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Sect ion I. Facility Information 

The Rocky Flats Plant (RFP) is part of a nationwide nuclear weapons research, development, 
and production complex. RFP  is operated by EG&G Rocky Flats, Inc., with oversight by the 
Rocky Flats Office of the U. S. Department of Energy. Previous to February, 1992, the primary 
mission of RFP  was the fabrication of nuclear weapons components. RFP  fabricated nuclear 
weapons components from plutonium (Pu), uranium ( U ) ,  beryllium (Be), and stainless steel. 
Production activities included metal fabrication and assembly, chemical recovery and 
purification of process-produced transuranic radionuclides, and related quality control 
functions. Plutonium operations were discontinued at RFP in 1989 to address safety concerns. 
Recent changes in national defense policy have canceled plans for resumption of nuclear weapons 
component production and accelerated transition planning for future uses and scheduled 
remediation activities at RFP. A list of radioactive materials used or that could be potentially 
used at R FP  is included in Appendix A. 

RFP  occupies an area of 6,550 acres in northern Jefferson County, Colorado, approximately 16 
miles northwest of Denver. Main production facilities are located near the center of RFP within 
a fenced security area of 384 acres. The remaining plant area contains limited support 
facilities and serves as a buffer zone to major production areas. A simplified map of RFP is 
shown in Figure 1. 

Approximately 2 miliion people live within a 50-mile radius of RFP. Adjacent land use is a 
mixture of agriculture, open space, industry, and low-density residential housing. 
Surrounding communities consist of the city of Golden to the south of the plant, the cities of 
Arvada and Westminster to the east, and the city of Boulder to the north. 

t 

Climate at RFP is characterized by dry, cool winters and warm summers. Elevation and major 
topographical features significantly influence meteorological dispersion characteristics of the 
site. Winds, though variable, are predominantly northwesterly. Annual precipitation averages 
slightly greater than 15 inches with more than 80 percent occurring between April and 
September. Annual maximum and minimum temperatures average 76 O F  and 22 O F ,  

respectively. 

RFP is situated at an elevation of about 6,000 feet on the eastern edge of a geological bench 
known locally as Rocky Flats. This bench, about 5 miles wide in an east-west direction, flanks 
the eastern edge of the Rocky Mountains. To the east, topography slopes gradually at an average 
downgrade of 95 feet per mile. Approximately 20 miles to the west, the Continental Divide 
rises to elevations exceeding 14,000 feet. 

RFP is situated on the Rocky Flats Alluvium, an alluvial fan deposit, varying in thickness from 
0 to 100 feet providing a gravelly cover over bedrock. Underlying bedrock formations consist 
primarily of claystone. Seismic activity of the area is low, as is the potential for landslides and 
subsidence. 
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Figure 1 
Rocky Flats Plant 
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Surface drainage generally occurs in a west to east pattern along five ephemeral streams within 
RFP. North Walnut Creek, South Walnut Creek, and an interceptor ditch (in the Woman Creek 
drainage) drain the main plant facilities area. Surface water discharges from RFP are diverted 
around two downstream municipal water supplies: Great Western Reservoir and Standley Lake. 

! 

* .  
ce D e s c r w  

RFP can be roughly divided into haives. The Protected Area, generally located in the north half 
of the plant, is primarily involved with Pu processing operations. The rest of the plant 
generally involves U, Be, and stainless steel operations. Transuranic material processing is 
performed in gloveboxes. Processing operations in the gloveboxes can result in particulate 
matter being released and entrained in the glovebox effluent. Exhaust effluent is filtered for 
particulate matter through multiple stages of high efficiency particulate air (HEPA) filters. 
Reported radionuclide emissions are believed to be a result of primarily resuspended residual 
radioactive material in the ventilation systems. No routine nuclear weapons related processing 
will occur or has occurred since 1989. Handling of radioactive material at RFP currently 
involves waste processing and analytical operations. 
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Section 11. Air Emissions Data 

RFP continuously samples for radionuclides in the form of particulate matter in 63 ducts and 
vents downstream of the HEPA filters. RFP believes that many of the ducts and vents currently 
monitored continuously have associated potential source terms that are less than those for which 
such monitoring is required under 40 CFR 61.93(b)(4). RFP will continue to monitor the 
emissions from all of these locations until it is determined which locations fall under the 
continuous monitoring requirements of the regulation. Six ducts are sampled for tritium. 

Air effluent from areas involving the processing of Pu and Am is filtered by a minimum of four 
stages of HEPA filters. Air effluent from areas involving the processing of primarily U is 
generally filtered by a minimum of two stages of HEPA filters. Filters are bench tested prior to 
installation to ensure that they meet a minimum filter efficiency of 99.97 percent. The filters 
are tested with a dioctylphthalate aerosol of a nominal 0.3 micrometer particle size. Filters are 
tested again for leaks following installation into a filter stage/plenum. 

Depending on the source, RFP samples for Pu-238, Pu-239/240, americium (Am)-241, 
U-233/234, U-238, and tritium. RFP also has some quantities of beta and gamma emitting 
sealed sources and low activity analytical stock solutions, powders, and plated sources. Effluent 
sampling is not performed for these betaigamma emitting radionuclides because of their low 
activity and/or non-dispersable form. 

RFP main production facilities cover an area of 384 acres. The longest and shortest distance 
between an emission point and the nearest receptor (a residence) is 2.8 miles and 2.2 miles, 
respectively. The distance from the center of the plant to the nearest receptor is 2.45 miles. 
This distance was used as input data in the air dispersion model AIRDOS-PC, which was used to 
calculate the maximum effective dose equivalent (EDE) to the public. The following is a 
breakdown of all point sources. A study, scheduled to be completed by December, 1992, will 
determine which of the following sources has the uncontrolled (without HEPA filtration) 
potential to result in an EDE to the public of 0.1 millirem and, therefore, requires continuous 
effluent monitoring under 40 CFR 61.93(b)(4). 

f 

Uranium P rocess i ng 

444-DO5 HEPA 
444-MA1 HEPA 
447-MA1 HEPA 
865-EEE HEPA 
865-WWW HEPA 
881 -MA1 HEPA 
881 -MA2  HEPA 

Minimum 
Efficiency 
per Filterl- 

99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 

Distance to ReceDQ r 

2.6 miles 
2.6 miles 
2.6 miles 
2.3 miles 
2.3 miles 
2.3 miles 
2.3 miles 

1 Based on results of HEPA filter bench testing. 
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881 -MA3  
881  -MA4  
883-AAA 
883-BBB 
883-CCC 
886-875 
889-MA1 

371 -NO1 
371 -NO2 
371 -SSS 
374-MA1 
374-SPD 
559-561 
707-1 01 
707- 1 0 2  
707-1 05 
707-1 0 6  
707-1 07  
707-1 08 
707-R21 A 
707-R21 B 
707 -R22A 
707 - R22 B 
707-R23A 
707-R23B 
707-R24A 
707-R24B 
707-R25A 
7 07 - R25 B 
707-R26A 
707-R26B 
707-R27A 
707-R27B 
707-R45A 
707-R45B 
707-R46A 
707-R46B 
771 - CMA  
771 -CRM8 
771 -CRMlO 
771 -MA1 
774-202  
776-201 
776-202  

't 
5 

HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 

HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 

99.97 2.3 miles 
99.97 2.3 miles 
99.97 2.3 miles 
99.97 2.3 miles 
99.97 2.3 miles 
99.97 2.3 miles 
95.97 2.4 miles 

99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
95.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 

2.8 miles 
2.8 miles 
2.8 miles 
2.8 miles 
2.8 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.6 miles 
2.6 miles 
2.6 miles 
2.6 miles 
2.6 miles 
2.5 miles 
2.5 miles 
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nt Souces ~CQCL!.) 

776-204  
776-205  
776-206 
776-207  
776-250 
776-251 
776-252  
778-LDY 
779-729  
779-782 
99  1 -985  
991 -MA1 

HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 
HEPA 

Minimum 
Efficiency 
per Filter 

99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 
99.97 

2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.5 miles 
2.4 miles 
2.4 miles 
2.2 miles 
2.2 miles 

Following are the total 1991 radionuclide stack effluent emissions from RFP. 

P U - 2 3 8  
PU-239 /240  

U - 2 3 3 / 2 3 4  
U - 2 3 8  

Am-241 

-k Tr i t ium 

ual Buantlty (CurieQ 
2.96 E-08 
8.43 E-07 
1.50 E-07 
6.29 E-07 
1.00 E-06 
4.76 E-03 

In addition, DOE faciiities are required to include in the annual report the distance from the 
points of release to the nearest farm producing vegetables, meat, and milk. The shortest 
distance between an RFP radionuclide release point and farmland producing agricultural 
products is as follows: 

cropland (wheat) -- 1.25 miles; 

beef cattle -- 1.8 miles; and 

dairy cows -- 5.6 miles. 
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Section I l l .  Dose Assessments 

RFP used the dose model AIRDOS-PC (Version 3.0) for calculating the EDE to the public. 

The nearest receptor is a residence 2.45 miles (3,942 meters) from the center of the RFP 
production area. This distance was used as input data for the dispersion model. The plant was 
divided into quadrants for simplicity. A stack height and diameter for each quadrant and the 
corresponding emissions for each quadrant were entered into the dispersion model. The stack 
height and diameter for the stack with the highest emission in a particular quadrant was entered 
for that quadrant. These data are available in the compliance report in Appendix 6. 

RFP wind rose data were entered into the model and are available in the compliance report in 
Appendix 6. The 1991 total precipitation at RFP was 40.8 centimeters (cm) with an average 
annual temperature of 9.5 degrees Celsius (OC) .  A lid height of 1,405 meters (m) was used in 
the model. The buoyant factor for effluent emission was assumed to be 0.0 calories per second 
(calk), since the plant effluents tend to be near ambient temperature. AIRDOS-PC default 
values were used for the activity median aerodynamic diameter (AMAD) and solubility class. 

The effective dose equivalent (EDE) to the nearest receptor was calculated using point source 
release data and does not include diffuse sources. Diffuse sources are discussed in Section IV. 

Comoliance Assessmea 

Effective Dose Equivalent: 

Highest Organ Dose was to 
Endosteum: 

Location of Maximally 
Exposed Individual: 

4.38 E-05 mrem 

4 E-04 mrem 

Southeast of RFP, corner of Indiana Street and 96th Street 
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Section IV .  Supplemental Information 

. The collective effective dose equivalent for 1991 releases was 0.005 person-rem 
for point sources and 0.9 person-rem for the 903 Pad area (fugitive source). 

. There were no unplanned releases of radionuclides to the atmosphere from RFP 
during 1991. 

All effluent point sources (listed in Section I I )  are continuously monitored 
(sampled). 

. In February 1992, EPA’s Office of Radiation and Office of Air Quality Planning and 
Standards determined that “diffuse” or fugitive emission sources are subject to the 
requirements of 40 CFR 61, Subpart H (memorandum dated 2/11/92). The Region 
Vlll Office subsequently requested that, i f  possible, RFP include fugitive emissions 
estimates in the calculation of EDE for 1991 and succeeding years (letter lo J. 0. 
Zane, March 26, 1992). Current waste history profiles contained in work plans for 
RFP operable units (OUs) indicate that six of 16 OUs have possible surface 
contamination with potential for release as fugitive emissions. Although the six OUs 
may comprise all potential fugitive radionuclide emissions sources at the facility, 
RFP will evaluate other data during 1992 to determine whether more fugitive 
sources exist at the site. The six OUs with potential fugitive emissions are: 

OU 1 - 881 Hillside 
OU 2 - 903 Pad Area, East Trenches Area 
OU 3 - Off-Site Areas 
OU 4 - Five Solar Ponds: 207A, 2078 North, 207B Center, 207B South, 207C 
OU 6 - Walnut Creek Drainage 
OU 11 - West Spray Fields 

An emission term and resulting dose currently is available only for the 903 Pad 
area. The 903 asphalt pad, where radioactive waste drums were stored, involves 
contaminated soil resuspension near the 903 pad as a result of drum leakage. It was 
estimated in the 1980 RFP Environmental Impact Statement (EIS) that between 
1959 and 1969, about 11 curies (Ci) of Pu leaked from the steel storage drums 
containing contaminated cutting oil. The 1980 RFP Environmental Impact Statement 
estimated a soil resuspension release of 2.2 E-02 Cilyr of Pu-241, 4.4 E-03 Cilyr 
of Pu-238/239/240, and 8.8 E-04 Ci/yr of Am-241 from an approximate area of 
6.7 E+05 m? A more recent published study (Appendix C) conducted at RFP 
indicates Pu-239/240 alpha activity resuspension releases of approximately 200 
microcuries per year. 
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This source term was used to calculate the dose from the 903 Pad diffuse source. 
Resuspension of Am-241 is estimated by multiplying the amount of P~-239/240 by 
a factor of 0.205 (41 microcuries/year). Resuspension of Pu-238 is estimated by 
multiplying the amount of Pu-2391240 by a factor of 0.0239 (4.78 
microcuries/year). Resuspension of Pu-241 is estimated by multiplying the 
amount of Pu-239/240 by a factor of 5.207 (1000 microcuries/year). These 
ratios or factors are based on the typical isotopic mix of weapons-grade plutonium. 
(Rocky Flats Plant 1990 Site Environmental Report). 

