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CHAPTER |
INTRODUCTION

Landslides have been recognized as an increasingly important item
to be considered in the design of soil-related structures. Economic and
legal aspects are now carefully weighed before decisions are made con-
cerning proposed projects in areas susceptible to landslides.

Demands for better highways have resulted in longer and deeper
cuts and higher fills. Urban expansion has caused areas to be developed
that are less desirable than many earlier developments from the stand-
peint of potential landslide damage. A new outlook on legal responsibil-
ity with relation to lendslides has developed. 1t is now realized that
landslides are not necessarily '"acts of God'' as was the early-day explana-
tion (21). McNeal (21) states that:

“"The engineer is faced not only with the increased
possibility of landslides, but also with greater economic
losses and greater chances for injuries and deaths when
landslides occur."

With these thoughts in mind the natural gquestion should be, ''since
this and future generations are faced with the necessity of creating con-
ditions conducive to landslides, what would be the best approach, in most
cases, to attack the problem of landslides?'' The most obvious answer is
not necessarily to curtail all expansion or development that contributes

to landslides, but to study, understand, and cope with the basic mechanics
of soil mass movement.

The most important factor causing soil mass movement is the reduc-
tion in available soil shearing strength to the point that instability
exists or failure occurs. That water is the principal agent in reducing
the shear strength has long been recognized. Methods of reducing the
effects of groundwater have been devised and have proven very successful
in many cases; however, since the groundwater cannot be visually observed
in its natural state, control measures have not always been successful.

Methods are needed to determine the source and the flow character-
istics of groundwater in potential or active landslide areas. This would

allow a more efficient and practical engineering approach to the control
of water that contributes to landslides.

. PURPOSE
The ldaho Department of Highways annually spends many thousands of

dollars on landslides. These expenses can be separated into: (1) costs
of initial planning aimed at selection of routes and the purchase of



ight-of-way that will minimize the occurrence of landslides, (2) costs
exploration and design directed toward preventing landslides, or at
st of making allowances for them, (3) increases in construction costs
Jue to landslide conditions, and (4) costs arising after construction,
uch as payment for additional right-of-way and increased maintenance
costs, which can continue for many years.

Since groundwater is responsible for the majority of landslides in
ldaho, the purpose of this research project was to explore methods of
delineating groundwater movement in potential or active landslide areas.
These methods should necessarily be of such a nature that they can be
readily incorporated into the Department of Highways' exploration and con-
struction program. The value of the methods will be measured not by their
complexity, but by their reliability, adaptability, and usefulness.

f1. OBJECTIVE

The object of this investigation was to determine if there are any
methods of delineating groundwater movement in potential landslide areas,

and if there are, to show how these methods can be used by the Department
of Highways.

Special emphasis was placed on the use of tracers composed of either
chemical dyes or radioactive tritium. Studies of field hydraulic conduc-

tivity tests were performed and were incorporated into the overall objec=
tive.

It was of primary concern to present to the highway department a
simple, yet effective, procedure for delineating groundwater movement in
the various, highly different, soil masses within which landslides occur.

It1. LITERATURE SEARCH

The literature search was directed at gaining information on using
tracers and on determining hydraulic conductivity. This information was
important for designing subsequent laboratory and field experiments.

Tracers

The use of tracers as a method to follow groundwater movement in
potential landslide areas or within and adjacent to existing landslides
was not known to have been previously investigated. Numerous attempts
have been made to apply tracers to a study of groundwater movement not
associated with landslides and many of these have been reported in the

literature. Only a few of the more pertinent investigations were selected
for incorporation in this paper.

One of the most famous early investigations was conducted by
A. Trillat (29) in 1899. Certain dyes, as flow indicators, and the effects
the dyes on the soil passages were studied. The fluoroscope, used to
elect minute concentrations of fluorescein dyes, was invented by Trillat.



26 | era itory and field experiments using
salt as a tracer. ~tuded thar =alt when mixed with water formed an
electrolyte which al e tifr .rst arrival to be determined
electrically, He also studied the inflection point of the curve showing
the concentration of salt as it varied with time. One obstacle to using
salt as a tracer is the creation of density problems and ion exchange
phenor=na that can affect the results.

Jole (6) reported on the French experiments in which fluorescein

was used to study groundwater movement. Fluorescein proved to be effective
in tracing the movement of water through sandy and clayey materials, but
was ineffective when wused in highly organic materials because the fluore-
scein was adsorbed o e snil particles. The fluorescent qualities of
fluorescein were affected by addition of certain acids; a fact that Dole

applied to the investigation,

The New York State Health Department (2) has published instructions
on the use of fluorescein for tracing water pollution, including field
methods of detecting minute concentrations of fluorescein in solution.

The fluorescent qualities of fluorescein have been reported to be destroyed
by acids.

Kaufman and Orlob, in experiments with both radiocactive and chemi-
cal tracers (13) (14) reported that chloride, dextrose, fluorescein and
iodine 131 were used as tracers. Solutions containing these tracers were
passed through California farm soils, and it was shown that the order of
best performance was respectively, chloride, dextrose, fluorescein and
iodine 131. In further studies fluorescein was the most satisfactory of
the chemical dyes, and tritium performed better than any other radiocactive
isotope. Soils with large amounts of organic matter reacted with the
fluorescein and sometimes yielded unreliable results. Chloride showed a
tendency to disperse the soil colioids, thus changing the permeability.

Schoeller (24) did an extensive literature survey on groundwater
tracers and listed the results of many tracer applications. Tests have
been performed in many parts of the world and by peopie associated with

many different discipliines, such as hydrology, hydrogeology, petro-geology
and sanitation.

The value of radicactive materials as a tracer led Kaufman (12) to
investigate and report on the potential hazard to the public of tracing
potable water supplies with radicactive tritium. He concluded that tritium,
in the low concentrations necessary for tracing water, would be relatively

harmless to people utilizing the ''tagged'' water. Tritium was stated to be
the most ideal of all tracers.

Freely and others (9) outlined and discussed the history of radio-
active isotopes in tracing groundwater. They concluded that tritium
appeared to be the most dependable groundwater tracer. The importance of
using chelates with anions was recognized and seemed to offer the greatest

for successful tracing. A very complete bibliography was presented.

nope tToi



Laboratory experiments performed by Heemstra and others (11) on nine
radiocactive water tracer bstantiated the superiority of tritium for the
conditions of the selected tests. The test results showed little preferen-

ial adsorption of tritiated water. The investigators concluded that anions
and anion complexes are subject to less loss through a soil column than the
cations.

An elaborate tracing program conducted in the field at the Chalk
River Site, Atomic Energy Commission of Canada, showed the value of using
several tracers in solving a complex problem. Parsons (23) reported that
tritium, sulfur 35, and fluorescein were all mixed in the same solution
and injected into the groundwater system. Subsequent sampling and analyses
showed that tritium moved the fastest, then sulfur 35, and fluorescein
only about 75 per cent as fast as tritium,

Fluorescent tracers, fluorescein, pontacyl brilliant pink, and
rhcdamine b, were investigated in the laboratory by Feuerstein and Selleck
(8). They found that rhodamine was most highly adsorbed, that fluorescein
was present in almost any water and was subject to a high photochemical

decay rate, and that pontacyl was superior to the others in marking surface
water.

Hydraulic Conductivity Tests

Several methods of determining hydraulic conductivity have been
devised for both laboratory and field testing. Because of the difficulty
of reproducing field conditions in the laboratory, it is the opinion of most
investigators that the field methods are far superior and will yield much
more valuable information than will the laboratory tests.

Wenzel (32) outlined the direct and indirect laboratory methods, and
the groundwater velocity and discharging-well methods as a field approach
to determine hydraulic conductivity.

Kirkham (17) proposed a method for field measurement of hydraulic
conductivity below the water table. Frevert and Kirkham (10) later modi-
fied the Kirkham test method.

Von Bavel and Kirkham (31) proposed the use of a single auger hole
for determining hydraulic conductivity. This method alleviates the prob-
lem of determining the flow pattern function, the "A'" function, that must
be considered when using metal tubes or piezometers. The auger-hole method
has many advantages over cased-hole or piezometer methods, but it also
has a disadvantage because the hole will not remain open in some soils.

The theory of seepage into an auger hole was developed by Kirkham
(18) assuming the hole is above an impermeable layer. This was an advance-
ment over the old theory that was based on the case where the auger hole
cxtended to an impermeable layer.

Luthin (19) edited many articles concerned with the drainage of
agricultural lands, and included articles that discussed methods of deter-
mining the hydraulic conductivity.



Transmiszsibility coefficients, which when divided by the aquifer
thickress yield hydraulic conductivity, were determined by Skibitzke (25)
in his bailed-well tests. Ferris and Knowles (7) showed that the theory

proposed by Skibitzke also applies to slug-injection tests if the residual
head was small when compared to the depth of water in the well.

Winger (33) proposed four useful methods of determining in-place
hydrauiic conductivity. These were: (1) the auger-hole method, (2) the
piezometer method, (3) the shallow well pump-in method, and (4) the per-
meameter method. He stated that a combination of these methods may be
useful in solving certain problems.



CHAPTETF !

FUNDAMENTAL CONCEPTS

The term land ! a: used herein, mezns ‘he slow or rapid move-
ment of a large soil mass with gravity furnishing the driving force. The
soil mass moves downward, 3and possibiv outward, because the shear strength

“isiRsaffitient as a stebiliz ' ng forze. Of special interest in this study

is the mass movement ot 301! that occurs because the presence of ground-
water causes a lowering cf shear strength.

Problems Created by lLandslides

Active or potential landsiides often create many problems. Some
of the main factors which must be considered in relation to landslides are:

1. The possibility of endangering human life if sliding occurs.

2. The most eccnomical design to prevent landslides.

3. The costs associated w th preventive design and construction,
or the repair of the area after sliding has occurred.

L, Resolving the !iabil ty of damages.

5. Indirect costs, such as, traffic delay, interruption of
utility and cther services, and possibly other items.

Landslides have at one time or another, either directly or in-
directly, affected many types of business in the United States. Presently,
highways, railroads, canals, reservoirs, and urban development projects are
being greatly affected by lands!ides.

Causes of Landslides

A1l landslides are the result of an unstable condition and there
are several ways for the stability balance to be upset. Some of these
are: cutting off the toe of a stable slope; loading a slope; seismic,
vibratory, and other dynamic effects; progressive structural weakening
of the involved material; and changes of the groundwater regime.

Terzaghi (28) states that the causes of landslides can be divided
into external and internal causes External causes result from increasing
the driving force without changing the resisting force. Internal causes

are those in which failure occurs without any preceding change in surface
features or without vibratory or earthguake shocks.

In the case of landslides of interest to the Department of Highways,
both external and internal causes contr bute to the instability. Steepen-
ing of slopes by excavation .ncreases the external force. Similarly loading



Fill The -‘ple internal causes are the

in.rease jre onesion o 1in the m =rial.

Wit 5 aver |nc ng demand r more and better highways, with

fewer curves o . iattes jes, modern designs provi nore opportunities
or the ext - | Lauses =-~me [ncreasingly greater Therefore, an
attempt musi ns je 1o el m are o at least reduce rhe principle Internal
causes, whi diract of g-oundwater, i7 :dvance is to be
made in stabil 1 potential 'andslides.

"Lubricating' effec A loss o <nearing strength
occurs in a soil mass wher- . s the soil mass. In the past
(and even now by some peop'e) it was commonly thought that this loss of
strength was due to “he wate- lubricating soi! grains so that they more
easily ide over and past one another., However, it has been pointed out
by .erzaghi (28) and Taylcr 127), and many others that the lubricating
efrect is negligible in most s 'ls. Lubrication may play a minor role in

reducing the shear strength wher the soil particles are heid together by
a soluble binder, but is usually of minor importance when compared with the
otner effects of water.

Seepage force approach. An iscolated volume element of a soil mass
is shown In Figure 1. Both static water conditions and seepage conditions
are illustrated. The head loss 4h, that occurs as the water moves from
line MM to line OP, represerts the energy used in forcing water through
the snall passages of the soil skeleton. Viscous friction, between the
moving water and the water tightly bound in thin films to the soil particles,
transmits a drag force from the moving water to the stationary soil parti-
cles egual to the head loss, &h.

This drag force acts in the direction of the flow lines in an iso-
tropic soil only, but it always acts normal to the equipotential lines.
This force is known as the seepage force. By taking the i1solated soil
mass in Figure ! as a free body and analyzing the forces acting on it for
the scepage case, a better understanding of the seepage forces can be real-

ized The material within the element may be considered as a two-phase
mass ol soil and water. The forces acting are: (1) the total weight of
the soil and wat=v, (2) the resultant of all the intergranular forces

acting across the boundaries, and (3) the resultant of all the water pres-
sure forces. The force that maintains equilibrium is the boundary inter-
granular force sometimes called the restraining force and it must be equal
to and opposite in direction to the resultant of the other two forces.

To resolve the weight force and the water pressure force into a

combined force the following approach is used: (1) Vector AB, Figure 1

(b), represents the total weight of soil plus water, (2) the resultant

water pressure forces are shown as vectors BF and FE and when resolved

can he represented by BE. These are not obviocus from the combined dia-
. of the static plus ceepage case, but in Figure 1 (c), the forces

representing the difierence in pressure heads on opposite faces are shown
to aid in the understanding The pressure head on side NO is equal for
the static or seepage case, but the pressure head on side OP is different
due to the head lost tc viscous friction.
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Figure 1. Diagrams of boundary pressures and a force

polygon to illustrate seepage forces (After Taylor).




The weight of soil plus water represented by AB, and the resultant

= water pressures re 1 by B :d vectorially, give the
resultant body force AE. Therefore EA . represent all the intergranu-
lar forces acting across the boundary. 3Since AC represents the submerged
weight, it is evident that the force CE is a force created by the seepage,

and these two added vectorially are equal to the total body force AE.

Extending the considerations from a small element to a large mass,
it is easy to see how tremendous forces due to seepage can be developed.
These seepage forces act as an actuating force, and they must be counter-
acted by resisting forces, or else failure occurs.,

Pore water pressure approach. The pore water pressure approach
yvields the same results as the seepage approach with the advantage of
being an easier analysis. This analysis is, basically, a determination of
the decrease in effective stress at the potential failure surface due to

ne of the overburden load being carried by pore water pressure. Figure
2 shows how this load is carried. A reduction occurs in the shearing
strength as can be seen from Coulomb's Empirical Law

S = Ce + Ne tan ¢e

or S = C, + (Nt-u) tan ¢,

or S = Ce + (Nt—yh) tan ¢e

where

S = shear resistance
Ce = effective cohesion
Ne = effective stress, intergranular stress
¢y = effective friction angle

Nt = normal pressure

L = pore water pressure
Yy = unit weight of water
h =

height of piezometer surface above point

Notice that the weight is made up of the s0il plus water, so the
addition of the water is considered as an addition to the driving force.
The additional weight due to the water is not considered to be a very
important factor in affecting the stability. However, the normal stress

entirely effective before the water entered into the slope, but after
water entered, the normal stress was made up of pore water pressure
plus effective stress. Only the effective stress can be counted on as a
stabilizing force. When the stabilizing force is reduced, and possibly
hesion as well, and when driving forces due toc tangential components
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weight are increased by saturation of the soil mass, the factor of
fety against siiding, { s the rati f the resisting force to the
iving force, will be substantially reduced and sometimes failures occur.

I+, WATER MOVEMENT |IN LANDSLIDES
Basic The,”)ii

In soil masses, water can move as either saturated or unsaturated

flow. The conditions associated with unsaturated flow are such that this
type of flow generally serves as a stabilizing agent when considering
stability analyses. The surface tension in the capillary water creates

a larger effective force between the soil particles and thus the shear
strength is increased.

