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USING THE RADIOISOTOPE SEDIMENT DENSITOMETER
ON SABETHA LAKE IN KANSAS

by

Berman &. Helnemann 1/

INTRODUCTION

The ?adioisotepe sediment dengitometer (RSD) 1s an instrument for deter-
mining the dry density of saturated submerged sediments. It works on the
principle that gamma rays are scattered by electrens in the sediment ard water,
and this scattering is related to the density.

Gamma rays are emitted by the scurce (cobalt 60}, .and scattered by elec-
‘trons in the sediment and water. Scme of the gamma rays are bounced back to
a detector, where they are measured. The intensity of the radiation scattering
is dependent upon the electron density of the surrounding substance. The
density of sediments is also propértional to the electron density, and,
therefore, the radiation. scattered to the detector its a functicn of the wet
density of the saturated sediment. This is explained more fully by Timblin,2/

The wet density of saturated sediment {s determined by the relative pre-
portions of water and sediment. If the speclfic gravity of these twoc mate-
rials 1s koown, the dry density of the sediment can be determined. This

relationship is shown in the equation

o . G(H-62.4)
T (6-1)

1/ Hydraulic Engineer, Watershed Technolcgy Research Branch, Scil and Water
Conservation Research Division, Agricultural Research Service,
Lincoln, Nebraska.

2/ Timblin, L. O., Jr., '"Density Measurement of Saturated Submersed Sediment
by Gamma Ray Scattering", Bureau of Reclamation, Chemical Engineering
Laboratory Report No. SI-1l1, dated Mareh 25, 1957.



where D 1s the dry density
& 1s the specific gravity of the sediment
W is the wet density 22 determined with the RSD

The instrument used in ebtaining the density consiszts of a probe, into
which the source of radiatiom (cobalt 60) and the detector are set--separated
by. a cclumn of lead. The purpose of the lead is to assure very little direct
radiztien from the source te the detector. See Figure 1. Starting at the
bottom, the probe (about an inch in diameter) is fabricated with about two
and ¢me~-half inches of lead, the source (60 me of Co-60),.a2 10-inch column
of lesd, a detecting device, and then a micarta tﬁbe for holding the measuring
instrument in place and als¢ used in removing it as necessary to cbtain
readings. The probe can slide through the lead working shield which provides
protection from radiation amd weight to sink it inte sediment. This working
‘tool is. pictured and explaived more fully by Timblinhg/

This radioisotope sediwment densitometer was developed by the Denver of-
fice of the Bureau of Reclamation, Department of the Interior, during 1956 and
1957. The development project was sponsored by the Sedimentation Subcommittee
of the Federal Inter-Agency Committee on Water Resources. Various federsl
agencles contributed funds to help finance the research program.

The RSD was the first instrument of its kind employing radicactive prin-
ciples tn» determine densities of underwater saturated sediments. It was a
big step forward ia the study of reservoir sedimentation, and was instrumental

in the development of the sediment density probe fer the Beach Erosion Beard,

Corps of Engineers.



Figure 1

RADIOISOTOPE SEDIMENT DENSITOMETER

Figure 1 shows the major components of the RSD:
(1) storage shield, (2) working shield, (3) dosimeter charger,
(4) probe shell, (5) lead colum to separate source and detector,

(6) dosimeter, and (7) dosimeter holder.

Photo by U. S. Bur. of Reclamation



OBJECTIVES OF THIS STUDY
The objectives of -this study of the RSD were as follows:
{1) To become more familiar with the instrument, and evaluate {it.
(2) To compare the results with the Agricultural Research Service
2-7/8" piston type .standard sampler.
(3) To provide an opportunity for the Sabetha Lake Project.
Cooperators, the Soll Conservation Service and cthers, to

become acquainted with this new working tool.

RACKGROUND

Sabetha Take in Kansas was chosen for testing this instrument because of
the wide range in densities and particle sizes of the reservoir sediment.
Sabetha Lake has been surveyed in 1951, 1952, 1953, 1955, 1956 and 1958, and
a complete history of the lake is available. Range ends are permanently
located and ecan be found easily.

