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ABSTRACT

The purpose of the experiweat herdin reported is to establish whether
or not & correlation exists between the settling velocities of the fine
particles of sediments snd the chunge in resistence to the flow of electricity
through & fluid containing the sediwents, [t wus assuwed thet the sedipents
would behave according to Stokes' Law regarding the velocities of theiy
settling, and the pipette wethod of analysis was used to wessure the paurticle
size with which to compure the results of weasuring change of re:istsnce,

The equipment used ln weasuring the change of resistsnce us the particles
settled was a 1,000 wl. gradusted cylinder, drilled und fitted mith electrodes,
and joined to an electrical circult as one of the resistences of & “heatstone
Bridge. # deozde box was used as a balencing resistunce und the point of
bulonce was determined with en oscilloscope, Filling the cylinder with distilled
water snd introducing the sédiwents csused an unbalance in the bridge wkich
was balanced by the decade box snud the sswount of chunge was noted agsinst
tiwe,

Before = satisfactory circuit was found for accowlishing the wessurement
Just deseribed, the order of maguitude of the resistance, the type of load
caused by the fluld snd the sediment, the elfect of both alternsting snd direct
current, the effect of addition of electrolytes into the fluid, the effect
of variation of the chemicul cowposition of the sediwent, the effect on
conductivity frow zllowing the sediment to remaln in solution for five noure
and later for two days, the effect on conductivity by increasing the swount
of sediment, all had to be investigated, The reyqrt conslste wainly of the
results of these lnvestigations, Purtber investigations than these sre

necessary to establish the auture of uny correlat.on which way exist between

particle size and elecirical reslstance,




The experiwent points to the fact thet solution sctivity is so great
when sediments are introduced into weter that the electricsl properties of
the zediwent change in rccof”ance to the rate of solubllity, and that since
this iz true, other physicel properties of sediments way be so greatly changed

upon theitr introduction into sclutions that any sttempt to wessure these
2 v X

properties way result in serious errors, Particle size ie probebly one of

thege properties,
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The chronolegy of this report ie in the srae exder »6 the perts of

the experinent were cvonducted, Unlews othersise deslgnite, sny refercnce

to o sedivent yefers t%o » ssmpie of glsclal 11l collected by Hr. Zon

s 9 &%

Eyesd frow the aorth cestrel pert of fet, &, T. 4% Mo, B, B4 W, , Etutssan

County, North Dakots, seived to less thun 1/16 ze, The sedisent wae

diseggregated by the sethod suggested by Krusbeln and Pettijohn (1018), waing

#3600 solution of smpeniues oxylate in ploce of sediue oxylate, The sumple
e suhivlped wader o sleroscope after vebilug or 48 hours, The disaggregation

aes conpleto,
Part 1 -~ Omieoy of Hugnitude of Heslalence

Weer filling the gradusted oybinder with tup sater «n eleetricsld clreult
se is vhom in Plgure I wue wude, in eleoirolyts of sootnlus oxylate in
strempth of N/AAUDO wae inmtroduced :ud & vheoutsl (Pongs ¢ - 68 ehws) wes

ponnattsd in seriss so shown (2 ccateal the apeuwnt of current ia the circult.

The ourrvesnt mas they geasuved,

9 LA A Y Rx A S o I ..,....,v.,.;\‘"“....._., wof I R TR AT

: ¥
i

{

H ]

! %,




]
°

. 1. B -~ 1002 of 55 ohme
¥yessured -~ 117 volts iC Ipessurea - 88 williswpers

E = I(R*Rx)

i

117 = 88 x 10-% (55 « Ry)

R, = 117 ‘755( 58;v10“3)
g 88 x 10=9

#

Hy = 1203 ohme

2¢ K ~ 0% of b5 ohms

Fpeasured - 117 volts iC Ineasured ~ 92.5 wa.
E= I(R+ R)
& 17
RX =

i x 109

Ry = 1265 ohms

Conclusionss The resistunce scross the electrodes thxough a sclution of

' tap water and A/1000 amsoniuw oxylete is 1264 ohms,

Se Approximately one graw of sediment was introduced into the graduated
cylinder to notice the effect upon reslstonce, The current wes pessured
tc be 100 wa, when the rheostat wus at O giving ¢ resistance across the
electrodes of 1170 ohws,

