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THE HYDROLOGIC LABORATORY 

By A. I. Johnson 

HISTORY 

To ass{st with ground-water investigations being made under the 
program of the Interior Department for development of the Missouri 
River basin, the Hydrologic Laboratory was established at Lincoln, 
Nebr., in 1948 at the request of G. H. Taylor, Regional Engineer (GW), 
and with the approval of A. N. Sayre, Chief of the Ground Water 
Branch. The writer was assigned the task of setting up the labor­
atory for the determination of physical and hydrologic properties of 
water bearing and of allied non-water bearing soil and rock materials. 
Space at the University of Nebraska was provided for the laboratory 
by the Conservation and Survey Division of the State of Nebraska. 

Early in 1952, the facilities of the Laboratory were expanded 
and its services made available to all field offices of the Geological 
Survey throughout the country. All field offices were advised by the 
Chief, Ground Water Branch, that henceforth all laboratory work 
should be done at the Hydrologic Laborato:l:-y. 

In July 1953, the Laboratory was made organizationally respon­
sible to the Chief, Ground Water Branch, Washington, D.C.J and hydro­
logic research was added to the scope of its activities. In order to 
further expand its facilities and services, the llaboratory was moved 
to Denver, Colo., in June 1954. Supervision of a pool of specialized 
equipment for surface and subsurface exploration was added as a 
responsibility in 1955. 

In July 1963, the Hydrologic Laboratory was relieved of the 
responsibility for the special-purpose equipment pool, and the pool 
was organized as a separate unit. Because basic and applied research 
is necessary for the improvement of ,laboratory and field techniques 
and for the clarification and understanding of hydrologic concepts, 
hydrologic research now has been given increased emphasis in the lab­
oratory. 



ACTIVITIES 

Laboratory and field research of the Hydrologic Laboratory is 
~oncentrating at present on detailed study of the specific yield 
and permeability of rock and soil materials, and on the techniques 
for sampling of such materials. In addition, the Laboratory and 
its staff have been engaged in a variety of other activities. A 
number of model studies (fig. 1) have been completed as phases of 

Figure 1.--Model study of infiltration of 
waste fluids in layered porous media. 

research on infiltration, waste disposal, and salt-water encroach­
ment. 

The Laboratory has been active in the training of hydrologists, 
with the staff providing instruction for field personnel of the 
Survey and for many foreign participants from all over the world. 
In cooperation with the Foreign Hydrology Program of the Water 
Resources Division, the Laboratory has provided up to 12 weeks 
training for .over 100 participants from about 40 countries, includ­
ing: Afghanistan, Argentina, Australia, Bolivia, Brazil, British 
Guiana, Canada, Canary Islands, Ceylon, Chile, Columbia, England, 
Egypt, Ethiopia, Guatemala, Greece, India, Indonesia, Iran, Iraq, 
Israel, Japan, Jordan, Kenya, Korea, Libya, New Zealand, Pakistan, 
Philippines, Rhodesia, Saudi Arabia, Spain, Sudan, Taiwan, Tan­
ganyika, Thailand, Togo, and Turkey. In addition, instructional 
material, reports, copies of test methods, and research results have 
been provided to these and many other countries. 
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The staff is active in many prominent technical and scientific 
societies of national and international scope such as the American 
Society for Testing and Materials, American Society of Civil 
Engineers, Association of Engineering Geologists, International 
Society for Soil Mechanics and Foundation Engineering, American 
Society for Agronomy, Soil Science Society of America, American 
Society for Phptogrammetry, American Institute of Mining, 
Metallurgical and Petroleum Engineers, International Society for 
Soil Science, and the American Geophysical Union. Names from our 
staff can be found on important committee assignments and officer­
ships from these organizations. Close cooperation with research 
committees of technical societies--as well as with laboratories 
of other government agencies, industry and universities--in research 
on new or improved methods of analysis or sampling is considered 
as one of the important and valuable contributions of the Hydrologic 
Laboratory. 

Personnel of the laboratory maintain active liaison between 
Laboratory and field operations, thus insuring that analysis methods 
and interpretation of data are more closely related to the problems 
of the man in the field. The training and experience of the staff 
hme~been extensive in a variety of disciplines (especially in soil 
mechanics and soil physics), and technical consultation within our 
fields of competence is readily available to any field office upon 
request. Technical assistance on a wide variety of problems now 
has been provided to about 20 state and project offices. 

