FRORR ¢ AT TOLEIOT TR
FREH
DOCKY FTUIRATN BUCCTIVEED, Ll.
GARNTHAT, LINTRAIA
MRveD 18.02, 1654

Donaldd RB. Coodwin
Chemdead ingineas

In cooporation with the
Fontann Btate Board of Hoaldh

U.S. Adlic Health Sorvice
Divisicn of Aly Pollutien
Tectmical Agpistases 2




TADLE GF COMIENWIS

SRMARY

mm’xexonnoco.uontohat

FPROIUCTION ¢ DEFLUCRINATIED PROSPHATE ROCK
Genoral Comnents . + + o

Buperphosphate Production

L] * L 4

. 14 L]

mfm:’ination of Suporphosphate

Flow Dlegram « « + + + o
Plant Logont « . « . . .

commcmoo"ntﬁ

.« & o @
¢ € o @&

L] » . L

Supcrphosphate Production. . . .

Defluorination of Superphosphate

SAMPLING PROGRAT + « .+ « . &
Velocity Traverse.  « .
Fluoride Emissions . .

Sulfur Oxido BEmisaions .

« & & @

Table 1 - 8tack Fiow Conditionrs

Tadble 2 - Pluoride Bniscsions .

h 4

®

-

Table 3 - Sulfur Oxide Pmissions .

_ Table 4 - Sulfur Trioxide Budssions

»

Toble 6 - Miscellancous aweples. . .

APPERDIX

Fluoride Ssmpling snd Analyzing Procedure
Bulfur Oxide Sampling and Anslysziag Procedure

-

Fago



SIBGINTY

m&mn Zﬂhm;ﬁmws; Inc. operates a plant né CGazricon,
blm’&em, vhich profucen dafluorimsted phoophats yock for wse ia onirsal
feed supplereat, OGitack emissions from thlo plast bave resulted in
mmexous ecwplaints from local residento. %o asness these comploints,
the lontans Btate Roard of Beolth roguested the U.8. Public Beanlth
Sopvice's assirtance in conducting eteck coopling ot the plemt. Serpling
was conducted in Augunt 1564, The scrubder steek on the superphosphate
At @ammmg kidn
vere corpled for fluorides and sulfur oxides. The Bexubber steclk mé feond

nixiog den and the kiln stack of the superghooph

to contein 12,000 to 19,000 prm fluoxides. The kiln otack pnoes contadned
1,500 to 2,200 ppa fivorides; 2,00 to 4,200 pen oulfur dloxide; and 125
o G00 ppa sulfur tricxids.



IRTRODUCTZTON

In July of 1963, diacﬁesaiom began betwzen staff mocbers of the
Division of Afr Pollution, U.5. Public Hesolth Sorvice, and represontotives
of the Momtana Stote Board of Health coﬁxcerning the operation of a phoe-
phate defluorimation plant at Gorvison, Nontana. %his plaat, owned by
Focky Mounteim Fhosphntes, Imc., began operation in Carriocon 4in J;nxly-
Aungust 1963. Ehortly theresfter, the Nontesa State Board of Health
received numerous comploiats sbout the opevation of thio plant.

At the roquest of the Momtems State Board of Heslth, the United
States Pudlic Kealth Gervice agreed to assist in paxfoxgnng ennlyses of
the stack effluents from the plaat. The agreencat 16 éutnmd in 8 lettor
dnted Novexber 27, 1963 by D. F. Ualters, Public Health Service, to
Dr. John 5. Anderson, Executive Officer of the Montana State Nosrd of
Health. Briefly, the egrecment was as follows:

1. The U.8. Fublic Heelth Service will provide the equip-

| ment suitable for obtaining the necesazary atack gisfplzea
and will lean this equipment to the lMontann Stete Poard cxf'

Health.

‘2. %he Nontana State Board of Heslth will make an arrange-

nent for entering the plant ‘and for providing the necessary

test boles sad scaffolding. C

3. fThe Technical Assistance Brench of the Division of Alr

Follution, U.S. Public Heelth Service, will supply two men

" to assist in eoamctins the stack teats. o



h. The necessary leborstory analyses of the samples will

be done by the Montany fitate Board of Health.

Following court proccedings in June and July 1964, & formal request
was received by the Public Health Service to imtia‘tg@ the stack test work
as cutlined above. This request was contained in a letter dated July 15,
196h, from Pr. John 8. Anderson.

_ The stack test tesa conoisting of Richard V. Gerstle, Roger
Ghigehara, Joho 8. Hendersos, and Ton R. Goodwin (all of the United States
Public Health Service) srrived in Helena, Woutans, on August 17, 1964,
‘Stack emnng st Rocky Mountain Phosphates, Inc. began on Auvgust 18, 1964,

Mr. Ben Wske, In&umt;-ial Hyglene Kngineer, Montans Btete Board of
Health, asaisted 1n the stack testing. All annlyses of sanples were
performed at ;he Montans State Board of x;ealth lgbm'atory by Mr. Ludwig
Chaops, Chlef Chemist. |

OENERAL COMMENTS

Roceky Mountain Phosphates, Inc. 1s engaged in defluorinsting
Montana Qéhéayhate rock to meke it suitable for une in animal feed supple-
M. ‘.&s a fertilizer, 1t is not ‘esscntial that fluorine be completely
elimdated; however, for use es & mineral auypl@ént in liveastock and
poultry feeds, fluorine mast be élmoat couml‘etelyi elininated. Montana
phosln'héte rock &8 used fn this plant conteins outbe order of 3.5 pércexit
to 4.2 parcent flnorice. The plant epeciffention on the fluorine content
of Cefluorinated rock product 1s 0.10 pereent flvoride. )
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Boveral mothods are availeble for the reduction of flvoride
centont of phosphate rock. Rocky Mountala Phouphates liberntes paxt of
the Lluaride by mixing phosphate rock, sulfuric acid, water, and phog-
phoric acid to form triple superphoesphate. Tiis mix, after eging a
ninioum of éh hours, is caleined in o rotery kila at temperotures up teo
2,500° ¥; this substantinlly volatizes all the filuorine. Sulfate com-
pourde roxmﬂ in the superphosphate metioﬁ alvo decompose in the kilm,
evolving considernble guantities of sulfur oxides (swlfur dlonide end
sulfur trioxide). '
. Tae flov diegram and plant layout are shown on sketch 1 and
skotch 2, respectively.
SUPEBPHOUPHATE PRODUCTION

‘The rav phosphate rock is mined within 30 alles of the plant.
After being reduced in size, (65 perceat thrcugh 200 mesh) 1% ie dolivered
to the plent in trucks. | Toree vertical ollos aro weed to store the rew
rock. Berew conveyors remove the ground roek fiom the storage silos and
ddechorge 4% to a belt feeder. The belt feeder dischorges {nto o smsll
feed hopper above the mixing den. .

Sulfuriec acid and phosphorie secid are received in railrond tenk
cars ard ax:e stared in horizontal storage tanks. The sulfurie acid ig
noreslly sbout 96 percont sulfuric ecid mpde from eeelter off-gas in
Anaconda, %nta?m. The 52 percent phoephoric acid is MMmd fron
J. R, éiﬂrplot of Pocatello, Idaho.. ~ In the formtion of the s@erphmpmt@,
the sulfuric acid, phosphoric aeld, wmter, and phosphate rock are mincd
ma‘fmmixingcom. meisanmﬁm@wmsm@mahwam
a b inch cutlet im the bottoa. o acids are potered into the cone



_through rotansters. Flow 15 initilated by air pressure on the acid
starege tanks. Fhosphate rock ic fed at & rate of 16 toms/hr by a screw
conveyor. The resulting slhurry falls into the 20 £t x 4O £t x 20 £t high
concrete structure called a den. The reaction comtinues in the den for
6 to 12 howrs. After this time, the material 1e removed by a rubber-
tired, frontebucket truck loader and is transferred by a belt conveyor
to the storage shed, If the superphosphate is not removed within 12 hours,
it "sets up" and becames very difficult to remave.

