sbzorbed in tho water

=
S

fen

IATWENT OF YASTE WATER TROM S-40 ROCKET FACILITY

prodacte conteining hydregen fluvsride. The hydrogen fluorlde 1o

oy

o ; ~ el & -
selliscted as w 0,.73% HEF solution in tho vwoste roselver, Hhe

wpray cesoling deoign specificetions and water roquircmente ars

woessnved in & revoxd by P, H, Ordin exd T, ¥, Reymelds, Tho HP

-

soluticrn canaet Do dispeced of in the etorm or canlisry sower

!

s

zecmse of the gafely resirictions on the sllewablo liwmite of

fluseide concentrationn, Soveral mothods of remevel of the

flusrins veste are prosented belsw;

Proat oxheoust weede with caleiva hydroxide (or other

chemiceln) which precipitates the flusride ac imssluble

a

[543

£

v
£

—

T

il
T

)
7 d

Fp. Allow the colids %o setile in the recelver, p

he wupsrnatont ligquid into the cenidery sowor and collsctd

he solidas for dispousal. The volid matter froam the vastie

ecolver can be troated ms Lollevag

£
s

= - ] . % 24
Pump O3 ¥,, Ga{0H), sluxry $o o collection pit,
[ &

21lew L% fo sotils for romoval me dry coke whiek

20rves an &n excellont 111 =aterlok

~

[¢]

vy
— N

.

quid fluorine ns a rocket oexidant rosults in oxnaust .’

zzpply uesd teo cool the oxhausti producis snd

Pump cluryy bthrough Yilter end collect dry caxo for ¥ill,

Purp slurry into poriedle texnk mnd dispose in cafe arca,



[

—Zoo

Proat the exhsust wasto with NaOX which yiclds & L. Fd HaP

o ) 5 i 5
soiusien, Yhls waote %o bo raoved ca Lollowd:
(a) Dicpess shrough NAGA sanliery sever sysicm after
diiutdion to wlilewable flucrids concsenbraition,

Lz24 in%o periamble ¢aunk emys ond ddepsce in eafe

N
[+
s

Eroa,

e . A
Collscy 0,705 EF colutlon in »eceiver and ddepoce of am wiita

thoda of RBax cvi“" Fluoridos frem Yaber

C:lciu“ Phogphates

'

Tho uwes of Bone for romovinz fluoridss is probably

Ly

on tka anler oxechangs properiios of apailtes. The carbona

radical inm the zpatlito comprising bens, c:@&v(?&h) @ﬁﬁ@x 1

replaced by the flusrides in the wator, forming an inzoluble

flbg-mna%iﬁo The matoriel {¢ rogensrstod viih sodiws

hydroxd de cmd {1

odiva fluoride, The estimated cos$ of uwsing thie maothed
would be about §25,000 por m.g, fluosrlde. A similar proce
|}

Iigaee animal chereoal whiu% ic sssendielly tricalcium

-

tha flueride removed in tho form of the coluble

sy}

- A - - -] . - P Bersd] 7 v
phocphats and carbon, A poreuvs, gramular typs of friecalclun

phouphatc has Teen develeped for use la ccnimat filters.

the fluoride removsl eepzeity ¢f the bed is exbhaouzied, %tho
' < 3

makcrizl can Yo rogonerated with o 1L DalH colution; one po



l Yd

ssustlc sods is required per cu. %, of tricalcium phogphate.

o

The choaicel cosés for Vthe fluoride removal procewss at thio

plany toitaled adout $130 per m.z.

Ldscrption with Aluwinum Compoundy

£
‘
&
i
i}
™
<&
)
-
™
0
o
!
ey
<t
<
1=

Hateriala, including aliminum sulfate, sodium

5]

douxite, silica geol, zodium ellicate, and various sdcorbsat clay
end sarthe, have besn tested., With the excepticn of aivminun
suifate, all ¢f the materials wore foumd to be { -racticabls.
Aluminua. sulfate and other aluminum salts used in combination
with insélublo compouxids in contect beds or am a floeculand
228 remove the fluoride oy the formation of en alumizum
fluoride ecomplex or by adsorption on the {loe, Ths nzterial ie
esmoved by wettling and filtration. Bssulte indieate that

concantrations of nydrous sluminum sulfats from 335 %o 51% p.p.w=.

