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1.0 XNTRODUCTION 

Plutonium fueled radioisotopic heat sources find application in a spectrum of 
space, terrestrial, and undersea appl-ications to generate electrical power by 
thermoelectric or dynamic-cycle conversion. The principal radioisotope used 
for this purpose is plutonium (Pu)-238 in the form of plutonium dioxide. Such 
systems under postulated accident conditions could rele4ase radioactivity into 
the environment resulting in risks to the general popu1,ation in the form of 
radiological doses and associated health effects. 

Radioactivity could be released at high and low altitudes, on the land surface, 

or underwater. The released radioact:ivity could then be dispersed into various 
environmental media [air, soil, water) and interact witlh people through various 
exposure pathways leading to inhalation, ingestion, and external radiological 
doses and associated health effects. Possible scenarios for the release of 
activity, its dispersion in the environment, and subsequent population exposure 

(1) addressed in this report are shown in the flow diagram presented in Figure 1. 

The evaluation of the radiological impact of postulated scenarios involving 
releases of activity into the environment includes the following steps: 

1. 

2. 

3.  

4. 

Identification of postulated accident release modes, including the 
probability of release and the release location. 

Source term definition, including the activity of each radionuclide 
released and the corresponding chemical form ,and particle size dis- 
t r ibu t ion. 

Analysis of the environmental behavior of the released radioactivity 
to determine the concentrations in environmental media (air, soil, 
and water) as a function of time. 

Analysis of the interaction between the environmental concentrations 
and man, leading to ingestion, inhalation, and external doses through 
each environmental exposure pathway. 
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5. The evaluation of the radiological impact on man in terms of the 

population doses received and the resulting health effects. 

Radiological assessment models have been developed to perform the above analyses 

over both short time periods (up to one year) and long time periods (thousands 

of years) following postulated releases of plutonium. (1'2'3) 

have been documented in the Overall Safety Manual for use in safety risk assess- 
(2) ments of space missions utilizing plutonium-fueled electric power systems. 

However, the results calculated by such models depend on representative input 

values of a spectrum of environmental. transfer parameters that characterize 

the behavior of plutonium in the environment. 

These models 

The selection of appropriate environmental transfer parameters to be used in a 
given analysis will depend on the accident scenarios to be modeled and the 

terrestrial and aquatic environmental. conditions to be (encountered. The objec- 

tive of this report is to summarize available plutonium environmental data to 

assist in this parameter value selection process. In order to provide a basis 
for the data presented, the availability of plutonium emvironmental data and 
the status of supporting research prcqgrams are summarized in Chapter 2. Appen- 

dix A summarizes plutonium environmental data by transport mechanism and/or 

environment with supporting references. Appendix B pre,sents a bibliography on 

plutonium in the environment that can be used to gather more detailed informa- 

tion on a given parameter. 

This work has been performed for the U.S. Department of Energy under Contract 

No. DE-AC01-80ET-32029, Task Assignment 82-8. This report is an update of an 

earlier NUS report that presented only a bibliography without any data summary. ( 4 )  
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2.0 AVAILABILITY OF PLUTONIUM ENVIRONMEI!JTAL DATA 

Much research has been conducted over the past ten years on the behavior of 
plutonium in the environment. 
and safety studies designed 1) to evaluate the effects of fallout following 
nuclear weapons testing in the atmosphere, 2) in support the Liquid Metal Fast 
Breeder Reactor (LMFBR) program, 3)  in support of plutonium production and 
handling facilities, and 4 )  in support of plutonium-fue:Led nuclear systems 

used in space, terrestrial, and underseas applications. 

This research has been prompted by environmental 

Principal organizations involved in research on plutonium in the environment 
include the following: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Argonne National Laboratory (ANL) 

Pacific Nothwest Laboratory (PNL) 
Lawrence Livermore National Laboratory (LLL) 
Los Alamos National Laboratory (LANL) 
Oak Ridge National Laboratory (ORNL) 
Savannah River Ecology Laboratory (SREL) 
U . S .  DOE, Environmental Measurement Laboratory (EML) 
U.S. DOE, Nevada Applied Ecology Group (NAEG) 
U.S. DOE, Office of Special Nuclear Projects [OSNP) 
U . S .  DOE, Office of Health and Environmental Research (OHER) 
U . S .  Environmental Protection Agency (EPA) 
Universities. 

A primary focus point of plutonium environmental research is the Ecological 
Sciences Division of the DOE Office of Health and Environmental Research (OHER) 
and its coordinated research efforts in support of the I;MFBR program. These 
research areas, summarized in Figure 2, cover not only plutonium but all the 
transuranics. Principal OHER sponsored research is conducted by PNL, ANL, 

SREL, ORNL, and LANL. OHER has sponsored annual workshops over the past several 
years that deal with transuranics in the environment with special emphasis on 
plutonium. (5-9) 

collected to date, OHER sponsored the compilation and sirnary of this work, 
resulting in the publication of Transuranic Elements inthe Environment. 

Due to the tremendous amount of plutonium, environmental data 

(10) 
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The document is an important source of data for use in estimating environmental 

transfer parameters. 

Research related to plutonium in the environment resulting from nuclear weapons 

testing is being conducted by EML, NAEG, and ANL. 

Environmental research related to plutonium fueled space nuclear systems, 

sponsored by the DOE Office of Special Nuclear Projects, is being conducted by 
LANL and the Naval Ocean Systems Cent:er. This research work is designed to 

evaluate the interaction of Pu-238 oxide fuel with terrestrial and aquatic 

environemnts. 

A summary of the research programs being conducted by the organizations iden- 

tified related to the behavior of plutonium in the environment is presented in 

a separate report prepared by NUS as part of this task. (11) 

In reviewing the literature and the current research programs being carried 

out by the above organizations on plutonium environmental behavior, it is evi- 

dent that a tremendous amount of data. is available for use in safety risk assess- 
ments of plutonium fueled space nuclear systems. 

and summarized in Appendix A according to the following categories: 

These data have been reviewed 

o General Behavior 
0 Source Terms 

o Terrestrial Ecosystems 

- General 

- Soils 

- Plant Uptake 

- Animal Uptake 

- Leaching and Runoff 

- Deposition and Resuspension 

o Aquatic Ecosys tems 

- General 

- Fresh Water 

- Marine 



o Atmospheric Dispersion 

o Dose Assessment and Modeling. 

The data are keyed to the appropriate models and exposure pathways described 

in the Overall Safety Manual. ( 2 )  

presented in a comprehensive bibliography in Appendix B, with the references 
grouped in the same categories identified above as the (data. 

References supporting the cited data are 
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Summary of Plutonium Environmental Data 
Page 1 of 4 

Data Category Parameter Applicability Value Data Reference 

Terrestrial Ecosystems Airborne Source Terms 
(Release rate per 
gram of fuel) 

LeachingIRunoff Source 
(Release rate per 
gram of fuel) 

Inventory Ratioa 

Concentration Ratiob 
(Field grown plants) 

6 nun particles on surface 
Humid Conditions 

Pre-rain 
Rain 
Pos t-rain 

Arid Conditions 

6 mm particles on surface 
Humid Conditions 

Pre-rain 
Rain 
Post-rain 

6 uno particles on surface 
Humid Condi t ions 
Arid Conditions 

6 mm particles on surface 
Humid Conditions 
Arid Conditions 

Soils 
Vegetation 
Litter 
Animals 

Crops and Vegetables ( O m )  
Fruit 
Foliage 
Underground Crops 

Crops and Vegetables (SRP) 
Wheat 

Grain 
Fo 1 iage 

Soybean 
Grain 
Foliage 

B.2(23) 
Analysis of LANL 

2x10-8 nCi/s data by NUS 
0.9 ncilper rain 11 

5x 1 0-9 n C i / s I t  

2.10-7 nCi/s I I  

4x nC i/ s 
0 
3x 10-9 nC i/ s 

4.4~ 10’5 nCi/ s 
2.5~10-6 nC i/ s 

0.998 to 0.986 
2x10-2 to 3x10-7 
3 ~ 1 0 - ~  to 2 ~ 1 0 ~  
7x10-3 to 6 ~ 1 0 - 1 ~  

.n-5 . .a& 
1u LO 1v . 
10-4 to 10-3 
10-4 to 10-2 

10-3 
10-2 to 10-1 

10-4 
10-2 

11 

II 

II 

I I  

I1 

11 

I1 

11 

B.1(25) 
I1 

11 

I1 

B.4.3(2) I t  

I I  

I1 

11 

I I  

I I  

11 

a. 
b. 

The proportion of the total plutonium in the ecosystem to that found in each major compartment 
Ratio of concentration in plant to concentration in soil 



Sumnary of Plutonium Environmental Data 
Page 2 of 4 

Parameter Applicability Value Data Reference Data Category 

Terrestrial Ecosystems 
(Continued) 

? 
N 

Concentration Ratio 
(Total Ecosystem) 

Concentration Ratio 
(Animals 1 

Weathering Rate 

Corn 
Grain 
Leaves 

Crops and Vegetables (Cape Cod) 
Corn and Cobs 
Pot at oes 
Peas (shelled) 

Native Vegetation (SRP) 

Native Vegetation (Enewetak) 
Coconut 

NplCiVC Vegetstiol.. !P.ccky F l a t r )  

Native Vegetation (NTS) 

Native Vegetation (ORNL) 

ORNL Floodplain Ecosystm 
Tree Wood 
Tree Root 
Tree Leaf 
Litter 
Soil Fauna 
Ground Vegetation 
Consumer 

Los Alamos Mortandad Canyon 
Tree Wood 
Tree Leaf 
Litter 
Grass 
Forb 
Consumer 

General 
Floodplain Ecosystem (ORNL) 
Canyon Ecosystem (LANL) 
Small Mammals (Rocky Flats) 

General 

10-4 
10-2 

10-2 
10-2 
10-3 

10-2 to 100 

10-4 to 10-1 
10-3 

*"  in-4 tc 10-3 

10-2 to 100 

10-3 

5x10-5 
6x 1 0-2 
5x10-5 
1x10-1 
2x10-2 
aX10-4 

iX10-3 
iX10-3 

1x100 
8x10-2 

10-1 to 10-4 

6 ~ 1 0 ' ~ ~  

6x10-1 

5x 10-3 

6 ~ 1 0 ~  
5x10-3 
7 . 8 ~  10-3 

10% per year 

B.4.3(2) 
I I  

11 

11 

11 

11 

11 

11 

11 

11 

i1 

B.4(6) 
11 

11 
11 

11 

11 

11 
,I 

11 

11 

I I  

11 

11 

11 

B.1(25) 
B.4(6) 

B.4.1(25) 

11 



Summary of Plutonium Environmental Data 
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Data Category Parameter Applicability Value Data Reference 

Terrestrial Ecosystems Watershed Erosion Rate Savannah River 
(Continued) Miami River 

Hudson River 

? Aquatic Ecosystems w 

Soil Leaching Rate 

Resuspension Factor 

Dissolution Rate 

Kda 

General 

Nevada Test Site 
(Generally applied) 
Sandy Grass 
Sandy Debris 
Rocky Flats, Co 
Palmares, Spain 
New York City 
Hanford 
United Kingdom 

Grog Fuel 
lOOC Fresh Water 
35OC Fresh Water 
lOOC Sea Water 
35OC Sea Water 

loo Fresh Water 
10" Sea Water 

PPO Fuel 

General 
Pu all Oxidized 
Pu all Reduced 
pH Decreases 
Amount of Organic Carbon 

Increases 
Amount of Sulfates Increases 
Amount of Carbonates Increases 
Enewetak (marine) 
Enewetak (groundwater) 
Bikini (marine) 
Windscale 

0.005% per year B. l(25) 
0.05% per year 
0.05% per year 

0.1 cm/yr through B.7(12) 
top 1 cm of soil 

0.5 cmlyr below 
top 1 cm of soil 

i1 

i1 

10-4~-0-15 t+10-9,~-1 B .4 .6( 9) 

~ ~ 1 0 - 9  to 10-5 
10-9 k0 10-5 

~ ~ 1 0 - 9  

10-8 to 5x10-5 B.4.6(28) 

2x10-7 to 8x10-6 
5x10-9 to 2x10'6 

to 6x10'7 

1440 nCiIm2-s 
340 nCi/m2-s 
60 nCi/m2-e 
17 nCiIrn2-s 

90 nCi/m2;s 
i . 2  nCiim~-e 

105 
103 
106 
Kd Decreases 
Kd Decreases 

Kd Decreases 
Kd Decreases 

2.5~105 

5x104 

1 .aX105 

2 . ~ ~ 1 0 5  

B .2(23) 
11 

11 

11 

I t  

B.1(25) 
11 

11 

11 

I t  

B.1(25) 

B .5.3(36) 
11 

11 

11 

11 

~~ 

a. Ratio of concentration in sediment to concentration in water 



Surmuary of Plutonium Environmental Data 
Page 4 of 4 

Data Category Parameter Applicability Value Data Reference 

Aquatic Ecosystems 
(Continued) 

Humbolt Bay, CA 
Mediterranean 

13~104 
5x104 

Seafood Density Florida Coast 8.6~10-9 gIcm3-yr B.7(45) 

Concentration Ratio 

Particle Sink Rates 

y High Altitude Vapor Release Residence Half-Times 
0. 

Plankton 5000 
Benthic Algae and Macrophytes 5000 
Benthic Invertebrates 1000 
Fish 

Bottom Feeders 250 
Plankton Feeders 25 
Piscivorous 5 

Pacific Ocean 50-400 mfyr 

North herican 
Fresh Water Lakes 

Mesosphere 
( 45 km) 

Stratosphere 
(10-45 km) 

Troposphere 
(0-10 km) 

io-io0 miyz 

5 years 

0.75-2 years 

5-15 days 

B.5.1(4) 
I1 

II 

11 

11 

II 

B.1(24) 

B.! !24? 

B.7(10) 

II 

I f  



B.l GENERAL REFERENCES AND BIBLIOGRAPHIES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Cleveland, J . M . ,  The Chemistry of  Plutonium, Gordon and Breach, New Y o r k  
(1970). 

Coleman,  G.H., The Radiochemistry of Plutonium, NAS-NA 3058 (1965). 

Comar, C.L. ( E d i t o r ) ,  Plutonium: Fac t s  and In fe rences ,  Electric Power 
Research I n s t i t u t e ,  EPRI-EA-43-S;R (1976) . 
Durbin, P.W., Uranium and Plu tmium - Transplu tcn ic  Elements,  Springer-  
Verlag,  New Y o r k  (1973). 

Ensminger, J.T., F.M. Mart in ,  and C.S. Fore,  Environmental Aspects of  t h e  
Transuranics:  A Se lec t ed ,  Annotated Bibl iograpQ, Oak Ridge Nat iona l  
Laboratory,  ORNL/EIS-91/V8 (March 1977) .  

Gol 'danski i ,  V . I . ,  and S.M. Polikanov, The Transuranic  E lemen t s ,  C o n s u l t -  
ants Bureau ,  New York  (1973). 

Hanson, W.C. ( E d i t o r ) ,  Transuranic  Elements i n  t h e  Environment, U.S. 
Department o f  Energy, DOE/TIC-2:!800 (1980). 

Hardy, E.P. , and P. W. Krey, Proceedings of t h e  Environmental Plutonium 
Symposium, Los  A l a m o s  S c i e n t i f  G: Laboratory,  LA-4756 (1971) . 

9. In t e rna t iona l  A t o m i c  Energy Agency, Transuranium Nucl ides  i n  t he  Environ- 
ment, Proceedings of  a Symposium November 17-21, 1975, San Franc isco  
(1976). 

10 .  Keller, C., The Chemistry of - t he  Transuranium Elements,  Verlag Chemie 
(1971). 

11. Mercer, T.T., Aerosol Technology i n  Hazard Evalua t ion ,  Academic P r e s s ,  
N e w  Y o r k  (1973). 

12. Mullen, A.A., and R. E. Mosley, A v a i l a b i l i t y ,  U p t a k e ,  and Trans loca t ion  
of  Plutonium Within Biological Systems: A Review of t h  S i g n i f i c a n t  L i t -  
e r a t u r e  , Environmental Monitoring and Support  Laboratory,  U. S. Environ- 
mental  P r o t e c t i o n  Agency, PB-252 179 (Apri l  1976) .  

