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HYDROLOGY OF WASTE DISPOSAL

NATIONAL REACTOR TESTING STATION

IDAHO

ANNUAL PROGRESS REPORT

1962

SUMMARY

Past investigations of the hydrology of the National Reactor Testing

Station have been concentrated principally upon detailed investigations

of small'areas within the Station. While these small-scale studies will

be continued, future investigations will emphasize the large-scale view

and will extend the present detailed knowledge of the small areas to the

entire site.

The principal aquifer underlying the NRTS is a thick sequence of

basaltic lava flows which, in places, are highly porous and permeable

and capable of yielding large quantities of water to wells. In places,

the basalt flows are interbedded with fine grained sedimentary material

that is impermeable and does not yield water readily. The interbedded

nature of the basalt and the sediments, the discontinuous nature of

permeable zones in the basalt, and the presence of principal recharge

areas north of NRTS combine to render the hydrology of the area extremely

complex.

The purpose of this investigation is to determine the effect of

underground disposal orf liquid radioactive waste upon the regional ground-

water resource. This requires a knowledge of the travel path, velocity

and volume of the host water, the nature and volume of the waste, and the

extent to which ion exchange, decay, and dispersion reduce any hazard

from the waste.



Tritium, artificially introduced into ground water, has been used to

determine the direction and velocity of ground-water flow and the amount

of dispersion or dilution that takes place. Naturally-occurring tritium,

by its known rate of decay, has been.used to determine the age of ground

water. A number of samples of ground water collected from the Snake

River plain in 1956 were analysed for tritium content and had background

concentrations of less than 50 T. U. By 1960, tritium concentrations

were somewhat above background, due to tritium discharges from several

plant facilities at the NRTS. At the ICPP area, a brief period of

relatively high tritium discharge during December-February 1961, provided

an opportunity to determine the travel velocity of the tritium enriched

ground water from the ICPP disposal well to several nearby observation

wells. The rates of ground-water movement, based on "first arrival",

ranged from 19 toll feet per day and averaged 60 feet per day. Methods

of determining average velocities by center of mass or maximum tritium

concentration indicate, respectively, average ground-water velocities of

10 to 13 feet per day. In the MTR-ETR pond area, travel time computations

based on arrival of peak concentrations of tritium in wells following

similar peaks in the tritium discharge to the pond give ground-water

velocities ranging from 1.5 to 4.9 feet per day in a perched water body

underlying the pond and of about 10 feet per day in a deeper perched water

body in the basalt underlying the pond. Tritium from waste disposal is

traveling laterally beneath the NRTS and is discernible in water from

several supply wells, notably that at Central Facilities. It apparently

has not yet migrated downward to deeper zones in the basalt. A serious

problem in the interpretation of tritium data is the extreme inconsistency
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of results of tritium analyses made by different laboratories. However,

the results from any single laboratory show a fairly rapid increase in

the tritium contents of both surface and ground water in the area,

attributable principally to weapons and other nuclear testing outside

NRTS.

Fluorescein dye was used in the MTR-ETR pond area to determine the

rate of horizontal ground water flow in the perched water body in the

alluvium underlying the pond. The data suggest a flow in excess of 20

feet per hour.

A comparison was made of the sodium concentrations to pH, specific

conductance, and gamma and beta activity in a number of water samples

from wells near the MTR-.ETR and ICPP areas. This was done to determine

whether sodium concentrations could be used as an indicator to represent

the other chemical and radiometric qualities. As no consistent relation-

ship was evident, the previous program of sampling was reduced to that

needed to provide long-term background information.

An intensive program of collection and analysis of water samples

from wells near the YTR -ETR pond and of effluent to the pond, of 60 days

duration, was conducted during October and November, 1962. This was

done to determine the time required for effluent of high specific

conductance and gamma-ray intensity to reach selected wells and to

determine possible effects of attenuation, dilution, and dispersion.

Arrival times of peak specific conductance suggests average velocities

of 1 to t. feet per day. The extremely low gamma activity in well samples

shows that considerable attenuation of radioactive material is being

accomplished.



Water level records in the MTR-E1 pond and in selected wells give

an indication of the time required for waste water to travel from the

pond downward to the upper perched ground water in the alluvium, thence

downward to the lower perched ground water in the basalt. Following a

period of high discharge to the pond, about ii. days were required for the

water levels in the upper perched body to reach their highest point and

about 8 days for water levels in the lower perched body to reach corre-

spondingly high levels.

The MTR-ETR pond was constructed for the purpose of disposing radio'-

active liquid waste by permitting it to infiltrate into the ground. As

this procedure presupposes that the waste eventually will reach the

regional ground-water resource, a continuing study of the hydrology of

the pond system is being conducted to determine whether a potential haz-

ard is inherent in this disposal method and to suggest a means of eval-

uating the disposal system to forestall the likelihood of any hazard

developing.

Discharge of radioactive waste to the pond is intermittent and

variable but generally ranges from about 600,000 to less than 1,200,000

gpd. Preliminary calculations suggest that, with the water level in the

pond in its usual range of 41l4 to %416 feet above sea level, the rate

of infiltration into the ground ranges from about 16,000 gallons per hour

to about 50,000 gallons per hour and that its maximum rate of infiltration

with the pond filled to capacity may be more than 80,000 gph. The level

of the pond surface declines substantially when discharge to the pond is

not equal to the infiltration capacity of the pond at a given head, as

occurred late in 1962.

Briefly, the pond is excavated into gravelly alluvium, which is



about L4o-6o feet deep at the pond site and which overlies the uppermost

basalt flow. The waste water that is discharged to the pond infiltrates

rapidly downward until it reaches the basalt surface. There, it spreads

out and forms a perched body of ground water that saturates the base of

the alluvium. Gamma-ray and neutron-moisture logs of auger holes and

laboratory studies show that on its downward journey, it migrates

laterally for a few feet beyond the pond area in each of several fine-

grained layers of alluvium before continuing downward through coarser

layers. This is considered desirable as it provides opportunity for

the attenuation of radioactive substances.

It has been established that only part of the radioactive water in

the upper perched body is derived from the pond. The remainder comes

from some source within the fenced MTR-ETR area.

Below the upper perched ground-water body, the waste percolates

downward till it reaches perching layers in the basalt, whence it spreads

laterally for substantial distances before moving slowly downward toward

the regional water table. These perching layers are regarded as being

beneficial, as they delay the downward movement and provide for dispersion,

dilution, and attenuation, and time for radioactive decay. To study and

trace this movement, several test wells have been drilled into the basalt

and a total of 37 auger holes have been drilled through the alluvium to

the basalt. The holes were drilled to obtain samples of the earth

materials penetrated, to establish the thickness of the alluvium and the

positions of the perched water bodies, to permit measurement of water

levels and the taking of water samples, and to provide access for

neutron-moisture and gamma.ray logging.
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A regional study of the hydrology of NRTS has included the construc-

tion of a water-table map, several water--level change mps, and hydro-

graphs of several wells. Inspection of these figures shows that a

"barrier" to the horizontal movement of groundwater is present in the

eastern part of the NRTS and oriented mainly north and south. This

barrier may be a fault or fault zone or it may be a thick section of

impermeable sedimentary rock. Wells east of the barrier respond, in

their water-level fluctuations, to recharge by underf low from the Mud

Lake area, while wells west of the barrier respond to recharge from the

Little Lost River or Birch Creek.

Recharge by underflow from tributary areas is by far the most

significant source of ground water replenishment that occurs on the NRTS.

The principal sources of this recharge is from the Little Lost River and

Birch Creek Valleys and the Mud Lake Basin. Some recharge occurs,

occasionally, as in the late winter of 1962, by direct infiltration

from the land surface to the regional water table at times of unusually

high rainfall or rapid snowmelt.

A total of 1,971 feet of test hole was drilled during 1962, using

a mobile power auger owned by the Survey. Of this total, 711 feet were

drilled in the MTR-ETR area and 550 feet in the ICPP area to trace the

migration of radioactive liquid waste in the regolith. A total of 710

feet was drilled at the sites of three proposed burial grounds to test

the thickness of the alluvial overburden above the basalt.

Five principle geophysical borehole logging methods have been em-

ployed at the NRTS during 1962. These have included gamma ray, density,

hole-diameter, water-resistivity, and water-temperature logging.
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A total of about 109,000 feet of hole was logged by this equipment

during 1962, at a cost of about 8 cents per foot. This includes about

19,000 feet of experimental magnetometer logging, the interpretation of

which has not yet been successful.

A comprehensive sitewide water-sampling program was conducted during

1962 to provide information concerning the chemical and radiometric

character of the ground water underlying the NRTS and to observe any

changes in that character that might be induced by operations at the

station. Complete chemical analyses of 17 water samples were made by

the Geological Survey and 924 analyses from tritium, 759 for specific

conductance, 4.7 for sodium, and 725 gamma activity were made by the AEC.

The survey is conducting a sitewide program of water-level measure-

ments in selected wells to define any regional trends of water-level

changes and to observe any water level changes that may result from

operations at NRTS. About 1050 water-level measurements were made

during 1962, supplemented in places by automatic water-level recorders.

A small-diameter water level measuring and recording device is being

developed with AEC assistance.

Other Geological Survey offices are conducting studies that are

supplementary to the hydrologic studies at the NRTS. The Geochemistry

and Petrology Branch is making a petrologic examination of a number of

basalt samples from the Snake River plain, the Special Projects Branch

is analyzing the magnetic susceptibility of some basalt samples taken

during core drilling at the Station, and the Crustal Studies Branch is

planning a deep seismic exploration for ths summer of 1963. All of

these studies are coordinated by and in cooperation with Ground Water

Branch personnel at the Station.
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Plans for the future ref the investigation will carry the present

detailed studies forward, as necessary, and will extend the scope to

define accurately and in more detail the regional hydrologic environment

of the NRTS. Borehole geophysics will continue to be an integral part

of the work. Regional geophysical techniques, principally seismic, will

be employed to determine the depth of the aquifer system underlying the

Snake River plain and to outline possible geologic barriers to grounds

water flow. Hydraulic and tracer tests are planned to refine travel

times and directions of ground-water flow, and further studies will be

undertaken to refine the knowledge of the chemical quality of the ground-

water resource.

TNTRODUCTTON

The study of the science of hydrology has undergone many changes

and refinements since Darcy first expressed the basic concepts of ground-

water flow. Although his law and the early work of other investigators

still serves as a basis for current knowledge of ground-water flow, the

analysis and solution of grouAd-water flow and bErdraulics continued after

his work and caused an evolution of thought in this field. One of the

recent developments in thought has been the emphasis for taking a

macroscopic, or large scale view, of the flow system rather than a micro-

scopic view, or point 'itW, as encouraged by the early work. This has

led geologists to take a broader and more statistical approach to the

analysis of ground-water flow and to the description of the rock systems

in which it occurs.
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Possibly as much as 5000 feet of basaltic volcanic rock interbedded

with alluvial sediments comprise the rock system underlying this area.

These rocks overlie relatively impermeable bedrock that includesolder

volcanic and sedimentary rocks. The basalt is the principal aquifer

and the interbedded sedimentary rocks range : ; grain size from clay

to gravel. The porosity is distributed throughout the rock system in a

wide variety of shapes and sizes which may take the form of interflow

cavities, interstitial voids, fractures, or drained lava tubes. This

constitutes an extremely complex and heterogeneous rock system in the

microscopic view and a similarly complex flow system when viewed at

one point. It has been necessary, therefore, for purposes of this

investigation to assume a large-scale view of the basalt aquifer system

and pursue the study of the hydrology in like manner. However, it does

not preclude the need for the importance of studying both the flow system

and geology in detail in some local areas. This has proved of great

value in the past in understanding the geologic and hydrologic frame-

work within which we are working and will be continued as found necessary.

The purpose of the study of the hydrology of subsurface waste

disposal at NRTS is to determine the concentration of any increment of

aqueous waste disposed to the environment and to define it qualitatively

in time and place. This requires a knowledge of the travel path and

velocity of the host water, an estimate of the volume of water moving

through the environment, the amount of transverse and longitudal dis-

persion of radioactive isotopes within the moving water, and specific

information on the chemical and physical effects of the geologic and

hydrologic environment upon the absorption and ion-exchange characteristics
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of the dissolved isotopes.

Stearns (1939) and Nace (and others, 1956) laid the foundation for

the present work by their study of the geography, geology, and water re-

sources of the general area. A discussion of the general geologic and

hydrologic environment of disposal and detailed information on the iso-

lation of aquifer "D" and travel paths in the ICPP and MTR.ETR areas wa

made by Jones (1961). The migration and distribution of radioactive iso-

topes was discussed by Schmalz and Keys (1962). The chemical and physical

character of the ground water was discussed by Olmsted (1962). The

absorptive and ion-.exchange characteristics of the environment are being

studied as part of the AEC research program. The current report sketches

in brief form the progress made by hydrologic investigations during the

year 1962 by the U. S. Geological Survey. This report cannot show the

full contributions of this work because a considerable part of the effort

was involved in the compilation of geophysical and hydrologic records,

some of which had accumulated for years without interpretation. The

report will serve to indicate the direction in which the investigation

is proceeding and the projects being considered for future study.

This report is the joint product of all of the Geological Survey

personnel stationed at the National Reactor Testing Station. Authorship

is credited in the table of contents for sections that were prepared

principally by one or two persons. Sections not so credited were

authored by several persons. Besides the authors credited, a number of

illustrations were prepared and much of the data was collected and pre-

pared by R. G. Jensen and N. B. Holman. The geophysical logs were

made by D. A. Ralston. This report was prepared under the immediate

supervision of D. A. Morris, Research Project Chief.
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STUDY OF TRAVEL VELOCITY AND DILUTION

The Use of Tritium

Introduction

The nature and sources of tritium and its use as a tracer were re-

viewed thoroughly by Jones and Schmalz (1962). A resume of this follows.

The value of tritium as a ground-water tracer has been widely rec-

ognized (Horton and Ross, 1960). Its use as a means for determining the

age of ground water and its rate of movement from areas or points of re-

charge to points of withdrawal has provided much important information

to the study of ground-water hydrology. In aquifers where movement is

relatively rapid, observed changes in tritium content of the water from

observation wells at known distances from injection wells can be used to

measure the approximate rate of dilution that occurs between them. At

the present time no other label serves as well as tritium for these

purposes, and consequently it is very important in studies of the hydro-

logy of radioactive waste disposal.

Nature and Sources of Tritium

Tritium, or H3, is a radioactive isotope of hydrogen with a half-

life of 12.5 years. It emits a beta particle with an energy of 18 Key

3
and disintegrates to He . It occurs naturally in water and in the atmos-

phere, having resulted primarily from cosmic ray bombardment of the

atmosphere (Libby, 19)#6; Fireman, 1955; and Currie, 1956). It is also

produced in rocks by the fission disintegration of uranium and thorium.

However, in comparison to the total naturally occurring tritium, this



latter source contributes a very small part of the total amount (Kaufman

and Libby, Morrison and Pine, 1955). That which cannot be accounted for

by these causes is attributed to accretions from solar emissions (Craig,

1957).

Tritium was first separated from heavy water which had been obtained

by concentration of water from a Norwegian lake (Grosse, et. al., 1951).

The concentration was expressed as a ratio of the number of tritium atoms

per 1018 hydrogen atoms, or tritium units (TUJ) and this has become a

standard method of reporting tritium concentrations. The average tritium

contents of natural surface water for several land areas of the northern

hemisphere are listed in table 1 (Kaufman and Libby, 1954).

Table 1.--Average tritium content of water in certain areas
of the northern hemisphere.

Area Tritium units

Lake Michigan 7.7
Mississippi Basin 5.2

New York 5.8
Rhone Valley, France 3.4

The amount of tritium in precipitation is influenced by climate,

geomagnetic latitude, land-surface altitude, east-west asymmetry, land-

surface conditions, and low altitude effects (Thatcher, 1962). The

average tritium content of rainfall over the earth's surface has been

estimated as shown on table 2 (von Buttlar, 1955).

Table 2.--Average tritium content of rain.

