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FMPC POLLUTION CONTROLS

INTRODUCTION

The National Lead Company of Ohio is the contract operator of the
U. S. Atomic Energy Commission Feed Materials Production Center
(FMPC), located at Fernald, oOhio, about 20 miles northwest of

Cincinnati.

FMPC processes uranium ore concentrates, recycle metal and other

materials, by-products, etc., from uranium processing operations

to produce uranium fuel element cores for use in atomic reactors.

'Intermediate products, principally Uo3, are also produced.

FMPC is an integrated facility, naving its own water treatment
plant, sewage treatment plant; fire protection system, and steam

plant. Only electricity and natural gas are purchased. It

cccuples an area of 1,050 ‘acres in Hamilton and Butler counties.

The production area proper is 136 acres. The cost of buildings

and. equipment as of now is approximately 120 million dollars.

As night be expected in such an integrated facility, FMPC could .

put'out many‘possible pollutants. The power plant contains four

- boilers, each with a capacity of 75,000# of steam per hour. It
_burns coal'and therefore we could have pProblems with particulates_

‘and SOy.

Our processes are of both "wet" and “dry" types. Typical of our
dry operations is the processing of‘Mng slag produced as a by- -

product of our UF4-magnesium metals reduction operation.
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The slag must be crushed, ground, screened and otherwise processed
to remove u;anium and magneslum metals and produce slag liner for
our reduction pots. This could obviously be a very dusty operation,
and unless carefully controlled, could emit_quantities_of process
particulates to the atmosphere. There are a number of furhacing
operations which similarly could emitlparticulates to the atmosphere

if dust collection equipment were not supplied.

The facility utilizes nitric}acid in subStantial quantities in

its chemical‘processes; For example, nitric acid is employed in
picklihg of recycle metal to femove oxides. HNO3 is also used ln
the digestion of the various concentrates and recycle materials.
These operatlons could; unless controlle&, send forth substantial .

quantities of NO, into the atmosphere.

The other pollutants listed by EPA, i.e., carbon monoxide, photo-
chemical oxidants, and hydrocarbons are of only very minor impor- -

tance; however, we are alert to all possible sources.

AIR 'P%U’l‘AN’l; CONTROLS AND METHODS |

The recovefy of internal:recycle metals is a major part of FMPC
operations. The aggregate amount of dusts, chips, crops-and other
residues generated in the many process steps is nearly equal to the
net production of finished fuel cores. Because of the value of

uranium metals, FMPC, long before ecology and air pollution controls"

: became a popular subJect,_recovered essentially all residues. More

than seventy dust collectors, scrubbers, and electrostatic pre-

cipitators are operated to prevent the loss. of process particulates

-3



323

into the atmosphere. Similarly, substantial equipment instal-
lations recover NOy as dilute nitric acid and at the same time

» preventAthe loss of NOy to the atmosphere. Thus, over thé years,
FMPC has acquired a fund of knowledge of dust colleétion, fume
scrﬁbbing,‘ etc., which we believe to be far superior to that

possessed by most industrial installations.

Let us examine the various pollutants with reference to their
contfols at FMPC. As indicated earligr, we burn coal‘(good, low
sulfur, coal) in our power plant; We have 1nvestigatéd'various
methods of controlling particulate emissions from our power plant
stacks. Electrostatic:precipitétbrs were found to be perhaps
feasible; but not easy to operate ét the requiréd efficiency when
usiﬁg low sulfur coal and certainly very expensive to install;
Gas~is unavailable. Present plans are to convert td No. 2 fuel

oll operation.

our dust collectors, scrubbers, and electrostatic precipitators
are effiéient and wel; maintained and, as a result, we have no
par;;cﬁlate.emission problems from our processes. A monitoring
system is employed which continuously samples dust collector
stacks. These samples are analyzed on a regular basis and give

us complete information as to stack losses.

We use many types of dust collectors (shaker, reverse blowback,
etc.). Many brand names (American Air Filter, Turner-Haws, Day,
Sly, Micro-pulse, etc.)_are represented in equipment installed

at our site. We use many types of bags and bag materials. 4
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Each collector is installed with bags chosen specifically for
the conditions under which it is to be operated, such as dust

particle size, gas temperature, etc.

We operate both venturi and high efficiency type scrubbers, mostly
on furnace off-gases. Electrostatic precipitators'are available

to handle the ventilation of our machining facilities.

Eacﬁ Process and proceés step ie examined and dust‘collection and
ventilation systems des;gned Specifically for each application in
order te protect the heaith of our employees and eliminate to the

- maximum extent possible emission of particulates to the_atmosphere.
: oﬁly_in this way can results such as we have‘achieved§a£ FMPC4be
obtained. rhere is no all-purpose device to prevent particuletei'

‘emissions.

