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ABSTRACT

I
This report, the second of a series, identifies the tests and other '

means of evaluating or documenting the important characteris'.ics of
sites for disposal of low-level radioactive waste. The specific param-
eters were identified and explainad in regard to their importance in ,

characterizing disposal facilities in the previous report. More than {
half of the terts and procedures are standard methods recognized and j
used nationwide, n.ost conspicuously the numerous chemical tests. Other !

tests are cocoonly used methods recognized widely as state of the art. 1

e.g., geological and 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 referense. ;

Besides standards and state-of-the-art practices a third category of - ;
sethods insolves the use of existing data sources or recognized corre- j
lations in place of new testing or documentation. It is particularly ;

important that mapping, logging, sampling, testing, interpretation, and
analysis be conducted by technically qualified and professionally moti- ;

vated per~sonnel using appropriate equipment and facilities, and general i

guidance is provided in this direction. {
l

There will be cases where site-specific testing and sensurement are !

indicated to be unnecessary on a technical basis. This report calls j
attention to the usual subordinate role of such parameters and their i
only infrequent need for testing.
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PREFACE-

This report was prepared by personnel of the Ce: technical Laboratory
(GL) and the Environmental Laboratory of the U. S. Army Engineer Vater-
ways Experiment Station (VES) during the period November 1981 to July
1982. The investigation was sponsored by the U. S. Nuclear Regulatory
Consission. The authors of the report were R. J. Lutton, D. K. Butler,
R. B. Heade, D. H. Patrick, A. B. Strong, and H. H. Taylor, Jr. The
work was conducted under the direct supervision of D. C. Banks, Chief.
Engineering Geology and Rock Mechanics Division, GL, and the general
supervision of V. F. Marcuson III, Chief, GL.

COL Tilford C. Creel, CE, was Com:nander and Director of the VES during
preparation of the report. Fred R. Brown was the Technical Director.
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Cut exposure of Borden fomation on Interstate Highway 64. 8 miles east of Maxey Flats LIR disposal
facility. This shale interval with in'cluded thin, siltstone beds is representative of the strati-
graphic interval trenched at the facility. Such exposures can be invaluable in character 1 ration of

LLW sites.
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TESTS FOR EVALUATING SITES FOR DISPOSAL OF

IDV-LEVEL RADIOACTIVE WASTE

PART I: INTRODUCTION

This report presents the results of an investigation for the Nuvlear
Regulatory Commission (NRC) on the secor.d of three tasks on the general
subject of characterizing and monitoring sites for near-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 or means of documentatica for evalua-
tion of the parameters identified in Task 1. Task 3 will concentrate on
site monitoring and provide recomr.endations on appropriate monitoring
programs. The three reports together are intended to provide background
useful to developers and operators at disposal facilities and to agen-
cies responsible for licensing, regulating, and controlling these opera-
tions according to the proposed rule Title 10 Code of Federal Reeula-
tions Part 61 (10 CFR 61).

Purpose of Study

The purpose of this task study was to identify recommended laboratory
and field tests and documentational techniques for investigating the
paraceters previously identified as important to LLV siting.

This report is intended for use in ec=bination with the Task 1 report in
which the background as well as the importance of parameters for 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 (NCREG/CR-2700) in
which parameters were identified and explained. The testing procedure
or means of documentation for each of those parr. meters are given in this
report. The eethods 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- f

*dard test is nat available, the state-of-the-art procedure for the most
appropriate technique has been described. In those cases where no (
state-of-tbe-art or standard procedure has been identified, research
needs may exist. The values or ranges of values of parar:eters for LLW -

siting ace addressed only to the extent that they affect the chotee of ;

1
z
UO 'Tarameters for Characterizing Sites for Disposal of Low-level Radio-
L

| active Waste," NL' REG /CR-2700, U. S. Nuclear Regulatory C:%sission,
l Msy 1982. Q

1

{
i
i
Il
-

__



_ , _ . . _ _ . . . _ . _ . . .- - .- - - - - - - - - - - - ~ ~ - - - -

test method. Table 1 lists the 61 parameters and parameter grnups iden-
tified as important in Task 1. One previous parameter has been upgraded
in potential importance so that the Itst now totals 68.

This task report also provides the basis for selecting certain tests, -

field methods, and equipment over other opt (cas that are available. The
acceptance of a test as a recognized standard method is the unstated
ba sis for t! e choice in n'any cases. In numerous other 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, and methods of documentation pre-
sented in this report,
~

it is appropriate to repeat from the Task I re-
port that many special parameters have been included for completeness
and some of these will need evaluation by testing only on a sate-
specific basts when their_ relevance has been substantiated technically.
The subject areas covered are horizontal and vertical controls, field
mapping, neteorological observations, surface water analysis, ground
water analysis, soil sampling and testing, rock sacpling and testing,
geophysical techniques, and geological studies.

Parts II and III 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 an
overview of possible technical investigations. These parts also review
the importent preliminaries invsived in collecting and recording data
and in gathering samples for testing.

Specific tests for each of the parameters and paranater groups are
listed in alphabetical order in the Appendi::. Groups of para =eters are
further subdivided as appropriate.
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Table 1 g
Parameters and Parameter Graups for Characterizing LLW Sites I

, i

Stratigraphy Porosities and void ratio <

'

Lithology and soils Hydraulic potentials and pressures

Structure Seepage velocity y

l jGeomorphology Apparent velocity

Ground water system and bowidaries Flow direction
|

Surface water system and boundaries Dispersion h

Recharge and discharge areas Pore water age
|Visual description Suction pressures

Soil c'assification Suction pressure function b |
r i

Rock classification Water-holding parameters
|
'Material zone boundaries Infiltration capacity

Water zone boundaries Evapotrtaspiration 4
| b

Imediate site boundary Precipitation f

Extended site boundary Runoff coefficients (runoff) ;?d

Color (material color) Air temperature

Grain-size distribution or Air pressure 4
Wind speeds and directions f(gra i e distribution)
Partition coeffistents

Material densities
!!ineral gy and clay mineralogy {Vater content "

I n exchange capacities ().
Soil water pH and acidity

(soil pH and acidity) Oxidation-reduction potential
Electrical conductivity or Natural gama and spectra d

resistivity (material radioactivity) $$
(electrical resistivity) ISoil s*blu

Penetratios parameter Soil o anics

h,lMaterial variability parameter
Gaseous constituents

Hydraulic conductivities Ground water chemistry @
Perceability function Surface water chemistry '.
Transmissivity Atterberg limits [
Storativity Specific gravity M

! A"I3 E' PY Seismic velocity i

(Continued)
'

<
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3
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Table 1, Concluded

Collapse susceptibility Heaving susceptibility
( ' ** ** "8}Shrinking-swelling parameter

Erodibility parameters
Strength

(erodibility)
Consolidation relation

Monusent and point positions
Compaction relation

Burial unit bou:daries
Rebound index Material temperature *

.

_ae
. ?c,

&
Ed!
$W
MC
p

~hb

$.ng5
.,6
-f.,7,4

as
n.

, Awd -

I
- "

.

%tr ,, cf

f(%
Ef$
p;4g
4
f:

p

Teeperature was previously included (T.sk 1) only under Cround inter L~ -*

chemi4try. |-,
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PART II: FIELD INVESTIGATIONS

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

g6
a. Direct field evaluation of the characterizin;; parameters. g

eh
"

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

Collection of samples for examination and testing in the laboratory. ['c.

d h
Accordingly the field investigations must be carefully planned to coor- }I
dinate field and laboratory parameter evaluation, sample collection, and [Minstallation of monitoring devices. This careful planning should permit c
optimum collection of data asing multiple techniques in each boring or i

neasurement point. }"

Surface Exploration

Surface exploration primarily uses geological techniques and inferences
to characterize the site in regard to stratigraphy, lithology and soils, r,, q

Wg, -structure, geoctorphalogy, 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 LLV facility ,

,

life cyc8e, but it is during the evaluation stage that investigation of ;
s

9eparameters must be completed in detail. The primary means of surface .

exploration 4.s through geological mapping. The coverage of geoloh cal M/i

espping should extend well beyond the extended site to mak- a clear con- 6%
nection between features found at the site and those in the surrounding kl$

The s.apping should be accomplished by plotting significant geo- TQarea.
logical features on.a topographic map of appropriate scale (cenmonly g
about 1:10do).* Where a considerable amount of the surface is underlain j;gy
by material classified as soil, the lin.its of rock outcrops should be 5
indicated. Consideration should also be given to mapping the interven- 2f
ing soit types (in both engineering and agricultural context). Where a 3

soil map such as a Departsent of Agriculture county soil survey is kt,,,.
available, it may be used but the accuracy of boundaries and classifi- @#cation of soil units should be verified and if necessary refined to the r
degree appropriate for LLW sites.

u o

Similarly, existing detailed geological maps should be checked and re- %d
fined. Ordinarily a complete geological map of the site supplemented | O;.j
with cross sections is made prior to starting subsurface investigations, %
and the geological cap is updated as new information is obtained during J!i~y
subsurface investigations. This crder of investigation, the logical Cfzr,m

|

* A so:newhat smaller scale (commonly about 1:5000) will usually suffice 7
for the geological work in the surrour. ding extended site. | - d

t
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sequence, provides more opportunity for planning the subsurface inves-
tigation and locating borings in an efficient marmer.

Geophysical Studies

The use of geophysical techniques involves taking measurements t.L the
surface or in boreholes to determine subsurface conditions. Geophysical
methods include seismic, electrical, nuclear, and electromagnetic, and
one or more of these methods may be employed during any stage of the
investigatica--reconnaissance, selection, characterization, or
monitoring.

These saettd s are generally used in conjunction with drilling. Geo-
physics caa ,e used to aid in determining the best location of future
drill holes as well as in interpolating conditions between e::isting
drill holes. Electrical and seismic methods are sometimes efficient at
locating 6he wate. table. The combination of geophysical surveys in
coajunction with seiective drilling is of te:n more efficient and cost.-
effective than drilling alone to obtain the same degree of site defini-
tion; therefore, a judicious use of both methods can produce the desired
information at. an overall lesser cost.

Although the fieldwork required is relatively inexpensive, the inter-
pretation of results is difficult in some cases and requires special
training. In order to obtain usable and reliable test results, a corre-
lation must be made locally with exploration made by borings. Geolo- -

gists trained in the geophysical techniques are qualified to provide
information and assistance on the applicability of geophysical tech- Og
niques to specific situations. gD

$
Subsurface Explorat: s n and Material Sampling %-

JU
Subsurface exploration with boric;s ar.d trenches as well as with geo- $

y%,&
physical techniques constitutes the main part of the progran for charac-
terizing an I.IN site. This impor tance cones fro:a the fact that the site

@9
media composed of three-dimensional -oil and rock zones may provide the
potantial pathways for unexpected escape of radionuclides as well as yr
being the most import. ant part of the system for retardation and M'
ontainc:ent. -

m
The principal methods of nonaccessibic subsurfr.cc exploration are listed Yfh
and discussed ia Table 2. Direct access . ! exposure of the subsurface
by trenching and opening of pits is inotb portant exploration method j.f p
in reasonably stable ground. The last ite n Table 2--continuous 3'g
sampling--is often the most important a t 1.4.. .tes. The choice of which pg
metbod and equipment to use depends on site ccaditions and the require- 'g
ments for subsurf ace data. fg
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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- j
ing augering, for example. Sample size by undisturbed soil recovery ,

methods 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: j

1
'

Fixed piston, e.g'., with Shelby tube.a.
!

b_. Hydraulic piston (drilling fluid required for operation). ,

i

c. Free piston. .

J. 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 aasplers in ;

granular soils under unsaturated conditions and thus severely reduces
'

their versatility for LLW sites above the water table. '

An appropriate source of guidance on samp1fing in o ils and soft rocks f
is: )

i

Soil Sampling, Engineer Manual 1110-2-1907, U. S. Army Corps of
| Engbeers, 1972. a

,
4 . 'Soil samples of ten need protection from freezing or drying conditions by

q sheltering in a field storage facility. Undisturbed samples should be
scheduled for shipment to tha laboratory to minimize the-delay between

W recovery from the borehole and testing in the laboratory. ;
.

7
-

,
~ P ter Stu.iies and Water and Gas Sampling

1

Studies of the surface water system are fairly straightforward and ade- |

quately covered in the Appendix and under Meteorological Studies. Em- ";

6 phasis below is on the more complex ground water. Documentation of the jg

ground water system and its characteristics of ten involves direct mea-*

surement of physical conditions in situ. Thus, hyoraulic conductivity,
transmissivity, and hydraulic head, gradient, or potential, among other,

U parameters, are determined from field measurements. The appropriate
' T 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-i ;

i eters, and prerequisite to testing for chemical parameters are tech-
|,

; niques for sampling.
4 Techniques of water sampling are not reviewed in the Appendix and, .

therefore, are reviewec' in this section. Water may be recovered sepa-,

'

rately or along with a sample of the soil or rock. A few of the water
I

quality parameters can be measured in situ and these are esper. tally use-;

ful for revealing vari:,bility f rom stratu:a to stratu:s. A useful
1

;
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Table 3 ;'
i

!.
Soil Samples Required for Testing and Examination !

i(front Bureau of Reclamation)
- ~.

_

E

- -
_ ,

S*'"P" "' ' * * * ' ' 64...mwn p nor ua. . Appsuoiwae...e.scrut .as.e.en"e ihan
-

Tenis w ,,g
wii . neweee

.

Clamreation and descript.on
_ lib... W. 4 .. Field los of emploration holes, describing samples j=...

20 lb_ 3 in . - - in laboratory. g

G r a J a f.c n . ... .. . . ... .. .... ... . .... . . I 1b ... . ..... .. . No. e . . ... .. .. Identineation and description of soils for estimat. I

30 lb . .! ) in.. . ing properties of foundations.

Comistency. ... _ I 1b.. ... .... No. de. ...

Srfcific grauty............... Ilb....- No. 4.. ..... .

3 2b.. . .. .. ...... 3 1a.......... .
*

retrographic anrlysis;--- 31b............. No. 4 (and repre- Petrographic tests des; red when espansive so.ts are[ f_

a free swell. sentative coarse encountered, a
'

hfv.roxopic examir.ation, graim).
k

X.rsy ddfraction. Petrographic descriptions a4 analys:s desired when i
Dacrential thermal unfamelaar soils are encountered. i

Thesmo bafarxe. I

1.itholegk. photo.micioseaphia. f
Chemical tests......... - 3 lb... . ... . . . . . . No. 4 ... Determir.e chemical comgestion for resernenending i
Sutfare content. type of cement ce ripe coatins required. j
folWe sat:s.. Permeatpility and settlement e.f foundation in8e- ;
Corroa kn enced by soluble salts and or;anic saatter. (
Organic content..

Water corserst...... . .. _ I It> No. 4 Determine inplace water content of foundation soils..... ..... ..

3 lb. (water con- 3 in. _ esatuating penettation tests, comparison of inptace 3

tsat san.ple). mater content with corstency limits: Jetermine 7
degree of saturation and dry weit weight. a

2 5 lb.... ...... No. 4 . .. . Determine 0 and 800 A D. for dete mination of D. |Relatine density-
_ ... ....

100lb % in _ of fetindations. J..... ..

l50 lb..- - 3 in - . -;
i
!
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reference providing guidance on water sampling for quantitative studies
is:

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

The following sections review briefly the tecbciques for sampling and
direct study of water at LLW sites. The details of testing samples
are presented in the Appendix.

t
i

Unsaturated zone !
|

Two techniques are available for sampling water in the unsaturated I

|
rene.

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 in the field. Sample recovery methods are approximately the
,

saue as those used for obtaining soil 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- t
tion. A major drawback of this type of water sampling is that a sample |
is obtained only once, during the boring and sampling process. j

iPressure-vacuum lysimeters. The pressure-vacuum lysimeter has the im- i

portant advantage of being a permanent field installation, where re-
peated sampling can be made over a period of time. The device consists i
of a porous, ceramic cup capable of hola . 2 vacuum, a small diameter i
sample accumulation chamber of polyvinyl chloride (PVC) pipe, and two j
sampling tubes leading to the surface (Figure 2). Once in place and
stabilized, the cup is evacuated. Soil water coves into the sampler j

~

under the pressure gradient and a water saeple gradually accumulates. ;
Then the vacuum is released and pressure is applied, forcing the accum- r

'
ulated water to the surface through the sa6pling tube.

i

i
Saturated zone i

Sampling water below the water table is such nore routine than that for 4

the unsaturated zcte. Many references are tvailable on the techniques.

Screened welis. When the majct part of the sampling program is aimed
at the unsaturated zone and top of the saturated zone as is usually
the case with LLW siting, a well screened over a single vertical so -
tien at the top of the saturated zone is suitable far sampling. This
method of sampling is the most common for uncons..lidated sediments or
semiconsolidated rocks. Uncased wells or open holes in consolidated
rocks can be used for the same purpose. Tha single well is not

12
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Figure 2. Elements of a modified pressure-
vacuum lysimeter installation (f rom
Environmental Protection Agency)

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

A well is dri!1ed to an rrbitrary depth, usually just below the water
table in landfill studies. The screen is positioned to intersect the
water table and bracket its expected or possible fluctuation (Figure 3).
This type of c>nstruction, useful in monitoring, assures that when a
contacinant re. ches the ground water, it will be detected quickly in the
water samples. The drawback of the construction is that only a portion
of the aqutfer is sempled and only the most recently infiltrated con-
taminant con be collected. A packer-equipped pump allows for sampling
at selected levels in the interval of interest. In some cases the

13
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Figure 3. Packer-equipped pu:np for selective |
sampling of water from wells (from Bureau of ,

Reclamation) :

solution will be under partial control of a density gradient and will
,.1sink into the ground water. This denser fluid body sinking into fresher

vater cannot be sacpled with a well that skirns only the top of the water f
'

body. However, great reliance has been placed on this type of well con- ,

struction to determine the extent of leachate movement into an aquifer. g

Because of the emphasis placed on siting LIV facilitics in the unsatu-
rated zcne, the screened well appears ideally suited for characteriza-
tion and for establishing a baseline for conitoring. Screened wells are

1

,
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less effective for follow-on observations since information on downward
migration or variations in concentration is also needed. The well
screened for a single interval near the top of the saturated zone may
have a distinct cost advantage over more elaborate methods of sampling
such as well clusters, but cost advantage is of secondary impcrtance.

Well clusters. Clu ters of sampling points within a well or in groups
of wells provide the answer to define a vertical distribution of a pol-
lutant and, tnerefore, can also be useful in establishing a chemical

! baseline during site characterization. Well clusters are by far the
I most common and successful technique to date for delineating stratifi-

cation of contaminants in ground water. Figure 4 illustrates the two
common configurations. Each cluster consists of a group af closely
spaced small-diameter wells completed at different depths, in one or
more aquifers. From these depth intervals water samples are represen-
tative of the different harizons.
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Figure 4. Typical well cluster configurations (from Environmental
Protection Agency)

Neps and sps ines. Seeps and small springs are convenient points for
measuring and sampling shallow ground water. .tctivity of seeps may vary i

substantially over a period of time; i.e., flow rate cht.nges reflect the {
influence of seasons and fluctustions caused by storms. In northern

15
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states the melting of snow can affect seep activity and contaminant con-
centrations. As long as these limitations are appreciated, springs,
seeps, and stall ponds 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- ,q
face to indicate the chemistry of the water. Two parameters which can
be readily measured in situ are specific conductance and temperature.
Both of these parameters have been used effectively in investigating
leachate from landfills since leachate is generallv higher in specific

.

conductance and teeperature than natural ground water. Accordingly, the 9
background or baseline values are also needed for site characterization.

The measurements are made by use of remote-sensing probes losered into A
the well. Measurements can slso be made in standing or flowing water at p
the ground surface, though temperature would be less meaningful in this a;
situation. Figure 5 shows the essential componcits of one probe for kspecific conductance and temperature. Q

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. @
v ,.

h5
Cas sampling ,f

ec
Methane and other gases moving within the site media may pose hazards of M
explosiveness or an even greater threat of conveying dangerous radionu- y
clides to the ate:osphere. Methods of sampling for baseline and detec- K
tion phases of monitoring at a LLV site should follow routine procedurea y
for air sampling to the extent possible. A useful reference providing C
guidance on sampling is: }

$
ASTM D1605-60 (Reapproved 1979), " Standard Recommended Practices s p.
for Sampling Atmospheres for Analysis of Gases and Vapors," Annual O
Rcok of ASTM Standards: Part 26 - Caseous Fuels; Coal and Coke; M
Atmospheric, 22 pp. $

id.v
Samples for site characterization and monitoring can be taken most ),1
directly from the subsurface media through boreholes. Such sampling is G
confined to the unsaturated zone into which gas migr tion is restricted. $
A strategy of sampling the more porous and permeable strata is appro- g
priate; perc:eable zones will not only be the preferred paths of gas 4
movement but they will also be easier to sample. Such zones can be 3
isolated and sampled by the use of inflatable packers which effectively Z
seal of f the recuinder of the hole during sampling. ?

Y
Equipment 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 isotopes carried in the migrating gases cannot be ceasured *

.
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3 Hdirectly in situ. The only feasible nethod for li and C is by sam- 't,
pling the gas or gas-filled soil. 7jj

,

si

hMeteorological Studies '

Data on meteorology and associated runof f for a LLV site may Le ob-
' '

tained frem measurceents at stations onstte and from the measurements . -i

recorded previously at nearby stations. Casite station sources depend @
.'
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on the situation and configuration of the site and on the specific
needs. Important aspects of locating a meteorological station are re-
viewed here as a supplement to identification of instrumentation and
measurement techniques in the Appendix.

Westher stations

Ideally the catch of a rain gage represents the precipi*ation falling at
that point and on tha surraund',g area. Such r dir. ct corresp3nden e is.

difficult to obtain In practice, however, becaus : of :he effect of tne
wind. Precautions to minimize wind eff-cts include the location of tL=
gage on level ground at a distance of four times the height of a nearby
object (includind the instrument shelter) above the top of the aage.
Rain gages snould not be in.talaed on roofs. Diffuse objects such as
shrubs and orchards that reduce specd, turbulence, and eddy currents cao
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 allowing air to
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. nonrepresentative
temperatures.

The principal concern with locating barometers for atmospheric pressure
measurements is for the continued accurate operation of the instruments.
The location should be clean relatively dry, and maintained at a steady
temperature as nearly as por t ible. Vibrations and jarring are to be
avoided. An inside wall is preferred partly to avoid appreciable
changes in temperature. Wind ef fects on buildings causing pressure
changes inside 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 topographic effects and obstruc-
tions are known to create appreciable updrafts, downdrafts, etdy cur-
rents, or jet flow ef fects. Such terrain and obstructions should be
avoided or the ressuring equipment should be located well above them.

Stream gaging

Despite the long records of stream gaging stations already available for
use at many locations around the country, a station may be needed at the
LLW site. The presence of just one major tributary between the site and
an existing giging station means that the station is remote and maybe 's

fonly indirectly usef ul, i.e. , useful for estimating drainage basin be-
havior in the regional setting. Accordingly it will commonly be con- i-I
cluded that a stream gaging station is needed to generate site-specific ]H

'
.,

ff
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data useful for predictions of flood frequency and recurrence interval,
average annual flows, and low flows as well as for verification of hy-
drological simulation. Where the decision is made to establish a gaging [
.tation onsite, preparations should proceed expeditiously. The longer A

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- 's
lished gaging stations will be needed for socie purposes. This process [ q
of comparison usually encounters adverse scale effects between the large g
and small drainage basins as well as subtle but sometimes important dif- O
ferences in geology, physiography, vegetation, and land use between the R.

*

LLW site and the, basin represented by the existing gaging station.
7"Regaraless of the problems and limitations of establishing a need for a

stream gaging station, the location and actual installation is fairly t

straightforward. The system and instrumentation for the relatively b.
small streams and watersheds surrounding LLW sites are identified in the (
Appendix. One logical location for a station is where all surface run- k
off from the extended site merges into the main stream, usually just

idownstream from a tributary. A record of c:casetements at this point can
be translated into estimates of floods 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 iccediate site area for
verifying actual runof f in comparison to predicted values on the micro- w

M[[Q
scale. These data ,ould allow more precision and confidence in design-
ing the disposal units and cover .nd the drainage features. When posi- gtioned near the immediate site boundary and supplemented with chemical
testing, these points document tLe quantity and quality of the watec pis

crossing the boundary. Such documentation can have legal as well as M
technical importance when the background characteristic of the site is @4
compared with nonitoring results. %

fEW
Surveying Program [$

The proposed rule 10 CFR 61 (61.52) specifies that boundaries of each
disposal unit must be accurately located and mapped by means of a land y$survey. Near-surface disposal units must be marked in such a way that

G@the boundaries can be easily relocated ar.d defined. Three permanent
control points referenced to U. S. Geological Survey or National Geode- 't 'D
tic Survey control stations must be established on the site to facili-
tate surveys. LC

M
Horizontal and vertical survey control is established natienwide by a r,' ;
network of control arc, referenced to the North A-erican 1527 datum fce %:q
horizontal control points and the sea level datum of 1929 nr vertical %

[#jcontrol points. Arcs of this basic network have been placel about
,'100 ba apart throughout the country using first-order triarqulation,

precision electronic traverses, and first-order dif ferential levels.
A supplementary network is usually established by second-order survey 5y

i
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procedures between the basic control arcs. "J1timately tl.e spacing be-
tween stations of either the basic or supplementary network is on the
order of 10 km. Leveling benchmarks are of ten located at intermediate
posit:ons.

