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USING THE RADIOISOTOPE SEDlME;'NTDENSIT~TER
ON S~ETHALAKE IN .KANSAS

by

Re~n G. Heinemann 1/

INTRODUCTION

The radioisQtope sediment densitometer (RSD) is aninstroment.for deter-

mining the dry densityofsat:u~ated submerged sediments. It works on the

principle that ~amma rays are scattered by electrons in the sediment and water,

8,nd this scattering is rela.ted to.the density.

Gamma rays are emitted by the source (cobalt 60), and scattered by elec-

trons in the sediment and water. SameQf the gamma rays are bounced back to

a detector, where they are.measured. The intensity of the :radiation scattering

is dependent upon the ele~tr~)ndensity of the surrounding substance. ';['he

density of sediments is also propoJ'tional te>the electron density, .and,

therefore, .the radiation scattered to the detector is a. function of. the wet

density of the saturated sediment. This is explained mOire fully by Timblin.ll

The wet density of saturated .sediment is determined by the rel,ative pro..

p017tiqns of water and sediment. If the specific gravity of these two mate..

rials is known, the dry density of the sediment can be determined. This

relationship is shown in the equation

D = G(W..62.4)
..(G-l)

1/ Hydraulic ~gineer, Watershed Technology Resear~h Branch, Sail and Water
Conservation Research Division, Agricul,tural Resea.r~h ~ervice,

Lincoln, Nebraska.

'l:.I Timblin, t. Q., Jr., "Density !fea.13u~ementof Saturated Submersed Sediment

by GaJI1Il\aRay Scatteringt!, Bureau of Reclamation, .Chemical Engineering

~bQratory ~eport No. S1-11, da.ted !farch 25, 1951.
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where D is the dry density

G .is the spe~ific gravity o;f the sediment

W is the. wet gend.ty as determined with the RSD

The. instrument 1IJlsed in I\»btaining the density c«)insistso£aprobe, into

whi.cht,:he S01,1rce of radia.t'.ion (cobalt 60) and the detector are set~-sepa.ra.ted

by. a column of lead.. Thepurp(jseof the lea.d is to a.ssure yerylittle direct

radiation from the $ourceto.the detector" S.ee Fig~:~:e 1.. ~tarting ,at the

bottom, the probe (about an incb in diameter) is fabricated with about two

andone..,balf inches of lead, ,the source (60 me of Co...60), a lO,.inchco:i.umn

of lead, a detectingdeyice, and thenamicarta tube forholclingthemeasuring

instru.ment in place and als'!> used in removing .Has nece.ssaryto obtain

readings.. 'rheprobe can slide through the lead working shield which provides

protecti\On from radiatiqna.ndweight to sink it 'into se.diment.

tool .ispictured and explained moI:'e. fully by Timblin.Y

This working

This radioisotope sediment densitometer was developed by the Denver of-

fice of the Bureau of Reclamation, Department of the Interior, during 1956 and

1951.. ',rhedevelopment proje~twa,s ~ponsoredby t:he SedimentatiQn Subc01IU11ittee

iOJfthe Federal Inter-Agency C'onnnitteeon Water Resources. Various federal

agencies contributed funds to help fi~ance the research program.

The RSJJ,was the £:irst: instrwnent: of i,ts Kind employing radioactiveprin-

ciples to determine densities of underwater saturated sediments. It was a

big step forward in the studY of reservoir ,sedimentation, a,ndwas instrumental

in the development of the sediment density probe for the Beach Erosion BQard,

COI:'PSof Engineers.
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Figur e 1

RADIOISOTOPE SEDD1ENT DENSITOMETER

Figure 1 shows the major components of the RSD:

(1) storage shield, (2) working shield, (3) dosimeter charger,

(4) probe shell, (5) lead column to separate source and detector,

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

Photo by U. S. Bur. of Reclamation
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OBJECTIVES OF THIS STUDY

The object1v~s of this st~dy of the RSD were as follows~

(1)

(2)

To become more familiar with the instrument, and evaluate 1t.

To compare the results with the Agricultural Research Seryice

2 7!8" piston type standard sampler.

(3) '1,'0provide an opportunity for the sabethaLake Prajec1t.

Cooperators, the Soil Conservation Service and others, to

becomeae,quainted with this new working tool.

BACKGROUND

Sabetha Lake in Kansas was chosen for testing this instrument because 0f

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 ean 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

labo1:."ator'yanalyses.results ofthe19~6 sediment samples (giving density,

specific gl:'avity,and particle size distribution) were available during this

study.. Permission to conduct this study was obtained from the Kansas State

Board of Health, Division of sanitation; City of Sabetha, Kansas; and the

Radiological Safety Officer of the Agricultural Research Service.

