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THE DISPOBAL OF STRWAGE
BY LLECTROLYSIS

Pr@tﬂae

This subject was tulen as u bhosis owing Lo the
pgenﬂnt diffioultian wﬁiah the Mty of Pasadena s me
verdencing in oparating d éisnowing of its sowade by
ihe sowaulloed Boovtie ﬁﬂﬂ%‘m%ﬁhdd. |

The expense for labor and appar&tum for careying
on this inrestization was coveped by the Public Torks
Sonolarshiy Pand, the foundey of wihich is %ﬂ?@i Wilitan
- Thun of Pésaaana, whoy LY opeeial provision, sude 1% poste
ihie to use Lhis Mmnd Yor careying on Lhe invesbigation
of the nubaﬂnb‘to the axtont denarihed iater,

I take thdie oppaztunity to expross wy Lhunks {0
by, Btanley P, lack, 1ty ealth Officer, Tor his ine
‘ﬁnéuctiun und naaﬁﬂratian'én the Hactarialofmicul doparte

of thin 1!‘2&?@;&&15@&31@1}.



Introduetion

Bowage may be defined as the wasto m@itwr of a
town of ity whioh can not be classifMod an garbage.
:Et in lupnely woatex m&.},‘zwm\rw the =20l4d and 1iguid
oxereta of Lho Wmuaeiim and wante Prom lL.undries and
other industrial plants, It m wator containing nine
eyal, vogokable aund antmal matter in susponsion am in
solntion,

I’mmidm the vdnewal und a:a*%hie mattor, sowire ale
mﬁm contatng a vast mwbhey of living orgunismne, wore
mmméa.w wnown B bactoria snd theiry sebion npon the
itfelass substratum of soware ocoumions Lhe obnoxions
odmatx during the slare of mtrafm%mn. |

ALL tﬁﬁhhﬂdﬁ of sowase froatment are oy the murpose
of hasteninge or vroventine this ature of ;ﬁni%mx‘umwn,
henea the prinary c:ﬂ:;;«:m; of aewseo pupificution is the
oxddation of oresante pabtior -~ 1tg converaton into a

shanle :1?"’<3m. po that 1% will ned putyefy and erouts a
';rmwwma. Mpihormore the objieet $o desiroy the
mmmma wine 'mammﬁ produee mitrefaction wheraever
they thieive,

Tha eleotrolytie mtmd, which I propose, will
secomplish these resuite ag I will anow by tosts latey

Ajpemaned,



A beief ontliine of the method proponad 18 as
PoLlows:= AR eleotrie ourvent (D, €,) 18 passod
throngh effinent seware by means of a series of cast
1ron vositive and nosative alectrodes. . Ry Mm:wné
powate ia moant, sewace whioh mn straln .wsﬁ@x{m 8
seroon of twenty Lo Corty wmosh, This proocons may
be termed slecto-chemical, as the Jdesired rorite ure
aocorplighod by the chendeals poed withm the newage LY
exmmmwwf #.  OXy20n, nyz}.mg:@ﬁ and chiorine are 1ibe
arated 1n the naoeond stafge. The oxidation oF albie
minstes or nitrogenious bodien prevents Mrihsy twoface
tion, and the oxy-ohlorins sote un disinfootant and dose
troye all miseromeconic 1ife, 7o aid in tr‘sé doatruetion
of bacteoria thore is alsd pronent in vurying amounts,
mmrdm;?f; t0 locsi conditions, «;xﬁmmuma of magnesis
and free snlphurie mm. ronorated 4n the procoesas, The
affiunent w&'@n time treutad 1s eleayed by the deconvosition
of the iron aleetroden, a reddish Lint romiting, ‘ue
Lo tﬂim iron in maponsion.
Thin mmam.m be appiiesble Lo Pasadena m;w&itmm,

sshcx.gm meot the Following req iremonts:- .