4]

'

are roguired o remove U4 p.p.m. of fluoride con, In ordor
obiain meodmum fluorids reducitlons, ophimam hyérogen ion cone
convration 1o necessary. Deshydretod sluminum oxide ox partiaslly

hprdrated glumins have beon suggested for weo in contaczt beds,

&
[®]

Calcined alumins hss dsen tricd 1n field tests end rated =2
fairly #ood wiith respect %o flueride removal efficiency.

Yy & ? &)
Yhen the bed becomes exhaupiéesd, the Tlusridos ars removed Ly

vadshing vith & dileSe caustic solution, Cost for thass wmoetholsg

t & '



{2

IS

lon Exchange Procoss

Orgenie resinous anlon exchange material made from verlous
dieminodenzenss ar phenols and Tormaldshyds are somewhnt
salactive for fluorides yilelding insoluble hydroxidssn,

Tre material is firebd conditioned with a 4% coda ash
solubtion, neutralisgsed with a dilutes scld end soaked with

& 4% solution of aluminum sulfate, The exchange capacl ty

13 based on 1,240 zraina of fluoride psr cu. ft. GChemical

costs amount to about $90 per a.g.

The ebove mstheds have Teen considersd for Ve §er frozimaent
plants whero the ftask involved is %o wwducsc the fluorids
concentration from about 8.5 p.p.m. %o 1.5 p.p.m, A
conceatration of 1 to 1.5 p.p.m. is considered to de gafls
for drinking water., The reporied &ffectis of fluorides in

drinikdng water for nudans is zive irn Table I. The recom

g
s

nended procedure for removing large concontrations of
flucride icn is the lime troatmont in which the fluorids ia
romovad am the ingoluble calciua fluoride. In mahy instances,
furthor treatment is necsseary to reduece the fluoride cone

i P.P.3,

¢ontration o the accepisd

Lims Treatmsand

Remove the fluworids by Forming the insoluble calcium fluorids:




Pazarlis Caiozq)?z —— Ged, % ELD
The theorsitical quentlty of Ccz-(OH)2 required 1c 2 1%s. por 1 1b,
fluorino, Using 'the thoorstical gquontities should reculs inm a
songontraticon of Cal, in selulicn of 0.00L7 gx/1C0 gr EL0
{celubility) which gives a fiveride coaceatratien of 8 p.p.a,
To wmeke the water safc for drinlkiag purpesen,; the flwsride
concoentration vould hava %o be further reduced o sbout 1 p.p.x,

b«

fxperimsnial work invelving the procipltation of Cels from nu

R
¥

solutien with Ca(OH), indicates that the ronction dcor =o%
[

g

follov tho thoorsiical guentitics, Tho offosiive removal of
fluasrine as Cal, soans $o dopend upon e cerbtaln ellinlinity

-~

Mae Ixperiments currled oai at Gensral

—~
o

A, )

Dlactrie Ce. and at the Ponnaylvenia Balt Manufacturing Go,
indicato that ¢ho moxizum removel of flusrideo ifs ebéalnod

2

vion 2.5 %0 3 timss the thserciical qusuatidy eof Oa(OK)E io

uscl, Experimsnis at the General Jleetric Co, indicaie thet
- - ! > . e RN,

woen the celeulazded axzeccss of C&g@ﬁ)g drops belsw about 30O

Pz, as Ozl H)EQ they 4o not get tho maximmom romovel of

Basulés of some Cemerel Hlectric experiments are prossabod
a Tablo YI. Yor initlel flworide concontrations from 1000

5o BOOD p.p.u., %he guontitles of Ca(0H)p equivelent &o
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1

P2 S B

ragelted in flueride sossentrations
tn the filtrate of abouwd 11 %o 15 p,p.m. Using oix times %he
¢hooretical emonut of Cx{0H),, roduced the flusride concombration