The 903 Pad is approximately 3,331 m from the nearest receptor (residence). The 
computer dispersion model AIRDOS-PC (Version 3.0) was used to calculate an 
effective dose equivalent from soil resuspension of 0.0093 mremiyr with the 
highest organ dose to the Endosteum of 0.12 mrem/yr. The AIRDOS-PC calculation 
and other associated input data may be found in Appendix D. 

RFP handles only small quantities of Radon-226, U-232 and Thorium232 as stock 
analytical solutions. This information is detailed in Appendix A. 

e None of  the 63 radionuclide effluent emission points at RFP meets all of the 
monitoring protocol requirements of 40 CFR 61.93(b). However, because af the 
change in mission at RFP, most of the effluent emission points may be below the 
emission threshold (0.1 mrem) requiring continuous effluent sampling. In that 
event, upgrades to current effluent sampling systems for compliance will not be 
necessary. A study to determine which effluent emission points require effluent 
sampling will be completed by December, 1992. Of those locations where continuous 
effluent sampling is required, system upgrades will be evaluated to achieve 
compliance or the existing system will be proposed to EPA for approval as an 
alternative monitoring technique. 

RFP had pursued a Federal Facilities Compliance Agreement (FFCA) with EPA Region 
Vlli that would allow RFP time to determine its compliance with the statute and to 
upgrade the systems or pursue alternative methods of monitoring as allowed under 
EPA 40 CFR 61.93 (b)(3). EPA Region Vlll decided that an FFCA was inappropriate 
and issued EG&G Rocky Flats, Inc., an Administrative Compliance Order (ACO) on 
March 3, 1992. The ACO requires EG&G to complete four investigative projects 
(particle size study, isokinetic sampling study, velocity profiling study, and an “as 
built” duct drawings study) within 270 days (December 10, 1992) ot the effective 
date of the order (March 15, 1992). The ACO also requires individual duct 
assessment packages to be submitted to EPA within 300 days (January 9, 1993) 
from the effective date of the order and complete all physical upgrades within 365 
days (March 15, 1993) of the effective date of the order. 

EG&G can complete the four investigative studies by December 10, 1992, and the 
sixty two (one has already been submitted to the EPA) duct assessment packages 
thirty days later. However, completing all required physical upgrades within 365 
days is not possible. This may result in civil action by EPA Region VIII. 



Preliminary cost estimates for achieving compliance with the regulation have been 
estimated between $5M and $30M. The cost will be better defined in the first half of 
1993 when the scope of the noncompliance and needed corrective actions has been 
determined. 

Most elements of the quality assurance (QA) program described by Appendix B, 
Method 11 4, are in place. However, combining all elements into a formal quality 
assurance planlprogram has not been completed. As the scope of the radionuclide 
effluent monitoring program at RFP is more defined (through the plant transition 
process from nuclear weapons production to environmental restoration), the quality 
assurance planiprogram will be revised and formalized. 
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. The following are the 1991 radionuclide releases from RFP by building. 

Fuildinp 

3 7 1  

3 7 4  

4 4 4  

4 4 7  

5 5 9  

7 0 7  

7 7 1  

7 7 4  

7 7 6  

7 7 8  
t 

7 7 9  

881  

8 8 3  

8 6 5  

8 8 6  

8 8 9  

991  

pu-238 

4 .8E-09  

2 .7E-09  

0 

0 

3 .7E-10  

2 .5E-09  

5 .8E-09  

3.5E-11 

7 .8E-09  

6 .9E-10  

CCi) 
Pu-339.  f34Q Am-241 u - 3 3  314 

1 .2E-07  2 .4E-08  1 .2E-07  

6.3 E - 0 8  2 .6E-08  7 .3E-08  

0 0 5 .7E-08  

0 0 2 .5E-08  

1 .2E-08  4 .6E-09  1 .8E-08  

4.OE-08 4 . 7 E - 0 9  2 .8E-08  

8 .7E-08  1 . 4 E - 0 8  4 .2E-08  

3.1 E - 0 9  2 .9E-10  4.OE-10 

4 .4E-07  5.OE-08 5 .4E-09  

2.1 E-08  3 .3E-09  1 .4E-08  

1 . I  E-09 1 .4E-08  2 .2E-09  

3 .7E-09  3.OE-08 1 . 7 E - 0 8  

0 0 0 

0 0 0 

1 S E - 1 1  1.8 E-09  2 . 6 E - 1 0  

2.OE-10 2.1 E - 0 9  1 . 1  E - 0 9  

, 6 . 8 E - 1  1 7 . 5 E - 0 9  2 . 2 E - 0 9  

1 2  

9 .6E-09  

7.1 E - 0 8  

1 .3E-07  

3 .6E-08  

4.1  E-09 

4 . 1  E - 0 9  

9 .5E-09  

y-238 

1 .l E - 0 7  

9 . 8 E - 0 8  

6 .7E-08  

3 .2E-08  

2 .5E-08  

4 . 9 E - 0 8  

1 . I  E - 0 7  

1 .3E-09  

8 .3E-08  

6 . 2 E - 0 8  

H-3 

0 

0 

0 

0 

0 

3 . 4 E - 0 5  

0 

0 

3 . 5 E - 0 3  

0 

1 .8E-08  1 .2E-03  

1 .OE-07 0 

1 .7E-07  0 

5 .5E-08  0 

5.1 E - 0 9  0 

3 . 4 E - 0 9  0 

1 .3E-08  0 



I certify under penalty of law that I have personally examined and am familiar with the 
information submitted herein and based on my inquiry of 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 of fine and imprisonment. (See 18 U. S. C. 1001 .) 

Terry A. Vaeth 
Manager, Rocky Flats Office 
Department of Energy 

Signature: Date: 



Appendix A 

Radioactive Materials at 
Rocky Flats Plant 



L I 

A. 

i c I 

RADIOACTIVE MATERIALS ASSOCIATED WITH RFP 

RADIOACTIVE MATERIALS HANDLED IN KILOGRAM QUANTITIES 

1 .  P l u t o n i u m  

tSOTO?lC COMPOSiTlON OF R FP PLUTONIUM 

Relative Specific Specific Relative a 
Weight Alpha Activity Beta Activity Activity 

(Dercent’l W D e  (C u rie s /a r am) !C u riesla ra m \ !C u rie s/a r i3. rn 1 

P u - 2 3 8  

P u - 2 3 9  

PU-240 

P u - 2 4 1  

P u - 2 4 2  

AM-241 

a 

b 

2 .  

3 .  

4 .  

5. 

0.01 17.01 0.001 71 

93.79 0.0622 0 .05834  

5.80 0.228 0.01 3 2 2  

0.36 103.5 0 .37260  

0.03 0.00393 1.18 x 10-6 

b 3.42 

Relative activity is obtained by multiplying the percent by weight by the 
specific activity. 

Total activity for the plutonium isotopes is: 
Alpha 0.0732 curieslgram 
Alpha plus beta 0.446 curies/gram 

AM-247 is a radioactive decay product of Pu-243. 

Enriched Uranium 

Common Name - Oralloy 
Normal Isotopic Composition >90% U-235 

Depleted Uranium 

Common Names - Tuballoy, D-38, U-238 
Normal Isotopic Composition <0.71%, U-235 

Americium Am-241  

Natural U r a n i u m ,  Thorium, and Uranium-233 

RFP has both the capability and potential to handle these in kilogram quantities. 
Some of these materials have been handled in the past. 



Am e riciu m 

Antimony 

B a r i u m  

Cadmium 

Californium 

Cesium 

Cobalt 

Hydrogen 
(Tr i t i um)  

Iridium 

iron 

Nickel 

B. RADIOACTIVE MATERIALS HANDLED IN GRAM QUANTITIES (<l Kg) 

Curium-244 

Neptunium-237 

Uranium-233 

Plutonium-238, 242 

These radioisotopes can be used at RFP primarily for research and analytical activities. 

RADIOISOTOPES USED AT RFP AS REGISTERED AND/OR 
ACCOUNTABLE SOURCES 

1 . 

C. 

Registered Sources - Twice Yearly Leak T e s t  and  Physical Audit: 

Sealed solids >10 pCi 

Plated >1 pCi 

Liquids > 10-3 pCi 

( A m - 2 4 1 )  Plutonium 

( S b - 1 2 4 )  Promethium 

(65-1 33) Radium 

( C d - 1 0 9 )  Selenium 

( C  f - 2 5  2 )  Silver 

(Cs-137) Sodium 

(CO-57 ,60)  

( H - 3 )  Thallium 

S t ro n t iurn 

( P ~ - 2 3 6 , 2 3 8 , 2 3 9 )  

( P m - 1 4 7 )  

( R a - 2 2 6 )  

( S e - 7 5 )  

(Ag -11  O m )  

( N a - 2 2 )  

( S r - 9 0 )  

( T i - 2  0 4 )  

( I r - 1  9 2 )  U r a n i u m  

( F e - 5 5 )  Ytterbium 

( N i - € 3 )  Y t t r i u m  

( U - 2 3 5 )  

(Yb-169)  

( ~ - 8 8 )  



2 .  Accountable Sources  - Yearly Accountability 
Sealed Solids c 10 pCi Plated < 1 pCi 

Liquids < l o 4  pCi Analytical stock solutions 

Aluminum ( A I - 2 6 )  Lea3 ( P b - 2 1 0 )  

Amer ic ium ( A m - 2 4 1 , 2 4 3 )  Manganese ( M n - 5 4 )  

An t imony ( S b - 1 2 5 )  M e r c u r y  ( H g - 2 0 3 )  

Argon ( A r - 3 9 )  Neptunium ( N p - 2 3 7 )  

B a r i u m  ( B a - 1 3 3 )  Nickel ( N i - 6 3 )  

Be ry  I l i  u m ( B e - 7 )  Plutonium ( P ~ - 2 3 6 , 2 3 8 , 2 3 9 ,  
2 4 0 , 2 4 1 , 2 4 2 , 2 4 4 )  

B i s m u t h  ( B i - 2 0 7 , 2 1 0 )  Polonium ( P o - 2 1 0 )  

Cadvium 

Californium 

Carbon 

Cesium 

Chlorine 

Cobalt 

Curium 

Eu ropi u m 

Holmium 

Hydrogen (Tritium) 

( C d - 1 0 9 )  Prom e thiu m 

(Cf- 2 5 0 , 2 5  2 )  

( C - 1 4 )  R u t h e n i u m  

( C S - 1  3 7 )  Selenium 

( C I - 3 6 )  Si lver  

(CO-5 7 , 6 0 )  Sodium 

( C m - 2 4 4 , 2 4 6 )  S t ron t ium 

( E u - l 5 2 , 1 5 4 , 1 5 5 )  Technetium 

( H o - 1 6 6 m )  Thallium 

( H - 3 )  Thorium 

Radium 

( P m - 1 4 7 )  

( R a - 2 2 6 )  

(RU-1  0 6 )  

( S e - 7 5 )  

( A g - l l O m )  

( N a - 2 2 )  

(Sr -  8 5 , s  0 )  

( T c - 9 9 m )  

( T I - 2 0 4 )  

(T h - 2 2  8 , 2 3 0 , 2 3  2 )  

iodine ( 1 - 1 2 9 , 1 3 1 )  Tin ( S n - 1  13 )  

Iron ( F e - 5 5 )  U r a n i u m  ( U - 2 3 2 , 2 3 3 ,  
2 3 4 , 2 3 5 , 2 3 6 )  

Krypton ( K r - 8 5 )  Y t t r i u m  ( Y - 9 0 )  

Zinc ( Z n - 6 5 )  
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CLEAN A I R  ACT COKF'LIANCE REPORT 

Effective 
Dose Equivalent 

Highest Organ 

ENDOSTEUM 
Dose is to 

5/28/92 7:11 A? 