The densitometer was used at some of the same locations at which sedi-
ment density samples were obtained during the 1956 sedimentation survey. The
laboratory analyses results of the 1956 sediment samples (glving density,
specific gravity, and particle size distribution) were available during this
study. Permission to conduet this study was obtained from the Kansas State
Board of Health, Divisien of Sanitation; City of Sabetha, Kansas; and the

Radiological Safety Officer of the Agricultural Research Service.

INSTRUCTION
Before using the RSD, the writer observed the Bureau of Reclamation

engineer’s procedure for obtaining sediment densities. These observations
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were made on the John Martin Reservoir im Colorzde., Additicmnal instruction
was also provided in regard to the operation of this device and the necessary
safety precautiomns to observe, by Mr. L. 0. Timblin, Jr., and Mr. Q. L. Flary
of the Bureau of Reclamstion Engineering Laboratcry in Denver, Ceclorads.

Reference 2 was also studied.

EQUIPMENT

The following equipment 1g necesgsary in order to use the RSD on =

lake:

Radioigsotope sediment densitometer (RSD)

_Encapsulated Co—6Q souyrce - 60 me

Dosimeter charger:

Spanner wrench

A B-reel and cable for lifting the densitometer and for recording

depth

Personnel dosimeters

Extractor for removing the dosimeter from the probe

Stop watch

Computation forms

Large boat (18' lomg x 6-1/2' wide) and motor

Anchors ‘and rope

"A'-frame for the boat

Wrenches

Sounding bell

Pointed pliers
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Brush for cleaning mud off densitometer

Rags for keeping the dosimeter dry

FIELD OPERATION OF EQUIPMENT

A typical sediment density determination would be made as follows:
the radiovisotope sediment densitometer with the probe in the retracted posi-
tion is lowered .over the side of the boat until only a couple of inches of
the working shield are above water. The probe is then pushed through the
working shield until it is.in the extended position. The cap ¢f the proke
is removed. The dosimeter is removed from the prcbe, charged on the desimeter
charger, read, and placed back into the probe. At the moment the dosimeter
is placed into the .probe, the stop.watch is started. The probe 1s now capped
and the RSD lowered into water or sediment -- depending upen the substance
for which a dosimeter reading is desired. When the RSD enters the sediment,
the time is recorded as '"Time into §ediment". .The device is left in the
substance for a 10-minute period and accurate stop watch readings are taken
to measure the length of time In the sediment because ﬁhe density is derived
from the ratio of RSD readings in sediment to RSD readings in water. (For
‘this reason, several readings for comparative purposes are obtained with the
instrument in water.) After the required test time has elapsed, the RSD is
-raised. At the instant it leaves the sediment, the time is read and recorded
as "Time out of sediment'. When the original position aleongside the boat
is reached, the probe 1s uncapped, the dosimeter removed and read. The
instant the dosimeter leaves the probe, the stop watch is stopped and the

time recorded as ''Stop time.
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The weight of the lead shield provides the impetu: for getting the
‘instrument inte sediment. Fimal penetration is controlled by the resistance
of sediment to the aboye force and alsc by the depth setting on the "B" reel.
The RSD was designed to measure the density. of sediment with a minimum
thickness of two feet. In shallower sediment the deftermination would include
the density of other material and give an erroneocus resule,

.Figure 2 shows a saﬁple-data_sheet for the densify determinations., The
calculations outlined thereon are followed.

During this study (October 1957), two readings were first cbtained for
comparative purposes with the instrument in water at -a location on Range 8
(585 ft. from RBR) where samples were obtained in 1956, The leocation is
shown on Figure 3. This was followed by two separate densitometer messure-
ments of the top two feet of sediment. A sediment core was then taken at the
same point with the Agricultural Research Service standard sampler (2-7/8"
I.D.). From this core, 4" samples were taken at 7"-11"" and at 16"-20" fr m
the top of the sediment.

