 355
110 ks
120 490
130 560
140 630
150 - 710
175 | 910
200 ' 1070
225 , , 1160
250 1180

Ultimate o IZOQ

*Axial compression measured by Ames dial indicators:

. Average sample diameter =:2.52 inches
: Sample length = 44,25 inches:

Total deformation

dial reading
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ALBUQUERDUEZ TESTING LABORATORY

L . Lab. No. 6209
1. Giffels & Rossetti

Core Sample, ToHo, No. 9, Blev. 6961

Initial Loading

Axial Compression*

Dial,Reading Axial Load
(10 inches) - T (Tes)y
- o ' 10 30 ,‘
20 55
30 60
40 - 100 .
50 140 .
o 60 180
- ‘ 70 : 240
o 80 300
90 ' 375
100 : 460
110 540
120 630
130 - 740
140 840
150 930
175 ' 1150
200 1325
225 1350
Ultimate S 1375

*Axial compression measured by Ames dial indicators

Averageisample diameter = 2,55 inches
, . ‘ ~ Sample length "= 4,00 inches:

Total deformation

.dial reading
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ALBURQUERJUE TESTING LABORATORY
Lab. ifo. 6209
Giffels & Rossetti

[

TEST DAT4

Stress Strain Determinations

-~ -y . - - £ A
vore Sample, T.H. No, 12, Klev., 0932

Initial Loading

Compressonmeter
Dial Reading Axial Load
(10-% 1nches) 1lbs
10 100
20 190
30 260
40 - 340
50 410
. 60 : 490
. ” 70 ' 560
. - 80 : _ 650
. 90 725
| 100 . 810
125 1020
150 . 1230
175 1430
200 1630
225 1830
250 ; - 2025
275 2230
300 2430
325 _ 2630
350 2810
375 2980
400 * . 3130

* Compressometer removed

. ' _ Ave. sample diameter = 2.59 inches
Compressometer gage length = 5.25 inches

Wil ®
f

dial reaéing
2.0

Total deformation
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ALBURQUERQZDUE TESTING LABCGRATORY

! .mo Yoo 6209
é“_Giffels & Rossetti

TRST DAME

AN IS Vs RN AN

Stress Strain Determirations

Volcanic tuff removed from Test Pit Fo. 1,

- D o~ - r ~ - Z +
601 Worth of T.H., ¥o. 15, Elev. 6970=

u

Initial Loading"

4xial compression*

Dial, Reading Axial Load
(10 incnes ~ (Ivs)
10 : e
20 - 60
50 90
40 120
_ 50 140
® | 60 160 ;
. 70 175 |
L. a 80 , 200
90 - 240
100 . 265
110 325
120 390
130 | 450
140 _ ' 525
160 , 690
180 : ' . 860 Ave. X-section dimensions =
200 - 1050 4,02 x 4.03 inches
225 - 1500 Sample length = 4,30 inches:
250 1550 Totai deformafiop =:
275 1775 ‘ dial reading
300 o 1965
‘ 325 | - 2060
350 2115
® 375 2125 yltimate
' 500 2110 |

*Axial compression measured by Ames dial indicators
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ALSUQUERQUE TESTING LASORATORY
Lab, No. 6209
- . Giffels & Rossetti |
o : | . TEST DiTi

t

e

Stress Strain Dsterminations

Volcanic tuff removed from Test Fit No. 2,

_ . .
90' Horthwest of T.¥., ¥o., 15, Zlev, 6970~

Axial compression

- Dial, Reading® Axial Load
(10 ‘inches) T (1bsy
10 - EYe)
20 | 60
30 ‘ 100
Lo : 130
50 ’ 150
. 60 | » 150
® 70 } 170
o 80 205
- 90 240
~ 100 290
110 - 360
. . 120 450
130 ' . 550
140 655
160 S 875 _
180 , 1100 Ave, X-section dimensions =
200 _ 1310 4,06 x 4.10 incheq
225 1540 Sample length = 4.75 .inches
250 : 1760 . Total deformation =:
275 1960 dial reading
- 300 2080
325 . 2150
350 s
® ' . 375  Ultimate 2200

*Axial conpression nmeasured by Ames dial indicators
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ALBURUERQUE TESTING LASORATORY
Lab, No. 6209 :

. Giffels & Rossetti

. . mTam e
¢ TEST DATA
kS
fod - ™ s 2 Py <
Stress Strcin Determination

Volcanic tuff removed frem

. . — m +
90 West of T, Ho NOwo 15, Elev., 0970-

. Initial Loading » Releaze Reloading
Axial Compr* Axial Axial compr. Axial | Axial Conpre. Axial
* Dial,reading Load ‘Dial; Reading Load Dial, Reading Load
(10" 'inches) (1os) (10 'inckhes) (Ibs) - (10" "inches) (1os)
10 20 225 1§50 ' 125 100
L Tm20 50 4 200" 410 150 210
30 60 175 230 175 - 360
40 90 150 95 200 560
50 - 100 125 30 225 310
60 125 100 15 250 1040
70 140 275 1250
_. 80 160 300 1420
(9 210 325 1560
100 240 350 1670
110 275 375 1750
120 325 400 1810
130 375 o k25 1840
140 430 : . , Ultimate 1870
160 540 ' ' -
180 660
200 795
225 940

250 1110 dial indicators

*Axial compression measured by Ames

Ave. X-section dimensions 5:3.95 X 3.98 inches

Sample length = 5.80 inches

Total deformation =:digl reading
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Lzb. No. 6209 |
Giffels & Rossetti _
. ' S 59 5.0 S0V 000080090 0009600 4 .
Volcanic Tuff Cuttings - T.H. 7 & 11
Elevation 6970 o July 1, 1966

. 1.313 in . ‘ 2.816 in o . 7 . 1.35% sg. in.
CLoeTee et 0 282,0 gm0 T e el e *.”»7 e e
T & 1< Y. egm I P e e e
dw e e o 1235 L L e 108. gm L L.

A T R L 1> SO S e 10840

e 200 L e 28,7 cc

A NP - N i'.ud o. 937 lbs per lelulon
Thriest v Liel T 70,0000 et el Ceeenio e @7 0 L

UL s SRS < S A S N XXXXXXY T SR
c T . < T L Sf .

O ;0 i b 040092 1. .27.3. 0.0

L2k " 0.010 - 0.0076 -0.27 "0.0092 :22.49 2440 - "
.58 0,020 .. 0.01%2 0,50 . 0.0092. 54.35. 5910 . .. . .. "™ . .....m .
P92 . 0.030 :0.0208 0.74 '0.0093 -86.20 9270 . 27.2 ¢ =0.1
...123 0 00.0k0 - 0.0277  0.98 0.0093 -115.2 12390 . - M o.M

.. . 153 10.050 , 0.0347 1.23  '0.0093 (143.4 - 1sk20 ;o ; "
w7180 - . 0.060 :0.0420 -1.49 0.0093 168.7. 18140 .. .. . v . ._.m
;204 10.070 - 0.0496 i1.76  .0.0094 191.2 20340 - 27.3 0 0.0
L1222 . ..0.080 0.578 2.05 .. '0.009% 208.0. 22130 ... @ 27.5 . .+0.2
L 235 ;0.090 0.0665 2.36 0.0095 (220.2 23180 27.8 ° +0.5
... 239.5  10.100 . 0.0760 2.70 . . 0.0096  224.4 23380 ... . ..28.1 .© .+0.8
¢ 239.0 . 0.110 .0.0861 3.06 0.0097 223.9 23090 co28.4 0 #l.1
- ...226.0 "0.120 0,0974 3,46  0.0098 211.8 21610 . ... 28,7  +l.k.
. 185.0 . 0.140 © 0.1215 4.32 $.0099 '173.3 17510 . 0 . xl.7
- L5.153.0 . 070.160. [ 0.1447 5,15,  0.0100 143.4 14340 ... ....29.1 . . +1.8.
y 14k.5  .0.180 10.1656 5.89 0.0101 :135.4 13410 ¢ 29.3 +2.0
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Lab. No. 6209

“ifféls & Rossetti _
i XUL XKLL LK LL KL KLLLKLALE
i Volcanic Tuff Cuttings - T.H. 7 & 1l Tv 1 6
| ,. - e Elevation 6970 ‘ Ju_“y 15, 1966
o . 1.313 in 2.816 in - 1.354 sq. in.
' 262.0 gn : T L -
l : o L 138.5 gn S L -
o ... - . 123.5 gm S " 107.0 gm
’ ' ~15.k42 - S ©107.0 gn
102.5 ; = - ' ,
' ko . SRR - 284 cc
o S 27.0 U R Y
. 2 . - .. . 0.937 1lbs per division
o : : o 0.000 ' | : Q06
Looe e 00092, | ... .. . 2.810.in
oL “ _ : ) e
ft oo ft
o o : ~ 0.0092 , - 27.0 0.0
37 0.010 -0.0063 0,22 0.0092 34.67 3770 . 26.9 -0.1
.81 0.020 0.0119 0.42 0.0092 75.90 8250 i " "
‘ - 12k 0.030 0.0176  0.63 0.0092 116.2 12630 1 26.8 -0.2
... . 165 0.040  0.0235 0.84 0.0092 154.6 16800 " "
(- . 209 0.050 0.,0291 1.0k 0.0093 195.8 21060 S "
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GIFFELD & l-’-*'zi@&:?ﬁﬁ[ﬁ‘i"ﬁ, G, ARCHITECTS « ENGINEERS « PLANNERS
MARQUETTE BUILDING / DETROIT, MICHIGAN 48226 » CABLE GIFFROSS « 313 / S61 2084

September 2, 1970

~Mr. Charles S. Huff, Chief

Engineering, Construction &
Maintenance Branch
U. S. Atomic Energy Commission

- Los Alamos, New Mexico 87544

Re: Los Alamos Meson Physics Facility
Los Alamos, New Mexico
"G & R Project 66017

Subject: Experimental Area - Phase II and Phase III
Test Borings Report

Dear Mr.>Huff:

Enclosed is a copy of Albuquerque Testing Laboratory's supplemental

report on test borings in Beam Area "C" and the area ecast of
Beam Area "A", as shown on drawing LAM-E~-CE-6X, Revision #1.