NOy is a pollutant which has only in recent years been recognized
by the'general pﬁblic. Indeed, the EPA itself added NOyx to its
list of pollutants in a belated fashion considerably after the
original five were hamed. Unusual? Perheps and perhaps not!
After all, on a world-wide basis, man-made sources of NOy produce'
but a tenth of the NO, produced naturally. Methods of analysis
 for NOy in the ambient air were not too reliable and, for that |

" matter, are still the'subject‘of consideiable controverey’today;
It wasn't until proper emphaeis was placed upon the fact that the
distribution of man-made ﬁox was closely related to population
distribution, that the problem of hazardously high NOx embientbn

concentrations was recognized. - : S 5
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OVer sixty percent. of the No_ emissions in the Uniﬁed States occur
in urban areas. Mobile sburces contribute greater proportionately
to the NOy at ground level than do stack emissions. Meterological
factors affect distribution. NO, has a residence time in the
atﬁosphere of three to four days. Thus, pollution from NO, is a
ragional rather than a global problem. Thus, also, the apparent
reason for EPA; and in turn the State of Ohio, establishing the
Priority I classification for any region containing an area whose
1970 "urbén’place" population exceeds 200,000,'in the absencerf

measured data to the contrary.

- What is NO,? Nitric oxide (NO) and nitrogen dioxide (NOy) are
gsnerally grouped togethef and for convenience termed NOx. Nitrous
_oxide (N20) at thé ;évels emitted by most chemical processes is
believed to be innocﬁousvand is not included in the definition of'-_
NO,. NO is a colorlesss, invisible gas. NO,, on the other hand,

is extrémelf visible, characterized by a'reddish-brown color. Both
| NO and NO2 can have adversg health effecﬁs bﬁt Nozlis considerably
more toxic than an eqﬁal concentration of'NO. NO and_NO2 interact
With hydrogarbcns in the atmosphere in the presence of sunlight to
generate eye'irritants;_ In addition, the reddish color of NO2 can

contribute to haze and decreased visibility.

NO and NO, are generated in varying amounts by power plants, chemical
processes and automobiles, Plus some minor sources. Generélly it is
acéepted that 53 psrcent of the man-made NOx is generated by stationary
scurces, with autcmobiles (mobile sources) being responsiblé for the
remainder. Of the 53 percent, less than two percent of the Nog is

emitted from chemical process sources. - 6
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In fuel burning equipment, NO is éenerated in the combustion
process. It reacts relatively slowly with the residual oxygen in
the combustion equipment and in the flue gases to yleld NO,.

. Because of the short residence time, this conversion is usually
limited to less than ten percent and therefore NO, in power plants

is largely NO and essentially invisible.

The NO, emissions fromAexisting power_plants are very difficult to
controeol and at present there appears to be no acceptable abatement
methods. The formation of NO is favored at high temperatures.
Generally, it can be said that the more thermally efficient the

combustion in a power (steam) boiler the greater the amount of NO -

produced. Care must be taken in combustion correction methods used
to reduce NO formation lest a penalty be paid in the increased
particulate matter (fly ash, unburned carbon) discharged from the

stack!

Since the problem of Nox from boller plants is restricted mostly_to
the utilities with their.large combustion units, we will devote
most of the remainder of our discussion to the problems of removing
the very small amounts: (proportionally) of NOyx emitted to the

atmosphere by chemical processes.

EPA (Federal) regulations establish an ambient air quality standard
for Nox as not exceeding 100 Jug/m3. Expressed differently, this is
equal to .05 ppm NO, measured as NO, in the ambient air. The State

of Ohio in Ap-7-01 establishes the'same ambient air quality standard.

7
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It might be noted at this point that repeated measurements taken
‘at FMPC indicate that the NO, in the ambient air at the site

boundaries is less than 30% of this standard.

In prescribing for the control of nitrogen oxide emissions from
stationary sources, State of Ohio‘Regulaﬁion ApP-7-06(B) states

that "all stationary nitrogen oxide emission sources shall

minimize nitrogen oxide emissions by use of the latest available
control»techniques and operating practices in accordance with the
best current technoicgy." - Thus, a cheﬁical plant operator must ask
himself, "What control techniques are available and what is the
best curfent technoiogy?" We‘at.NLo have asked ourselves thie
Question with respeet to our processes. Let's look at some of

the answers we have developed.