INS11RUCTION

Before using the RaD, the writer observed the Bureau of Reclamation

engineerts procedure for obtaining sediment densities. These observations
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Wlat'e made Qn tbe John. *ttin Rese:t;>v.oir in Colot:ado. Additional instruction

was a.lsQ,pr(J)vided in1:'egard to theoperationo£ this Cieyiceand thenecessal'Y

saifety precautions to observe, by Mr. L. (I. Timblin, Jr., and MI.. Q. t,.. Fl«))ry

af the Burea.u-of Reclama.ti~n EngineeringI."aboratory in J:)enve;J;', Colorado.

Reference 2 was also studied,.

EQUIPli$T

:r1iefol1owingequipment is ner;essa.ry inordertl\),use theRSDon a

lake:

~a.dioisotope sediment-4ensitomete:r (RSD)

- EncapsulatedCo--60 SOUrce.'" 60 mc

Desimeter charger

Spanner -wrench

A:a"'reel and cable for lifting the densitometer and for recording

depth

Personnel dosimeters

Extractor -for:t'emovingilh.e dc>simeterfromthe pt'obe

Silop. watch

C()mputation fO}ims

H8-rge ooat(18' 1qngx6-J,J2' wide) and motor

A:n~hors 'and rope

JtAJt""frame for the boat

Wrenches

s().dingbe 11

, Pointed pliers
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lh'Ushior cleaning mudo££denSitOtneter

Rags for keeping the dosimeter dry

FIELD OPERATION ..PF .EQUIPMENT

Atypical sediment density determination wquld be made as follows~

the radioisotope sediment densitometer with the probe in the retracted p08i-

tion is lowerec;lover the side of the boat until only a couple of inches of

theworkingshield.are above water. The probe is then pushed through the

working shield until it is in the extended position. The cap of the probe

is removed. The dosimeteris removed from the probe, chargedonthec;losimeter

.charger, read, and placed back into the probe. At the moment the dosimeter

is placed into the probe, the stopwS;tch is started. The probe is..now capped

and the RSD lowerec;linto water orsediment-- depending upon the subst.ance

for Which a dosimeter reading is desired. When the RS~.enters t.hesediment,

the time is recorded a~"Time into sediment". Thedeyice is left in the

substance fora lO-minuteperiodand s;ccuratestop watch readings are taken

to measUJ;'ethe length. 'oftime in the sediment because the density is derived

f:r:omthe:r:a.ttoof R~D readings in sediment toRSD readings in water. (For

this re~s~n, several readings for comparative purposes are obtained with the

inst1i'Ument in water.) After the req1,!iredtesttime has elapsed,.the RSD is

:r:aised. At the instant it leavesthesec;liment, the time is read and recorded

as "Timeout of sediment". When the original position alongside the boat

is reached, the probe is uncapped, the dosimeter removed and read. The

instant the dosimeter leaves the probe, the stop watch is stopped and the

time r.ecorded as nStop timeft.
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'rhewei$ntofthe lead .shi~ldprovides the impetus for getting~the

inst;t;''Wnent .intt) filediJ11ent. F$~l penetration is controlled by the resistance

of .sediment to tn,eabove forceand~1so by the depth sett.ing .on the "B" 1:'ee1o

',l')te RSD.wasdesigned to mea.suJ;'ethedensityofseMment with a minimum

~hic.k,nessof two' feet. In shallower 'sediment the determination would include

the density of othe;r:mate;r:ta1and giyea.nerrQne\Dus res.ult.

Figt,t1:'e 2snQWsa sample datast1eet for the density detepninations. 'fhe

c<t1culations outlinedthe1;eon ate fellQwed.

During this study (9ctober19!)7), two re.adings we1;e first obtained for

Comp<lrativepurposeswith t;:he instrumertt in water ata lo~a.tiononRange 8

(585 ft. from R8R) where samples were obtained in 1956. The location is

shown on Figure 3. This was followed by two separate densitometer measure-

ments of the top two feet of sediment. A sediment core was then taken at the

samepointwith the Agri<;ultu:r<t1 Research Service standard sampler (2-7/8"

1:.D.) . From this COre, 4" samples were taken at 71!-lF' and at 16"-20" from

the top.of theseliiment.