$ho
zento aarricd out &% ths HACA 1

T‘B

tizngs Sho theereticel c=ount ef

soncondration ia the Iilirate

fluvoride eoncontration im ¢he File
$a(0H), wsed for both ¢he G,B, and
Figure 1,

A nethed of

ndd eaded thad

to about 50 p.p

<

thworetical velue of 7,0 p.pom. Diporie

2
.
=

weling ohous

Ca(0F), reduszcd the flusrids

B, A plet of the

rate againct the quaniivy

treating thoe XU waste solution

ALCA oxporimonto 1o givern iz

Vo
voa

is to o848 TelE and form

Uod, s salt which will be complotoely soluble in ths guantlty of waler
involved, Thils method of troatuont deos not rewsve the flveride isn
wad can enly o uped if ths flusride soncenitration is redused So gade

liwisg, vhe purpoue of

radbar

A
Dadelle

o

; S9s8d

obtelning the fivsride as sodiuva fiuc

ride

thon koeeping ths wasto as an EF solution ls for szafsiy The
Yrestment resulta ia o noubrel solution while the FF colution

tom for 20,000 Lb, Thrust Hp P, Unit

Fropellonts -

Theach

- UL e e

Flow Tluoring e

i

050 1bs.
lve/sos
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Haximuz copacity of ¥lusrine tank w - 9600 ibe,

Marimm runnizg tiee (Fluorino tavk cmpacity) — 157 so@.

/A

Yater F1e w = = =~ 50,000 g.p.m.
fotal watoer used in run
stard . 15 goconds
Ton - 157 =zoconds
ond = 15 peconds
Total #tine « = 187 zecconds

- .

o 2 otvm e ’ _ v A
Maximom water - - (187)(S000) = 1,290,000 1ba, » 156,000

- . - - r
vz, HF in vater o 10,120 1vs. (506 mols)
Concentration of fluoride ionm in water -~ 7HE0 p.p.m.

ould e rclaaced froxm

O

¥ The zafe sonconsration of fluoride ion that
tho HACA site through the sewer eystoem lg about 5 p.p.2. Bince the

vasto water in tho colleetion btank coniteins a Fluorido aoncentratien

iy

Y O i ¢ - 3 B 5 1 -
el THOU pop.um., @& dluticn rate of 1500 -~ 1 would bs required, Tho

coantlty of waste water in the receiver for various angineg ruaning
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Run timo, seconds Waste vwater, aallons

157 156,000
120 142,050
90 113,000

cO ?59 Co

- 50,000

o

The necsssary dilution of 1500 gallons per 1 gellon of waste

1651

soludion can be obiainad by a combinziion of usinz the water ithat
normally flows through the ssv.niéaﬁy sover syetom and meidng up
the diff&réncau %0 the roquired emcunt, by the addibion of frezh
vater, HRecorde of the fleow througzh the wsenitery sewer systenm at

tha FACA have indicatsd @ minimum flow of 170 z.p.m., with

B

everage dsily flow for the eowvem &Ly wack of zbout 350 « %80 g.p.m.

The ¥ACA sanitery sowor systom provides for a pumping station en

.

the WACA site which thez le=ds info the City system at the Hillzsidew

Grayion pumping statiorn, A by-pasa system is alse provided in boih

P
w

vae IACA emd City senltery sewer sysiem which permitae aa overflew

,

wvher the Tlow exceeds aboul 5GO g.p.3, in tho

TLCA system end over &00 g.p.m, in ths Clty system,

Uslng o value of 170 z2.p.2. 28 the water evallable for diluticen
T

fron the vowesr gysitom, the removel of tho HI solutien by dilutioen

would roquire an iupud of 1330 g.p.m. for 1 gallon of
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The addition ¢f 1330 g.p.m., for 1 gallon of ths wasts goiution would