The next readings were made 807 ft. from R4R on Range R4R - R4L. Here,
-also, two separate readings were taken of the top two feet of sediment. A4
core was also taken at this loecation with the Agricultural Research Service
standard sampler and samples taken at 3-3/4" tc 7-3/4" and at 12-1/2" to
16-1/2" below the top of sediment.

The next readings were taken on this same range but at 1241 ft. from
R4R. Three readings were obtained at this location because there was a
difference of about 40 percent between the dry densities from the first two

readings. A sample was also taken at the same point with the standard



Sample Data Sheat

Sheet of

SEDIMENT DENSITY MEASUREMERT WITH
RADICISOTOPES SEDIMENT DERSITOMETER

Date

Project

{ocation

Surface elevation

Depth to top of sediment

Depth of measurement

Dosimeter number

Pexsonnel

Time:

Dosimeter reedings:
Ficel

Initied

(1) Difference

(7) Water rate

(8) Water correction =(6)x(7)=
(9) Sediment reading =(1)-(8)=

(10) Sediment rate =(9)/(5)=

Remarks:

(2) Into sediment

(3) Out of sediment

(4) Stop time

(5) ™me in sediment =(3)-(2)=~
(6) Transit time =(4)-(5)=

(11) Iotensity ratio, R=(10)/(7)=
Het density

Specific gravity
Dry gdeunsity
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sampler. This was at a depth of 6" te 10" below the top of sediment.

DATA AND RESULIS

A total .of 17 people observed the field tests. None of the participants
or observers recelved an overdose of radiaticon. The maximum was 25 milli-
roentgens (mr) of gamma rays received by the writer. 7The allowable dosage rate
for radiation workers at the time of the field work was 300 millircentgens per
week, but this constantly being revised downward -- especially for yeoung pecple.

All calculations were made in accordance with pages 15, 16 and 27 of
reference 2, previously referred to, and also the calculation form developed
for use with the RSD. Figure 2 is a sample of this caleulation form. The
results of these studies are given in Table 1. The information in columns

headed "1956 Sed. Samples" and "1957 Sed. Samples" periains to samples tzken

with the Agricultural Research Service standard vacuum type sampler.

COMPARISON AND DISCUSSION OF RESIULTS
The results of this study, shown in Table 1, provide an interesting

comparison. The densities which were defermined in 1956, by using the
Agricultural Research Service standard.sampler, 43 well as the RSD densities,
are all closely bunched except for the first reading with the RSD at station
1241 ft. from R4R. There 1s also a considerable difference in the dry
densities between the first two 1957 sediment samples, which were obtained
by using the Agricultural Research Service standard sampler. There was as
mich spread Between RSD.densities as between the standard sampler densities.
The big difference, however, is that when an apprecisble difference dewvelops

between the RSD densities at-a givem point, a perscn is ztill at the locatien



TABLE 1.

== Take Sabetha, Ranzasz == Comparisens of dry densitiiﬁ
from RSD, and 1956 and 1957 sediment samples

¢ 7 1956 Sed. Samples Oct.. 1957 RSD .t Oet, 1957 Sed. Samples
Range: Dist. from: Sample: Specifice Dry : Trial: Specific: Dry : Sample: Specific: Dry
Niy. ¢ range end : No. : gravity : demsifty : Neo. : gravity : demsity : Neo., ¢ gravity: density

$ : ¢ : Lb/ecu fto -, : Lb/cu fte e . MQ&_{E
8 : 585 ft. g 16 s : 47.19 1 : 2.68 < 37.65 « 1 s 2.692 . 55.953

¢ from RBR = 17 : 2.68 : 53.98 . 2 + 2.68 . 36,05 . 2 s 2.668 : 43.77

t i 18 § 52.53 = s 3 . . :