Very truly yours,

GIFFELS & ROSSETTI, Inc.

7‘7@0«%’«@*\

T. Maeda _
Assistant Project Director

TM:aae :
cc: \P{/:. Edwaxds w/copy

L. R. Springsteen

Encl.

éﬁ’({"f?{i 74(( :(,J




TESTING LABORATORY

SuUB so0lilt /_NVEST/GATII]/V'— PHYSICAL TESTING — INSPECTION

532 JEFFERSON ST., N. E. P. O. BOX 4101 PHONE 255-8916 255-1322
ALBUQUERQUE., NEW MEXICO 87106 ) B

Lab No. 7330 = SUPPLEMENTAL

Report t0 oo BAFFELS S ROSSETT o INCo e

Dri1LLED .
Submitted By QAME . : ‘ HaEKE By ALBUQUERQUE  TESTING LLABORATORY,
Project ... LoS _ALaMoS MESON PHYSICS FACILITY = GIFFELS & ROSSETTN PROJECT No. 66017

TEST RESULTS Lo

GENTLEMEN:

ENCLOSED, PLEASE FIND THE BoRING LOG GRAPHS FOR TEST HOLES
47 tHROUGH 53, EAST oF DBERM AREA A, ALONG WITH THE RESULTS
OF REQUESTED LABORATORY TESTS FOR THE ABOVE REFERENCED PROJECTY.

You WiLL NOTE THAT FOR BOTH AREA '""C'" AND THE AREA EAST OF BERM

AREA A, BOTH UNCONFINED COMPRESSIVE STRENGTH YESTS AND MoDuLus

oF ELASTICITY TESTS WERE RUN ON RECOVERED CORE SAMPLES AT VARIOUS
AND RANDOM CORE DEPTHSe ALTHOUGH RECOVERED CORE SECTIONS VISUALLY
APPEARED TO BE TYPICAL AND REPRESENTATIVE FOR A PARTICULAR CORE

RUN, CONSIDERABLE VARIATIONS IN BOTH UNCONFINED COMPRESSIVE STRENGTH
AND MODULUS OF ELASTICITY VALUES WERE OBTAINED. :

cc: MRe Liriy SPRINGSTEEN
Los Atramos Fiewn CFFice

Respectfully Submitted,
ALBUQUERQUE TESTING LAB.
Origj Signed By

; 4
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structors, Incorporated. Contractural arrangements were made through

PURPOSE

The purpose of this report is to summarize the results of foundation
exploration and laboratory testing of subsurface materials of the U. S.
Atomic Energy Commission at several test sites in the vicinity of Los

Alamos, New Mexico.

AUTHORIZATION

The data reported herein were obtained for the Los Alamos Labora-

tory of the University of California through contract with Los Alamos Con-

Mr. Wm. P. Junge, Chief, Supply and Transportation Division, in accord-
ance with Contract No. LACI-5-60 dated December 19, 1959. Our proposal

was dated October 26, 1959. Work was initiated on 6 November 1959.

~FIELD EXPLORATION

Field exploration consisted of a small diameter pilot hole drilled to
a depth of 692.05 ft., and four core borings drilled to varying depths
(2 to c.le'pths of 500 ft. and 2 to depths of 300 ft.). The pilot hole was in-
itiated on 10 Noverﬁber and was completed on 21 November. The Area 2
core.boring was initiated on 22 November and completéd on 30 November.
The Area 1 core boring was initiated on 1 December and, though coring
was completed by 6 December, the additional work was not completed
ﬁntil 28 January 1960; The Area 4 core boring was initiated on 26 January

1960. and . completed on 5 February 1960. The Area 3 core boring.

SPENCER J. BUCHANAN AND ASSOCIATES, INC.
COMSULTING EMGINESRS BRYAN, [EXAS




was initiated on 28 January and compleﬂted on 3 February 1960. All small
core boring, except in Area 4, was performed by equipment and personnel
of Soil Mechanics Incorporated, our associate company. In order to expedite
completion, the Area 4 exploration was performed unaer our direction using
equipment of the Brazos Valley Drilling Company.

All field work was supervised by Mr. N. B. Herring, Manager of Soil

Mechanics Incorporated, who is a graduate geologist.

The boring logs indicate the depths of samples which were tested.

The report is subdivided by Test Area, for ease in locating data. In

addition to the four core borings reported herein, many large diameter
borings were drilled by others, from which 5-inch diameter cores were
obtained for similar laboratory testing. Test data for laboratory sample
numbers, which do not appear on the boring logs, were fo; the large

diameter samples provided by Zia.

LABORATORY TESTING

~ All laboratory testing was performed under our direction. Exclu-
:sive of tests for mineralogical examination, exchange capacity, specific
heat and thermal conductivity which were performed by staff members of
the A & M College of Texas, spectrographic tests which were performed
by Shilstone Testing Laboratory of Houston, and air permeability Which
was performed by Core Laboratories, Inc. of Houston, all other tests
and calculations . were performed in the Bryan, Texas laboratory of 5011

Mechanics Incorporated using SMI and STB& A engineers and technicians.

-2 -
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necessary for lateral pressure application. At Dr. Newman's request the

~stress-strain curves for nearly all tuff samples, permanent non-recoverable

Test scheduling was done prilmarily by Mr Herring, with concur-
rence in most instances by Dr. Newman, in accordance with policies
agreed to as a result of conferences and letters i.n November 1959.

Most tests were of standard type, as describéd m manuals of ASTM,

AASHO, etc., however several special tests such as the 1,000 psi and

5,000 psi lateral pressure triaxial tests were performed by procedures

given in '"Soil Testing for Engineers' by Wm. T. Lambe, and modified as
required for the type of rock tested.

Initially the triaxial specimens were trimmed, were capped with
Plaster of Paris, and were then tested, however subsequent tests were not
capped since it was determined that capping did not significantly affect

test results but did complicate appreciably the membrane sealing procedures

latter repetitive type compression tests, such as for Samples 7028 and 7029

in Area 2, were capped, however this procedure did not eliminate the con-

cave upward shape of the stress-strain curve. As may be noted from the

deformation occurs under load, even if failure is not approached.

-Of significant interest were observations of additional tests, which
§v.ere not requested by Zia, but were performed at no cc?e't as a matter of
general interest t6 us. For example, it was noted that following removal
of the softer rock cores from a 5,000 psi lateral load triaxial test

the rock had been crushed to a powder. Our.curiosity was aroused as to

[

SPENCER J. BUCHANAN AND ASSOCIATES, INC,
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whether this was caused by lateral pressure, or the combination of lateral
plus vertical load. Consie'quently we set up sampies at both 1,000 and
5,000 psi and, prior to applying vertical load, released the lateral pres-
sure and checked the specimen. It was observe& that crushing did not
occur under 1,000 psi lateral load, but did underiS,OOO psi. This pheno-
menon was not noted for the harder, high strength specimens, but was
very evident for the softer tuffs. In aadition, it was noted that the softer
specimens decreased in mid-diameter by about 4 5% under the 5, OOQ psi
" lateral pressure. |

It mé.y be noted also that some data for a specific test are incom-
plete. This is attributed to the discontinuéncé of:testing at the Client's
Tequest while some testing. was still in progress.’ If desired, these data
can be completed at later date. !

The remaining sambles on hand in the Bryan Laboratory will be
retained for approximately one year from date of ‘procurement, in event

other testing may be required.

-4 -
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LOG OF BORING

PROJECT. BORING NO:
FOR: The Zia Company LOCATION: TA-49 Avea 1
pate: 1 Dec. 1959  ,os no: 59-154 goriNg Tyee- 2 7/8" Cont. Air Drilling

oriLLER: Dayis & Prator soi_encineer Miller & Herring srouno ELEV.: 7169. 556"
; | LEGEND . o e Coc
i % o !E b S-Sne!b_y Tube D-Denison Baorrel P-Penetration Test J=Jor
T E: I __! S < \‘E g--Ccre @-Pene!rohon Sampile B'N" Recovery
= @ f v z 2 } f, N .: V-Stctic Water Table V -Hydrostatic Water Tatle
a1 2wl I 2 30
S e lail s DESCRIPTION' OF STRATUM
T | |
1 Scale 1'"=5'! Spudded in w/rock bit in soil Frozen It. br. sandy clay
z | overburden
4.0
-5 Run No. 1 4.0'to 8.85' w/ Lt. gr. [ine grained volcanic
—--—}‘ double tube NX core barrel and tuff (Bandalier formation) with
— | insert bit. Drill Time 15 min. |qtz. xtals. and purrice frags.
——.8.8" | Core rec. 2.6'Largestpc.0.2'las inclusions. Highly weathered
:6—_‘( {Run No. 2 8.85 to 14.6' friable and punky.
] Drill Time 15 min. .
' Core rec. 1.0' Largestpc.0.1'|Considerable grinding in C.B.
of badly fractured tuff
14,60/
P15, Run No. 3
‘ Drill Time 5 mia.
i iCore rec. 1.9'Largestpc.0.2"
, i gestp
a
-20 -&0.0. |
{Run No. 4
Drill Time 10 min. No charge in classification
; . Core rec. 3.5'Largestpc. 0. 3'
L25-:45.0
Run No. 5
L Drill Time 15 min.
[ 30 130.0" Corerec. 2.6'Largest pc. 0. 3'
Run No. 6
u Drill Time 15 min.
, i
34, 3 Corerec.3.4' Largestpc.0.3'
35
i Run No. 7 No change in classification
T Drill Time 15 min still grinding in core barrel
o 2h Corerec. 2.8'Largestpc. 0. 3'
—40-2 ‘
Run No. 8
i ; Drill Time 15 min. ,
—4“5*45 3%1 Core rec 4.3'Largestpc. 0. 2"
45 72 -
B