“(a} The erfluent sewace 10 bo mbrefiod, 1.0, fresd
from bucteria,
{H)} The soware t0 bo feee fron odor altor trogtment,

{e) The sewars nob o re-miraly,
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{d) The fertlliging guaiitien not to be impaired,
This vrovision is dosired but not wandalopy,

{e) Te cont of oparation mmat conpaye favorably
#1th other prorosnos; loeal conditions mnd effectives

ness teken into consideration,



¥ethod Twployod in Carrving
on Ponta,

THO mwpmalm weire obtninad Loy the m-im‘vom of
aleetpolysing the sowage, one having a capacity of
fiftaen gallions, the atmr oft one=tonth this sige, In
the lapger tank a not of seventesn plates wup ;al&f:aa. ‘
eight vositive and pine nesative., An odd mmmw of
platos wopre used to give an m;n#l mushor of positive
and negative sarfacos, The sovenbooen mamé arransed
an uhove sbtuted, save aixteon posilive and sixteon negue
ti% aetive mefucos, oOF viece Yepsa when the current wan

roveraod, Fuonh oleotrode has the following Jdimensionos:

Feox 1adr x 12v¢, thus ~iving a jotal ponitive or negative

plate smeface o?’ spproximately 5600 sunave inches, This
piate supface for conveniones in mmlmxlmiﬁgg wan civided
into 20 wnits of ljosauare inches per unit,  Sowage, for
exasple, L0 recolive treatuont with a onrrent density of
ons ampere per unit piate mpfecc veald pequire 20 amperos,
The plates ware Lvransed ongehalf of an ineh upart, posle
876 pluten Doing conooted toetiex on ono oide to a
Ms=bap, nnd the nezative plstes beins siwilarly connected
B 4 mm\ athnmd, |

The second rocsptacle having one-tenth Lhe sewage
capaeity of the Tirnt one hud one=tonth the plate supface

aRPannd, Yhis made Juta obbuinabhle from one readily
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Hppavatus.



couparable with that obfuined from the mﬁm!. Loth uaﬁ‘;g
the sume untt mrface for & miven curront f!mmaw.

The apparatiun s conneoted on a m:ma mzmam
eirenit, a voltmotor and smmeter boing comicched across
und in the eirenit, & mmlam was uaed to control ihe
ouprent,  See dlagram and photograrhic 13..111@%&&% oF
lapgey tank and conneotions, |

 The sewage to be troated was £irat run through a
forty uesh BePeen, and Lhen piamﬁ;‘_ in the tm&at‘;ng: tank. .
Aftor mixing, ah untreatod semple was removed and Lhe
onrrent p&mma throgh the remaining sowacte, the amperes
heing aammwa to mive the dosired ourvent donsi Wy in |
the solution, '.Sm’mm wore renoved at micpousnive mm—
1048 varving from one :imte intervals, tho tests being
axmﬂm on for olght to twenty ndmtes, the duration doe
pending upon the current dencity esmplawa. _

From ocach suuple, ona ¢, ¢, of mwam wae take
snd A1inted to 1 - 10000,  Then 1 ¢, o, of the diluted
aurplo was placod An a standard ( 10 inohes diamotox)
potpiplate,  This was then covoped with 10 6.0, of
Argar sgar Hedia ond placed in un "electro thermostate
oven, :f’m-' ‘;gé_»wm*':lm of fortveoisnt hours, affor which the
plutes wore sovoved and bacterisl coung mde of 4
doveliopine colonion, }

ALl sppavatus used in planting m« sevare in Potrie

plateon was thoveurhly etoyiliiged, the glasa ware being
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placod in hot aly oven at a temporature of 1657C - 120%
for a poriod of thimty mimmtes,  4ll water naed fop
dtinting purposes was thoproughly sterilized 1in an Antos
oinve ub 110°h - 15&?9 and maintained at a proassive of
15« 25 1bn,

Other tontp made upon the tr@é%m@ SOVEO0 WOre
as follows , all sawples boing of one iiter quantity,

| finplod aanplon wore placed 1n dapk room,

Unsealed nwaplos were placed 11 a dark woom,

Boaled sanplem w re plased in mnatihd, .

naouled aarplos wore plaéam in ﬁuniiﬁht.,
| Theoe camplos vere allowed to stund for a popriod
of fonr cuys, (96 houwral, thon teated Tor odor and »ow
mitpelfaction,  The Time of four days wus nsed, owing
to the Faot that I congidopnd thia sufTioient Liwe Lop
hwatmr'ﬂa@d ~or ferrigesion purposen L0 ovapoprste oy oink
into the soil..