4.38E-05 

0.0004 

Wind Data 
Food Source 
Distance to 

State: CO 

RFONEW9 1. WND Temperature (C) 10 
LOCAL Rainfall (cm/y) 21 
3942 Lid Height (m) 1405 

Radio- 
nuclide 

-------- 
PU-239 
AM-241 
U - 2 3 4  
13-238 
E-3 

Stack 
9 

Class 

Y 
W 
Y 
Y * 

eight 
Stack Diameter 

Amad 

---- 
1.0 
1.0 
1.0 
1.0 
0 . 0  

Buoyant (cal/s) 

Stack 
7 ~ x 9 9 1  
( W Y )  -------- 
6.3E-07 
7.7E-08 
1.1E-07 
3.4E-07 
4.8E-03 

12.59 
0.91 

0.OE-01 

-------- 
Stack 

3xx559 
( W Y  1 -------- 
2.OE-07 
5.5E-08 
2.1E-07 
2.4E-07 
0.OE-01 

12.50 
4.57 

0.OE-01 

Stack 
8xx 
( W Y  1 -------- 
3.8E-08 
1.9E-08 
2.3E-07 
3.3E-07 
0.OE-01 

10.33 
2 . 4 4  

0 - OE-01 

-------- 
Stack 
4 x x  

0.OE-01 
0.OE-01 
8.1E-08 
9.8E-08 
0.OE-01 

5.12 
4.57 

0.OE-01 

*NOTE: The results of this computer model are dose estimates. 
They are only to be used f o r  t h e  purpose of determining 
compliance and reporting per 4 0  CFR 61.93 and 5 0  CFR 61.94. 



ORGlriN DOSE TO 

ORGAN -------------- 
GONADS 

BREAST 

RED YARROW 

THYROID 

ENDOSTEUM 

REMAINDER 

EFFECTIVE 

THE EXPOSED 

5 / 2 8 / 9 2  7:41 WC: 

I N D I V I D I J A L  

DOSE EQUIVALENT RATE 
TO THE ORGAN 

( m r  en/ y ) ------------------ 
4.8E-06 

8.OE-07 

3.OE-05 

1.9E-04 

7.8E-07 

3.7E-04 

1.8E-05 

4 . 4 E - 0 5  

E G & G  Rocky F l a t s  P l a n k  



5 / 2 8 / 9 2  7 : 1 1  ?P. 

INGESTION 

INHALATION 

A I R  IMMERSION 

GROUND SURFACE 

TOTAL: 

DOSE T O  THE YAXIYi4 iLY EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

4.OE-06 

4.OE-05 

1 . 3 E - 1 3  

6 . 9 E - 0 9  

4.4E-05 

E G & G  Rocky Flats Plant 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
(mrem/y) --------------- 
6 . 4 E - 0 5  

3.1E-04 

1 . 7 E - 1 3  

7 . 1 E - 0 9  

3 . 7 E - 0 4  



5 / 2 8 / 9 2  7:41 AN 

PU-2 3 9 

AM-241 

U-234 

'Li-238 

H-3 

TOTAL : 

DOSE TO THE m x r m L L Y  EXPOSED INDIVIDUAL 
BY RkDIONUCLIDE FOR ALL PATHWAYS 

2.3E-05 

6.OE-06 

6.2E-06 

8.7E-06 

3.2E-07 

4 .  .?E-05 

f 

E G & G  Rocky Flats Plant 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
(mrem/y 1 -------------- 

2.5E-O.? 

1.OE-04 

7.2E-06 

1.OE-05 

2.3E-07 

3.7E-04 



EFFECT1 E DOSE EC I ALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS OF THE 
MAXIMALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

DIRECTION : EAST-SOUTHEAST 

DISTANCE 
(meters) 

3942 
10000 
8 0 0 0 0  

-------------- 
4.4E-05 
1.1E-05 
5.7E-07 

f 

E G & G  Rocky F l a t s  Plant 



5 / 2 8 / 9 2  7:41 AM 

DIRECTIONS: 

DISTANCE 
(METERS ) : 

3922 

10000 

80000 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF ALL DISTANCES AND ALL DIRECTIONS FOR ALL 

RADIGNUCLI 

2.2E-05 2.4E-05 

5.6E-06 6.2E-06 

3.OE-07 3.3E-07 

DES 

3.1E-05 

8- 1E-06 

4.4E-07 

AND ALL 

3.6E-05 

9.3E-06 

5.2E-07 

PATHWAYS 

3.7E-05 

9.4E-06 

5.OE-07 

4.4E-05 

1.1E-05 

5.7E-07 

3.4E-05 

8.6E-06 

4.7E-07 

3.1E-05 

7.9E-06 

4.3E-07 

10000 6.5E-06 5.1E-06 3.4E-06 2.6E-06 2.8E-06 2.8E-06 3.6E-06 5.5E-06 

! 80000 3.4E-07 2.3E-07 1.6E-07 1.2E-07 1.3E-07 1.3E-07 1.7E-07 2.7E-07 

E G & G  Rocky Flats P l a n t  



N 
NNW 
Nw 

WNW 
W 

ws w 
sw 

ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

NKE 

FREQUENCY 

0.050 
0.056 
0.045 
0.041 
0.036 
0.033 
C.042 
0.060 
0.070 
0.073 
0.084 
0.129 
0.091 
0.079 
0.063 
0.048 

A 

1.82 
2.31 
2.00 
1.77 
2.05 
1.83 
2.08 
1.84 
1.49 
1.23 
1.49 
1.28 
0.77 
2.57 
1.67 
2.57 

W I N D  

B 

1.67 
2.37 
2.43 
2.52 
2.34 
2.66 
2.40 
2.39 
2.17 
2.20 
2.57 
2.57 
0.00 
1.39 
1.86 
0.00 

SPEEDS 

C 

2.57 
2.57 
2.76 
2.92 
2.57 
2.54 
2.82 
2.73 
2.79 
2.25 
3.13 
3.61 
2.57 
0.00 
2.84 
1.39 

FOR EACH S T A S I L I T Y  
(METERS/SEC) 

D E 

4.26 
4.36 
3.91 
3.30 
3.28 
3.12 
3.52 
4.23 
4.76 
4.45 
6.08 
7.56 
7.36 
5.87 
4.48 
4.46 

3.50 
3.30 
2.98 
2.79 
2.81 
2.75 
3.01 
3.16 
3.31 
3.58 
3.43 
3.27 
3.30 
3.51 
3.60 
3.50 

c u s s  

F 

2.54 
2.41 
2.35 
1.96 
2.01 
0.00 
2.52 
1.78 
2.35 
2.40 
2.51 
2.52 
2.54 
2.51 
2.52 
2.51 

G 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  



N 
NNW 
Nw 
WNW 
W 

w s w  
sw 

ssw 
S 

SSE 
SE 

ESE 

ENE 
NE 

NNE 

F u 

FREQLJEN CY 

0.050 
0.056 
0.045 
0.041 
0.036 
0.033 
0.042 
0.060 
0.070 
0.073 
0.084 
0.129 
0.091 
0.079 
0.063 
0.048 

A 

1.30 
1.92 
1.48 
1.26 
1.54 
1.32 
1.57 
1.32 
1.07 
0.94 
1.07 
0.96 
0.77 
2.57 
1.19 
2.57 

WIND SPEEDS 

B C 

FOR EACH STABILITY 
(KETERS/SEC) 

D E 

1.19 2.11 2.89 
2.03 2 * 12 3.15 
2.17 2.52 3.07 
2.42 2.72 2.62 
1.98 2.28 2.47 
2.62 2.04 2.19 
2.10 2.39 2.52 
2.09 2.35 2.94 
1.70 2 - 4 2  3.43 
1.74 1.61 3.22 
2.57 1.51 3.84 
2.57 2.22 5.23 
0.00 1.73 4.66 
1.01 0.00 3.44 
1.34 2.74 2.57 
0.00 1.01 2.03 

2.91 
2.58 
2.46 
2.17 
2.27 
2.23 
2.34 
2.36 
2.62 
3.03 
2.90 
2.59 
2.70 
2.87 
3.08 
2.86 

F 

2.48 
2.12 
2.00 
1.43 
1.49 
0.00 
2.42 
1.27 
2.00 
2.10 
2.37 
2.40 
2.48 
2.38 
2.40 
2.37 

G 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  

P 

. .. 



:";EQ';ZI:CY OF A T X O S P H Z 2 I C  STABILITY C U S S E S  FOE; EACH DIRZCTIOX 

1 -  .'OR 

N 
"W 
NW 

WNW 
14 

WS w 
sw 
ssw 

S 
SSE 
SE 

ESE 
E 

ENE 
NE 
NNE 

1 

A 

0.0276 
0.0147 
0.0562 
0.1328 
0.1697 
0.1557 
0.1102 
0.0522 
0.0165 
0.0065 
0.0069 
0.0063 
0.0051 
0.0015 
0.0038 
0.0025 

FRACTION OF TIME IN EACH STABILITY C L A S S  

B C 

0.0048 
0.0188 
0.0637 
0.1076 
0.1272 
0.0745 
0.0854 
0.0388 
0.0148 
0.0080 
0.0014 
0.0009 
0.0000 
0.0044 
0.0092 
0.0000 

0.0209 
0.0373 
0.1480 
0.2348 
0.1922 
0.1874 
0.1599 
0.1123 
0.0609 
0.0176 
0.0070 
0.0054 
0.0052 
0.0000 
0.0130 
0.0073 

D 

0.4019 
0.5542 
0.5300 
0.3776 
0.3076 
0.4051 
0.4233 
0.5811 
0.5322 
0.3983 
0.4822 
0.6362 
0.5100 
0.3389 
0.2686 
0.3194 

E F 

0.4723 
0.3475 
0.1789 
0.1386 
0.1700 
0.1774 
0.2127 
0.2018 
0.3606 
0.5095 
0.4326 
0.2818 
0.3736 
0.5717 
0.5655 
0 . 5448  

0.0725 
0.0274 
0.0233 
0.0085 
0.0332 
0.0000 
0.0086 
0.0137 
0.0151 
0.0601 
0.0699 
0.0693 
0.1062 
0.0834 
0.1400 
0.1260 

G 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 



STEORCLOGICXL XXD P%::T 2?JFOX!ATIOti SUPPLIED TO PEIOGW.-- - -  

-'"DAGE VERTICAL TEMPERATURE GRADIENT O F  THE A I R  (DEG K/KETER) 
.I? S T A B I L I T Y  C U S S  E 

I N  S T A B I L I T Y  CLASS F 
Ih' S T A B I L I T Y  CLASS G 

0 . 0 7 2 8  
0.1090 
0.1455 

'LUME DEPLETION AND DEPOSITION PARAMETERS 

X C L I  DE GRAVITATIONAL D E P O S I T I O N  VELOCITY SCAVENGING E F F E C T I V E  DECAY 
FALL VELOCITY C O E F F I C I E N T  CONSTANT I N  PLUME 
(METERS/ SEC) (METERS/SEC) ( l / S Z C )  ( P E R  DAY) 

U-239 
M - 2 4 1  
- 2 3 4  
- 2 2 8  
-3 

0 . 0 0 0  
0 . 0 0 0  
0.000 
0 . 0 0 0  
0 . 0 0 0  

0.00180 
0.00180 
0.00180 
0.00180 
0.00000 

0 . 4 1 0 E - 0 5  
0 . 4  10E-05 
0 . 4 1 0 E - 0 5  
0.410E-05 
O.OOOE+OO 

0.000E+00 
0 . 0 0 0 E + O O  
0.000Ei-00 
0.000Ei-00 
O.OOOE+OO 
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This repon presents an overview of research conducted at rhe Rocky Flats Plan1 (Rr?)) on 
the resuspension of soil p e d e s  from soil contaminated wirh pluronium (Pu) in the area 
called the “903 Field” This ficld is adjacent to and dinxtly =SI of a former oil drum 
storage &rea which in 1969 was paved with zspt;dt and designarexi the “903 Pad.” The 903 
Field is 2 source of airborne h, due to wind erosion, and has been studied since 1970 for 
the resuspension rate of Pu particles. The following processes were considered: 

. sdtation (wind erosion of bare soil); 
wind resuspension of particles from _mss blades; 

mecnanicai disturbances and grass frres. 

. 

. rain splash; znd 

. 
Results indcate wind resuspension from bare soil Seems to be minimal, while resuspension 
from grass appears to te the dominant process. Additionally, rain spiash was also found to 
be a significant resuspension pozp_ss. Over 90 percent of the resuspended Pu from the 905 

raaioacnviry is roughly propomonal to the mass of panicles collected. Resuspension of 
respi-able paiicles from r-he field is very limired; this mpirabk  concentration at the field is 
about the same as har  due to nuclear fatiour in and zround the Denver area Maximum 

rrsr?spor? of the PU extends to 1.5 km fmm the 9-03 Field- The release of Pu is 
pzrameterized by a resuspension facror of 5 x 

sec-1. The rotz! r p m n  is ve? low. esti& at -2M uCi/q.  For a typical 
rcspirabie parricie concentration of 0.01 fCi /d* of Pu-239 near thc 903 Field, the Pu 
co!!xred w s  equivalent to one, I-prn pvricle per monin, uskg  E sunpiing n t e  of 1.1 
.7-! l-/mi n . 

