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3953 
1.0 INTRODUCTION 

For over thirty-five years, the Feed Materials Productlon Center (FMPC), 
now referred to as the FEMP, produced uranium products for the Federal 
Government. Site construction began in 1951 and production operations 
started in 1953 under the Atomic Energy Commission (AEC). The FEMP 
contains nine production plants, along with numerous support buildings, in 
which intermediate or finishedL.products in the manufacturing of uranlum 
fuel elements were produced. . 

A1 though the .immediate cessation of production-related operations occurred 
in July 1989, much of the equipment was scheduled for restart in order to 
prepare for continued production and to produce intermediate products for 
future DOE use in programs at other sites. The official termination of the 
FEMP production mission took place in June 1991, without the restart of the 
production processes or the stabilization of intermediate products. 

2.0 SOURCE T E M  

The following paragraphs summarize the activities that occurred when the 
plants were operational and the current inventories of stored materials in 
each of the FEMP Production Plants. Containers include boxes, cans, drums, 
J-Hoppers, T-Hoppers, and skids. Additional materials that are present as 
hold-up in pipes and process equipment, will be removed during the Safe 
Shutdown Program. Estimated hold-up materials are listed in Attachment I. 

Plant 1 - activities included the operation of a sampling line for incoming 
uranium materials, a roller mill to reduce the particle size of MgF,, a safe 
geometry digester, a drum reconditioning system, a scrap drum baler, dust 
collectors, and maintenance of warehouses and storage pads for drummed 
residues and wastes. 

Inventories for Plant 1 include: 25,869 containers of depleted uranium 
product and residues, of which 22,580 are low-grade process residues; 
14,823 containers of enriched uranium residues, product and scrap material, 
of which 13,498 are low-grade residues; 1,852 containers of normal uranium 
residues, scrap, and product, of which 827 are low-grade residues; and 
13,683 containers of thorium consisting mainly o f  ThF,, Tho,, and thorium 
metal. 

Plants 2/3 - activities included the operation of a nitric acid digestion 
system, a metal dissolver system, a liquid-liquid extraction system, a 
boildown and denitration system where purified uranyl nitrate (UNH) is 
converted to orange oxide (UO,), a nitric acid recovery system, the combined 
raffinate and hot raffinate system, a refinery sump system, and dust 
col 1 ectors . 
Plants 2/3 currently contain four drums of low-grade, enriched uranium 
residues. 

Plant 4 - activities included the operation of reactors to convert orange 
oxide (UO,) to brown oxide (UO,) or black-oxide (U,O,) and then to green salt 
(UF,) , ammonia di ssociators, nitrogen generators, an HF recovery area, a 
tank farm, product packaging stations, and dust collectors. 
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8 '; I?.* * . 1, . The Plant 4 inventories include the following stored materials: 12,933 
containers of depleted uranium residues and product (12,283 are cans of 
UF,); 5,355 cans of enriched uranium residues and product (4,659 are cans 
of UF,); and two drums of low-grade normal uranium residues.  

Plant 5 - ac t iv i t ies  included derby production t h a t  featured jolters, F- 
machines, Rockwell furnaces, breakout system, s lag  mi l l ing  and liner 
preparation. Other operations included ingot manufacturing t h a t  featured 
vacuum remelt cas t ing  furnaces, c ruc ib le  charge and burnout areas, ingot 
separat ion,  mold cleaning and painting, ingot sawing and saw blade 
sharpening, a Hilco o i l  reclaiming system, and dust  collectors. 

The inventories of  s tored materials i n  P l a n t  5 include the following: 
1,917 containers of  depleted uranium residues,  product and scrap metal; and 
2,315 drums of enriched uranium residues,  product and scrap  metal. 

P l a n t  6 - activit ies included machining processes t o  heat treat ingots 
before shipping f o r  extrusion, cropping extruded ingots,  heat t r ea t ing  
blank cores,  machining cores  t o  a f inished t a rge t  element, cleaning and 
br ique t t ing  chips, machining p i l l o w  shaped ingots for s i z ing  and scalping. 
Other a c t i v i t i e s  included operation of  a ro l l ing  mill system, a waste water 
processing system, and e l e c t r o s t a t i c  precipi ta tors .  

The inventory of s tored materials i n  P l a n t  6 includes the following: 7,844 
containers  of depleted uranium residues,  product and scrap  metal; 14,992 
containers  of enriched uranium residues,  product and scrap metal; and 98 
containers  of normal uranium residues,  product and scrap metal. 