A a0t of tho ashove. samples prepared Hareh 21, 1912,
wue Ropt wntil the ciosing of thoe school vasr Hay zé, 1812,
witbout onough mitrefaetion peouring Lo proiuse objecte
tonable odor,

fSaples woro a1ﬂ¢ @xam1naﬂ Pop fertilizning
qualities both belors and aftor troatmont by ity Chomist,
M. ﬁraﬁk Hapka,

e olectroiyiic tente vere uade with curpyent densie

ties varyvine fron oneshialf anpore Lo four snpores pop

-



unit ayea or from 00278 emperos to ,0222 amperss per
panare ineh of pasitive or 'mg-aaw@ plate surfuce, that |

is, pox smusPe inch of slocfrolyte or sowave,



PLATF2

Sewuge

Test No @ _ May 19 1913]
Time inl\oits [ Amps[ 328t eR® Re mavyKks
@) 0 8] 1,656,000 Eff/uent d.iSCh.a:rge of SeTr.ztic tanls _
I b 20 20000
2 5.9 20 10000 [ Amp pev /808gin plate suxfao
3 59| 20 00 ’
& 2.8 20 00| Awmevican Voltmeleyr No 20(04
5 5.81 20 (o] o) " RAnmeXexr No 37604 .
Teet Noo ‘ May 21 1912
Minotes| Volis Amps Scafig*c'é Rewmaxhks
.. O | O 12600000 Raw Sewage entyance Seplictank
| 1/ 50 1,6 0 G000 2.5 HmPs pey [BOSg in Pla’tc'e,ur§age
2 1.2 [oX0) 140000
3 4 [ 50 /20000 Weston Yoltmetey No 6402
4 . | 50 00 Keystone Ammeley No 9924%
5 [ 1.8 | 50 00 '
Test o T : May 2512122
[Time ™ Bacteria
Mimuts| Volts| Amps| pev ¢’ Rewmay kg
O. Q 0 710,000 Raw Sewage entyanceSeptictank
! 2 6O 30,000
X | 2 60 H.0000 6 F\YY\%‘S RpeY 180 sgin ,DldiCSDance
3 12 (0O 00
4 12.2| (O 00 YWeston Voltmeley No 640&
) [2.2] 6O 00 Keystone RAmweler No 9944
Test No 8 : Maxy 61912
TS| Volts| Amps | B8stse™ Remav ks
0 O 0 210000 R a en nece Y
I 1.2 1 70 70000
2 I.a] 70 /0000 3.9 Amps pexy 180 S¢in plateSurface
3 4| 70 00 i ' S /
4 1.4 70 /L 00 WestonVoltymetexy No 6402
5 1.6 70 |- 00 Keystone Hmwmeler No 9944

Capacity of testing tank
/SGhl.S-
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Reaults from Tects
The electyolyiie surples planted for bgwmriai
counte save the following sverage restiba,. ihree
tests woge »un under oucp condition, wnd whon wooults

wors donbtfMml two Murther tests wore mude;

Time Tor Couplete Destriction of Baoterias

va, ourront popr unit sros,

; "% ¥ rs e
Apeves ' ampores 'Raw Sowago 'Erflnent from
L8 P RO oL pop HebRie Lank
DoF tmﬁ' :mr AQ.in, * '
363 | Pigbho ¢ 5 A 54
9 ' L.00278 ¥ 18 min, ! 18 min,
) t L0033 ¥ 6 = '
. 7 ! .%399 ' 43 W ki iy »
o8 LB 141781, ' i1 » U
9 O LD0800 ’ 5 # ’
1.0 t L0556 ' 5 % 4 0
1425 A 00695 ¢ 5 %
1.50 ', gg@gu ¥ 5 0 ' 3w
2,00 ' LDLL06 ' oo ' h =
2.50 ' L0395 s 3 » g *
3 OO b L0670 ' 2 o0 % g »
3,50 v L01950 3 00 0+ g ow
MQG STy TL ' 3 n ‘ -

For mmthw detuils poo sample data sheeots,

Sarplen soaled and placed in dark room showed no
basteoria and had vo odor with the exeeption of that of
tron csuned by the docomsosition of the olootrodes Gup-

ing the eleotyolysis treainont,
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PLARTE S