13. Pfuderer ,  H.A., "The Nevada Applied Ecology Information Center," Se lec t ed  
Plutonium Research Reports of t h e  NAEG, Nevada Applied Ecology Group, 
U.S. Department of Energy, NVO-192 (June 1978) .  

14.  Seaborg, G.T., J.J. Ka tz ,  and W.M. Manning ( E d i t o r s ) ,  The Transuranium 
Elements, M c G r a w - H i l l  Book Company, New York  (19491). 

15. Seaborg, G.T., and J.J. Katz ( E d i t o r s ) ,  The Ac t in ide  Elements ,  McGraw- 
H i l l  Book Company, New York  (1954). 

B- 1 



~ . 1  GENERAL REFERENCES AND BIBLIOGRAPHIES (Continued) 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Seaborg, G.T. , International Conference on Plutonium and Other Actinides, 
Sante Fe, New Mexico (1973). 

Taube, M. , Plutonium, MacMillan Company, New York (1964). 
Stover, B. J., and J.W. Press (:Editors), Radiobio:Logy of Plutonium, Uni- 
versity of Utah (1972). 

Thompson, R.C., Biology of the Transuranium Elements: An Index Bibli- 
ography, Battelle Pacific Northwest Laboratory, BNWL-2056 (July 1976) . 
U.S. Atomic Energy Commission, Proceedings of 'Environmental Plutonium 
Symposium, USAEC LA-4756 (1971). 

U. S. Energy Research and Development Administration, Division of Biomedi- 
cal and Environmental ResearchI Workshop on Environmental Research for 
Transuranic Elements, Proceedings of the Workshop, November 12-14, 1975, 
ERDA- 76/ 13 4. 

U.S. Department of Energy, Office of Health and Environmental Research, 
Workshop on Environmental Research for Actinide Elements, Proceedings of 
the Workshop, October 10-12, 1978, CONF-7810208. 

Wallace, A. ,  E.M. Romney, and J,,E. Kinnear, Soil, Plant, Food Chain Rela- 
tionships of the Transuranium E:lements: An Annotated Bibliography, Uni- 
versity of California, UCLA 812-1134. 

Watters, R.L., Workshop on Environmental Chemistry of Plutonium, Proceed- 
ings of the Workshop, April 1-2, 1980, U.S. Department of Energy, Office 
of Health and Environmental Research (May 12, 1980:l. 

Watters, R.L. , et al., "Synthesis of the Research Literature," Trans- 
uranic Elements in the Environie, U.S. Department of Energy, DOE/TIC- 
22800 (1980). 

White, M.G., and P.B. Dunaway, Nevada Applied Ecoloqy Group Procedures 
Handbook for Environmental Transuranics, U.S. Energy Research and Rede- 
velopment Administration, NVO-166 (October 1976). 

8- 2 



B.2 SOURCE TERMS 

1. Battelle P a c i f i c  Northwest Laboratory,  Space Nuclear System Source Term 
Evalua t ion  Program, BNWL-1971 (January 1976).  

2. Cra ig ,  D.K., W.C. Cannon, R.E. F i l i p y ,  D.D. Mahluin, and V.H. Smith, Space 
Nuclear System Source Term Evaluat ion Program, Annual Report, B a t t e l l e  
P a c i f i c  Northwest Labora tor ies ,  BNWL-1856 (August 1974).  

3. Cra ig ,  D.K., W.C. Cannon, R.E. F i l i p y ,  D.D. Mahluin, and V.H. Smith, Space 
Nuclear System Source Term Evaluat ion Program, Annual Report, Bat te l le  
P a c i f i c  Northwest Labora to r i e s ,  BNWL-1856 (August 1976) .  

4. Dobry, T.J., "Transuranic  Elements i n  Space Nuclear Power Systems", 
Transuranic  Elements i n  t h e  Environment, U.S. Department of  Energy, DOE/ 
TIC-22800 (1980). 

5. Facer ,  G., "Quan t i t i e s  of Transuranic  Elements i n  the  Environment from 
Operat ions Re la t ing  to Nuclear Weapons ," Transuranic  Elements i n  t h e  
Environment, U.S. Department of Energy, DOE/TIC-22800 (1980). 

6. Haas, F.X., and A. R. C a m p b e l l ,  Tables  f o r  t h e  Ingrowth of Daughter Pro- 
duc t s  from t h e  Decay of Plutonium Isotopes Used i n  Heat Sources,  
MLM-1919, T IP4500  (June 1 2 ,  19'72). 

7. Hardy, E.P., P.W. Krey, and H.L. Volchok, "Globel Inventory and Dis t r ibu-  
t i o n  of  Pu-238 From SNAP-9A," HASL-250 (1972). 

8. Hardy, E.P., P.W. Krey, and H.L. Volchok, "Global Inventory and Dis t r ibu-  
t i o n  of  F a l l o u t  Plutonium," -- Nature, V o l .  241, p. 444 (1973). 

9. Harley,  J .H . ,  "Worldwide Plutonium F a l l o u t  From Weapon T e s t s , "  Proceed- 
ings  o f  Environmental Plutonium Symposium, L o s  Altamos S c i e n t i f i c  Labora- 
t o r y ,  LA-4756 (1971). 

10 .  Koide, M.,  J.J. G r i f f i n ,  and E.D. Goldberg, "Records of Plutonium F a l l o u t  
i n  Marine and T e r r e s t r i a l  Samples," Jou rna l  of Geophysical Research, V o l .  
80, p. 4153 (1975). 

11. Kreiter, M.R., J .E.  Mendel, and R.W. McKee, "Traiisuranic Wastes from t h e  
Commercial Light-Water-Reactor Cycle," Transuranic  Elements i n  t h e  Envi- 
ronment, U.S. Department of  Energy, DOE/TIC-22800 (1980). 

12. L a i ,  M.S. and H.A. Goya, Rad ioac t iv i ty  Release From Radionuclide Power 
Sources 111. Release from Plutonium Metal to Seawater,  Naval Radiologi- 
cal Defense Laboratory,  USNRDL-TR-483 (November 19170). 

13. Kawahara, F., F i r s t  Year T e s t  Operat ions on SNAP 21 Systems Located i n  a 
Marine Environment, Naval Undersea Research and Ilevelopment Center ,  NUC- 
TN-483 (November 1970).  

H- 3 



B.2 SOURCE TERMS (Continued) 

14. Kubose, D.A., H.A. Goya, M.D. Lai, and H.I. Cordova, Radioactivity 
Release from Radionuclide Power Sources: V. Release from Plutonium 
Dioxide to Seawater at High Temperatures and Pressures, Naval 
Radiological Defense Laboratory,. USNRDL-TR-67-32 (March 1967). 

15. Kubose, D.A., H.A. Goya, M.D. Lai, and H.I. Cordova, Radioactivity 
Release from Radionuclide Power Sources: IV. Release From Plutonium 
Dioxide to Seawater in the Presence of Ocean-Bottom Material, Naval 
Radiological Defense Laboratory, USNRDL-TR-67-71 (May 1967). 

16. Kubose, D.A., H.A. Goya, M.D. Lai, and B.I. Cordova, SNAP-19 
Radioisotopic Power Generator -- Seawater Corrosion of Generator Housing 
and Fuel Capsule: Seawater Entry Into Fuel Caps*, Naval Radiological 
Defense Laboratory, USNRDL-TR-69-52 (June 6, 1969). 

17. Matlack, G.M. G.M. Nelson, J.H. Patterson, and G,,R. Waterbury, Plutonium 
Release PMC Heat Sources in Aquatic Environments, Los Alamos Scientific 
Laboratory, LA-6423 (October 1976). 

18. Matlack, G.M., J.H. Patterson, and N.D. Stalnaker, Environmental and 
Radiological Safety Studies, Interaction of Pu02, Heat Sources with 
Terrestrial and Aquatic Environments, April l-June 30, 1982, Los Alamos 
National Laboratory, LA-9523-PR (September 1982). 

19. Matlack, G.M., J.H. Patterson, and N.D. Stalnaker, Environmental and 
Radiological Safety Studies, Interaction of Pu02 Heat Sources with 
Terrestrial and Aquatic Environments, July l-September 30, 1982, Los 
Alamos National Laboratory, LA-9607-PR (December 1'982). 

20. Los Alamos Scientific Laboratory, Pu-238 Fuel Development Program, Space 
Nuclear Safety Proqram and the Radioisotopic Terrestrial Safety Program, 
Monthly Progress Reports (through July 1977). 

21. Land, C.C., G.M. Matlack, and D. Pavone, High Pressure Seawater Corrosion 
Test of a Multihundred-Watt Fuel Sphere Assembly, MHF-259, Los Alamos 
Scientific Laboratory, LA-7786 (1979). 

22. Los Alamos Scientific Laboratory, General Purpose Heat Source Project, 
Space Nuclear Safety Program, and Radioisotope Terrestrial Safety 
Program, Monthly and Quarterly Progress Reports (Aiugut 1977-1980). 

23. Los Alamos Scientific Laboratory, Environmental and Radiological Safety 
Studies, Interaction of 238Pu0, Sources with T'errestrial and Aquatic 
Environments, Quarterly and Montkly Progress Repor,ts (1974 through 1980). 

24. Mishima, J., A Review of Research on Plutonium Releases During Overheat- 
ing and Fires, U.S. Atomic Energy Commission, HW-8.3668 (1964). 

25. Monsanto Research Corporation, Plutonium-238 I!sotope Fuel Form Data 
Sheets, MLM-1691 (October 31, 1969). 

B-4 



B.2 SOURCE TERMS (Continued) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Moss, O-R-, R.E. Filipy, W.C. Cannon, and D.K,, Craig, Space Nuclear 
System Source Term Evaluation Program, Battelle Pacific Northwest 
Laboratory, BNWL-2255 (April 1977). 

Moss, O.R., E.J. Rossignol, W.C. Cannon, and M.T. Karagianes, 
Environmental Radiation Safety: Source Term Mcdification Through the 
Presence of Soil Aerosols: Results of the Last Five Experiments, Battelle 
Pacific Northwest Laboratory (June 1980). 

Moss, O.R., M.D. Allen, E.J. Hossignol, and W.C. Cannon, Environmental 
Radiation Safety: Source Term Modification by Soil Aerosols, Interim 
Report, Battelle Pacific Northwest Laboratory, PNL-3497 (1980). 

Moss, O.R., R.E. Filipy, W.C. Cannon, and D.R. Craig, Environmental 
Radiation Safety Source Term Evaluation Prop=, Battelle Pacific 
Northwest Laboratory, PNL-3545 (1980) . 
Naval Undersea Center, NUC Informal Quarterly Progrress Reports - NUC/SEPO 
Environmental Test Prdqram, (1973-1978). 

Patterson, J.H., G.B. Nelson, G.M. Matlack, and G.R. Waterbury, "Interac- 
tion of 238PU0 Heat Sources with Terrestrial and Aquatic Environments, " 
Transuranium $uclides in the Environment, International Atomic Energy 
Agency, IAEA-SM-199 (1976) . 
Patterson, J.H., B. Herrera, G.B. Nelson, G.M. Matlack, and G.R. 
Waterbury, Interaction of Iridium-Clad RTG Heat Source Unit with a 
Simulated Terrestrial Environmeis, Las Alamos Scientific Laboratory, LA- 
6225 (April 1976). 

Patterson, J.H., B. Herrera, G.13. Nelson, F.J. Steinkruger, G.M. Matlack, 
and D. Pavone, Long-Term Exposure of PuO, to a Terrestrial Environment, 
Los Alamos National Laboratory, LA-9487-MSA(Decembt?r 1982). 

Perkins, R.W., and C.W. Thomas, "Worldwide Fallout:," Transuranic Elements 
in the Environment, U.S. Department of Energy, DOE,~IC-22800 (1980). 

Petrovic, J.J., S.S. Hecker, C.C. Land, and D.L. Rohr, Mechanical Proper- 
ties of 238Pu02, Los Alamos Scientific Laboratory, LA-6529 (April 1977). 

Volchok, H.L., Fallout of Pu-238 from the SNAP-9A Burnup (IV), HASL-207 
(1967). 

Williams, P.C., Vaporization of Radioisotope Fuels in Launch Vehicle 
Abort Fires, SCR-RR-710118 (December 1971). 

Zanotelli, W.A., D.L. Roesch, and G.D. Miller, '"Aqueous PuO Stability 
Studies, " Aerosol Characterization from A Simulated HCDA: Oceober 1976- 
October 1981, Mound Laboratory (1982) . 

B-5 



B.3 GENERAG ENVIRONMENTAL BEHAVIOR 

1. AdamS, W.H., et al., Studies of Plutonium, Americium, and Uranium in 
Environmental Matrices, Los Alamos Scientific Laboratory (1975). 

2. Adam, W.H., and E.B. Fowler, "Studies of the Apparent Solubility of 
238Pu02 Microspheres in an Aquatic Environment and the Uptake of 
Plutonium from a Soil Matrix Containing 238P~02, " Proceedings 2nd. 
AEC Environmental Protection Conference (April 1974). 

3. Annett, J., J. Coleman, and M. Parsont, Worldwide Environmental Summary, 
Part I - Demographic, Soils, and Meteorological Data, NUS Corporation, 
SNS-NUS-932 (June 1972). 

4. Annett, J., J. Coleman, and M. Parsont, Worldwide Environmental Summary, 
Part I1 - Ocean Data: Depth a@ Bottom Currents, NUS Corporation, SNS- 
NUS-932 (June 1973). 

5 .  Battelle Pacific Northwest Laboratory, Pacific Northwest Laboratory An- 
nual Report for 1971, BNWL-1650 (September 1972). 

6 .  Battelle Pacific Northwest Laboratory, Pacific Northwest Laboratory An- 
nual Report for 1977, BNWL-2500 (February 1978). 

7. Battelle Pacific Northwest Laboratory, Pacific N'orthwest Laboratory An- 
nual Report for 1978, BNWL-2850 (February 1979). 

8. Battelle Pacific Northwest Laboratory, Pacific Northwest Laboratory An- 
nual Report for 1979, BNWL-3350 (February 1980). 

9. Bondietti, E.A., S.A. Reynolds, and M. H. Shanks, "Interaction of Pluto- 
nium with Complexing Substances in Soils and Natural Waters," Trans- 
uranium Nuclides in the Environment, International Atomic Energy Agency, 
IAEA-SM-199 (1976). 

10. Bondietti, E.A., and S.A. Reynolds, "Field and Laljoratory Observations on 
Plutonium Oxidation States," Proceedings of Workshop on Actinide - Sedi- 
ment Interactions, Battelle Pacific Northwest Laboratory, BNWL-2117 
(1976). 

11. Chapman, L.D., R.G. Cuddihy, J.R. Wayland, V.L. Dugan, and R.O. McClel- 
lan, Environmental Dynamics of Toxic Releases and the Transport to Man, 
Sandia Laboratories, SAND-75-5003 (1975). 

12. Dix, G.P., and T. J. Dobry, "Critical Parameters in Plutonium Safety 
Evaluations," Health Physics, Vol. 22, p. 569 (1972). 

13. Doctor, P.G., R. 0. Gilbert, and J.E. Pinder, "Approximate Use of Ratios 
in Environmental Transuranic Element Studies," Transuranic Elements in 
the Environment, U.S. Department of Energy, DOE/TIC-22800 (1980). 

B- 6 



B . 3  GENERAL ENVIRONMENTAL BEHAVIOR (Continued ) 

14. Dahlman, R.C., E. A. Bondietti, and L.D. Eyman, "Biological Pathways and 
Chemical Behavior of Plutonium and Other Actinides in the Environment, " 
Actinides in the Environment, American Chemical Society Symposium Series 
No. 35 (1975). 

15. Dahlman, R.C., E. A. Bondietti, and E. R. Eastwood, " Plutonium in Aqua- 
tic and Terrestrial Environments," Environmental Sciences Division Annual 
Report for 1974, Oak Ridge National Laboratory, ORNI-5016 (1975). 

16. Dahlman, R.C., E. A. Bondietti, and L.D. Eyman, 'Biological Pathways and 
Chemical Behavior of Plutonium and Other Actinides in the Environment," 
Actinides in the Environment, American Chemical Society Symposium Series, 
No. 35., p. 47 (1976). 

