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ABSTRACT

The radiation sbove the contaminated soil of White Osk Iake bed was
characterized in terms of horizontal and vertical distribution of air dose
rates over most of the bed. These data are needed for studies investigat-
ing effects of this chronic low-level radiation upon mammsls and other
organisms inhabiting the area.

Rediation measurements were made with dosimeter film and with a porta-
ble ionization-chamber-type instrument (cutie pie) employing two separate
chambers (gamma-and-beta-sensitive; gamma-sensitive). The radiation inten-
sity was determined at heights of 5, 25, 50, and 100 cm sbove the ground,
and at one location at heights upward to 15 meters.

The surveys disclosed that the radiation was predominately (90%) gam-
ma; consequently, variations of intensity with height were slight. The
radiation field was nonuniform over the lake bed. The range of dose rates
was from less than 1 mr/hr to a maximum of 100 mr/hr. In general, regions
having associated radiations of higher dose rates (50 mr/hr) were located
near the inlet end of the lske bed, while lower dose rates (10 mr/hr) were
registered above regions along the shore line.

Some marked variations of the radiation field are related to changes
in distribution and quantity of radionuclides in the lake bed soil. These
changes are induced by soil erosion in the lake bed, periodic flooding of

the contaminated creek flowing through the area, and by seepage from



radioactive waste disposal pits in the vieinity. Of these enviromnmental
factors the radicactive seepage from the waste disposal pits introduces

the greatest alteration of the radiation field. Weekly fluctuations over
portions of the lake bed in which the radiosctive material (Ru;06) is being
deposited were as much as 50 mr/hr during the course of the investigation.

K. Z. Morgan of ORNL has derived the equation

D = 2 2 g g, l:l - E_ (u.h,) ] .
u. 171 2 il
i 1,2,3...

which determines the expected dose rate (D) above a large slab source of
thickness (hi) in which radionuclides (i) of concentrations Nn, are uni-
formly distributed. This equation was applied to a section of the lake
bed, utilizing absorption coefficients of soil (ui), dose rates 1 cm
distant from a l-mec point source of gamms-emitting nuclei in the lake bed
soil (Gi)’ and exponential integrels of the second order (E2). Solution
of this equation after scattered radiation was considered gave a theoreti-
cal value of 18 mr/hr, which compared favorgbley with the measured mean
value of 16 mr/hr. Based on the above mathematical analysis it was esti-
mated that because of decay of the radionuclides, the average dose rate
above the area will decrease 20% in the next two years and 50% in the next

ten years (1968).
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I. IKNTRODUCTION

Purpose of Investigation

The atomic energy industry haé produced a considerable quantity of
radicactive wastes. Although most of this radiocactive material has been
confined to restricted and isolated situations, a part of it has been re-
leased into the enviromment. The fate of the radiomuclides contained in
the waste material once they have entered an enviromment has not been ade-
quately established. This lack of knowledge, coupled with the probability
that larger quantities of radioactive waste material will be released in the
future, has required that more research be undertaken to gain information
about the changeé indueed in nature by the addition of radionuclides. The
broad objectives of this research are to help evaluate the direet and indi-
rect hazards to the human population,

The White Oak Lake bed area, which has been used as a disposal site
for low-level radiocsctive waste effluent from ORNL, is one of the few sites
in the world which has received significant quantities of radioactive mate-
rial. Because of this contamination the area affords an unusual opportunity
for ecological researéh concerning the effects and fates of radionuclides
in a natural enviromment. A knowledge of the radiation fields resulting
from the contamination of the lake bed is needed for such research. The
intensity of the radiation field is closely related to the distribution of

the radionuclides. Therefore, the measurement of this radiation field not



only defines the extermal dose rates to which organisms are subjected

at various parts of the lake bed, but also indicates the general distri-
bution of the contaminants, This investigation provides detailed infor-
mation of dose rates and characterizes the radiation field above the lake

bed.

History of White Oek lake

In 1943 White Oak Iake was constructed to serve as a final settling
basin for radiocactive waste material being carried by White Oak Creek from
Clinton ILaboratories (now ORNL). A dam .6 mile above the Clinch River
impounded the waters of the creek, forming a lake of about 35 acres. 1In
the interim of twelve years that the area served as & settling basin, radio-
nuclides settled to the lake bottom and became intermixed with silt deposi-
tions, forming a radioactive mud., In conjunction with the use of the lake
as a waste impoundment, surveys were conducted by TVA and ORNL to determine
the capacity of the lakel and the rate and quantity of silt deposition on

the lake bottom.,'?’3 Also, periodic analyses of the bottom muds were made

lLo S. Setter and 0. W. Kochtitzky, Studies of the White QOak Creek
and Drainage System, ORNL-562 (1950).

2A. S. Frye, Sediment Investigation of White Osk Creek and Lake,
Roane County, Tennessee, TVA, Hydraulic Data Branch, Chattanooga (1951).

BAJ S. Frye, Sediment Investigation of White Oak Creek and Iske,
Roane County, Tennessee, TVA, Hydraulic Data Branch, Chattanooga (1953).




to determine the quantity and kinds of radionuclides present.h’5’6

The contaminated lske was a unique enviromment in which investiga-
tions could be made of the consequences resulting from the dissemination
of radiomuclides into an aquatic hebitat. In the period 1950-1953 TVA
in cooperation with AEC conducted a comprehensive B’urvey7 in which the
botany, limnology, and fisheries biology of the lake were studied. The
uptake and accurulation of radioactive materials by fish8 and the effects
of the radionuclides upon the fish population9 were also determined by
other surveys.

By 1954 the lake had come into equilibrium with White Osk Creek in
terms of its ability to .dilute and otherwise hold up radioactive materials.
The fish populations were poisoned an&‘femoved, and the lake was drained
in October, 1955. This dreining was done slowly so that the contaminated

s§ilt would not be disturbed. Figure 1 is an serisl photograph showing

hK. Z. Morgan and J. 8. Cheka, Radioac¢tive Fission Product Contami-

nation in Mud of White Osk Drainage System, Mon H-258 (1947).

5]E{. H. Abee, Radioactivity in the Mud of White Oak Iske, ORNI~1580
(1953). '

6H. H. Abee, Anmual Mud Survey Data White Osk Lake, 1954-55, Oak Ridge
National Iaboratory, wumpublished work.

7An Ecologienl Survey of White Osk Creek, 1950-1953, conducted by
TVA for AEC, February, 1954, unpublished work.

BV. 1. Knobf, Studies of Radiometivity in Fish from White Osk Lake
and the Clinch River, ORNL~1031 (July 9, 1951). "

9L. A. Krumholz, "Observetioms of the Fish Population of & Iake Com-
taminated by Radicactive Waste," Bulletin of the American Museum of Natural
of Natural History 110, Article 4 (1956).







the condition of the lake bed immediately after this draining. The dam
(indicated by arrow in Fig. 1) has been kept in operation and is used to
control the concentrations of radionuclides relemsed from the ILaboratory
to the Clinch River. In the event that large concentrations of radiomu-~
clides are released into the White Oak Creek, the dam can be completely

closed, thus impounding the contaminated water.