Test Naoll. Mavn2919/2,
i | Volts [Amps |Bastexi= o Hemaxks o
[s] [¢) 5] /{80000 Raw Sewage cntrance Seplic
/ S 1.8 1220000 ’ tanl
2 3.4 | 1.8 100000| .9 Awmps pev 180 sgin plate suyface |
— % 3.2 1.8 | 60000 i *
4 3.1 1.8 20000 Amevricon Voitmeler No 20104
e 3.0 1.8 00 American Avaweler No 37 604
[ 8.0 (.8 00|
Test Noi2, Mav.29.1912
AT VOl s[Amps|Sasisria Remmaylis
o O (o} 410000 Raw Sewage enivamce Septiclonlc |
/ 24 /. b 320000| .8 Amps pev ISQ__S_g_lI_.PLQj_:_S_UJ_f_Q_Q&_
2 |26 | 1.6 40000 ~
5 2.8 l.6 [B0000] Amevicawn Voltwmeley No20 (04
4 3.0 l.e | /150000 " Ammexey No 37604
S 3. l.& 200000 .
A 3.0 | /e 110000 Tesls on thisS blue pyiml
7 29 | 6 | 140000 Yum inm Small _test |
3 2.9 2N 60000 YanK Capacity
9 |30 | 16 50000 1.6 Gal's,
/0 3.0 /6 30000 ]
1 29 | 16 .00}
/12 28| 1.6 00
Test No, I3, Rpvr.2.1912,
s il Vorxs| Amps [Badexial Remarks
o o O /840000 Ravw Sewage enlvance Septic |
] 2.8 (.4 11450000] tank
2 129 | 1.4 |1300000 .7 Awmps pex 180 sgin plalesuriace
3 B0 | 14 11210000 :
4w L4 /60000
b 3.0 14 (4 0000
8 28| 1.4 | 1600000 Ameryican Voltmetey No20/04 |
/@ 2.8 1.4 | /00000 " Hmmeley  No 3'74?.0_‘_1'___T
/2 292 | 1.4 10000
[3 | 28! 1.4 00!
/4 2.9 14 00
(1§ | 3.0i 1,4 (o)

Milley



Barples soaled and unsealed placed in manliiaht
wore odorioss, The uhseasled when planted for bdactordsl

conte gave the following results,

Tont Ho. hunber of Dagtoris
Hanple diluted
1 ~ 10000
2 G
% 2
8 i
il 3
ik 5
a6 0
B9 s
38 oo 0 -

In ail samplesn Ehe s0lld matter in suspension solte
led within an hour and %n@‘aalutiwﬁ wan olear with $he
oxception of & reddish tint caused by the ﬁg@ﬁmnﬂ@ off
iyon, | :

Upon filtering throngh ovdinary fiilter papor, the
‘samples, that had boen treuted eloctroiytically, were
'pmrr@otly aloar, the untroeated romainod mlmu&?,

T™he ssmplen prepared Haxeh 31. when tested for odop
| on Hay 29, had lost the iron scent and had asguired an
odor typinal of all watey which is permitted to mtand

aich & 1§ﬂgth of time, Thoye was 1o sewafe o040,

The bensts Tor feptilidising gnalities before and
after treatmant zuve the Tollowing resulis: The témt
mude by Pasadena ity Chemint, iy, Harka,

The fertilizing quailities weve impaired by the

prooess to an extont of HOL.
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ELECTRODE DETAILS.  TaAveq

INSULATING FIBER

- = T
""""" i = | /l
3 3,
...... P + |
L I
I

PLATE DI/MENSIONS
24" X 14" X 3/8// :

CAST tRON

|~_ —— . 94" __ __ __ __
’ "'2—43/';
O . @""3/'4'&'&;«\ G—yl,“:'a.'\am
i s
ELECTRODE

Miller




PHE PLANT

The plant for whieh drawings aye herein shown is
denigned for a oapapity»at 55500,000 gallons poy 24 hours,
This plant wonld handle the peak loads af the City of
Pasadans wi&haut a rocalving rensrvoip. The daily Tlow
of the City 1s 2,500,000 gallons,

Plate B shows a detailed design of electirode and ine
mnlatﬂra,

Plate 5 shown electrodes aspeniled in fiumes,

Plate & shows gensral plan of olsctro-chemical sews
ase diesposal ﬁl&nt¢ |

Tn this vlant mre mixteen finmes, rveetungles, 30!
long x 25" wide, 18Y deop, in which a series of ten sots
of slactroden, twontyessven plates to a sel, dimensions
of which are 24* long x‘ﬁ/gw ;@1ak % 14 wide, are pluesd,
A& ourrent of 1322,5 Anmpores is required oy the ten sels
of eiectrodes in the fimse, |
_ Zaoh not or.elﬁaﬁrﬁﬁaa 1ﬂ.éanﬂeated to a set of buse
pars mnning the lensth of the flume, These bus-bars
aro_eahﬁaatea by # single Lhrow awiteh to a dizteibvuting
o wﬁich in sconmeeted to bthe generating bum on the ewilieh
hoard.

