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SECTION I: FACILITY INFORMATION 

A .  Site DescriDtion 

The primary activity of the Feed Materials Production Center (FMPC) was the 
manufacture of purified uranium-metal products. On July 10, 1989, the FMPC 
suspended production operations, remaining on standby for certain segments of 
production. On February 4 ,  1991, DOE formally announced the termination of 
uranium production at the FMPC. Currently, the primary activity of the FMPC is 
identification and implementation of removal actions and remedial actions under 
CERCLA. Periodic operations of air emi tting sources for non-production purposes 
has continued. 

The FMPC is located in southwestern Ohio, approximately 20 miles northwest o f  the 
city of Cincinnati and 2 miles south of Ross, Ohio. The FMPC comprises 1050 
acres (425 hectares). The Production area covers approximately 136 acres (55  
hectares) i8 the center of the FMPC. Theocenter o f  the site is located at 
Latitude 39 -17' -56" north and Longitude 84  -41 ' -16"  west. 

The area immediately surrounding the FMPC is primarily rural in nature, 
characterized by the predominance of agriculture, with some 1 ight industry and 
scattered residences. FMPC is located in an ancestral river valley known as the 
New Haven Trough. Today, the region is influenced by the flooding and meandering 
of the Great Miami River. FMPC is located on a relatively level plain which is 
outside the 500 year flood plain of the Great Miami River. 

Data from the Greater Cincinnati Airport has been used to characterize the 
climate of the region. The Jlimate Ls defined as contineatal, wilh average 
temperatures ranging from 2 9 . 2  F ( - 1 . 5 6  C) in January, to 75 .7  F (24.3 C) in July 
for the period 1960 through 1989. Average annual precipitation for the period 
1960 through 1989 was 4 0 . 5 6  inches ( 1 0 3 . 0  cm), ranging from 27 .99  to 52 .76  inches 
(71  to 134 cm). Based on data from the Cincinnati airport, prevailing wind 
i s  from the south-southwest. 

B. Source Descri Dt i on 

Production at the FMPC was historically divided into chemical and metallurg 
operations. Chemical operations commenced with dissolving uranium 
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concentrates and recycled material in nitric acid to produce a-uranyl nitrate 
(UNH) feed solution. The solution was then purified using a solvent extraction 
process. Purified UNH solution was concentrated by evaporation and thermally 
denitrated to uranium trioxide (U03). U03 was converted to uranium tetrafluoride 
(UF4). Metallurgical processing began at this step. UF4 was reacted with 
magnesium metal to produce uranium metal, in the form of elemental uranium, derby 
metal. Metal1 ic scraps from subsequent processing of the uranium metal were 
combined with derby metal and melted in graphite crucibles. When the proper 
temperature was achieved, the melt was bottom-poured to pre-heated molds to form 
ingots varying in size, weight and shape determined by their final intended use. 
Ingots could be further shaped at the FMPC, or other DOE contractors, with final 
forms being heat treated and machined at the FMPC. As discussed above, most of 
these operations ceased in 1989. 



Radioactive materials handled and stored at the FMPC include pitchblende ore 
residues containing radium stored in the K-65 silos, thorium and thorium 
compounds stored in several locations within the FMPC production area, uranium 
metal, uranium compounds, contaminated magnesium fluoride (MgF2), and 
contaminated metals. 

In 1990, active emissions sources included drum cleaning operations (Plant l), 
running of the emission control systems prior to shutting down the slag milling 
operation (Plant 5), filtering of.waste water sludge (Plant 8), fume hoods in 
analytical laboratories (Laboratory Building), emissions from building vents 
(Pilot Plant), material decontamination (the Decontamination and Decommissioning 
Building), radionuclides contained in the drift loss from the Cooling Tower, and 
fugitive emissions from inactive waste storage pits nos. 5 and 6. 

SECTION XI: AIR EMISSIONS DATA 

A. Accuracy of ReDorted Emissions 

Through CY-1989, the bulk of air emissions from the FMPC were from either 
monitored process exhaust stacks or processes for which emission factors had been 
developed .through direct emission testing. Emissions from sources such as 
fugitive emissions, for which no direct measurements were available, were 
determined through the best engineering estimates. Due to cessation of  
production activities, emissions from monitored sources have become minimal; 
emissions from sources such as fugitive emissions now comprise the majority of 
the reported offsite dose. The assumptions and calculations used in deriving 
these estimates are documented in the remainder of this report. 

FMPC recognizes the inherent imprecision in using engineering estimates, rather 
than direct measurements, of emission data. in estimating fugitive emissions 
from the waste pits, for example, a USEPA equation developed for waste storage 
piles, in another climatological regime, was used as the best known method. 
Although the applicability of the equation to the FMPC has not been specifically 
verified, it is presented as a conservative estimate. 

As has been done in previous years, the dose derived from measured and estimated 
emissions as required by 40 CFR Part 61, Subpart H, will be evaluated by 
comparison with ambient monitoring results as soon as the ambient monitoring 
results have been received and evaluated. In 1988, this evaluation verified the 
accuracy of the reported dose. In 1989, however, the evaluation indicated that 
the dose due to fugitive emissions from the waste pits had been significantly 
overestimated. This evaluation will be reported in the Annual Site Environmental 
Report. 

The purpose of the data presented in this report is to demonstrate compliance 
with the 10 mrem/yr standard [40 CFR 61.921. Since conservative estimates were 
used where direct measurements are not available, any imprecision in the data is 
expected to result in over estimation of the dose. The data presented in this 
report, therefore, succeeds in demonstrating compliance with the standard. 
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B. CY-1990 FMPC Uranium Air Emissions 

An inventory of uranium air emissions from the FMPC was developed for CY-1990 
(Tables 1A and 1s). Uranium was the primary radionuclide emission (in kilograms 
per year) to the air from the FMPC during the time it was actively operating; it 
is not expected that 'has changed since operations ceased. This inventory 
includes emissions from monitored stacks, unmonitored stacks, building 
ventilation ducts, laboratory fume hoods, and fugitive dust from the FMPC's waste 
pits. The methods utilized for estimating air emissions from the FMPC are 
generally consistent with the methods used to develop emissions for "Addendum to 
FMPC-2082, History of FMPC Radionuclide Discharges", March 1989. The methodology 
developed for the Addendum to FMPC-2082 is the summation of losses from monitored 
stacks, unmonitored stacks, building vents, fugitive sources, and specific non- 
routine emissions. After a review of the logs regarding accidents and other non- 
routine events occurring at the FMPC during CY-1990, it was determined that no 
significant release of materials regulated by Subpart H occurred from these 
activitAEs in CY-1990. The uranium emissions and the sources of those emissions 
for CY-1990 are listed in Table lA, with a comparative listing of sources 
previously reported provided in Table 1B. 

A total of 3.2 kilograms (kg) of uranium were estimated to be emitted to the air 
from the FMPC during CY-1990. This may be compared to estimated emissions to the 
air for CY-1989 of 30.1 kg and 107.8 for CY-1988. The largest source of uranium 
emissions in CY-1989 were the estimated fugitive dust emissions from Waste Pits 
5 and 6. These provided the second largest contribution to uranium emissions in 
CY-1990. The largest single contributor of uranium emissions to the air were the 
estimated emissions from the FMPC Cooling Tower. An additional discussion of 
uranium emission estimation methods is provided below. 

1. Monitored Stack Emissions 

Included in the CY-1990 inventory are 2 stacks, as compared with 33 stacks in the 
CY-1989 inventory. The decreased number is directly attributable to the 
cessation of production at the FMPC in lgS9. Collectively, these sources 
accounted for approximately 0.08% (2.7 x 10- kg) of the uranium losses for CY- 
1990. compared to accounting for 2.6% (0.8 kg) of the uranium losses 
calculated for CY-89. Both stacks are equipped with single point continuous 
isokinetic samplers (SPCIS). These samplers consist of a pleated paper filter 
in a cup-shaped holder. A portion of the discharge process stream is drawn 
through the filter leaving any particulate on the filter. At intervals, the 
filter elements are collected and destructively analyzed for uranium. Emissions 
of uranium from the monitored emission point are then estimated by a formula that 
takes into consideration the stack volumetric flow rate, the flow rate of the 
SPCIS, and the amount of uranium captured on the filter. 

This is 

2. Unmoni tored Stack Emissions 

Unmonitored stacks accounted for approximately 54.9% (1.8 kg) o f  the uranium 
losses calculated for CY-1990. This is compared to accounting for 11% (3.3 kg) 
of the uranium losses calculated for CY-89. This group covers 4 sources which 
were operated in CY-1990, as compared to 15 sources reported for CY-1989. Again, 
this decrease is directly attributable to the cessation of production. The 
estimates of emissions were derived by either engineering calculations or 
engineering calculations utilizing the results of actual stack emission 



measurements conducted while the FMPC was still in production. Examples of these 
calculations are provided in the Attachments. 

Two sources are included as being operated in Plant 8. They are the East Eimco 
Filter and the East Oliver Filter. Emissions from these filters are estimated 
from the number of gallons of water treated multiplied by the average 
concentration of uranium in the filtrate and a correction factor for the volume 
of water exiting the stack. 

Emissions from the Decontamination and Decommissioning Building (Building No 69), 
are based on the number of batches processed multiplied by an emission factor. 
The factor was established using data from an EPA Method 5 Stack test. 

The final source contributor to this group is the Cooling Tower. Various 
processes at the FMPC use and recycle cooling water to the tower. This leads to 
contamination of the recirculating water. On returning to the tower, the water 
stream is cascaded down the tower fill. Contact with the air transfers the heat 
to the air. At the same time, some of the water i s  removed in the form of mist. 
Based on the estimated flow through the tower, the concentration of uranium in 
the recycle stream, and the drift loss factor for this design of cooling tower, 
the emission loss may be estimated for any given operating period. For CY-90, 
the estimated losses from the cooling tower was the largest single contributor 
to the overall uranium losses to the atmosphere (52.3% or 1.7 kg U). 

3. Uranium Emissions from Building Exhausts 

Calculated uraniup losses from building vents and exhausts made u p  approximately 
0.002% (6.7 x 10- kg) of the total calculated uranium losses for CY-1990. This 
compares to accounting for approximately 1.7% (0.52 kg) of the uranium losses in 
CY-1989. Examples of these calculations are provided in Attachment A.  

Continuous air monitors are located in each plant near process areas which are 
thought to produce radionuclide emissions. The monitors measure alpha and beta 
radiation in microcuries per cubic centimeter. To convert from microcuries to 
grams of uranium, the source of all radiation measured by the continuous air 
monitors was assumed to be normal uranium. This was a reasonable assumption, as 
the plants process large quantities of depleted uranium and lesser amounts of 
slightly enriched uranium. Data on the uranium concentration for each air 
monitor in each plant was weighted by air-flow and then averaged to provide 
monthly concentrations in the buildings. 