L Field is associared with soil and _mss litter panicles l a se r  thm 3 pm. The airborne 

rn-l and a resuspension m e  of 2 x 10- 
,* 



Concern over pcblic health in regards to the 903 Field, located adjacent LO a former outdoor 
drum storage s e a  for waste oil, is recognized by RFP. The plmt has been monitor;,ng this 
are3 since rhe first oil drum leaks were discovered 30 years ago. The waste oil in these 
drums contained residue panicles Iess than 3 pn in size of Pu from machining operations. 
Removal of the drums began in 1967 and the area was pvTially remediated and 

subsequently covered with an asphalt pad in 1969. During this period and continuing 
Llrough the present, air as the 903 Ficld adjarent to the pad and in various locations around 
the Denver area (Figure 1) is continuously monitored for airborne Wsoil particles by a 
network of sunreiknce air samplers. In the dscussions that follow, i t  should be kept in  
mind that the Pu is anached to host soil panicles that range in size from a few micrometers 
to millimeters. This is due to the nature of the original contamination process. 

At no time since the completion in 197 1 of the dzxn storage clean-up has Pu concennation 
excczded the DOE "Derived Concentmion Guide" of 20 fCi/m3, either at the source =e3 or 
in the surrounding community. In fact, it c m  be noted the concenmtion of =nimble Pu 
pmicles at the 903 Field is near background leveis found in the Front Range area of 
Colorado. Taking into account dl signiiicanr parhways of human Pu intake, exposure 10 Pu 

a: t k  903 Field is wet! below EPA proposed guidelines (EP78, ~221) ' .  The average total 
mdioactiviry conccnoanon of airborne Pu at the plant bombry  is 0.05 fCi/m3. 

Thc %I3 Pad and Fkld are scheduled for fwher investigation and remediarion in the future. 
i he alph:! radioacrivity in the 903 Field soil is much less than EPA proposed pideiine -.- 
levels. Tine aiphz radioactivity fmm Rr?> waste that has encred the environnent amounts 
to 2 few curies, while waste rzilings (Uraniun and thorium; hrn mining activity amount to 
2 few ~housand curies in an m a  in downtown Denver (KA84, ~ 1 3 0 ) .  A synopsis is 
provided in this report of RFP research on the resuspension of Pu panicles from the 903 
Field. This =search included: 

extent and radioacdvir)l chzactcrization of the SOLT~ ma; 
considendon of all feasible pmcesres of resuspension; and 

to heir  size and ndioazdvity category. 
. Livestigarion of the subsequent trmspn of the airborne paiicles according 

.I 

I ne lasl pan of he litemure ciration, following the "p", indiaes the page number at which the 
informadon wili be found. - .  

2 



Boulder F k J  , 
I 

P 

Figure 1. Area Map and Locations of RFP Community Samplers 
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The xz3.  now known 3s rhe 903 Pad, after removal and off-sire shipment of oil-covered 
s u d x e  rocks, was covered with p ~ d  and then asphalr in  1969 to immobiiize h- 
contaminated soil pmicles (Figure 2). However, during site preparation for the asphalting, 
occasional high winds swept across the uncovered m a .  Some dust was generated and 
much of it senled a shon distance to the east of the site towards the plant site security fence. 
Tnis area near the security fence is designated the 903 Field and has been covered with off- 
site topsoil. Vege:ation has dso been re-established. D a i n g  the stabilization process 
fugitive Pu partides in the sub-surface soil were mixed into approximately 30 cm of new 
topsoil. ?-his allows the possibility thar some Pu panicles could be resuspended, due to 
warer or wind erosion. Therefore, access ro the area is resticted and the ambient air in this 
area is continuously sampled by RFP for plutonium. 

It should be noted that mine tailings from radium exnaction, as found in some locations 
within the city of Denver, and mine milings used in Grand function for home consmciion 
pose -mater health hazzds than the h contamination present in the 903 Field. Mine 

tailings rc!ese rzaon g ~ s ,  wkch  is difficult to immobibze, and ;he =don decay products 
become 2t:acned to xspinbie  dusr purities. Tine RFP Pu particles are relztively immobile 
and require extensive force to become airborne, which resulrs mostly in particles tm l x g e  
(> 10-pin) i3 be inhz!ed (HA80a. p216). Once the small (<3-pm) F'u pr'icles in the wasre 

011 "ere immobiiizea by arachment to soil pmicles they k a m e  very difficult to separare, 
due ro intenromic, arractive surface forces. 

Figlwirt. 2 z!so shows the &ismburion of Pu in soil at Lid near the plmt 2s demrnined by rhr 
Aionic  Energy Commission ( G C )  Health and Safety Labomtory (HASL) (LI3 115, p 1 J). 

The amount of PL: that leaked from the drums throughout their existence in the 903 Pad arc2 

u'ss estimated in 1971 2s 6.1 Ci or 86 _e (SE71, p6; EI80, p2-73) bzscd on the amount of 

oi! leaked and Pu content of t!e oil. Nearly 4.0 Ci arc now imnabilized undzr the asphal: 

p d .  A de'dled s o u n d  g m m a  survey (RF3689, p18) for the Am-241 associated wirh h e  

PJ indicattc! ;:?a[ aqxoximztely a total of 1.2 Ci of Pu exists in the 903 Field area west of 

the pefime:er fence and bounded to h: west by the 903 Pad This survey was made after 
h e  rexova! in 1975 of soil containing zn estimared 0.5 Ci of h-239, along the hill crest 0:. 

the sourhem edge of the 903 Fidd Anotler 0.67 Ci of Pu exists on the east side of the 

secuny  fmce in a srnal,  icxalized m3. Figures 3 4 iliusrrate this -pound Am-241 
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gamma ~ ~ ? c y .  Thcsc ngions of high Pu soil conccnnations arc considcnd thc SOUKC m a  

for chronic rclcasc of Pu from RFP and this soil will likely bc rcmovcd in rhc f u m  onct 
;c7 accepublc rcgularory fnmcwork h a  becn workcd out 

\ 

W 

t 
z-n 

I -' 4 

Figure 2. Plutonium-239 Deposition Contours in Millicuries Per Square Kilometer, 
Acmrding to HASL 
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Enlargement of 903 Pad Area 
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50001 ' 0 0 0  

East 903 F i e l d  

Figure 3. Threedeminsional Plot of Gamma Activity from Survey of 
West Side of 903 Fie# 
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Figure 4 .  Contour Plot of Gamma Activity from Survey of East Side of 903 Field 

P. W. b e y ,  in "Remote Plutonium Contamination and Total Inventories from Rocky 
Fiats" (€3376, p214) has estimated, based on limited samples, that in addrtion to the Pu in 
rhe 903 Field h e x  is another 3.4 Ci spread out over a wi&r regon. This region, with n e u  
falloat Pu levels, e x m d s  east and southeast from the security fence. This would indicate 
that, bzs=d on a material balance, more than 9 Ci Pu-239 leaked from the drums instead of 
the 6.1 Ci estimated in 197 1 and a total of about 5 Ci were resuspended from the drum 
stoizge L T ~ .  Once pzst Indiana Street, the current easem boundrty of the plant, only a 
small perceniage of the Pu that has k e n  found is  of RFP oribgin, as explained below. The 
rest is from residual fallout from pas: global atmospheric weapons testing. An isotopic 

rsrio (Pu-240/Pu-239) analysis was used by Krey to distinguish the RFP conmibution from 
atmospheric fallout to one-tenth of fallou: levels. The RFP contribution in the region east 
of Indiana Smxt is approximately 0.1 Ci total, according to k y .  

Another possible source of ftFp ,% in the environment is from safety shots, Le., non- 
fission detoneiions, at the Nevada Test Sire (hTS). Plume deposirion h m  these shors has 
been tracked 2s far e m  as Grand Junction, Colorado, where it contributes 
0.6 mCikm2 to the Pu in soil (BE83, p23). Global fallout away from Nevada is of this 

order. Tne dispersion of hTS Pu has not been investigated e m  of G m d  Junction. 



,Also of ~nrcr=s: LT d!e yznodic aend g m m a  surveys of thc plant and sumundlng imd by 

helicopter using an a m y  of s d u m  i d &  cqstrrl dcycton (BO82; B090). FlLmx 5 
pxbcnts the 1989 sLTe\' con to r s  foi  Am-231 (B090, The 198: atnal sun.':y dau show 

similar results (BOE2). In 1989 the sensitivity of the acnal insmmentanon w3s unproved, 
s & n g  i t  possib,: to detect Am-24 1 beyond the carJe fence which marked thc plant's 

onginal boundary (e.g., to the 2 5 0 - m C h 2  contour shown in Figurc 2). Also, the 1989 
survey extended beyond the confines of the RFP buffer zone to ob tm a broader picture of 
bzclrpound ndioacnviry. .4s far as :oral radloactiviry is concerned, which includes natural 
raaioaciive sources, the hottest l o a k x d  spot %*as an old mine shaft near L e y k n ,  several 
m!!es from FSP. The major contributor to ;his ndioactivity iv2s Bi-2i4 fro: radon gas 

(B090, pl 1). To detect the above backpound radioacrivity 3t RFP the survey has to be 
specific for Am-23 1. 

The airborne sunreys showed that Pu radioactivity h3s not migrated significantly beyond 
L+e original source area after the 1969 asphd: stabilization of the 903 drum storage area 

(E090, p25). The 198? srudy also iicluded selected ground sampling p i n t s  for Am-24 1 
measurements Eipz 6). A poxable garnmz spectrometer was used for this puiiose, to be 
followed by radio-chemical analysis foi Pu from soil samples from the same lccajon. 



< 

Figure 5. Aenal Gamma Survey - 1989 
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Figure 6. Gamma Ground Survey Sites for Am-241 
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PHYSICS O F  SOIL ESUSPESSICSN 

The potential fo; chronic release of airtame Pu padcies from RFP is h i r e d  to soil 
resuspension from the 903 Field Buildmg releases from H.Igh Efficiency Paniculate Ai- 

( E P A )  filrers are small, Le., a total of 5 pCi/yr in 1989 (RFENV-89, p23) vs. 200 pCi/!7 

from the 903 Field (see scction on resuspension factors). We know from a k  rnonitoring 
that Pu panicles do become airborne from soil, bur the physics of the process need to be 
understood for dispersion mockling and remedial action purposes. Soil pvricies ~ J T  

traditionally thought to be resuspended by wind forces acting on bare soil surfaces, but 
studies u p o n  which this view is based have been limited to plowed fields and desen ixeas. 
Tne 903 Field has oniy small bare soil a r e a  between the clumps of bunch p s s ,  but the 
original premise of the author and others was thar the Pu parrjcles O n e ~ a l e  from the bare 
soil Serween the clumps of grass. 

Initial resuspmion sru&es werc directed at the classical resuspension process of saltztion 
(HA80a, p7 l3). That is. the wind propeis miliimerer sized pmicles that pronude beyond 
what is cdled thc boundary layer (the immobile or stagnant air layer approximately 1 m m  ir. 
deprh, adjacenl tu the lmd surface) in a series of small hops. (3, i m p x t  these large 
pmicles kncck loose smaller p31-c;cles, in a manner similar to sand blasting. The smkllei 

pmjcles then h o m e  enmined into h e  mzir! zi- s m s  by turbulence to heights over 6 m 
at a aisnnce of less than 30 m (M8Oa,  p222j. 

h 

I t  remGned for ftcp to demonstrate if saltation could occur h n  s m d  areas devoid of 
vesetatior,, kcaus:: dxs soil surface condition h a  x e i v e d  litrle attention b i n  soil 
scieri:isrs. 9ircc: visual observa5ons initially i?dicat& L+at even during wind s toms 
reaching over 100 mph, no visible quantities of dust w e n  reiezsed (e.g., puffs of dusi 
from ba;-, areas). Operation of a mod5ed Bagnoid Catchcr for s c v e d  week-long runs, 
i nc lua i~g  operanon duing  wind s:oims, pmvi&d no weighable dust fracdons. T'ne 

Bagno16 Catcher (GI74) is the classical device for measuring wind erosion of soil. 
Sevenheless, rnore sensirive rec~miques were CieveIoped to verify if salmon p m s s s  
O C c U i  on a small scale. 