Conclusions: Additlon of sediwent reduced the resistsnce by 95 ohws, It

was observed that wore accurste messuring equlpment woulid be

neces ary in that small error in reading of current would

result in quite large differences in calculated resistance,

Part 1I - TYPE OF LOAD
in order to determine that the loud introducec by the sediwent was sure

recistence rather then partly inductive or canscitive o frequescy genersitor

‘ wes used az o Jower source in piace of the Ii7 velt /C current in Fig. 1.




. The sowe solution wes used a8 1n Part 1 snd the frequency was varied,

1. Fyessured -~ &4 volts, LU cycles per second

Ineugured - 55 ma.

By = &4
. B owr YOO
g0 X 49TV

R, =.1,544 ohme

“s Epessgured ~ 54 volts, 10,000 cycles per second
Ipensured ~ %5 wa,
}.x =i l’i"z‘a Otﬁms

Conclusionss The load is pure rea:istance.(l)

PART Iil - THE EFFECT OF DIRECT CUKRENT AND ALTERNATING CURKRINT

Frow the use of altermating current in the previous perts I snd II no

unusualy, upsetiing incidents were observed, To determine whether this would
. result frow the use of direct current an inverter was used as the power source
in place of the 117 volt AC current in Fig, I. Tap water both with snd without
the sediment was used in the graduated cylinder, As the cireuit rem:ined
closed, bubbles sppesred at the electrodes znd clowding occurred in the upper

portions indloating electrelywvls which ilncreased the conductivity of the solution,

(1) ¥ ~ cepacitive resctance, X, - inductive reactance, ¥ - total reactsnce
Y =

ihen X = X ,the power factor is unity and the total lwpedance i: the

reslstonce ( Z=r & X =1r ), Since f = the impedsnce equals

i
the resistance only =t one freguency, at resonsnce, when the load ir partislly

inductive and psrticlly cupacitive, (U,5, Haval Institute, Baslc Course in

Radio, pp. 1-24, 1944)




1. #ithout sediment:

2o With zediwents

after 7 wnin,

Conclusionss

4.

Fpeasured Imousured Ry

50 volts 35 ma 1426 ohws
75 65,5 1487

180 126 1289

117 86 1361

117 81 1445

117 83 1876

Flectrolysis resuliing frow the use of direct current discouraged
its use in faver of alternasting current. Az the current rewzined
on, colloid formztion becewe evident, with bubbling nesr the
slectredes, There was zleo & murked separation of particles,
some collecting on the bottom snd sowe on the top when the
sedigent wes introduced, By shutting of{ the current, the
appuratus was checked with & gelvanomoter to determine whethor
or not » charge had developed, By dropping an inswlated wire,
bere at the terwinal, to the bottow of the gradusted cylinder
and introducing snother lead at the top of the solution, the
charge was resd Yo be 1R wlcrosumpers, negatively charged ut the
bottow, ¥hen the leads were comnected to the electrodes, the
current measured off scale, 9n a wleroveliweter, the voltage

read .06 volts, Therefore, using direct current,szs battery

action was built up, =ndit wes declded thut all future experiments

would be made using sltermating currant,
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PART IV ~ THE ELECTRICAL CIRCUIT
4 Vheatstone RBridge i wae bullt to establish a circult frow «hich
measuremsnts plght be obtained for the difference in resistunce between

settled and unsettled sediwents as iz shown in Pigure 1I,
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Flgure II
Two known reslistences of 10,000 ohms were used with a decade box which
reglstered frow O - 6999 ohws, /Another variable resistor with = rsnge from
0 - 1 ohm was connected in series with the decade box for Bine balance

adjustwent, /Anoscllloscope was used as a detecting device to determine the

L, "heststone BDridge:

Y
e

i
"
R

(Oscar M. Stewart, Physics, pp, 454-467, 19%1)




golnt of bulsnce, Actual wvalue of resistance of the sclution in the
gradusted cylinder wag obviously unimportent when difference in resistuncé
between setiled and unsettled sediments 1s the guentity desired, With
the Vheatstone Bridge the desired difference cun be read from the swomt
of resistence necessary in the decade box to balance the resistance in
the graduated cylinder, Plate I, enclosed in the folder ou the back cover ,
shows gschemuticslly the application of the Wheutzione Bridge with the
equipment used,

Yihen the sediment frow Part III wes used in the circuit, it was
found that the balance resistance of the decade box was 1160 ohes, Adjustwent
on the rhecstat fhaw O -« 1 ohe showed no registration on the osecilloscope,
The sine weve appesring oo the oscillogcope ceuld not he entirely reduced
to a straight linme, and it was «“tioeght that there might be sowe induction
oy capacitance in the load, but conneciing the load to ap impedence bridge
showed nothing but pure resistance in the losd. I golvunoweter ccrose the
toersinsls of the gradwsied cylinder showed thal # charge »es bullt up even
»ith altern:ting current, In order lo cheeck the other clements of the cirecult,

a resistance of 1,000 ohwg mue placed In the clreult instesd of the golution,

true belance wazp obtalned, To check the proger funetica of the decade bpx
# vacuuw tube potentiometer weg uied to register veristion in resistunce of
the decade box, The results were thai the decede box was functioniug propsrly
withln the renge of scouracy of the vacuuw tube poteutiocweter, Theé inability
to reduce the rezding of the ogellloscope 1o & siralght line Ws8 believeu
to be cdue te strey plek-up of 60 cycle current, but groumding the oscllloscope

had no effect, so it was decided th:ut the expsriments following would be run

without the use of the {ine rheostat, and thet balsonce reslstunce would be




considered to be thet revistance at which the vscilloscope rezding wost

nearly approsched s gtraight line,

PART V ~ THE CONDUCTIVITY EFFECT OF ELECTROLYTES
The circuit shown schematleslly in Plate I was used for this and all
experivents following., The previcus experiweats indicuted that = certein

amount of electrolysis occurred in thie clreuit,and to deterszine just how

zuch this might be,distilied water vwas miwed slth eusoniwn oxylate to strenghh

of N/100 in hopes that & sultable fluid might be obtalned, Using distilled
weter aslone, a charge of Z wicrosmpers before cloging the circuit increased
to & steady reading of 7 wicroampers, read at intervels of one, two, snd
three minutes of continusl operation, Balance resistence was 19,959 ohms,
cbtained by sdding & 10,000 olw resistor in series with the decsde box,
Using 1/100 sclution of distilled water and aswonius oxylate, a churge of
4 williswpers resained at ,4 williswpers wfier tea minutes of continual
operation, Balance resistunce in thls case was 1,181 ohws, ‘lthoughk the
charge of the ssmoniuww oxylate solution was cousiderably highei, the value
rewained comstsnt with continuul operation, and the condiactivity through
the ammonlumw oxylete solutlon wee counsiderably wore thaa through distilled
water slone, It was concluded that either distilled water alone or with
apuoniue oxylate wight be a sultable [luld sioce no unuswual charge seemwed

to bes bullding up end ne electrolysis was apparent at the electirodes,

PART VI - THE COUDUCTIVITY EFFECT OF GEDIMINTS

Sediwent wae lntroduced lnte distilled water to deterwmine the conductivity

effect and to deterwmine the electrolytic effect, A charge seross the electrodes

of 7 wmicroswpers before closing the circuit increased to 17 microusmpers after




B

‘ ten rinutes of continusl opersation, Balunce resistence immediutely sfter
introducingihe sedizent into the water was 7,010 ohma, The resistance
decrensed =g the clreuit rewalned closed, and it was thought tihat this

was due to the settidng of the particles in the golution; so an attempt

to record this rubve was made with the following resultsi
Tipe Balance Resistonce
0 b84l ohug
58 sec. ' 5702
1 »in, 56 sec, 5781