Area Tritium units

Ocean areas 1
Continental areas 6
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Tritium resulting from nuclear explosions and bomb testing has con-

tributed greatly to the content of rain and surface water. Tritium is

also a fission product and occurs in the waste of nuclear reactors

(Albenesins, 1959). It is'a product of ternary fission (the splitting of

a nucleus into three nuclear fragments), and also results from neutron

bombardment of lithium and heavy water where it is used as a reactor

moderator. Lithium is a component of some brazing fluxes used in fuel

element fabrication, and is also a constituent in compounds used for con-

trol of corrosion and pH, arnd in ion-exchaige resins.

Use in Hydrologic Studies at NRTS

Early studies of tritium indicated that it could be used to excellent

advantage as a tracer or label in hydrologic investigations. The tritium

content of ground water not in direct contact with atmospheric sources is

a function of the radioactive decay time since the water entered the

aquifer, and is therefore a clue to its rate of movement and the duration

of its storage underground. These factors are very important in the

studies of the hydrology of radioactive waste disposal0

In view of this, samples of water were collected for tritium deter-

mination from six surrounding watershed streams and 32 wells and springs

in the Snake River plain during 1956, by the Health and Safety Di'Ision,

Idaho Operations Office, U. S. Atomic Energy Commission. The tritium

content determinations were made by the Hanford Laboratories, Hanford

Atomic Products Operations, General Electric Co., Richland, Washington,

using the internal Geiger counting technique. Results indicated that

the natural background concentrations of the waters sampled were less

than 50 TU.
13



In 1960 the Ground Water Branch, U. S. Geological Survey, collected

32 samples of water for tritium determination from scattered wells in the

Snake River plain, in connection with a study of the age and rate of

ground-water flow in the Snake River basalt. Of these samples, five were

collected from wells in the NRTS area. An anomalous concentration of

20,700 TUs was found in water from the MTR test well located about 500

feet east of the boundary fence at the northeast corner of the MTP-ETR

facility. This well had evidently been contaminated by seepage of perched

water from the MTR pond down the well bore outside the steel well casing.

This discovery provoked an immediate intensive study of the occurrence of

tritium in the ground water and waste streams of facilities throughout

the NRTS, in view of the experience reported at the Savannah River Plant

of the U. S. Atomic Energy Commission, Aiken, South Carolina (Horton and

Ross, 1960 op. cit.). Analyses of these samples indicated that tritium

discharges from several nuclear plant facilities at the NRTS had been

considerable over a period of several years, and that normal operations

produce tritium concentrations in waste streams that exceed the activity

of all other radioactive wastes combined. The occurrence of tritium in

the ground water, although at concentrations far below the Radioactivity

Concentration Guide, provides an excellent key to the rate of movement

and dilution of waste water discharged.

ICPP Area Investigations

Following the discovery of tritium in the water from the MTR test

well, samples were collected from several wells in the ICPP area that

penetrate aquifer "D" and were analyzed for tritium. Figure 1 shows the

11
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distribution of tritium for these wells on August 14, 1961. This map

shows a range from about 200 to more than 850 picocuries per milliliter

and shows that the aquifer "D" near the disposal well was being flushed

of the tritium-rich water derived from earlier plant operations. This

flush-out continued slowly confirming evidence that the regional flow of

ground water does not pass through the ICPP area at a rate sufficient to

flush it completely of waste, even over a period of several months. The

ICPP operated on a reduced schedule during the fall of 1961 until fuel

element processing was resumed at the ICPP in early December 1961. On

December 10, 1961, a discharge of 203 curies of tritium to the disposal

well occurred, and on succeeding days during the month tritium was dis-

charged in the amounts shown on the bar graph of figure 2. A total of

578 curies of tritium was discharged to the tCPP disposal well during

December, a period of "normal" operation of the fuel element processing

plant. The discharge of tritium decreased markedly during January 1962

and virtually ceased during early February. Analyses of periodic samples

of tritium-bearing water from aquifer "D" at all of the observation wells

in the ICPP area gave the time of arrival of tritium due to the December

L1h discharge. Figure 2 aae shows the tritium concentration of water

sampled in observation wells compared to that of the principal discharge

of tritium to the aquifer system. The graphs have been arranged virtually

in order of decreasing well distances from point of disposal. The effect

of dilution with distance is shown by the decrease in magnitude of the

tritium concentration peaks with distance from disposal. The following

table (table 3) presents this data in tabular form and figure 3 indicates

the travel time based on first arrival.

15



Figure 2.--Graph showing variation of tritium
concentration with time in waste and
in water of aquifer "D", ICPP area,
1961.-1962.

Vertical scale--One division equals
200 picocuries per milliliter.
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Table 3.--Maximum rate of movement of water from the ICPP
disposal well to observation wells, based on
first arrival of tritium increment.

Number of days Distance Rate of movement
Well No. to appear (feet) (feet per day)

47 5 703 141
43 6 850 141
41 11 925 84
46 33 1,158 35
42 12 1,336 111

52 43 1,339 31
49 55 1,311.7 24
48 54 1, 400 26
45 39 1,625 42
59 122 2,335 19
51 103 2,3511. 23
67 3,U92
57 80 3,502 111.

Average 60

The travel rates range from 141 feet per day at well 43 near the cone of

injection to about 19 feet per day at well 59 at a distance of 2335 feet.

They average about 60 feet per day. Another method of determining travel

time allowed calculation of travel time based on the center of the area

under the tritium concentration curve. This expressed travel time as a

mean or average. Table 4 shows that the rates of travel obtained in this

manner range from 7 to 18 feet per day and average about 10 feet per day.

Another method of determining an average velocity is to determine the

travel times required for the maximum concentration of tritium to reach

the wells, Table 5 indicates the results obtained by this method. The

rate of movement so ch. Lated ranges from about 10 to 23 feet per day

and averages about 13 feet per day.



Table 4.--Average rate of movement of water from the ICPP disposal
well to observation wells (as calculated from center of
mass of area under the concentration curve.

Number of days Distance Rate of movement
Well No. to appear (feet) (feet per day)

47 79 703 9
43 81 850 10
41 99 925 9
46 158 1,158 7
42 162 1,336 8
49 175 1,347 8
48 160 1,400 9
45 152 1,625 11
57 194 3,502 18

Average 10

The comparison of these curves clearly indicates that differences

in aquifer geometry must explain the differences in travel rates to wells

at about the same distance from disposal. The curves show readily that an

area of maximum permeability extends southwestward as far as well 57.

The permeability to the southeast is much less and the effect of the

tritium discharge has not been definitely traced to well 67 and only

tentatively established in wells 51 and 59 almost a year later.

Table 5.--Average rate of movement of water from TCPP disposal well
to observation wells as calculated from peak arrival.

Number of days Distance Rate of movement
Well No. to appear (feet) (feet per day)

47 31 703 23
43 .38 850 22
41 81 925 11
46 116 1,158 10
42 130 1,336 10
49 130 1,347 10
48 130 1,400 11
45 130 1,625 13
59 200 2,335 12
51 200 2,354 12

Average 13
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MTR-ETR Area Investigations

Samples of water from wells that tap-the perched-water body in the

MTR-ETR area had tritium contents ranging from about 100 to about 1000

picocuries per milliliter in February 1961. The distribution of tritium

content of water perched in basalt is shown on figure 4. However,

figure 5, a plot of tritium concentration of selected wells tapping the

perched-water body in the MTR-ETR area for the remainder of 1961 and 1962,

based on periodic measurements, indicates that tritium content decreased

to less than 300 picocuries per milliliter. Not only did the concentration

decrease but fluctuations of concentration occurred within individual

wells which would not allow successive months data to be contoured. The

fluctuations which occurred between March and September, 1962, are a good

example. A contour map of these values has little meaning and successive

maps may even give an erroneous impression. Further study indicated that

the tritium content of the waste to the pond fluctuated also. Therefore,

the interpretation of tritium content in wells surrounding the pond could

not be made on a long term basis but necessitated more frequent sampling

of both the waste effluent and the wells. A 60-day detailed test was

run during October and November, 1962 to refine these relationships.

Figure 6 illustrates the influence of tritium discharge to the pond on

water sampled from four wells, two augered only to basalt, and the other

two drilled into basalt to a depth of approximately 100 feet. All of

them extend away from the pond in a southeast direction. (See figs. 4

and 14). Wells A 7 and A-9 are the two alluvial auger wells at distances

of 15 to 49 feet from the pond, respectively. Wells 54 and 60 are the

two shallow drilled holes in basalt at 150 and 950 feet from the pond
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respectively. The graphs representing the tritium concentration of these

wells are arranged in order of the increasing well distance from the pond

and compared to the tritium concentration of waste discharge in picocuries

per milliliter and picocurie-gallons. The consistent relation between

the tritium concentration in the pond water and the tritium concentration

as weighted by discharge volume is readily indicated. This is explained

by the fact that when concentration increased markedly, volume of discharge

also increased. The overall effect is to cause the curves to be similar.

Therefore, for comparative purposes either the concentration or the

volume-concentration curves can be used. Study of the graphs shows that

for a large part of the discharge record there is a cyclic fluctuation

of tritium content in the waste effluent at about the middle of each of

the months of September, October, and November. (Effluent samples are

taken continuously). There was also another peak during late November.

Between these peaks of tritium content, the tritium concentration, as

represented by either picocurie.gallons or picocuries per milliliter,

was fairly constant. This allows a calculation of average travel time

and a study of dilution as the peak tritium concentration in the waste

is traced to the observation wells. Selecting the October 15th peak,

the travel time required for the waste to move from the discharge point

throughout the pond and reach a peak in the above observation wells was

calculated. The travel times to auger wells A-7 and A-9 were hie same,

about 10 days, or from 1.5 to 4.9 feet per day, respectively. The peak

in the tritium concentration to well 54 appeared in about 15 days, or a

travel time of 10 feet per day. The record of tritium in well 60 at the

greatest distance from the pond was anomalous. The fluctuations were of
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greater magnitude and seemed to have little relationship to the October

15th discharge tritium peak. Unfortunately the length of the test did

not allow comparison of more than one peak tritium discharge, the October

15th one. Study of the earliest graphs on about October 1 to 5 for wells

A-7, A-9, and 54 show a peak which probably was caused by the September

17th peak effluent discharge. If so, the travel times as suggested

above are somewhat fast. Average travel times based on the center of

gravity of the areas under time concentration curves were also calculated.

For well A-7 the travel time was 21 days, for well A-9 was 25.5 days,

and for well 54 was 26 days, giving an average of about 24 days. Un-

fortunately the interval of sampling during the test was too long for

"first arrival" travel times to be calculated.

The effect of dilution is also evident from the study of the graphs.

With increasing distance from the pond for wells A-7, A-9, and 54 the

magnitude of the welles response to the discharge tritlum peak decreases.

However, the tritium response of well 609 950 feet from the pond and at

about the same depth in basalt as well 54 is erratic with regard to the

discharge tritium peaks and is of a magnitude several times that of the

nearest well.

Sitewide Investigations

Tritium has been detected in supply wells at several locations at

NRTS. The following table shows the recent concentrations of tritium

for representative supply wells within the site area.
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Table 6.--Tritium content of water from supply wells at NRTS.

Location Well No. Date Tritium (pc/ml)

CF 1 11/20/62 48.0
OMRE 1 10/25/62 8.2
NRF 2 12/19/62 9.6
ANP 1 10/25/62 9.9
EBR 1 12/3/62 2.6

The tritium detected at the Central Facilities area is derived from

waste disposal through the ICPP disposal well for about 10 years of plant

operation0 Although there are no records of the amount of tritium dis-

posed, it is assumed that tritium has always been disposed as at present

due to the fuel element processing. Using the tritium content of reagents

prepared over the years at the Health and Safety Laboratory at Central

Facilities as a guide, the date of arrival of tritium to this area has

been determined to be between April and October, 1958. This gives a

tritium travel time of 6-8 feet per day for this period. Tritium con-

tarmination apparently has not reached the deeper zones in the basalt in

the Central Facilities area. In the EOCR supply well, which has been

drilled to a depth of 1237 feet and cased and cemented to obtain water

below the depth of OMRE well, there has been no noticeable increase of

tritium during the past years of operations.

Influence of Outside Activities

An attempt has been made to assess the effects of weapons testing

and other nuclear explosions throughout the world for the period December

1952 to December 1962 on the tritium background at NRTS. This is impor-

tant in order to isolate the outside effects from those of waste disposal.
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If a relationship between recharge concentration of tritium in precipi-

tation or in the flow of the adjacent streams an that in wells in NRTS

could be detected, it would be possible to calculate tritium travel

velocities. This would give another check on the velocity of ground-

water movement and the rate of dilution might also be observed. The

possibility of doing this now is remote, because the recharge process

is too complicated. The estimated average tritium concentration in

precipitation i# zhis area since 1952 (in TU) has been estimated by

Walker (1962) to be as in table 7.

Table 7.-Estimate of tritium content of precipitation in Idaho,
1952-60. (Estimated by combining the measurements
obtained in the USGS tritium precipitation studies
with data from other laboratories).

Year Tritium (TUJ)

1952 15
1953 15
1954 250
1955 80
1956 150
1957 100
1958 300
1959 x+50
1960 175

Walker estimated that prior to this time the original amount of

tritium in ground water in the basalt was about 10 TU. On this basis,

he determined the travel time or average velocity of ground water,

assuming a direct distance along the flow line from a point of recharge

to the well and based on the number of years that it would take the

initial value of tritium to change to the value in 1960 (i the half

life of tritium is 12.5 years). His estimates of movement ranged from

0.8 to 1.1 miles per year or from about 12 to 16 feet pet~.y. Using
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this technique, he was assuming no local recharge due to precipita-

tion. However, because recharge to the Snake River Basalt aquifer

was observed during the unseasonable thaw and runoff in late Feb-

ruary, 1961, this assumption may be erroneous. If so, this tech-

nique of calculating travel time may need to be refined.

To determine and make some evaluation of the rise of tritium

content in both surface water sources surrounding NRTS and ground

water with NRTS but unaffected by waste disposal, a number of samples

of water have been analyzed yearly. The following tabulation, figure

7, shows this data and prompts the following analysis of the results:

1. A serious inconsistency exists between laboratory

analyses results obtained from different laboratories.

Samples of water were sent to two federal laboratories, the

U. S. Geological Survey Laboratory in Washington, D. C. and

the AEC Health and Safety Laboratory at NRTS, and two out-

side laboratories, Isotopes, Inc. at Westwood, New Jersey

and Controls for Radiation at Cambridge, Massachusetts.

The analysis procedure used by all the laboratories except

that of the AEC follows the sequence of electrolytic enrich-

ment of the water sample, measurement of the deuterium con-

centration and counting of the tritium radioactivity in the

enriched sample. Tritium
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Figure 7.--Chart showing comparison of tritium analysis from
several laboratories (in tritium units).
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concentrations of less than 100 TU can be determined in this manner.

The AEC laboratory is not equipped to run tritium analyses by this

technique. Their detection limits are about 1200 TU. However, by

long counting techniques, they can obtain readings to about 370 TU,

but the accuracy for lower values obtained by this procedure is very

poor. Consequently, the AEC laboratory results should not be compared

with the results below 1200 TU from the other laboratories. However,

the three remaining laboratories do have comparable equipment and

the results below 1200 TU should check within reasonable limits pro-

vided the electrolytic and counting phases are properly controlled.

That this control may not be maintained is evident by a eneral eval-

uation of the analysis results. Widely different results were obtained

from split samples by the USGS and Isotopes Laboratories in September,

1961 (see figure 7). This lack of consistency is made even more evi-

dent by a comparison of the relationships of tritium concentrations

with time for either surface water (stream) samples or ground water

samples taken separately. Because these widely divergent results

might have been caused by incorrect sampling techniques, a special

sampling test was run on a well for which excellent water resis-

tivity and temperature logs were available to eliminate this qual-

ification from consideration. Appropriate sampling locations were

selected and a series of water samples were taken by pump and thief

sampler for tritium analysis. The following table shows the results

of this test, (samples analyzed by two laboratories,



the AEC Health and Safety Laboratory and Controls for Radiation,

Inc.).

Table 8. -- Tritium content of water samples taken by thief
sampler and by pumping from USGS well 7, December
13, 1962.

Type Time after start Depth Tritium content
sample of pumping (min.) (feet) (TU 4v)

Uontrols zo.
AEC Lab. Radi t.in La.