Plant 7 - was operated during the 1950's t o  reduce UF, t o  UF,. However, a l l  
process equipment was removed i n  the l a t e  50's and the bui lding has been 
used mainly fo r  s torage of empty cans and drums. Cans of UF, from the P i lo t  
Plant and Plant 4 are  present ly  stored i n  P l a n t  7. The number of 
containers  stored i n  Plant 7 are included i n  the inventor ies  reported for 
Plant 4 and the P i l o t  Plant.  

P l a n t  8 - ac t iv i t ies  included the operation of  several types of  furnaces, 
l i qu id  f i l t e r i n g  systems, a hal ide acid metal d i sso lu t ion  area,  a drum 
washer, a ball  mil 1 ,  and dus t  co l lec tors .  

The inventory of  s tored material i n  P l a n t  8 includes t h e  following: 2,193 
containers  of depleted uranium residues;  (2,179 drums o f  low-grade and 14 
drums of high-grade); 3,467 containers  of enriched uranium residues (3,463 
drums o f  low-grade and fou r  drums of  high-grade); and one drum of normal 
uranium high-grade residues.  

P l an t  9 - a c t i v i t i e s  included ingot cast ing i n  N-Reactor vacuum remelt 
cas t ing  furnaces, derby soaking i n  Rockwell furnaces, ingot  sawing and 
machining, Zirnlo scrap decladding, and the operation of a waste water 
processing system, e l e c t r o s t a t i c  prec ip i ta tor ,  and dust  co l l ec to r s .  

The current inventory of s tored  material  i n  P l a n t  9 includes t h e  following: 
169 containers o f  depleted uranium residues and product; and 4,322 drums 
of enriched uranium low-grade (3,943 drums) and high-grade residues (299 
drums) and scrap metal (58 drums). 

P i l o t  Plant - a c t i v i t i e s  included small-scale faci l  i t ies  of a l l  the 
production processes f o r  t h e  FEMP. In ear ly  1980's a production scale UF' 
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3953 . -  
to UF, unit was installed and operated. In the late 1980's, a new UF, to 
UF, unit was installed in a newly constructed building; however, it was 
never operated. 

The Pilot Plant inventory currently consists of the following stored 
materials: 2,776 containers of depleted uranium residues and product (2,459 
of which are cans of UF,); 284 containers of high- and low-grade uranium 
residues; and 2,391 containers of normal uranium (2,388 o f  which are cans 

, .  . 
s of UF, product and the remaining three drums are scrap metal). >,& * 

3.0 EVALUATION OF POTENTIAL THREAT 

The purpose of this assessment is to estimate the reasonable maximum doses 
and risks for individuals directly involved in Safe Shutdown activities and 
individuals not specifically involved in the Safe Shutdown program. 
Furthermore, in order to estimate these doses and risks three hypothetical 
exposure scenarios were devel oped. These exposure scenarios are: 1) on- 
site workers (associated with Safe Shutdown), 2) on-site workers (& 
associated with Safe Shutdown), and 3) off-site residents (public). The 
exposure scenarios used in this evaluation represent the basis of the 
characterization for doses and risks for the facility with the greatest 
source term. These scenarios represent the credible release resulting from 
proposed activities under safe shutdown. The facility selected for the 
exposure assessment was Plant 2/3. This facility was selected based on the 
types of materials, potential contaminants, processes, and total estimated 
inventory anticipated both inside and outside of the structure. The total 
expected inventory has been estimated to be 174 C i  (curies) of uranium. 
This uranium is available in a variety of forms including uranyl nitrate. 
Additional details are provided in the section on source characterization. 
The specific details for each of these exposure scenarios are outlined 
bel ow: 

A worker who engages in activities both in the facility and in the 
vicinity of the Plant 2/3. This worker will be involved with the 
actual safe shutdown activities. The time frame for this scenario 
is expected to be eight hours per day and 5 days per week for one 
month. 

An on-site worker not directly involved in the specific removal 
action. This individual is assumed to work in the vicinity (100 
meters) of the contaminated area on a daily basis, five days per 
week, for a total length of  time of one month. 

The last exposure scenario considered involves the potential for 
exposure to members of the general public where the exposure will 
continue for the entire year as a result of atmospheric dispersion. 
The release and transport is divided into two main facets: A) the 
actual release of material which is a short time frame of 
approximately one' hour and B) the continued resuspension of  
contaminated dust which will occur over the entire year. 

Figure 1 illustrates the location of Plant 2/3 within the Production area 
(Operable Unit 3). Table 1 illustrates the available data corresponding 
to the source term within the facility. 
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' The format for this investigation will consist of the following components: 
1) source characterization, 2) exposure scenarios and their associated 
parameters, 3 )  exposure- pathways and their methodology, and 4) dose and 
risk results for each exposure scenario. 

