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INTRODUCTION 

Air emissions of radionuclides from the Feed Materials Production Center 
(FMPC) have been estimated on several occasions in the past. 
most comprehensive estimate is contained in FMPC-2082 "History of FMPC 
Radionuclide Discharges" which was issued in May 1987l. 

The latest and 

This information has 
been augmented by the publication of the Annual Environmental Monitoring 
Report for 1987 which was i ssued-on-Apri_l-30,-1988-.- 9 

-_ 

This addendum has been prepared following the determination in June, 1988, of 
higher than expected airborne concentrations of uranium at air monitoring 
stations in the northeast quadrant of the plant. 
were traced to the operation of the Plant 2/3 denitration gulping system which 
was a previously unmonitored source of uranium emissions. In addition, the 
question was raised as to what other unmonitored and potentially unreported 
air emission sources existed now or in the past. The scope of this addendum 
was to revise the Plant 2/3 emission estimate and identify any additional 
radionuclide air sources which were not included in FMPC-2082. The estimate 
covers the period from 1951 to 1987. 
in the Environmental Monitoring Report for 1988 to be published at a later 
date. 

These air concentrations 

Air emissions for 1988 will be reported 

The review for additional radionuclide air sources required a re-creation o f  
the history of operations at the FMPC. This was done by reviewing plant 
records and interviewing long term employees. While these efforts enabled the 
authors to prepare a revised estimate, the 37-year history of FMPC 
radionuclide air emissions can not be prepared without some degree of 
uncertainty. The factors which introduce uncertainty into the historic air 
emissio-n estimate include: 

0 Documentation of all operations and events did not exist or could 
not be found. 

0 

- Personal recall of events was useful, but is incomplete and was 
not a1 ways consistent. 

- - - 

1 
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0 Some measurements necessary to calculate emissions were not 
recorded or archived . 

In preparing this addendum, the revised estimate of uranium and thorium 
emissions was developed as a conservatively based best estimate of the air 
emissions from 1951 through 1987. 
of this value has been provided. 

In addition, an estimate of the uncertainty 

1 
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SUMMARY 

This study results in estimated uranium air emissions of 179,000 kg and an 
estimated thorium air emission of 6500 kg for the years of 1951 through 1987. 

These revised estimates are conservative and differ from the estimate reported 
in FMPC-2082 by the addition of emissions from the following: 

Uranium trioxide gulping - Plant 2/3 
Other unmonitored processes 
Building exhausts 
Laboratory vents 
Non-routine events 
Fugitive emissions from waste pits 
Additional years of thorium processing from which emissions had 
not previously been reported. 

0 

I 
I 
I 

0 

0 

0 

0 

0 

0 

Table 1 provides an annual summary of these emissions. The uranium estimate 
shows the value reported in FMPC-2082 with the additional uranium emissions 
listed by category. 
used instead of the value reported in FMPC-2082. 

The thorium estimate is a revised estimate that is to be 

Figure 1 shows graphically the relationship between the yearly estimates from 
FMPC-2082 and the new revised estimates for uranium. 
the distribution of the thorium emissions by year. 

The figure also shows 

3 
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METHODS USED FOR ESTIMATING EMISSIONS 

The methods utilized to estimate the emissions listed in columns 2-11 of 
Table 1 are outlined in this section. Documents are referenced which contain 
information relative to the estimating techniques. 

___- 

Uranium Gulping (Column 2) 

I 
0 
I 
I 

The quantity of uranium emitted from the Plant 2/3 gulping system was 
estimated based on uranium production records, recent measurements of the 
uranium content of mists re-entrained from the scrubbing system, combined 
measurements of mist and particulate emissions that occur when the contents of 
a denitration pot are gulped, and the collection efficiency expected from the 
particle control train. This method is explained in detail in FMPC/Sub-019, 
"Uranium Emissions from Gulping of Uranium Trioxide."2 

Unmonitored Uranium Processes Other Than Gulping (Column 3) 

A systematic evaluation was made of all unmonitored process stacks at FMPC. 
Estimates of radioactive emissions were made by engineering calculations or by 
actual stack emission  measurement^.^ 

In general, a detailed analysis was made of the number of operating hours, the 
number of tons processed, and the probable emissions for each unmonitored 
process for the year 1987. This information was utilized to estimate an 
emission factor per ton of uranium processed for each unmonitored process. 
These emission factors per ton were then uti1 ized together with the plant-by- 
plant production data (Table 2) to estimate the emissions from the unmonitored 
processes in each year. 