: : :  Avg. 5123 . . Avg. = 36.85 . Avg. 2.68 : 49.86
4 : 807 ft. s 13 . 2.68 43.28 - 1 : 2.70 ¢ 31.92 . 3 «  2.71 ¢ 40.47

s from R4R 14 43.62 + 2 s 2,70 s 34,31 : 4 « 2.689 : 43.36

x H 15 : 2.68 45.49 - 2 & . e 2

i H : Avg. 44,13 : Avg. = 33.12 . Avg. 2.720 : 41.92
4 ¢ 1241 fr. - 9 ¢ 12,72 s 26,01 : 1 s 2,72 : 31.79 . 3 g ladeda g -29.07

: from R4AR : s : 23.01 : 2 e 2,72 e 22.93 ¢ 3 :

5 & 6 | 2.7 ¢ 19.32 . 3 : 2.72 : 19,92 = e

. § s Avg., = 22.78 : Avg., = 24.88 ¢ b

. g . s Avg., 2 & 3 = 21.43 :
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and, therefore, can make additicmnal determinations. This 1z not the csaze when

using the standard sampier, zs disagreements are not exposed until the =zgmplasz

™
la
P

A

The dry densities determined hy using the RSD are conmziderably lesz than
those obtained from the sediment sampling of 1956 and 1957. The RSD densitiss
zre as much as 35 percent lower than those obtained from the samples. When

these RSD dry densities are platted versus the sampler dry densities for 1957,

the points fall in a pattero very similar to those experienced by the Bureau

i

of Reclamation. Flgure 4 shows a comparisen of results of sampling methaods
from field tests. It shows thé results of the Bureau of Reclamation field tests
end also the results of this werk on Sabetha Lake. The seven Sahetha Lake
points show the relationship bhetween individual RSD demsities and the average
density at a location as determined from the October 1937 sediment samples,
Figure 4 points up the need for -additional calibration efforts for either one
or both of the techniques used, to determine the accurate volume weight of
reservgir sediment,

It would seem a3 though the densities determined by wsing the RSD would
be more accurate than the densities obtained by using standard sampler methuds.
Friction is developed inside standard piston type samplers as sediment rizes
inside the sampler, thereby compacting the sediment znd forming a friction
ball. Part of this is pushed ahead of such 2 sampler a2z it moves deeper into
sediment, and additicnal compaction takes place. Such friction should pot be
developed with the RSD.

The sensitivity of the dry densities to the dosimeter readings was nuticed,

25 was the fact that the dosimeter cannot be read closer than plus or minus
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0.1 or 0.2 milliroentgens. This can result in sppreciable differences as

shown in Table 2. This shows that variations betwsen re

n

dings 0.1 high an

those 0.1 low caused differences in dry density wvalues of from 9 to 1

o

_percent.
This may be within the reazlm of necessary sccuracy, but this fact should be

recognized as a possible source of error.

ADVANTAGES
The radicisotope sediment densitometer has 2 number of advantages over
other methods for determining the density of sedirznt. Some of these are:

(1) There 1s a minimum amount of instrument cempaction when

obtaining the density of the top several feet of sediment,

and, therefore, the accuracy here should he greater.
(2) Radioisotope measurements are direct and densities can be

determined in the field. 1If large differencez in densities

occur, additional readings can be made immediately.

(3) This instrument requires less physical exertion.

DISADVANTAGES
The radioisotope sediment densitometer also has a number of disadvantages
over other devices. Some of these are:
{1) The present instrument fulfills its design requirements;
however, an ilmstrument 1s needed for chiaining densities
also at greater depths. The extension device for determing
densities at greater depths is too fragile and easily bert.
When this occurs, it prevents the operater from bringing the

radioactive source back into the gafety shield. Nor is it



TABLE 2. -- Lake Sabetha, Kansas -- Comparison of dry densities
obtained by changing dosimeter readings by 0.1

1 : Recorded : High : Low ¢ Differ- :
Range: Dist., from: Dosimeter: Dry : Dosimeter: Dry : Dosimeter: Dry ¢ ences In :Differ-
_No. : range end s reading : density : reading : density : reading : density : demsities: ences

s s mr : Lb/eu ft: mr ¢ Lb/eu fte mr ¢ Lb/ecu ft: Lb/cu ft :Percent
8 . 585' from : 14.3 : 37.65 : 1&.4 i 35.890 : 14.2 : 39.24 : 3.35 1 9.3