- 

SOURCE CHARACTER1 ZAT ION 

The source term is assumed to be the material contained in the Plant 2/3 
facility that has been estimated to be present from previous operations. 
For purposes of this investigation, the source term is assumed to be 
uniformly and homogeneously distributed in the area around the critical 
features of the Plant 2/3 facility. These assumptions are made for two 
reasons: 1) to ensure that a conservative exposure or dose and risk 
estimate is made and 2) to account for the lack of measured or observed 
concentrations of contaminants that may be released outside the Plant 2/3 
facility. 

Plants with greatest or most significant source term determined by 
evaluation of the 'holdup inventory' are: Plant 2/3, with 174 Ci of 
uranium (234, 235, and 238),  and Plant 6, with 18 Ci of uranium (234, 235, 
and 238). The estimate of doses and risks will be based on the source term 
associated with Plant 2/3.  Additional radionuclides and chemicals have 
been identified through ongoing investigations or process knowledge as 
potential contaminants of concern. These other radionucl ides and chemicals 
are only considered qualitatively in the risk evaluation due to the small 
quantities (in comparison to uranium) present. The magnitude of the source 
term for the additional constituents is estimated by using a ratio of 
1/1000 to the mass of uranium. Since there are fewer than 10 additional 
contaminants this would result in a total additional inventory for the 
other radionuclides and chemicals to be less than 1% of that of uranium. 
It should be noted that other radionuclides present during process 
operations constituted impurities in the system and active measures were 
taken to separate these out of the product streams. A table is provided 
listing the various slope factors and conversion factors for the inhalation 
and direct exposure pathways. 

The total quantity of uranium present in Plant 2/3 is estimated at 174 Ci 
for uranium-238 and 188 Ci for uranium-234. These quantities are divided 
into several categories: 1) drummed material (4.15 mCi and 9 .49  mCi for 
238 and 234 respectively), 2)  holding inventory (0.464 Ci and 0.717 Ci for 
238 and 234 respectively), and 3)  holdup inventory (174 Ci and 187 Ci for 
238 and 234 respectively). This represents a total mass of approximately 
5.24 x 10' grams (524 metric tons). As indicated by the relative activities 
for U-234 and U-238 these isotopes are essentially in secular equilibrium. 
Additionally the primary constituent of the total inventory is the holdup 
material, which is the focus of the safe shutdown removal activities. 

The next component of the source term is the estimation of the area over 
which the uranium will be distributed. This volume of material is 
distributed throughout the Plant 2/3 facility in equipment, tanks, lines, 
and sumps. The difficulty associated with a quantitative dose and risk 
evaluation is to determine the maximum credible quantity of material which 
may be inadvertently released during the anticipated activities associated 
with the Safe Shutdown Removal Action. To accomplish this task a detailed 
evaluation of the facility was initiated to determine what process 
activities had taken place and the types of equipment used. 
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This evaluation provided the basis for assuming that the largest single 
source of material encountered durlng the various activities would be that 
associated with gaining entry to the equipment. Among the process 
equipment in Plant 2/3 the greatest exposure would most likely occur as a 
result of a release of uranyl nitrate (UNH) from piping or tanks in the 
digestion area or outside the facility. 

In one o f  the typical 5000 gallon tanks it is expected that about 100 to 
200 gallons of residual uranyl nitrate (UNH) will be remaining (usually as 
a result of drainage from process piping). This corresponds roughly to 
approximately 500 liters. The uranium concentration in the uranyl nitrate 
is approximately 200 grams uranium per liter (gU/L). This type of 
equipment, with an assumed quantity of 500 liters o f  uranyl nitrate, would 
contain approximately 100,000 grams (100 kilograms) of uranium. Therefore, 
exposure scenarios based on the release of 100 kilograms of uranium 
constitutes the maximum credible source term for evaluating the associated 
release and transport pathways. 

RELEASE AND TRANSPORT PROCESSES 

Release potential is dependent on the specific activities in which workers 
are engaged. These are listed below and are used here to describe the 
re1 ease potent i a1 . 
FIELD ACTIVITIES: 

The activities listed below are those activities which provide individuals 
with the potential for exposure. In each of the activities listed a worker 
involved with the Safe Shutdown Removal Action is in close proximity to 
bulk contamination so as to result in some level of exposure. The 
objective of this section is to define those scenarios or situations which 
can lead to significant release and transport of contaminants. A 
reasonable scenario describing a potential release and transport route is 
presented for each activity. 