METHODS 

Although the laboratory procedures briefly described in this 
paper have been standardized to produce uniform, consistent, and 
accurate results, it should be recognized that they may be subject 
to modification and that new techniques may be developed as a result 
of continuing research. Centralized laboratory work, with its 
attendant standardization of analyses, is an absolute necessity to 
permit comparison of results between widely separated areas, but 
the laboratory methods remain flexible so they may be changed 
under the guidance of experienced professional personnel to meet 
the need~ of individual samples or field conditions. Upon request, 
specifications for analyses can be varied within reasonable limits 
or special tests may be devised to suit the special requirements of 
different field projects. In general, the analyses are adopted or 
modified from the fields of soil mechanics, soil physics, geology 
and hydrology. 
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The Laboratory is equipped with the latest types of field and 
laboratory equipment. Facilities include a constant-temperature 
constant-humidity room, and a wide variety of specialized testing 
equipment (fig. 2). 

----
Figure 2.--Consolidometers determine engineering proper­

ties of soils. 

The principal analyses currently available are described briefly 
on the following paragraphs. Additional information on theory and 
methods of analysis may be obtained by referring to publications by 
Meinzer (1923, 1949), Krumbein and Pettijohn (1938), Wenzel (1942), 
Baver (1956), Taylor (1948), the American Society for Testing Mater­
ials (1958), and Johnson and Morris (1962). 

Sample Preparation 

Equipment is available for the crushing, disaggregating, sawing, 
and coring of various types of samples. Diamond core drills are used 
to obtain cores from chunk samples of consolidated rocks (fig. 3) and 
a diamond-blade rock saw is used for cutting large chunk samples to 
usable size and for trimming core samples (fig. 4). 
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Figure 3.--Drill press with diamond core drill 
for cutting cores from chunk samples. 

Figure 4.--Rock saw with diamond blade. 
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Geologic Examination 

Facilities are available for the petrographic study of samples. 
Shape analyses, determinations of insoluble residues, carbonate and 
gypsum content, clay-mineral analyses, heavy-mineral separations, 
thin-sections, and microscopic examinations (fig. 5) are made as required. 

Figure 5.--Geological examination of samples by 
petrographic or binocular microscopes. 

Specific Gravity of Solids, Unit Weight, and Porosity 

The specific gravity of solids (particle density) for a sample 
is determined by one of several techniques involving the use of air 
pycnometers, volumetric flasks, or La Chatelier flasks. The total 
bulk volume of a sample is obtained by direct measurement or by the 
mercury-displacement technique. The wet or dry unit weight may be 
computed from the volume and weight of the sample. The porosity, or 
percentage of void space, is computed by using the data for the 
specific gravity and dry unit weight of the sample. Effective, as 
well as total, porosity may be determined. 

Moisture Equivalent 

Centrifuges (fig. 6) are used to determine the moisture equivalent, 
which is the amount of moisture, expressed as percentage by dry weight, 
retained by a material that has been saturated with water and then 
subjected for one hour to a centrifugal force equal to 1,000 times the 
force of gravity. Controlled-temperature centrifuges are used to 
insure greater reproducibility of data (Prill and Johnson, 1959). 
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Figure 6.--Controlled-temperature centrifuges are used for 
determination of the centrifuge moisture equivalent. 

Specific Retention and Specific Yield 

The specific retention, commonly considered to be the amount of 
water that soil or rock materials will retain against drainage by 
gravity, is the ratio of the volume of moisture retained to the gross 
volume of the sample, and is generally reported as a percentage. The 
centrifuge moisture equivalent is converted to a close approximation 
of the specific retention by changing it to a moisture content in 
percent of volume and applying a conversion factor that is based on 
experimental work by Piper (1933). 

The specific yield is the amount of water that will drain from 
soil or rock materials by gravity and is determined by subtracting 
the specific retention from the porosity. 