Vent gases (containing flucrides) are removed from the dem by a
blower and are passed through a vertical open~tower water scrubber to the
atmosphere. The scrubber is a 10 £t diameter towsr about 17 £t high with
a S-1/2 £t dismeter by 15 £t high stack. Vater 1s pumped from e euall
pond (80 £t x 50 £t x 3 £t deep) to the scrubber sprays. The water returns
to the pand by gravity. Occasionally, lime is added to the pond to neutra~ #* O
lize the pond water. In the top of the scrubber, above the sprays, é steel |
grating supports & 4 to 6 inch layer of stone and lime. Fluorides are @
removed from the vent gases by reacting them with this lime.
DEFLUORINATION OF SUPERPHOSPHATE

The superphosphate is allowed to age a minimum of 24 howrs befare
being introduced iato the rotary kiln. Depending on the age of the super=
vhosphate produced, the fluorine content will avm-age between 1.5 to
- 2 percent fluaride. The feed to the In 1s on 8 semicontimous basis.
Actuslly, charging 1s accomplished by a front-bucket truck loader at the
rate of ane load every lslmimxtes'.. Ep.ch load_weighe about 1 ton, and
the plant assxmea; theééfore, a feed réte of & tons/tw. The crude
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superiboaute 15 olovabed iy o buckot clevitar $0 & hrestor in e
large hags are redwead 1n aize and are petered ento o Idln foed belt by
o Symiren fesdoyr. The fecd rote to the badt L2 wplfom Wt not cwmtinumms.
e olben, m m«s oy 1o enpiy before e 15 mbmte charge period
hao elapsed. The EHla 46 fired with notural ghe vod Bag o padmu G
pereture of 2,500° to 2,500°% 5. T retentien time of mterial in the
En ic adboet kw. Btoek sepos from the MMin are dlecharged into ae
8 £t dlawater x 230 £% igh staek. Alr {0 wed to ceol the Gefincrismtad
yrofuot 88 1% passes to storoge. The gmmaé 15 cold in bk or bage.
Vw&WMsﬁMmmﬂm far m&;aﬁm, pod bagging machines
are provided for bagued product.
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. CONTTOL DEVICES

SUPERPHOGFHATS FRODUCTTON |

In the Mlmimtioa of phosphate rock as condueted by Roeky
Mountain Phosptintes, Inc., suparphosphete produetion is the imitial step.
Sulfurte eeld, phosphoric acld, wier, and fhoshate rock are sixed and
aged. Hormliy in superphoaghate }pro@etion, 15 %o 40 percent of the
taput fluovize 1s exittod from the mixer and den. The flucrins 1s wsually
in the form of silicon tetrefluoride (SiP)). _m constitucnts of the
cffluont etreem would be carbon dloxide, stewms, and ooma gulfur dioxide.

. A commonly used abatament Gevice to remove the fluorima from the

mixing den effluent gos is & high istensity scrubder using copious
quantities of uatm' or fluwsilicic acid wp %o about 20 percest by welght.
Focky Moumtain Phoaphates utilizes anm o;gemﬁem sorubber a9 a coatrod
device. The scrubber 1s o 10 ft dlmseter vertical tower divided imto
four quadrent-~type pogses by baffles made of 2-fach lmber. It ia en
opén tower without pecking or grids. Gas flov 15 arranged so that giaw
45 eocurrent Iin two passes and counterczrent in the other two pssses.
sgproximately 32 spray nozzles sre provided, 8 ia each pase. Visual
cbserwtions made furizg the stack sampling ehowed soma deficlemcies in
dealpn and opemtimi of the scrubber: )

}. ALl vertical baffles have ebout 6 inches of clegrases

betmmwtmofwewmmmmwm |

seribber. mnqnmcummmmua&m

~ vipe inotalled flush with the bottan of the serulber.
Simcmmmwothumwmnngthemmd

) o BT N&OUSC@(?GMCP u)

. ‘:{3‘00 \A(’ é.,o |I~) ,r,ﬂ
. ‘ /\H\/ \



the vobdea baffles i¢ provided, goo stresm bypeooing will
ecour; thus, the full effect of a four-pass ac_mbbex' would
not be ohtaipea. The veloeity traveree of tho scrubdber stack
indiceted that bypasaing was oscurriag.
| 2. Thysical iancpoctica of one poes ef the scrubber chowed
three of the eight nozgles to be eo@pletely émered with a
cryotalline deposit, {ndicating that these spray noazles
were not functioning. |
3. Total wetoer flov rete to the scrubber waa approninately
- 50 gym.

DEFIMORISATION OF SUPERPTIOSFUATA
Suparphasphate feed to the dsflugrinatmg kiln uoually overages

1 5 ‘bo 2 percent fluorine. Practically aill of this flucr:lne, down to

at lmst. 0.18 percent, must be removed befom the Pro&::ct is suitable

for enimal feed mzpplmem. ™his is m:cmpliahea b;y subjecting the

superphosphate to temperntures up to obout 2,500° F. There i3 also an
appsrent. decompoeition of calelum sulfate, resuinm m‘ the formtioa
of mulfur oxides. | '

The method of emisaicn coatrol spplied by Rocky Mountain Fhos-

rhates is lime injection into the exhzust ges stremn from the k:un.

Subsequently, the exhaust gas strean is passed through a cyclone sepm~
mtor. ;Ihe‘ theory is that the lime wi;l renct with the pounmt;é end
form 201id particulate cemppunds, ‘which can he :md in the cyclone-
type ceparators. mmuonspr this technique are used zxi slmilar situ-

ations. Some defieciencies were noted in this gystom:



1. ‘Oomiderablo asounts of the lime dust cettle out in

the duot between the kiln and the cyclons separator.

Doors beve been provided, and the ducto are cleaned at regular
intervals. This would indicate | poor contact between the

m and the pollutant cowpounds and, therefore, incomplete .
rmtiqn.

2. Bamples of the solids coliected in the cyclone were

- anslyeed and found to contain les2 than 1 percant fluoride.
Thic would indicate poocr contact and. reaction between lime snd
fluorine.

3. The cyelone provided at the plant 4o 10 ft in dismeterx

by 10 ft straight gide with m 15 £t high conical bottom.

Inlet wvelocity to the cyclone averages between 2‘5 to

50 ft/sec. Inlet velocities ahonm.mmilly be at least

h' 50 £t/sec. s

%, Tme bottom cutlet of the cyelore was anly partislly
sealed. %The sctusl opening wos domut-shaped and wss

18 inches in diameter by about 2 iaches across. Periodi-
cally, duet fell té the ground from this opening, but, most of
the time, ailr wag dvawn into the cyclone by the stack draft.
Alr eantering the cyclone through this opening interfered with

the dust collecting efficlency of the cyclone operation,



OMIPLIES PROQRAN

Every effort was made L conduet sampling viien the plant wos
cpesating contimwously anid at a uwniform feed ‘mw. This, 1t developed,
was practically impossible. The feed rote is baced upon hatch sddition
of cuperphosphate to the kila. This ie mccomplished by using a rubbere
tired tractor vith a front-end lcader. The plant monogement easumes
this vehicle, when loeded norcally, to hold 2,000 iba. ‘One loed fron
tmé truck is placed into the kils feed hopper overy 15 misutes, resulte
ing in a feed rate of chont L tons/br. In sctusl practice, the capacity

‘of thie loader .can vayy greatly. During the ssepling, e typleal truche
m of kiln feed wms velghed ond found to comtain only 1,250 pounds.
Later &uring the weck, two other truckloads of fiecd were welghed. Thece
two losds weighed 1,750 pounds and 2,440 powmmds, respectively. Frem
the kiln feed hopper, the suwerphosphate passed through a bucket clevator,
brea!sér, hopper, Syntron feeder to a delt fmee;'. The capacity of thin
equipment was greater then that provided by the normal four loads per
hour. The result ws that materisl wes oot fed to the kiln contimucusly.
Uounlly, 10-12 mdmates would be required to feed one truckload through
this equizzent. Until the pext load vas placed in the foed hopper, =0
material was added to the kiln.