1. Remove excess material to an approved storage location. Since this 
activity involves packaging and hand1 ing of holdup material there 
exists the potential for an unplanned event. Unplanned events may 
include various containers being dropped, crushed, or otherwise 
breached and thereby permitting bulk excess material to be disbursed 
(this event may occur while attempting to place material in a 
container or during transportation o f  the container). 

2. 

3 .  

4. 

Isolate utilities for process equipment. During the isolation of 
specific equipment contact with both fixed and loose material may 
occur. Gases, liquids and solids may be present in such a manner so 
as to be released when adjustments are made to equipment. 

Gain entry to contaminated process equipment. This activity can 
lead to contact with contaminants. Some equipment may require 
cutting tools to gain access thereby increasing the possible release 
and transport routes. Trapped gases could ignite and enhance the 
disbursal o f  contaminated material. 

Transfer holdup material to storage containers. This activity is 
similar in nature to that described in %1 above. This activity 
concentrates on the actual placement o f  bulk contaminants into the 
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s p e c i f i c  storage containers. Bulk mater ia l  can be encountered i n  a 
variety.  of _physical forms, thereby. requi r ing  the-considerat ion of- 
various release and t ransport  p o s s i b i l i t i e s .  Liquids, gases, and 
f i n e  pa r t i cu la t e s  pose the most s i g n i f i c a n t  re lease modes. Gases 
and f i n e  par t icu la tes  (dust) pose t h e  g r e a t e s t  t ransport  potential .  

Transfer f i l l e d  storage containers t o  an approved storage location. 
This a c t i v i t y  i s  s imi la r  t o  %I above i n  t ha t  i t  involves the 
t ransportat ion of contaminated mater ia l  Containers of bulk  
material breached as a r e s u l t  of handling a c t i v i t i e s  pose the most 
s i g n i f i c a n t  release modes fo r  this a c t i v i t y .  Once the container i s  
breached the  release and t ranpsor t  scenarios  are  s imi la r  in nature 
t o  those described i n  #I and %4 above. 

5. 

On-site (workers n o t  engaged i n  Safe Shutdown a c t i v i t i e s )  doses and risks 
a re  developed using the simp1 i f i e d  box model t o  represent atmospheric 
t ranspor t .  The o f f - s i t e  doses and risks a r e  developed using the r e su l t s  
of the box model on-site as a source term and then applying di lut ion 
f ac to r s  t h a t  were determined using the Gaussian plume equation, These 
d i l u t i o n  f ac to r s  are based on a s ing le  sec to r  and a single wind 
speed/s tabi l  i t y  c l a s s  designation. The d i r e c t i o n  selected i s  t h a t  which 
has the g rea t e s t  po ten t i a l  f o r  exposing members of the general public. The 
o f f - s i t e  consequences of a re lease are  only considered for those a c t i v i t i e s  
which occur outs ide o f  a f a c i l i t y  or involve s u f f i c i e n t  energy t o  escape 
the  f a c i l i t y  a f t e r  release.  Breached conta iners  of material ,  which will 
not explode o r  ign i te  when i n  contact w i t h  t he  environment, are not 
considered t o  have suf f ic ien t  energy t o  escape a building. These same 
drums outs ide of a f a c i l i t y  a re  considered i n  the  evaluation of release and 
t ranspor t  evaluation. 

In general ,  contaminant re lease  and t r anspor t  will be addressed 
s p e c i f i c a l l y  for each scenario considered. Release involves the quant i ty  
of each contaminant t ha t  is avai lable  f o r  t r anspor t  w i t h i n  f a c i l i t y  or the 
environment outside.  Transport then is  r e l a t e d  t o  the disbursal of 
mater ia l ,  through natural  mechanisms, i n  an uncontrolled fashion. The 
t ranspor t  processes considered i n  this assessment are  1 imited t o  those 
which r e s u l t  i n  the maximum credib le  concentrat ions a t  the  specified 
receptor loca t ions .  The principal t ranspor t  process (route) considered is  
atmospheric dispersion. The t ranspor t  processes considered include both 
vola t iza t ion  of t he  source material and resuspension of contaminated dus t .  

For the purpose of this assessment the  uranyl n i t r a t e  (discussed i n  the 
source term development sect ion)  is  assumed t o  be avai lable  for  both 
v o l a t i l i z a t i o n  and resuspension. This approach, although conservative, 
does account f o r  other materials t h a t  may indeed be dispers ible .  The 
f r ac t ion  of contaminated material t h a t  is a c t u a l l y  transported by the wind 
i s  based on t h a t  quan t i ty  of material which can become airborne. T h i s  
value is estimated and is ca l led  the Airborne Respirable Fraction (ARF). 
The ARF used f o r  this evaluation was t h a t  i d e n t i f i e d  f o r  l i q u i d  releases 
and corresponds t o  10% of the t o t a l  quan t i ty  released. 

