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ABSTRACT

Ttis report, the second of a series, identifies the tests and other
means of evaluating or documenting the important characteris*ics of
sites for dispocsal of low-level radicactive waste. The specific param-
eters were i1dentified and explainad in regard to their importance in
characterizing disposal facilities in the previous report. More ihan
half of the tests and procedures are standard methods recognized and
used nationwide, most conspicuously the numerous chemical tests. Other
terts are coomonly used methods recognized widely as state of the art,
e.g., geological 2nd geophysical methods. The basis for choosing these
state-of-the-art methods is discussed, and the concepts and procedures
themselves are reviewed in the absence of standards for ready reference.
Besides standards and state-of-the-art practices a third category of
pethuds involves the use of existing data sources or recognized corre=
‘ations in place of new testing or documentation. It is particularly
i1vportant tha. mapping, logging, sampling, testing, interpretation, and
analysis be conducted by technically qualified and professionally moti-
vated personnel using appropriate equipment and facilities, and general
guidance is provided in this directioa.

There will be cases where site-specific testing and measuremenl are
indicatsd to be unnecessary on a technical basis. This report calls
attentios vo the usual subordinate role of such parameters and their
only infrequert need for testing.
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PREFACE

This report was prepared by personnel of the Gestechnical Laboratory
(GL) and the Eavironmental Laboratory of the U. S. Army Engineer Water-
ways Experiment Station (WES) during the period November 1981 to July
1982. The investigation was sponsored by the U. S. Nuclear Regulatury
Commission. The authors of the report were R. J. Lutton, D. K. Butler,
R. B. Meade, D. M. Patrick, A. B. Strong, and H. M. Taylor, Jr. The
wvor) was conducted under the direct supervision of D. C. Banks, Chief,
Engineering Geology and Rock Mechanics Division, GL, and the general
supervision of W. F. Marcuson III, Chief, GL.

COL Tilford C. Creel, CE, was Commander and Director of the WES during
preparation of the report. Fred R. Brown was the Technical Director.




Cut exposure of Borden formation on Interstate Highway 64, 8 miles east of Maxey Flats LIW disposal

faciifity. This shale Interval with included thin, siltstone beds is representative of the strati-

praphic Interval treached at the faciliiy. Such exposures can be invaluable in characterization of
LLW sites,

-



TESTS FOR EVALUATING SITES FOR DISPOSAL OF
LOW-LEVEL RADIOACTIVE WASTE

PART I: INTRODUCTION

This reporc presents the results of am investigation for the Nuclear
Regulatory Commission (NRC) on the secoid of three tasks on the general
subject of characterizing and monitoring sites for neacr-surface disposal
of low-level radioactive waste (LLW). Efforts were focused in Task 1%
on the identification of parameters. The present report continues the
study by identifying those tests cor means of documentatiocn for evalua~
tion of the parameters identified in Task 1. Task 3 will concentrate on
site monitoring and provide recommendations on appropriate monitoring
programs. The three reports together acz intended to provide background
useful to developers and operators at disposal facilities aad to agen-
cies responsible for licensing, regu’ating, and controlling these opera-
tions 2ccording to the proposed rule Title 10 Code of Federal Regula-
tions Part 61 (10 CFR 61).

Purpose of Study

The purpose of this task study was te ideutify recommended laloratory
and field tests and documentational techniques for investigating the
parameters previously identified as important to LLVW siting.

This report is intended for use in combination with the Task 1 report in
which the background as well as the importance of parameters four deter-
mining suitability of a site were established. Previous discussions are
not repeated in this report.

Scope of Report

This report follows as a sequel to the Task 1 report (NUREG/CR-2700) in
vhich parameters were identified and explained. The testing procedure
or means of documentaticn for each of those parsmeters are given in this
report. The methods and techniques have been referenced to published
standards (e.g., American Society for Testing and Materials) or to ap-
propriate technical publications to the exten. practical. Where a stan-
dard test is not available, the state-of-the-art procedure for the most
appropriate technique has been described. In those cases where no
state-of~the-art or standard procedure has been identifizd, research
needs may exist. The values or ranges ot values of pavamcters for LLW
siting ace addressed only to the extent that they affect the choice of

" » P
farameters Lor

(haracterizing Sites for Uisposal of Low-Level Fadio-
active wWaste,”" NUREG/CR-2708, U. S. Nuclear Regulatory Couamission,

3

ﬂ",’ 1282.




test method. Table 1 lists the 6/ parameters and parameter groups iden-
tified as important in Task 1. One previous parameter has been upzraded
in potential importance so that the list now totals 68.

This task report also provides the basis for selecting certain tests,
field methods, and equipment over other opticas that are available. The
acceptance of a test as a recognized standard method is the unstated
baiis for the cheice in mans cases. In numerous cther cases, where no
basis of choice is given, there is the expectation that the method will
receive wide recognition (standardization) in the future. In view of
the multiplicity of parameters, tests, ard methods of documentation pre-
sented in this repurt, it is appropriate to repeat from the Task 1 re-
port that many special parameters have been included for completeness
and some of these will need evaluation by testing oniy on a site-
specific basis when their relevance has been substantiated technically.
The subject areas covered are horizental and vertical controls, field
mapping, meteorological observations, surface water analysis, ground
water analysis, soil sampling and testing, 1ock sampling and testing,
geophysical techniques, and geological studies.

Parts IT and IIl review the general concepts of field and laboratory in-
vestigations as well as the use of existing data sources. This short
text is intended, along with Table 1, to provide the reader with aa
overview of possible technical investigations. These parts also review
the importent preliminaries invilved in collecting and recording data
and in gathering samples for testing.

Specific tests for each of the parameters and parameter groups are
1’sted in alphabetical order in the Appendii. Groups of parameter:s are
further subdivided as appropriate.

e




Table 1
Parameters and Parameter Groups for Characterizing LLW Sites

Stratigraphy
Lithology and soils
Structure
Geomorphology

Ground waier system and bowndaries

Surface water system and boundaries

Recharge and discharge areas
visual description

Soil ciassification

Rock classification
Material zone boundaries
Water zone boundaries
Imzediate site boundary
Extended site boundary
Color (material color)

Grain-size distribution cr
parameter
(grain-size distribution)

Material densities
Water content

Soil water pH and acidity
(soil pH and acidity)

Electrical conductivity or
resistivity
(electrical resistivity)

Penetration parameter

Matecial variability parameter
Hydraulic conductivities
Permeability function
Transmissivity

Storativity

Anisotropy

-

Porosities and void ratio
Hydrsulic potentials and pressures
Seepage velocity

Apparent velocity

Flow direction

Dispersion

Pore water age

Suction pressures

Suction pressure function
Water-holding parameters
Infiltration capacity
Evapotriuspiration
Precipitation

Runoff coefficients (runcff)
Air temperature

Air pressure

Wind speeds and directions
Partition coeffivlents
Mineralogy and clay mineralogy
lon exchange capacities ;
Oxidation-reduction potential

Natural gamma and spectra
(material radicactivity)

Soil solubles

Soil organics

Gaseous constituents
Ground water chemistry
Surface water chemistry
Atterberg limits
Specific gravity

Seismic velocity

(Continued)




Table 1, Concluded

Collapse susceptibility
Shrinking-swelling parameter
Strength

Consolidation relation
Compaction relation

Rebound index

Heaving susceptibility
(frost heaving)

Erodibility parsmeters
(erodibility)

Monument and point positions
Burial unit bouxdaries
Material temperature*

chemistry.

-

Temperature was previocusly {ncluded (Task 1) only under Cround water




PART II: FIELD INVESTIGATIONS

The field investigations for characterization and monitoring or ILW
sites are conducted for three specific purposes:

Direct field evsluation of the chacacterizing parameters.

Installation of equipment and collection of data for evaluation of
parameters.

collection of samples for examination and testing in the laboratory.

Accordingly the field investigations must be carefully planned to coor-
dinate field and laboratorv parameter evaluation, ssmple coliection, and
installation of monitoring devices. This careful planning should permit
optimum collection of data using multiple techuiques in each boring or
measurement point.

Surface Exploration

Surface exploration primarily uses geological techniques and inferences
to characterize the site in regard to stratigraphy, lithology and soils,
structure, geomorphology, and hydrogeology. The specific techniques are
reviewed in the Appendix under those or related headings. Surface ex-
ploration starts during the site selection stage in the LLW facility
life cyc'e, but it is during the evaluation stage that investigation of
parameters must be completed in detail. The primary means of surface
exploration s through geological mapping. The coverage of geological
mapping should extend well beyond the extended site to make a clear con-
nection between features found at the site and those in the surrounding
area. The mapping should be accemplished by plotting significant geo-
logical features on a topographic map of appropriate scale (commonly
about 1:1000).%* Where a considerable amount of the surface if underlain
by material classified as scil, the linits of rock outcrops should be
indicated. Coansideration should also be given to mapping the interven-
ing soi) types (in both engineering and agricultural cootext). Where a
soil map such as a Department of Agriculture county soil survey is
available, it may be used but the accuracy of boundaries and classifi-
cation of scil units should be veritied aud if nececsary refiped to the
degree appropriate for LLW sites.

Similarly, existing detailed geological maps should be checked and re-
fined. Ordinarily a cosplete geolcgical map of the site supplemented
with cross sections is made prior to starting subsurface investigations,
and the geological map i1s updated as new information is obtained during
subsurface investigastions. This crder of investigation, the logical

A somewhat smaller scale (commonly about 1:5000) will usually suffice
for the geological work in the surrounding extended sate,




sequence, provides more opportunity for planning the subsuriace inves-
tigation and locating borings in an efficient marnar.

Gecphysical Studies

The use of geophysical techniques involves taking measurements oo t*-
surface or in borcholes to determine subsurface conditioas. Geophysical
methods iuclude seismic, electrical, aucleaz, and electromagnetic, and
one or more of these methods may be employed during any stage of the
invesiLigaticn--reconnaissance, selection, characterization, or
monitoring.

These wmetbsls are generally used in conjunction with drilling. GCeo-
pliysics caa .e used to aid in determining the best locaticn of future
drill holes as well as in interpolating conditions between ezisting
drill boles. Electrical and seismic methods are sometimes efficient at
locating .he wate. table. The combination of geophysical surveys in
coajunction with seiective drilling is often more efficient and cost~-
effective than drilling alone to obcain the same degree of site defini-
tion; therefore, a judicious use of both methods canm produce the desired
icforsation at 2a overall lesser cost.

Although the fieldwork required is relatively inexpensive, the inter-
pretation of results is difficult in some cases and cequires special
training. Io order to obtain usable and reliable test results, a corre-
lation must be made locally with exploration made by borings. Geolo~
gists traired in the geophysical techniques are qualified to provide
inforsation and assistance on the applicability of geophysical tech-
niques to specific situations.

Subsurface Explorat \n_aud Material Sampling

Subsurface exploration with borir,s and trenches as well as with geo-
physical techniques constitutes the main part of the prugram for charac-
terizing an LLW site. This importance comes from the fact that the site
mediz composed of three-dimensional -0il and rock zones may provide the
potential pathways for unexpected escape of radionuclides as well as
being the most important part of the system for retardation and
Tontainment.

The principal methods of nonaccessible subsurface exploration are listad

and discussed ia Table 2. Direct access . ! exposure of the subsurface
by lrenching and opening of pits is 2noth sportant exploraticn method
in reasonably stable ground. The last ite n Table 2--continuous

sawpling--is often the most important at L.. ~-tes. The choice of which

method and equipment to use depends on site ccvaditions and the require-
ments for subsurface data.

6
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Table 3 indicates approximate sample weights of disturbed soil for spe-
cific tests. Such samples are recovered by split-spoon sampler or dur-
ing augering, for example. Sample size by undisturbed soil recovery
mcthods is mostly dictated by the testing needs. Thin steel tube sam-
plers (Figure 1) are available in various stock sizes. The selection
for undisturbed sampling is usually from among the following sauplers:

a. Fixed piston, e..ﬁ. with Shelby tube.

ior

Hydraulic piston (drilling fluid required for operation).

. Free piston.

in

4. Double-tube, swivel-head, core barrel such as Denison or Pitcher
(with circulating drilling fluid).

The requirement for drilling fluid prevents the use of some samplers in
granular soils under unsaturated conditions anJ thus severely reduces
their versatility for LLW sites above the water table.

An appropriate source of guidance on sampling in ¢»ils and soft rocks
is:

Soil Sampliig, Engineer Maaual 1110-2-1907, U. S. Army Corps of
Engi ieers, 1972.

Soil samples often need protection from freezing or drying conditions by
sheltering in a field storage facility. Undisturbed sampies should be
scheduled for shipment to thz laboratory to minimize the delay between
recovery from the borehole and testing in tie laboratery.

V.ter Studies and Water and Gas Sampling

Studies ot the surface water system are fairly straightforward and ade-
quately covered in the Appendix and under Meteorological Studies. Em-~
phasis below is on the more complex ground water. Documentation of the
ground water system and its characteristics often involves direct mea-
surement of physical conditions im situ. Thus, hyaraulic conductivity,
transmissivity, and hydraulic head, gradient, or potential, among other
parameters, are determined from field measurements. The appropriate
tests are identified in the Appendix and thus not reviewed here. Other
aspects of ground water as well as surface water are the chemical param-
eters, and prerequisite to testing for chemical parameters are tech=
niques for sampling.

‘i Techniques of water sampling are not revieged in the Appendix and,

therefore, are reviewec in this section. Water may be vecovered sepa-
rately or along with a sample of the secil or rock. A few of the water
quality parameters can be weasured in situ and these are espectally use-
ful for revealing variazbility from stratum to stratum. A useful

— et i
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Table 3

Soil Samples Required for Testing and Examinatlon
(from Bureau of Reclamation)

Tews e ol oS m: “"""""‘“':.:“' - Appcaton
Pasumem e requeted b

Classification 3nd description. .o« cammn- EDeeemccacanad Mo 4o ..| Field log of exploration holes, describing samples
MR L ] ——— n laboratory.

GEIIAIOR. e e ot eomme e I®e oo NO®woeueae| Identification and description of soils for estimat-
WW.siirninns 4 MM cnnanes e+ ing properties of foundations.

Eo:az;:ency._ ........................  § | OPRES———— R o v
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Free sweli encountered.

Microscopic examination.

X -ray duffraction.
D:ferential thermal
Thermo balance

Litholog, photo-miciographis.

unfamibiar soils are eacountered.

Chemucal tests. o oee cvne

........... el S .. .. No 4 ........| Determire chemical composition for recommending
Suliaie content. type of cement or pipe coating required.
Solub'e salts., Permeability and settlement of foundation influ-
Cotrocion enced by soluble salts and orjanic matter.
Orgamc content.
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degree of saturation and dry unit weight.
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reference providing guidance on water sampling for quantitative studies
is:

ASTH D3370-76, "Standard Practices for Saspliug Water," Annual
Book of ASTM Standards: Part 31 - Water, 11 pp.

The following .ections review briefly the tech=iyues for sampling and
direct study of water at LLW sites. The details of testing samples
are preseated in the Appendix.

Unsaturated zone

Two techniques are available for sampling water ia the unsaturated
zone.

Soil analysis. The soil water in the unsaturated zone may be sampled
directly by recovering a sample of the soil with the water included.
Pore water sampling in this manner contrasts with sampling of water
directly iu the field. Sample recovery methods are approximately the
saue as those used for obtaining scil samples for physical tests. The
separation of the water and dissolved constituents from the soil is
accomplished later in the laboratory using reagents of differing chemi~
cal reactivity. The whole procedure involves a degree of interpreta-
tion. A major drawback of this type of water sampling is that a sample
is cbtained only once, during the boring and sampliag process.

Pressure-vacuum lvsimeters. The pressure-vacuus lysimeier has the im-
portant advantage of being 2 permanent field installatior, where re-
peated sampling can be made over a period of time. The device consists
of a porous, ceramic cup capable of hol. a vacuum, a small Jdiameter
sample accumulation chamber of polyvinyl chloride (PVC) pipe, and two
sampling tubes leading to the surface (Figure 2). Once in place and
stabilizea, the cup is evacuated. Soil water moves into the sampler
under the pressure gradient and a water sample gradually accumulates.
Then the vacuum is released and pressure is applied, forcing the accum-
ulated water to the surface through the sanpling tube.

Saturated zone

Sampling water below the water table is =much more routine than that for
the unsaturated z:1e. Many referonces are -~vailable on the techniques.

Screened wel . When the majc: part of the sampling program is aimed
at the unsaturated zone and top of the saturated zune as 1s usually
the case with LLW siting, a2 well screened over a single vertical sc=-
tica at the top of the saturated zone is suitable for sampling. This
method of sampling is the most common for uncensclidated sedirents or
seziconsolidated rocks. Uncased wells or open Loles in consolidated
rocks can be used for the same purpose. Th: single well is not
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Figure 2. Elements of a modified pressure-
vacuum lysimeter installation (from
Environmental Protectiun Agency)

effective in providing information on the vertical distribution (stra-
tification) of contaminants or head.

A well is drilled to an zrbitrary depth, usually just below the water
table in Jandfill studies. The screen is positioned to intersect the
water table and bracket its expected or possible fluctuation (Figure 3).
This type of construction, useful in monitoring, assures that when a
contaminant re- ches the ground water, it will be detected quickly in the
water samples. The drawback of the construction is that only a perticn
of the aguifer is sampled and only the most recently infiltrated con-
taminant can be collected. A packer-equipped j allows for sampling

uziD
at selected ievels in the interval of interest. In some cases the
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Figure 3. Packer-equipped pump for selective
sampling of water from wells (from Bureau of
Reclamation)

solution will be under partial control of a density gradient and will
sink into the ground water. This denser fluid body sinking into fresher
water cannot be sampled with a vell that skims only the top of the water
body. However, great reliance has been placed ca this type of well con-
struction to determine the extent of leachate movement into an aquifer.

Because of the emphasis placed on siting LIW facilities in the unsatu~

rated zone, the screened well appears i1deally suited for characteriza-
tion and for establishing a baseline for monitoring. Screened wells are
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states the melting of snow can affect seep activity and coataminant con-
centrations. As long as these limitations are appreciated, springs,
seeps, and scull pouds are useful sources for directly observing and
sampling this small part of the ground water flow system.

In situ testing. Certain characteristics of the ground water and pore
water can be measured in situ within boreholes or in springs at the sur-
face to indicate the chemistry cf the water. Two parameters which can
be readily measured in situ are specific conduciance and temperature.
Both of these parameters have becn used effectively in investigating
leachate from lanafills since leachate is generallv higher in specific
conductance and temperature than natural ground water. Accordingly, the
background or baseline values are also needed for site characterization.
The measurements are made by use of remote-sensing probes lowered into
the well. Measurements can 3alsov be wade in standing or flowing water at
the ground surface, though temperature would be less wmeaningful in this
situation. Figure S shows the essential componeats of one probe for
specific conductance and temperature.

Electrical resistivity surveys are among the most useful means of char-
acterizing the chemistry of the ground water as well as that of the
soil. The state-of-the-art procedure is described in the Appendix.

Gas sampling

Methane ard other gases moving within the site media may pose hazards of
explosiveness or an even greater threat of conveying dangerous radionu-
clides to the atmosphere. Methods of sampling for baseline and detec-
tion phases of monitoring at a LLW site should follow routine procedures
for air sampling to the extent possible. A useful refereuce providing
guidance on sampling is:

ASTHM D1605-60 (Reapproved 1979), "Standard Recommended Practices
for Sampling Atmospheres for Analysis of Gases and Vapors," Annual
Beok of ASTM Standards: Part 26 -~ Gaseous Fuels; Coal and Coke;

Atmospheric, 22 pp.

Samples for site characterization and monitoring can be taken most
directly from the subsurface media through boreholes. Such sampling is
confined to the unsaturated zone into which gas migr.tion is restricted.
A strategy of sampling the more porous and permeable strata is appro-
priate; permeable zones will not only be the preferred paths of gas
movement but they will also be easier to sample. Such zores can be
isolated and sampled by the use of inflatable packers which effectively
seal off the remuinder of the hole during sampling.

Equi;ment and techniques are available for directly monitoring and de-
tecting escape of gases. A portable sensing probe is widely used to
detect methane in soil or confined air spaces. The specific beta radio-
active isolopes carried in the migrating gases cannot be measured
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Figure 5. Schematic of prcbe for specific
conductance and temperature (from
Environmental Protection Agency)

directly in situ. The only feasible method for 4 and '%C is by sam-
pling the gas or gas-filled soil.

Meteorclogical Studies

Data on aetecrology and associated runoff for a LLW site may te ob-
tained from measurements at stations onsite and from the measurements
recorded previcusly at nearby stations. Cnsite station sources depend



on the situation and configuration of the site and on the sperific
needs. Impor.ant aspects of locating a meteorological station are re-
viewed here as a supplement to identification of instrumentation and
measurement techniques in the Appeadix.

Westher stations

Ideally the catch of a rain gage represents the precipi’ation falling at
that point and on th~ surround.ag area., Such ¢ dir ct corresp'nden‘e is
difficult to obtain 'n practice, however, becaus: of (he effect of tne
wind. Precautions to minimize wind eflects include the locatior of thL=
gage on level ground at a distance of four times the height of a nearby
nbject (including the instrumeat shelter) above the top of the ~age.
Rain gagrs soould not be in. tal.ed oo roofs. Diffuse objects such as
shrubs and orchards that reduce specd, turbulence, and eddy currents capo
be useful screens that improve accuracy of rain gages.

For surface temperature measurements a thermometer screen or instrument
shelter should be used to minimize radiant heat while zllowing air teo
move freely past the instrument. The shelter should be positioned on
ground representative of the site but away from obstructions and at
least 30 m from any extensive concrete or paved surface. Rough terrain
and air drainage should be avoided because of nonrepreseniative
temperatures.

The principal concern with locating barometers for atmospheric pressure
measurements is for the continued accurate operation of the instruments.
The loraticn should be clean relatively dry, and mainiained at a steady
temperature as aearly as por ible. Vibrations and jarring are tc be
avoided. An inside wall is preferred partly to avoid appreciable
changes in temperature. Wind effects on buildings causing pressure
changes inoside should be avoided also.

Anemometers and vanes should be positicned 6 m above the ground on a
freely exposed tower above terrain that is relatively level and free
from obstructions to air flow. Certain topograpnic effects :nd cbstruc-
tions are known to create appreciable updrafts, downdrafts, ecdy cur-
ronts, or jet flow effects. Such terrain and obstructions should be
avoided nr the “easuring equipment should be located well above Lhem.