The total volumetric flow capacity of all the fans in each plant was determined 
by FMPC records or by estimation based on the size of the exhaust fan. In 
calculating yearly emissions for each plant, the air-flow weighted monthly 
average concentration for each plant was multiplied by the hours per month that 
the fans were operated, summed up for the entire year, and then multiplied by a 
0.1 dilution factor to account for building make-up air. The justification for 
the 0.1 dilution factor was that activities are measured only in the areas of 
highest suspected concentration. The actual plant average uranium concentration 
in the air should thus be significantly lower than the average calculated from 
the continuous air monitoring results. 
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Estimated emissions from the FMPC laboratories constitute 0.08% ( 2 . 7 ~ 1 0 - ~  kg) of 
the total estimated emission inventory for uranium for CY-1990. This is compared 
to 6.3% (1.9 kg) of calculated uranium losses in CY-1989. Previously, laboratory 
emissions were assumed equal to the annual uranium emissions estimate developed 
for the report "Addendum to FMPC-2082; History of FMPC Radionuclide Discharges", 
March, 1989, which provided a value of 1.9 kilograms of uranium per year. 

Uranium Emissions from Laboratory Fume Hoods 

Laboratory operations changed significantly with the cessation of production in 
1989. With that change, laboratory analyses became less involved with pure metal 
analysis and more involved with waste products analysis. These materials would 
be expected to have a lower concentration of uranium and other radionuclides in 
each sample. Additionally, with the cessation in production, fewer analyses were 
being conducted in the laboratory. Thus, laboratory personnel estimated that 
maximal emissions at each operating laboratory hood was 0.1 gram per year. At 
the same time, on-going renovations in the Laboratory building meant that fewer 
hoods were in operation. In CY-1990, lab personnel reported operating only 27 
hoods. This resulted in the estimated emission rate of 27 grams of uranium from 
the Laboratory in CY-1990. 

5. Uranium Fugitive Emissions from Waste Pits 

Fugitive dust due to wind erosion of the exposed material in Waste Pit nos. 5 and 
6 were calculated to contribute 44.9% (1.46 kg) of the uranium losses for CY- 
1990, with Waste Pit no. 6 contributing 96.4% (1.4 kg) of that estimated loss. 
This compares to accounting for approximately 64.7% (19.47 kg) of the uranium 
losses in CY-1989, with Waste Pit no. 6 providing 96.6% (18.8 kg) of the 
calculated uranium losses for that year. 

Computations to develop emission estimates were performed in accordance with the 
method provided by the USEPA in "Method for Estimating Fugitive Particulate 
Emissions from Hazardous Waste Sites", U. S. Environmental Protection Agency, 
Cincinnati, Ohio, August 1987; EPA/600/2-87/066, NTIS no. PB87-232203. A1 though 
this method was developed for determining fugitive dust losses in and around 
storage piles, it was adapted for use in calculating losses from the waste 
storage pits. Basically, the expected losses are equal to the exposed acreage 
multiplied by the number of days in storage times the uranium mass concentration 
times a factor. The factor is based on the silt content of the material, the 
number of "dry" days during the time period, and the fraction of the time when 
wind speed exceeds 12 miles per hour. 

Fugitive dust emissions from a given area can be considered to result from the 
f ol 1 owi ng act i vi ti es : 

- Load-in of material into the area; - Wind erosion o f  the stored materials; - Vehicle movement in the area; and 
- Load-out of materials from the area. 

For calculation of the fugitive dust emissions from the FMPC Waste Pits, only the 
second category listed above was judged to contribute significantly to the 
overall generation of fugitive dust during CY-1990. Waste pits 1, 2, 3, and 4 
were covered prior to CY-1990 and no emissions occurred from these pits. There 
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was no load-in or load-out of material to pits in 1990; and vehicular traffic in 
the actual area of the pits is minimal; so these terms were considered not 
appl i cab1 e. 

The basic methodology used in estimating the masses of contaminants (uranium) 
which potentially left the waste pits in CY-1990 was to first develop a factor 
for the wind erosion for each pit. Using this factor, the overall mass of  
particulate matter that could become airborne was estimated. Finally, the 
average weight fraction of the uranium in the pits was applied to the overall 
mass of particulate emissions to estimate the mass of uranium potentially leaving 
the waste pits. 

C. CY-1990 FMPC Radionuclide Air Emissions 

I. Radionuclide Emissions Estimation Method 

Radionucl ide re1 ease rates were calculated using radionucl ide emission factors 
per total mass of uranium released. Radionuclide emission factors were 
determined according to the following hierarchy: 

1. 

2 .  

Actual measurements during the most recent year available. 

Weighted average emission factors based on data in FMPC-2082, 
"History of FMPC Radionuclide Discharges", May., 1987; and/or 

3 .  Assumption based on knowledge of processes, age of materials, and 
equilibrium, as appropriate. 

The best available emission factors were then multiplied by the uranium emission 
rates to arrive at the radionuclide emission rates (Table 11). 

2. Radionuclide Emission Estimates - Monitored Stacks, Unmonitored Stacks, 
Building Vents, and Laboratory. 

Radionuclide emission factors in microcuries per kilogram of uranium (uCi/kg U) 
were developed from composite samples of filter analysis solutions for uranium 
from the FMPC monitored stacks. In 1990, there was insufficient operation of 
processes emitting through monitored stacks to generate a composite sample from 
the collecting filters; the factors developed for 1989 were therefore used. The 
uCi/kg U emission factors are shown in Table I1 along with the basis for 
development of the factors. These factors represented a weighted average 
emission rate of radionuclides from a l l  the monitored stacks at the FMPC, and are 
considered the best available for estimating off-site dose due to emissions from 
all the above cited sources. 

3. Radionuclide Emission Estimates - Waste Pits. 
Radionuclide emission factors in microcuries per kilogram of uranium (uCi/kg U) 
were developed based on analysis of core samples of the Waste Pits taken for a 
Characterization Investigation Study of the Waste Pit area. Some radionuclide 
emission factors were estimated based on equilibrium or appropriate references. 
The uCi/kg U emission factors are shown in'Table I 1  along with the basis for 
development of the factors. These factors are considered the best available 



emission f a c t o r s  f o r  es t imat ion of radionucl ide emissions from the  Waste Pits. 

SECTION 111: DOSE ASSESSMENT 

A. DescriDtion of  Dose Model 

The radionucl ide dose ca l cu la t ions  were performed using the  CAP-88 package of 
computer codes. This package conta ins  EPA’s most recent vers ion of the AIRDOS- 
EPA computer code, which implements a s t eady- s t a t e ,  Gaussian plume, atmospheric 
d i spers ion  model t o  c a l c u l a t e  environmental concentrat ions of re leased 
radionucl ides  and U. S. Nuclear Regulatory Commission Regulatory Guide 1.109 
(Revision 1, dated 10/77 i s  t he  most cur ren t  version) foodchain models t o  
c a l c u l a t e  human exposures, b o t h  i n t e rna l  and external  , t o  radionucl ides  deposited 
i n  t he  environment. The human exposure values a r e  then used by the EPA’s l a t e s t  
version o f  the  DARTAB computer code t o  c a l c u l a t e  rad ia t ion  doses t o  man from 
radionucl ides  released during t h e  year .  The dose ca l cu la t ions  use dose 
conversion f a c t o r s  in  the  l a t e s t  .version of t h e  RADRISK da ta  f i l e ,  which i s  
provided by the  EPA with t h e  CAP-88 package. 

B. Summarv of InDut Parameters 

Unless otherwise discussed, a l l  important input parameter values used were the  
d e f a u l t  values provided with the CAP-88 computer codes and da ta  bases by the  
USEPA t o  the  Oak Ridge National labora tory ,  which conducted the impact ana lys i s  
under con t r ac t  with the FMPC. 

1. . Meteorological Data 

CAP-88 ana lys i s  was accomplished using two separa te  s e t s  of meteorological data .  
The da ta  recovery from the  o n - s i t e  meteorological s t a t i o n  located a t  the FMPC was 
approximately 70% for CY-90, which was judged t o  be i n s u f f i c i e n t  t o  provide 
appropriate  ana lys i s .  A conference c a l l  was held between personnel a t  t he  FMPC 
and USEPA - Region V t o  d i scuss  t h i s  i s sue  on February 5, 1991. A t  t h a t  time, 
USEPA approved the use of  two sepa ra t e  s e t s  of meteorological d a t a ,  with the  
compliance determination being made using the  s e t  which r e su l t ed  in  t h e  g r e a t e s t  
Ef fec t ive  Dose Equivalent (EDE) value.  The two s e t s  approved were: 

FMPC [1987-19901 Data recovered a t  t h e  FMPC o n - s i t e  meteorological 
s t a t i o n  from i n i t i a l  operation in  1987 t o  t h e  end of 
1990. Comprises 29,257 hours of recovered information 
(83.5% da ta  recovery). [Table 1111 

Data recovered a t  the National Weather Serv ice  s t a t i o n  
a t  the inc inna t i  In te rna t iona l  Airport  i n  Covington, KY 
f o r  1985 th rough  1989. Comprises 43,799 hours of 
recovered da ta  (99.9% data  recovery).  

CVG [1985-19891 

[Table I V ]  
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Other meteorological da t a  provided were developed from the  information developed 
by the National Weather Service a t  t h e  CVG s t a t i o n .  

Rainfal l  r a t e :  146 cm f o r  the year .  

These i n p u t s  were: 

Average Temperature: 20 OC 

Average mixing l aye r  height: 965 m 

2. Source Charac t e r i s t i c s  Data 

Information on the emission sources was gathered from plant  records (Table V ) .  
The parameters were s imi l a r  t o  those used in  the 1989 compliance demonstration 
except those used f o r  Waste P i t s  5 and 6. A review of FMPC records and 
interviews with personnel indicated t h a t  the t o t a l  surface a r e a s s  previously 
u t i l i z e d  f o r  both Waste P i t s  5 and 6 were too  high. New su r face  a r e a  est imates  
were generated by the FMPC’s Drafting personnel, u t i 1  iz ing  maps developed from 
a e r i a l  photographs of the s i t e .  