Transport processes spec i f ica l ly  excluded a r e  vadose zone and groundwater 
migration, surface water, s o i l  erosion and runoff,  and accumulation o f  
contaminants on plant material. These processes were excluded due t o  the 
long t ranspor t  times r e l a t ive  t o  the r e l e a s e  events.  Removal actions would 
be implemented immediately i n  the event t h a t  material  was released t o  the 
environment and posed a long term t r anspor t  po ten t ia l  of this nature. The 
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exposure scenarios discussed in the next section are based on short tern 
immediate and acute exposures. 

EXPOSURE SCENARIO AND PARAHETERS 

The external radiation pathway is primarily controlled by gama-ray 
radiation. Gamma radiation is the principal radiation of concern for the 
external radiation pathway because it is sufficiently penetratlng to 
represent a dose at ,considerable distances. The Dose Conversion Factors 
(DCFs) for ground contamination are based on exposure at a distance of one 
meter above the ground. These DCFs represent the annual effective dose 
equivalent from exposure to external radiation. 

The radiation dose from inhalation has been extensively evaluated by the 
International Radiation Protection Association in its Pub1 ication 30 (ICRP, 
1979-1982). Dose equivalents in organs and tissues of the body are 
calculated with models that describe first the entrance of materials into 
the body and then the deposition and later retention of the radionuclides 
in the bodily organs. Dose equivalents estimate the energy deposition of 
the radionuclides in the tissues of the body (ICRP, 1979-1982). Dose 
conversion factors for inhalation represent the committed effective dose 
equivalents per unit intake of a radionuclide. 

The first exposure scenario is the exposure to a worker who engages in 
activities in the contaminated area 8 hours per day 5 days per week for one 
month. These activities include direct hand1 ing of contaminated material 
and any operations involved with gaining access to equipment, piping, and 
tanks. The individual is required to wear a respirator along with other 
protection equipment, for examples gloves, and should therefore not be 
exposed to contaminants through either the inhalation or ingestion 
pathways. 

The second exposure scenario evaluates the worker who is not involved with 
the removal action project. These workers are typical of FEMP employees 
engaged in other activities at the site. These workers are considered for 
the purposes o f  this evaluation to be within 100 meters of the hypothetical 
accident occurring during the safe shutdown activities. These workers are 
exposed to both the direct radiation and inhalation pathways. The total 
exposure time is broken into three parts: 1) direct radiation for 8 hours 
per day, 1 day per week for a 1 month period, 2) exposure to a plume of 
contaminated dust for a 1 hour period, and 3) exposure to resuspended 
contaminated materials 8 hours per day, 1 day per week for 1 month. 

The third exposure scenario addresses the potential exposure of an off-site 
individual located at the site boundary (assumed to be 500 meters away from 
the source). This scenario investigates the same three pathways as 
Scenario 2. The primary difference between the two scenarios is that 
Scenario 3 has a longer time frame for the resuspension pathway and the 
concentration of the contaminants at the receptor are smaller. 

The following information represents the various factors and parameters 
that are utilized for each scenario. There are several source term 
parameters that function to characterize the dose to the RME individual of 
exposure scenario 1. These source term parameters are either a component 
of the external radiation pathway or the inhalation pathway. 

i 
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FS - Shape Factor, 1. 
- .  (Based - - - . on . . a - - c i r c u l a r ,  - . . _. i n f i n i t e  - _. medium.) . -  

FD = Depth Factor, 1. 

Since these parameters take on the value of unity fo r  a l l  of the  exposure 
scenarios they do n o t  a f f e c t  the r e s u l t s  and therefore will not be 
addressed fu r the r  i n  this report .  