Or::: rechzique ckvelopt-, by RF? w'2s h e  zpplicanon of a ribbn-like laser beam - w i n g  
i?e soil surface, to d e w t  impaciing large parricies and bursts of nurm-ms small p q i c l e s  

1 1  



(PZ3197, p8). Tnis was done at night using time exposurc photography. :io panicles 
werc observcd until winds excecdcd 35 mph, but even then nsuspension was tenuous and 

no clear evidence for saltadon was found by this approach (RF3325,p;). 

The second methodology, shown in Figure 7 ,  involved the placement of an acoustic 
pa.??cle detector underground, facing a 2.5-cm opening in a soil surface a n a  devoid of 
vegetation (RF3115, p l  1). Then was no net airflow into the oFning,  but the objective 
w ~ s  to detect panicles Ovci 50 pm emdynamic equivalent diameter (AED) that were 
resuspended by the wind and then fell back to the pund. A s  the panicles fell back, some 
dropped into the intake of the acoustic parrick counter. This system could operate 
conrinuously and unattended for several days. Again, no convincing case could be made 
for saltation, even in high winds (RF3115, p13; RF3197, p7). Evidently, the soil is too 

crusry for wind erosion (HA802, ~ 2 2 4 ) .  except for a few small areas (RF3115, p l  1). 
Also, many of the smaller, bare areas are io0 &cp in the grass canopy to experience the full 
force of the w i n d  Only delikrare disturbance of the p u n d  with a stick was observed to 
release shon bursts of panicles. 

Tne above results may seem to conmdict a study by Sehmel, who developed a Pu 
resuspension mock1 for the 903 Field based on the saltation process (SE72). However, 
this model was based on data collected by RFP from July 1970 through January 197 1. In 
hlarcn 1970 the 903 Field was d i s W  by a major ditch consmxnon projecr near the west 
si& of t ! e  ?trimeter fcnce. It took rine m o n t h  for the effects of this operation to 
disappex, Le., for the loose surface soil to ‘kcomc crusty agvn and for i n d u c e d  p s s e s  
to g o w .  

S’est, resuspension studies werc ci~+,czi O u i  under conmlled condidons using the small 

wind tunnel shown in Figurc 8 ( F S 3  197, p5). The objective ~ 2 s  to observe resuspension 
kom bare ground as well as from gassy a~as. Testing of barc spots showed very little 
Elease until exmme wind velo5ries (c.g., equivalcni u> 150 mph at 10 m (X about 30 mph 
n c x  ground levels) were applied or the soil had prcviously k n  d i s d .  But even the 

rmnel, at high flow, p v e d  to be 2 useful approach to soil e sampling €or Pu 

pmicles and w2s extensively xed for this purpose (RF3689, p23). 

]-%‘ L ~ . ~ ~ ,  “frcsh” suiiace was quickiy exhausted of particits (RF36S9, p36). This wind 
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Figure 7. Amustic Particle Counter for Saltating Pvticles 
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Figure 8. Portable Wind Tunnel for Resuspendable Dust 
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The u8:nd rmnt! was also operared on patches of p a s s ,  although i t  was nor designed for 
h i s  p ~ m s e .  Tne hcight of :he wind tunnel fesr section was Iess than the heinhr of the 
” nass .  

- 
For pro?‘ resting of grass covered areas a considerably larger wind tunnel is - 

required. such as the Giliene devic:: (GI78). Nevertheless, even at low velocities (e.g., 
wind speeds equivalent to 20 mph a: 10 m)  the small wind tunnel det++ TXI small bur 

significan: amounts of resuspended Pu-carrying pimicles. This was considered imponam, 
since mosr of the pound in the 903 Field is pass  covered. Much of the resuspended 
rnarenal was over 10 pm AED and was organic (Le., p s s  Iirter) iis shown by ashing the 

samples. The organic content was about 40 percent on the average (RF4036, p23). 

A s  3 resu!: of the aforementioned wind runnel studies, anention was now focused on the 
derails of resuspension from p s s  covered m a s .  It was not certain whether Pu resides OP 
the p i s s  blades and then becomes r e s u s p e n d  or if it originates from the gnss fitter on ihe 
soil surface and, as the grass decays, is then resuspended as p a n  of decomposed ,mss 

d pniculares. Reseaxh was conducted to determine if both pmcesses could be taking place. 

F i x ,  ii was verified qumtiizcively that Pu does reside on pass  and _pass litter (W3914, 
p6). This w;?s done by clipping the g ~ a s  at successively lower levels and measiLr;,ng each .- 
!?vel for ?E dis r ibu~on in r e l a~on  to gmund heighr. The Pu concennadon in h e  
underlying -grass liner was a!so ncasured PLI radioactiviry was distributed fairly uniformly 
ir, rehtion ro height for a total of 1.1 x 10: pCi for _mss grown on 2 square merer of soil 
wi!h a mdioactiviry of 220 pCi Pu-23?/gm of soil. The p s s  liner held 5 10 pCi 
Pu-239/_m of lirter. Tnerefore, live p s s  must be considered a major source of Pu 
pmicles foi resuspension in addition to the underlying pzss  line:. It should be noted rnzt 
i ~ e  liner is no: readily accessible for resuspnsion kcause it is shield& from wind by the 
live -mss. 

Tne question of now the Pu becomes attached to thc p z s s  is of intenst. Plant uptakt oi Pa 
is nor a facror, because we an dealing with insolubl:: Pu particles ( A R E ,  p33). T h s  
Ieaves wind driven sod panicies from ban soil m a s  and rain splash as the source of Pu. 
Tne i t ~ e :  pia-ess is well documenred foi msferr;,.l,o h 10 vegetarian to heights up to 
30 cirr ( 3 2 8 4 ,  ? i 83). Finally, the growLh process of rhe grass as i: rises ~ k u g h  the soil 
suc*acc wzs considered 2s a means of m n s f e m n g  Fu to the blades. bct h e  ,grass blades 
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s : ~ .  from rhe stcm of thc plan! after ir has risen out of the ground. Tncrcfon, no d n c t  

zznsfer of soil pardcles to h e  blades takes place. 

Infomadon u a s  now required on the capacity of grass blades to hold soil pxacles  ar,d OII 

potential PU resuspension mechanisms from the p s s .  Thenforc, the surface of grass 
blades was studied with a scanning e lecmn microscope Most grasses at RFP have blades 
whose surface is covered with fine fibers that act like 2 filttr m3cix which in:erceprs 
considmible amounts of dust (RF4036, pl5). C. Guifinger repons that fibrous elements 
extending from a surface into the viscous boundary layer enhance ckposiuon by a factor of 

10 to IO00 (GU85, p3). The microscopy showed that the bladcs were heavily loaded with 

soil p;lrciclcs. Conversely, dust particles should be rclcascd when the grass fibers decay 
mnd fall off and when the blades flex due to wind. Such behavior was verified with the 
wind tunnel tests described below. 

In a small laboratory wind tunnel (W4036, p33) samples of grass were placed in the test 
seccion and exposed to air veiocities t!at wouid be found at grass level dut to winds of 5 to 
20 mph at a height of 10 m above ground. From a 5-cm blade of _grass abour 200 pmicIes 
were xieased in the 0.2 IO 12-pn range, as veF,fied with m o?Ucal paiiicle counei  m d  
membnne frltcr samples. Most pminent were tests where the blades wrm mechanically 
flexed, which simulated wind motior,. Here, the release from the blades of panicles g e a r s  
than (>) 10 pm was dominant, with a mednn &amem of 20 pm and a maximum of 40 pm. 

To verify the above results in the field, a simple Est  with t i e  soil rzsuspension wind mnnel 
"2s made in summer with the ground soaked wirh watcr but the p s s  dry (RF3914, p8). 
The objecr of this e s r  w a  to dcmonsmre how much Pu is resuspend4 from p s s  blades 
aianc. The blacks i?re much more exposed to thc wind rfiar, the pound but may hold dust 
mcz tenaciously. The resuspension ratc wiis about one-sixtics3 of that for a similar dry 
z ~ a  a: a wi?d speed equivdient IO 30 mph zit 10 m. At 20 mph i t  was or,c-fo;deth less thm 
;it SO n?h. But these resuspension raws could sdll account for most of t ie  raOloacriviry 
oSserved by t h t  Zir smplers ,  since 95 percenr of the fitid is coviered v-ith ~ s .  Tnese 
&:a hzve to be i n t z p x d  with some caution, k c a u s t  as pointed out above, ine wind 
txnnel was not of m optimal d e s i p  for sadlring resuspension from WS. 

Tnis :Est conLmed that h e  relesc of radioacove pz,xicles from grass b i d e s  alone is 
i";1pra-i-t, if not dominant. Addinond radioactivity exists on &ad giass Liner on the 

- 
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pound bcrwccn i k t  stan&,g p s ,  bur this mar=rid is not readily avalablc for 

rscspension because i t  is  protected from hhc wind by the smds of w s .  

To Qtermine the mount of Pu resuspension w h m  the soil is completely saturated during 
long m rids of rainfall, such as that encountered in spring (RF3914, p9) a series of tests 
were conducted For this limited test series the airborne Pu concentmion during runfall 
did not differ significantly from that during dry periods. Rain splash was therefore stuched 

as a means of releasing Pu particles into the air. First, a laboratory wind tunnel was set u p  
to simulate single i-aindrops spfashing on soil under controlled condirions. Provision wr?s 

made to count resuspended soil panicles by concenmdon and s i x  with an optical particle 
counter. Tnis expcTiment showed that soil panicles do become aerosolized by rain splash, 
if a j h i n  w m  exists on the soil surface (RF4036, p30). 

Evidently, these airborne soil particles arc the residuais that rcmain upon the evaporation of 

the h u n k d s  of small satellite droplets that form along with big splash drops (GR73, p57). 
Tne satellite dropltts are small enough to be c u r i d  by air cxm-m. 

c 

i riis resuspension process was also field tested. .4 sinall plastic tent was built over a patch 

of ?u-conrzmir,a:ed bare soil at the 903 Field ( F i F  9). Tne tent was necessary to pR:\‘ent 

airborne Pu panicles from drifting into the est m a  f b m  the s u r r o u n h g  m a .  Nuciea; 
track foils were piaccd on the resuspended residue particles coliected from rne splashes to 
~ ~ 5 - y  the pxsence of Pu panicies. The tests showed that soil panicles contzining PU did 

bccorne airborne due to drop impact (W4.036, p30). A thousand 5-mm rain drops 
r w q x n d t d  5 pCi into the air from soil with ;? slsiace radioacdvity concencation of 2 5 0  

complete this anzlysis, h e  wzshout of resuspendcd soil paidcies by rain drops should be 
accounted for in a real situuarion (GR73, p121). The washout effect was not present in the 
u’orernenrioned single drop experiment Tne wvhout effect dencves  the aubumc h 
concenmrion as faliing r a i n h p s  sweep out dust particles in the air. 

pCi/g. About 509 million raindrops may fall OG rn m s  of one sqm n e w  mnually. -- i o 

Ano:her poxntid SOLEX of resuspcnckd pasicks is t ! e  ash from pzss frres. So f s  no 5 ~ s  
have iaken place in the 903 Field, but  RFP has conducted ESKS u? simulate such an 
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b r p  S p l a s h  Drops 

Bbner Liner 
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Soil 

Figure 9. Simulation of the Resuspension of Plutoniumantaminated Soil Particles by Rain Splash 

ccsurrence. Fire was set in a wind tunnel 10 180 grn of ,pas collected from a area of soil 
1 rn: in size. The p s  had a radioactivity concenuation of 8.1 pCi pU-239/g of air-dried 
-pss. Smoke from his test Fkc had a to-al radioactivity of 34 pCi of Pu-239 or 17 pCi/g 
VJA86, p91). kiowever, piaced in perspecrive, consider that the annual limit on intake for a 
member of the public for Pu-239 is 170 pCi (D090). If the whole field (0.02 km') were to 
bum, a person remaining in the plume would inhale a small fraction of rhis limit 
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hiechanical, or unnatural ,  d?sturbances wen also S i u d e d  as a potentially imponant 
resuspension mechanism. This includes such activities as mowing, well drilling, 
construction, digging, or soil removal. Mowing was considend of major interest since it 
takes place every year md coven the whole ana. Mowing involves disturbance of both 
g-xs  and soil. W ~ l e  =search sampling mk placc in the 903 FieId east of the plant 
security fence, the pass  was cut during dry conditions. f i s  was expected to maximize 
resuspension. A: times the mowing tractor would pass righr next to an air sampler. A 
sratistically significant increase by a factor of 5 in the to& Pu concentration was discerned 
during such a period in June 1981 (RF3464, p4). But no change was found during a 
similar period in 1983 at the same location (LA86, p90). Again, high variability in Pu 
concentradons make trends difficult to establish unless many samples are taken. In June 
and July of 1987, wells were drilled in the 903 Field and the nearby sunteillance & 
samplers showed an increase by a factor of about 3 in Pu radioactivity, but such increzes 
ue often seen during the dry summer months regardless of soil dsturbances. Mechanical 