3. Other Input Parameters 

The CAP-88 code provides dose est imates  from radionuclides ingested.  Beef, milk, 
and food crop production was assumed t o  be t h e  maximum possible  f o r  the ava i l ab le  
ground a rea ,  an assumption t h a t  o v e r s t a t e s  t hese  a c t i v i t i e s  i n  the a rea .  I t  was 
further assumed t h a t  100% of the foods tu f f s  consumed by the loca l  population were 
grown w i t h i n  t he  80 km/50 mi rad ius ,  which a l s o  provides a conservat ive est imate  
f o r  the impact. The actual values used were: 
Fract ion of foodstuffs  from: Local Area 50-mile radius  Beyond 50 milee 
Vegetables & Produce: 0.700 0.300 0.000 

Meat: 0.442 0.558 0.000 
Milk:  0.399 0.601 0.000 

To provide a c o l l e c t i v e  e f f e c t i v e  dose equivalent  f o r  a f i f t y  mile r ad ius  around 
the FMPC, s ec to r - spec i f i c  population e s t ima tes  were needed. Attempts were made 
t o  ob ta in  1990 census da t a  f o r  the a rea  around the FMPC by Oak Ridge National 
Laboratory, but the da ta  i s  not y e t  ava i l ab le .  A current  e s t ima te  of  the 
population d i s t r i b u t i o n  within 80 km(50 miles) of the FMPC had been developed by 
ex t r apo la t ion  from the 1980 census da ta .  This d i s t r i b u t i o n  was u t i l i z e d  f o r  the 
1990 period (Tables SA and 5B) 
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Meteorol og i cal Collective 

Dose Equivalent Equi Val ent 
Data Source Maximum Effective Effective Dose 

(person - rem) 
(mrem) (50 mile Radius) 

FMPC [ 1987-19901 All Source 0.4 5 
Excluding Waste 0.03 3 
Pits 

CVG [ 1985-19891 All Source 0.6 3 

Excluding Waste 0.03 1 
P i t s  

The location of the maximally exposed individual, as determined by the CAP-88 
computer code, varied slightly, dependent on the meteorological data used by the 
model and the sources included in determining the maximally exposed individual. 
All maximally exposed individuals were located at residences; they are indicated 
on Figures 1 and 2. 

SECTION IV: ADDITIONAL INFORMATION 

A) Construction/Modification at the FMPC 

Title 40, Code o f  Federal Regulations, Subpart H [40 CFR 61.94(b)(8)], requires 
that this report provide information on all construction/modifications completed 
at the FMPC in calendar year 1990 (CY90) for which approval was not sought from 
the United States EPA per the provisions of 40 CFR 61.96. This section addresses 
that requirement. 

No projects were completed in CY90 for which the requirements to apply to the 
United States EPA for approval t o  construct or modify were waived due to the 
provisions of 40 CFR 61.96. All projects completed were commenced prior to the 
date when this regulation was modified to allow for such a waiver (December 15, 
1989). Thus, all projects requiring NESHAP approval either have received 
approval prior to commencing construction or modification, or were canceled or 
rendered inoperable in accordance with draft provisions of the FFCA/NESHAP being 
negotioated with USEPA Region V .  



SECTION V: C E R T I F I C A T I O N  

I certify under penalty of law that I have personally examined and am familiar 
with the information submitted herein and based on my inquiry o f  those 
individuals immediately responsible for obtaining the information, I believe that 
the submitted information is true, accurate and complete. I am aware that there 
are significant penalties for submitting false information including the 
possibility o f  fine and imprisonment. (see 18 U.S.C. 1001). 

(name) 

(title) 

(date) 
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TABLE 2 
&L 1 4 4 s  

FMPC 
1990 Radionucl ide A i r  Emissions 

Source Compi la t ion  

P l a n t  1 - Dust C o l l e c t o r s  (EP1-009) 
kg U = 0.000356 
I so tope  uCi/kg U C i /yr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U234 298.6 1.06E-07 
U235 15.8 5.62E-09 
U236 11.6 4.13E-09 
U238 333.6 1.19E-07 
SR90 1.76 6.27E-10 
TC99 36.94 1.32E-08 
RU106 6.86 2.44E-09 
CS137 5.13 1.83E-09 
BA137M 5.13 1.83E-09 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

0.212 
0.85 
8.97 
26.4 
1.41 
1319 
1319 

0.107 
0.127 
0.816 
0.204 

2.93 
0.0000466 

7.55E-11 
3.03E- 10 
3.19E-09 
9.40E-09 
5.02E-10 
4.70E-07 
4.70E-07 
3.81E-11 
4.52E-11 
2.90E-10 
7.26E-11 
1.04E-09 
1.66E- 14 

P l a n t  5 U 
Dust Col 1 e c t o r s  0.002301 
P l t  5 Process 0.000000 
P l t  5 B u i l d  Vent 0.000000 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

298.6 
15.8 
11.6 

333.6 
1.76 

36.94 
6.86 
5.13 
5.13 

0.212 
0.85 
8.97 
26.4 
1.41 
1319 
1319 

0.107 
0.127 
0.816 
0.204 

2.93 
0.0000466 

6.87E-07 
3.64E-08 
2.67E-08 
7.68E-07 
4.05E-09 
8.50E-08 
1.58E-08 
1.18E-08 
1.18E-08 
4.88E - 10 
1.96E-09 
2.06E-08 
6.07E-08 
3.24E-09 
3.04E-06 
3.04E-06 
2.46E-10 
2.92E- 10 
1.88E-09 
4.69E-10 
6.74E-09 
1.07E-13 



TABLE 2 6-  r 4 4 3  

P l a n t  8 
Dust C o l l  e c t o r s  
P l t  8 Scrubbers 
P l t  8 Process 
P l t  8 B u i l d  Vent 

FMPC 
1990 Rad ionuc l ide  A i r  Emissions 

Source Compi la t ion  

U 
0.000000 
0.000000 
0.027511 
0.000000 

P l a n t  8 - Process (EP8-013 t -015) 
kg U = 0.02751 1 
Iso tope  uCi/kg U C i /yr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U234 298.6 8.21E-06 
U235 15.8 4.35E-07 
U236 11.6 3.19E-07 
U238 333.6 9.18E-06 
SR90 1.76 4.84E-08 
TC99 36.94 1.02E-06 
RU106 6.86 1.89E-07 
CS137 5.13 1.41E-07 
BA137M 5.13 1.41E-07 
RA226 0.212 5.83E-09 
RA228 0.85 2.34E-08 
TH228 8.97 2.47E-07 
TH230 26.4 7.26E-07 
TH232 1.41 3.88E-08 
TH234 1319 3.63E-05 
PA234M 1319 3.63E-05 
NP237 0.107 2.94E-09 
PU238 0.127 3.49E-09 
PU239 0.816 2.24E-08 
PU240 0.204 5.61E-09 
PU241 2.93 8.06E-08 
PU242 0.000086 2.37E-12 

Labora tory  
Lab Dust C o l l  . 
Fume Hoods 

Labora tory  Fume Hoods 
.kg U = 0.002700 
I so tope  uCi/kg U 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 0 

298.6 
15.8 
11.6 

333.6 
1.76 

36.94 
6.86 
5.13 
5.13 

0.212 
0.85 
8.97 
26.4 
1.41 
1319 
1319 

0.107 
0.127 
0.816 
0.204 

2.93 
0000466 

U 
0.000000 
0.002700 

Ci/yr 

8.06E-07 
4.27E-08 
3.13E-08 
9.01E-07 
4.75E-09 
9.97E-08 
1.85E-08 
1.39E-08 
1.39E-08 
5.72E-10 
2.30E-09 
2.42E-08 
7.13E-08 
3.81E-09 
3.56E-06 
3.56E-06 
2.89E-10 
3.43E-10 
2.20E-09 
5.51E-10 
7.91E-09 
1.26E-13 



TABLE 2 is- r 4 4 3  
FMPC 

1990 Rad ionuc l ide  A i r  Emissions 
Source Compi la t ion  

P i l o t  P l a n t  U 
Dust Col1 e c t o r s  0.000000 
B u i l d i n g  Vents 0.000067 

(Autoc lave  t Reactor Areas) 
P i l o t  P l a n t  - 
kg  U = 0.000067 
I so tope  uCi/kg U C i /yr  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U234 298.6 2.00E-08 
U235 15.8 1.06E-09 
U236 11.6 7.77E- 10 
U238 333.6 2.24E-08 
SR90 1.76 1.18E-10 
TC99 36.94 2.47E-09 
RU106 6.86 4.60E-10 
CS137 5.13 3.44E-10 
BA137M 5.13 3.44E- 10 
RA226 0.212 1.42E-11 
RA228 0.85 5.70E-11 
TH228 8.97 6.01E-10 
TH230 26.4 1.77E-09 
TH232 1.41 9.45E- 11 
TH234 1319 8.84E-08 
PA234M 1319 8.84E-08 
NP237 0.107 7.17E-12 
PU238 0.127 8.51E-12 
PU239 0.816 5.47E- 11 
PU240 0.204 1.37E- 11 
PU241 2.93 1.96E-10 
PU242 0.0000466 3.12E- 15 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

298.6 
15.8 
11.6 

333.6 
1.76 

36.94 
6.86 
5.13 
5.13 

0.212 
0.85 
8.97 
26.4 
1.41 
1319 
1319 

0.107 
0.127 
0.816 
0.204 

2.93 
0.0000466 

5.08E-04 
2.69E-05 
1.97E-05 
5.67E-04 
2.99E-06 
6.28E-05 
1.17E-05 
8.72E-06 
8.72E-06 
3.60E-07 
1.45E-06 
1.52E-05 
4.49E-05 
2.40E-06 
2.24E-03 
2.24E-03 
1.82E-07 
2.16E-07 
1.39E-06 
3.47E-07 
4.98E-06 
7.92E-11 



TABLE 2 =- 7 4 4 3  
FMPC 

1990 Radionuclide Air Emissions 
Source Compilation 

Plant 69 D&D 
kg U = 0.055990 
Isotope uCi/kg U C i /yr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U234 298.6 I .67E-05 
U235 15.8 8.85E-07 
U236 11.6 6.49E-07 
U238 333.6 1.87E-05 
SR90 1.76 9.85E-08 
TC99 36.94 2.07E-06 
RU106 6.86 3.84E-07 
CS137 5.13 2.87E-07 
BA137M 5.13 2.87E-07 
RA226 0.212 1.19E-08 
RA228 0.85 4.76E-08 
TH228 8.97 5.02E-07 
TH230 26.4 1.48E-06 
TH232 1.41 7.89E-08 
TH234 1319 7.39E-05 
PA234M 1319 7.39E-05 
NP237 0.107 5.99E-09 
PU238 0.127 7.11 E-09 
PU239 0.816 4.57E-08 
PU240 0.204 1.14E-08 
PU241 2.93 1.64E-07 
PU242 0.0000466 2.61E-12 

Waste Pits - Total 
kg U = 1.459000 
Isotope C i /yr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U234 2.85E-04 
U235 7.17E-06 
U236 3.31E-06 
U238 4.87E-04 
SR90 2.72E-07 
TC99 3.86E-05 