Stream gaging

Despite the long records of stream gaging stations already available for
use at many locations around the country, a station may be nceded at the
LIW site. The presence of just one major tributary between the site and
an existing gaging station means that the station is remote and maybe
only indirectly useful, i.e., useful for estimating drainage basin be-
havior in the regional setting. Accordingly it will commonly be con=
cluded that a stream gaging station is needed to generate site-specific

18




data useful for predictions of flood frequency and recurrence interval,
average annual flows, and low flows as well as for verification of hy-
d.ological simulation. Where the decision is made to establish a gaging
station onsite, preparations should proceed expeditiously. The longer
the record of flows, the more useful it will be. At best, the record
will be relatively short and correlations with long records from estab-
lished gaging stations will be needed for some purposes. This process
of comparison usually encounters adverse scale efiects betweea the large
and small drainage basins as well as subtle but sometimes important dif~-
ferences in geology, physiography, vegetation, and land use between the
LLW site and the basin represented by the existing gaging station.

Regaraless of the problems and limitations of establishing a need for a
stream gagirg station, the location and actual installation is fairly
straightforvard., The system and instrumentation for the relatively
small streams and watersheds surrounding LLW sites are identified in the
Appendix. One legical location for a station is where all surface run-
off from the extended site merges into the main stream, usually just
downstream from a tributary. A record of meas:rements at this point can
be translated into estimates of tloods and runoff rates for the encom-
passing basin as well as for hydrological simulation and estimates of
contaminant dilution useful to monitoring.

Gaging points will also be useful within the immediate site area for
verifying actual runoff in comparison to predicted values on ‘he micro-
scale. These data .ould allow more precision and confidence in design-
ing the disposal units and cover .nd the drainage features. When posi-
tioned near the immediate site boundary and supplemented with chemical
testing, these points document tle quantity and quality of the wate:
crossing the boundary. Such documentation can have legal as well as
technical igportance when the background characteristic of the site is
compared with monitoring results.

Surveying Program

The proposed rule 10 CFR 61 (61.52) specifies that boundaries of each
disposal unit must be accurately located and mapped by meaas of a land
survey. Near-surface disposal units must be marked in suck a way that
the boundaries can be easily relocated and defined. Three perzanent
control points referenced to U. S. Geological Survey or National Geode-
tic Survey control stations must be established on the site to facili-
tate surveys.

Horizontal and vertical survey control is established natieawide by a
network of contrcl arc, referenced to the North Arerican 1827 datum foo
horizontal control points and the sea level datum of 1929 far vertical
control points. Arcs of this basic network have been placed sbout

100 km apart throughout the country using first-order triargulation,
precision electronic traverses, and first-order differentiai levels.

A supplementary network is usually established by second-ornter survey




procedures betweea the basic control arcs. Ultimately the spacing be-
tween stations of either the basic or supplementary network is on the
order of 10 km. Leveling benchmarks are often located at ;ntermediate
posit: ons.

Auxiliary networks are established by second- or third-order survey pro-
cedures to provide horizontal and vertical contro! in any immediate
areas. Unless a supplementary network station falls on the LLW site, it
will be expected that a survey comparable to that of an auxiliary net-
work will be needed to establish horizontal and vertical coutrocl on the
site including the three permanent monuments.

One of the final steps of site surveying involves the locaticn of de-
tailed points relative to the survey lines and stations. Detailed
points would include the corners of treuches and poinis for profiles or
for settlement detection.

It is important to adhare to the concept that the main control scheme
such as the auxiliary network brought onto the site must have stations
established to the degree of accuracy required for the purpassc of the
survey. When the main control scheme must be run first, it should Le of
an accuracy to permit the ollow-on survey including detail points to
furnish the proper accuracy for th« detail desired. For example, if
third-order accuracy is required for the detail and if control must be
extended for a long distance, the starting coatrol must be of sufficient
accuracy to allow this extension without falling below the third-order
requirement upon reaching detail points.

Plane coordinate systems have been developed and used in many states as
control for locating and surveying property lines and civil projects.
Sufficient control points are provided in such systems so that local
projects can be tied in by plane surveying eethods with a geodetic ad-
justment. For a description of the coordinate systems used in several
of the states refer to:

The State Coordinate Systems (A Maoual for Surveyors', Special
Fublication 235, U. 3. Coast and Geodetic Survey, 1945 (reviced
1974), 62 pp.




-

S
e K S A

-

| ———

o~
P 1
o il i S i S

h..‘

PART II1I: LABORATORY AND FIELD MEASUREMENTS AND OFFICE STUDIES

Laboratory and office investigations :re conducted independently or sup-
plementally to field investigations. Many of the tests for engiveering
and physical properties and most of the chemical tests are accomplished
in the laboratory; however, scme are more representative whken accom~
plished in the field. The office studies are usualiy coordinated with
the labSoratory studies and are essential for the interpretation and
averaging of data and for correlations fur materials and site condi-
tions. The following sections on testing of engirveering, hydrological,
and geochemical properties and coastituents are brief summaries with
emphasis on the sources of i-formation on procedures. The details of
test methods are provided in In™ Appendix.

Engineering Properties

Critical factors in testing for engineering and index properties of
soilr and rocks are the iaboratory facilit.es and the qualifications of
the personnel. The trchaicians performing the tests must be thoroughly
familiar with the apparatus, the test’'ng procedures, and good laboratory
techniques. The technicians must be conscientious in the handling of
soi! «nd must appreciate the purpose of each test they perform. Neat,
thoughtful work with the recording of all test data and a coatinuous
watchfulness for irregularities can prevent most errors. The philosophy
should be that one ¢ood test is not only far better than many poor
texts, but is also less expensive and less likely to permit a misjudg-
ment in design.

Among the characteristics of goocd laboratory facilities are a ground
floor or basement location with a solid floor. Freedom from vibrations
from traffic and machinery is important. Sepzrate areas should be des-
ignated for dust-producing activities such as sieve analysis and sawple
processing. Temperature control of the entire laboratory is 1o be pre-
ferred. A hemid room large enough to permit storage of sazples veceived
from the field is desiredble; a humid room is also useful for preparalion
of undisturbed test specimens.

Satisfactory test procedures are presented in the following important
publicacioens cn laboratory testing: -

Laboratory Soils Testing, Engineer Manual 1110-2-1906, U. S. Ammy
Corps of Engineers, 1970.

Atnual Beok >f ASTM Standards: Part 19 - Nate-al Building

Siones; Sox{:gui?éib. 1982.

Farth Manuszl, 20d Ed., U. S. Department of the Interior, Bureau

of Reclamation. 1974.
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Scils test meth.ds recommende! in the Appendix for LLW site characteri-
zation are takeu mostly from these sources.

Hydrological Parameters

The measurement of hydrological parameters is often conducted in the
tield as well as in the laboratory. In fact there is a prevailing opin-
ion that hydraulic couductivity and other hydrological parameters deter-
aiced in the field are more representative than laboratory determina-
tions. Among the laboratory testing techniques, some are routine for
soils testing and would more likely be accomplished in the soils testing
laboratory than elsewhere. In any case, the usual concern for labora-
tory facilities and technical experience of personnel is of great
wmportance.

Among the most important field techniques fecr measurement of hydrologi-
cal properties are those that depend upon accurate records of the re-
sponse of wells to pumping, water injection, and introduction of
tracers. Piezometers are particularly important. The follosing pub-
lications provide useful guidance on observations and reasurewents for
bydrological study purposes:

National Handbook of Recommended Methods for Waier-Data
Acguisition: Chapter 2 - Ground wWater, U. S. Depariment of
the Interior, Geological Survey, 1977.

Ground Water Manual, U. S. Department of the Interior, Bureau
of Reclamation, 1977 (revised reprint 1981).

Annual Book of ASTM Standards: Par:t 19 - Natural Tnilding
Stones; Soil and Rock, 1982.

Geochemical Properties and Constituents

Several references are recommended for providing guidance on the analy-
sis of Chumical constituents and properties of water and other natural
materials st the site. In choosing the specific test methods for the
Appencix, ccnsideration has been givan to the sensitivity, precision,
and accuracy recuired and the expected high technicai experience of

the analyst. Two useful references providing guidance on such require-
sents 1n general are available:

A7THM D3556-8C, "Standard Guide for Evaluating Laboratories
Engaged in Sumpling and Analysis of Water and Waste Water,"
Annual Book of ASTM Standard-: Part 31 - Water, 8 pp.
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ASTM D3614-77, "Standard Practice for Evaluating Laboratories
Engaged in Sampling and Analysis of Atwospheres and Emissions,"
Annual Book of ASTM Standards: Part 26 - Gascous Fuels; Coal
and Coke; Atmospheric, 10 pp.

some of the testing will be accomplished in the laboratory, in which
case the sample preparation and handling may be particularly critical.
Generally, aualysis should be performed as scon after sampling as is
practicably possible. Other tests have the advantage of being con-
ducted in the field with no lecss of reliability. Amoag such tests are
those for pH, cxidation-reducticn potential, specific conductance, tur-
bidity, dissolved oxygen, and specific ions by means of specific ion
electrodes. Siwilarly, some evaluations of radicactivity are conducted
in the field.

Five publications are particularly useful in the subject area of chemi-
cal testing, perticularly for surface water and ground water:

Standard Methods for the Examination of Water and Wastewater,
15th Ed., American Public Healti Association, 1980.

Methods for Chemical Analysis of Water and Wastes, EPA 600/4-
79-020, U. S. Environmental Protection Agency, 19/9.

Annual Book of ASTM Standards: Part 31 - Water, 1982,

National Handbook of Recommended Methods for Water-Data
Acgquisition: Chapter 5 - Chemical and Physical Quality of
Water and Sediment, J. S. Department of the Iaterior, Geo~
logical Survey, 1977.

Technigues of Water-Resources Investigations: Chapter AS,
Book 5, Methods for Determinaticn of Radicactive Substances

in Water and Fluvial sediments, U. S. Department of the
Interior, Geological Survey, 1977.

Material Indices and Correlations

A highly useful investigaticnal technique for the experienced engineer
or scientist involves the inferences or projections that can be made
from readily available data such as index test results. Correlations
may be the only way of inferring the previous history of 2 site in the
case of meteorological parameters known only for the closest weather
station (in comparison to a station lscated onsite for a relatively
short period of time). Elsewhere the vast experience of the engineer=
ing profescion in correlating mechanical behavior of s0il with certain
simple index parameters is a source of useful details which should not
be overlooked. For example, the widely used hazen correlation provides
a means of roughly estimating permeavi.iity of granular media indirectly
froe grain-size data. Some of . his interpretation bated on known




relationships or personal experience forms a core of the geological
field investigatiorns, but correlacions should be explored further by
repetition in the office where an extensive synthesis and review of pre-
vious testing and literature caa be accomplished.

Indices may also be correlated or used in conjunction with less abstract
test data. For example, site details manifested as material colors and
distinguished by differences in color may be found to be reflective also
of physical properties.

Previous Studies and Records

The site characterization stage of LLW facility siting provides an op-
portunity for reviewing in det2il the data available in the form of
reports and records. Much of this sort of review will have been accom-
plished during site selection, but Lhe greater iniensity of effort dur-
ing site charocterization will focus attenticn on details. For example,
it may have been concluded by this time that geological characteristics
and topographic setting of the LLW site are essentially the same as
those existing at a construction site or along a highway some distance
away. Therefore f~.ndation investigations and material characteristics
from these projections can be applied confidently and used to supple-
ment the knowledge generated by detailed studies accomplished at the
LLW site (see pnotograph, page x).

One of the wmost useful collections of records is available in the
readily available source:

Climatological Data, U. S. Department of Commerce, National
Oceanic and Atmospheric Administration, monthly reports.

Known records of precipitation and temperature as vell as other climate
parameters are available for many locations. To the extent that a
nearby weather station mirrors the details needed at the LLW site, its
reccerd is directly useful. Similarly the details of surface runoff
available at nearby stream gaging stations of the national network are
often directly useful. Again where a prior history is needed for char-
acterizing the cite or for making hydrological predictions, this source
may be the only one for long-term records.

The fcllowing list can be used for checking documentary material that
should be reviewed as a part of the office studies:

a. Soil surveys.

b. Geologic reports and other geological literature.
€. Site engineering reports.

d. Water well records and water supply reports.
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GCil well vecords.

Hydrological and tidal data and flood records.
Climate records.

Mining records and :reports.

Historical earthquake and other seismic records.

Newspaper accounts of landslides, floods, earthquakes, subsidence,
and other significant events.

Records of landfills and other disposal facilities.

Topographic map:s.

\
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PART IV: SUMMARY

Numerous parameters and parameter groups were identified as potentially
important characteristics of LLW sites in the previous report. The
methods of testing or documenting these characteristics are presented in
this report. All tests and procedures for measuring, observing, and
documenting are listed in Table 4. This table concisely summarizes all
methods discussed in the Appendix. To obtain representative values and
other data, it is necessary to conform to established, widely recognized
general procedures for field investigations, sampling, and testing, in
addition to the spec.fic requirements of the individual standard or
state-of-the-art test methods.
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Table 4

Recommended Testing and Documentation to Characterize LLW Sites

Test or Document by Type of Method

Parameter “Standard Method  Formalized Guidance  Existing Data Remarks

Air pressure ASTH - - —

- Barometer e R
observations

- - Weather records e

Air temperature - Thermometer - -
observations

- - Weather records .-

Anisotropy - - Geological L

criteria
-~ .- Permeabilities Calculated from

Kv and KH

Apparent velecity .- Tracer studies - i

Atterberg limits ASTM - o e

CE - - e

Burial unit - Plane surveying .- o

boundaries
(Continued)

NOTE: ASTM = American Society of Testing and Materials; CE = Corps of Engineers; APHA = American Pub-
lic Health Association; EPA = Environmental Protection Agency; GS = Geological Survey;
BR = Bureau of Reclamation; DE = Department of Energy; and NOAA = National Oceanic and Atmos=-
pheric Administration.




Table 4, Continued

Test or Document by Type of Method

__Paramcter_  _Standard Method — Formalized Guidance ~_Existing Pata Remarks
Collapse CE - == -
susceptibility =e .- Geological -
criteria
-- - -- Grain-size data Empirical
correlation
Compaction relation ASTM .- e "o
Consolidation CE - »e pew
relation
Dispersion .- Breakthrough curves .= Column or field test
Electrical - Total salinity of S i
resistivity soil
- Surface resistivity o e
survey
e Borehole resistivity - e
survey
.- .- Specific e
cornductance
Erodibility CE -- - -
parameters .- - Agronomical o
criteria
(Continued)




Table 4, Continued

Test or Document by Type of Method

____Parameter _Standard Method  Formalized Guidance Existing Data Remarks
Evapotranspiration e Evaporimeter or lysim=- »» we
eter observations
-~ - Weather records Empirical
calculations
Extended site - -- Technical review -
boundary
Flow direction - Tracer studies .- o
- - - Calculated from K
and P data
- - Well data One horizon only
Frost heaving -~ .- Geological e
criteria
-- -- Grain-3ize data Empirical
correlation
Gasecous constituents APHA - e -
ASTM - .- e
Geomorphology - -- Geological we
criteria
Grain-size CE - - -
distribution ASTH - ~o i
- - - Parameters calcu-

lated from distri=-
bution curve

(Continued)



Table 4, Continued

Parameter

Test or Nocument by Type of Method
_Standard Method Formalized Guidance Existing Data

Remarks

Ground water
chemistry

Ground water system
and boundaries

Hydraulic
conductivities

Hydraulic potentials
and pressures

Immediate site
bound 'y

Infiltration capacity

APdA - -
EPA e s
ASTM - -
GS : = e
-- Gas chromatography i
(organics)
- - Geological
criteria
ASTH - -
CE - -
BR - ae
-- Pump tests .
- - Geological
criteria
- o= Grain-size data
-- Wells =
- Piezometers .
- Technical review e
ASTM e -
et - Curve number
estimation

(Continued)

Granular soil only

Conformance to
regulatory/legal
constraints
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Table 4, Continued

Parameter

Ion exchange capacity

Lithology an! soils

Material color

Material densities

Material
radiocactivity

Material temperature

Material variability
parameter

Material zone
boundaries

Test _or Document by Type of Method

_Standard Hethod — Formalized Guidance

ASTM

ASTM

Saturation method
Mehlich method

Color chart

Gamma-gamma logging

Thermistor

Existing Data Remarks
Geological -
criteria
Borehole gamma survey - "
Gamma spectral logging o= e
o~ Mostly near surface
Water -
tempeiature

Standard deviation
Range

Detairied logging,
sampling, and
analysis

{Continued)




Table 4, Continued

Test or Document by Type of Method

Parameter Standard Method Formalized Guidance Existing Data Remarks
Mineralogy and clay ASTM -~ - ow
mineralogy .= X-ray diffraction e s
.- Petrography e me
Monument and point ¥ - - e
positions Plane surveying e =
- Control surveys -
and grids
Oxidation-reduction .o Platinum/hydrogen .o »e
- potential electrode
" - -- Geological Based on color
criteria
Partition - Batch leach .- we
covificients
- Column test ol on
.- -- Geochemical .o
criteria
Penetration parameter ASTM e "o e
Permeability function -- Instantaneous profile - Hysteresis is

usually ignored

(Continued)




Table 4, Continued

= Test or Document by Type of Method
Parameter __ _Standard Method _Formalized Guidance Existing Data Remarks

Pore water age -- Radioisotopic ratios .- Contract the anal-
ysis and interpre-
tation to a quali-

- fied laboratory
we Stuble isotcpes - Contract the anal-
ysis and interpre-
tatior to a quali-

fied laboratory

-- Conductivity .- e
- Ground water o= e
. chemistry
Porosities and void CE -- e oo
ratio -- Acoustic logging .- e
- Nuclear logging - e
-- -- Geological Especially for
criteria iracture porosity
Precipitation -- -- Weather records -
o Rain gage -- =
Rebound index vE .- - Related to Consol-
idation relation
- - Geotechnical e
criteria
Recharge and - -- Geological -»
discharge areas criteria

(Continued)
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Table &4, Continued

Parameter

_Standard Method

Rock classification

Runoff

Seepage velocity

Seismic velocity

Shrinking~-swelling
parameter

Soil clarsification

ASTM

AST™H

ASTH

Test or Document by Type of Method

“Formalized Guidance

_Existing Data

Durability test

Stream gaging

Tracer studies

Surface survey
Borzhole survey

Soil taxonomy
Textural method

(Continued)

Seismic velocity

Core logging
indices

Curve number
estimation

Geological
criteria

Remarks

Soundness
correlation

Calculated from

K and n

Requires deustlent
for retardation

Related to Consol-
idation relation




Table 4, Concluded

Parameterx

Document by Type of Method

Suction pressures

Surface water
chemistry

Surface water system
and boundaries

Transmissivity
Visual description
Yater coutent

Water-holding
parameters

Water zone boundaries

Wind speeds and
directions

“Standard Method  Formalized Guidance _Existing Data Remarks
" Tensiometer - =
o Psychrometer - e
- Porous element - oo
L - ae Same as for Ground
water chemistry
¥ - Geological -
criteria

ASTM

ASTH

-

Pump test

Borehole logging
Water table
mcasurements

--

Anemometer and vane

Agronomic data
Suction pressure

f

.tion

Water contents

Weather records

At defined pressures

Same as Storativity
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_Parameter

Table 4, Continued

—_Test or Document by Type of Method

“Stzndard Method  Formalized Guidance

Existing Data_

Remarks

501l organics

Soi)l pH and acidity

Soil solubles

Specific gravity

Storativity

Stratigraphy

Strength

Structure

Suction pressure
function

ASTM

EPA
APHA

CE

ASTM

Sample ignition

Titration

Pump test
Neutron logging

(Conlinued)

Geological
criteria

Geologinal
criteria

Can be estimated



APPENDIX:  LISTING OF TESTS AND OTHER MEANS Or DOCUMENTATION

In this Appendix the tests and other methcds of documenting or quanti-
fying important si' jarameters are presented individually.® The for-
malization of methous bv the enpgineeriug and scientific communitics
range; fcom step-by-step stanlard methods such as are suvitable for con-
trolled laboratory testing, through forwal guidance on procedures and
equipment, particularly for field testing, to state-of-the-art methods.
The least formal methods oi documentaticn such as involved in geological
studies depend heavily can the expertise of the investipator rather tlan
conformance to a set procedure. The reader should ceounsider this divers-
ity of approaches while studying this Aprendix. The conients of this
Appendix are summarized in Table 4 of the main text.

Before embarking on 2 formal testiog program to characterize a site, the
prospective applicant should review 2ach parameter and parameter group
carefully for pertinence of site materials, ground water regime, and
configurations in the context of LLW disposal ac explained i the Task 1
repsrt (NUREG/CR-2700). As was concluded in that report, soame parame-
ters will be found to be adequately quantified from existing informa-
tion, while others can be considered on a qualitative basis in combina-
ticu with good engineering judgment. ror thcse remaining cases where
testing is found warranted, th> procedures iu this Appendix are
recommended.

7 The arrangescnt 1§ by parameters and parameter groups in alphabetical
order.
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Air Pressure

Air pressure information is routinely compiled by and available from the
Naticnal Weather Service. This source of data mav be adequate for most
purposes. Where a local weather station is established, the preference
of the NRC (NUREG-0902) is for a continuously recording instrument,
usuaily an aneroid barcmeter. Somewhat greater accuracy is expected
from intermittent observations of 2 mercury barometer, and accordingly a
mercury barometer is recommended by the National Weather Service for
gener-al purposes. The following standard and guidance are recommended:

ASTM D3631-77, "Standard Methods for Measuring Surface Atmos-~
pheric Pressure," Annual Book of ASTM Standards: Part 26 -
Gaseous Fuels; Coal and Coke; Atmospheric, 7 pp.

"Measurement of Atmospheric Pressure," Section 10.E.2, Naticnal
Handbook of Recommended Methods for Water-Data Acquisition, U. S.
Department of the Interior, Geological Survey, 1980, pp 10-34 to
10-44.
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Air Temperature

Air temperature information is routinely compiled by the National
Weather Service based on observations at numerons stations throughout
the nation. This source of data may be adequate for regional and aver-
age characteristics. The published source is:

Climatological Data, U. S. Department of Commerce, National
Oceanic and Atmospheric Administration, mouthly reports.

Daily temperature information is available on tape from:
National Weather Service, Asheville, North Careclina.

Where a local weather station is established, the NRC prefers (NUREG-
0902) a continuously recording instrument, such as a mercury-in-steel
thermometer. The following sources of guidance are recommended:

"Measurement of Temperature," Chapter 4, Guide to Meteorological
Instruments and Observing Fractices, 2nd Ed., World Meteorological
Organization, 1970, pp IV.1 to IV.6.