17. Eberhardt, L.L., and R.O. Giber't, "Statistics and Sampling in Transuranic 
Studies," Transuranic Elements in the Environmeig, U.S. Department of 
Energy, DOE/TIC-22800 (1980). 

18. Feldman, C., and M.J. Malmberg, Plutonium Monitoring in the Environment, 
NUS Corporation Report 3033 (September 1977). 

19. Fraizier, A.,  and J.C. Guary, "Determination of Bj.ologica1 Indicators for 
Monitoring Plutonium Contamination of a Coastal Region, Transuranium 
Nuclides in the Environment, International Atomic Energy Agency, IAEA-SM- 
199 (1976). 

20. Elder, J.C., M. Gonzales, and He J. Effinger, "Plutonium Aerosol Size 
Characterization," Health Physics, - Vol. 27, p. 45 (1974). 

21. Greseke, J.A., H. Jordan, and K. W. Lee, Aerosol Measurements and Model- 
ing for Fast Reactor Safety, Battelle Columbus Laboratories, prepared for 
the U.S. Nuclear Regulatory Commission, NUREG/CR-l:L65 (November 1979). 

22. Gilbert, R.O., L.L. Eberhardt, E.B. Fowler, E.II.  Essington, and E.M. 
Romney, "Statistical Analysis and Design of Environmental Studies for 
Plutonium and Other Transuranics at NAEGF 'Safety-Shot' Sites,'' Trans- 
uranium Nuclides in the Environment, International Atomic Energy Agency, 
IAEA-SM-199 (1976). 

23. Hanson, W.C., "Ecological Considerations on the Behavior of Plutonium in 
the Environment," Health Physics, Vol. 28, p. 529 (1975). 

24. Hanson, W.R., and D.R. Elle, "Radiological Assessment, Environmental 
Monitoring, and Study Design," Transuranic Elements in the Environment, 
U.S. Department of Energy, DOE/TIC-22800 (1980). 

25. Hudson, J., "Analysis of Microsphere Debris, " pIandia Laboratory Quar- 
terly Report, SC-PR-68-451 (April 1968). 

26. Krey, W.P., D. Bogen, and E. French, "Plutonium j-n Man and His Environ- 
ment," Nature, Vol. 201, p. 263 (1962). 



B. 3 GENERAL ENVIRONMENTAL BEHAVIOR (Continued) 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Langham, W.H., "Plutonium Distribution as a Problem in Environmental 
Service," Proceedings of Environmental Plutonium Symposium, Los Alamos 
Scientific Laboratory, LA 4756 (1971). 

Meyers, D.S., "Biological Hazard and Measurement of Plutonium," Proceed- 
ings of Radiological Defense Officer Conference, CONF-7410106 (1974). 

Patterson, J . H . ,  G.B. Nelson, and G.M. Matlacik, The Dissolution of 
238Pu in Environmental and Biological Systems, Los Alamos Scientific 
Laboratory, LA-5624 (1974). 

Polzer, W.L., Solubility of PI-utonium in Soilnater Environment, HASL- 
83401 (1971). 

Polzer, W.L., "Solubility of Plutonium in Soil/Water Environment," - Pro- 
ceeding of Rocky Flats Symposium on Safety in Pl.utonium Handling Facil- 
-1 ities U.S. Atomic Energy Commission, CONF-710401 (1971). 

Relyea, J.F., and D.A. Brown, "The Diffusion of Plutonium-238 in Aqueous 
Solutions and Soil Systems," Agronomy Abstract,s, - American Society of 
Agronomy (1975). 

Sanders, S.M., and A.L. Boni, "The Detection and Study of Plutonium- 
Bearing Particles Following the Reprocessing of Reactor Fuel," Trans- 
uranic Elements in the Environment, U.S. Department of Energy, WE/TIC- 
22800 (1980). 

Schutelkof, H . ,  "Environmental Surveillance for Plutonium in the Harls- 
ruhe Nuclear Research Center From 1973 to 1975," lrransuranium Nuclides in 
the Environment, International Atomic Energy Agency, IAEA-SM-199 (1976). 

Tamura, T., "Physical and Chemical Characteristics of Plutonium in Exist- 
ing Contaminated Soils and Sediments," Transuranium Nuclides in the 
Environment, International Atomk Energy Agency, IAEA-SM-199 (1976). 

U.S. Department of Energy, Environmental Development Plan, Space Applica- 
tions, DOE/EDP-O057 (September 1979). 

1% 8 



B.4 TERRESTRIAL ECOSYSTEMS 

B. 4.1 Terrestrial Ecosystems (General) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Adriane, D.C., and J.E. Pinder, "Aerial Depositicin of Plutonium in Mixed 
Forest Stands From Nuclear Fuel Reprocessing," - J. Environmental Quality, 
Vol. 6, p. 303 (1977). 

Au, F.H., "The Role of Soil Microorganisms in Movement of Plutonium," The 
Dynamics of Plutonium in Desert Environments, Nevada Applied Ecology 
Group, NVO-142 (1974). 

Au, F.H., and W. F. Beckert, "Microbial Contributions to Plutonium Bio- 
availability and Transport in the Environment," Selected Environmental 
Plutonium Research Reports of the NAEG, Nevada Applied Ecology Group, 
U.S. Department of Energy, NVO-1192 (June 1978). 

Ausmus, B.S., and G. J. Dodson, "Effect of Transuranics on Desert Ecosys- 
tems Processes: An Exploratory Study," Selected Plutonium Research Re- 
ports of the NAEG, Nevada Applied Ecology Group, U.S. Department of En- 
ergy, NVO-192 (June 1978). 

Carfagno, D., and W. Westendorf, Radionuclide Cycling in Terrestrial 
Environments, ORNL-4848 (February 1973). 

Dahlman, R.C., C.T. Garten, and T.E. Hakonson, "Comparative Distribution 
of Plutonium in Contaminated Ecosystems at Oak Rj.dge, Tennessee, and Los 
Alamos, New Mexico," Transuranic Elements in the Environment, U.S. De- 
partment of Energy, DOE/TIC-22800 (1980). 

Dunaway, P.B., and M.G. White (Editors), The Dynamics of Plutonium in 
Desert Environments, NVO-142 (1!374). 

Essington, E.H., E.B. Fowler, K.O. Gilbert, and I,. L. Eberhardt, "Pluto- 
nium, Americium, and Uranium Concentrations in Nevada Test Site Pro- 
files," Transuranium Nuclides in the Environment, International Atomic 
Energy Agency, IAEA-SM-199 (1976). 

Francis, C.W., "Plutonium Mobility in Soil and Uptake in Plants: A Re- 
view," Journal of Environmental Quality, Vol. 2, p. 67 (1973). 

Garten, C.T., R.H. Gardner, and R.C. Dahlman, "A Compartment Model of 
Plutonium Dynamics in a Decidious Forest Ecosystein," Health Physics, Vol. 
34, No. 6, pp. 611-619 (June 1978). 

Garten, C.I., R.H. Gardner, and R.C. Dahlman, ''A Compartment Model of 
Plutonium Dynamics in a Decidious Forest Ecosystein, " Transuranic Elements 
in the Environment, U.S. Department of Energy, DOEi/TIC-22800 (1980). 

Hakonson, T.E., "Environmental Pathways of Plutonium into Terrestrial 
Plants and Animals," Health Physics, Vol. 29, pp 583-588 (1975). 

B- 9 



B.4 .1  T e r r e s t r i a l  Ecosystems (General) 

13. Hakonson, T.E., J .W.  Nyham, W.D,, Purtyman, "Accumulation and Transpor t  of 
S o i l  Plutonium i n  Liquid Waste Discharge Areas a t  Los A l a m o s , "  Trans- 
uranium Nucl ides  i n  t h e  E n v i r o n s ,  1nternationa:L A t o m i c  Energy Agency, 
IAEA-SM-199 (1976). 

14.  Hakonson, T.E. and J . W .  Nyham, "Ecological Re la t ionsh ips  of Plutonium i n  
Southwest Ecosystems," Transuranium Nucl ides  i n  t h e  Environment, U.S. 
Department of  Energy, DOE/TIC-22800 (1980). 

15. Hakonson, T.E., R. L. Watters, and W.C. Hanson, "The Transport  of Pluto-  
nium i n  T e r r e s t r i a l  Ecosystems," Heal th  Phys ics ,  V o l .  40 ,  No .  1, p. 63 
(January 1981).  

16. Hanson, W.C., "S tudies  of Trainsuranic Elements i n  Arctic Ecosystems, " 
Proceedings of  t h e  National Symposium on R a d i o e c o h x ,  CONF-750503 (1976).  

17. Hanson, W.C., "S tudies  of Trainsuranic Elements  i n  Arctic Ecosystems," 
Transuranic  Elements  i n  t h e  Environment, U.S. Department of Energy, DOE/ 
TIC-22800 (1980).  

18. Harley,  J. H., Transuranic  Elements on Land, HASL-:291 (1975). 

19. Healy, J . N . ,  A Proposed I n t e r i m  Standard f o r  Plutonium i n  S o i l s ,  Los  
A l a m o s  S c i e n t i f i c  Laboratory,  LA.-5483-MS (1974). 

20. Johnson, W.S . ,  "Plutonium Contamination of Large Land Areas," Radia t ion  
P r o t e c t i o n ,  P a r t  I ,  Pergamon Pres s ,  New Y o r k ,  p. 3'79 (1968). 

21. Kathren, R.L., Toward In t e r im  Acceptable Surface  C'ontamination Levels f o r  
Environmental PuO7, Bat te l le  P a c i f i c  Northwest Laboratory,  BNWL-SA-1510 
(1968).  

22. L i t t l e ,  C.A., e t  a l ,  "Plutonium i n  t h e  T e r r e s t r i a l  Environs of Rocky 
F l a t s , "  12th  Technical  Progress Report on Radioecology of Some Natu ra l  
Organisms and Systems i n  Colorado, Colorado S t a t e  Un ive r s i ty ,  COO-1156-70 
(May 1974) .  

23. L i t t l e ,  C.A., "Plutonium i n  t h e  T e r r e s t r i a l  Environs of Rocky F l a t s :  
D i s t r i b u t i o n  and Levels of  Plutonium i n  Ecosystem Compartments," Radio- 
ecology of Natural  Systems, Fourteenth Technical  Progress  R e p o r t ,  Colo-  
rado S t a t e  Un ive r s i ty ,  COO-1156-84 (August 1976) . 

24. L i t t l e ,  C.A., Plutonium i n  a Grassland Ecosystem, Colorado S t a t e  Univers- 
i t y ,  COO-1156-83 (August 1976).  

25. L i t t l e ,  C.A., "Plutonium i n  a Grassland Ecosystem," Transuranic  Elements  
i n  t h e  Environment, U.S. Department of  Energy, DOE/TIC-22800 (1980). 

B-10 



3 . 4 . 1  Terrestrial Ecosystems (General) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Markham, O.D., K.W. Phuphal, and T.D. Filer, ":Plutonium and Americium 
Contamination Near a Transuranic Storage Area in Southeastern Utah," J. 
Environ. Qual., Vol. 7, No. 3 1  p. 422 (1978). 

Miller, C.R., Providing Numerical Guidance for the Restoration and Use of 
Land Contaminated with Transuranium Elements, U.S. Environmental Protec- 
tion Agency, Open File Report (1975). 

McLendon, H.R., O.M. Stewart, A.L. Boni, J.C. Corey, K.W. McLeod, and 
J.E. Pinder , "Relationships Among Plutonium Contents of Soil, Vegetation 
and Animals Collected on and Adjacent to an Integrated Nuclear Complex in 
the Humid Southeastern United States," Transuraniim Nuclides in the Envi- 
ronment, International Atomic Energy Agency, IAEA-SM-199 (1976). 

Meyer, G.L., "Preliminary Data on the Occurrence of Transuranium Nuclides 
in the Environment at the Radioactive Waste Burial Site, Maxey Flats, 
Kentucky," Transuranium Nuclides in the Environment, International Atomic 
Energy Agency, IAEA-SM-199 (1976). 

Pinder, J.E., M. H. Smith, A.L. Boni, J.C. Corey, and J.H. Horton, 
"Plutonium Inventories in Two Old-Field Ecosystems in the Vicinity of a 
Nuclear-Fuel Reprocessing Facility," Ecology and Ecological Monographs 
(In Press) (1979). 

Price, K.R. , "A Review of Transuranic Elements in Soil, Plants, and Ani- 
mals," J. Environ. Qual., Vol. :2, p. 62 (1973). 

Romney, E.M., H.M. Mork, and I3.K. Larson, "Persistence of Plutonium in 
Soil, Plants, and Small Mammals," Health Physics, Vol. 19, p. 487 (1970). 

Romney, E.M., and J.J. Davis, :Ecological Aspects of Plutonium Dissemina- 
tion in Terrestrial Environment!;, UCLA-12-848 (1971) . 
Romney, E.M. and J.J. Davis, "Ecological Aspects of Plutonium Dissemina- 
tion in Terrestrial Environments," Health Physics, V o l .  22, p. 551 (1972). 

Wallace, A., E.M. Romney, R.K. Schulze and H. Nishita, Transuranium Ele- 
ment Transport in Agricultural Systems: Soil to Food Chain Transfer of 
Nuclear Fuel Cycle Radionuclides, University of ICalifornia, Prepared for 
U.S. Nuclear Regulatory Commission, NTJREG/CR-0157 (June 1978). 

Whicker, F.W., "Plutonium Transport in Terrestrial Ecosystems at Rocky 
Flats Plant with Emphasis in Biological Effects on Mule Deer and Coy- 
otes," Radioecology of Natural Systems, Fifteenth Annual Progress Report, 
Colorado State University, COO-1156-89 (August 1977). 

Whicker, F.W. , "Ecological Effects of Transuranics in the Terrestrial 
Environment," Transuranic Elements in the Environrnn, U.S. Department of 
Energy, DOE/TIC-22800 (1980). 

3- 11 



B.4.1 Terrestrial Ecosystems (General) 

38. White, M.G. and P.B. Dunaway, The Radioecology of Plutonium and Other 
Transuranics in Desert Environments, Nevada Applied Ecology Group, NVO- 
153 (1975). 

39. White, M.G. and P.B. Dunaway, Studies of Environmental Plutonium and 
Other Transuranios in Desert Ecosystems, Nevada Applied Ecology Group, 
NVO-159 (1976) 

40. White, M.G., P.B. Dunaway and W.A. Howard, Enviroiimental Plutonium on the 
Nevada Test Site and Environs, Nevada Applied Eco:Logy Group, U . S .  Depart- 
ment of Energy, NW-171 (1977). 

41. White, M.G. and P.B. Dunaway, Transuranics in Natural Environments, Ne- 
vada Applied Ecology Group, NVO-178 (1977). 

42. White, M.G., P.B. Dunaway, and D.L. Wireman, Transuranics in Desert Eco- 
systems, Nevada Applied Ecology Group, NVO-181 (1977). 

43. Wildung, R.E., H. Ducker, and F.H. Au, "The Relationship of Microbial 
Processes to the Fate of Transuranic Elements in Soil," Transuranics in 
Natural Environments, Nevada Appli.ed Ecology Group, NW-178 (1977). 

44. Wildung, R.E., and T.R. Garland, The Relationship of Microbial Processes 
to the Fate and Behavior of Transuranic Elements in Soils, Plants and 
Animals, Battelle Pacific Northwest Laboratory, PNL-2416 (1977). 

45. Wildung, R.E., T.R. Garland, K.M. McFadden, J.E. Rogers, D.A. Cataldo, 
and M.F. Sullivan, "Transuranic Behavior in Soi1.s and Plants," Pacific 
Northwest Laboratory Annual Report for 1978, Part 2, Ecological Sciences, 
PNL-2850 (1979) 

46. Wildung, R.E. and T.R. Garland, "The Relationship of Microbial Processes 
to the Fate and Behavior of Transuranic Elements in Soils, Plants and 
Animals," Transuranic Elements in the Environment, U . S .  Department of 
Energy, DOE/TIC-22800 (1980). 

B.4.2 Terrestrial Ecosystems (Soils) 

1. Ames, L.L., Characterization of Actinide Bearing !;oils: Top Sixty Centi- 
meters of 216-2-9 Enclosed Trench, Battelle Pacific Northwest Labora- 
tories, BNWL-1812 (1974). 