The next ;r:ea4ings Were road;e 807 ft. from R4Ron RangeR4R - R4L.He,re,

also, two separate readings weretaken()fthetop tWQ-feet of sediment. A

core was also taken at this l~ation with the Agricu1tur~1 Research Service

startda1:'d sanrplerand samplestaken at 3-3/4" to 7-3/4" and at: 12-1/2" to

16-1/2" below the top Qfseliiment.

tnenext readings were ta~en on this same range but at 1241 ft. from

R4R. Three readings were obtained atthb locationbecause there was a

difference ofapQut 40 percent between the dry densities from the first two

re~dings. A sample was also tqkenat the same point with the standard



- 8 ,.

Sheet of
Sample Data Sheet

--
SEDIMENT DENSITY MEASUREMENT WITH

RADIOISOTOPES SEDIMENT DENSITOMETER

Date

Project

Personnel :

Location

Surface elevation

Depth to top. of sediment

Depth of measurement

Dosimeter number Time:

(2) Into sediment

(3) Out of sediment

(4) Stop time

(5) Time in sediment -(3)-(2)-

(6) Transit time -(4)-(5)-

Dosimeter readings:

Final

Initial

(1) Difference

(11) Intensity ratio,

Wet density-----

Specific gravity

Dry density

R-(10)/(7)- -'--(7) Water rate

(8) Water correction -(6)x(7)------

(9) Sediment reading -(1)-(8)------

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

Remarks:

Fi"'ure 2

U.S. Bur. of Reel. Form
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sampler. ':[his was at a depth of 6" to 10" below the top o:cfsediment 0

DATA. AND ,RESULTS

A tQ)t;alof 17 people observed the field tests. None of the parti~ipants

or obse:rvers received an <Dverdose of radiation. The maximRJi,mwas 25 mil1.:i,""

roentgens (mr) of gamma rays received by the writer. The a11owabledo$age rate

for radiation workers .atthe time of the. field workWalS 300 milliroentge.ns per

week, put this constantly being revised downward =,.. espe~ially foryoRJi,ng peopleo

All calculations were made in accorq,ance with .p~.ges 15, 16 and 27 @f

reference 2, previously refe:rred to, and also thecal~RJi,lation form developed

for Use with the RSD. Figure 2 is a sample of .this~alcRJi,lation f<Drm. ':rhe

results Qf these studies are given in Table 1. The information. in columns

headed 1t1956 sed.. Samp1esuand "1957 sed. Samples" pertains to satnples taken

wi~h the Agricultural Research Service standard va~uumtype sampler.

COMI?ARlSONANDDISCUSSION 'OF RESULTS

The results of.this study, shown in Table 1, provide 'an interesting

comparison.. The densities whichwere determined in 1956, by using the

Agricultu:ralResearch Service 'standard sampler,aswell as the RSD densities,

aJ::e all closely bunched except for the first reading with the RSD at staticm

!Z41 ft. from R4R. There is also a considerabledifferen~e in the drY

densities between the first two 1957 sediment samples, which were obtained

by using the Agricu1tut:'al Resea:t;ch Service standard sampler. There was as

much spread between RSD densities as between the standard sampler densities.

The big difference, however, is thatwhenanappre~iabledifferencedevelop/>

between the RSD densities ata given point, aper/>onis still at the location



TABLE ,1. ~= IAkesabe:thatKans8.a uC@mparisonsof dry diansities
from KS!), 'and 1956 and 1957 $~dimerit $amples

.,0 ..
:' : 1956 Sed. Sa.m.ples :- Octo 1957 RSD : Oct. 1957 Sed~ Samples

Range: Dist. from: Sam,ple~'Specific: Dry' :- Trial: specific:' Dry: Sample: Specific: Dry
No. :- range end: NiOJ.: gravity :- dendty: NO. :-~ravj.ty :. density:- N~.:. &ravity-: density

:- . :- :- :- Lb/cu ft:: :L.b/c.u ft:: : ~ Lb/cu ft

8 : 585 fto
: from RSR

......
4 :- 807 ft.

:- from R4R

..

.,...
4 : 1241 ft.

: from R4R
:-
..
.'.

:-
0..

0..
0..
..

..

4..

..

0..

. <

:- . . . . .
. . . . .

16 . . 47.19 . 1 . 2.68 . 37.65 1 . 2 .692 :- 55.95. . . . . .

17 . 2.68 4 53.98 0. 2 . 2.68 . 36.05 . 2 . 2.668:- 43077. . . . . . . .

18 . :52.53 .. . . ..
:-

..

;" 1.23

. . . . .

.
Ayg.