“Surface Temperature,” Section 10.C.2, National Handbook of
Recommended Methods for Water-Data Acquisition, U. S. Department
of the Interior, Geological Survey, 1980, pp 10-11 to 10-19.

!
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Anisotropy

Anisotropy of a material or material zome is usually quantified in terms
of another parameter. The most important anisotropy at LLW sites is in
regard to coefficients of permeability, most commonly the ratio of the
horizontal perseability to the vertical permeability K“/Kv .* Thus the
anisotropy ideally is based on separate tests for K" and Kv «. 3818

common practice, however, particularly in the formative and even analyt-
ical stages of site investigation, to estimate anisotropy based on the
stratigraphy and lithology of the zone. In horizontally bedded silt
lu/Kv may range from 10 to 1000. The source of such estimates usually

lies in the experience of local geological and engineering offices and
should be baced on cases that have been or can be substantiated, prefer-
ably by laboratory or field tests.

* Stratification usually provides the frame of reference so that an-
isotropy is inclined within inclined strata.

)
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Apparent Velocity

Apparent velocity is the seepage velocity as measured from tracer
studies. There is no standard method for measurement of apparent veloc~
ity, but the several procedures recommended in the following reference
are appropriate for LLW site characterization.

"Measurement of Ground-Water Flow Velocity," Section 7.4.2,
Ground-Water Studies, United Nations Educational, Scientific,
and Cultural Organization, Paris, 1977, pp 7.4.3. to 7.4.7.

- . 4B i
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Atterberg Linmits

Standard methods for determining Atterberg limits of fine-grained soil
are provided as follows:

"Liquid and Plastic Limits," Appendix III, Laboratory Soils
Testing, Engineer Manual 1110-2-1906, U. S. Army Corps of
Ezgineers, 1970, pp I11-1 to I1I-20.

"One-Point Liquid Limit Test," Appendix IIIA, Laboratery Soils
Testing, Engineer Manual 1110-2-1906, U. S. Army Corps of
Engineers, 1970, pp IIIA-1 to I1IA-3.

"Chrinkage Limit Test," Appendix IIIB, Laboratory Soils Testing,
Engineer Manual 1110-2-1906, U. S. Army Corps of Engineers,
1970, pp 111B~1 to IIIB-9.

ASTM D423-66 (Reapproved 1972), "Srandard Test Method for Liquid
Limit of Scils," Annual Book of ASTM Standards: Part i9 - Natural
Building Stenes; Soil and Rock, 4 pp.

ASTM D424~59 (Reapproved 1971), "Standard Test Method for Plastic
Limit and Plasticity Index of Soils," Annual Book of ASTM
Standards: Part 19 - Natural Building Stones; Soil and Rock,

2 pp.

The Corps of Engineers (CE) procedures are preferred for LLW site char-
acterization for two reasons. First, their applicability extends to
argillaceous rocks such as may occur at LLW sites. Second, the condi-
tions of the CE procedures depart less from field conditions. The ASTM
procedures require air drying and ‘o subsequent curing prior to tecting.
Either source (AS™ or CE) may be used, but differences in detail, such
as a difference in the groover for liquid limit, make it imperative that
the chosen preocedure be identified and followed judiciously.
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Burial Unit Boundaries

Burial unit boundaries constitute a site parameter that enters into
analysis and design of the facility. Locations are to be sufficiently
accurate not only to plan and construct the facility properly but also
to integrate the waste units into the geological setting and thereby
utilize the setting for optimum containment. The intersections of
material zone boundaries with burial unit boundaries should be retriev-
able from the survey data.

The corners of the burial units should be identified before and during
operation and permanently marked upon completion of filliug. Offset
markers are preferable where subsidence may threaten the permaneace.
Each marker should be individually numbered and a log kept of the date
of installation and the coordinates referenced to a site grid system.
This positioning is to be accomplished using plane surveying techniques
appropriate to achieving accuracy of %1 cm vertically and $10 cm hori-
zontally. Information on surveying practice is provided under Monument
and Point Positions.




Collapse Susceptibility

Settlement due to collapse of soil structure can be evaluated from con-
solidation tests (see Consolidation Relation). Components of collapse
due to saturation and surcharging can be evaluated separately with this
method.

General methods of recognizing collapsible soils and predicting their
performance have been summarized recently (Clemence and Finmbarr 1981)
along with a number of pretreatment techniques that may be applicable to
portions of LLW sites underlain by collapsible soils but not critically
situated. Confirmation of a well-defined collapse susceptibility in the
vicinity of disposal units by testing or through local experience or
inference would usually be so serious as to favor abandonment of the
site rather than pretreatment to correct the problem. Such a dramatic
site deficiency is anticipated to be exceedingly rare.

Reference
S. P. Clemence and A. 0. Finbarr, "Design Consideratious for Collapsible

Soils," Journal, Gectechnical Engineering Division, American Society of
Civil Engineers, pp 305-317, 1981.




Compaction Relation

The laboratory compaction test is simply intended to determine the
moisture-density relation of 2 particular soil. The relation varies
with compactive effcrt. Fieid compaction for cornstruction is usually
controlled by specifying minisum desired density and the range of mois~-
ture content (water content) within which that deansity can be obtained.
The moisture-density relation may be obtained by one of the following
standard procedures:

ASTM D698-78, "Standard Test Methods for Moisture-Density Rela-
tions of Soils and Soil-Aggregate Mixtures Using 5.5-1b (2.49 kg)
Rammer and 12-in. (305-mm) Drop," Annual Book ¢f ASTM Standards:
Part 19 - Natural Building Stones; Soil and Rock, 7 pp.

ASTH D1557-78, "Standard Test Methods for Moisture~Density Rela-
tions of Soils and Soil-Aggregate Mixtures Using 10-ib (4.54 kg)
Rammer and 18-in. (457-mm) Drop," Annual Book of ASTM Standards:
Part 19 - Natural Building Stones; Soil and Rock, 7 pp.

The lower compaction energy in the first procedure is more reflective of
field compaction in backfilling and capping LLW disposal units. The
second nrocedure may be more reflective of high-energy compaction for
constraction of liners for disposal units.




Consolidation Relation

Consolidation behavior is usually only consequential in saturated fine-
grained soils, where drainage is slow. The rate at which water escapes
from the soil during consolidation deperis on the coefficient of per-
meability, thickness, and compressibility of the soil. The rate and
amount of consolidation with load are usually determined in the labora-
tory by the one-dimensional consolidation te::i. In this test, a later-
ally confined soil is subjected to successively increased vertical
pressure, with free drainage allowed from the bottom and top surfaces.

The recommended standard procedure for the consolidation test is in:

"Consolidation Test," Appendix VIII, Laboratory Soils Testing,

Engineer Manual 1'10-2-1906, U. S. Army Corps of Engineers, 1970,
pp VI'II-1 to VIII-22.

This procedural documentation is particularly complete even to the ex-

tent of being coupled to a procedure for determination of K (see
Hydraulic Conductivities).

i
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Dispersion

A considerable amount of attention is presently being directed to quan-
tifying dispersion accurately for representation in convective ground
water solute transport models. However, the parameter has not been pre-
viously used for site characterization as a prelude to site development.
Accordingly, a standard procedure or guidance for measurement is not
recognized, but instead the state of the art requires special equipment
besides technicians qualified through specialization and past experience
with a method. Dispersion may be expressed as either the coefficient of
hydrodynamic dispersion D' or the dispersivity a , two parameters
baving the following approximate interrelaticnship for isotrepic media
when considered in one dimension:

D’ (c-z/s) =V (cm/s) X a (cm)*
wvhere V is the average pore water velocity.

A dispersion parameter may be cbtained from measurements made in the
laboratory or in the field. 1In either case, the parameter can be esti-
mated by obtaining the best fit between a measured tracer breakthrough
curve and an analytical solution (e.g., see van Genuchten 1980). Dis-
persion is also reflected more directly in the slope of the curve at 0.5
relative concentration.

A breakthrough curve relates the tracer concentration in pore water
exiting the test volume to the cumulative amount of water passing
through after injectiorn of the tracer. Breakthrough curves are clearly
explained by Grisak and Jackson (1978) in the context of characterizing
LLW sites. The tracer should be conservative, i.e., noareactive and not
adsorbed by the material, in order to avoid retardation phesomena.

Laboratory column tests provide the controlled conditions for deter-
mining accurate breakthrough curves. Comparisons have sometimes re-
vealed a much greater value of dispersivity representative of the field
(Theis 1963). This difference suggests the importance of heterogeneity,
e.g., that manifested as interbedded sand and silt (at field scale), in
the dispersion phenomenon. Therefore, the laboratory columa test will
probably be most represcutative and useful for characterizisg dispersion
in relatively uniform, homogeneous material zones.

Determination of the dispersion ccefficient in the field emtails tracer
concentration measurements with or without pumping in wells. Most ex-
perience has been on aquifers, but fine-grained materials of low per-
meability can 'e accomnmcdated by pumping between closely speced holes.
Klotz et al. (15R0) review the determinction of longitudinal dispersion
in the flow directicr, but show that transverse dispersiou can be eval-
uated as well by installution of an array of observation holes across
the expected direction of flow.

* Dispersivity may also be considered in a dimensionless fearm.




Alternatively, a single-hole technique shows promise for low-permeability
materisls (Sternau et al. 1967). A velume of water tagged with a con-
servative tracer is injected into the .ormation through the well, and
then the well is pumped. Where the natural grovnd water flow velocity

1s low, nearly all of the injected tracer may be recovered. A break-
through curve is geveloped during weil puwping.

References

G. E. Grisak and R. E. Jackson, "An Appraisal cf the Hydrogeological
Processes Involved in Shallow Subsurface Radioactive Waste Management in
Canadian Terrain,” Scientific Series No. 84, Inland Waters Directorate,
Fisheries and Environment Canada, 194 pp, 1978.

D. Klotz, K. P. Seiler, H. Moser, and F. Neumaier, “Uispersivity and
Velocity Rel:tionship From Laboratory and Field Experiments," Journal
of Hydrology, Vol. 45, pp 169-184, 1980.

R. Sternau, J. Schwarz, A. Mercado, Y. Harpaz, A. Nir, and E. Halevy,
"Radioisotope Tracers in Large-Scale Recharge Studies of Groundwate:,"
Isotopes in Hydrology 1966, International Atomic Erergy Agency, Vienna,
pp 489-505, 1967.

C. V. Theis, "Hydrologic Phenomena Affecting the Use of Tracers in
Timing Groundwater Flow," Radioirotopes in Hydrology, International
Atomic Energy Agency, Viemna, pp 193-206, 1963.

M. T. van Genuchten, "Determining Transport Parametcrs from Solute
Displacement Exper’ ents," Research Report No. 118, U. S. Saliaity
Laboratory, 37 pp, 1980.
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Electrical Resistivity

Dimensiyé’'ly, electrical conductivity is the reciprocal of 2lectiical
res’s%ivity. Resistivity is the preferred form in characteriz.ag soil
and rock, while conductivity is preferred for characterizing ground
vater.

Field methods

Surface resistivity surveys. Field procedures, equipment requirements,
and interpretaticn for suriace resistivity surveying can be found in
Department of the Army {1979), Zohdy et al. (1974), and Telford et al.
(1976), and in other sources refereaced in these puolications. Recent®.
work in application of surface resistivity methods specificaliy to mon-
itoring waste disposal sites is discussed in Kean and Rogers (1981) and
Ksufmann et al. (1981). Surface resistiv.ty methods recommended for LLW
monitoring programs involve four electrode measurement arrays aru in-
strument2tioa for genmerating currents in the ground and detecting poten=~
tial differenc's hetween surface points. Denoting the electrodes in a
linear array as A, M, N, and B, the outer clectrodes A and B are the
current electrodes, and the inner electrodes M and N are the potential
electrodes. The most commonly used arrzys are the Schlumberger, for
which distances AB/2 > 5MN generally, and the Wenner, for which dis-
tances AM = MN = NB = a .

Two types of surveying are possible with the Schlumberger and Wenner
arrays: vertical sounding and horizontal profiiing. In a vertical
sounding application, the electrodes are symmetrically expanded along a
line about a given surface point; the vertical! sounding results are
interpreted to give a vertical profile of resistivity beneath the sur-
face point. In horizontal profiling applications, the electrode array
is moved along rrofile lines keeping the electrode spacing conscant
(varying the profile measuremcnt point). Measured poteantial differences
AV are converted to apparcnt resistivities:

Py = K (av/1)

where KG = geometric array factor

1 = current

= ns[x') -l] for the Schlumberger array, where S5 = MN and
= = 2na for the Wenner array. Generally, the Schlumberger
array is preferred for vertical sounding and the Wenner array is most
commouly used fer horizon® il profiling.

For monitoring programs, surface resistivity surveyvs can be conducted
repeatedly at & site, require only surface location reference, and thus
are not limited to monitor boreholes in a few selected locations.
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Vertical resistivity sounding data generally are interpreted by curve
matching or by the use of inverse computer modeling to give true resis-
tivities as a f{unction of deptlk. To use resistivity soundings to momi~
tor for changes in resistivity, it is not absolutrly necessaiy to con-
vert to true resistivities; however, depth te the changes can only be
determined by a complete interpretation of the sounding data. A possi-
ble problem in the application of the surface methods to LLW sites is a
consequence of geometrical constraints. It me2y be difficult to fina
locat.ons at a LLW site where the array can be expanded sufficiently to
investigate to the depths reyuired without cressing a treach; thus
sounding monitor locations should be planned caretully in accordance
with the proposed site developmeut plan. A localized resistivity acom-
aly (such as a migrating radionuclide plume) passing beneath a soundirg
line will affect the measur:d apparent resistivity in such 2 way as to
produce meaningless results if interpretat . on is attempted. As a moni-
tor of change, soundings before and after occurreace ¢f a localized
plume will be of value; hcweve-, multiple soundings in an area will be
required if depth and even plan location of the anomalous zone are de-
sired. In areas where ground water temperatures vary seasonally, sut-
face resistivity measurement. will vary seasounally also since resistiv-
ity generally decreases as temperature increases. It ma, De necessary
to correct resistivity survey data Lo a common temperature base before
comparing soundings and horizontal profiling surveys conducted at dif-
ferent times (Kean and Rogers 1981).

Horizontal resistivity profiling can be conducted along parallel profile
lines (or at least multiple profile lines across a site); the result is
a grid of apparent resistivity values which can be contoured. Each con-
tour map is produced foir a constant electrode spacing and hence vepre-
sents essentially a constant cepth of investigaticn. If a Wenner array
is used for the profiliag, the electrode spacing should be chosen to be
1 to 2 times the depth of irterest. For example, to investigate the
possibility of direct .ateral migration of radionuclides from the
trenches, the site would be surveyed with electrode spacing of 1 to

1.5 times the depth of the trenches. To invest. jate the possibility of
radiconuclide migration down to the water table, a second resistivity
survey should be conducted with a larger eiectrode spacing (1.5 to

2 times the depth to the wuter table). The resulting centour maps
siould be examined for relative negative changes in resistivity; i.e.,
the appearance of lower apparent resistivity values in the vicinity of

a trench could reflect low ground water resistivity due to the presence
of contaminants. Resistivity anomaly maps, prepared by subttracting
earlier survey values from subsequent survey values over the site, will
geneially highlight areas of relative negative change more dramatically.

Electromagnetic suiveys. Several electromagnetic (EM) induction de-
vices, suitable tor mapping surface conductivity variations at LLW
sites, have been reported (McNeill 1980, Greenhouse and Slaine 1982).
These EM devices require no direct earth cont-ct and are frequently
unaffected by fences, cables, and other cultural features, which can
significantly affect the resistivity methods. Readings witk EM devices,




however, can be significantly affectad by close proximity (within 500 m)
to major power lines or transmissi 1 towers. While tte EM devices have
the advantage of being more rapid to use in surface mapping than the
resistivity methods, tiL+y have limited depth of investigation capabil-
ity. One of these devi.es, for example, has essentialiy 2 fixed depth
of investigation of ab .t 3 m, while another such device bas six depth
of investigation c.nfij .raticns to a meximum of 60 m, which should be
+ufficient for most LLW sites. Development of EM surveying equipment as
weil as interpretation experience at hazardous waste sites is rapidly
progressing.

Resistivity logging. Single-point resistivity an. spontaneous or self-
potential (SP)* surveys are routinely conducted as part of a borehole
geophy:ical logging program; these survey methods, as well as other,
multiple-point resistivity methods which can be cond: ted in boreholes,
have applicability for general purpose site characterization as well as
moniitoring programs. Field procedures, equipment requirements, and
inlerpretation requiremen.s can be found in Department of the Army
(1979), Keys and MacCary (1971), Schlumberger Limited (1972), Telford
et al. (1976), and other sources referenced in these publications. For
monitoring applications, all ¢f the resistivity methods are used to
detect low-resistivity zones or anomalies, i.e., zones exhibiting
changes to lower resistivity compared to an earlier or baseline value.
SP values can often be used to determine formation water resistivities,
and changes in SP values with time reflect changes in formation resis-
tivity and ground water flow velocity. The primary limitation to the
use of barehole resistivity and SP logging as monitoring methods is that
the methods cannot be used in cased boreholes.

Specific conluctance probes. The ground water itself (in distinction
from the water-bearirg soil or rock) can be characterized ia regard to
conductivity by measurement of specific conductance in the feld along
with temperature (Environmental Protection Agency 1977). In situ mea-
surements can be made by lowering a self-contzined conductance-
temperature probe intc a well and recording the results from surface
instrumentation. In areas of high water table, the measurements can be
made without installing a well. Figure 5 of the main text is a schema-
t: illustratican of such a device.

The probe can be pushed directly into soft ground; where the ground is
narder, it can be inserted into a small-diameter, hand-augered hole.
During insertion, the perforations are protected from clozging by an
outside tube. When the probe is below the water table, the tube is
retracted, allowiang the ground water to flow into it. Specific con-
ductance and temperature of the ground water can then be recorded

After removal, the perforated end of the probe is washed in clean water.

% Ground water flowing threi:h soil and rock can generate electrical
voltages, known as sprilancous= or seli-potentials, through electro~
kinetic and electrochemical processes,
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Another advantage of the specific conductance and temperature probe
method is inherent in the equipment required. Since the mechanisms
involved are not bulky or rumbersome, a two-man crew can easily carry
all necessary equipment into the field and make a series of probe mea-
surements in 2 to 3 days. Also, swampy areas not readily accessible to
drilling rigs or resistivity survey crews can be tested with little
difficulty.

Although this method has distinct advantages, it has limitations also.
The required equipment for probing is very delicate and is vulnerable to
physical abuse. Any malfunctioning of the equipmeat due to mechanical
failure or to contamination before testing can give erroncous informa=
tion. To prevent this development, the equipment should be checked
periodically for malfunctioning against a standard solution such as
potassium chloride. Also the method applies to shallow depth only.

Laboratory method

The electrical conductivity (or resistivity) of a soil can be determined
on a soil paste in the laboratory using a wheatstone bridge. Measure-
ments are affected by temperature, water ccntent, specific ions, and
degree of dissociation. Special tables have been constructed to relate
conductivity in soils to salt concentraticn and are presented in the
following recommended procedure:

"Determination of Total Salinity,  Section 6:3:1, Textbook of Soil

Chemical Analyse:. Chemical Publishing Co., New York, 1971,
PP 75-80.
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Erodibility

Erosion is primarily affected by material grain size or the mechanism of
soil dispersion. Dispersive clays are a particular type of soil in
wuich the clay fraction erodes in the presence of water by a process of
deflocculation. This occurs when the interparticle forces of repulsion
exceed those of attraction so that clay particles are detached and go
into suspension.

Pinhole test

The pinhole erosion test is the most reliable test for identifying dis-
persive soils. A recommended version of this test, aleng with other
laboratory and field test methods for identifying dispersive soils, is
described in:

"Pinhole Erosion Test for Identification of Dispersive Clays,"
Appendix XIII, Laboratory Soils Testing, Engineer Manual
1110-2-1906, U. S. Army Corps of Engineers, 1970 (with change 1,
1980), pp XIII-8 to XIII-19.

It is suggested that this test be reserved for suspect material or where
a simple screening test such as the crumb test indicates the need.

Crumb test

In actual practice, the erodibility parameter usually reflects a rela-
tive behavior among soils at the site or in comparison to problem mate-
rials elsevhere. Accordingly the need is often for an approxima®ion or
index obtained with ease rather than 2 more formal laboratory test. The
so-called crumb test is suitable in this capacity for characterizing
soils at LLW sites. An appropriate standard method is as follows:

"Crumb Test," Laboratory Soils Testing, Enginecer Manual
1110-2-1906, U. S. Army Corps of Engineers, 1970 (with change 1,
1980), pp XIII-20.

Empirical relatiors and experience

Local experience assembled in svil conservation and geological agencies
and offices is frequently the best avenue to characterizing local soils
for erodibility. The past performance of one soil versus anather, e.g.,
in farm pond embanknments, focuses on ercdible soils. Soil loss equa-
tions for estimating erosion from wind and from water are available in
Skidzore and Woodruff (1968) and Wischmeier and Smith (1978,
respectively.
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Evapotranspiration

Field measurement

Evapotranspiration can be measured using evaporimeters or lysimeters.
No internationally recognized standard has beea developed nor is there
standardization within the United States. Appropriate equipment and
procedures are described in the following reference:

"Soil Evaporimeters and Lysimeters," Section 2.3.3, Guide to
Meteorological Instruments and Observing Practices, 3rd Ed.,
world Meteorological Organization, 1970, pp 11.23 to II.27.

Estimations

Indirect procedures are frequently used to estimate evapotranspisation.
The following summary from Environmental Protection Agency (1977) ad-
dresses four methods, modified Blarey-Criddle, radiation, modified
Penman, and evaporation pan methods. Also ref:r to Robins (1965) for a
review of indirect measurement as well as estiwmation methods.

Prior to selecting the estimation method, data from completed climato-
logical and agricultural surveys, specific studies, and research on crop
water requirements in the are» of investigation should be reviewed.
Available measured climatic data should also be reviewed. If possible,
meteorological and research stations should be visited, and the envi-
ronment, siting, types of instruments, and observation and recording
practices should bLe appraised t> evaluate the accuracy of available
data. The prediction method may then be selected on the basis of the
types of usable meteorological data available and the level of accuracy
desired. The types of data (measured or estimated) needed for each
method are summarized in Table A.1. The methods are described very
briefly here aleong with some general criteria for their selection and
use.