2. Au, F.H., V.D. Leavitt, and W.F. Beckert, "Possible Influence of Desert 
Soil Microbial Changes (on Pu Availablity)," - Studies of Environmental 
Plutonium and Other Transuranics in Desert Ecosystems, Nevada Applied 
Ecology Group, NVO-159 (March 1976). 

3. Bondietti, E.A. and T. Tamura, "Physicochemical Associations of Plutonium 
and Other Actinides in Soils", Transuranic Elements in the Environment, 
U.S. Department of Energy, DOE/1?IC-22800 (1980). 

B-12 



B . 4 . 2  Terrestrial Ecosystems (Soils) (Continued) 

4. Cleveland, J.M. and T.F. Rees, "Investigation of !Solubilization of Pluto- 
nium and Americium in Soil by Natural Humic Compounds", Environmental 
Science and Technology, Vol. lo,, No. 8 (August 1976). 

5. Feldman, C., Plutonium Transport into Soils, Recommendations for Experi- 
mental Measurements to Determine Containment Particle Transport Paramet- 
- ers, NUS Corporation (June 1976). 

6. Fried, S.M., A.M. Friedman, and L.A. Weeber, The Distribution of Pluto- 
nium in a Rock Containment Environment, U.S. Atomic Energy Commission 
Report CONF 74036-1 (1974). 

7. Garland, T.R. and R.E. Wildung, "Physicochemical Characterization of 
Mobile Plutonium Species in Soils", Biological Implication of Metal in 
the Environment, 15th Annual Hariford Life Sciences Symposium (1975). 

8. Garland, T.R., R.E. Wildung, and R.C. Routson, The Chemistry of Plutonium 
in Soils, Battelle Pacific Northwest Laboratory,%WL-2000 (1976). 

9. Gilbert, R.O., L.L. Eberhardt, 1E.B. Fowler, and E,.H. Essington, Statisti- 
cal Design Aspects of Sampliiig Soil for Plutonium, Battelle Pacific 
Northwest Laboratory, BNWL-SA-53.44 (1974) . 

10. Hajek, B.F., Plutonium and Americium Mobility in Soils, Battelle Pacific 
Northwest Laboratory, BNWL-CC-925 (1966) . 

11. Hardy, E.P., Depth Distribution of Global Fall-Out 90Sr, 137Cs, and 
239, 4oPu in Sandy Loam Soil, HASL-286 (1974). 

12. Horton, J.H., J.C. Corey, D.C. Pdri.ano and J.E. Pinder, "Distribution of 
Surface-Deposited Plutonium in Soil After Cultivation," Health Physics, 
Vol. 38 ,  No. 4, pp. 697-699 (April 1980). 

13. Jukubick, A.T., "Migra t ion  of Plutonium i n  N a t u r a l  S o i l s " ,  Transuranium 
Nuclides in the Environment, International Atornil: Energy Agency;IAEA-SM- 
199 (1976). 

14. Krey, P.W., E.P. Hardy, C. Pachucki, F. Rourke, J. Coluzza, and W.K. 
Benson, "Mass Isotopic Composition of Global Fall-Out Plutonium in Soil," 
Transuranium Nuclides in the Environment, International Atomic Energy 
Agency, IAEA-SM-199 (1976). 

15. Leavitt, V.D., Soil Survey of Five Plutonium Contaminated Areas on the 
Nevada Test Range Complex in Nevada, NERC-LV-539-28 (March 1974). 

16. Leavitt, V.D., "Soil Surveys and Profile Descriptions of Plutonium- 
Contaminated Areas on the Test Range Complex in Nevada, 1970 through 
1977", Selected Plutonium Research Reports of the NAEG, Nevada Applied 
Ecology Group, U . S .  Department of Energy, NVO-192 (June 1978). 

B-13 



B.4 .2  Terrestrial Ecosystems (Soils) (Continued) 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

2 5 .  

26. 

27. 

28. 

Michels, D.E., A Distribution Function for Plutcnium in Soil, HASL-274 
(1974). 

Muller, R.N. and D.G. Sprugel, "Distribution of Local and Stratospheric 
Plutonium in Ohio Soils", - Health Physics, Vol. 33, No. 5 ,  pp. 405-409 
(November 1977). 

Myers, D.S., W.J. Silver, D.G. Coles, K.C. Lamson, D.R. McIntyre, and B. 
Mendoza, "Evaluationof the Use of Sludge Containing Plutonium as a Soil 
Conditioner for Food Crops", Transuranium Nuclides in the Environment, 
International Atomic Energy Ageicy, IAEA-SM-199 (1976). 

Moss, O.R. , E.J. Rossignol, W.C. Cannon and D.L., Stevens, Environmental 
Radiation Safety: Plutonium/Soil Interactions for Plutonium Particles in 
- Soil, Battelle Pacific Northwest: Laboratories, PNL-3606 (1980). 

Nevissi, A., W.R. Schell, and V.A. Nelson, "Plutonium and Americium in 
Soils of Bikin Atoll", Transuranium Nuclides in the Environment, Inter- 
national Atomic Energy Agency, I:AEA-SM-199 \(1976) . 
Nishita, H., R.M. Haug, and T. Rutherford, "Effect of Inorganic and Or- 
ganic Compounds in the Extractability of 239EQ from an A r t i f i c i a l l y  
Contaminated Soil", Journal - of Environmental Quality, Vol. 6, P. 451 
(1977). 

Nishita, H. and M. Hamilton, g i l  Components that: Influence the Chemical 
Behavior of 239Pu, University of California, UCLA 12/1159 (1978). 

Nishita, H., A. Wallace, E.M. Romney, and R.K. lichultz, Effects of Soil 
Type on the E x t r a c t a b i l i t y  o f  237Np, 239Pu, ;t41Am and 244 Cm as a 
Function of pH, University of California, Prepared for U.S. Nuclear Regu- 
latory Commission, UCLA 12-1192 (1979). 

Nishita, H., A Review of Behavior of Plutonium in Soils and Other Geo- 
logic Materials, Laboratory of Nuclear Medicine and Radiation Biology, 
University of California, Prepared for U.S. Nuclear Regulatory Commis- 
sion, NUREG/CR-1056 (October 1979). 

Nyham, J.W. and F.R. Miera, The Distribution of Plutonium in Trinity Site 
Soils After 28 Years, LAUR-75-491 (1975). 

Pinder, J.E. and D. Paine, "Sources of Variation in Soil Plutonium Con- 
centrations," Transuranic Elements in the Enviroruw, U.S. Department of 
Energy, DOE/TIC-22800 (1980). 

Price, S.M. and L.L. Ames, "Characterization of the Actinide-Bearing 
Sediments Underlying Liquid Waste Disposal Facilities at Hanford", Trans- 
uranium Nuclides in the Environment, International Atomic Energy Agency, 
IAEA-SM-199 (1976). 

B- 14 



B. 4 . 2  Terrestrial Ecosystems (Soils) (Continued) 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

Olafson, J.H., Nishita and K.H. Larson, The Distribution of Plutonium in 
the Soils of Central and Northeastern New Mexioo as a Result of the 
Atomic Bomb Test of July 16, 1945, UCLA-406 (1957). 

Pinder, J. DIRT: A Model to Predict Long-Term Plutonium Behavior in 
Soils, Savannah River Ecology Laboratory (an Informal Paper) (1980). 

Rai, D., and R. J. Serne, "Plutonium Activities in. Soil Solutions and the 
Stability and Formation of Selected Plutonium Minerals", Journal of Envi- 
ronmental Quality, V o l .  6, p. 89 (1977). 

Relyea, J.F., and D.A. Brown, "Adsorption and Diffusion of Plutonium in 
Soil", Environmental Chemistry and Cycling Processes, Mineral Cycling 
Symposium (1978). 

Rhodes, P.W., "Adsorption of Plutonium by Soil", Soil Science, Vol. 84, 
p. 465 (1957). 

Rhodes, D.W., "The Effect of pH on the Uptake (of Radioactive Isotopes 
from Solution by a Soil", soil Science Society of America Proceedings, 
Vol. 21, p. 389 (1957). 

Schreckhise, R.G., J.F. Cline, D.T. Furra, and D. Paine, "Weathering and 
Aging of Transuranics", Pacific Nortwest Labora,tory Annual Report for - 1977, PNL-2500 (Pt. 2) (February 1978). 

Schroeder, M.C., C.C. Marvin, and H.R. Blank, Study of Possible Contamin- 
ation of Ground Water from Radioactive Packages Impacting on Land, Sandia 
Laboratories, SC-CR-68-3678 (December 1968) . 
Tamura, T., "Distribution and Characterization of Plutonium in Soils from 
Nevada Test Site", Journal of Environmental Quality, Vol. 4, p. 350 
(1975). 

Tamura, T., "Plutonium-Soil Association: A Summary", Selected Plutonium 
Research Reports of the NAEG, Nevada Applied Ecol-ogy Group, U.S. Depart- 
ment of Energy, NVO-192 (June 1978). 

U. S. Nuclear Regulatory Commission, Measurements of Radionuclides in the 
Environment, Sampling and Analysis of Plutonium in Soil, USNRC Regulatory 
Guide 4.5 (1974). 

Wildung, R.E. and T.R. Garland, "Relative Solubility of Inorganic and 
Complexed Forms of Plutonium-238 and Plutonium-239 in Soil", Pacific 
Northwest Laboratory Annual Report for 1974, BMWL-1950 (1974). 

Wilson, D.O. and J.F. Cline, "Removal of Plutonirm-239, Tungsten-185 and 
Lead-210 from Soils", Nature, Vol. 209, p. 941 (19166). 

Winsor, T.F. and F.W. Whicker, "Pocket Gophers and Redistribution of 
Plutonium in Soil," Health Physics, Vol. 39, No,, 2, pp. 257-262 (August 
1980). 

B-15 



B.4.3 Terrestrial Ecosystems (Plant Uptake) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Adriano, D.C., J.C. Corey, and R.C. Dahlman, "Plutonium Contents of Field 
Crops in Southeastern United States," Transuranic! Elements in the Envi- 
ronment, U.S. Department of Energy, DOE/TIC-22800 (1980). 

Adriano, D.C., A. Wallace, and E.M. Romney, "Uptake of Transuranic 
Nuclides from Soil by Plans Grown Under Controlled Environmental 
Conditions, " Transuranic Elements in the Environment, - U.S. Department of 
Energy, TIC-22800 (1980) . 
Adriano, D.C., K.W. McLeod, and T.G. Ciravolo, "Plutonium, Curium, and 
Other Radionuclide Uptake by the Rice Plant From a Naturally Weathered, 
Contaminated Soil," Soil Science, Vol. 132, No. 1, pp. 83-88 (July 1982). 

Adriano, D.C., J.E. Pinder, K.W. McLeod, J.C. Corey, and A.L. Boni, "Plu- 
tonium Contents and Fluxes in a Soybean Crop Ecosystem Near a Nuclear 
Fuel Chemical Separations Facility," Journal of Environmental Quality, 
Vol. 11, No. 3 (1982). 

Au, F.H., V.D. Leavitt, W.F. Beckert, and J.C. Mc:Farlane, "Incorporation 
of Transuranics into Vegetable and Field Crops Grown at the Nevada Test 
Site," Transuranics in Desert Ecosystems, Nevada Applied Ecology Group, 
NVO-181 (November 1977). 

Bernhardt, D.E. and G.G. Eadie, Parameters for Estimating the Uptake of 
Transuranic Elements by Terrestrial Plants, U.S. Environmental Protection 
Agency, ORP/LV-72-2. 

Brown, K.W. and J.C. McFarlane, "Plutonium Uptake by Plants Grown in Soil 
Containing Plutonium-238 Dioxide Particles, " Health Pysics, Vol. 35, No. 
3, pp. 481-485 (September 1978). 

Cataldo, D.A., E.L. Klepper, and D.K. Craig, "Fate of Plutonium Inter- 
cepted by Leap Surfaces: Leachability and Translolcation to Seed and Root 
Tissues," Transuranium Nuclides in the Environment, - International Atomic 
Energy Agency, IAEA-SM-199 (1976). 

Cataldo, D.A. and B.E. Vaughan, "Interaction of Airborne Plutonium with 
Plant Foliage," Transuranic Elements in the Environment, U.S. Department 
of Energy, TIC-22800 (1980). 

Cataldo, D.A., T.R. Garland, R.E. Wildung, and J.M. Thomas, "Foliar 
Absorption of Transuranic Elements: Influence of Physicochemical Form 
and Environmental Factors, Journal of Environmental Quality, Vol. 9, No. 
3, pp. 364-369 (July-September 1980). 

Cataldo, D.A., T.R. Garland, and R.E. Wildung, "Foliar Retention and 
Leachability of Submicron Plutonium and Americium Particles, " Journal of 
Environmental Quality, Vol. 10, No. 1, pp. 31-37 (January-March 1981). 

Cataldo, D.A., T.R. Garland, and R.E. Wildung, "Plant Processes Control- 
ling Uptake and Behavior of Plutonium and Neptunium," Symposium on Plant 

B-16 



B.4.3 Terrestrial Ecosys tems (Plant Uptake) (Cont iiiued) 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Uptake and Soil-Plant Processes, Gaithersburg, Maryland, U.S. Department 
of Energy (May 1983). 

Cline, J.F., Uptake of 241An1 and 239Pu by Plants -' Battelle Pacific 
Northwest Laboratories, BNWL-714 (1967). 

Cowan, C.E., E.A. Jenne, J.C. Simpson, and D.C. Cataldo, "Nutrient- 
Contaminant (Pu) Plant Accumulation Model," Battelle Life Sciences 
Symposium, Richland, Washington (October 1981). 

Dahlman, R.C. and K.W. McLeod, "Foliar and Root Pathways of Plutonium 
Contamination of Vegetation," l?roceedings of Symposium on Transuranics in 
Natural Environments, NVO-178 (1977). 

Durbin, P.W., Transfer of Plutonium from Soil to Plants: A Review of the 
Problem, UCID-3689 (1974). 

Foster, G.R., G.C. White, T.C. Hakonson, and M. Dreicer, "A Model for 
Splash and Retention of Sediment on Plants," Symposium on Plant Uptake 
and Soil-Plant Processes, Gaithersburg, Maryland, U.S. Department of 
Energy (May 1983). 

Garland, T.R., D.A. Cataldo, and R.E. Wildung, "Absorption, Transport, 
and Chemical Fate of Plutonium in Soybean Plants," Journal of 
Agricultural and Food Chemistry, Vol. 29, pp. 91.5-920 (September-October 
1981 1. 

Garten, C.T., Jr., "Comparative Uptake of 234U, 238U, 239Pu, 241 Am and 
244Cm by Boxelder Trees (Acer Negundo) Inhabiting a Contaminated 
Tennessee Flood Plain," Health Physics, Vol. 39, pp. 332-334 (August 
1980). 

Garten, C.T., E.A. Bondietti, R.L. Walker, "Comparative Uptake of 
Uranium, Thorium, and Plutonium by Biota Inhabiting a Contaminated 
Tennessee Flood Plain," Journal of Environmental Quality, Vol. 10, No. 2, 
pp. 207-210 (April-June 1981). 

Garten, C.T., "Factors Influencing Vegetation Concentrations of Long- 
Lived Radionuclides," Symposium on Plant Uptake and Soil-Plant Processes, 
Gaithersburg, Maryland, U.S. Department of Energy (May 1983). 

Hersloff, L.W. and J.C. Corey, "Uptake of Three Isotopes of Plutonium 
from Soil by Sweet Corn Grown in a Growth Chamber," Enviornmental 
Chemistry and Cycling Processes, DOE Symposium Series 45, CONF-760429 
(1978). 

Hinds, W.T., J.F. Cline, and R.G. Schreckhise, "'Techniques for Long-Term 
Field Studies on Plant Uptake of Transuranics frcm Soil," Health Physics, 
Vol. 36, No. 4, pp. 485-489 (April 1979). 

Holm, E. and R.B.R. Pereson, "Radiochemical Studies of 241Pu in Swedish 
Reindeer Lichens," Health Physics, Vol. 33, No. 5, pp. 471-473 (November 
1977). 