Auxiliary networks are established by second- or third-order sutvey pro-
cedures to provide horizontal and vertical control in any imediate |
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 coratrol on the '..
site including the three permanent monumeents.

On- of the final steps of site surveying involves the location of de-
tailed points relative to the survey lines and stations. Detailed 4>
points would include the corners of tre. aches and points for profiles or ;f
for settle:nent detection.

It is important to adhare to the concept that the main control scheme ggsuch as the auxiliary network brought onto the site must have stations
yestablished to the degree of accuracy required for the purposu of the

, i

survey. Wen the main control scheme must be run first, it should be of
an accuracy to permit the follow-on survey including detail points to
furnish the proper accuracy for the 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 control must be of sufficient ;e
|accuracy to allow this extension without falling below the third-order

. $
.,

G)N
require.~.,ent upon reaching detail points.

y
TPlane coordinate systems have been developed and used in many states as

control for locating and surveying property lines and civil projects. $f3Sufficient control points are provided in such systems so that local
projects can be tied in by plane surveying methods with a geodetic ad- g
justment. For a description of the coordinate systems used in several

[%$of the states refer to: j
a

The State Coordinate Systems (A Manual for Surveyort), Special
Publication 235, U. 3. Coast and Geodetic Survey,1945 (revised
1974), 62 pp. W%
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Wg PART III: LABORATORY AND FIELD MEASUFIMENTS AlO OFFICE STUDIES

.}tt
r ;.-

.

Laboratory and office investigations e re conducted independently or sup- !

plementally to field investigations. Many of the tests for engineering !
.

4

and physical peoperties and most of the chemical tests are accomplished |,

A in the laboratory; however, scme are more representative when accom- .

% plished in the field. The office studies are usually coordinated with {

|Q the laboratory studies and are essential for the interpretation and |
.

5 averaging of data and for correlations for materials and site condi-
'

;

tions. The following sections on testing of engineering, hydrological,
,

and geochemical properties and constituents are brief susmaries with
emphasis on the sources of ir. formation on procedures. The details ofH'

test methods are provided in th? Appendix. '
r

h i
,

- $ |,

Q Engineering Properties j

Q (
g Critical factors in testing for engineering and indez properties of

%
,

soilr. and rocks are the laboratory facilities and the qualifications of Igj *

the personnel. The tr.chnicians performing the tests must be thoroughly
@ familiar with the apparatus, the test *.ng procedures, and good laboratory |

4 techniques. The technicians nust be conscientious in the handling of {

% soil and must appreciate the purpose of each test they perform. Neat, i

si| thoughtful work with the recording of all test data and a continuous 4

Q watchfulness for irregularities can prevent stost. errors. The philosophy
should be that one *,ood test is not only far better than many poor

O( tests, but is also less expensive and less likely to permit a misjudg-
%j ment in derign.

f ;

M Among the characteristics of good laboratory facilities are a ground ,

'Q floor or basement location with a colid floor. Frv.edom from vibrations
ij from traffic and machinery is important. Separate areas should be des-
4 ignated for dust producing activities such as sieve analysis and sarple
y processing. Temperature control of the entire laboratory is to be pre- j

f_ g* ferred. A hemid roo:n large enough to permit storage of sa:ples aceived"
,

y from the field is desirable; a humid room is also useful for preparation j
'

[. - of undisturbed test specimens.

d(;T': }
Satisfactory test procedures are presented in the following important ,

*

.] publicacions cn laboratory testing:
;

.? Laboratory soils Testing, Engineer Manual 1110-2-1906, U. S. Arny
Corps of Engineers, 1970.

:
b Annual Ecok )f ASTM Standards: Part 19 - Natural Buildine

i Stones; Soil and Rock, 1982.

Earth Manual, 2nd Ed. , U. S. Department of the Interior, Eureau
<[( of Reclamation. 1974.

a

f.
e
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Scils test methods recommended in the Appendix for LLW site characteri-<

" zation are taken mostly from these sources. bl.
,

4

Hydrological Parameters -

lhe measurement of hydrological parameters is often conducted in the J,

J field as well as in the laboratory. In fact there is a prevailing opin- '

ion that hydraulic conductivity and other hydrological parameters deter-
micei in the field are more representative than laboratory determina-

.

'

ttons. Among the laboratory testing techniques, some are routine for
;

soils testing and would more If kely be accomplished in the soils testing ;laboratory than elsewhere. In any case, the usual concern for labora- t

tory facilities and technical experience of personnel is of great ?

y unportance.
}

$ l
'

'

Among the most important field techniques for measurement of hydrologi-a
1

;. cal properties are those that depend upon accurate records of the re- 1
g spanse of wells to pumping, water injection, and introduction of
3 tracers. Piezoneters are particularly important. The folloeing pub-

lications provide useful guidance on observations and r.easurements for
; hydrological study purposes:

1 National Handbook of Recommended Methods for Water-Data I
,, Acquisition: Chapter 2 - Ground Water, U. S. Department of j

the Interior, Geological Survey,1977. i
o a

4
; Ground Water Manual, U. S. Department of the Interior, Bureau i

of Reclamation, 1977 (revised reprint 1981).
'

;

Annual Book of ASTM Standards: Part 19 - Natural tailding i
Stones; Soil and Rock, 1982.

|
,

a

4 - Geochemical Properties and Constituents ;

; !
; Several references are recommended for providing guidance on the analy- (sis of :homical constituents and properties of water and other natural.,

materials at the site. 'In choosing the specific test methods for the 5

Appendix, consideration has been given to the sensitivity, precision,,

W ,

and accuracy reqvired and the expected high technical experience of .

P the analyst. Two useful references providing guidance on such require-;

! 3 ments in general are available:
i i

; ASTM D3856-80, " Standard Guide for Evaluating Laboratories
| Engaged in Sampling and Analysis of Water and Waste Water,"2

Annurl Book of ASTM Standards: Pa.rt 31 - Water, 8 pp.,

'

, r

i

*
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ASTM D3614-77, " Standard Practice for Evaluating Laboratories
Engaged in Sampling and Analysis of Atuospheres and Emissions,"
Annual Book of ASTM Standards: Part 26 - Caseous Fuels; Coal
and Coke; Atmospheric, 10 pp. I

1

don.e of the testing will be accomplished in the laboratory, in which
case the sample preparation and handling may be particularly critical.
Generally, analysis should be performed as soon after sampling as is
practicably possible. Other tests have the advantage of being con-

,

ducted in the field with no loss of reliability. Among such tests are i
those for pH, exidation-reductica potential, specific conductance, tur- |
bidity, dissolved oxygen, and specific ions by means of specific ion j
electrodes. Sinallarly, some evaluations of radioactivity are condt.cted -

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 Ilealth Association, 1980. .}
Methods for Chemical Analysis of Water and Wastes, EPA 600/4-
79-020, U. S. Environmental Protection Agency,1979.

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

National Handbook of Recocriended Methods for Water-Data |
Acquisition: Chapter 5 - Chemical and Physical Quality of 41

*I Water and Sediment, U. S. Departcent of the Interior, Geo-
logical Survey, 1977. |

}
'

- Techniques of Water-Resources Investigations: Chapter AS, ;

Book 5, Methods for Determination of Radioactive Substances j

in Water and Fluvial Sediments, U. S. Department of the !
- Interior, Geological Survey,1977.

3

1 Material Indices and Correlations
j !

; A highly useful investigaticoal technique for the experienced engineer
or scientist involves the inferences or projections that can be made1 i

from readily available data such as index test results. Correlations
may be the only way of inferring the previous history of a site in the
case of meteorological paraceters known only for t'te closest weather

3 station (in comparison to a station located onsite for a relatively
short period of time). Elsewhere the vast experience of the engineer-*

ing profesrion in correlating mechanical behavior of-soil with certain
simple index parameters is a source of useful details which should not;-
be overlooked. For example, the widely used hazen correlation provides

;j a rLeans of roughly estimating permeaoility of granular media it.directly
frra grain-size data. Soce of this interpretation based on known

h1 23
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relationships or personal experience forms a core of the geological
field investigations, but correlations should be explored further by
repetition in the office where an extensive synthesis and review of pre-
vious testing and literature can be accomplished.

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

! *

! :

1
i Previous Studies and Records -

f |
The site characterization stage of LLW facility siting provides an op- ~

portunity fcr reviewing in detail 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 the greater intensity of effort dur- *

ing site charecterization will focus attentien 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 !

frem these projections can be applied confidently and used to supple- 2

ment the knowledge generated by detailed studies accomplished at the
LLW site (see pnotograph, page x). ;

.

One of the most 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 tell 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 ;

record is directly useful. Similarly the details of surface runoff j
available at nearby stream gaging stations of the national network are j
often directly useful. Again where a prior history is needed for char- 8

acterizing the rite or for caking hydrological predictions, this source
may be the only one for long-term records.

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

a. Soil surveys.

[ b. Geologic reports and other geological literature.

c. Site engineering reports.

d. Water well records and water supply reports.

:
-
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e. Oil well .ecords.

f,. Hydrological and tidal data and flood records.

g. Climate records.

-' h. Mining records and ieports. |

1. Historical earthquake and other seismic records. s

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

I

k_ . Records of landfills and other disposal facilities.

1, . Topographic maps.
.

1

4
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PART IV: SUP%RY

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 raeasuring, observing, and
documenting are listed in Table 4. This table concisely summarizes all-
methods discussed in the Appendix. To obtain representative walues and
other data, it is necessary to conform to established, widely recognized
general procedures for field investigations, sampling, and testing, in
addition to the specific requirements of the individual standard or
state-of-the-art test methods.

'

1
:
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{Table 4
i

Recommended Testing and Dacumentation to Characterize LLW Sites |
+

Test or Document by Type of Method- _. 7

Parameter Standard Method Formalized Guidance Existing Data
~

Remarks 3

--

Air pressure ASTM -- --

'--Barometer ----
.

observations
Weather records --

-- --

--Thermometer ;
--

Air temperature --

observations .

!-- -- Weather records --

.

IGeologicalU Anisotropy
--

-- --

criteria }

Permeabilities Calculated from j-- --

K and K '
y H

Tracer, studies -- --

Apparent velocity --

|
j-- --

Atterberg limits ASTM --

-- '
CE

----

!
"

Plane surveying -- --
Dorial unit -- ,

boundaries
(Continued)

'
,

;

NOTE: ASTM = American Society of Testing and Materials; CE = Corps of Engineers; APHA = American Pub-
lic IIcalth Association; EPA = Environmental Protection Agency; GS = Geological Survey; ;

BR = Bureau of Reclamation; DE = Department of Energy; and NOAA = National Oceanic and Atmos- i
Ipheric Administration. 1
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Table 4, Continued
|___,

_ _ _ _ _ . _

Test or Document by Type of Method

Parameter Standard Method _ Formalized Guidance Existing Data Remarks

Collapse CE -- -- -- 4

Geologicalsusceptibility
--

-- --

criteria ;

Grain-size data Empirical
.

'
-- --

correlation i
.

i
Compaction relation ASTM -- -- --

|Consolidation CE -- -- --

relation :

Column or field test iS Dispersion Breakthrough curves ----

,

Total salinity ofElectrical -- --
--

,.

resistivity soil j'

Surface resistivity -- ----

survey
Borchole resistivity -- --

--

survey ;

Specific --
i-- --

conductance {

Erodibility CE -- -- --

Agronomicalparameters -- --
,

criteria
.

. !
!

l

'!

(Continued) |
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Table 4, Continued |,

.

|Test or Document by Type of Method
!

Parameter Standard Method Formalized Guidance Existing Data Remarks
i

iEvaporimeter or lysim- ----Evapotranspiration --

}eter observations '
Weather records Empirical-- --

calculations ;

!Technical review --

Extended site -- --

boundary ;

i
Tracer studies ----

Flow direction --

Calculated from K i---- --

and p data |
Well data One horizon only ;3 -- --

I

Geological --

Frost heaving -- --

criteria
Grain-size data Empirical t

-- --

correlation ,i

--

Gascous constituents APIIA
----

ASTM .--

;
'Geological --

Geomorphology -- --

criteria j

-- --

{Grain-size CE --

--

distribution ASTH
---- .

-- -- -- Parameters calcu-
lated from distri- ;
bution curve

(Continued)
i
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Table 4, Continued |

iTest or Document by Type of Method
Pa rarrete r Standard Method Formalized Guidance Existing Data Remarks '

,

!Ground water APdA - -- -- --

' ~~

|chemistry EPA -- -- - - -

ASTM -- -- -- '

CS -- -- --

Cas chromatography -- ----

(organics)
,

i
'

GeologicalGround water system ---- --
,

and boundaries criteria
;

'

Hydraulic ASTM -- -- --

u
o conductivities CE -- -- --

BR --

1

Pump tests -- ----

'
Geological-- --

criteria t

Crain-size data Granular soil only - !-- --

Hydraulic potentials Wells -- ----
,

|and pressures Piezometers -- ----

Technical reviewImmediate site -- --
(

--

Conformance to ;t.ound a ry -- -- --

regulatory / legal ;
constraints ;

i

]Infiltration capacity ASTM -- -- --

Curve number ---- --

estimation j

(Continued) 3
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Table 4, Continued

Test or Doewnent by Type of tiethod _ _ , _ _ _ _

Pa rame t e r Standard Method Formalized Guidance._ Existing Data Remarks ;

i

;Saturation method -- --
Ion exchange capacity --

;-- Mehlich method -- --

iGeological --

Lithology ani soils -- --

criteria i

-- --

Material color ASTM --

Color chart ----

Material densities ASTM -- ----

-- --
CE --

Gamma gamma loggingM ---- '--

t

Borehole gamma survey -- '

Material
----

Gamma spectral logging j
--

radioactivity
----

,
-- ~

ASTM ----

-- -- Mostly near surface |DE

Thermistor -- --
Material temperature --

Water t--
-- --

'
temperature

i

|Standard deviation --

Material variability ----

Range |-- --

parameter --

I
:Detatied logging, ----Haterial zone --

boundaries sampling, and {

analysis j
i

(Continued) i
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Table 4, Continued

k
'

Test or Document by Type of Method ;

Pa ramete r Standard Method Formalized Guidance Existing Data Remarks j

I

|Mineralogy and clay ASTM -- -- --

tX-ray diffraction --

mineralogy ----

,- Petrography ----

1

-- -- --Monument and point ,.

J'; Plane surveying --
positions

--

JControl surveys --
,

--

and grids
1
!Platinum / hydrogen -- --0xidation-reduction --

potential electrode
.

s

Geological Based on color jM -- --

criteria i
!

|
Datch leach -- --

Partition .--

coefficients ,I
-- -- *Column test--

!. Geochemical --
-- --

criteria !

i
i-- -- --Penetration parameter ASTM I
t

Hysteresis is ;Instantaneous profilePermeability function ----

usually ignored
"

i
f

.I
1

i

i
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Table 4, Continued ;
i
t

Test or Document by Type of Method
Parameter Standard Method Formalized Guidance Existing Data Remarks

.

Contract the anal-Radioisotopic ratios --
Pore water age --

ysis and interpre- ,

!~ ' ~ -- tation to a quali-
fied laboratory

Stable isotcpes -- Contract the anal- -'
--

ysis and interpre- ,

tation to a quali- '

i
fied laboratory

!Conductivity ------

Ground water -- --
--

chemistry
w 4

w i
-- --Porosities and void CE ;--

--
'

Acoustic logging --
ratio --

Nuclear logging -- --
--

Geological Especially for !-- --

criteria fracture porosity

$Weather records --

Precipitation -- --

--
Rain gage ----

Related to Consol- I
Rebound index CE -- --

idation relation

Geotechnical --

f
-- --

criterit
.

Geological --

Recharge and -- -- '
criteriadischarge arcas

I
(Continued) i
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Table 4, Continued
,

!

Test or Document by Type of Method '

Parameter Standard Method Formalized Guidance Existing Data _ Remarks
y

iRock classification ASTM -- -- --

Durability test
.

-- ----

Seismic velocity Soundness !-- --

Core logging
'

!correlstion-

i---- --

jindices

JRunoff Stream gaging -- ----

Curve number '---- --

estimation ;

ASTM -- -- -- ;
x.

Calculated fromSeepage velocity -- -- -- ,

K and n
IeRequires adjustmentTracer studies ---- .

for retardation i.

l

|Seismic velocity Surface survey -- ----

Borehole survey ;
-- ----

Related to consol- }Shrinking-swelling ASTM -- --

parameter idation relation j
Geological |

---- --

criteria ;

3
;

Soil clarsification ASTM -- -- --
-

!Soil taxonomy -- ----

iTextural method -- ----

1

3

(Continued) t
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Table 4, Concluded

- 1

' est ne Document by Type of Method
'

T -

Parameter Standard Method Formalized Guidance Existing Data Remarks

-- -- $TensiometerSoction presaures --

Psychrometer }
-- ----

Porous element ;-- ----

Same as for Ground ISurface water -- -- --

che nistry water chemistry |
,

Geological --

Surface water system -- --

and boundaries criteria j.
t
i

Pump test ;Transmissivity -- ----

u
ae

Visual description ASTM - -- --

Water content ASTM -- -- -- ,

5

5

Agronomic data !--
Water-holding -- --

Suction pressure At defined pressures iparameters -- --

' f c-, tion .

Same as Storativity I-- -- --

a

jBorehole loggingWater zone boundaries -- ----

iW'ater table -- ----
*

measurements
Water contents 9

---- --

4
+

Weather records j
.

Wind speeds and ---- --
1

Anemometer and vane -- --
directions r* --

~

t
*

e

8a

.

1

>
; l
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| Table 4, Continued - ~ ~~

!
.
'

i
. . _ _

Test or Document by Type of Method
_

RemarksI Parameter St:cdard Method _.. Form.:lized Guidance Existing Data-
1

4

*
s

!Ss:nple ignitionSoil organics -- ----

{ Soil pH and acidity ASTM -- -- --

ITitration -- ---- -

- i.,

)
Soil solubics EPA -- -- --

i.

APl!A j-- -- --
1

Specific gravity ASTM -- -- --

CE -- -- --

-
<

|d Storativity Pump test -- -----

Neutron logging -- -- '--

Can be estimated j-- -- --

i

jGeolod caliStratigraphy ---- --

tcriteria -

i

8
Strength CE -- -- --

<
?

GeologicalStructure ---- --

criteria

]Suction pressure ASTM -- -- --

function :

1,

i
. >

(Continued)
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APPENDIX: LISTING OF TESTS AND OTIIER tiEANS OF DOCUiENTATION
!

!
$

2In this Appendix the testa and other metheds of docamenting or quanti-
fying important si' parameters are presented individually.* The for- ;

salization of methous by the engineering and scientific communiti,es ;

rangea from step-by-step stanlard methods such as are suitable for con- t

trolled laboratory testing, through formal guidance on procedures and ,
!equipment, particularly for field testing, to state-of-the-art nethods.

The least formal methods of documentaticn such as involved in geological
studies depend heavily en the expertise of the investi2ator rather thin
conformance to a set procedure. The reader should consider this divers- ,

ity of approaches while studying this Appendix. The contents of this 4

Appendix are summarized in Table 4 of the main text.
}Before embarking on a formal testias program to characteri'.e a site, the ,

prospective applicant should review each parameter and parameter group j
carefully for pertinence of site materials, ground water regime, and
configurations in the context of LLW disposal as explained in the Task 1 i

reprrt (KUREG/CR-2700). As was concluled in that report, some parame- }
ters will be found to be adequately quantified from existing informa- j
tion, while others can be considered on a qualitative basis in combina- ;
tics with good engineering judgment. For those remaining cases where ;

testing is found warranted, the procedures in this Appendix are |
recommended. .
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Air Pressure

|
Air pressure information is routinely compiled by and available from the
National Weather Service. This source of data may be adequate for most

'purposes. Where a local weather ststion is established, the preference
of the NRC (NUREG-0902) is for a continuously recording instrument,,

usually an aneroid barometer. Somewhat greater accuracy is expected
from intermittent observations of a mercury barometer, and accordingly a
mercury barometer is recommended by the National Weather Service for

,

genecal purposes. The following standard and guidance are recom:nended: )
i !

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. |
1

" Measurement of Atmospheric Pressure," Section 10.E.2, National |
Handbook of Recoc=sended 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 numerous stations throughout
the nation. This source of data may be adequate for regional and aver-
age charactsristics. The published source is:

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

Daily temperature information is available on tape from:

I
National Weather Service, Asheville, North Carolina. !

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 Tractices, 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.

i
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Anisotropy

Anisotropy of a material or material zone is usually quantified in terms
of another parameter. The most important anisotropy at LLW sites is in
regard to coef ficients of permeability, most commonly the ratio of the
horizontal permeability to the vertical permeability KIkV.* Thus theH
anisotropy ideally is based on separate tests for K and K It isg y.
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
K /K may range from 10 to 1000. The source of such estimates usuallyg y
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.

.

.

!

i
!
i

I
t

,

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

A_pparent Velocity

Apparent velocity is the seepage velocity as measured from tracer
studies. There is na standard method for measurement of apparent veloc-
ity, but the several procedures recoeunended 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.
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Atterhere Limits -

v

Standard methods for determining Atterberg ifmits 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
Engineers, 1970, pp III-1 to III-20.

.

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

"Chrinkage Limit Test," Appendix IIIB, Laboratory Soils Testing,
Engineer Manual 1110-2-1906, U. S. Army Corps of Engineers, *

1970, pp IIIB-1 to IIIB-9.

ASTM D423-66 (Reapproved 1972), " Standard Test Method for Liquid
Limit of Soils," Annual Book of ASTM Standards: Part 19 - Natural
Building Stones: 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 frem field conditions. The ASTM
procedures require air drying and no subsequent curing prior to tetting.
Either source (ASTM or CE) may be used, but differences in detail, such
as a difference in the groove- for liquid limit, make it imperative that
t!.e chosen procedure be identified and followed judiciously.

A-6
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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 filling. Offset
markers are preferable where subsidence may threaten the permanence.
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 11 cm vertically and 110 cm hori-
zontally. Information on surveying practice is provided under Monument
and Point Positions.

.
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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 Finbarr 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 j
vicinity of disposal units by testing or through local experience or :
inference would usually be so serious as to favor abandon =ent 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. O. Finbarr, " Design Considerations for Collapsible
Soils," Journal, Cectechnical Engineering Division, American Society of
Civil Engineers, pp 305-317, 1981.
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Compaction Relation

The laboratory compaction test is simply intended to determine the
moisture-density relation of a particular soil. The relation varies
with compactive effcrt. Field compaction for construction is usually
controlled by specifying minisum desired density and the range of mois-
ture content (water content) within which that density can be obtained.
The moisture-density relatica cay 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-lb (2.49 kg)
Ramer and 12-in. (305-:=a) Drup," Annual Book cf ASTM Standards:
Part 19 - Natural Buildice Stones; Soil and Rock, 7 pp.