Saturated flow occurs below the water table. All flow that occurs
/ith water at atmospheric pressure or greater is considered as saturated
flow. A thin layer of saturated soil may occur at less than atmospheric
pressure just above the water table, but the flow occurring through this
layer is considered to be negligible in most analyses.

The basic law for saturated flow through soils was named after its
discoverer, Henry Darcy, and it states that the rate of flow is proportional
to the gradient of the water table. Darcy's Law is expressed by the
equation:

Q _ .
A= Vv Ki

where
Q = quantity of flow

A = cross sectional area of soil mass
through which the flow occurs

V = velocity
K = hydraulic conductivity

i = the slope or gradient of the water
table

It should be noted that the velocity, V, as determined by Darcy's
Law is superficial velocity because the quantity of flow, Q, is divided
by the entire cross section including pore spaces plus soil particles.
The actual velocity of the water is a seepage velocity which is equal to
the guantity, Q, divided by the area available for flow, NA, where N is
the effective porosity. Therefore, the relationship between the seepage
solocity, Vs, and the superficial velocity, V, is Vs =V + N. This rela-
ionship must be kept in mind as it has a definite bearing on this study.



ivite in the Darcy equation is a measure
; us material, and is
the cl Lic porous medium and of the flowing
some € nents it necessary t solate the properties
of the porous medid “rom those ¢ the flowing cuid, but for the present
approacn ~y's L ssented will suffice.
Me the 2as
Hydraulic conductivity and groundwater slope Darcy's Law provides
a methcd of determin ng not only the quantity or velocity of flow, but
also the direction of flow It is general «nowledge that groundwater
moves in a directir vrmal to the equipotential |ines or parallel to the
maximum water-table gradient This fact has often been neglected in
agroundwater studies connecred with 'andslides.

Teo determine the direction of maximum gradient, a few holes are
drilled to a depth below water level in an area and the equilibrium water-
level elevations are recorded. Groundwater contour maps are constructed
from the readings, and flow lines, normal to the equipotential lines, are

drawn. These flow lines are, ideally, the paths of the seepage water
movement .

If the area of investigation is small, three holes are drilled in
a triangular pattern to a depth below the water table and the water-level
a2levations are recorded. A triangular plane of the groundwater table is
drawn and the direction of water movement is determined by finding the
direction of the maximum gradient.

Thus far, only the direction of movement and the maximum gradient
have been discussed, but information concerning the velocity is often
important to the investigation. This is available by this method only
if the hydraulic conductivity can be determined.

Many different field methods have been proposed for determining
the hydraulic conductivity of soils in situ. The two most adaptable and
ffective in most situations are the piezometer and the auger-hole methods.
Of these two, the auger-hole method is favored for determining the
hydraulic conductivity in active or potential landslide areas. However,
the other methods referred to in Chapter | should not be entirely discounted
as they may be superior in certain cases.

Luthin (19) outlines the development of the auger-hole methods and
gives the assumptions and theory from which hydraulic conductivity Is
calculated. Several approaches to substantiate the theory are also pre-
sented. A method of determining hydraulic conductivity, credited to
Hooghoudt, is discussed in detail.

Winger (33) does not present the theory, but does present the
ual! procedure for performing the auger-hole test. He has incorporated

1arts prepared by Maasland and Haskew in presenting his method of solution.



y taking the average height available to flow for the period under con-
sideration, this procedure recognizes that the water is not flowing through
the sides of the auger hole for the entire original water depth in the hole.

The general concensus is that the auger-hole method of determining
“ydraulic conductivity in the field yields reliable results. The hydraulic
conductivity determined by this method is an average value for the soil
that the hole penetrated below the groundwater level. Therefore, the
velocity calculated by this method is the average, superficial velocity.

Tracers. Many attempts have been made to accurately delineate the
basic parameters necessary for determining the flow path of water parti-
cles through a soil mass. The methods of determining the movement of
water particles are theoretical, analytical, or physical. Because the
theoretical and analytical approaches require many assumptions that are

vally not entirely met, their reliability is limited. The physical
approach therefore has become an accepted tool in determining groundwater
movement .,

The physical approach, which is tracing, is performed by attaching
a traceable material to a water molecule and allowing this ''marked' mole-
cule to follow the normal flow path of the groundwater. The actual flow
path can be determined by taking samples, fanned out along the preconceived
direction of flow, and testing for the presence of the ''marked'' molecules.
Either previously presumed flow paths can be substantiated, or the correct
unimagined, flow paths can be constructed. Note that this holds true
macroscopically but not microscopically.

Tracer materials are of many kinds and compositions. Some classes
of materials that have been used under different conditions and with large
variations in effectiveness are:

Dyes

Chemicals

Suspended particles
Dissolved gases
Bacteria

Radicactive isotopes

DN e R =

Not any one tracer is the best for all conditions, but there is a
specific tracer that is best for any given condition.

Through the intelligent application of tracers, a more concise
description of the physical! movement of water through a soil mass is
available. Thus the answers to many bewildering questions of groundwater
movement are being obtained. The full value of the tracer approach to
groundwater problems in landslides, as well as in the many other environ-
ments, will probably not be realized until the demands warrant more exact

scriptions of groundwater movement.

Problems and limitations. In-situ hydraulic conductivity deter-
nations often have definite problems and limitations connected with
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them he pie er nor thi rger-hole
lasse rock will prevent
leter au le will be Impos-

2zomert

nstruc
Hor-homogene the soil creates problems in making the auger-
hole st and in interprefing the resulting data This test is limited
to fair v nomogereous soil masses having medium hydraulic conductivity
ates; twenty feetl per day would be considered a nigh rate, and low rates
are of such an order that procedural errors may cause significant differ-
ences in the results
The auger-ho ~ethod w1 not work if the soil to be tested is
under artesian conditions. |If special zones are to be tested separately,
probably should be used, but if the interest is in

the piezometer method ¢
av.rage hydraulic conductivity, the auger-hole method should be used if
possible.
In the present study the only -eason for performing hydraulic con-
uctivity tests was to allow the velocity of the groundwater to be calcu-
This calculated velocity then i{s used as a criterion upon which

Groundwater

lated.
the feasibility of performing a tracer test is evaluated.

value unless the information obtained is available

tracer tests are of no
within a reasonable length of time.
Any tracer material must be economical in first cost as well as in
its utilization and activity monitoring so that the costs will not restrict
its use. An ideal tracer should be economical, safe, not present in the
original water, capable of following the water movement without altering

it, non-adsorbent or nearly so, capable of being detected in low concentra-

tions, and non-reactive with the porous medium.

Limitations for the use of tracers have not been established as

a general rule, but four of the most important factors that restrict
the use of an otherwise suitable tracer are adsorption, dispersion, filtra-
tion, and public acceptance. Adsorption is the adhesion, in very thin
layers, of the tracer to the surface of the soil particles, while filtra-
ticn is the screening or sieving of the suspended tracer material out of
Dispersion is the separation or scattering of the tracer ma-

solution,
terial.



CHAPTER III

METHOD OF INVESTIGATION

After the problem was defined, a literature review was made in
hopes of finding a previous study which could be used as a ''take-off"
point. Studies pertaining to groundwater movement in potential or active
landslides were not reported, or at least were not found, in which the
tracer approach was used.

Until recently, little work of any consequence has been done in
tracing groundwater. Several isolated and Timited applications of tracers
have been made, but few comprehensive experiments involving comparisons
of several tracers were reported. For this reason a laboratory program
was set up to precede and to be run in conjunction with a field program.

I. LABORATORY EXPERIMENTS

The object of the laboratory tests was to analyze the behavioral
characteristics of several dyes when they were being used as a tracer
material to trace water through soil., Primary consideration was to
determine: (1) which of the several manufactured dyes would perform
best as a tracer material, (2) in what types of soi1l it would be most
effective, and (3) theoretically, how successfully the dyes might be
applied to tracing groundwater movement in field conditions. The eight
different dyes used as tracers were FD&C Violet #1, FD&C Red #2, gentian
violet, poirriers blue, methyl blue, fluorescein, rhodamine, and pon-
tacyl. Preliminary tests showed that only FD&C Red #2, fluorescein,
rhodamine, and pontacyl warranted further laboratory testing. ' The other
four dyes were adsorbed or filtered out of solution by the soil particles
in very short distances. The apparatus for the laboratory tests are shown

in Figure 3. The procedure for the laboratory analyses of water samples
is presented in Appendix B.

Preparation of Samples

Soil samples were taken from several field test sites and were of
five types, including a well-graded coarse sand, a fine sand, silt, a
well-graded decomposed granite, and a Palouse loess. A portion of each
sample was used in laboratory analyses for gradation, sand equivalent,
and Atterberg 1imits when applicable, while the bulk of the sample was
used to make up soil columns. Ottawa sand was also used in some tests.
Each soil column was prepared by placing soil in a glass cylinder, the
inside of which had been previously coated with petroleum jelly. A certain
number of layers of soil with a certain compactive effort on each layer
was used to create the desired column. During the experiments, several

groups of soil columns were prepared at different compactive efforts and
of different lengths.



Figure 3.

Laboratory experimental

apparatus.
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Each group of identically prepared soil columns was usad in the
comparison of the various dyes. Sofuticns of a st led water and dye
were allowed to percolate down through the soi! columns in unsaturated
flow with a predetermined depth of sc’ution abave the soil surface being
maintained until the entire solution had been .c<ed up. A visual color
comparison of samples col!lected at the bottom of the soil column was
made with some prepared kruw'z. After the dye <5iution had free-drained
from the soil column, d'st 7'ed water was allowed to percolate through
the soil and again solution samples were coliectad for visual color obser-
vations. After the soil cclumn had again beer ailowed to drain, it was
extruded from the glass cyiinder and was sliced vertically so further
visual examination could be made. By inspecting the vertical cross sec-
tion of the soil column in conjunction with the visual comparison between
the unknown collected solution sampies and the prepared known samples, a
determination of filtration characteristics and of the adsorption of the
dye to the soijl particles was made.

After initial laboratory tests were performed as previously out-
lined, the need for exact measurements of dye concentrations was evident.
A Model 110 Turner Fluorometer was available in August, 1964, and it was
utilized in subsequent experiments involving fluorescent dyes. For the
non-fluorescent dyes, a Model AL Fisher Electrophotometer was used to
determine the concentrations of dye in the unknown samples (Figure 4 and 5).

Since the means were available to measure dye concentrations, more
detailed laboratory tests were run. So1l columns were prepared and solu-
tions of fluorescein, pontacyl, rhodamine, and FD& Red #2 were passed
through the soil columns. A constant water depth of 2 inches was main-
tained above the soil surface by adding distiiled water as necessary. All
of the solution was collected after it had percoiated through the soil
column by using collection containers. The <amples in these containers
were then analyzed by either fluoremetric or e'ectrophotometric methods
and the concentrations cf dye were determined. Ey determining the con-
centration of the dye 'n each sample, a relaticrship between the concen-
tration of dye in the sampie and the cencentrat on of the dye in the ori-
ginal solution could be made. Also, the quantity of each sample was
measured so that the total! dye passing through the soil column could be
calculated. The per cents of the different dyes passing through the soil
columns were calculated and compared to determine filtration and adsorp-
tion characteristics of different dyes in different soils.

Chelating Agents

In conjunction with the tests to determine the adsorption of differ-
ent dyes to soil particles another set of tests was run to determine the
effectiveness of chelating agents. Two chelating agents, ''"blue cheer!' and
""tetrasodiumpyrophosphate'', were separately rtested by putting different
concentrations into the dye sclutions. The concentration of the chelating

agent was varied from 0-3200 ppm and its ability to prevent adsorption
was studied.



20

Figure 4. Fluorometer for monitoring dye samples.

Figure 5.

Electrophotometer for monitoring dye samples.
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owledge o nydrac’ oo tuctivity an 0 the slope of the
- table i- srerequisi = tc che intelligent appliczt on of a
fie f 2T progran Without this information, pianning the injection
of the racer and the subsequent times and placec to take samples would
be ve ivicult. Therefore preliminary tests to determine in-<iru
hydr: . <onduciivity and groundwater-table sln-e are very important
befor: ‘vzt ng the feasibility, both economicsily «nd time-wise, of

tracer pragram. |11 the velocity calculated from hydraulic conductivity
and ! draulic gradient is very low, the applicability of a tracer test
would be auestionable. However, a step-wise tr=cer program might be
designed in which seveirzl shcrt-distance tracer tests could be run from
+hich an overall pattern of flow could be estimated.

The slope of the groundwater table can be determined quite easily
/ drilling at least three holes, in a triangular pattern and deep enough
» penetrate the water table, and recording the groundwater elevation
cfrer the water level has reached equilibrium. The maximum gradient
| the ~rnbable direction of groundwater flow can be found by plotting

1d interpreting this information.

Hydrau ic Conductivity

The auger-hole method, as illustrated in Figure 6, was used in de-
‘nining field hydraulic conductivity. During the first phase of the

;ield work, the slug-injection and bailed-well transmissibility tests (7)
were used in an attempt to determine the hydraulic conductivity. Since
transmissibility is the product of hydraulic conductivity, K, and aquifer
thickness, b, and since the aquifer thickness, b, could not be determined
in all cases, this approach was discontinued. However, it was discovered
that the data collected for the transmissibility tests were, after slight
rearrangement, sufficient to determine the hydraulic conductivity by the
auger-hole method outlined by Winger (33). Therefore, all of the data
were reworked using the auger-hole method of determining hydraulic con-

'

Zictivity., An examnle of the calculations is shown in Figure 60,
‘ndix B.

lro ~omne types of soil, the auger hole would not remain open unless
casing was installed. The casing used was either 2-inch solid casing
with a 2-foot drive wellpoint attached to the end, or 2-inch perforated
aluminum casing. Hydraulic conductivity tests were run in some of tha
cased holes even though the assumptions for the auger-hole method were
not completely satisfied. It was believed, but not proven, that a given
diameter auger hole, vased with a smaller diameter wellpoint or perforated
pipe, would fit a condition somewhere between that proposed in the auger-
hole and the piezometer theory. The actual position would depend cn
how the surrounding soil behaved. It was expected that a correlation
n-tween the velocity determined by this method could be made with the
', determined by the tracer method.
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Figure 6, Details of equipment and the method for performing
the auger-hole hydraulic conductivity test.
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Type of soil. Sites that contained a wide variety of soils were
selected for field experimerts. A wide range of -Cils was classified
including sandy clay, silty clay, silt, fine sand, and even a coarse sand.
This range of soils was chosen, not because each soil would be present
in all landslides, but if one of these soils was encountered, the practi-
cality of running hydraulic conductivity tests in that particular soil
should be understood.

Size of holes. 7o determine the effect of nole diameter and depth
below the water table sn the hydraulic conductivity, various diameter
holes were drilled to pernetrate tne water table Af ter making several
tests the holes were deepened and more tests were performed. Because
of time limitations, only rhe (lyde Site was chocen for comprehensive
tests of hole-size effect 21 rydraulic conductiv 'ty values.

Drilling Equipment. Most of the auger holes were drilled with
the two-man, Acker, power zuge =5 shown in Figure 7. Each flight of
drill auger was 4 feet iong and 3 inches (n diameter. The Acker power
drill is capable of being reversed in case the asuger gets caught or
stuck. This proved to be an “mportant feature when drilling in areas
where the soil mass contarned either rubble or highly cohesive material,

Holes other than tne 3-inch auger holes were drilled with hand
augers, 2-inches, L-inches, b-i:cnes, and 8-inches 1n diameter. In
holes where sand or s1'ty sand was encountered below the water table,
the soil could not be retrieved with the nand avgers, 1In these instances
the two-man power auger or tre Highway Department s truck-mounted power
auger (Figure 8) was used 1o deepen The holes, ard after withdrawal of
the auger, a drive well!point on 2-inch casing, 2r a perforated 2-inch
aluminum pipe was installed to maintain an open hole,

Tracers
AN

Dispersion. All tracer experiments are affected, to some extent,
by dispersion of the tracer material as it is transported through the
soil by the groundwater. Dispersion is caused by mechanical mixing and
diffusion. Mechanical mix rg occcurs as the seepage paths along which
a tracer material is being transported divide and combine with other
seepage paths. This spreading of the tracer solution occurs transverse
to the direction of flow. As the tracer solution contacts seepage water
from other flow paths that contain lower concentrations of the tracer,
diffusion occurs. Diffus on ¢ considered to be the movement of the
tracer by a concentration grad. ent. The amount of tracer necessary
to trace groundwater movement 1s very deperdert upon the amount of dis-
persion, both horizenta! and vertical. Dane! {(5) proposed a six-degree
dispersion cone, while Farson's field experiments (23) showed very little
dispersion. Many other =»per ments with ‘race s have shown that disper-
sion does occur, but dispersian angles were rarely given.