SOiL MECHANICS

INCORPORATED




LOG OF BORING

PROJECT: -BORING NO:
FOR: The Zia Company "LocaTion: TA 49 Avrea 1
DATE 1 Dec 1359 yos no: 59-154- goring Type: NX Cont. Air Drilling
_oRiLLER: _ Davis & Pratorson encineer:Miller & Herring crouno erev.: 7159.66'
) LEGEND
< 2 £ 5|1 S-Shetby Tube O-Dentson Barrel P-Penetration Test J-Jar
- :_3 - ; =z |£ g'-(ﬁore @-Pe netration Sampie 4@.‘_'40 Recovery
cr 12 o Su":} w{/~Steric Woter Tabie W -Hydrastatic Water Taobie
= | golEq 2 : )
® o > 2 2| DESCRIPTION OF STRATUM
[al % » o w @ ;
T
| Lab. No Run No. 9 Unchanged. Same It. gr.
. ’ 5 s tulf w/varyin
, 3 6786 . . in. pumaceous tui g
' Drill Time ls min _ amounts of qtz. xtals. as in-
50 5|0 g Core rec. 4.3'Largest pc.0.7'| clusions. Fracturcd andfriable,
0.
S i Run No. 10
lSca,le Change ijsing 20' double tube core
Tl - t :
1 ¥ 10 barrel and insert bit '
—60 Drill Time 1 hr. Less fractured
Lab. No . b
6787 Core rec 13.5' Largestpc.0.6'
~79770.9
! Run No. 11
!
80 ki La'}b. No. |Drill Time 40 min. Softer - becoming it. gr. sand
I ; 6788 at 91'
i
Core rec3.1' Largestpc. 0. 3!
-90-91. 1"
Run No. 12 Large core loss due to extreme
friability of tuff. Air erosion
Drill Time 40 min. blows tuff out of hole as dust
1007 and qtz. sand
Core rec 1.5' Largest pc. 0.3'
~110-111"'
Run No. 13
: Bag sample taken from return
204 ! air cuttings 121' - 131" Probably very poorly cemented
] Drill time 30 min.
]
130i131.1 Core rec. 0.8’
i i '

SOiL MECHANICS

INCORPORATED




LOG OF BORING

PROJECT: BORING NO:

FOR: The Zia Company tocaTion: TA-47 Areca l
paTe- ]-5 Dec. 1959,08 no: 59-154 BORING TYPE: NX Cont. Air Drilling
priLLER: Davis & Prator soil enciNeerMiller & Herring GROUND ELEV.: 7163, 55"
LEGEND P — -
‘.S b < 5 i S-Sheiby Tube " D-Denison Borrel P-Penetration Test J-Jar
- - ; - § = i g—Core w-Pe netration Sample @—No Recovery
S alcuw mlv-S!alic Water Table W -Hydrostatic Water Table
a g o) E 2 3!
g uc) ;; o o DESCRIPTION OF STRATUM
Run No. 14 Same
Bag sample of cuttings 131'- Lt. gr. pumaceous groundmass
141" Drill Time 8 min. reduced to powder w/v.f. qtz.
1401140J1° No core recovery sand. Air recturn vary poor due
| to extreme forniation porosity.
T Run No. 15 ' ‘
i Bag sample of cuttings 141" -
155" Drill Time 75 min.
- 50 'No core recovery '
55.7
4' casing set to 170' w/o trying
160 to core due unconsolidated and
and uncemented nature of
formation
_170‘1‘70.‘0'
‘Run No. 16 2 Dec. 1959 '
Change in formation 184' to
Drill Time 40 min. 186' from 1t. gr. to red-brown
M t
180 returning to It. gr at 186
many qtz. xtals. and other
glassey minerals
Core rec. 0.6'Largestpc.0.1"'
-F190-131,i1" L di ed vol )
Run No. 17 t. gr medium grained volcanic
tuff as before
Drill Time 15 min. :
: : Core rec. 1.5'Largest pc.0.1'|Hole caving badly
| 200.200. 2" ses- b
| Cave-in stabilized with mud in
Run No. 18 5 Dec. 1959 bottom of hole
Drill Time 1 hr, 10 min. 205' Change to lt. gr. dense,
210 -lhard, tuff w/qtz. & sanidine
inclusions
} 1
i '
..2202321 g Core rec.8.7'Largestpc.0.4' ‘

SOIL MECHANICS INCORPORATED



LOG OF BORING

PROGECT: ) ... BORING NO:
FOR: The Zia Company : tocation: TA-47 Areall
paTE: 5-6 Dec. 135%i08 wNo: 5"}1-154 BORING TyPe: NX Cont. Air Drilliag
cRiLLER: Davia & Drator S0k _ENGINEER:Miller & IMerring6Rouno ELEv.: 7167, 56"
1\ | LEGEND o
e .2 < 5| 5-Sheiby Tube D-Denison Barrel : P-Penetration Tes? J-Jar
> | o1 g .
= P I ;!ii_cme @-Penevrction Sample M-—No Recovery
=2 s 2;2 P ‘,.‘IT/-S:anc Water Tatle WV -Hydrostatic Water Table
a } g Il 13 : ;' -
2 R I 2 DESCRIPTION OF STRATUM
S— \ | . Run No. 19 Slightly fincr grained than pre-
' ‘ wvious dense, hard, volcanic
| ' Drill Time 1 hr. tuff with qtz. and sanidiase in-
| ! .
230 5 g clusions
308
1 |
| |
Vot i ]
i | ; !
=1 ! i Core rec. 10.5"' Llargest pc 0. 4'
~240-241.8" | {
et SR l 1
. i - t
§ ! Run No. 20
o Same formation
! .
2504 ; | ! Drill Time 1 hr. 10 min.
: N
i ! !
i
o
-260i261,'8 , l Core rec. 12.9' Largest pc. 0.5
] i
|
P % Run No. 21
s . . ) Same formation
?_____‘; | Drill Time 1 hr. 17 min. € tormatio
;270“:_2;7| 8 | Core rec.8.85' Largestpc 0.5
S 'l ! A =
! ; Run No. 22
1
| .. .
. . . ding . B.
l Drill Time 20 min ?r;ntlng in C due to
: ractures
280~ . !
T ) . 1, 1
~2I632 | Core rec. 2.8"Largest pc 0.}
| R
! un No. 23 6 Dec 1935
li ’ becomes pinkish
SO ! Driil Time 1 hr 20 min “ pint
290 ! |
st NI
: i
! i
i
! Core rec. 6.5'Largest pc 0.1’
-300-301.8 !
- _:-Q‘Scale Changé  Run No. 24
— T iy s :
L_.i1"' =20 ~ i Drill Time 35 min.
P P
SRR . ' . -becomes soft at 310', ver
1320.321.8" : | Core rec 2.1'Largestpc. 0.2° ) > = Y
{ —— s i
| : :_ P } L '

1 little air return

TS0IL MECHANICS INCORPORATED




T
LOG OF BORING
PROJECT: . ' BORING NO:
FOR: The Zia Company "LocaTioN: TA-49 Areal
cate. 6 Dec.193%J08 No: 59-154 soring Tyee: NX Cont. Air Drilling
oRiLLER: Davis & Prator sow eneiveerMiller & Herving ROUND ELEV.: 71569. 06
‘ i LEGEND
< i :_ i < ° i S-Shelby_(une 0-Denison Borre! P-Penetration Taest J-Jar
e | °1 &
o A - -_!""g-Core &]—Peneuorion Sampie M-No Recovery
sle ZiofT oI - . , :
c o ol 52 s, U-Staric water Taoile WV -Hydrostatic Water Table
IR S
& e SR DESCRIPTION OF STRATUM
r__,__i ' ; { | Run No. 25
.———————W ‘ : i
| ; Drill Time 2 hrs Fine lt. gr. pumaceous dust
| ‘. Overdrilled core barral length| in air return cuttings becom-
- 1.310: ' with prior agreement with ming It gr with qtz. sand
I ‘ USGS
r—ﬁ‘ Bag samples taken at 5' inter-
ot ' vals
NI
—200- :
{ ‘ | No core recovery
371.8'
i i Run No. 26
-380- § Drill time 1 hr Same
__1385.2" No core recovery
=
] | Run No. 27
~400- 1 Drill Time 20 min.
" :[ ! Bag samples of air return
cuttings taken at 5' intervals Same
420~ |
No core recovery
4403411’
l Run No. 28
EE—
I Drill Time
: 441' - 451' 30 min.
~46 0+ 451' - 461' 30 min.
461' - 471" 25 min.
471' - 481" 25 min.
481' - 491' 15 min.
. LI L] s
g 1931 501' 40 min.
et , Sack samples of cuttings taken
T every 5 feet
b |
IS No core recovery’ A ,
i 501! ! Bottom Of Hole @ 501!
$BO0=—— | |
SR I SO S {

SOIL MECHANICS INCORPORATED




LOG OF BORING

PROJECT: o BORING NO:.
FOR: The Zia Company _ "LOCATION: TA-49 Area 2

oate: 22 Nov. '5%08 no:  59-154 BoRING TyPe: 2 7/8" Cont. Air Drilling

DRILLER: TDavis soiL_enciNneer Miller & Flerring grouno etev.: 7137.47
LEGEND

S~Shelby Tube D-Denison Barrel P-Penetrotion Tes!? J=Jdar

—Core gﬂ—Pene?ronon Sample M—No Recovery

W -Static Water Table W -Hydrostatic Water Table

in

Symbol
Elevation
Biows / Foot

DESCRIPTION OF STRATUM

Spudded in with rock bit in soil| Lt. br. sandy clay overburden
overburden ‘

Run No.