ASTM D1557-78, " Standard Test Methods for Moisture-Density Rela- #
tions of Soils and Soil-Aggregate Mixtures Using 10-lb (4.54 kg)
Ramer and 18-in. (457-me) 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 LIN disposal units. The
second nrocedure may be more reflective of high-energy compaction for
constraction of liners for disposal units.
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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 depends 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 tett. 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 1110-2-1906, U. S. Army Corps of Engineers,1970,
pp VIII-l 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).
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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 y
Ebesides technicians qualified through specialization and past experienre "

with a method. Dispersion may be expressed as either the coefficient of
hydrodynamic dispersion D' or the dispersivity a two parameters ! >

,

having the following approximate interrelaticoship for isotropic media
when considered in one dimension: 'M

2 -D' (cm /s) = V (cm/s) x a (cm)* r

!

where V is the average pore water velocity.
Y

A dispersion parameter may be obtained from measurements made in the g
laboratory or in the field. In either case, the parameter can be esti- 9
mated by obtaining the best fit between a measured tracer breakthrough
curve and an analytical solution (e.g., see van Genuchten 1980). Dis- i,

persion is also reflected more directly in the slope of the curve at 0.5 i

relative concentration. .4

A breakthrough curve relates the tracer concentration in pore water h
exiting the test volume to the cumulative amount of water passing b
through after injection of the tracer. Breakthrough curves are clearly MM
explained by Grisak and Jackson (1978) in the context of characterizing k
IJN sites. The tracer should be conservative, i.e., nonreactive and not g
adsorbed by the material, in order to avoid retardation phenomena. Q

M
Laboratory column tests provide the controlled conditions for deter- E

A{{jjmining 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, @i

he.g., that manifested as interbedded sand and silt (at field scale), in
@gthe dispersion phenomenon. Therefore, the laboratory colum2 test will ;]

probably be most representative and useful for characterizing dispersion iG
in relatively uniform, homogeneous material zones. Qheq

Determination of the dispersion coefficient in the field entails tracer [
concentration measurements with or without pumping in wells. Most ex- '#
perience has been on aquifers, but fine grained materials of low per- p
meability can ?.e acco=modated by pumping between closely sptced holes. .g

;^Klotz et al. (1980) review the determinction of longitudinal di::persion [Gin the flow directice , but show that transverse dispersica can be eval-
#uated as well by ins'allation of an array of observation holes across

the expected direction of flow. .

Dispersivity may a!so he considered in a dimensionless firm. ]*

.]
1,
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Alternatively, a single-hole technique shows promise for low permeability
materials (Sternau et al.1967). A volume of water tagged with a con-
servative tracer is injected into the formation through the well, and
then the well is pumped. Were the natural gronnd water flow velocity
as low, nearly all of the injected tracer may be recovered. A break-
through curve is oeveloped during well pumping.

Referencen

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

D. Klotz, K. P. Seiler, H. Moser, and F. Neumaier, "Dispersivity and
Velocity Relstionship 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 Groundwater,"
Isotopes in Hydrology 1966, International Atomic Etergy 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, Vienna, pp 193-206, 1963.

M. T. van Genuchten, " Determining Transport Parameters from Solute
Displacement Expericents," Research Report No. 118, U. S. Salinity
Laboratory, 37 pp, 1980.
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V' !

b Eltetrical Rrsistivity |

N |
Q Dimensivia *.ly, electrical conductivity is the reciprocal of electrical !

LL resistivity. Resistivity is the preferred form in characteriz.ng soil j
g and rock, while conductivity is preferred for characterizing ground t
"q water. ),

Q /
q ,e ;

w +

y;. Field methods t

sp |
% Surface resistivity surveys. Field procedures, equipment requirements,

'

>2|4 and interpretatien for surface resistivity surveying can be found in ,

jf3 Department of the Army (1979), Zohdy et al. (1974), and Telford et al.
! (1976), and in other sources referenced in these pu'alications. Recent.
I work in application of surface resistivity methods specifically to mon-

*

A itoring waste disposal sites is discussed in Kean and Rogers (1981) and g

d Kaufmann et al. (1981). Surface resistiv.ty methods recommended for LLW i

(y monitoring programs involve four electrode measurement arrays acu in- !

rd strumentatio for generating currents in the ground and detecting poten- |
4 tial differences between surface points. Denoting the electrodes in a
-I linear array as A,' M, N, and B, the outer electrodes A and B are the j

h current electrodes, and the inner electrodes M and N are the potential a

electrodes. The most commonly used arrays are the Schlumberger, for |
y@ which distances AB/2 > SMN generally, and the Venner, for which dis- j

p@
tanct.s AM = MN = NB = a . |;

1

h Two types of surveying are possible with the Schlumberger and Wenner 4
''ro arrays: vertical sounding and horizontal profiling. In a vertical

9 sounding application, the electrodes are synnetrically expanded along a i

,[p. line about a given surface point; the vertical sounding results areg] interpreted to give a vertical profile of resistivity beneath the sur- ,

[4 face point. In horizontal profiling applications, the electrode array

g is moved along profile lines keeping the electrode spacing constant
f (varying the profile measurement point). Measured potential differences
f AV are converted to apparent resistivities:

,

(h ..y 9 = K (A M )3 g ;
;+1
g where K = geometric array factor :g

1 = current

Q A for the Schlumberger array, where S = MN andnS
g =AB

-

"p- L=7.Ng = 2'na for a.c Wenner array, Generally, ne ScMummger
f array is preferred for vertical sounding and the Venner array is n:ost
* ;5 Graouly used for horizont al profiling.

'

For monitoring programs, surface resistivity surveys can be conducted
.

7
repeatedly at a aite, require only surface location reference, and thus

% are not limited to monitor boreholes in a few selected locations.
,

)#
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,g Vartical rasistivity scunding data gen 2 rally era intarpretzd by curve f;j matching or by the use of inverse computer modeling to give true resis- ;
tivities as a function of depth. To use resistivity soundinp to moni- jp; tor for changes in resistivity, it is not absolutely necessary to con- |

1 vert to true resistivities; however, depth to the changes can only be jdetermined 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 geometri o l constraints. It may be difficult to find

I locations at a LLW site where the array can be expanded sufficiently to
1 investigate to the depths r%uired without crcssing a trench; thus
j sounding monitor locatzons should be planned carefully in accordance

with the proposed site developmeut plan. A localized resistivity acom- '

p aly (such as a migrating radio'suclide plume) passing beneath a sounding
,

H line will affect the measured apparent resistivity in such a way as to '

produce n.eaninglers results if interpretation is attempted. As a raoni-
j tor of change, soundings before and after occurrence of a localized !j plume will be of value; heweve , multiple soundings in an area will be i

g required if depth and even plan location of the anomalous zone are de- j
sired. In areas where ground water tesiperatures vary seasonally, sur- *,

d face resistivity measurements. will vary seasonally also since resistiv- 1
q ity generally decreases as temperature increa.es. It a.ay be necessary j
j to correct resistivity survey data to a conmion temperature base before

|
f' comparing soundings and horizontal profiling surveys conducted at dif- .|ferent times (Kean and Rogers 1981). 4

i

)]Horizontal resistivity profiling can be conducted along parallel profile
lines (or at least multiple profile ;
a grid of apparent resistivity valu, lines across a site); the result is

'

H es which can be contoured. Each con- -

1 tour map is produced for a constant electrode spacing and hence repre- I
'i sents essentially a constant depth of investigation. If a Wenner array

is used for the profiling, the electrode spacing should be chosen to be
.

4 1 to 2 times the depth of interest. For example, to investigate the -f
H possibility of direct lateral :sigration of radionuclides from the 1

| trenches, the site would be surveyed with electrode spacing of 1 to
1.5 times the depth of the trenches. To investigate the possibility of '

radionuclide migration down to the water table, a second resistivity
; survey should be conducted with a larger electrode spacing (1.5 to

2 times the depth to the water table). The resulting ccatour maps'

shauld be exateined for relative negative changes in resistivity; i.e.,
the appearance of lower apparent resistivity values in the vicinity of,

4 a trench could reflect low ground water resistivity due to the presence ;

of contaminants. Resistivity anomaly maps, prepared by subtracting j
earlier survey values from subsequent survey values over the site, will -

generally highlight areas of relative negative change more dramatically.

Elect romagnetic surveys. Several electromagnetic (EM) induction de-
vices, suitable for mapping surface conductivity variat. ions at LLV,

| 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 witt EM devices,
l
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; howev2r, cza b2 cignificantly effseted by elece pr:xicity (within 500 c)
to major power lines or transmissi a towers. While the EM devices have 4

the advantage of being more rapid to use in surface mapping than the
( resistivity methods, tL y have limited depth of investigation capabil-

ity. One of these devia es, for example, has essentially = fixed depth'

f of investigation of ab.'.t 3 m, while another such device has six depth
; of investigation canfit .raticas to a m.mximu:n of 60 m, which shvald be
! ufficient for most LLW sites. Development of EM surveying equipment as

wil as interpretation experience at hazardous waste sites is rapidly
I progressing.

Resistivity logging. Single point resistivity an. spontaneous or self-
f potential (SP)* surveys are routinely conducted as part of a borehole j

j geophysical logging program; these survey methods, as well as other,
p multiple-point resistivity methods which can be condw ted in boreholes, !

have applicability for general purpose site characterization as well as
monitoring programs. Field procedures, equipment requirenents, and

.
interpretation requiremeus can be found in Department of the Army
(1979), Keys and MacCary (1971), behlumberger Limited (1972), Telford

L et al. (1976), and other sources referenced in these publications. For
monitoring applications, all of 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-

.,

J tivity and ground water flow velocity. The primary limitation to the
i use of borehole resistivity and SP logging as monitoring methods is that j
' the methods cannot be used in cased boreholes. i

i

Specific conluctance probes. The ground water itself (in distinction i
from the water-bearirg soil or rock) can be characterized la regard to
conductivity by measurement of specific conductance in the f! eld along

h with temperature (Environmental Protection Agency 1977). In situ mea- -|
' surements can be made by lowering a self-contained conduct.ance- ,

_ temperature probe into a well and recording the results fro:n surface ;

instrumentation. In areas of high water table, the measurements can be i

made without installing a well. Figure 5 of the main text is a schema-3
tic illustration of such a device.,

5 .

The probe can be pushed directly into soft ground; where the ground is i

!; harder, it can be inserted into a small-diameter, hand-augered hole. ;

'

During insertion, the perforations are protected from clogging by an
outside tube. When the probe is below the water table, the tube is |

7 retracted, allowing the ground water to flow into it. Specific con-
ductance and taperature of the ground water can then be recordet

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

* Ground water flowing throph soil and rock can generate electrical
voltages, known as spe nancous- or selt potentials, through electro-
kinetic and electrochemical processes.

'
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Ansth;r advantsga of tha sp:cific c:nducttncs tnd tempsratura pr:ba
method is inherent in the equipment required. Since the mechanisms
involved are not bulky or cumbersome, a two-man crew can easily carry
all necessary equipment into the field and make a series of probe mes-
su rement.a. 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 equipment due to mechanical
failure or to contamination before testing can give erroneous informa- 1

tion. To prevent this development, the equipment should be checked i
periodically for malfunctioning against a standard solution such as |
potassium chloride. Also the method applies to shallow depth only. j

5
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 ccatent, specific ions, and '

degree of dissociation. Special tables have been constructed to relate
conductivity in soils to salt concentration and are presented in the
following recommended procedure: }

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

Chemical Analyses. Chemical Publishing Co., New York, 1971,
,

pp 75-80. 1

i

References :
1

Department of the Army, " Geophysical Exploration," Engineer Manual -
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Sciences, l'niversity of Waterloo, Ontario,1982.
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Eredibility

Erosion is primarily affected by material grain size or the mechanism of
soil dispersion. Dispersive clays are a particular type of soil in
which 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 crosion test is the most reliable test for identifying dis- ,

persive soils. A recommended version of this test, along with other sy
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 actus1 practice, the crodibility parameter usually reflects a rela-
tive behavior among soils at the site or in cceparison to problem mate-
rials elsewhere. Accordingly the need is often for an approximation or ;
index obtained with case rather than a more formal laboratory test. The j
so-called crumb test is suitable in this capacity for characterizing j
soils at LLW sites.' An appropriate standard method is as follows: ,

.

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

9

<
'Empirical relations and experience

Local experience assembled in soil conservation and geological agencies
and offices is frequently the best avenue to characterizing local soils :

for erodibility. The past performance of one soil versus another, e.g.,

in farm pond embankments, focuses on erodible soils. Soil loss equa- ,

tions for estimating erosion from wind and from water are available in
Skidmore 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 been 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
Heteorological Instruments and Observing Practices, 3rd Ed. ,
World Meteorological Organization, 1970, pp II.23 to II.27.

Estimations

Indirect procedures are frequently used to estimate evapotranspiration.
The following summary from Environmental Protection Agency (1977) ad-
dresses four methods, modified Blaney-Criddle, radiation, modified
Penman, and evaporation pan methods. Also ref er to Robins (1965) for- a
review of indirect measurement as well as estiwation 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 area 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 instrumants, and observation and recording
practices should be appraised to 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 estiested) needed for each
method are summarized in Table A.I. The methods are described very
briefly here al.ong with some general criteria for their selection and
use.

Table A.1
Data Required for Estimating Evapotranspiration

(from Environmental Protection Agency)

Modified Modified
Factor , Blaney-Criddle Radiation Penman Evaporation Pan

Temperature Meacured Measured Measured .........

Humidity Estimated Estimated Measured Estimated
Wind Estimated Estimated Measured Estimated
Sunshine Estimated Measured Measured .........

Radiation Measured Measured......... .........

Evaporation Measured........ ......... ........
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The Blaney-Criddle method is recommended when only air temperature data
are availabic 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 method used by the Soil Conservation Service. In the eastern
United States, Blaney-Criddle is less widely 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 versions of the method
exist, and because they were mainly derived under cool coastal condi-
tions, the resulting evapotranspiration generally tends to be
underestimated.

,

The modified Penman method is probably the most accurate and best choice
,

when temperature, humidity, wind, and radiation 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 the pan, pan data may be superior to data obtained by
other metbods; nevertheless, particular care in planaing is warranted
because of the influence of the surrounding environment and the pan con-
dition on measured evapuration. 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 exampic, the Thornthwaite method, in which teeperature
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. potranspiration. Because of its relative simplicity, it has
of ten 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-
pe.. dix F, Process Design Manual of the Land Treatment of Municipal
gastewater, pp F-1 to F-3, 1977.

J. S. Robins, "Evapotranspiration," Chapter 20, Methods of Soil Analy-
sis: Part 1 - Physical and Minerglogical Properties, including Statis-
tics of Measurement and Sampling, American Society of Agronomy,
pp 286-298, 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 collected. Exceptions to k
this guidance can be made in those cases where climatological and stream
gaging records from existing stations at intermediate distancex 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 important 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 drainage bcsin or basins within which the runoff from the inste-

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 in:-luded. 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.
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Flow Dirzetion

Calculation methods

Flow direction is usually calculated or diagrammed indirectly 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 nanifested 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 co==ca, 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 directica 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 horizon as an injected well point (Karadi
1975).

Another technique that can be considered for application where suffi-
cient experience has been established involves injection and observation ,

from a single well as explained under See: age Velocity. The method, i
however, depends on establishment of the preferred directions of migra- *

tion of a radioactive tracer solution usicg a special collimated detec- [{;
tor in the hole. s

;

11
:n
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# ' nFrost Heaving

The reconnended 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.

rese
Sunessanaity

cmo.1: woe.e.,
wo . . . . , , , , . . . . ., , , ....

, @ coon saw.sw cio,,,,

(Cwry Hign @ Oevey CaAvrt.Cw CC ILT 5
ML eas;./

@ CaAVEL.CMG yq,.gt;
40.0 g Lee. Laf.CL Y. ""

d
's .S.)1

-

-

i _ CO|.r;L'**I h7'@ _
, - re,sanos y. ; -

,
,, .

g . . . %

\
'g IQI

cte,ev .-$-s o

54adr ' SA Nos sole,c'*
.'Hedium ,

,
& |

MavCL '
\; N\ RavEi.) ,

g
e

.

e - . ' '" |_ CP \ 'Gq%-
;

_

A SM SC .
e \ sad 5C * . I

L*' * I ' jj ,g $.le,GRAvrL
E GwGM.G9 CM j,: .

\' '

"to asGMg /- -

$ - \ \ Cteselty sad p -

W'T Le* 4
~

'?D5 N CL CLAY
~

g,;.. Sewy CLAfS re -

~

N h ! CH *

- ,/
| -

, ,.j+ .,.

\ .su #su
-

Negli$ille
-

\ f SM .,

Sea.4, -

GRaytte .-,

?
...d , , , . . . . ., ,

o.04
. ,, ... .

8 80
' sw

Pertenfo94 thy weight fieer them o 02 anr.

Crevetty Selfs LF,I_ | FI | 72 | T3
SAhD$ tt,tept ,ecy f are siity $ANos) | F2 F3
Very flee elity SANDS r4

All slLT S 74
iCL AYS (Plel2 ) r3

CLAYS (P2* tt!..ar.ed CLars oes other fies.ges.aed toaces sec.+ ears- #4

Figure A.2. Frost heaving criterien for soil
(from Corps of Engineers)

A-24

_ _ . . _.

w - Du er 'gs'= =r f wwwdM 4 4,g - m g W.g ee- ..p . p ,t$a e ae



__ _.. _. . _ __.. _ _ . - . .- ._ _. . . , . - . . . . . _ . . . _ _ _ . . . . . _ _ . _ . _ . . , _

Caseous Constituents

Anaerobic decomposition of the wastes in a LLW site of ten produces gases
such as methane, hydrogen sulfide, carbon dioxide, and ammonia, thus

3H and 14C compounds to the at-permitting a mechanism of escape for i

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 Association,15th
Ed., 1980, pp 523-530.

In cases where a gas migration problem is indicated to be possible,
field determinations should also be considered, using gas-specific de-
tector probes. Detectors are commercially available for methane and
hydrogen sulfide as well 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:

ASTM D3442-75, " Standard Test Method for Tritium Content of Air,"
"

Annual Book of ASTM Standards: Part 26 - Gaseous Fuels; Coal
Vand Coke; Atmospheric, 3 pp.
4

There is also some loss in efficiency when H is in the form of methane. U$
8

Much of the current experience in measuring radioactivity in gases from Mi
LLW han ccme fto= cfforts summarized by Matuszek (1982). $$

$t:a
&

Reference ni
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rience," in Low-Le'- e Disposal: Site Characterization and Moni- 'r
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Geomorphelegy

Although this section is primarily concerned with geomorp' osogical docu-
mentation, it also encompasses closely related geological parameters.
Similarly, see further discussions of parameters related to geomorphol-
ogy under Stratigraphy.

.

Landfor2m

The geo.ogi:a1 characterization should include the identification of the
ph apnic province and lower order physiographic subdivisions in
vu. t the LLW site is located. Specific landforms including, but not -

limited to, floodplains, stream terraces, dunes, svamps, karst, and
glacial features should be identified from field observations as well as

|A'free 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 mapu. Catchments whose bound-
aries extend beyond the site should be included on the map. The order 4of each stream should be determined, i.e. first , second , third-order, Cd
etc. , and the stream patterns, e.g. , trellis, dendritic, or rectangular, mh
should also be identified. Longitudinal profiles of main :trean or

~

y]
principal atseam should be plotted as well as typical stream cross sec- g
tions. Knickpoints or other indicators of potential fluvial instability i
shot 1d be identified on the profiles and sections and examined in the Z
field. Field studies should include the identification of floodplains $
and terraces inferred from maps and imagery; particular attention should $-
be given to evidence of historical flooding a.id channel instability as @
indicated by steep, unstable banks, sediments and debris choked chan- @
nels, and incised or knicked channels. Ifistorical aerial photographic /* *
coverage sLould be consulted in order to verify overall channel stabil-
ity over the years. g

IId
tB

Ceological hazards %
JA

The identification and evaluation of actual and potential geological Qff
hazards, at the site or which may affect the site, should be ccnducted U
by a synthesis of all available geological information to include geo- (glogical literature and field investigations. Generally, reports and .y
maps prepared by federal ar.d state geological surveys will provide suf- ,p

i ficient information for site selection and initial phases of site char- T.:
acterization. Ilays (1981) has presented maps of the contiguous United '%

States which show areas where carthquakes, volcanism, karstic terrain, (,
exparaive soils, landslides, and flooding occur. If

c.N .
m
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??; Considerations," Professional Paper 1240-B, U. 9. Department of the
!/;B| Interior, Geological Survey, 109 pp, '.981.
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7 Grmin-Siz? Distributien

L,;<.

f.C Direct measurement
Zs
E.h Crain-size distribution is determined by a combination of sieve analysis

and hydrometer analysis for materials retained on and passing the U. S.
q& Standard No. 200 sieve, respectively. The sieve analysis consists of
4

'

passing a sample through a set of sieves and weighing the amount re-
,; tained on each sieve. The analysis is performed on material retained on
9 a No. 200 sieve but is applicable to soils containing small amounts of

y' material passing the No. 200 sieve, provided the grain-size distribution
,

of that portion is not of interest. j

{ The hydrometer analysis is conducted on the material passing the No. 200 )
J rieve to deteraine the percentage of dispersed soil particles remaining -

in suspension at a given time, with finer naaterial remaining in suspen-,,.

j.j sion longer. Standard procedures are presented in:
,

, " Grain-Size Analysis," Appendix V, _ Laboratory Soils Testing, Engi-
.

J. neer Manual 1110-2-1906, U. S. Army Corps of Engineers,1970, !
3 pp V-1 to V-28. j

k ' ASTM D422-63 (Reapproved 1972), " Standard Method for Particle-Size f
Analysis of Soils," Annual Book of ASTM Standards: Part 19 -

'

.

- Natural Building Stenes; Soil and -Rock,11 pp. |{
1 >

@ The first procedure has iretructicas for working with shale such as
,

found at some LLW sites.
.

Certain useful paraneters can be calculated fro:n grain-size distribu-

L];a
tion data as explained under Lithology and Soils and !!ydraulic ;
Conductivities. ,

'

an
f Parameter calculations
; i
7 Generalities on the size of grains can be determined from direct mea- >

surecent. The coefficient of uniformity and coefficient of curvatura- |
are parameters deternincd frc a grain-size distribution curves and used
in the Unified Soil Classification System (see Soil Classification).
These parameters provide a means of characterizing grain-size distribu-

"' tion curves, giving information on engineering properties, and comparing
different. materials.

* Other parameters mre familiar to geologists are median, mean, standard
deviation (for sorting), skevness, and kurtesis of sediment grains,
which sometimes provide a tietter means of cc paring and describing grain^-

size (Folk 1980). The percentages coarser than a given size are plotted,

as cu .ulative curves on probability paper. Grain sizes may be given in
p units, the negative logarithm to base 2 of the particle diameter in

A-28
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k cillimetsrs. The grzphic mer::ur2s cra calcul& tad caing th? farmults:
0

h Median = $50 p16 + p50 + 084
- -

%
g Graphic Hean

3
l."
#

Inclusive Graphic

C Standard Deviation = N84 N_16 095 05
.-

#
Ib 4 6.6

[! Inci:'sive Graphic pg4 ,(16 - I 095 + 85 2750SO
"***

} 2 (9 ~N16) 2 (9 ~#)84 95 5
:e

,:a
!995 IS:

Graphic Kurtosis = 2.44 (9
~N25),j 75

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

G The mode is the most frequently occurring particle size. Some materials
may be bimodal or even trimodal. Gr.11narily the mode or modes cannot be.a

readily determined from cumulative curves and must, therefore, be iden '
y- tified from histograms or noncumulative, size-frequency plots.
;,-

c.j
i< Reference }
f;, i

f), R. L. Folk, Petrology of Sedimentary Rocks, Hemphill Publishers, Austin,
'3 Texas, 1980. ,
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Cr?und W-ter Chemictry

Table A.2 gives a summary of special sampling and handling requirements
for most of the parameters included under organic, inorganic, and qual-
ity categories. Cuidance 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 i
instrument operation are furnished by the manufacturers. A genent dis-
cussion of atomic absorption methods for metals is given in Methodgor

,
.

Chemical Analyses of Water and Wastes (cited below).
! #
- Fluodde, nitrogen, and sulfate are determined by colorimetric tech-

niques; chloride, iodide, and sulfide are determined by titration g

methods; and dissolved oxygen is determined in the field using a mem- 1' 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 Vastewater,
15th Ed,, American Public Health Association, 1980.<

' a . ,-

arsenic, wienium 30?E, " Determination of Arsenic and Selenium f
by conversion to their Hybrides and Aspiration !

of the Gas into an Argon-Hydrogen or Nitrogen-
i Hydrogen Flace," pp 160-163.

cesium, strontium 303A, "Determinition of Antimony, Bismuth,
Cadmium, Calcium, Cesium, Chrosium, Cobalt,
Copper, Gold, Iridium, Iron, Lead, Lithium,
Magnesium, Manganese. Nickel, Platinum,
Potassium, Rhodium, Ruthenium, Silver, Sodium,
Strontium, Thallium, Tin, and Zine by Direct .

Aspiration into an Air-Acetylene Flame," {

pp 152-155. ,

carbon dioxide 406C, " Carbon Dioxide and Forms of Alkalinity 1

(dissolved) by Calculation," pp 268-269. I

chloride 407C, " Chloride / Potentiometric Method,"
j pp 273-275.

! hydrogen sulfide 427D, " Sulfide /Iodometric Method," pp 448-449.

!
427E. " Calculation of Un-tonized Hydrogen
Sulfide," p 450.

|

{ i,
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Table A.2 ' j --
-

1
Summary of Special Water .%mpling and Handling Requirements }

. (frora American Public Health Association) !
I
1'

M'a'*** I1
, No.im,,,

Deletminates34 Container' Presertalonil $torate .