. .  

... ~ - 
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I n  the  few instances where a comparable process was no t  ava i lab le ,  a 
methodology was u t i l i z e d  s i m i l a r  t o  t h a t  discussed on page 12 f o r  thorium 
process emissions. 

The summation o f  t he  unmonitored emissions from a l l  p l a n t s  f o r  each year i s  
i nd i ca ted  i n  column 3 o f  Table 1. 

& I 
I I 

-___ 

1 
I 
I 
I 

I -  

Uranium Emissions from B u i l d i n g  Exhausts (Column 4) 

B u i l d i n g  v e n t i l a t i o n  emissions were ca lcu la ted  based on da ta  c o l l e c t e d  by 

continuous a i r  monitors l oca ted  i n  each p lan t .  
loca ted  throughout the  p l a n t s  near processes suspected t o  produce rad ionucl  ide  
emissions. The monitors a re  used t o  measure alpha and be ta  r a d i a t i o n  i n  
microcur ies per cubic  centimeter. 
grams o f  uranium, the  source o f  a l l  r a d i a t i o n  measured by t h e  continuous a i r  
moni tors  was assumed t o  be normal uranium; t h i s  assumption i s  reasonable since 
the  p l a n t s  process l a r g e  q u a n t i t i e s  o f  depleted uranium and lesse r  amounts o f  
s l i g h t l y  enriched uranium. 
f o r  each month was averaged t o  prov ide an annual concentrat ion for 1987. 

Continuous a i r  monitors are 

I n  order  t o  conver t  from microcur ies t o  

Data on the  uranium concentrat ion i n  each p l a n t  

The t o t a l  vo lumetr ic  f l ow  capac i ty  o f  a l l  t he  fans i n  each p l a n t  was 
determined from FMPC records o r  by es t imat ion  based on t h e  s i z e  o f  the  exhaust 
fan. To c a l c u l a t e  y e a r l y  emissions f o r  each p lan t ,  t h e  average annual 
concentrat ion repor ted from the  p l a n t  continuous a i r  moni tors  was mu1 t i p l i e d  
by: 1) t h e  estimated hours each fan  i s  operated per  year; and 2) by 0.1  t o  
account f o r  d i l u t i o n  by b u i l d i n g  make-up a i r  (s ince t h e  a i r  concentrat ion i n  
t h e  p l a n t s  i s  on l y  measured i n  the  areas o f  h ighest  suspected concentrat ion, 
t he  ac tua l  p l a n t  average uranium concentrat ion i n  a i r  i s  s i g n i f i c a n t l y  lower 
than t h e  average ca l cu la ted  from continuous a i r  moni tor  r e s u l t s ) .  

It was a l so  assumed t h a t  emissions from b u i l d i n g  exhausts would be 
p ropor t i ona l  t o  product ion ra tes .  H i s t o r i c a l  emission l e v e l s  f o r  each p l a n t  
were estimated by m u l t i p l y i n g  i t s  1987 emission value by a r a t i o  of production 
i n  the  year  i n  quest ion t o  product ion i n  1987. 

8 
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Uranium Emissions from l a b o r a t o r y  (Column 5) 

I Estimates  were based upon the average number of  samples processed per year  
each hood, the probable l o s s  per sample and the es t imated  uranium 
concen t r a t ion  of  the samples. Exis t ing  hoods and known former l a b  exhausts  

4 -I wepe-eval-uated-and-summari-zed- . 

F u g i t i v e  Uranium and Thorium Emissions from Waste Pits (Columns 6 and 10) 
I 
8 
I 
e 

Fug i t ive  dus t  generated from s t o r a g e  pi les  can gene ra l ly  be ca tegor ized  a s  
fo l lows:  

1. Load-in o f  mater ia l  i n t o  the s to rage  a r e a ,  

2 .  Wind e ros ion  o f  the s t o r e d  ma te r i a l ,  

3 .  Vehicle movement i n  the s to rage  a rea ,  and 

I .  4 .  Load-out o f  mater ia l  from the s to rage  a rea .  