Pump 1 213 <398 187
Pump 15 213 " 10
Pump 6o 213 331
Thief Before test 217 " 4
Pump 1 250 " 78
Pump 15 250 19
Pump 45 250 " 50
Thief Before test 250 98
Pump 5 515 89
Pump 60 515 228

The values obtained by the AEC Laboratory are not absolute

values but are subject to the same qualification of accuracy

as explained above. However, these results and those from

Controls for Radiation do indicate limits and verify that sam-

pling technique probably is not responsible for the wide

divergence i- tritium analyses results.

2. Results of analyses made by any one laboratory indi-

cate a fairly rapid increase in the tritium content of both

the surface waters recharging the NRTS area and of the natural

ground water for the recent period of record. This is signif-

icant because the samples represent a wide range of surface

water and ground-water sampling locations throughout the NRTS

adjacent area. Also recognizing that the pre.bomb tritium con-

tent of ground-water of the Snake River Plain was generally less
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than 10 TU, the very sudden rise of tritium content in NRTS re-

gional ground water between May and September, 1962, is espe-

cially noteworthy. Ground water throughout the Plain would be

expected to increase in tritium content, but at a gradual rate

due to the accumulative effect of tritium content in precipit

tation over the period from 1952 to 1962 and the suspected slow

rate of ground water-movement. The rapid rise shown by the

data is not compatible with the anticipated surface water

tritium content of the same period. Some time lag is required

for the surface water recharge to reach the ground-water reser-

voir. From the data which shows a rapid change from less than

10 T;J to more than 1000 TU in a period of ten years, it is

apparent that local recharge from precipitation throughout the

area and surface-water recharge at the margins of the basin to

the ground water reservoir may be much more rapid than origi-

nally believed. Travel velocity calculations based on the

original tritium contents being unaffected by recent nuclear

activities would not be valid. Before more interpretation

along this line of reasoning can be made of these results,

greater assurance of their reliability must be obtained.

Nothing can be do:.e ,r to improve the past data. The future

program could be improved by an expanded and improved tritium

sampling program for the same key wells and surface sampling

sources as discussed above. Under this program it would be

desirable to obtain more frequent samples and to select a

single laboratory and to continue to use analyses from the
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the sanetritium laboratory for future interpretations. If

several laboratories must be used, periodic split samples should

be analyzed by the different laboratories so that results from

them can be compared. Until greater control is obtained by

this means only general conclusions can be drawn regarding the

NRTS ground water tritium background.

The Use of Chemicals and Dyes

Introduction

The concept of using salts and dyes as ground-water tracers has

been employed for many years. The early experiments of Slichter and

Dole (1905 and 1906) are well known. The limitations of their use are

equally well known. However, before the discovery of tritium in the

ground water underlying NRTS and to some extent in the present study, it

was considered desirable to study the movement of ground water by using

the migration of salts or dyes as a tracer. Liquid wastes that have been

discharged to the ground contain a complex solution of plant wastes,

containing large amounts of sodium chloride used to regenerate water-

softening units.

Previous Use in Hydrologic Studies at NRTS

Peckham (1959) described the progress made in observations of the

rate and direction of movement of liquid waste discharged through the

disposal well at the ICPP. Studying the saline content of the waste

effluent and about 1000 samples of water collected from the 13 wells in
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this area, he concluded that:

1. Saline water in one or more horizons moved as a band in

direction ranging between south and southwest and widened in

these directions.

2. Saline water moved at a rate of about 15-50 feet per day.

His data was inconclusive and indicated no smooth gradation from high

chloride content near the center of the band to values comparable to

natural unaffected water near the edges of the band. His conclusions

were tentative and awaited further tracer -work to be done. Schmalz

(1959), used fluorescein dye injected into the disposal well at ICPP

to determine that the "first arrival" travel time ranged from 9 to 140

days for 4 wells at a distance of about 700 to 900 feet from disposal.

The average travel time to 7 surrounding observation wells at distances

of about 700 to 1400 feet from the disposal well was about 23 feet per

day, as calculated from maximum concentration.

Fluorescein dye was also used during the past year to determine the

rates of horizontal movement within the perched water body in the alluvium

in the MTR ETR area. The dye was injected into well A-.7, east of the

pond (see fig. 14)o. Water samples were taken from wells A.-9 and 23,

about 35 feet east of well A 7, and from well Al2 about 75 feet east of

well A.7. The dye had arrived at wells A-9 and 23 in less than 1/2 hour

after injection. The dye reached well A-12 in two waves several hours

apart. The results are shown on figure 8. The first wave had arrived

about 3-1/2 hours after injection, suggesting a travel rate of about 20

feet per hour. The second wave arrived about 4 hours later and pre-

sumably represented movement along a less permeable layer than t:e first.
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Olmsted (1962), in his study of the physical and chemical properties

of ground water at NRTS, also experimented with the calculation of velo-

city from the ICPP area to the Central Facilities area using specific

conductance. His calculations were based on "first arrival" of higher

than normal salinity as indicated by specific conductance at the Central

Facilities area after about 3-8 years of plant operation. His travel

time was calculated to be about 5 to 12 feet per day. These chemical

tracers were by no means ideal tracers, because they probably reacted

with the earth materials and natural water to provide only qualitative

answers. However, their use prepared the way for the tritium tracer

work that followed.

Evaluation of the Chemical and Radiometric Changes

Because attenuation or change by the environment affected the chem-

ical and radiometric nature of the liquid waste as it moved through the

environment, study was continued to determine the amount of dilution or

attenuation that occurred in areas where detailed work was being done,

the ICPP and MTR-ETR areas. For this reason, representative samples of

ground water were collected periodically over the period 1960 to 1962 and

analyzed for sodium, pH, specific conductance, and for gamma-activity.

It was also desirable to determine if any one constituent, such as

sodium, might reflect this environmental change and eliminate the

need of analysis of all the above constituents. These analyses in-

cluded water samples for 16 wells from the ICPP area and for 21 wells

from the MTR-ETR area.
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An evaluation of the analyses from the ICPP area first considered

the general trends in concentration of sodium, pH, and gamma activity

over the two-year period. This did not show any definite increase or

decrease in concentration of salts or in radiation over the period of

record. The study of the graphs of sodium concentration and pH, gamma,

and beta activity resulted in the following observations:

1. Sodium compared with pH in only 41 of 16 wells.

2. Sodium compared with gamma ztivity in only 5 of 16 wells.

3. Sodium compared with beta activity in only 3 of 9 wells.

Based on this data, no consistent relationship between sodium concentration

and gamma or beta activity was evident. The substitution of any one kind

of analysis for the others to indicate environmental change was not there-

by fostered. The most noteworthy conclusion from this evaluation in the

ICPP area was that there was little justification for continuance of the

past chemical and radiometric sampling program as above. The study of

dilution or attenuation required more detailed work. However, a minimum

program of sampling for gamma-beta activity and specific conductance was

recommended to give some long term information of chemical and radiometric

change.

A similar evaluation was made from the analyses of water samples in

the MTIR-ETR area. First, the general trend of the chemical and radio-

metric graph indicated little apparent increase or decrease in concen-

tration or activity. Dilution or attenuation by the ground-water environ-

ment was not evident. The general relationship between sodium concen-

tration and pH, specific conductance, and gamma-beta activity, show the

following comparisons:

30



1. Sodium compared with pH in 7 of 20 wells.

2. Sodium compared with specific conductance in 11 of 18 wells.

3. Sodium compared with gamma activity in 11 of 20 wells.

L. Sodium compared with beta activity in 2 of 7 wells.

No consistent relationship was evident between sodium concentration and

the other chemical and radiometric factors. Peaks of concentration were

noticed, however, for which no explanation could be given. The data

showed thereby that the analyses of water from wells must be also re-

lated to the chemical and radiometric concentration and activity of the

daily waste effluent to the MTR pond and be also related to the contin-

uous water-level record. This would require a more frequent sampling

period for the wells in order to make interpretation possible. Here,

also, there was little evidence to support a continuing program of

sampling for all constituents or to substitute one type of analysis for

all of the others. As in the ICPP area, a minimum program of sampling

to provide chemical and radiometric background information was suggested.

This has taken the place of the former program.

Sixty-day Detailed Test

Because of the inadequacy and difficulty of interpretation of the

past chemical and radiometric sampling program, as suggested by the above

evaluations, it was decided to conduct an intensive 60-day detailed sam-

pling test at the MTR pond area in October and November, 1962. This has

been discussed earlier in connection with tritium contents. However,

this test also involved the sampling and analysis of specific conductance

and gamma activity for both the waste effluent to the pond and water sam-

ples from the wells.
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The analyses (fig. 9) for specific conductance indicated a peak in

concentration of waste effluent on about September 18, 1962 before the

60-day test actually started. This peak compares with the September 17

peak in tritium (fig. 6). No other p'bnounced peak in specific conduct-

ance occurred during October and November to compare with the expected

cyclic nature of the tritium activity in the waste effluent. The first

water analyses of auger wells A-7 and A-9 in the alluvium at distances

of 15 and 49 feet from the pond, respectively, indicated high s, efic

conductance. Although the peak curves are not complete because sampling

did not begin soon enough, the partial records indicate that the September

18 discharge peak probably reached these wells on September 30, giving

an average travel time of about 12 days, or a rate of 1 to II. feet per

day. This seems reasonable based on the average travel times determined

for tritium. Water in well 54, the nearest basalt well at a distance of

150 feet from the pond and at a depth of about 95 feet, responded in

specific conductance similarly to the auger wells but with less magnitude.

The specific conductance records for these three wells (A-7, A-9, and 5+),

as do those for tritium, seem to indicate an increase in dilution with

increasing distance from the pond. Well 60, at a distance of 950 feet

from the pond and at a depth of about 105 feet in basalt, is anomalous

also in specific conductance as it was for tritium. The general magni-

tude of the fluctuation of specific conductance is also many times that

of the well nearest to the pond. A comparison of the specific conduct-

ance graphs with the tritium graphs (fig. 6) also indicates another

interesting relationship. Although, there was no correlation between

tritium activity and specific conductance in the discharge to the pond
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during the test, these curves for well 60 are not only similar to each

other but are direct images of each other. The compatability of these

graphs of specific conductance with tritium cannot be easily explained,

particularly as there is no relationship between tritium and specific

conductance in the waste to the pond. The magnitude of fluctuation and

lack of the dilution effect shown by the other wells for both tritium

and specific conductance would indicate that the geometry of the ground-

water system was allowing water from the pond to reach well 60 more

readily. This is quite possible in the complex basalt aquifer that

underlies the area. If so, the concentration at well 60 would be expect-

ed to be higher than for the nearby wells and more nearly that of the

pond effluent. However, both specific conductance and tritium for well

60 indicates that the maximum level of concentration or activity is less

than that of the alluvial and basalt wells nearer the pond. The wide

fluctuation is therefore an indication of recharge by uncontaminated

water reaching the well. This situation likewise is difficult to visual-

ize and cannot be explained by the water level-record of well 60 (see fig.

10). Study of this record indicates that water levels for both wells 51

and 60 have in general, responded similarly to the pond discharge over

60-day period during October and November with a peak in water level

occurring about the middle of October. Comparison of the record of

specific conductance for well 60 with the water-level record for this

well shows no correlation. This is emphasized by the lack of correlation

of specific conductance of well 51+ with the water level for this well.

Consequently, a relationship of water level and chemical concentration

is not apparent. At this distance from the pond, considering the
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complexity of the aquifer system, it is conceivable, that a fresher source

of water could reach the well and cause the fluctuation of tritium con-

tent and specific conductance to be greater than those in the pond. Here

again the geometry of the ground-water system is imirtant and can offer

the only plausible explanation for the above relationship. Based on this

analysis the importance of studying the details of the local hydrologic

environment is emphasized as an aid in understanding the regional aspects

of the system.

A study of the results of gamma activity (fig. 11) indicates two

peaks of activity for the waste effluent, one on October 30 and the

other one (too high to count in Health and Safety Laboratory) on about

November 15th. The November 15th peak corresponds generally with a

similar peak in tritium November 17, 1962 (see fig. 6). As expected,

there is no correlation between gamma activity and specific conductance

in the waste effluent to the pond. Contrary to the observed effect of

tritium peaks on the nearby wells, gamma activity peaks in the discharge

effluent apparently do not reach either alluvial wells A-7, and A-9 or

basalt wells 514, and 60. Gamma activity highs do occur for wells A-7,

A-9, and 51 during early October but these do not appear to be influ-

enced by the gamma activity of the waste effluent prior to this time.

The magnitude of fluctuation for well A-7, and well 514 is greater than

that of well A--9 which is located between them. The graphs point out

that considerable attenuation of gamma radiation is being accomplished

as the water moves either through the alluvium or basaltic rocks. Using

the November high in the waste effluent as an example, the gamma activity

decreased from approximately 2000 counts per minute per milliliter to
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from 5 to 10 counts per minute per milliliter in wells A-7, A-9, and 54.

The general level of activity in the alluvial wells seems also to be

somewhat lower than that observed in basalt wells. A comparison of the

gamma activity of well 60 with the tritium and specific conductance re-

cords of this same well (figs. 6 and 10) indicate that gamma activity

correlated with both tritium and specific conductance. The similarity

of these records and the lower level of gamma activity in well 60 re-

emphasizes the recharge concept discussed above and indicates that this

well, for the period of test, is not being influenced by the normal

changes effecting the pond. In addition to this, the amount and rate

of gamma attenuation that has been accomplished by the alluvium and

basalt is very significant.

Work is presently in progress which will do much to supplement the

results of the 60-day experimental test. Due to an anomalously high

gamma discharge to the MTIR pond on February 2i, 1963, a detailed program

of sampling and gamma-logging was initiated to trace this activity

throughout the regolith near the NfiR pond. The results of this sampling

will allow the calculation of "first arrival" 4:rel times and will help

to verify many of the conclusions drawn by the above test.

The results of the 60-day test bear out the conclusions of the

evaluation of chemical and radiometri analyses. There appears to be

little correlation between chemical concentration and radiometric activ-

ity of water samples taken at the same time. The results definitely

show the importance of detailed sampling of both the waste effluent and

the well samples in order to make valid interpretation of the fluctuation

of concentration and activity. ThIs would also emphasize the need for
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extremely detailed studies in areas of particular interest but a minimum

program of radiometric and chemical sampling to make regional interpre-

tation of background levels possible.

Use of Water-level Records

Figures 12 and 19 show the relationships between water levels in

selected wells in the MTR area for the first half of 1962 and the dis-

charge to the pond. For these records, some inferences can be made as

to the vertical travel times required for water discharged to the pond

to reach the perched ground water tapped by the adjacent wells. The dis-

charge record and the pond hydrograph show that a peak discharge of waste

occurred at about the middle of May, culminating a period of fairly high

discharge preceding. Auger wells A-6 and 7, tapping the perched water

body in the alluvium, began to respond almost immediately and their water

levels reached high points about 4 days after the last highest point on

the discharge curve. This gives an average travel velocity of about 4

feet per day. Well 56, next to the pond but tapping the perched water

table in the basalt, responded more slowly and its highest water level

occurred about 38 days after the last high discharge.
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STUDY OF HYDROLOGY AND HYDRAULIC PRINCIPLES

Study of MTR Pond Area

Introduction

The MTR-ETR area is located on the Snake River plain within the

National Reactor Testing Station, Idaho, as shown on figure 13. It is

situated within sections 13, 14, 23, and 21, T. 3 N., R. 29 E. and

occupies part of the flood plain of the Big Lost River. The location of

the disposal pond, with respect to the MTR-ETR area, is shown on figure

114.

The altitude of the land surface is about 1920 feet above sea level

and slopes gently to the northeast with a gradient of about 20 or 30 feet

per mile.

The MTR-ETR pond was excavated in 1952 and enlarged in 1957. Its

purpose is to dispose of low-level radioactive waste water by permitting

it to infiltrate into the ground. This procedure presupposed that the

waste water eventually will reach the regional water table, about 460

feet below the land surface, but that the lapse of time, ion-exchange

with the earth materials, and dilution will reduce the radioactivity

hazard to the extent that it will not cause serious deterioration of the

quality of the regional ground-water supply.

The purpose of the program is to define and describe the hydraulic

system by which the waste water travels from the pond to the regional

water table, to determine whether a potential hazard is inherent in this

manner of disposal, and to suggest a means of evaluating the disposal

system to forestall the likelihood of any hazard developing in the future.