B-17 



B4.3 Terrestrial Ecosystems (Plant Uptake) (Continued) 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Lipton, W.V. and A.S. Goldin, "Some Factors Influencing the Uptake of 
Plutonium-239 by Pea Plants," gealth Physics, Vo:L. 31, No. 5, pp. 425- 
430. 

McLeod, K.W., D.C. Adriano, and T.G. Ciravolo, "Update of Plutonium from 
Soils Contaminated by a Nuclear Fuel Separations Facility," Soil Science, 
VOl. 132, NO. 1, pp. 89-98 (July 1982). 

Ng, Y.C., "Evaluation of Soil-to-Plant Transfer :€or Use in Radiological 
Assessment," Symposium on Plant Uptake and Soil-Plant Processes, 
Gaithersburg, Maryland, U.S. Department of Energy {[May 1983). 

Nishita, H., A. Wallace, and E.M. Romney, Radionuclide Uptake by Plants, 
University of California, Prepared for U.S. NucILear Regualtory Commis- 
sion, NUREG/CR-0336, (1978). 

Nishita, H., "Relative Adsorption and Plant Uptake of 238Pu and 239Pu in 
Soils," Soil Science, Vol. 132, No. 1, pp. 66-70 ((July 1981). 

Pinder, J.E., M.H. Smith, A.L. Boni, J.C. Corey, and J.H. Horton, 
"Plutonium Inventories in Two Old-Field Ecosystems in the Vicinity of a 
Nuclear-Fuel Reprocessing Facility," Ecology, Vol. 60, No. 6, pp. 1141- 
1150 (1979). 

Pinder, J.E., K.W. McLeod, D.C.  Andriano, J.C. Corey, and A.L. Boni, 
"Interception and Retention of Deposition, Resuspension, and Uptake of 
Plutonium by Corn," Symposium on Plant Uptake and Soil-Plant Processes, 
Gaithersburg, Maryland, U.S. Department of Energy (May 1983). 

Romney, E.M., A. Wallace, R.O. Gilbert, and J.E. Kinnear, n239, 240Pu and 
241Am Contamination of Vegetation in Aged Fallout Areas, " Transuranium 
Nuclides in the Environment, International Atomic Energy Agency, IAEA-SM- 
199 (1976). 

Romney, E.M., "NAEG Plutonium Program Vegetation Studies Status Report, 
May 1975," Studies of Environmental Plutonium and Other Transuranics in 
Desert Ecosystems, Nevada Applied Ecology Group, NVO-159 (March 1976). 

Romney, E.M., A. Wallace, and J.E. Kinnear, "Plant Uptake of Pu and Am 
through Roots at the Nevada Test Site, " Selected Environmental Plutonium 
Research Reports of the NAEG, Nevada Applied1 Ecology Group, U.S. 
Department of Energy, NVO-192 (June 1978). 

Romney, E.M., A. Wallace, R.K. Schulz, Jean Khnear, and R.A. Wood, 
"Plant Uptake of 237Np, 239, 240Pu, 241Am, and 244Cm from Soils 
Representing Major Food Production Areas of the United States," Soil 
Science, Val. 132, No. 1, pp. 40-59 (July 1981). 

Schreckhise, R.G., Simulation of the Long-Term Accumulation of Radiocon- 
taminants in Crop Plants, Battelle Pacific Northwest Laboratories, PNL- 
2636 (March 1980). 

B-18 



B.4.3 Terrestrial Ecosystems (Plant Uptake) (Continued) 

37. 

38. 

39. 

40. 

41. 

42. 

Schreckhise, R.G. and J.F. Cline, "Comparative Uptake and Distribution of 
Plutonium, Americium, Curium, and Neptunium in. Four Plant Species, " 
Transuranic Elements in the Environment, U.S. Department of Energy, TIC- 
22800 (1980). 

Schreckhise, R.G., and J.F. Cline, "The Effects of Weathering and Aging 
on the Uptake of Actinides from Soil by Plants," Symposium on Plant 
Uptake and Soil-Plant Processes, Gaithersburg, Maryland, U.S. Department 
of Energy (May 1983). 

Schulz, R.K., G.A. Tomkins, and K.L. Babcock, "1Jptake of Plutonium and 
Americium by Plants from Soils: Uptake by Wheat from Various Soils and 
Effect of Oxidation State of Plutonium Added to Soil," Transuranium 
Nuclides in the Environment, International Atomic Energy Agency, IAEA-SM- 
199 (1976). 

Schulz, R.K., and M.R. Ruggierj., "Uptake and Translocation of Neptunium- 
237, Plutonium-238, -240, Americium-241, and Curicim-244 by a Wheat Crop, " 
Soil Science, Vol. 132, No. 1, pp. 77-82 (July 1982). 

Wildung, R.E., J.R. Garland, and D.A. Cataldo, "Environmental Processes 
Leading to the Presence of Organically Bound Plutonium in Plant Tissues 
Consumed by Animals," Proceedings of Symposium on Biological Implications 
of Radionuclides Released from Nuclear Industries., IAEA-SM-237/37 (March 
1979). 

Wildung, R.E. and T.R. Garland, "Influence of Soil Plutonium 
Concentration on Plutonium Uptake and Distribution1 in Shoots and Roots of 
Barley," Journal of Agricultural. Food Chemistry, Vol. 22, p. 836 (1974). 

B-19 



B.4.4 Terrestrial Ecosystems (Animal Uptake) 

Beckert, W.F. and F.H. Au, "Plutonium Uptake by a Soil Fungus and 
Transport to its Spores" , Transuranium Nuclides in the Environmental, 
International Atomic Energy Agency, IAEA-SM-199 (1976). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 .  

Bradley, W.G. and K.S. Moor, "Ecological Studies of Small Vertebrate in 
Pu-Contaminated Study Area of Nevada Test Site and Tonopah Test Range, 
Studies of Environmental Plutonium and other 'Transuranics in Desert 
Ecosystems, Nevada Applied Ecology Group, -159 ((March 1976). 

H o l m ,  E. and R.B. Persson, "Transfer of Fall-Out: Plutonium in the Food 
Chain Lichen/Reindeer/Man" , Transuranium Nuclides in the Environment, 
International Atomic Energy Agzcy , IAEA-SM-199 (1976) . 
Martin, W.E. and S.G. Bloom, "Simulation of Plutonium Ingestion by 
Grazing Cattle", Selected Plutonium Research Repocts of the NAEG, Nevada 
Applied Ecology Group, U.S. Department of Energy, IJVO-192 (June 1978). 

Mullen, A.A. , S.R. Lloyd, and R.E. Mosley, "Distribution of Ingested 
Transuranium Nuclides in Chickens and Subsequent Transport to Eggs", 
Transuranium Nuclides in the Environment, IAEA-SM-:L99 (1976). 

Sanson, B.F., "The Transfer of 239Pu from the Diet of a Cow to Its 
Milk", British Veterinary Journal, - Vol. 120, P. 158 (1964). 

Smith, D.D., J. Barth, and R.G. Patzer, "Grazing Studies on a 
Plutonium-Contaminated Range of the Nevada Test Site", Transuranium 
Nuclides in the Environment; International Atomic Energy Agency, 
IAEA-SM-199 (1976). 

Smith, D.D., K.R. Giles, and D.E. Bernhardt, Animal Investigation 
Diagram, 1972 Annual Report, U.S. Environmental Protection Agency, 
Environmental Monitoring and Support Laborator:y, NERC-LV-539-35 (May 
1976). 

D.D. Smith, "Status Report on Grazing Studies in a Plutonium-Contaminated 
Range of the Nevada Test Site", Studies of Environmental Plutonium and 
other Transuranics in Desert Ecosytems, Nevada Applied Ecology Group, 
NVO-159 (March 1976). 

10. Smith, D.D. and D.E. Bernhardt, "Actinide Concentxations in Tissues from 
Cattle Grazing on Contaminated Range", Transuranic!s in Desert Ecosystems, 
NVO-181 (November 1977). 

11. William W. Sutton, "Biological Transfer of Plutonium-238 Via In-vitro 
Labeled Milk", Studies of Environmental Plutonium and Other Transuranics 
in Desert Ecosystems, Nevada Applied Ecology Group, -159 (March 1976). 

B.4.5 Terrestrial Ecosystems (Leaching and Runoff) 

1. Christensen, C.W. and R.G. Thomas, Movement of Plutonium through Los 
Alamos Tuff, Los Alamos Scientific Laboratory, AEC Report TIP-7628 (1962). 

B- 20 



B . 4 . 5  Terrestrial Ecosystems (Leaching and Runof:Q (Continued) 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

Coleman, J.R., Plutonium: Its Movement in Soils, Ground Water and Plant 
Uptake, NUS Corporation, NUS-TM-.S-141 (April 1972) 

Frere, M . H . ,  C.A. Onstad and H.M. Holtan, ACTMO, An Agricultural Chemical 
Transport Model, U.S. Department: of Agriculture, XRS-H-3 (June 1975). 

Greenkorn, R.A., Dispersion in lleter0geneousNonun:iform Anisotropic Porous 
-' Media Purdue University, Prepared for U.S. Environmental Protection 
Agency (1970). 

Mork, H.M., Redistribution of Plutonium in the Environs of the Nevada 
Test Site, UCLA 12-590 (1970). 

Muller, R.N., D.G. Sprugel, and B. Holm, "Erosional Transport and 
Deposition of Plutonium and Cesium in Two Small Midwestern Watersheds", 
J. Environ. Qual., Vol. 7, p. 171 (1978). 

Nytran, J.W., F.R. Miera, and R.J. Peters, "The Distribution of Plutonium 
and Cesium in Alluvial Soils of the Los Alamos Einvirons", Proceedings of 
4th National Symposium on Radioecolosy. 

Purtzmun, W.D., Storm Runoff and Transport of Radionuclides in DP Canyon, 
Los Alamos Scientific Laboratory, LA-5744 (1974). 

Ritchie, L.T., W.D. Brown, and J.R. Wayland, "Effects of Rainstorms and 
Runoff in Consequences of Atmospheric Releases; from Nuclear Reactor 
Accidents", Nuclear Safety, Vol,, 19, p. 220 (1978). 

Selin, H.M., J.M. Davidson, and P.S.C. Rao, "Transport of Reactive 
Solutes through Multilayered Soils", Soil Science Society of America 
Proceedings, Val. 41, p. 3 (197'7). 

11. Selin, H.M., "Transport of Reactive Solutes During Transient Unsaturated 
Water Flow in Multilayered Soils", Soil Science, Vol. 126, p. 127 (1978). 

12. Sprugel, P.G. and G.E. Bartlett, "Erosional Removal of Fallout Plutonium 
from a Large Midwestern Watershed", Journal of Environmental Quality, 
Vol. 7, p. 175 (1978). 

B.4.6 Terrestrial Ecosystems (Deposition and Resuspension) 

1. Anspaugh, L.R., P.L. Phelps, N.C. Kennedy, and H.G. Booth, "Wind-driven 
Redistribution of Surface-deposited Radioact:ivity", Symposium on 
Environmental Behavior of Radionuclides Released in the Nuclear Industry, 
International Atomic Energy Agency, Vienna (1973). 

2. Anspaugh, L.R., P.L. Phelps, N.C. Kennedy, J . H .  Shinn, and J.M. Reichman, 
"Experimental Studies on the Resuspension from Aged Sources at the Nevada 
Test Site", Proceedings of Symposium on Atmospheric-Surface Exchange of 
Particulate and Gaseous Pollutants, ERDA Report CCMF-740921 (1974). 

B- 2 1 



B.4-6 Terrestrial Ecosystems (Deposition and Resuspension) (Continued) 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Anspaugh, L.R., and D.W. Wilson, "Evaluation of the Resuspension Pathway 
Toward Protective Guidelines for Soil Contamination with Radioactivity", 
Population Dose Evaluation and Standards for Man and His Environment, 
International Atomic Energy Agency, IAEA-SM-183/13 (May 1974). 

Anspaugh, L.R., J.H. Shinn, and P.L. Phelps, "Resuspension and 
Redistribution of Plutonium in Soils", Proceedings of 2nd Life Sciences 
Symposium on Plutonium - Health Implications for Man - (May 1974). 
Anspaugh, L.R., J.H. Shinn, P.L. Phelps, and N.C.. Kennedy, "Resuspension 
and Redistribution of Plutonium in Soils", Health Physics, Vol. 29, p. 
571 (1975). 

Fish, B.R., R.L. Walker, G.W. Royster and J.L. Thompson, Redispersion of 
Settled Particulates, Oak Ridge National Laboratory, ORNL-TM-1049 (1965). 

Golchert, N.W. and J. Sedlet, "Resuspension Studies of Fallout Level 
Plutonium", Selected Plutonium Research Reports of the NAEG, Nevada 
Applied Ecology Group, U.S. Department of Energy, NVO-192 (June 1978). 

Gudiksen, P.H., K.R. Peterson, R. Lange, and J.B., Knox; "Plume Depletion 
Following Postulated Atmosphei:ic Plutonium Dioxide Releases", Health 
Physics, Vol. 31, No. 2, pp. 12'7-133 (August 1976). 

Healy, J.W. "Review of Resuspension Models", Zisuranic Elements in the 
Environment, U.S. Department of Energy, DOE/TIC-22800 (1980). 

Horst, T.W. and C.E. Elderkin, An Assessment of the Long-Term Exposure 
due to Resuspension-11", Pacific Northwest Laboratory Annual Report for 
1974, BNWL-1950 PT3 (1975). 

Johnson, C.J., R.R. Tidball and R.C. Severson, Plutonium Hazard in 
Respirable Dust on the Surface of Soil", Science, Vol. 193, p. 488 (1976). 

Jones, I . S .  and S.F.  Pond, "Some Experiments to Determine the 
Resuspension Factor of Plutonium from Various S;ources", Proceedings of 
Symposium on Surface Contamination (June 1964). 

Lassey, K.R., "The Possible Importance of Ghort-Term Exposure to 
Resuspended Radionuclides", Health Physics, Vol. 38, No. 5, pp. 749-761 
(May 1980). 

Lem, P.N., J.V. Behar, and F.N. Buck, Resusperision of Plutonium from 
Contaminated Land Surfaces: Meteorological Factors, EPA-600/4-777-037 
(1977). 

Loyalka, S.K., Analysis of Aerosol Particles IJndergoing Gravitational 
Agglomeration, U.S .  Nuclear Regulatory Commission, NUREG/CR-O015 (January 
1978). 

B-22 



B.4.6 Terrestrial Ecosystems (Deposition and Resuspension) (Continued) 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Milham, R.C., J.F. Schubert, J.R. Watts, A.L. Boni, and J.C. Corey, 
"Measured Plutonium Resuspension and Resulting Dose From Agricultural 
ODerations on an Old Field at the Savannah River Plant in Southeastern 
Ukted States," Transuranium Nuclides in the Environment, International 
Atomic Energy Agency, IAEA-SM-199 (1976). 

Oksza-Chocimowski, G.V., Generalized Model of the Time-Dependent 
Weathering Half-Life of the Resuspension Faciz, U. S. Environmental 
Protection Agency, ORP/LV-77-4 (1977). 

Oksza-Chocimowski, G.V., Resuspension Model Rei*, U. S. Environmental 
Protection Agency (1979). 

Sehmel, G.A. and R.D. Lloyd, "Influence of Soil Resuspension on the 
Airborne Particle Size Distributi.on," Pacific Northwest Laboratory Annual 
Report for 1972, BNWL-1751 PT1 (1973). 

Sehmel, G.A., and W.H. Hodgson, "Predicted Dry Deposition Velocities," 
Proceedings of Symposium on Atmospheric - Surface Exchange of Particulate 
and Gaseous Pollutants, U. S. Energy Research and Development 
Administration, CONF-740921 (1974). 

Sehmel, G.A., "Possible Explanation of Apparent Anomalous Airborne 
Concentration Profiles of Plutonium at Rocky F:Lats," Pacific Northwest 
Laboratory Annual Report for 1974, - BNWL-1950 (Pt. 3) (February 1975). 
Sehmel, G.A., "Initial Correlations of Particulate Resuspension Rates as 
A Function of Surface Roughness Height," Pacific Northwest Laboratory 
Annual Report for 1974, BNWL-1950 (Pt. 3) (1975). 