CS137 1.19E-06 
BA137M 1.19E-06 
RA226 1.52E-05 
RA228 1.89E-06 
TH228 2.44E-06 
TH230 2.73E-04 
TH232 1.89E-06 
TH234 4.86E-04 
PA234M 4.86E-04 
NP237 3.50E-07 
PU238 7.62E-08 
PU239 1.88E-07 
PU240 1.88E-07 
PU241 1.28E-06 
PU242 6.80E- 1 1 

RU106 0.00Et00 



TABLE 2 
&- 1 4 4 3  

FMPC 
1990 Radionuclide Air Emissions 

Source Compi 1 ation 
Waste Pit 5 
kg U = 
I sotope 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

- - - - - - - - - - - - - -  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

0.053000 
uCi/kg U .  C i /yr 
. - __ - - -_ - - -_ - - -__ - -_ - - - - - - -  

44 1 2.34E-05 
18.2 9.65E-07 
45.5 2.41 E-06 
33 1 1.75E-05 
4.15 2.20E-07 
662.5 3.51E-05 

13.5 7.16E-07 
13.5 7.16E-07 

287.2 1.52E-05 
35.4 1.88E-06 
45.6 2.42E-06 
5135 2.72E-04 
35.4 1.88E-06 
333.3 1.77E-05 
333.3 1.776-05 
5.31 2.81E-07 
1.04 5.51E-08 
1.3 6.89E-08 

8.8 4.66E-07 
0.0000466 2.47E-12 

ND 0.00Et00 

1.3 6. a9~-08 

Waste Pit 6 
kg U = 1.406000 
Isotope uCi/kg U 

U234 186 
U235 4.41 
U236 0.637 
U238 334 
SR90 0.037 
TC99 2.49 
RU106 ND 
CS137 0.34 
BA137M 0.34 
RA226 ND 
RA228 0.01 
TH228 0.0186 
TH230 0.52 
TH232 0.01 
TH234 332.9 
PA234M 332.9 
NP237 0.049 
PU238 0.015 
PU239 0.085 
PU240 0.085 
PU241 0.58 
PU242 0.0000466 

. . . . . . . . . . . . . . . . . . . .  C i /yr 
. _ _ - - _ _ _ - _ _  
2.62E-04 
6.20E-06 
8.96E-07 
4.70E-04 
5.20E-08 
3.50E-06 

4.78E-07 
4.78E-07 

1.41E-08 
2.62E-08 
7.31E-07 
1 M E - 0 8  
4.68E-04 
4.68E-04 
6.89E-08 
2.llE-08 
1.20E-07 
1.20E-07 
8.15E-07 
6.55E-11 

0.00Ei00 

0.00Et00 

U235 values were determined from site records indicating the enrichment of 
of the Uranium in the pits. 
for Uranium of the specified enrichments at the FMPC. U238 value was the 
remainder of the Uranium on a weight percent basis. 
SR90, TC99, RUlO6, CS137, RA226, TH228, TH230, TH232, 
NP237, PU238, PU239 values are averages of core sample analyses performed 
on each waste pit. 
document; Solow, A. J. and Phoenix, D. R.c "Characterization Investigation 
Study, Vol. 2: Chemical and Radiological Analyses of the Waste Storage 
Pits", Novermber 1987, FMPC/SUB 008, Vol. 2 UC-70, Appendix D. 
BA137M is assumed to be in equilibrium with CS137, i.e. BA137M activity 
equals that of CS137. 
RA228 is assumed to be in equilibrium with TH232, i.e. RA228 activity 
equals that of TH232. 
PU239/240 - half of the analyzed values discussed in 2 above are 
proportioned to each. 
TH234 and PA234M are assumed to be in equilibruium with U238, i.e. the 
TH234 and PA234M activities are equal to that of U238. 
PU241 is assumed to be in the same ratio to Pu239/240 as is seen for FMPC 
processes as analyzed for composite dust collector filter samples for 1988. 
PU242 is assumed to be the same as seen for the processes as analyzed 

U236, U234 values were calculated average value 

The specific analyses are listed in the following 

for the composite dust collector filter saples for 1989. 



T o t a l  

I so tope  

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 

Kg U = 

- - - - - - - -  

CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

3.2 
C i /yr - - - - - - - -_ - - - - - - -  

8.19E-04 
3.54E-05 
2.41E-05 
1.08E-03 
3.42E-06 
1.05E-04 
1.23E-05 
1.04E-05 
1.04E-05 
1.56E-05 
3.41E-06 
1.85E-05 
3.20E-04 
4.41 E-06 
2.85E-03 
2.85E-03 
5.42E-07 
3.03E-07 
1.65E-06 
5.53E-07 
6.52E-06 
1.52E-10 

TABLE 2 

FMPC 
1990 Radionucl ide A i r  Emissions 

Source Compi la t ion 

CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

To ta l  
Kg U = 3.2 
Iso tope uCi/kg U 

U234 2.56Et02 
U235 l . l l E t 0 1  
U236 7.52Et00 
U238 3.39Et02 
SR90 1.07Et00 
TC99 3.27Et01 
RU 106 3.84Et00 

3.24Et00 
3.24Et00 
4.88Et00 
1.07Et00 
5.78Et00 
1.00Et02 
1.38Et00 
8.89Et02 
8.89Et02 

- - - - - - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1.69E-01 
9.48E-02 
5.15E-01 
1.73E-01 

4.76E-05 
2.04Et00 

'p443 

Note: C a l c u l a t i o n s  were performed us ing  a LOTUS 1-2-3, ve rs ion  1.06 
spreadsheet. A d d i t i o n a l  s i g n i f i c a n t  f i g u r e s  were c a r r i e d  i n  t h e  
c a l c u l a t i o n s  b u t  a re  n o t  shown i n  Table 2, which i s  t runca ted  
t o  3 s i g n i f i c a n t  f i g u r e s .  

000040 



TABLE 2B 
ACTIVITY OF RADIONUCLIDES 

CY-1988 & CY-1989 MONITORED STACKS 
COMPOSITE SAMPLE 

1988 Dust C o l l e c t o r  
Composite 
I so tope  uCi/kg U 

U234 293.6 
U235 14 
U236 12.9 
U238 333.9 
SR90 2.81 
TC99 36.94 
RU106 6.86 
CS137 4.76 
BA137M 4.77 
RA226 0.28 
RA228 0.31 
TH228 6.9 
TH230 22.83 
TH232 4.94 
TH234 4073 
PA234M 1423 
NP237 0.49 
PU238 0.26 
PU239 0.694 
PU240 0.174 
PU241 2.93 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - -  

1989 Dust C o l l e c t o r  
Composite 
I so tope  uCi/kg U 

U234 [l] 298.6 
U235 [l] 15.8 
U236 [l] 11.6 
U238 [l] 333.6 
SR90 [2 ]  1.76 
TC99 [3 ]  36.94 
RU106 [3 ]  6.86 
CS137 [2 ]  5.13 
BA137M [4]  5.13 

RA228 [2 ]  0.85 
TH228 [2 ]  8.97 
TH230 [2 ]  26.4 
TH232 [2 ]  1.41 
TH234 [l] 1319 
PA234M [5]  1319 
NP237 [2 ]  0.107 
PU238 [2 ]  0.127 
PU239 [6 ]  0.816 
PU240 [6 ]  0.204 
PU241 [6 ]  2.93 
PU242 [2 ]  0.0000466 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RA226 [2 ]  0.212 

[l] Mass weighted average o f  monthly composite samples analyzed a t  
t h e  FMPC. 

[2 ]  Annual composite sample analyzed by an o f f s i t e  c o n t r a c t o r .  
[3 ]  From Tab le  5 o f  " D r a f t  Assessment o f  Rad ia t i on  Dose and Cancer 

R i s k  f o r  Emissions from 1951 th rough 1984", prepared by t h e  I T  
Corpora t ion ,  March, 1989. 

[4 ]  Assumed i n  e q u i l i b r i u m  w i t h  Cs-137 w i t h  same a c t i v i t y  value. 
[5 ]  Assumed i n  e q u i l i b r i u m  w i t h  Th-234 w i t h  t h e  same a c t i v i t y  value. 
[6 ]  From d r a f t  o f  "Annual A I r  Emission Report f o r  Calendar Year 1989 

- N a t i o n a l  Emiss ion  Standards f o r  Hazardous A i r  
Pollutants(NESHAP), 40 CFR 61 Subpart H - Feed M a t e r i a l s  
P roduc t i on  Center. Values used were -2.7%, -4.7%, and -6.2%, 
r e s p e c t i v e l y ,  o f  t h e  values r e p o r t e d  i n  [2 ]  above. 

13 
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TABLE 2B 
ACTIVITY OF RADIONUCLIDES 

CY-1988 & CY-1989 MONITORED STACKS 
COMPOSITE SAMPLE 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 

293.6 
14 

12.9 
333.9 

2.81 
36.94 

6.86 
4.76 
4.77 
0.28 
0.31 

6.9 
22.83 
4.94 
4073 
1423 
0.49 
0.26 

0.694 
0.174 

2.93 

U234 
U235 
U236 
U238 
SR90 
TC99 
RU106 
CS137 
BA137M 
RA226 
RA228 
TH228 
TH230 
TH232 
TH234 
PA234M 
NP237 
PU238 
PU239 
PU240 
PU241 
PU242 

11 
11 
11 
11 
21 

21 

21 
21 
21 
21 
21 
11 

21 
21 
61 
61 
61 
21 

31 
31 

41 

51 

298.6 
15.8 
11.6 

333.6 
1.76 

36.94 
6.86 
5.13 
5.13 

0.212 
0.85 
8.97 
26.4 
1.41 
1319 
1319 

0.107 
0.127 
0.816 
0.204 

2.93 
0.0000466 

[l] Mass weighted average o f  monthly composite samples analyzed a t  
t h e  FMPC. 

[2 ]  Annual composite sample analyzed by an o f f s i t e  c o n t r a c t o r .  
[3 ]  From Table 5 o f  " D r a f t  Assessment o f  Rad ia t i on  Dose and Cancer 

R i s k  f o r  Emissions from 1951 th rough 1984", prepared by t h e  I T  
Corpora t ion ,  March, 1989. 

[ 4 ] .  Assumed i n  e q u i l i b r i u m  w i t h  Cs-137 w i t h  same a c t i v i t y  value. 
[5 ]  Assumed i n  e q u i l i b r i u m  w i t h  Th-234 w i th  t h e  same a c t i v i t y  value. 
[6 ]  From d r a f t  o f  "Annual A i r  Emission Report  f o r  Calendar Year 1989 

-Nat iona l  Emission Standards f o r  Hazardous A i r  Pollutants(NESHAP) , 
40 CFR 61 Subpart H - Feed M a t e r i a l s  P roduc t i on  Center. Values used 
were -2.7%, -4.7%, and -6.2%, r e s p e c t i v e l y ,  o f  t h e  va lues  repo r ted  
i n  [2 ]  above. 