Gray white weathered volcanic
tuff, friable and badly broken

Core rec. 2.5' LLargest pc. 0. 3°

Run No. 2

Drilling Time 3 min.
60° fractures, stained br. on

surfaces

Core rec. 5.0' Largest EC'._I_;E

Run No. 3
Drilling Time 3 min. Same fine grained weathered

Core rec. 3.0'Largestpc. 0.5% tuff

Run No. 4

Drilling Time 2 min. L Same 1t gr. weathered tuff

Core rec. 3.0'Largest pc. 0.5

Run No. 5'

Drilling Time 5 min. : Quartz xtals. and pumice in-
- ' clusions in fine gramed ground-
mass

Run No. 6
Drilling Time 5 min.
Core rec. 4.0’ Largestpc 0 8'

Run No. 7

Drilling Time 6 min.

Corerec.3.2' Lafgestpc. 0.4'

Run No. 8
Drilling Time 6 min.

Core rec. 2.4'Largestpc. 0. 4'

SOIL MECHANICS !NCORPORATED




LOG CF BORING

PROJECT: BORING NO:
FOR: The Zia Company - LOCATION: TA-49 Area 2
OATE . 22 Nowv. 1959 JOB NO: - 59'154 : BORING TYPE.: Z -7/8” Cont. Air DY‘I”I!’lg
pritLER: Davis solL ENGINEER: Miller & iforringcrouno ELEv..  7154.47
' LEGEND
ol < 5| S-Shelby Tube D-~Denison Barrel P-Pen=etration Test J-Jar
b = s 3 E —Core N—Pe netration Sample @—No Recovery
o sl sl @i V/-Static Water Tabie V—Hyd_rosto!ic Water Tablie
a & > x
S als |2 DESCRIPTION OF STRATUM
4 Lab Sample ‘ %
|  INg. 6789 Run No. 9 o j Lt. gr. volcanic tuff
l Drilling Time 10 min. : of the Bandalier
| Core rec. 4.3' Largest pc. 0.3' | formation w/fine
=50 59, 5 R | grained aqtz. and
| : { pumice inclusions
1 Run No. 10 P
| rylabSample piiging Time 10 min. |
; zNO, 0730 . \ ' l
L_M_.j ‘ Core rec. 5.0' Largest pc. 0.4" |
Run No. 11 :
Drilling Time 10 min. -?ecotmmg hard w/
60 L Core rec. 2.4' Largest pc. 0.3' ‘ ractures
~~7 0.5/ - '
Run No. 12 A i
— Drilling Time 10 min. '
- ' ' :
| 65 g5, 30 Core rec. 3.5' Largest pc. 0.4 | ‘
Run No. 13 :
i
Drilling Time 10 min.
-4170—-70. 3 Core rec. 3.0' Largest pc. 0.3 o
Run No. 14 :
Drilling Time 8 min. i
;ﬂlpsl Core rec. 4.8' Largest pc. 1.1! ;
| Rua No. 15 o :
| Drilling Time 8 min -becoming more
| Core rec. 1.7' Largest pc 0.3' friable
- 80-480. 3'
Ru.n I?Io. 16_ ) Lost air return due
3 Drilling Time 8 min. to porous formation
85 _'§5. 4" No core recovery and caving
r-w--s-ﬁ!r s, -
: .;*‘a!"'°a‘F“P]eRun No. 17
] No. 6792 ] : ,
—— Drilling Time 3 min. ,
Lo e “,’ !
90 \;_“_90'.4' Core rec. 1. ‘_3. Largest pc. 0.5 ‘
Y i e

SOIL MECHANICS INCORPORATED



PROJUEC
FOR:

T.

The Zia Company ' rocation: TA-1) Arca 2

OF BORING

BORING NO:
2

JOB NO: 57-154 goraing Tyee- NX Cont. Alr Drilling

sotL ENGINEER Flerring & Miller GROUND ELEV.: 713447

Eievation

Bicws / Fool

LEGEND

St_She(by Tube D-Denison Barret P-Penetration Test

g‘i’-\?ore ) %-—Pene!rovion Sample M—No Recovery
V-Staotic Water Tatle WiHydrostatic Water Table

DESCRIPTION OF STRATUM

120,12

0.76"

Run No. 18
Drilling Time 5 min.

i

“Air return very poor

Core rec. 4. 2' Larygest pc 0.4"
O R .._.‘
Run No. 19 iCtz inclusions beconiing

Drillins Time 11! min icoarse grained sand
3 . in. |

'

Core rec.5.2'Largust pa. 0.3

Rua No. 20 Time 1l min.  !_secomes pinkish
Core rec. 4.0'Largestpc..0.3"
Run No. 21 Time 12 min. \
Core rec. 3.06' Lar;cstpc..mq;é_":
Run No. 22 Time 8 min.
Core rec. 3.6 Largestpc. 0.3

Run No. 23 Time 8 min. i-becomes 1t. gr.

Core rec. 3.1'Largestpc. 0. 3!

Run No. 24 Time 8 min. "Air return very poor in same
Core rec. 4.2' Largest pc._Q‘.‘.,S_'»j formation

Run No. 25 Time 5 min. :
Core rec. 4,5' Largestpc. 0. 4"

i

Run No. 26 Time 5 min, ;
Core rec.5.3' Largestpc. 0.51

Run No. 27 Time 5 rain. '
Core rec. 3.0' A

e P s s et

Run No. 28 Time 5 miu. ‘-becomes sandy or uncemented

No_recovery |

Ruaa No. 29 Time 5 min. ;
1
No recovery i

®un No. 30  Time 5 min. ' Tools stuck duc to cave-in

No‘—x_-ego\{‘ery”“ o Hole cased to 150

Ruu No. 31 Time 6 min.
iMo recovery

Run No. 32 Time 6 min.
No recovery  _ .

e m + e e et

Run No. 33 Time 6 min.

!
!
!
é

No recovery =

SOIL MECHANICS INCORPORATED




LOG OF BORING
BROJECT: , BORING NO:
FOR: The Zia Company LocaTion: TA -4) Arcal
DATE:-27-283-29 Nov.Jos No: 59-154 BORING Type: NX Ceat. Alr ?ri'l’li:};'
DRILLER: Davis soiL ENGINEER: Florvin & Millor GROuND ELEV.: (Ll Jt. &7
LEGEND
£ 2 £ 5| S-Shelby Tube D-Denison Barrel P-Penetration Test J-dJar
< : sl _ 1§ s : —Core @-Pe netraotion Sample M—No Recovery
c2 12 z Z "; < ? V-Static Water Table W -Hydrostatic Water Taoble
o e > x
2 gw :j :‘: g " DESCRIPTION OF STRATUM
Run No. 34 Time 5 min. Ir
1756 No recovery i
El—x.r;-"il—c;*géw_Ttn*e 5 mmu.m T ‘ i Air return cuttings become
(180.180. 17 No recovery ! pinkish at 182"
———1 Run No. 36 Time 5 min. ;
857! No recovery i
Run No. 37 Time 5 min. Hard streak at 186'
1120190, 3" No _recovery. ... !
Run No. 38 Time 7 min. | Lt. gray w/pinkish cast Banda-
195 b Core rec5.6' Largest 0.3’ | lier tuff. Hard, with quartz and
L2 B AT AT TR, g AR *s v, o ..._.‘._...«._..._..1= . . . .
Rua No. 39 Time 7 min. | pumice inclusions
| 200,200.65 [Core rec+.3'Largestpc. 0.3'
1 _
: Run No. 40 Time 10 min.
‘B dly f t d
»_054_!2 Corerec 2.0'Largestpc. 0“__°_'_ adly fracture
‘i Run No. 41 Time 12 min. :
510209, 5' Core rec 2.0'Largest pc. 0.} ! Fractured and broken
o Run No. 42 Time 10 mia. !
214.18" Con. rec 1.7' Largest pc. 0. 1'
Run No. %3
12204220.'7! Core rec. 4. 7' Largest 5e. 0. 3' Less fractured
‘ Run No 44 Txme 5 mm
225.p' Core rec. 5.0' Largestpg. 0.3"
Run No. 45 Time 5 min. i
2303017 Corerec. 5.1'Largestpc. 0. 3":
Run No. 46 Time 5 min. ;
33.7" Core rec. 4.8' Largestpc. 0.3';
Run No. 47 Time 20 min. . Lioat gray tuff with quartz and
»Ligat gray q
2 40 Using 20' core barrel i purnice inclusions
29 :Ngv.
Core rec 9.0' Largestpc 0.2' f
| 250{25] ;3" , |
Sical"e Ghange Run No. 48 Time 30 min. k
1i‘ =;20' %
F{ﬁ)z%l‘# Corerec.7.5'Largest pc 0.5' §
L _d ;

SOtL MECHANICS

INCORPORATED



PROJECT:
FOR:

Tae Zia Comipaay

LOG OF BORING

BORING NO:

LOCATION: TA-4) Area 2

oaTE: 27 & 30 Nov. so8 NO: 53-151% gorING TYre:NX Cont. Alr D.illing
ORILLER: Ravis soiL_ENGINEER Mlorring ik Milier GROUNO ELEV.:  Tlo%, 47!
: LEGEND
« a 51 S-Shelby Tube D~Denison Barrel P-Penetration Test Jd-Jar
> [~4
- {g.. L. —Cote @—Penetrar;on Sampie M—No Recovery
@ z| iz 91> i
@22 ai sl Al /-Static Water Table W -Hydrostatlic Water Toble
a gwol el 2 x
< E ~ 2 ° DESCRIPTION OF STRATUM
o u, © | w @
i Rut ime 35
un No. 17 Time 35 min. \ .
— ) e Liylt gray, hard volcanic tuff
oo .
! with sand size qtz. xtals and
! pumice inclusions to 1/2 inch.
Core rec16.4' Largest pc. 1.0% -~
-2904221.:3" — - ; ] a0
- . . Hole cased to 1
Run No. 50 Time 25 min. - i
. Grinding of {fractured pes. in
1 . -
" core barrel
Core rec 3.8'lL.argest pc. 0.2
3103115 e e e e et
Run No. 51 Time 25 min. . Formation change to very fine
; uncemented and unconsolidated
No core recovery » tuff. Fine dust in air return.
1.2301331.!5°7 e e s
i
Run No. 52 Time 30 min.
No core recovery :
e ————— 4 t
[3500351.5 e
Run No. 53 Time 30 min.
30 Nov.
No core recovery .
| 370871. 5" A S ‘
Run No. 54 Time 30 min.
i
No core recovery ‘
1 390]391.15 R :
1
Run No. 55 Time 30 min. - Damp fine sand adhering to
! core barrel
No core recovery ’
410411,6°' , -
Run No. 56 Time 30 min.
No core recovery i
130 H3L. 5" '
1
| . . .
Run No. 57 Time 30 min.