The scope of the program has included the following:
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Figure 13.--Index map showing the location of the

National Reactor Testing Station, Idaho

and its principal facilities.
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1. The drilling or angering of a number of test holes and the

collection and the physical and radiologic analysis of

samples of the earth materials they penetrate;

2. The periodic collection and the chemical and radiologic

analysis of water samples taken from the holes;

3, The periodic measurement and compilation of water levels in

the pond and in nea, oy observation welis;

h. Geophysical logging of nearby test holes and observation

wells;

5. A study of the geologic setting of the area;

6. Analysis and interpretation o2 all the data gathered.

The geologic setting of the area has been described in some detail

by Nace and others (1956) and Walker (manuscript in preparation).

In general, the Snake River plain is underlain by perhaps 5000 feet

of basaltic lava flows and interbedded sediment ry rocks of Tertiary and

Quaterary age.

The basalt is the principal aquifer in the area, and the tronal

water table is aoout i.60 feet below land surface at tLze pond site. The

basalt is overlain by about 50 feet of gravelly alluvium that was de-

posited by the Big Lost RiVer, into Which the MTR ond wasr xc Dated.

The alluvium consists of well sorter to poorly o-ted gravel with

interbedded layers and lenses of sand and silt. ?ot cf the nteieial is

sub-rounded to rounded with a small percentage of subarglar basalt

pebbles
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Methods of Investigation

lugering program

Procedure.--A total of 37 shallow test wells have been drilled into

the alluvium near the MTR pond area, (27 during 1962) to determine the

depth of the first underlying basalt flow, to obtain samples of the

alluvium, to permit measuring of water levels and the taking of water

samples, and to provide access for gamma-ray and neutron-moisture logging.

The holes were drilled by a truck-mounted gasoline powered mobile drill.

Hollow stem, continuous flight spal augers having an 8inch outside

diameter and 3=inch inside diameter were used. This allowed a center

rod plug assembly to be inserted during drilling or to be retracted

during sampling and installing casing.

As the test holes were drilled, samples of the materials penetrated

were taken whenever a noticeable change in the texture of the alluvium

occurred. Representative logs of the mateials penetrated were prepared

and are presented in figures 15-18. Because of the extremely coarse

Lure of the material, primarily assorted gravel, the majority of samples

were "grab" samples of the material which had been carried to the surface

by the augering action and accumulated around the periphery of the hole.

Whenever a material appropriate for sampling was encountered, undisturbed

1 by 6-inch volumetric samples were obined. These were immediately

trimmed, capped, and sealed in the field and later sent to Denver

Hydrologic Laboratory for determination of moisture content.

In order to provide and maintain a means of measuring water level

and sampling moisture content and water, steel casing, 1.546 inches in-

side diameter (ID) and 1.624 inches in outside diameter, (oD) or plastic
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Figure 15. -- Symbols showing material taken from auger holes, MTR-ETR area.
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pipe 1.740 inches ID and 1.900 inches OD was installed through the hollow

stem auger. The removal of the auger sections from the holes left the

access casing in the holes ready for backfilling. The lower 5 foot sec-

tian of each casing was slotted and was left open to water to provide

access for water level measurements.

Use of auger holes.--Periodic water-level measurements were made in

the auger holes using a chalk marked steel tape. Water temperatures in

the wells were also obtained at the same time by means of a maximum -

minimum reading thermometer connected to the bottom of the tape and low-

ered into the well.

Water samples were periodically collected from the auger holes using

a small bailer attached to a hand operated reel. These were analyzed in

the AEC Health and Safety Laboratory to determine tritium concentration,

gross beta and gamma radiation, pH, sodium concentration, and specific

conductance. Temperatures of the water samples were measured directly,

using a conventional bulb type Fahrenheit thermometer.

A study of the unsaturated flow of moisture in the alluvium near

the MTR-ETR waste disposal pond was made, using a neutron soil-moisture

meter. The instrument used was a Nuclear Chicago, Model P-19 depth

moisture probe and Model 2800 A portable scaler unit. The P.19 depth

moisture probe is 15 inches long, 1-1/2 inches in diameter and is connect-

ed to the scaler device by a cable. It contains a 5 millicurie, doubly

encapsulated, radium-beryllium source which is a fast neutron emitter.

The sensing component is an enriched B10 F3 slow neutron detector, having

a higher proportion of B10 isotope than in natural boron and having an

active volume of 1 x 5-1/2 inches. The Model 2800 A sealer is a 6-volt

battery operated, 5 glow tube decade counter, equipped with an automatic
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electric timer and a continuously variable high voltage panel ranging from

700 to 1500 volts.

The instrument operates in the following manner. Fast neutrons are

emitted from the radium-beryllium source located within the probe at an

energy level of L. to 15,000,000 electron volts and an approximate speed

of 1,000 miles per second. Upon collision of these neutrons with hydrogen

nuclei contained in the materials surrounding the probe, they are slowed

to a speed that is characteristic of the hydrogen atoms at the prevailing

temperature. This slow or thermalized neutron speed is slightly less

than 2 miles per second and is at an energy level of approximately 0.03

electron volt. The enriched B10 in the detection portion of the probe

absorbs the backscattered slow or moderated neutrons and emits alpha

particles that trigger the counter and set off electrical impulses of 1

to 25 millivolt intensity. These impulses are amplified by means of a

transistorized preamplifier located within the probe and transmitted

through the cable to the scaler unit circuitry and are registered as

count readings on the panel of glow tubes. The determination of the

number of hydrogen nuclei present in a particular volume of soil offers

a direct procedure of observing the moisture content by volume. In gen-

eral, the hydrogen ion content of most soils can be attributed to con-

taimed moisture.

The test holes were logged periodically using the P-19 moisture

probe. Representative moisture logs for 4 of the auger holes are shown

on figure 25.

A "slim hole" scintillator probe, with which gamma radiation can be

measured, was acquired late in 1962. All of the auger holes and selected



wells in the MTR pond area have been logged with this device and selected

holes will be logged periodically in the 4iture. Its purpose is to de-

tect layers or zones of earth material that have been contaminated by

radioactive water from the pond and to assist in tracing the movement of

this water.

The device consists of a scintillator crystal, photomultiplier, and

a battery within a stainless steel tubular case 1-1/4 inches in diameter

and about 5 feet long. In use, it is lowered into the well to be logged

by means of a conductor cable with which it is connected to a recording

device at the surface. The scintillator senses gamma radiation as the

probe is moved throughout the hole and a continuous record is made by

the recorder.

Gamma 'ay logs of 4 of the auger holes are shown in figure 24 and

25 and logs of 2 wells are shown in figure 31. Those nearest the pond

clearly show zones that contain water from the pond while those farther

away have gamma-ray intensities normal to earth materials of this type

(fig. 25). The perched ground-water body in the alluvium is clearly

shown by the gamma ray logs of all holes that penetrate it, (fig. 31)

and the logs of all holes show that there is appreciable radioactive

contamination of the ground surface throughout the pond area.

Laboratory analysis of alluvium.--The distribution of the particle

sizes in the samples taken from the auger holes was determined by

physical analysis. The hydrometer method of sedimentation analysis was

used to determine particle sizes smaller than 0.0625 millimeters;

particles of larger size were determined by wet-sieve analysis. The

results of the analysis were calculated and representative data are



presented in tables 9 and 10. The classification system of the particle

sizes is that used by the Ground Water Branch, U. S. Geological Survey,

and is identical to the classifications proposed by Wentworth (1922) and,

with modification, by the National Research Council (1947).

Description Diameter, m.m.

Gravel Greater than 2.0 m.m.
Very coarse sand 1.0 - 2.0 m.m.
Coarse sand 0.5 - 1.0 m.m.
Me'ium sand 0.25 - 0.5 m.m.
Fine sand 0.125 0.25 m.m.
Very fine sand 0.0625 - 0.125 m.m.
Silt-size 0.004 - 0.0625 m.m.
Clay-size Less than 0.004 m.m.

Particl-size data from a representative auger hole is shown in table 9.

It shows that the material is principally gravel. Some of it is very

coarse, and contains a relatively small proportion of fine-grained

material.

Permeability refers to the capacity of rock or unconsolidated mate-

rial to transmit water. in the laboratory, it is determined by observing

the percolation rate of water through a sample of known cross-sectional

area and length, under a known head loss. The coefficient of permeability,

P, used by the Ground Water Branch of the U. S. Geological Survey is

defined as the rate of flow of water, in gallons per day, through a

croes-secticnal area of 1 square foot under a hydraulic gradient of 1

foot per foot at a temperature of 60 degrees Fahrenheit.. lel0 .sumrnazes

the determined values of permeability and other physical properties of

earth samples taken from a representative auger hole.

The weight of a given volume of oven-dry sample is termed the dry

unit weight of the material reported in either grams per cubic centimeter

or pounds per cubic foot. The formula used for calculating the dry unit
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Table 9.- -Particle size distribution of representative samples
of alluvium taken from auger hole A-O.

ple Depth Particle.-size Diameter im Millimeters
in feet in percent of total sample

Clay Silt Sand Gr

0.004 o.o4-o.6 ; V. fin fine medium coarse coarse V. fine fine me um coarse

o625-.1 25-.25_.250.__ _.50 _ 1-2 24 48 8-16 16-32

12.5 40 2.8 1.7 4.8 9.6 6.2 5.1 7.1 7 11.1 22.1 25.5

17.5 2.3 2.6 1.1 2.6 5.2 40 3.7 6.Y 13.2 28.5 30.1

20.0 4.0 4.4 1.8 4.0 6.6 4.4 4.0 7.5 12.5 26.3 20.4

22.5 3.4 3.2 1.5 3.2 5.5 4.o L.0 6.0 14.8 22.7 31.7

30.0 1.2 2.0 0.8 1.4 2.0 1.3 0.9 0.3 1.5 14.4 66.3

32.5 1.2 2.0 0.7 1.5 1.7 1.2 0.9 0.5 0.7 11.4 31.9

35.0 1.8 2.8 1.1 1.8 2.3 1.5 1.3 1.3 2.2 21.8 62.1

37.5 2.4 2.9 1.2 2.3 2.9 2.1 2.3 3.8 4.9 24.3 40.8

45.0 2.0 3.0 1.2 1.8 1.7 0.9 1.1 0.9 1.0 6.9 62.6
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Table 10..-Suxmary of laboratory analysis data for samples of alluvium taken from auger
hole A-10.

Dry unit Centrifuge Specific Specific Coefficient of
Field Depth Specific weight moisture retention Porosity yield permeability
number (feet) gravity (g per cc) equivalent (percent) (percent) (percent) (gpd per sq ft

A-10 12.5 2.70 2.00 5.4 14.9 25.9 11.0 33

" 17.5 2.69 1.99 6.3 16.3 26.0 9.7 110

" 20.0 2.69 2.02 10.3 23.3 24.9 1.6 1

22.5 2.69 2.00 9.4 21.6 25.7 4.1 20

"30.0 2e70 1.67 ------- 38.1 _---- 8,000

32.5 2.68 1.48 ----- _-- 44.8 ---- 10,000

" 35.0 2.71 1.56 ---- 42.4 -10,000

." 37.5 2.70 1.93 12.14 25.4 28.5 3.1 1470

45.0 2.69 1.58 ---- ---- 41.3 ---- 14,700
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weight is expressed:

Ws
V

7d being the dry unit weight, in grams per cubic centimeter (x 62.L =

pounds per cubic foot), Ws is the oven-dry weight of sample in grams and

V is the total mass volume of sample including the void space, in cubic

centimeters. (See table 10).

The absolute specific gravity of solids is defined as the ratio of

the unit weight or grain density of the solid particles to the unit weight

of distilled water at 4 V0 (equal to unity in the metric system). The

specific gravity of a sample is determined in the laboratory by the

volumetric-flask method. A weighed portion of the ove-dried, disaggre-

gated material is placed in a calibrated volumetric flask containing

water. The displaced volume of water is equivalent to the unit weight

of the solid particles (see table 10).

The ratio percentage of the volume of the void spaces to the total

volume of the soil or rock sample is the porosity of the material. The

formula used for the determination of the porosity is as follows:

n = 7s - 7d (100)
S

when n is the porosity in percent, 7d is the dry unit weight of sample

in grams in cubic centimeter, and 7s is the unit weight of particles in

grams per cubic centimeter. (See table 10).

Instrumentation of the pond

Two types of continuous water records are maintained at the pond.

The first is a continuous chart of the water level made by a Stevens
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type F water level recorder installed in a stilling well at the edge of

the pond. Data from this record were used to construct the water-level

graphs in figures 19 and 20 and parts of it were used to compute volumes

of water in storage and infiltration rates.

The other type of record kept is that of water temperature in the

pond. These are provided by 2 recording thermometers, one near the dis-

charge to the pond and the other at a remote location in the southeast

corner. Because the water discharged to the pond is warmer than the pond,

these records supplement the water-legel record in providing information

as to the rates and times of discharge to toe pond. The records were

used to construct the temperature chart presented in figure 12.

Hydrology

Description of the pond system

The M. disposal pond is excavated into gravelly alluvium and con-

sists of two rectangular compartments about 15 feet deep with sloping

sides. The compartments are separated by a low dike about 11 feet high.

The plan of the pond and its location near the IT.ETR area, and land sur-

face contours are shown on figure 14 . The pond floor is at an altitude

of about 4905 feet above sea level.

Waste water is discharged to the pond at rates of as much as 1.5

million gpd. This fluid percolates downward, by unsaturated flow, through

the alluvium and underlying basalt toward the regional water table, which

is about 460 feet below land surface at the pond site. Its downward

motion is impeded, forming "perched" ground water bodies at two levels,

one at the upper surface of the basalt about 30 to 60 feet below land
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surface and a second within the basalt about 150 feet below land surface.

Discharge to the pond

Figure 19 shows the discharge to the pond, in gallons per day, and

a hydrograph of the water level in the pond. The discharge is ir-ter-

mittent and variable, but ranges generally from about 6o0, 000 to less

than 1,200,000 gallons per day. The head of water in the pond reaches a

maximum of about 12 feet. With a head of about 10 feet of water in the

pond, te wetted area of submerged alluvium is almost 91,000 square feet.

Beca;rse the bottom of the pond is sealed by silica jell that precipitated

from the water, infiltration probably takes place only along the sloping

sides of the pond. Figure 20 shows the relation of wetted area of the

sides to the head of water in the pond. This relationship is essentially

a series of 2 straeght-line functions, the wetted infiltration area in-

creasing with depth as the sides slope outwards.

Water in the pond is lost by infiltration into the alluvium and by

evaporation from the pond surface. Evaporation may be as high as 10 or

12 inches per month during the suimner but is expected to be negligible

during the winter. Ten inches of evaporation, with about 10 feet of

water In the pond, would amount to about half a million gallons of water

evaporated per month, whIch would be only a small part of the measured

discharge into the pond.

Figure 21 shows the relationship between the rate of infiltration

aid the elevation of the water surface in the pond. To construct this

graph, the quantity of water infiltrated was plotted against the head of

water. The quantity infiltrated is determined from the automatic water-
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level record of the pond surface elevation, a representative part of

which is reproduced in figure 22. This record is a series of saw-tooth

curves, each lasting several hours. The rising part of each curve rep-

resents a period during which water was introduced into the pond, and

also during which infiltration was taking place. The declining parts of

each curve represent periods when only infiltration was taking place.

Because the curve shows both change in head and the time interval, the

change in head can be referred to figure 23 to determine the quantity of

water involved during the declining period, and to determine from this

the rate of infiltration. Such rates were computed for selected 0.1

foot depths within the depth range for which records are available, and

were plotted on figure 21. This graph shows that the rate of infiltra-

tion increases almost in direct proportion to depth of water, and that

it is substantially greater for higher increments of depth than for lower

ones. This increase is attributed to three factors. Most important is

the increase in wetted area of effective infiltrating surface with depth,

as indicated by figure 20. Of much less importance is the increase of

head and hydrostatic pressure upon the infiltration rates. A third factor,

of unknown importance, is the decreasing permeability with depth of the

pond sides due to chemical precipitation.