. R8R . 14.3  : 36.05 : 14.4 ¢ 34.13 :  14.2 : 37.64 : 3.51 : 10.3
4 3 807" from : 13.5 . 31.92 . 13.6 . 30.97 : 13.4 s 33.98 : 3.0l : 9.7

. R4R . 13.5 + 34.31 : 13.6 s 31.76 : 13.4 : 35,73 ¢ 3.97 : 12.5
4 ¢ 1241' from: 13.5 : 31.79 : 13,6 : 30.83 . 13.4 . 33.83 : 3.00 : 9.7

. R4R s 14,7 ¢ 22,93 ¢ 14.8 oz 21,19 :  14.6 : 24.35 :  3.16 : 14.9

: i4.2 : 19.92 : 14.3 . 19.92 : 14.1 = 22.77 : 2.85 : 14.3

—g‘[..




(2)
(3)
(&)

(5)

(6)

(7)
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believed satisfactory to plunge this instrument into deeper
sediment because the werking shield compacts lower sediments,
resulting in erroneous answers. Chances also are that during
such 2 plunge, the lead working shield will penetrate the
sediment first, and the probe containing the source of
radiation and the dosimeter will trail the hesvier, msre com-
pact shield into sediment. This means, then, that the denszity
one obtains is not of undisturbed sediment but a deomsity which
is strongly modified by water -and the scofter -cediments that
£111 the hole left by the plunging instrument.
The RSD method cof obtaining density is more time consuming
in the field.
A possible radiation hazsrd exists.
More costly equipment is necessary.
The RSD and shielding box (about 200 pounds) are awkward to
handle.
For the lakes in which the Department of Agriculture is
interested, one would need a large low draft boat or a
large boat and a small one working together. Large boats
often cannot get clase enough to shore so that workers can
disembark easily.
Only carefully trained personnel should operate this instru-
ment.
Supplemental equipment such as the "B’ reel hoist, "A" frame,

a pocket dosimeter per person, power pack, estc., are essential
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in the use o the densitometer.

(9 The scale on the presenft dosimeter prevents the operator
from mzking readings more accurate than + 0.2 milli-
roentgens. This can cauze a considerable wvaristien in the
dry densgity walue.

{10) This instrument cannot be used to obtain the density of
sediment which is less than about twe feet in thickness.

(11) Another factor is that a standard sampler still has £o5 be
used to get material from which to obtain specific gravity

and the particle size distribution.

CONCLUSTIONS

The Bureau of Reclamation has made g very noteworthy contribution toward
a better way of obtaining the density of reservoir sediments by developing
the radioisotope sediment densitometer. They are to be commended. The thecry
behind the use of this method is well grounded. The RSD was a big factor in
the development of the sediment density probe by Technical Operations,
Incorporated, for the Coxrps of Engineers, Beach Erosion Board.

The present RSD has several outstanding advantages over standard samplers.
Instrument compaction is certainly at a minimum when the apparatus is sperated
within its designed limits, and, therefore, accuracy should be greater. The
fact that samples need not be cobtained for later analysis, and the discrep-
ancles are uncovered at the time in the field are alsc very desirable
features. Although the RSD is more costly, requires more field time, and con-

stitutes a source of danger, the primary disadvantzge is that it should only
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be used to obtain the density of submerged sediments bhetween twe and zhouts
four feet of sediment depth. This deficiency is being overcome, however, by
the Technical QOperations, Incerporated, instrument. Radicactive density
instruments show great promise and further develspment should be planned.

The stated objectives for this study were satisfied, even though many
readings were not made, nor the instrument .operated cver a variety of con-
ditions. A plotting of the data obtained during the study shows that these
pointg fall among the scattering of points experienced by the Bureau of
Reclamation on other lakes.

The loan of this instrument and the other necessary equipment by the
Bureau of Reclamation was appreciated. It is hoped that -additional develop-

ment 1ls contemplated for this type of instrument.