Current Use of White Osk Iseke Bed

The main function served by the lake bed, in addition to being an
emergency hold-up basin, has been that of a terrestrial ecological re-
search site., This research is broad in scope and is concerned with the
fates of fission products in a terrestrial habitat and with effects of
radiation upon populations living in this habitat. Soil-to-plant trans-
fer of Sr9o and 05137 is being studied in various parts of the lake bed.lo’ll
The accumulation of fission products by insects and mammals and the effects

of radiation on the resident small mammal populations are also under inves-

tigation. Concentrations of radionuclides present in the lake bed are being

lOE} R. Graham, "Uptake of Waste Srgo and CslB7>by S0il and Vegeta-
tion," Soil Science 86, 9197 (1958).

llS. I. Auerbach and D. A. Crossley, Jr., Strontium-90 and Cesium-137
Uptake by Vegetation under Natural Conditioms, Paper 401, International
Conference on Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1958.




12,13,1k

determined by extensive soll analyses. A detalled description

of the various projects being conducted can be found in the 1957 and 1958

ORNI. Health Physics Division Anmual Progress Reports.15’16

128.‘1. Auverbach et al., Ozk Ridge National ILaboratory, umpublished
data.
lBH, R. DeSelm, University of Tennessee, umpublished data.
1k : . . . .
G. L. Plummer, University of Georgia, unpublished data.
154

Ecological Research,"” Health Physics Division Anmual Progress
Report for Period Ending July 31, 1957, ORNL-233k, 10-23 (1957).

l6"Ecological Research," Health Physies Division Annual Progress
Report for Period Ending July 31, 1956, ORNL-2590, 30-41 (1953).
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Fig. 2. Map of White Oak Lake Bed Showing Location of Ecology Study Areas.
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crop studies and is plowed, planted, and harvested each year. Near this
agricultural plot is & 50-ft pole which serves as a weather station and
observation tower. Imstruments for recording rainfall, temperature, and
wind velocity are on or near this pole.

Other than the two ecology study areas, the lake bed contains a
region between the gridded area and the White Omk Dam which is covered by
water or mud and also contgins & region of thick undergrowth beyond the
line B-C in Fig. 2. Since these areas are nearly inaccessible, radiation
measurements were confined to thetwo evolvgy study areas.

The radiation field above the two ecology areas is, of course, closely
related to the species, concentratibﬁ, anl distribution of radionuclides in
the soil. As has been mentioned in Chapter I of this report, these data
have been obtained by analyzing laske bed soil. Results of the analyses
indicated that most of the radionuclides are heterogeneously distributed
in the top 4 in. of soil. Because of this distributional pattern, it is
difficult to obtaein representative samples from any particular area. Conse-
quently, a composite sample made by mixing soll from several points in an
area probably affords the best approximation of the gpecies and concentra-
tion of radionuclides present. Such sampling techniques were used in the
grid area by making composite samples of the soil taken from about two hun-
dred points. The resultsl7 obtalined from the anglysis of these composite

samples are shown in Fig. 3. The same radionuclides found in the grid area

178. I. Averbach, Osk Ridge National Laboratory, umpublished data.
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also contaminate the upper lake bed. However, concentrations in the

latter region are from 50 to lOO% greater than those of the lower lake
bed.



IIT. DESCRIPTION OF RADIATION DETECTORS

TIonization Chamber

An ionization chamber type instrument known as the "cutie ple" was
chosen as being the feasible instrument with which to monitor the radiation
field above the lake bed. This instrument has a mumber of inherent fea~
tures which render it useful for field surveys. These desirable features
include the following: it is (l) portable, (2) rugged yet fairly accurate,
(3) zero-adjustable in the presence of a radiation field, (4) able to respond
rapidly to radiation, esmnd (5) simple to calibrate.

The lake bed soil is contaminated by both gamma and beta emitters;
consequently, it is desirable that a differentiation be made between the
beta and gamma components of the radiation field. This was accomplished
by using two types of chambers. One of these was the ORNL plastic chaﬂberl8
constructed of 1/16 in, bakelite, and will be referred to as the thick-walled
chamber. This chamber detects gamma rays and beta rays above an energy of
.6 Mev. Since the radiation detected by the instrument with this chamber in

place is essentially all gamma, the dose rate registered on the scale is imn

milliroentgens per hour.

18D. M. Davis, E. D. Gupton, and J. C. Hart, Applied Health Physics
Radiation Survey Instrumentation, ORNL-382 (1st rev.), 207-230 (1954).
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The other chamber was an ORNL modified paper chamberl9 which is
constructed of 7 mg/cm? photographic paper placed on a bakelite form.
This chamber, which will be referred to as the thin-walled chamber, per-
mits the detection of gamma rays and all beta rays above an energy of
.06 Mev. The thin-walled chamber, therefore, detects the beta and gamma
external radiation usually considered to be hazardous to humsns. Since
the instrument detects both gamma and beta radiation, milliroentgen units,
a term comnoting only X or gamma radiation,2o camnot be used., Although
a dose unit such as the rad?l considers all ionizing radiation, the method
needed to calibrate the instrument so as to register rad/hr units would be
extremely difficult. Consequently, dose rates as registered by the instru-
ment with the thin-walled chamber in place were considered to have no expressed
units, but being equal in magnitude to the mumber of milliroentgens necessary
to give the same instrument response.

Each time before field use the instrument was calibrated with a 1-g
radiun source at the ORNL health physies calibration station. Standard

calibration procedure22 was followed with the exception that the X-1 scale

114,

2ONationsl Bureau of Standards Handbook 62, Report of the Inter-
national Commission on Radiological Units and Measurements (ICRU), Wash-

ington, D. C., 5 (19%6).

ElIbid.
22
217-219.

D. M. Davis, E. D. Gupton, and J, C. Hart, ORNI-382 (1lst rev.),
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(O-lOO mr/hr range) was calibrated at each 10 mr/hr increment. If the
response of the instrument indicated more than a 5% variation st any of

these doge rates, it was repaired.

Film

Dosimeter film was employed to monitor the radiation field at points
not accessible to the ionization chamber, Films were mainly used for meas-
urements at close proximity to the ground surface and for measurements at
different heights up to fifteen meters. Also, several films were placed
at heights of one meter so that comparisons of responses could be made
between the film and the ionization chamber,

Du Pont industrial film packets type 552 were used as film dosimeters
in the survey. This packet contains type 502 film which is sensitive to
doses between .02 and 25 roentgens and type 510 which is sensitive to doses
between .4 and 70 roentgens. The exposure limits of the 502 type film are
better adapted for monitoring the radiation field above the lake bed. There-
fore, all film measurements were restricted to this more sensitive film.

Fach film packet was placed between two plastic filter holders which
contained an open window and plastic, cadmium, and aluminum filters. Since
the films would be subjected to weather conditions, the film filter holder
units were sealed in "pouch paper.” This lightweight, waterproofing mate-
rial consists of paper-backed aluminum foil which is coated with a thin

layer of heat-sealing plastic,
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The thickness of the "pouch paper" and the lightproof film wrapper
was about 40 mg/cm?. Since this thickness agbsorbs an appreciable amount
of the beta particles, the film was used only to monitor gemma radiation.