8 In the c a l c u l a t i o n  o f  the f u g i t i v e  dus t  emissions from the FMPC waste p i t s ,  

e 
a 
1 
1 

n 

on ly  the f irst  two c a t e g o r i e s  were judged t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  the 
o v e r a l l  genera t ion  of  dus t  emissions.  The c a l c u l a t i o n s  f o r  v e h i c l e  movement 
were based on wheeled v e h i c l e  movement over  paved o r  unpaved roadways. Since 
the amount o f  this type o f  t r a f f i c  i n  the waste pits was minimal, this term 
was no t  considered.  The load-out  f a c t o r  i s  not  app l i cab le  since the mater ia l  
has n o t  been removed from the waste p i t s .  The load- in  c o n t r i b u t i o n  t o  
f u g i t i v e  emissions from the waste p i t s  t h a t  were operated i n  a wet mode was 
no t  c a l c u l a t e d  because the ma te r i a l  was t r a n s f e r r e d  t o  the pits i n  a s l u r r i e d  
form, and t h e r e f o r e ,  would no t  c o n t r i b u t e  t o  the d u s t  emissions.  

9 



The basic methodology used in determining the masses of contaminants (uranium 
and thorium) that potentially left the waste pits.was first to determine a 
factor for each of the applicable categories contributing to fugitive 
emissions for each waste pit. Once this emission factor was determined, the 
overall mass of material that could become airborne was estimated. 
an average contaminant concentration was applied to the overall mass to 
estimate the mass of contaminant potentially leaving the waste pits. 

Finally, 

Computations were performed in accordance with the method recommended by EPA. 5- -8 
Reference 6 details the calculations performed to arrive at the numbers l i s t e d  
in columns 6 and 10 o f  Table 1. e 

. Uranium Emissions from Non-Routine Events (Column 7) 

I 

I 
n 

8 
I 

The estimate of emissions from non-routine events was based upon review of 
historical site documents and interviews with plant personnel to determine the 
types and sequences of events. Estimates of  emissions from each type of event 
were based upon historical information, familiarity with plant operation, and 
engi neeri ng judgement, where appl i cab1 e data was not avai 1 ab1 e. 

Four categories of non-routine events were identified that would have 
significant radioactive emissions: uranium fires, solid spills, UF6 leaks, 
and releases of uranyl nitrate. There were previously reported non-routine 
events included in FMPC-2082, including a 1966 UF6 release. 
are included in column 1 of Table 1 and not duplicated in column 7. 

These emissions 

Detailed results o f  this work are contained in Reference 10, and the results 
summarized in Table 3. 

~ _. . . , .. . . .  
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Thorium Process Emissions (Column 9) 

Since no thorium processes are currently in operation at the FMPC and because 
most of the equipment used to process thorium has been removed, emission 
factors could not be calculated based on sampling results. Additionally, the 
factors developed for uranium processes could not be appl ied to thorium 
p r oce s s e s-d ue- t o-d i f f er ence s-i n- t he-p roce s-s e-s.1 n-ordeT-tTddevel o p an 
estimate of thorium emissions, thorium processing at the FMPC was 
reconstructed based on process flow descriptions and avai 1 ab1 e production 
yields. 
product vol ume and yi el d i nformat i on. 

1 
-I 
1 

Where production data was not available, estimates were made based on 

I 
1 
m 

1 
4 
I 
I 
I 

e 

Information regarding each of the individual processes was used to develop 
process flow sheets. 
locations of possible emission sources associated with each of the process 
operations were identified based on current process design, as well as 
information located during the file search. Digestion tanks, precipitation 
tanks, and furnaces were all considered to be possible unmonitored emission 
sources. 