The relationship between dispersion angle and the number of pounds
of dye to produce a sclution of [0 ppm concentration in a soil with 30
per cent porosity was calculated and is shown in Figure 9. The importance
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Figure 7. Two-man power auger in operation.

Figure 8.

Truck-mounted power auger in operation.
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of know ng the dispe - on angle 1= recognized when o comparison is made
between rhe two-deg-ee 2-d the ten-dec 2e d'spe -:cn sngle. [t takes only
0.24 pounds of dye for the two-deg ee ang'e, but it takes 6.10 pounds of
dye for the ten-degree angle to produce the same concentration of dye in
the groundwater circumscribed by the d =persion cone.

Comparison of var ous types of tracers. An attempt was made to
compare the effect veness of the several tracer materials in several
different soils in situ Exper ments were run at some of the sites in
wh ch different tracers were ‘dent:cal'y prepared, injected, and sampled.
The analyses were necessarily d'fferent for the different types of dyes.
Fluoresce n, pontacy!, rhodamine, FD&C Red #2, and tritium were compared
under field conditions. The Hoodoo Valley, Clyde, Brammer, Robinson,
and Lolo S/ tes were chosen for very detailed comparisons of tracers.

The hole patterns were different at each site because of the site lay-

out, problems encountered 'n drilling, and availability of previously
drilled holes

inject on. There are two common methods of introducing a tracer
mater al .nto the groundwater system: (') the tracer material in its
concentrated form can be injected, or (2) the tracer material can be put
into solut on and njected. A solution injection can be made as a slug
by putting «n a large quantity of solution in the injection hole at one
t'me, or as a continuous 'njection by allowing a continuous flow of the
solut.on into the tnjection hole for a given period of time.

Both methods of njection were used 'n the field experiments.
The injected concentration ranged from a solution of 200 ppm to the ori-
ginal concentrated tracer. The amount of dye tracer injected either in
solution or in its concentrated form never exceeded one pound for any
single injection At times,two tracer materials were dissolved or mixed
into one solution and 'njected into an 'njection hole. In most cases
the tracer or tracer solution was njected into a cased or uncased hole
that penetrated the water table. Mixing of the tracer solution with the
native water was accomplished by pour:ng small quantities of the native
water into the injection hole to agitate and force the tracer solution
out of the hole into the surrounding so l-water system. At two sites,
the tracer was placed into n,ection t-enches from which rain water carried
the tracer into the so:l and down ro the groundwater table.

Sampi ng. The sampling eguipment used for this investigation con-
s'sted of a bailer, and 3 select.ve-depth sampier as shown in Figure 10,
Water samples were taken from the ca-ed and uncased holes with the sampier
and then were transferred to small glass containers for transporting to
the laboratory. The bailer was used fo- most of the sampling, and the
procedure was: (1) the bailer was thorough!y cleaned and rinsed, (2)
several (three to five) bailers of water were withdrawn from the hole to
assure that if the tracer was near the hole it would enter and be sampled,
{(3) a water sample was placed in the small glass container, and (4) the
bailer was aga'n rinsed before sampling at the next hole.



Figure 10. Equipment consisting of (from left to right)
a bailer, a 2-inch drive wellpoint, and a selective
depth sampler.

27
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Contamination. Many ways exist for contaminating equipment when
working in a tracer program. Wellpgints and casing, if in contact with
dyes, can adsorb the dye. A sampler can transfer dye from one sample
hole to another. The sample containers, if not thoroughly cleaned, can
cause erroneous readings. The investigator can inadvertently contaminate
samples by dye on his hands or on his clothing.

Many of the dyes are handled in powder form which creates the
possibility of this powder being scattered by even a small breeze. The
dye in powdered form is hard to see and the contamination may go unnoticed
until contact with water is made. Sample holes, equipment, and the in-
vestigator can be contaminated by this process.

The fact that contamination can and does occur should cause the
investigator to plan the program with utmost care and to always be aware
of the pessibility of contamination as the program is carried out. Spe-
cial care should be taken to prepare dye solutions in the laboratory so
that powdered dye need not be taken to the field. Precautions should be
taken to clean the glass sample containers very thoroughly. Plastic con-
tainers should not be reused because the pores within the plastic are
very difficult to clean.

Certain acids have been reported to nheutralize the fluorescence of

some dyes. This may be a means of solving at least part of the contamina-
tion problem,

Effect on hydraulic conductivity. Because some of the tracer
materials were likely to influence the hydraulic conductivity, tests were
performed to determine the extent to which tracers may cause ''‘plugging"
in the soil pores or a reduction of available flow space. Since initial
laboratory testing showed that fluorescein was less apt to cause ''plugging"
than other dyes, it was chosen for further ''plugging'' tests, believing
that if it tended to ''plug' soil pores, then certainly the other dyes
would be expected to do likewise and to a greater extent. The further
experimenting was performed by running hydraulic conductivity tests after
various quantities of a tracer solution had been injected into a hole.
After a definite decrease in the hydraulic conductivity was evident, a
bailing of tracer solution from the hole was performed to examine the

possibility of ''unplugging" the pore passages. Then additional hydraulic
conductivity tests were run.




CHAPTER IV

RESULTS

I. LABORATORY EXPERIMENTS

Laboratory test results showed that many of the dyes would not be
suitable for tracing water movement in eny except coarse-grained soils.
Other dyes would be useful in tracing water even ir fine-grained soils

such as the Palouse loess.

The dyes, FD&C Violet #1, gentian violet, poirriers blue, methyl
blue, and rhodamine, were unsatisfactory for ftracing water in fine-
grained soils because they were filtered or adscrbed out of the water
within very short distances. This is evident by comparing the depth of
dye penetration between these dyes and pontacyi! in Figure |1 which shows
the top section of the soil columns. The scii was avery highly com-
pacted loess which retained the dyes, with the exception of pontacyl,
within the top 1/4 inch.

Figure 12 shows a typical comparison between the four dyes con-
sidered to have the best chances of tracing water through soil. The
soil samples were Palouse loess lightly compacted in three layers,
making 8-inch long soil columns. Movement of the dyes was evident in
the soil columns, but rhodamine advanced slightly less than one half
the length of the soil column while the other dyes penetrated the entire
lTength. After the soil columns had drained more completely, they were
vertically sliced for comparison as shown in Figure 13. The soil
columns for the fluorescein solution did not show any retention of
fluorescein while the soil column that the pontacyl solution was passed
through showed a slight reddish color due to retention of the pontacyl.
The soil column for the rhodamine solution showed that nearly all of
the rhodamine was retained in the upper 4 to 5 inches of the soil columr.
The other soil column that the solution of FD&C Red #2 was passed through
crumbled upon slicing; however, it showed results similar to pontacyl.

All of the laboratory tests involving many different soils, placed
in soil columns with different compactive efforts, showed that fluorescein,
pontacyl, and FD&C Red #2 were less adsorbed or filtered out than the
other dyes and would therefore be more applicable to tracing groundwater.
Fluorescein and FD&C Red #2 appeared to be slightly superior to pontacy!
for tracing groundwater in that they moved with the water and were less
adsorbed than pontacyl. But detection of FD&C #2 is made with the
electrophotometer which is not capable of detecting as low a concentration
as the fluorometer which is used in detection of pontacyl and fluorescein.

Quantitative results of the adsorption or filtration of fluore-
scein, pontacyl, FD&C #2, and rhodamine showed that only a certain per
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Figure 11.

Comparison of dye penetration.
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Figure 12. Comparison of dye retention.

Figure 13.

Sliced soil columns depicting dye retention.
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cent of the dye passed completely through the soil columr even after large
guantities of distilled water had been used to rinse tne soil columns.
Values of per cent passing completely through the columns ranged from less
than 10 per cent to slightly more than 90 per cent. For different soils
and different dyes thewse values varied, but again, concentration readings
of fluorescein, FD&C Red #2, pontacyl, and rhodamine, recpectively, showed
decreasing values of dye passing completely through the soil columns.

Typical curves depicting how the concentration ratio varied with
time are presented in Figure 14. The concentration ratio is the ratio
of th'e concentration of dye remaining in solution after having passed
through the soil columns to the concentration of the original solution.
Information for these curves was obtained by passing 100 milliliters of
100 ppm of each dye through an 8-inch long, 4-inch diametar soil column.
The steps were: (1) the soil column was saturated with distilied water,
(2) the dye solution was poured onto the top of the soil column, (3)
after the solution had entered the soil, distilled water was used to
maintain a constant 2-inch depth above the soil surface, (4) all of the
seepage solution was collected after it had flowed through the soil
colum, and (5) dye concentrations were determined by fluorometric or
electrophotometric readings. The concentration of the dyes built up to
a peak anmd then decreased for many hours. However, low concentrations
of the dyes were still present in the exiting solutions when the tests
were discontinued after as long as 600 hours.

Chelating agents, ''blue cheer! and ''tetrasodiumpyrophosphate'’,
were tested to determine if their presence in the dye solution would aid
the dye to follow the water movement. 'Blue cheer'' served to keep the
dye in solution better than when no chelating agent was used, but it also
tended to slow the movement. The effect of ''tetrasodiumpyrophosphate!
on the water movement through the soil was negligible.

Information gained from the laboratory experiments was used in
planning many of the field investigations.

II. FIELD EXPERIMENTS

Initially, sites were selected in areas of known groundwater move-
ment so that tracer studies could be inaugurated with a minimum of unknown
parameters. It was desirable, also, to have many different soil types
included in the preliminary tests, After preliminary testing at certain
sites had been performed, areas containing actual fandslide problems,
either potential or active, were selected for further tests. Figure 15
shows the location of all field sites chosen for detailed tests.

Fleiger Site

The Fleiger Site was located on a flood plain bordering the South
Fork of the Palouse River about one mile south of Moscow in the NE1/L4 sec.
19, Te 39 Noy R 5 W., on property owned by Richard R. Fleiger. An aquifer
of well-graded sand was present with a water table between 3 to 7 feet
from the ground surface. The aquifer was thought to be fairly homogeneous.
Figure 58, Appendix A, shows a typical soil profile and gives properties
of the sand.
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Map showing locations of experimental sites.




A few prelim nary hydraulic conduct vity tests we-e made sc ~"a
the values could be used in conjunction with the hydraulic gradient to
determine the probable di:ection and veloc ty of groundwater movement
Patterns of holes were drilled w th the two-man, Acker, power auger, ard
cased with 2-inch casing w.th a 2~foot drive wellpoint attached. The
hole patterns were determined by fixing the location of the injection
hole and then locating sample holes tanned out along fhe assumed direction
of flow, down-gradient from the :nject.on hale Because the gradient of
the water table was very flat (S = 0 0027), the calcu ated superficial
veloc ity was extremely low Therefore, one patte-n of holes was drilled
symmetrically about the inject.on hole as snown .n Figure 16,

The symmetrical pattern was used to- groundwater fluctuation and
tracer tests by injecting Moscow tap wate- at a constant 6-foot head above
the orig'nal water tab'e for four hou-s. Water-table readings were re-
corded at the surrounding holes every 15 minutes Other tests, to deter-
mine the ''plugg ng'' action of fluorescien dye on the soil pores were run
by injecting a solution of 200 ppm fluoresce n «nto the injection hole.
Hydraulic conductivity tests were made at intervals when 0, 40, 80, and
120 gallons of dye solution had been njected. Fluorescein and pontacyl
dye were injected individually in other patterns to learn which material
would be the most suitable as a tracer for use in the particular type of
soil that underlaid the site

The effect of the hole size on the hydraulic conductivity was in-
vestigated by drilling 2-inch, 3-inch, 4-inch, 6-inch, and 8-inch diameter
holes deep enough to just penetrate the aquifer. Hydraulic conductivity
tests were run on these different di ameter hoies and also on some other
cased and uncased holes.

The results of the tracer tests were very inconclusive. Visual
detection of the tracer, filuorescein, was made at holes 4NE, 4LSE, and 8NE
of the symmetrical pattern. Fluorometric detection was made in holes 4NW
and 4SW, but at much lower concentrat ons than in the holes where detec-
tion was made visually, This nformation together with the fluctuation
of the water table showed that, with the artificial groundwater gradient,
the water moved more rapidly in the easterly direction than in the westerly
direction. This was a direct contradiction to the direction estimated
from the original water-table gradient. This can be explained by noting
that when the holes were dr lled for th 'z test the westerly holes had more
silt and clay interspersed with the sand than did the easterly holes and
therefore, the permeab lity would be less and the velocity would be slower
to the west than to the east.

Hydraulic conduct v.ty values by the auger-hole method varied over
a wide range, from 0.1 to 8.0 feet per day with an average of 2.7 feet per
day. The reasons for this variation were: (1) non-uniform hole diameters
due to caving, (2) tests performed in cased holes did not conform with the
assumptions of the test method, and (3) the so:l was not homogeneous.
The effect of the hole diameter on hydraul :c conductivity was inconclusive.

A definite effect on the transmiss bility of the aquifer was caused
by 'njecting the fluoresce:n dye solut.on. Figure 19 shows that after 120



36

ARS Solution barrel

A —
N _‘.‘. - -
N 1R\\\\M

3/8-inch plastic
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2-inch casing
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Mote: Observation holes were symmetrical about injection
hole. Several injections were made in which a constant 6-

foot head was maintained. Water-level readings and samples
were taken at the observation holes. Silug-injection trans-
missibility tests were run in the injection hole to determine
plugging action of the 200 ppm fluorescein solution that

was being injected (Figure 19).

Fici-e 16. Layout and equipment for special water-table
and dye plugging studies.
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gallons of 200 ppm fluorescein solution was injected, the transmissibil-
ity was only about one-third of the value before dye injection began.

Hoodoo Valley Site

A site was chosen in Hoodoo Valley that was underlain by a con-
fined aquifer of clean, fine sand. It was located 8 miles southeast of
Priest River in the SE1/4 sec. 12, T. 55 N., R. 4 W., on the Jolley pro-
perty. The soil profile is shown, and the gradation of the sand is given,
in Figure 58, Appendix A. The piezometric surface, the elevation to which
the groundwater would rise if not confined, was about | foot above the
upper confining bed or about 2 feet below the ground surface.

The auger-hole test for hydraulic conductivity was not applicable
to a confined aquifer, and furthermore, an uncased hole would not remain
apen in the sand. Therefore, the bailed-well test for determining trans-
missibility was used for this area (Figure 17). The aquifer thickness,
b, was estimated from drilling information.

After the direction and velocity of groundwater movement had been
calculated, patterns of holes were drilled and cased for tracer tests as
shown in Figure 18. Extensive tests were run on plot one with fluore-
scein as the tracer material. Prolonged bailing from sample holes was
performed simultaneously with maintaining a head on the injection hole
in order to increase the gradient of the water table between the holes.
Tests to study the ''plugging'' action of fluorescein dye were run by in-
jecting large quantities of concentrated fluorescein solution and deter-
mining its effect on transmissibility. Intermediate bailing was conducted
to determine if "unplugging! could be accomplished.