TABLE 3: 

FMPC Site Meteorological Station, STAR data, 1987 - 1990 

N A 0.000171 0.000410 0.000581 0.000000 0.000000 0.000000 
NNE A 0.000342 0.000342 0.000820 0.000103 0.000000 0.000000 
NE A 0.000376 0.000957 0.000376 0.000034 0.000000 0.000000 
ENE A 0.000547 0.001367 0.000171 0.000000 0.000000 0.000000 
E A 0.000205 0.000581 0.000137 0.000000 0.000000 0.000000 
ESE A 0.000205 0.000171 0.000000 0.000000 0.000000 0.000000 
SE A 0.000034 0.000000 0.000000 0.000000 0.000000 0.000000 
SSE A 0.000034 0.000068 0.000068 0.000000 0.000000 0.000000 
S A 0.000137 0.000171 0.000000 0.000000 0.000000 0.000000 
SSW A 0.000273 0.001880 0.000923 0.000000 0.000000 0.000000 
SW A 0.000342 0.002461 0.002153 0.000068 0.000000 0.000000 
WSW A 0.000308 0.003008 0.001128 0.000034 0.000000 0.000000 
W A 0.000410 0.002427 0.001538 0.000068 0.000000 0.000000 
WNW A 0.000444 0.000854 0.000820 0.000137 0.000000 0.000000 
NW A 0.000376 0.000786 0.000376 0.000000 0.000000 0.000000 
NNW A 0.000308 0.000479 0.000615 0.000000 0.000000 0.000000 
N B 0.000137 0.000786 0.000308 0.000068 0.000000 0.000000 
NNE B 0.000137 0.000308 0.000444 0.000034 0.000000 0.000000 
NE B 0.000205 0.001025 0.000479 0.000000 0.000000 0.000000 
ENE B 0.000273 0.001265 0.000171 0.000068 0.000000 0.000000 
E B 0.000547 0.000410 0.000171 0.000000 0.000000 0.000000 
ESE B 0.000137 0.000239 0.000000 0.000000 0.000000 0.000000 
SE B 0.000068 0.000068 0.000000 0.000000 0.000000 0.000000 
SSE B 0.000171 0.000068 0.000034 0.000035 0.000000 0.000000 
S B 0.000103 0.000205 0.000068 0.000000 0.000000 0.000000 
SSW B 0.000308 0.001846 0.000889 0.000103 0.000034 0.000000 
SW B 0.000581 0.002324 0.001025 0.000103 0.000000 0.000000 
WSW B 0.000547 0.002461 0.000649 0.000034 0.000000 0.000000 
W B 0.000376 0.001572 0.000923 0.000034 0.000000 0.000000 
WNW B 0.000342 0.000991 0.000752 0.000068 0.000000 0.000000 
NW B 0.000479 0.001060 0.000649 0.000000 0.000000 0.000000 
NNW B 0.000376 0.000957 0.000410 0.000034 0.000000 0.000000 
N C 0.000376 0.001196 0.000479 0.000137 0.000000 0.000000 
NNE C 0.000342 0.001299 0.000444 0.000034 0.000000 0.000000 
NE C 0.000410 0.001641 0.000718 0.000103 0.000000 0.000000 
ENE C 0.001196 0.001777 0.000205 0.000239 0.000000 0.000000 
E C 0.001025 0.000615 0.000103 0.000000 0.000000 0.000000 
ESE C 0.000547 0.000376 0.000000 0.000000 0.000000 0.000000 
SE C 0.000342 0.000410 0.000000 0.000000 0.000000 0.000000 
SSE C 0.000239 0.000444 0.000068 0.000000 0.000000 0.000000 
S C 0.000342 0.001060 0.000137 0.000000 0.000000 0.000000 
SSW C 0.000410 0.002358 0.000718 0.000068 0.000034 0.000000 
SW C 0.001265 0.003828 0.001128 0.000171 0.000000 0.000000 
WSW C 0.001572 0.003247 0.000820 0.000103 0.000000 0.000000 
W C 0.000547 0.001880 0.000957 0.000137 0.000000 0.000000 
WNW C 0.000649 0.001504 0.000923 0.000137 0.000000 0.000000 
NW C 0.000547 0.001675 0.000923 0.000000 0.000034 0.000000 
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TABLE 3: 

FMPC Site Meteorological Station, STAR data, 1987 - 1990 

NNW C 0.000547 0.001538 0.000479 0.000034 0.000000 0.000000 
N D 0.003486 0.012476 0.004785 0.000308 0.000000 0.000000 
NNE D 0.004888 0.013672 0.004717 0.000786 0.000000 0.000000 
NE D 0.007314 0.015552 0.004067 0.000239 0.000000 0.000000 
ENE D 0.010254 0.020884 0.004684 0.000752 0.000000 0.000000 
E D 0.007656 0.004990 0.000410 0.000000 0.000034 0.000000 
ESE D 0.005503 0.001606 0.000034 0.000000 0.000000 0.000000 
SE D 0.003897 0.002290 0.000103 0.000000 0.000000 0.000000 
SSE D 0.004238 0.003384 0.000923 0.000068 0.000000 0.000000 
S D 0.005093 0.006870 0.002119 0.000239 0.000000 0.000000 
SSW D 0.008340 0.014595 0.005981 0.001128 0.000000 0.000000 
SW D 0.011143 0.017192 0.004683 0.000718 0.000137 0.000068 
WSW D 0.011655 0.011860 0.003589 0.001162 0.000205 0.000034 
W D 0.009297 0.013228 0.006494 0.000786 0.000000 0.000000 
WNW D 0.005127 0.013535 0.006050 0.000752 0.000000 0.000000 
NW D 0.005742 0.010391 0.005230 0.000172 0.000103 0.000000 
NNW D 0.005024 0.011074 0.003556 0.000479 0.000068 0.000000 
N E 0.005161 0.004102 0.000410 0.000034 0.000000 0.000000 
NNE E 0.003828 0.003315 0.000615 0.000068 0.000000 0.000000 
NE E 0.004546 0.002905 0.000239 0.000000 0.000000 0.000000 
ENE E 0.012681 0.007656 0.000513 0.000000 0.000000 0.000000 
E E 0.009844 0.001675 0.000068 0.000000 0.000000 0.000000 
ESE E 0.004717 0.000957 0.000000 0.000000 0.000000 0.000000 
SE E 0.005093 0.001060 0.000137 0.000000 0.000000 0.000000 
SSE E 0.006904 0.003418 0.000513 0.000068 0.000000 0.000000 
S E 0.007588 0.008066 0.002324 0.000581 0.000000 0.000000 
SSW E 0.013569 0.016714 0.005708 0.000615 0.000069 0.000000 
SW E 0.022969 0.021362 0.004033 0.000273 0.000034 0.000000 
WSW E 0.023071 0.009058 0.002324 0.000479 0.000000 0.000000 
W E 0.016919 0.011895 0.002871 0.000171 0.000000 0.000000 
WNW E 0.011621 0.009605 0.002222 0.000137 0.000000 0.000000 
NW E 0.009707 0.005298 0.000820 0.000068 0.000000 0.000000 
NNW E 0.006870 0.003315 0.000684 0.000103 0.000000 0.000000 
N F 0.001504 0.000137 0.000000 0.000000 0.000000 0.000000 
NNE F 0.001504 0.000034 0.000034 0.000000 0.000000 0.000000 
NE F 0.001880 0.000000 0.000000 0.000000 0.000000 0.000000 
ENE F 0.004683 0.000786 0.000000 0.000000 0.000000 0.000000 
E F 0.006563 0.000000 0.000000 0.000000 0.000000 0.000000 
ESE F 0.004102 0.000000 0.000000 0.000000 0.000000 0.000000 
SE F 0.003179 0.000034 0.000000 0.000000 0.000000 0.000000 
SSE F 0.003110 0.000000 0.000000 0.000000 0.000000 0.000000 
S F 0.004238 0.000205 0.000000 0.000000 0.000000 0.000000 
SSW F 0.007554 0.000581 0.000034 0.000000 0.000000 0.000000 
SW F 0.012647 0.001333 0.000000 0.000000 0.000000 0.000000 
WSW F 0.018936 0.000889 0.000000 0.000000 0.000000 0.000000 
W F 0.016133 0.000376 0.000000 0.000000 0.000000 0.000000 
WNW F 0.012988 0.000068 0.000000 0.000000 0.000000 0.000000 
NW F 0.008272 0.000068 0.000000 0.000000 0.000000 0.000000 
NNW F 0.004546 0.000239 0.000000 0.000000 0.000000 0.000000 
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TABLE 3: 

FMPC S i t e  M e t e o r o l o g i c a l  S t a t i o n ,  STAR d a t a ,  1987 - 1990 

N G 0.003042 0.000000 0.000000 0.000000 0.000000 0.000068 
NNE G 0.003350 0.000000 0.000000 0.000000 0.000000 0.000000 
NE G 0.002871 0.000000 0.000000 0.000000 0.000000 0.000000 
ENE G 0.003999 0.000068 0.000000 0.000000 0.000000 0.000000 
E G 0.007349 0.000034 0.000000 0.000000 0.000000 0.000000 
ESE G 0.005298 0.000000 0.000000 0.000000 0.000000 0.000000 
SE G 0.002769 0.000000 0.000000 0.000000 0.000000 0.000000 
SSE G 0.002290 0.000000 0.000000 0.000000 0.000000 0.000000 
S G 0.003452 0.000000 0.000000 0.000000 0.000000 0.000000 
SSW G 0.006118 0.000034 0.000000 0.000000 0.000000 0.000000 
SW G 0.011792 0.000000 0.000000 0.000000 0.000000 0.000000 
WSW G 0.015859 0.000068 0.000000 0.000000 0.000000 0.000000 
W G 0.019688 0.000000 0.000000 0.000000 0.000000 0.000000 
WNW G 0.020918 0.000000 0.000000 0.000000 0.000000 0.000000 
NW G 0.014902 0.000000 0.000000 0.000000 0.000000 0.000000 
NNW G 0.006665 0.000000 0.000000 0.000000 0.000000 0.000000 
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TABLE 4: 