{Cireult was disconnected snd the chirge scross the termin:ls
was resd to be Z2 microampers)

T min, ¢4 gec, 5506

(Civeult was discounected und the charge across the terwinals
was agein read to be 22 microuspers,)

. ¥ min, 10 sce, b8
(Cirendit wae dlsconnected and the charge scrous the terminels
was agein read to be 28 wicrosmpers,)
Approximstely one grom of sediment was used, Concluding that the chamge
in bulancing resistzace was due to setiling of the sediwents, the writer
declided to investigute the effect of changing the minersl cowposlition of
the sediment. It should be pointed out that this conclusieon was in error,

as will be shomn from the following experiments,

PART VII ~ THE CONDUCTIVITY EFIECT OF CHEMICAL COMPOSLITIUE CHANGE

Minersls were selected with as great veriation in electrical proverties

L

as possible, feaples of one griw each of relatively pure hematite, galena,

@ 1 Taggart, lundbook of Mimersl Dressing, pp. 135,40 - 13,44, 1945,




| ulfur Time Balance Repiztence Diff.

b * ® Y, Nk v Shyiv. g " y ——
L Win. 18,108 ohwg 0 oluse
% 18,818 520

& 18,768 €

&

<

48,745 5G9
L5 18,754 598
i5 18,714 418

18 18,658 477

Bauxite 0 win, 185,706 ohws 0 ohws

4 0 F &3 ik e
. L4 l&;, i 16&

15 18,874 Bok
i8 A8,872 B4
after £5 sinutes the solution was SEEWYeR :nd cllowed to setils sgain,
At O time the baluuce reslstence was found to be 16,86¢ ohms, which was less

then after 18 minutes of setiling showa above, It was suwed that the

wejor factor changing the resistance wes not due to settling but to the

formation of solutions,

Sediment 0 sin, 14,600 olws U ohmg

15,87




choleopyrite, sulfur, bauxite, und sedlwent were ground with & wortar and

eoived 4o

aize betwsen 0004

into distilled watey aund the

R e

Chaleopyrite

Galena

Tiwe
06 win,
b win,

&

b

o
;»7.
frin
!
.

9]

o

L v

G

12

15

i8

o

win,

~ 0048 inch disweter,

balunce resistance rate was noted

Balance fesisluaece

17,601 olms
16,092
16,997
16,996
16,086

16,353

18,700 ohwe

17,996
17,964
17,896

17,894

18,408 ohms
17,913
17,906
17,824
17,804
L7 4,808

17,774

0 ochucs

™ ¢

L8

&

&

O obmsg

804

0 ohws

They were introduced




Tiwe Bzluznce Resigtance DALE,

15 win 15,328 ohms 1,277 ohas

E

18 15,2 1,389

ifter L0 minutes the cediment was H€itsted a4 velance resistance
was found to be 1%,200 chms, shibh was less than 0 time, The sediment
eppoured to be going Into solution, It was ressoned that if the solutlon
could be made saturated by allowing the sedlwent to stund for sowe tive,
perhups the resistence upos -#E2%8a%206 could be wacde to rémuin constant,

The sediment was allowed to stand for five hours with the follewing resultss

fediwent in fluid for five hours

0 win 10,301 ohms 0 ohms
3 10,009 202
6 9,438 geo
9 8,572 929
12 9,255 1,070
i5 9,714 3,087
18 9,208 1,098

ifter 18 winutes the sediment was aguain -88%%abed put the bulsnce
recistence did not go zbove the last reading before "§$1t&ti“Q, g0 it was
concluded that saturstion bed notl occurred. By increasing the awcunt of
pedizent and :égitat*“ﬁ vigorously saturation sight be resched, (o investigation
of this follows in a later part,