.
:- Avg. "" 36.S5 . Ayg. 2.68 : 49.86. . .

. . . .. .. . ..
:-. . . . . . .

.
.

. . . . .
.

.
. . . . .

.. . . . .
:- :. . . . .

13 . 2.68 . 43..28 0. 1 . 2.70 . 31. 92 0. 3 . 2071 . 40.47
. . . .. . . . . I-'

14 . . 43.62 .. 2 : 2.70 . 34.31 : 4 .. 2.689:- 43.36 I-'
. . . . .

15
. 2.68 . 45.49 :- :-

0.
:-

. 0.. . . . ,

.
Avg. . ."". 44.13

. .
Avg. ::; 33.12 . Avg. 2.70 . 41.92. . . . .

. . . . : 0. :-. . " .

0. . .
:- :- :-

0.
. . . .

:- :
. . :-

. 0.
o . . .

9 0 2.72 . 26.01 . 1 0. 2.12 . 31..79 . 5 0.
,2.72 : 29.07. . . . . . .

10 . . 23.01 0. 2 . 2.12 0 22.93 :-
..

. . . . . .

11 2.72 . 19.32 . 3 :- 2,.12 : 19.92 :-
0.

. . .

Avg. = 22.78 .. .
Ayg.. =' 24.88 :- 0. .

. . . .

0. . 0.
Avg. 2 & 3= 2L43 . .

. . . . 0
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a~d, therefore, can ~ake~dditionaldeterminations. This is not 'the case when

1!J!sing the standFlrd sampler, as disagreements are not exposed until the samples

are analyzed.

The dry densities determined by using ,the RSD are c~nsiderably less than

thoseebtained from the sediment sampling of 1956 and 1957. ~he RSD densitie~

are. as much as 35 percent lower than those obtained from the samples. When

these RSD dry densities arepl~tted versus the sampler dry densities for 1951,

the points :fall in a pattern very simi.1arto those experienced by the B1\J\reau

of Reclamation. Figure 4 shGWS a comparison of res1Ults of sampUngmethods

from field tests. It shQWS the results of the :&'!:reauof Reclamation field tests

and also the results of .this work on SabethaLake. The seven Sabetha la.ke

points show the relationship between individual RSD densities and the average

density at a locatipnas determined from the October 1951. sediment samples.

Figure 4 points up the need for additional calibration efforts for either one

or both of the techniques used, to <;leterminethe accurate volume we.ight of

reservoir sediment.

It would seem as though the densities determined by using the RSD would

be more accurate than the densities obtained by using sta.ndard sampler methods.

Friction is developed inside standard pistQntype samplers as sediment rises

inside the sampler, thereby compacting the sediment and forming a friction

ball. Part of this is pushed ahead of such a sampler as it moves deeper into

sediment, and additional compaction takes place. S1!J!chf:d.ction should no't be

developed with the RSD.

The sen~itivity, of the dry densities to the dosimeter readings was noticed,

as was the fact that the dosimeter cannot be read clQser than plus lOrminus
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0.1 or 0.2 mi11iroentgens. This Gan result inappreciable differen~esas

shown in Table 2. This shews that varLat i~ns between readings 0.1 high and

those 0.1 low caused differences in dry density values ,of from 9 to 15 percent.

This may be within the realm of necessary accuracy, but this fa~t shGuld be

recognized as a possible source of error.

ADVANTAGES

The radioisotopesedimentdensitometer.has-a. number of advantages over

other methods for determining the density. of s~di'''ent. Same of these are:

(1) There is a minimum amount of instrument .c0l11pacti~nwhen

o1?tainingthe density of the top several feet of sediment,

and, therefore, theac~uracy here should be greater.

(2) Radioisotope measurements are direct and densities can be

determined in the field. If largedi£ferences 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 the8eare~

(1) The present instrument fulfills its design requirements;

however, an instrument is needed for obtaining densities

also at greater depths. The extension device for determing

densities at greater depths is too fragile and easily bent.

When this occurs, it prevents the operator from bringing the

radioactive source back into the safety shield. Ngr is it



TABLE 2. =- Lake Sabetha, Kansas -~ Comvarisonofdry densities
obtained by changing .doli!imeterreadings by 0.1

Recorded ~ High : Low : Differ- :

Range: Dist. from: Dosimeter: Dry: Dosimeter: Dry: Dosimeter: Dry: ences in :Differ-

No. : range end: reading: density: reading: density: reading: density: densities: ences
: mr : Lb/cu ft: mr : Lb/cu ft~ mr : Lb/cu ft: Lb/cu ft :Percent

~
.