A set of calibration films was obtained by exposing films to a
500 milligram radium source. The set consisted of seven groups with each
group containing five films. Each of the groups was exposed to the source
for a predetermined period of time so that calibration exposures were made
at spaced intervals between O and 2,000 milliroentgens. A group of five
unexposed (blank) films was also included in the calibration set. The
calibration films as well as the films exposed at the lake bed were devel-
oped by the ORNL health physics monitoring group. Development procedure
was that as followed in developing personnel films st the Laboratory.

An Ansco densitometer was used to determine the density of the devel-
oped films. This instrument recorded density measurements to an accuracy
of three significant figures. A zero adjustment of the instrument was made
by using the blank (unexposed) films as standards. Film densities behind
all filters were determined on the first 250 films. The results of these
first measurements indicated that little if any beta radiation was regis-
tered on the films. The results of these first measurements also showed
that an approximation of the gamma ray energies could not be made by com-
Paring the densities behind the different filters. Because the integrated
gamma dose was all that could be determined by the film density readings,
only the density measurements behind one type of filter were needed. Due

to the characteristics of the cadmium filter, the densities behind this
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filter were more nearly energy independent than those behind the other
filters. For this reason the densities behind the cadmium filter were .
used to determine the radiation doses.

A radium gamma calibration curve was constructed by plotting the
densities behind the cadmium filters of the calibration films in relstion
to the associated exposures in milliroentgens. Each of the seven calibra-
tion points of the curve was evaluated by averaging the densities of the
five films exposed to the particular dose. At each of the calibration
points the average deviation of the five densities used to determine the
point was 3% of their mean value. The densities behind the cadmium filter
of the films exposed at the lake bed were converted to milliroentgen dose
readings by means of the calibration curve. These doses were then divided

by the time the films were exposed, resulting in mr/hr dose rates., -




IV. FIELD MEASUREMENTS

Ionization Chamber

Ionization chamber measurements were taken regularly over a period
of four months, from the first of September until the latter part of De-
cember. During this time the radiaticn field was examined several times
at all reference points in the two ecology study areas. The thin-walled
chamber was used for a major portion of these surveys, because it was con-
sidered essential to determine the total beta and gamma. radiation field.
The thick-walled chamber was used, however, at a sufficient number of ref-
erence points so that a comparison between responses of the two chambers
could be made.

More emphasis was placed on defining the radiztion field above the
gridded area than that above the ungridded area because of the permanent
reference system in the grid area. Figure 4 is a photograph of this area
showing the arrangement of the metal fence posts marking the coordinates
of the grid. To minimize any scattering effects, readings were taken at
a distance of about two meters from these metal posts. Radiation measure-
ments were taken at heights of 25, 50, and 100 cm above the ground. Before
taking each set of three readings the instrument was zero-adjusted. During
the investigation four such separate appraisals were made by using the thin-

walled chamber. Three additional surveys were made at about seventy of the

17
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reference points by using the thick-walled chamber. These latter readings,
however, were taken at only the 100-cm height.

Only the thin-walled chamber was used for measurements in the ungridded
ecology area. The procedure for taking measurements was the same as followed
in the grid area. Because the reference points were fairly far apart (30
meters), measurements were taken at points approximately midwsy between each

reference stake. Three separate surveys were taken in this area during the

study.

Film

More than four hundred films were exposed to the radiation field
above the lake bed during the period of time in which the ionization cham-
ber readings were taken. Films were placed near the ground at 250 of the
reference points in the two ecology study areas and at 30 points above the
agricultural plot. About ninety film monitors were placed at 100-cm heights
upon the reference posts in the grid area (Fig. h), and 8 few films were
used to determine the radiation dose rates at heights up to 15 meters.

The film dosimeters used to measure the radiation field near the
ground were taped to wire wickets. These wickets were constructed of No. 9
wire sharpened at both ends and bent to form a wigket 10 Cm across with legs
18 cm long. The wickets with the attached film were set into the ground
1 meter away from the reference posts and in such a manner that the film was
parallel to and 5 cm above the ground surface.

The procedure used in the placement of the films above the agricultural

plot was somewhat different. In this case a rope, supported by rods pushed
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into the ground, was stretched 25 cm above the central part of the agri-
cultural plot. The film packets were then attached to this rope at inter-
vals of 5 meters and in a manner such that the films were 10 cm above the
ground. Also, 10 films were used to compare the radiation at the ground
level in the agricultural plot to that in the surrounding lake bed. This
was done by placing five of the film packets around the periphery of the
agricultural plot and the other five alongside these but in the adjacent
unplowed area. For this comparison the films were mounted on the wickets
and placed at a height of 5 cm. Figure 5 is an aerial photograph of the
lake bed showing the agricultural plot.

Film packets placed 100 cm above the ground were hung on a support
which incorporated the metal fence posts marking the reference points in
the grid area. A metal rod 120 cm in length was connected perpendicular
to the post by means of wire, forming an arm which was about 125 cm above
the ground surface. The film units were then attached to this arm by thin
wire so that they were situated 1 meter from the metal post and 1 meter
above the ground.

The observation pole (note arrow in Fig. 5), located near the agri-
cultural plot, was used to support films to heights from 3 upward to
15 meters sbove the ground. The film units were taped at l-meter intervals
to a rope which went through a pulley fastened to the top of the pole. Ten
films were also placed at the ground level in the vicinity of this pole.

All films were exposed for approximately seventy hours to the radia-
tion field above the lake bed. Immediately after collection the waterproof

wrapper was stripped off the film units, thus removing any contamination.







V. RESULIS

Several methods were used to determine the radiation field above the
lake bed. The dose rate values tabulated in the Appendix are the averages
of all trial measurements made at the listed reference point of the grid
area by each of the methods. Dose rate values listed in the Appendix for
the thin-walled ionization chamber measurements are the averages of four
separate trials. In general, the average deviations of the four trials from
their mean value was 4%. However, at a few points where the average dose rate
was less than ten scale units, the average deviation was as high as 14%. Three
trials were used to calculate the mean value of measurements taken with the
thick-walled ionization chamber. The average deviation of the measurements
taken by this instrument was 5%. Dose rates iisted for film measurements are .
those of the single survey made by the film monitors.
The methods used to determine the radiation field above the lake bed
gave varied resulits depending upon the detector used and its distance from
the ground. For this reason comparisons using different combingtions of
instruments and heights were made. The values tabulated in the Appendix were
utilized for this purpose. The relative responses of the detection devices
tc the radiation field at various heights are summarized in Fig. 6. These
values were calculated by first averaging all readings in the grid area )
taken with a particular instrument at a given height. This mean value was

then related to the average reading obtained with the thin-walled ionization

22
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chamber held 100 cm above the ground at the same reference points. In
all cases an arbitrary value of ten units was used as the response of the
thin-walled ionization chamber.