|

No core recovery

SOIL MECHANICS (INCORPORATED




PROJECT:

FOR:

oaTE:

30 Now.

LOG OF BORING

BORING NO:

LocaTioNn: TA-29 Arca ¢

The Zia Company

1253 .,08 no: 57-151 goring Type: NX Cont. Air Drilling
Dratog SOIL_ENGINEER: [fprring o 21111 GROUND ELEV.: T13:4.47"

DRILLER:

|

Type

| LEGEND -

D~Denison Borrel P-Penetration Test J-Jar

'S-Shelby Tude
| B

i Core

+ /- Static

M—No Recovery
Waoter Table

m—‘Pe netration Saomple

water Tabie W -Hydrostatic

DESCRIPTION oF STRATUM

Biows / Foot

Etevation

|
i

»

T T T So mple

Run No. 50
Dritling Time 20 min.

No core recovery

Run No. 53

Dritling Time 30 min.
Overdrilled 20' core barrel
length as there was litile
possivility of obtaining core.

Return air cuttings indicate
very fine light gyrav volcanic
tuff or ash

No core recovery

Bottom Of Hole

]

SOIL MECHANICS

INCORPORATED




LOG OF BORING

PROJECT: ’ o BORING NO:

FOR: The Zia Company ' LOCATION TA-49 Area 3
oate: 28 Jan. 1960i08 no: 59-154 8oRING TYPE: 2 7/8" NX Cont.Air Drilling
oriLLER:Davis & Andrews soi. encineer:Miller & Herringerouno ELEV. 9.8
LEGEND - -
< 2 < 5 ! S-Shetby Tube D-Denison Barrel P-Penetration Tast J-Jar
- - :- - 'g = E —Core N—Penenotion Som.ple Z—No Recovqr‘y
22 TS| alV-Static Water Table W-Hydrostatic Water Table
a go|l el 2 3 :
2 2 olz = DESCRIPTION OF STRATUM
Scale [1''= §'
Spudded in w/rock bit Soil overburden
L 5
Run No. 1
L ) ) Lt. gr. weathered, soft and
Drilling Time 10 min. friable volcanic tuff w/
Core rec. 4.0' Largest pc. 1.0} numerous qtz. phenocrysts and
._10_ 10.R!' i i /2|| 3
pumice frags to 1 size.
Run No. 2
Drilling Time 12 min.
14.65' Core rec.4.5'Largestpc.1.3'
15
Run No. 3
Drilling Time 10 min. Badly fractured - pumice
. . 0o
19. 0" Corerec.1.8' Largestpc. 0.5 inclusions to 1/2'" diameter.
20 Run No. 4
Drilling Time 10 min. Grinding in c.b.
23. 9" Corerec.3.0'Largestpc. 0.8'
1 25 _ Run No. 5
Drilling Time 15 min.
28. 6" Corerec.1l.1'Largestpc. 0.4'
30 Run No. 6
Drilling Time 15 min.
Core rec.3.0'Largestpc. 0.6
33.9°
| 35} . i 0 min.
35 Run No. 7 Time 10 min Very friable
36. 4" Corerec.3.5' Largestpc. 0.2'
! , Run No. 8
5 Drilling Time 15 min.
—-4 — 1
41,9 Corerec. 1.0 Largest pc. 0.1 Damp @41
Run No. 9
: Drilling Time 10 min.
45 — Corerec. 3.5'Largestpc.0.2'

SOIL MECHANICS INCORPORATED




PROJECT:
FOR:

The Zia Company

DATE - 29 Jan. 1960

LOG OF BORING

BORING NO: -

JOoB NO: 59-1 54.

"LOCATION:

\ ~ BORING TYPE:
pRILLER-Davis & Andrews soit enciNeer: Herring & Miller grRouno ELEV.:

TA-49 Area 3

NX Cont. Air Drilling
7169.8

=

in

S

Blows / Foot

LEGEND

S-Shelby Tube D~Denison Barrel

-
-Core
YV -Static

—Pe netration Saomple

Water Table °

V-Hydrosiuiic

P~Penetration Test J-Jar

B—No Recovery
}Noter Taoble

DESCRIPTION . OF

STRATUM

QgylEievation

'1" Sompte Type

g’“‘\ Symbo!

1TRun No. 10

| Drilling Time 20 min.

Corerec.50'Largestpc. 0.2'

Run No. 11

| Drilling Time. 15 min.

Corerec.4.2'Largest pc.

b o s e mimas i e

Run No. 12
1 Drilling Time 15 min.
Core rec. 4.2' Largest pc.

13

Run No.
Drilling Time 15 min.

Core rec. 3.8' Largestpc.
Run No. 14

Drilling Time 15 min.

)
i
l
'

f
Corerec.3.4'Largestpc. 0.2'
Run No. 15 g

Drilling Time 15 min.
No core recovery

i
i
{
St

!

Run No. 16
Drilling Time 15 min.

lCore rec. 0.3
;rRun No. 17

!
l

{Core rec. 2.0' ]

_ji

Drilling Time 15 min.

Lt. pinkish gray volcanic tuff
with’v. f. groundmass. Coarse’
phenocrysts of qtz. and sani-

! dine up to 20% of rock.

: Salmon pink tuff - fewer
: phenocrysts

Lt. pinkish gray tuff more

: phenocrysts of qtz. and

sanidine

SOIL MECHANICS

INCORPORATED




LOG OF BORING

PROJECT: ‘ BORING NO:
FOR: The Zia Company ' rocation: TA-49 Area 3
0ate:29Jan. 1960 Joe nNoO: 59-154' sorinG Type: NX Cont. Air Drilling
ORILLER:Davis & Andrews soi. encineer:Miller & Herring crouno erev.: 7169.5
' LEGEND
e a < ;- S-Shelby Tube D-Denison Barrel - P-Penetraotion Test J-Jar
b . o _ g; E -Core @—Penetration Sample M-—No Recovery
c2 2 13 ':;:_' w|/~-Static Water Table W-Hydrostatic Water Table
o e > x :
2 EG ft MR DESCRIPTION OF STRATUM
Run No. 18
Drilling Time 15 min.
Corerec. 0.8'Largestpc. frag
' _95‘_3..‘£y_8'
Run No. 19
Drilling Time 10 min.
100, Corerec.S.O'Largestpﬁc.o.‘}'
00,8 -becomes harder @ 100*
Run No. 20
Drilling Time 15 min.
105 104.19'  Corerec.3.0'Largestpc. 0.4'
Run No. 21
Drilling Time 15 min. |
; Corerec.5.6' Largestpc. 1.6'
110 40ls .
Run No. 22
Drilling Time 15 min. '
115!115./2' Core rec. 2.8'Largestpc.0.4"
i
Ruf‘ I'\Io. 2.3 . . -becomes softer, no air
Drilling Time 6 min. ‘ return to surface due to
porous formation
120 ' No core recovery »
120.'8
Run No. 24
N Drilling Time 5 min.
125]125.1" Corerec. 0.3' Largest pc.fra
Run No. 25
Drilling Time 5 min. Very soft
130 No core fecovery
Q.8' :
Run No. 26
No core recovery
4351357 I

SOIL MECHANICS INCORPORATED



LOG OF BORING
PROJECT: ‘ BORING NO: )
FOR: The Zia Company tocarion: TA-49 Arca 3
pare 29 Jan.- 1 Feb.'60 05 no:  37-154 soring Type: NX Cont. Air Drilling
oriLLer: Davis & Andrews soi. encineer: FHerring & Millergrouno erev.:  7169.5
i [ LEGEND
< b < s 1's-Sheiby Tube. D-Denison Barral P-.Panetrondn Test J=Jor
< - st _VE < E}—Core N—Pene'rntio-n S.ample M-No Recovery
=¥ 2 £ g i: mEV*Slalic Water Taobie W -Hydrostatic Water Table
o e. > 3 - .
2 £ ® JE? = 2. DESCRIPTION OF STRATUM
) e 22
1 %Run No. 27 L ¢ , ot
| ! " t. gr. very fine volcanic tu
‘ : i Took '"Po Boy' Sample - .
| 137.9" L y.w p* et crushed in sampler
T s
R [Run No. 28 }
“140‘_ H I :
T lDrilling Time 10 i
—~-3i,43_.7 i |No core recovery :
-—--"—-—-—{l—‘! Bauibuadih l}.“,_ T T - rh e e Sate st b S e e s e £ ¢ a0
1454 Run No. 29
1'47 . No core recovery '
N TYY TSEEp1ed With BUSEYT T Same very fine tuff crushed in
Run No. 30 , sample
150 Drilling Time 10 min. '
1151.5 'NO_recovery. .. ... .
7 No attempt made to core to .
155 depth of 191'. Soft and unstable
formation made it necessary to-
case hole. Casing placed to
191 feet with considerable
difficulty. Samples of return
160 air cuttings were taken every
] five feet during reaming for
§ casing.
175 Hole reamed and cased placed
B during period 30 Jan. to 1 Feb. "
1180
P ;
P
- :
i .
Pt
—— | | ‘ :
L BN




LOG OF BORING

PROJECT: BORING NO:
FOR: The Zia Company rocation: TA-49 Area 3

oate: 1 Feb. 1960 Jos no: 59-154 gorinGg Type: NX Cont. Air Drilling
orILLER: Davis & Andrews soi. encineer:Miller & Herring GrounD ELEV.:

LEGEND B
S-Shelby Tube OD-Denison Boarrel P;-Ponetrntion Test J-~Jar
~c°re —Penenution Sample Z—.No Racover.y
|/ -Static Water Table W -Hydrostatic Water Table

8 No.

Elevation in

DESCRIPTION OF STRATUM

Sample Type
Blows / Fool

Run No. 31
Sampled with '""Po Boy"

Run No 32 Time 15 mi Rec. 1.4’

—

Run No. 33 Light purplish gray volcanic

Drilling Time 15 min { tuff. Dense and welded

Corerec.4.7'Largestpc 1.5' !

i

Run No. 34

Drilling Time 15 min.