Feed rate to the kiln was aleo affected by frequent equipment
failmé. During the week of samplinog, there wvere ususlly sevml breok-
w per day. On most occasions, repairs were instituted quickly so
that the feed could be started in sbout en hour. If repairs were not
too @ifficult, the kiln contimed to operate. Puring thece mechamical
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fallures, saxpling wme coqtinwd. For majer ropeivs requiriag over
1 bour to corplete, it was usual proctice to stop the kiln and rodues
the fuel fead rate to the kiln. At these tm, carpling vas delayed
until operating conditions returned to normsl.

‘Rmalmmlpmtpmctiwtoccmopmungzmmmif
the meteorological copditions were such that the kiln stack pluwe wes
bwns toward & nesrby WM? court or toward Corrison. For the £irst
3 daye of the stack sempling, the weasther was eool,and the wind was
strong from the northwest. During thie time, mo chutdowns were made
because of meteorolcgicnl conditions; however, on the last 2 days of the
test, three dhutdowns were made becsuse of pollution in Oerricon or the
trailer eourt. mmWemydwmmiaMOntables.
During the first 23 days of August, the plant stopped kila feed 26 times
becouse of polimtion being transported to one of these inkahited ereas.

Aotber factor which nade uniforn sampling difFicult vas the age
of the Xiln feed. Pigested matericl from the mixing den is aged a
niatmm of 2b hours before baing fed to the kiln. Fresh moterial will
rormally contain higher percesnteges of fluorime. Rfforts were made .
during the sarpling to feed the kiln with freshly digested materdal.
This was not always possidle since there was also a supply of 60-dey-old
material in the storsge building. |

Lime is pormally aedded to the kiln stack gases. This lime 18
thought to react with fluorine compounds to form particulate caloiwn
f£luoride, which can be removed from the stack gas end thereby refuce
flnoride emtasions. The plant log Mesiea that the rate of lige
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addition yaries considsrably, end, during the week of the saxpling, it
mh!@ethuforw@éhou’themnthofﬁw. Those data exe
tabulated 1o table 5.

imttm sarpling wes conducted on the rotary kiln eteck gases.
A ssxpling hole was ppovided 11 ft adbove the stack inlet st an elsvation
of between I and 35 £t above the base of the steck. During the initial
test, line vaa.s added continuously to the stack gases leeving the kilng
this is normal operating procedure. The amli#a was conducted on
Avgust 18, 19, snd 20, Velocity treverses were made on the 16th end Zoth.
‘Mree sasples vere collected for fluoride and three, for sulfur oxides.
The saxples were collected in the asequence: fluoride, eulfur oxides,
finoride, sfur cxides, etc. This resulted in a set (fluoride snd
suifur oxide) of samples being taken on each at three guccessive éays.

on Avgust 20, en attempt was mede to cbtein a particulate ssmple
from the kiln stack. After 10 mirutes of ssopling, the flcw through
‘the sawple trais had practically ceased. This was thought to be due to
coating of the sample train filter by the white, past;v material encountered
1in this stack. Additiomal heat was applied to the t’ilter, and all aampuns
was stopped. After ebout 15 mimutes, sampling m. resured, but sgein the
sample flow rate was extrenely low. Bampling was stopped, end the equip-
mant vas dismantled. Examination reveled the filter had deea coated
 with a white, pasty precipitate. Appereatly, this material is t’M ia
mmmamwthem@nnnmmmwmeam
mnmabmpmmznmbomammexwm thlamterltl
periodimny At the tipe of the test, thisnludsem.?ftdeepinme
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bottom of tho stack. Booause of this condition, particulate eempling
w20 conaidered to bo mosaible and vas dlscontinucd.

Pollowdnn the octack tes\t vith the plont o@emtm@ poreally en
ettenpt vas mefe to determine the effectivencss of lime eddition by
smum'mm Ure adfition. Four oerples vore token unéder thesco
conditions--tio samples of fluoride end .m carples of oulfur axidos,
ALl af theso samples wese taken on tho efternoon of Avgust 2.

On Augpst 22, the plamt ocpercted the evperpbospha

fecilities. The capseiyy of those facilitico is copaoideredly greater
"then the @sflnorimation kila cepacity so that thay cre only operoted
mﬂhu&aytwawﬂoﬂofﬁhoma. Faedmﬂ,tts.ona Suring the
mixing are walform. e roek ic fed at & widform rate by & screw fesder
wiile sulfurie acid, phosphorie ecid, asd water feed reten are metered
by indicating flow moters and are mntmllmdwmvglm.

Cazon evolved from the cuperphogphate &m{m exhousted by o
blover and dlocherged imto an openstover nquiaeemmaer The serple
@Wti@nmhcatediatheumgaﬂnﬁ‘ﬂmsm@arabmthewe.

The major pollutents frem the den ave fluorime cozpounds, Mter o
the nining den hed been coperating ebout one-half hour, o sexple was |
collected for fluoride amlysio. TFollowing thic, & ceample wad collected
end azalyred for eulfur dioride and sulfur trioxide. Sigaificent emssions
oﬁ’mlﬁ:rwi&eammtemmtmd B‘onmumthemmde cemple,
WO eamhm were %teken for f'lmr&de ana:l,yMs.

One velceity troverce wne made on the scrubber stack.



ROSULTS

VELOCITY TRAVERIE

Data on the veleelty traverses are given 4m toble l. Three
mlociw traverses were mado oa the kiln stack) the first two were rade
uhen the plent was opersting rormally vith lime adfdtion. These dats
were collected on August 18 and August 20. The results were 24,800 cofn
and 25,600 scfm. During the check of the effectiveness of lime addition,
the vulmtﬁy traverse gave @ stack valoéity of oaly 15,400 sefm. The
reapons for thie lower value ere not cleor. Sooe reduction in gas flov
.13 due ¢0 the fact that the lime-additioam blower wae not operaeting.
It in.dmhtfui if this can explaia corpletely the lower stack velocity.
It 18 more ukely that the reduction 1s emed b:' variation in plant
operating conditions: 1.e., fuel gas rate to kilm.
FINORIDE BHISSTONS |

a1 fluoriee esission data throughout this report includes both
muciﬂate and gaseous fluorine emissions, vhieh are exprassed a8
fluoride foa (P" ). The results of the fluorine sampliag are given on
teble 2. Higheot concentrations were found in the effluent gas from
the superphosphate den. Three sexples were nnalimd. The first, efter
only ome~helf hour of operation, indiceted a fluoride stack gos8 concen-
tration of 12,000 ppn. The second end third sesples were taken after
2-1/2 and 6 hours of operaticn. By this tima, the concentration of
fluoride 1n the scrubber stack had reached 18,430 ppm and 19,320 ppa,
respectively.

Ve



Becange 6f the physical arrangement of the npiping, 1t was
impossihle $0 sample upetream of the scrubber amd theredy check the
efficlency of the fluoride razoval in the scrubber. For thia reason,

e flmrl& balasce was msde sround the superphosphate Cen.
Fluoride in feed nsterial: '

1. Rock: 16 toms/hr x 2,000 1b/ton x &.2§ finoride = 1,340 1d/br

2. Phosphoric scid:

4 toas/br x 2,000 1b/tos x 1% fluoride = __ 80 1b/hr
o Total foput fluoride 1,520 1b/hr
' Fluoride in dem products N

- 30 toms/hr x 2,000 1b/toa x 1.9% fluoride = 1,1% b fluoride/hr
Calculated flucride evolved in the den would be:

7 1,k /b - 1,100 /nr = 260 Whe

The mck.lmlysis (table 2) shows that the maae extission rate
of flucride was 204 1b/hr. This rate imdicetes littls, if any, fluoride
is removed in the scrubber. The flucride balance 15 only an appamimmn;
but it does indicate relatively low efficiency for the den scrubber.