[ Recom' mended liceal.e;yt {.
,

..
I

Acidsty P.G B1 10n Refngeration 24 kr/14 dan j
'*'' Alk aksi.y P.G 200 Refostrate

'
24 heile dan :

N 80D P. G I too Re(traerare *- 6 hr da he
'

t
" *poron P 10 0 y..me required 28 day >2s den

,, ,

Utomide P. G - Neetretamred 2s dew 25 den t
^

Catwin.orgare. total G 100 An.!pe emmediately;or refngernet 7 dan 28 den ' ,

ad edJ lf,50.to pH " 2 f
Certen dwnede P. G 100 An.'y st emmede.nely -s- 1

y ' Analyse as soon as poss.Ne;or 7 dayU28 daya i -
, 1

COD P. G 100
'

edJI4,50,topH < 2 ;

P.G $00 Anaipe ammedutely 0 5 hrc ht s.

CNorW. '.esedaal |'-
:p

Chloride d oiide P.G S00 Asiafpe emmediesely 0 5 hr'2 hrI

N Olorophyll P. G 300 50 dap en dsk. frecae 30 dant- . .{
Ca. lor P.U $00 W efrigerate 4s hetes he*

Cen.,=csi-v P. O 500 Refrigerate 2s d4p 28 d.?e '|-

s' 4Cpan*
Tot.1 P. G Soo Add Neolt to pH > l2.refriserate 24 hrrI4 dse f

in dsk j

{j i Amen 4Je tochtonnation P. O 300 AdJ 100 rrg Na,$,0,t -t-
Fluonde P 300 None required 28 dayv28 days

3|
e Gresw end ed. G.mide mavi%. 1.000 AdJ H,50.topH < 2 refr;scrate 28d p ?8 dan j
,,

| cahbesteJ .

{(V Hedness P. O 100 AdJ HNO.topH 4 2 6 monthe 6monthe,

| lud.nc
.

P. O Sue An4tpe lemed.stely 0 $ hrf-' :

|
Met h. general h A L Q Al - Ior dasvl=ed meteh Alter e monsh+t m mthe -|

! 4mmedia'ely aJJ HNO,to pH < 2 |

| Chromium VI nALGA: 300 Refrisernte 24 hrs 4t he y

Corper by cotorimetry* 1
Mercury H Al. G A 300 AJd HNO.to pH < 2.d C 28 dan''28 day a j

Narogrn:
Amm.mia P.G Sne Analne as soon as possiNe oc add 7 depts day 9 !

I H,SoisorH < 2, refrigerate |
j Nitraee P. G 100 AdJ H,50 topH < 2.refngerate 14t heat he ;

,

I'he lett Igle edilettond| detes|% yip deleNasteltung ned bg4ed 3%e si.'** er P sms's <*ntas*rts. f*rferatilv refe aerese W sorge end ,Wyse e= =oun es pp. Sile i

Refe.gresee * +irase et 4 C.en Ihr dort P * Fle*ise efin gespee se e g.neteese. G e ghes Ge Aner Pt to 'e sen=ed wien I e ! ItNO, Oti e ps
cise . si anwd mid erse''c o'*e* ' '

' ''ew t=,arvss is.ec.
- ia a

.
J

'I a.wunenemel Prosess on Agency. Prosesed States fien.f Neensee 44 No. 244. Dee, ta.1979. < , g, $
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$Table A.2 (Continued) ;
~ !

."'*""
68asemum !#

Determinatica Container Presersation saarase |j,' Recommended Regulatoryt I

INdtare * ndrite P.G 200 Anafyse as soon as potutde se some 211deya
1refrigerese.cr freese et -20 C f

N ivite P.G tte Anaty re as einse ne posuble ce . sonetes he i
refsigerate;6e hee re at -20 C

Organic. Kjeld4hl P. G S00 - Refraserste; add tf,50.to pH 2 7 dan 7e days
af it C 500 Analyic as seun as rowbie; t hat. s

refriserale
!Org anis sonipuunds: ireunides GSn.TI E lined - Refbgerate; add t00 mg Ns.S.Ost 7 days /7 dan s Icap if residualthlorine presens

Phenols P. O ''e Refriserate;adJ II.SO, to rH < 2 .
)

*C3 days
.

.|I%rgeables by Purge G.TFE-34ned A Iteft scrnie add too a g Na,5,0sL 7 dan 14 dayi
1anJ Trap cap ef ra Wealchionne presene

.}Ongen. d.ssolved. G. DOD tutte 390
gy Lies trate Analp re immediately 0.S hril ha -

4 % ankler Tetraison m4y be delay. d eher 8 hre hrd sciJ fkavion
..

jOsone G I.000 Analyreimenedively 0 $ hri- ipH P. G Analyse immedialery 2 hr/2 hr 4
-

Phosphate GtAl 100 Fordissolvedphosphate After 48 br/48 he
immediately; refrigerate.freese h'
at -:0 C j

ReuJue P. G - Ref"scrate 7 days /714 days .ISalmery G. was seal 240 Analyre immedessely or ese 6 enanthal-
mas seal

Sha P - Refrigerare.do not freese 28 4ays/28 days 1Studse digewer gas G.ses bottle - - -

)Set ** P. G - Refraseraie 28 days /28 days
.iSuff4e P.G 300 Fefrigerate; add 4 drops 2N siac 28 dardt days jeretate.100 mL
i

Taue G 3ac Anetyse as soon as possible; refriger.se 24 hel- -t

{Temperature P. 0 - Analyse immediately -/-
T ust idity hO - Anal,se naceday; store in dark 24 he;48 hr

nip to 24 hr I
-|+

.

2
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Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-
020, U. S. Environmental Protection Agency, Cincinnati, 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. I

!
copper 220.1, " Copper (A:amic Absorption, direct

aspiration)," 2 pp.
i +

220.2, " Copper (Atomic Absorption, furnace j

f technique)," 2 pp. I

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

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

iodide 345.1, " Iodide (Titrimet ric)," 4 pp.
iros 236.1, " Iron (Atomic Absorption, direct aspi-

i ration)," 2 pp.

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

,

t

Icad 239.1, " Lead (Atomic Absorption, direct aspi-
ration)," 2 pp.

239.2, " Lead (Atomic Absorption, furnace tech-
nique)," 2 pp.

mercu ry 245.1, " Mercury (Manual Cold Vapor Tech-
nique)," 6 pp. g

nitrogen 353.1, " Nitrogen, Nitrate-Nitrite (Colorimet- i -

(nitrate) ric, Automated, Hydrazine Reduction)," 5 pp. }
l

oxyZen 360.1, " Oxygen, Dissolved (Hecbrane Elec-
(dissolved) trede)," 2 pp.

silver 272.1, " Silver (Atomic Absorption, direct |
aspiration)," 2 pp. ;

,
272.2, " Silver (Atomic Absorption, furnace i'

technique)," 2 pp. i

sulfate 375.4, " Sulfate (Turbidimetric)," 3 pp.
zine 289.1, "Zine (Atomic Absorption, direct aspi-

ration)," 2 pp.

289.2, "Zine (Atemic Absorption, furnace tech-
nique)," 2 pp.

;
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Org nic ern,titurnts

Among the many organic coastituents that have beca detected in ground -

water, several of the pesticides have received special attention. Cer-
tain chlorinated hydrocarbons and chlorophenoxys are identified for de-
termination in ground water at those solid waste disposal sites (other
than LLW sites) regulated by 40 CFR 257. Standard tests are as follows:

_

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

;

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

2,4-D, 2,4,5-TP ASTM D3478-79, " Standard Test Method for
Chlorinated Phenory Acid Herbicides in Water,"

,8 pp.

The importance of gas chromatography (GC) such as used in these standard
methods extends well beyond detecting these few specific constituents.
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.

I

. Quality parameters

Most of the parameters ccatained 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 determination are simple and
straightforward. Standard procedures are presented in three refer-
chces as follows:

}

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

color 204, A-E, " Color," pp 60-70.
specific 205, " Conductivity," pp 70-73. .

conductance *

temperature * 212 "Teeperature," pp 124-125.

* Field measurements of specific conductance, temperature, and i
ioxidation-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, and Oxidation-Reduction Fetential.
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Heth:da fer Chr-ical Analy2in ef W<.tzr rnd W etes, EPA 600/4-79-
020, U. S. Environmental Protection Agency, Cincinnati, 1979.

alkalinity 310.1, "Alkalicity (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 CACO )
3(Colorimetric, Automated EDTA)," 4 pp.

EH 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 parameters--specific conductance, temperature, pH, carbonate
and bicarbonate, oxidation-reduction potential, and dissolved oxygen is
available also as:

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

Radiological paraceters

The same basic principles apply to sazpling for radioactivity as for
sampling for other parameter tests. However, because most of the radio-
activity found in water sarples will be in submicrogram quantities,
care must be taken to assure that the radioactivity does not adhere to
the surface of centainers. The procedures for analysis have been well

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

Temperature, md Oxidation-deduction Potential.
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d2finrd bac2d ca pect experizaca with radieretive fell:ut from werp:ns
testing and from surveilltace 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. Specific alpha
determinations require extensive chemical separation and detection by
either alpha scintillation or alpha spectroscopy using surface barrier

14C and 3detectors. Similarly, H will not be major contributors to the
gross beta measurement 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 qualitative and quantitative as-
sessment of gamma-emitting radionuclides. Recent advances in GeLi de-
tectors provide excellent resolution 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 D1943-81, "StanJard Test Method for Alpha
Particle Radioactivity of Water," 5 pp,

gross beta ASTM D1890-81, " Standard Test Method for Beta
Particle Radioactivisy in Water," 7 pp.

gross gamma ASTM D3649-78, " Standard Practice for Gamma-
(srectral) Ray Spectrometry," 12 pp.

:

23sPu, 230Pu ASTM D3865-EO, " Standard Test Method for
Plutonium in Water," 6 pp.

Prescribed Procedures for Measurement of Radioactivity in Drinking
Water, EPA-600/4-80-032, U. S. Environmental Protection Agency,
Cincinnati, 1980.

13*Cs, 137Cs 901.0, " Radioactive Cesium in Drinking Water,"
pp 15-20.

60Co 901.1, "Cac=a Emitting Radionuclides in Jrink-
ing Vater," pp 21-25.

13}I 902.0, " Radioactive Iodine in Drinking Water,"
pp 26-30.

90Sr 905.0, "Radicactive Strontium in Drinking
Water," pp 58-74.

3H 906.0, "Tritica in Drinking Water," pp 75-82.

j

..h
'
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I.
Precidures for Rrdicchemical Analysis of Nucitar Reactor Aqueous
Solutions, EPA-R4-73-014, U. S. Environmental Protection Agency,
Cincinnati, 1973.

84C " Carbon-14," pp 38-42.

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

21'6Ra 706, " Radium 226 by Radon in Water (Soluble,
Suspended, and Total)," pp 590-600.

22sRa 707, " Radium 228 (Soluble) (Tentative),"
pp 600-603.

A fifth source of standard test methods including alternative procedures
for 14C and 3H is available as:

"Hethods for Determination of Radioactive Substances in Vater and
Fluvial Sediments," Chapter AS, Book 5, Techniques of Water-
Resources Investigations, U. S. Department of the laterior, Geo-
logical Survey, 1977.
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Ground Water System and Boundaries

The geological delineation of the pertinent grour.d water system or sys-
tems and their boundaries will consist of the collection and synthesis
of ground water information derived from literature sources as well as
from information obtained during site exploration. I;enerally, this
characterization includes the identification of significant confined and
unconfined aquifers, aquicludes, aquitards, piezometric heads, and di-
rections of ground water flow. These data sbould 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 the geologic
data. At many sites, principal aquifers can be identified from liteca-
ture sources; however, perched aquifers and confined aquifers may only
be identified from site exploration 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 include all
available data on ground water utilization.
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Hyderulic C;nductivities

The hydraulic conductivity (coefficient of permeability) can be measured
by routine laboratory tests or evaluated from field tests. Field tests
are of ten 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 f alling head test is more con-
venient for fine-grained soil, as is that test utilizing a consolido-
meter. Guidance on selecting a test rethod is given in Table A.3.

f
.

Table A.3

f Soil Permeabilities and Test Methods

Coefficient of
Fermeability Method of Detereisation

Soil yne cats Field Dberatory

Clean gravel; coarse 10 Multiple-bole Constant-be d -

sand, medium sand. 10' pump test pe rme sset z - --

asJ fine sand; 10*8 Talling
sand and gravel statures; 10 2 bead''
very fine sand 10*8 pe m a-

Silty sand; gg., Multiple / Single
,, seten

organic silt; gg.s hole pump test
,,

silt; glacial till; 10.s Sloth-hole ,,

sitty clay pump test
"Irrervious" soils, 10*' E'''*II '"

--
e.g. homog m ous jg.a ,,

clay below acce gg., ,,

of wathering

.

Appropriate standards for hydraulic conductivity are as D11cvs:

ASTM D2434-68 (Reapproved 1974), " Standard Test Mathed for
Fermeability of Granular Soils (Constant Head)" Annul Book of
ASTM Standards: Part 19 - Natural Building Stones; Soil and
Rock, 7 pp.

.

" Falling-Head Pemeability Test with Pemeaceter Cylinder," ~

Appendix VII. Section 4, Liboratory Soils Testing. Ingineer
Manual 1110-2-1906, U. S. Amy Corps of Engineers,1970,
pp VII-13 to VII-16.

.

Designation E-15, "One-Dimensional Consolidation of soils," $

Earth Rinual. 2nd Ed., U. S. Department of the Interior,
Bureau of Reclamation,1974, pp 509-521. :

.

,1
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" Permeability Tests with Consolidometer," Appendix VII,
Section 8, I.aboratory Soils Testing, Engineer Manua"
1110-2-1906, U. S. Army Corps of Engineers,1970,
pp VII-22 to VII-24.

I.aboratory tests can be run on oriented specime ns to permit calcalation
of vertical and borizontal conductivities. The fabric of the soil may
indicate that measuremeot on planes other than vertical and horizontal
are necetsary. A comparison of the permeability (e.g., K v) can beh
used to quintify the anisotropy. Almost all soils are anisotropic with
respect ta permeability. .

Field tests

The field tests for hydraulic conductivity are much more expensive than |laboratory tests, but the same field setups can sometimes be ueed for
Jtvaluating otler parareters also. Tests can be either single-hole tests [

or multiple-hole tests.

l

Single-hole tests. In the single-hole test the response of the water
pressure or water level is measured as a functico of time as water is

pumped into or out of the hole. A single-hole test may be run on any
material regardless of the permeability value, and therefore is pre-
ferred over a multiple-hole test for strata that are not considered to
be aqu8.fers. -

iThe single-hole test measures the permeability within a section of hole.
In a ca.ed hole, the te:t section is either screened or open. In an g
uneased hole, the test section is bounded by a packer above and c:ay be 3bounded by a packer below or lef t open. A profile of permeability may n
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. Radial flow is usually assumed in interpreting the single-ho'.e /[
test results. In rock or stiff clay, flow may take place preferenti.11y 4
along joints or fractures so that the assumption of radial flow is S

h.inappropriate.

k
A single-hole test may be performed in less than aa hour and is less M
expensive than multiple-hole tests. A multiple-hole test requires iB1
12 hours to several days tr., complete (excluding drilling time). The fd
per= 'Ality coef ficient that is determined from a single-hole te.-t ap- Id
plies only to the material wittin a few feet of the test section. It %-is best to conduct several single-hole tests on a stratum where possible p
to determine the variau lity or >ermeability. The single-hole test pro- p
cedures ace given as follows, with the latter one particularly appro- [[jppriate for rock strat s:

q,
f

+: n
j|
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De2ign:tica E-18, '" Field Perserbility Tcts in Borthalta," Earth
Mirunl, 2nd Ed. , U. S. Depsrtment cf tha Interier, Burcsu cf.y
Reclamation, 1974, pp 573-578.

*
1 iRTH 381-80, " Suggested Method for In Situ Betermination of Rockp.

' Mass Permeability Using Water Pressure Tests," Rock Testingq
'gj Handbook, U. S. Army Corpa of Engineers,1980.
R 4. 5

Gibb et al. (1981's .eview water withdrawal pump tests on low-yielding
@[%$A monitoring wells at several no'inuclear waste disposal sites. Attention
7 'y is focused on the relatively large volume of the water stored within

the well and on the consequences to drawdown and collection of samples<

IM representative of the aquifer itself.
p
A i

Et; 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
T an aquifer test or pump test). Vater is pumped out of the control well
@ sad .the response of the aquifer as drawdown and recovery is monitored
a . in the observation wells.
h,
k In designing a test, decisions must be made concerning the location of

the wells, selection of the pump, and selection of the observational
A equipment (i.e. , piezometers, flometers, barometers, etc.). Informa-

Q((
tion must be collected about the geological and hydrological settings of
the aquifer to identify the conditions governing flow. Some wells only~

Icy partially penetrate the aquifer. Examples of necessary information are
aquifer thickness and the approximate values of transmissivity and stor-

[ age coeffi:iene. Based on thu information, resys"se curves must be, ,

yy selected that are appropriate ter tha aquifer boundary conditions. Even
so, scne uncertainty about the aquifer boundary conditions (i.e., leakyw

efiyj aquifer, semiconfined) will remain. Aquifer testing is routine but t

,M time-consuming, expensive, and fraught with potential errors. The tech-,
8j nique is uually among the most important and useful means of LLU site

f]:fgiq characterization. Cuidance on conducting an aquifer test is presented
[M in: ;

A j
esgj " Analysis of Discharging Vell and Other Test Data," Chapter V, ;

I% Ground W.,ter Manual, U. S. Department of the Interior, Bureau of
!h Reclahation,197/ (revised reprint 1981), Dp 85-173.

.x |

h "Aquifez-Test Design, Observrtion, and Data Analysis," Chapter B1, I

wg: Fook 3, Techniques of Water-hesources Invcstigations, U. S. ,

,*

'Q Departcient of the Interior, Geological Surrey, 3 971. '

.M] Many other references, e.g. textbc.oks, provide similar treat = cats of the~

3' D
subject matter and most will suffice for guidane as long as site con-

'd ditions are adequately represented.

.
,,,g-
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Apprcximata cerralntien;,
,

a
si A correlation between a grain-size parameter and hydraulic conductivity '

p, is often used in place of testing when working with granular soils. The
y?

empirical Hazen formula utilizes the D size (10 percent finer by-10
. weight) as follows:

n i

K = c (D I10

With K in units of centimeters per second and D I" ""'** **" I~'

10J seters, the coefficient c is about 100.
t
1

. Reference.y

^

J. P. Gibb, R. H. Schuller, and R. A. Griffin, " Procedures for the Col-
lection of Representative Water Quality Dats from Honitoring Wells," I

$ Cooperative Groundwater Report 7, Illinois Geological Survey, 1981.
|i
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Hydraulic Patentiels end Przarures

The measurement of the hydraulic potential field requires the determi-
nation of pore water pressure at nt:merous points within the site media.

q Heasuremnt techniques are determined by degree of saturation at the;

p
g point. of measurement.

i
di

Unsaturated conditionse
'

; i
) Pore water pressures above the water table are negative. The hydraulic
ej potential above the water table can be called the suction potential.
Q Measurement techniques to determine suction pressures are specified

, h under Suction Pressures in this volume. Recommended procedures for
L design of sucasurement systems and interpretation of measurements are'

d given in:

Y
@ " Hydraulic Head," Chapter 11, Methods of Soil Analysis: Part 1-

' % Physical and Mineralogical Properties, Including Statistics of
Measurement and Sampling, Americar. Society of Agronomy, 1965,

,

%m
pp 180-196.

Y e

.{ g This source of guidance is recocanended because of its simultaneous con-
g sideration of both saturated and unsaturated domains.

,

A
t?,
.

$ Sattirated conditions-
4
$ The preferred method of obtaining hydraulic potentials is frequently by
s direct measurement of water levels in observation wells. These wells
7 can function also as sampling points from which a volume of ground water !

. d can be withdawn. The discussion of the installation and use of obser- ,

/ vation wells is give.n elsewhere (Water Zone Boundaries). 1g
If Pore water pres: 1 below the water table must sometimes be measured
y using piezometer warticularly in fine grained soils. Several types of !

,

[ piezometers are av.alable--diaphragm, closed system, and open system. A
gj Casagrande open piezometer (3/8 in. I.D.) can be considered for use at
3 LLW sites. This type of instrument is simple and reliable. Time lag in

1

3 measurement of pcre pressure changes may be on the order of several days
in soils with K of 10-7 cm/s. This lag is acceptable for analyzing |""

water flow. Such a lag may be too long if the purpose of the system is i

S to analyze stability by determining effective stress. Guidance and |
| M procedures for installation, testing, maintenance, and taking measure- !

ments are given in:
'

e
D4

" Instrumentation of Earth and Rock-Fill Dams (Groundwater and
Pore Pressure Observations), Engineer Manual 1110-2-1908,
U. S. Army Corps of Engineers, Part i, 1971.

N

Jj
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; cr.d la permesbility situtti-ens in dictinctica from the many r.afsrsacas
- emphasizing aquifers only.
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1 Immeditta Site Boundsry

~

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: j

!
a. Availability of land.

b. Topographic configuratica. |
!

c. Projected disposal volume requirements. j
!d. Legal or statutory constraints, including width of buffer zone, dis-

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

t
t

; The evaluation of this parameter during the characterization of the site {-amounts to a review of the predetermined boundary and determining cri- g
teria in the context of the more refined site setting and details. It
is also to be expected that some adjusting or refining 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, i
or even a plane at all. However, the basal boundary should be well- |defined and preferably on technical grounds so that performance criteria 4,;

- related to the boundary will have direct significance. The two most i
likely technical grounds for defining the subsurface part of the bound- '

}ary are (a) coincidence with a particular geological contact having sig-
nificance in the hydrogeological setting, and (b) a surface paralleling f.
the ground surface. !
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: I-filtration Captcity

-
Field measurement ,) p

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

ASTM D3385-75, " Standard Ti.st Method for Infiltration Rate of
Soils in Field Using Double-Ring Infiltrometers," Annual Book
of ASTM Standards: Part 19 - Natural Building Stones; Soil

I and Rock, 6 pp.

When test results are plotted as infiltration rate against elapsed time
J}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

j ' long-term capacity for infiltration.

| The infiltration rate may also be estimated on the basis of previous
experience with similar soils in the vicit.ity of the site. Ideally this,

estimation may amount t,o application of previous test results obtained
for agricultural or other purposes, but the condition of the soil, the ir

e soil moisture, and the vegetation all must be integrated into the 1

| comparison. l

!

Indirect measurement or estimation,

Infiltration rates appropriate for longer periods can be obtained by use I

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 infiltration amount. The period under con-

sideration is always of great importance since infiltration from storms j
is invariably less than that from equivalent cumulative rainfall spread }

| over a long interval.
|'
s

| 3

;

i
'
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Its Exchrnge C pecity

Cation exchange capacity

The cation exchange capacity (CEC) is a measure of the reversibly bound
cations in the mineral and organic material that may potentially be released g
to a leaching solution when replaced by other cations; and therefore the
testing procedure consists of saturating the material with a solution of a
highly soluble salt in which the high concentration of cation will replace the
bound cations. The sample can then be washed and saturated with a 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 1 caching solution emerges with the same pH as the solution added. The )
ammonia is.an easily measured parameter. Results may be biased low if samples j
are high in clay minerals or calcareous materials due to the incomplete re- !

placement of adsorbed hydrogen and aluminum ions by ammonium acetate. CEC l
'may be measured according to procedures specified in these references:

:

'" Cation Exchange Capacity," Procedures for Handling and Chemical
Analysis of Sediment and Water Samples, EPA /CE-81-1, U. S. Army
Corps of Engineers, Waterways Experiment Station,1981, pp 3-20
to 3-27.

.

" Cation Exchange Capacity," Chapter 57, Methods of Soil Analysis:
Part 2 - Chemical and Microbiological Properties, American Society

|of Agronomy, 1965, pp 891-901. j
i

! .j
Anion exch inge capacity 1

1

Anion exchange capacity is analogous to CEC and is a measure of positive j
charges. Many of the transition elecents and most of the actinides are 4
adsorbed on soils as anions. Phosphoric acid is used as the exchange j
medium. Anion exchange may be measured according to procedures in the i
following reference: [

.

" Anion Exchange Capacity (H2hlich)," Section 7:3:4, Textbook 3

of Soil Chemical Analyses, Chemical Publishing Co., New York, j
1971, pp 105. ;

i
!