Extrapolation of the infiltration curve above the depth range for

which records are available suggests that the ultimate infiltrating

capacity of the pond, with its water surface at an altitude of about

4919 feet or about a foot below land surface, may be more than 80,ooo

gallons per hour. Because the pond surface generally is between 4914 or

4916 feet altitude, water could be introduced to the pond at rates much
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larger than that indicated for a limited period. A large volume of re-

serve storage space is present in the pond as shown by figure 23.

The level of the pond surface declined substantially during the

latter part of 1962 and continued at its low level during early 1963.

This is shown in the hydrograph of the pond surface (fig. 19). The

reason for this is attributed both to use of smaller total quantities of

water by the facility and to the diversion of substantial quantities of

demineralizer water to a new pond after about November 10, 1962. This

is suggested graphically by figure 19 and is shown more succinctly by

the following table, which records a decrease in the average amount of

water, in gpd, introduced into the disposal pond during December than in

previous months.

Table ll.--Sullzy of volume of waste discharged to old
and new ponds, MIR-ETR area, 1962.

Average quantity Average quantity
of water disposed water disposed of
of daily in the daily to the new
disposal pond, in demineralizer pond

Period gallons per day in gallons per day

12/21/61 - 1/20/62 810,o00
1/21/62 - 2/20/62 878,000
2/21/62 - 3/20/62 790,000
3/21/62 - 1/20/62 792,000
1/21/62 - 5/20/62 1,000,000
5/21/62 - 6/20/62 558,000
5/21/62 - 7/20/62 538,000
7/21/62 - 8/20/62 776,000
8/21/62 - 9/20/62 766,000
9/21/62 - 10/20/62 850,000
10/21/62 - 11/20/62 731,000 10u+
11/21/62 - 12/20/62 588,ooo 98

During late Februery, 1963, a quantity of water of unusually high

radioactivity was discharged to the pond. A series of gaima-ray logs



were made in the auger holes and wells in an attempt to trace the under-

ground movement of this water. Representative of these logs are those

of auger hole A-5 near tho the pond (fig. 21) which were made at inter-

vals subsequent to the discharge. The logs show the radioactive fluid

at successively greater depth with passage of time and also show the

decay of the radioactivity. The gradual increase of radioactivity with

depth and time was not used by a "front" of activity moving downward

but probably Is the result of the fluid moving laterally from beneath

the pond in Ufnegrained layers of the alluvium.

Unsaturated flow and perched water in the alluvium

As discussed above, radioactive waste water is discharged to the

pond at rates ranging generally from about 600,000 gpd, although greater

or lesser amounts have been recorded as shown on figure 19. Neglecting

the small amount of evaporation, virtually all of this water infiltrates

into the alluvium through the sloping sides of the excavation. This

water percolates rapidly downward through the alluvium, by unsaturated

flow, for about 11.0 to 60 feet until it reaches the surface of the under-

lying basalt.

A laboratory model study of unsaturated flow was undertaken several

years ago by the Denver Hydrologic Laboratory. This study showed that in

an unsaturated downward flow through alternating dry layers of coarse and

fine grained materials, the fInergrained layers become saturated, or

nearly so, whereas the coarser layers remained unsaturated except for

several columnar zones of flow. :t also showed that moisture traveled

laterally for substantial distance in fine grained layers before
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penetrating downward into coarser material (Palmquist and Johnson, 1960).

This pattern of unsaturated flow occurs in the MTR pond area, as

shown by the neutron and gamma-ray logs of the auger holes surrounding

the pond site. The neutron logs (fig. 25) show many layers in which the

moisture content reaches several tens of percent of the total earth mate-

real, and other layers that contain only a few percent of moisture. The

former are interpreted as fine-grained layers that are saturated or

nearly so and the latter are coarse layers that would never become com-

pletely saturated unless the water table rose above them.

The neutron logs show moisture, from whatever source. Because the

pond water is radioactive, comparison of the gana-ray logs with the

neutron logs permits distinction between meteoric water from that which

migrates from the pond. The gamma-ray logs (fig. 25) show that pond

water migrates only a few feet from the pond in the fine-grained layers

within the alluvium. The ganmna-ray log of auger hole A-8, located just

a few feet east of the pond, shows a zne of high radioactivity at a

depth of about 10 feet and a lesser zone at about 26 feet. These show

that the waste water is able to migrate laterally for at least these dis-

tances from the pond in the finer-grained layers in the alluvium. The

neutron moisture log of this same hole shows two zones of fairly high

moisture content (more than 20%) just below 30 feet depth and again be-

low 45 feet. As these zones are not radioactive (as shown on the gamma-

ray log) presumably they represent fine-grained layers in the alluvium

that contain meteoric water that has not been contaminated by the pond.

The neutron-moisture and gamma-ray logs of hole A-16, l+0 feet west of the

pond show corresponding zones of high moisture content and radioactivity.

50



10

20

30

0 10 20 0 10 20 30 0 10 20 30
Moisture Content. in Percent by Volume

0 10 20 30 4o

Figure 25.---Gamma--ray and neutron-moisture logs of selected auger holes in the MTR-ETR pond area.

U)
U)

ci)
cii

rA

Uc)

Gamma-Ray Logs

( __ A-16

w st of pon

A-12

- A-8 8 fee
3:'eet est o pon
ea t pond

A-]1
17 feet

west of pand

0 100 0 1000 2000 3000 4000 5000 6000 0 300 600 900 1200 0 loo 200 300

Neutron-Moisture Logs

--11 A-1 A-8 -12

50

10

20

30

40

C



This probably does not represent migration from the pond, 'however, be-

cause this hole is in an area known to be contaminated from inside the

MTR compound. The neutron log of hole A-12, 86 feet east of the pond

shows several zones of high moisture content. The lack of corresponding

zones of high radioactivIty in the gamna-ray log proves that this moisture

is meteoric and not migratory waste from the pond. The garnma-ray log of

hole All, 175 feet from the pond, shows no radioactivity except surface

contamination. The ne;tro-rmoisture log of this hole shows no zones of

especially high moisture content, suggesting that this hole penetrates

only coarser-grair.ed alluvium that does not retain a high percentage of

mo sure.

These relationships are shown schematically in figure 26, an east-

west cross section showing the pond, the alluvium, the surface of the

basalt, water levels in aiger Lues taping tae perched watec body, and

the zone of percolation.

At a depth of &b&;t 4*O to 6o feet below lanrd surface, or about 20-

25 feet below the poid floor, the water reaches the top of the basalt.

Because the basalt is not capable of transmitting water as rapidly as is

the alluvium, the downward motion of the water is impeded and it spreads

out, saturating the materials at the ba of the alluvium, as a perched

body of ground water at the top of the basalt. Contours of the basalt

surface are shown in figure 27. The extent and configuration of the

water table of this perched water body are shown in plan view on figure

28 and in cross section on figure 26. The general relationship of the

pond, the alluvium, the basalt, and the perched water body are shown in

the modified isometric diagram in figure 29.
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Within the perched water body, the dominant direction of movement is

still downward, but there is an appreciable lateral component of motion

as the water spreads out from the immediate area of the pond to the full

extent of the perched body. The tracer test and 60-day study previously

described showed a horizontal component of motion toward the east.

Only part of the water in the perched body is infiltration from the

pond. That a substantial part of this water is derived from leakage from

the entire MTR-ETR area is proven by both the plan view of the water body

and the water-"level contours shown on figure 28. The hydraulic gradient,

and hence the direction of ground-water motion, is generally from the MI'R

area toward the pond. The total quantity of water from the MTR area can-

not be estimated from presently available data.

Movement of ground water within the basalt

Beneath the perched water body at the base of the alluvium the

ground water percolates rapidly downward and at the same time spreads out

laterally within the basalt. Presumably, this lateral movement is due to

a composite series of perching layers within the basalt, which has much

greater horizontal than vertical transmissibility. This composite perched

water body is several hundred feet above the regional water table within

the basalt, and its configuration and general extent are shown on figure

30. That this body of water is distinct from that in the alluvium is

shown by the gamma-ray logs of wells 53 and 54 (fig. 31) which shows a

zone of high radioactivity where the wells pass through the upper perched

body. Comparison of this water-table contour map with the similar one

of the perched water body within the alluvium, shows that this water body
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within the basalt has far greater extent than has that in the alluvium.

That suggests that the perching layers within the basalt are very impor-

tant to the dispersion, dilution, retardation, and ionic exchange of the

radioactive waste disposed to the pond.

Below the major perched water body in the basalt, the waste water

gradually percolates downward toward the regional water table. It is

probably dispersed further by minor, undetectable perching layers on its

journey downward.

Suggestions for Future Study

Future studies of the pond system should take two phases: first, a

continuation of the study of the present pond, and second, advance prep-

aration for instrumenting a new pond that has been proposed for con-

struction east of the present ponds.

The future studies of the present pond should include the following:

1. The graphs showing the relationship of the water level in the

pond to the wetted infiltrating area (fig. 20), to the storage capacity

of the pond (fig. 23), and to the infiltration capacity of the pond (fig.

21) were all computed from the original construction plans of the pond.

Although the ponds were not built strictly in accordance with the plans,

and it is believed the inherent inaccuracies in the graphs will be small,

the ponds should be more precisely surveyed and the graphs reconstructed

to give more refined information.

2. Because a quantity of highly radioactive water has recently

(February, 1963) been released to the pond, the present program of water

sampling, gana-ray logging, and water-level measurements should be
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continued to refine the calculations of travel times.

3. Several test wells and auger holes should be drilled to more

accurately define the extent of the two perched water bodies. At least

two auger holes should be drilled between holes A-19 and A-13, and at

least one between the edge of the pond and A-22, to more adequately

define the water-level contours. Holes A-1, Ab2, and A-3 apparently

are not deep enough to reach the basalt, and at least one of them should

be redrilled. At least two additional holes should be augered south of

the pond to more accurately define the south edge of the perched water

in the alluvium.

The extent of the perched water body in the basalt is known only

approximately, especially south and west of the pond. Three or four

test wells in these directions would more adequately define the limits

of this body.

1.. A small diameter water-level sensing device is in the process

of development and should be perfected soon. When these are available,

one or more should be obtained and installed in selected auger holes to

obtain an accurate record of the fluctuation of the water level in the

perched water body in the alluvium. If such a recorder were operated

simultaneously with the present recorder at the pond surface, a recorder

in a well (such as well 56) tapping the perched water in the basalt, and

a recorder in a well (such as well 58) tapping the regional water table,

comparison of the resulting hydrographs should provide information con-

cerning rates of downward travel of water between the respective water

bodies.

5. A recording meter or a flume and water-level recorder at the

discharge pipe should be installed within the MTR ETR plants to record
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the times and quantities of waste water discharged to the pond.

6. Further attempts should be made to determine the cause of that

part of the perched water body in the alluvium that lies beneath the MITR-

ETR compound, and to determine the amount and chemical and radiometric

character of the water involved.

7. Comparison of the hydrographs presented in figure 12 strongly

suggests that water is leaking from the perched water body in the alluvium

to that in the basalt through wells 53, 54, and 55. The evidence is

particularly strong for well 55, whose water level fluctuates between

the levels of the two perched bodies. The rapid responses of fluctuations

in wells 53 and 514 to similar fluctuations in the upper perched body,

while those of well 56, also tapping perched water in the basalt, show a

lag of almost a month, also suggests vertical leakage through the wells.

Because such leakage tends to defeat the pu-rpose of retarding the down-

ward flow of the waste water, these wells should be sealed from the upper

perched body. This can readily be done, still retaining the use of the

wells for observing the perched water in the basalt, by installing liners

within the wells and plugging the annular spaces outside the liners with

cement.

8. The natural moisture-retaining character of the alluvium is

established by the neutron logs already made. Because the current situ-

ation is not expected to change under normal conditions, because the

neutron logging procedure is very time-consuming, and because water

migrating from the pond can easily be traced by the more rapid gamma-ray

logging technique, it is recommended that further neutron logs not be

made unless a period of potential local recharge occurs, such as the

thaw during the late winter of 1962.
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If the proposed new disposal pond is constructed east of the pond,

the following measures should be taken:

1. A suitable means should be provided to record the time and

amount of discharge of water to the pond. As with the old pond, this

could be accomplished by installing a recording meter or a combination

of flume or weir and water level recorder in the discharge line.

20 At least 3 auger holes should extend from the pond floor to the

surface of the basalt, to provide access for the moisture meter and

gamma ray probes and to observe the water levels immediately beneath the

pond.

3. The new pond will undoubtedly cause enlargement of the perched

water body in the alluvium, and should be surrounded by a grid of auger

holes similar to that around the old pond.

Li.. A periodic schedule of water sampling and water-level measure-

ments should be maintained, similar to those for the old pond.

5. Accurate plans of the pond construction should be prepared, to

facilitate computation of quantities of water in storage or storage space

available for waste disposal.

6. Controlled infiltration tests should be made, maintaining con-

stant rates of discharge to the pond and observing the resulting water

levels. Data plotted for such tests can be extrapolated to estimate the

maximum infiltration capacity of the pond.
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Study of the Regional Hydrology

Introduction

The ground-water body that lies beneath the NRTS is a part of the

greater body of water that underlies the entire Snake River plain.

The ground-water hydrology of the NRTS is rendered complex both be-

cause its principal aquifer, the basalt, is intercalated with relatively

impermeable sedimentary materials, and because the NRTS lies within the

principal recharge area of the plain and is therefore influenced by in-

termittent or sporadic ground-water underf low from some of the main

tributary valleys.

As stated above, the basalt is the most widespread and productive

aquifer underlying the NRTS. The main permeable, water-bearing zones

are (1) tabular bodies comprising the scoriaceous and fractured zones

at the tops of some lava flows or cinder layers between flows, and (2)

bodies of irregular form comprising the joints, fractures, and lava

tubes within some of the lava flows. In places, sedimentary beds are

present between the lava flows, some of which are thick and extensive.

Most of the sedimentary beds are silt and clay and do not yield water

readily. Although the scoriaceous, fractured, and cinder zones are

both porous and permeable and yield, where saturated, large quantities

of water readily, the more compact center and lower parts of most flows

are relatively impermeable. Because the bedding is nearly horizontal,

water can move rapidly with relative ease laterally parallel to the

flows but cannot readily pass vertically through the denser parts of

the flows or through the sedimentary beds. The tabular ground water

bodies generally are not absolutely continuous. Each lava flow lenses
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out between' overlying and underlying flows or sedimentary beds and its

scoriaceous water bearing zone may pinch out or may merge with that of

an adjacent flow.

Although the regional ground-water body is properly described as

being under water-table condition, the high horizontal transmissibility

as compared to the low vertical transmissibility causes the aquifer sys-

tem to respond in a serni-artesian manner. Thus, the pressure effects of

a change in water level or hydrostatic pressure in any part of the aquifer

are very quiWkly transmitted to other parts with which it is in hydro-

logic continuity. This is indicated by the rapid response of water leve1r

in wells that are even several miles distant from recharge areas.

As stated above, part of the complexity of the hydrology on the NRTS

is because the NRTS lies within the principal recharge area of the Snake

River plain. The three principal sources of recharge e underf low from

Little Lost River Valley, Birch Creek Valley, and Mud Lake Basin. In

attempting to evaluate and interpret water level data of observation

wells, it is necessary to determine the source and relative influence of

the recharge water. This problem is discussed in some detail later.

Because of the importance of the hydrology of the NRTS area, partic-

ularly with reference to water supply and waste disposal, the following

hydrologic interpretations are made in an attempt to explain, in part at

least, the hydrologic phenomena of the area.

Position and Form of the Water Table

A water=table map has been constructed to help determine areas of

high and low transmissibility, areas of recharge, and approximate
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directions of flow. Water-level change maps for different periods of

time and hydrographs of water levels in selected site-wide wells have

been prepared to check the validity of interpretation of the water-table

contour map.

The altitude of the water table ranges from about 4575 feet above

mean sea level in the TAN area to about 4405 feet above mean sea level

in the southwest corner of the site (fig. 32). The gradient of the water

table averages about 5 feet per mile, and the general direction of ground

water movement is south in the northern part of the Station, and south-

west ire the central and southern parts of the Station.

One of the more obvious ground-water features of the area is an

elongate zone of low permeability that extends southeastward from the

approximate area of well 25 to the approximate area of well 21, and then

southwest to a point east of NRF, where it becomes indistinguishable.