In addition the fo l lowing  parameters are  ut i1  ized t o  determine the doses 
and r i sks  f o r  each exposure scenario: 

Dose Conversion Factor (DCF)  
Source Strength (ST) (both  airborne and surface) 
Exposure Factor (EF)  
Area Factor (AF) 
Dilution Factor (Df) 
Airborne Respirable Fraction (ARF) 
Resuspension Factor (RF) o r  Air t o  Soil Rat io  (ASR = 2 x lo-‘ 
s/m’) 
Inhalation Rate ( IR)  (assumed = 8400 m’/yr) . .  
Surface So i l  Density (Rho-b) (assumed = 1.8 g/cc) 
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The first parameter considered is the dose conversion factor (DCF). The 
three contaminants considered in this study are uranium, thorium, and 
radium. The principal isotopes considered are thorium-230, radium-226, 
uranium-234, and uranium-238 are addressed in detail. The DCFs utilized 
are for these isotopes which include several short lived daughters. Table 
1 presents the DCFs for each exposure pathway and isotope. _ -  

ISOTOPE 

uran i um-234 

thorium-230 
urani um-238 

" -  TABLE 1 :DOSE CONVERSION FACTORS (DCFs) 

I NHA LAT I ON 
(mrem/pCi ) (mrem/yr / pCi/cm') 

1.2 x lo-' 2.46 x 10" J 

DIRECT EXPOSURE 

1.3 x lo-' 8.07 x 

2.6 x 10'' 9.07 x L 

Distance (meters) 

10 
100 
500 

. -  n 

Dilution Factor (Df) Airborne Respirable 

0.5488 0.1 
0.0175 0.1 

0.0011 0.1 

Fraction (ARF) 

radi um-226 I 7.9 x 10') I 1.69 I 
The next parameter addressed is the source strength (ST). 
discussion of the quantity of uranium that may be released was presented 
in the section covering the source term. The information provided here 
is the final results of the analysis and represents those values used in 
the dose calculations. 
airborne respirable fractions. These values are then multiplied by the 
quantity of each contaminant released to arrive at the concentrations 
for each isotope. Table 3 provides the surface source strength for each 
distance considered in the inhalation pathway for resuspended 
particulates (this is based on an assumed deposition velocity of 1 x lo-' 
m/sec). 

The 

Table 2 presents the dilution factors and 

TABLE 2:PARAMETERS ASSOCIATED WITH PLUME CONCENTRATION 

9 11 



f . ?-,* f ,- ; . ’ *  h . a  

TABLE 3 :  RESUSPENSION FACTORS AND SURFACE CONCENTRATION 

Exposure Factor (EF)  which describes the individual’s t o t a l  exposure 
time. The f a c t o r  EF i s  defined as follows fo r  each of t he  th ree  
exposure scenarios .  The exposure factor  EF i s  a measure of not only the 
time frame of t he  exposure b u t  a l so  includes the inhalat ion rate f o r  the 
inhalation pathways. Table 4 presents the exposure f a c t o r s  f o r  each 
scenari 0 .  

TABLE 4 : EXPOSURE FACTORS (EF) FOR EACH EXPOSURE SCENARIO 

SCENARIO Distance ( m )  Exposure Time (hrs) Exposure Factor 
#1 0 173 0.02 

# 2  Direct 100 34.6 3 .9  x io-’ 
# 2  Inhalation plume 100 1 .o 0.96 

#2 Inhalation 100 34.6 33.2 
resuspension 

I #3 Direct 500 416 0.047 
#3 Inhalation plume 500 1 .o 0.96 

#3 Inhal a t  i on 500 416 399 
resumension 

The area f ac to r  which was already provided in Table 3 i s  needed t o  
account f o r  the  t o t a l  area avai lable  for resuspension. For this reason 
the area f ac to r  A F  increases as the distance from the  r e l ease  increases. 
The AF approaches uni ty  asymptotically as the dis tance from the  source 
increases.  The parameters ident i f ied  above fo r  use i n  t h e  exposure 
assessment r e l a t e  t o  both the  d i r e c t  and inhalation pathways. Some of 
the additional parameters which cover the inhalation pathway v ia  
resuspended d u s t  a r e  as follows: 

FA, = A1‘2/ (A’’*+DL) . 
Bulk  Density = so i l  defaul t  value of 1.8 g/cm’ (this is used 
f o r  both i n -  and out-side of buildings. 

A = Area of Contamination. DL = Dilu t ion  length,  defaul t  
value of 3 meters is typical ly  used (out s i d e  o f  the 
bui lding) .  

FI, = Inhalation Rate, 8400 m’/yr. 