‘Table 2 indicates flucride concentrations in the kiln stack gases;
hovever, it must be rewenibered that the kilnm stack emissions axe on s
2h-hr/duay besis while the superphosphate den enissions are for only the o
limited time vhich the des opemtes»-umny 6 hrftatch. When opemf.ins
with lime a,tlxntion.in what 1s considered mormal operstion, the kiln |
stack camples analysed 2,070; 1,500; aad 2,200 pym fluaride. The average
of the three semples reculted in ea entssion of 242 Ib/br fluoride. An
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syproxionte efficiency ehack .on the Ume ediition end eyelons a6 a
control device wns mnde usisg o material b&l&m.
Flueride in kiln foods

3.6 tons/hr (rov rock) x 2,000 1b/ton = 1.9 fluorido = 137 Ibfhw
Flucride in kiln product:

1.8 toas/br (product) x 2,000 1b/ton % 0.18% fluorids © 6 1b/br
Fluoride in exhanst gases: 337 1b/br - 6 Ib/hr = 131 lb/br from Riln
to comtrol device. '

Bince the thres stack cwples everaged 142 1b/hr £luoride
" emtted, littls cdvamtage can e credited t0 tho costrol device. Amnly-
ols of the particulate collected in the eyclone wos ebout 1 percent
fworide. Both the Hoptona State Board of Health ledoratory end Kocky
Mountain Fhospbates, Ine. lobormtory sgree on this concentration. This
loy concentration of fluoride in the eyelone product would indlcate low
fluoride collection efficienty.

Date evallsble from a similar plent in Florids shows the
efficiency of their comtrol device %o be alightly over 90 percent.
SULFUR OXIIE BESSIONS

Sulfur dloxide and sulfur trioxide emiesioes are given in
tadblo 3 end teble b, respectively. Significant exiscions of eulfur
cxides were not expected in the den ecpubdber. This assumption was cube
stantiated by one sasple, emd no additionsl sezples were token.

_ ¥hen operating normally, with lime additiom, the kiln steck
pemples analyzed 4,200; 2,285) and 2,480 pym sulfur dloxide. The |
aversge of the three camplos gives an approximste mhssmn‘or T8 1bs/hr



b1
el Cdoxide. Tvo smples vere aralysed withowt liro eddition. Sheso
analyzed 6,070 and 2,600 yrm or an overage of 08 1b/hr culfur dlexids.

Wth lne eddition, the three sulfur tricdde cwples anslyved

125,0073, end 596 ppo or cpproximotely 123 lb/hr. With 1imo injection
into the stack geses, the roculte were G6T end 1,080 ppn culfur tricxide.
This would be adout 128 1/hr of culfur tricside. Apporently, the ldme
does vemove eone of the sulfur oxides.



ROCKY MOURRAIN PHOSPHATES, IRC. GAPMQ@, NOWPARA

Plant VYoluw:s at | , Yolume, efn ot
operating stock condi- Veloelty Btack std comit&om
Dote  location comditica tions, cfn __ ft/sec m@mm 70°r, 29.92" Baq

8-16-64 Kiln steck Normal 46,600 15.5 385° p 24,800
8-20-64 Kiln etack Bormal 50,500 16.7 n8° p 25,600
8-21-64% Kiln stack wmt £9,900 9.9 4o° g 14,900
8.22.65 Scyubber  lorwsl 7,600 - - nulr 5,950

stack ‘

et



Table 2. FLUOMITE BASBICHS
SOCAY MOUNTAYS PUGHFVATES, INC.
GARRIZOH, NOUTASA

A}

dosple : . swmliag Operating - ‘Enfasion comcentretica,”.  Gaisedon,
Ho. Date ~  lceantion conditicns rom /gt /it /vy
19-1 8964  Kiln steek Bovmal 2,0 O02x10°3 21,6 153
2.5 8.20-€6  Kilnoteck - Zormal 1,500 0.07h x 1073 31,180 10
21 82064 Kiln stack | Forsal 2,800 0,108 x 2073 1,70 162
2leh  &Z.6F  Iiln ctsck Without live eddition 3,150 0,155 x 1075 2,480 232
216  Be2ne6h  Xidm steck vithowt Mmc sddition 2,620 0,128 x 1073 2,050 13
_ %1 &M - Bepbber stack  Borsal 12,000 ©.589 = 1077 9,40 206
£2.A  B.22«64  Zorubber stask Sorusl 18,5% 0.905 = 3075 14,500 17
28.6 = B.22-6h  Serubber ctack Feraal 19,320 0.5 x m"3 15,160 1P

© % Ten parcent molsture sssumed 13 kils steck gasco. Hormal verletions m misture conteat will not
bav2 an gppreciedle effoet o msgritude of the catesions,
. Sorubber stock gnoes ore asmmed to coatoln $ wnm molsture {soturated eonditions ot 110° P

ostack terperaturs). .
All concontrations are oa & wet bosds ond ot stewdnrd conditions of TO° P nad £5.92 inchos of CUFCLYY.



Teble 3. SUIFUR DICXINDE EMISIIONS

ROCKY MOUNTAIN PEOSPHATES, INC. - GAREISON, MORIANA

Sample - : mmtioa,' Esission,
Eo. Date Sexpling location Operating conditions  pm ib/set Ib/br
192 8-19-6k  Kiln stack | Forzal 5,20 0.695 x 10°3 1,081
2-6 8-20-64 . Eilm stack . Formal 2,85 0.3718x 0°3 566
212 8-21-6%  Kilo stack Norzal 2,480 0.L10 21073 &5
25 8-21-64  Kiln stack without lime addition 6,070 1.00% x 1073 852
21-8 6.21-64  Kiln steck Without lime addition 2,600 0.3 x 10”3 365
222 8-22-64 Serubber etack Normal 380 0.063 x 1073 22

. % Ten perceat moisture assumed in kilm stack gases.

have ar apprecieble effect on magnitude of the emissions.
Bcrubber otack gaces are ascumed to comtaln 5 parceat moisture (atumted condiuoas at 110° 7

stack temperature).

SNoymal veristicas in moisture content will not

All conceatrations are on a wt basin and at atanaard cendnwaa 5} 4 70 ¥ end 29.92 inches of

nercury.

12



Teble 4., SULFOR TRIOGKIDE BASSI0NS

FOCKY MOUNDATE FHOSFEATES, IHC. - GABKICON, HONTANA

: . Exissicn »
Esaple ) " concentration, - Exissics,
Ho. Date Sampling loeation Operating conditions  ppa In/sef - b/br
19-3 8-19-64  Kila steek Sormal 125 0.0 x 105 39
20-T 8-20-64  Kiln stack Hormal | 473 0.098 x 1073 17
21-3 8-21-6%  Kilm stack Bormal © 586 0.123% 1073 18h
2-6 8-2-64  Kiln stack Without lime additios 657 0.138 x 1072 - 117
2.9 8-21-6%  XKila stack ¥ithout lime addition 13,020  0.211 x 1073 179
22.3 8.22-64  Scrubber steck Tormal 1% 0.027z 103 10

 ® Ten pereent molcture sssumed in dila stack gases.

aot have an apprecisble effect on magnitude of the exissions.
smmsmmsmammmnsmmmm (caturcted conditioas et 110° 7
stack texperature).
All corcaxtzetions are on a wet tasis and &t amaﬂarﬂcwdiumcﬁ’?o Fmﬂ???ﬁicchesm"

METCUry.

Horzal variatioas ia roisture conmtent will



Table 5.