When nitric acid is used to dissclve o#ides from metals (pickling),
Nbx is formed. and must be Qented_from the process to protect the .
health of employ=zes in the area. Usually NO, is predominant ahd
therefore the stack gas forms aAcharacteristic reddish-brown plume.
Since'mest pickling facilities are "baﬁchf eperations the emiseiohs

are sporadic and variable.

Scrubbing the Nox fumes using nofmal or-accepted equipment such

~as venturi or packed towef type scrubbers is ineffeetive;r Noz'is
not'readily absorbed by water (as compe:ed to some other fumes. such
as ammonia, etc.) and NO is classified as esseﬁtially insoluble.

“We at NLO have investigated the use of various additives to the

- 8
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scrubbing solution to increase the scrubbing efficiency. caustic,
‘permanganate, and urea additives have been of little or no behefit.

in these.types of equipment.

More radical approaches to the_problem were obviously neceséary.

The addition of urea directly in the nitric acid pickling solution

was tested. At first, dry granular urea was added in vafious concen-
trations. The result was an almost total abéénce of NO, fumes. After
a lengthy test period an optimum conceht:ation of urea in the nitric
acid bath was developed. Equipment was then installed to add metered
amounts of concentrated urea solution to the bath énd thus maintain
the desired urea concenpration du:ing the pickling operation. The
urea adaition method is so effective that we now employ it in all

small batch digestion and metal pickling and dissolution‘oéerations;

Work is still going on to improve a minor and yet the only significanf
defect in the method. During transfer of the pickled metal from the |
pickling bath to the rinse, the uréa_in the pickle solution remaining‘
on the metal is apparently consumed and NO* evﬁlutioh commences.
The tfansfer must be made very rapidly to prevent emission of the

small amounts of NOx which could evolve.

At FMPC we also have several processes which are capable of generating
such large quantities of NO, that when the-faciiity was originally
COnstrucﬁed, equipment was installed to hahdle_theée fumes in such

a manner that not only was air pollution reduced and our employees'
health protected, but also the NO, was converted to dilute.ni£ric

acid for re-use in the production processes.

9
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The metal dissolver, one of £hese processes,Ais used as its name
suggests, for the dissolution of recycle ufanium metal in nitric
"asid. The product is uranyl nitrate which is returned to the
product stream. During the dissolution step NO, is produéed,
+he quantity and rate depéndent upon-acid concentration, quality

and quantity cf metal being dissolved, and the manner of dissolution.

As the final st2p in the manufacture of U03 (an oranée powder), pure
uranyl nitrate (a liquid) is heated and is denitrated in large '
kettles or denitration pots. In the process, NO, is driven off.

A porticn of the‘Nox is recoyered by individuaL pot scrubbers.

The remainder of the'Nox is sent, along with the NOy from the metal

dissclver, to the absorbers in the nitric acid recovery .area.

The £unctioh of the absorber is similar to that of a scrubber in
that NOx is removad from the gas stream by absorption sr reaction
'with watar: hdwevér. it is at this poinﬁ’that the similarity snds.
-An FMPC absorber looks like ascylindrica1>stainless steel.tdwer,

8 feet in diameter and abproxihstelf 64 feet high. 1Inside the
towar are 27 bubble cap trays spaced two feet apart. The absorber
scrubbing medium (water at the beginning) enters the tower at the
top and flows downward fhrough the tower. Each tray.retains
2;3/4" -‘4" depth of liquid.- Piefcing and projecting upward from
the bottom cf each tray are sixty-five 3%" diameter nipples, esch
topped with a 6" ﬁubbie cap. The NO, off-gas énters near the
bottom of the absorber under pressu:e'and in order to proceed

upwards and through the absorber it passes through the tray nipples

10
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~and is deflected by the bubble caps through the liquid retained

on the tray. Since there are 27 trays, it could be said that each
absorber consists of 27 scrcbbers in series. The abscrber can be
more effective than a simple scrubber and in addition returns the
‘scrubbing medium from the bottom of the absorbér as dilute HNO3‘

for.re-use.

FMPC employs two absorbers in series, i.e,, thc gas flow proceeds
directly through the second absorber after discharge from the first.
The off-gas from the second absorber, with most-of the NOx rcmoved,
passes to a tall»stack, from which it is discharged 104 feet above

ground level.

The 0pera£ion of‘the absorbers is carefuily.contcolled to insure
maximum removal cf Nognfrom_the off—gas. The entire system is
monitored by a Model 461 duPont Nox‘analyzer system thch samplés
the gas stream at four points, analyzes NO and NO, concentrations
of each sampleh and records chedanalytical data; It reQuires five
minutes for each'sample analysis so that'each point is checked

and recorded every twenty mindﬁes. This monitoring system cost
approkimateiy $26,000. At the present time-we are reviewing the
possibility of'using'the s&stem to fdlly automate absorber control

and operation.