The measurements obtained at the 100-em height with the thick-walled
ionization chamber and the thin-walled chamber were spproximately the same
(Fig. 6). Because the thick-walled chamber detects only gamma radiation
and the thin-walled chamber detects both beta and gamma radistion, the simi-
larity of readings obtained by the two chambers indicates that the beta com-
ponent of the radiation field at the 100-cm height is negligible. The absence
of a sizable beta component is a result of the distribution of radionuclides
within the lake bed soil (Chapter II). Because beta rays of energies one
Mev or less would be absorbed by .025 cm of soil, only a small fraction of
the beta rays would be detected sbove the ground level. A precise mathemati-
cal determination of the beta radiation above the lake bed in relation to the
distribution of radiomuclides would be difficult to evaluate. However, an
gpproximate value of between one and two mrad/hr was made by considering only
the beta-emitting radionuclides in the upper layers of the soil.

The radiation dose rates above the lake bed decreases with distance
from the ground level. This phenomena is indicated by the comparison of
measurements obtained by the thiﬁpwalled ionization chamber at the 25 and
the 100 cm heights (Fig. 6), An anslysis was made to determine if this
difference was consistant at each of the individusl reference points. In
this analysis dose rates at the two heights which are listed in the Appendix

were compared at 50 randomly selected reference points. The result of the
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analysis was that the difference at 90% of the reference points was gresgter
than the 5% standard deviation of the measurements taken with the ingtru-
ment. The analysis, therefore, showed that the dose rates at the 25-cm
height were consistently higher than gt the I100-cm height. The increased
dose rate measurements obtained with the thin-walled ionization chamber at
points nearer the ground may denote an increase of beta radiation, but this
increase is greatly exaggerated by ground-scattered gemma rays. The increase
of this scattered gamms radiation near the ground is also observed in the
difference of film responses at the 5-cm and 100-cm heights.

A difference of measurements made with the film monitors and the thin-
walled chamber is shown by Fig. 6. This difference in part is due to the
small beta component which is detected by the thin-walled chamber, but is
not registered by the film monitors. Because only one survey wes made with
the film monitors, the measurements taken by this method were not considered
to be as representative of the radiation field as the ionization chesmber
measyurements.

The average readings of the surveys taken at 100 cm with the thin-walled
ionization chamber were used to define the configuration of the radiation
field above the lake bed. The configuration is represented by isodose lines
delineated upon maps of the lake bed area. Dose rates are expressed in
milliroentgens per hour because the radiation at this height is more than
0% ganma.

Radiation measurements above the grid area (Fig., 7) ranged from a low

of no detectable radiation along the southern shore line to & high of 30 mr/hr
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at reference points on the c¢reek bank, A few readings as high as 75 mr/hr
were obtained above sand bars in the creek, but measurements taken within
the creek channel were not considered in defining the radistion field above
the lske bed proper. The average 100-cm dose rate of 16 mr/hr over the
grid area was obtained by calculating the mean of the 100-cm measurements
at all reference points.

Only small fluctuations of the dose rates sbove the grid area were
observed during the period of study. An analysis of the measurements ob-
tained in the four separate surveys disclosed an average absolute fluctua-
tion at each reference point of about 1 mr/hr. The error of measurements
taken by the thin-walled ionization chamber is usually considered to be also
lO% for all readings above 5 mr/hr. This error is primarily due to the fact
that the instrument scale can only be read to the nearest mr/hr. Also there
are small errors introduced by the slight nonlinear response of the instru-
ment to the different radiation energies. Because the average absolute fluc-
tuation of the radiation field was within the 10% error, the radiation field
above the grid area was considered to be stable.

Dose rates above the ungridded area (Fig. 8) were, on the average,
about 75% higher than those above the grid area. It was found that readings
at some points in this area varied as much as 50 mr/hr at different surveys.
The fluctuating radiation field was mainly confined to a region within the
central portion of the upper lake bed. This region receives an influx of
Ruthenium-106 from a set of radicactive waste pits in the vicinity and is

also characterized by a high and variable water table. The RulO6 is
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transported across the lake bed by the water. Accordingly, as the ruthe-
nium moves, the radiation field will fluctuate at points in the region.

The fluctuating radiation field is also a result of the water level itself.
When the water level is relatively high, it produces a media which absorbs
a part of the radiation. As the water level drops, this absorbing medis
is, of course, decreased. The fluctuating radiation field is then the re-
sult of the moving of the ruthenium and the variable water table. At iso-
lated points within this region the air dose rates were observed to be as
high as 100 mr/hr. Since reference points were 30 meters apart in this area
as opposed to the 10-meter distance in the grid area, the configuration of
the radiation field was not as well defined.

The pattern of the radiation field above the lake bed was delineated
by isodose lines at intervals of 15 mr/hr. Figure 9 shows the nonuniformity
of the radiation field above the ecology aress. The regions with associ-
ated radiation of high dose rates are located at the eastern or inlet end
of the lake bed within the ungridded ecology area. The dose rates progres-
sively decline with distance from the inlet end of the lake bed. Regions
of lowest dose rates are located along the shore lines. Dose rate transects
of the radiation field above the two ecology areas (Figs. 10a and 10b) also
show this horizontal pattern of the radiation field. The six separate dia-
grams represent transects at different distances from White Qak Dam. The
radiation as revealed by each of the diagrams is at a minimm above the
shore lines and increases to a maximum above the body of the lake bed.

An attempt was made to correlate the radiation as represented by the

dose rate transects with the depth of sediment as determined by TVA in 1953
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when the lake was pr’eSent,E3 In Figs. 10a and 10b the dose rate transects
are plotted with the equivalent ecross sections of sediment depositions,

Two relationships between silt deposits and dose rates are indieated by
these data. One is the positive correlstion existing between the depth

of 8ilt deposited aeross the lake bed and the associated radiation. This
correlation is denoted in each of the diagrams by the general similarity
between the relative amounts of silt deposits and the relative rediation
dose rates at various distances from the southern shore line. The other
relationship is a negative correlation between the dose rates and the depth
of silt deposited at varying distances from the dam. This relationship can
be noted by comparing the diagrams at various distances from the White Qak
Dam (Figs. 10s and 10b). At 5,300 ft from the dam only small depths of
silt are present but rather high radiation dose rates, Conversely, at the
1,400 ft distance from the dam there are relatively large depths of silt,
yet a less intense radiation field.

The radiation gbove the sgricultural plot was found by film measure-
ments to vary between 9 mr/hr and 17 mr/hr. The plot had been plowed
recently before the measurements and was extremely rough; therefore, part
of the variation noted was probably due to the difference in scattering
of the gammsz rays. The effect of plowing was evaluated by placing films

over unplowed portions of the lake bed adjacent to the plowed area. These

EBAJ S. Frye, Sediment Investigation of White Osk Creek and Leke,
Roane County, Tennessee, TVA, Hydrsulic Data Branch, Chattanooga (1953).
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data indicated that dose rates gbove the agricultural plot had been
decreased 25% as a result of the plowing.