10 
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Similarly the airborne resp i rab le  f ract ion and the d i lu t ion  f ac to r  have 
been provided t o  a s s i s t  in  the development of the source term. The 
di lut ion factor Df determined through the application of the Gaussian 
Plume equation t o  a hypothetical release. The Df i s  determined on a 
unit  source strength basis  and i t  ,is.assumed t h a t  the relat ionship 
between the source s t rength and the concentration i n  the plume is  l i n e a r  
w i t h  the Df. The airborne resp i rab le  f rac t ion  ARF i s  t h a t  quantity of 
material release t h a t  ac tua l ly  .becomes airborne and i s  available for 
transport. The scenarios considered i n  this study involved l iqu id  
releases and therefore an ARF equal t o  0.1 (or  10% of the t o t a l  quant i ty  
released) was used. 
result in the  grea tes t  ARF. The remaining three parameters are simply 
constants. This approach provides a conservative estimate of the dose 
such that  i t  i s  unlikely t h a t  a greater  dose would result from the 
scenarios postulated. 

This type of re lease has been modeled and found t o  

EXPOSURE PATWAYS AND HETHODOLOGY 

The d i rec t  radiation pathway i s  shown in Equation (1) below: 

DOSE (mrem/yr)=DCF,, x Bulk Density x Source Conc. x EF x FA, x F S  (1) 

DCF,, = (mrem/yr) / (pC i /cm’) . 
Bulk Density of  soil  where a defaul t  value of 1.8 g[cm’ i s  used. 
Source Term = Picocuries per Gram of So i l  for  the i 
radionuclide. Other var iables  are  as they appear in  the t ab le s  
above. 

The inhalation of resuspended dust pathway i s  shown i n  Equation (2) 
. below: 

DOSE (mrem/yr)=ASR x FA, x FCD,P(t) x EF x FI, x Source Term x DCF, 

ASR = Air-to-Soil resuspension fac tor ,  2 x lo-‘ g/m’ i s  typ ica l ly  used (U. 
S. DOE, 1989). 

(2) 
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DOSE AND RISK RESULTS 

Contaminant 
uranium - (234 & 238) 

thorium - 230 
radium - 226 

_ .  - -  

The purpose of -this section is to integrate the -source term 
characterization, the exposure scenario descriptions, and the pathway 
analysis methodology and then estimate the resulting doses and risks. 
There were three exposure scenarios identified in the introduction, 
numbered as ( l ) ,  (2), and ( 3 ) .  Over these three exposure scenarios, 
doses and risks were calculated for the Plant 2/3 facility, the 
surrounding area, and the potential for exposure to the general 
population. The results will appear as follows: 

Source (pci /cm2) DOSE (mrem) RISK** 
3.2 x io5 70 7 x 1 0 - ~  

3.2 x lo2 3 x io-' 3 x 1 0 ' ~  

3.2 x 10' 5 5 x lo-6 

TABLE 5:DOSE AND RISK RESULTS SCENARIO #l 
[DIRECT RADIATION EXPOSURE] 

Total I N/A I 75 I 7 x 1 0 - ~  
* - R i s k  factor is assumed to be 1 x lo-" Risk per mrem (amroximately the . . .  

value found in BEIR V )  

TABLE 6:DOSE AND RISK RESULTS FOR SCENARIO #2 
[DIRECT RADIATION EXPOSURE] 

12 
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CA surf  conc. 
( pc i /an2) 

TABLE 7:DOSE AND RISK RESULTS FOR SCENARIO t 2  
[INHALATION OF PLUME J 

. -  

EF DOSE (mrem) I Risk 

TABLE 8:DOSE AND RISK RESULTS FOR SCENARIO # 2  
[INHALATION FROM RESUSPENDED DUST] 

2.0 x 10'' 

N/A 

Contaminant 

Th - 230 

33.2 5 x 5 x 

N/A 0.2 2 x 10" 

2 . 0  x lo2 I 33.2 I 0 .2  I 2 x 10-7 
2.0 x 10" I 33.2 I 2 x 10-4 I 2 x 10-10 

13 15  



TABLE 9:DOSE AND R I S K  RESULTS FOR SCENARIO #3 
[DIRJCT RADIATION EXPOSURE] 

C o n t  am i  n a n t  S o u r c e  ( p c i  /cm2) DOSE RISK** 

u r a n i u m  - (234 & 238) 1 . 2  x IO' 2 x 2 x 10" 
t h o r i u m  - 230 1 .2  x 6 x lo'' 6 x 
r a d i u m  - 226 1.2 x 1 x 10" 1 x 10" 

T o t a l  N/A 2 x 2 x 10" 

TABLE 10:DOSE AND R I S K  RESULTS FOR SCENARIO t 3  
[ INHALATION OF PLUME J 

C o n t a m i n a n t  D f  * ARF (S/m') Inh (m') DOSE (mrem) R i s k  

U (234 & 238) 1 . 1  x io-' 0.96 3 x lo-6 3 x 10'" 
T h  - 230 1 . 1  x 1 0 - ~  0.96 3 x lo4 3 x 1 0 - 1 ~  
Ra - 226 1 . 1  x 1 0 - ~  0.96 8 x 10"' 8 x lo-'' 