A disturbances are shorr-term events, 

Consideration w2s also given to resuspension of dust containing h from two upaver! 
roads intersecting the 903 Field along the security fence. It is evident from the color &.id 

quantity of the dust colleced by samplers locard along the mads that much of it is 

muspended by txffic. A 1973 study (MI73) showed that road dust radioactivity avenged 
68 pCi/grn and remedial acsion was iniuxrd (e.g., o i h g ,  grading, etc). In 1980 anothc; 

road dust evduadon was cm-ied out. A s  a first step the Pu radmactiviry of the road surface 
for one of she roads was derermined by convennonal soil sampling methods (RF3689, 
p 18). Tne Pu radioactivity of h i s  road suri'ace was swprisingly leu-, 4.6 pCi/g of Pu-239. 
when compared to adjacent soils of 790 pCUg of Pu-239 that were monitored a distance of 
one foot  from the m a d  Howevcr, sinct 1973 the raid was often p x k d  and ballast added. 
It k2d been expecrcd that thc adjaccnt soil would pmvick a source of Pu for c a y  
xsuspension by tmf3c on b t  din road Howcvcr, thc adjacent soil was not diswbed by 

mffic on the road 

Also in the 1980 evaluation a mck was drivcn dong this road to complcte the comparison 
with the 1973 est, and to sanplc a larger arcs rhan tlat covers3 by 2 fcw road soil samplEs. 
The dust genented behind 2 -7 wheel wzs sampled wi:h a high-voiume Ur sampler 
(hivol) s h i l a r  to tiat used for ti-~c dispersion studies desciibd later. Tne de\ice gives a 

... . 
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d-prn and > 3 - p  cu:. T i e  :cad dusr was vtry low i n  rad~oacnviry, measuring 6.0 pCilg 
of Pu-239 compand !o 1030 and ZOO0 pCi,’,/g of YU-239 for two adjacent soi! mas. It was 

conclucka that the r& LT no longcr a sipL5cant probicm, especially because of the low 

volume of caffic. Of considerable intenst was the incidental new informarion thar no 
measurable amounts of respirable (<3-pm AED) particles arc generated (RF32E7, p7). 
This was also observed during a reccnt dam consnucrion project at W. Heavy eanh 
moving machinery mated no additional respirable dust (RF3 115, p6). 

Such observations indcate that considerabie applicaiion of f o x t  is necessary to m a t e  
<3-pm . E D  paxic;ts. It has been noticed that t!!t panicles ~3-p.m AED wtre mostly black 
combustion pa..cles generated by vaporization-condensation (e.g., combustion) by 
vehicles, furnaces and ot!er industrial activiry. This is in line with the wind tunnel results, 
thar soil rcsuspended from the field is very low in respirable panicles, those less than 3 pm 
in size (-689, p35) m d  many of these panicles found at RFP are a result of Denver 
pollution (-3990, p31). 
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DISPERSION OF F'u PARTICLES mOM RFP 

Combining t..e above processes into a coherent, pnxiictivt Pu nanspon model is obviously 
beset with problems, especially with thc resuspension irom the !XI3 Field k i n g  relanvely 
low and of varying n a t m  (wind, rain splash and release from grass). Procedures from 
pre~+ous studes can be used to derive conventional resuspension p a i i e t e r s  which m 
commonly used to provide a rough estimate of the emission of soil panicles containing 
contaminants W80a p210). Such parameters are given in the section titled: 
"Resuspension Factors for Fu Releasc from the 9Q3 Field" in this report. However, site- 
specific experiments were necessary for realistic estimates of Pu dispersion from RFP 
which would directly measure the emission and m s p o r t  of Pu particles. These 
experimenrs included measurements of the venicd dismbution of Pu pxticles in the Ur that 
passes over the 903 Fieid. 

Two distinct steps were involved in these experiments. First, an attempt was made to 
me2sure the Pu panicle flux from the 905 Field at the source. A number of reseaxh aiT 

samplers were deployed at selectxi points in the field to determine the total resuspension of 
Pu. Second, a venicd amiy of samplers was insrzlled, at some &stance fmm the 903 
Field, to measurr: the Pu parrick concenmuon in the air that passed over the field 

-, 

Foi the first step, four resevch hivols (-1 m3/min) were installed toward the perimeter 
32",3s of the 903 Fieid md an ulmhgh-volume ai.. sampler (ulcavol - -7m3/min) was 
insalled near the center of the field to &tmnin:: how much h is being released to the 
en!+-onment. The ultravol (Figre io), o;>emnng at 7.4 m3/nin. ana providing a <lO-prn 

and >IO-pm fracrion, wzs changed weekly or m o n  often to providc high resolution Pu 
concentration &1i! (RF3197, p6). This w a  used for special events such as wind storms, 
periods of snow or rain m d  fdlour from atmospheric nuciear wcapons tests (RF3464, p5). 

The x s e m h  hivoI szrnplers providcd c3-w AED and > 3 - p  AED fractions. These 
conspondzd to a respirable and an inhalable-plus c m i  panicle sizc cut, respectively. 
The >3-pn AED k ~ o n  was coIlectcd by combining tic p&+cles collected by a cyclone 
pre-sepLqtoi u i h  a nominal 5-pm cu t  followed by IWO impactor stages to provide a s h z p  
3-pm cut. The cyclone s m p i e :  inlet was designed to riirn uith the wind so tlkm the inrake 
always poinred into the wire. ?I?e esciency of tix cyclone w a  evduated and one 
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obsenta5on was that the inlet cfficicncy was not scnsinve to wind s pud ,  that is, the 

pmicle conccntra~on and size hsmbution was unaffected by wind speed (RF3464, p33). 

Impeller Type B l o w e r /  

Figure 10. Ultmhgh-volume Air Sampler 

The rzsults of approximately iwo ypvars of sampiing (RF3464, p-4; RF3650, p l )  showed 
that monthly Pu concencarions in air that passed over the 903 Field varied by a factor of 10 
to 100 at a given sampler locarion over a two year period. No cornlation between wind 
speed and.Pu concencanon w a  found. Nor was t!!erc my cornlation beween rht Pu 
concenmtions found ar the four sampler locarions when plotted against time’. This 
observation even held fur anothtr experiment with three samplers at the same locarion 
(RF3036, pl?, 23). By contrast, the corresponding dust concenmtions for these tests 

v a i d  by a factor of two during the same period and the concentration valucs ar each 
sampling starion show& identical mnds with time. 

The same was [rue for rhc three RFP surveillancc samplers spaced across the 
pad field along the security fence, i.e., the concentration data between the 
thrte samplers did not corrclate in time (RF3914, e). That is, if one sampler 
had a h i g h  concentration the orhers showed no corrcsponding incrcasc, etc. 
The data examined were for a 9-year ptriod. 

- 
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L'au-A~*, i t  is desinblc know why thc Pu conccncadons in E at rhc souiie m a  varied so 
randomlJ8. Especially in view of the fact thar Lht concenmtion of anocher radioactive m e  

materid, Be-7, comlated \'cry well betwcxn dl the samplers versus uiie (RFj2287, p3 1) .  
Be-7 is of stratospheric oripn and consists of near aromic-six panicles, whch &come 
anached to many dust particles in the mposphcre. Ir is irnpomnt to note that Be-7 is 
determined ar the same dme as the Am-241 values by gamma specnoscopy. The Am-241 

e m m a  specnoscopy vaiues fiucmated uidely but correlated uith the Pu values deremined 
by alpha spectroscopy, confming the accuracy and precision of the PU arxlytical 
procedures (RF3650, p5-6). Tine next step was to examine data on Pu paricle size on the 
presumprion thar the Pu particles may be relarively large and thefore few in number. 

c 

Urfonunakly, data on the size of airborne Pu particles at the 903 Field are lacking. Alpha 
mck analysis of an 8" x 10" frlter proved to be quite tedious. Only a few tracks per square 
cenrimeter were present and most of these were singie nacks, indicarive of uranium. It was 
esrimated from L ~ C  mulnple tracks that the Pu panicles ranged 'hrn 0.08 to 0.3  TI 
(RF3115, p17), but h e  counting s~ t i s t ics  were poor ar a x 103 microscopic mzpificarion 

(ix., alpha cracks were seldom seen). Wind runnel resuspension of suface soil panicles rn 
the 903 Fieid (i.e., Pu sources m a )  revealed thar the most common size was 0.06 to 1 pm 
(U'A82, p23). Tnis work was much more defmirive because zany alpha tracks were 
present in a microscope counring field 

I 

Finally, Pu particle size data f?om the soil i:scli are of interest Whicker (wti79) reponed 
thar mas: pzrricles were 1 to 2 pm in size. Lmger (W3990, p43) repmed Pu panicles up 

to I O  pm in si=. An inrmsting scanning electon microscopy srudy (MEW, p?18-55) by 
EGGrG Idaho of Pu-contaminated soil from Rocky Rats led to rhe identification of soil 

panicles as Izrge 2s 30 pm that  COR*&^ Pu. Tnis confirm& h e  idea thar Pu is carried by 

host pmicIcs. This work also indiczred that these lvge  parricks m h g i l e  agglomerates. 

Froin the a h v c  dau it is concluded t!at the airi>ornc Pu particks sampld w e n  a few 
d i s c ~ r e ,  dat ively large pvricles in a huge volume of air. Th?s is very unlike sampling a 
condnum of a trace gas or atomic clusters of Be-7 attached to m a i y  dusr panicles. To 
illusrare this point, for a relatively high Pu concentration of 1.4 fCi/rn3 in rhe 903 Field, 
125 Pu particles 1 pm in s i x  wocid account for the acr;,\<ty found in 40,oOO cubic m e e n  
of air szmplcci during a typicd xu?; or, a single 5-p.m p a i c k  coda  account foi alI the 
activity. Such pmi sampiing srarisrics make i t  impossijlc t~ estabGsh shon term 
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c3ncenzanon mnds. Tnai is. ar bcst on: can s x i s u c d l y  compzy only yearly 0: longtr 
averages from cach 903 Field sampling sranon for meaningful mnds. For thc community 
sm-,lers, miles away from the 903 Field it is impossiblc to establish Pu m n d s  that relate 
to RFP acrivities. 

The &ra cited also showed that most of the Pu activity is on parricles >3 pm. To berm 
define thc Pu activity vs. panicle size, large dust samples (gmm-sizcd as found during 
dust srorms) were subjected to wet sieving of the >3-pm AED panicles into 44 and 74 urn 
sieve cuts. Freon was used for the suspension medium IO przvent de-agglomeration 
@W80a, p2 19). This sieving showed that the PU dismbution is roughly propomonal to 
dust pmicler mass (RF4036, p22). Mort accurarcly, the specific radioactivity of the Pu in 
the samples was three t h e s  higher for the >3 pr, fracrion than for the respirable fraction. 
But the speclfc radioactivity for the respirable fraction was small and not as accurately 
derermined. 

During normal wind conditions another test series gave the following results. The 
concentration of &e respirable Pu fraction, 0.02 fCVm3 of ,92-239, was nearly at the fa!Jour 
level of 0.018 fCi/m3 of Pu-239 for ;une 1980 to Junt  1981 (W3650, p6). Thc >3-pm 
AED p , i c l e  nciioactiviry upas 0.7 1 fCi/m3 of Pu-239. There is hrJc emission of <3-pm 

, G D  panicles from the 903 Field (PUF3W, p4). The > 3 - p  AED fzcnon taxied 97 
percenr of b e  radioacrivity for the above ixriod. 