The relative dose rates of the radiation at various heights above
the lske bed are shown in Fig. 11. This graph is based on readings ob-
tained from films placed on the observation pole at heights of 3 up to
15 meters. All the measurements at these heights were related to the
average of the measurements taken with the ten films at ground level.
The decrease in dose rate as a Tunction of height is less over the lake
bed than the germa radiation above a fallout type conta.mination.24 This
dissimilarity in slopes is related to the differentisl distribution of
the radionuclides in the examples. Fallout contamination is usually con-
sidered to be spread on top of the ground, thus forming a plane source,

whereas the lake bed is more like a large volume source.

24R. L. Mather, Residusl CGamms Radiation Field from Induced Soil
Activities, USNRDL-TR-240, 7 (April 9, 1958).
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VI. DISCUSSION

The radiation field above the lake bed is c¢losely related to the
distribution of contaminating materisl. Consequently, the radiation field
(Figs. 7, 8, 9) 1s an indication of the present distribution of radio-
nuclides. Any alteration in the present distribution would, of course, be
reflected by a change in the associated radiation field.

The original distribution of the radionuclides was a consequence of
their absorption by sediment and organisms in the lake and the subsequent
deposition of this contaminated material on the lake bottom. This deposi-
tion was controlled by several factors, including the varying current pat-
terns and water levels of the lake. Cross sections of the sediment deposits
(Figs. 10a and 10b) reveal the resultant deposition of sediment and thus the
distribution of radionuclides on the lake bed. The increase of the dose
rates compared to the depth of sediment toward the inlet of the lake indi-
cates that sediment deposited here was contaminated to a greater degree than
that deposited farther downstream. This higher degree of contaminatiom was
partially the result of the sediment's being subjected to concentrations
of radionuclides before their dilution by the lake water. Consequently,
the probability that a particle of sediment or an organism would absorb the
radionuclides is greater than at points downstream where the ratio of the
radionuclide concentration in the water to the concentration of sediment

and living organisms was less.

36
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Draining the lske brought an end to the major influx of contami-
nating material. Since then some changes have been induced in the original
distribution. These changes have resulted from a mumber of environmental
factors whose effects are manifest in the present configuration of the radia~
tion field. Portionms of the lake bed have been and still are subject to
erosion. This erosion removes the contaminsnts which are intermixed with
the soil. The region of low dose rates along the southern shore line of
the grid area (Fig. 7) is partially due to soil erosion of the upper layers
of silt. The thin band of low dose rates along the north bank of the gridded
area (Fig. 7) is also due in part to erosion. In this case uncontaminsted
soil from the area adjacent to the lske bed has been deposited over the con-
taminated soil, subsequently absorbing part of the radiation.

White Oszk Creek, which flows through the ares, is still used as a
part of the laboratory radioactive waste disposal system. During normal
weather conditions the radionuclides deposited within the creek channel
would have little effect upon the radiation field above the lake bed proper.
However, at times of heavy rainfall the creek overflows, and may deposit
some of the contaminated silt over the surrounding region. The high radis-
tion dose rates at points near the creek (Fig. 7) are probably due in part
to such phenomens.

Three radiocactive waste pit325 are located near the upper lske bed

(Fig. 12). Some of the 1iquid radioactive waste stored in these pits seeps

2%%. E. Cowser and F. L. Parker, "Soil Disposal of Radioactive Wastes
at ORNL: Criteris and Techniques of Site Selection and Monitoring," Health
Physics 1, 152-163 (1958).
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out into the surrounding region and follows a natural drainage line into
the lake bed. The primary fission product in this moving material is
Ru;06 because all other radionuclides are absorbed or otherwise held up

by the soil and rock formations surrounding the pits. It has been esti-
mated that in 1957 approximately 200 curies of RulO6 were deposited in the
lake bed, of which possibly 60 curies have moved into the creek.26 The
drainage seep containing the Ru;06 enters the upper lake bed near the mid-
dle of the northern shore line (represented by the arrow in Fig. 12).

From this point the material apparently spreads out over the lake surface
in a fan-shaped pattern which is demarcated by the air dose rates of 30-
45 mr/hr’(Fig. 9). This portion of the bed is also characterized by a high
water table resulting from the input of the drainage seep. Fluctuations
of the dose rate measurements above this area are due to the effect of the
unstable water level and the movement of RulO6.

It is apparent that envirommental factors have influenced the con-
figuration of the radiation field above the lake bed. The loss of radio-
nuclides by radioactive decay will also change the radiation field by
lowering its dose rate. An estimate of the rate at which the dose rate
will be lowered can be made if the concentration of nuclides now present

and the contribution of each type to the total radiation field is knownm.

This estimation was made by using a formula derived by Morgan.27 The

26K. E. Cowser et al., "Soil Disposal of Intermediate-Ievel Wastes,"
Health Physics Annual Progress Report, ORNI-2590, 15 (1958).

27K. 7. Morgan and H. M. Parker, Health Control and Nuclear Research,
in preparation.
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formula was applied by utilizing the concentration of radionuclides con-
taminating the grid area (Fig. 3) and by considering this area to be a
large volume source.

Two assumptions were masde in order to facilitate the application of
the formula. The first was that the grid area approximates an infinite
10-cm-~-thick slab source. The"second assumption was that the nuclides are
distributed throughout the slab in a uniform manner. These assumptions
should not introduce significant errors as the grid area is large (lO acres)
and the equation is solved for the average dose rate over the entire area.

The equation derived by Mgrgan for relating the expected dose rate

of the radiation field to the amount of contaminastion is

D= z == W§n, G, [1 - E, ‘(‘uihi) } . Eq. 1

In this equation D is the dose rate in roentgens per hour sbove an infinite
slab source in which radionuclides (i = 1,2,3...) are uniformly distributed
to a depth hi; ui is the coefficient of absorption of the slab source with

inverse centimeter units; N is the total concentration of radionuclides

in millicuries per cublc centlimeter units; n, 1s the fraction of N of the

1

ith nuclide; Gi is the dose rate in roentgens per hour at a distance of

1l em in air from a one millicurie polint source of nuclide i; and E2 is an
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E-function of the second order. The EE functions are related to first

order exponential functions (El), a tabulated function,28 by the formula
Ey(b) =€ - b £ (b) (ref. 29) Eq. 2

Radionuclides considered in the evaluation of Eq. 1 were 03137 - 33137,
Celhh - Ba137, Ce]"mL - Prlhh, 0060 and the trivalent rare earths. These are
the gamma emitters of sufficient concentrstion (Fig. 3) to make significant
contributions to the radiation field. In the case of the trivalent rare
earths it was assumed that each disintegration released g .76 Mev gamms ray.
Essentially all beta particles would be absorbed by the soil; therefore, beta
decays were not considered.

To solve this equation a murmber of variables must first be determined.
Relating roentgens per hour to energy imparted by gamma rays in air, the solu-

tion of Gi becomes

- =2 (y
G, = 1.5 x 10 (u—cs)iin Eq. 3

In Eq. 3 (u - Gs)i is the total coefficient of absorption of gamma rays by

alr minus the secattering coefficient, and Ei is the total gamms ray energy

28National Bureau of Standards, Tables of Sine, Cosine, and Exponen-
tial Integrals, Vols. I and II, New York, 1940 (motation of El in these
tables is El,(?c) = -El(—X) ).