,
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Lithtlegy rnd Stiin

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 investigatien. The viewpoint is
heavily geological; otherwise, the tests and other methods of describing
and documenting are already covered under Soil Classification, Rock
Classification, Crain-Size Distribution, and Mineralogy and Clay Miner-
alogy. 'Jhe 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 4

from the subsurface. Accordingly the methods of evaluation should be
based on genlogical criteria emphasizing texture, fabric, grain size,
and gross mineralogy; e.g., Figure A.3 shows one established method of
describing grain shape end roundness. It is recocznended, however, that
this geological characterization of lithology and 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 Crain-
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 f
clastic sedimentary strata largely composed of quartz, it is also quite
common to find two or more mineralogically distinct types of strata at
other sites. The more common major constituents to be checked in a
stratu:n include: quartz, calcite, dolomite, clay minerals, glass, and
organic matter. Corresponding stratum types cay be siltstone, marl, !
dolonite, clay or shale, volcanic ash or tuff, and carbonaceous shale. i
An experienced geologist is well qualified to recognize visually and !
describe these specific material types in the course of the field !
investigation.

, I
l
i

S=. O o o O O !

.

O O O C3 O
MODERATE
SPHERICITY

C) O O C) O
!
!

LOW Q O Q C C
SPHERICITY

ANGULAR SUB- SUB- F.OUNDED WELL
( ANGULAR ROUNDED P.OUNDED

,

'
,

Figure A.3. Visual estimation of roundness and sphericity
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M,terini Caler

Positive color identifications obtained by comparison with a standard
color chart are reconumended for systematic description. 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, Baltiniore, MD 21218. The ASTM standard method of st'ecify-
ing color by the Hunsell system is:

ASTM D1535-80, " Standard Method of Specifying Color by the
Munsell System," Annual Book of ASDf 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:i

" Rock-Color Chart," Geological Society of America,1963
(rep rinted) .

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

.

I
:
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Mattrial Denritis

The measurement techniques presented below are in terms of bulk density
y, . Measurements are made either in the laboratory or in the field.

Laboratory measurement

I.aboratory 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 soils which can
be cut and trimmed to known cylindrical or parallelepiped dimensions.
Mass and linear dimensions should be measured with an act,;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 Soilc
Testing, Engineer Manual 1110-2-1906, U. S. Army Corps of
Engineers, 1970, pp 11-2 to II-8, II-11 to 11-12.

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

Field measurement

Surface methods. Four surface techniques are co:cmonly used for quanti-
tative field determinations of density--sand-cone, rubber balloon,

i

drive-cylinder, and nuclear methods. Ali four of these techniques have
applicable standard test methods which are as follows: -

_

ASTM D1556-64 (Reapproved 1974), " Standard Test Method for Density
of Soil in Pls 'c by the Sand-Cone Method," Annual Book of ASTM
Standards: Part 19 - Natural Buildine Stones; Soil and Rock,
4 pp.

.

ASTM D2167-66 (Reapproved 1977), " Standard Test Method for Density
of Soil in Place by the Rubber-Balloon Method," Ancual Book of
ASTM Standards: Part 19 - Natural Building Stones; soil a d Rock,
4 pp.

ASTM D2937-71 (Reapproved 1976), " Standard Test Method for Density
of Soil in Place by the Drive-Cylinder Method," An:nal Book of
ASTM Standards: Part 19 - Natural Building Stones; Soil and Rock,
5 pp.
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ASTM D2922-81, "Stenderd Trat Meth2d3 f:r D; ity cf Soli cad
Soil-Aggrzgtte in P1rca by Nuclser M;th;ds (Shsllow 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 properly, but generally tLe pra#-rence
based en 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 (a) possible safety hazard in using
radioisotopes, (b) variation in volume mampled depending on material
type, and (c) accuracy depends on careful and consistent calibration and
standardization procedures.

.

Subsurface methods. Bulk densit} of soil and rock can be determined
from ganma gamma borehole logs. Descriptions of gacuna-guxna or forma-
tion density logging equipment, field procee.res, and interpretation can
be found in reports by Department of the Army (1979), Keys and MacCary
(1971), Schlumberger Limited (1972), International Atomic Energy Agency
(1971), Crosby et al. (1981), and other sources referenced by these
publications. Basically, a radioactive source in a borehole sonde emits
ga=ma rays which undergo various energy-degrading interactions with
electrons in the currounding soil or rock. A gamma ray detector in the
sonde detects back-scattered radiation; the logarithm of the count rate
is about inversely proportional to th. electron density, which for most
mat. rials is directly proportional to formation y Thus, after cali-.

bration, gamma gamma log response can be related tE the bulk density of
the formation.

.

Camma 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 laboretory-determined y values of samples from the
boreholes. This procedure allows count, rate versus y curves to be
developed for each lithology encountered; y can theE be determined
from gamma gamma logs in other boreholes. QEantitative analysis of
gamma gamma logs should not be attempted where a caliper log indicates
washout zones, since the response is dependent on borehole diameter.
(Decentralized and multiple-detector sondes minimize borehole 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-

values:mined for each lithology, can be used to calculate y,
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leg CR = e - f y

where CR is the gamma gasuna count rate and e and f are emirical
constants determined from the correlation calibration procedure for cach
lithology. ' Alternatively, gamma gan:ma sondes can be calibrated in stan-
dard test pits; however, because.o'' e decay ind poss!ble c'4arce Ic
detector sensitivity, field star . art-ization vi t m-ks of varion.: den-
sity, sc:h as alu::iin m, f s re guired to maintain ac uracy (Department,of
the Army 1979). Ganssa ganums logging can provide a continuous log of
bulk density in a borehole set:erior in coverage to the selected point
determinations from sampling pregrams. Qualitatively, gansna gasuna logs
can be used in conjunction .rt1s other borehole logs for lithologic char-
acterization and lateral str.scigaaphic correlation.
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Gaeusa rpectral legging. G::mma rpretral legging is a pr:c dura by which
not only gassna emission rates but also gan:ma energy spectra are ob-
trined. This technique allows locatica of zones of radionuclide mi?.ra-
tion as well as identification of specific radioisotopes involved Al-
though single-channel analyzers with variable energy window adjustments
san be used to sesrch selectively for specific radionuclides, a prefer-
able procedure is to use a rultichannel spectral analyzer (Keys and
PfacCary,1971; Eggers, .1976). Only K and members of the assU and40 ''

232Th decay series occur aturall-' in eignificant quantities in soil and
rock; Figure A.4 from Keys and liacCary C971) i: a stylized repre wi-

"tation of the spectra of these gasuna sources. Depending on the concen-
trations of each source, the creasured background spectrum will coasist
of the superposition of the individual spectra.
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Figure A.4. Stylized gamma spectra of naturally occurring d
gamma sources (from Geological Survey) M

M
#Spectra of migrating radionuelides will be superposed on the background

spectrum. Gana spectral logging at LLW sites (CEgers 1976) has iden-
134 137Cs locally. Generally, because of the jtified ''0Co , Cs , and

time required to obtain a gamma spectrur at a given depth, only a fev - g

@gj
sele.cted horizons will he examined. Selection of horizon: is facili-
tated by inspection of the gacna emission rate log. Carra spectra mir,ht
be obtained, for example, above, in, and below zones showing suspect M

g$
chaages in gar:na emission ratc. Using spect.ral stripping uet'iods, it. is
posr Sle *.o determine concentrations of the naturcily occurring radio-
nucia ;es as sell as the migrating radionucif. des. E;gers (1976) reports pp)

radionuclide conce.itration detectior. limic cf 0.1 pCi/g. The radius h[a
of investigation of ganna logging tools is 0.5 a or less , depen / .ng on (H
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'' Matsrin1 R-dicactivity ;

_. There are both laboratory and field procedures for testing levels of
,

radioactivity and identifying radionuclides in the scil and rock mate-
rials at a LLW site. Both approaches are important and have their
placrs in cnaracterization.

n 4 '--
V -

Field methods

'

Natural gaumaa emission rates are normally measured in borehob geophys-
ical logging programs t'here the objectives are lithologic identification
end stratigraphic correlation between boreholes according to radionu-
clides occurring naturslly. Recording the ganuna mergy spectra in a
borehelc at various d pths can ioer.tify the specific radionuclide
sources, both natural and contaminsnts; gama spectral borehole ic;;3ing
is not a consnon part of site characterization at preces.t but deserve,
attention. ~

r
Gamma emission logging. Procedures, equipment, and interpretation tech- '^ j
ninues for natural gama logging can be found in Keys and !!acCary
(t971). Deputment of the Arrr/ (1979), and other sources which are re9
erenced in these publications. A borehole sonde containing a scintil-
lation detector systern (cor.:monly us!ng a thallium-activated sodium
iodide crystal) is used to record ga.sma emission rate as a tunction of 7
depth. Since a natural gaarm- log can be run repeatedly in a given bore-
hole, it can i,e used as a r.< Ittoring technique to detect radiouvelide
migration. The monitating function is based on the following consider-

,

atiore radionuclide migration will be detected as increased radiation
rates, in a given depth range, ever the normal background levels. orV

gamma logging to si.rv* as a monitoring technique, boreholes sbotId be
cased and capped at the bottom to prevent ground water intrustw into
the bocehule. Also, the same logging system should be used, if ;ca-
sible, each time, and should be carefully calibrate <' using a small,
r.tendard gama soun e just prior to logging a hole.

lionitor bo.eholes should be installed and then logged several ti.~es
prior to any possible radionuclide migration from disposal trenches;

.,'~

tLese logs fc e a br.ckground catalog for comparlson with subst a.uent
gama logs to detect contaminant migration. Ideally, the catalog should
:!nclude gac::n2 legs acquired before trench construction, during trenen
filling, .:nd imediately af ter trench closure. As a minicium, the cata-
log shculd include several logs acquired very shortly after trenen clo-
sure. Each ci2e a monitor botehole is logged, the record should he con- g
tinued to the maximum elevation possible above the borchule ('.5 m typi- @'cally, depending on tripod height). 'Ihese measurements are another
source of monitoring data and can be viewed as a supplement to health
physics air-monitoring activities (envirormental monitoring above the J"

{4j
*

ground surface is beyond t he reope of this report).
p
ru.;. l
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&] [ 1| Isoil.or rock density and gamma ray energy; thus the monitor bncehole
h

.

would have to be closer than 0.5 m to the path of mi. grating radionu-

y clides for detection by gamma legging. ,

4. 1
,

Reta emission and spectral logging

& \

J Efforts aimed at developing a sys em for measurir.g beta emission in the j
,

V field have been under way for some time, carticularly at Pacific North- '

|pj west Laboratory. The system includes a Frohe for logging in uneased
D boreholes. Spectra are racorded in the borehole and then analyzed in
p the office for individual radionuclides by stripping methods using a

d ; computer program. The system has been applied to surface surveys also.
g The anticipated importance of this promising instrumentation and field ;
d tet.hniques is contingent upon the continued success of developmental !

-h efforts. |
t

'

9
14 Laboratorv methods -

N
h The sampling and testing of soil and rock is an important method for |
p determining the amounts of radionuclides that have accumulated, partic-

,

f3 ularly- in the near-surface zone. The radionuclides may include natur- ,

p ally occurring potassiura, thorium, and uranium in addition to recent '

,j contributions f rom the air, for example. It is necessary that the
137Cs 134Cs , 'OCo , SiMn ./ abundances of gamma emitters such as

72 Ru , and Ru ; be ' i c:aitters such as 90 '

1 103 10C Sr ; a..d alpha emitters
6' such as 24tg, , 23sl'u , and 239Pu be accurately measured since all

.

are cone arvatively suspected of being prese'at in LLV. Adequate docu-.,

.H mentation crsy societimes take tre form of gross alpha, gross beta, and
W gross gaarsa of samples of the soil. Preconstruction baseline concentra-'

q tions or levels of radioactivity are usually considered essential. As a
sequel to the characterization sete sites c,ay need to be sampled and.

y tested periodically 4. ring operation and -fter closure as a part of the
g monitoring program. ;

% t

-y Fampling. Metheds for taking soil samples near the surface are de-
'sq scribed in tL. following procedure:

){
-

f E-05 " Soil Saa:pling," EML procedores Manuyl, IIASL-300, L'. S.
Department of Energy, Environmental Measurecents Laboratocy,*

, ;, 1931, 11 pp.
p
Q S rpl-s below the near-surface zcne should be recosered using the soil
L and rack sampling techniques sumarized in Part II.
Lk3

for vegetation at ti e LLV may also be docu-j Background radiation dati ti

' cented. Precedures similar to those for rampling 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

v
;e

\{
'

.j-
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h
h zone and also perhaps usefully reflective of the radioactivity in soil

immediatcly below.
5
N Gaaaa emitters. Gamma emitters may be analyzed in the laboratory to an
V activity level of approximately 1 nCi for most cuclides by direct gassna
( spectral analysis of the soil using either a Nal (T1s or Ge(Li) detector

mated to a multichannel pulse height snalyzer. The Ge(Li) detector has
3 a deft. nite advantage for complex spectra tecauce of the high resciution
A attsinable for energy peak separation. Any gamma-esitting nuclide of

significant concentration will be readily detected by this procedure, i
IThe following practice s reconneended...

y j

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

p
This practice applies 'to solid as well as aqueous samples though a cor-1

5 rection for density may be necessary in the efficiency factor.
' l

Beta and alpha emitters. Specific beta emitters and alpha emitters can jy

k be measured in the laboratory with radiochemical separation. The fol-
lowing standard procedures are recommended: ,

F(,. *

]. EHL Procedures Manual, HASL-300, U. S. Department of Energy,
y Environmental Measurements Laboratory, 1981.
,j . 4

f strontium E-Sr-01 " Radiochemical Determination of Strontium-90," '

a 29 pp. I
I1

Q americium E-Am-02 " Radiochemical Determination of Americium -

,

(Soil)," 6 pp.

Ed. plutonium E-Pu-06 "Radiochendcal Determination of Plutonium }
in Kilogram Soil Samples," 6 pp. 1

Ii
Dosimeter measurements. Almost all nuclear facilities utilize a system

7 of thermoluminescent dosimeters (TLD's) to measure the gamma background .|

d radiation around a facility and to qua..titate any increase in exposure |

[ due to facility operatior.. This TLD system for environmental monitoring ;

H is outside the scope of site characterization and monitoring discussed ~!
in this report but can still be regarded as an existing source of useful

,

a supplemental informat. ion. Results may be expressed either as an inte-
J grated dose (mR) or dose rate (mR/br). Guidance on.the technique is
a found in:

.C-04 "Thermoluminescent Dosimetry,d EML Procedures Manual,
HASL-300, U. S. Department of Energy, Enytronmental Measure-

' ments Laboratory, 1981, 11 pp.

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

i
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Materf at Temperaturet

?

/ aterial temperature measurements can be useful for defining site media
' a the hydrological system and also for monitoring for enanges that_

might signal changes in ** ter chemistry. For either purpose the inter-
relationship to seasonal effects of the surface environment must be

| carefully documented to avoid unmanageable complications. Accordingly
the development of at least one year of temperature time history is
recopeended as a part of complete temperature testing, particularly when }

included as a part of a monitoring program. j

i ,

Useful temperature measurements may be made directly on ground water ,

discharging from a well with a mercury thermometer or by testing re- 1

covered water samples (see Ground Water Chemistry). Downhole tempera- i

tures, however, are preferred for details and to pinpoint stratification,

'

in ground water. Special logging sensors can produce accurate measure-
ments, but the passage of the probe itself can disturb the temperature i
profile. Temperature logging is mostly limited to the saturated zone. j

Well temperatures are representative to the extent that continuity and j
thermal stability are maintained between the well and surrounding forma- j

- tion. Drilling mud temporarily 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 devica is arranged as one leg of a wheatstone bridge i
circuit' and measurements are commonly accurate to 0.l'C. Commercial
thermistor probes are also available for measuring temperature to a i

1? depth as great as 3 m.

. A full summary of temperature logging in boreholes is provided by Keys |'

and MacCary (1971). Erown et al. (1977) review the concepts and obser- '

; vational strategy involved. ;

!*
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Material Variability ! e
m.

Establishing variability of material within a zone or of_one type is
~

fairly straightforward but still can benefit from careful planning
befpre and during the field investigation. Once planning is completed,
the data collection and analysis should be carried out with precision in
the tradition of statistical studies. Precautions worth ;bserving are
to keep the statistical analysis or suasarization sic.ple and to limit -

the inferences generated frca it.
f

;

of selected indexing pdameters are suitek- !The standard deviations S
to quantify heterogeneity.g Clos -interval sampling of a zone at least a !

few meters in thickness should provide a suffic.ent numter of values, i
!approaching a number that is statistically significant (perhaps 10

values). For some sites, it may be appropriate to calculate the ranges !
of values rather than the Sg , provided the values are core or less,. . {
sywaetrically distributed about the mean. To quantify the heterogencity; ?,- }
or uniformity of each zone in this manner it would be necessary to er,- }
tablish some guidance on acceptable limits of the staristic S or 17 -

g
range. -

,

The statistical sample (collectice of values) will need to' be checked
~

graphically or by calculation to reveal any trend across the zon';. , The ;y
presence of a trend may necessitate subdivision of the zone into twoa ,- (

i zones and regrouping of the sample values. Even with a trend of values, i
across the zone, a somewhat similar and corparable standara ' deviationl

)f can still be obtained from a regressien analysis.
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Mat,erial Zone Boundaries_t

The sccerate delineation of material zones is perhaps the most important ;
accomplishment of a successful program of site characterization. The j
prescription 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 coepetent engineering organizations. It is necessary, how- !
ever, to conform to certain minimum general procedures, as indicated {
below. )

i

Subsurface sections
'.
,

The establishment of most zone boundaries is the culmination of analysis I

of the subsurface conditions as represented along vertical sections j
through the site. A typical detailed section for another purpose, [

_ related to spillway construction, is shown in Figure A.S. The Bureau of ;
Reclamation Earth Hanual summarizes minimum requirements in preparation ;

of their subsurf ace sections and delineation of material zones as j
follows. )

i
The use of sections to show the subsurf ace conditions be- i

lieved to exist is both highly beneficial and potentially {
dangerous, since interpretation of conditions is necessarily 4

-involved. Where sections are used in contract documents, j

..e information shown is limited to factual data such as the '

ground surface line and logs of drill holes located in their
actual position 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, t

water table, etc., are not shown by centinuous lines but :

enly where they are encountered in each hole. The excep-
tions to these restrictions are the cross sections of ex-
ploratory trenches, tunnels, and shaf ts where conditions can i
be mspped by actual observation.

On 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 sec-
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
parallel 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 interpretave data. The ec=nonly 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 data according to length of dash, is recom-
mended. Lines of different weight should not be used for,

this purpose but should 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. ' -

1

In application to LLW 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- t

water chemistry, color, etc., besides the more traditional basis in !

classification, grain size, and blow count or drilling rate. ,i

Figures A.5 and A.6 illustrate the great variation in site complexity
and the frequer.t 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 within the upper 50 f t a sequence of zones of
sand separated by r.ones of fat clay at elev 290, 270, and 260 ft. On g

the other hand the section in Figure A.5 is complex, and considerable
interpretation is exercised in establishing zones other than the gra-
velly bed near elev 270 f t and a clay bed near 220 ft. Additional bor-
ings at intermediste positions would be helpful in reducing the
uncertainty.

|Soil borint loga
4_

Even beyond the interpretation, a subsurface section is only as complete
as the field and labaratory data obtained from the individual borings.

,
Therefore, guidance on collection of data and samples is important to

l site characterization. The following soil boring records for subsurface i
investigations are largely f rom Corps of Engineers D1 1110-2-1907, but

'

are also appropriate for soil or rock at LLW sites. A geologist or geo- .

technical engineer should be responsible for logging and collection of
saeples, j

i
All pertinent borehole and saeple data sust be recorded on a log. Fig- I

*
urcs A.7 and A.8 represent a typical log of an undisturbed sarple bor-
ing. Clear and accurate data are required for determination of the soil
profile. Location of the rae:ples and any observations that may contrib- ;
ute to an estaroate of the conditions of the sa ples or the physical
properties of the in situ soil should be recorded. The boring log
should contain the following data:

4
proper identification data such as nac:e of project; job number ora.

contract numl- ; boring number; boring location referenced to sur-
vey control lines, coordinates, or some pe:nanent object; and
ground surface elevation referenced to an established datum.
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b. Identification of the drill rig and names of the rig operator and
inspector are required should questions later arise concerning the
field operations.

c. Record size of the barehole 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 unit 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.

d. 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 stratum sust be made.
Descriptions of the soil should be based on examination of saeples
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 actica of the drill rig and bit,
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 f t (3 cm), and sample taken immedi-
ately. This ensures that a sample of each stratum is cbtained
before additional changes are enrountered.

e. 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 record J.

f. Samples should be numbered consecutively with depth, and the sample
nambers and dates ca which the ser:ples were taken should be re-
corded. A representative, disturbed specimen (scraps) of each un-
disturbed sa=ple should be sealed in a container before the undis-
turbed sample is preserved. This specinen should be identified by
the ame vit5<r as that of the undisturbed sample with a letter
suf fix adoed to distinguish it from the undisturbed sample. The
tog and bottom of each drive should be determined to the nearest

0.1 16 (3 cm) and recorded.

g. The length or drive, length of sample obtained, and gap between the
bottom of the saepler piston and the top of the sample should be
recorded to the r.carest 0.01 f t (3 cm). These data ray later be
used to compute che sample recovery catics. The length of drive
should be determined by reasuring the distance the drill rod was
noved with respect to a reference nark on the piston-rod extension.
The lenj,th uf sample rer. overed, and the gap between the bottot of
the sampler piston and the tcp of the sample, may be seasured when
the sampler head, with the piston locked in position, is removed

i
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,

from the sampler tube. When hydraulic pressure is used to advance
the sampler, the prassure should be recorded for each 0.5 f t (15 cm)
of penetration. This gives a qualitative estimation of the pene-
tration resistance of the soil, which may be of value in estamating
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 log of boring.

|
;

Rock boring logs

i
For investigating rock materials, the general requirements abo.'e 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 to provide a concise record of the important geological and physical
characteristics of the core materials.

Description of the rock core should include its typical rock name fol-
lowed by data on its lithologic and structural features, physical con-
dition including alteration, and any special geologic, mineralogic, or
physical features pertinent to interpretation of the subsurface condi-
tions. Attention should be given to: (a) the attitude and severity of
joints, seams, or f ractures and whether open or filled, as well as to
evidence of shearing, crushing, mineralization, or faulting; (b) planes
of bedding, lamination or layering, and the case of splitting along such
planes; (c) color, grain size and shape, and (in sedimentary rocks like
sandstone) the mineralogy of the trains 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
cotnen brick" are helpful. Estimates of the average leegth of core
pieces in successive sections of the hole aid in calling attention to
changes in formitions or rock conditions in the hole not ctherwise rec-
ognizable but nenetheless useful in evaluating subsurface conditions in
the engineering sense. Percent core recovery is of ten a particularly
useful index. Consideration r.hould be given to photograpting all core
(in core boxes) shortly af ter recovery as a supplement to the rock bur-
ing logs.

| The purpose of the coring and logging of rock is to secure evidence of
| the in place condition of the rock; therefore, it is impentive that

extreme care be taken to prevent, or minimize, the damage to the rock
core that might be the result of using improper drill toob or the im-
proper conduct of the core drilling process. This t>ge ci damage, of ten

( A-67 ,
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Figure A.9. Example log of soil and rock l>oring .j !
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(fro:a Bureau of Reclarnation) ~
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called mechanical damage. may have a marked effect on t*.c mount. and R
condition of the core . covered. particularly in sof t. f riable, or I'.

severely-fractured rock. Pechanical damage to rock core can be mini- 6

nized by the proper selection of drill tools such as the drill bit and
core barrel, and by eepic,ying a driller who is experienced in reck h

o
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5

{ Adequate logs or descriptions of rock core can be prepared solely
P through vist.21 examination of the core piece by piece, with the occa-
J . sioaal aid of simple field tests. Detailed micrcscopic or labratory
Q testi.sg to define rock type or mineralogy is gererally necessary onif in ,

s,pecial cases. ;

d,g !
i

p
!Qboratory data

WU The addition of other parameter data to records of bor;ogs such as in
'6 Figures A.5 to A.9 will facilitate the ictortant decisinns of where to;

Jd place' zone boundaries. Figure A.10 shows how field pecetratioa resis-
p tance and water content data have been plotted in the office by the
g Bureau of Reclamation for a much mnre useful boring profile. The aver-
wi age interval for these data is, however, substantially greater than is

f suggested in the Task 1 report for prcperly investigating Luv sites. !

% Figure A.11 similarly shows a profile prepared in the of fice and made
more informative by incorporation of water contents, strengths, and

yq
,

other parameter data determined in the laboratory. Despite the large ,

. t.

Z sampling interval (exceeding 30 cm on the average), the basis for plac- !