CVG METEOROLOGICAL STATION 
STAR DATA, 1985-1989 

N A 0.00035 0.00037 
NNE A 0.00017 0.00021 

NE A 0.00022 0.00016 
ENE A 0.00025 0.00030 

E A 0.00044 0.00041 
ESE A 0.00019 0.00018 

SE A 0.00020 0.00034 
SSE A 0.00015 0.00030 

S A 0.00044 0.00041 
SSW A 0.00014 0.00014 

SW A 0.00028 0.00043 
WSW A 0.00046 0.00043 

W A 0.00040 0.00046 
WNW A 0.00034 0.00034 

NW A 0.00023 0.00032 
NNW A 0.00025 0.00030 

N B 0.00091 0.00247 
NNE B 0.00060 0.00123 

NE B 0.00043 0.00160 
ENE B 0.00066 0.00158 

E B 0.00106 0.00215 
ESE B 0.00069 0.00139 

SE B 0.00057 0.00100 
SSE B 0.00066 0.00137 
S B 0.00127 0.00247 

SSW B 0.00110 0.00208 
SW B 0.00109 0.00180 

WSW B 0.00090 0.00190 
W B 0.00103 0.00235 

WNW B 0.00064 0.00187 
NW B 0.00064 0.00135 

NNW B 0.00055 0.00148 
N C 0.00034 0.00237 

NNE C 0.00024 0.00098 
NE C 0.00015 0.00137 

ENE C 0.00024 0.00180 
E C 0.00034 0.00242 

ESE C 0.00025 0.00164 
SE C 0.00024 0.00105 

SSE C 0.00028 0.00116 
S C 0.00049 0.00269 

SSW C 0.00044 0.00297 
SW C 0.00063 0.00345 

WSW C 0.00030 0.00219 
W C 0.00048 0.00256 

WNW C 0.00030 0.00139 
NW C 0.00025 0.00144 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00144 
0.00066 
0.00126 
0.00096 
0.00096 
0.00089 
0.00053 
0.00027 
0.00091 
0.00105 
0.00128 
0.00196 
0.00167 
0.00089 
0.00082 
0.00089 
0.00420 
0.00212 
0.00281 
0.00368 
0.00489 
0.00194 
0.001 10 
0.00187 
0.00505 
0.00621 
0.00779 
0.00550 
0.00582 
0.00253 
0.00237 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00094 
0.00057 
0.00048 
0.00053 
0.00050 
0.0001 1 
0.00014 
0.00014 
0.00041 
0.00114 
0.00155 
0.00142 
0.00160 
0.00062 
0.00053 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00002 0.00000 
0.00000 0.00000 
0.00009 0.00000 
0.00011 0.00000 
0.00016 0.00000 
0.00007 0.00000 
0.00000 0.00000 
0.00005 0.00000 

000046 



TABLE 4: 

CVG METEOROLOGICAL STATION 
STAR DATA, 1985-1989 

NNW C 
N D  

NNE D 
NE D 

ENE D 
E D  

ESE D 
SE D 

SSE D 
S D  

SSW D 
SW D 

WSW D 
W D  

WNW D 
NW D 

NNW D 
N E  

NNE E 
NE E 

ENE E 
E E  

ESE E 
SE E 

SSE E 
S E  

SSW E 
SW E 

WSW E 
W E  

WNW E 
NW E 

NNW E 
N F  

NNE F 
NE F 

ENE F 
E F  

ESE F 
SE F 

SSE F 
S F  

SSW F 
SW F 

WSW F 
W F  

WNW F 
NW F 

NNW F 

0.00020 
0.00034 
0.00016 
0.00020 
0.00025 
0.00029 
0.00014 
0.00026 
0.00016 
0.00051 
0.00029 
0.00022 
0.00025 
0.00037 
0.00018 
0.00035 
0.00035 
0.00062 
0.00037 
0.00036 
0.00045 
0.00059 
0.00060 
0.00032 
0.00041 
0.00090 
0.00050 
0.00064 
0.00051 
0.00085 
0.00060 
0.00060 
0.00036 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.001 10 
0.00324 
0.001 19 
0.00185 
0.00203 
0.00386 
0.00224 
0.00162 
0.00199 
0.00418 
0.00381 
0.00379 
0.00256 
0.00338 
0.00274 
0.00274 
0.00196 
0.00320 
0.00187 
0.00176 
0.00192 
0.0031 1 
0.00217 
0.00180 
0.00169 
0.00400 
0.00267 
0.00342 
0.0023 1 
0.00377 
0.00244 
0.00267 
0.00169 
0.00304 
0.00167 
0.00196 
0.00256 
0.00457 
0.00354 
0.0033 1 
0.00441 
0.01084 
0.00760 
0.00582 
0.00283 
0.00340 
0.00203 
0.00187 
0.00146 

0.00237 
0.00669 
0.00299 
0.00285 
0.00413 
0.00532 
0.00267 
0.00290 
0.00269 
0.00719 
0.00936 
0.00979 
0.00678 
0.00884 
0.00587 
0.00470 
0.00322 
0.00879 
0.00459 
0.00603 
0.00610 
0.00868 
0.00516 
0.00445 
0.00454 
0.01128 
0.01368 
0.01089 
0.00674 
0.01062 
0.00674 
0.00687 
0.00425 
0.00509 
0.00237 
0.00342 
0.00427 
0.00662 
0.00164 
0.00169 
0.00178 
0.00562 
0.00799 
0.00591 
0.00384 
0.00505 
0.00281 
0.00349 
0.00233 

0.00053 
0.00580 
0.00274 
0.00240 
0.00295 
0.0031 1 
0.00169 
0.00153 
0.00210 
0.00648 
0.01342 
0.01511 
0.00954 
0.01356 
0.01005 
0.00607 
0.00368 
0.00566 
0.00311 
0.00356 
0.00393 
0.00461 
0.00196 
0.00144 
0.00160 
0.00797 
0.01018 
0.01000 
0.00671 
9.0081 1 
0.00863 
0.00644 
0.00381 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00027 
0.00016 
0.00009 
0.00016 
0.00011 
0.00016 
0.00000 
0.00025 
0.00132 
0.00269 
0.00285 
0.00201 
0.00285 
0.00176 
0.00103 
0.00050 
0.00039 
0.00014 
0.00016 
0.00018 
0.00027 
0.00014 
0.00007 
0.00018 
0.00105 
0.00194 
0.00142 
0.00114 
0.00205 
0.00190 
0.00107 
0.00078 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00007 
0.00000 
0.00000 
0.00000 
0.00000 
0.00005 
0.00000 
0.00000 
0.00037 
0.00082 
0.00071 
0.00048 
0.00043 
0.00014 
0.00007 
0.0001 1 
0.00002 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00011 
0.00032 
0.00014 
0.00041 
0.00064 
0.00018 
0.00005 
0.00009 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 



N G  
NNE G 

NE G 
ENE G 

E G  
ESE G 

S E  G 
SSE G 

S G  
SSW G 

SW G 
WSW G 

W G  
WNW G 

NW G 
NNW G 

0.00408 
0.00214 
0.00227 
0.00249 
0.00403 
0.00306 
0.00252 
0.00403 
0.01052 
0.01693 
0.01101 
0.00636 
0.00498 
b. 00191 
0.00232 
0.00158 

TABLE 4: 

CVG METEOROLOGICAL STATION 
STAR DATA, 1985-1989 

0.00740 
0.00285 
0.00434 
0.00575 
0.00669 
0.00390 
0.00292 
0.00409 
0.01244 
0.01553 
0.01071 
0.00445 
0.00489 
0.00283 
0.00372 
0.00349 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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POPULATION ESTIMATES BY SECTOR 

OF THE FMPC 
WITHIN A FIFTY-MILE RADIUS 

TABLE 6A. INCREMENTAL POPULATION DISTRIBUTION AROUND THE FMPC FOR 1990 

N 7 
NN E 5 

NE 8 
EN E 16 

E 24 
ESE 16 

SE 8 
SSE 15 
S 8 

ssw 9 
sw 9 

wsw 17 
W 9 

WNW 8 
NW 12 

Distance, 
mi 1 es 0-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40-50 

64 77 108 125 1008 16676 7161 16737 12369 
57 65 111 300 
206 120 129 317 
106 2714 5 47 
62 119 89 235 
68 137 206 292 
69 107 153 192 
67 88 256 591 
69 97 384 620 
77 154 290 354 
85 143 129 130 
84 142 216 296 
79 135 215 270 
66 102 161 213 
63 99 154 219 

13702 
38550 
31258 
34442 
38965 
52064 
20714 
8376 
4814 
1171 
7081 
2488 
1596 
1091 

7595 
45545 
17295 
53951 
160794 
273363 
218659 

9492 
15147 
3749 
3650 
4242 
1398 

32804 

8288 
96440 
31720 
39591 
72536 
94394 
55517 
34309 
7718 
10752 
7092 
10355 
6469 
3222 

31333 
189514 
13520 
17675 
24073 
26815 
9311 
9475 
6022 
3708 
7243 
5805 
4255 
26366 

7829 1 
317133 
25702 
10403 
13277 
15853 
8685 
9575 
9695 
4916 
5908 
16385 
12060 
9417 

TABLE 6B. CUMULATIVE POPULATION DISTRIBUTION AROUND THE FMPC FOR 1990 

Distance, 
mi 1 es 

N 
NNE 

NE 
ENE 

E 
ESE 

SE 
SSE 

s 
ssw 

sw 
wsw 

W 
WNW 

NW 

0-1 1-2 2-3 3-4 4-5 
7 71 148 256 381 
5 62 127 238 538 
8 214 334 463 780 
16 122 2836 2841 2888 
24 86 205 294 529 
16 84 221 427 719 
8 77 184 337 529 
15 82 170 426 1017 
8 77 174 558 1178 
9 86 240 530 884 
9 94 237 366 496 
17 101 243 459 755 
9 88 223 438 708 
8 74 176 337 550 
12 75 174 328 547 

5-10 
1389 
14240 
39330 
34146 
3497 1 
39684 
52593 
21731 
9554 
5698 
1667 
7836 
3196 
2146 
1638 

10-20 
18065 
21835 
84875 
51441 
88922 
200478 
325956 
240390 
42358 
15190 
16814 
11 585 
6846 
6388 
3036 

20-30 
25226 
30123 
181315 
83161 
128513 
273014 
420350 
295907 
76667 
22908 
27566 
18677 
17201 
12857 
6258 

30-40 
4 1963 
61456 
370829 
96681 
146188 
297087 
447165 
305218 
86142 
28930 
31274 
25290 
23006 
17112 
32624 

40 - 50 
54332 
139747 
687962 
122383 
156591 
310364 
463018 
313903 
95717 
38625 
36190 
31828 
39391 
29172 
42041 

NNW 17 81 183 369 685 2223 15186 20107 68288 82013 
TOTAL 188 1474 5875 8667 13184 272042 1149365 1639850 2079883 2643277 
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FIGURES 

Figure 1: 

Figure 2: 

Locations o f  Maximally Exposed Individuals 
FMPC 1987-1990 Meteorological Data 

Location of  Maximally Exposed Individuals 
CVG 1985-1989 Meteorological Data 
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EXAMPLES OF ENGINEERING CALCULATION FOR EMISSIONS: 

1) Example o f  Enqineer ins Ca lcu la t i on  f o r  Emissions from Stack Tes t i nq  
JBu i l d inq  69) 

EPA Method V sampling was performed August 24, 1988 a t  t he  Decontaminating and 
Decommissioning B u i l d i n g  F a c i l i t y  HC1 a c i d  ba th  stack.  Two sample probes 
were run  cont inuously  f o r  an 8-hour per iod,  w i t h  a l l  personnel breaks covered. 
The sampling prov ided average emissions o f  0.11 g U/hour. It was decided t h a t  
t he  most usefu l  emission f a c t o r  would be on a mass/batch run  through the  a c i d  
baths.  