29K. Z. Morgan and H. M. Parker, Health Control and Nuclear Research,
in preparation.
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released for each disintegrationm of nuclide i. Since (u - cs)i is approxi-
mately the same for all gamms ray energies used in this analysis, the con-
stant value of 3.75 x lO'.5 cm.-l was used. The determination of Gi then

becomes
Gi = 5.63 Ei Eq. b

The product (Nni) is the concentration of isotope i in millicuries
per cubic centimeter of soil. This variable was determined by assigning
a typical density value to the soil of 1.6 g/cm3 (ref. 30). The concen-
trations (Ci) which are in units of microcuries per 100 g of soil (Fig. 3)
were then converted to units of millicuries per cubic centimeter by the

relation

Ci
100

n.N = x 1070 x 1.6 Eq. 5

Values for u, were obtained by using the mass absorption coef-

s : 1 . ; .
ficlents of alumlnum,5 a substance similar in character to soil. These

3OT. L. Lyonm, H. O. Buchman, and N. C. Brady, Nature and Properties
of Soils, 5th ed., pp. 57, 63, Macmillan, New York, 1952.

31G. R. White, X-ray Attenuation Coefficients 10 Kev to 100 Mev, NBS
Report No. 1003 (1952).

3
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were converted to coefficients of absorption for soil by the relation
Yy
(ui)soil = <’—E~> al p soil Eq. 6

Once the proper values for the variables have been substituted into
Eg. 1, the solution for D becomes 11 mr/hr. This value for D considers
only direct unscattered radiation and thus is an underestimate of the sctual
radiation field. One method by which the scattered radiation may be included
in the dose rate computation is to use absorption coefficients which do not
include the scatter component; This has been done by again using the gbsorp-
tion coefficients of sluminum with u, in Eq. 6 now being replaced by (u - Gs)i'
After substitution of (u - Us)i for u; in Eq. 1, the solution for D becomes
18 mr/hr. This is in favorable agreement with the average radistion field
above the area of 16 mr/hr as determined with the ionization chamber,

The contributions of the various nuclides to the total radiation field
were determined by the solution of Eq. 1. It was found that 05137 contributed
46%; 0060 — 42%; TVRE — 11%; and Celm*- less than 1%, The decline of the
radiation field gbove the lske bed due to radiocactive decay will be mainly
controlled, therefore, by the 33 year half-life of 08137 and the 5.3 year
half-life of 0060.

It is evident that both the configuration and the dose rate of the
radiation field above the lake bed will vary in future years as the distri-
bution and concentration of radionuclides change. Therefore, it is recom-

mended that future determinations of the radistion field be mede. These

future investigations would be of value in fulfilling the function of
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redefining the radiation field. Moreover, the data of a future survey,
used in conjunction with physical and chemical measurements made during
the interim, would provide a basis for evaluating, at least qualitatively,
the role of envirommental factors affecting the distribution and concen-

tration of radionuclides.




APPENDIX T

Radiation Measurements Above White Qak Iake Bed
(Grid Area)

The accompanying table lists the dose rates of the radiation field
at each reference point in the ecology grid area as determined by various
methods., All dose rates listed in the table are results of surveys taken
between September 1 and December 20, 1958.

Listed in the first c¢olumn of the table are the reference points
of the grid. The grid forms a rectangular coordinate system using the
numbers 1 through 31 and the letters A through Q.

The second, third, and fourth columns are the averages of four
separate readings taken at each of three heights by the ionization cham-
ber with the thin-walled chamber in place. The listed number represents
the dose rates due to the total (beta and gamma) radiation field. There
are no expressed units for these dose rates; but they are equal in magni-
tude to the nmumber of milliroentgens per hour of gamma radiation csusing
the game instrument response.

The fifth column is the average of three surveys taken with the
thick-walled chamber in place. These readings represent the gamma com-
ponent of the total radiation =md are in dose rate units of mr/hr.

The ionization chamber used in the surveys was not accurate in
radiation fields of less than 10 mr/hr (units). Therefore, those listed

readings of less than 10 mr/hr (units) may have large errors.

hs
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The last two columns list the radiation as detected by the film
monitors. Sinee the films were used only to detect gamma rays, these

readings also are listed in dose rates of milliroentgens per hour.
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RADTATION MEASUREMENTS
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RADTATION MEASUREMENTS

WHITE OAK IAKE BED (contd.)

Tonization Chamber

Thin Wall

Film

Thick Wall

100 em 100 cm 100 cm 5 cm

50 em

25 cm

(Height from ground surface)
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- mr/hr
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

Ionization Chamber

Thin Wall Thick Wall Film
25 cm 50 em 100 cm 100 cm 100 em 5 em
Coordinate (Height from .ground surface)
1-C 21 units* 19 units* 16 units* - mr/hr - mr/hr 17 mr/hr

2-¢ 11 12 13 - 13 15
3-C 9 9 9 - - T
h-C 5 5 > - - -
5-C Y L 4 - - 6
6-C 11 10 9 - - -
7-C 10 10 10 - - 10
8-C 12 11 11 - - -
9-C 6 6 7 - - 9
10-C 10 10 10 - - -
11-C 9 9 9 - - 9
12-C 7 7 6 - - -
13-C 9 9 9 - 9
14-C 8 8 8 - -
15-C 8 9 9 - - 8
16-C 14 13 12 - - -
17-C 11 11 10 - - 10
18-C 13 12 12 - - -
19-C 11 10 10 - - 10
20-C 10 9 9 - - -
21-C 13 12 12 - - 12
22-C 15 1y 14 - - -
23-C 15 15 15 - - 13
24-C 14 13 12 - - -
25-C 11 11 11 - - 10
26-C 12 11 10 - - -
27-C Y 4 5 - - 6
28-c 14 14 13 - - -
29-C 18 18 17 - - 16
30-C 12 16 15 - - -

51-C 9 9 8 - - 10
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.,)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 cm 100 cm 100 em S5 cm
Coordinate (Height from ground surface)
1-D 29 units* 28 units* 26 units* - mr/hr - mr/hr 30 mr/hr
2-D - - - - - -
3-D 27 26 24 - - -
4-D 11 10 10 10 10 11
5-D 9 9 8 - - -
6-D 13 12 11 11 11 10
7-D 16 15 15 - - -
8-D 15 14 1k 1k 13 13
9-D 13 13 13 - - -
10-D 11 11 11 10 10 11
11-D 10 10 10 - - -
12-D 10 9 8 9 10 10
13-D 8 7 7 - - -
14-D 11 11 11 - - 10
15-D 14 13 12 - - -
16-D 17 16 15 15 15 14
17-D 18 17 16 - - -
18-D 15 15 15 1L 13 13
19-D 17 15 15 - - -
20-D 18 17 16 16 13 14
21-D 20 20 19 - - -
22-D 20 19 18 16 14 17
23-D 20 19 18 - - -
24-D 18 17 16 16 14 15
25-D 20 20 19 - - -
26-D 21 20 19 17 15 21
27-D 19 19 18 - - -
28-D 16 15 14 13 12 13
29-D 20 20 18 - - -
30-D 20 20 18 16 14 16