. We at NLO feei that wé are doing a good job of reducing the NO,

emissions from the absorbers but the State‘of Ohio regulations, if
takenrliterally, say that we must use the "latest available‘contrci
techniques and operating practices in accordance with best current

technology." The question then is, "Are theré betﬁer available 1:1
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control techniqnes which we could apply to our absorberé?"
‘Actnally we have continuously sought answérs to this question
since the start of operations-at FMPC. Thus we were knowledgeable
about most techniques of absofber operation when, approximately
three years ago with the advent of air pollution controls, -the
‘need for up-to-date answers became evident. Let's discuss some -

of the techniques we have examined and changes we have made.

As oriéinally.installed; the two absorbers at FMPC operatéd in
parallel, i.e., each absorber handled half of the ggs stream.,
Results of a number of tests indicatéd that NO, absorption efficiency
-oould be increased. by operation of the towerS in éories, thus taking
advantage of longer gas travel and increased time of exposure to

tho absorbing medium. The necesséry modifications to. ductwork,
piping,_and pnmps were made, and, as indicated eanlior, thé series

mode of operation is présently employed.

As with the other scrubbers, we'invesﬁigated the use of various
additives in tho scrnbbing medium in the obsorber towers. We tested
the use of caustic (NaOH) in one absorber while continuing water

in the other absorber, operating tho absonbers in pgrallel,_ The
caustic was 311ght1y_more effective‘in NO2 removal, but no sig-
nificant increasé in efficiency of absorption of NO was found.
Moroover, the use of caustic was>not particularly attractive sinco
it appeared that we wouid be trading an air-poilution problem for

a water-pollution‘problem<in the disposal of the éodium nitrate

solution formed.

12
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Urea was added in the absorber liquid. ESsentially no improve-
ment in NO, absorption was found. A more sophisticated use of
urea, using it in combination with 2-3 N HNO3 at elevated scrubbing
solution temperatures_waé tested in the second absorber with the

' absorbers in series eperation; Here, no sigﬁificant reduction

of NO, was caﬁsed; however, the urea was more effective in the
remeval of NO. Unfortunately, this wouldn't even help the cosmetic
problem, since the color of the stack pPlume would be essentially

unchanged.

'~ In none of the tests involving additives to the absorber 1liquid
was sufficient improvement realized to warrant continuation of their
use. Attention thereupoﬁ was ﬁurned tO'possibie benefitS~to be’
derived from installation of equipmen; to. treat the tailgas from
our absorbers. The John Zink Company and~Uﬁiversal 0il Products
Company (UOP) offef an_incineration teehnique. At first glance
the technique appears attractive; howeve#, in our operations with
intermittent variations and even cessations of NOyx flow, it became
evideﬁt.that the burning of the large quantities of natural gas.:
(if sueh were available) in the NOx incinefation process would
probably cause more‘air pollution from the products of combustion
than we are now putting out with the NOx. Also, unless very
carefﬁlly designed and operated, incineration may only reduce the
NO2 in the eff-gas4streaﬁ‘to NO, ﬁhus in effect,Amaking fhe NO,

‘stream invisible without materially reducing the NOyx content.

13
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‘CataIYtic reduction of the NOy to Ny was investigated. This method
has been used on the tailgas from nitric acid manufacturing plants.
Our investigations show that catalytic reduction was not feasible
on our off-gas stream because of the e#éess_air in it. The oxygen
in the excess air must be destroyed before the off—gaé stream enters
the.caﬁalytic'reduction chamber. Again, very substéntial amouhts

of natural gas or propane would be required and their products of

combustion vented to the atmosphere.

One of the most promising processes presently being developed
employs_holecular sieves.. In this process the NO, is retained in
the moleculax sieve material like‘é sponge absorbing water. The
off-gés, less mostAof the NO, it formerly contained after passing
tﬁrougﬁ‘the molecular sieves, is then vented to'the_atmosphere.A
Difficulty-arises when the molecular sieve materiél has~abéorbed

NOy to its-full capability and must be regenerated. The regeneration‘
operatidn requiresAthat‘at least a péir of molecular siéve towers or
‘chambers be ihstalled so that absorption-capacity igs available for
process use in one unit while the molecular sieQes in the second
are regenerated. The regeneratiqn procesé, accomplished by forcing
heaﬁed air (600°F) thfough the moleculér s;eve material, removes

the contained NO, in the form of HNO3 and NO,. The HNO; and NOé

gas is passed through a condenser and an absorber (similar to the.
type uSéd at FMPC but pressurized) where the hitrate values are
recovered as relétively concentrated nitric acid. The tailgés

from the absorber is returnea to the second (on-iine) moiecular

sieve chamber for reabsorption of any remaining NOyx. l 4 -
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The advantages of the molecular sigve process are:

1. Nitric acid is recovered in usable concentrations,
thus improving the economics of the NOy pollutioﬁ

control operation.