Corerec.4.7'Largestpc. 1.5"

|
!

Run No. 35
Drilling Time 10 min.

Corerec. 5.0'Largestpc. 1.8%

i
H

Run No. 36

Drilling Time 2 hrs
Corerec.4.0'Largestpc. 1.3';

Run No. 37
Drilling Time 2 hrs

Corerec. 4.6"' Largest pc.1.2'

Run No. 38
Drilling Time 2 hrs

Corerec. 5.1' Largest pc 1.0"!

Run No. 39
Drilling Time 2 hrs

| Corerec.5.1'Largest pc...0.6Y

SOIL _MECHANICS INCORPORATED
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LOG OF BORING
PROJECT: " BORING NO:
FOR: The Zia Company : Location: TA-49 Area 3
pate: ! Feb. 1950 ,oe no: 59-134 BorRiNG TypE: NX Cont. Air Drillig
ORILLER: Lavia & Audrews son. encINEER:Miller & ierring GROUND ELEV.: 7169.5"
. LEGEND T
€ b £ ol S-Shelby Tube . D-Denison Barral P+Penetration Test J-Jar
- - g - E < E E—Corg @—Pe netration Sample M—Nc Recovery
o2 of{o el wl/-Static water Table V¥V -Hydrostatic Water Table
a g @ €z L S . : .
o E e 2 DESCRIPTION OF STR'ATUM
Run No. 40 ,
v . ! Lt. purplish gray volcanic
| Drilling Time 2 hrs | tuff - dense and welded
i ' ' v
235.235.3" Core:ﬁemcw.— 4. 2~ .iérgest pc. 0.8"!
Run No. 41 ;
1
i
Letod| | Drilling Time. 1 hr ,
Scale;Change » :
1" =10' v ;
, Corerec. 12.5'Largestpc.2.0"
-250.250.2' L e e e e e
Run No. 42 . f
i 1
|
1260, Drilling Time 45 min. i
i
i \
1 1 : '
2701270, 2" Corerec.20.0Targestpe. 2.0
Run No. 43 , ‘
| f
280 Drilling Time' 20 min. % ;
|
!
!
Corerec. 18.3'Largestpc.0.5"!
1230_{290.:2 e '
Run No. 44 B
Driiling Time 20 min.
3001300.:2 [ Corereg. ).2'Largestpc. 0.5 ,
- Bottom of Hole @ 300.2°
I | ,

SOIL MECHANICS [INCORPORATED




‘ LOG OF BORING
PROJECT: . |  BORING NO:

_FOR: The Zia Company tocation: TA-49 Area 4
oate:26 Jan '60 408 NO: 59-154 BoRiNG Type: 2 7/8" NX Cont. Air Drilling
oriLterRHatfield& Fisk soi EnciNEer:Herring & Miller GROuND ELev.: T116.2'

‘ LEGEND
< e £ S| S-Shelby Tube D-Denison Barrel p-Penetration Test J-Jar
- r—;- . E < E -Co.re @—Penetration Sample .Z—:No Recovery

e 2 ol sl wi/-Static Water Toble W -Hydrostatic 'Water Table
o g @ El 3 2 . 7
S e ol 2 DESCRIPTION OF STRATUM

'!rn = ! '
o g Run No. 1 Imported crushed tuff
' Run No. 2 Lt.;gr. tuff w/fine ground-
. 5. 0 Drill Time 5 min- mass, punky
Run No. 3 '
Drilling Time 10 min. Abundent pumice frags

| 10_/10. 0" ‘

Run No. 4 Qtz. phenocrysts becoming
| , Drilling Time 15 min. coarser

15 _15.0 |

Run No. 5 . Latite fragments becoming
18. 0! Drilling Time 10 min. - . larger
-20 Run No. 6
Drilling Time 15 min. }
| 25 25, '
Run No. 7
o Drilling Time 15 min. Less pumice fragments
._3 =
32. 5'
35 Run No. 8 |
Drilling Time 15 min. '
. 40_| f
—45 — i

SOIL MECHANICS

INCORPORATED




LOG OF BORING

PROVECT: BORING NO:

FOR: The Zia Company Location: TA-49 Area 4

0ate-26 Jan. 1950  jos no: 59-15% BoriNG Type: NX Cont. Air Drilling

ortcter:Hatfield& Fisk soi encineer: Herring & Miller grouno erev.: 7116.7°
! LEGEND

S-Shelby Tube D-Denison Barrel P-Pens:iration Test J-Jar

—Coyg N—Pene!rohon Sample M—No Recovery
V-Static Water Table W -Hydrostatic Water Table

in

Elevation
Blows / Foot

DESCRIPTION OF STRATUM

Run No. 8 {continued) Lt pinkish-gray tuff with
abundant qtz. phenocrysts
and some sanidine

Run No. 9
Drilling Time 20 min.

Core rec. 2.0’

Clay alteration along joint
& 57.5'. Abundant phenocrysts
of qtz. and sanidine. Intervals
Drilling Time 1 hr. of sand and weathered tuff.

Run No. 10

Core rec. 1.0'Largest pc.

Run No. 11

Drilling Time' 15 min.

 Corerec.0.3' Fragments |
Run No. 12
Core rec. 3.0'Largestpc,. 0, 2'!

Run No. 13 -becoming light purplish gray
w/v. f. groundmass. Up to
50% qtz. and sanidine.

Drilling Time 30 min.

Corerec 3.5'Largestpc. 0.4'

SOIL MECHANICS (INCORPORATED
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-LOG OF BORING

PROJECT: _ BORING NO:
FOR: The Zia Company Location: TA-49 Area 4
oate:26-27 Jan. '60408 NnOo:  59-154 soriNnG Type: NX Cont. Air Drilling
oriLLer: Hatfield& Fisk soi encineer: Herring & Miller Grouno erev.: 7116.7
LEGEND
< 2 £ S| S-Sheiby Tube O-Denison "Barrel P-Pane!rotion Test J-Jar
- S B E; : —Cora -—Penetro'ion Sample Z—No Recovery
e2i2 z als Sl wl \J/-Static Water Table W -Hydrostatic Water Table
a ewo|€E| 2 x
K 2 alc 2 DESCRIPTION OF STRATUM
Run No. 14
Drilling Time 30 min. Same formation
954
96. 7" Core rec 4.5'
B
27 Jan. Run No. 15
- 00 Drilling Time 15 min.
Corerec. 1.0'Largestpc. 0.1'
104./0" .
105 Run No. 16
Drilling Time 15 min. !
109.10" Core rec. 5.0
~1104 Run No. 17
Drilling Time 15 min.
114.0 Core rec 5.0' .
- |
115 Run No. 18 1
Drilling Time 20 min.
119..0' Core rec. 3.6'Largestpc.0.4"
- 20 Run No. 19 Twisted off bit in hole and
could not recover it. Abandoned
_ hole No. 4 and move 7' North
124.0! No recovery and restarted on hole 4 B

SOIL MECHANICS INCORPORATED




LOG OF BORING

PROJECT: _ BORING NO:
FOR: The Zia Company Location: TA-49 Area ¢ (B)
oate:28-29Jan. '60 sos No:  59-154 BORING Type: NX Cont. All‘ Drilling
oriLtEr:Hatfield& Fisk soir enciNeeR: Herring & Miller crRouno etev.: 71106, 77
’ LEGEND -
e a £ o i S-Shetby Tube D~0enison Barrel P-Penetration Test J-dar
> ° w K
< el _1s = t l ~-Core N—Penerrqtion Sample M—'No Recovery
=@ 32 a ’é: :}V Static Water " Toble WV -Hydrostatic ‘Water Table
a o €
© s N~ 2| DESCRIPTION OF STRATUM
a o 0w © | .
i

No!Scale Reamed hole 4 B to depth of 121" w/6 3/4 in rock bit before
| resuming coring.
| >
-IZO!J
210" ~ o L
Ecale 1'=5'" | Run No. 1 ‘
' Drilling Time 15 min. !
125! Core rec. 2.3'L t pc. 0.4
;?;_@,0' ore rec argest pc .
; Run No. 2 ‘
I i Drilling Time 15 min. !
—130‘1:31‘ No core recovery 5 _
| Run No. 3 ! No sample recovered in very
33! | Took ''"Po Boy!' Sample ___. soft formation
Run No. 4 |
1351 Drilling Time 10 min
136.5" _No core recovery
29 J
/ Jan Run No. 5 .
| 140 | Due to poor core recovery this
Drillin time‘ 15 min hole had to be abandoned. Hole
g : 4 C to be started 5' North of
Hole 4 B
1454
L1 56
b
153.55' | : , ' ; Bo:ttom of Hole @ 153.5'
—155" : )

SOIL MECHANICS INCORPORATED
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FOR:

PROJECT:

The

Zia Company

LOG OF BORING

BORING NO:

LOCATION:

TA-49 Area 4 (C)

paTe: 29 Jan. '60 uoe no: 39-154 sorine Type: NX Cont. Air Drilling
DRILLER: SOIL ENGINEER: GROUND ELEV.: T116.7
' LEGEND
£ b < :’; S-Sheiby Tube D-Denison Barrel P-Pene-{ratiqn Test J=Jar
- : ; - ; % E -—Core —?’e netragtion Sampie 'M-Nc Recovery
so e ol 58| wlV-5tatic Water Table W -Hydrostatic Wauter Table
a g o E| 2 :
o 5 |2 2 DESCRIPTION OF STRATUM
(=] n w Wi o
No!Schi Due to poor core recovery hole 4 B was abandoned. Hole
oScpie 4 C was drilled to a depth of 121" w/ 6 3/4 inch rock bit
before coring was resumed.
1204
121 '
Scale 1'' =5/ Run No. 1 o Friable It. gr. volcanic tuff
| Drilling Time 15 min. with qtz. phenocrysts and
divitrified pumice frags.-
F125115¢ Corerec. 2.7' Largestpc. 0.3
Run No. 2
Drilling Tirne 15 min.
1304 : : '
r 131" No core recovery Hole caving badly in friable
Run No. 3 or sandy formation
33! "Po Boy" Sample - No rec. ___°F %277 -
—135 Not possible to continue coring due to nature of formation.
' Decision to set 170" of casing before resuming coring.
No Scale Drilling w/ 6 3/4" rock bit
Drilling rate: 2 to 2% feet per minute
] Continuous sack samples taken from air return cuttings.
~17
31/ Jan Run No. 4
Drilling Time 15 min. Formation still very friable
and sandy. Hole coving below
' 175:175" No recovery casing
Run No. 5 -
71° "Pg Boy''Sample - No rec. '
‘ Run No. 6 |
Drilling Time 15 min. Hole caving badly
180 .
182" No recovery .
In attempting to clean hole and stabilize with mud, hole over-
drilled to 188 feet. Casi t to 190’
185 |1 Feb[. rilled to . ee sing set to 9

SOiIL MECHANICS

xNCORPo:RATED
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LOG OF BORING

PROJECT: : BORING NO:
FOR: The Zia Company tocation: TA-49 Area 4 (C)
paTe: 29 Jan., '60 JoB NO: 59-154 Boring Type: NX Cont. Air Drilling
DRILLER: SOIL ENGINEER: GROUND ELEV.: T116.7
: LEGEND
e a £ S| S-Sheiby Tube D~Denison Barrel P-<Penetration Test J-Jdor
< :g - E < E -Core —F"enetrcvion Sampie m-’No Recovery
=2 2 a2l sl el V-Static Water Table W-Hydrostatic Water Table
a E o E| 3 3 -
o o = 2 DESCRIPTION OF STRATUM
(o] » v oW o .
Nolschi Due to poor core recovery hole 4 B was abandoned. Hole
epepie 4 C was drilled to a depth of 121" w/6 3/4 inch rock bit
before coring was resumed.
L 12Q] . '
121
Scale 1" =5 Run No. 1 Friable lt. gr. volcanic tuff
Drilling Time 15 min. w'1t‘%1 qtz pheno‘crysts and
divitrified pumice frags.
125 126 Corerec. 2.7' Largestpc. 0.3% .
Run No. 2
Drilling Time 15 min.
~1 30+ N '
131 Rzn‘:;‘: r;’c""er" Hole caving badly in friable
133 "Po Boy" Sample - Na rec. . or:sandy formation
—135 Not possible to continue coring due to nature of formation.
Decision to set 170' of casing before resuming coring.
No Scale Drilling w/ 6 3/4" rock bit
Drilling rate: 2 to 24 feet per minute
T Continuous sack samples taken from air return cuttings.
~17 , :
31! Jan Run No. 4 v
Drilling Time 15 min. Formation still very friable
. and sandy. Hole coving below
175 175! No recovery casing
- | Run No. 5 :
177! "Pgo Boy'' Sample - No rec.
' Run No. 6 :
' Drilling Time 15 min. Hole caving badly
180 ,
§82' ' No recovery
In attempting to clean hole and stabilize with mud, hole over-
) drilled to 188 feet. Casing set to 190"
1185/ |1 Feb, ) g settod

SOiL MECHANICS INCORPORATED




LOG OF BORING
PROJECT: ' BORING NO:
FOR: The Zia Company LOCATION: TA-49 Area 4 (C)
DATE 31 Jan. 3 Feb. Jos No: 59—154 goRriING TYPE: NX Cont. Air Drilling
oriLLER: Hatfield soiL ENGINEER: ferriag GROUND ELEV.: 1116.77
LEGEND
= b4 £ % 1 S-Shelby Tube . D-Denison Barrel P-Penerration Test J-dar
= :;: - §; E -Core N-Pénetruvion Sampie ‘E-No Recovery
e 2 ol 5 2] 0| V~-Static Woter Table W -Hydrostatic Wgater Table
a s > x -
2 Em f’; = 2 DESCRIPTION OF STRATUM
| I
184! L ~ .
165.185.2" "Po Boy'" Sple. inside casing _ R Y;‘i'izzlza:c 1”1_“
Run No. 8 "Po Boy" Sample | ' ampie
; taken inside casing | '
188.2" e - : f
; ' |
Run No. 9 ' Lt. gr. tuff, welded. Sanidine
-1 90 Drilling: Time 15 min. . phenocrysts, ryolite zeno-
h Core rec. 1.7 i liths, pumice frags. to 1"
193.15° T . dia.’ 50% qtz. and sanidine.
T T s e ' .
L1954 Run No. 10 | -becoming harder
Drilling Time 13 min. | '
1198.6" Core rec. 4.0 -becoming lt. purplish gray
WU o T i '
l200. Run No. 11
Drilling Time 20 min. !
Core rcc. 4.5'
;03_.‘6'
205 Run No. 12 '
Drilling Time 20 min.
i
! i
| 08, 8! Core rec. 4 5.0 i
2104 3| Feb. Run No. 13
Scale Change | Drilling Time 30 min. ‘
1" =10 ’ 45° Fractures
219.1'  Core rec. 3.5'_
—2207 Run No. 14
Drilling Time 11 min. ’
Core rec. 11.9' t
12302504 ’
Run No. 15 :
Drilling Time 30 min. f
.
1240 |

SOIL MECHANICS
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PROJECT:
FOR:

LOG OF BORING

The Zia Company

BORING NO:
Location: TA-49 Area 4 {c)

BoRING Type: NIX Cont. Air Drilling

0aTe: 3 Feb 1960. o8 no: 59-154 ’ 7
oriLLER: Hatfield SOiL _ENGINEER: Herring GROUND ELEV.: 7116.7
LEGEND
€ b < S 1S-Shelby Tube D-Denison Barref I:D-Pe;:etrotion Test J-dar
b A N s < -Core @—,Penetration Sample m—no Recovery
€2 e * 2 ‘5{ : V -Static Water Table W -Hydrostatic ' Water Table
a g o E| > g ) -
2 2 >l = DESCRIPTION OF STRATUM
Run 15 (continued) Dark gray ryolite frags.
245.7" Core rec. 14.3' as inclusions.
Run No. 16
—-25% L}
Drilling Time 36 min. '
1260 Core rec. 14.0!
265.6"
Run No. 17 Lt. purplish pink, dense
1 270 . . ' welded tuff w/qtz. and
Drilling Time 20 min. sariidine phenocrysts. Ryolite
' and pumice fragments
77; 5! Core rec. 13.0!
280 Run No. 18
Drilling Time 20 min.
Core rec. 10.1°
L 290 290! 5! i
Run No. 19
Drilling Time 15 min.
3004 ‘ ‘
302.19' Core rec. 4.0 Bottorm @ 302.9'
}__ ——
|- -

SOtL MECHANICS

INCORPORATED




AREA ONE
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S50IL MECHANICS INCORPORATIED

SUMMARY OF LABORATORY TESTS

Vert, Perm.

" Lab No. Boring Depth,ft Confine- Max. Stress Nat. Moist. Nat.Dznsity Dry Density Porosity Wet Density to Air,

ment, psi psi Content, % pcf pcf " Dry, % pef Miilidarcys
| %6736 Area |l 46.5-47.5 1000 2930 0.78 86.7 86.1 47.2 103.0 136
*6787 Areal 64.5-606.0 1000 3570 2.920 105.5 102.6 365.7 -+ 120.3 38
*6788 Areal 78.0-84.0 1000 2570 0.20 97.2 39.9 249

I.ab No. Specific
____ - _Gravity
6786 : 2.615
6787 2.560
6788 2.545

- %_ Chemiical Analysis, Mechanical Analysis and Mineralogical Analysis Data Attached.




SEMI-QUANTITATIVE SPECTOGRAPHIC ANALY IS

1
AREA ONE g
: : S L @35 f
Sample No. 678¢ 67387 | &2 |
Depth 46.5 - 47.5 64.5f66.0 78.0 - 34.0 f
Element Approx. % f'
‘Silicon 33, 33, 36. ‘
Copper 0.05 0.09 0.07 E
Iron 0.5 0.7 0.5
Manganese 0.06 0.08 0.06
Chromium 0.002 0.00% 0.003
Calcium 3. 2. 1
Aluminum 7. 8. 7 .
Magnesium 0.2 0.2 0.1 !
Titanium 0.1 0.1 0.1 i
Sodium 2. 2 2 i'
Barium Trace Trace Trace l‘
Potassium 2. 2 2 l
Stroatium Trace Trace | Trace i
Zirconium 0.02 0.03 0.03
g
AT iR i e stk
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SAMPLE NO. 6786 - Areal

This rock is a rhyolitic tuff, consisting of mineral fragments anc
a few rock fragments in a fine-grained matrix of volcanic glass shards,
crystalline grains, and dust.