Permeability and Capillarity 

Permeability (the quantity of water that will flow through a sample 
of known length and cross-sectional area under a known difference in 
head), and capillarity (the rate or maximum height of capillary moist­
ure movement) are determined in the laboratory for both consolidated 
and unconsolidated samples. At the present time the Laboratory is 
equipped with 35 constant-head permeameters (top front cover) and 45 
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variable-head permeameters for the determination of saturated permea­
bility. Analysis can be made on cores, which can be cut from chunk 
samples if necessary, having a diameter up to 6 inches. Samples 
received in the liners of the various sampling core barrels can be 
tested "undisturbed" in the permeability apparatus. The coefficient 
of permeability of disturbed unconsolidated samples can be determined 
in the same apparatus after the sample has been packed by a compact­
ion table, which was developed at the Laboratory (fig. 7). This device 
can pack a sample to a wide range of porosities, but generally a 
porosity approaching that of the sample in the field is used. 

Figure 7.--Compaction table used for controlled 
packing of disturbed samples for tests of 
permeability • 

Unsaturated permeability as related to degree of saturation is 
determined in a special permeameter (fig. 8~) on cores up to 2 inches 
in diameter for consolidated materials, or by the pressure-plate out­
flow method, for unconsolidated materials. 

For either saturated or unsaturated permeability tests, de-aired 
tap water normally is used as the test fluid. Special tests may require 
distilled water, water of a prescribed chemical content, natural forma­
tional water, or various gases (fig. 8~). 
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~. Determining unsaturated permea­
bility of consolidated core. 

~. Determining permeability to 
gases or special fluids. 

Figure B.--Apparatus for permeability tests. 

Permeability tests also can be made with the sample under any 
desired load. Usually loads equivalent to the overburden pressure are 
used. Tests on samples with orientation both parallel and vertical to 
bedding planes can be made and are encouraged for most hydrologic 
problems. 

Particle-Size Analyses 

The distribution of particle sizes larger than 0.0625 millimeters 
(sand and gravel) is determined by sifting the sample through a nest 
of standard sieves by means of a mechanical shaker (fig. 9). The 
distribution of particle sizes smaller than 0.06?.5 mm (silt and clay) 
is determined by the hydrometer method (fig. 10), which is based on 
Stoke's Law. Completed particle-size analyses are shown as a cumula­
tive curve on semilogarithmic graph paper (fig. 11). The particle­
size classification is essentially the same as that recommended by 
the sediment section of the National Research Council (1947). A wide 
variety of statistical measures are determined when needed. 
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Figure 9.--Sieves and mechanical shakers used for 
analyses of the distribution of particle 
sizes larger than 0.0625 millimeter. 

Figure 10.--Hydrometer equipment in constant­
temperature water bath for determining 
silt and clay content. 
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Moisture-Content and Soil-Moisture Tests 

Constant-temperature ovens, desiccators, and accurate balances 
are used for the determination of moisture content, which is expressed 
in percentage of dry weight or volume. Degree of saturation also 
may be calculated. 

Curves relating soil-moisture tension to moisture content, are 
~etermined in the laboratory by pressure-membrane or porous-plate 
apparatus (fig. 12). 

Figure 12.--Moisture-tension relations are 
determined by porous-plate apparatus. 

The Atterberg limits (also known as limits of consistency ) 
indicate the effect of variations in moisture on the plasticity of 
soils. The tests of liquid limit (fig. 13), plastic limit, and 
shrinkage limit can be determined in the laboratory and various 
indices may be calculated. 

A number of meters are on hand for the determination of pH 
and conductivity of soil samples (bottom front cover). Samples of 
pore-water may be extracted from soils for chemical analysis of 
the water. 
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Figure 13.--Specially designed motorized equipment 
for determination of liquid limit. 

Soil-moisture blocks, tensiometers, nuclear meters, and 
specialized sampling equipment are part of the laboratory's equipment 
for the field study of soil-moisture movement. Considerable research 
has been completed on the field measurement of soil moisture, especially 
as measured by nuclear meters. 

Collection of Samples 

A wide selection of equipment is available for the collection 
of both consolidated and unconsolidated materials. The equipment 
varies from hand augers, which obtain disturbed samples, to hand driven 
(figures 14 and 15) or power driven core barrels (fig. 16) for obtain­
ing "undisturbed" samples. When warranted by the scope of a project, 
a mobile laboratory is available with our trained personnel to carry 
out some analyses in the field. 

The Laboratory has experienced personnel who should be used to 
provide technical advise and assistance in the sampling programs of 
field projects, but the actual sampling work is done by contract or by 
the Division~ Equipment Pool. Field offices may submit samples for 
analysis if a sampling program is not large enough or of an accuracy to 
warrant the assistance of laboratory personnel. 