(0.11 g U/hr) * (8 hr/day) / (8  batches/day) = 0.11 q U/ batch 

2) ExamDle o f  Enqineer inq Ca lcu la t i on  f o r  Emissions from B u i l d i n q  Vents 
1 P i  l o t  P1 ant/ Autocl  ave a r e a l  

The b u i l d i n g  i s  d i v i d e d  i n t o  two sect ion,  i n  terms o f  b u i l d i n g  v e n t i l a t i o n  
fans: the Reactor sec t i on  and the  Autoclave area. 
s t r u c t u r e  a r e  assumed on ly  t o  occur when b u i l d i n g  vent fans are turned on; a l l  
fans i n  a b u i l d i n g  are  operated when the  system i s  tu rned on. 
operators  keep a reco rd  o f  hours/month the  v e n t i l a t i o n  fans are operated. A 
rev iew o f  the f a c i l i t y  records prov ided in fo rmat ion  on t h e  number and capac i ty  
o f  t h e  fans i n  t h e  bu i l d ings .  I n  the  Autoclave area, t he re  are 4 fans, each 
w i t h  a capac i ty  o f  10,570 cfm. 

Emissions from any 

B u i l d i n g  

Por tab le  continuous a i r  mon i to r ing  u n i t s  are s ta t i oned  i n  areas o f  bu i l d ings  
where i t  i s  expected t h a t  emissions o f  rad ionuc l ides  w i l l  be generated. 
u n i t s  prov ide i n fo rma t ion  on t h e  alpha r a d i a t i o n  detected by the  moni tors  and 
t h e  volume o f  a i r  sampled by the  moni tor .  Using t h i s  in format ion,  a f low-  
weighted average o f  a c t i v i t y  concent ra t ion  i s  ca l cu la ted  i n  terms o f  uCi/cm . 
A l l  a c t i v i t y  i s  assumed t o  be from Uranium. It i s  f u r t h e r  assumed t h a t  the  
a c t i v i t y  concent ra t ion  o f  t h e  a i r  vented i s  1/10 o f  t h e  f low-weighted average 
f o r  t he  month as measured by the  monitors.  Th i s  assumption i s  reasonable, i n  
t h a t  the  monitors a re  s p e c i f i c a l l y  s i t e d  i n  areas where concent ra t ion  o f  alpha 
a c t i v i t y  are expected t o  be high; d i l u t i o n  w i th  a i r  i n  t h e  r e s t  o f  the  
b u i l d i n g  w i l l  r e s u l t  i n  lower  concentrat ions.  

These 

To develop a monthly3emission est imate requ i res :  the  average monthly Alpha 
a c t i v i t y  , i n  uCi/cm ; t h e  number o f  hours the  fans were operated f o r  the  
month, and an emission f a c t o r  t o  conver t  a l l  t h e  above in fo rmat ion  i n t o  
cons is ten t  u n i t s .  
and adds them t o  p rov ide  an annual emission r a t e .  

The FMPC keeps monthly records o f  these est imated emissions 

The emission f a c t o r  f o r  t h e  autoc lave area i s :  

4* ( Ci/uCi ) * ( 1 kgU/6 .77~10-~Ci  )*( 28,317ccm/cf) *( 10,570 cf/mi n) * (60mi n/hr) 

= 1 . 0 6 ~ 1 0 ~  ccm*kg U/uCi*hr 

For the  month of June, 1990, the  fans were operated f o r  720 hoygs and the 
flow-weighted average alpha a c t i v i t y  concentrat ion was 5 . 7 ~ 1 0 -  
est imated emissions ou t  o f  the b u i l d i n g  vents f o r  t he  P i l o t  Plant/Autoclave 

uCi/ccm. The 
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2a f o r  t h a t  month were: 

(1 .06x108ccm*kg U/Uci*hr)*(720 h r s ) * ( 5 . 7 ~ 1 0 - ~ ~ u C i / c c m )  

= 4 . 4 ~  kq U 
I 

3)  Enqineer inq Ca lcu la t i on  f o r  Emissions f r o m  Cool i n q  Tower 

As discussed i n  t h e  body of t he  repo r t ,  c o o l i n g  water comes i n  contac t  w i t h  
var ious  processes, c r e a t i n g  the  p o s s i b i l i t y  f o r  contaminat ion.  Uranium may be 
emi t ted  from t h e  tower by entrainment w i t h  the  " d r i f t  loss" ,  the small 
suspended water  d r o p l e t s  which form as t h e  water passes through t h e  tower. It 
i s  assumed t h a t  t h e  uranium concent ra t ion  i n  the  d r i f t  i s  t h e  same as i t  i s  i n  
t h e  r e s t  of t h e  water  stream. 
des ign dependent d r i f t  l oss  factors :  f o r  t he  mechanical d r a f t  towers a t  t he  
FMPC, t h e  es tab l i shed  f a c t o r  i s  0.003 t imes the  f l o w  through the tower. 

Beginning i n  December, 1990, a monthly uranium ana lys i s  o f  t he  coo l i ng  tower 
d ischarge stream was schedyled, w i t h  records maintained. 
f o r  1990 i n d i c a t e d  7 . 2 ~ 1 0 -  
determined by the  pumps handl ing the  water, which are  r a t e d  a t  3,300 gpm. 
1991, a f l o w  i n t e g r a t o r  w i l l  be i n s t a l l e d  i n t o  the  system t o  p rov ide  more 
accurate records o f  f l o w  through the  towers. 
Department s t a f f  i nd i ca ted  t h a t  average annual f l o w  through the  towers was 
3,300 gpm f o r  t h e  e n t i r e  year (525,600 min/year). 
c o o l i n g  towers would be: 

Manufacturers o f  c o o l i n g  towers have developed 

The on ly  ana lys is  
l b  U/gal. The f l o w  through the  towers are 

I n  

In te rv iews  w i t h  U t i l i t y  

Thus the  emissions from the  

( 7 . 2 ~ 1 0 - ~ 1  b U/gal )*( 3,300 gpm)*( 525,600 min/yr)*( 0.003 1 oss) / 2.2 kg/ l  b 

= 1.703 ka U/vear 
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, Enqineerinq Calculation f o r  Emissions from Waste P i t s .  

Annual Emission Calculat ions for Waste P i t s  5 & 6 
EW = 1.7(~/1.5)(d/235)(f/15) 

where 
Ew = t o t a l  p a r t i c u l a t e  emissions in lb/acre  of s torage  area/day 

s = s i l t  content(%) 
d = days l e s s  t h a n  0.01 
f = percent of time wind 

= Recovered hours with 

nches of p rec ip i t a t ion  
speed >12 mph a t  1 f t  (assumed = !AS a t  10 m) 
WS>12 mph/Total Hours Recovered 

Total Surface area(sq.  f t  .) [ 11 
% exposed (annual average) 

S i l t  content (%) [l] (s) 
Total days recovered [2] 

"Dry" days (d) 
Total Hours recovered [2] 

hours >12mph 
Total emissions (lb/acre/day) [Ew] 
P a r t i c u l a t e  emissions ( lb /yr )  
U in  s o i l  (%) 

P i t  5 
155,210.000 

9.550 
10.000 
292.000 
185.000 

6,748.000 
149.000 

P i t  6 
27,210.000 

9.120 
10.000 

292.000 
185.000 

6,748.000 
149.000 

1.642 1.642 
203.901 34.137 
0.057 9.060 

Uranium emissions ( lb/yr)  0.116 3.093 
Uranium emissions (kg/yr) 0.053 1.406 
Total Annual U emission f o r  Waste P i t s  1.459 
VOTES: 

[l] Surface areas  for 1990 determined using CAD s i t e  plan 
information on 1/15/91. 

[2] S i t e  Meteorological da t a  was used. "Dry day" da t a  was adjustedr 
by a r a t i o  of t h e  number of days per year  divided by the number 
of  days of da ta  recovery. e.g. (185/235)*(365/292) 
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5) Estimated dose due to emission of Radon-220 and Radon-222 decay products 

Prior to December 15, 1989, NESHAP Subpart H specifically excluded the dose 
due to Radon, Thoron, and their respective decay products from being included 
in the EDE calculation. 
definition of EDE was changed to read: 

When the regulation was revised on that date, the 

"...For the purposes of this subpart, doses caused by 
radon-222 and its respective decay products formed 
after the radon is released from the facility are not 
to be included. [emphasis added] (40 CFR 61.91(a)) 

This change implies that decay products formed prior to the release of the 
Radon-222, as well as Thoron and its decay products, should be considered. 

WMCO has identified 5 structures storing Thorium-containing materials: 

- Warehouse 60 
- Warehouse 64 
- Warehouse 65 
- Warehouse 67 
- Warehouse 68 

The K-65 silos are known to store radon-generating material. 
impact of the emissions from these structures is addressed by the provisions 
o f  NESHAP, Subpart Q. 

However, the 

Currently, there is no information on the radon/thoron concentration or 
activity in Warehouse 60. 
sampling was conducted in the latter four buildings to determine the total 
activity in the buildings of the radon and thoron. 
daughters have achieved a 50% equilibrium with the parent isotope, barring 
empirical evidence of other conditions; this is consistent with reported USEPA 
practices. WMCO utilized this assumption, and further assumed that 10% of the 
daughters were emitted from the building in a year, via normal air exchange 
processes. There has been no reported operation of any building ventilation 
fans in these structures, so emissions were assumed to occur at ground level 
and with no initial velocity. 
results are provided below. 

These results indicate that the contribution to EDE from the Thorium- 
containing structures is insignificant, in that it will not result in a change 
in the EDE reported in the FMPC Annual Compliance Demonstration for 1990. Due 
to the above noted ambiguity in the wording of NESHAP Subpart H, it appears 
appropriate to provide this information with the Annual Demonstration. It may 
also be appropriate to address this ambiguity in the MOU being developed 
between DOE and EPA. 

As part of a removal site evaluation (RSE), 

WMCO assumed that the 

The inputs to the CAP-88 model and their 



THORIUM WAREHOUSES CONTRIBUTION TO €DE IN 1990 

Po-210 0.046 17.845 1.620 1.620 
I I 

Effluent I I I 
Heat Fm1ssion 
Part i cl e Si ze 1 micron 1 micron 1 micron 1 micron 

. .  