Tracer tests on plots two, three, and four were conducted differ-
ently from those on plot one, in that care was taken to 1imit the amount
of injected solution so as not to disturb the water-table slope any more
than necessary. Fluorescein, pontacyl, and rhodamine in concentrations
of appreximately 2000 ppm were injected in separate plots by pouring into
the injection holes about 50 ml, each 15 to 30 minutes, until a 300 ml
injection had been accomplished. This was done once each week for three
consecutive weeks., Samples were taken over a period of about 14 weeks.

The baited-well and slug-injection transmissibility tests and the
hydraulic gradient determinations resulted in the following:

T = 30 ft/gaz

T30, ft
b~ 5 ~ day

V=~Ki={(6) (.0035) = .021 ft/day
v
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Figure 17.

Conducting transmissibility tests.
(Hoodoo Valley Site)
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T = transmissibility

K = hydraulic conductivity
b = aquifer thickness

V = superficial velocity

Vs = seepage velocity

‘N = porosity (estimated)
“Plugging” of the soil pores occurred quite rapidly because of the high
concentration of dye injected (Figure 19). Upon bailing, the transmissi-
bility values increased rapidly to a value higher than the original value
because of (1) "unplugging" of soil pores, and (2) possibly better develop-
ment of the hole. It was noted that, although part of the 'plugging"

action occurred at the wellpoint screen, most of it occurred in the soil
passages.

In plots three and four there was no detection of tracer movement
between the injection hole and any of the sample holes except possibly
2N of plot four. In plot one, fluorescein dye was visually detected as
far as 8 feet north of the injection hole.

Fluorometric readings at holes of plot one were very sporadic as
shown in Figure 20. Hole 11 NNW shows results similar to those of hole
11 NNE although the concentration peaks are slightly lagging in time.

The peak points of concentration of these two holes were caused from con-
tamination due to heavy rains flooding the injection hole and some other

holes. The reason for the lower peaking and the lagging of hole 11 NNW
was that contaminated water did not enter directly into this hole as it
did in hole 11 NNE, but instead it seeped through soil for a short dis-

tance. During the first 30 days of experiments at plot one the fluoro-
meter was not available for tracer detection, hence the gap from the
first injection to the first fluorometric readings.

Improper sampling procedures, contaminated sample containers, and
contaminated wellpoints and casing caused faulty fluorometric readings
during the early tracer tests in both plots one and two. The fluorometric
readings shown in Figures 20 and 21 substantiate this. Examination of
the erratic readings near the beginning of the tests shows a downward
leveling trend of the readings for most of the holes.

Figure 21 shows that tracer movement did occur between the injec-

tion hole and hole 2N of plot two with a travel time of about 20 days.
This would indicate a velocity of about 0.1 foot per day which compares
quite well with the calculated seepage velocity of 0.07 foot per day.
Plots three and four did not yield results to show that any movement of

tracer occurred.
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Figure 19. Relationship between dye-injection plugging
action and transmissibility values.
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Clyde Site

The Clyde Site was located 4 miles south of Moscow in the SE1/4
sec. 31, T. 39 N., R. 5 W., on property owned by Earl H. Clyde. This
site was chosen for three reasons:

1. The soil was different from that of other sites.

2. Hydraulic conductivity tests could be run using the auger-
hole method.

3. The site was available year-round.

After preliminary hydraulic conductivity tests had been performed and the
groundwater slope established, patterns of holes were drilled as shown

in Figure 22, Figure 58, Appendix A, shows a typical soil profile and
some soil properties.

The dyes, rhodamine, flucrescein, and pontacyl, were injected in
separate holes. A combination of fluorescein and pontacyl was injected
into a fourth hole. The injected solution in all cases was 200 ml at
1000 ppm. Injections were made on December 8, 10, 14, and 24, 1964,

The effect that hole diameter and depth of hole below the water
table had on hydraulic conductivity was studied by running tests on five
different diameter holes at two different depths below the water level.
The holes were first drilled to penetrate the water table by 1/2-foot
and hydraulic conductivity tests were run. Then the holes were deepened

to penetrate the water table by 2 1/2-feet and more hydraulic conductivity
tests were run.

Since the same method and data can be used for the auger-hole
hydraulic conductivity test and the slug-injection or bailed-well trans-
missibility tests, the results of both tests are shown in Figure 23 for
comparison. The range of values for the hydraulic conductivity test was
very narrow. The diameter and depth of hole did not seem to influence
the hydraulic conductivity values substantially. The average of all hy-
draulic conductivity tests was 7.2 feet per day which when multiplied by
the hydraulic gradient and modified by the estimated porosity, yielded a
seepage velocity of about 1/2 foot per day. The diameter and depth of
hole did influence the transmissibility values as shown by the wide range,
from 150 to 700 gallons per day per foot, in Figure 23.

For the rhodamine injection (Figure 24) dye was detected at hole
3, 20 days from the first injection, but since no repeating cycle was
evident for the other injections, the value of this peak point is ques-
tionable. The readings at other sample holes were sporadic, showing no
trend or cycle that could be interpreted

For the combined fluorescein and pontacyl injection, the results
are shown in Figures 25 and 26. Detection of both dyes at holes 19 and
20 occurred very soon after the injection was made indicating the possibi-
lity of rodent holes interconnecting the injection and sampling holes;
this was noticeable especially for hole 20. Ffield mice were prevalent in
the area and many rodent holes were evident.
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Figure 23. Relationship between hole diameter and calculated
transmissibility and hydraulic conductivity (Clyde Site).
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Figures 25, 27, and 28 show that nearly all samples collected 16
days after the initial injection gave a great increase .n dye concentra-
tion. This increase is unexplainable as far as the tracer program is con-
cerned, but it was noted that a heavy rainfall occurred just prior to and
during this period., The way in which this rainfall affected the samples
to give such high readings s not understood. Although some overland
flow of rain water did occur, the site was not believed to have been
flooded, and therefore cross contamination from the injection holes to
the sampling points probably did not occur.

Orofino Site

The Orofino Site was located 1/2 mile southwest of Orofino in the
SW1/4 sec. 7, T. 36 N., R. 2 E., on state highway right-of-way. It is
part of an old slide area which is still showing slight movement. Since
a new section of proposed highway would cut through the lower part of the
slide, the Department of Highways drilled holes to determine the geology
and water table, and to collect soil samples for laboratory analyses.
Figure 29 shows a map of the site. The logs and soil data,which are pre-
sented in Figure 59, Appendix A, show the area to be underlain by rubble
intermixed with silt and silty clay with a few sand lenses present. The
sand lenses were thought to be the principal water-bearing material.

Stability analyses indicated that control of the groundwater eleva-
tion in the slide area was of vital importance if stability was to be
maintained. Such information as velocity and direction of water movement,
fluctuation of the water table, and hydraulic conductivity of the under-
lying soils was important before undertaking the design of a drainage
system. An attempt to determine the required information was made by

initiating a tracer program and by keeping a record of the water table
elevations (See Table |, Appendix A).

Fluorescein and pontacy! dyes were injected in hole 6A, hole 11A,
and trench I1 in quantities of 50 to 200 grams at a time. Samples were
collected and analyzed. Pontacyl was detected, as shown in Figure 30, at
hole 8A, 70 days after the first injection and 80 days after the second
injection. A peak concentration was detected at sampling point cut No. 1
104 days after injection at hole 11A. Figure 31 shows that no definite
peak was established at hole 8A when fluorescein was used, but a high con-
centration was detected at cut No. 1, 104 days after injection of fluore-
scein :n the injection trench. The distance was about 105 feet. As
evident in Figure 32, fluorescein tracer was detected in hole 7A, about
L1 feet from the injection hole 6A, in 14 days. A later injection of
pontacyl was detected in hole 7A at 12 days. One hydraulic conductivity
test was run and its value was 0.26 feet per day. A very questionable
seepage velocity was calculated from this one hydraulic conductivity
value and was found to be about 0.25 feet per day. The average of all

tracer tests shown in Figures 30, 31, and 32 gave a tracer velocity of
about 1.0 foot per day.



51

“(°31S 9pAL]) AP 40 woInalul

9DUIS BWIY SNS4BA S50y 9| dwes 1e SUOIJeIIUIDUOD 2Ap SAIlE| DY

WA RIS

sAeq ui aw)]

101

0¢

(21825 Qf X) buipesay ua1awoaon| 4




" (9315 8pA|D) 2Ap 40 uoi3dafu]
92UjS 2w} SNS4BA S| 0y 9| dwes je suOljedjuaduod dAp 2A1lR|BY g7 24nbi4

sAeq Uil Lwiy

52°

001 0l [
v T T T v | B v 4 ~ v — 4 D
_ @ @0 €) D
401
\\\l""h)rll.-!
0¢
0¢
ot
05
09
uoiloafu] c_®0mmLoj_mmU
9 1 _—
‘JAJ 11 . . 4ON
¢ I i x
m it T T e .Dﬁ
8 Iy RO
1. BIOB == =
F 406

(®le>s 0f X) buipesy usiswodon| 4




53

©911§ ouljoug Jo deW gz 24nbi4

109 = 1l 3|e3s / \\ /
S1U |04 9|dues @ 4% e
siulod uoiioaful A / - GG ~

o —— J23e0z214
- O \

; .L.u..cot colrwwmf.ﬁc_ B 0% 3
TR g ev
/ B °¢ \\\\

E— . N D~co-wT

®__-oui|12jua> Aemybiy pasodody

31IS ONI40¥0




54

"(23116 ourlo4Q) 2Ap JOo uoildafu) aduis
Wil snsdan sjulod a|dwes 18 SUOIIBIJUSDUOD BAp BAjle|8Y "(0f ©4nbi4

0cl

sAeq ut awiy

0¢l

Olt 001 06 08 0L 09 0§ 0%  0¢f 0¢ 0l 0

o 5 .
\ o N,

X
TI L [6  shep o/ -

b
——
A

o~

)

g

(U

{91825 0f X) buipesy so3swouon|4

(Ne]

X
le
T\ 500 sRep w0l
x x 1
uot3iosafuy [Asejuoy ﬁu .
[ ON ANy X
vg8 21 OH




55

"(2115 ouryouaQ) 2Ap Jo uociioafu]
32U S AWl SnsasA siulod 3 dwes 1B SUOIIRLIUDDUOD AP SAllE[9Y ' [§ 2.nb 4

cAeq u) ouwl|

— ——— v AS

0¢1 iyl 011l 001 06 08 0/ 09 09 07 0¢ 02 0l 0
e

(21825 0¢ X) buipeay Jejswouon|4

N
low
| 104
[ 1501 SABP #01 o
uolioeluy c_QUmmLOJ_uhﬂv 108

/ l "ON 1M
¥g 210 — — —

e SIS S




56

“(2315 ouljoaQ) SAp 30 uoildaful BdUIS
DY SNSA3A SIU10d a(dues Je SUOITEIIUSDUOD BAp BAjIR|TY  *Z¢ 2u4nb)4

sheq utl Bwly

0l olf 00l 06 08 0l 09 05 Ot 0% 0¢ ol

e

N A

+
)

VAP
dn nofn‘\uﬁ//f\ /;

sjurad burdueg

/7/ M\ \_ ;N\ /

ﬁd
ucy1oafu) |Ase1uod (@) /, 1) 1R
uolyoalul :_u;wuLoj_ukuu SAEP 1l
| Aderu0g % x—— ¢ "ON 1N
| AdRjUDd— — — — — — y/ 2{0H
Uleosalion| 4 —¢ Z AN 1Nn)
uradnsason| 4 —— —— —— y/ 2|0} /

1

| Adejuoy
o
=

"
O

0¢

0§

o
O

o
™~

08

L4
Utpesy Jajawodon| 4

U132sSa.40n

(®1eos o¢ x) 6

s

NS




57

Kennedy Ford Site

A typical example of landslides, or more exactly mud flows, that
are troublesome in the Palouse Joess was located on Highway 95, 5 miles
southwest of Potlatch in the SWi/L sec. 17, T. 41 N., R. 5 W., on state
highway right-of-way. This site was chosen for investigation because it
had water seeping out of the cut slope into the roadside ditch almost
continually. The site layout and typical soil information are presented
in Figure 33.

The loess soil has a tendency for the flat soil particles to be
oriented vertically rather than horizontally as is normally the case of
most soils. Because of the vertical orientation, the hydraulic con-
ductivity is generally greater vertically than horizontally. Therefore,
during periods of heavy uniform rainfall the water can percolate down
through the soil guite rapidly, but lateral movement is somewhat re-
stricted. Impervious layers exist in the soil, which prevents further
downward movement, and a perched water table tends to build up. As the
water table builds up, pore water pressures Increase and stability is
reduced. Upon sufficient increase in pore water pressure, failure occurs,
and the small, saturated, soil mass moves down into the ditch or even
beyond the ditch onto the road. This description of loess soil failure
is partly generally accepted as fact and partly conjecture. It is
commonly accepted that the loess soils have greater vertical than hori-
zontal hydraulic conductivities.

A Timited attempt was made to substantiate the supposed loess
soil failure., Two observation holes were drilled at selected points in
the cut slope and on the flat above the backslope. Water-level readings
were taken periodically from October 1964 to June 1965, These readings
definitely showed a rapid rise of the water table during periods of
prolonged rains and they also showed a less rapid drop of the water
table during periods of no rain. Because the hole on the flat above the
backslope was near the backslope, the gradient of the water table between
the hole and the ditch was very steep which would account for the ground-
water level dropping fairly fast. As the gradient decreased, the flow
diminished, but did not entirely stop, even after prolonged periods of
time.

A highly concentrated solution of pontacyl was injected in trenches
T1 and T2, and in hole I3A Rain water helped to take the dye into the
soi l-water system. Both visual and fluorometric detections were made of
the dye at sampling points located on the cut sliope. Pontacyl dye was
visually detected in hole 3, hole 4, hole 5, and in two small seeps up
the slope about 5 feet above holes 3 and 4 (Figure 34). The tracer moved
about 45 feet, 1 foot vertical to 2 feet horizontal, in less than 15 days.
Pontacy! was detected at holes 7 and 10 by fluorometric analyses within
45 days after the initial injection. The distance again was about 45
feet. The reason for the difference in time is believed to have been
caused by the heavy rain that flooded injection trench I1, causing over-
land flow part of the way to the sampling points.
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Auger-hole hydraul ¢ .onduct vity tests were un at the site in
the sampling holes. The rests gave values so low that procedural errors
ruled out the possibility of calculating the hydraul = conductivicy from
these tests.

Brammer Site

An example of a large -s0/! mass rhat becomes unstable as ground-
water builds up 13 the Bramme: <' de. The B-rammer S .1te s located about
I m le zouthwest of Kendrick n the SEV/L cec. 26, T. 38 N , R. 3 W., on
state h'ghway right-of-way Each spring the mass begins to move, the
scarp enlarges, and sluff:ng occurs. Ma ntenance costs to clean the
siuffed' material from the quiter or roadway coul!d be -educed if the
seepage water was ‘nterceprted berpre enter ng tne 3 ea outlined by the

scarp. Since the so'l--ubble mantle .5 between "0 and 20 feet deep, in-
tercept . on of the water would be relativeiy eazy f the direction from
which the water enters the slide was known. Th te appeared to be

deal for tracer tests because the many smal!! ceeps that emerged from
the cut slope would serve as sampling points,

Injection holes wese dug by the Department of H ghways with a
tractor-mounted back hoe The locat on of the ‘n,ect,on holes and sampli-
ing points ase shown n Figure 35. The d rect on of water movement as
determined by hydraul ¢ gradient measurements :s shown by an arrow. A
typical sotl profile and typical so | prope-f 25

are also presented in
the figure.

Pontacy! dye was injected :n holes Il and 12 on May 18, and May
20, 1965, at 150 grams per injection. fluore:icein dye was s'milarly in-
jected in holes I3 and T4. Sampling was carr.ed cut at atl points from
May 18 to September 3, 1965, until the po.nr= driad up. No sampling
was done in August due to lack of ftransportation. Hydraul! ¢ conductivity
tests were not run .n th.s area because of d ff culty in drilling a hole
to penetrate the water table.