As an aside., in the spring, large amourrts of pi,e pollen were blown from the foothills over 

t!e p.mt and wep, collected by the Ur samplers. Polien is designed by nature to float long 
Cis:snces due to small aiC sacs. Scvlning e l ~ m n  m i m s c o p  photos of the coarse panicle 
dxs: i rxnons  snowed the presence of polien (-990, p28) which causes a yellow/geen 
discoloxi5on of dust c o U w a i  in early surniner. No unusual increase in Pu activity was 
seen during these periods, is suggested by Nichols (N172). 

c 

I ne a b v e  studes were followed by w1 W sampl'ng p r o p u n  using a scdfold 10 m in 

height and located 100 m from the easem edge of h e  9-33 Field (RF39i4, p16). Tne 
objccdve was m follow thc caisporr of Pu from LIc 903 Field. The scdfoid h ~ d  hivol 
saiiplers at a height of 1 , 3  and 10 m to sample rhe a i -  that passcd over the 9G3 Field for FJ 
sziicles.  The thee hivoi samplers had E P A - ~ x z x h q i  si= selective inlets (SST) uith a 



cut of 15-pm AED panicle size, followcd by 3 to l5-pm AE3 a d  c3-w CUE. At 
h e  time the experimeix was stmad L!!C E.?A dcfined the rnhalablc panicit cut-pint ar 15 
pm AED. This was l a m  changcd to 10 pm. The SSI was evduawj  for wind sm (1-10 
mph)  response (intake sampling bias) by Wedding (WE82) and McFaland (MC84) in 
wind tunnels and by RFP reseaxhcrs during 50-100 mph winds in the field (RF3914, p3). 
Performance was satisfactory at low speeds, but at the high bind spetds some panicles 
were apparently blown through the circular SSI inlet and out the opposire side without 
being sampled. The pvricle flux data from this scaffold represent the sum of all 

xsuspension processes accivc in the 903 Field during each two month sarnpie period. The 
long sampie period is n e c c s s q  to accumulate sufficient Pu for analysis. These data 
provide basic infomaaon to estimate possible population exposure and translocation of the 
Pu particles from the source m a .  

Tnis reseuch prograii extended from November 1982 thru August 1985, collecting 
bimonthly samples. This two month collection period was necessary to collect sufficient 
Pu in each size fraction for detection. The dust concenciation data showed well defined 
tiends with sampling height (RF4036, p21). However, the Prspirable dust panicle 

slowly sedimented. Tne concentration for the i n h d d i e  and c o r n  dust paiicies, ranging 
from 10 and 25 p@m3 respectively, dropped off with height due to sedimentation. 

I concenmtion (8.0 pg/m3) did not change with heist as expected for panicles that are 

Trig Pu concentrations (RF4036, p2!) for the <3-pn or, whar are termed mpirable  
panicles, was 0.0088 fCi/m3 of h - 2 3 9  and for inhalabie (3-15 pm) panicles was 

0.025 fCiirnj of hi-239. Tnese concenmtions did not correlate with height, being only 3 
and 10 times greater than back_eround concenmrion mpective!y. One musi keep in mind 
thar tho, Pu mass for these sarnples r q m x n i s  about l/lOth part per billion of the to*& 

s m p l e  mass. Starisucdly h e  data have to be e m d c  at such extzmely low concencations. 
For a Pu concnnation of 0.010 fCi/m3, rypical of rht respirable Pu particle concentration 

ar the scafiold, it wodd require tht collection of just I-pm Pu panicic per month by a 
hivol operating at I .  1 rnj/min. 

- !ne concennaion of 0.067 fCi /m3 of Pu-239 in the coarse ( > 1 5 - ~ )  panicle fraction was 

h o s t  a ma_pniru& higher than that in the respinble fraction (4 pm). The coarse fraction 
exhibirs a sigrificmt dzxreax in radioactivity with height by a factor of 3 from a height of 1 
to :Om. 
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So comiauon u’as found wirh wind s p c d  or direction fur the PU Oi dust concenmnon. 
R : s  can be cxpecred for the poor arnc rcsoiution given by  TU^ month sample pcn& 
ric~cssar). to c o k c t  enough Pu for andysis (e.& for the <j-pm ps7Iicles). 

I t  was obviously of intrcsr to sec how thc Pu concentration changes beyond the 10 m 
scaffold. As a result, the ulmvol sampler was operated in June 1961 at the cattle fence 
(Figure 2) 0.5 km due e m  of rhc scaffold. The Pu concentration in the inhalable (<lO-pm) 

2nd coarse ( > i O - p )  rangcs dropped off by a factor of 20, approaching background Ievels 
(VNS1). Themfort, it did not sezm worth while to continue &us operation at such low 
levels. Evidently, most of the large Pu/soil pi?.iicles that cany the bulk of the Pu 
radioactivity had settled out befon reaching the cattle fence in the RFP buffer mne, far 
fTom any populated mas. This observation is dutc~!y supported by work of J. Hayden 
(HA75), who measured the size of indviduai Pu parrides found on the soil surface from 
rhe 903 Field to Indiana Street, located 1.5 miles to the east (Figure 2). Beyond the cattle 
fence he considered RJT suck effluent to be the primary source of Pu panicles because of 
the small size of these panicles. Tine 1957 fix may have produccd some small panicles rhat 

settled out beyond the plant boundary. The total re lea^ was estimated at 26,000 pCi 
(EI80, p3-53). 

It is of in tzxs t  to compve rhe above results to G. SehmeI’s July 1973 m! resuspecsion 
experiments at RFP (HASOc, ~ 2 4 1 ) .  Although Sehmel’s was a more elaborate Pu flux 
study than the study cited above, it only lasted fur one month. Sehmel used hrce sampling 
scaffo!ds, one at the fence near the W3 Pad, one at the s m c  Icxation as thc RFP 10 m 
sc2fold and one nex the cadc fence. 

It is difficult to dirctly compare Schmel’s data to this study, because this smdy covexd 34 
noxhs ro dtmmine sraristirally si_enificml; trends in the Pu conccnnation 2: three levels at 
one lwarion. Sehmcl’s study prom the Pu pzrticlc plume at thrc  loczfions with nearly 40 

s s ,p l e r s  szt for specific ulna s@ ranges as well as conrinuous operation. However, to 
reiterzre, Sehmel’s research work was only of a monm’s durazion. 

T h c ~  is also a pmblern corr;pL4;.ig thc pazicie i r a c ~ o n  dam To achieve well&fined 
pazicle-six fracSons, took considerable precautions to coat the collec~on surfaces 
with adhesive. Thc object was to stop paiicics from bouncing through t ! e  cyclone and 
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cascsck impactor stagcs onro the back-up fiircr (W-866, p14; RF3 115, p4). Thc SSI 
hivol ider was dso adhesive c o a t 4  long k f o n  this was an EPA rtquinmcnt. Sehmel did 

not use adhesive on his colhtion surfaces. Hc showed that 60 to 99 percent of the Pu was 

in the respinble range and supposedly of RFP origin (HA8Oc, p262). We found that 
respirable Pu was mostly of fallout o n g n  and it only npnsentcd 2 and 9 percent of the 
total Pu radioacdvity, based on measurements at the scaffold and 903 Field respectively. 
Therefore, the Pu size mnds are not comparable. 

The drop off in Pu concentration as distancc increased from the 903 Field security fence to 
the second scaffold varied among samplers by a factor of 10 to loo0 in Sehrnel’s tests 
(HAS&, p25 I ) .  Comparable simultaneous data from our study weir not available, due to 

access to only five hivol samplers. But taking data over the period 1980 tc 1985, as W P  
experimenrs moved eastward, the average Pu xadioacthity at 1 m changed from 1.9 to 
0.48, then to 0.13, and finally to 0.050 fCi/m3 measured respectively in the 903 Field, just 
east of the field, the scaffold, and the cattle fence. This nend represents a 40-fold reduction 
over a distance of 1.5 km. 

Sehmel did not repon a definitive relationship between wind s p e d  and Pu radioactivity 
cHA8Oc, p24-4). This is similar to RFP research experience in this area. 

As a final Est of whether any RF?? h particles reach the general population, rhe mass 
isotopic ratio of Pu-240/Pu-233 was determined for a series of airborne particulate samples 

(-4036, p22). RFP Pu production metal has a Pu-24OipU-239 mass ratio of 0.05 I ,  

while fallout has a R ~ O  of 0.163. Aihcine dust samples collected at the scaffold showed 
a ratio of 0.063 and ncarby soil had a ratio of 0.054. This srnzll diffexnce was signiiicmr, 
indicaring that the airborne dust carried mmc fallout Pu, as to be expe;ztcd i t  is now 
needed to obtain the isotopic mios for air samples taken in various pans of the Denver 
region to idcndfy thc Rr”p contribution, if any, from 903 Field rtsuspcnsion or pmducfion 
faciliry emissions. 

For the Iattcr program it is dso ncccssaxy to takc soil samples ai the air sampler sitcs, since 

most background Pu (fallout Pu) now originares hrn resuspcnsion of nearby soil prtdcles 
(FS4-036, p29). Srrarospheric influx of h is very low at present. Tnxcfore, the isotopic 

n n o  of the soil should bc known at the air sample sitcs -f anv, 



k a d v  in v u ,  in addison to the fallout Pu from past nuclcz weapons tests. Nearly 20 
years ago isotopic rarios were determined by Krey (KR76, p213) for a limited number of 
so2 samples in thc p a t e r  Denver region to identify Rf=p Pu. This would also bc a chance 
to determine if any changes occumd in thesc ratios. Krcy's data show that 1 to 2 percent 
of RFP Pu deposited in the environment due to releases from the 903 Pad, plant stacks, 
and the 1957 and 1969 frres, extends beyond Indiana Sneet. 

The resuspension factor (Rf) estimates the airborne conraminant concentration directly 

above a contaminated area and provides a means to estimate exposure or dose. Rf equals 
the airbomc Pu concentration measured directly above a given area divided by the soil 
surface Pu concenuation at that location. The necessary Pu data to calculate resuspension 
factors for the 903 Field arc available. The soil sun'ace Pu concentration is derived from 
the soil density and soil radioactivity per unit mass. 

Another resuspension parameter is the resuspension rate (Rr), which allows off-site dose 
calculations. R, is the fraction of the r o d  radioactivity in the soil Eleased per second. This 

providzs a source term for meteorological calculations to dcrermine downwind population 
exposure. Rf only provides dose or exposure for a person present OR the conraminared 
m a ,  which is somewhat academic for real life situations, because plant personnel only 
spend iimited time on or near the 903 Field. The KFP Pu flux data make it possible to 
estimate R,, but estimates of the Pu particle plume profile have to be made. 

Before proceeding to esti?& Rf LQd R, the limitations for applying these factors should 

be understood Resuspension factorslntts ignore the physical parameters affecting 

resuspension, such as wind speed, vegctative coverage, soil moistun, pncipitation and 
contuninanthost particle size. Also, a good howledgc of the Pu surface dismbution is 
assumed, 2s well as airborne concentration over the wholc area in question. A s  Sehmel 
("tA8Oc, p269) con-ectIy points out, realistic prediction of h c  relarionship between surface 
concenmtion and &born= concenrrarion is fraught with uneraindes. Such data are very 
site specific and depend on how the contaminant found its way into the soilhegetation md  
how long the contaminant has "weathered" into the soil. For example, xsuspension for the 
fiisr few weeks, afrer a mcer was sprayed onto cut _cass, was orders of magnitude h ighs  
(RE79, p27) tnvl the RFP data given below. The pnference is to use acrual Pu 
concentration data and then draw conclusions. - __ . . 
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Sehmcl (SE72) probably made thc k s t  csnmatcs o f  
for a special situation in 1969, when Pu nlcases wen  high with no vegctation on thc 903 
Field during thc nmcdiation pmjcct that involvd carth moving machinery. Samples were 
taken for rime periods as s h a  as six hours in thc S O ~ C  ma. Thc Rf valucs ranged from 
10-9 to 10-5 m-1. However, these factors arc no longer applicable, unless similar m a s  of 
fresh soil arc cxposed 

1, nsuspcnsion factors at RFP 

An Rfrangc of lki3 to 10-l0 rn-l was calculated by US, limircd to mas near thc 903 Field 
sampler (RF4036, e). Thc variability in soil Pu radioactivity (set Figures 3 and 4) and 
ground covcr raises serious quesnons about gencralidng from thcse values to thc c n k  903 
Field The same applies to the calculations for R,, which was csrimated at 2 x 1O-I2 sec-1 

for the entire 903 Field area. This calculation required an estimate of the average air flow 

over the field and thc resulting fetch for rcsuspended particles. Tnis parameter was used to 
estimate the total emission of Pu from the field to be -200 pCi per year. 