The approximate position and orientation of this impermeable barrier is

shown on figure 32 by the upward "bulge" of the water-table contours.

The water moves down gradient on either side of the barrier with less

resistance than that encountered immediately along the barrier. The

presence of the barrier is even more evident from the study of the

hydrographs of water levels in several wells on both sides of the bar-

rier (see figs. 33 and 34). The character of the fluctuations in wells

4 and 21 (fig. 33) (all well numbers are USGS wells except the Site 14

well) are nearly identical. These two wells, and nearly all other wells

measured east of the "barrier" on the NRTS, respond to changes in the

large body of ground water that moves to the south-southwest beneath the

Mud Lake Basin. Well 4 shows a greater yearly fluctuation than does
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well 21 probably because of the following two reasons: 1. Well 21 is

"downstream", or farther from the source of recharge than well 1, which

would allow some damping out" of the fluctuation of the water level.

2. The transmissibility of the aquifers tapped by the two wells is

different. Well i. was completed in and obtains most of its water from

permeable basalt. While well 21 was completed in and obtains much of

its water in rather fine' grained sediments, which would cause it to

respond more slowly to water level changes.

The hydrographs of water level changes in wells west of the barrier

fluctuate much differently than those east of the barrier. Well 18

(fig. 33) and wells 12, 23, and Site 14. (fig. 341), all show the influence

of the Little Lost River recharge area. This influence is particularly

obvious during periods of runoff and recharge of large amounts of snow

melt and rainfall water such as that which occurred in 1958-59, and in

February and March of 1962. Well 18, about 7 miles northwest of well

21, (fig. 33) and the Site 11+ well (fig. 31) are located just west of

the barrier. Their hydrographs show water-level changes sharply differ-

ent from those east of the barrier. The high water levels shown on the

graphs of well 18 and Site 114. wells for the period of 1958-59 correlate

with those of well 12 and 23 (fig. 34), which are located just south of

the mouth of the Little Lost River. The yearly fluctuations for 1960-

62 in wells 18 and Site 14. correlate well with most of the wells in the

TAN area which are influenced by and receive a large part of their re-

charge from Birch Creek Valley underflow. This suggests that wells 21

and Site 111 are near the area of mixing of underflow from Birch Creek

and Little Lost River Valleys, and that the effects of the Little Lost

Valley underf low exceeds the influences from Birch Creek Valley.
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The exact nature of the impermeable barrier, in the area described,

is not known. We can, however, consider the following the two most

likely possibilities; (1) That a major fault or fault zone is present

in the area, or (2) That the barrier consists primarily of a large

thickness of sediments, which restricts or cuts off the flow between

the two areas.

That faults can form barriers to the lateral movement of ground

water is well known. A fault is a fracture in tne earth's crust, along

Which th ruistal materials on one side have moved with respect to the

ether side o The magnitude of movement &: be as little as a few inches

or as much as several miles and the nt on can take place in any direc-

tlon from horizontal to vertical along the fault plane. Faults are bar-

riers to the movement of ground water for two principal reasons. First,

permeable beds on each side of the fault plane may be offset so that

they butt against impermeable zones on the opposite sides. Second, the

motion of one rock mass past the other causes even solid rock to be

ground up into fine-grained material called "gouge", which quickly

weathers into an impermeable material of clay-like consistency.

That such faults are present in this area is suggested by a long

linear feature extending north-northeast from East Tgin Butte to about

sec. 17.T.5N., R.33 E ., as shown on figure 36. Although displacement

along this feature is not visible from the ground, appearance on the

study of the aerial photographs suggests that a fault is present along

which only a small amount of displacement has occurred subsequent to the

most recent lava flows. This feature is east of the barrier indicated

by hydrologic evidence but is roughly parallel to the barrier and may be
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one of a family or zone of similar faults that make up the barrier.

A thick zone or zones of fine-grained sedimentary material, alone

or intercalated with basalt flows, also may impede or cut off ground-

water flow between the two areas. The lithologic logs of several wells

show a large amount of sediment to be present in this area. However, if

the barrier is of sediment, it would probably have to extend to several

hundred feet, or the water from one side would simply move underneath

and still show the same response to recharge as shown on the opposite

side.

Regional Recharge

Recharge by underf low is by far the most significant regional

source of ground-water replenishment that occurs on the NETS. The

principal sources of this recharge by underf low are from the Little Lost

River and Birch Creek Valleys, and from the Mud Lake Basin. The water-

table contour map (fig. 32 and the water-level change maps (figs. 35, 36,

and 37) show these recharge areas and their relative influence on the

water table beneath the NETS.

Little Lost River Valley

Under low from the Little Lost River Valley is probably the most

important contribution to the body of water that moves southward through

the western half of the NETS. Figure 35, based on water-level changes

from the period January-July, 1962 shows the response of the ground

water to seasonal recharge such as that which occurred during the early

spring of 1962. The area in which the water-level rise was greatest was

in the vicinity of well 19, which is located just south of the Little
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Lost River Valley and which is the closest well to the recharge area.

The response to recharge from underf low decreases radially from well 19,

but is not uniform in all directions. The greater response, with dis-.

tance, of the area to the east is significant in that it denotes con-

siderably better permeability to the east than to the south or southeast.

This is also shown by the hydrographs of the Site 14 well and of wells

12 and 23 (fig. 34)o The rise in water levels in these three wells,

which was a result of runoff from rainfall and snow melt that took place

in late Febriary and early March, 1962, occurred at quite different

times. The Site l14. well, which is the farthest of the three wells from

the recharge area, responded the quickest. The initial rise occurred

the latter part of March. The initial rise in well 12 occurred sometime

after April 15 or about 20 days after that of Site 14. The first response

to recharge in well 23 was in early My or more than 40 days after that

of Site 14.

The rapid response of the water levels in the area to the east and

the slower response to the southeast and to the south is probably caused

by the following: (1) The present prevailing direction of flow of the

Little Lost River is toward the southeast. In the recent geologic past,

during periods of intermittent volcanic activity, it probably flowed in

about the same direction farther out in the plain. During these periods,

considerable volumes of sediments probably were carried out onto the plain

and deposited upon preceding lava flows, filling many of the voids and

interf low cavaties and decreasing their permeability. The area to the

east probably was less effected by this deposition of sediment. The

tongues of lava flowed directly one on top of the other, allowing greater
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permeability and faster response to recharge in this area. (2) Also, at

least a part of the recharge water from the Little Lost River Valley may

effect Site ii well more rapidly because that part of the Little Lost

River which lies east of Howe and well 19 is probably a large contrib-

utor to the regional water body. This is suggested by the downward bulge

of the water-table contours in this area as is shown in figure 32. How-

ever, this woul& not account entirely for the fast response in that

direction. Therefore the permeability of the area to the east of the re-

charge area must be greater than that to the south.

Figures 36 and 37 show the results of deficient recharge over the

period of time 1959-1962. A general decrease in the altitude of the

water surface is shown nearly everywhere beneath the NRTS, the most

significant changes occurring in and adjacent to the Little Lost River

recharge area. The areas of maximum decline would be expected to be

close to the points of principal recharge. However, the area is not of

uniform permeability, which causes some variation such as that which is

shown in the area near wells 12 and 23 (see figs. 36 and 37). The signif-

icant decline of the water levels in these two wells suggest that they

are located in an area of discharge. This probably is discharge by under-

flow away from this area of the aquifer caused by the greater permeability

of the water bearing zones to the south of wells 12 and 23 then to the

north or east. The water is moving out of the area faster than it can be

replenished. The low water levels in this area may also be caused, in

part, by pumping discharge in the NRF area. However, the amount of in

fluence from pumping at the NRF is not known.
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Birch Creek Valley

Recharge by underf low from Birch Creek Valley is probably next in

importance to that of Little Lost Valley in replenishing the water supply

to the NRTS. However, very little if any of the water from Birch Creek

probably ever becomes directly available to the present major facilities

on the NRTS.

Figures 32, 35, 36, and 37 show the direction of flow and the rela-

tive influence of recharge from Birch Creek on the regional water table.

Figure 32 indicates that part of the underf low from Birch Creek moves to

the south, on the west side of a low permeability area, to join with the

body of water moving from Little Lost River Valley. The rest of the re-

charge water probably moves in a southeastward direction and joins with

the Mud Lake underf low.

Figures 36 and 37 show Birch Creek as the only area in which water

levels rose (about 1.5 foot) during the period October 1959 - October

1962. Runoff and, therefore, recharge from Birch Creek was not above

normal during the intervening period. Therefore, the head increase was

probably caused by considerably less pumping and water use in the TAN

area during 1962 than in 1959. In October 1959 a total of 7,132,000

gallons of water was pumped from all wells in the TAN area, but in

October 1962 only 3,982,000 gallons were pumped.

The normal range of water-level fluctuations in wells that are in-

fluenced by Birch Creek Valley recharge is very small (about 0.5 foot

per year). This is compatible with the variation in the discharge of

Birch Creek (15-20% throughout the year) which gradually infiltrates into

the alluvium until it all becomes underf low several miles north of the

NRTS boundary. The small yearly fluctuations of water levels in wells
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in this area are in contrast to those in both the Little Lost River and

Mud Lake Basin area, where the yearly or periodic changes are large.

The influence of recharge from Birch Creek Valley is therefore masked in

wells that are also influenced by recharge from the other two areas.

Mud Lake Basin

The underflow from Mud Lake Basin, which includes water from several

small streams and a large area to the north, is by far the largest con-

tributor to tPe regional water body in and adjacent to the NETS. However,

only a small amount of this water ever becomes available for use on the

NRTS because recharge by underf low from Mud Lake Basin passes beneath

only about the eastern 1/3 of the NRTS and the areas of largest with-

drawals are in the central and western part of the site.

There was a decline of water in well i of nearly 3 feet, during the

period January-July 1962, caused by the seasonal low in water level that

usually occurs in this and other wells in this area in about July. This

seasonal decline is not shown at the same time in the water levels in

wells that are influenced by recharge from the Little Lost and Birch

Creek Valleys and which are much closer to their source of recharge.

Low water levels in these wells are reached at a different time.

Figures 36 and 37, which show the changes in water levels for much

longer periods of time, illustrate a general decline of groundwater in

storage that is similar to that which occurred in the Little Lost Valley

and that is caused by below normal precipitation and runoff in the re-

charge areas.
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Local Recharge

Local recharge by direct percolation of precipitation or runoff from

the land surface downward to the regional water table probably contributes

only a small amount to ground-water storage during most years within the

NRTS. However, in some places during unusual periods such as those

during which the Big Lost River flows out into the NRTS or during periods

when large amounts of surface water accumulate from rapid snowmelt and

heavy rairfall, local recharge may be significant.

The northern and central parts of the NRTS are mostly covered by a

mantle of lacustrine, alluvial, and aeolian deposits, ranging in depth

from a few feet to perhaps more than 200 feet. In these areas little

discharge reaches the regional water table because the normal annual

precipitation is probably barely adequate to support native vegetation

and restore normal soil moisture. In areas containing extensive thick-

ness of fine-grained lake deposits, such as those in the north end of

the site, even recharge from large areas of ponded water probably do

not reach the main water body unless the source of recharge is fairly

continuous.

In areas where permeable basalt is exposed at or very near the

surface some recharge to the regional water table may occur at times of

heavy rainfall and during normal spring runoff. During periods of ab-

normally high runoff, such as that which occurred in February of 1962,

recharge to the regional water body definitely takes place. Figure 38

shows the effect of this local recharge in two wells in this type of

terrain.
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Well 5 (fig. 38) which is located in the south central part of NRTS,

shows a definite rise in water level by March 1, or about 15-20 days

after the beginning of runoff from the rapid spring thaw. Well 5 is

located in a small basin that is covered by a thin mantle of wind-blown

sand and surrounded by several square miles of exposed basalt. Although

there was very little water in the immediate vicinity of well 5, a very

large amount of water was observed in numerous small depressions sur-

rounding the area. These depressions retained water until the ground

thawed at whch time the water percolated rapidly through the basalt to

the water table.

Well 1L4 (fig. 38), which is located about 10 miles south of the

NRTS, also showed a sharp rise in water level due to local recharge that

occurred in February 1962. The water level started to rise about March

1 and came up a total of about one foot by the end of the month. The

water level remained at this level for about one month, and then started

to decline. Well 1 is located in an area of rolling topography in which

the sediment cover is very thin or absent. in the 5-square mile area

surrounding the well, several ponds were observed that probably contained

several thousand acre-freet of water, and adjacent to these at three points,

openings in the basalt were observed that were taking as much as 500-600

gpm. The total quantity of water that occurred as direct recharge in

this manner cannot be determined from the data available, but it must

have involved very large quantities.

The surface water has to percolate rapidly downward in order to

reach the regional water table in such a short period of time. Of the

26 wells regularly observed in the NRT:S area, 5 wells showed the effect
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of local recharge similar to that of wells 5 and 14. All 5 wells were

located in areas that had very little or no soil cover and none pene-

trated extensive sedimentary beds that would retard the downward move-

ment of water because of their greater specific retention and lower

permeability. Neither wells 5 nor ll, penetrated more than about 10 feet

of sediment throughout their drilled depth.

Local recharge may occur even i areas of comparatively thick sed-

iments. If enough water is applied to the land surface to overcome evap-

oration losses, plant usage, and the speifi retention of the material

between te land surface and the water tal.e, recharge will occur even

in these areas. However, the low permeability of the sediment zones

retards the downward movement of the recharge water and causes it to

enter the regional water body at such a slow rate that it may not cause

a n& iceable rise in the water table

Sunmary and Conclusions

The movement of ground water beneath the NRTS, as well as that of

much of the Snake River plain, is complicated by three major sources of

underflow recharge to the area and by the heterogeneous nature of the

subsurface geology, particularly in the north end of the Sttion. The

geologic complications arise mainly from the intercalated nature of the
and

basalt, which is the principal aquifer,/the sedimentary layers, which

are principally aqu.icludes.

A zone of low permeability, trending southward from the PAN area to

the central part of the Site, is a barrier to the lateral movement of

ground water beneath the NRTS.
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Recharge by underflow is by far the most significant source of

ground-water replenishment that occurs on the NRTS. The principal

sources of this recharge, in order of importance, are Little Lost River

Valley, Birch Creek Valley, and Mud Lake Basin.

Local recharge to the regional water body from rainfall is probably

not significant except in instances of heavy rainfall and snow melt such

as that which occurred In February and March of 1962. Available data

show that recharge definitely occurred at that time.

Study of the Applicability of Darcy's Law

Introduction

In applying Darcy's law to ground-water movement there has been

much difference of opinion regarding the range within which it is appli-

cable. Generally speaking, the law has applied to only laminar flow

within natural porous media under low hydraulic gradients. However, it

has been recognized for some time that ground water flow could take place

in open channels and pipes and that it could either be laminar or turbu-

lent. With laminar flow, the water particles move in more or less par-

allel lines whereas with turbulent flow eddies occur and water particles

move in circuitous paths. Laminar flow usually occurs at relatively low

velocities and turbulent flow occurs in higher velocities. Among those

aquifers where deviation from Darcy's law may be found are the aquifers

in which large openings may occur or in which the aquifer material is

non-homogeneous, or in which the combination of pore space and flow

velocity might induce turbulent flow. The basalt aquifer system is such

a system.
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Hydraulic Tests of Aquifers

History

To test the validity of Darcy' s law for aquifers within the basalt

rock system and to determine other hydrologic parameters, the required

pumping or injection tests have been planned since the early days of the

investigation. Aquifer "D", within the WCPP area, has been isolated by

packers and is considered to be the most favorable environment available

for a study of this kInd1 However, the transmissibility of this aquifer,

as estimated from previous multiple aquifer tests, was quite high and

the hydraulic gradients were small.