Table A.1

Data Required for Estimating Evapotrarspiration
(from Environmental Protection Agency)

Modified Madified

__Factor Blaney~Criddle Radiation Penman Evaporation Pan
Temperature Measured Measured PEanuzed. .. cavssiine
Humidity Estimated Estimated Measured Estimated
Wind Estimarved Est.imated Measured Estimated
Sunshine Estimated Measured Messured = sscosvwes
Bediakion . ieuadaven Measured Measured = ...cicane
EVEPORSCYUR | sixshevs o | L wtbemssis | masasesd Measured
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The Blaney-Criddle method is r2cormended when only air temperature data
are available and is best applied for periods of one month or more. It
has been used extensively in the western United States and is the stan-
dard wethod used by the Soil Conservation Service In the eastern
United States, Blaney-Criddle is less w.dely used and often yields esti-
mates that are too low.

The radiation method is recommended when temperature and radiation or
percent cloudiness data are available. Several versiocns of the method
exist, and because they were mainly derived under cool ceastal condi-
tions, the resulting evapotranspiration generally tends to be
underestimated.

The modified Peaman method is probably the most accurate and best choice
when temperature, humidity, wind, and radistion data are available.
Along with the radiation method, the method offers the best results for
periods as short as 10 days.

Evaporation pans offer the advantage of responding to the same climatic
variables as vegetation. Depending on the location and surrounding
environment of “he pan, pan data may be superior to data obtained by
other metbo!s, nevertheless, particular care in planiing is warranted
because of the influeucs of the surrounding environment and the pan con-
dition on measured evapuraticn. Pan evaporation data are best applied
for periods of 10 days or more.

Other prediction methods may be used. Some are based on correlations
with certain climatic conditions and cannot be easily adapted to other
conditions. For example, the Thornthwaite method, in which temperature
and latitude are correlated with evapotranspiration, was developed for
humid conditions in the east-central United States, and its application
to arid and semiarid conditions will result in substantial underpredic~
tion of ev.notranspiration. Because of its relative simplicity, it has
often been applied in areas for which it is not suited. It is important
to select the prediction method that can make use of the available data
and that can be corrected for local climatic conditions.

References
Environmental Protection Agency, "Field Investigation Procedures," Ap-

pendix F, Process Design Manual of the Land Treatment of Muaicipal
Wastewater, pp F-1 to F-3, 1977.

J. S. Robins, "Evapotranspiration," Chapter 20, Methods of Soil Analy-
sis: Fart 1 - Physical and Miner:logical Propertizs, Including Statis-

tics of Measnrement and Sampling, American Sociely of Agronomy,

pp 286-295, 1965.
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Extended Site Boundary

The extended site boundary is established around the area, including the
LLW site, in which the site-specific data are ccllected. Exceptions to
this guidance can be made in those cases where climatological and stream
gaging records from existing stations at intermediate distances are
accepted as representative of the LLW site and used as site-specific
data. These usable stations remain outside the extended site boundary.

The two most importunt systems involved in determining the boundary are
those of thc surface water and the ground water. The methods of lo-
cating boundaries for both systems are discussed under Ground Water
System and Boundaries and Surface Water System and Boundaries in this
Appendix. A reasonable limitation of the surface water system generally
is the draipage bzsin or basins within which the runoff from the imme-
diate site converges to one channel. Figure A.1 schematically shows
that slopes facing the site, but carrying none of the runoff from the
site, need to be included. Where the ground water system is not so
clearly limited by topography or other physical boundaries, it may be
appropriate to fix arbitrary limits based on expected importance of

the aquifer.

EXTENDED
SITE

SURFACE WATER
| SYSTEM

IMMEDIATE SITE

LOWEST MAJOR AQUIFER (CONF IWED)

GROUND WATER
SYITEM

Figure A.1. Concept of extended site boundary




Flow Direction

Calculation methods

Flow direction is usually calculated or diagrammed indirectiy from a
knowledge of the hydraulic potential field and the orientation of the
axis of permeability. One procedure is given by Fetter (1981) in which
the effect of zone anisotropy is taken into consideration. This anisot-
ropy is manifested in the vertical plane for the most part since the
property contrast that accounts for anisotropy is developed in that

plane (see Anisotropy).

It is probably most comacn, when concerned with the flow direction
within one horizon, to use the three-point method of calculation. Three
observation wells are established in the horizon and the water levels in
the wells are measured. The flow direction is perpendicular to the
lines of equal piezometric head constructed from the measured heads.

Tracer observations

Flow direction is sometimes established on an areal basis by measuring
tracers injected into boreholes. The state-of-the-art technique usually
amounts to timing the arrival of a tracer in an array of holes down
gradient from but at the same horizom as aa injected well point (Karadi
1975).

Another technique that cazn be considered for application where suffi-
cient experience has been established involves injection and cbservation
from a single well as explained under Seepage Velocity. The methad,
however, depends on establishment of the preferred directions of migra~
tion of a radioactive tracer solution using a special collimated detec-
tor in the hole.

References

C. W. Fetter, Jr., "Determination of the Direction of Ground Water
Flow," Ground Water Monitoring Review, Vol. 1, No. 3, pp 28-31, 1981.

G. M. Karadi, "Survey cf Measuring Instruzents and Techniques for Ground
Water Prospecting," Water Resources Instrumentatior: Vol 7 - Data Ac-
quisition_and Analysis, International Water Resources Association,

pp 397-410, 1975.
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Frost Heaving

The recommended procedure for evaluating the frost heave susceptibility
of a soil is by use of existing correlation with grain-size character-
istics. Figure A.2 presents the widely used chart developed from ex-
perience and data of the U. S. Army Cold Regions Research and Engineer-
ing Laborato y. The heaving susceptibility is quantified in terms of
expected vertical displacement (by formation of ice lenses) but the
correlations have their most realistic value in semiquantitative pre-
dictions and in forewarning of potential for problems so that adjust-
ments in design can be made.
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Gaseous Constituents

Anaerobic decemposition of the wastes in a LLW site often produces gases
such as methane, hydrogen sulfide, carbon dioxide, and ammonia, thus
permitting a mechanism of escape for 3 and !4C compounds to the at-
mosphere. Air samples (mostly from boreholes) taken at the site may be
used to evaluate release of gaseous compounds and would normally be
analyzed by direct injection into a gas chromatograph using instrument
manufacturers' specifications. A standard method of analysis is de-
scribed in the following:

511, "Sludge Digester Gas," Standard Methods for the Examination
of Water and Wastewater, American Public Health Asscciation, l5th
Ed., !980, pp 523-530.

In cases where a gas migration problem is indicated to be possibie,
field determinations should also be considered, using gas-specific de~
tector probes. Detectors are commercially available for methane aud
hydrogen sulfide as we!l as other gases. Sacrifices in accuracy may be
offset by greater ease of testing with resultant more complete site
coverage. Application to LLW site characterization, though desirable,
remains to be developed into state-of-the-art procedures.

A standard method for measuring tritium in air that requires long sam-
pling times for low concentrations is as follows:

ASTH D3442-75, "Standard Test Method for Tritium Conient of Air,"
Annual Bock of ASTM Standards: Part 26 - Gaseous Fuels; Coal
and Coke; Atmospheric, 3 pp.

There is also some loss in efficiency when °H is in the form of methane.
Much of the current experience in measuring radioactivity in gases from
LLW hac come fiom efforts summarized by Matuszek (1982).
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Geomorphology

Although this section is primarily concerned with geomorplwiogical docu-
mentation, it also encompasses closely related geological parameters.
Similarly, see further discussions of parameters related to geomorphol-

ogy under Stratigraphy.

Landforms

The geo.ogi:al characterization should include the identification of the
‘-apnic province and lower order physiograpiic subdivisions in
wi.? the LLW site is located. Specific landfoims including, but not
limited to, floodplains, stream terraces, dunes, swamps, karst, and
glacial features should be identified from ficld cbservations as well as
frow aerial photography and topographic maps and should be plotted or
otherwise shown on appropriate topographic coverage of the site.

Fluvial conditions

The characterization of fluvial conditions should include the plotting
of all temporary and permanent streams as well as their catchment bound-
aries on appropriate topographic or other maps. Catchments whose bound-
aries extend beyond the site should be included on the map. The order
of each stream should be determined, i.e. first-, second~-, third-order,
etc., and the st.ream pitterns, e.g., trellis, dendritic, or rectangular,
should also be ideatified. Longitudinal profiles of main :tream or
principal siteam should be plotted as well as typical stream cross sec-
tions. Knickpoints or other indicators of potential fluvial instability
should be identified on the profiles and sections and examined in the
field. Field studies should include the identification of fleoodplains
and terraces inferred from maps and imagery; particular attention should
be given to evidence of historical flooding aud channel instability as
indicated by ~teep, unstable banks, sediments and debris choked chan-
nels, and incised or knicked channels. Historical aerial photecgraphic
coverage siould be consulted in order to veriiy overall channel stabil-
ity over the years.

Geolugical hazards

The identification and evaluation of actual and potential geological
hazards, at the site or which may affect the site, should be conducted
by a syathesis of all available geological iuformation to include geo-
logical literature and field investigations. GCenerally, reports and
maps prepared by federal and state geological surveys will provide suf-
ficient information for site selection and initial phases of site char-
acterization. Hays (198i) has presented maps of the contiguous United
States which show arecas where earthquakes, volcanism, karstic terrain,
expa s<ve soils, landslides, and flooding occur.
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Grain-Size Distribution

R R

Direct measurement

Grain-size distribution is determined by 4 combination of sieve analysis
and hydrometer analysis for materials retained on 2nd passing the U, S.
Standard No. 200 sieve, respectively. The sieve anzlysis cousists of
passing a sample through a set of sieves and weighing the amount re-
taioed on each sieve. The analysis is performed oa material retained on
@ No. 200 sieve but is applicable to soils containing small amoun‘s of
material passing the No. 200 sieve, provided the grain-size distribution
of that portion is not of interest.

The hydrometer analysis is conducted on the material passing the No. 200
rieve to determine the percentage of dispersed soil particles remainiog

in suspeusion at a given time, with finer material remaining in suspen~

sion longer. Standard procecdures are pre-ented in:

"Grain-Size Analysis," Appendix V, Latoratory Soils Testing, Engi-
neer Manual 1110-2-1906, U. S. Army Corps of Lngineers, 1970,
pp V-1 to V-28.

ASTM D422-63 (Reapproved 1972), “Standard Method for Particle-Size
Analysis of Soils," Annual Book of ASTM Standards: Part 19 -
Natural Building Stcnes; Soil and Rock, i pp.

The first procedure btas in-tructicns for working with shale such as
found at some LLW sites.

Certain useful parameters caa be calculated from grain-size distribu-
ticn data as explained uader Lithology and Soils and Hydraulic
Conductivities.

Parameter calculations

Generalities on the size of grains can be determined from direct mea-

v surement. The coefficient of uniformity and coefficient of curvature
are parameters determincd from grain-size distribution curves and used
in the Unified Scil Classification System (see Soil Classification).
These parameters provide a means of characterizing grain-size distribu-

? tion curves, giving informaticn on engineering properties, and comparing

4 different materials.

Other parameters ~~re familiar to geologists are median, mean, standard
deviation (for sortisg), #*swness, and kurtcsis of sodiment grains,
vhich sometimes provide a vetter means of comparing and describing grain
! size (Folk 1980) The percentages coarser than a given size are plotted
!

|

1 as cumulative curves on prcbability paper. GCrain sizes may be given in
P units, the negative logarithm to base 2 of the particle diameter in

| 1
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millimeters. The graphic measures are calculated using the formulas:

Hedian = P
o A2 50 @ ") ')
Graphic Mean = 102 go * 8

Inclusive Graphic o " 9 »
Standard Deviation = "84 -~ "16 . 95 - "5
4 6.6

lnci;:iie Graphic ’86 N ’16 " 2.50 ’95 » .5 _ 2!50
fasvpess T2 U, - Byg) T2 (Bge - Py)
84 16 95 5

e ¢
" 93 -3
Graphic Kurtosis = -
2.44 (i,s lzs)

e AR g

The skewness describes the symmetry of the size-frequency curve and the
kurtosis describes the peakedness of the curve.

+a
‘f
»

The mode is the most frequently occurring particle size. Some materials
may be bimodal or even t-imodal. GUrdinarily the mode or modes cannot be
readily determined from cumulative curves and pust, therefore, be iden-
tified from histograms or noncumulative, size-frequency plots.
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Ground Water Chemistry

Table A.2 gives a sumsary of special sampling and handling requirements
for most of the parameters included under organic, inorganic, and qual-
ity categories. Guidance on containers, sample size, preservation, and
storage time is provided.

Inorganic constituents

Metals in solution are readily determined by atomic absorption spectros-
copy, using direct aspiration, the furnace technique, the gaseous hy-
dride method, or the cold vapor technique. Specific instructions for
instrument operation are furnished by the manufacturers. A genecal dis-
cussion of atomic absorption methods for wetals is given in Methods for
Chemical Analyses of Water and Wastes (cited below).

Fluoride, nitrogen, and sulfate are determined by colorimetric tech-
niques; chloride, iodide, and sulfide are determined by titration
methods; and dissolved oxygen is determined in the field using a mem=
brane electrode. Carbon dioxide is determined by calculation based on
sample pH and alkalinity,

Specific standard procedures are presented in two references as follows:

Standard Methods for the Examination of Water and Wastewater,
15th Ed., American Public Health Association, 1580.

arsenic, selenium 302E, "Determination of Arsenic 2nd Selenium
by conversion te their Hybrides and Aspiration
of the Gas into an Argon-Hydrogen or Nitrogen-
Hydrogen Flame," pp 160-163.

cesium, strontium 303A, "Determination of Antiwony, Bismuth,
Cadmium, Calcium, Cesium, Chromium, Cobalt,
Copper, Gold, Iridium, Iron, Lead, Lithium,
Magnesium, Manganese, Nickel, Platinum,
Potassium, Rhodium, Ruthenium, Silver, Sodium,
Strontium, Thallium, Tin, and Zinc by Direct
Aspiration into an Air-Acetylene Flame,"

pp 152-155.
carbon dioxide 406C, "Carbon Dioxide and Forms of Alkalinity
(dissolved) by Calculation," pp 268-269.
chloride 407C, "Chloride/Potentiometric Method,"

pp 273-275.
hydrogen sulfide 427D, "Sulfide/lodometric Method," pp 448-449.

427E, "Calculation of Un-ionized Hydrogen
Sulfide," p 450.
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Table A.2

Summary of Special Water Sampling and Handling Requirements

(from American Public Health Acsociation)

Monmom
[ Semple lavimen
Deiermination Contaner Sure Prevervation Stotage
) Recommended Rewler ;¢
mi
Acwdity PGB o0 Refrigeration 2 he 14 days
Al atiny PG wo Retogerate 24 hei 14 days
aud kG (Rt Refrrgerate LR
Boron r 100 Tone required 2 days 2 duys
Bromde PG - Nore ieguired I8 dayn 28 duys
Carbon, organ '~ totsl G 100 Analyre drately . or relnige T dayr 2R days
o Vadd M50, 10pM < 2
Carbon divnde ro 10 Antyre immedisiely wslan
Cop PG 100 Analyre as youn us poswible . or 7 dayy 28 days
wdd H S0, 10pH <2
Chlonne. resdual PG %00 Analy re immediately 0 She b
Chionde dionide P.G 500 Analyze immediately OSh 20
CHiorophyll PG 00 30 days m durk frecze 30 dayv ~
Color PG 00 Relrigerute AR he 48 W
Convuctivy PG oo Refrigerate I days 2R v
Cyan.
Tota PG 00 AdI NaOH 1o pH > 12, refuigerate 24 he i dayy
mndark
Amenaole tochlonnation  P.G o0 Add 100 mg Na,S,0,L -lom
Fluorde P 00 None required N dayv 2R days
Grease and o G.wide mowth, 1000 Add H,50, 10 pH < 1. refrigerate 28 days 26 days
calibraied
Hardness ro 199 Add HNO topil < 2 6 monthy & months
tudine PG wn Analyre immediately 0Yheie
Mcialy, gencral PA)LGAY - T or disolved metals Aiter € morthys months
immediately . add HNO, 1o pH < 2
Chromum VI AL GIAL o0 Refrigerste s hre
Copper by colonmetry®
Mercury AL G 0 Add HNO, topH < 2.4C 28 Jays* 28 days
Nitrogen
Ammona PG 0 Analyze as soon a3 possible or add T duy T8 Cavs
H,50, w0 pH < 2. refngerate
Nitrate raG o AGI H SO 1w pM < 2, refngerate LU Y

See tent for addions detads For determnations ot lnted u-e ghos of plani contamens preferably refrigeraie during v age ond «i. yle os soun o pon e
Refegeiate = storage st 4 C o the dark P« plastic tpuly ethylene o equivelentt G = ghane GrAYor MAL = imed with |« T NG, B0 = sl boroviticatr

GiSr - glass. naved with orgamic

sofvents
*Envrunmental Protection Agenacy . Proganed Kules. Fodorsd Regiger 44 No 244 Dec 101979
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Table A.2 (Continued)

“s':::'. Maumum
Determination Contamer Size Preservation Storage
'_ Recommended Regulatory !
Nilrate  nurite LA 200 Analyze a3 3000 as possible or none 2% days
refogerste. o freeze st - 20C
Natratg PG 0o Analyze as wion 88 possible or none 48 he
refliigerate, wr frecze mt - 20C
Orgamic, Kjeldahl PG 0 Refrigeraie add H,50,10pH 2 7 dayv 2% days
O G wo Analy e 83 s00n &3 possibie. oM
relvigerate
Organic compounds
Pestiondey GiSLTFE hned - Refiigerate, add 100 mg Na,S,0/L T duys 7 days
cap il resedual chlonne presemt
Phenoly PG o Refrigerate. add H,50, 10pM < 2 23 days
Purgeables by Purge G. TFE-iined A Refrgerate. add 100 mg Na,5,0/L 7 dayv 14 days
and Trap cap of 1 1dual chlonine presemt
Oxygen drusolved G. BUD dottle o
lectrode Analy ze immediately 0 5hit e
Wonkler Titration may be delayod after Bhr e
acid ficanon
Ozone G 1.000 Analyze immedivtely O Shei-
M rG - Analyze immediately N2 e
Phosphate GiA) 100 For dwsoived phosphate filter A% hed e
immediately. refrigerate. freeze
¥ -0C
Reodue PG - Refiigerate T dayv7- M days
Salinay G, wax seal 240 Analyze immediately or use 6 monthy —
wat seal
Silica 14 - Refrigerate, do not frecze 28 dayv28 days
Studge digester gas G.gas botle - - -
Sultore PG - Refrgerate I8 dayy 20 days
Suthde P.G 100 Refrigerate. add 4 drops 2N ning 28 dayvT Y days
8 ctate 100 ml,
Tavie G ¢ Analyze as s00n 35 possible . refnger.te -
Temperature PG - Analyze immediately -t
Turbudiry v.G - Analyre sar day. store in dark 4 he 4l e

uptoléhr
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Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-
020, U. S. Environmental Protection Agency, Cincionati, 1979.

barium 208.2, "Barium (Atomic Absorption, furnace
- technique)," 2 pp.

chromium 218.1, "Chromium {Atomic Absorption, direct
aspiration)," 2 pp.

218.2, "Chromium (Atomic Absorption, furnace
technique)," 2 pp.

copper 220.1, "Copper (A:omic Absorption, direct
aspiration)," 2 pp.

220.2, "Copper (Atomic Absorpticn, furnace
technique)," 2 pp.

cyanide 335.3, "Cyanide, Total ,.olorimetric, Auto-
mated UV)," 4 pp.

fluoride 340.3, "Fluoride (Colorimetric, Automated
Complex-one)," 4 pp.

iodide 345.1, "lodide (Titrime’ric)," & pp.

iron 236.1, "Iron (Atomic Absorption, direct aspi-

ration)," 2 pp.

236.2, "Iron (Atomic Absorption, furnace tech-
pique)," 2 pp.

lead 235.1, "Lead (Atomic Absorption, direct aspi-
ration)," 2 pp.
239.2, "Lead (Atomic Absorption, furnace tech-
nique)," 2 pp.

mercury 245.1, "Mercury (Manual Cold Vapor Tech-
' nique)," 6 pp.

nitrogen 353.1, "Nitrogen, Nitcrate-Nitrite (Colorimet-
(nitrate) ric, Automated, Hydrazine Reduction)," 5 pp.
oxygen 360.1, "Oxygen, Dissolved (Membrane Elec-
(dissolved) trode)," 2 pp.

silver 272.1, "Silver (Atemic Absorption, direct

aspiration),” 2 pp.

272.2, "Silver (Atcmic Absorption, furnace
technique)," 2 pp.

sulfate 375.4, "Sulfate (Turbidimetric),”" 3 pp.

zinc 289.1, "Zinc (Atomic Absorption, direct aspi-
ration)," 2 pp.

289.2, "Zinc (Atcmic Absorption, furnace tech-
nique)," 2 pp.
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Organic constituents

laong the many organic ceustituents that have beea detected in ground
water, several cf the pesticides have received special attention. Cer-
taiu chlorinated hydrocarbons and chliorophenoxys are identified for de-
termination in ground water at those soli. waste disposal sites (other
than LLW sites) regulated by 40 CFR 257. Standard tests are as follows:

Annua! Book of ASTM Standards: Part 3] - Water, American Society
for Testing and Materials.

endrin, lindane, ASTM D3086-79, "Standard Test Method for Or-
methoxycklor, and ganochlorine Pesticides in Water," 24 pp.
COXIEhG '

2,40, 2,4,5-TP ASTM D3478-79, "Standard Test Method for
Chlorinated Phenoxy Acid Herbicides iu Water,"
8 pp.

The importance of gas chromatography (GC) such as used in these stendard
methods extends well beyond detec.ing these few specific coastituents.
GC will reveal the presence of other organic contaminants as well and
may be useful once the site is operating to determine possible migration
of pcilutants from the trenches. Of special concern in this regard is
the fact that complex organic molecules can sometimes facilitate migra-
tion of radionuclides in the form of chelates.

Quality parameters

Host of the parameters contained in this section are characteristics
used to determine corrosivity or the aesthetic qualities set forth in
the Safe Drinking Water Standards. They are generally considered phy-
sical properties, and procedures for determipation are simple and
straightforward. Standard procedures are presented in three refer-
ences as follows:

Standard Methods for the Examinaticn of Water and Wastewater,
15th Ed., American Public Health Association, 1980.

color 204, A-E, "Coler," pp 60-70.
specific 205, "Conductivity," pp 70-73.
conductance™

temperature® 212, "Temperature,” pp 124-125.