31-D 13 12 11 - - -




RADIATION MEASUREMENTS
WHITE OAK IAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 cm 100 cm 100 ecm 5 cm
Coordinate (Height from .ground surface)
1-E 30 units* 30 units* 27 units* - mr/hr - mr/hr 30 mr/hr
2-E 28 27 25 - - -
3-E - - - - - -
4 17 17 17 - - -
5-E 14 13 12 - - 13
6-F 1 ik 13 N - -
7-E 17 16 15 - - 14
8-E 17 16 15 - - -
9-E 17 17 15 - - 14
10-E 18 17 16 - - -
11-E 12 12 12 - - 11
12-E 12 11 11 - - -
13-E 10 9 9 - - 9
14-E 11 11 10 - - -
15-E 19 19 18 - - -
16-F 20 20 19 - - -
17-E 21 21 20 - - 19
18-E 20 20 19 - ~ -
19-E 21 21 20 - - 21
20-F 23 22 21 - - -
21-F 24 23 23 - - 21
22-F 25 24 23 - - -
23-E 27 25 23 - - 26
2L-F 25 23 22 - - -
25-E 21 21 2C - - 10
26-E 20 19 18 - - -
27-E 20 20 19 - - 10
28-E 22 21 20 - - -
29-F 22 21 21 - - 18
30-E 23 22 20 - - -

31-E 18 17 15 - - 16
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RADTATION MEASUREMENTS
WHITE OAK IAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 em 50 em 100 em 100 em 100 cm 5 ¢em
Coordinate (Height from ground surface)
1-F 28 units* 27 units* 25 units* - mr/hr - mr/hr - mr/hr
o-F 32 30 27 - - 29 ,
3-F 25 24 =it - - -
4-F - - - - - -
5-F 20 20 18 - - -
6-F 17 16 15 - 14 13
7-F 16 15 1k - - -
8-F 15 15 15 1k 14 13
O-F 19 18 18 - - -
10-F 14 14 14 14 13 12
11-F 18 18 17 - - -
12-F 17 16 15 - 15
13-F 19 18 17 - - -
14-F 16 15 15 1k 14 15
15-F 16 15 15 - - -
16-F 23 22 21 20 18 18
17-F 22 22 21 - - -
18-F 28 26 25 22 21 22
19-F 26 25 24 - - -
20-F 30 28 26 oL 20 23
21-F 27 26 25 - - -
22-F 25 24 23 22 17 20
23-F 27 26 24 - - -
2L4-F 23 o2 21 20 17 19
25-F 23 21 20 - - -
26-F 20 20 20 20 16 17
27-F 22 21 21 - - -
28-F 20 20 18 19 15 15
29-F 21 20 19 - - -
30-F 19 20 19 19 14 15

31-F 18 18 17
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RADIATION MEASUREMENTS
WHITE OCAK IAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 com 100 cm 100 em 5 em
Coordinate (Helght from ground surface)
1-G 16 units* 15 units* 16 units* - mr/hr - mr/hr 10 mr/hr
2-G 22 21 20 - - -
3-G 25 23 22 - - 23
h-G 25 25 23 - - -
5-G - - - - -
6-G 22 22 20 - - -
7-G 17 15 15 - - 14
8-a 15 14 14 - - -
9-G 19 17 17 - - 15
10-G 20 19 18 - - -
11-G 19 19 18 - - 15
12-G 18 18 17 - - -
13-G 17 16 16 - - 17
14-G 21 20 19 - - -
15-G 21 20 19 - - 16
16-G 23 23 21 - - -
17-G 24 23 22 - - 22
18-¢ 24 23 21 - - -
19-G 2k 23 21 - - 2l
20-G 26 26 24 - - -
21-G 27 25 23 - - 20
22-¢ 20 20 19 - - -
23-c 20 19 18 - - 19
24-c 17 17 16 - - -
25-G 19 19 17 - - 17
26-G 2k 22 21 - - -
27-G 23 21 21 - - 18
28-G 20 19 18 - - -
29-G 22 21 20 - - 18
30-G 19 19 18 - - -
31-G 18 18 17 - - 16
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 em 100 em 100 em 100 cm 5 cm

Coordinate (Height from ground surface)

1-H 29 units* 28 units* 26 units* - mr/hr - mr/hr - mr/hr

2-H 18 19 17 12 12 10

3-H 18 18 18 - - -

4| 18 16 16 14 14 16

5-H 1k 14 13 - - -

6-H - - - -

7-H 22 22 20 - -

8-H 19 18 17 1k 16 15

9-H 20 19 18 - - -
10-H 17 17 15 14 14 14
11-H 20 19 18 - - -
12-H 17 17 16 14 16 14
13-H 21 20 19 - - -
14-H 23 22 21 - 20
15-H 22 21 20 - - -
16-H 21 20 19 16 16 18
17-H 20 20 19 - - -
18-H 19 18 18 15 13 15
19-H 2l 20 19 - - -
20-H - - - - - -
21-H - - - - - -
22-H - - - - - -
23-H - - - - - -
24-H 19 17 15 - - -
25-H 18 16 15 - - -
26-H 19 17 16 1k 14 15
27-H 21 20 19 - - -
28-H 26 24 22 18 16 16
29-H 25 25 24 - - -
30-H 26 2L 22 21 - 19

51-H 22 21 20
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

TIonization Chamber

Thin Wall Thick Wall Film
25 cm 50 em 100 cm 100 cm 100 cm 5 cm
Coordinate (Height from ground surface)
1-1 31 units* 29 units* 27 units* - mr/hr - mr/hr 24 mr/hr
2-1 31 29 26 - - -
5-I 26 26 24 - - 16
-1 25 24 22 - - -
5-1 28 26 24 - - 23
6-I 18 18 17 - - -
-1 - - - - - -
8-1 30 27 26 25 24 21
9-1 23 21 19 - - 17
10-1 22 20 17 - - -
11-1 22 21 20 - - -
12-1 25 23 21 - - -
13-T 23 21 20 - - 20
14-T 14 14 13 - - -
15-T 16 15 15 - - 15
16-1 23 21 19 19 17 16
17-1 21 20 19 - - 18
18-1 19 18 16 - - -
19-T - - - - - -
20-T 26 23 e2 - - -
21-T 19 18 17 - - -
22-1 19 19 17 - - -
23-1 20 18 16 - - -
24-1 - - - - - -
25-1 - - - - - -
26-T - - - - - -
o7-1 - - - - - -
28-1 - - - - - -
29-1 - - - - - -
30-I - - - - - -

31-I - - - - - -
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

Tonization Chasmber

Thin Wall Thick Wall Film
25 em 50 em 100 cum 100 cm 100 em 5 cm
Coordinate (Height from ground surface)

1-J 19 units* 19 units* 19 units* - mr/hr - mr/hr - mr/hr

2-J 22 22 21 18 15 16

3-J 20 o7 oL - - -

heg 22 21 20 17 16 13

5-J 19 19 19 - - -

6-J 26 25 23 19 18 19

7-J 24 21 21 - - -

8-J 27 25 ol - -

9-J 30 30 25 - - -
10-J 18 17 15 14 13 1k
11-g 25 23 21 - - -
12-J 26 25 23 18 15 16
13-J 23 20 19 - - -
14-J 20 17 16 15 13 15
15-J 19 17 15 - - -
16-J - - - - - -
17-J - - - - - -
18-J - - - - - -
19-J 29 26 22 - - -
20-J 24 22 21 - - -
21-J 27 25 23 - - -
22-J o7 25 23 20 19 19
23-J 28 26 24 - - -
) 29 26 24 20 18 20
25-J 28 27 25 - - -
26-J 27 24 21 19 16 17
27-J 26 25 21 - - -
28-J 2k 23 21 17 16 16
29-J 28 26 oL - - -
30-J 26 25 22 18 18 18
31-J 27 25 23 - - -




e?