OFERATING AW FRe FLANT 108
POCKY FOUNTATY FMOSFUATISES, INC. - GARRISCH, bOTTAIA

AUTBUST 186%

Fo. of 50 1b bago

Ho. of tires plant chut down

Lpproximste af line adéded “becoune of poliutants blouwing in
Bate hrs operated o hkiln otnek gae Traller court Carrison
8-1 17.5 0 b.| b
62 12.0 16 2 -
&3 16.5 &7 1 | -
B4 6.0 15 i b
B-5 - - - -
&6 ' 2'0 - - -
&7 2.0 k8 1 -
8-8 18.0 10 i -
8.9 2.5 10 - -
8-10 - 6.5 5 - -
8-11 1705 i5 - -
B=12 15.0 el 1 1
-1 i9.0 20 B -
8"1 8-0 lﬁ’ - 1
8-15 19.0 20 2 1
8-16 17.0 22 1 1
B=17 1.0 22 - )}
&lﬁ 2100 3? - -
8-19 17.0 33 - -
8-& %00 61 - -
8-21 @.'5 13 - 1
8-22 4.0 3= 1 b X
8-23 18.5 53 D § o
Average Crand total
15.7 hr/day 26



Teble 6. MISCELLANEOUS SAMPLER

SOCKY MOUNTAZN FHOSFUATE, IHC. - GABRESON, NONTASA

Esmple muzber

Type of ecample

Beoults of analyels

20~1
20-2
x~3
20-4

20-8
20-30
27
22-8
aa-8

2he1 |

K4in stack aludge
Superphosphuate (5-day-0ld)
Superphocphate (2-Gay-01d)

Paxticulate collected in
cyelone

Kila otack porticulate

Buperphosphate {60-dny-0ld)
Raw rhogpbete rock. .
Paosphoric acld
Phoephoric acid

Den scrubber sludge

0.175% fluoride
1.5 ¢ fluerdde .
1.96 § fluorida

0.95 % flusride
0.042% £ivoride

1.85 % fluoridn ~
4.2 ¢ flvoride
0.95 ¢ fiuoride

‘ &
L § p ?205

9.97 % fluoride




DETERMINATION QF SULFUR DICXIDE AND SULFUR TRIOXIDE

When sampling stack gasee for various cancentrations of sulfur

Aloxide and sulfixr trioxide, this mothod ia used.

APPARATUS
Sanpling Probe

Glass tubing (prefersbly Vycor or quartz, Pyrax) of suitable aize
vith & ball Joint at one end and a removable filter at the other. (Ene-
. balf inch OD x 6 ft.. long Pyrex tubing has bccn used., )
A Buchner filtering funnel with a ccerse fritted glass to suppart
a removeble filter is reguired to remove any particulate or acid mist.
Kaolin wool (resin-free), fritted quartz, or glass wool (Pyrex brand

. 3950) are sultable filters. - |

Adapter ‘ ‘

Six phzé»type connecting tubes, 24/40, one with s 90° bend with
a socket joint,
Beatdng Yape

A beavy insulated heating tape with a variable voltage supply

is needed to prevent condensation in exposed portions of the prodbe and
adapter. Altermatively, glass Iml or other euitable insulators may be |
used 1f tem?erat\n'e extyemes are not too grest.
' falibrated Tanke

Tvo evacuated tanks are requima to provxae an accurate sample '
volume mensurement. Gm cu'bie foot, tanke have been ma etismctortly 'c



Yacuum Sovrce .
A gool vacuum souwrce 18 needcd to evacuate the calibrated tanhs.
An abgolute pressure of cbout 5 inches of mercury should be achicved.

Thexuaneter
Hanonetor
A 35 inch merewry munometer

Lamp Sulfur Absexber
Three ASTM D1250 lemp sulfur chocrbers with coarse sintercd plates

Hllter Tube
Filter tube with a hO-um diamcter Corning medium sintered plato

Teflon Tubing |
Teflon tubing, one-gquorter inch ID, for conmecting servbdero

AAlterm;tively, 8 mm Pyrex tubling with ball and sochet connections may
be used.

Ice-¥ater Eath

ng_m:
M and 1C-ml burettes

RBAGTS
Daionigzed Yater

Deionized water should be wsed instesd of distilled water.

Isopropyl Alcobol

€0 Percent Isopropyl Alcohol

. Dilute isopropyl alechol with HO at a b:l ratto,
30 Percent Hy@rogen Perccide (Reagent Grade)




3 Percent Brarogen Feroxide
Dilute 30 percent H C_ with H O at a 1:10 ratio. Prepare fresh

22 a
aaily. ‘
Bariws Ghloride (BaCl ‘2.0, Reagent Grade)

0.0100 X Barfun Chloride

Diesolve 1.2216 BaCl, 21,0 in ml H 0 and ailute to 1 liter with
isopropyl alcahol . | .
Thorin Indicator O-(20hydroxy-3, 6-Gisulfo-l-naphthylazo)
Benzenearsonic acid disodiwa salt

" 0.2 Percent Thorip Indtoator
Dissolve 0.2 gn 'ﬂmrm indicator in 100 wl IIaO.

SAMPLING PROCEDURE
’ Set up the spparatus as phown in figure 1. Add 30 ml 80 percent
inopropyl alcohol ip the first scrubber and 10 ml in the filter tube.

Add 50 ml 3 percent H _O_ to the third scrubber. A little silicone m'ehae’ |

28
on the wppor perts of the joints may be uced to prevsat leakage. Heat.

the probe so that no condensation occurs while sampling. Sample at a
rate of sbout 2 cu £t per 30 minutes while sumpling. Record the tank
wvacuwr and taapératm‘e initially and at 10 mimute intervals. HNote the

baramatric rresasure.

BAMPLE PREPARA’I.‘IO!I
. 'Di,aconnect the probve, heating 'tuliae, and adapter and allow to uool; '

Connect the spare aﬁmm and add 50 m) 3 percent 3202 to act as an a;r

filter, Replace the water in the fce-water bath with tap water. Draw



Dravw air w the system for 15 ninutes and remove the spare ahsarbor.
Dueomact the thi.rd serubber and transfer its contents and its
vater waashings to a 25C-al volunetric flask. Dilute with vater to the
mark. Amlyzae this for 802. -
Btopper the first scrubber and apply suction to the filter end.
Remove the suction line and sllow the partial vacum in the first scrubber
to draw the solution from the filter. Rinse the filter tube with 80
peréent iscpropyl alcohol bdfare the sustion i@ lost. Transfer the
contents of the first serubber and its washings to & 250-ml volumetric
* flask and dilute to mark with 80 percent iscpropyl alcchol. Analyze this

for 603 . .

- ANAIYTICAL FROCEIRRE
Sultur Trioxide

Pipet & suitable aliquot to a flask and dilute to 100 ml with £0
percent isopropyl eélcchol. A4QQ 8 few dropé of Thorin indlcator (enough
to give a yellow color). Titrate with 0.01 B BaCl, to the pink end
point. Make a blank determination in parallel. ‘
Sulfur Dloxide

Transfer a suitable aliquot to a flaek and add & times this volume
of 1copropyl slechol. Dilute to 100 ml with 80 percent. 1sopropyl alechol,
add enocugh Thorin indicator do give & yellow color, and titrate with
SW G.C1 R B&Cla ‘o the pink end point. Run a blank determination

in parallel.



CALCULATIONS
PR 80, ar 80, by volwwe = 5.8 x 10 A-B)(E)(F)

? R
V. g _ 4
(ary vasts) t o -
L o6
wbere- o A=ml 0.0 X Ba,cla uged Cor titrution of samplo

B >ml 0.01 R Mla uaed for titration of blank

¥ = exact normality of 'BnCJ.g
F o dilution factor

T3 = final tank tesperature, °R

T, = initial tank tewpcrature, °R

Vt o volume of tank, .nta;ra

?f = £ipal sbeolute tank presgure, in fg

(B; = (B, - £inal vacum)
191 = initial sboolute tank pressurae, in ﬁg

(2, = (P, - initiol vacuum)

REFSRENCES

| Shell Develogment Compony Anslytieal Department, "Determimation
of Sulfur Dloxide and Sulfw Trioxide in ftack Gases,” Peeryville Method
Meé 4815/5%a.



.Figure 1. SAMPLING TRAIN FOR SULFUR OXIDES
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DETERKINATION OF SOIUBLE FLUORIDES
EPADRG-LINRCONIUM LAKE METHOD

scors.
| This method 1s used for the determimation of soludle fluoxrides in

steck gases. Acouracy within 0.02 mg/liter in the concentration range

of 0.00 to 1.40 mg/liter is cbtainshle. The imterferences from stack

geses mecessitate distillation of the samplea.