* Field measurements of specific conductance, temperature, and
oxidation-rcduntion potential are effective in characterizing the
water in place as a part of the soi1l or rock medium. See separate
discussions of field methods under Electrical Resistivity, Material
Temperature, and Oxidation-Reduction Fotentiai.
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Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-
020, U. S. Environmental Protection Agency, Cincimnati, 1979.

alkalinity 310.1, "Alkalirity (Titrimetric, pH 4.5),"
3 pp.

dissolved solids 160.1, "Residue, Filterable (Gravimetric,
Dried at 180°C)," 2 pp.

hardness 130.1, "Hardness, Total (mg/l as CaC03)
(Colorimetric, Automated EDTA)," 4 ppt

pH 150.1, "pH (Electrometric)," 3 pp.

odor 140.1, "Odor (Threshold Odor, Consistent
Series)," 7 pp.

suspended solids 160.2, "Residue, Non-filterable (Gravimetric,
Dried at 103-105°C)," 3 pp.

turbidity 180.1, "Turbidity (Nephelometric)," 4 pp.

Annual Book of ASTM Standards: Part 31 - Water, American Society
for Testing and Materials.

oxidation~reduc~ ASTM D1498-59, "Standard Practice for
tion potential* Oxidation-Reduction Potential in Water,"

7 pp-

An alternative reference emphasizing field analysis of the relatively
unstable paiameters--specific conductance, temperature, pH, carbonate
and bicarbonate, oxidation-reduction potential, and dissolved oxygen is
available also as:

"Guidelines for Collecticn and Field Analysis of Ground-Water
Samples for Selected Unstable Coastituents," Chapter D1, Book 1,
Techniques of Water-Resources Investigations, U. S. Department of
the Interior, Geological Survey, 1976.

Radiological paramcters

The same basic principles apply to sampling for radioactivity as for
sampling for other parameter tests. However, because most of the radio-
activity found in water samples will be in submicrogram quantities,

care must be taken to assure that the radioactivity does not adhere to
the surface of containers. The procedures for analysis have been well

* Field measurements of specific conductance, temperature, and
oxidaticn-reduction potential are effective in characterizing the
water in place as a part of the soil or rock medium. See separate
discussions of field methods under Electrical Resistivity, Material

Temperature, :nd Oxidatiorn=-deduction Potential.
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defined based on past experience with radicactive fallout from weapons
testing and rrom surveillsce at nuclear facilities.

The gross alpha and gross beta analyses are generally considered to be
screening techniques and actually have very little value in assessing
exposure rates. For example, if the sample contains large amounts of
dissolved solids, the gross alpha determination is useless because the
majority of the activity is masked by self-absorption. Jpecific alpha
determinations require extensive chemical separaticn and detection by
either alpha scintillation or alpha spectroscopy using surface barrier
detectors. Similarly, '*C and ®H will not be major contributors to the
gross beta measurewent because of their very low energies, and concen-
trations must be obtained by some other method such as liquid scintilla-
tion counting. The gamma spectral analysis is one of the most useful
analytical methods available for both quslitative and quantitative as~-
sessment of gamma-emitting radionuclides. Recent advances in GelLi de-
tectors provide excellent resclution for the gamma energy spectrum with
much improved sensitivity.

Specific standard methods from four source references are as follows:

Annual Book of ASTM Standards: Part 31 - Water, American Society
for Testing and Materials.

gross alpha ASTM L1943-81, "Standard Test Method for Alpha
Particle Radioactivity of Watc«," 5 pp.

gross beta ASTM D18%90-81, "Standard Test Method for Beta
Particle Radioactivi.y in Water,” 7 pp.

gross gamma ASTM D3649-78, "Standard Practice for Gamma-

(spectral) Ray Spectrometry,” 12 pp.

238p,, 239%p, AST™ D3865-80, "5tandard Test Method for

Plutonium in Water," & pp.

Prescribed Procedures for Measurement of Radicactivity in Drinking

Water, EPA-600/4-80-032, U. S. cavironmental Frotection Agency,
Cincinnati, 1980.

iddcy. 1970, 901.0, "Radicactive Cesium in Drinkinz Water,"
pp 15-20.
60¢o 901.1, "Gaesma Emitting Radionuclides i. rink-

ing Water," pp 21-25.

ARby 902.0, "Radicactive Iodine in Drinking Water,"
pp 26-30.
2%s¢ 905.0, "Radicactive Strontium in Drinking

Water,” pp 58-74.

fﬁ 906.0, "Tritiua in Drinking Water," pp 75-82.




Procedures for Radiochemical Analysis of Nuclear Reactor Aqueous
Solutions, EPA-R4-73-014, U. S. Environmental Protection Agency,
Cincinnati, 1973.

e "Carbon-14," pp 38-42.

Standard Methods for the Examination of Water and Wastewater,
15th Ed., American Public Health As=ociaticn, 1980.

2i6Ra 706, "Radium 226 by Radon in Water (Soluble,
Suspended; and Total),™ pp 590-600.

707, "Radium 228 (Soluble) (Tentative),"
pp 600-603.

228p,

A fifrh source of standard test methods including alternative procedures
for '%C and °H is available as:

"Methods for Determination of Radioactive Suhstances in Water and
Fluvial Sediments," Chapter A5, Book 5, Techniques of Water-
Resources Investigations, U. S. Department of the Interior, Geo-

logical Survey, 1977.




Ground Water System and Boundaries

The geological delineation of the pertinent ground water system or sys-
tems and their boundaries will consist of the collectisn and synthesis
of ground water information derived from literature sources as well as
from information obtained duriug site exploration. fenerally, this
characterization includes the identification of significant confined and
unconfined aquifers, aquicludes, aquitards, piezometric heads, and di-
rections of ground water flow. These data shtould be related to stratig-
raphy and lithological data and presented on maps and cross sections at
the same scale or on the same maps and cross sections as thne geologic
data. At many sites, principal aquifers can be identified from lite: .-
ture sources; however, perched aquifers and confined aquifers may only
be identified from site exploraticon and testing. Piezometric heads or
potentiometric levels should be plotted on cross sections and contoured
on site maps as indicated above. Tabulations should also be prepared
which relate each aquifer or confining bed and its hydraulic character-
istics to the site geology. The tabulation should also iaclude all
available data on ground water utilization.
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Hydraulic Conductivities

The hydraulic conductivity (coefficient of permeability) can be measured
by routine laboratory tests or evaluated from field tests. Field tests
are often preferred because of their more realistic scale.

Laboratory tests

The standard constant head test procedure is recommended for determin-
ing permeability of granular soils. A falling head test is more con-
venient for fine-grained soil, as 1{s that test utilizing a consolido-
meter. Guidance on selecting a test method 1s given in Table A.3.

Table A.3

€oil Permeabilities and Test Methods

Coefficient of
Permeability Method of Determisstion
Seil Type cm/s Field Ladaratory
Clesa gravel; coarse 10 Hultiple-hole Coastaat-he d e
sand, medium sand, 10° pusp test pe . .-
an) fine sand; 10! Falling
sand and gravel mixtures; 102 head
very fine sand 1073 permea-
Silty sand; 10-4 Multiple/Single o deter
orgasic siit; 10°% hole pump test .
salt; glacaal till; 1078 Single-hoie =
silty clay pump test
"lrpervious” soils, 10°7 . Cousolidosetsr
e.3. homogeneous 10°% ==
clay below pone 1079 =)
of weatheriag

Appropriate standards for hydraulic conductivity are as follows:

AST™M D2434-68 (Reapproved 1974), "Standard Test Methed for
Permeability of Granular Soils {(Constant Head)'" Annual Rook of
AS™ Standards: Part 19 - Natural Building Stones; Soil and
Rock, 7 pp.

"Falling-llead Permeability Test with Perme.meter Cylinder,”
Appendix VII, Section 4, Laboratory Soils Testing, Engineer
Manual 1110-2-1906, U. S. Army Corps of Engineers, 1970,

pp VII-13 to VII-16.

Designation E=15, "One-Dimensional Consolidation of Soils,”
Earth Manual, 2nd Ed., U. S. Department of the Interlor,
Bureau of Reclamation, 1974, pp 509-521.
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"Permeability Tests with Consolidometer," Appendix VII,
Section 8, Laboratory Soils Testing, Engineer Manuai
1110-2-1906, U. S. Army Corps of Engineers, 1970,

pp VII-22 to VII-24.

Labora*tory tests can be run on oriented specimeis to vermit calculation
of vertical and horizontal conductivities. The fabric of the soil mav
indicate that measuremeot on p'anes other than vertical and horizontal
are necetsary. A comparison ¢f the permeability (e.g., Kh/lv) can be

used to quintify the anisotropy. Almost all scils are anisotropic with
respect tu permeability.

Field tests

The field tests for hydrauli: conductivity are much more expensive than
laboratory tests, but the same fi2ld setups can sometimes be used for

valuating other parar t.rs also. Tests cau be either single-hole tests
or multiple-hule tests.

Single-hole tests. In the single-hole test the rusponse of the water
pressure or water level is measureG as a functiov of time as wuzter is
pumped into or out of the hole. A single-hole test may be run on any
material regardless of the permeability value, an¢ therefore is pre-
ferred over a multiple-hcle test for strata that are not coansidered to
be aquifers.

The single-hole test measures the permeability within a section of hole.
In a cased hole, the tect section is either screened or open. In an
uncased hole, the test section is bounded by a packer above and may be
bounded by a packer beiow or left open. A profile of permeability may
be produced by conducting several tests at different levels within the
hole. Each level is tested by relocating packers in the uncase. hole
or by testing through the bottom of an uncased hole as the hole is ad-
vanced. Padial flow is uvsually assumed in interpreting the single-ho'e
test results. Im rock or stiff clay, flow may take place preferenti .lly
along joints or fractures so that the assumptior of radial flow is
inappropriate.

A single~hole test may be performed in less than an hour and is less
expensive than multiple-hole tests. A multiple-hole test requires

i2 hours to several days t¢ complete (excluding drilling time). The
per=~-T.ility coefficient that is determined {rom a single-hole test ap-
plies cnly to the material witrin a few €eet of the test section. It

is best to conduct several single-hole tests on a stratum where possible
to determine the variability of nsermeability. The siagle-hole test pro-
cedures ace given as follows, with “he latter one particularly appro-
priate for rock strata:

A~i0




Designation E-18, "Field Permeability Tests in Boreholes,” Earth
Manual, 2ad Ed., U. S. Department of the Iasterior, Burszau of
Reclamation, 1974, pp 573-578.

RTH 381-80, "Suggested Method for Tn Situ Determination of Rock
Mass Permeability Using Water Pressure Tests," Rock Testing
Handbook, U. S. Army Corps of Engineers, 1980.

Gibb et al. (1981, .cview water withdrawal pump tests on low-yielding
monitoring wells at several noanuclear waste disposal sites. Attention
is focused on the relatively large volume o the water stored within
the well and on the consequences to drawdown and collection of samples
representative of the aquifer itself.

Multiple-hole tests. A multiple-hole test uses a control well and sev-
eral observation wells to test an aquifer (the test is also known as
an aquifer test or pump test). Water is pumped out of the control well
and the response of the aquifer as drawdown and recovery is moaitored
in the observation wells

In designing a test, decisions must be made concerning the location of
the wells, selection of the pump, and selection of the observational
eycipment (i.e., piezometers, flowmeters, barometers, etc.). Informa-
tion must be collected about the geological and hydrological settings of
the aquifer to identify the conditions governing flow. Some wells only
partially penetrate the aquifer. Examples of mecessary information are
aquifer thickness and the appreximate “alues of transmissivily and stor-
age coefficien . Based on this information, resp se curves must be
selected that are appropriate t.r the aquifer beundary conditions. Even
s0, some uncertainty about the aquifer boundary conditions (i.e., leaky
aquifer, semiconfined) will remain. Aquifer testing is routime but
time-consuming, expensive, and fraught with potential errors. The tech-
nigque is usually among the most important and useful means of LLW site
characterization. Guidance on conducting an aquifer test is presented
in:

“Analysis of Discharging Well and Other Test Data," Chapter V,
Ground Woter Manual, U. S. Department of the 'nterior, Bureau of

Reclamation, 197/ (revised reprint 1981), pp 85-173.

“Aguifer-Test Design, Observe’ fon, and Data Analysis,” Chapter Bl,
Book 3, Techniques of Water-kesources Investigations, U. S.
Department of the Interior, Geological Sumwey, .971.

Many other references, e.g. textbooks, provide similar treatzcats of the
subject matter and most will suffice for guidanwm as long as site con-
ditions are adequaiely representad.
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Approximate correlation

A correlation between a grain-size parameter and hydraulic conductivity
is often used in place of testing when working with granular soils. The
empirical Hazen formula utilizes the Dlo size (10 percent finer by
weight) as follows:

K=c¢ (Dlo)

With K in units of centimeters per second and D1 in units of centi-
neters, the coefficient ¢ is about 100.

Reference

J. P. Gibb, R. M. Schuller, and R. A. Griffin, "Procedures for the Col-
lection of Representative Water Quality Data from Moaitoring Wells,"
Cooperative Groundwater Report 7, Illinois Geological S.:vey, 1981.
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Hydraulic Potentials and Pressures

The measurement of the hydraulic potential fleld requires the determi-
nation of pore water pressure at numerous points within the site media.
Measurement techniques are determined by degree of saturation at the
peinc of measuremeat.

SRR —————————

P'msaturated conditions

Pore water pressures above the water table are negative. The hydraulic !
potential above the water table canm be called the suction potential. ;
Measurement techniques to determine suction pressures are specified

under Suction Pressures in this volume. Recommended procedures for }
design of wmeasurement systems and interpretation of measurements are

given in:

"Hydraulic Hezd," Chapter 11, Methods of Soil Analysis: Part 1-
Physical and Minzeralogical Properiies, Including Statistics of
Measurement and Sampling, Americar Society of Agronomy, 1965,
pp 120-196.

This source of guidance is recoammended bLecause of its simultaneous con- i
sideration of both saturated and unsaturated domains.

Satvrated conditions i

The preferred method of obtaining hydraulic potentials is frequently by
direct measurement ~f water levels in observation wells. These wells
can function also as sampling peints from which 2 volume of ground water
can be withdiawn. The discussion of the installation and use of obser-
vation wells is given elsewhere (Water Zone Boundaries).

5
jE
. a," g
3
3

Pore water pre: . below the water table must sometimes be measured
using piezomete: irticularly in fine-grained soils. Several types of
piezometers are :..:lable--diaphragm, closed system, and open system. A
Casagrande open piezometer (3/8 in. I.D.) can be considered for use at
LLW sites. This type of instrument is simple and reliable. Time lag in
measurement of pcre pressure changes may be on the order of several days
in soils with K of 1077 cm/s. This lag is acceptable for analyzing
water flow. Such a lag may be too long if the purpose of the system is
to analyze stability by determining effective stress. Guidance and
procedures for installation, testing, maintenance, and taking measure-
ments are given in:

Instrumentation of Earth and Rock- Fill Dams (Groundwater and
Pore Pressure Observations), Engineer Manual 1110-2- -19508,
} U. S. Army Corps of Engineers, Part 1, 1971.
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This source of guidance is recommended for its balance betwveen permeable
and low-permeability situations in distinction from the many references
emphasizing aquifers only.
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Immediate Site Boundary

It is anticipated that in most cases, the boundary of the immediate site
will be largely predetermined by the following facters considered during
or before selection of the site:

a. Availability of land.

b. Topugraphic configuratica.

c. Projected disposal volume requirements.

d. Legal or statutory constraints, including width of buffer zone, dis-

tance to nearest residence or water well, and depth to the water
table.

The evaluation of this parameter during the characterization of the site
amounts to a review of the predetermined boundary and determining cri-
teria in the context of the more refined site setting and details. It
is also to be expected that some adjusting or refiniung may be indicated
as necessary. The preliminary status of the boundary in the subsurface
is particularly flexible, and this boundary need not even be horizontal,
or even a plane at all. However, the basal boundary should be well-
defined and preferably on technical grounds so that performance criteria
related to the boundary will have direct significance. The two most
likely technical grounds for defining the subsurface part of the bound-
ary are (a) coincidence with a particular geological contact having sig-
rificance in the hydrogeological setting, and (b) a surface paralleling
the ground surface.
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Infiltration Capacity

Field measurement .

Infiltration rate can be measured in the field in accordance with the
following standard metbod:

ASTM D3385-75, "Standard Test Method for Infiltration Rate of
Soils i1n Field Using Double-Ring Infiltrometers," Annual Book
of ASTM Standards: Part 19 - Natural Bui'ding Stcnes; Soil
and Rock, 6 pp.

When test cesults are plotted as infiltration rate against elapsed time
from the beginning of the test, a curve commonly called the infiltration
capacity is obtained. The ultimate infiltration rate after a more or
less constant rate is achieved is of special importance as reflective of
long-term capacity for infiltration.

The infiltration rate may also be estinated on the basis of previous
experience with similar soils in the vicic ty of the site. Ideally this
estimation may amount to application of previous test results obtained
for agricultural or other purposes, but the condition of the soil, the
soil moisture, and the vegetation all must be integrated into the
comparison.

Indirect measurement or estimation

Infiltration rates appropriate for longer periods can be obtained by use
of site-specific stream gaging data or from the curve number method of
estimating runoff (see Runoff). The runoff amount is subtracted from
the site-specific precipitation amount for the apprcpriate time period
to obtain the corresponding infiltiation amount. The period under con-
sideration is always of great importance since infiltration from storms
is invariably less than that from equivalent cumulative rainfall spread
over a long interval.
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Ion Exchange Capacity

Cation exchange capacity

The cation exchange capacity (CEC) is a measure of the reversibly bound
cations in the mineral and organic material th.t may petentially be released
to a leaching solution when replaced by other cations; and therefore the
testing procedure concists of saturating the material with a solution of a
highly soluble salt in whicn the high concentration uf cation will replace the
bound cations. The sample can then be washed and saturated with 2 second salt
solution. The second leachate is then analyzed to total CEC. Ammonium acetate
is usually chosen as the first saturating solution since it is highly buffered
and the leaching solution emerges with the same pH as the solution added. The
ammonia is ap easily measured parameter. Results may be biased low if samples
are high in clay minerals or calcareous materials due to the incomplete re-
placement of adsorbed hydrogen and aluminum icas by asmmonium acetate. CEC
may be measured according to procedures specified in these references:

"Cation Exchange Capacity," Procedures for Handling :nd Chemical
Analysis cf Sediment and Water Samples, EPA/CE-8i-1, U. S. Army
Co: >s of Engineers, Waterways Experiment Statioa, 1981, pp 3-20
to 3-27.

"Cation Exchange Capacity," Chapter 57, Methods of Soil Analysis:
Part 2 - Choemical and Microbiological Properties, American Society
of Agronomy, 1965, pp 891-901.

Anion exch inge capacity

Anion exchange capacity is analogous to CEC and is a measure of positive
charges. Many of the transition elerents and most of the actinides are
adsorbed on snils as anions. Phosphoric acid is used as the exchange
medium. Anion exchange may be measured according to procedures in the
following reference:

"Anion Exchange Capacity (Mzhlich)," Section 7:3:4, Textbook
of Soil Chemical Analyses, Chemical Publishing Co., New York,
1971, pp 105.
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Lithology and ‘oils

The evaluation of lithology and soils often has its greatest importance
in correlating material zones from place to place within the site and
with strata found well beyond the immediate site boundaries, i.e., out-
side the area of intense subsurface investigaticn. The viewpoint is
heavily geological; otherwise, the tests and other methods of describing
and documenting are already covered under Soil Classification, Rock
Classification, Grain-Size Distribution, and Mineralogy aad Clay Miner-
alogy. 7Tue experienced geologist is capable of adequately generalizing
and extending over a large area the characteristics of rock and soil
otherwise obtained by detailed examination of only samples recovered
from the subsurface. Accordingly the methods of evaluation should be
based on geological criteris emphasizing texture, fabric, grain size,
and gross mineralogy; e.g., Figure A.3 shows one established method of
describing grain shape 2nd roundness. It is recommended, however, that
this geological characterization of lithology aud soils over the large
area be made in terms of the methods suggested under the other appendix
headings to the extent needed to assure technical continuity, e.g..
grain-size descriptions should follow the methods given under Grain-
Size Distribution.

One of the important aspects of lithology of strata is concerned with
the gross mineralogy of each. Although some sites may be dominated by
clastic sedimentary strata largely composed ~f quartz, it is also quite
common to find two or more mineralogicallv distinct types of strata at
other sites. The more common major constituents to be checked in a
stratum include: quartz, calcite, dolomite, clay minerals, glass, aad
organic matter. Corresponding stratum types may be siltstone, marl,
dolomite, c.ay or shale, volcanic ash or tuff, and carbonaceous shale.
An experivnced geologist is well qualified to reccgnize visually and
describe these specific material types in the course of the field
investigation.

wr OO OO0
SPHERICITY
MODERATE
SPHERICITY
IO O
LOW < > < D C)
SPHERICITY O Q
ANCULAR su8- SUR- FOUNDED WELL
ANGULAR ROUNDED ROUNUED

Figure A.3. Visual estimation of roundness and sphericity
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Material Color

Positive color identifications obtained by comparison with a standard
color chart are recommended for systematic descriptions appropriate at
LLW sites. Charts especially prepared for describing the colors of soil
and rock are available from the Munsell Color Company, 2441 North Cal-
vert Street, Baltimore, MD 21218. The ASTM standard method of specify-
ing color by the Munsell system is:

ASTM D1535-80, "Standard Method of Specifying Color by the
Munsell System,” Annual Book of ASTM Standards: Part 27 -
Paint, Tests for Formulated Products and Applied Coatings,

23 pp.

More specifically and in an abbreviated but sufficient treatm:nt, the
use of color in visually classifying or describing rock (also appro-
priate for soil since the range of colors is similar) is reviewed in the
following guidance:

“"Rock-Color Chart," Geological Society of America, 1963
(reprinted).

Finally, color plays an important part in the visual description of soil
samples according to ASTM D2488 (see Visual Descriptioa).
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Material Densities

The measurement techniques presented below are in terms of bulk density

AL Measurements are made either in the laboratory or in the field.

Laboratory measurement

Laboratory techniques for density determinations of soil/rock specimens
follow either volumetric methods or displacement methods. Volumetric
methods are particularly suitable for rock core and for seoils which can
be cut and trimmed to known cylindrical or parallelepiped dimensions.
Mass and linear dimensions should be measured with an acc ~acy which
will result in a volumetric error of less than 1 percent. Corps of
Engineers standards for a volumetric method using a ring specimen cutter
and a displacement method involving immersion of a wax-coated specimen
are as follows:

"Volumetric Method," Appendix II, Section 3, Laboratory Soil-
Testing, Engineer Manual 1110-2-1906, U. S. Army Corps of
Engineers, 1970, pp 11-2 to 1I1-8, II-11 to II-12.