Sehmel, G.A., Radioactive Particle Resuspension Research Experiments on 
the Hanford Reservation, Battelle Pacific Northwest Laboratories, BNWL- 
2081 (1977). 

Sehmel, G.A. Transuranic and Tracer Simulant Resuspension, Battelle 
Pacific Northwest Laboratory, BNWL-SA-6236d (1978). 

Sehmel, G.A., Plutonium Concentrations in Airborne Soil at Rocky Flats 
and Hanford Determined During Resuspension Experiments. Battelle Pacific 
Northwest Laboratory, PNL-SA-6720 (January 1978). 

Sehmel, G.A., "Plutonium Resuspension," Pacifk Northwest Laboratory 
Annual Report for 1978, PNL-2850 (1979). 

Sehmel, G.A., "Transuranic and Tracer Simulant Resuspension," Transuranic 
Elements in the Environment, U . S .  Department of Energy, DOE/TIC-22800 
(1980). 

Sehmel, G.A., "Particle Resuspension: A Review," Environment Interna- 
tional, Vol. 4, pp. 107-127 (1980). 

B-23 



B.4.6 Terrestrial Ecosystems (Deposition and Resuspension) (Continued) 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Sehmel, G.A., A Relationship Between Plutonium Activity Densities on Air- 
borne and Surface Soils, Pacific Northwest Laboratory, PNL-SA-9563 
(December 1981). 

Sehmel, G.A., Resuspension Rates from Aged Inert-Tracer Sources, Pacific 
Northwest Laboratory, PNL-SA-10450 (November 1982). 

Sehmel, G.A., Resuspension and Dry Deposition Research Needs, Pacific 
Northwest Laboratory, PNL-SA-11054 (January 1983). 

Shinn, J.S., D.N. Homan, and W.L. Robison, Resuspension Studies at Bikini 
Atoll, Lawrence Livermore National Laboratory, UCID-18538 (February 
1980). 

Shinn, J.H., D.N. Homan, and D.D. Gay, "Plutonium Aerosol Fluxes and Pul- 
monary Exposure Rates During Resuspension from Bare Soils Near a Chemical 
Separation Facility," Fourth International Conference on Precipitation- 
Scavenging, Dry Deposition and Resuspension, Santa Monica, California 
(November 29-December 3, 1982). 

Shinn, J., "The Resuspension Process as a Source of Plant Contamination," 
Symposium on Plant Uptake and Soil-Plant Interactions, Gaithersburg, 
Maryland, U.S. Department of Energy (1983). 

Slinn, W.G.N., "Dry Deposition and Resuspension OP Aerosol Particles - A 
New Look at Some Old Problems," Proceedings of Symposium on Atmospheric- 
Surface Exchange of Particulate and Gaseous Pollutants, U.S. Energy 
Research and Development Administration, CONF-740921 (1974). 

Slinn, W.G.N., "Parameterization for Resuspension and for Wet and Dry 
Deposition of Particles and Gases for Use! in Radiation Dose 
Calculations," Nuclear Safety, Vol. 19, p. 205 (19'78). 

Stewart, K., "The Resuspension of Particulate Material from Surfaces," 
Proceedings of Symposium on Surface Contamination (1964). 

Travis, J.R., A Model for Predicting the Redistribution of Particulate 
Contaminants from Soil Surfaces, Los Alamos Scitmtific Laboratory, LA- 
6035-MS (August 1975). 

U.S. Energy Research and Development Administration, Atmosphere-Surface 
Exchange of Particulate and Gaseous Pollutants, E:RDA Symposium Series 38 
(1976) . 
Volchok, L.H., "Resuspension of Plutonium-239 in the Vicinity of Rocky 
Flats," Proceedings of Environmental Plutonium Symposium, Los Alamos 
Scientific Laboratory, LA-4756 (1971) . 

B-24 



B. 5 AQUATIC ECOSYSTEMS 

3.5.1 Aquatic Ecosystems (General) 

1. Andelman, J.B. and T.C. Rozzel.1, "Plutonium in the Water Environment", 
Radionuclides in the Environment-., American Chemical Society (1970). 

2. Ames, L.L., D. Rai, and R.J. Serne, A Review of Actinide-Sediment 
Reactions with an Annonated 13ibliogra&, Battelle Pacific Northwest 
Laboratory, BNWL-1983 (1976). 

3. Emery, R.M., D.C. Klopfer and M.C. McShane, "The 13xport of Plutonium from 
a Reprocessing Waste Pond", E l t h  Physics, Vol. 34, No. 3, pp. 255-269 
(March 1978). 

4. Eyman, L.D., J.R. Trabalka and F.N. Case, "Plutonium-237 and 246: Their 
Production and Use as Gamma Tracers in Research cm Plutonium Kinetics in 
an Aquatic Consumer", Radioisotopes in the Aquatic Environment: Models 
and Mechanisms , Proceedings 8th Rochester International Conference on 
Environmental Toxicity, June 4-5, 1975 (1976). 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Eyman, L.D. and J.R. Trabalka, "Patterns of Transiiranic Uptake by Aquatic 
Organisms: Consequences and Implications", - Transuranic Elements in the 
En ronment, U.S. Department of Energy" DOE/TIC-22800 (1980). 

Fleischer, R.L. and O.G. Raabe, "Fragmentation of Respirable Pu02 
Particles in Water by Alpha Decay - A Mode of Dissolution", Health 
Physics, Vol. 37, No. 4, pp. 253-257 (April 1977). 

Lerman, A., "Transport of Radionuclides in Sediments", Proceedings of a 
Symposium on Radionuclides in Ecosystems, 3rd National Symposium on 
Radioecology, Oak Ridge, (1971) .I 

Livingston, H.D. and V.T. Bowen, "Contrasts Between the Marine and 
Freshwater Biological Interactions of Plutonium and Americium", ERDA, 
Health and Safety Laboratory Report, HASL-315 (1977). 

Murray, C.N. and A. Avogadro, "Effect of a Long-Term Release of Plutonium 
and Americium into an Estuar ine-Coastal Sea Ecosystem- I. Development of 
an Assessment Methodology", Health Physics, Vol. 36, No. 5, pp. 573-585 
(May 1979). 

Noshkin, V.E. , "Ecological Aspects of Plutonium Ilissemination in Aquatic 
Environments", Health Physics, Vol. 22, p. 537 (1972). 

Pillai, K.C. and E. Matthew, "Plutonium in the Aquatic Environment: Its 
Behavior, Distribution and Significance", Transuranium Nuclides in the 
Environment, International Atomic Energy Agency, IAEA-SM-199 (1976). 

12. Rozzell, T.C., J.B. Andelman, "Plutonium in the Water Environment. 11. 
Sorption of Aqueous Plutonium on Silica Surfaces", Nonequilibrium Systems 
in Natural Waters, American Chemical Society. 

B- 25 



13. Schell, W.R. and R.L. Watters, "Plutonium in Aqueous Systems," Health 
Physics, Vol. 29, p. 589 (1975). 

B.5.2 Aquatic Ecosystems (Fresh Water) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

Alberts, J.J. and M.A. Wahlgren, "Concentrations of 239, 24oPu and 241Am 
in Drinking Water and Organic Fertilizers," Health Physics, Vol. 32, No. 
4, pp. 295-300 (April 1977). 

Bondietti, E.A., J.R. Trabalka, Evidence of Plutonium/V/ in an Alkaline, 
Fresh Water Pond, Environmental Sciences DivisFon, Oak Ridge National 
Laboratory (November 1979). 

Bowen, V.T., Plutonium and Americium Concentration Along Freshwater Food 
Chains of the Great Lakes, Woods Hole Oceanographitc Institute (1974). 

Corey, J.C. and A.L. Boni, "Rt:moval of Plutonium from Drinking Water By 
Community Water Treatment Facilities," Transuranium Nuclides in the 
Environment, International Atomic Energy Agency, ILAEA-SM-199 (1976). 

Edington, D.N., J.J. Alberts, M.A. Wahlgren, J.O. Karttunen, and C.A. 
Reeve, "Plutonium and Americium in Lake Michigan Sediments ,I1 Transuranium 
Nuclides in the Environment, International Atomic Energy Agency, IAEA-SM- 
199 (1976). 

Emery, R.M., D.C. Klopfer, and W.C. Weimer, The! Ecological Behavior of 
Plutonium and Americium in a Freshwater Ecosystem: Phase I. Liminological 
Characterization of Isotopic Distribution, Battelle Pacific Nothwest 
Laboratories, BNWL-1867 (1974). 

Emery, R.M. and T.R. Garland, Ecological Behavior of Plutonium and 
Americium in Freshwater Ecosyst.ems, Phase 11, Implications of Differences 
in Transuranic Isotope Rat ios-, Battelle Pacific Northwest Laboratory, 
BNWL-1879 (December 1979). 

Emery, R.M., D . C .  Klopfer, T . R .  Garland, and W.C. Weimer, "Ecological 
Behavior of Plutonium and Americium in a Fresh Water Pond," Proceedings 
of National Symposium on Radioecology, CONF-750503 (March 1975). 

Emery, R.M., D.C. Klopfer and M.C. McShane, %ration of Plutonium from 
Freshwater Ecosystems of Hanford, Battelle Pacific Northwest 
Laboratories, BNWL-SA-6244 (September 1977). 

Emery, R.M., D.C. Klopfer, and M.C. McShane, "The Migration of Plutonium 
from Freshwater Ecosystems of Hanford, Battelle Pacific Northwest Labora- 
tories, BNWL-SA-6244 (September 1977). 

Garten, C.T., J.R. Trabalka, M.A. Bogle, "Comparative Food Chain 
Behaviour and Distribution of Actinide Elements in and Around a 
Contaminated Fresh-Water Pond," Environmental Migration of Long-Lived 
Radionuclides, pp. 299-312, International Atomiic Energy Agency, Vienna 
(1982). 

B-26 



B.5.2 Aquatic Ecosystems (Fresh Water) (Continued) 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Hayes, D.W., J.H. LeRoy, and F.A. Cross, "Plutonium in Atlantic Coastal 
Estuaries in the Southeastern United States," Transuranium Nuclides in 
the Environment, International Atomic Energy Agency, IAEA-SM-199 (1976). 

Hayes, D.W. and J . H .  Horton, "Plutonium and Americium Behavior in the 
Savannah River Marine Environment," Transuranic Elements in the Environ- 
- ment, U.S. Department of Energy, DOE/TIC-22800 (1980). 

International Atomic Energy, Disposal of Radioactive Wastes into Fresh 
-' Water IAEA Safety Series No. 1(1 (1963). 

International Atomic Energy Agency, Disposal of Rindioactivity Wastes into 
Rivers, Lakes, and Estuaries, I= Safety Series No. 36 (1971). 

Larsen, R.P. and R.D. Oldham, "Plutonium in Drinking Water: Effects of - 
Chlorination on its Maximum Permissible Concent.ration," Science, Vol. 
201, p. 1008 (1978). 

Larsen, R.P., D.M. Nelson, M.H. Bhattacharyya, and R.D. Oldham, Plutonium 
-Its Behavior in Natural Water Systems and Assimilation by Man, 
Radiological and Environmental Research Division, Argonne National 
Laboratory Argonne (1982) . 
Muller, R.N., D.G. Sprugel, C.W. Wayman, G.E. Bartlett and C.M. Bobula, 
"Behavior and Transport of Industrially Derived Plutonium in the Great 
Miami River, Ohio," Health Physics, - Vol. 33, No. !j, pp. 411-416 (November 
1977). 

Murray, C.N. and R. Fukai, "Adsorption-Desorption Characteristics of Plu- 
tonium and Americium with Sediment Particles in the Estuarine 
Environment," Proceedings of Symposium on Impacts of Nuclear Releases 
into the Aquatic Environment, International Atomic Energy Agency, Vienna 
(1975). 

Nelson, D.M., J.O. Karttunen, K.A. Orlandini, and R.P. Larsen, "Influence 
of Dissolved Organic Carbon on the Sorption of Plutonium to Natural Sedi- 
ments," Radiological and Environmental Research Division Annual Report, 
January-December 1980, Argonne National Laboratory, ANL-80-115 (1981). 

Paine, D., "Plutonium in Rocky Flats Freshwater Systems," Transuranic 
Elements in the Environment, U.S. Department of Energy, DOE/TIC-22800 
(1980). 

Rees, T.F., J.M. Cleveland, and W.C. Gottschall, "Dispersion of Plutonium 
from Contaminated Pond Sediments," Environmental Science and Technology, 
Vol. 12, p. 1085 (1978). 

Sayre, W.W., H.P. Grey, and A.R. Chamberlain, tJtake and Transport of 
Radionuclides of Stream Sediments, U.S. Geological Survey, Professional 
Paper 433-A (1963). 

Singh, H. and J.S. Marshall, "A Preliminary As,sessment of 239, 240Pu 
Concentration in a Stream Near Argonne National Laboratory," Health 
Physics, Vol. 32, No. 3, pp. 195-198 (March 1977),, 

B-27 



B.5.2 Aquatic Ecosystems (Fresh Water) (Continued) 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

Simpson, H.J. and S.C. Williams, Plutonium and Cesium Radionculides in 
the Hudson River Estuary, COO-2529-2 (1976). 

Simpson, H.J., R.M. Trier, and C.R. Olsen, "Transport of Plutonium by 
Rivers," Transuranic Elements in the Environment, U. S. Department of 
Energy, DOE/TIC-22800 (1980). 

Sullivan, M.F., J.R. Ryan, L.S. Gorham and K.M. McFadden, "The Influence 
of Oxidation State on the Maximum Permissible Concentration of Plutonium 
in Drinking Water" (Submitted for Publication, 1979). 

Trabulka, J.R. and L.D. Eyman, "Distribution of Plutonium-237 in a 
Littoral Freshwater Microcosm," Health Physics, Vol. 31, No. 4 pp. 390- 
393 (October 1976). 

Wahlgren, M.A. and J.S. Marshall, "The Behavior of Plutonium and other 
Long-Lived Radionuclides in Lake Michigan, 1.. Biological Transport 
Seasonal Cycling and Residence Times in the Water Column," Proceedings of 
Symposium on Impacts of Nuclear Releases into the Aquatic Environment, 
Otaniemi, Finland (1975). 

Wahlgren, M.A., J.J. Alberts, D.M. Nelson, and K.A. Orlandi, "Study of 
the Behavior of Transuranics and Possible Chemical Homologues in Lake 
Michigan Water and Biota," Transuranium Nuclides in the Environment, 
International Atomic Energy Agency, IAEA-SM-199 ( 1976). 

Wahlgren, M.A., J.A. Robbins, ignd D.N. Edgington, "Plutonium in the Great 
Lakes," Transuranic Elements in the Environment, U. S. Department of 
Energy, DOE/TIC-22800 (1980). 

Wahlgren, M.A. and K.A. Orlandini, "Comparison of the Geochemical 
Behavior of Plutonium, Thorium, and Uranium in Selected North American 
Lakes," Radiological and Environmental Research Division Annual Report, 
January-December 1980, Argonne National Laborator:y, ANL-80-115 (1981). 

8-28 



B.5.3 Aquatic Ecosystems (Marine) 

1. 

2. 

3.  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Aarkrog, A., "Radioecological Investigations of Plutonium in on Artic 
Marine Environment", Health Physics, - Vol. 20, p. 3:L (1971). 

Aarkrog, A., "Environmental Behavior of Plutoniu~n Accidentally Released 
at Thule, Greenland", Health Physics, Vol. 32, No. 4, pp. 271-284 (April 
1977). 

Aoyama, I., M. Yamamota and Y. Inoue, "Evaluation of Radioactive Wastes 
Disposed into the Deep Ocean", Health Physics, Vol. 33, No. 3, pp. 
227-240 (September 1977). 

Anon, "Transuranic Elements", iieference Methods in Marine Radioactivity 
Studies , International Atomic Energy Agency (1975) I, 
Beasley, T.N. and F.A. Cross, "A Review of Biokinetic and Biological 
Transport of Transuranic Radionuclides in the Marine Environment", 
Transuranic Elements in The Environment, U.S. Department of Energy, 
DOE/TIC-22800 (1980). 

Bowen, V.T., K.M. Wing, and V.E. Nashkin, "Plutonium-239 in and Over the 
Atlantic Ocean", Journal of Marine Research, Vol. :29, p. 1 (1971). 