Accurate water-level measurements from several wells measured simul-

taneously are required. This was not considered feasible with convert*

tional water-level measuring equipment because of the large expenditure

of manpower needed to make frequent water-level measurements at depths

of about 1450 feet. Consequently, an attempt was made by a private firm

under contract to develop electiWcally activated automatic water-level

sensing devices that were capable of measuring water levels to an accu-

racy of .03 foot over a range of 3 feet. Transducers were obtained and

installed in several wells for field trial. After more than a year of

field experimentation, the transducer units were not sufficiently

precise, because of electronic and temperature problems, to meet the re-

quired specifications. The automatic method of measurement has been

shelved for the present time and plans are being formulated to make an

inject-io teet using conventional water-level measuring equipment.
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Scope of tests

The hydraulic test is scheduled to study the validity of Darcy's

law for aquifer "D", to provide specific information on the transmissi-

bility and relation of the transmissibility to the thickness of aquifer

"D", and, possibly, to detect the location of barriers to groundwater

flow in the area. ith this information hydrologic values may be as-

signed to the geology o the area, and a more statistical appraisal may

be made of it in general terms. The primary reason for pursuing this

goal is to determine the amount of dilution that is occurring in waste

disposed to the regional ground-water system. This determination re-

quires knowledge of the volume of ground-water flow through a particular

cross section of dispersion through the aquifer and knowledge of the

volume, chemical concentration, and radiometric activity of the waste

disposed. The latter three limits can be determined readily and the

volume of flow of ground water may be determined by the proposed test.

Determination of hydrologic parameters

Method of testing validity of Darcy's Law.--The hydraulic injection

test of the TOPP area will be organized to simulate a stepdrawdown test

in reverse. The injection rate will be stabilized as several different

increasing rates and the influence of injection at these rates measured

at nearby observation wells. A comparison of the ratio of "buildup" or

rise of water level to injection rate for the respective rates of in-

jection used will be made. If the ratios are approximately the same for

each rate, Darcy's law will apply to the basalt system. If not, the
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equation set forth by Reynolds (Wenzel, 1942, p. 6) on turbulent flow

will need to be applied to the basalt system.

Determination of transmissibility and volume of flow.--The coef-

ficient of transmissibility (Theis, 1935) expresses the rate of flow of

water, at the prevailing temperature, in gallons per day, through a

vertical strip of the aquifer one foot wide extending the full saturated

height of the aquifer under a hydraulic gradient of 100 percent. In

figure 39 it would be the flow through opening A which has a width of

one foot a id a height equal to m, the thickness of the aquifer. It is

determined by the effects of recharging or discharging wells on the

ground-water levels in observation wells. A formula derived by Theis

(1935) provides a means by which transmissibility may be determined in

the vicinity of a discharging or injection well.

This equation may be written

T = 114.6 Q W(u)

S

in which

T = Coefficient of transmissibility, in gallons per day per foot

Q = Discharge or injection rate of well, in gallons per minute

s = Drawdown or rise of water level, in feet, at any point in the

vicinity of a well discharging or being recharged at a uniform

rate

W(u) = Well function of "u", the derivation and values for which are

presented by Wezel (1942, p. 87..89).

By plotting values of drawdown or rise of water level (s) against

29
values of r2, in which r is the distance, in feet, from the discharging
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or recharging well to the point of observations and t is the time, in

days, that well has been discharging or recharging, a curve is developed

that is similar to the type curve obtained by plotting on logarithmic

paper of the same scale, values of W(u) against values of u (Wenzel, 1912).

The curve of the observed data is superimposed on the type curves, the

two sets of coor.nate axes being kept parallel, and an arbitrary match

2
poirt is chosen for which the coordinates r2, s, and W(u) are obtained.

t
Appropriate substitution of these coordinates and of other known data

in the Theis c: uatlon allows computation of transmissibility. Trans'

missibility determine in this manner can then be used to determine

volume of flow by using a form of Darcy s Law

Qd = TIL

in which

Qd = Volume of flow, in gallons per day

T= Transmissibility, in gallons per day per foot

I = Hydraulic gradient, in feet per foot or feet per mile

L = Width, in feet or miles of cross section through wide the

discharge occurs.

If a consistent relationship between transmissibility and porosity or

thickness of aquifer "D" can be derived in the ICPP area, the values

should be verified by other hydraulic tests in areas adjacent to the

one tested. The validity of this relationship would then permit the

assignment of transmissibility values to porous sections of basalt of

aquifers at any point where a density log has been made. By this means

the transmissibility of a particular aquifer or of a multiple aquifer

system can be determined at one point or at a number of representative
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points in the area. From this, the volume of flow through the aquifer

system for any particular cross-section can be readily estimated. The

cross-section of particular importance in this study is that in which

the waste is disposed. By knowing the chemical concentration and radio-

metric activity of waste disposed and knowing the volume of water into

which it is disposed, the original dilution can be known. The amount of

dilution between disposal and observation at any distance from disposal

can be determined for any period for which a peak of contamination or

activity can be traced from disposal to the observation well. This can

be done only at infrequent periods because of the continuous nature of

the waste disposal operation. It can probably be done for the tritium

tracer test at ICPP during 1962 because of the nature of this discharge

and because controlled discharge and observation data are available for

this test. To do this even here, the assumption would need to be made

that the principal discharge at the ICPP area is in aquifer "D". The

major aquifer for this area is considered to be aquifer "D" but to base

dilution rate calculations on this premise would not be well founded.

Therefore, consideration should still be given to the performance of

combination tracer-injection test in which the amount and duration of

disposal of the tracer and discharge is rigidly controlled for one

aquifer.

Determination of hydrologic boundaries.--The development of the

nonequilibrium formula discussed above was predicated in part on the

assumption of infinite areal extent of the aquifer, although it is re-

cognized that few if any aquifers completely satisfy this assumption.
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The existence of boundaries formed by impermeable barriers such as faults

or impermeable walls of buried stream valleys serves to limit the conti-

nuity of the aquifer in one or more directions. Thus when an aquifer is

recognized as having finite dimensions, direct analysis of the test data

by the above equations is often precluded. However, the method of images,

widely used in the theory of heat conduction in solids, provides a con-

veint tool for the solution of boundary problems in ground-water flow.

Imaginary wells, usually referred to as images, can sometimes be used at

strategic locations to duplicate hydraulIcally the effects the flow re-

gime caused by the known physical boundary. Such substitution often

results in simplifying the problem of analysis to one of adding effects

of imaginary and real systems in an infinite aquifer. Although most

geologic boundaries do not occur as abrupt discontinuities, it is often

possible to treat them as such and substitute a hypothetical image system

for the boundary conditions of the real system.

The application of the method of images to possible boundary condi-

tions within the basalt system in the ICPP area is not without problems.

The extreme complexity of the basalt system, its high permeabilities,

and the known discontinuity of aquifers within small areas may make this

method inapplicable in the detection of large boundaries such as major

faults that effect the ground-water flow. However, an attempt should be

made to test this application. The detection and verification of the

smaller discontinuities are nevertheless important in the detailed study

of the hydrology of this area and may give greater perspective in the

study of the entire sitewide area.
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Preliminary hydraulic test

Before an extensive hydraulic test could be scheduled, a preliminary

13 hour test was made to determine the feasibility of using the wetted-

tape technique to obtain measurable rises of water level during injection.

The following sketch (fig. 40) shows the area and wells involved in this

test. Approximately 1000 gpm of water was injected for 4 hours into well

48 and water-level measurements were made in wells 42, 47, 49, 51, and 59

as shown in figure 41 both during injection and during recovery. Along

with these measurements, readings of barometric pressure were also ob-

tained during the test. A study of this record indicates a decrease of

barometric pressure during the early hours of the test followed by a gen-

eral rise. With the start of injection at 11:00 a. m., the water levels

of wells 42 and 49 at a distance of about 700 feet from the injection

well began to rise and reached a plateau. Water-levels of wells 51, and

59, at a greater distance from injection (table 13) responded in like

manner but well 47, at the seme distance as wells 42 and 49, fluctuated

considerably and seemed to reflect the effect of local recharge in the

area. At the end of injection the water levels in wells 42 and 49 de-

clined as expected. The records of wells 42 and 49, which are the best

index wells of this test, indicate that measurable differences in water

level could be obtained by this method for an injection rate of 1000 gpm.

This is true even though the decrease in barometric pressure during the

early part of the test would, along with injection, also cause a rise in

water level in the wells. The rise was detected before the barometric

pressure decreased appreciably and was greater in magnitude than that shown

by the barometric record. This test substantiated the plan to use the

conventional

77



tio. S
Q 

+\

4QQ 
Q 

4Q

+ 4 9

vQ 

py 

\

o \ 
®

Q

m 
+ 

Q P

GQ +

/

lO

O

s

0

R:(

500 0 500 IOQO X500 2000

SCALE OF FEET

Figure 40.--Map of ICPP area showing location of wells.



U)

U)U

0F
"US

OuS

0d
U)

I3

U)

U)

U)
43

0

a3

0800 1200 1600 2000

Time

Figure 4 1..--Comparison of hydrographs of five wells with
barometric pressure during 13-hour injection
test.

25.3

25.1

457.4

457.6

459 .

456.2

456.4

460.0

460.2

455.8

)-56.0

47

4+2

_ 5--+

59 -

51

2400



wetted-tape method to obtain measurements during the more extensive in-

jection test. A trial use of electric sounding equipment to measure

water levels with the same degree of accuracy was also successful. By

hanging an electric sounding device in the well for some time prior to

measurement of water levels and allowing the cable to adjust to stretch,

accurate water levels were obtained. These measurements were referred

then to exact measurement made by the wetted-steel tape method. A por-

tion of a steel tape was then attached to the electric line at the sur-

face and difference in water levels measured at the surface. This is

an important consideration in making frequent water-level measurements

during an injection test at a depth of about )+50 feet. During the future

injection tests each observation well will be equipped with an electric

sounding device.

Other preparations have also been made for the test. Among them

are the determination of barometric efficiency for each observation well

to be used. Table 12 shows the efficiencies, which were determined by

the ratio of well response to barometer change during a 1-day period of

rise and fall of atmospheric pressure. These efficiencies, which range

from 63 to 97 percent for the wells studied, must be used in adjusting

the water-level records for the scheduled test.
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Table 12.--Barometric efficiency of observation wells used in
injection test of aquifer "D".

Well No. Barometric efficiency

l43 68%
1414 81%
L46 76%
145 76%
51 76%
59 63%
67 77%
147 97%
141 91%
142 92%
52 73%
149 68%
57 74%

The following table 13 and figure 41 also indicate an interesting

and hydrologically important relationship between thickness of aquifer

"D" and the time required for the effect of injection at well 48 to

reach the observation wells.

Table l3.-4Relationship of aquifer thickness to hydraulic

"first arrival" due to injection.

Distance from Aquifer First
Well No. injection well thickness arrival time

feet (feet) (minutes)

42 700 6 30
147 700 1 1114
149 700 12 0
51 900 1 72
69 1300 1 148

The small amount of data now available seems to show that the re-

sponse of the observation well to the effect of injection in the thicker

parts of the aquifer is more immediate. This relationship should be

verified during the proposed test.
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STUDY OF DISPERSION

Introduction

The study of dispersion or vertical and horizontal spread of radio-

active waste from a point of disposal is one of the primary purposes of

the investigation of the hydrology at NRTS. It is being studied by both

laboratory and field techniques. The laboratory technique involves the

use of hydraulic models to simulate the geologic and hydrologic conditions

found in the field. The field technique involves the drilling of appro-

priately located test wells and the periodic sampling and logging of them

to observe the arrival and spread of radioactive contamination. Either

method of analysis must be made while recognizing the very complex and

heterogeneous nature of the aquifer system and its influence on dispersion.

Laboratory Study of Dispersion

The complex nature of the aquifer system underlying the NRTS area

has already been discussed in this report. Not only are the kind of

heterogeneities important but their shape and distribution also. To

illustrate some of the complicated processes involved, the following

discussion of dynamic laboratory models in two dimensions will portray

in simple terms several examples of dispersive processes that are effec-

tive in nature. These models were constructed by the Phoenix laboratory

using sedimentary materials to illustrate principles involved. The same

processes are operative in the basalt aquifer system underlying the NRTS.

In homogeneous media, the displacement of one contaminant by another

in the hydraulic flowing model leaves a very narrow zone of mixing between
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contaminants as shown in figure 42-A. This situation is likely to occur

in the field where the paths of flow of two contaminants merge with each

other.

An example of dispersion, one very likely to occur in nature in

sediments or within rocks of different permeabilities or textures, is

shown by figure 42-B. This dynamic model consists of two different layers

of sand, one coarse and one fine, and shows the refraction of flow path

and the dispersion that occurs when a contaminant flows from fine to

coarse material.

Another factor influencing dispersion is the shape, size, and align-

ment of relatively impermeable rocks occurring within permeable ones.

Figure 42-C shows the effect of shape and alignment on the width of the

zone of dispersion. Size would obviously effect the magnitude of the

zone of dispersion. Similar effects are produced by various shapes and

sizes of lenticular bodies of coarse material within fine material or

visa versa and also by their orientation with respect to the direction of

flow. Figure 43-A and B shows the effect of a coarse lense within a fine

matrix. This could also occur within basalt rocks where a difference in

the porosity of the rocks occurred. The effects upon dispersion of long

tapering lenses of various materials with diverse shapes that occur with

the rock fabric, either sedimentary or volcanic is considered. These

could be represented by porous zones of similar shapes within relatively

impermeable surrounding rocks. Figure 43- D, and E shows the effect of

this type of discontinuity on dispersion within a rock system. Dispersion

may also occur as shown by figure 44-A because of the effect of directional

permeability or because the mean path of dispersion in a heterogeneous

aquifer has directional characteristics.
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In discussing in simple terms the results of various heterogeneities

on dispersion, the effects have been considered in the two-dimensional

aspects. Now consider that the effects are even more complicated because

the above discontinuities can and do occur in the third dimension in the

aquifer system. Figures 44-B, C, D, and E point out the effects of this

greater complexity. These show that the overall effect may be either to

refract and disperse or refract and reduce the zone of dispersion. Or as

in figure '4-B, C, and D, if the lenticular material in the shape of a

cross is visualized in the third dimension, the adjacent flow lines may

lag and diverge in one direction and later impinge 'n flow lines from

another direction. Here again little mixing may occur. Or as shown by

figure i4-E the flow lines in a regional effect may become asymptotic.

All of the above illustrations indicate how similar heterogeneities in

the Snake River Basalt aquifer system effect the dispersion of waste.

The size of the source area and its location are also important. Because

of this complexity, it is very difficult to obtain precise answers to

the problems of disp rsion in the laboratory. A precise geologic and

hydrologic model of the field environment of waste cannot be built because

of insufficient controlling data. However, an attempt must be made to

utilize the laboratory method to assist in the understanding of the proc-

esses involved.

During the past year the Phoenix laboratory has pursued a program

of hydraulic research to assist NRTS project personnel in the study of

dispersion. This laboratory model work was initiated by Paul H. Jones

in the hope that answers could be obtained which might prove helpful in

the field. The purpose of the initial studies was to determine the flow
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patterns resulting from the injection of liquid into hydraulic system

patterned after the NRTS aquifer "D" basalt system. This was modeled by

using sediments of varying permeability to simulate the hydrology and

geology of the NRTS ground-water environment in the ICPP area. In other

words, the model was built to fit a set of hydrologic and radiometric

data obtained in the field with the hope that the patterns of flow and

dispersion obtained could be extrapolated beyond the controlling data.

However, this was not possible, initial model studies merely serving to

explain basi3 p ::cIples of flow and dispersioni. Another attempt was

made to obtain wortwhile data using a hydralic model based on relative

areal permeability o transmissibIlity of the basalt aquifer system

underlying the TCPP area. The data was obtained from a map presented in

a report on the hydrology of the Snake River plain by Mundorff (1962).

This map was based on calculations made from a preliminary flow net of

the Snake River plain. The resulting pattern of flow in the model was

quite general and again mainly illustrated the effect of permeability

on dispersion. The areal transmissibility data of the area is now being

refined to provide closer control for the model. However, it is doubt-

ful that quantitative answers on dispersion can be obtained using this

method.

Field Study of Dispersion

The field method of studying dispersion is the more practical

approach to the problem and the one that is being emphasized in the study

at NRTS. However, due consideration must be given to the kind of data

obtained. An absolute value of concentration or activity of waste moving
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through the aquifer system cannot be obtained by sampling a well. Well

samples are mixed samples. Nevertheless the method does provide the best

answer to the problem.