The Laboratory's sample-analysis request forms should accompany 
the samples to the Laboratory. Direct all inquiries and ship samples 
to: Chief, Hydrologic Laboratory, Bldg. 25, Room 1748, Federal Center, 
Denver, Colo. (Telephone 233-3611, ext. 8136). 

13 
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A. Two-inch-diameter sampler. 

" 

B. Sampler being used to obtain 
samples for moisture-content 
determinations at an evapo­
transpiration research project. 

Figure 14.--Free-piston thin-wall sampler used to obtain volumetric samples. 
(Designed and constructed at the Hydrologic Laboratory) 



A. Veihmeyer l-inch-diameter soil 
tube, 25-pound drive hammer, 
and jack for extracting soil 
tube from soil. 

C. "Pomona" 2-inch core barrel 
containing brass liners. 

B. Two-inch-diameter core barrel 
designed and used by the U.S. 
Geological Survey to obtain 
sample of surficial materials. 

D. "Pomona" core barrel being 
driven by use of 25-pound 
slip hammer. 

Figure 15.--Various types of drive core barrels used to obtain 
undisturbed volumetric samples of unconsolidated sediments. 
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A. Diamond core barrel being driven 
into vertical wall of rock by 
portable electric drill. Air or 
water is forced through water 
swivel to flush cuttings out of 
kerf. 

B. Air compressor and electric 
generator. 

Figure 16.--Portable equipment used to obtain undisturbed cores of consolidated rock. 
(Method developed by Hydrologic Laboratory) 



REPORTS 

To have practical importance, routine analysis or research data 
must be made readily available to the scientists working on field 
studies. In the Hydrologic Laboratory, data are maintained on file 
for all analyses made on all samples and can be made available in 
printed copy, microfilm roll or aperture card, punched cards, or 
edge-notched ("keysort") cards. In addition, most data are available 
in published reports or papers (fig. 17)--in most cases accompanied 
by discussions and interpretations. 

Figure 17.--Some of the publications written by the 
staff of the Hydrologic Laboratory. 

The publications written by the staff members of the Laboratory 
range from internal or administrative data or information releases 
to papers published in technical and scientific journals or detailed 
reports published in the book-report series of the U.S. Geological 
Survey (app. A). In addition, analysis data and interpretive dis• 
cussions from the Laboratory have been published in many papers and 
reports authored by scientists from other offices of the Survey 
(app. B). 
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SUMMARY 

The knowledge of soil and rock testing, including the applica­
tion of the test or analysis data to field problems, is still in 
its infancy. By learning more about the basic laws and principles 
of nature we can more accurately predict hydrologic phenomena of 
the future, as well as· solve more efficiently the hydrologic 
problems of the presento Our reservoir of fundamental facts and 
basic knowledge has been, and can be even more fully, increased 
by the analysis and research work of the Hydrologic Laboratory. 

Although tests and analyses are performed using our own 
standards, or the standards of the American Society for Testing and 
Materials where these have been established, the standards are not 
established so rigidly that the Laboratory becomes merely a group 
of technicians cranking information out of a laboratory-data factoryo 
Because no two field geologic settings are exactly the same, or each 
hydrologic problem identical, each soil or rock testing job almost 
becomes a research project within itself and a "judgment factor" 
(ASTM, 1958, Po 1-~) therefore must always be applied to both the 
testing method and the evaluation of the resultant datao Thus, the 
amount of training and experience of the Laboratory's staff is an 
important factor in providing optimum results to field projects. 

Although the Laboratory has the most advanced equipment and 
facilities, the experienced staff is the main asset in giving the 
field the analyses they need for their ~articular problemso An 
attempt is always made to complete the analyses and interpretations 
expeditiously, but with accuracy and efficiency. To solve the·more 
complex problems, the Laboratory's studies are done with a team 
approach, using the disciplines and the application of techniques 
from many sciences. The personnel &ain, or have had, a wide experi­
ence in application of laboratory methods to field problems by 
alternating their time between laboratory and field operationso 
Laboratory data or research must be tied to field problems if they 
are to be of maximum value and this is the basic reason for the 
Lab~ratory's philos0phy for maintaining close contact and cooper­
ati®n between the Laboratory and field operations •. Only through 
such experience can one assure that the "judgment factor" will be 
developed in the personnel and be applied to the analyses and 
interpretations. 
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