2. Relatively small amounts of fuel and power are

required (as compared with systems such as incineration).:

3. The system is relatively indifferent to variations
'~ in NOy concentrations in the off-gas being processed,
and no majot problems are anticipated with intermittent

off-gas flows.

The prime disadvantage-ié very high initial capital cost, since
,stainless'steel is tﬂe prindipalfconstructioﬁ material. érecise
control instrumentation is required."SimiLarly, maintenance could
be costly sinée'corrosion promises to be a problem. Neverthéless,
both'tﬁe Norton Company and Union Carbide'(Linde Division) are
working very hard on the molecﬁla: sieve concept and isolated
pilot plénts and even small preliminary production process un;ts
are-being built. It appears, however, that it will be at least
several years before the "bugs" will be removed and the system
available in refined form for'geheral use. We at NLo'are'watchiﬁg

its development very closely.

’We are also working on a companion molécular sieve system thch
utilizes the reaction of ammonia and NOyx in the presence of

molecular sieve material heated to temperatures of 300°c.

15
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In this process it is believed the NH5 and No* react to form

NH/NO4 (ammonium nitrate) which is deposited as a powder on the
heated zeolite bed. The bed in turn breaks down the ammonium
nitrate and‘dischargés from the stack N, and,NZO. N,0, of coﬁrse,

is not believed to be a pollutant. The advantage of this system

is that reéeneration‘of the molecular sieve material is not required.
It is primaiily an NO, destruction mechanism, howevef, and thefe is
no recovery.of nitric acié to offset operation costs. But the work‘
is still in the laboratory stage and much remains to be done before

a viable process is developed.

It should be quite obvious by now that reduction of Nox>eﬁissions
is not a simplé job.‘ The report of the National‘Academy of Engi-
neering and the National Research Council entitled vabatement of
Nitrogen Emissions from Stationary Sources, " issued in 1972, makes
this quite clear. If this report is available ﬁo you, it would be

worth your time to read it.

Under the circumstances, how are you going to know if we, or
.anyone else, are doing a good job of No, emission reduction? To

answer my own question, it's not going to be easy!

State of Ohio Regulations AP-3-07 prescribe a Ringelmann No. 1 or
20% opacity as the darkest plume permissible. Judging the
effectiveness of NOx removal by the Ringelmann shade of the stack
plume could be‘quife difficult, and in mahy cases could be most
misleading. Let me illustrate. As I stated earlier, NO is

invisible. A process d:_l.scharging large quantities of NO could 16
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nct be detected at all by Ringelmann shade. Witness the lack of
color in a boiler stack which probably‘is discharging very sub-
stantial quantities of NO. The opacity of the plume from a stack

- discharging NO, is to a Very major exteht dependent upon the

size cf the stack. For instance, uur stack is 42" in diameter.

We have computad that in order forAthat plume to be invisibla we
would have to reduce the stack gas NoO, concentration calculated

as NO, to less than 60 ppm. This is Substantially below the

. ppm permissible for a new nitric aéid manufacturing plaut under
the EPA regulations. A smaller stack could discharge substantially
greater concentrations Qf NO, and yet ybu would not detect anything

amiss from the Ringelmann test.

What'about sampling? We have an NO, (and particulates) stack
sampler; It cost us $2500._ However, it isn't a monitor and it-
me<aly allows us to determine'the-Nok concentration at that
particular pdint of time. There are no_practical isokinetic
continuoua samplers available for application ta power planu

. stacks.

Wizh respect to monitoring of NO, discharges, as indicated
previously we have invested more_than $26,000 in one such piece of
edquipment. Nox.is relaﬁively corrosiva. We have, and expect to
'_cantinue.to have, high maintenance costs on this monitor. 1In-
lzakage in the sample lines or connecuions can give erroneous
results. Considerable knowledge of operations and techniques is
required to appraise intelligently the results furnisﬁed by the

moriitoring equipment. ‘ | 17
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In conclusion, I hope I have shed-a little light on our activities at
the U. S. Atomic Bnergy Commission Feed Materials Production Center
and on the probléms of NO, abatement. We don't have all the answers;
éo far as we can tell, neither doés anyoné eélse. We are juSt trying

to stay one step ahead of the rest.