Fluorometric readings of the sampies were plotted and are pre-
sented in Figu-es 36, 37, 38, and 39. Both pontacy! and fluorescein
were detected at several sampling po nts, from which an average velocity
of about 2.3 feet per day was calculated. The maximum velocity was 4.3
feet per day and the minimum velocity was ' ! feet per day. Of course,
part of the variation was due fo some of the sampling points not lying
along the same flow path as that of the ‘niection hole. Therefore the
dye movement to these holes was due partly to dispersion. Concentration
peaks shown on the figures for this site definitely show tracer arrival
at the sampling points

Ahsahka S tes

New landslides develop or old lands! des are reactivated almost
evers spring along sections of the Ahsahka g ade. A typ cal slide and
the method of cleanup 1s shown .n F gure 40  Much of the Ahsahka grade
15 cut through an area of many old small lands! des as evidenced by the
surrounding terrain  Landsl.des deve'op n the backslopes and also in
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Figure 40.

Typical slide and method of maintenance.
(Ahsahka Grade)



many of the fills. |t was obvious that groundwater was a great cont:i-
buter to the instability ard movement ot tne so:| masses because the move-
ment was confi.ned primarily to the spring months of abundant rainfall.
During the wet spring months, the water table rises nearly to the ground
surface but as the dryer months come the water table drops to several
feet below the ground surface. Three small areas, not more than 1/2 mile
apart, were chosen for tracer studies and were designated as the Hall,
Pole, and Sutton S:tes. The Hall and Pole Sites were located 2 /2 miles
west of Ahsahka in the SW1/4 sec, 32, T. 37 N., R 1 E,, on state highway
right-of-way. The Sutton Site was located 2 m les west of Ahsahka in

the NE1/L of sec. 32 also on state highway -ight-of-way

The underlying sotl was a rubble, silty-clay mixture. It was
imposs:ble to drill holes into the soil w th the two-men power auger or
with a hand auger because of the interspersed rubble. |Injection holes

or pits deep enough to encounter the groundwater table were hand-dug at
S

various locat ons in the backslope slide areas. No holes were necessary
for sampling points because samples were taken along the cut slope and

he ditchl ine where seepage emerged Samples were collected weekly from
the time of injection until seepage discont:nued at the sampling points.

Fluoresce i n and pontacyl dyes were injected into the injection
holes by placing 50 to '00 grams into the holes either in concentrated
form or in solution. Most of the injections were made on April 20, 1965,
although later injections were made at some points,

In conjunct on with the tracer tests, the quantity of water that
emerged as seepage was measured at various t mes. This was done by

collecting the flow for a given time interval and then measuring the flow
quantity,

Tracer tests at the s tes along Ahsahka grade yielded results that
were difficult to interpret. The most 'mportant -eason for this was that
the dye used as fluorescein dye at these s tes was not fluorescein, be-
cause of a mistake in shipment from the supplier However, the material
possessed fluorescent properties that could be measured with either the
fluorescein or pontacy!l filter arrangement in the fluorometer. Another
reason that interpretation of the tracer results was difficult was that
the injection holes were too close to each other in many cases, which
further complicated the effect of using the wrong dye.

Even though these problems occurred, some definite results can be
pointed out. Figure 41 shows that at the Hall Site, dye X (the dye used
as fluorescein) was carried by the seepage water from the injection point
to sampling point 1, about 20 feet in / days. A similar pattern developed
after the second injection of dye X. The third injection did not affect

readings at sampling point 1 because It was made at a different point.

Figure 42 shows that a very similar pattern was made by pontacy]

eadings on samples from sampling point 1. This was caused by dye X
s} g both pontacyl and fluorescein readings. A dirty sample gave high
readings, but these readings were not attributed to the presence of a

dye. Some of the other high fluorometric readings at other sampling
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points in the Hall S:te a-e undoubtediy dus 1o rhe p =serce of dye "oving
with water from injection points to the samp.ing points, but no definite
patterns can be ceen.

The Pole and Sutton S.tes both y.e'ded the same pattern of results
as can be ceen in Figures 43 and 44. Pa-sage of the dye through the soil
definitely occurred and the approx mate velocity of the groundwater was
1.5 feet per day. This movement was effectuated b, a hydraulic gradient
of about ' foot in 4 feet that ex'sted du .ng cthe testing period.

The quant'ty of seepage water emerging from the cut slope and
d:-tchline continually decreased at all Ah:ahka tec, except when heavy
rains fell to recharge the areas. Sharper fiuctuations in the flow rate
occurred at the Pole and Sutton Sites than at the Hall Site. This was
attributed to the Hall Site being supp! ed wi.rh seepage water from a

small pond lying just above the s te, and outs de of the Highway Depart-
ment's right-of-way.

ﬂpff Site

A known year-round groundwater f'low that emerged on the face of a
cut slope existed at the Huff Site., Since the guantity of flow from the
area was substant al, th s s te was selected fo- field tracer tests. The
Huff Site was located 4 miles west of Priest R ver 'n the SW1/4 sec. 20,
T. 56 N., R. 5 W., on the north s/de of U. S. Highway 2. The general
layout, including injection and samp! ng po.nts, and also the log and
characteristics of the soi! are shown in Figure 45

Holes were drilled w'th both rhe two-man auger and the Department
of Highway's mobile, truck-mounted d- 11 r'g Cas: ng was required to
maintain open holes; otherw se, the f -e saturated sand would immediately
fill the holes. The holes were dr | ed up-grad.ent from the sampling
points so that injected tracers cou'd move w th rhe groundwater toward
the sampling points.

The main water-bear ng 'ayer was ~ompozed of a «'ean sand which
laid directly above and n corract w th an ‘mperv ou ayer of silty clay.
The general slope of the 'mpe v ous laye- was est.mated from the drilling
logs to be about the same as the s'ope of the undisturbed ground, which
was about 1 foot :n 9 feet

Injections of both fluo-esce n and pontacy! we-e made to determine
the groundwater movement and to make a compar:son "o determine which dye
was the most effect ve as a t-acer for use '‘n th.- carticular soil. Hy-
draulic conductivity tests were -un n the cased ho'es n hopes of corre-
lating groundwater veloc ties determined from hyd-aul:c conductivity and
groundwater slope with groundwater veloc trec dete-m ned by tracers.

Flow quant t'es and water-table -readi ngs were taken per.odically.

Typ cal resulfs of the r-acer tes e
By inspect on of these figures, 't appear hat the t me 'nterval between
samplings may have been too long ~h'ch accounts for rnot detecting the
arrival of the dye from the f <t nject on. Detect on of dyes from the

~hown 'n Figures L6 and 47,
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HUFF SITE

e

FIGURE 45 MAP OF HUFF SITE.
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second injection was made at many samp! ng po'nts two days after the in-
jection, Since the ave-age d stance I om ,ect on tec sameling poinits
was about 135 feet, the ve'ocity was acp ox mareiy 70 feet per day.

The data co!lected from hyd-au ¢ conduct vty tests fluctuated
over wide ranges Gene a:'y the ‘esu''s of the hyd-aui ¢ conductivity

tests showed much lower va:iuvesz than ant:c pated Suge:t cial velocities
computed f-om hyd-au' ¢ conduc® <« ty and thz g oundwste -table slope
ranged from about 5 feet pe day to 'e-- than 0.' ftocr per day.

The quant ty of flow was measured ar = coilecre d tch below the
sampling points, Flucruar ons of flow occur ed due ro franspiration and
evaporation of the water from the s’ope befu e t iea "ed the measuring
point  but the initial guantity of seepage ftlow 2me g ¢ on the cut slope

did not appear to change much throughout the tes: ng pe  od

Bobinson Site

The Robinson Site offered an opportun 1y to frace a known ground-
water flow. The site was located 1 m le waest of Priestr River in the SE1/4
sec. 22, T. 56 N., R 5 W., on the north = de of U S. Highway 2. Figure
48 shows the area, a typical 'og, o ! cha-ac-e- <t cs, and the hole
patterns chosen for tracer studies. The pond chown usually had water in
it throughout the year wh.ch meant *hat wate- was alway:z available to
seep from the pond to the perto-ated dra.n bu-.ed under the highway ditch.

The soil underlying the site was most'y 3i't w th a tairly 1mpervious
layer of blue s Tty clay aboutr 3 to 6 feet be ow rhe bottom of the highway
ditch

Four 'njection holes were dril'ed w th the rwo-man power auger

along the south side of the pond. Concent-ated so'utions of pontacyl,
fluorescein, and FD&C Red #2 were separate'y njected into these cased
holtes in /2 gallon slugs

F fteen sample holes we-e d° !'led ju:st no-th of the perforated
drain, all of which required cas ng ro keep the holes open. Qther holes
were drilled with the Department of H ghway': truck-mounted drill. Six
of these were located on a |/ ne abour 40 feet south of the injection
holes. These holes were drilled and cased to be used as subsequent
sampling points. One dr:li hole, DHI, was drilled 20 feet deep from
which a log was made

Hydraulic conductivity tests we-e run 'n the cased holes to see
' some correlation could be made between the velocity computed by hy-
draulic conductivity and wate--tab'e g-ad ent and the velocity determined
by tracer tests. Water-level -ead ngs and guant:'ty ot flow measurements
were taken in an attempt to make furthe: cor-elat on:s

The results of the tracer tests were h ghly irregular and impos-
sible to interpret. Figure 49 shows readings for pontacyl at several of
“he ~ampling points., At f' - st look 1 appea ¢ that pontacyl was detected

at most of the sampling points about 55 day: after injection. But upon
close examinat on, DH3 and DH6, wh.ch we-e borh only about 40 feet from
the inject,on point and should have shown ea | er and higher readings

than the sampl ng points, did not zhow a substant.a' amount of pontacyl.
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Fluorescein readings are not shown because contamination of all
the sampling points occurred. This contamination resulted from using
the pond water teo backflush the cased sampiing holes at the time of cas-
ing and also at a later time. This pond water was later found to have
a very high fluorescein background.

FD&C Red #2 was injected for study under field conditions because
of its favorable performance under laboratory conditions. It was not
detected at any of the sampling points.

A1l hydraulic conductivity tests were run in cased holes. The
results of these tests, using auger-hole theory, were erratic and no con-
clusions can be made as to the hydraulic conductivity.

The quantity of flow from the drainage tile continually decreased
from about 1 gallon per minute to about 1/4 gallon per minute as the
pond elevation lowered. This was because the hydraulic gradient and the
area available to flow decreased as the water in the pond Towered.

Lolo Site

The Lolo Pass Site was chosen for extensive tracer tests because:
(1) United States Forest Service personnel had drilled patterns of holes
for a seepage study they were making, (2) it was located far enough from
civilization so that the radioactive isotope tritium could be used with-
out danger, and (3) Forest Service personnel could help collect samples.
This site was located in the lolo National Forest 9 miles east of Lolo
Pass in the NW1/4 sec. 24, T. 38 N., R. 16 E.

The air photograph (Figure 50) shows the general layout. Two
sections of the study blocks as laid out by the Forest Service were used.
Figure 52 shows these blocks, the holes used for injection and sampling,
and a typical soil profile and soil characteristics,

The areas consisted of a relatively shallow soil mantle of decom-
posed granite underlain by granitic rock. The surface of the site was
littered with large rounded boulders. Channeling of the abundant ground-
water probably occurred to a great extent through and around these boulders.
Most of thre flow was in the decomposed granite near the bedrock and around
the boulders. The groundwater level was very near the ground surface in
the spring and early summer months, but it dropped in the later summer
and early fall months to about 2 to 5 feet below the ground surface.

Tracer tests at Lolo Pass involved the injection of fluorescein,
pontacyl, and tritium, combiried in one solution, into the two injection
holes (Figure 51). The first injection was made July 15, 1965. Sub-

segquent injections involving only fluorescein and pontacyl were made at
times shown in Figures 53 and 54.

Hydraulic conductivity tests were made in some of the sampling
holes after sampling had been discontinued. These holes, 3 inches in
diameter and about 6 feet deep, were drilled by the Forest Service per -
sonnel for their study. Pipe, 3/4-inch diameter with perforations each
foot of length, was installed in the holes and backfilled with a fine gravel,
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Figure 51.

Dye solution injection at Lolo Site.
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LOLO SITE

FIGURE 52. MAP OF LOLO SITE.
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conductivity tests using the pumping rest method our! ned by Luthin (19)
and credited to Hooghoudt

The Forest Service personre! nad p-ev o ', pe-rormzo many NHydraul ¢

The hydraulic conductiv Ty va'ue- 2bra ned by "he auger-hole tests
were inconsistent and they var ed cver w de nges (f-om 0.1 feet per day

[ ]

to 15 feet pe- day). The average va we o° h.,d sul ¢ conductivity as

determined by Hooghoudt's pump ng te=t «a:. apu cx ma'=a'y 12 feet per day.
The seepage velocity calculared trom "h = ave-age hydrau'! i c conductivity
was about 9 feert per day The rezu t: of *he pumping ~25Ts were reported

to be within a narrow range and were thought ro be gu re sccurate.

Results of the t-acer tests are shown tn Figures 53, 54, 55, 56,
and 57. These results are very good :n rhat def n te peaks in tracer
concentration were detected and 'he peaks ror different sampling holes
were directly correlated with the d stance and d rection from the in-
jection holes Also, definite peaks of dye concentrations are associ-
ated with the different injection t ' mes The average velocity of ponta-
cyl and fluorescein calculated from the occur-ence of the dye concentra-
tion peaks at the sampling po nts was about '0 5 feet per day. A differ-
ence in the rates of movement of the two dyes was not evident,

. 6
Tritium was injected at a concertration of 6.3 x 10 TU or 0.02

ve/ml. Samples were collected for tr:tium ana'yses by drawing water into
a plastic tube with a surgical pump and then forcing the water out of
the tube :‘nio a sample conta ne-. Th:s method was = miiar to that used

to collect the samples for dye analyses The ma'n difference was in the
amount of sample collected

The cost of commercial analyzis fo~ fr tium in water samples is
about S40 to $90 per sample depending upon the concentration and the
number of samples to be analyzed. This el:minated the possibility of
commercially analyzing the many samples. Therefore, 15 samples, collected
from holes near the injection point, were analyzed at the University of
Idaho by the Tolbert method (see Append x B for details). Duplicates of
six of these samples were analyzed by fthe Atomic Energy Commission, ldaho
Falls, Idaho, to give a check on the analyses performed at the University.
Subsequently, 93 additional sampl'es were analyzed by the Atomic Energy
Commission, some of which were duplicaftes.

The samples analyzed at the Univers.ty contained tritium; however,
the concentrations were near or below the 'ower detectibility limit of
the available equipment which created a question as to how reliable the
values were. When these results were compared w:th those from the A.E.C.,
the unreal ibility of the University resuits was further recognized. How-
ever, the tritium analyses data from the A.E.C. d'd compare very well
with the data of the dye tracer rests in that samples =howing the highest
dye concentrations corresponded to samples show:ng the highest tritium
contents The tritium corcentration of the samples analyzed by the Atomic
Energy Commission ranged t-om les: than 6'2 TU to 6732 TU.
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(HAPTER Vv

ANALYS'S OF RESULTS

‘. LABORATORY EXPER MENTS

Even under the best ¢/ -cume:ances, f e'd cond tions cannot be
exactly duplicared n the iaboratory to° exper ments concerned with
groundwarer movement So. !l columnz, carefully p-epared prior to passing
the dye solutions through rhem, were ur '.zed to a:low compar+sons
between the different dyes rarhe  than to obtain absolute results. The
soil column tests were valuable in establishing which dyes were the most
suitable for tracing g-oundwate- rh-ough various types of soil. The

seepage of the dye solur on 'n unsaturated flow through the soil columns
showed that some dyes were ad-o-bed or f:lrered out of the solution in
the first few inches of r-avel The =o' ! and dye properties that caused
this adsorption or filtration were not =rud.ed However , 1t was realized
that physical and chem ca' prope-tie- of rhe so/l particles and of the
dye tracers were 'mpo-tant n Tracer retenrion

By analyzing the -esu't: of the labo-arory experiments, it was
evident that almost any of the dyes w~oul!d adeguately trace groundwater
through coarse sand or gravel, but on'y a few of the dyes would adequately
trace groundwater through =/ i1s and clays. Possibly the two most import-
ant reasons for thi s a-e: (') the fine-grained soils have smaller pore
sizes which means that greatec filtrat on of suspended dye does occur,
and (2) the fine-grained soils have much more surface area to contact
and adsorb dye.