Although the results of thie part of the sxperiment are inconclucive,
rupid corparison of the rate of change in resistance due to chewical cowpositon
chunge can be seen from Figure III,#herein bslance resistonce is plotted

against tiwe and frowm Figure IV, wherein difference in bulsnce resistsnce fros

tiwe 0 is plotted sguinst tiwe, Chewicsl cowposition does mot sppeay to be

as l.portant as wight be expected,
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. PART VIII -~ THE EFYECT OF CHANGE IN DEPTH OF ILECTRODES
While waiting for [ive hours attewmpting to resch u steady balance
resistance reading aiter agltation in the previocus part, the effect of
change in depth of the electrodes wag investigated, Sediwvent was used
in the graduated cylinder and the depth of the electrode was roughly

wensured at 4, 5, and £ inches frow the surface, TFach tiwme the sediment

was agiteted st the beginning of the sxperiment, The rvesults weres

Depth of & inches Tine Belonee Resista nee
ot s e s AN s e

O win, 42,806 ohms

12,700

(\\

ot

S
-

[ %3

Depth of ? inches O iz 4650
& l‘s.',ﬁa:\
é 1k 058

12 12,62
15 12,518

18 1%, 602

Depth of £ inches 0 12,50
z’ lk ’bi,'
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i1,

igitetion Gld nol bring the beludee presistence beck to the O tise
m%uunﬁ, 50 1t was declded thet Wie sediment wie continuslly discolving,
To elisinete whiz, later exporiwests sere run using conclder:bly sore
sedlvent,boplug to obbalin » seturajed wolution, Flgwres V sod VI shos
the reaults of this ourt gre bleslly,

Paring thde pert of the exporiseont an sttewpt wae sade to subdue the
distortion iz the oscilloscope soresn, thought to be due to etewy €0 eyole

surreni

i frequency generetor ses applied as 3 ourrent source
veing B0 velty end o frequsacy of 6,000 eng, Wt distertion pevelisted, Yhs

ary koowledge to accound fow thle distestion, and

writer lagks the neces

time would got pereit further investigotion, so the oxecilloscore

balonced s nenr & straight lise indiecwtion us was possible, It nohloss

i

that the ercllloscope requlyec shout LU seconds to settle dowm Lf the ower

wus shuh of'l betw inge. o uoususlly large cherge bullés up with

continueld eperstion, so the eurrent wee lefi on for the entive pun o the

second test of this part,

T PV e PSRN & ey 1A R G A > o ss 158
PiLT OF LRCREALE I8 Ju0UEY (@ sioggamw

S T PN AT o
Aty EEVITY 3

i large sample of sediment , (0.,080L (rams were wrepared sud introduced

sted cylinder with vistiliecd weter, The solutlep wes

o i ‘ b - Rpvah e S e i Wy A "
bolsnes yorisbteuoe Gy toted as follosgr

Thme Bolance Bes ciffermnoe

& 4,848 ohme 8 olws

i win, 59 seo, Gy BlE #3

43
£

% #ike SE g0, &, U0

6 win, 4,401 137
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FIGURE VI
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. lime Belance Hesiptance Difference

12 win, by544 ohws 188 chmg
ib 4,828 &1l
20 4,511 Qak
o 4,75 260
o0 4,208 KoL
40 4,250 308
50 4,213 s8%
1 hre 1 wia, 4,13 40%
i v, 16 min, 4yd2T 410
1 hr, 80 win, Gy ddl 4el
1 br, 45 win, %4005 : 470
& ur, 4,074 408

[

£ hr, 30 win, 4,040 490
é hr, 4,083 480
5 hr, 15 win, 5,986 538
S ey 50 win, 5,992 o4l
4 he, & win, 8,960 48

After 24 hours, the sediment wes agitated and the reslstence belaonce
was wessured Yo be 5,804 ohws which is less than the last rending in the
test above, Therefore, the solutiocn was not satureted even by substantial
increase in awount of sediment, althougb the vrote chenge in the bulauvce
registance was decreased both by sllowing the sediwent to stand for some
tiwe end by increasing the amownt of sediwent, The writer suggests thet