!

i

|
I
|
|
|

Its composition is approximately as follows (These figures represent:

merely a visual estimate from thin sections and are not to be considered

accurate):
% % %
Fragments - 30
Mineral fragments 28
Orthoclase , 22
Quartz 2
Augite (pale green, probably sodic) 2
Albite 1
Magnetite 1
Rock fragments (rhyolitic lava and
partly devitrified brown glass) " 2
Matrix , 70
Orthoclase, tridymite, and cristobalite
in crystalline grains and fragments 35
Glass shards, partly devitrified to a
"very fine-grained mineral aggregate 20
Other volcanic glass and dust 15
Alteration Products Less than 1%

Limonite, on some of the rock
and on-magnetite !
Clay minerals, on some of the orthoclase

Some of the mineral fragments show partial to nearly complete
crystal outlines, but many are merely broken pieces of crystals and
some even appear to be corroded. The largest iragments are quartz
and orthoclase; the smallest are magnetite. The rock fragments appear
to consist of fine-grained and glassy igneous rocks of much the same
composition as the rest of the material.

The matrix consists of a mixture of straight and curved, narrow
shards of volcanic glass with much fine granular material and consider-
able isotropic dust. Thne shards have the low index of refraction in-
dicative of a rhyolitic or trachytic composition. Many of them are
partly devitrified to an extremely fine-grained mineral aggregate of low

il
;
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|
|
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birefringence. The fine granular material consists of small rectangular
grains of orthoclase interspersed with tiny hexagonal grains of tridymite
and square grains of cristobalite. However, identification is difficult
on such fine material, and some of that considered orthoclase may
possibly be one of the zeolite minerals, and the grains considered
cristobalite may possibly be analcime.

The optical properties of some of the orthoclase fragments, and

the green color of the augite, suggest a higher-than-average sodium
content for the rock. '

No. 6786 -2 -

SOIL MECHANICS INCORPORATED
BRYAN, TFYAS FOUNDATION EXOLCRATION AND TESTING SERV.CES ¢ HOUSTCON  TE1as




SAMPLE NO. 6787 - Areal

This rock is a rayodlitic tuff very similar to Sample No. 6786 (see
report on taat sample). It consists of mineral fragments and a few rock
fragments in a matrix composed of volcanic glass shards, very fine-
grained crystalline material, and structureless 'volcanic glass.

Its approximate composition is as follo: vs‘(fi jures are merely
visual estimates from examination of thin secuon: and are not to be
considered accurate): ;
L % %o To
Fragments ; 20

Mineral fragments 19

Orthoclase D12

Quartz .3
Augite (green, Probably sodic) : Co 1

2
1

Albite

Magnetite
Rock fragments (fine- gramed lava) , 1

Matrix ; 80

Fine granular orthoclase, tridymite, .

and cristobalite - , 20
Volcanic glass shards, partly devitrified : 25
Structureless volcanic glass, crowded with

microlites . 35
Alteration products : Less than 1%
Limonite, more than in Sample No. 6786 ‘ '

The thin sections examined show somewhat fewer fragments than
did those of Sample 6786, and a larger proportion of structureless glass
in the matrix. This structureless glass is crowded with very tine needle
like microlites, incipient crystals of unidentifiable minerals. The ''dust’
of Sample 6786 may be the same thing in still finer texture.

The identification of orthoclase, tridymité. and cristobalite in the
finer granular material of the matrix is subject;to the same difficulties
and uncertainties as in Sample 6786.

The glass shards, which in Sample 6787 are more obviously parts
of the walls of broken and flattened bubbled, are partly devitrified to an

- extermely fine aggregate of crystalline mineral‘s, as in Sample 6786.

Limonite is more abundant than in No. 6786 and it is more widely

distributed throughout the specimen.

-1 - '

SOIL MECHANICS INTORPORATED |
gReaty, “ITVAS FOLMDADC S By rUdRATION  AND FOTRa L SETVECET . FORITTON, TEray
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Samples nos.. 6786 and 67 87 may be con:sidered identical rocks.
Ina rock of this nature much more variation in composition from-point
to point may be expected than was actually found.

No.

6787

-2 -

ARYAN, TEXAS

SOt MECHANICS INCORPORATED
FOUNDATION EXPLOFATION AND TESTING SERVICES

[

AQUSTON

“Erag



SAMPLE NO. 6788 - Areal

This rock, like Samples Nos. 6786 and 5787, is a rhyolitic tuff, con-
sisting of mineral fragmenats and few rocx fragments in a matrix of volcanic
glass shards and very fine-grained crystalline material.

Its approximate composition is as follows (estimate only, from
microsconic exaniination of thin section):

% P - To
Fragments : 25
Mineral fragments 24
Orthoclase . 3
Quartz 20
Augite {green, probably sodic) Less than 1
Magnetite Less than 1
Rock fragments ffine-grainedlava) 1
Matrix ' 75
Fine granular tridymite, orthoclase, and
possibly zeolites 40
Volcanic glass shards, largely devitrified 35

Alteration Very slight

Unlike Samples 6786 and 6787, in the mineral fragments of this
sample quartz is more abundant than feldspar. The feldspar has properties
suggestive of a high sodium content and may even be anortnoclase, although
the grid twinning sometimes sacwn by that mincral was not observed.

The rock fragments consist of brown to black, {ine grained to glassy
igneous rocks, some of which are almost opaque. ,

Examination of the matrix under high magnification shows that the
glass shards are almost completedy devitrified to an aggregat e of minute,
weakly birefringent, feathery grains, which may be feldspar or zeolites.
The granular material between the shards appears to consist of tridymite,
small fragments or ortnoclase, and a few prismatic grains which may be
zeolites. As always, microscopic identification is uncertain on such
fine-grained material.

' Alteration in this sample is practically negligible, having formed
only traces of clay minerals and limonite.

SOiIL MECHAN!CS iNCORPORATED
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STRESS, PSI

SOIL MECHANICS INCORPORATED
STRESS VS. STRAIN

Project: THE ZIA COMPANY, Los Alamos, N.M. Job No. 59-154

Lab No. _ 6943 Boring. . 1-4 Depth, ft. 55'E
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MODULUS OF ELASTICITY, PSi POISSON'S RATIO
Elastic Range 146; 591 Elastic R_a_ngp .6‘.2

3.0 4.0 5.0 6.0

At Failure 146,591 At Failure 612

BULK MODULUS, PS!
At Failizre 146,712
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4.03.
4.06
4.03

Heigiht . .

59-154
,in.
1
.18
.14
]

1.
!
1.7

Diam

Job No.
%

Test Moist
Dry‘

Content,

cf
99.4
98.1
101.1

P

Dry Density

1

%

1.7

Nat. Moist.

Boring:
Content,

TRIAXIAL C '\A.ESSION TEST
N. M.

101.3

SOIL MECHANICS INCORPORATED

Natural
Density. pcf

Max. Stress
1290
3910
4310
5240

v psi  — 7a psi

1,000
1,000
,000

5

7>

Confinement

1

No.
3
2
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i
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694
694
69:
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SOIL MECHANICS INCORPORATED

triaxiaL ¢ ~M@JESSION TEST

151

59

Job No.

Boring:

Los Alamos. N. M,

Y

THE ZIA COMPAN
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Proje:«

Test Moist.

Dry Density
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Natural
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THERMAL CONDUCTIVITY & SPECIFIC HEAT DATA

cAREA ONE,

Sample No. 6750

Depth: 44.5' Boring No. 1-C

Thermal Conductivity: 0.33 BTU/hr ft °F at 117°F average temperature
and Bulk Density of 93.1 Ib/cu ft, air dried sample.

Specific Heat: 0.202 BTU/lb °F at 145° F (average temperature) air
dried sample crushed and passing No. 200 sieve.

Sample No. 6751 o ’

1

Depth: 45.5' Boring No. 1-C .

Thermal Conductivity: 0. 31 BTU/hr ft °F at 116° F average temperature
and bulk density of 92.7 lb/cu ft, air dried sample.

Specific Heat: 0.201 BTU/1b °F at 145° F (average temperature) air
dried sample crushed and passing No. 200 sieve.

Sample No. 6752

Depth: 49 ft Boring No. 1-C

Thermal Conductivity: 0.31 BTU/hr ft °F at 120° F averdge temperature
and bulk density of 92. 5 1b/cu ft, air dried sample.

Specific Heat: 0.207 BTU/lb °F at 145° F averaze temperature, air
dried sample passing No. 200 sieve.

Sample No. 6753

Depth 50 ft Boring No. 1-C

Thermal Conductivity: 0.38 BTU/hr ft °F at 117°F average temperature
and a bulk density of 94. 3 1b/cu ft, air dried sample.

Specific Heat: 0.198 BTU/1b °F at 144° F average temperature, air
dried sample crushed and passing No. 200 sieve.
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SOIL MECHANICS INCORPORATED

SUMMARY OF LABORATORY TESTS

- Vert. Perm.
Lab No. Boring Depth, ft Confine- Max.Stress Nat. Moist Nat. Density Dry Density Porosity Wet Density to Air,
ment, psi psi Content, % pcf pef Dry, % pcf Millidarcys

*6789 Area 2 44.5-46 1000 3275 1.72 87.8 86.5 44.6 108.2 75-147
6790 " 53.5-55 1000 2050 0.18 87.9 45.0 81
6791 " 74.5-75.5 1000 3000 0.41 ' 99.1 37.0

*%6792 "o 85.0-89 1000 3320 1.54 105.0 103.3 35.0- 119.9 170

Lab No. Specific
- Gravity

6789 ' 2.510
6790 2.560
6791 2.505
6792 ’ 2.550

.... % Chemical Analysis.and Mineralogical Analysis Data Attached. . _

#% Chemical Analysis, Mechanical Analysis and Mineralogical Analysis Data Attached.
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