"Displacement Method," Appendix II, Section 4, Laboratery Soils
Testing, Engineer Manual 1110-2-1906, U. S. Army Corps of
Engineers, 1970, pp I11-8 to II-11, II-13.

Field measurement

Surface methods. Four surface techniques are commonly used for quanti-
tative field determinations of density--sand--one, rubber balloon,
drive-cylinder, and nuclear methods. Al. four of these techniques have
applicable standard test methods which are as follows:

ASTM D1556-64 (Keapproved 1974), "Standard Test Method for Density
of Soil in Pl2z e by the Sand-Cone Method," Annual Beok of ASTM
Standards: Part 19 - Natural Building Stones; Soil and Rock,

4 pp.

ASTM D2167-66 (Reapproved 1977), “Standard Test Metdod for Demsity
of Seil ia Place by the Rubber-Balloon Method,” Anmmal Book of
ASTH Standards: Part 19 - Natural Building Stones; Soil a.d Rock,

4 pp.

ASTM D2537-71 (Reapproved 1976), "Standard Test Method for Density
of Soil in Place by the Drive-Cylinder Method," Anmual Book of
ASTM Standards: Part 19 - Natural Building Stones; Soil and Rock,

5 pp-
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ASTH D2922-81, "Standard Test Methods for Density of Soii and
Soil-Aggregate in Place by Nuclear Methods (Shallow Depth),’
Annual Book of ASTM Standards: Part 19 - Natural Building
Stones; Soil and Rock, 10 pp.

Regarding the first three methods it can be said that acceptable results
can be obtained by any if applied prepezly, but generally the pre€sr<nce
based cn expected accuracy is acccrding to the order listed. The rubber
balloon method is usually simpler and faster than the other two methods.
The drive cylinder method cannot be used effectively in soils with
gravel or shell fragments or in soils susceptible to falling from the
tube. The fourth, the nuclear method, is a rapid, nondestructive method
suitable for characterizing density variations over a site. Experience
indicates less variation and more accuracy than the sand-cone method.
Drawbacks to the nuclear method are (2) possible safety hazard in using
radioisotopes, {(b) variation in volume sampled depending on material
type, and (c) accuracy depends on careful and corsistent calibration and
standardization procedures.

Subsurface methods. Bulk densit: of soil and rock can be determined
from ganma-gamma borehole logs. Descriptions of gamma-gwma or forma-
tion density loggirg equipment, field procec.res, and interpretation can
be found in reports by Department of the Army (1979), Keys and MacCary
{1971), Schlumberger Limited (1972), Internationa. Atomic Energy Agency
(1971), Crosby et al. (1981), and other sources referenced by these
publications. Basically, a radicactive source in a borehole sonde emits
ga-ma rays which undergo various energy-degrading interactionms with
electrons in the eurrounding soil or rock. A gamma ray detector im the
sonde detects back-scattered radiation; the logarithm of the count rate
is about inversely proportional to th- electrun dessity, which {or most
matorials is directly proportional to formation y . Thus, after cali-
hration, gamma-gamma log response can be related to the bulk deasity of
the formation.

Gamma-gamma logs can be obtained in dry or fluid-filled boreholes which
can be cased or uncased. Calibration is essential for quantitative in-
terpretation of gamma-gamma logs; the most practical procedure for LLW
site studies is to calibrate by direct correlation of logs in selected
boreholes with laboritory-determined y_  values of samples from the
boreholes. This procedure allows count rate versus Y, curves to be
developed for each lithology encountered; Yy can then be determined
from gamma-gamma logs in other boreholes. Qﬂantitative analysis of
gamma~-gamma logs should not be attemptced where a caliper log indicates
washout zones, since the response is dependent on borehole diameter.
(Decentralized and multiple-detector sondes minimize borehule effects
and are preferable to centered sonde systems.) Also, quantitative anal
ysis should only be attempted in boreholes of the same diameter and con-
dition (i.e., cased or uncased) as the ones used for the correlation
calibration. Beyond these precautions the following equation, deter-
mined fcr each lithology, can be used to calculate % values:
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log CR=e - f Y

where CR ‘s the gamma-gamma coun® rate and e and f are sapirical
constants determined from the correlation calibration procedure for rach
lithology. Alternatively, gamma-gamma sondes can be calibrated in stan-
dard test pits; however, because o* . 2 decay and pessibie chan e i
detector sensitivity, field star .arcization wi -+ .coks of vacicus deu-
sity, scch as alwminwg, is feyuired to waintain ac-uracy (Department, of
the Army 1979). Gamma-gamma logging cau provide a cuntinuous log of
bulk density in a borehole superior in coverage to thc selected point
determinations from sampling prearams. Qualitatively, gamma-gamma logs
can be used in conjunction < t'. other borehole logs for lithologic char-
acterization and lateral struiigiaphic correlation.
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Gamma spectral logging. Gamma spectral lcgging is a procedure by which
not only gasmma emission rates but also gamma energy spoctra are ob-
t*ined. This technique allows locaticn <f zones of radionuclide mi~ra-
tion as well as identification of specific radioisotopes involved Al-
though single-channel analyzers with variable energy window adjustments
van %z used to sezrch selectively for specific radionuclides, a prefer-
able procedure is to use a multichannel spectral analyzer (Keys and
MacCary, 1971; Eggerz, 1976). Only “°K and members of the *“%U and
232Th decay series occur waturall® in gaganificant quantities in scil and
rock; Figure A.4 from Keys and MacCary {1971) iz a2 stylized rcpres.n-
tation of the spectra of these gamma sources. Depending or the concen-
trations of each source, the measured background spectrum will coasist
of the superposition of the individual spectra.

]

.
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¥Yigure A.4. Stylized gamma spectra of naturally occurring
gamma sources (from Geological Survey)

Spectra of migrating radionuclides will be superposed on the background
spectrum. Gamma spectral logging at LLW sites (Fggers 1976) has iden-
tified %o , 33%Cs , and 197Cs locally. Generally, because of the
time required to obtain a gamma spectrum at a given depth, only a few
selected horizons will be examined. Selection of horizonc is faciii-
tated by inspection of the gamma emission rate log. GCamma spectra might
be obtaineu, for examnle, above, in, and below zones showing suspect
chauges in gamma emission rate. Using spectral stripping methods, 1t is
poss ‘“le %o determine concentrations of the naturiily occurring radio-
nucii.es as well as the migrating radionucl.des. [ gers (1976) reports
a radionuclide conceuatration detection limic cf €.1 pCi/g. The radius

of investigation of gamma logging tools is 0.5 a or less, depen .ng on
A‘tn
o
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Material Radioactivity

There are both laboratory and field procedires for %esting levels of
radioactivity and identifying radionuclides in the scil and rock mate~
rials at a LLW site. Botb approaches are important and have their
places in cnaracterization.

Field methods

Natural gauma emission rates are normaliy measured in borehole geophys~-
ical logging programs there the objectives are lithologic identification
end stratigraphic correlaticn between boreholes according to radionu=-
clides occurriaog natur:lly. Recording the gamma energy spectra 1in a
borehel - at various d pths can iocentify the specific rzdionucliide
sources, both natural and contaminants; gamma spectral borehale lizqing
is not a common part of site characterization at precent but deservee.
attention.

Gamma emission logging. Procedures, equipment, and interpretatior tech-
ninues for natural gaswa logging can be found in Keys and MacCarv
(1971), Depa-tmeant of the Army (1972), and other scurces whirh are rec-
erenced in these publications. A borehole sonde containing 3 scintil-
lation detector system (coumonly using a thallivm-activated sodium
iodide crystal) is used to record gaama emission rate as a tunciion of
depth. Since a natural gaw- log can be run rcpeatedly in a given bore-
hole, it can ve used as a r+ 1toring technique to detect radiouvclide
migration. The monitocing function is based on the following congider-
ation® radionuclide migratior will be dete<ted as increased radiation
rates, in a given dept: range, cver the normal backgrouad levels. VYor
gamma logging to surv> as a monitoring technique, boreholes showld be
cased and capped at the bottom to prevent grounu water iptrusic.. iato
the bocsehile. Also, the same logging system sasvld be used, if jca-
sible, each time, and should be carefully calibrated using & smalil,
rtandar? gamma soui.2 just prior to logging a hole.

Monitnr bu.ehcles should be iastalled and then logged several times
mior to any possible radionuclide migration from disposal trenches;
tlese logs fc » a background catalog for comparison withk subscouent
gamma logs to detect contamirant migcation. Ideally, the catalog should
include gamm2 leps acquired before trench construction, during trencn
filling, «nd immediately after trench closure. As a micioua, the cota-
log shculd include several logs acquired very shortly after trencn clo-
sure. Each tize a monitor boiehole is loggzed, the record should he con-
tinuved to the maximum elevation possible above the borehols (1.5 m typi-
cally, depending on tripod hesght). These measurements are another
source of monitoriag data and czn be viewed as a supplement to health
physics air-monitoring activities (envirormental monitering 2bove the
ground surface is beyond the scope of this report).
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soil or wvock density and garma ray eaergyv; thus th: monitor bnrehole
would have to be closer than C. 5 m to the pacth of migrating radionu-
clides for detection by gamma lcgging.

Beta emission and spectral logging

Efforts aimed at developing a sys em for sweasurirg beta emission in the
field have been under way for some time, varticularly at Pacific North-
west Laboratory. 7The system includes a probe for logging in uncased
borehoies. Spectra are recorded in the boreholes and then analyzed in
the office for individual radionuclides by stripping wethods using a
computer program. The system has been applied tv sursface surveys also.
The anticipated importance of this promising instrumentation and field
techniques is contingent upon the continued success of developmental
efforts.

Laboratory methods

The sampling and testing of soil and rock is an important methed for
determining the amounts of radicnuclides that have accumulated, partic-
ularly in the near-surface zone. The radionucliides may include natur-
ally occurring potassium, thorium, and uranium in addition to recent
contributions from the air, for example. It is necessary that the
abundances of gamma emittsrs such as '37Cs | 134Cg | €00y | Sy, |
103Ry , and '9€Ry ; b 1y ewitters such as 9%Sr ; aud alpha emitters
such as 24'aAm , 238y  and %3%pu  be accurately measured since all
are cons :rvatively suspected of being present in LLW. Adequate docu-
mentation m»y sometimes take i(he form of gross alpha, gross beta, and
gross gamma of samples of the scil. Preconsiruction baseline concentra-
tions or levels of racdicactivity are usually considered essential. As a
sequel to the characterizatiou soze sites may need to be sampled and
tested periodically 4. riug operation aud -fter closure as a part of the
menitoring program.

fampling. Metheds for taking soil samples near the surface are de-
scribed in tl. following procedure:

8-05 "Soil Sampling,” EML Procedures Maaual, HASL-300, U. S.
Department of Energy, Environmental Measurements Laboxatory,
1921, 11 pp.

S uples below the near-surface zcne should be recovered usiang the soil

and T~ck sampling techniques summarized in Part 1I.

Barkground radiation data for vegetation at the LLW may also be dacu-
pented. Procedures similar to those for campling soil may be employed.
The vegetation is not included as a part of the site in this report,
but in a broad sense it can be regarded as part of the near-surface
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zone and also perhaps usefully reflective of the radicactivity in soil
immediatcly below.

Ganma emitters. Gamma emitters may be analyzed iu the laboratory to an
activity level of approximately 1 nCi for most ruclides by direct gaima
spectral analysis of the soil using either a Nal (Tl, or Ge(Li) detector
mated to a multichanpel pulse height analyzer. The Ge(Li) detector has
a definite advantage for complex spectra tecauce of the high resclution
attuinable for energy peak separation. Any gamma-emitting nuclide of
significant concentration will be readily detected by this procedure.
The following practice .s recommended.

ASTM D3649-78, "Standard Practice for Gamma-Ray Spectroscopy,"
Annual Book of ASTM Standards: Part 31 - Water, 12 pp.

This practice applies %o solid as well as aqueous samples thougk a cor-
rection for density may be necessary in the efficiency factor.

Beta and alpha emitters. Specific beta emitters and alpha emitters can
be measured in the laboratory with radiochemical separation. The fol-
lowing standard procedures are recommended:

EM). Procedures Manual, HASL-300, U. S. Departwent of Energy,
Environmental Measurements Laboratery, 1981.

strontium E-Sr-01 "Radiochenmical Determination of Streatium-90,"
29 pp.

americium E-Am-02 "Radiochemical Determination of Americium
{So0il),"” 6 pp.

plutonium E-Pu-06 "Radiocheaical Determination of Plutonium
in Kilogram Soil Samples,” 6 pp.

Dosimeter measurements. Almost all nuclear facilities utilize a system
of thermoluminescent dosimeters (TLD's) to measure the gamma background
radiation around a facility and to qua.titate any increase in exposure
due to facility operation. This TLD system for environmental monitoring
is ovtside the scope of site characterization and monitrring diicussed
in this report but can still be regarded as an existing source of useful
supplemental information. Results may be expressed either as an inte=-
srated dose (mR) »r dose rate {mR/hr). Guidance on the technique is
found in:

C-04 "Thermoluminescent Dosimetry,” EML Procedures Marual,
HASL-300, U. S. Department of Energy, Enviroumental Measure-
ments Laboratory, 1581, 11 pp.

Apain this sampling and analysis falls in the realm of environmental
monitoring and is iargely beyond the scope of the present report.

B T



"
.
x
3
-
v[\
2
¥
’; -

e ey ——— e ———

- - . ISP e—

References

Departuent of the Army, "Geophysical Exploration," Engineer Manual
1110-%-1802, U. S. Army Corps of Engineers, 1979.

D. E. Eggers, "The Applications of Borchole Seophysics to the Selec~
tion and Monitoriug of Nuclear Waste Disposal Sites,” 17th U. S. Sym-
posium on Rock Mechanics, Site Characterization, 1976.

W. S. Keys and L. M. MacCrry, "Apolication of borehole Geophysics to
Water-Resources Iavestigations," Chapter El, Book 2, Techniques of
Water-Resources Investigations, U. 5. Department of the Interior, Geo-
logicai Survey, 1971.

——



Material Temperature

" aterial temperaiure measurements can be useful ror defining site media
-a the hydrological system and also for monitoring for changes that
might signal changes in witec chemistry. For either purpose the inter-
relationship to seasonal eifects of the surface environment must be
carefully documente) to avoid unmanageable complications. Accordingly
the development of at least one year of temperature time history is
recommended as a part of complete temperature testing, particularly when
included as a part of a monitoring prograa.

Useful temperature measurements may be made directly on ground water
discharging fiom a well with a mercury thermometer or by testing re-
covered water samples (see Ground Water Chemistry). Downhole tempera-
tures, however, are preferred for details aud to pimpoint stratification
in ground water. Special logging sensors caa produce accurate measure-
ments, but the passage of the probe itself can disturb the temperature
profile. Temperature logging is mostly limited to the saturated zone.
Well temperatures are representative to the extent that continuity and
thermal stability are maintained between the well and surrounding forma-
tion. Drilling mud temp-rarily disrupts the stability, for example.

Temperature measurements in boreholes are usually obtained with thermis-
tor sensors which exhibit changes in electrical resistance as a function
of temperature. A device is arranged as one leg of a wheatstone bridge
circuit and measurements are commonly accurate to 0.1°C. Comeercial
thermistor probes are alsv available for measuriog temperature to a
depth as great as 3 m.

A full summary of temperature logging in boreholes is provided by Keys
and MacCary (1971). BErown et al. (1977) review the concepts and obser-
vational strategy involved.
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Haterial Variability

Establishing variability of material within 2 zone or ¢f oue type is
fairly straightforward but still caa benefit from careful planning
before and during the field investigatioan. Oace planning is completed,
the data collection and snalysis should be carried out with precision 1n
the tradition of statistical studies. Precautions worth :bserving are
to keep the statistical analysis or summarization simple anq to limit
the inferences generated from it.

The standard deviztions Si os selected ndexing parameters are suitced
to quantify heterogeneity. Close-inlerval sampling of a zone at least a
few meters in thickness should provide a suffic.ent numier of values,
approaching a number that is statisticaily significant (perhaps 10
values). For sowe sites, 1t may be appropriate to calculate the renges
of values rather than the S, , provided the values are rmore or less
sysaetrically distributed about the mean. To quantify the heterogencaty
or uniformity of each zone in this maoner it would be necessary to es=
tablish some guidance on acceptable limits of the statistic S1 or
range.

The statistical sample (cellectior of values) will nesd to be checked
graphically er by calculation to reveal any trend across the zon.. The
presence of a trend may necessitais subdivision of the zone into lwo
zones and regrouping of the sampie values. Even with a trend of values
across the zone, a scmewhat similar and corparable standara deviation
can still be cbtained from » zegressicn avalysis.
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Material Zone Boundaries

Ths acc.rate delineation of material zones is perhaps the most important
accomplishment of a successful program of site characterization. The
prescrintion of rigid, detailed procedures for collecting and synthe~
sizing information to establish soil and rock zones withir natural set-
tings is not warranted since considerable variation in preferred methods
exists among competent engineering organizations. [IL is necessary, how-
ever, to conform to certain miniaum general procedures, as indicated
below.

Subsurface sections

The establishment of most zone boundaries is the culmination of analysis
of the subsurface conditions as represented along vertical sections
through the site. A typical detailed section for another purpose,
related to spillway constructicn, i% shown ia Figure A.5. The Bureau of
Reclamation Earth Manual summarizes minimum requirements in preparation
of thkeir subsurface sections and delineation of material zones as
follows.

The use of sections to show the subsurface conditions be-
lieved to exist is both highly beneficial and potentially
dangerous, since interpretation of conditions is necessarily
iovolved. Where sections are used in contract documents,
-« information shown is limited to factual data such as the
ground surface line and logs of drill holes located in their
actual peosition with respect to the ground surface line.
Although the choice of sections is made to simplify inter-
pretation, actual locations of features such as bedrock,
<sater table, etc,, are not shown by continucus lines but
eonly where they are encountered in each hole. The excep-
iions to tlese restrictions are the cross sections of ex~-
ploratery trenches, tunnels, and shafts where conditions can
be mapped by actual cbservation.

Cn the other hand, sections showing the subsurface condi-
tions believed to exist are highly desirable in geological
reports, materials reports, and design data for dams, ca-
nals, and other project features. The location of the ser~
tions should be chosen so as to present in the best possible
way the conditions described, Cross-valley sections are
generally much more informative than a series of sections
yarallel to the valley. Also sections should cross physical
features as nearly as practicable at right angles. A clear
differentiation should always be maintained between factual
and interpretive data. The commonly used system which
ranges between dotted and solid lines, in which dots repre-
sent purely hypothetical interpretation, a solid line repre-
sents tact, and dashed lines define the degree of reliability
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of intermediate dats according to length of dash, is recom-
mended. Lines of different weight should not be used for
this purpose but shiould be reserved for use as a method of
emphasis. The cross section should always show the name of
the person who made the interpretation and the date the in-
terpretation was made,

In application to LLIW site characterization, the tone of the foregoing
guidance should be modified only moderately to accommodate the emphasis
placed on quantitative measuremen’s and descriptions of density, soil-
water chemistry, color, etc., besides the more traditicnal bas's in
classification, grain size, and blow count or drilling rate.

Figures A.5 and A.6 illustrate the great variation in site complexity
and the frequert dilemma encountered in attempting to represent actual
conditions. The profile in Figure A.6, with a boring spacing of 30 ft
(10 m), clearly reveals withio the upper 50 ft a sequence of zones of
sand separated by rones of fat clay at elev 290, 270, and 260 ft. On
the other hand the section in Figure A.5 is complex, and considerable
interpretation 1s exercised in establishing zones other than the gra-
velly bed near elev 270 ft and a clay bed near 220 ft. Additional bor-
ings at intermediste positions would be helpful im reducing the
uncertainty.

Soil boring logs

Even beyond the interpretation, 2 subsurface section is only as complete
as the field and laboratory data obtained from the individual borings.
Therefore, guidance on collection of data and samples is important to
site characterization. The {ollowing scil horing records for subsurface
investigations are larg=2ly from Corps of Engineers LM 1110-2-1507, but
are also appropriate for soil or rock at LLW sites. A geologist or geo-
techoical engineer should be responsible for logging and collection of
samples.

All pertinent borehole and sample datz sust be recorded on a 10g. Fig-
ures A.7 and A.8 reprcsent a typical logz of an undisturbed sazple bor-
ing. Clear and accurate data are required for determination of the soil
profile. Locarion of the ramples and any cbservations that may contrib-
ute to an estiwate of the conditions of the sazples or the physical
properties of the in situ soil should be reccrded. The boring log
shoulid contain the following data:

a. Proper identification data such as name of project; job number or
contract numt :; boring number; boring location referenced to sur-
vey control lines, ccordinates, or some pe:manent cbject; and
ground surface elevation referenced to an established datum.
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Identification of the drill rig and names of the rig operator and
inspector are required should questions later arise concerning the
field operations.

Record size of the borehole and the method of advance, with a desig-
nation of the tools used (including type and size of sampler), cas-
ing set, and/or drilling fluid used. Composition of drilling mud
and its upnit weight should be determined periodically, and any
changes in consistency should be noted. Any drilling-fluid loss
should also be noted, with depths and approximate amounts of loss
given for each occurrence. Artesian flow and odors should also be
recorded.

A detailed record of the depths of all major changes in character of
the soil (such as classification, color, water content, consistency,
etc.), and detailed descriptions of each major stratus wust be made.
Descriptions of the soil should be based on examination of samples
taken from each stratum and should include visual classification
according to the Unified Soil Classification System. If the sample
is not extruded, a description of the soil at the top and bottom of
the tube should be given. Changes that occur in zones not sampled
can usually be determined by the ac.ien of the arill rig and bat,
and changes in the drilling-fluid return. When a change is de-
tected, the penetration of the bit should be stopped, the depth
determined to the nearest 0.1 ft (3 cm), and sample taken immedi-
ately. This ensures that a sample of each stratum is obtained
before additional changes are encountered.

When the depth to the ground water table can be ascertained, it
should be recorded alon~ with time of recording and depth of hole
and casing when racorsd..J.

Samples should be numbered consecutively with depth, and the sample
numbers and dates oa which the sarples were taken should be re-
corded. A representative, disturbed specimen (scraps) of each un-
disturbed samplie should be sealed in a container before the undis-
turbed sample is preserved. This specimen should be identified by
the -ame i wbor as that of the undisturbed sample with a letter
suffix adoed to distinguish it “rom the undisturbed sample. The
to,. and bottom of each drive should be determined te the nearest
0.1 t. (3 cm) and recorded.