It was evident that nonuniform:ty of prepared samples occurred.
Certain soil columns showed much s'ower seepage than supposedly identi-
cally prepared samples Upon vertically slic ng these columns after
testing, horizontal layering, voids near the cylinder walls, and other
undesirable nonuniformities were noticed. These nonuniformities would
probably balance out over the series of tests so that on the average no
one dye would have more favorable test cond tions than another. Since
all of the tests were performed in the Taboratory with a nearly uniform
temperature of the room and of the water used for testing, temperature
effects were not considered in the analyses.

Some sotl columns were prepared for quantitative experiments
using FD&C Red #2, pontacyl, fluorescein, and rhodamine. Typical curves
presented in Figure 14 show the concentration ratio as the dependent
variable plotred against time as the independent variable. The graph
shows that the concentrations of all dyes slowly increased to a peak
and then gradually decreased for many hours. This is explained by the
following important facts:



1. The first detection will be of dye carried along the most
direct and fastest route.
2. Many of the pore spaces are not interconnected or at least

are not effective n transm:tt ng bulk flow.

3. Diffusion from the concentrated seepage solution to the films
of water bound to sotl particles and to water in the pores
not effective 'n bulk flow w:ll occur because of a concen-
tration gradient.

L, Diffusion of the dye from the bound water and the water in
the pores not effect ve 'n bulk flow to the seepage water
will occur as the highest concentration front passes.

5 The pore sizes w || affect the rate of flow.

6. The dye does not necessarily move at the same rate as the

groundwater .

Through proper sampling schedules n field experiments, similar curves
could be constructed for determination of the tracer velocity. In the
present study, the average velocity of the dye was calculated by noting
the time that the dye concentration reached its peak value. Other in-
vestigators who have studied groundwater tracers have used the first
arrival, the inflection po nts of the bell shaped concentration ratio
curve, the maximum concentrat.on, and other points to calculate the velo-

city which they considered to be representative of the groundwater move-
ment.

A curve of concentration ratio versus time should be a bell shaped
curve according to statistical theory In the present studies the curves
were not beli shaped, although some did approach that shape Generally
a concentration peak was reached after only about 30 per cent of the dye
had passed through the sotl column which caused a much longer tail on the
declining side of the curve than on the climbing side. At least part of
the reason for this is that the dye was retained by attraction to the
soil particles, and until the concentration gradient became great enough
to overcome the attraction, the dye could not diffuse back into the seep-
age water, The reason that the concentration ratio curves of FD&C Red
#2, pontacyl, and fluorescein were not more uniform and similar was attri-
buted to nonuniformity of the prepared soil columns. The curve for

rhodamine definitely shows that rhodamine is fimited as a groundwater
tracer.

The chelating agent ''blue cheer' :zerved to keep the dye in solu-
tion but at the same time it caused a decrease In the seepage water
velocity. The slowing can be explained by noting that a detergent mole-
cule is designed to be attracted to dirt or in this case the soil particles.
This molecular attraction Iincreases the drag force between the moving

qu-d and the stationary soil particles, hence a slower movement. How
"blue cheer'' kept the dye in solution s not understood.
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I1. FIELD EXPERIMENTS

Hydraul ic Conductivity

The auger-hoie method of dete m . n.ng hydraulic conduct i vify proved
suittable in soils that would susta:n a un form diameter hole dri'led deep
enough to penetrate the water tab'e Fairly consistent resulis were
obtained at the Ciyde S:te, even under conditions of different 4 ameter
holes and different depths of the holes below the water table.

The auger-hole method s based on bailing water from the hole to
cause a residual head Th's allows the hydraulic conductivity to be
determined under saturated condit ons, using the native water However,
the same theory would apply to a slug test if the residual head was small

in relation to the total ori.g: nal depth of water in the hole. Should the
residual head be large, at least part of the flow from the hole would be
in the unsaturated zone, which would result .n values of hydraulic con-
ductivity being too small Also, ‘ntroducing a foreign water at possibly
different temperatures could have some effect on hydraulic conductivity.

The preceding statemente seemed to hold true in the present study.
Many slug-injection auger-hole tests were run and compared with the con-
ventional bail auger-hole tests. The compar:sons showed that hydraulic
conductivities were about one and one-half times larger for the bail test
than for the slug test. The reason fo- th's was that the residual head
in the slug tests was large in comparison with the normal depth of water
in the hole. Therefore, an ‘mpo-tant portion of the flow from the hole
was through the unsaturated soil which showed a lower hydraulic conduct-
ivity Also any suspended mate-ial 'n the slug water would tend to clog
the flow passages and thus reduce the hydraulic conductivity,

At the Fleiger Site, the auger-hole hydraulic conductivity values
varied considerably. Th:is was p-imarily caused by nonuniform diameters
of the test holes, although unsaturared flow due to using the slug-
injection method probably accounted for some of the variation.

At the Lolo Site, the auger-hoie hydraul ic conductivity tests
were very inconsistent and could not be correlated with information from
the pumping tests or the tracer tests. Since the holes were of uniform
diameter and the gravel surrounding the pipe was very pervious, these
holes were analyzed as auger holes. However, difficulties were encount-
ered., Different degrees of "'plugging'’ occurred in the gravel that
surrounded the pipe. This plugging resulted from overland flow and
groundwater flow carrying soil particles into the gravel. More bailings
before hydraulic conductivity fests may have opened the pores of the
surrounding gravel and soil wh ch would have resulted in more consistent
hydraulic conductivity values from the auger-hole method.

Nearly all hydraulic conductivity values obtained by performing
tests in the cased holes were found to vary so much that they were con-
sidered unreliable. Part of the variation was caused by plugging of
the wellpoints. Another cause of variation was in defining the hale
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diameter to be used in the ca'culations This was especially true where
the holes were predrilled and then cased, in which condition, the casing
s ze and the sluff ng of the hole sides affected the hole diameter.

Slug-injection and ba'led-well transmissibility tests are not
satisfactory for application to most landslide problems. The transmis-
sibility values determined at many various sites were inconsistent and
even if they had been cons:stent, accurate determination of the aquifer
thickness was difficult, and n many cases impossible to make. The in-
consistency of the results of these tests was due in part to the test
conditions not fulfill ng the assumptions of the method, such as: (1)
the casing was not perforated for the entire thickness of the aquifer,
(2) the tests were not restr cted to confined aquifers, (3) the residual
head was not small in relaton to the depth of water in the hole, and
(4) the data did not always plot on a strai'ght line.

The attempt to correlate velocit es determined by the auger-hole
hydraulic conductivity with velocities determined by tracer technigues
was generally unsuccessful because sites at which the auger-hole tests
gave reliable values were the sites at which tracer tests were unreli-
able and conversely,

Tracers

The tracer experiments y elded positive results at some sites and
negative results at other sites The grad . ent of the groundwater table
proved to be an important cr ter.omn .n estimating how effectively the
tracer would perform Steep groundwater-table slopes tend to cause
larger groundwater velocities and in turn probably less dispersion.

In some cases, sample concentrat ons were very low or negligible,
because of dispersion, Disperston had occurred to the extent that the
tracer concentration had been lowered fto values below the detection range.
in other words, just because the fracer material was not detected at a

sample point did not mean 'n all cases that the tracer had not reached
the point.

A background of fluorescein existed at every site as can be seen
on the graphs of fluorometr.c read’'ngs versus time. These background
readings were graphically accounted for by ignoring the minor fluctuations
that occurred around the background readings and just considering fluoro-
metric readings that were definitely not background for velocity deter-
minations. A pontacyl background did not exist at any of the sites, but
because of 1ts low fluorometric readings, small fluctuations were noted
due to lack of prec seness of balancing and reading the fluorometer.

At both the Fleiger and the Hoodoo Valley Sites it was found that
fluorescein dye had a definite 'plugging' effect on the soil passages
and on the wellpoint screens. This '"plugging'’ effect was evidence that
fluorescein would be filtered or adsorbed out of solution by the soil
pa-ticles., This information along with information gained from labora-
tury experiments showed that a loss of tracer due to filtration or
adsorption occurred and must be considered in a tracer program using any
of the dyes.



Tracer tests at the Fleige- Site and at the Hoodoo Va v Slite
showed a movement of dye between the njection rol=: and sam, 4 holes
when an artificial gradient was imposed between the holes, But under
the normal water-table gradient the t-acers did not move to the =sampling

holes. This is guite possible cons dering the low hydraulic conductivity
values and the normal! water-table slope which y'elded calculated seepage
velocities less than 0.1 foot per day

Water in sample holes at both the Hoodoo Vailey and the (Clyde
Sites was contaminated during heavy ra ns How the contamination actual-
ly occurred at the Clyde Site is not known, but at the Hoodoo Site it
definitely was due to flooding of the injection hole and some of the
sampling holes. Contamination by the wellpoints and casing caused in-
accurate readings at Hoodoo. The contamination resulted from previous
use of some of the casing and wellpoints in injection holes at other
areas. Even though the wellpoints and casing were soaked and rinsed,
the dyes still rema'ned on the meta! Steam cleaning was resorted to,
but satisfactory cleaning was still not accomplished. Contaminated
wellpoints used in sampling holes caused high fluorometric readings at
first, but as the dye from the wellpoints went into solution and was
dilluted by the seepage water the fluorometric readings decreased.

At most of the remeining s'tes definite patterns of fluorometric
readings can be correlated with nject on sequences and with the distance
of the sampling points from the njection points The graphical presen-
tation of the data allows 'nterpretat on of the fluorometric readings
more readily than tabulated data.

Tracer studies at the Orofino Site were quite conclusive in some
respects Both fluorescein and pontacy! dye were detected at down-
gradient sampling points, The tracers moved at least three times faster
between some injection points and sampling points than others. This
probabl'y happened because: (1) a more direct route was followed, (2)
groundwater flow was through a sand lense, or (3) the sampling point
was located along the same flow line as the injection point,

The Kennedy Ford Site yielded good results when tracing infiltra-
tion and seepage water with pontacyl dye. Unsaturated flow was traced
for approximately 10 feet at which point the infiltrating rain water
entered the saturated condition and the movement of this seepage water
was traced for about 30 feet. The heavy rain transported some pontacyl
dye overland part of the distance from one injection trench to the sample
points and this accounts for detection of the dye at some holes much
sooner than at other holes. The reason that hydraulic conductivity values
were so low as to be of no use was believed to be in part the smearing
of the hole sides while drilling and not enough care in developing the
holes before the tests were run

Results of the Brammer Site tests show that both fluorescein and
pontacyl effectively traced groundwater over 100 feet. However, the
three concentration peaks that occurred 14 days after the fluorescein
injection in Figure 36 are unexplainable unless contamination occurred

n either the sampling or transporting equ pment or else errors were
made 'n the laboratory analyses
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The Ahsahka sites, whe'e the d stance between the injection points
and the sampling points was ‘ess than 100 feet, gave sporadic resulfts
for the tracer tests. This was the resuilt of using an improper dye of
which the characteristics were unknown. Another reason for inconclusive
results at the Ahsahka sites was that the time interval between sampling
was too long in some cases which allowed concentration peaks to pass the
sampling points without detect 'on

The Huff and Robinson Sites, near Priest River, were very different
and the results obtained reflected th-s difference. A tracer movement of
about 70 feet per day occurred at the Huff Site., This velocity was much
higher than at any of the other sites, and it could be considered as very
high for groundwater movement. However, the underlying aquifer material
of clean sand and the steep hydraul .c gradient could readily effectuate
this velocity. The Robinson Site results are inconclusive because of the
contamination of sampling po'nts w'th the pond water. Figure 49 shows
that pontacyl was detected at some sampling points about 50 days after
the first injection. This cannot be accounted for, unless contamination
of the sampling containers occurred, because no detection was made at the
drill holes which were much closer to the injection points.

Probably the most successful tracer tests were conducted at the
Lolo Site. Fluorescein and pontacy! proved to be effective in tracing
the groundwater movement. Water movement was traced for over 400 feet
and the velocity of the tracer movement was about 10.5 feet per day. The
velocity determined by using the hydraulic conductivity of 12 feet per
day, as determined by the pumping tests, and the water-table slope of
0.23 feet per foot was 2.76 feet per day. This superficial velocity when
modified by the porosity (estimated 30 per cent), gave a seepage velocity
of about 9 feet per day. The comparison made here is only approximate
because the value of porosity was assumed. The velocity determined by
tracers was the velocity of the tracer, not necessarily the velocity of
the water, because as shown in laboratory tests the tracer may be delayed
and may not move as fast as the water. No difference was noted in the
rates of movement of fluorescein and pontacyl.

Results of the effectiveness of tritium as a tracer were not as
conclusive as were the dye results. The main reasons for this were that
an inadequate number of samples was obtained and, because of the remote-
ness of the site, the times of sampl i ng did not always correspond to
periods of maximum or minimum tr ti um concentration.

The good comparison between the tritium results and the dye results
for the samples analyzed by the A.E C. shows that tritium probably was
effective as a tracer. By using h:gher concentrations of tritium for in-
jection, the equipment available at the University of ldaho for analysis
by the method outlined in Appendix B probably would yield reliable data.

In certain cases samples were not collected soon enough to detect
the first arrival or possibly even the maximum concentration of dye that
=ced the sample hole. This was evident at several holes where the first
sample gave the highest fluorometer reading.
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CHAPTER vV

CONCLUStONS AND RECOMMENDAT 'ONS
t, CONCLUS!ONS

data were collected from laboratory and field experiments.
s of these data the follow ng conclusions were made:

Tracers can be used advantageous'!y to delineate ground-
water movement 'n act ve or potential landslides under
certain conditions. Each location must be analyzed sepa-
rately by considering: (1) water-table gradient, (2)
hydraulic conductivity, (3) so:! properties, and (4) the
amount of time available for the tracer tests.

A step-wise, or multiple tracer approach, is useful in de-
termining the over-all groundwater flow patterns for an

area This approach utilizes several small-scale tracer
tests to determine the d rection and rate of groundwater
movement for short distances which when correlated and ex-
trapolated dep cts the over-all pattern. This method should
especially be used in soil-water systems in which the tracer
would be adsorbed or filtered out in relatively short dist-
ances, or i1t could be used primarily as a method to save on
the amount of t me -equ -ed for a tracer program for a given
area

The amount of tracer necessary to ''mark' water for later de-
tection in trac ng groundwater movement |s dependent upon
dispersion, adsorpt on, f 'tration, water-table gradient,
porosity of soil, d stance wate s to be traced, velocity
of water, and detection 1 mit of equipment Each site must
be individually analyzed befo-e the amount of tracer can be
estimated.

The data from trace- tests should be presented graphically
to allow a complete and prope- analysis to be made.

The Turner, Mode: 1'0, Fluorometer works very well in deter-
mining the concentrat.on of fluorescent dyes and is capable
of detecting concentrations as low as 1 part in 10 billion.

The Fisher Electrophotometer i3 not very satisfactory for

determining the concentrat.on of the non-fluorescent dyes

used in groundwater stud es because its detection limit is
not much better than v sual detection or about 10 ppm.
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10.

11.