Bowen, V.T. and H.D. Livingston, Radionuclide Distributions in Sediments 
of Marine Areas Used for Dumping Solidified Radioactive Wastes, Woods 
Hole Oceanographic Institute, 0-2379-13. 

Bowen, V.T., Transuranic Elements in Marine Environments, HASL-291 (1975). 

Bowen, V.T., H.D. Livingston, and J.C. Burke, "Distributions of 
Transuranium Nuclides in Sediments and Biota of the North Atlantic 
Ocean", Transuranium Nuclides in the Environmen't, International Atomic 
Energy Agency, IAEA-SM-199 (1976). 

Brocker, W., "Radioisotopes and Large-Scale Oceanic Mixing", The Sea, 
Ideas and Observations on Progress i n  the Study of the Seas, John Wiley & 

Sons, New York (1969). 

Fowler, S., M. Heyrand and T.M. Beasley, "Experimental Studies on 
Plutonium Kinetics in Marine Biota", Proceedings of Symposium on Impacts 
of Nuclear Releases in the Aquatic Environment, Otaniemi, Finland, (1975). 

Fraizier, A. and J.C. Guary, "Plutonium Diffusion in the Marine 
Environment: A Quantitative Study on Marine !Species in the Channel 
Shores, from Brest to Honfleur", Proceedings of the 4th International 
Congress of the International Radiation Protection Association (April 24, 
1977). 

Gromov, V.V. and V.I. Spitsyn, "Sorption of ;!39PuI lo6Ru, and 99Tu 
by Bottom Sediments of the Pacific Ocean", Soviet Radiochemistry, Vol. 
16, p. 157 (1974). 

B--29 



B.5.3 Aquatic Ecosystems (Marine) (Continued) 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

Guary, J.C. and A. Fraizier, "Influence of Trophic Level and 
Calcification on the Uptake of Plutonium Observed in Marine Organisms", 
Health Physics, Vol. 32, p. 21 (1977). 

Hetherington, J.A., D.F. Jefferies, and M.B. Lovett, "Some Investigations 
into the Behavior of Plutonium in the Marine Environment", Proceedings of 
Symposium on Impacts of Nuclear Releases in the Aquatic Environment, 
Otaniemi, Finland (1975). 

Hetherington, J.A., "Behavior of Plutonium Nuclides in the Irish Sea", 
Proceedings of 8th International Conference on Environmental Toxicology, 
CONF-750672 (1976). 

Hetherington, J.A., D.F. Jefferies, N.T. Michell, R.J. Pentreath, and 
D.S. Woodhead, "Environmental and Public Hea1t.h Consequences of the 
Controlled Disposal of Transuranic  Elements to the Marine Environment", - 
Transuranium Nuclides in the Environment, International Atomic Energy 
Agency, IAEA-SM-199 (1976). 

International Atomic Energy Agency, Radioactive 'Waste Disposal into the 
- Sea, IAEA Safety Series No. 5 (1.961). 

Hedge, V.F., et al, "Rapid Accumulation of Plutonium and Polonium on 
Giant Brown Algae", Health Physics, - Vol. 27, p. 29 (1974). 

Kubose, D.A., M.G. Lai, and H.A. Goya, Behavior o f  Plutonium in Seawater, 
Naval Radiological Defense Laboratory, USNRDL-TR-68-74 (1968) . 
Labeyrie, L.D., H.D. Livingston, and V.T. Bowen, "Comparison of the 
Distributions in Marine Sediments of the Fall-out Derived Nuclides 55Fe 
and 239 ,240Pu: A New Approach to the Chemistry of Environmental 
Radionuclides", Transuranium Nuclides in the Environment, International 
Atomic Energy Agency, IAEA-SM-199 (1976). 

Livingston, H.D. and V.T. Bowen, "Americium in the Marine Environment - 
Relationships to Plutonium", Radioisotopes in the Aquatic Environment, 
Eight Rochester International Conference on Environmental Toxicology (June 
1-4 1975). 

Marshall, R.P. and W.R. Schell, Distribution of Alpha Ehittinq 
Radionuclides in Sediments of Bikini Atoll Lagoon, University of 
Washington (June 26, 1974). 

Marshall, R.P., Concentrations and Redistributions of Plutonium, 
Americium, and Other Radionuclides on Sediment zit Bikini Atoll Lagoon, 
University of Washington, Ph D Thesis (1975). 

Middleton, W.A., Dispersion of Neutrally Bouyant Contaminants Near an 
Ocean Surface or Bottom, Naval Undersea Research and Development Center, 
NUC-TN-337 (March 1970). 

B- 30 



B.5.3 Aquatic Ecosystems (Marine) (Continued) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Miyake, Y. and Y. Sugimura, "Plutonium Content in the Western North 
Pacific Waters," Papers in Meteorology and Geophysics, Vol. 19, p. 481 
(1968). 

Miyake, Y. and Y. Sugimura, "The Plutonium Content of Pacific Ocean 
Waters," Transuranium Nuclides in the Environment, International Atomic 
Energy Agency, I--SM-199 (1976). 

Nelson, D.M. and M.B. Lovett, "Oxidation State of Plutonium in the Irish 
Sea," Nature, Vol. 276, No. 5688, pp. 599-601 (December 7, 1978). 

Nelson, D.M. , D.N. Metta, and 1i.P. Larsen, "Oxidation State Distribution 
of Plutonium in Marine Waters," Radiological and Environmental Research 
Division Annual Report, January-December 1980, Argonne National 
laboratory, ANL-80-115 (1981). 

Noshkin, V.E., V.T. Bowen, K.M. Wong, and J.C. :Burk, "Plutonium in the 
North Atlantic Ocean Organisms:: Ecological Relationships," Proceedinqs 
of 3rd National Symposium on Radioecology, Oak Ridge, Tennessee (1971). 

Noshkin, V.E. and V.T. Bowen, "Concentration anti Distribution of Long- 
Lived Fall-out Radionuclides in Open Ocean Sediments," Radioactive 
Contamination of the Marine Environment, International Atomic Energy 
Agency (1973) . 
Noshkin, V.E., K.M. Wong, K. Marsh, R. Eagle, G. Holladay, R. Buddemeir, 
"Plutonium Radionuclides in the Groundwater at Enewetak Atoll," 
Transuranium Nuclides in the Environment, International Atomic Energy 
Agency, IAEA-SM-199 (1976). 

Noshkin, V.E., K.M. Wong, T.A. Jokela, R.J. Eagle, and J.L. Brunk, Radio- 
nuclides in the Marine Environment Near the Farallon Islands, Lawrence 
Livermore Laboratory, UClU-52381 (January 6, 1978). 

Noshkin, V.E., K.M. Wong, and R.J. Eagle, "Plutonium Concentrations in 
Fish and Seawater from Kwajalein Atoll," Health Physics, Vol. 37, No. 4, 
pp. 549-556 (October 1979). 

Noshkin, V.E., J.L. Brunk, T.A. Jokela, and K.M. Wong, 238Pu 
Concentrations in the Marine Environment at San Cl-emente Island, Lawrence 
Livermore Laboratory (1980). 

Noshkin, V.E., "Transuranium Radionuclides in Coinponents of the Benthic 
Environment of Enewetak Atoll," Transuranic Elements in the Environment, 
U.S. Department of Energy, DOE/TIC-22800 (1980). 

Pillai, K.C., A.C. Smith, and T.R. Folsom, "P:Lutonium in the Marine 
Environment," Nature, Vol. 203, p. 568 (1964). 

Pillai, K.C. , "Determination af Plutonium in the Marine Environment. " 
Reference Methods for Marine Radioactivity Studiesi, International Atomic 
Energy Agency (1975). 

B-31 



B.5.3 Aquatic Ecosystems (Marine) (Continued) 

39. 

40. 

41. 

42. 

Schell, W.R., F.G. m a n ,  and R.P. Marshall, "Geochemistry of 
Transuranic Elements at Bikin,i Atoll," Transuranic Elements in the 
Environment, U.S. Department of Energy, DOE/TIC-2:2800 (1980). 

Silker, W.B., "Plutonium Concentrations in the I?acific Ocean, " Pacific 
Northwest Laboratories Annual Report for 1974, BNW1;-1950 (December 1974). 

Templeton, W.L., "Dosimetry and Ecological Effects of Transuranics in the 
Marine Environment," Transuranic Elements in the Environment, U.S. 
Deparement of Energy, DOE/TIC-22800 (1980). 

Webb, G.A. and F. Morley, A Model for the Evaluation of the Deep Ocean 
Disposal of Radioactive Waste, National Radiological Protection Board, R- 
15 (1973). 

B-32 



B. 6 ATMOSPHERIC DISPERSION 

1. Coleman, J., M. Parsont, and L. Perez, Atmospheric Dispersion and Inhala- 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

tion Analysis for Plutonium Fueled Space Nuclear Systems, NUS Corpora- 
tion, NUS-827 (September 1971). 

Chandler, M., Final Results of a Worldwide Meteorological Study of Ground 
Level Atmospheric Dispersion Parameters, NUS Corporation, NUS-1157 (March 
1974). 

Chandler, M.W., The Development of a Numerical Model (TREATS) to Simulate 
Atmospheric Dispersion from an Instantaneous Source in a Non-Homogeneous 
Atmosphere, NUS Corporation, NUS-1197 (June 1974). 

Freely, H.W., A. Seitz, R.J. Logomarsino, and D.R. Biscaye, " Transport 
and Fallout of Stratospheric Radioactive Debris," Tellus, Vol. XVIII, p. 
316 (1966). 

Freely, H.W., and K.E. Toonkel, "Radionuclides and Lead in Surface Air," 
Environmental Measurements Laboratory Environmental Quarterly, U.S. De- 
partment of Energy, -334 (January 1978). 

Gallegos, A.F., "Preliminary Model of Plutoniumi Transport by Wind at 
Trinity Site," Selected Plutonium Research Reports of the NAEG, Nevada 
Applied Ecology Group, U.S. Department of Energy, NVO-192 (June 1978). 

Gudeksen, P.H., K.R. Peterson, R. Lange, and J.P. Knox, Plume Deposition 
Following Plutonium Dioxide Releases from Fixed,-Oxide Fuel Fabrication 
Plants, UCRG-51781 (1975). 

Rage, K.D., G. Arneson, N.E. Borne, P.S. Brown, W.D. Entrekin, M. Levitz, 
and J.A. Sekorski, Particle Fallout and Dispersion in the Atmosphere, 
Final Report, Sandia Corporation, SC-CR-66-2031 (1966). 

International Atomic Energy Agency, Physical Elehavior of Radioactive 
Contaminants in the Atmosphere, IAEA-SM-181 (1974). 

Leifer, R., and L. Toonkel, "Project Airstream," Environmental Measure- 
ments Laboratory Environmental Quarterly, U.S. Department of Energy, 
EML-334 (January 1978). 

Martell, E.A., "Transport Pattern and Residence Times of Atmospheric 
Trace Constituents Versus Altitude," Advance in Chemistry, Series 93, 
p.138 (1970). 

Mishra, U.C., B.S. Negi, and S.K. Sethi, "Stratospheric Residence Times 
From Platout Measurements," Health Physics, Vol. 39, No. 5, pp. 815-819 
(November 1980). 

Miyake, Y., Y. Katsuragi, and Y. Sugimura, "A Study on Plutonium Fall- 
out," Journal of Geophysical Research, vol .  75, €1. 2329 (1970). 

Shemel, G.A., "Airborne Plutonium Transport of Nonrespirable Particles," 
Pacific Northwest Laboratory Annual Report for 1976, - BNWL-2100 (Pt. 3) 
(August 1977). 

B- 33 



B. 6 Am,OSPHERIC DISPERSION (Continued) 

15. Schmel, G.A., and M.M. Orgill, nPlutonium Concentrations in Forest Fire 
Smoke Plumes,n Pacific Northwest Laboratory Annual Report for 1977, PNL- 
2500 (1978). 

16. Slade, D.B., Meteorology and Atomic Energy, U.S. Atomic Energy Commission 
(1968). 

17. Thomas, C.W., and R.W. Perkins, Transuranic Elements in the Environment, 
Battelle Pacific Northwest Laboratory, BNWL-1881 (1.974). 

18. Watson, C.W., and S. Barr, Monte Carlo Simulation of the Turbulent Trans- 
port of Airborne Contaminants, LIos Alamos Scientific Laboratory, LA-7103 
(January 1976). 

B- 34 



B.7 DOSE ASSESSMENT AND MODELING 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Advisory Committee on Biological Effects of Ionizing Radiation, The Ef- 
fects on Populations of Exposure to Low Levels of Ionizing Radiation, 
National Academy of Sciences - National Research Council (1972). 
Bair, W.J., C.R. Richmond, and B.W. Wachholz, A Radiobiological Assess- 
ment of the Spatial Distribution of Radiation %me From Inhaled Pluto- - nium, WASH-1320 (1974). 

Bair, W.J., and R.C. Thompson,, "Plutonium: Biomedical Research," g- - ence, V o l .  183, p. 715 (1974). 

Bair, W.J., and J.M. Thomas, "Prediction of the Health Effects of Inhaled 
Transuranium Elements from Experimental Animal Data," Transuranic Ele- 
ments in the Environment, International Atomic Energy Agency, IAEA-SM-199 
(1976). 

Baker, D.A., G.R. HOenes, and J.K. Soldat, "FOOD I- An Interactive Code to 
Calculate Internal Radiation Doses from Contaminated Food Products, " 
Proceedings of the Conference on Environmental Modeling and Simulation, 
U.S. Environmental Protection Agency (1976). 

Barr, N.F., "The Radiological Significance of Transuranium Radioisotopes 
Released to the Environment During Operation of the IMFBR Fuel Cycle," 
Transuranium Nuclides in the Environment , International Atomic Energy 
Agency, IAEA-SM-199 (1976). 

Bartram, B.W., An Analysis of the Aquatic and Tewrestrial Ingestion Dose 
Pathways of Plutonium-238 Originating from Space Nuclear Systems, NUS 
Corporation, NUS-1314 (December 1974). 

Bartram, B.W., and R.S. Coffey, A Mission Risk 'Model for Space Nuclear 
Systems, NUS-1202 (June 1974). 

Bartram, B.W., Pu-238 Inhalation Doses Due to Large Particles, NUS 
Corporation, ESD-76-465 (AQ) (July 16, 1976). 

Bartram, B.W., and R.W. Fell, Plutonium Long Term Risk Model, NUS Corpor- 
ation, NUS-3608 (June 30, 1980). 

Bennett, B.G. , Fallout 238Pu Dose to Man, HASL-278# (1974). 
Bennett, B.G., mTransuranic Element Pathways to Man," Transuranium Nu- 
clides in the Environment, International Atomic Energy Agency, IAEA-SM- 
199 (1976). 

Bloom, S.G., and W. E. Martin, "The Effect of Variation in Source Term 
and Parameter Values on Estimates of Radiation Dose to Man," Selected 
Plutonium Research Reports of the NAEG, Nevada Applied Ecology Group, 
U.S. Department of Energy, NVC-192 (June 1978). 

B- 35 



B.7 DOSE ASSESSMENT AND MODELING (Continued) 

14. Booth, R.S., S.V. Kaye, and P.S. Rohwer, "A Systems Analysis Meteorology 
for Predictive Doses to Man from a Radioactively Contaminated Terrestrial 
Environment ," Proceedings of the Third National Symposium on 
Radioecology, USAEC COMNF-710501 (1971). 

15. Cave, L., and L. Freedman, "A Statistical Eva1uat:ion of the Radiotoxicity 
of Inhaled Plutonium in Insoluble Form," Transuranium Nuclides in the 
Environment, International Atomic Energy Agency, 'MA-SM-199 (1976). 

16. Coleman, J., Radiological Dose Models for Plutonium Fueled Space Nuclear 
Systems, NUS Corporation, NUS-SNS-934 (1972). 

17. Coleman, J., Aquatic Diffusion Analysis for Plutonium Fueled Space 
Nuclear Systems, NUS Corporation, NUS-SNS-933 (June 1972). 

18. Cuddihy, R.G., R.O. McClellain, L.D. Chapman, J.R. Wayland, and V.L. 
Dugan, "Simulation Modeling of Environmental Transport and Health 
Consequences of Radioactive Effluents from Nuclear Power Systems ,I' 
Transuranium Nuclides in the Environment, International Atomic Energy 
Agency, IAEA-SM-199 (1976). 