APPABATUS |

Senpling Probe; Olass tubing of suitsble oise (12 iach by 6 feet long

Pyrex drand tubisg hoo been used).

.ZM!’ Pour standard Greesburg-Smith impingers.

Ice Bath: Ice bath with a guitable rack for holding impingers.

Dry Oas Neter: Ose cubic foot/revolution meter. |

¥ancpeters A 36 inch Hg sencmeter.

Yacuum m:' Paap with cortrol valve.

Thermometers: 0-500° C end 0-1%0° P range.

Bolling Flask: Onc-liter, round bottom, long neck, Pyrex bolling flask

vith joint musber 24/40.
Comnecting Tube

Grahox Condenser
Adapter
Receiver

Burney

R

Glnag Beads: Two to three dozen
Spectrophotometer: Beckaan model B.




REAGENTS

Seum de

13 (Approxisate) Sodtun Eydroxtde: Dissolve 0 g BeCHl pelleta in H.0
and @llute to 1 liter.

Qomamg q Sulfuric Acid.

Silver Sulfste
Spadast h,s-mhyaws (p- muli‘exahwlaao)- a, T—naphthalmdimlfonzc

acid trisodium salt.
Spadne Bolution: Missolve 0.959 gs Spades in !120 and dilute to 500 ml.
.W Octehydrate | |
Concestrated Hydrochloric Aeid

Zirconyl Chloride Octshydrate folution: Pissolve C.133 gm Zr0CL,'8 B0 |
in 25 m1 B0, Add 350 ml comcentrated RCL and éilute to 500 nl with H.0.

Reference Bolution: Milute T wd eom:ektmted ECL tn 10 nl with 320. Ada
10 nl Spadne eolution to 100 ml H 0 end add the Hel solution. Mix well.
This solution iB used to set the goro poiut ama is stable indeﬁa&tcly
Jixed t: Mix well equal pertc of the Spadns solution and rOCl,

8 320 solution. This resgent 15 astable for at least 3 nonf.hn. .
Sodlua Fluoride (Resgent Grade). '

Fluoride Standard: Dissolve 3.0947 ga dry FoP and mlut;.a to 1 libe'r,-‘

Pilute 1 ml of this solution to 1 liter, This £imal colution contsims
1.4 pg/ml. A o |

Plpet 0.0, 10.0, 2.0, 30.0, 40,0, end 50.0 nl staadard Ro¥ solution
into separate 200-a1 beskers. Add 50.0, 0.0, m.o, 2.0, m.o,
0.0 ml H,0, respectively, to the beskers. Then add mlul of mixed



reagsnt to each bealor, Dix thoroushly end read tho eboorbones of

570 ﬁ. Flot M'amt&un vs aboorbance on a regtangular greph poper.
At least ome point chould be run With coeh carple sod each time thoat

o nev batch of minod reegest ic mode. It 46 fwportont thet stondards

and parples bo at the same taﬁ@em@mmmfd@m Gifferance causen

sbout 0.01 mg/liter error.

Setu@thé@mmtuaaa @m&mﬂ@&eb Add 100 ) 0.1 W FaGH
to cach of the £irst two iupingere, leave the third ary to cetch amy eaxry-
‘war. Si)ica gel oy be ploced i the fourth tfrpinger to cbsoyb any
additiomal moloture (this holps to protect the meter and pup). Put
some 1ce 4a the beth. Py the cample through the train ot 1 ofn for
30 mimutes or as suitable. Reoord meter tcoperstures and prescurss ed
10 mimite intervals Guring serplisg and obioin an aversge. Reeord the
taranetrie pressurs. | '

BAYPLE PREPARATION

Trensfer the soluticn ezd 1ts 1,0 wasbings fram the thrco ixpingers
to & 500-ml volumetric flack and dllute to the rark. Pipet a culteble
volume (25 to 50 ml has been found adegquate for 25 cu £ stack sawplen
from power plants) and dilute to 300 o) with ﬂac. This is used for the

atstilletion,

Use the mothod of ¥illard and Vister es described in "Standard
Nethods for thoe Insmleation of Woter amd Tastemater,” 11th edition,



x
Ex)

Mm Adblto finlth Ansociation, Inc., Now York City, 1950, pages 123
to 125.

The flucride was distilled with steam using sulfuric acid distilling
over at 1557 €. The aistilling flack is knowm ns the Alece flack, which
1s used extessively by the alusdmm companies for fluoriue lstillation.
ma‘i- actually a Clalson flask with the neck to which the delivery tude
18 attached sealed cff with gloss.

Pipet & suitadle aliguot and dllute to 50-ml. AGd 10 ml of mdixed
‘rongeat end read the adoorbance at 50 mi. If the ebsorbance folls

beyond the 'ennhmt:l.oa axve range, repeat the procedure using & ssaller

qelpld sliguot.
ym #luorides = (2-53)(073)(C)E) (@ )(T,) |

(V,)(2,)
¢ = Concentration - ug
F, = Distillation dilutioa factor
o Sauple dillution factor

» Ssaple tesperature
= VYolume of szmple (at sampling coaditions)

B w9 @ N

= Pressure at sanple meter

Bellack, krvim and Schouboe, P. J., “Rapid Photometric Determinatioa of
Pluoride im ¥ster.” Amalytical W. 0, 2032-3% (Decawber, 1958).
Bellack, E., "Sinplified Flusrida Distillation Nethod." JAWA 50,

530-6 (April, 1958). o



SAMPLE PROBE

THERMOMETER

- ICE-WATER
BATH

&V) m (_B MANOMETER

'
PUMP

GREENBURG -SMITH DRY GAS METER
IMPINGERS

SAMPLING APPARATUS
FIGURE |



DIFFUSION ESTIMATES FOR GARRISON, MONTANA

-

UNSTABLE TO NEUTRAL CONDITIONS

Ground-level concentrations beneath the plume axis were computed
for various distances under the assumption that a plume traveling along
the valley would spread (diffuse) in a manner subject to usual diffusion
calculations for a distance up to 5 km (3.1 milcsg. These concentrations
are tabulated for the kiln and scrubber separately, end a graph 1s prepared
showing a distribution of concentretion down wind, assuming the two
sources to be immediately adjacent. Maximum velues may not appear since
computations were for specific distances only. The summed values reflect
in nearly every case the contribution from one or the other source, and
in no case are they slgnificantly greater than from the greater source
alone. : ,

Plume center-line concentrations only were computed for stability
class F since under stable conditions the plume may not lower to the
valley floor but may impinge on valley sides with maximum concentrations-
approaching those within the plume itself. These concentrations are also
tabulated. ~

A1l computations are based on the following emission retes:

Kiln 141 b F/hr 738 1b 50 /hr

Scrubber 286 1b F~/hr 22 1b 50 /hr

EFFECTIVE STACK HEIGHT

The Holland equation was used to estimate effective stack heights
besed on the following data:

Kiln stack Scrubber stack
Diameter 8 o" 5t 67
Height 210" 35
Stack velocity 900! /min - © 600'/min
Stack temperature koo® F at 30° 112° F

Air temperature: 60° F, Pressure: 900 mb

Effective stack heights were found to be:

Wind speed 22 1/2 mph 1l mph . T mph
Kiln stack 233 £t 256 Pt 286 £t -
" Scrubber stack 39 ft 46 £t kg £t

The Holland equation is considered relatively good for neutral
atmospheric stability. Even under unstable conditions it appears that
ePfluents from the scrubber stack will remsin within the valley since
the stack velocity and temperature are both very low..