saturation may be reached snd bslance resistance ailter agltetion may be

. made constant by wixing about Z5 graws of sediwent with one liter of distilled




’ water end wechanically egitating the wixture for about 24 hours, ¥ith
close tewperature contrel, it might be possidle to establish the noture of
any correlation which may exist between particle slse and belance resistonce,
providing laternal chemical reaction in ithe sedimwent is at 2 winimuwm, The
writer had insufflclent tiwe to investigete this poswibility,
The results of this part of the experiment sre shom graghic: lly in
Pigure VII, I% hed been hoped that the results of the pipette methed of
analyels wight be shown on the same graph, but this wos not done beesuse
of the upsetting solution action encowntered, The results of the plpette

wethod of amalysie have been included in the next pert
v

¢

PART XI - PIPETTE ANALYSIS OF THE SIDL

A plpette mothod of analysis 1 vas made to determine the amount of
‘ particles in various sise ranges below 1/12 mm,, These are the resulias
1~ 1 win, 56 sec, =2t 20 cw, depth 2648 g. of sediment decented
£ 3 oln, 83 seo, 10 « 5310
3 - 18 min, 10 «RBRR
4 ~ 1 bhr., 1 win, 10 o 2187
5 - 4 hr., § win, G 0458

&6 wl, were drewn off at cach time interval, .%J.Q.{f.

€8

#
o
<

i« 40 x 4543 = 18,8720 grues

£ - 40 x ,BBLO = 18,840

{,‘8
I
&
|
¥
-
3
&
(&)
i

09,2880

&
i

s
v )
»
E
<}
q
i

4,.7880

1, Krusbein, W,C. & Pettijokn, F,J,, Hanual of fediwentary Petrography,
. PPe 166 - 172, 1958,




Figure VII 22
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/88 -
1/64 -
1/128 -
1/256 -
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/812

18,8720
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15,2400
§,2880
. 9020
8,880
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4 ,4000
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4,7880

s 1758
4,8128

28,2862

£5,0110

. «‘ ?52;

15.6%

Figure VIII digplays the anslysis graphically by wesns of & cumulative

curve, a frequency curve, und a

histograw,

Frow the graph it is seen that

the =orting of the sediwent is bi-wmodal as wight ve expected frow a sawmple

PART XIT CORCLUSIONS

Frow the experiments conducted, there isg no proof that any correlstion

exigte between resistance to the passage of electricity in sediwents settling

iu water and the rate of such settling.

There is proof, however, that different

subgtences have different rsteg of solublliity and that the rate of solubliity

8
why

18
until & saturated

the possibiiities

do this with the eguipwent used in this experimeat it would be

aolution is reached., It would be interesting

J

parabelic function, warying frow the time of introduction

relotionehbip of resistance to settling.

of the

setivent

to further invesgtigate

nececsary to
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begin with a saturated solution of sediwent and distilled water, controlling
the temperature carefully, snd eliwinating sny stray pick-up wilch tends to
distort the plecture on the oscilloscope, Iny difference in resistance
attributzble %o zettling of the particles in the sclution will probably be
guite swell, und thic method of mwessuring sorting, even ir' perfected, will
probebly be too cumberczome to be of any real ald in classifying sediments,
Perhaps the greatest velue in this experiwent is thet it points to a
griticisn of the present wethods of wensuring sediment glre after introducing
the sediment into water, Vhen introduced inte liquids, sediments begin to
change both chewically and physiecally, The one physic:sl chsnge which is
proved by thie cxperiéeut iz that resistunce to alectricul current changes

rapidly. It ils suggested that other phyeslesl changes mey slsc occur, /Asong

the changes, size is very apt to be chunged considerably., Highly soluble
particles in the sediwent will rapldly change to colloidsl size, The very

nature of the word disa e i%, How far shall we disaggregate?

which ofthe perticles will dliessggregute? Becuuse of thess conspicuous
questions, the writer suggests that vo cawpsre sediwents' sizes, = standard
set of rules must be applied to both the preparution end wessurment of the
sedimentb compered, <nd thet inherent in eny system shich introduces sediments

into water are errore due to chemical chsnge zffecting physicsl change, It

would seen wore appropriate to prepare dry «nd to measure dry, und thet Durther

investigations be wade in perfecting air elutriantion wethods,
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