13.

15.

However, within (ts range, it allows concentration values to
be determined whereas vizual Inspection does not.

All of the dye tracers were to some extent adsorbed or fil-
tered out of solution by fine-grained soils.

Any of the tested tracers are capable of tracing water move-
ment through coarse-grained soils.

Pontacyl, fluorescein, rhodamine, and FD&C Red #2 were super-
ior to the cother dyes. Rhodamine was limited by adsorption
and filtration while FD&C Red #2 was limited because equip-
ment to detect low concentrations was unavailable. This left
fluorescein and pontacyl as the two most favorable of the
tested dyes.

Fluorescein background concentrations were present in ground-

water at all of the test sites which created the need for
very careful analyses.

Pontacyl background concentrations were either very low or
were not present in the groundwater at any of the test sites.

{ross contamination must be guarded against when sampling or
relocating wellpoints and casing. Dye should not be taken

to field sites in powdered form; it should be transported in
solution.

Tritium can be reliably detected in concentrations as low as
about 1 x 10°TU with the equipment available at the University
of ldaho, as compared with detection limits of less than 50

TU by commercial testing apparatus.

Tritium can be used to t-ace groundwater, and the University
of ldaho Is licensed to use tritium of sufficient concentra-
tions to allow detection in the collected samples with the
present equipment.

The auger-hole method s superior to the transmissibility
methods for determining in-situ hydraulic conductivity in
most cases because: (1) the diameter of the hole and the
depth that the hole penetrates the water table does not sub-
stantially affect the results, (2) the thickness of the aqui-
fer is not needed, and (3) the auger hole does not have to
extend to an impervious layer. The one disadvantage of the

auger-hole method is that it is not applicable to a confined
aquifer.

it is likely that many of the attempts made by Department of
Highway's personnel to trace groundwater movement failed, not
because the tracer did not follow the movement, but rather

because the available detection techniques were not adequate.
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17. The most important factors that lim t 3 tracer progran are
dispersion and adsorpt on or filtrat on of the tracer mater-
ial.

18. The tested dyes do cause temporary '"plugging'’ of the soil

pores.
I1. RECOMMENDATIONS

The analysis of results and the conclusions have led to the follow-
ing recommendations:

[ More extensive laboratory tracer tests should be made to
determine if a correlation between soc 1 properties such as
gradation or fineness modulus, the hydraulic gradient, and
the effectiveness of tracers can be made.

2 Detailed field tracer studies should be made at two or three
carefully selected field s tes These studies should include
information on ra.nfall, Infiltration, temperature of the

air and groundwater, hydraulic conductivity, porosity, water-
table elevation and slope, flow rate, direction and quantity,
the distance of the soll mass movement and how it is related

to water-table elevations

3. The step-wise or the multiple tracer approach should be
further studied to determine the accuracy and feasibility
of extrapolating the small-scale tests to even larger areas.
iy, More field fests shou'd be made concerning dispersion of the

tracer in different types of soi/l and with different natural
water-table slopes so that the amount of tracer to sufficiently
“mark'' the water for later detection can be calculated.

5. More tests should be made using tr tium as a tracer; especially
using higher concentrat.ons, but in no case should the con-
centration exceed the max mum perm: ss ble concentration for
radiocactive mater:.als as set forth by the ALE.C., A feasibil-
ity study of using trit um to trace water n connection with
iandsltides and other groundwater problems in areas where pub-
l1ic acceptance is required should be made.

6. Tracers could be used 'n the study of unsaturated flow under
field conditions,; especially nfi/ltration and percolation
down to the water table

7. Proven tracers should be used in an attempt to empirically
establish better methods for determining hydraulic conduct-
ivity tn holes cased with various types of casing.

8. Laboratory experiments should be made to test the effect of
different acids on fluorescent dyes to determine if the acids
could be used to clean up contaminated equipment.



The Department of Highways should utilize dye tracers fiuo-
rescein and pontacyl to a greater extent in both landslide
problems and in damage claim problems concerned with ground-
water. A fluorometer should be purchased and its use incor-
porated into the tracer program.
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Meazuring

.t = Average incremental time

Figure 60.

interval.

HYDRAULIC CONDUCTIVITY TESTS (AUGER-HOLE METHOD) Point
'
B8 o
Date 7Novéh |
Hole No. D-3 j
Location Clyde Site 3.80"
Diameter 3" Radius 0.125"
Type of Test: Slug Bail X
Depth of water in hole 2.0
Original depth to water 3.80 W.T. { 4
n
-7
Test Data |
2.0
Y, = 0.34 ‘
.8Yo = ,272 \
Time At Depth Residual Head Y AY R
(sec) (sec) (feet) (feet) (feet)
0 L o14 0.34
10 10 4.10 0.30 .04
ﬁBXD 20 10 4.06 0.26 .04
l 30 10 4,02 0.22 .04
4o 10 3.99 0.19 .03
50 10 3.96 0.16 .03
60 10 3.93 0.13 .03
Calculations
- 0.3k +0.26 _ v -, 0.30
Y, = ——— = 0.30 feet Yo/r = 0175 2.4
At = 10 seconds C(from chart of Maasland and
‘ ob + .ok Haskew) = 2350
Y, = —— = .04 feet r o
K=2¢C Xj:ZBSOtWJ = 9“
H/r = 2.0 =16 At
"7 0.125 K= 9.4 ft/day
?n = Average distance from static water table to the water surface in
the hole during the test period.
1Y = Average incremental rise during incremental time intervals.

Auger-hole method of calculating hydraulic conductivity.
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H/r

Values of C vs H/r for various constant values of y/r.
It is assumed that the auger hole is in homogeneous
isotropic soil, while s=0; i.e., the hole just reaches
a horizontal impermeable layer.

Figure 61. Maasland and Haskew chart for determining
hydraulic conductivity by the auger-hole method (See
Reference 20).
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Values of C vs H/r for various constant values of y/r.
It is assumed that the auger hole is in homogeneous
soil, while s==; j.e., the impermeable layer is at
appreciable depth below the bottom of the hole
(for practical purposes s 2H).

Figure 62. Maasland and Haskew chart for determining

hydraulic conductivity by the auger-hole method

(see
Reference 20).




LABORATORY ANALYSES OF SAMPLES

Field-collected water samples were taken to the laboratory for
analyses. Because some of the samples were very turbid and because this
turbidity influenced the fluorometer and electrophotometer readings, the
samples were allowed to sit for two or three days in a dark place. The
suspended material had then settled to the bottom so that the water for
analysis was relatively free of turbidity. Since this project was mainly
concerned with relative rather than guantitative readings, a consistent
pattern was followed in preparation of the samples for the analysis.

Fluorometer
The procedure as outlined n the Model 170, Turner Fluorometer
operating instruction booklet was fol'owed., Blank water samples were
collected from each test s te fo- backg-ound readings. One very import-
ant aspect of the fluorometric analysis is that different dyes require
different filters to be placed n the f uorometer before readings are
taken This would lead one to believe that 1f two dyes, requiring differ-
ent filter sets, were present 'n one sample, they could be independently

determined. |t was found that th's was true to a certain extent. Fluo-
rescein dye w!ll not cause fluorometric readings when pontacyl and rhoda-
mine filters are used, but pontacyt: and rhodamine will cause fluorometric

readings when fluorescein filters are used

The fact that there was a sem'-independent detection of these
tracers was utilized extensively by injecting the tracers either separately
or in combination at coincident or non-coincident times. However, it
should be realized that the value of the multiple tracer approach in any
site is dependent upon the 'ngenuity of the person designing the program.

Electrophotometer

The Fisher Electrophotomefer operations manual was followed in
the analysis of non-fluorescent dyes. Separate filters were used to give
relative readings between blank samples and samples collected throughout

the sampling period.

Tritium

Talbert (30) presents a method for ''Assay of Tritium in Water.V

His method was followed in the present study and is guoted here for ref-
erence:

Assay of Tritium in Water

Introduction

Water and lith'um aluminum hydride (LiATHy) react vigorously
and exothermically to produce hydrogen gas. This process pro-
vides a convenient method to convert water into a gas so that
tritium may be analyzed with an ionization chamber-electrometer.
The procedure is capable of assaying small amounts of tritium
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when the ionization is measured by the rate-of-charge method.
It is important to reproduce carefully the procedural steps

in an assay method where an isotope effect may enter, as in
the generation technique here.

There are several chemical reactions in this procedure.
The relative (mportance depends on femperature, mixing, and

abundance of water 'n the generation mixture.

L.l'r"ﬂHb + 2 H,0O ——— 4H_ + LIAIO

2 2 2
LIATH, + 3 Hzﬁ — HZ + LiﬂlO(OH)z
LTATH, + 4 H,0 + My * L5A1(0H)q
Equipment
1- lonizat on chamber, 500 to 1000 cc.

1~ Cary V' brat ng Reed Electrometer, Model 31 or 32

1- Recorder (See Sect:on 1)

1- 1012 ohm res stor and resistor holder

1- Vacuum manifoid assembly as shown in Figure 63.
Include the generation equipment shown.

1- Mechanical! vacuum pump e g. Welch Duo Seal Model 1400B
I- One liter of dry diethyl carbitol (Union Carbide Corp.)
saturated with lithium aluminum hydride. About 30 ml

of this solut on s needed per assay.

Tritium water, unknown and/or standards with a specific
activity of about luc/ml. One ml will be used per assay.
Dry ice; sopropy! alcohol; large-mouth picnic vacuum
flasks 'n 1 gt. and 1 pt s zes; ball and socket clamps,
etc.

Experiment

Assemble the hydrogen generation equipment shown in Figure 63.
The lithium aluminum hydride solution container is a two-necked
100 ml flask. Vent the vacuum pump exhaust and the mercury mano-
meter reservoir flask to a hood

Evacuate the i1onization chamber and fill it with hydrogen
to a pressure so that excess hydrogen bubbles out of the mercury
manometer. Repeat fhis several times to flush out any residual
activity. Measure the background ionization current for the
hydrogen filled chamber Use the rate-of-charge method.

Attach the ionization chamber to the manifold. Put 20 ml
of the LiATHy solut on in the generator flask and about 1 ml
tritium water In the sample holder Grease the joints with sili-
cone stopcock grease and assemble the unit. Freeze the water
with a dry ice~isopropy! alcohol bath. Evacuate the entire sys-
tem. Place another dry ice-isopropy! alcohol bath around the cold
trap.
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Close the stopcock to the vacuuw pump., Wsrm the tritium
water sample and add the water s 'oxly to the carb. to! solution
by rotating the water sample holder. When sufficient hydrogen

s generated to fill the entire system so some bubbies come
out the mercury manometer, close the on zat on chamber valve.
Evacuate the residua! hyd-ogen in ~he vacuum manifold, remove
the LiATHy, solution and decompo-e any excess reagent in the
hood with i(sopropy! alcoho Place the ~hambe on the electro-
meter and read the on zat on cu-renft by e:the- the rate-of-
charge or the high--es stance-ieak merhod. Caut’on: Treat
LiATHY and ts soluf:.ons as carefu'ly a= you would sodium
metal. Do not put them n waste ba-kets or leave them sitting
around, for spontaneous .gn t on of an open solut on is
possible 'n a wet atmosphe-e Decompose a!’ used solutions
and flush them down a s nk A'so be careful of the hydrogen
gas and do not work with 1 near open flames.

Calculations

1) If the t-itium water act vify 's known, calculate
an observed ijonization chamber constant in amps/curie.
2) Calculate the theoret cal chamber constant in
amps/cur e,
3) Calculate the efficiancy of the .on zation chamber,

Tolbert's method as outl ned above seems to be a fairly reliable
method of apalyzing tritium n water f the spec fic activity of the sample
is from 1077 to 10° uc. in the present stud,, g'assware for tritium con-
version (Figure 64), a Model 3! Car, V brat.ng Reed Electrometer, and a
Minneapol is-Honeywell recorder (f gure 65) were used for the conversion
and analysis by the rate-of-charge method

Information on read ng the rate of charge 's available in the Cary,
Model 31, Operation Manual. Bas cally the procedure is: (1) mount the
ionization chamber on the preamp'’'f e- un *, (2) connect batteries to the
ionization chamber to establ:sh the ecommended voltage potential between
the chamber walls and the center elect-ode, and (3) open the short switch
and record the rate of charge for later calcu'arions.

In the present study, dig'yme was substirtuted for the carbitol
solution as a medium in which to suspend rhe 1 thium aluminum hydride.
Care must be taken to dry the dig!'yme before ntroducing the lithium alum-
inum hydride or a violent react'on may take place Sodium metal can be
used to dry the digl'yme to the po:nt that the 1 thium aluminum hydride
powder can be safely introduced
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Figure 64. Glassware for tritium conversion.

31, Electrometer in

Cary, Model
operation.

Figure 65.
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TABLE 5
FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,
CLYDE SITE, SHEET 1

|

HOLE | DATE (1964)

NO. | 9 Dec 10 Dec 11 Dec 14 Dec 19 Dec 21 Dec 2L Dec
1 22 20 19 17 21 20 42
2 20 19 16 15 17 20 Ly
3 32 29 25 23 20 26 65
L 26 25 25 21 24 28 33
5 18 18 18 14 21 18 38
6 14 18 15 16 16 100+ 48
7 15 16 13 14 15 100+ 100+
8 41 43 30 36 32 41 100+
9 14 17 13 12 18 15 100+

10 27 26 22 18 20 23 69

11 14 18 17 16 18 22 43

12 14 18 15 16 19 20 47

13 15 20 15 16 18 16 L7

14 17 18 16 18 16 Ll

15 15 16 13 17 18 17 96

16 14 16 15 17 16 15 100+

17 24 23 23 20 19 20 Ly

18 22 21 19 18 20 20 34

19 42 56 48 55 L7 52 100+

20 72 80 100 96 93 100+ 100+

21 20 22 17 19 20 42

22 62 54 - - - -

23 16 17 13 15 100+ 66

24 37 30 30 28 33 79

25 35 31 30 24 21 Lg

26 21 20 18 18 17 39

27 23 19 15 19 16 100+
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TABLE 6
FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,
CLYDE SITE, SHEET 2

HOLE T DATE
NO. I 28Dec6l 5Janbs 13Janb5 3Febb65 8Apr65 7Junbh5b 25Junb5b

1 23 20 18 28 20 20 -

2 30 26 22 28 21 31 -

3 30 23 20 28 57 83 -

4 26 30 19 25 62 100+ -

5 26 30 19 27 24 40 -

6 37 26 28 36 - - -

7 100+ 72 52 56 53 83 -

8 100+ 95 79 45 25 Ly -

9 100+ 91 79 90 87 100- -
10 41 31 24 4o 39 53 -
11 36 27 24 51 87 100+ -
12 31 39 31 52 89 100+ -
i3 30 22 18 36 43 60 -
14 27 21 16 84 57 - -
15 100 89 80 89 - - -
16 60 39 26 74 - - -
17 37 26 22 43 ~ - -
18 58 25 40 40 - - -
19 100+ 79 80 85 - - -
20 68 57 50 100+ - - -
21 L 41 24 34 58 65 100+
22 - 58 40 51 18 56 100+
23 44 26 21 32 63 18 33
24 66 43 39 62 20 34 91.5
25 31 29 21 38 20 35 70
26 28 20 17 37 15 28 60.5
27 31 20 16 32 84 18 57
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TABLE 7

FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,

CLYDE SITE, SHEET 3

HOLE DATE (1964)
NO. 9Dec 10Dec 11Dec 14Dec 19Dec 21Dec 2hDec
28 35 30 27 24 16 100+
29 36 32 34 30 46 50
30 27 26 21 22 20 55
31 33 61 30 39 51 L5
32 21 21 50
33 21 26 33
34 26 21 4o
35 25 19 4y
36 27 30 36
37 26 15 38
38 27 20 38
39 27 19 L1
Lo 36 23 37
by 26 33 33