Taeh flome 1g connected to the T sewuge auﬁmly-main
by 4 1" inta&e ripo, PFitted with a outoff valve. The

discharse pipe and weili are 14" and 7% respectively,

wo |
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The slectrical eqnipmont consiats of three 25 K,¥,
8000 awmpeyras low voltauge wotor senerator sels, switeh

board, teters, rheostats and bLus-bars,

Auxiliary Fquipment

For the purpose of oxact regulation, ﬁ tosting
ladoratory should be nmmixm in conneetion with the
plant. This dopaytment shonld »un $onts daily keopw
ine records of resulbs, as a vasts for ftuse operations,
Thin is recessitated by tho Pfact that the contont of
the sewage i subject Lo variations sueh as Lo reguire
é %stnowmm@ of average conditions over long poriods of
time,

Py



Probable First Cost of Plant |
Aot fnoluding voilding und cost of installation,

Throao Yotor Genorator Rets & {1600 £ B,500

Tmae-bhars, Hain } :

" ", Bscondary ) i
Switeh boasrd aqwipmant' 500
Piping Hoin 7° 8y

*  Intuke and BExit l4v iy
Vulven 35
ﬁlaatra&aﬂ ~Cotplete 54200
Auxiliary equipment 750
Plumes — o2
$10,783

Opeyating ¥xponses per day.
Enorny - 3V X 158704 or 47.61 KT © 1.50% 24 hra.-817.15

Hotop-tenorator und tranamission losses 305 2.15
&ahat,.%wa attendants, 10 honrs each A 5.00
Lobor, testing laborstory ' 3.50

(Thie person $0 huve general aupervision and
‘ yn plant four hours poy day.) :
Plate renownls 13.50
@enewal'upéx&ep* 2,00

Tag ond interest on invostmoent

Recais s per Jday.
The pale of 2,500,000 mallons of waler Yor irrisue
tion purroses, valusd at from 100,00 to 150,00
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flecapitulation

From the rosults oblained in my investigutions of
the proposed ﬁisp@a&l of sewaro by eloctro~chenioul
meang, T am satisfied that the process has wet the Mrst
theee encential reynipements stubed in the curiier pore
tion of thio paper, |

The na@t of oporation as compaved with olher processe
an, {local conditions taken into conmiderution), which
use ohepicals, is wperely problamatical, bul aftér 2onslte
ing a mmwber of mnglnména ported on the suhject thoy are
unantmons in thelr reply, that this procens is the leas .
oxponnive,

Prom data collected in owder Lo obtain cont of 70 W
age dispoznal of othop Qﬂtiﬂé, I found that Lthe éaw&ﬁ
ranges Trom 794 por miliion gullons to $217.00 pey milie
{on galions, |

Cupve sheoats Hos, 7 and 8 whiech show the offective
nasn of the procens, are solf- explapa ory. fut let 1t be
porn In wind that these ouwves, and ﬁé vaob any statements
made 1n thip investisution of the al@mﬁraaahamiaal.vﬁﬂeewa,
ape made an Lo apply to Faaadeua conditions and Lo Paba-
dena only., |

Other cities havo xﬁ oreration similue olootrow
chomioal methods, but beoanse this pothod apponrs appiice
ablo to Pasadena, the fact should have no bearing on

othur 1§ﬂzailﬂﬁiqna.

nl}mﬁ
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The foundation for this ststoment 18 oasily soen,
whoh the basis of this rroneans is veviewad, 0., the
eherieanls for the proorss sre produced in the sewvare hy
the elm&&&icitv. The slements, Chlorine, Oxveen, Hougw
nesia, Cavbonate, ote,, stist exist therefope 1n APProge
1abie quantitien in tho local «w:tey supplyi as iz the
cuse in Pasndona, This in w0t sald in condemnation of
the prosess, but Lo offset any attoni$ Lo use thie artie
ole fop moyaenary ends in ovher loealities, withont fiwst
inventipgating local conditions as has bﬂén done 4n this

investigation, |
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THREE MOTOR-GENERATOR SETS
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Geneval Floor Plan of Pilant
Capacity 3,350,000 gal per 24 Houvs

Scale

-4 per I’