As each process was broken into its components, 

Because of the limited information available, the method developed used 
published handbook values to estimate the efficiencies of the emission control 
devices and the percentage o f  throughput which reached the emission control 
device, i .e., scrubber or dust collector. Both venturi-type scrubbers and 
packed-tower scrubbers were used in the thorium processes. An efficiency o f  
90 percent particle removal was chosen to represent the general "wet" scrubber 
used. The precedent for using this value was the Nuclear Regulatory 
Commission (NRC) which uses a 90 percent efficiency to estimate particulate 
emission reduction by a venturi -type scrubber. 11 

12 
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Ninety-five percent was chosen as the dust collector particle removal 
efficiency. Most dust collectors at the FMPC are currently rated at greater 
than 99 percent efficient; therefore, using an efficiency of 95 percent allows 
operational difficulties to be included in the estimate.' Most of the flow 
diagrams did not indicate which processing steps were vented to dust 
collectors. Dust collectors were assumed to be connected to dumping and 
packaging stations and all other sources of dry particulates, as they have 

1 
E hi storical-ly-been-for-al-1-urani um-product i-on-operati-on-s. 

The quantity of total throughput which reaches each emission control device 

was estimated to be one percent of the production throughput (with respect to 
uranium or thorium). This is the quantity used by the NRC when estimating 
emissions from uranium milling processes.11 One percent is a conservative 
estimate since most of the emission sources for thorium processes were 
oxidation furnaces and precipitation tanks which involve mixing of two 
solutions. 
quanti ties. 

1 -  
I 
1 

Neither o f  these source types generate particulates in significant 

Results of the thorium emission estimates by process are summarized in Table 
4. A report describing the historical thorium production processes and giving 
more detail on the sources of production data for thorium materials is 
provided1*. 

13 
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ESTIMATES OF THE UNCERTAINTY k 
1 

The est mation of historical air emissions over a period of 37 years involves 
numerous sources of uncertainty including: unavailable documentation, 
incomplete personal recall, and lack of measurements. In addition, the 
revised best estimate relies on terms which have a degree of variability. 

L, 

Our ___ an a1 ys __ i s of the uncert a i n t i e s i-ndj-cat es-t hat-t here-i s-a-1 ow-pro ba b i-1-i-t-y 
that the cumulative air emissions for the years 1951 through 1987 will exceed 
250,000 kg for uranium and 10,000 kg for thorium. This is based upon 
parametric analysis and subjective judgement and is not based on statistical 
analysis, since sufficient data for statistical analysis does not exist. 

Cons i derat i ons i ncl uded i n generat i ng these upper bound Val ues are : 

I- 
I 
I 
I 

1. Dust Collectors 
A dust collector emission bound was developed by analyzing for potential 
sources of bias in the methods used to sample the outlet stream and the 
chemical analyses performed on the samples. Sources for bias include 
sampler mechanical problems, analytical bias, representativeness of 
samples, and closeness to isokinetic condition. Each of these 
contributors was estimated to arrive at a cumulative potential bias of 
12 percent for the dust collector emissions. 

2 .  Plant 8 Scrubbers 
An uncertainty 1 imi t for uranium process emissions from scrubbers was 
based on a substantial group of data taken during the highest throughput 
period in Plant 8. This data indicates that scrubber efficiencies 
averaged 83 percent during the years of highest production. 
indicates that scrubber efficiencies were generally higher when 
production was lower. Therefore, an upper bound for Plant 8 scrubbers 
was based upon achieving only an 83 percent efficiency, regardless of 
pi ant throughput. 

Other data 

15 



3. Uranium Trioxide Gulping 
Reference 2 examines the sensitivity of the calculational model used for 
estimating gulping emissions to various changes in parametric values 
utilized. 
additional parametric variations were considered. 

In arriving at the estimated upper limit in this work, 

4 .  Non-routine, Laboratory, and Fugitive Sources 
These sources were insignificant contributors due to their low 
percentage of the estimated emissions. 

-~ ~- 

5. Thori um Processes 
The upper bound for thorium was also developed by assuming the reduced 
scrubber efficiency of 83 percent instead of the-90 percent indicated on 
page 12. 

In conclusion, the estimates of 179,000 kg uranium and 6,500 kg thorium are 
considered conservatively high. 
uncertainty represent total air emissions from the site that are unlikely to 
be exceeded as a result of future source identification or improved estimating 
methods. 

The values for the upper limits o f  
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