The discovery, origin, and migration of tritium in the ICPP-CF area

has been discussed in detail in the section on travel velocity and di-

lution. ts migration from the disposal well southward provides the

opportunity to study the amount of dispersion that has occurred in the

regional ground water in the basalt aquifer system since plant operations

at ICPP began in 1953. Figure 1+5 indicates the distribution of tritium

in the regional ground water and shows the spread of contamination in

this area as of December, 1962. The tritium content of water samples

from wells to the southeast, south, and southwest is far above background

concentration for a distance of several miles. However, a gradual "flush-

out" of tritium in the multiple aquifer system is evident at the date of

this map, about ten months after the "hot run" at the ICPP. This is

indicated by the low tritium concentrations of less than 300 picocuries

per milliliter near the disposal well increasing to a high of over 500

picocuries per milliliter near wells 59 and 11.8 and decreasing to about

3 picocuries near well 83, and the OMRE and EBR-1 wells. The movement

of waste as indicated by tritium is in the general direction of the

regional ground-water gradient, to the southwest. The waste has spread

over an area of about 90 degrees in traveling a distance of 4 to 6 miles

from the disposal well, and the concentration of tritium in the fringe

observation wells is only about .01 percent of the concentration of the

highest tritium concentration shown during the test by well 1+7 near

disposal. The concentration of tritium in well 38 at a distance of about
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6000 feet from disposal is anomalous and must be explained largely by

the anisotropy of the basalt aquifer with respect to its ability to

transmit water.

COLLEO'ION OF BASIC RECORDS

S~tewide Test Augering Program

A total of 1,971 feet of test hole was drilled, using the USGS

Hydrologic Laboratory B.52 Mobile Drill, to investigate the regolith

underlying the NRTS during the year. The areas of investigation were

the MTR-ETR area, the ICPP area, and three liquid burial-ground sites in

the central and southwestern parts of NRTS.

A total of 711 feet of test hole was augered and cased with 1.7..

inch plastic pipe in the MTR-EITR area during 1962. The primary purpose

for test holes in this area is explained in detail in the above section

of this report on the MTR pond study.

A total of 550 feet of test hole was augered and cased with 1.7-inch

plastic pipe in the TCPP area (see figure )6 for location of test holes).

The majority of this test drilling was done to determine the areal extent

of a body of perched ground water derived from radioactive liquid wastes.

These are disposed to the alluvium through a shallow disposal well west

of the cutting facility, which is now in constant use, and through a

pit in the original disposal area east of the cutting facility. The

test holes in these two areas are the only ones within the ICPP in which

perched water or any amount of radioactive contamination was found. The

following table furnishes hydrologic data of test holes in which perched

ground water was found.
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Table 14.--Hydrologic data on perched water in ICPP area.

Test hole Depth to Altitude of Altitude of
number Date water water bedrock

4 11/8/62 22.1 4897.7 4895.5
5 11/8/62 21.1 4898.7 4897.5
6 11/8/62 23.0 4896.7 4895.6
8 11/8/62 32.3 4886.2 4885.7
9 11/8/62 32.2 4886.2 4886.1

10 11/8/62 32.6 4886.5 4885.9

Gamma-ray logs (fig. 47) and water.-level data from the perched water

table assist in determining the direction in which waste water is moving

laterally away from the manhole on the west side of the cutting facility.

The maximum contamination that occurs in auger hole 4, which is located

about 8 feet south of the disposal manhole and 16 feet south of auger

1hole 5, is in the bottom 2 feet of the alluvium, while in auger holes

5 and 6 the maximum contamination is in the upper 10 feet of the alluvium.

Although some contamination and some water is moving laterally to the

north and west in the alluvium, it does not appear to be extensive.

Neither auger hole 7, 50 feet west of the manhole, nor auger hole 12, 100

feet north of the manhole, encountered any perched water or contaminated

sediment.

The amount of waste water moving to the south or the east above the

bedrock cannot be estimated until additional holes are drilled to deter-

mine the lateral extent of the perched water body. The bedrock surface

slopes to the south and to the east, and therefore the logical direction

of flow would be in these directions. It is also probable that the water

found in auger holes 8, 9, and 10 on the east side of the cutting facil-

ity could be coming from the disposal point on the west side because of

the eastward slope of the bedrock surface. The source of contamination
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shown on the gammaaray logs of holes 9 and 10 (fig. 48) at 18 and 15 feet,

respectfully, is not known. This same zone of contamination was not

penetrated in angr hole 8, which is 45 feet east of 9 and 25 feet north

of 10, unless it occurs at a depth greater than the logging depth (22

feet).

A total of 710 feet of test hole was angered at the proposed sites

of three burial grounds. Two of the sites were located in T. 5N. R. 30E.

and the other one is located in T. 2N. R. 28E. The purpose of this

augering was to find suitable areas that were remote from existing

facilities and that were underlain by at least 35 feet of sediment. The

sediment thickness in all three areas was of at least that thickness.

Sitewide Geophysical Logging Program

Five principal logging methods have been employed during 1962 in

this investigation. These include gamma-ray, density, hole-diameter,

water-resistivity) and temperature logging.

Gamma-ray logging has provided an excellent means of identifying,

in either cased or uncased holes above or below the water, sedimentary

beds in a dominantly basalt sequence of rocks. The sediments, derived

chiefly from consolidated sedimentary rocks in the high mountains to the

north and northwest, contain enough potassium 40 to cause characteristic

gamma.-ray intensities. The sediments occur as separate beds between

lava flows or are commonly interbedded with scoria and cinders that mark

the tops of buried lava flows. Two probes are used for this work, one

2 inches in diameter with a 1 1/8" x 1 1/2" crystal and another one 1 1/4

inches in diameter with 1 x 4 inch crystal.
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Density logging, in which the relative or absolute mass per unit

volume of the rock of the borehole wall, is measured has been used to

some extent at NRTS to detect openings in basalt, especially the zones

of cinders, scoria, and flow breccia. Although the density logging

techniques have been used effectively to log the porous zones identified

by the hole-diameter log in open hole, additional experimental work is

necessary to apply this technique successfully to a wide variety of wells,

some of which are cased with several strings of casing. This experi-

mental program now in progress has two phases. One phase, the research

phase, is intended to develop instrumental techniques that will allow

rock density to be measured quantitatively. The second phase, the logging

phase, involves the practical application of the principles developed in

the research phase. Preliminary work accomplished so far indicates that

all wells on the project should be relogged after the experimental study

to allow more effective interpretation. The density probe is 2 inches

in diameter.

A motorized caliper capable of determining the hole diameter from

3 to 36 inches has been applied with success at NRTS. Because the action

of the drill in percussion drilling makes a larger hole in thick beds

of sediment or cinders, small scoria, and blocky basalt than in dense

basalt, the borehole diameter log identifies water-bearing zones in the

basalt sequence.

Water-resistivity and temperature logs have been used effectively

at NRTS to identify the depths at which water is entering or leaving the

well bore and to indicate its quality. They also provide data to study

the movement of warm and highly saline waste water discharged to the
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basalt aquifer system. When water-resistivity and temperature logs are

made the same day, the resistivity logs may be converted to specific

conductivity which relates directly to the concentration of dissolved

solids. This determination is essential in the study of the movement

and attenuation of aqueous waste disposed to the regional ground-water

system. Both the water-resistivity and temperature probes are 2 inches

in diameter.

!wring 1962 a total of about 109,000 feet of hole was logged by

this geophysical logging equipment at a cost of about 8 cents per foot.

This also included about 19,000 feet of experimental magnetometer logging

for determining variations in the vertical intensity of the magnetic

field of several boreholes. A preliminary study to interpret these logs

and to correlate individual lava flows by their use was unsuccessful.

An attempt is now being made to correlate the magnetite content of cores

against the magnetometer log made of the corehole. This should provide

parameters by which to judge the worth of the magnetic intensity logs.

The following table indicates the total footage logged for the five

principal techniques employed.

Table 15.--Total footage of geophysical logging, 1962.

Gama-ray 23,209
Density 23,175
Hole-diameter 99,490
Water resistivity 16,892
Temperature 16, 849

The conversion of water-resistivity logs to conductivity logs is

about 50% complete, a total of about 8500 feet having been analyzed.

A strong and continuing need in the future geophysical logging

program is that of a tracer-injection tool. By this means, the direction
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and rate of flow within boreholes could be determined. This would be of

great importance to the study and hydrology of the aquifer system and to

the planning of the drilling and construction of production, disposal,

and observation wells.

An attempt was made to use spectral logging techniques to determine

the nature, in place, of the radioactive waste materials in the regolith

in the .MR pond area. This work will continue as the instrumentation

problems are resolved.

.Sitewide Sampling and Water-level Measurement Program

The study of the chemical and radiometric character and changes of

ground water in the NRTS area is based on water samples taken under a

comprehensive sitewide sampling program. The program includes the

sampling for tritium, specific conductance, sodium, gamma radiation, and

of complete chemical analysis for a selected number of wells. The kind

frequency and depth of sampling depends on the nature:.of the need. In

areas of detailed study such as the MTR-ETR and ICPP areas, numerous

samples have been taken to establish the contamination level of the

waste and to follow its migration in both the perched water and in the

regional water. Throughout the sitewide area and to some extent outside

the site, water samples have been taken as necessary to define the char-

acter of the ground water entering or leaving the NRTS. The scope of the

investigational program is constantly changing. 2is necessitates fre-

quent modification of the sampling program. During 1962 a total of about

1000 water samples were taken for chemical and radiometric analysis

either by thbf sampler or by pumping. The total number of analyses is
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tabulated in the following table:

Table 16.--Total number of water analysis, 1962.

Tritium 924+
Specific conductance 759
Sodium .47
Gamma radiation 725
Complete 17

Total 2,873

The tritium, specific conductance, sodium, and gamma radiation

analysis results were obtained from the AEC Health and Safety Laboratory

and the complete chemical analyses were made by the USGS Quality of Water

Laboratory in Portland, Oregon.

The water-level measurement program is similar to the sampling

program. The program is designed to determine not only the water levels

and water-level changes caused by disposal activities in the areas of

detailed study but also to establish regional trends of the water-levels

in the site area and the area immediately surrounding the site. This

requires water-level measurements of perched water and regional ground

water in the MTR.ETR and ICPP areas and of the regional ground water in

the basalt throughout the general region. Water levels are usually

measured weekly in areas of detailed study, but in most areas less fre-

quent measurements are required. A total of about 1050 water-level

measurements were made under this program during 1962.

Development and Improvement of Small Diameter Float Gages

During the past year this office has tested and attempted to improve

several small diameter float gages to be used to obtain continuous water-

level recordings in 1 1/2 inch test wells. Three different models of
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the USGS Koopman gage and two units that ;rare purchased from Keck

Associates were tested.

Two inherent difficulties were present in all units tested. Water

that condensed on the wall of the pipe above the water table or that was

entering'and running down the pipe from above the water table, would

eventually saturate the connection between the cable and the water level

sensing probe and cause short circuits. This difficulty was remedied by

taping or sealing the cable with silicon rubber for a distance of several

feet above the sensing probe. Also, the effect of cold weather on the

batteries and other electronic components of the gages remains a problem.

During periods of extreme cold. (0 F or below) the gages would not operate

for more than a day without changing batteries.

Because of the expected continuing need for a gage of this type and

the excessive cost of maintenance and loss of record due to malfunction

of gages being used, both types of gages were evaluated by personnel from

the Instruments Branch of the H & S division, as to durability and poten-

tial, and the Koopman gage was modified and improved. Worthwhile modifi-

cations have been made and the construction of a prototype gage is about

complete. It will soon be tested for performance under a wide range of

environmental conditions.

Work of Other U. S. Geological Survey Offices

The study of the geology of the Snake River plain has received con

siderable emphasis during the past years by other offices of the U. S.

Geological Survey. Because of this interest and continuing work in the

area of the Plain adjacent to NRTS, cooperative study agreements on

92



various aspects of the geology within NRTS have been arranged with these

offices. The following discussion outlines the work being done or the

work anticipated within the NRTS by other USGS offices.

A cooperative petrographic study of the Snake River Basalt has been

arranged between the Ground Water Branch and the Geologic Division of the

USGS. This work is being done by Mr. George Stone, a graduate student at

the Colorado University, working closely with Mr, Howard Powers and Mr.

Leonard B. Riley of the Geochemistry and Petrology Branch. Mr. Stone

will analy:le more than 300 thin sections of basalt collected by Mr. Powers

and himself throughout the Snake River plain. These will include samples

that were taken from core holes USGS 80 and 81 in the MTR and ICPP areas.

This study includes both the petrographic analysis of the basalt and

complete chemical analysis of the rock.

The experimental magnetometer logging at NRTS was discussed above.

Correlation of magnetometer logs with the magnetic character of the core

taken from the same holes is needed. This is another area of cooperation

between the Ground Water Branch and the Geologic Division of the USGS.

The Physical Properties Laboratory under the Special Projects Branch is

doing the analytical work on the magnetic susceptibility of samples of

cores taken from the calibr tion holes logged.

A cooperative seismic study between the Ground Water Branch and the

Crustal Studies Branch has been scheduled for the summer of 1963. This

study proposes the use of a remotely located borehole within NRTS as the

site of a 4000 6000 n.d "shot". Several seismic profiles, some extending

as much as a few hundred kilometers from the shot point, are planned to

refine the regional geologic structure of this part of the Snake River

plain.
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FUTURE SCOPE OF PROGRAM

During the past three years, the program of the Geological Survey

for research on the hydrology of waste disposal at NRTS has been princi-

pally concerned with the detailed studies of the ICPP and MTR-ETR areas

within the station. These studies have necessitated the development of

new techniques and the application of new tools and methods of investi-

gation. The program plans of investigation for 196 carry the present

detailed studies forward as necessary and enlarge the scope to define

accurately and in more detail the regional geologic and hydrologic en-

vironment upon which the waste disposal of the individual reactor sites

and service facilities are superimposed.

Borehole geophysics has been an integral part of the project work

and will continue to be a permanent phase. The use of the logger for

making initial surveys for specific conductance, temperature, hole dia-

meter, gamma..ray, and density, and periodic surveys of selected wells to

detect changes in specific conductance and temperature is vital to the

understanding of the hydrology and geochemistry of the individual areas

and the entire sitewide area. Density logging has just been started and

the results of the experimental density program now in progress indicates

that, once optimum operating guides for varied array of wells is esta-

blished, all wells should be relogged using the same technique. Neutron-

moisture logging should be continued in areas where knowledge of un-

saturated flow is needed. Continued effort should also be expended to

successfully use spectral-isotope logging in the vicinity of the MTh

pond and perhaps in other areas where peching occurs. Seismic explora-

tion techniques are also scheduled for field trial. It is hoped that
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the existence of possible regional barriers to the ground-water flow may

be detected and that the thickness of the basalt rocks underlying the

Snake River plain in this area may be determined. Further scheduling of

controlled hydraulic and tracer studies throughout the site area must

await the results of the current hydraulic tests. Successful results

should justify other tests of this kind.

Much progress has aLready been made in the study of travel velocity

of aqueous waste in alluvial and basaltic materials. This information,

supplemented by that now being acquired, should firmly establish the

ranges of velocity for this geologic terrace. This will not preclude

the need for additional work to verify and refine the known results,

particularly using tritium to determine regional travel velocities.

The need for consistent laboratory tritium results will be a necessary

prerequisite for continuing study. This is necessary to evaluate the

amount of tritium contributed solely by NRTS Waste Disposal activities.

Special field studies of the possible storage of radioactive gas in the

basalt between the land surface and the water table, and laboratory

studies of the petrology and thermal conductivity and specific heat of

basalt rocks should be emphasized to provide background knowledge nec-

essary for the disposal of gas or high level waste into the ground.

Although a good beginning has been made in the study of the geo-

chemistry of natural ground waters and of ground water modified by

aqueous waste throughout the NRTS, the information is inadequate in some

parts of the project. Additional information at strategic well locations

within the site is needed along with information from wells in areas

adjacent t. the site on the north, east, and south and from wells and
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tributary streams on the west. The periodic use of geophysical logging

and complete chemical sampling will be continued in representative wells

to define the vertical and seasonal changes of salinity and temperature

in wells. This will allow not only an evaluation of the processes of

sorption and chemical precipitation in the attenuation of radioactive

waste but will also asist in the formulation of a more comprehensive

concept of the hydrologic system of the site area.
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