The question of Pu nanspon to populated areas is better answered by downwind Pu 
concennanon data provided earlier in this report. These long term measurements show that  

the Pu resuspended from the 903 Field does not conmbutc appreciably to off-site dose. 
Tbe 903 Field influence beyond about 2.5 km could no[ be discerned. To funher c0nfLi.n 
this observation, furup, studies arc suggested, involving additional air sampling dong 
Indiana Street whh improved air samplers thaK do a better job of efficienrly collecMg larger 

airborne panicles (RF3650, p20). The Pu sarnples should be andyted for the Pu-24OPu- 
239 rario as well as samplcs of nearby soil to identify their sources, such as fallout or PL~ 

generated at W. 
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Appendix D 

AIRDOS-PC Compliance Report 
Fugitive Source 



4 0  CFR P a r t  6 1  
Nat ional  Emission S t a n d a r d s  
for Hazardous A i r  P o l l u t a n t s  

CLEAN AIR ACT COMPLIANCE REPORT 
( V e r s i o n  3 . 0  November 1 9 8 9 )  

F a c i l i t y :  EG&G Rocky F l a t s  P l a n t  
A d d r e s s :  P.O. Box 4 6 4  

Annual A s s e s s m e n t  f o r  Year: 1 9 9 1  
Date S u b m i t t e d :  5 /28 /92  

Golden , CO. 8 0 4 0 2 - 0 4 6 4  

Comments: 9 0 3  Pad F u g i t i v e  E m i s s i o n  S o u r c e  

P r e p a r e d  By: 

Name : W .  E .  Osborne  
T i t l e :  Rad. E f f l u e n t s  Engr. 
Phone $:  (303) 9 6 6 - 8 6 0 9  

P r e p a r e d  f o r :  
U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

Office of R a d i a t i o n  Programs 
W a s h i n g t o n ,  D.C. 2 0 4 6 0  



CLEAN AIR ACT COMPLIANCE REPORT 

Radio- 
nuclide 

-------- 
PU-239 
A!!-241 
PU-241 

icility: EG&G Rocky Flats Plant 
Address: P.O. Box 464 City: Golden 
Comments: 903 Pad Fugitive Emission Source 

Year: 1991 
Dose Equivalent Rates to Nearby 

Class Amad 

----- ---- 
Y 1.0 
W 1.0 
Y 1.0 

Effective 
Dose Equivalent 

Wind Data 
Food Source 
Distance to 

Highest Organ 
Dose is to 

ENDOSTEUM 

RFONEW9 1. WND Temperature (C) 10 
LOCAL Rainfall (cm/y) 41 
3331 Lid Height (m) 1405 

Individuals (mrem/year) 
T 

0.0093 

0.1200 

State: CO 

I- 
,Total A&ea (m**2) 
1 

Area 
903Pad 
W / Y )  -------- 
2.1E-04 
4 .  IE-05 
1.OE-03 

- 7E+Q5 I 

*NOTE: The results of this computer model are dose estimates. 
They are only to be  used for the purpose of determining 
compliance and reporting per 40 CFR 61.93 and 4 0  CFR 61.94. 



5 / 2 8 / 9 2  7 : 5 6  Ah: 

ORGAN DDSE TO THE YAXIYALLY EXPOSED INDIVIDUAL 

ORGAN -------------- 
GONADS 

BREAST 

RED PARROW 

LUNGS 

THYROID 

ENDOSTEUM 

REYAINDER 

E F F E C T I V E  

1.5E-04 

9.56-03 

2 . 2 E - 0 2  

1 . 5 E - 0 4  

1 . 2 E - 0 1  

5.2E-03 

9.3E-03 

E G & G  Rocky Flats Plant 



INGESTION 

INHALATION 

AIR IMMERSION 

GROUND SURFACE 

TOTAL: 

1 ,  5 / 2 8 / 9 2  7 : 5 6  W, 

DOSE TO THE rm;IrALLy EXPOSED INDIVIDUAL 
BY PATHWAY FOR ALL RADIONUCLIDES 

8 6E-04 

8.4E-03 

4.1E-11 

1.8E-06 .- 

9.3E-03 

D O S E  EQUIVALENT T O  THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
(mrem/y 1 --------------- 
1.5E-02 

1.OE-01 

5.7E-ll 

2.2E-06 

1.2E-01 

E G & G  Rocky F l a t s  P l a n t  



PU-239 

AM-241 

PU-241 

TOTAL : 

5 / 2 8 / 9 2  7 : 5 6  LY 

DOSE TO THE YSIXIYSILLY EXPOSED INDIVIDUAL 
BY RADIONUCLIDE FOR ALL PATHWAYS 

6 .7E-03  

2.1E-03 

5.1E-04 

9.3E-03 

DOSE EQUIVALENT TO THE ORGAN 
WITH THE HIGHEST DOSE 

ENDOSTEUM 
(mrem/y 1 -------------- 

7.4E-02 

3.6E-02  

8.OE-03 

1 . 2 E - 0 1  

EG&G Rocky Flats Plant 



j : L  , 5 / 2 8 / 9 2  7 : 5 6  P-Y 

EFFECTIVE DOSE EQUIVALENT AS A FUNCTION 
OF DISTANCE IN THE DIRECTIONS O F  THE 

MAXIPIALLY EXPOSED INDIVIDUAL FOR 
ALL RADIONUCLIDES AND ALL PATHWAYS 

DIRECTION : EAST-SOUTHEAST 

DISTANCE 
( m e t e r s )  

3331 
10000 
80000 

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

EFFECTIVE DOSE 
EQUIVALENT 

(mrem/y 1 -------------- 
9.3E-03 
1.8E-03 
9.1E-05 

E G & G  Rocky Flats Plant 



4 I 1  , 5/28/92 7 : 5 6  A!! 

E F F E C T I V E  DOSE EQUIVALENT A S  A FUNCTION 
O F  A L L  DISTANCES A.” ALL DIRECTIONS FOR ALL 

MDIONUCLIDES AND ALL  PATHWAYS 

DIRECTIONS : N N E  ------- ENE ------- SSE ------- 
DISTANCE 
(METERS) : 

3331 4.6E-03 

9.OE-04 

4.8E-05 

5.1E-03 

1.OE-03 

5.3E-05 

6 .) 6E-03 

1.3E-03 

7.OE-05 

7.6E-03 

1.5E-03 

8.3E-05 

7.8E-03 

1.5E-03 

7.9E-05 

9.3E-03 

1.8E-03 

9.1E-05 

7.2E-03 

1.4E-03 

7.5E-05 

6.5E-03 

1.3E-03 

6.9E-05 

10000 

80000 

NNW ------- 
DISTANCE 

(METERS ) : 
3331 5.5E-03 4.5E-03 

8.3E-04 

3.7E-05 

2.3E-03 

4.3E-04 

2.OE-05 

2.4E-03 

4.5E-04 

2.1E-05 

2.5E-03 

4.6E-04 

2.2E-05 

3.1E-03 

5.8E-04 

2 . 7 E - 0 5  

4.6E-03 

8.9E-04 

4.4E-05 

3.OE-03 

5.5E-04 

2.7E-05 

10000 1.1E-03 

‘j 80000 5.4E-05 

EG&G Rocky Flats P l a n t  



: 3 FREQUENCY 
XJK'ARD 

A 

N 
N N W  
NW 
WNW 
W 

w s w  
SW 

ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 
"E 

0.050 
0.056 
0.045 
0.041 
0.036 
0.033 
0.042 
0.060 
0.070 
0.073 
0.084 
0.129 
0.091 
0.079 
0.063 
0.048 

1.82 
2.31 
2.00 
1.77 
2.05 
1.83 
2.08 
1.84 
1.49 
1.23 
1.49 
1.28 
0.77 
2.57 
1.67 
2.57 

WIND SPEEDS FOR EACH STABILITY C L l i S S  
(KETERS/SEC) 

B C D E F 

1.67 
2.37 
2.43 
2.52 
2.34 
2.66 
2.40 
2.39 
2.17 
2.20 
2.57 
2.57 
0.00 
1.39 

0 . 0 0  
1.86 

2.57 4.26 
2.57 4.36 
2.76 3.91 
2.92 3.30 
2.57 3.28 
2.54 3.12 
2.62 3.52 
2.73 4.23 
2.79 4.76 
2.25 4.45 
3.13 6.08 
3.61 7.56 
2.57 7.36 
0.00 5.87 

1.39 4.46 
2.84 4.48 

3.50 
3.30 
2.98 
2.79 
2.81 
2.75 
3.01 
3.16 
3.31 
3.58 
3.43 
3.27 
3.30 
3.51 
3.60 
3.50 

2.54 
2.41 
2.35 
1.96 
2.01 
0 . 0 0  
2.52 

2.35 
2.40 
2.51 
2.52 
2.54 
2.51 
2.52 
2.51 

1.78 

G 

0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  



3 
?OWARD 

N 
NNW 
NW 

WNW 
W 

w s w  
s w  

ssw 
S 

SSE 
SE 

E S E  
E 

ENE 
NE 

NNE 

FREQUENCY 

0.050 
0.056 
0.045 
0.041 
0.036 
0.033 
0.042 
0.060 
0.070 
0.073 
0.084 
0.129 
0.091 
0.079 
0.063 
0.048 

A 

1.30 
1.92 
1.48 
1.26 
1.54 
1.32 
1.57 
1.32 
1.07 
0.94 
1.07 
0.96 
0.77 
2.57 
1.19 
2.57 

WIND SPEEDS FOR EACH STABILITY CLASS 
(METERS/SEC) 

B C D E F 

1.19 
2.03 
2.17 
2.42 
1.98 
2.62 
2.10 
2.09 
1.70 
1.74 
2.57 
2.57 
0.00 
1.01 
1.34 
0.00 

2.11 
2.12 
2.52 
2.72 
2.28 
2.04 
2.39 
2.35 
2.42 
1.61 
1.51 
2.22 
1.73 
0.00 
2.74 
1.01 

2.89 
3.15 
3.07 
2.62 
2.47 
2.19 
2.52 
2.94 
3.43 
3.22 
3.84 
5.23 
4.66 
3.44 
2.57 
2.63 

2.91 
2.58 
2.46 
2.17 
2.27 
2.23 
2.34 
2.36 
2.62 
3.03 
2.90 
2.59 
2.70 
2.87 
3.08 
2.86 

2.48 
2.12 
2.00 
1.43 
1.49 
0.00 
2.42 
1.27 
2.00 
2.10 
2.37 
2.40 
2.48 
2.38 
2.40 
2.37 

G 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  



"OR FrUiCTION OF TIME I N  EACH STABILITY CLASS 

A B C D E F G 

N 
1JNW 

1J-W 
WNW 

W 
WS w 
SW 

ssw 
S 

SSE 
SE 

ESE 
E 

EXE. 
NE 

NNE 

0.0276 
0.0147 
0.0562 
0.1328 
0.1697 
0.1557 
0.1102 
0.0522 
0.0165 
0.0065 
0.0069 
0.0063 
0.0051 
0.0015 
0.0038 
0.0025 

0.0048 
0.0188 
0.0637 
0.1076 
0.1272 
0.0745 
0.0854 
0.0388 
0.0148 
0.0080 
0.0014 
0.0009 
0.0000 
0.0044 
0.0092 
0.0000 

0.0209 
0.0373 
0.1480 
0.2348 
0.1922 
0.1874 
0.1599 
0.1123 
0.0609 
0.0176 
0.0070 
0.0054 
0.0052 
0.0000 
0.0130 
0.0073 

0.4019 
0.5542 
0.5300 
0.3776 
0.3076 
0.4051 
0.4233 
0.5811 
0.5322 

0.4822 
0.6362 
0.5100 
0.3389 
0.2686 
0.3194 

0.3983 

0.4723 
0.3475 
0.1789 
0.1386 
0.1700 
0.1774 
0.2127 
0.2018 
0.3606 
0.5095 
0.4326 
0.2818 
0.3736 
0.5717 
0.5655 
0.5448 

0.0725 
0.0274 
0.0233 
0.0035 
0.0332 
0.0000 
0.0086 
0.0137 
0.0151 
0.0601 
0.0699 
0.0693 
0.1062 
0.0834 
0.1400 
0.1260 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  



“ T A G E  VERTICAL TEMPERATURE GRFiDIENT OF THE AIR (DEG K/HETER) 
LN S T A B I L I T Y  C U S S  E 
IN S T A B I L I T Y  CLASS F 
I N  S T A B I L I T Y  CLASS G 

’LUNE DEPLETION AND DEPOSITION PARAMETERS 

7WCLIDE GRAVITATIONAL D E P O S I T I O N  VELOCITY 
FALL VELOCITY 
(METERS/SEC) (METERS/SEC) 

V-239 
N - 2 4 1  
’U-241 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

0.00180 
0 .  00180 
0.00180 

0 . 0 7 2 8  
0.1090 
0.1455 

SCAVENGING E F F E C T I V E  DECAY 
C O E F F I C I E N T  CONSTANT I N  PLUME 

(PER DAY) ( 1 / S E C )  

0 . 4  10E-05 
0 . 4  1 0 E - 0 5  
0 . 4  10E-05 

O.OOOE+OO 
0.000E-i-00 
0 .  OOOE-tOO 