;15 ing a zone boundary, for example, at the 25.3 ft-depth, has been made .

j much' sounder. Specific guidance on the parameters to use in zoning has |

f | been presented in the Task 1 report. The tests for evaluating the pa- ;
'

7J rameters are given elsewhere in this Appendix.
r

j' t

O' Suma ry

t%
f@ In summary, the sequence of steps for choosing zone boundaries are:
, - ,9.

Collect and record detailed information during boring and sampling.
7 a.

h* i b. Supplement boring data with re.sults of field and laboratory testing.

h present the results of field and laboratory investigations in a con-c.

$*; dansed form as soil and rock profiles and sections. >

.y
w
F d. Choose the boundaries where descriptive parameters and physical and
i chemical properties indicate material discontinuity in groups of
O neighboring holes.
76
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Mineralogy and Clay Mineralogy .

1'

The mineralogy of LLW site soils and rocks can be determined on the
basis of visual,1etrographic, and x-ray (iffraction techniques. The
procedures for visual descriptions are identified ucder 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
cosmon rock-forming materials including clay minerals are given in:

!

ASTN C294-69 (Reapproved 1975), " Standard Descriptive Nomenclature i

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 Standardsi
Part 14 - Concrete and Mineral Aggregates,11 pp.

Generally, the identification and analysis of clay minerals must be con-
| ducted using x-ray diffraction and in limited cases, petrographic me-
i thods. Currently, there are no standardized procedures for the x-ray
1 identification of clay minerals. However, the differences in the pro-

cedures of various laboratories, agencies, or institutions should st {
detract appreciably from the results of these analyses. X-ray diffrac-
tion procedures suitable for the identification of both clay and nonclay
winerals are found in Whittig (1965) but there are numerous other refer- i
ecces that are also suitable as guidance. |

'
.

t

Referenec !

L. D. Whittig, "X-ray Dif fraction Techniques for Mineral Identificatica ,

'

and Mineralogical Composition," Methods of Soil Analysis: Part 1 -
Phvsical and Mineralogical Properties, including Statistics of Measure- ;

ment and Sampling, American Society of Agronomy, pp 671-697, 1965. ;
1
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Monument and Point Positions

Survey control monuments, burial unit boundary markers, and other point
positions such as monitoring well locations should be determined to
third-order class II accuracy in accordance with guidance in:

" Specifications to_ Support Classification, Standards of Accuracy, g

and General Qecifications of Geodetic Control Surveys," U. S. i
Department of Cocunerce, National Oceanic and Atmospheric Admin-
istration, 1975, 30 pp.

1
The relatively low level of accuracy in third-order, class II surveying j
is considered adequate for LLW sites. i
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Oxidation-Reduction Potential

The oxidation-reduction potential is the electromotive force generated
when a platinum electrode calibrated against a standard hydrogen elec-
trode is incersed in a soil. A positive value indicates that the soil
is in an oxidized state and a 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 eause drastic changes due j
to the altectio., of aeration, temperature, and moisture. The recom- !
mended procedure is:

1

" Oxidation Reduction Potential," Procedures for Handling and I

Chemical Analysis of Sediment and Water Sampic , EPA /CE-81-1,
U. S. Army Corps of Engineers, Waterways Experiment Station, <

1981, pp 3-52 to 3-53. j

An alternative nethod is available as:

1" Potentiometric; Independent Salt Bridge Method," Section 17:4:2,
;Textbook of Soil Chemical Analyses, Chemical Publishing Co.,

New York,1971, pp 459-4ti0. g
j

A distinction between oxidizing and reducing conditions can sometimes be
made by the experienced geologist on the basis of material color. Oxi- !

dizing conditions associated with the unsaturated zone are manifested by :

tones of red, brown, buff, and yellow. Reducing conditions in saturated
material are reflected in the tones gray, green, and blue.

,
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Partition Coefficients;

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

quanti y a sor d/ man of son
Kd = quantity dissolved / volume of water

,

More precisely K is the ratio of the equilibrium concentration on
the solid phase t$ the equilibrium cor.ceatration when initially in i

solution. j [
l i

K is a function of many variables including pH, oxidation-reduction ;
dpotential 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. d

The simplest procedure for determining K is to use a batch technique |dwhere a measured weight of the soil (or rock) is mixed or agitated with I

a measured volume of water containing a known amount of the radionuclide |
of interest. The water is then filtered off and the radioactivity re-

'

saining 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 Laboratory (PNL) as follows: |
6
;" Proposed Standard Batch K Procedure," Appendix A, Methods

for Determining Radicuoelid! Retardation Factors: Status 6

Report, FNL-3349, Pacific Northwest Laboratory, Richland,1980,
pp A.1 to A.8.

#

The sa:se concept can also be applied by allowing the leaching solution !

to pass through the soil packed in a colu.un. Flow rates can be con- :

trolled to simulate,those through the soil in the natural environments. ,

Colu:nn tests are semetimes preferred because of advantages of scale and ,

more realistic simulation. Guidance on a suitable procedure is pre- i
isented in the PNL report (Relyea et al.1980).
i

Reference

J. F. Relyca, R. J. Serne, and D. Rai, " Methods for Determining Radio-
nuclide Retardation Factors: Status Report," PNL-3349,, Pacific North-
best Laboratory, Richland, 1980.
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Penetration Parameter

8The standard procedure using a split-spoon sampler accomplishes the re- -

sistance measurement at the same time as disturbed samples are recov-
ered. The method is appropriate for all soils except gravelly soils,
either above or below the water table.

1

ASTM D1586-67 (Reapproved 1974), " Standard Method for Penet ration j
Test and Split-Barrel Sampling of Soils," Annual Book of ASTM j
Standards: Part 19 - Natural Building Stones; Soil and Rock, j
3 pp. ]

IA second method that may be considered for obtaining an index ef pene-
tration resistance but no sample is the Dutch coae test. The parameter I

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 ars not encountered. The method is standardized as:

ASTM D3441-79, " Standard Method for Deep, Quasi-Static, Cone and y
Friction-Cone Penetration Tests in Soil," Annual Book of ASTM
Standards: Part 19 - Natural Building Stones; Soil and Rock, .

| 8 pp.
.
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Permeability 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 I report (N1* REC /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 perocability variable can be plotted as
a function of suction pressuae, water content, or degree of saturation.
Measureuent of the permeability function is difficult because of the
accuracy limitations in the measurement of high suction pressures, low
water content, and low flow.

Laboratory tests to measure unsatc-=ted permeability have been developed
by Laliberte and Corey (1967), Klute (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- t

spects. Laliberte and Corey use oil in place of water and calculate
intrinsic permeability in units of area; accordingly that method is not ,
recommended for characterizing LLW sites. Ingersoll and Klute use water ;
and calculate permeability in the more familiar dimensica of velocity.
The test described by Klute (1965) is the recommended method for labora-
tory determinations of 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 inclusioc of an impeding layer on top is called the
crust test and is described by Bouma (1980). The detailed procedures ;

for field measurement of permeability above the water table 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- i
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 construct the permeability j
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) cethods. These methods do not require direct measurement of out- .

*

flow and can be used on field data from crust tests or instantaneous
profile tests as well as fro:n water retention curves developed in the
labora to ry. The disadvantages of these methods are th.t hysteresis is
ignored and the accuracy of the permeability function is no better than
the .securacy of the soil co sture char,acteristic 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 function,
but it is not usually significant in the permeability-water content
function. Eccause 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.

References

J. Bouma, " Field Measurement of Soil Hydraulic Properties Characterizing
Water Movement Through Swelling Clay Soils," Journal of Hydrology,
Vol. 45, pp 149-158, 1980.

!

J. Bouma, F. G. Baker, and P. L. M. Veneman, " Measurement of Water Move-
ment in Soil Pedons Above the Water Table," Information Circular 27,
University of Wisconsin-Extension, Madison, 1974.

R. E. Green and J. C. Ccrey, " Calculation of Hydraulic conductivity: A
Further Evaluation of Some Predictive Methods," Soil Science Society of
America, Proceedings, Vol. 35, pp 3-8, 1971.

D. Hit.lel, V. D. Krentos, and Y. Stylianow, " Procedure and Test of an
Internal Drainage Method for Measuring Soil Hydraulic Characteristics In
Situ," Soil Science, Vol. 114, pp 395-400, 1972.

J. Ingersoll, " Method for Coincidentally Determining Scil Hydraulic Con-
ductivity and Moisture Retention Characteristics," Special Report 81-2,
U. S. Army Corps of Engineers, Cold Regions Research and Engineering
Laboratory, Ranover, N.H., 13 p. 1981.
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G. E. Lalibe 'e and A. T. Corey, " Hydraulic Properties of Disturbed and
Undisturbed boils," Permeability and Capillary of Soils, Special Tech-
nical Publication 417, American Society f or Testing and Materials,
pp 56-71, 1967.
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Fore Water Age

Radioisotopes, stable isotopes, and more common solutes have been used
in the past to date the ground water. Water dating can involve not only
some very sophisticated laboratory analyses by specialists in that sub-
ject area but also requires the talents of irsaginative staff geologists
to anticipate the ccaditions 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--vater typing and absolute age
dating--for applicability before undertaking an elaborate program.

Aye 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 on the recharging ground surface or at a
subsurface transition from an adjacent ground water subsystem. The most
useful isotop for dating in the range of tens of years is tritium with
a half-life <a 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 tritiurn is less ccnfidently assessable. Tritium has the 1
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 i

younger depending on the amount. |
|
'14The radioisotope C is useful for extending the dating range back hun-

dreds of years since its half-life is 5730 yr. Ilowever, other processes
such as exchange, d'lution, or removal that change the concentration cani

be important and must be accurately evaluated and taken into account. [
Ifuch of th,14C moves in solution as bicarbonate ions. 1

14C in water are identified under?!cthods for analyzing tritius and
Ground Water Chemistry. However, it is nct considered generally appro-
priate to prescribe the methods for separating or concentrating and for ,

testing these radioisotopes for age dating since the methods are highly |
sophisticated and not confidently applicable by inexperienced labora- i

'tories. It is more appropriate to choose a laboratory frora 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 should be made early enough that the laboratory personnel can
also advise on sampling as well as the overall objective and technical
approach.
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Water typing

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

A distinction between water types with and without considerable solute
can be made for a bread 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
shsllow dept'n and relatively immcbile formational water below with con-
siderabic dissolved constituents.

Another approach to distinguishing 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, and stable isotopes of oxygen and hydrogen. Methods for de-
termining so=e 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 III, under Hydro-
logical Paraceters. 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 measurer;ent
of each.

Laboratory measurement

Standard procedures for measurement of porosity of soil or rock (also
for the parameters void ratio and relative density) are as follows:

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

RTl! 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 LLV sites where porosity alcag fractures is
feportant.

Field measurements

Three geophysical techniques are available for measuring porosity in the
field--acoustic, neutron, and gamma gamma logging. A summary of logging
is presented in the following references and should guide the potentici
user in deciding which if any is appropriate:

" Acoustic Logging Methods," Section 2.D.2.a.2, National liandbook
of Recommended Methods for Water-Data Acqui sition, U. S. Depart-
ment of the Interior, Ceolcgical Survey,1980, pp 2-64 to 2-66.

" Nuclear Logging liethods," Section 2.D.2.a.3, National Handbook
of Recommended Metho'is for Water-Data Acquisition, U. S. Depart-
ment of the Interior, Geological Survey,1980, pp 2-66 to 2-74.

Cencrally, the geophysical techniques produce porosity values represen-
3tative of a rather large volume of material (1 m typically) . Fracture

porosity is not distinguished a' art f roia intergranular porosity, so thatp
the techniques of ten give a bulk porosity with components of both in
rock media. Comparisons with porosities for unfractured specimens
determined in the laboratory may allow for close estimation of f racture
porosity alone.
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Fstimation o' ef fective porosity

For some purposes, the porosity can be estimated on the basis of field
examination or information retrieved in the process of logging or de-
scribing boring samples. The important parameter effective porosity may
most reasonably be obtained in this way since numerout angle borings
wouli of fer the only investigational alternative and even then would
carry about the same degree of uncertainty.

Effective porosity can be distribut.ed anisotropically is, for example,
along bedding surfaces so that the important effect of this space along
fractures can be macifested as preferred directions of seePJge and
migration of radionuclides. The experienced geologist is well versed in
techniques of collecting the structural data and making the appropriate
interpretations and analyses, and in most cases a geologicel analysis is
essential.
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Precipitation
3

h Precipitation is routir.ely measured by the National Weather Service and
Icy the records of numerous stations thecughout the nation are available in:

y
3s: Climatological Date, U. S. Dep rtment of Commerce, National
, ('"; Oceanic and Atmospheric .*,dministration, monthly reports.
r/i

:/f This source of data is oftta adequate for regional and even site-specific
W characterization,

t:9,. .. : ,
!

LM If a local weather station is established, the precipitation can be

i| i[
s.casured in accordance with the guidance in:

t
f " Measurement of Precipitation and Evaporation," Chapter 7,

..

'- 4

k- ,' Guide to Meteorological Instruments and Observing Practices,
ik ; 2nd Ed., World Heteorological Organization,1970, pp VII.1 to ;

L F VII.10. iM ,

M i
,t "Heaurement of Precipi*.ation," Section 10.B.2, National Hand- i

'in book of Recemrnended Methods for Water-Data # quisition, U. S. |

Q j Department of the Interior, Geological Sn:+ey,1980, pp 10-4 )
to 10 10. |
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J

1
% Rebound Index
Is

Testing for a rebound index is closely rei..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 J
,

local experience with excavating the media found at the site may be suf-
ficient documentation in most cases.
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l

Recharte and Discharte Areas,

I

i The most ef fective procedure for determining ground water recharge and -

E discharge areas is by way of extensive subsurface investigations of the
d ground water system. A three-dimensional array of observation wells
i y'

produces a potentiometric surface directly. The surface, in turn,
,

focuses attention on the areas of intere-t of intersections with the ;
'

j ground surface. Prior to development of dost of these subsurface data,
approximations of the recharge and discharge will depend on interpreta-.,

tions based largely on available inventory and documentations.
i

' ,"
!Documentation will be conducted primarily through records and technical

i 1 literature but will be augmented by some field studies. These prelimi- iE nary studies should extend well beyond the immediate site. The data to j
be collected will consist of the following: locations of all natural i,

'

ground water recharge and discharge; locations of all domestic, agricul- *i
7 tural, municipa'., and industrial eAtraction and recharge wells; lagoons j
d and reservoirs; and all actual or potential sources of surface water or i

,

[ ground water pollution such as chemical and sewage plants, landfills, I

q and hazardous vaste burial sites. The positions and conditions giv n
y above should be tabulated, described, and plotted on maps or cross t c-

tions for the purpose of integrating these data with those describing j
,

H geology and hydroloEY.
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''. rk Classificatica
,

$'

; Geoloalcal syst,em
!

A general classification of the common igneous, metamorphic, and sedi- |4

mentary rocks is presented in: |
4

,

4 7
i

j ASTN C294-69 (Reapproved 1975), " Standard Descriptive Nomencla- -

ture of Constituents of Natural Hineral Aggregates," Annual
Book of ASTM Standards: Part 19 - Natural Building Stones;

,

j Soil and Rock, 9 pp.

I
'

7
i No other detailed, standardized classification is available. It is rec-

ommended that rock classification be conducted by a trained and experi-,

enced geologist and that the classification that is applied be consis-.

tent throughout the LLW site as well .ns with regional usage. A basis
! for rock classification can be an appropriate petrology textbook. The
j detailed geological classification of rocks will require the application

,
,

of visual methods (see Visual Description) and may require x-ray dif- ~i-
'

i fraction methods (see Litholoey and Somls), as well as petrographic
j methods.which are described in:
I l

k; ASTN C295-79, " Standard Practice for Petrographic Examination -

1
: of Aggregates for Cf.ncrete," Annual Book of ASTN Standards:
i - Part 14 - Concrete and Mineral Aggregates,11 pp. I

1

The examination of individual grains will be useful in the classifica-
_ (Petrographic methods pertain to both grain mounts and this sections.
!

'

tiaa and mineralogical identification of soils as well as rocks, andj
' thin sections will provide information on mineralogy, classification, ;

~

,

.!

! j texture, and fabric of rocks. !

,
- I_L

;
' Rock soundness ;

ii

f
The soundness or durability of rocks and weakly cemented or 11thiffed I

.

soils or sediments may be determined in several separate ways. }

} Durability test. Slaking tests are available for relatively weak mate- -

rials containing argillaceous components. One simpie test consists of[
' observing the behavior of a sample.upon inrnersion in distilled water.
, ,

'

;

i The material may either be air- or oven-dried or at field water content.:

These materials which disintegrate after a few minutes are expected toi :

weather relatively rapidly in an excavation; whereas, those n.aterials
which exhibit only minor chsnge would weather less. A more formal
slake-durability test (Franklin and Chandra 1972) involves the rotation
of the sa::rple in a mesh basket partially icnersed in water. The sample
is oven-dried and tested for 10 min at 20 rp i, 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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Table A 4
1

Core Logging Iodices for Classifying R3ck '

and Overburden According to Hardness
(from Panama Canal Company)

.-
,

Overburden,

OH-1 - Soft Easily squeezed through fingers. Consiste_:y of f
fresh putty. (Muck, some clays.) !

.!
.

Cli-2 - Medium Soft Cannot be squeezed readily through the fingers,.
'

- ' but is easily indented with the finger point ;
at moderate pressure.

s'

s'
_ _ , OH-3 - Medium Hard Nonpenetrable at moderate finger pressure. A,_

pencil point can be readily pushed into
'

sample.
!.

1,' . OH-4 - Hard Difficult to take drive sample. Difficult to
7; punch pencil point into sample.

;.-
OH-5 - Very Hard Material of near rock character.

, Rock i

RH-1 - Soft Slightly harder than very hard overburden, rock-
like character but crumbles or breaks easily i

'
by hand. (Some clay-shales and uncemented . .j4

sandstones and conglomerates.) 'q
.

RH-2 - Medium Soft Cannot be crumbled between fingers, but can be !
easily picked with light blows of the geology !
hammer. (Some shales and slightly cemected {
sandstones and conglomerates.) f

I
'

RH-3 - Medium Hard Can be picked with moderate blows of geology .

hammer. Can be cut with knife. .

|r_
'

RH-4 - Hard Caanot be picked with geology hammer, but can be '
_

chipped with moderate blows of the hammer.
- .

- RH-5 - Very liard Chips can be broken off only with heavy blows of
the geology hammer.. . ,

I

I
i

!
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(

Runoff

t

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 proce-
dure for making the CN estimations is presented in. ,

I i
" Estimation of Direct Runof f from Storm Rainfall," Chapter 10, :

Nat'ionul Engineering Hacdbook: Section 4 - Hydrology, U. S. }
Department of Agriculture, Soil Conservation Service,1972. |

! !
i 3

Direct measurement }
}

Di ect measurement of runoff by stream gaging is the preferred method j
where 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 chrnnel flow measure- i

iments are provided in the following standards-
e

ASfM D1941-67 (Reapproved 1975), " Standard Method for Open 1

Channel Flow Measurement of Water and Waste Water by the ',

Parshall Flume," Annual Book of ASTM Standards: Part 31 -
L Water, 11 pp. j
J i

| ASTM D2034-68 (Reapproved 1975), " Standard Method for Open
i Channel Flow Measurement of Water and Waste Water by Weirs," !

| Annual Book of ASTM Standards: Part 31 - Water, 7 pp. !
i

Other useful guidance specifically on stream gaging is found in: |

i
" Discharge Measurements at Gaging Stations," Chapter AS, Book 3, ;

,

| Techniquec of Water-Resources Investigations, U. S. Department ;

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

1

2

1
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i

Seepage Velocity

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

The seepage velocity may also be directly measured using tracers as
discussed under Apparent Veloc.Ity. 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 apparer.t velocity is explained ;
in the Task 1 report.

, . ~ ,
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Seismic Velocity-
9

Seismic velocities ar0 determined by surface refraction surveys, cross-
hole curveys, and uphole/ 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 reports.

Surface refraction method

Seismic refraction surveys can be used to map qualitatively the lateral,
near-surface variations in porosity and density; the methods are dis-
cussed under Material Dc-nsities and Porosities and Void Ratio. Con-

''siderably more information 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 are laid along a line 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 frca about 500 m/s to about 1500 m/s at the
water table. The water table in partially consolidated sediments and
sof t rocks can also frequently be determined by the occurrence 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 velocity mono-
tonically increases with depth, and a material with seismic velocity
lower than the material above cannot be detected and can lead to errors
in depth determinations; and (b) for certain combinations of layer
thickness 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 to the top of the borehole
is used in conjunction with a receiver in the borehole, or visa versa.
By varying the depth of the receiver typically in 1-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 interrections of the segments give
depths to interfaces.
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The uphole/ downhole method does r.ot suffer from the two limitations of
the surface seismic refraction method. Thickness resolution of layers
or zones of dif ferent materials, however, is limited by the in-hole
testing increment; i.e., only zones thicker than the in-hole testing
increment can be detected.

Crosshole method

For the crosshole seismic method, two or three boreholes are required
for each test location. A seirmic source (small explosive: charge for
P-wave generation and weight drop or vibrator for vertict.11y 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 coupaing. 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, the crosshole method does not suffer -

from the two limitations of the s:tismic refraction method. Again, the *

thicknees resolution is limited by the in-hole testing increment. The
boreholes should ideally be vertical; but borehole deviation surveys
should be considered to determine 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 boreholes. Generally, the apparent velocities will
equal the true velocities except for cases when a refracted wave arrives
befoer a wave which travels directly between the boreholes (for borehole
sept atians in the 3- to 6-m range, the problem is minimized).

References
3

D. K. Butler and J. R. Curro, "Crosshole Seismic Testing: Procedures
and Pitfalls," Geophysics, Vol. 46, pp 23-29, 1981.

9 Department of the Army, "Ceophysical F.xploration," Engineer Manual 1110- {1-1802, U. S. Army Corps of Engineers,1979. ,

I
W. H. Telford, L. P. Celdart, R. E. Sheriff, and D. A. Keys, Applied ;

'Geophysics, Cambridge University Press, New York,1976.

A. A. R. Zohdy, G. P. Eaton, and D. R. Mabey, " Application of Surface
Geophysics to Ground-Water Investigations," Chapter Dl, Book 2, Tech-
niques of Water-Resources Investipations, U. S. Department of the Inter- '

ior, Geological Survey,1974.
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|
l
'Shrinking-Swelling Parameter

It is anticipated that shrinking and swelling behavior will be fairly
cosanon 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 reflective of swelling be-
havior when viewed as an t.nloading 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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3 oil Classification

i

Engineering system |

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

ASE D2487-69 (Reapproved 1975), " Standard Test Method for
Classification of Soils for Engineering Purposes," Annual
rook of ASE Standards: Part 19 - Natural Buildin2 Stones;
Soil and Rock, 5 pp.

g ricultural system .-

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

Soil Taxonomy: A Basic System of Soil Classification for Haking
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 gives by the
USCS in terms of the amount of clay-sized material in the soil and is a
useful supplement for characterizing LLW sites.

.
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:

Soil Organics i

The term soil organics refers to the entire nonmineral fraction of soil
!(and to a lesser extent of rock) including any vegetable or animal nat-

ter present. Organic matter holds moisture, affects the ion exchange |
capacity of the soil, and is directly involved in nutrient release. The i

total organic matter content of soil is estimated either from ',ne 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 sampics. The following reference presents procedures
for measuring organic carbon in soils:

i

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

The same reference source provides explanations of t,>w organic carbon is
related to total carbon and organic matter in soil testing. Total or- 5-

ganic matter may be approximated by multiplicatica of the figure for
organic carbon by a factor of 1.7 or 2.5 for topsoils and subsoils,
respectively.

i
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Soil pH and Acidity .

*. , . -

pH measurement

The recocnended method for determining soil pH both in the field and in
the laboratory utilizes an electronic pH meter with a glass-calomel
electrode system. If the pH is above 9 a special glass elect: ode must
be u H in which the sodium io the glass has been replaced b ..thium.3
Glass electrodes are soaked in dilute acid before use and must not be
allowed to dry out. They are usually kept inucersed in distilled water.
The pH mat er-electrode system must be calibrated . tith buffer solutions

each time it is used. The standard test develope <t for corrosion studies .

is equally suitable for general characterization of soil at LIM sites,
as discussed in the following reference:

ASTM G51-77. " Standard Test Method for pH of Soil for Use in
Corrosion Testing," Annual Book of ASTM Standards: Part 10 -
Metals - Mechanical, Fracture, and Carrosion Testing; fatigue:
Erosion and Vear; Ef fect of Temperature, 6 pp.