19. Dolphin, G.W., et al., Radiological Problems in the Protection of Persons 
Exposed to Plutonium, NRPB-R29 (1974). 

20. Durban. P.W., "Metabolism and Biological Effects of the Transplutonium 
Elements ," Handbook of Experimentai Pharmacology, Vol. 36, Uranium- 
Plutonium-Transuranic Elements, Springer-Verlag, !New York (1973). 

21. Ellett, W.H., N.S. Nelson, and W.A. Mills, "Allolwed Health Risk for Plu- 
tonium and Americium Standards as Compared with !Standards for Penetrating 
Radiation," Transuranium Nuclides in the Environment, International 
Atomic Energy Agency, IAEA-524-199 (1976). 

22. Filipy, R.E., F.J. Borst, F.T. Cross, J.F. Park, O.R. Moss, R.C. 
Roswell, and D.C. Stevens, A Mathematical Model for Predicting the 
Probability of Acute Mortality in a Human Population Exposed to 
Accidentally Released Airborne Radionuclides (Finial Report for Phase 1 of 
the Project: Early Effects of Inhaled Radionuclides), Battelle Pacific 
Northwest Laboratory, PNL-3257 (1980). 

23. Fisk, B.R., G.W. Keihholtz, W.S. Snyder, and S.D. Swisher, Calculation of 
Doses Due to Accidentally Released Plutonium from an LMFBR, Oak Ridge 
National Laboratory, ORNI-NSIC-74 (November 1972). 

24. Garten, C.T., Jr., "Statistical Uncertainties in Predicting Plutonium 
Dose to Lung and Bone from Contaminated Soils," Health Physics, Vol. 39, 
pp. 99-103 (July 1980). 

25. Hoenes, G . R .  and J.K. Soldat, Age-Specific Radiation Dose Commitment 
Factors for a One-Year Chronic Intake, Battelle I?acific Northwest Labora- 
tories, NUREG-0172 (November 1977). 

B-36 



B.7 DOSE ASSESSMENT AND MODELING (Continued) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Houston, J.R., D.L. Strenge, E.C. Watson, DACRIN -- A Computer Program for 
Calculating Organ Doses From Acute or Chronic Inhalation, Battelle 
Pacific Northwest Laboratory, BNWL-B-389 (1974), BINWL-B-389 SUPP (1975). 

Huang, R., J. Steyn, and E. Sum, Dose Rate Calculations for Plutonium 
Dioxide Fuel Configuration, NUS Corporation, NUS-913 (April 1972). 

International Commission on Radiological Protection, Report of Committee 
I1 on Permissible Dose for Internal Radiation, ICW-2 (1959). 

International Commission on Radiological Protection, Task Group on Lung 
Dynamics for Committee 11, "Deposition and Retention Models for Internal 
Dosimetry of the Human Respiratory Tract," Health Physics, Vol. 12, p. 
173 (1966). 

International Commission on Radiological Protection, Task Group on 
Committee 11, The Metabolism of Compounds of Plutonium and Other 
Actinides, ICRP Publication 19 (1972). 

International Commission on Radiological Protection, Recommendations of 
the International Commission on Radiological Protection, ICRP-26 ( (1979) . 
International Commission on Radiological Protectfon, Limits for Intakes 
of Radionuclides by Workers, IC=-30 (1979). 

Kennedy, W.E., Jr., and E.C. Watson, "Maximum Permissible Concentrations 
(MPC) and Annual Limits of Intake (ALI): lrheir Basis and Their 
Comparison," Presented at the Northern California and Columbia Chapters, 
Health Physics Society, 1981 Joint Meeting, Lake Tahoe, California (March 
1981). 

Killough, G.G., D.E. Dunning, S.R. Bernard, and J.C. Pleasant, Estimates 
of Internal Dose Equivalent to 22 Target Organs for Radionuclides 
Occurring in Routine Releases from Nuclear Fuel Cycle Facilities, Oak 
Ridge National Laboratory, NmG/CR-0150 (November 1979). 

Kocher, D.C., "Dose-Rate Conversion Factors for External Exposure to 
Photon and Electron Radiation From Radionuclide!; Occurring in Routine 
Releases From Nuclear Fuel Cycle Facilities," 3 a l t h  Physics, Vol. 38, 
No. 4, pp. 543-621 (April 1980). 

Larsen, R.P., R.D. Oldham, M.H. Bhattacharyya, E.S. Mretti, and D.J. 
Austin, "Plutonium Retention in Mice and Rats After Gastrointestinal 
Absorption," Radiation Research, Vol. 87, pp. 37-49 (1981). 

Mays, C.W., "Risk Estimates for Plutonium-239 in Man," Workshop on 
Biological Effects and Toxicity of Plutonium-239 and Radium 226, Sun 
Valley, Idaho (1975). 

Martin, W.E., and S.G. Bloom, "Plutonium Transport and Dose Estimation - 
Model," Transuranium Nuclides :in the Environment:, International Atomic 
Energy Agency, I=-SM-199 (1976). 

B-37 



B.7 DOSE ASSESSMENT AND MODELING (Continued) 

39. Martin, W.E., and S.G. Bloom, "Nevada Applied Ecology Group Model for 
Estimating Plutonium Transport and Dose to Man, " Transuranic in Natural 
Environments, Nevada Applied Ecology Group, U.S. Department of Ecology, 
NVO-178 (1978). 

40. Martin, W.E., and S.G. Bloom, "Nevada Applied Ecology Group Model for 
Estimating Plutonium Transport and Dose to Man," Transuranic Elements in 
the Environment, U.S. Department: of Energy, DOE/TIC-22800 (1980). 

41. Mercer, T.T., "On the Role of Particle Size in the Dissolution of Lung 
Burdens," Health Physics, Vol. 13, pp. 1211-1221 (1967). 

42. Morgan, K . Z . ,  "Suggested Reduction of Permissible Exposure to Plutonium 
and Other Transuranium Elements," American Industrial Hyqiene Association 
Journal, Vol. 36 p. 567 (1975). 

43. National Academy of Sciences -- National Research Council, Committee on 
the Biological Effects of Ionizing Radiation (BE'TR 111), The Effects on 
Populations of Exposure to Low Levels of Ionizing Radiation (1980). 

44. National Council on Radiation Protection and Measurements, Basic 
Radiation Protection Criteria, NCRP Report 39 (1971). 

45. NUS Corporation, Overall Safety Manual, Prepared for U.S. Atomic Energy 
Commission (1975) . 

46. NUS Corporation, Radon Hazards Associated with Pu-238 Fuels in the Oxide 
- Form, NUS-3613 (June 20, 1980). 

47. Perez, L., and J. Coleman, AComprehensive Dose Model and Computer Code 
for Inhaled Radiation, NUS Corporation, NUS-596 (June 1969). 

48. Raabe, O.G., G.M. Kanapilly, and H.A. "Studies of the In-vitro 
Solubility of Respirable Particles of yA:u and 239Pu Oxide and on 
Accidentally Released Aerosol Containing 239Pu, '' Inhalation Toxicology 
Research Institute Annual Report, Lovelace Foundation for Medical 
Education and Research LF-46 (1973). 

49. Soldat, J.K., Modeling of Environmental Pathways and Radiation Doses from 
Nuclear Facilities, Battelle Pacific Northwest Laboratory, BNWL-SA-3939 
(1971). 

50. Strom, P.O., and E.C. Watson, "Calculated Doses From Inhaled Transuranium 
Radionuclides and Potential Risk Equivalence to Whole-Body Radiation," 
Transuranium Nuclides in the Environment, International Atomic Energy 
Agency, I--SM-199 (1976). 

51. Thomas, J.M. and W.J. Bair, "Analysis of Experimental Animal Data on Car- 
cinogenic Effects of Inhaled Radionuclides," %logical Implications of 
Radionuclides Released from Nuclear Industries, International Atomic 
Energy Agency (1979). 

B-38 



B.7 DOSE ASSESSMENT AND MODELING (Continued) 

52. Thompson, R.C., and B.W. Wachholz, "Biological Effects of Transuranic 
Elements in the Environment: Human Effects and Risk Estimates," 
Transuranic Elements in the Environment, U.S. Department of Energy, 
DOE/TIC-22800 (1980) . 

53. Turner, R.H., and R.J. Kenneth, Plutonium Transport into Soils, A Mathe- 
matical Model, NUS Corporation, NUS-1315 (December 1974). 

54. U.S. Environmental Protection Agency, Proposed Guidance on Dose Limits 
for Persons Exposed to Transuranium Elements in the General Environment 
(1977). 

55. U.S.  Environmental Protection Agency, "Persons Exposed to Transuranic 
Elements in the Environment," Ederal Register, Vol. 42, p. 230 (1977). 

56. U.S .  Nuclear Regulatory Commission, Calculation of Annual Doses to Man 
from Routine Releases of Reactor Effluents for th.e Purpose of Evaluating 
Compliance with 10 CF'R Part 50, Appendix I, NRC Regulatory Guide 1.109 
(October 1977). 

57. Wilson, R.H., R.G. Thomas, and J.N. Stannard, Biomechanical and Aerosol 
Studies Associated with a Field Release of Pluton-, U.S. Atomic Energy 
Commission, WT-1511 (1960). 

B-39 



Sununary of Plutonium Environmental Data 
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~~ 

Applicability Value Data Reference Data Category Parameter 

B. 2( 23) 
Analysis of LANL 

Terrestrial Ecosystems Airborne Source Terms 6 mm particles on surface 
(Release rate per Humid Conditions 
gram of fuel) Pre-rain 2x104 nCi/s data by NUS 

Rain 0.9  nCi/per rain I t  

Post-rain 5x10-9 nCi/s ,I 

Arid Conditions 2.10-7 nCi/s 11 

LeachingIRunof f Source 
(Release rate per 
gram of fuel) 

? 
c 

Inventory Ratioa 

Concentration Ratiob 
(Field grown plants) 

6 mm particles on surface 
Humid Conditions 

4~10-~ nCi/s Pre-rain 
Rain 0 
Po8 t-rain 3 ~ 1 0 - ~  nCi/s 

6 nrm particles on surface 
1.3~10-~ nCi/s Humid Conditions 

Arid Conditions 2.8~10-7 nCi/s 

6 mm particles on surface 
Humid Conditions 4.4~10-5 nC i / s 
Arid Conditions 2.5~10-~ nCi/s 

II 

II 

I 1  

I, 

I t  

Soils 
Vegetation 
Litter 
Animals 

0.998 to 0.986 B.1(25) 
2x10-2 to 3x10-7 

7x10-3 to 6x10-11 II 

II 

3x10-2 to 2x10-4 II 

Crops and Vegetables ( O W )  
Fruit 10-5 to 10-4 
Foliage 10-4 to 10-3 
Underground Crops 10-4 to 10-2 

Crops and Vegetables (SRP) 
Wheat 
Grain 10-3 
Foliage 10-2 to 10-1 

Grain 10-4 
10-2 

Soybean 

Foliage 

B.4.3(2) 
11 

11 

I 1  

I, 

I1 

I t  

II 

a. 
b. 

The proportion of the total plutonium in the ecosystem to that found in each major compartment 
Ratio of concentration in plant to concentratioo in soil 
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Data Referenc, Value Parameter Applicability Data Category 

Terrestrial Ecosystems 
(Continued) 

Concentration Ratio 
(Total Ecosystem) 

Concentration Ratio 
(Anima 1 s ) 

Weathering Rate 

Corn 
Grain 
Leaves 

Crops and Vegetables (Cape Cod) 
Corn and Cobs 
Potatoes 
Peas (shelled) 

Native Vegetation (SRP) 

Native Vegetation (Enewet ak) 
Coconut 

Native Veg3tatioa (Eocky F?sts )  

Native Vegetation (NTS) 

Native Vegetation (ORNL) 

ORNL Floodplain Ecosystem 
Tree Wood 
Tree Root 
Tree Leaf 
Litter 
Soil Fauna 
Ground Vegetation 
Consumer 

Los Alamos Mortandad Canyon 
Tree Wood 
Tree Leaf 
Litter 
Grass 
Forb 
Con s ume r 

General 
Floodplain Ecosystem ( O W )  
Canyon Ecosystem (LANL) 
Small Mamaals (Rocky Flats) 

General 

10-4 
10-2 

10-2 
10-2 
10-3 

10-2 to 100 

10-4 to 10-1 
10-3 

in-4 tn 10-3 

10-2 to 100 

10-3 

5x10-5 
6x 1 0-2 
5x10-5 
1x10-1 
2x10-2 
8~10-~ 
6~10-l~ 

1~10-3 
1x10-3 
6x10-1 
1x100 
8x10-2 
5x 10-3 

10-1 to 10-4 
6x104 
5 ~ 1 0 - ~  
7.8~10-3 

10% per year 

B.4.3(2) I I  

11 

, I  

,I 

11 

19  

11 

1: 

11 

I, 

B.4(6) 
11 

II 

11 

II 

11 

11 

11 

II 

I, 

II 

11 

11 

B.1(25) 
B.4(6) 

B .4.1(25) 
I: 
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Data Category Parameter Applicability Value Data Referenc 

Terrestrial Ecosystems Watershed Erosion Rate Savannah River 
(Continued) Miami River 

Hudson River 

? Aquatic Ecosystems w 

Soil Leaching Rate 

Resuspension Factor 

Dissolution Rate 

General 

Nevada Test Site 
(Generally applied) 
Sandy Grass 
Sandy Debris 
Rocky Flats, Co 
Palmares, Spain 
New York City 
Hanford 
United Kingdom 

Grog Fuel 
lOOC Fresh Water 
35OC Fresh Water 
10% Sea Water 
35% Sea Water 

100 Fresh Water 
100 Sea Water 

PPO Fuel 

Kda General 
Pu all Oxidized 
Pu all Reduced 
pH Decreases 
Amount of Organic Carbon 

Increases 
Amount of Sulfates Increases 
Amount of Carbonates Increases 
Enewetak (marine) 
Enewetak (groundwater) 
Bikini (marine) 
Windscale 

a. Ratio of concentration in sediment to concentration in water 

0.005% per year 
0.05% per year 
0.05% per year 

B.lt25) 
I 1  

I t  

B.7(12) 0.1 cmlyr through 
top 1 cm of soil 

0.5 cmlyr below 
top 1 cm of soil 

10-4e-O * 15 t +lo+, m-l B .4.6 ( 9) 

2x10-9 10-8 to to 5x10-5 10-5 

2x10-9 to 8 ~ 1 0 - ~  
5x10-9 to 2x104 

B.4.6(28) 

10-9 to 10-5 

2x10-9 
t o  6 ~ 1 0 - ~  

1440 nCi/m2-s 
340 nCi/m2-s 
60 nCi/m2-s 
17 nCiIrn2-s 

90 nCi/m2;s 
1.2 nCi1d-s 

105 
103 
106 
Kd Decreases 
Kd Decreases 

Kd Decreases 
Kd Decreases 
1 .8x105 
2.5~105 

5x104 
2.2x105 

B.2(23) 
11 

I t  

11 

II 

II 

B.1(25) 

B .5.3(36) 
II 

11 

11 

I 1  
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Data Category Parameter Applicability Value Data Reference 

Aquatic Ecosystems 
(Continued) 

Seafood Density 

Concentration Ratio 

Particle Sink Rates 

7 High Altitude Vapor Release Residence Half-Times 
P 

Humbolt Bay, CA 
Mediterranean 

Florida Coast 

Plankton 
Benthic Algae and Macrophytes 
Benthic Invertebrates 
Fish 
Bottom Feeders 
Plankton Feeders 
Piscivorous 

Pacific Ocean 

North American 
Fresh Water Lakes 

Mesosphere 
( 45 km) 

Stratosphere 
(10-45 km) 

Troposphere 
(0-10 km) 

8x104 
5x104 

8.6~10-9 g f cm3-yr 

5000 
5000 
1000 

250 
25 
5 

50 400 m:yr 

10-100 m/yr 

5 years 

0.75-2 years 

5-15 days 

,I 

II 

B. 7(45) 

B. 5.1(4) 
II 

II 

B .1( 24) 

B.1(24) 

B.7(10) 

11 
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