regult in & Tlueride conceniration et the NACA pumping 3tation of

The cueantitica of water involved, however, would result in en

“low int. the storm sower sirce ithe flows would bs over 800 EoD os

overi
Tre gvertlow would be zafe with respoct to the fluoride concaadration

et would be dangeroue becauzs of its acld nature. The HF moluticn

(.757%) stored in the rozorvoir is toxic and would be difficult to

handle: tho diluted weste contelning § p.p.m. of fluoride ila eiill

Yy . A - ! -
somewnat dangerous einco the soluticn has a Ph of %, Tha limi

AR or

a-

t 0 Waste COD

cstablished by the Ci{y of Cloveland with respec

contrations ars pregented ln Table III and indicabe accoptable Ph

limits betwaen 5.5 and 9,

@;eg@iﬁg the ' golution in &nz waste rsceiver with <odium

"
w

hydroxide wowults in the formatien of %the sodium fluorlde sol

s,

o

vhich would Be cowplotely soluble in the amount of Waiter prén

soluvien is neutral or wlightly bacic. The proeblem of raedfucing

fia

the fluoride concentralties with this solutbion is the came ez with the
T solution, A dilution rate of 1500 zallons per 1 gallon of waszio
goluiion would have %o be ussd %o odbtain H p.p.m, of flworids ien,

" s Y

7O z.p.wm. existing in tho wewer uag part of %the nsceszary

]
%)
b

&
cr
s 2
1)
t-.l

diiution and edding tne additional 1330 g.p.wm, of water, the tims
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=l Cou

rogulred Yo espty the wasta water recsiver, at a pumping rate of

L gopew., 1o glven bolow:

7
Engine runzning $1lmo Potal timo

157 seec, 16.9 dsys
120 5.9
90 7.8
&0 5.2
5 3.5

The ¢oanditios of dilution water required very from 66,000,000 %o

23,000,000 grllons cnd the empiylng times at o rato of 1 g.p.n.

vary fronz 3.5 to 1l days. Thosze quartitios ard $imss arse vzcessive

cnd zppear %o zmaoke this mothed of removal undesirabloe,

A

sosond techalique of romoving the wasde is to dispsce of oi thar

the HF or Ual sslution off the NACA eite. Tho solution can be
& in%o fruck tank csvs and driven to a sefe eres for dumping,

r ovailable hao & capaclty of 6000 gallens

The largost trusk tank car gV

P \ . “ o o e
nseuasitabing from 10 %o 20 %rips %o ewmplty the wasts recelver. Tho
spocal off the NACA slie romains a problex sinece tho naterial will

? ercatlng a publiec muissnece

©
¢}

JEGETRON: W (RPN Bu, - b
sontlinws vo bau eapabla

2
2y £ Ca(03), wez»> O02F, 4 2 50
) (&R Qo2 2 2 .,...JE ’ < 2w
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ronction wilth Ca(Ob)z forme on insgolublie procipisate of

gmoves noct of %the fluorides from %hs solution, A

stoted, the efficicney of removel of the Flusrids
fon 2z Celly 1o dependsut wpen the cmount of Oa(OH), weed, Miem
-

Mgure 1, uwoing 1.5 $inmes tho thosretical awount of Ca(OH)g would

€2

yicld e fiwsride concontration of sbout U5 p.p.m=.e 1,75 timse tho

Py

thooretical, a fluorids concantratien of atout 38 p.p.m. and Wilcue

<

the thooretlical, & concenbtrationr of 30 p.p.m.

The smountas of Ca(0H), required, Ceffy collected snd density
cr the gollid mixtwre for ths diffsrent running timee ere given in
foblo IV. Uslng 1,75 times the theoreileal quanbity of Ca(0H),

n fluoride cencentration from 38 p.p.m,

bt

would regquire a reduction

& -
% I

e

JDpecadilution vate of 7.5 %o 1., OSines thoe miniwum flow in
L

TO gepomie, & flow of the supernotant

e canidtary sewer zy;tan is
liguid of 22 g.p.n. woul& be sufficiontly diluted to provile B p.p.m.
§ the HACA ﬁumping stadicn, In addifion, since %this %otal flcw of
ig far from the overflcw rate of 600 g.p.R., %he zolutiQn