Titratable acidity E*]

, The soil pH coes not take into account the effect of aluminu.s, iron, and
manganese which can af'ect the acidity of a soil. For this reason,
titratable acidity is determined by titration of barium chloride-
triethanolamine leachates frca soil, as diseassed in this reference:

"Baciun Chlor:de-Trietbanolamine Method," Section 59-3, Methods
of Soil Anahris: Part 2 - Chemical and Microbiological Proper-
M American Society of Agroncey,1965, pp 910-911.

.
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k Soil Solubles

a .
.

|.
$ A distilled water leach of the soil is analyzed to determine the concen- |

4 trations of setuhle anions and cations. The leachate samples are essen- ;' % tially water saples; therefore, procedures for these analyses were 1

If taken froe stant'ard sources approved for use under i.he Safe Drinking

Q Water Act or the *'ational Pollutant Discharge Elimination System. Where >

% two methods are recommended for metaas, both are atomic absorption tech-
h niques but a direct. aspirataca technique is preferred for higher concen-

,

8

W tration and the furnace technique for lower concentrations (below t

VJ 50 ppb). The anions are measured by conventional titrimetric or tur-
G bidi:sstric procedures. Specific methods are recommended frca the fol-

{ $ loving source as indicated: 1

1:v |
4

h | Methods for Chemical Analysis of Water and Wastes, EPA-600/4- j
p;j f79-020, U. S. Environnental Protection Agency, Cincinnati, 1979. j

, n: r ;

@h
aluminum 202.1, "Aluminus. (Atomic Absorption, direct :

aspiration)," 2 pp. |d 1p 202.2, " Aluminum (Atomic Absorption, furnace {
'

g | technique)," 2 pp. t
# .

L < calcium 215.1, "CMciu:n (Atomic Absorption, direct '

aspiration)," 2 pp. |
'

Y@k *

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

g ration)," 2 pp.i

% 236.2, " Iron (Atomic Absorption, furnace tech- '

k nique)," 2 pp.

magnesiu:n 242.1, " Magnesium (Atomic Absorption, direct 4

gi aspiration)," 2 pp.

% manganese

d+[:s
~

243.1, " Manganese (Atomic Absorption, direct *

aspiration)," 2 pp.

243.2, " Manganese (Atomic Absorption, furnace
'' '. technique)," 2 pp.

[d potassium 258.1, " Potassium (Atomic Absorption, direct
' 'b aspiration)," 2 pp.

$) sodiura 273.1, " Sodium (Atomic /.hsuption, direct
fM aspiration)," 2 pp. ;

6d
': carbonate 310.1, " Alkalinity (Titrixetric pH 4.5),"

,'f 3 pp.

chloride 325.3, " Chloride (Titrimetric, Mercuric

] Nitrate)," 3 pp.

sulfate 375.4, ' Sulfate (iurbidirr.etric)," 3 pp.
1

El
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I
id I
q The determination of the bicarbonate anion should be accomplished using i

j the following standard:
w

406C, " Carbon Dioxide and Forms of Alkalinity by Calculation," ;

Standard Methods for the Examinatio:. of Water and Wastewaty, ,

15th Ed., American Public flealth Association, 1980, pp 26S-269.
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i:] Specific Gravity

5
& The specific gravity of a soil for use in engineering calculations is

usually expressed ir three different forms--specific gravity of solids,

') G ; apparent specific gravity, G, ; and bulk specific gravity, G, .
] B5th 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-
.'3 ticles b5cause they normally contain v5 ids from which air cannot be dis-,

?] placed unlers the particles are ground into finer particles to eliminate J
J the voids. Thus, when dealing with coarser particles, it is more con- J

G, 4s usedvenient to work with the G, of the particle mass. G, or

~:; in all calculations involving fundamental properties of a soil mass; G"
is used in special calculations, such as corrections of density and

d water centent for soils containing gravel sizes,
m
.n
7 Definitions and recommended detailed procedures for determining the
fj values of G, , G, , and G, are given in: []

.

dj ASTM D854-58 (Reapproved 1979), " Standard Test Method for Specific
$1 Gravity of Soils," Annual Book of ASTM Standards: Part 19 - 1

/ Natural Building Stones; Soil and Rock, 3 pp. |
7 la j
; ASTM C127-77, " Standard Test Method for Specific Gravity and

3

Absorption of Coarse Aggregate," Annual Book of ASTM Standards: ;

Part 14 - Concrete and Mineral Aggregates, 4 pp. ',
,

.d " Specific Gravity," Appendix IV, Laboratory Soils Testing, Engi-
neer Manual 1110-2-1906, U. S. Army Corps of Engineers,1970,

j pp IV-1 to IV-13. ,
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Storativity
t

. I
Storativity can be measured in unconfined aquifers and must be estimated j
for confined aquifers. Storativity is diseasionless because it is the >

volume of water released from a unit volume of aquifer 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 an unconfined aquifer (see !
Porosities and Void Ratio). ,

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

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

the guidance in:

"A alysis of Discharging Well and Other Test Esta," Chapter V,
Ground Water Manual, U. S. Department of the Interior, 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 enconfined aquifers. The storativity
in confined aquifers is very roughly 10*8 multiplied by the aquifer
thickness (in feet). }

i
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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- 0

its, residual deposits, and geologic 1 strata. The following descrip-
tions, costly from the Bureau of Reclamation Earch Manual, suggest the j
variety of subclasses and the amount of detail and in turn potentici
value in a thorcugh stratigraphical characterization. The methods of
documentation follow traditional geological 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 |
ichanges 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 environ =ent 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 j

transportation and distribution often works in conjunction with another. |
For example, material caa be weathered from ridges, transported by grav- i

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 giaciers. Glacial activity also triggered landslides j
which carried large c.sses of soil and rock onto the glacier for further j

transportation.
,

j
,i

Fluvial soils. Soils whose properties are sffected predominantly by the ;

action of water to which they have been subjected are designated fluvial j
soils. Fluvial soils are characterized by roundness 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 w.terial 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--are d~scussed separately below. ,

The typical 1:ndforms 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 alluvius several square kilometers in area.
The deposition results from the abrupt flattening of the stream gradient

ij that occurs at the juncture of hilly terrain and adjacent valleys or

1 plains. The coarser sediment is deposited first, on the steeper slopes
i
!.
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at the head of the fan, while the finer sediment is carried to the outer
edges. In arid climates where mechanical rather than chemical weather-
ing predominates, the cones and fans are composed largely of rock frag-
seats, gravel, sand, and silt. In humid climates where the slopes tend ,

to be relatively gentle, the material is expected to contain much more |
sand, silt, and clay. j

Sand and gravel grains from these deposits are generally subrounded to --

subangular reflecting movement over relatively short distances, and the
deposits have only poorly developed stratification. The torrential out-
wash deposits are likely sources of sand and gravel for embankments and
for aggregate, but the presence of boulders may limit their usefulness.
The soils are typically skip graded, resulting in a GP or SP classifi- '

cation. Because torrential deposits are consolidated only by self
weight, settlement should be anticipated in fine grained variants when,

used as foundations.,

Valley fill or floodplain deposits are generally finer, more stratified,
and better sorted than are torrential outwash deposits. The degree of
variation from the latter depends largely on the volume and on the gra-
dient of the stream. The surface of these stream deposits is nearly
flat. The nature of the materials in the deposit can be deduced by the
characteristics of the stream. Braided streams usually indicate the
presence of sand and gravel; whereas, meandering streams in broad val-
leys are commonly asscciated with fine grained soils (silts and clays) j
with linear bar sand deposits. i

i
An important type of valley fill deposit is the terrace. It represents !

an earlier stage of valley development into which the river subsequently
has become entrenched. Remnants of such ceposits are recognized by !

their flat tops and steep faces, usually persistent over an extended .|
reach of the valley. Examination of the eroded faces facilitates clas-
sification and description of the deposits, and the extent of the drain- j

- age network on the face is helpful in determining relative permeability. !

Tree-draining material has almost no. lateral erosion channels; whereas, j
impervious clays are finely gullied laterally. Terrace sands and gra- ;

vels were laid down in the geologic past. These terraces are found ;
along streams throughout the United States and are prevalent in the '

glaciated regions of the northern sections. Sands and gravels in ter-
,

j|
race deposits usually occur in layers and are well graded. They provide
excellent sources of construction materiais.

.

Lake sedinents, or lacustrine deposits, are the result of sedimentation
! in still water. E>. cept near the edges of the deposits where alluvial

influences are important, the naterials are very likely to be fine-
grained silt and c. lay. The stratification is frequently so fine that
the materials appear to be massive in structure. Lacustrine deposits
are recognizable by their flat surfaces surrounded by high ground. The;

materials they contain are likely to be impervious, compressible, and,

low In shear strength.,

!
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l
'Lake sediment deposits have been used for low permeability linings of

reserveirs and canals and for low embankments, confirming a potential
for comparable uses at LLW facilities in constructing embankments, <

covers, and impervious liners. Hoisture control in these soils is usu-
ally a problem, however, since the water content is very difficult to
change. High organic contents are occasionally encountered and present
special problems. |

|Lake sediments generally provide poor foundations for structures. Their ;
characteristics may be expected to be so questionable that special labo- !

ratory and field testing may be required even during reconnaissance.
,

4Glacial deposits. The results of the advances and retreats of the great
North American continental ice sheets during glacial times are repre-
sented by recognizable landforms. Glacis2. deposits are important
sources of construction materials a2d may even constitute major portions
of the immediate site at the LLW disposal facility. Glacial deposits
(glacial drift) are generally heterogeneous and erratic in nature;
hence, they are costly to explore. Particle sizes range widely, from
clay or silt up to huge boulders; and the particle shapes of the coarse j

grains are typically subrounded or subangular, sometimes with flat |
faces. Deposits of the glacier proper can be distinguished from de- }
posits formed by the glacier melt water--moraine as opposed to outwash. !

l
.

Glacial till is that part of the glacial drift deposited directly from j
the ice with little or no transportation by water. It consists of a j
heterogeneous mixture of varying amounts of boulders, cobbles, gravel, .

and sand in a generally impervious matrix of fines. Gradation, type of
rock, and mineral materials found in till vary considerably, depending
on the geology of the terrain over which the ice moved and the degree of j
leaching and chemical weathering. Glacial tills usually produce imper- j
vious materials with satisfactory shear strength, but removal of
boulders will be necessary in order for the soil to be compacted satis- ;

factorily. Where morainal deposits have been overridden by ice, the !

resulting fairly high ia place density makes them satisfactory for .

foundations. I!owever, shear zones developed in the process of over- ,

riding can complicate the conditions. Superimposition of more than one g

till separated by weathered zones can occur as a result of multiple >

advances of the glacier. [
!

Typical landforms containing till are the ground moraine or till plain
which has a flat to slightly undulating surface; the end (or terminal)
moraine, a ridge at right angles to the direction of ice movement, which
of ten curves so that its center is farther downstream than its ends; and
lateral or medial moraines which occur as ridges parallel to the direc-

i
tion of ice movement. Low, cigar-shaped hills occurring on a ground
moraine, with their long axis parallel to the direction of ice move:nent,
are called drumlins. They commonly contain unstratified fine grained
soils. Glacial outwash deposits from the glacial melt water are of
several types. Glacial outwash plains of continer.tal glaciation and
their alpine glaciation counterpart:, the valley traics, commonly
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contain poorly stratified silt, sand, and gravel similar to the alluvial
fans of torrential outwash which they resemble in mode of formation. 'f.-

Eskers are prominent winding ridges of sand and gravel which are the
remnants of the beds of glacial streams that flowed under the ice.
Eskers generally parallel the direction of ice movement, have an irreg -
ular crestline, are characterized by steep flanks (about 30*), and are 5
to 30 m high. Eskers usually.contain clean sand and gravel with some
bould.tes and silty strata which are in irregular, poor to fair stratifi-
cation and are exec 11ent sources of pervious materials and concrete ag-'

gregate. Kames are low hills of stratified sand and gravel deposited on
or against glacial ice by melt water streams and are materially similar
to eskers. Glacial lake deposits. formed in temporary lakes _during the
Ice Age are generally similar in character and in engineering uses to }

fluvial lacustrine deposits; however, they are normally more coarsely
and regularly stratified (varved) than are the recent-lake deposits, and
they may contair. fine sand.

Eolian soils. Soils deposited by the wind are know a's eolian deposits.
The two prir.cipal clas!=es that are readily identifiable are dune sands
and loess. Dune sand deposits are recognizable as low elongated or
crescent-shaped hills, with a flat slope windward and a steep slope
leeward of the prevailing winds. Usually, these deposits have very
little vegetative cover. The material is very rich in quartz and its
characteristics are limited range of grain size usually in the range of
fine to medium sand, no cohesive strength, moderately Ligh permeability,
and moderate compressibility. Eolian sands generally fell in the SP
group of the USCS.

'I
Deposits of windblown silt and fine sand cover e.xtensive areas in the ;

plains regions of the temperate zone and near the rtississippi, Missouri, j
Ohio, and Columbia Rivers. These deposits have a remarkable ability for j
standing in vertical walls. Loess consists mainly of particles of silt ,

or fine sand, with a small amount of r. lay that binds the soil grains 1.
together. Loess deposits may contain very sandy portions which are .j
lacking in binder and are per-bas. Their recognition is important frca ,

an engineering standpoint. In its natural state, true loess has a char- j
acteristic structure formed by remnants of small vertical root holes j
that makes it anoderately pervious in the vertical direction. _ Although !
of low density, naturally dry locss has a fairly high strength because }
of the clay binder, but the strength may decrease dramatically upon wet- i
ting and the structure may collapse. When remolded, loess is relatively
impervious, moderately compressible, and of low cohesive strength. |
Loess usually falls in the ML group or the borderline ML-CL or ML-SP ,

'
grou)s.

Eolian deposits are normally regarded with suspicion as foundations for
structures and are avoided if practicable to do so. However, tnere are

areas where no choice is available and these soils must be used. For ,

these deposits, evaluation of subsurface conditions from surface indica-
tions is complex and uncertain; therefore, foundation exploration is
initiated during the reconnaissance stage for important or costly
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structures, and the magnitude of the exploration is increased propor-
tionately for later stages.

Volcanic ash and pumice. Ash and pumice deposits are widespread in many
areas of the United States within and west of the Rot \y Mountains where
violent volcanic action has occurred. These deposits are sometimes con-
centrated in valley bottoms many kilometers from their source where they
may offer troublesome foundations for bridges spanning the streams of
the area. Generally, the deposits are stratified and crcss-bedded with
particle gradation ranging from clays to fine sands. The specific
gravity of the material commonly falls in the range 2.60 to 2.68, but
the cellular structure makes the deposits low in density and subject to
irregular consolidation under concentrated loads and during saturation
by floed water. The particles are angular but weak in shear strength,
providing, for example, only a nominal driving resistance to piling.

Much volcanic material is expansive when wet, being high in seectite
clay. Structures built upon these ashy beds have been damaged by dif-
ferential upheavals of the foundation soils of as much as 15 cm over the
structure area.

Residual deposits

As weathering action on rock progresses, the rock fragments are grad-
ually reduced in size until- the total material has a soillike appear-
ance. Residual soils are the result of in place weathering of the
underlying material and they have not been moved from the locition where
they were formed. It is sometimes difficult to define clearly the
dividing line between rock and residual soil, but for engineering pur-
poses a raterial may be considered soil if it can be removed by commonly
accepted excavating methods. Some knowledge of the engineering charac-
teristics of residual soils can be obtained from an understanding of the
bedrock from which they are derived.

It is difficult to recognize and appraise residual soils on the basis of
topographic forms. Their occurrence is quite general wherever none of
the other types of deposits, with their characteristic shapes, are ree-
ognizable and where the material is not clearly rock in place. Also,
erosional features may be helpful in evaluating a residual deposit.
Since the type of parent rcck has a very pronounced influence on the
character of the residual soil, the rock type should always be deter-
mined in assembling data for the appraisal of a residual deposit. The
degree to which alteration. has progressed largely governs the strength
r.ha ra cte ris tics. Laboratory testing is required if the material appears
questionable or when very large structures are planned. Identification
of the clay minerals in residual soils is often necessary for an under-
standing of their engineering properties.

A distinguishing feature of many residual soils is that individual par- i

titles in place are angular but soft. Handling of the material dur ing
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construction may appreciably reduce the grain size so that the soil as
used may have entirely different characteristics than shown by standard
laboratory tests of the original soil. Special laboratory testing pro-
grams are often required to determine the changes in characteristics to
be expected. Full-scale field tests are sometimes appropriate before
proper decisions can be made regarding utilization of such soils.

Some residual soils are entirely satisfactory for foundations or as con-
struction materials and, in some cases, may be superior to other local
soils. Other residual soils, depending on parent rock type, have such
poor engineering properties that they should be avoided if possible.

Geological strata

i

Geological strata may be composed of any of the deposits described above
but usually have the additional connotation of considerable age, i.e., a
manifestation of a process well removed in the past. Frequently, the
age is also reflected in consolidation; induration, and lithification of
the deposit. One additional class of strata not included above is the
marine deposits. While not to be expected among Holocene deposits at a
LLW site (except for possible glacial macine deposats elevated by gla-
cial rebound), older marine strata are potentially very important and
can be expected to constitute the main containing medium at many pro-
mising sites.

.

Ocean or marine deposits may take several forms. Littoral deposits are
formed along shore lines by the action of waves and currents on the
shore line and on materials brought in by streams. The continuous ac-
tion of the waves in moving the soil particles back and forth tends to
separate them by size, and abrasive action tends to reduce theit siz?.
Upon deposition, the coarse gravel particles will be found on the high
region of the beach away from the water line, and progressively smaller
sand sizes will be found in the seaward direction. Both the Eravel and
sand particles are rounded and pitted.

Offshore deposits are similar to those described for lakes, but they
have greater flocculation due to the salt water. Also the quartz con-
tent is commonly subordinate to the content of calcareous material.
Thus, the clastic strata may be interbedded with partially cemented
strata of shells, calcareous sand, and clay and be recognized as marl or
calcarcous shale or sandstone. Delicrating the distinct types of depos-
its (facies) formed contemporaneously or in close association a rela-
tively short distance apart--e.g. , littoral versus of fshore--is just one
more part of stratigraphical documentation that can occupy a geologist
in productive investigation.

(
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Strength k
The triaxial compression test is used to neasure the shear strength of a
soil under controlled drainage conditions. A soil mass may be consid-
ered as a compressible skeleton of solid particles. In saturated soils
the void spaces are coinpletely filled with water; in partially saturated
soils the void spr:es see filled with both water and air. Shear
stresnes are carried only by the skeleton of solid particles; whereas,
tie normal stress on any plane is carried by both the solid particles
and the pore water. In a series of triaxial tests, the shear strength
is determined as a functior of the total stress (intergranular stress

.

plus pore water pressure), unless (a) co=plete drainage is provided dur-
|ing the test so that the pore pressure is equal to zero at failure, or
3

(b) measurements of pore pressure are made during the test. E en the i
'pore pressure at failure is known, the shear strength can be cornputed in

terms of the ef fective stress, i.e., that carried by the soil particles.
Pore pressure measurements during testing are seldo:a required in routine
investigations, as the basic triaxial tests are sufficient to furnish I

shcar strengths for the limiting conditions of drainage. De types of
triaxial compression, boundary conditions, and detr . led test procedures
are described in:

"Triarial Compression Tests," Appendix X, Laboratory Soils
Testing Engineer Manual 1110-2-1906, U. S. Army Corps of
Engineers, 1970, pp X-1 to X-53.

The unconfined compression test is also used to measure the unconfined j
compressive strength of a cohesive soil. This test is applicable only }
to coherent caterials such as saturated clay or cemented soils that ;
retain intrinsic strength af ter removal of confining pressure; it is not j

a substitute for a triaxial test. Dry or crtrnbly soile, fissured or |
varved caterials, silts, and sand cannot be tested =caningfully in un- }
confined compression. The unconfined ccepression test can be viewed as ;
a form of triaxial test in which the major principal stress is equal to ;

the applied axial stress, and the intermediate and inor principal i
.itresses are equal to zero. ne undrained shear strength is assumed to I
le equal to one-half of the unconfined ccupressive strength. The uncon- )

'
fined compression test and data presentation forts are presented in:

t

" Unconfined Compression Test," Appendix XI, Inboratory Soils
,

Testing, Engineer Manual 1110-2-1906, U. S. Army Corps cf
,

'Engineers,1970, pp XI-1 to XI-ll.

:
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Structu re

Bedding attitude

The dip and strike should be determined for all significant stratigra-
phic units at surface exposures if possible. For subsurface units, the
dip and strike can be determined in a given boring by borehole camera or
related techniques; attitude can also be determined from the elevations
of stratigraphic contacts in three or more boreholes. Generally, since
a number of borings will be made, dip and strike can be most easily de-
termined from data displayed on structural ccatour maps. These maps are
effective in revealing detailed variations as well as overall trends of
horizons and lend themselves to the determination of potential pathways
of fluid migration. Isopach maps are snother tool for revealing struc-
tural as well as stratigraphic details of a stratum or sequence of beds.

.

Fracture systems

The analysis of fracture systems should include: the identification of
all significant joints, fracture zones and faults, the determination of
the conditions on or along these features and che determination of atti-
tude and spacing. Fracture systems can be identified by surface mapping
as well as within test pits, trenches, and borings. The identification
of fracture systems from borings includes observations of core samples
and from indirect, down-the-hole techniques such as the berehole camera.
The conditions along the fractures may be determined by indirect meth-
ods; howcver, the conditions can best be determined from direct obser-
vation and classification techniques. Dip and strike and spacing should
be determined, if possible, for all fracture systems, and the principal
fractures systems should be plotted on a geological map and cross sec-
tions. All identified fracture systems should also be plotted stereo-
graphically in order to identify potential directions of radionuclide
migration and to facilitate statistical analysis. The age of surface
faulting should be evaluated in terms of earthquake hazards.

:
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Suetion Pressure Function

The suction pressure function can be determined in the laboratory using
the following procedures for granular soil and for fine-textered soil,
separately:

ASTM D2325-68 (Reapproved 1981), " Standard Test Method for
Capillary-Moisture Relationships for Coarse- and Medium-Textured
Soils by> Porous-Plate Apparatus," Annual Book of ASTM Standards:
Part 19 - Natural Building Stones; Soil and Rock, 7 pp.

I

ASTM D3152-72 (Reapproved 1977), " Standard Test Method for
Capillary-Foisture Relationships for Fine-Textured Soils by
Pressure-Membrane apparatus," Annual Book of AST!! Standards:
Part 19 - Natural Building Stones; Soil and Rock, 8 pp.

In each of these tests a small sample (about 25 g) is saturated and then
allowed to drain under an applied air pressure until equilibrium is
reached. The applied air pressure is assumed to be equal to the suction
pressure at the equilibrium water content. This procedure is repeated
to produce points that define the drying (desorption) curve. These
tests can be performed on undisturbed, disturbed, or compacted soil.

Developments in making the measurements for the soil moisture character-
istic (suction pressure function) in the field are reviewed in Giesel et
al. (1970), but such field procedures are regat ied as relatively ad-
vanced and should be carefully considered before being attempted.

Reference

W. Giesel, S. Lorch, M. Renger, and O. Strebel, " Water-Flow Calculations
by Means of Carna-Absorption and Tensiemeter Field Measurements in the
Unsaturated Soil Profile," Isotope Hydrology 1970, International Atomic
Energy Agency, Vienna, pp 663-672, 1970.

.
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Suction Pressures

In the field, suction pressures can be measured either directiv using a
manometer or vacuum gage or indirectly b7 ocasuring properties that can
be associated with suction pressure. Direct measurement is restricted
to small suction pressures (less than 0.8 atm) because greater negative
pressure exceeds the air entry limits or the measurement system. Direct
measurement instruments are called tensioseters. A censicaeter consists
of a porous stone and a mancmeter or vacuum gage. Tensioceters are in-
expensive and permit continuous readings, but their use is limited to
nearly saturated cohesive soils and granular soils. Tensiometer systems .

are commonly used in agricultural research, irrigation system design,
and watershed characterization. Guidance on the use of tensiometers is

f-described in.

J.
" Soil Suction Measurements witlt Tensiometers," Chapter 9, Methods
of Soil Analysis: Part 1 - Physical and Mineralogical Properties, L

Including Statistics of !!easurement and Sampling. American Society .

of Agronomy, 1965, pp 153-164

Indirect measurement of soil suction relies on the association of soil :
suction with other material properties that are core easily ueasured.
The primary technique in indirect measurement uses the relative humidity [
as an indicator of suction precsure. Instruments that use this prin- l.
ciple are called psychrometers. A detailed discussion of the accuracy .{.and limitations of psychrometers is given by Johnson (1974) with empha-
sis oa measuring suction in undisturbed samp'es of clay soils in the yd
labo ra to ry. Comments are also made regarditt the use of psychrometers F
for field measurements and field use is also discussed by Wilson (1980).