8 ~ 585' from:
: R8R :
.
.

0-
.

0-
.

4 : 8071 from:
: R4R ~
0-
.

0-
.

0-
.

4 : 12411 from:

: R4R :
.
.

14.3

14.3
~
.

..

.

..

.

13.5

13.5

.

.

0-
.

13.5

14.7

14.2
.
.

0-
. : .

.

~
.

39.24

37.64

: 3.35
3.51

: 903
: 10.3

.

.

9.7

: 12.5
.....
U1

37.65

36.05

14.4

14.4 ~
.

0-
.

..

. 33.98

35.73

.

.

-.

3.01

3.97

..

:-

..

.

.

.

3.00

3.16
2.85

.-

.

:

9.7
: 14.9

: 1403

.

. : 14.2
14.2

35.89
34.13

.

.

0-
.

.

.
0-
.

0-
.

0-
0

0-
. ~ 0-

.

0-
.

.

. :

..
.

31. 92

34.31 .-
.

13.6

13.6

0-
. 13.4

13.4

3Q.97
31. 76 .

.

..

.
.
.

.

.
0-
.

0-
.

~
.

.

.

31.79

22.93

19.92 ~

13.6
14.8
14.3

30.83
21.19
19.92

o.
0 13.4

14.6

14.1

: .
0

.

.

..

.

0-
.

.-
.

0-
.

..
. 33.83

24.35
22.71

0-.
:
.--. .0
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believed satisfactory tro plunge this inst.:J;:IW!1.entinto deeper

sediment because the working shield compacts 1.Qwer sediments,

resulting in er";J:Qneous answer!:!. Ghan~es also are that during

such a plunge, the lead working shield will penetrate the

sediment first, and the probe containing thesou:rceof

ra.diation and the dosimeter will trail the heayier, more com-

pact shield inte sediment. This means, then, that the density

one obtains is not of undisturbed sediment but a density which

is strongly modi£ied by water -and the softerse<iiments that

fill the hole left by the plunging instrument.

(2) The RSD method of obtaining density is more time consuming

in the field.

(3)

(4)

A possible 1;"adiationhazardexipts.

Morecoatly equipment is necessary.

(5) The RSD and shielding box (about 200 pounds) are awkward to

handle.

(6) For the lakes in whichtheJ)epartment 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 close enough to shore so that workers can

disembark easily.

(7) Only carefully tJ;'ainedpersonnel should operate this instru~

mente

(8) Supplemental equipment such as the liB" I'eel hoist, "A" frame,

a pocket dosimeter per person, power pack, etc., are essential
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in the use of the densitometer.

(9) The scale on the present dosimeter prevents theope~at@r

from making reaqings more accurate than f 0.2 milli~

roentgens. This can cause aconsiqerablevariation in the

dry density value.

(10) This instrument cannot be used to obtain the density of

sediment which is less thanabqwJ.t two feet in thickness.

(ll) Another factor is th~t a standard sampler still has to be

used to.get materia.1from which to obtain specific gravity

and the particle size distribution.

CONCLUSIONS

TheBu~eau of Reclamationhas made a 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 .theory

behind the use of this methQd is well grounded. The RSD was .a big factor in

the development of the sediment qensity probe by Technical Operati.ons)

Incorporated, for the Corps of Engineers, Beach Erosion Board.

The present RSD has several outstanding advantages over standard samplers.

Instrumentcompactiqn is certainly ata minimum when the apparatus is operated

within its designed limits, and, therefore, accuracy should be greater. The

fact that samples need not be obtained for later analysis, and the discrep~

anciesare uncovered at the time in the field are also very desirable

features. Although the RSD is more costly, requires more field time, and con-

stitute~ a source of danger, the primary disadvantage is that it should only
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be used to obtaip; the density of submerged sediments Qetween tWQ and ab€1iut

fo~rfeet of sediment de~h. This deficiency is being 0Verccme, however" by

the Technical Qperations, Incorpora.ted, instrum,en.t. Radioactive density

instr~ents show great promise;and furtherqeyelopment should be.planned.

The stated objectives for this study were satisfied, eyenthough many

readings. were not made, nor the instrum,entoperated over a variety of con..

ditions. A plotting ,of theda.taobtained during the study shows that these

points fall among the scattering of points experienced by the Bureau of

Rec:lamationQnother lakes.

The lQan of this instrument and the other necessary equipme,nt by the

Bureau of Reclamation was appreciated. It is hoped that additional develop-

ment is contemplated for this type of instrument.