3 * A% S ] L ey 5 “ 3} T = Y e b i ¥
will be further dilu%ed to sbout 2 p.p.2. ot the Hillside=Lraytsa

station, Should the flow in the NACA saniiary sewsr roach

o . E 7 - - i .
the overflow rate of 600 g.p.m, snd the waste golution pumping

rate maintained conptant st 22 g.p.m., the fluoride concembratien
in the overfiow would be enly 1.7 p.p.m.; & completsly wsalc come

o A e v
SERLVIRTLON
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It iz suggeuted that the Ca(OH), treatmont be empleyed
wnirg 1,75 ¢imes tho theorstical quentity., Ths solid CaFE =
¢=(0H), mixturo would bs allowed to zsttle and the supermatant
liquid pumped into the sanitary cover &t a rate of about 0 g.p.m,

The sujsrnztant liquid would conform to the sowWer wasie spoecil-

i
fications with a Pa of adout 8. The Ph of the supsraztant wasto

in the collsection vozasl 1o around 9 and 1s zeduced Lo aboud &

en diluted, A plot of Pa of the supernatant liguid ageinct

he ozmount @f’C&(OH)Z is given in Figure 2. With a pump rate of

0 g.pem, Tor the wastc solulion, tha total time for ecmpliying

i

ths Jank is ac follovsg

Tunniang time, sec, Total time, days
157 3.6
120 3.3
30 2.6

&
|
.

-~

f
o

sving the flueride as the ineolubie caﬁg introdugos tho prodblem
ef %%1ling and removing the solids, Resulis of asixparimental
ctudice of the sebtling reto of Calp e Ca(oﬁ)z slurrios are
presented in Flgurs 3 . The rosulis of the swsll scale

experimonts indicets that with a 1% EF colution znd 1,75 ¢ines

tha thooretical quesntity of Ca(CF),, the soli

3 would ssbile

)
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. 1 2
<L R

o 4 . : D .
%o of the toial volume within 23 hsuras. The acture of the
proclpivats Lo looso ond floocecwlant, malkdng it pooeible o bo

ormed with a eluTry puwm, The procipliate has remained in the

°

,
for ovexr TU hourd.

Bines the vazée roceiver will be clesed snd an integral pard
hoe duct configurstion, 1% would bo sivantzgoocuns o prociplinte

~P

tho flvoride in & seperats, opon containsr, The EF solubion exlting
J
Yrom ths dusé indts tho roseiver may bs collocted ms tho Y golutien

o gu o L&f solubion By adding RalH, A% the complotion of the run,

an e - s " - s s )
#8968 opsn vreservelir vhere the

tho solutien can be puuped to a

¢a(0d), Lo addod and the fluorido precipitated, Schomatie diagrams
[>9 .

v X o
cad quandltles fmvelved for the proscseosc are given in Pigavo v il
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"Hilé mottld

OF FLUORIDES I DRINKING WATER FOR HUKANS

Reparted Effact

iottled teesh in 1% of childro:

No eiffects at this concentretien, or lover
No effects at this concentraticn, &r lewer
Hld mottling ef teecth

Throshold for motiling of tesbh

£ J-,-r'-.
o 8%

¥ottling o as a rugdld of high water use
Oritical concentration for mobiling

Thresghold for rotiling of tooth

10% of children had motilsd teeth

90% of children had mettled toeth

1ld %o moderates wmottling

No effect at this concenkration

N¥o skeletal sclerosis found

Limi%éing concentration for drinking waber

508 of ehildren had mottled teeth

Cave mottling and weakendng of %ooth strucliure

Retzined in system

£9“""ato te severe mottling

75 to 80% children had mottled teet

Not likcely beo cause endemic cumulative toxic
fluorosis in adults

Gave Bevere mobiling

90% of children had motiled tecth

n

Ceused chronie fluorasis and affected gkelstal gysto
1%,

This cancentration hed no effect on height, welghtb,
ef bona struchure in zdulio

Threshold for wpprscieble effect on bonos

100% of eailidren had mobtled teeth

Cove pitting and chipping ef tsoth engual
ave chronic fluorinme intacication to zdultas

fifeoba decldusus teebh

1008 »f eshildren had mottled tbuth

Sub--lethal in drinking water

Toxle %o man in drinking watas

Lethal dese in drirking wat&?