Met Data C V G / ~ ~  -89 CVG/SS - 89 c v ~ / a 5  - 89 CVG/85-89 

Location of 
Impact 

Contribution to EDE (mrem), at the location of the 
Maximally Exposed Individual previously established by 
CAP-88 modelinq of the related FMPC sources, CVG Met data. 

I I I 
Figure 2; 

Figure 2; 
Residence A 3 x 10-6 1 x 10-3 2 x 10-4 1 x 10-4 

Residence B ,,.''lO x lo,-( 4 x 10-3 2 'X 10-4 1 x 10-4 
. ./. ---lJ 



APPENDIX I 

ADDITIONAL INFORMATION REQUESTED BY DEPARTMENT OF ENERGY, 
NOT REQUIRED FOR NESHAP, SUBPART H COMPLIANCE DEMONSTRATION 

A )  DOSE EQUIVALENTS f i n  mrem) TO SELECTED ORGANS & TISSUES, WITH COMPARISON 
OF 1989 COMPLIANCE DEMONSTRATION RESULTS 

No Waste Pits 

B) ESTIMATED COLLECTIVE EFFECTIVE DOSE EQUIVALENT f i n  mrem) FOR 1990 

C) STATUS OF COMPLIANCE WITH NESHAP EFFLUENT MONITORING REQUIREMENTS 

The FMPC has developed and submitted an a l t e r n a t e  method proposal t o  the 
USEPA - Region V. 
Continuous I s o k i n e t i c  Samplers (SPCIS) a t  locat ions where they were 
previously i n s t a l l e d  and where replacement is not advisable due t o  
s a f e t y  o r  economic reasons. 
Samplers (MPCIS) wi l l  be i n s t a l l e d  a t  any newly constructed emission 
sources. This proposal i s  being reviewed by the USEPA. No emission 
sources requir ing continuous monitoring are cu r ren t ly  operat ing;  USEPA 
approval of the proposed a l t e r n a t e  method will be obtained before any 
sources of radionucl ide a i r  emissions a r e  operated. 

T h e  proposal c a l l s  f o r  continued use of Single  Point 

Multiple Point Continuous I s o k i n e t i c  

D) UNPLANNED RELEASES TO THE ATMOSPHERE AND THE ASSOCIATED DOSE 

After  a review of the 420 Minor Event  Reports (MER) generated i n  1990, 
i t  was determined t h a t  no s i g n i f i c a n t  unplanned r e l eases  o f  mater ia ls  
regulated by Subpart H t o  the atmosphere occurred during 1990. 

A general summary of a l l  420 MERs was reviewed; i f  there was any 
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indication that a potential for air emissions could have been associated 
with the event, the complete MER was then reviewed. This was done for 
39 MERs. If the completed MER left any question about the potential for 
an air release of subpart H regulated radionuclides, persons involved in 
the event were then contacted to obtain a clearer understanding of the 
event. Where possible, the Spill Advisory log was reviewed to determine 
the volume of material lost during an event. following this review 
process, the determination was made that no significant amount of 
Subpart H regulated material was lost to the atmosphere during 1990. 

E) SOURCES OF FUGITIVE EMISSIONS 

Sources of fugitive emissions at the FMPC include waste pit nos. 5 and 
6. Roadways and material storage piles are potential sources of 
fugitive dust emissions, but due to decontamination practices 
implemented in previous years, they are not considered sources for 
fugitive radionuclide emissions at this time. 

Emissions estimates from the waste pits are estimated using a USEPA- 
derived equation for estimating fugitive particulate emissions from 
hazardous waste sites [Turner, J. H. et al; A Method for Estimatinq 
Fuqitive Particulate Emissions from Hazardous Waste Sites; EPA/600/2-87- 
0661. The equation requires information on the silt content of the 
material in the waste pit, the number of days experiencing less that 
0.01 inches of rainfall, and the frequency that the wind speed at 1 foot 
above the ground exceeds 12 mph. 
estimate of pounds of particulate emitted per acre per day. 
resultant is then used to generate an estimate of pounds of Uranium 
released/year from each pit, using the following assumptions: 

The equation produces a conservative 
The 

1) Wind speed at 10 meters (heiqht at which the site's 
meteoroloqical station monitors wind sDeed and direction) is 
equal to the wind sDeed at 1 foot above wound level. This 
is a conservative estimate, as wind speed generally will 
increase with height above ground as the drag created by the 
ground surface is lessened by distance. 

Uranium content in the entrained dust remitted Darticulatel 
is the same as the content in the material in the Dits. as 
determined by site records of material Dlaced in the pits. 

. 2 )  

3 )  Particulate emissions will only be senerated from those 
portions o f  the waste Dits where waste is directly exDosed 
to air. The FMPC attempts to maintain a water cap over the 
two pits. 
1990 to place all of the waste in Pit 6 underwater. FMPC 
personnel perform a scheduled surveillance of the waste pits 
to estimate the surface area of the two pits which is not 
covered by water. A log of this surveillance, along with 
photo documentation of the exposed surface area, ' is 
maintained. 
total exposed surface area for the year. 

A special project was completed at the end of 

This log was used to develop an estimate of 

4)  The number of days with rainfall under 0.01" was ad-lusted to 
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Total Activity 
( C i /ye a r ) 

account for data recovery problems. In 1990, the site's 
meteorological station experienced data recovery of 
approximately 70%, with the rainfall collection system 
experiencing a 80 % data recovery. Most of the lost data 
occurred in the late summer - early fall of 1990. The 
number of recovered days with less than 0.01" of rainfall 
was adjusted upward by a factor of the total number of days 
per year divided by the number of days where data was 
recovered. 

Effective Dose 
Equi Val ent 
(EDE)* 

Radionuclide activity in Ci/lb U were developed from core sampling of 
the waste pits and from process knowledge of the materials placed in the 
pits. These factors were used to convert the value developed by the 
fugitive particulate loss equation from lb U/yr to Ci/yr of each 
radionuclide. 
National Laboratories for performance of the CAP88 dispersion/dose 
cal cul at i on model i ng . 

This information was then submitted to the Oak Ridge 

Val ues determined were: 

Waste Pit 5 0.0004 108 0.021 mrem 
Waste Pit 6 0.0016807 0.549 mrem 

Source I 

F) STATUS OF COMPLIANCE WITH 40 CFR 61 SUBPART Q 

Two sources, the K-65 Silos 1 & 2, exist at the FMPC which have been 
calcu3ated to emit a radon Ci/yr flux estimated to be in excess of 20 
pCi/m . A preliminary estimate indicates that2the flux from Silo 3, 
the Metal Oxide Silo, is approximately 20 pCi/m . 
of the flux from other potential radon sources (waste pits) are planned 
for the spring of 1991. 

USEPA and DOE have agreed that the 20 pCi/m2 standard for the two K-65 
silos will be attained through implementation of a removal action and a 
final remedial action consistent with the April 9, 1990 CERCLA Consent 
Agreement. DOE is currently evaluating the need for a removal action, 
and i s  evaluating potential final remedial actions, for Silo 3. CERCLA 
remedial actions are also being identified for the waste pits. 

Actual measurements 

USEPA Region V and DOE disagree concerning the present applicability of 
the Subpart Q standard to sources at the FMPC. The DOE position is that 
the standard does not apply until after completion of final remedial 
actions under the CERCLA process. 
the standard applied to the FMPC sources as of March 15, 1990 except for 
the period while a removal action or remedial action is actually taking 

The USEPA Region V position is that 
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place. 
well as negotiations to formalize an agreement concerning actions to 
achieve compliance with the standard, are currently in progress. 

Discussions between the two agencies to resolve this issue, as 

G )  PROVIDE INFORMATION ON Rn-220 EMISSIONS FROM SOURCES CONTAINING U-232 
AND Th-232: 

FMPC conducts monitoring for Radon-220 and Radon-222 using "alpha track 
etch cups". 
production facility, around the perimeter of the K-65 silos, and inside 
some of the buildings containing thorium-bearing material. 
programs were not designed to provide estimates of emissions of these 

sources using the data is speculative. 

Cups have been placed around the perimeter of the 

These 

. two radionuclides, and estimating Radon-220 emissions from specific 

WMCO has identified 5 structures storing Thorium-containing materials: 
- Warehouse 60 
- Warehouse 64 
- Warehouse 65 
- Warehouse 67 
- Warehouse 68 

The K-65 silos are known to store radon-generating material. The 
emissions from these structures is addressed by the provisions of 
NESHAP, Subpart Q. 

An AIRDOS run is being conducted in May, 1991, as part of a Removal Site 
Evaluation (RSE) on the Thorium warehouses at the FMPC. 
use estimated emission rates of Radon and Thoron using averaged 
concentration values for the radionuclides as monitored inside the 
warehouses (pCi/l). 
buildings was estimated by multiplying the concentration by the total 
volume of the buildings, and assumed that 100% of the radon and thoron 
is released per day through one air exchange of each building per day. 
For the catastrophic event (tornado), it was conservatively estimated 
that 10% of the solids inventory i s  released. 
i ncl udes : 

The study will 

The total activity of the radionuclides in the 

This source term 

Thori um-232 Radium -228 
Thorium-228 Thori um-230 
Uranium-233 

Due to the nature o f  this release, and the nature o f  the dose conversion 
factors used, a separate run for radon and thoron was not required. 
This AIRDOS modeling was completed on May 24, 1991; the results are 
still being reviewed. 

The K-65 silos are known to store radon-generating material. However, 
the impact of the emissions from these structures is addressed by the 
provisions of NESHAP, Subpart Q. 

Preliminary results of the AIRDOS run for radon and thoron assumed 100% 
release per day from each o f  the thorium warehouses. 
offsite receptor a& 1625 meters from the center of the buildings 
receives 2.5 x 10- 

The nearest 

working levels (WL) of radon plus thoron, or 1.3 x 
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WLM/yr. This is from the source term: 

Radon-222 0.15 Ci/yr 
Radon-220 0.074 Ci/yr 

This is roughly one fifteen thousandth (1/15,000) of  the USEPA 
residential limit of 2 WLM/yr (4 pCi/l radon 222). 

Using the risk coefficient from the HEAST, the sum of the Radon-222 plus 
daughters 8nd the sum of the Radon-220 plus daughters, yields a risk of 
1.94 x 10- . 
This issue is discussed further in Attachment 5 to this report. 

H) EMISSIONS OF Rn-222 FROM NON-DISPOSAL/NON-STORAGE SOURCES: 

This request was discussed with Mr. Weldon Dillow of the DOE-Oak Ridge 
office during his visit to the FMPC on March 26, 1991. It appeared 
that this request was concerned with production-related emissions of 
Radon-222. 
had no sources which needed to be addressed by this request. 

Based on this understanding, i t  was determined that the FMPC 