The length of drive, length of sample obtained, and gzp between the
bottom of the sampler piston and the tep of the sample should be
recorded to the nearest 0.01 ft (3 cm). These data may latcr be
used to compute che sample recovery catics. The length of drive
should be determined by measuring the distance the drill ~od was
moved with respect to a reference mark on the piston-rod extension.
The length f sample recovered, and the gap between the bottor of
the sampler piston and the top of ' he sample, way be measured vhen
the sampler head, with the piston locked in position, is removed
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from the sampler tube. When hydraulic pressure is usxd to advance
the sawpler, the pressure should be recorded for each 0.5 ft (15 cm)
of penetration. This gives a qualitative estimation of the pene~
trationr resistance of the soil, which may be of value in estimating
the in situ soil condition. The rate of penetration of the sampler
should also be recorded, along with the type of sample container
used. Any unusual change in drill action, obstructions encountered,
and/or other observations should also be noted on the iog of boring.

Rock boring logs

For investigating rock materials, the general requirements above should
be supplemented with particular attention to geological aspects. The
Bureau of Reclamation summarizes the accepted geological viewpoint ap-
proximately as follows. An example of a rock core log is shown in Fig-
ure A.9. As with soils investigations, a geologist should have respon-
sibility for logging and sampling of rock.

Description of rock cores. The basic objective of describing rock cores
is tu provide a concise record of the importanc geological and physical
characteristics of the core materials.

Description of the rock core should include its typical rock name fol-
loved by data on its lithologic and structural features, physical con-
dition including alteration, and sny special geclogic, mimeralogic, or
phvsical features pertinent to interpretation of the subsurface condi-
tions. Attention should be giver to: (a) the attitude asd severity of
joints, seams, or fractures and whether open or filled, as well as to
evidence of shearing, crushing, mineralization, or faulting; (b) plaues
of bedding, lamination or layeringz, and the ease of splitting aleng such
places; (c) color, grain size and shape, and (in sedimentary rocks like
sandstone) the mineralogy of the grains and cementing material as well
as the extent to which the cementing material occupies the intergrain
spaces; and (d) the degree of alteration or weathering and hardness of
the rock. In the latter case supplementary phrases such as "breaks
with sharp hammer blow," "crumbles easily in the fingers,” or "hard as
cormon brick™ are helpful. Estimates of the average length of core
pieces in successive sections of the hole aid in calling attention to
changes in formations or rock conditions in the hole not ethervise rec-
ognizable but ncnetheless useful in evaluating subsurface conditions in
tiv» ensineering sense, Percent core recovery is often a particularly
useful index Consideration should be given to photograpiing all core
(in core boxes) shortly after recovery as a supplement to the rock bur-
ANR LOgS.

The purpose of the coring and logging of rock is to sccure evidence of
the in-place condition of the rock; therefore, it is impemtive that
extreme care be taken to prevent, or mimimize, the damage to the rock
core that might be the result =f using wmproper drill tools or the im=
proper conduct of the core driiling process. This type of damage, ofien

A-67




- ——— - ————— ———

17T oo _GEOL0GK (0 OF Dy MLE N

e - Sepaple Sl i et ware
imams ®es SR sy T T 0 anas . — T
) = . »
- + — D W M s oo
PETITCTRMT N IR N B e 1 e e . e
. 8 * !
-ty - . M
o P = J1T]E e LamusE
v 2 = )
Lavmm soh Viwae b - — -
T - - i By H Y
- i .-
s tes 8 .uau.i y B AR R L BT et cERRES
- -t e pwreaiot e nn‘ e
Tt ! » i et it I
A%t AT | I Men Bl Ae et weer VT aiem e e

SLINY sl watcin manienat steve v of
sante 4078 & Tow Tamber ihar 4 lew
TRAEERE R el LTARE TRt A8 AN e
rm . .

TR G0 & Paawt greded W fm and
(e diwm gratewd aant WL lime trmee o
Lt S N T ]

Inptraatite taed
s SEriE, e

IS BT Nty e ot reeiy AT
alinranning + ¥
Bhent iainy Tien
- gt et send
(WAAN & Arerw fe 0L Fieee. cema i o
(Mraltared trme od Dimm gremi. sitw
brown, (0w,

JN. 50 T SR CAEL, et TORELS
AR BELNEAE e r beedit e gres
pral o iae b e deses 47 stae, Senilee
Rt o . BaTh tabernd oty begs

we
BV oM0e. DO MR, Sighiy Teenterw
5 T o Fiae grotond grontin . sorsmvrsd
o " Iragenets and clevny % ) caes
-y - gty ligw grer.

R L R s el
. Procend. Slightin oltnnnd wa ighiy
. It siints AT of Jetes eeries
B R T T T .
“'.‘ .‘,‘.&»—.4 ra i SRt e P e

B —

) -
Postiogs of flmmicis slay Sieng niete,
ATe et ien (8 bosBans lrem renudiig

HAae homums & wm fu Wees e

Bromhiing we comm sbges by tend presiere

: Vehen wete aee et eear iy
- i - wlial 1o % sewe her ve weey
PRt I8 e Teani s e af e et wmer g

- - Baseat L8 1T 0 spnet sieng tae teme
! PRet 0% (rwm wsile siainmd wed cani s
! | e TR T T e
Poss lesgine snd shane 29L fregeeses .
Prowmish gros bo brwws

e - .- =

Figure A.9. Example log of soil and rock boring
(from Bureau of Reclamation)

called mechanical damage, may have a marked effect on tLe *mount and
condition of the core »* .covered, particular'y in soft, friable, or
severely fractured rock. Mechanical damage to rock core can be mini-
mized by the proper selection of drill tuols such zs the drili bit and
core barrel, and by employing a driiler who 1s eaperienced 1n reck
coring.
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Adequate logs or descriptions of rock core can be prepared solely
through visial examination of the core piece by piece, with the occa-
sioaal aid of simple field tosts. Detailed micrescopic ov la oratory
testiug to define rock type or mineralogy i» gererally necessary only in
special cases.

Laberatory data

The addition of other parameter aita to records of boriags such as in
Figures A.5 to A.9 will facilitzte the irportant decisions of where to
place zone boundaries. Figure A.10 shows how field peretralion resis-
tance and water content data have been plotted in the office by the
Burerau of Reclamation for a much more useful bering profile. The aver-
age interval for these data i:, however, substantially greater than is
suggested in the Task 1 repor: for preperly investigating LLW sites.
Figure A.11 similarly shows a profile prepared in the office and made
more informative by incorporation of water contents, strengths, and
other parameter data determined in the laboratory. Despite the large
sampling interva! (exceeding 20 cm on the average), the basis for plac-
ing a zone boundary, for example, at the 25.3 ft-depth, has been made
mucl, sounder. Specific guidance on the parameters to use in zoning has
been presented in the Task 1 report. The tests for evaluating the pa-
rameters are given elsewhere in this Appendix.

Summary

In summary, the sequence of steps for choosing zone boundaries are:

a. Zollect and recerd detailed information during boring and sampling.
b. Supplement boring data with results of field and laboratory testing.
¢. Present the results of field and laboratory investigations in a con~

drnsed form as soil and rock profiles and sections.
d. Choose the boundaries where descriptive parameters and physical and

chemical properties indicate naterial discoatinuity in groups of
neighboring heles,
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Mineralogy and Clay Mineralogy

— e ———. o

The mineralogy of LLW site soils and rocks can be determined on the
basis of visual, ;etrographic, and x-ray ¢iffraction techniques. The
procedures for visual descriptions are identified urder Visual Descrip-
tion. Ordinarily, the mineralogy, particularly of fine-grained mate-
rials, cannot be determined on the basis of visual examination alone
and, therefore, requires identification by petrographic or x-ray dif-
fraction methods. Stendard methods of examining and describing the
common rock-forming materials including clay minerals are given in:

ASTH C294-69 (Reapproved 1975), "Standard Descriptive Nomenclature
of Constituents of Natural Mineral Aggregates,” Annual Book of
ASTM Standards: Part 14 - Concrete and Mineral Aggregates, 9 pp.

ASTM C295-79, "Standard Practice for Petrographic Examination
of Aggregates for Concrete," Annual Book of ASTM Standards:
Part 14 - Concrete and Mineral Aggregates, ll pp.

Generally, the identification and analysis of clay minerals must be con-
ducted using x-ray diffraction and in limited cases, petrographic me-
thods. Currently, there are no standardized procedures for the x-ray
identification of clay minerals. However, the differences in the pro-
cedures of various laboratories, agencies, or institutions should z:t
detract appreciably frow the results of these analyses. X-ray diffrac-
tiun procedures suitable for the identification of both clay and nonclay
winerals ars found in Waittig (1965) but there are numerous other refer~
ences that are also suitable as guidance.

Reference

L. D. Whittig, "X-ray Diffraction Techniques for Mineral Identificatica
and Mineralogical Composition," Methods of Soil Analysis: FVart 1 -
Phvsical and Mineralogical Properties, Including Statistics of Measure=

ment and Sampling, American Society of Agronomy, pp 671-697,‘75557-




Monument and Point Positions

Survey control monuments, burizl unit boundary markers, and other point
positions such as monitorirg well locations shkould be determined to
third-order class Il accuracy in accordance with guidance in:

"Specifications to Support Classification, Standards of Accuracy,
and General Specifications of Geodetic Control Surveys," U. S.

Department of Commerce, National Oceanic and Atmospheric Admin-
istration, 1975, 30 pp.

The relatively low level of accuracy in third-order, class 1l surveying
is considered adequate for LLW sites.

I‘\-73
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Oxidation-Reduction Potential

The oxidation-reduction poteutial is the electromotive force generated
when a platioum electrode calibrated ugainst a standard hydrogen elec-
trode is iseersed in a soil. A positive value indicates that the soil
is in an oxidized state and s negative value indicates a reduced state.
The oxidation state of a sample affects solubilities and adsorbing prop-
erties. Field measurements should be made if at all possible since dis~
turbance of the soil and transportation will cause drastic changes due

to the alter:tiso of aeration, temperature, and moisture. The recom-
mended procedure is:

"Oxidation Reduction Potential," Procedures for Maidling and
Chemical Analysis of Sediment and Water Sample-, EPA/CE-81-1,

U. S. Ammy Corps of Engineers, Waterways Experiment Station,
1981, pp 3-52 to 3-53.

An alternative method is available as:

"Potentiometric; Independent Salt Bridge Method," Section 17:4:2,
Textbook of Soil Chemical Analyses, Chemical Publishing Co.,
New York, 1971, pp 459-400.

A distinction between oxidizing and reducing conditions can sometimes be
made Ly the experienced geologist on the basis of material color. Oxi-
dizing conditions associated with the unszaturated zone are manifested by
tones cf red, brown, buff, and yellow. Reducing conditions in saturated
material are reflected in the tones gray, greea, and blue.
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Partition Coefficients

The distribution (or partition) coefficient for each racionuclide moving
in ground water through one site material is defined by:

e quantity adsorbed/mass of soil
d ~ quantity dissolved/volume of water

More precisely K, is the ratio of the equilibrium concentration on
the solid phase to the equilibrium couceatration when imitially in
solution.

K, is a function of mauy variadbles including pH, oxidation-reduction
pgtentinl, solute chemistry, ion concentration, chemistry of leachate,
and water content. Laboratory measurements of K, are valid only to
the extent that they duplicate field conditions.

The simplest procedure for determining K, is to use a batch technique
where a measured weight of the soil (or rock) is mixed or agitated with
a measured volume of water containing a known amount of the radionuciide
of interest. The water is then filtered off and the radiocactivity re-
maining in the water is measured to determine the amount of radionuclide
adsorbed by the soil. A procedure has been proposed as a standard batch
test by Pacific Northwest Laberatery (PNL) as follows:

"Proposed Standard Batch K, Procedure,” Appendix A, Methods
for Determining Radicuuclide Retardation Factors: Status
Report, FNL-3349, Pacific Northwest Laboratory, Richland, 1980,
pp A.1 to A.8.

The same concept can also be applied by allowing the leaching solution
to pass through the soil packed in a column. Flow rates can be con-
trolled to simulate those through the soil in the natural environments.
Column tests are sometimes preferred because of advantages of scale and
wore realistic simulation. Guidance on a suitable precedure is pre-
sented in the PNL report (Relyea et al. 1980).

Reference
J. F. Relyea, R. J. Serne, and D. Rai, "Methods for Determining Radio-

nuclide Retardation Factors: Status Report," PNL-3348, Pacific North-
west lLaboratory, Richland, 1980,



Penetration Parameter

The standard procedure using a split-spoon sampler accomplishes the re-
sistance measurement at the same time as disturbed samples are recov~

v 2d. The method is appropriate for all soils except gravelly s»ils,
either above or below the water table.

ASTM D1586-67 (Reapproved 1974), "Standard Method for Pene!ration
Test and Split-Barrel Sampling of Soils,” Annual Book of ASTM
Standards: Part 19 - Natural Building Stones; Soil and Rock,

3 pp.

A second method that may be considered for obtaiuing an index of pene-
tration resistance but no sample is the Dutch ccae test. The parameter
reflects the resistance to slow, steady advance of the core into soil.
The method is intended mostly for foundation studies but can also pro-
vide data for correlating and characterizing strata as long as gravelly
materials ar2 not encountered, The method is standardized as:

ASTM D3441-79, "Standard Method for Deep, Quasi-Static, Cone and
Friction-Cone Penetration Tests in Soil,” Annual Book of ASTM
Standards: Tart 19 - Natural Building Stones; Soil and Rock,
8 pp-
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Permeabi! -ty Function

Permeability (or hydraulic conductivity) in unsaturated scils is a vari-
able that depends on the pore space available for flow as explained in
the Task 1 report (NUREG/CR-2700). This space can be measured either
directly as volumetric water content or indirectly by measuring the suc-
tion pressure of the water. The perieability variable can be plotted as
a function of suction pressuce, water content, or degree of saturation.
Measurewent of the permeability functiin is difficult because of the
accuracy limitations in the measuremen! of high suction pressures, low
water content, and low flow.

Laboratory tests to measure unsat.~sted permeability have been developed
by Laliberte and Corey (1967), Kiute (1965), and Ingersoll (1981). In
each of these methods, the Darcy equation is used to calculate the per-
meability coefficient. The methods vary substantially in other re-
spects. Laliberte and Corey use oil in place of water and calculate
intrinsic permeability in units of area; accordingly that methed is not
recommended for characterizing LLW sites. Ingersoll and Klute use water
and calculate permeability in the more familiar dimension of velocity.
The test described by Klute (1965) is the recommended method for labora-
tory determinations o! permeability for arriving at permeability func-
tion. Field methods are usually preferred, however.

Field tests to determine the permeability function use an infiltration
model. The suction profile and the water content are measured as a
function of time. The procedure is called the instantaneous profile
method. The test was described by Hillel et al. (1972). A modification
of the test by the inclusics of an impeding layer on top is called the
crust test and is described by Bouma (1980). The detailed procedures
for field measureament of permeability above the water tzble are given in
Bouma et al. (1974). These tests may also be performed in the labora-
tory using a soil column. The instantaneous profile test is the recom-
mended method for obtaining the data for permeability function. Expo-
sure at the ground surface or in a trench is necessary.

Several empirical methods are available to comstruct t%e permeability
function from the scil water retention data. Two of the most frequently
used are the modified Millington and Quirk (1960) and Green and Corey
(1971} methods. These mcthods do not require direct measurement of out~
flow and can be used on field data from crust tests or instantaneous
prefile tests as well as from water retention curves developed in the
laboratory. The disadvantages of these methods are thet hysteresis is
ignored and the accuracy of the permeability function is no bettesr than
the accuracy of the soil mo.sture charucteristic data. The methcds are
only applicable to granular soils so that usage for LLW sites is
limited.

Hysteresis is significant in the permeability-suction pressure fuaction,
but it is not usually significant in the permeability-water content
function. Eecause the permeability-water content function is less
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sensitive to hysteresis, it is more widely used in unsaturated flow
models than the permeability-suction pressure function.
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Pore Water Age

Radicisotopes, stable isotopes, and more common solutes have ber: used
in the past to date the ground water. Water dating can involve aot only
some very sophisticated laboratory analyses by specialists in that sub-
ject area but also requ :~s the talents of imaginative staff geologists
to anticipate the conditions where such analyses will have meaning and
be useful for understanding the hydrology of the LLW site. Appreciating
these prerequisites, the evaluating organization should carefully con-
sider and compare the two options-~water typing and absolute age
dating--for applicability before undertaking an elaborate program.

Agge dating

Generally, the concepts and strategy of water dating involve the change
in radioactivity in time between an input point and the point in ques-
tion. The input point may be oa the recharging ground surface or at a
subsurface transition from an adjacent ground water subsystem. The most
useful isote e for dating in the range of tens of years is tritium with |
a half-life ¢. 12.35 yr. Tritium is produced in the atmosphere by nat-
ural processes or has been introduced from thermonuclear tests and
enters the recharge zone in a characteristic abundance with respect to !
that of common hydrogen. Water found to be low in tritium can be as-
sumed to have been long removed in time from the surface recharge area. {
An abundance of tritium is less ccnfidently assessable. Tritium has the

advantage of experiencing little or no major interference from soil and

rock and the chemical processes in transit. For gross dating, tritiated

water can be classified grossly as very young, e.g., perhaps 50 yr or

younger depending on the amount.

The radicisotope '%C is useful for extending the dating range back hun-
dreds of years since its half-life is 5730 yr. However, otLher processes
such as exchange, diiution, or removal that change the concentration can
be important and must be accurately evaluated and taken into account.
Much of the '%C moves in solution as bicarbonate ions.

Methods for analyzing tritium and '%C in water are identified under
Ground Water Chemistry. However, it is nct considered generally appro-
priate to prescribe the methods for separating or concentrating and for
testing these radioisctopes for age dating since the methods are highly
sophisticated and not confidently applicable by inexperienced labora-
tories. It is morec appropriate to choose a laboratory from the rela-
tively few that are recognized as qualified to make the analyses and
associated calculations to arrive at water ages. This contracting for
service shouvld be made early enough that the laboratory personnel can
also advise on sampling as well as (he overall objective and technical
approach.




Water typing

Ground water can be classified into one of varicus types on the basis of
its composition and properties. In turn, conclusions on age and mobil-
ity of water usually follow from such distinction. Formational water is
frequently classified according to which of the fellowing ions
predominate~-sodium, calcium, magnesium, chloride, bicarbonate, and snl-
fate. In some sedimentary rocks and marine and glacial marine soils,
the presence of sodium and chloride ions reflects the original coanate
water, beyond participation in the present-day flow system. The spe-
cific methods of analyzing water for the common dissolved constituents
are given elsevhere in this Appendix.

A distinction betwern water types with and without corsiderable sclute
can be made for a brcad but very useful generalization. Using specific
conductance, one commonly finds and may be able to map a contrast be-
tween rapidly circulating relatively unmineralized meteoric water at
shallow deptn and relatively immcbile formational water below with con-
siderable dissolved constituents.

Another approach to distioguishing types of water and interpreting their
significance relates the concentration of some identifiable component to
its characteristic concentration in some source. The relationship can
be analyzed to arrive at relative contributions from the source or con-
versely may exclude any connection because of a significant chemical
difference. The components that can be used are dissolved salts, trace
elecents, aud stable isotopes of oxvgen and hydrogen. Methods for de-
termining <ome trace elements and dissolved salts are given elsewhere

in this Appendix. Methods for analyzing for trace elements not in-
cluded here can be found in the references in Part [IIl, uuder Hydro-
logical Parameters. The stable isotopes of oxygen and hydrogen should
be analyzed and evaluated under contract by one of the relatively few
laboratories qualified for such work, as recommended for water dating.
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Porosities and Void Ratio

Porosity, void ratio, and relative density are closely related weight-
volume parameters, but standard procedures are available for measurerent
of each.

Laboratory measurement

Standard procedures for measurewent of porosity of soil or reck (also
for tie parameters void ratio and relative density) are as follows:

"Unit Weights, Void Ratio, Porosity, and Degree of Saturation,”
Appendix 1I, Laboratory Soils Testing, Engineer Manual 1110-2-
1906, U. S. Army Corps of Engineers, 1970, pp II-i to II-13.

RTH 109-80, "Metnod of Determining Effective (As Received) and
Dry Unit Weights and Total Porosity of Roc! Cores,” Rock Testing
Handbook, U. S. Army Corps of Engineers, 1980.

it is important to realize that porosity determined in the laboratory
represents only the intact material and has limited applicability to
hydraulics at those LLW sites where porosity aleng fractures is
juportant.

Field measurements

Thres geophysical techniques are available for measuring porosity in the
field--acoustic, ueutron, and gamma-gamma logging. A summary of logging
is preseated in the following references and should guide the potentizi

user in deciding which if any 15 appropriate:

"Acoustic Logging Methods," Section 2.D.2.a.2, National Handbook
of Recommended Methods for Water-Data Acquisition, U. S. Depart-
ment of the Interior, Ceolcgical Survey, 1950, pp 2-64 to 2-66.

"Nuclear Logging liethods,” Section 2.D.2.a.3, National Handbook
of Recommended Methods for Water-Data Acquisition, U. 5. Depart-

ment of the Interior, Geolog.cal Survey, 1980, pp 2-66 to 2-74.

Generally, the geophysical techniques produce porosity values represen-
tative of a rather large volume of material (1 m® typically). Fracture
porosity is not distinguished apart from intergranular porosity, so that
the techniques often give a tulk porosity with components of both in
rock media. Comparisons with porosities for unfractured specimens
determined in the laboratory may allow for close estimation of fracture
porosity alone.



Fstimation o* effective porosity

For some purposes, the porosity can be estimatad oa the basis of field
examination or information retrieved in the process of logging or de-
scribing boring samples. The important parameter efiective porosity may
most reasonably be obtained in this way since numercu: angle borings
woul 1 offer the only investigational alternative an’ even then would
carry about the same degrer of uncertainty.

Effective porosity can be distributed anisotropically »s, for example,
along bedding surfaces so that the important effect of this space along
fractures can be marifested as preferred directions of seepage and
migration of radionuclides. The experienced geologist is well versed in
techniques of collectiog the structural data and wmaking the appropriate
interpretations and apalyces, and in most cases a geologicel amalysis is
essential.