Cuslity Criteria® by State Water Pellutien Conirol

SWPCB Publication Fo. 3, pp. 256, 1952)

g
-
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REHOVAL OF FLUORIDE FROM WaSli: DY TREATMENT WITH Ca(OH)p
Cenaral Blectris Gomgeny -esults -~ obtailned
by Paul Ordin {rom le. Re We Goodman -
Xass Technology Laboratory (
S - B T o snar— st e
% of [ | Fluoride|
Tams Theo~ | Total 8 Concen-— z;c?u?g
; | Ca(OH)p r@ticalj Ca{OH), Ca(0H)z: wration @ Ca(OH)2
! N \ u " it Jar 1 1 | in
: I Theoretical & et Added { }:e,@d ! \?’xiz N ﬁ""‘i-‘; ik
. Flueride iCa(OH)g i Neuteral E‘%eutral’ in . Theo— P 'Duzam! ;&_7_.:;»1 &
. P Pad | Required ! Point | FPoint grams i fﬁ.f.’}@a‘.;_;___:‘”.;‘ el L Kwbinite. 2
Ld 1 = | I’ M l ‘ﬁf\(\
512l 32:86 22,0 708 2,0 | 1.9 126 . 6000
|
I
i

708 2,1 - 15,2 | 11,6C0

i
|
\
i
| |
|- ek ¢ 7030
| :

|
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The follering 1s a 1list sf trade wagices that should mat be

dlscharged into the city sewors:

a, &ny liquid or vaper naving a tamperature of nigher than
150 degrees F.

b, Any m*&cr er wagte which may contain more thsa 100 parts
per millien by welght ef fat, oll or grease.

¢o Iuy gesoline, benzene, nmptha, frel sil or obther [lammable
or explogilve liquid; sclid o gas.

de Amy garbage which has not pbeen properly shredded.

®. &iny ashss, cinders; cend, mud, oiraw, snavings, =zstal, glass,
rags, festhers, tar, plastics, wood and paunch manure

¥, Ipy water or wastes having a pH lower than 5.5 or higher than
9.0, or having any othsr sorrosive properuvy capable of causing
demage or hasard to sbruetwres, eguipment end perscansl of the
pevge worka

fe Ay waber or wagieos centeining o toxde e polsonvus subsitance
such &8 iren, chromivm, zing, ceppar and oyaznide in sulficient
Quaneidy %o injure or interfere wlith ary sowagos treatmsend procss

o ches contai: neapends >1ideo of 1 eha v ¥

h chow wﬂli::.u,; puspended solids of such charact

megual aditention oy crpenss izz raquired to
rial at the wage troatmznt plont.
1. Zny nooxdous or malodorcws gas or substance caepable of crsating

THBLE TIIT

SZPECTIFICATIONS FOR TASTE DISPOSLL

City of Cle
Deparitment of l 'bllc Uvilities
Division of Sewags Disposzsl

a public nwlsancae.



T&BLs IV

TOTAL SOLIDS COLLECTED

] Ca(OH)» Required, 1bs. (2)

Qun Tims ‘ 1 ‘ - ! CaFp
Seconds P ratio . Bctua: 1.5 1.75 ' 2.0 1bs.,
e MMCmeererer U T T TR
157 , 26,800 33,000 ' 38,400 ; 19,7CG0
120 22,000 25,700 ' 29,L00 | 15,100
a9 ; 16,500 19,250 !229000 11,330
60 1 11,000 12,800 ‘ 1,650 | 7,520
: .* ! ?
30 ; 5,500 6,120 1 7,320 3,766
| ' |
o ! i |
e | - |
Specifilc i ! ‘
Cravity of ! | » ,
Sslids (CaFp ~ Ca(OH)p) Mixture !
' i i I
2,91 1 2,8k 2,76

|

) The total amouny of Ca(OHjp required is slso the total amount of
colids wollected since the molsculer weights of Ca(OH)o and

—~
[

CeFo are Jjust sbout the semes
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