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SUMMARY

Alluvial density is an important parameter in hydrogeologic surveys. These
density values are often difficult and expensive to obtain, especially in the large
Basin and Range province of the southwestern United States. Various methods
are available for obtaining densities; however, many are complex and involve
expensive and cumbersome equipment. In most cases, in situ densities can be
determined by the shallow core-barrel method, which can be used to obtain both
wet and drydensity values. Values obtained are well within theaccuracy limitations
demanded by exploratory hydrological or geophysical surveys. Equipment needs
and sampling procedures are simple and inexpensive.

INTRODUCTION

In areas such as the Basin and Range province of the southwestern United
States, the determination of alluvial densities is often a major concern of hydro-
logical or geophysical surveys. In many instances well logs or core samples are
unavailable or non-existent. The area of investigation is often remote or virtually
inaccessible to sophisticated instrumentation. Thus, a simple, dependable means
of accurately determining the bulk density of alluvium is needed. The shallow
core-barrel method was recently developed and used in the Agricultural Research
Service's Walnut Gulch Experimental Watershed near Tombstone, Arizona. The
method has subsequently been used successfully by Hench (1968) during a gravity
survey.

Previous work

A simple field test for density is described by Spangler (1960), but the
method lacks procedural detail. The rubber-balloon method (A.S.T.M., 1968a) is
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a more thorough treatment of testing for density in place. The procedure seems
excellent, buta relatively large amount ofequipment is necessary for its operation.
Another means of in-place sampling is listed as the sand-cone method (A.S.T.M.,
1968b). In mining operations, a method similar to the preceding two is used to
determine rock specific gravity (Baxter and Parks, 1967). Again, the treatment is
generalized and limited in its application.

The method and descriptions set forth are of sufficient detail to be used as a
step-by-step field procedure for the nontechnical worker. If the procedures are
executed with reasonable care, a rapid and accurate determination should be
obtained.

Applications

In alluvial areas where well cores or density logs are not available, in situ
determination ofalluvial densities provides basic information necessary to properly
interpret gravity data. Porosity, an important parameter in hydrogeology and engi
neering geology investigations, can be approximated from alluvial density deter
minations. A study of the distribution of alluvial densities within alluvial fans
seems to offer a quantitative approach to the fields of geomorphology and sedi
mentation.

DESCRIPTION OF METHOD

Equipment

The equipment necessary for an in situ determination of alluvial density is
shown in Fig. 1A and includes thefollowing: (/) pick andshovel; (2) sledge hammer
(8-12 lb.) and geologist's pick; (J) core barrel (6 to 12-inch-diameter steel pipe
with cutting edge beveled) and perforated driving plate; (4) can of water; (5)
graduated cylinder and bag of screened sand; (<5) plastic sampling bags with ties;
and (7) large spoon, spatula, and straight edge.

A set of balance scales with weights may be desired by the field crew if
numerous determinations are to be made before returning to the laboratory.

Procedure

Prepare the location to be sampled by removing any altered material and
leveling the surface. Seat the core-barrel on the prepared plane surface and, with
the perforated driving plateand sledge hammer (Fig. IB), drive theupperendof the
pipe until it isflushed with the interior ground surface. Using a spoon or spatula,
carefully transfer a sizable portion of alluvial material within the core barrel to
a preweighed container. Mass can then be determined by weighing this sample.
Pour the screened sand, ranging in size from 0.1 to 1.0 mm (Fig.2), into the core
barrel until level. Volume can be determined by noting theamount of sand poured
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Fig. 1. A. Layout of equipment necessary to makefield determinations of alluvial densities.
Balance scales used to determine sample weight not shown. B. Core barrel being driven into
alluvial material. Prior to driving, weathered surface material was removed and sample site
leveled.

from the graduated cylinder. Finally, weigh the alluvial material removed from the
core-barrel and determine the density from the relationship:
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Fig.2. In situ determination of volume. Sampled material is replaced with screened sand
from a graduated cylinder.
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where D = density in g/cm3, M = mass (material taken from core barrel) in g,
and V = volume (sand needed to fill void left by removal of alluvial material) in
enr

Modifications

A wet bulk density determination can be made by this method if the alluvial
maierial within the core barrel is completely saturated prior to its removal. Care
must be exercised, however, so thai the saturation point is not exceeded and none
of the fines are flushed from thesample. After saturation, theprocedureis identical
with the regular sampling process previously described.

Volume change of the sand(due to packing during the transferfrom cylinder
to core-barrel) was tested under actual field conditions. The results are compiled
below as Table I.

As an alternate method of determining volume, a thin plastic sheet may be
used to line the core barrel and the excavated area filled with water instead of
sand. Thiseliminates the possibility of porosity change due to packing of thesand.
Both methods were found sufficiently accurate for these regional gravity surveys,
although the plastic sheet method has not been as completely field tested as the
sand method.
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TABLE I

EVALUATION OF FIELD TESTS FOR VOLUME (POROSITY) CHANGE OF SCREENED SAND DUE TO PACKING
AFTER BEING TRANSFERRED TO CORE BARREL

Trials

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Volume I

(cm3)

638

644

601

642

608

688

684

660

840

806

502

478

570

558

Average change (%)

Volume 2 Volume change
(cm3) (cm3)

642 - 4

640 + 4

609 - 8

644 - 2

602 + 6
682 + 6

690 - 6

670 + 10

838 + 2
810 - 4

508 - 6

472 I 6

572 - 2

552 I- 6

0.8

Results

Table II presents the results of ten density determinations made on various
types of alluvium in the Upper San Pedro River Basin near Tombstone, Arizona.
The table shows a typical range of values which may be encountered in sampling
alluvium.

TABLE II

MASS-VOLUME-DENSITY VALUES OF ALLUVIUM OBTAINED BY THE SHALLOW CORE-BARREL METHOD

Sample Mass

(g)

Volume

(cm3)
Density
(g/cm3)

1 4,828 2,250 2.15

2 3,904 1,905 2.05

3 3,393 1,680 2.02

4 4,684 2,129 2.20

5 5,535 2,600 2.13

6 4,265 2,150 1.98

7 4,022 2,010 2.00

8 2,968 1,680 1.77

9 3,797 1,810 2.10

10 3,477 1,875 1.85

Average 4,640 2,009 2.03
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Limitations

The shallow core-barrel method is limited to surface applications unless
deep excavations are made at a considerable cost or are available from other
intended uses. The dimensions of the core-barrel limit the grain size of material
which can besampled. Well-cemented conglomerates areoften difficult to penetrate
with the core-barrel. Finally, the accuracy may be reduced through improper
alignment of the core-barrel and vibrations transmitted from the driving plate.

Advantages
The method is simple, portable, and precise. All components are rugged and

easily obtained. The procedure can be easily adapted to various sampling require
ments. Alluvium with differing texture or degrees of cementation can be sampled
by merely changingcore-barrel size, with a larger core-barrel required for coarser
material. Both wet and dry density can be determined with this method.
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