GROUND LEVEL CONCENTRATIONS (gm/m>)

goviyh A
wind speed Source Pollutant 1/16 mi 1/8 mi 1/6mi 1/3mi L6 mi 1.25mi  3.1mi
A Kiln F1 1.3x10712 551071 1.1x107) 1421072
) 7T mph o . 80, 6.5x10° 2.6x10°° 5.6x10 " T.1x10
DA : ’ - -3 -4 —h -5
m . Scrubber . F1 L.7x10_j 8.9::].0_5 2.8x1£)_5 2.8x10_¢
WS~ oel 80, 3.9x10 T.4x1077 2.3x107° 2.3x10
| Kiln F1 2.3x10_73 9. sxlof; 9.5x1077 5.1x107) 1.3x1077
Sum - B- 80, 1.2x10 L. 9x10 h.ox10 © 2.8x10 ° 6.8x10
. Jmph Scrubber F1 3.5x10:f; 3.1x10:ﬁ - 6.1+x10:l; 1{5tx:10'2_‘5 2.7x10:2
o e : 50, 2.9x10 2.6x10 5.3x10 7 1.1x10 © 2.3x10
= © Kiln F1 9.0x10752  3.5x1077% 1.8x10°8 b.7x1077 3.0x1077
D 80, L. Tx10 1.8x10 9.5x10 ~ 2.hx10 y 1.5x10
11 mph . Scrubber - F1 7.hx1077  b.5x2073 2.4x1077  9.4x107, 7.9x1072
A EuTIEA S0, 6.2x10 3.8x10 2.0x10 © 7.8x10 6.6x10
o | PLUME CENTER-LINE CONCENTRATIONS (gu/m>) . .
/WY L5L F Kiln ! 5.1x10™% 1.2x10:i 2.0x10:§ 5.7x10:g 5.1x10_
' —~' L4 mph 50, 2.7 6.4x10 1.0x107" 3.0x10 ' 2.7x10
, | ' " ' -1 -2 -2 -3
JEA . - Scrubber F1 1.0 2.4x10 4.0x10_7 1.1x10_ 1.0x10_
YEL ey S0p  8.5x1072  2.0x107° 3.3x1073 9.1kx10 4 8.6x107°




FUMIGATION CONDITIONS THAT MAY BE EXPECTED:

Clark Fork valley, downstream (to northwest)

Valley volume was estimated by measurements of contour spacing
at various points along the valley. The measurements were continued
down-valley for a distance of about 4 miles (measured along the valley,
not a straight-line distance), to the point where Warm Springs Creek
enters Clark Fork. The effective top of the valley was estimated at
4,600 £t msl for these computations, and it is assumed for these purposes
that the plumes would remain within this volume.

Assuming a drift of the plumes of 2 mph along the valley and emis-
sion rates (totel from the two stacks) of 427 1b/hr of fluorine and
760 1b/hr of S0, fumigation cond%tions would produce & concentration with-
in this valley area of 470 ugm/m> of fluorine and 820 ugm/m3 of S0,.

Little Zlackfoot valley, upstream (eastwerd)

A similar estimate of the valley volume was made, but it was
limited to a distance of 2 1/2 miles upstreem.

With the same assgmptions, e fumigation conceptration within
this valley of 600 ugm/m of fluorine and 1050 ugm/m of 802 is obtained.

Clark Fork valley, upstream (southeastwarad)

) Mep deta is insufficient to provide a satisfactory estimate of

valley volume for a significant dlstance upstream. However, the cross
section of the valley within the first 1/2 mile or so suggests that
similar concentrations would be found within this valley also.

The figures given above are rough estimates only and assume a
uniform mixing within the entire portion of the valley used in the volume
estimate, However, the valleys are of variaeble cross section and the
concentrations under fumigation conditions will vary inversely as the
cross section of the valley. )

Under inversion conditions eccompanied by light winds, it is
possible that the plume from the kiln stack will not be .trapped in the
valley. If this plume escapes, the concentrations estimated for fumi-
gations will be reduced for fluorine by ebout one-third; and for SO2,
by over 95 percent. It is likely that this plume will be trapped or
partially trapped most of the time, but meteorological data available is
not sufficient to estimate the effective inversion heights with confidence.
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CROWD LEVEL COUCENTRATIONS (ppm)

orans ot Zoo' oo yos! | | |
vind speed . Source Pollutant 1/16 mi 1/8 mt 1/6 mi 1/3 mt .6 mt 1.25 & 3.1 mi
» A Kiln F1 2.87210"7 C 7ata07% 153107 2.01072
JP » 80, 2. 771072 | 1.10x30°3 2.35x0°F 3.02x1072
| . Scrubber 1 6.75 1.28 5.02210"% &.02210°°
[&]
upsel 80, 1. Géxm 3.15x0°2 9.83x20"3 9.83x10""
. Kils 1 3 mxxélé 1.3Tx107" 1.37210°F 7.75x207%  1.87x20°2
éum | 9:ph | 50, 5.11x10"*¢ 2.06x20™" 2.08x0°% 1.19x10°1 2.00x2072
Serubber F1 5.02. . k.5 ga%xi0-? z.01x10”t 3.88x107°
«,(f/ﬂ/" .
( R L 0,  iemioct 1aexwt 2.26x10"% 14.66x1073 9,830
. K 'n 129210730 5.020072  2.581077 6.75x207° 4.30x1072
‘1 gg.h ' <0, 2.c0x20" 28 7.6620" 2% b.05x10"3 1.02x307% 6.38x10"2
PPN Scrubber n 1.07x10  6.45 3.44 1.35 11307t
PG A - 50 -1 ST | -2 -2 -3
2 2.6x30 1.62x20 8.51x10 3.32x10 2.80x10
) ms,’or\) / . | PLUME CENTER-LIHE CONCENTRATIONS (ppa)
f . -
[+ AP Kila 71 7.32x10°  1.72x10° 2.87x10  8.19 7.31x30° %
J gl b gk 0, Labxwo3  z.27x10° 25210 1.27x10 1.19
_Serutber . F1  L.hbx10°  3.hkx10° S.7Thx10  1.58x10 1.5%
. &0,

2 3620 8.5 1.40 k.coxi0™t 3.66x10°



SUGGESYED GUILES FOR EMISSION STANDARDS AND AMBIENT AIR QUALITY CRITERIA
. ¥OR ROCKY MOUNTAIN FHOSPHATES, INC. AND GARRISON, MONTANA

PIVORIDR EMZBHEI0NS

Fluorides in general and gaseous tluoridﬁu in particular are
important as air pollutanta, first because hydrogen fluoride (HF)
and silicon tstgarluoriae (SiFu) are toxic to some plante in concen-
trations as low as 0.1 part per billion and mond];n because fluorides,
“both gaeecus and particulate, may be sccumulated by vegetation.
Animals ‘Mch consume vegetation contaiming in excess of 30-50 ppm
. fluoride can develop fluorosis. |

There are no regulations applicsble spectfically to stack emio-
sion rates for fluorides in thg United States. One su_ch regulaf.ion,
Ahoumrer, has been proposed for Polk-Hillsborough Ooﬁnties in Florida.
This regulation might not be directly aypncabh to the plant und(.er'
‘study as it could be unnecessarily reatriétive. The Florida proposed
regulation is designed for use in &n m'a vhere there is a large
mumber of fluoride emitting plants. The propoesal, however, 1 of
interest as a reference point and as an indication of performance which
can beo achieved. The proposed Florida regulation vowld limit emissions
of fluorides to 0.6 pounds per toﬁ of P 05 produced in the manufacture
of phosphoric acid and calcined or defluorinated phosphate rock. In
tho manufaettn'e of normal phosphate, mperphosphate or normal super—
phospbate, the proposed emiesion 1imit for gaseous and/or vater soluble
flnoridee (F") 18 30 pounda per operating day per plant. Applying these A‘ ‘
standards to the Rocky Mountain Fhosphate plant, givee the following



e.

epproxinmate ngul.tas
Rocky Mountein Plant

Average emission at Allowebls emissions
: , , time of stack analyses, per Florida proposal,
Operation pounds (F~ ) /hour pounds (¥ )/hour
. Nixer and Den 284 ' , 1.25
Kiln | k2 g 0.6
- Total L26 . 1.85

h-hour/dey operation

' From the foregoing, it is cbvious that a suhMtial reduction
;af emicsions wvould be required at the Garrison pla:it, if the proposed
Florids roguhtiom wvere applied. |