57

RADTATTON MEASUREMENTS
WHITE OAK IAKE BED (contd.)

TIonization Chamber

Thin Wall Thick Wall Film
25 em 50 em 100 em 100 em 100 em 5 cm
Coordinate (Beight from ground surface)

1-K 29 units* 27 units* 25 unite* - mr/hr - mr/hr 23 mr/hr

2-K 28 27 26 - - -

3-K 28 26 2k - - 20

h-x 22 22 21 - - -

5-K 26 2k 22 - - 21

6-K 11 11 13 - - -

7-K 1k 15 15 - - 10

8-x 29 26 21 - -

9-K - - - - - -
10-K - - - - - -
11-K 43 38 30 - - 25
12-K - - - - - -
13-X 26 22 20 - - -
1h-X - - - - - -
15-K - - - - - -
16-X 20 18 15 - - -
17-K 23 20 18 - - 17
18-k 28 28 2k - - -
19-X 29 27 24 - - 28
20-K 28 26 23 - - -
21-K 29 27 25 - - 30
22-K 30 27 27 - - -
23-K 31 29 o7 - - 21
2h-K 31 29 28 ~ - -
25-K 31 29 28 - - 28
26-K 31 30 28 - - -
27-K 32 31 28 - - 29
28-K 31 29 27 - - -
29-K 29 28 26 - - 28
30-K 27 26 25 - - -
31-K 26 26 26 - - 26
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RADIATION MEASUREMENTS
WHITE OAK IAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 cm 100 cm 100 cm 5 cm
Coordinate (Height from ground surface)
1-1L 37 units* 34 units* 30 units* - mr/hr - mr/hr - mr/hr
2-1 30 29 27 24 17 17
-1 32 30 27 - - -
h-1, 27 26 25 25 17 18
5-L 23 23 22 - - -
61, 17 16 13 12 1k 13
T-1L 13 12 11 - - -
8-1 20 17 15 16 10 16
9-L 20 18 15 - - -
10-1L 10 10 10 10 9 8
1li-L 11 10 10 - - -
12-L 1k 13 12 11 9 8
13-1 12 11 10 - - -
14-1, 10 9 9 10 9 8
15-L 20 20 19 - - -
16-1L 20 20 19 18 16 17
17-L 15 1k 14 - - -
18-L 22 21 19 - - 16
19-1L 25 23 22 - - -
20-L 24 23 21 19 18 17
21-1, 17 16 16 - - -
22-1L 20 19 19 18 17 16
231, 22 22 22 - - -
24-1, 25 25 23 20 18 19
25-L 25 23 22 - - -
26-1L 25 ok ok 22 21 19
27-1L 25 25 23 - - -
28-1L 25 2k 2k - - 19
29-L 2k 2k 2k - - -
30-1L 25 25 24 22 19 19

51-L 25 25 23 - - -

a5
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

Ionization Chamber

Thin Wall Thick Wall Film
25 cnm 50 cm 100 cm 100 cm 100 cem 5 cm
Coordinate (Height from ground surface)
1-M 23 units* 23 wmits* 23 units* - mr/hr - mr/hr 27 mr/hr
2-M 2k 23 21 - - -
3-M 33 22 21 - - 20
LM ) 22 21 - - -
5-M 22 22 21 - - 19
6-M 23 23 21 - - -
7-M 21 21 21 - - 14
8-M 18 18 17 - - -
9-M 1L 13 13 - - 15
10-M 11 11 11 - - -
11-M 15 14 13 - - 17
12-M 20 19 17 - - -
13-M 23 22 21 - - 19
14-M 26 25 23 - - -
15-M 29 27 25 - - 23
16-M - - - - - -
17-M - - - - - -
18-M - - - - - -
19-M 7 T 7 - - 9
20-M 11 11 11 - - ~
21-M i 4 5 - - 18
22-M 14 1L 13 - - -
23-M 25 23 21 - - 29
24-M 27 25 23 - - -
25-M 25 2l 23 - - 28
26-M 27 25 ok ' - - -
27-M 27 25 25 - - 29
28-M 25 25 24 - - -
29-M 23 22 22 - - 23
30-M 22 21 21 - - -

31-M 22 21 22 - - 26
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RADIATION MEASUREMENTS
WHITE OAK IAKE BED (contd.)

Tonization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 cm 100 cm 100 cm 5 cm
Coordinate (Height from ground surface)
1-N 23 units* 22 units* 21 units* - mr/hr - mr/hr - mr/hr
2-N 22 21 20 21 18 20
3-N 22 22 21 - - -
h-N 22 22 20 20 16 19
5-N 13 13 13 - - -
6-N 18 18 16 15 12 1k
7-N 18 18 17 - - -
8-N 1k 13 12 12 13 12
9-N 10 10 10 - - -
10-N 8 8 8 8 9 9
11-N 11 10 10 - - -
12-N 16 15 1k 10 10 1k
13-N 22 21 19 - - -
14-N - - - - - -
15-N - - - - - -
16-N - - - - - -
17-N - - - - - -
18-N - - - - - -
19-N - - - - - -
20-N - - - - - -
21-N - - - - - -
22-N - - - - - -
23-N - - - - - -
24-N i i 4 T
25-N i ly 5 - - -
26-N - - - - - -
27-N 15 15 14 - - -
28-N 23 23 21 20 17 23
29-N 26 25 24 - - -
30-N 24 24 23 22 19 21
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RADIATION MEASUREMENTS
WHITE OAK LAKE BED (contd.)

Ionization Chamber

Thin Wall Thick Wall Film
25 cm 50 cm 100 cm 100 cm 100 em 5 cm
Coordinate (Height from ground surface)

9-0 T units* 7 units* 7 unite* - mr/hr - mr/hr - mr/hr
10-0 10 9 9 - - -
11-0 14 13 11 - - -
29-0 1k 13 13 - - -
30-0 22 21 20 - - -
351-0 14 14 14 - - 16

8-P 7 T 6 - 7

9-P 8 8 8 - - -

9-Q 10 8 7 - - -

*These readings have no expressed units but are dose rates being
equal in magnitude to the milliroentgens per hour of gamma radiation
causing the same instrument response.
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