Precipitation

Precipitation is rovtinely measured by the National Weather Service and
the records of numerous stations threughout the nation are available in:

Climatological Dato, U. S. Depertment of Commerce, National
Oceanic and Atmospheric Administration, monthly reports.

This source of data is oft:a adequate for regional and even site-specific
characterization.

If a local weather station is established, the precipitation can be
measured in accordance wiih the guidance in:

“"Measurcment of Precipitation znd Evaporation," Chapter 7,
Guide to Meteorological Instruments and Observing Practices,
2nd id., World Heteorclogical Organization, 1970, pp VII.Il to
ViI1.10.

"Measurement of Precipitation," Section 10.8.2, National Hand-
book 07 Recommended HMethods for Water-Data Acquisition, U, S.
Department of the laterior, Geological Swzeey, 1980, pp 10-4
to 10 '10.
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Rebound Index

Testing for a rebound index is closely re'.ted to consolidation testing;
therefore see Consolidation Relation. It is anticipated that this
parameter will rarely be of concern. A careful review of regional and
local experience with excavating the media found at the site may be suf-
ficient documentation in most cases.

-



Recharge and Discharge Areas

The most effective procedure for determining ground water recharge and
discharge areas is by way of extensive subsurface investigations of the
ground water system. A three-dimensional array of observation wells
produces a potentiometric surface directly. The surface, in turn,
focuses attention on the areas of interest of intersections with the
ground surface. Prior to development of wost of these subsurface data,
approximations of the recharge and discharge will depend on interpreta-
tions based largely on available inventory and documentaticaus.

R (R SR

Documentation will be conducted primarily through records and technical
literature but will be augmented by some field studics. These prelimi-
nary studies should extend vell beyond the immediate site. The data to
be collected will consist of the following: locations oi all natural
ground water recharge and discharge; locations of all domestic, agricul~-
tural, municipa., and industrizl estraction and recharge wells; lagoons
and reservoirs; and all actual or potential sources of surface water or
ground water pollution such as chemical and sewage plants, landfills,
and hazardous waste burial sites. The positions and conditions giv-n
above should be tabulated, described, and plotted on maps or cross ¢ c-
tions for the purpose of integrating these data with those describing
geology and hydrology.

;
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"k Classificaticn

R

Geological system

A general classification of the common igneous, wetamorphic, and sedi-
mentary rocks is presented in:

ASTH C294-69 (Reapproved 1975), "Standard Deocriptiva Nomencla~ :
ture of Constituents of Natural Mineral Aggregates," Annual

Book of ASTM Standards: Part 19 - Natural Building Stones;

Soil and Rock, 9 pp.

No other detailed, standardized classification is available. It is rec-
oemended that rock classificaticn be conducted by a trained and experi-
enced geologist and that the classification that is applied be consis~
teat throughout the LLW site as well 45 with regional usage. A basis
for rock classification can be an appropriate peirology textbook. The
detailed geological classification of rocks will require the application
of visual methods (see Visual Descrintion) and may require x-ray dif-
fraction methods (see Lithology and So1ls), as well as petrographic ]
methods which are described ia:

AST™ C295-79, "Standard Practice for Petrographic Examination
of Aggregates for Ccncrete,” Annual Book of ASTH Standards:
Part 14 - Concrete and Mineral Aggregates, 1l pp.

Petrographic methods pertain to both grain mounts and thia sections.
The examination of individual grains will be useful in the classifica~
ti~n and mineralogical identification of soils as well as rocks, and
thin sections will provide information on minervalogy, classification,
texture, aad fabric of rocks.

Rock soundness

The soundness or durability of rocks and weakly cemested or lithified
soils or sediments may be determined in several separate ways.

Durability test. Slaking tests are available for relatively weak mate~
rials containing argillaceous componeats. One simp.e test consists of
observing the behavior of a sample upon immersion ia distilled water.
The material mav either be air- or oven-dried cor at field water content.
Those materials which disintegrate after a few minutes are c¢xpected to
weather relatively rapidly in an excavation; whereas, those materials
which exhibit only minor chsnge woul! weather less. A more formai
slake-durability test (Franklia and Chandra 1972) iavolves the rotaticn
of the sample in a mesh basket partially immersed in water. The sample
is ovea-dried and tested for 10 min at 20 rpm, then dried and tested
again. The ratio of the weight retained to that of the original sample
expressed as a percentage is defined as the slake-duraoility index.
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Seismic velocity. Seismic investizati mis usually prouce Information
that van b* translsted in!d rock sounomess. The wrll established cor+
relatioa of seismic velowity with scun’aess in the form of rippability
is discussed oxtensively i Handbook of Ripping (1966). [ue methods for
determining ¢ omic velctily are discussed elsewhere (see Seismic

Velocity).

Core logging indices. The most e‘{cctive means of classifying rock
¢ccording to soundness often arises duling logging of the cnre. Numer-
o= :yStems are available or can be developed to distinguish soft, hard,
and intermediate grades of rock. Table A.4 shoes the classes used by
the Panama Canal Compzny ‘fler many vears of experience in toring soft
rocks. This particul»Y system can be considered for direct use at LLW
site= since the soft clay-rich rocks in the Canal Zone are similar to
f.emations expected to he encouvitered at LLW sites--clay shale, silt-
stone, and argillaceous sandstor~. Many otker systems are available
{or consideration also.

References
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Table A.4

Core Logging lodices for Classifying Rack

and Overburden According t» Hardness

(from Panama Canal Company)

RH-3

RE-4

Soft

Medium Soft

Medium Hard

Medium Soft

Medium Hard

Hard

Very Hard

Cverburden

Easily squeezed through fingers. Consiste..y of
fresh putty. (Muck, some clays.)

Cannot be squeezed readily through the fingers,
but is easily indented with the finger point
at moderate pressure.

Nonpenetrable at moderate finger pressure. A
pencil point can be readily pushed into

sample.

Difficult to take drive sample. Difficult to
punch pencil point into sample.

Material of near rock character.

Rock

Slightly harder than very hard overburden, rock-
like character but crumbles or breaks easily
by hand. (Some clay-shales and uncemented
sandstones and conglomerates.)

Cannot be crumbled between fingers, but can be
easily picked with light blows of the geology
hamaser. (Some shales and slightly cemepted
sandstones and conglomerates.)

Can be picked with moderate blows of geolecgy
Nammer. Can be cut with knife.

Cannot be picked with geology hammer, but can be
chipped with moderate blows of the hammer.

Chips can be broken off only with heavy blows of
the geology hammer.
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Runoff

Curve number estimation

The Soil Conservation Service has developed a method of runoff predic-
tion that uses a curve number (CN) based on extensive field plot mea-
surements over many years. Having been developed for areas of a few to
many acres, the method is well suited for LLW sites of about the same
size (as opposed to methods designed for large watersheds). The prece-
dure for making the CN estimations is presented in:

“Estimation of Direct Runoff from Storm Rainfall," Chapter 10,
Nationul Engineering Hardbook: Section 4 - Hydrology, U. S.
Department of Agriculture, Soil Conservation Service, 1972.

Direct measurement

Di ~ect measurement of runoff by stream gaging is the preferred method
wvhere site-specific data are needed to verify predicted behavior or for
other analytical uses. The relationship between runoff and precipita-
tion in short time increments can distinguish subtle but sometimes im-
portant delayed runoff such as follows paths of subflow just below the
ground surface. Appropriate directions for open chennel flow measure-
ments are provided in the following standards:

AST™ D1941-67 (Reapproved 1975), "Standard Method for Open
Channel Flew Measurement of Water and Waste Water by the
Parshall Flume," Annual Book of ASTM Standards: Part 31 -
Water, 11 pp.

ASTM D2034-68 (Reapproved 1975), "Standard Hethod for Open
Channel Flow Measurement of Water and Waste Water by Weirs,"
Annual Boock of ASTM Standards: Part 31 - Water, 7 pp.

Other useful guidance specifically on stream gaging is found in:

"Discharge Measurements at Gaging Stations," Chapter A8, Book 3,

of the Interior, Geological Survey, 1969, 65 pp.



Seepage Velocity

The seepage velocity can be calculated with Darcy's law using values of
effective porosity, permeability, and hydraulic gradient (see Task 1
report NUREG/CR-2700).

The seepage velocity may also be directly measured using tracers as
discussed under Appareat Velocity. It is, however, important to realize
that tracers may be susceptible to retardation and other interferences
along the travel path. In most cases the progress of any tracer other
than trit'um may be slower than the progress of the water itself. This
distinction between seepage velocity and apparent velocity is explained
in the Task 1 report.
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Seismic Velocity

Seismic velocities ar: determined by surface refraction surveys, cross-
hole surveys, and upho e/downhole surveys. Field procedures, equipment
requirements, and interpretation techniques for these methods can be
found in Department of the Army {1979), Zohdy et al. (1974), Telford et
al. (1976), Butler and Curro (1981), and other sources referenced in
these reportis.

Surface refraction method

Seismic refraction surveys can be used to map qualitatively the lateral,
near-surface variations in porosity and deasity; the methods are dis-
cussed under Material Densities and Porosities _and Void Ratio. Cen-
siderably more inforwation about the subsurface can be obtained from
more detailed analysis and interpretation of these data. Using multi-
channel seismographs, typically 12 or 24 geophones at 1.5- to 6-m spac-
ing ars laid along a lire on the surface and an explosive or impulsive
energy source is triggered at each end of the line. Analysis of the
travel time data gives P-wave velocities of subsurface materials and
depths to boundaries between materials with different velocities.
Depths determined from refraction surveys are usually accurate to

110 percent.

A valuable application of the refraction method is for mapping of depths
to the water table in unconsolidated sediments. The P-wave velocity
characteristically jumps from about 500 m/s to about 1500 m/s at the
water table. The water table in partially consolidated sediments and
soft rocks can also frequently be determined by the occurreace of the
characteristic 1500~m/s velocity.

There are two primary limitations to the seismic refraction method:

(a) the method is suited to the situation where seismic velovity mono-
tonically increases with depth, and a material with seismic velecity
lower than the material above cannot be detected and can lead to errors
in depth determinations; and (b) for certain combinations of layer
tanickness and seismic velocity, a layer will be missed.

Uphole/downhole method

For the uphole/downhole method, one borehole is required for each test
location, and a seismic energy source close te the top of the borehole
is used in conjunction with a receiver in the borehcle, or visa versa.
By varying the depth of the receiver typically in l-m increments, a plot
of arrival time versus depth can be obtained for P or S waves. Gener-
ally, straight line segments can be fit to the data. Slopes of the
segments give interval velocities and intercections of the segments give
depths to interfaces.
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The uphole/downhole method does not suffer from the two limitations of
the surface seismic refraction method. Thickness resolution of layers
or zones of different materials, however, is limited by the in-hole
testing increment; i.e., only zones thicker than the in-hcle testing
increment can be detected.

Crosshole method

For the crosshole seismic method, two or three boreholes are required
for each test location. A seismic source (small explosive charge feor
P-wave generation and weight drop or vibrator for vertically polarized
S-wave generation) is placed in one borehole and a receiver (geophone)
is placed in the second borchole. The receiver should be held in firm
contact with the borehole with a bowspring or rubber bladder to ensure
good coup.ing. The most common procedure is to raise synchronously both
source and receiver from bottom to top of the boreholes. Generally, the
boreholes should be spaced 3 to 6 m apart and the in-hole testing incre-
ment should be 1 m for LLW site studies.

Like the uphole/downhole method, tbe crosshole method does not suffer
from the two limitations of the svismic refraction method. Again, the
thickners resolution is limited by the in-hole testing increment. The
boreholes should ideally be vertical; but borehole deviation surveys
shouid be considered to deteimine borehole separation as a function of
depth for the usual case where the boreholes depart slightly from ver-
tical. Dividing the borehole separations by corresponding travel times
for the waves gives a vertical profile of apparent velocities. These
apparent velocities must be interpreted to give true velocities for
material between the borehcoles. Generally, the appareat velocities will
equal the true velocities exrept for cases when a refracted wave arrives
befor: a wave which travels directly between the boreholes (for borehol-
sep. atidns in the 3- to 6-m range, the problem is minimized).
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Shrinking-Swelling Parameter

It is anticipated that shrinking and swelling behavior will be fairly
common at LLW disposal sites, particularly where clay and shaly strata
are abundant. For this reason a careful review of regional and local
experience with excavating and using soil and rock such as found at the
site should be conducted as a part of documentation. In the rare cases
where the behavior is potentially serious, laboratory testing may be
warranted. Consolidation test results are reflect.ve of swelliang be-
havior when viewed as an unloading phenomenon (see Consolidation Rela-
tion). Rock soundness tests and indices are also useful and sometimes
more convenient for generalizations and comparisons among site media.
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30il Classification

Engineering system

The classification of soils for engineering purposes should be accom~
plished primarily according to the Unified foil Classification System
(USCS). This classificaticn is accomplished using the following
standard:

ASTM D2487-€9 (Reapproved 1975), "Standard Test Method for
Classification of Soils for Engineering Purposes," Annual
Took of ASTM Standards: Part 19 - Natural Buildinz Stones;
Snil and Rock, 5 pp.

Agricultural system

The classification of scil for agricultural purposes including soil sur-
veys is based upon morphology, composition, texture, and soil profile
develcopment and is given in:

Soil Taxonomy: A Basic System of Soil Classification for Making
and Interpreting Soil Surveys, U. S. Department of Agriculture,
1975.

The textural classification of soils which constitutes a part of the
system above provides additional information beyond that givea by the
USCS in terms of the amount of clay-sized materizl in the soil and is a
useful supplement for characterizing LLW sites.



Soil Organics

The term soil orgaaics refers to the entire nonmineral fraction of soil
(and to a lesser extent uf rock) including any vegetable or animal mat-
ter present. Organic matter holds moisture, affects the ion exchange
capacity of the soil, and is directly invelved in nutrieat releese. The
total organic matter content of soil is estimated either from “he total
organic carbon content or from the loss in weight when organic matter is
destroyed. Total organic carbon is easily determined by sample ignition
of acid-treated samples. The following reference presents procedures
for measuring organic carbon in soils:

"Organic Carbon," Chapter 90, Methods of Soil Analysis: Part 2 -
Chemical and Microbiological Properties, American Society of
Agronomy, 1965, pp 1367-1378.

The sase reference source provides explanations of ! ,w organic carbon is
related to total carbon and organic matter in soil testing. Total or-
ganic matter may be approximated by multiplicaticn of the figure for
organic carbon by a factor of 1.7 or 2.5 for tcpsoils and subsoils,
respectively.




Soil pH and Acidity

pH measurement

The recommended wmethod for determining soil pH beth in the field and in
the laboratory utilizes an electronic pH meter with a zlass-calomel
electrode system. If the pH is above 9, a special zlass elect:ode must
be u. 1 in which the socdium ir the glass bas been replaced by ..thium.
Glass electrodes are soazked in dilute acid before use and must not be
allowed to dey out. They are usually kept immersed in distilled water.
The pH met:r-electrode system must be calibrated <ith buffer soluticns
each time it is used. The standard test developed for corrosion studies
is equally suitadble for general characterization of soil at LLW sites,
as discussed in the fo:lowing reference:

ASTHM G51-77, "Standard Test Method for pH of Soil for Use in
Corrosion Testing," Annual Book of ASTM Standards: Part 10 -
Metals - Mechanical, Practure, and Corrosion Jesting; Fatigue:
Erosion and Wear; Effect of Temperature, 6 pp.

Titratable acidity

The soil pH does not take intc account the effect of aluminwas, iron, and
manganese which cap aZ®ect the acidity o a soil. For this reason,
titratable acidity is determined by titration of barium chloride-
triethanolamine leachates from soil, as discussed in this reference:

"Bacium Chlor de-Triethanclamine Method,” Section 59-3, Methods

of 501 Anal, is: Part 2 - Chemical and Microbiological Proper-
ties, American Society of Agronomy, 1965, pp 910-91l.
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Soii Sslubles

A distilled water leach of the soil is analyzed to determine the concen-
trations of sciuble anions and cations. The leachate samples are essen-
tially water sumples; therefore, procedures for these analyses were
taken from standard sources approved for use under the Safe Urinking
Water Act or the Yational Pollutant Discharge Eiimination System. Where
two methods are recommendesd for metais, both are atomic absorption tech-
niques but a direci. aspiration technique is preferred for higher concen-
tration and the furnace technique for lower concentrations (below

50 ppb). The anions are measured by conventional titriwstric or tur-
bidiwetric procedures. Specific methods are recommended from the fol-
lowinpg source as indicated:

Methods for Chemical Analysis uof Water and Wastes, EPA-600/4~
79-020, U. S. Enviromrental Protection Agency, Cincinnati, 1979.

aluminum 202.1, "Aluminua (Atomic Absorption, direct
aspiration)," Z pp.

202.2, "Aluminum (Atomic Abscrption, furnace
technique)," 2 pp.

215.1, "Caicivm (Atomic Absorption, direct
aspiration),”" 2 pp.

236.1, "Iron (Atomic Absorpticn, direct aspi-
ration)," 2 pp.

236.2, "Iron (Atomic Absorption, furnace tech-
nique)," 2 pp.

maguesium 242.1, "Magnesiuvm (Atomic Absorptiom, direct
aspiration)," 2 pp.

manganese 243.1, "Manganese (Atomic Abscrption, direct
' aspiration)," 2 pp.

243.2, "Mangancse (Atomic Absorption, furnace
technigque)," 2 pp.

otassium 258.1, "Potassium (Atomic Absorption, direct
potassium p
aspiration),”" 2 wup.

sodium 273.1, "Sodium (Atomic Ahs..ption, direct
aspiration),"” 2 pp.

carbonate 310.1, "Alkalinity (Titrimetric pH 4.5),"
3 prp.

chloride 325.3, "Chloride (Titrimetric, Mercuric
Nitrate),”" 3 pp.

sulfate 375.4, 'Sulfate (surhidimetric),”" 3 pp.




The determination of the bicarboaate anion should be accomplished using
the following standard:

406C, "Carbon Dioxide and Forms of Alkalinity by Calculation,"
Standard Methods for the Examination of Water and Wastewater,
15t Ed., American Public Health Asscciation, 1980, pp 2658-269.
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Specific Gravity

The specific gravity of a scil for use in engineering calculations is
usually expressed i- three different forms--specific gravity of solids,
G_ ; apparent specific gravity, G_ ; and bulk specific gravity, G_ .

th G. and G. are applied to soils coarser than the No. 4 sieve,

while G is for finer soils. The G_ is not applied to coarse par-
ticles bécause they normally contain voids from which air cannot Le dis-
placed unlers the particles are ground into finer particles to eliminate
the viids. Thus, when dealing with coarser particles, it is more con-
venient to work with the G. of the particle mass. G' or G. 4s used

in all calculations involving fundamental properties of a s0il mass; G-
is used in special calculations, such as corrections of dens.ly and
water centent for soils coataining gravel sizes.

Definitions and recommended detailed procedures for determining the
values of G‘ ’ G‘ , and G- are given in:

ASTM D854-58 (Reapproved 1979), "Standard Test Method for Specific
Gravity of Soils," Annual Book of ASTM Standards: Part 19 -
Natural Building Stones; Soil and Rock, 3 pp.

ASTM C127-77, "Standard Test Method for Specific Gravity and
Absorpticn of Coarse Aggregate," Annual Boock of ASTM Standards:
Part .4 - Concrete and Mineral Aggregates, 4 pp.

"Specific Grav.ty," Appendix IV, Laboratory Soils Testing, Engi-
neer Manual 1110-2-1906, U. S. Army Corps of Enginezrs, 1270,
pp IV-1 to IV-13.
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Storativity

Storativity can be measured in unconfined aquifers and must be estimated
for confined aquifers. Storativity is dimeasionless because it is the
volume of water released from a unit volume of aguifer due to a unit
change in head. In unconfined aquifers the storativity (approximately
equivalent to specific yield) is usually determined using methods for
measuring water content (see Water Content). Neutron logging is often

the best method to measure the storativity in aa unconfined aquifer (see
Porosities and Void Ratio).

Storativity is determined from pump test data in confined aquifers. The

storativity is extracted from the time-drawdovn data in accordance with
the guidance in:

“"Analysis of Discharging Well and Other Test Cata," Chapter V,
Ground Water Manual, U. S. Department of the Intericr, Bureau
of Reclamation, 1977 (revised reprint 1981), pp 85-173.

For approximations or preliminary calculations, the storativity can be
estimated to equal 0.1 to 0.2 in 'nconfined aquifers. The storativity

in confined aquifers is very roughiy 107 multiplied by the aquifer
thickness (in feet).
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Stratigraphy

The documentation of stratigraphy is logically directed to soils and
rocks separately. Three broad classes of strata are transported depos-
1vs, residual drposits, and geologiczcl strata. The following descrip-
tions, wostly from the Bureau of Reclamation Earch Manual, suggest the
variety of subclasses ard the amount of detail and ir turn potentiul
value in a thorcugh stratigraphical characterization. The methods of
documentation follow traditional gesclogical procedures and criteria,
and geological training and experience are prerequisites of the
investigator.

Transported deposits

Transported soils bear no relation to the underlying rock as they do not
cover rock from which they were derived. Transpo ted soils may be stra-
tified or heterogeneous, and their physical properties may show abrupt
changes in both the vertical and horizontal directions. The natural
means of transporting soils are flowing water, ice, gravity, and wind.
The mode of transportation and the eavironment of deposition have con-
siderable influence on the properties of soil arl soil deposits.

Colluvial soils. Soil deposits which have been transported primarily by
the action of gravity are called colluvial deposits. Landslides, mud-
flows, and avalanches are examples of such actions. This form of soil
transportation and distribution often works in conjunction with another.
For example, material ca. be weatnered from ridges, transported by grav-
ity to a stream in a valley below, and transported further by the flow-
ing water. In glacial times, such gravity-transported material was
carried further by gisciers. Glacial activity also triggered landslides
which carried large musses of soil and rock onto the glacier for further
transportation.

Fluvial soils. Scils whose properties are affected predominantly by the
action of water to which they have been sutjected are designated fluvial
soils. Fluvial soils are characterized by rcundness of individual
grains. Frequently, there is considerable sorting action, so that a
deposit is likely to be stra*ified or lensed. Individual strata may be
thin or thick, but the walcrial in each stratum will have a small range
of grain sizes. The three principal types of fluvial soils, reflecting
the water velocity of deposition-~torrential outwash, valley fill, and
lakebeds--2re discussed separately below.

The typical londforms of torrential outwash deposits are alluvial cones
and alluvial fans. Outwash deposits vary in size and character from
small, steeply sloping deposits of coarse rock fragments to gently slop-
ing plains of fine-grained alluvium several square kilometers in area.
The depositicn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>