In view of the lack of fluoride m&ssion standards, a more
simpnﬁod tpproach must be taken to mive at an allowable fluoride
emission rate for this plant. One such approech would be the require-
ment that fluoride emissions be controlled to a degree that is usually
attaineble in similer processes. The emiesion from the mixer and o
den 1s the larger source of flucrides, and ita e-fnuent 15 discharged
from e relatively low stack. Methode nov in use to control similar '
enissions end processes include simple spray towvers, packed towers,
and various high energy devices, such as jet scrubbers and vénturi
scrubbers. Published data indicate that even multiple pass spray towers
| achiev,e' fluoride removal efficiencies well above 90 parﬁent--often as
‘high“ae 99 percent. In Great Britain vhere industriel cperatious are
generally controll#d by the “chemical effictency™ that can be attained,
the emission limitation for this same type of process is 0.143 greins

F. per cubic ft. Applying this criteria to the plant under study, ‘

2
" results in the following:
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e

7,600 ¢fm » 0.143 grains x  1b x60min x191F =« b2 In/br
ef 7,000 gr hr B D>D,

e 2

percent reductfon: 284 - 42 = 98.5 pereens
2

In view of the practical possibilities iietea chove, 1t is sug-
gested that an aversge efficiency of 95 percont be specified and
maintained for emissione from the mixer and den operation.

Ascuming thet the total fl@ride enxesioxis froa the mixer end
den operatich were 95 porcent controlled, the control of fluorides
from the kila would probably'not have to cxceed 90 percent because
of the toll otack.

. Appdying 95 percent control te the mixer and den and 90 perecent
control to the kiln stack, the totel fluoride emisoions would be oo
follows:

K{ln: 142 1b/hr x 0.10 = 14 lb/hr

Pen: 284 1v/hr x 0.05 = 14 1b/hr

28 1v/hr

%he 28 pounds per hour would be the total nllownble emission
regardless of production rates, control equipment effieciency, or specific
source.

| -An indication of the improvement in air quality that might be
aeMéwﬁ 1f fluoride emissions are reduced to 28 lbs/hour con be
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estimntcd fxom meteorologlical disperaion caleulntionn. While théoe
ealenlationn are mot czact, they can serve oo guifeliroo in air coopling
ard polintion control applications. Our coloulationo (ettached) fndi-
cate the following maximum ground level concentrations for the conditiong
assuneds

1) Don emissions
Manimm concentration of oppreximately 10 pm as ¥
occurring with a near neutral atmosphere ot o wind cpeef of 11 mph
. end at o @lotoance of choud 330 £L. from the serubber discharge.

If current fluoridc emissicns wore reduced 95 poreont,
this ecalculated mxdisnm gré\md eoncentration would be reduced to an
estimated 0.3 pym.

) Aloo of interest is the caﬁsimataa‘ ground level concen-
‘tration of 6.5 ppm as F  which could be expeectod ot approximately 660 .
fram the scrubber discharge. Tnds level vould be roduced to ebout .3 ppn
1¢ the don emicsiems vere reduced 95 percemt
2) Kiln emiesions

The estimated maximum ground level of F from the kiln
45 expected %0 occur with an unstable atmosphere (looping plume) and |
ar® mph wind. The concantration would approximato .14 ppm at a Aistanec
of mbout 1300 foet from the kiln stack. Reducing kiln emiscions by

00 percent, would reduce this councontratien to approximnted .02 ppm.

For the moraing invercion breakup (fumigation) eape, which
appears to be important in Garrison, the fiuoride levels are estimated
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ot .08 pra Sor current coission lovels and .%'m Af tho propoced control
efficiencies were achioved.

e plant’s valloy locetion with 465 sumercus morning inversions
and the B.eck of Astniled meteorological dntn makes 46 impossiblo to

aemng &oemam the dogree of control a."@eseary to eliminste
ruicance emmma and prevent exceossive gemamilation of fAvorido in

vegetation. It will, thercfore, be nocossery after a poriod of

aperating exporicace at the refuced eniscion rate to dotermine 49

‘odeguate eontrel has boen resliced or vwhethor furthor reduetilen io

needed. Tho basis for such determinations eould be tho annlyces of
freculy grown vegotation to deternine 17 tho £wsride content hoo
been reduced to 40 ppo or less.

FUR DECIEDD EEDICHS

A purbeyr of communities have regulotions limiting concentrotion
of mlfur dloxide in emissions to 200D pp:a.‘ Tho plont ander otudy
cnits 2300-4200 ppm ia the kiln odack pnoos vhich would de im violastion
of such regulations, Other regulations 1imit emiosion of eulfur dioxddo
on the basis d’ coneentrations at grouad lovel boyond thoe plant premisco
due to the emicsions. A reasonchle regulntion of thie type would limit
ground gomemratioés %o on evorage of 0.5 ppn for a ons-hour pericd,
not %0 be exceeded during more thon tvo one-hour pericds during eny
seveinéaw period and an sverage ef 0.1 pra for o 24-houwr poriod, not
to be excecded during more than ene 2h-hour peried in eny three month

period.
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Again referring to the attached calculated ground level concen-
trations, 1t is estimated that the 50, concentration (from the den
serubber) resches @ maximum of 0.26 ppm at about 330 feet from the
source, with a near peutral atmosphceric stadbllity and a wind speed
of 11 mph, |

vnll fimigation level 1s eetimated’ at 0.45 prm to wvhich the xiln
exieaton 1s on major contributor. Since this eoncentrétion is veiy
cloee to the suggested level of 0.5 ppm for 1 hour, 1t is felt that
- the sulfur dioxide concentrations in the kiln sffluent gases should be
linited to 2000 ppm at etack conditions. '

BULFUR TRIOXIDE EMISSIONS |

| Regulations applicable to emission of sulfur trioxide and
suifuric acid mist have been used by only a few agencies., The only

‘one reasonably gpplicable is 0.3 grains per scf expressed as 100 percent
‘sulfuric acid, & regulation of the San Francisco Bay Area Air Pollution
Control District. The kiln stack of the plant in question vas emitting
gases containing 0.2 to 1.1 grains per standard cubic foot (an average
of 0.7 grains per scf) vhen lme was being edded to the kiln effluent
gases. |

Another way to view the emissions of sulfur trioxide is to
estimaté ground cémccnfrations on the basis of enigsions, stack height
and meteorological dxspez?sion f@ht. In thie manner, we estimate
that' ground concentrations of sulfur trioxide, calculated as 100 percent
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sulfuric acid, could on occacion resch or cxoced 0. g/ . thile
there ars no ambient alr quality standards for sulfuric acid mict |
in ‘m‘wm Btates, there is conoidereble cxpert opinien that 1 a
peak cMmtion of 0.3 ng/m> 45 not excecded, no detrimentel
effects on health will be observed. For this reason, it ic cuggested
thet 80, concentrations in the kilm stack be linited to .3 grains/ standard
cubic foot.
VISIBLE ROSSIONS
| The pteck sempling team was unshble, bBecause of procoss conditions
in the stack, t0 measure total perticulate emissions from the plant.
However, it was obvicus that there was concidereble particulate mtt;er
1in the plume. These emtssions could be regulated on the bosis of
visual obaervations of the plume. Such a regulation would limit the
discharge of any contaminant for a period of throe minutes in ony onc
hour, vhich would obscure an observer's view by greater than L0 percent.
This type of measurement is baa.ed upon the Ringlemann chart which 4o
also applied to black or gray smoke. A 40 percent equivalent opacity,
vhich we are suggesting, for the Garricon ctandurd is equivalent to -
~No. 2 on the Ringelmann chart. Thig typc of regulation is enforced in
| mamr sress of the United States. | '

- Control devicec applied to reduce other emissions may reduce the
.part‘ieulate emissions. Therefére, if the plant could demonstrate a solld

; particulate emission of 0.1 grain per standerd cublic foot or leas, the

visible emission opacity regulation eeu.’ld‘be' waived,