42




FLUOROMETRIC READINGS (x=30) OF FLUORESCEIN

TABLE

8
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CLYDE SITE, SHEET 4
HOLE DATE
NO. 28Dechl 5Janbs 13Janb5 3Febb5 8Apr65 7Junbb 25Junb5
28 100+ 70 80 - - - 55
29 30 77 70 38 27 100+ 100+
30 30 31 26 L1 22 21 29
31 64 46 32 41 40 25 32
32 35 38 38 31 k45 ) 71
33 37 36 30 b1 35 - 100+
34 28 32 26 36 39 57 100+
35 20 32 28 35 15 66 28
36 28 23 25 38 32 19 100+
37 32 Ly Ly 1 28 79 100+
38 29 27 26 38 70 L6 99
39 Lo L7 Lé L2 - 8L 78
Lo 39 38 4o Lg 21 - 100+
L1 27 42 35 57 48 78 29
Lo 25 28 20 L3 61
43 37 25 19 b3 L3
I 47 38 - - 35
L5 38 52 38 - ~ 1
46 38 22 38 23 19 27
L7 Ly 34 49 - 29 60.5
48 46 34 Lé - 74 70
49 38 18 21 - - 24
50 22 17 21 - - 36.5
51 19 22 33 - - -
52 38 30 33 - - -
53 38 22 24 - - -
Sh 35 22 38 - - -
55 36 35 33 - - -
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TABLE 9
FLUODROMETRIC READINGS (x-30) OF PONTACYL AND RHODAMINE
CLYDE SITE, SHEET 1

HOLE DATE (1964)
NO. 9Dec 10Dec 11Dec 14Dec 19Dec 21Dec 2LDec
1 2 2 1 3 1 3 4
2 2 2 1 1 2 3 4
3 2 3 1 4 5 8 8
4 16 9 24 15 11 21 11
5 12 8 28 18 18 11 4
6 2 2 3 3 6 5 2
7 1 0 1 1 1 7 6
8 3 4 2 3 2 5 16
9 1 0 1 1 1 0 14
10 2 1 1 1 1 1 15
11 0 0 2 1 1 7 9
12 1 1 3 3 2 5 6
13 1 1 1 0 2 2 2
14 1 1 1 0 1 2 2
15 1 1 1 0 0 1 15
16 1 1 1 0 0 1 3
17 2 2 3 3 0 1 2
18 2 2 2 3 3 b 1
19 3 6 4 8 7 10 17
20 7 9 15 16 16 26
21 2 1 1 2 3 1
22 4 3 - - - -
23 2 3 2 2 5 1
24 3 2 3 2 6 1
25 3 2 3 2 3 1
26 2 2 1 2 3 1
27 2 2 2 2 3 1




TABLE 10
FLUOROMETRIC READINGS (x-30) OF PONTACYL AND RHODAMINE,
CLYDE SITE, SHEET 2

HOLE DATE
NO. | 28Decel . 5Jan65  13Janb5  3Febb5  OApr65  7Junb5  25Junbb
| 1 2 1 10 2 1 -
2 2 2 1 11 1 1 -
3 30 9 6 10 2 1 -
4 14 3 8 4 L 2 -
5 2 3 3 1 2 i ;
6 : i i 3 - - -
7 ) 32 2 2 2 ] -
8 '3 11 10 3 1 1 -
9 13 8 9 9 4 i -
10 7 6 4 5 2 2 -
1 5 b 3 5 4 2 -
12 2 3 3 i 4 1 -
13 ] 1 2 3 2 1 -
14 ] ] ] 4 2 - -
15 8 7 7 7 - - -
16 0] 2 1 1 - - -
17 0 ] 1 1 - - -
18 7 1 3 6 - - -
19 15 9 5 8 - - -
20 10 6 5 5 - _ -
21 3 1 ] 3 5 1 3
22 - 1 1 2 2 1 3
23 1 1 0 2 2 1 3
2l 3 1 1 5 ) 1 3
25 3 i 1 3 : : 3
26 3 1 0 3 1 1 3.5
27 2 0 0 2 1 1 2
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TABLE 11
FLUOROMETRIC READINGS (x-30) OF PONTACYL AND RHODAMINE,
CLYDE SITE, SHEET 3

HOLE DATE (1964)

NO. 9Dec 10Dec 11Dec 1L4Dec 19Dec 21Dec 24Dec
28 2 2 3 2 3 1
29 2 2 3 2 3 1
30 2 2 2 2 3 1
31 5 8 4 3 9 1
32 2 3 1
33 2 2 1
34 2 2 1
35 2 2 5
36 1 1 3
37 1 1 3
38 ] 1 3
39 1 ' 1 3
4o 1 2 3
41 1 3 2




TABLE 12

FLUOROMETRIC READINGS (x-30) OF PONTACYL AND RHODAM!INE,
CLYDE SITE, SHEET 4

131

DATE

28Dechh

S5Janbhs

13Janbs

3Febbs

8Apr65

7Junébg

25Junb5
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TABLE 15

FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN AND PONTACYL,

KENNEDY FORD SITE

DATE | HOLE NO.

(1965) 1 2 3 N 5 6 7 8 9 10 11

Apr 22 ' 45 28 20 F

May 1 26 68 100+ 100+ 57+ 17+ 21- 2 28.5 13+ 30 b
8| 76+ 68 80.5 76 39 17 9 12 19 32 g
15| 87 67.5 96 28+ 29 g
22| 78 63 3 79 85 12.5 43 36 E
291 70 92 93 96 L

Apr 22 6 4 3

P

May 1 2 22 100+ 100+ 2+ 1 1 0 2+ 2- L-1 0
8 | 225 28.5 28 100+ 2 2- 1. 2+ 2- b~ $
15 32.5 29 28.5 77 1+ é
22 | 18 29 1.5 100+ 34+ 1 3 0 [
29 3 25 37 94
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TABLE 18
FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,
AHSAHKA SITES

DATE HOLE NO. ] REMARKS
(1965) | 1 2 3 b 5 6 7
Apr 271 78 27 8 7 - - - initial injection
May 7| 38.5 57 28 13 8 10 _ 20Apr65 100 gms "
12| 23 27 B+ 13~ 5+ 15 12 100 gms |5
2 92 14~ 34 22+ 8 "~ -
26| 35 30 12 12 18.5 9 =
Jun 11 13 10 15 11 9 = =
14| 26 7 8.5 6 9 - -
18 - 1- i - - - -
25| 80.5 14 42 10+ 7+ - - |Hole No. 1 muddy
30| 34.5 11.5 - 7.5 - - -
Apr 27| 30 22 35 10 - - Injections 20Apré65
Pl May 7|25 35 54 79  47.5 17 and 24Apr65
! 12| 17.5 21.5 69 63 4k 10.5
E 20| 24 28 12+ = - =
26| 20 24 24 18 29+ -
Jun 1| 25 13 30 - - -
Apr 27| 12 22 17 - - Injections 20Apr 65
s| may 7| 39 545 19.5 38 17 and 20May65
. 12|66 79 14 205 19-
T 20 21 i3.5 20+ - -
g 26| 29 20 31.5 2% -
Jun 1| 18 22 55 - -
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TABLE 19
FLUORCMETRIC READINGS (x-30) OF PONTACYL,
AHSAHKA SITES
DATE HOLE NO.
(1965) 1 5 3 T 5 z 7 REMARKS
Apr 27 5 2 2 1 - - - Initial injection
May 7 11 1.5 1+ 0.5 1.5 - 20Apr65 15 100 gms
12 1- O+ 0 O+ 0+ 0.5 0.5 15 100 gms
H 20 110 1 k- 2- 0.5 = -
ﬁ 26 0 0 1 0 0.5 -
L{ Jun 1 1 i 1 ] | - -
14 1.5 0 0 C ] s e
18 = 0.5 0 - - - =
25 |20~ 1 1 1 2 - -
30 13.5 0 - 0 - = =
Apr 27 | 5 2 1 0 - Injection 20Apré5
p | May 7 1 1 2.5 5.5 4 1
0 12 0.5 1.5 6+ 9- 5 1-
é 20 0.5 1- 0.5 - = -
26 0.5 1 0.5 1 1 =
Jun 1 1 1 1 - - -
| Apr 27 |1 ] 0 - - Injection 20Apr65
SiMay 7 |1 2.5 0 b5
? 12 6 2- 0.5 1+ 0
T 20 1.5 0.5 0.5 - =
Sl o 15 2 o5 -
Jun 1 1 ] 2 - -




TABLE 20
FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,
HUFF SITE, SHEET 1

DATE HOLE NO.

(1965) 1 z 3 b 5 6 7 8

Jun 10 12. 18 4 6 5 14 5. 31
1 12 12, 3 5 6 5 6 13.5

15 19 18 16 12 3 7 4 5

16 17. 12 7 8 Z, 5 5 6
17 21 10. 11 15 4 L 5 5.5

22 2k, 14 14, 12.5 2 3 b, 3

23 - 14 14 15 4 4 7 4

Jul 2 12 14 13. g.5 3 6 b, 5
6 35 25 12 20 3 5 29 31.5

7 40 20 9 15.5 2 3 22 7




TABLE 21

HUFF SITE, SHEET 2

FLUOROMETR!IC READINGS (x-30) OF FLUORESCEIN,

DATE HOLE NO.
(1965) 8 70 11 12 713 14 576 17 REMARKS
Jun 10
11
15 L 10. 8.5 3 12 6 32 16.5 22.5
odd
16 2.5 9. 7.5 5 11. 6 g. 14, 10 9 am
even
17 13.5 7 16 L 6 3.5 100 18 14.5 4 pm
22 3.5 6. 14 3 4 5 g. 11 20
23 4.5 L2, 15 7 7 5 9 14 26
Jul 2 3 7 15 34 5 14 15.5 16.5
odd
6 5 v 25 3 5. 6 9. 15 19 5 pm
even
7 | 4 6 16,5 3 7 6.5 11.5 12 9 8 pm

6 am




FLUOROMETRIC READINGS (x-30) OF FLUORESCEIN,
HUFF SITE, SHEET 3

TABLE 22

141

DATE HOLE NO.
(1965) 1 2 3 h 5 6 7 8
Jul 7 27 17 1 10 3 10 7 10
7 29. 19 10 17 3.5 6 16 5.5
7 21 Ls 1 22 5.5 4 5 9 10
7 30 17 15 2 5 3 6 9.5
8 16 12. 9.5 10 4 5 7. 7
8 28. 18 12 8.5 3 5 9 1
Aug 3 27, 27 11 38 5 5 7 10
10 19 16 8 19 h 4 6 7
24 19 9 12 15 6 5 6 6
31 | 26 18 18 37 4.5 3 5 3
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TABLE 23
FLUOROMETRIC READINGS (x-30) OF FLUORESCE!N
HUFF SITE, SHEET 4

DATE | HOLE NO.
(1965) [ 9 10 T 5 13 1% £ ¥ 17 REMARKS
Jul 7 3 9.5 18 10.5 8 5.5 8 13 14 10 am
7 18.5 20 22 3.5 3.5 7 15 13.5 21 2 pm
7 5 17.5 20 4 5.5 3 14 16 17 6 pm
7 | 4 12 19.5 4 7 5 W19 1 8 pm
8 2.5 4 P4 3 4 3 9 13 8 6 am
even
8 5 8 25 4 5 4.5 12 15.5 18. 10 am
odd
5 am
Aug 3 6 10 22 5 7 5 26 18 14
10 4 11 17 3 5 6 9 14.5 16
24 5 10 26 3 3.5 4 29 10.5 19
31 5 10 31 6 b.s 4 25 24 -




TABLE 24
FLUOROMETRIC READINGS (x-30) OF PONTACYL,
HUFF SITE, SHEET 1

143

DATE HOLE NO.
(1965) 2 3 N 5 6 8
Jun 10 2 1.5 2 1.5 2 2.5
11 3 4.5 0 0.5 0 2
15 1.5 0 0 1 [ 1.5
16 2 3 3 2 2 0.5
17 5 2 13 4.5 b 2 2
22 5 2 0.5 1 2 1 2
23 1 0 0.5 0 0 0
Jul 2 2 1 1.5 1.5 0 1
6 2 i 1.5 0.5 1 15
7 2 0 1.5 0 1 [
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TABLE 25
FLUOROMETRIC READINGS (x-30) OF PONTACYL
HUFF SITE, SHEET 2

DATE HOLE NO.
(1965) 9 10 T 72 13 1% 516 17 REMARKS
Jun 10
11
15 1 4 1.5 0.5 1 0 5 2.5 1
16| o 1.5 1.5 1.5 2 25 0 0.5 0 odd
9 am
even
17| 37 2 18.5 2.5 2 0 38 9 0 4 pm
22| 1 2 ] 0 i | 1 ]
23| o i ] i 1.5 o 2
Jat 2] 1 1.5 1 0 o0 0.5 0 0.5 0.5
odd
6| 0.5 1 2 1 0.5 1 0.5 0.5 1 5 pm
even
8 pm
71 o 0.5 0.5 2 1 1 8 2 1
6 am




TABLE 26
FLUOROMETRIC READINGS (x-30) OF PONTACYL,

HUFF SITE, SHEET 3

145

DATE HOLE NO.

(1965) 1 3 L 6 7 8

Jul 7 1 3 0.5 21.5 i i
7 1 0.5 1 1 i 0
7 1 1.5 8 1 1.5 1.5
7 1 1 1 1 1.5 1
8 1 1.5 1 1 1 1
8 1.5 2 1 1 1 1

Aug 3 2 1 2 1 1 2.5
10 0.5 1 1.5 1 1 1
24 1 1 2 1.5 0.5 1
31 1 1 1.5 0.5 0.5 0
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TABLE 27
FLUOROMETRIC READINGS (x-30) OF PONTACYL,
HUFF SITE, SHEET 4

DATE | HOLE NO.
(1965) [ 10 11 G TG S e B L REMARKS
Jul 7 1 1 1 335 2 05 0 1 0 10 am
71 2.5 3 i 0 0 | 1 ! i 2 pm
7 2.5 2 1 1 [ 1 1 1 6 pm
7 1.5 12 1 0.5 0.5 0.5 1 1 i 8 pm
8| 1 1.5 1 ] | 1 1 1 2 6 am
even
10 am
8| o 1 1 1 i 1 i
1 ] odd
5 pm
Aug 3| 1.5 1.5 2 2 2 2 2.5 2.5 2.5
10 1 2.5 1 0.5 0.5 1 | 1 1
24| 1 0.5 2.5 0 0.5 0.5 4 1 1
31| 0 0.5 1 0 1 0 | 1 .
|
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TABLE 36 155
TRITiUM CONCENTRATIONS (in Tritium Units),
PLOT 1, LOLO SITE

HOLE DATE (1965)
NO. 18Jul  20Jdul  23Jul  30Jul  6Aug 20Aug 2hAug 27Aug 31Aug 10Sep
125 3060 1530
127 918 2142
129 4284 1836 1224
134 3366 1836 2142 2754
139 2448
142 1836 1530
144 1530
145 <612
147 6426 <612 <612
149 3060 <612 1530
152 <612
154 <612
155 <612
156 <612
165 2448 <612 <612  <b12
166 1836 5508 <612 1530
167 <612 612 <612
168 2448 <612
169 1224 <612 2448 <612
172 1836 2142
174 1836 3978 <612 2142 <612
176 6732 <612 <612
179 <612 <612 <612

x (250) 1530 2142
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TABLE 41
TRITIUM CONCENTRATIONS (in Tritium Units),
PLOT 2, LOLO SITE

HOLE DATE (1965)

NO. 13Aug 20Aug 27Aug 31Aug 3Sep 10Sep
204 1224

212 1530 612 612
214 1530
216 1530 1836
215 612
222 2745

224 2745 2745 918

225 4284 3978 2142

227 1530 1530 1836 2142

918 1530
232 1836 612
234 1530