T o t a l  I N/A I N/A I 3 x 1 0 ' ~  I 3 x 10-l1 

TABLE 11:DOSE AND R I S K  RESULTS FOR SCENARIO #3 
[ INHALATION FROM RESUSPENDED DUST] 

14 16 
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Doses and risks were estimated for three exposure scenarios resulting 
from a hypothetical release of contamination in and around Plant 2/3. 
The total source term and the overall extent was determined using known 
concentrations of uranium within the uranyl nitrate that could be 
released from Plant 2/3.  The first exposure scenario was identified as 
an external radiation pathway which occurs as the receptor, a reasonable 
maximumally exposed individual for this pathway, is engaged in all of 
the anticipated activities identified for safe shutdown. This 
particular scenario assumes the individual is exposed in a fashion which 
involves only external radiation since workers are required to have the 
appropriate personal protective clothing. The second exposure scenario 
was identified as an on-site worker who is not involved in any of the 
safe shutdown activities but is within 100 meters of a particular 
re1 ease. Exposure scenario (2) incorporates both the external radiation 
pathway and two types of inhalation (direct plume and resuspension of 
contaminated dust). The final exposure scenario, number ( 3 ) ,  considers 
the potential for exposure to the general public via the fugitive dust 
pathway. 
contaminants was based on a dilution factor and the airborne respirable 
fract i on. 

The estimate of the airborne concentrations of the various 

The total annual risks for each exposure scenario are shown below: 
c 

TABLE 12:TOTAL DOSE AND RISK FOR EACH SCENARIO 

15 1 7  
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Workers involved in the Safe Shutdown activities will have their 
radiation exposures Kept ALAfWvia the use o f  administrative, 
engineering, and personal protective equipment controls. Work 
activities will be maintained consistent with the requirements listed in 
the Radiological Controls Manual (RM-0009 and DOE/EH-O256T). Maximum 
exposure to any individual will not be permitted to exceed 3 Rem annual 
committed dose equivalent and maximum exposure to any individual off- 
site will not exceed 100 mRem annual committed dose equivalent. 

ASSESSMENT OF NEED FOR A REMOVAL ACTION 

Consistent with Section 40 CFR 300.410 of the National Contingency Plan, 
the Department of Energy (DOE) shall determine the appropriateness o f  a 
removal action. Eight factors to be considered in this determination 
are listed in 40 CFR 300.415 (b) ( 2 ) .  The following apply specifically 
to the conditions to be addressed by the Safe Shutdown Program. 

40 CFR 300.415 (b) ( 2 )  (i) 

Actual or potential exposure to nearby human populations, animals, 
or the food chain from hazardous substances or pollutants or 
contaminants. 

40 CFR 300. 415 (b) (2)  ( i i )  

Actual or potential contamination of drinking water supplies or 
sensitive ecosystems. 

40 CFR 300. 415 (b) (2 )  ( i i i )  

Hazardous substances or pollutants or contaminants in drums, 
barrels, tanks or other bulk storage containers that may pose a 
threat or release. 

40 CFR 300. 415 (b) (2 )  (v) 

Weather conditions that may cause hazardous substances or 
pollutants or contaminants to migrate or be released. 

40 CFR 300. 415 (b) (2)  (vii) 

The availability of other appropriate federal or state response 
mechanisms to respond to the release. 

40 CFR 300. 415 (b) (2 )  (viii) 

I .  f 

Other situations or factors that may pose threats to public health 
or we1 fare or the environment. 

18 
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5.0 APPROPRIATENESS OF A RESPONSE 
3953 

The driving force for the appropriateness of a response is 40 CFR 
300.415 (b) ( 3 ) ,  and 40 CFR 300.415 (b) ( 4 )  (1) and (11). 

If it is determined that a response action is appropriate due to 
conditions within the former process area, a removal action may be 
required to address the existing situation. 

If a planning period o f  less that six months exists prior to initiation 
of a response action, DOE will issue an Action Memorandum. The Action 
Memorandum will describe the selected response and provide supporting 
documentation for the decision. 

If it is determined that there is a planning period greater than six 
months before a response is initiated, DOE will issue an Engineering 
Eva1 uation/Cost Analysis (EE/CA) Approval Memorandum. This memorandum 
is to be used to document the threat o f  a public health and the 
environment and to evaluate viable alternatives response action. It 
will also serve as a decision document to be included in the 
Admi ni strati ve Record. 

... 17 
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