..

A less frequently used technique uses a porous element such as filter Q
paper that is p) aced in contact with t 2 soil until the soil moisture y
equilibrium is eached. The water content of the element is correlated _;

to the suction pressure of the soil. Details of the filter paper method 2
are given in Snethen and Johnson (1980) and Hamblin (1981). The use of Q
gypsum blocks for measuring in situ soil moisture via electrical resis- ||
tance is discussed by Phene et al. (1971). };

f-
References 4=

1*
ry

A. P. Hamblin, " Filter-Paper Method for Rcutine Measurement of Tield P;
Water Potential," Journal of Hydrolocy, Vol. 53, pp 355-360,1981. f

s

L. D. Johnson, "An Evaluation of the Thereoccuple Psychrocetric Tech- $
nique for the Measurement of Suction in Clay Soils," Technical Report i

S-74-1, U. S. Army Corps of Engineers, Waterways Experiment. Station, 77 '

g

pp , 1974.
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1 C. J. Phrna, G. J. H:ffern, sad S. L. Rtwlin:n, "Me ,suring Ssil M:trix !
Potential In Situ by Sensing Heat Dissipation Within a Forcus Body: I, j

Theory and Sensor Construction," Soil Science Society of America, Pro-
,1gj ceedings, Vol. 35, pp 23-27, 1971.

,

$ j
d,J D. R. Snethen and L. D. Johnson, " Evaluation of Soil St.ction from Filter :

Paper," Miscellaneous Paper GL-80-4, U. S. Army Corps of Engineers, I

:N.s , . Waterways Experiment Station,182 pp,1980. j
m

(, ' L. G. Wilson, " Monitoring in the Vadose Zone: A Review of Techn10
:{;f Elements and Methods," EPA-600/7-80-134, Environmental Monitoring Sys- ,

f.,Q tems Laboratory, U. S. Li.'*ironmental Protection Agency, Les Vegas,1980. '
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Surface Wster Chemistry
.

M 1

J] Use the same methods and procedures as identified under Ground Vater

[V
y, Chemistry,
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Surfree Wrter System end Boundr+ ries

The characterization of natural surface drainage ic related to ano is
partially aduressed under Geonorphology in which surface water catch-
ments were described and related to fluvial conditions. Additional *

information which must be considered and which is addressed bere is the
"~

collection and evaluation of surface slope data and the records of
actual or representative stream gages at or near the LLW site. Stream
gage information will be obtair,ed, where possible, from literature
sources or from Federal or State recordc and will be a basis for addi- e

tional raging conducted as a part of site investigations. Slope and j
terrair related data will be taken from existing topographic maps or ;

'
imagery, if available, and if not, from an actual site survey,.i
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Transmissivity

Transmissivity is detersined from the analysis of drawdown curves ob-
tained during a field pumping test. Guidance on the procedures is
included in:

,

" Analysis of Discharging Well and Otfier Test Data," Chapter V,
Ground Water Manual, U. S. Departner_t'of the Interior, Bureau
of Reclamation,1977 (revised reprint 1981), pp 85-173. g

1

" Aquifer-Test Design, Observation, and Data Analysis," Chap-
ter B1, Book 3, Techniques of ' Water-Resources Investigations,
U. S. Department of ahe Interior, Geological Survey,1971,
26 pp.

I
i
i
f
l',

,

lh

's
,

b

/

'

I

'

4

f,

.. i'

-, ;

h

e

'

I'
1
I'

i,

I
'

,

"
)

k
!

!

!
<

t.'

l

[ /
|

(

i

! A-114
'

or

: ,
b r(
l
. .

! ._ _
- - - - - . - m :xra r - m ns'-

,

i

l
1

N

.

| |

---
. _ _ - ._



- :;/ ,._ ,- . .

, ,7
_.

a .'
. =, ,

,, . . I' o.
., , ,.

t ,,e s 7 ,e- <
,

b (' *

# , Mn & L ,.. . , _ . . k ., , s -._, .t[,. . _.~ , , , - f 7 _ - . 4% C .,- 4, ,;p - % ,, p, ~ . ,~. 4 -; *.-.

#*\ ; % i fi & 3? -
,

-r - c. . .; i.

' #d' ',, '[ ~ ~ ;VisuhlrescIlption F
f.

., , ,
'

.~. . ~ ,.

St!safard' practice To.'- desebbing,4eils,', also 'applica[ble for :ncit sof t,
/ rocks', is available abdo110'<s:4 +

. ,. '~J -i- #-

* ASTM D2433-69 JReapproved 1975), " Standard Recomended fracticey . / j ., ,

for Descri tian of Scils '(Visual-Manual Procedure) " A3nual BoonP c
^ f ;j/ , of ASTM Standards _' Fart 19 - Natural Building Stones'i Soil and

l
'

L7 * . 7-
- / "/ i R.oSh e 7 pp-~

.,., , 9 /i i ,..

' #h $smples collected at outcrops, from borings, and fu test plus should be ]s
,

7 1 ' thoroughly examined and degeribed in the; field and .'n the laboratory. 1,,, p f f i r. - ,
. , . j

. t>~..
.

, . ~' j
g;The* visual description of rock sample., it ordinarily acecarilished withs,

Ith- usual methods of geology. These pietpods are mostly covered under-- /'
,

,

'[^ gt'hojogy an.d Soils jn.this Appendix, fut the methods also incorporate /,,

t' well, established interpret 3 Lions on origin such as reviewed under i ?,
, *
# Strat.f vaphy. . ,l/ f :/

, _ |,

.

/ i ~f 1/
,

| "

.oI /.,,
- . . _ .

h% *> '' pr ,
, ! "'' g" '' J, e,,

t i N,; n., #:,
- ' ;y , ,, ,

,

' b-s
,

P'ir
#-w.,

,

e a 'in,e p

w~ is r 1, .-

,.
,

f? j
'

i
'

.s g ,- ,, .,, ,

,, , .

, . ,

<- ,.*,j s : o ,.

'% f''
^

~|_

|'.%- , .,
> V.

;4. .
.

'

. .

s .r -W

en'
~

t
t

,

4

A-Il5

__ -_

G

- - . - - , - , , - . __ _ . _ , ,- . . _ _ ,



- * ~ .

eW

.-|........., , . - . . - - -- n .- - - - - - - , - ~ - - - - ~ ~ - -<n---- --~~.?~ ~ ~ ~ = ~ ~ ~ ~ .

Water Content

Water content is er7ressed as the percentage ratio of the weight of
water to the weight of solid particles for geotechnical purposes. In
some other technical fields water content is expressed on a volumetric
basis, and it is important that this distinction be fully appreciated
since numerical values are of the same order of magnitude. The water in
question is the free water and not that which is hydrated to the mineral
surfaces. Therefore, measureirents on materials containing significant
amounts of hydrated water at in situ temperatures or less than 110*C can
be misleading. The water content of materials containing extraneous
matter such as cement, water-soluble salts, and organics typically re-
quire special treatment or a qualified definition of water content.

Laboratory test a

Characterization of potential LLW sites will usually require the labora-
tory determination of water content. The following str.ndard is.

I recommended:
{
j ASTM D2216-80, " Standard Method for Labaratory Determination of
! Water (Moisture) Content of Soil, Rock, and Soil-Aggregate Mix-

tures," Anaual Book of ASTM Standards: Part 19 - Natural
Buildir'2 Stones; Soil and Rock, 4 pp.

,
'

.

Repeated laboratory determinations of water content, though desirable,
may not be feasible since each test in time requires new soil and,
therefore, a new sampling borehole at a slightly different locatien. It
is generally preferred to avoid making excessive borings into a site.

Field test
* '

IWater content of soil and soil-aggregate may be determined rapidly in
situ with a nuclear gage. The nuclear gage method of determining water i

,
content haa sore application during the excavatio 1 of trenches and con- j

! struction of required earthwork (such as covers). The test procedures I
i and notes on the nuclear test are contained in: }

ASTM D3017-78, " Standard Test Method for Moisture Content of |Soil and Soil-Aggregate In Place by Nuclear Methods (Shallow '

Depth)," Annual Book of ASTM Standards: Part 19 - h'a tu ral !
Building Stones; Soil and Bock, 6 pp.

Continuous records of water content above the water table can be ob-
tained by neutron logging. Neutron logs can be obtained in cased or
uneased boreholes, although it is essential that calibration is obtained
in boreholes of the same diameter and condition (i.e., cased or uneased)
as the boreholes being logged. Details of the necessary calibration

A-Il6
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; procedures are given in the section on neutron log porosity determina-
tion and in Keys and MacCary (1971).

,

;
'

Referency
,

. W. S. Keys and L. M. MacCary, " Application of Borehole Geophysics to
i Water-Resources Investigations," Chapter El, Book 2, Techniques of

Water-Resources Investigations, U. S. Department of the Int-rior,
Geological Survey, 1971.
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Water-Holding Parameters

The water-holding parameters--field capacity and wilting point--can be
estimated accurately where a soil moisture characteristic curve l'as been
obtained (see Suction Pressure Function). The values for these param-
eters are the volumetric water contents at suction pressures of 33.5 kPa
and 1520 kPa, respectively.

For anst purposes a satisfactory estimate of water-holding parameters
can be nade by correlation with material type, particularly on the basis
of grain size. Figure A.12 provides one such correlation for the near-
surface materials, but others may be found to be more accurate on a
site-specific basis.
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The determination of specific retention, a similar water-holding param-
ct.er applicable below the near-surface zone, is best made on the basis
of s series of water content determinations on borehole samples or by
borehole logging (see Water Content). In periods of low rainfall and
low infiltration the water contents should tend to approach a value i
representative of specific retention. -Of course suitt.ble allowance must-

be made for slow drainage in fine grained soils. For example, clay beds
can remain saturated and impede drainage of beds above, even where those
above are composed of granular soils.
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Water Zone Boundaries

The delineation of boundaries between saturated and unsaturated zones
(including perched zones of saturation) and for capillary subzones is
accomplished through recognized methods of collecting field and labora-
tory data on ground water during subsurface investigations. Time-
dependent aspects such as involved in defining the subzone of water
table fluctuation are established from records compiled over a period of
time in observation holes. Methods of investigating water conditions
for a variety of purposes are quite similar among experienced organiza-
tions, but no step-by-step procedure has been recognized as the standard
method, and it is unlikely that one will be or even should be.

Background data

|

Accurately locating the position of the ground water table begins with,
,

the collection of background data from the region. This part of the
investigations is reviewed under Ground Water System and Boundaries and
Surface Water System and Boundaries but generally amounts to synthe-
sizing data from wells and springs and detailed study of government
agency files, hydrological reports, and records of wells. S w of this
characterization is accomplished during studies for preliminary site

'
selection.

Use of observation
wells and piezometers

The following discussion, mostly from the Bureau of Reclamation Ground
Water Pfanual, summarizes practice in locating and characterizing the
water table and its fluctuations with time. The methods are appropriate
for LLV site investigations.

Frequency of measureme nts. Water level measurements may be made of the
water table or the p.czometric surface under numerous coaditions. Rec-
ords may be required of continuous sensurements such as those supplied .

by a continuous water stage recorter or of periodic meassrements with a
time interval extending from less than 1 min (for a pump test) to
6 months. The frequency of measurement should Le adjusted to the cir-
cumstances. In some instances, only a few measurements are possible or
expedient to make, but in other instances f requent measurements over a
long period of time may be required. The possibility of error in inter-,

pretation decreases as the frequency of reasurement and length of record
increase. Initially, measurements are made often until the annual regi-
men is established. The frequency may then be reduced tc, about four a
year with the exception of a few carefully selected obtenatica wells.
These may be read 6 to 24 times s year or equipped with cuntinuous
recorders.,

i
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It is advisable to install a number of observation wells at least
2 years prior to construction (in any case 1 year prior to application
for license) and to take measurements so frequently as to determine

weekly may be necessary in unconfined aquifers expected to respond j '
jpreexisting ground water conditions. Heasurements as frequently as -

!
'quickly to pre.-ipitation events. The program should be continued (dur- i

ing license review, construction, and full operation) to permit com-
parison of preexisting and postfacility conditions. Such data may be
invaluable in the event of claims or suits for damage.

Water level measuring devices. Measurements may be made with a number '

of different devices and procedures. Probably the most cosumon device
for measuring static water levels is the chalked steel tape which has a *

weight attached on the lower end. The weight keeps the tape taut and f
aids in lowering it into the well. The tape is chalked with chalk or 1

dry soil which changes shade upon becoming wet. The line of the color
change denotes the length of tape immersed in water. Cascading water
in a well may mask the mark of the true water level on the tape; how-
ever, this usually occurs only in a well that is being pumped. Een
this cons'.ition is encountered, another method of measuring may have to
be used. In small-diam <r.er wells, the volume of the weight may cause ,

the water level to rise sa the pipe, sad the measurement may be somewhat
inaccurate.

Electric sounders may also be used to tasure the depth to water in 4

wells. There are a number of commercial models available, none of which I

is entirely reliable. Many sounders use brass or other metal indicators }
clamped around a conductor wire at 5-ft (1.5-m) intervals to indicate |the depth to water when the meter indicates contact. The spacing of 5

'these indicators should be checked periodically with a surveyor's tape
,

to assure accurate and reliable readinhs. !
(

Some electric sounders use a single-wire line and probe, and rely on !

grounding to the casing to complete the circuit; others use a two-wire !
line and dcuble contacts on the electrode. Experience has shown the !

two-wire circuits with a battery are by far the most satisfactory. ;

1Electric sounders .sre generally more suitable than other devices for
measuring the depth to water in wells that are being pumped because

'
r

they generally do not require removal from the well for each resding.
However, when there is oil on the water, water cascading into the well, ;
or a turbulent water surface in the well, measuring with au electric j

sounde, may be difficult. Oil not only insulates the contacts of the }
probe, but if there is a considerable thickness of oil, it will give an
erroneous reading. In some instances, it may be necessary to insert a
small pipe in the well between the column pipe and the casing from the
ground surface to about o.4 m above the cop of the pump bowls. This ,

pipe should be plugged at the bottom with a cork or similar seal which
*

is blown out after the pipe is set. Measurements sith the electric
*sounder can then be made in the smaller pipe where the disturbances are

eliminated or dampened, the true water level is measured, and the insu-
lating oil is absent.
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A simple and reliable method for measuring the depth to water in obser-
vation holes (4 to 15 cm in diameter) is a steel tape with a popper.
The popper is a metal cylinder with a concave undersurface and is fas-
tened to the end of a steel tape. The popper is raised a few centi-
meters and then dropped to hit the water surface, where it makes a dis-
tinct " pop." By adjusting the length of tape, the point at which the
popper just hits the surface is rapidly determined. Poppers generally
are not sati. factory for measuring pumping wells because of the oper-
ating noise and lack of ricarance.

Permanent pump instalJations should always be equipped with an access
hole for prove insertion or an air line and gage, or preferably both, to
measure drawdown during pumping. An air line is accurate only to about
0.5 f t (15 cm) unless calibrated against a tape for various drawdowns,
but is sufficiently accurate for checking well performance.

Artesian wells with piezometric heads above the ground surface are con-
veniently measured by capping the well with a cap that has been drilled,
tapped, and fitted with a plug which is removed for the insertion of a
Bourdon gage or mercury manometer stem. The static level is determined
from the gage or manometer reading after the pressure has stabilized.
Figure A.13 illustrates a mercury gage that is particularly suited to
field use, especially when running a recovery test after constant head
tests of artesian aquifers. For continuous records, a recording pres-
sure gage may be used.

Records of measurements. Accurate permanent records shc uld be kept of
all water level measurements and should include: (a) ;tentification os
the well by number and location; (b) locat' ion and elevation of reference
point; (c) elevation of ground surface; (d) date of measurement; (e) mea-
sured depth to water or to the bottom of the hole, if dry; (f) computed
elevation of the water table or piezometric surface; (g) for piezometers,
the aquifer or other zone represented by the reading; and (h) a note
whether the well was being pumped when measured, was pumped recently,
or whether a nearby well was pumpina during the measurement.

T.xploration holes eni ebservation well and piezometer inst 111ation.
Areas may be encotesered containing wells for which logs are not avail-
able, where ' ell (,nstruction features preclude measurement of water
levels, or where the wells have not been drilled. For investigations
of any size or importance and even for many individual well installa-
tions in such areas, exploratory drilling is of ten necessaty. Such
drillir.g should be t .f ored to the needs of the investigation and gaps

in available data. . , many instances, holes drilled for stratigraphic
or other data can be converted f;r use as chaervation wells or piezon-
eters. The following types of holes are drilled:

Stratigraphic holes are drilled primarily for the purpose of deter-e.
mi- ng the nature, depth, and thickness of the geologic formations.
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@ l- t* Stainless steel stop cock.
@ 4' Length of *l.d. rubber hose.
G l- 2* Dio. ink bottle.
@ l-3 Holed No.8 rubber stop.
@ l-t* Hose coupling.
@ 48" Length of 2mm lA gloss tubing.
@ 45" Length of stainless steel strip with graductions
I which give readings in feet uf water.

@ l-4* Length of t'o.d. stainless steel tubing
I with fittings.
@ l-fStointess steel stop cock.
@ l-4* Length of /g* o.d. stain!ess steel or plastic tubing

with fitting.
Assorted lumber (mcrine plywood) ,

Assorted * bolts with nuts.
'
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Figure A.13. Mercury manometer for measuring artesian heads _.

(from Bureau of Reclamation)
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b. Pilot holes are u.ually drilled to obtain data on which to base the
design of wells.

c. Observation wells are usur.11y constructed for the purpose of measur -
ing water levels where subsurface conditions are relatively simple.

d. Piezometers are a special type of observation well so finished as to
permit the measurement of the water level in a particular stratum or
zone.

After exploratory or similar holes are completed, a permanent record
should be made of each. This record should include an as-built drawing
of the facility showing the elevation of the point from which neasure-
ments of the depth to water in the hole will be made; the elevation of
the average ground surface in the vicinit f of the well; the depth of
hole; the length, size, and type of casing; location of seals and
packers; and the location of the screen or perforations.

The record should also show subsurface geologic conditions, water level
data, the location of the hole with respect to landlines or whatever
land subdivisica system is used in the area, and the identification num-
ber of the hole.

Drilling and installation. There are many methods and ensbinations of
methods of drilling exploratory holes aad wells. The most common holes
are dug, drilled, bored, driven, or je'.ted (see Table 2).

Where conditions are uniform, it may be satisfactory to install observa- *

tion holes on a grid with holes spaced at uniform intervals; Where con-
ditions are not uniform, wells should be located to conform to the local

, variations in conditfocs. The magnitude and type of the study will also
affect the spacing and location of holes. To obtain general information
cn an area, a wide spacing is satisfactory; for a detailed study, the
spacing must be reduced te provide the necessary detail.

The holes should be deep enough to penetrate at least 3 m below the
lowest water table of record or to the top of an artesian aquifer. If
information on thickness of an aquifer is required, one or more holes
should be drilled through the aquifer. An indication of the requireu
hole d--th can usually be obtained from an inventory of existing well
records. Separate wells or piezometers may be required when two or more
aquifers are involved.,

!
i

Casing installed in observation wells should be sized to the purpose of
I the facility and means of obtaining data. Generally, if water levels

are to be measure! by a vetted tape or electric probe, a 3/4- to
1-1/4-in.- (2- to 4-cm-) diam steel or plastic pipe is suitable. How-
ever, if a standard water stage recorder is to be used or water samples
taken f rom the facility, a ninimum 4-in. (10-cm) casing raay be required.
Suitable perforat ions should be nade opposite the saturated zone to
assure reliable readings. Periodic ce slection of water samples nay be ,

]r
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% cne of c;v2r:1 functicas cf the w211, cud this function may establish a
k determining limit on size of hole and casing.
4

Piezometer installations (Figure A.14) rather than simple observation h
4

i

($ wells, may be essential to a clear understanding of ground water con-
Wj ditions where st.bsurface conditions are complex. The presence of a con-

Q fined zone or seseral zones each with a different water le.el requires

%.
use of piezometers to contine and sepsrate each level. Observatica of

.o pumping test influence may especially require the use of pier.oceters,
y even in apparently homogeneous aquifers. Installation of piezo:neters,

especit.11y in slowly perecable materials, may require strict design
jfd considerations to minimize time lag and other similar problems.
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Figure A.14. Typi~.1 dual piezometer installation }

4'8 (from Bureau of Rec 1 mation)
:
sq

" Each piezometer should consist of three essential co:ponents:
' a. A watertight standpipe of the smallest possible diameter, consistent

with the method of reading, attached to the tip and extending to the
surface.

G,
J
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b. A tip c:nsictirg cf a well cerrn, p rcus tuba, er ethsr cirfise
; feature, and in fine grained materials, a surrounding zone of filter
; sand.
r

,

c. A seal consisting of cement grcut, bentonite slurry, or other simi-
-

4 lar slowly permeable material placed between the .itandpipe and the
9 hole to isolate the zone.
U
5 Were see ral piezometers are required at a 3,1ven location, it may be

possible, as a cost-saving feature, to itetall them in a single hole. as ,
5 shown on Figure A.14.
a

M In addition to the described standpipe-type piezometer, there are sev-
' :1 eral commercially available instruments that are operated by hydraulic
d or pneumatic pressure, or by an electric signal. Such instruments may |

be especially valuable for unusual subsurface or monitoring conditions, i

y| such as in very slowly permeable materials. .I
M

'

d ne canng'or pipes in an observation well or piezometer usually extend
i above the ground surface at least a foot unless pit installation is nec-

y( essary. The top of the casing or each pipe should be fitted with a
screwcap or locking cap containing a small hole to permit adjustment of

3 air pressure in the pipe in response to water level fluctuations or
barometric changes. Were artesian flow conditions are present, a

q$ tight-fitting cap which has been drilled and tapped for a Ecurdon gage

i or mercury manometer should be used. If climatic conditions require
3 protection against freezing, a suitable shelter equipped with heating
* facilities or replacem:nt of the water in the upper portion of the

piezometer by a nonfreezing fluid may be necessary.
,

Facilities should be protected against standing surface water and leak-
11 age alongside the casing by proler grading and placement of grout or ld clay seals at the surface. Wen an observation well or piezometer must j
( be located in the open where damage by machinery may occur, it should be i

adequately identified ar.d protected. 1

!,

' Boundaries within the unsaturated zone
s

i The delineation of the top of the capillary water subzone of ten requires
exercise of technical judgment. Any variations in grain size and poros-"

ity of material zones upon which the upillary water subzone is s;per-
ja imposed co=plicate the choice of position and obscure it with some {11 uncertainty. Changes taking place with time and hyste--sis effects add 1

more complication.
g

i
Degree of saturation. One technique that r== 'ce used u a:sure a thor- ;

'

ougn investigation is through expressien of material water contents in
terns of degree of saturation. Below the water table tlf securation is

,

100 percent. At some predetermined degree of saturation, e.g. , 90 per-'

*
cent, the boundary may be defined someshat arbitrarily. This technique'

,

'A
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f ces also be usaful for dalinerting ethre crpillery v: tar 2:les in

g perrhed configurations well above the water table. The calculation of
K degree of saturation on which to base boundaries of capillary water

|J subzones is as follows:
|
} Degree of Volume of water (cc) x 100h saturation (%) , Volume of wet , Volume of
j specimen (cc) solids (cc)
'

I
|;- Determination of saturation in the laboratory is supplemental to the -4

1 laboratory determination of water content (see Water Content and !
k Porosities and Void Ratio). !
3 i

d Approxiciate capillary rise. In those cases where a reascnable approxi- }
p mation of the capillary zone is adequate, the thickness of the zone can

be estimated according to soil type. Suction pressure and capillary ;
rise are primarily dependent on grain and pore sizes of the soil. This 1

-

method of zoning is particularly suitable in granular soils where the
capillary subzone tends to be quite thin. Capillary rise may be approx-
imated according to the following tabulation: - |d.

>

Capillary
USCS Soil Type Rise, cm

b W 6
M GII 68
( SW 60

p SM 112
s ML 180 i
M CL 180 I

h CH 200-400+ ;

b '
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Wird Speeds aid Directient i

Wind speeds and directions are routinely recorded at many stations of
the National Weather Service. These records are often satisfactory for
average regional conditions. If a local weather station is established,
the instrumentation and procedures should be organized according to
established guidance such as:

.
i

" Measurement of Surface Wind," Ctapter 6, Guide to Meteorological J
?Instruments and Observing Practicrs, 2nd Ed., World Meteorological

Organization, 1970, pp V1.1 to VI.6.
I

" Surface Wind," Section 10.F. , National Handbook of Recomended
Methods for Water-Data Acquisition, U. S. Department of the
Interior, Geological Survey, 1980, pp 10-45 to 10-51.
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