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II. ADVANCED NOTICE OF PROPOSED RULEMAKING - 2 

A. ANPRM and Other Federal Register Notices 

.1 Federal Register: Environmental Protection Agency. Water Pollution 
Control; National Primary Drinking Water Regulations; Radionuclides; 
Advance Notice of Proposed Rulemaking. Vol. 51, No. 189, Tuesday, 
Sep. 30, 1986--Part VI. PP• 34836-34862 • 

• 2 Federal Register: Environmental Protection Agency. National Primary 
Drinking Water Regulations; Volatile Synthetic Organic Chemicals; 
Final Rule and Proposed Rule. Vol. 50, No. 219, Wednesday, Nov. 15, 
1985 - Part III. pp.46880-46901. (See Phase I, III-A1.1) 

.3 Federal Register: Environmental Protection Agency. National Primary 
Drinking Water Regulations; Volatile Synthetic Organic Chemicals; 
Final Rule and Proposed Rule. Vol. 50, No. 219, Wednesday, Nov. 15, 
1985 - Part III. pp.46902-46933. (See Phase I, IV-A.1) 

.4 Federal Register: Environmental Protection Agency. Proposed 
Guidelines for Carcinogen Risk Assessment. Vol. 49, No. 227, 
Nov. 23, 1984. PP• 46294-46301. ( See Phase I, III-A2.1) 
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JI, OCCURRENCE 

1, References cited in ANPRM 2 

, l Cothern, C, Richard and \'I. L. Lappenhusch, Co1npliance Data for tlic• 
Occurrencp of Radiurn and Groc;s i\Iplrn-particle Activity in Drinking Wat.er 
Supplies in the United States. Health Physics, V. 46, No. 3, March 1984. 
pp. 'i03-510. 

Cothern, C, Richard, W.L. Lappenbusch and J. Michel, Drinking Water 
Contribution to Natural Background Radiation, Health Physics, V, 50, No. 
1, January 1986. pp, 33-47, 

.3 Cotber11, C. Richard and W.L. Lappenhusch. Occurrence of Uranium in 
Drinking Water in the U.S. Health Physics, V. 45, No. 1, July 1983. pp. 
89-99 . 

. 4 Hess, C.T., J. Michel, T.R. Horton, H.N. Prichard and W.A. Coniglio. The 
Occurrence of Radioactivity in Public Water Supplies in the United States. 
He::,alth Physicn 1 V. 48, No. (5 1 f\iqy 1985. pp. 5'.:d-~)86. 

,'.) National Council Oll Radiation Protectjon and Measurement.;_; {NCRP). Exposures 
from the lJranium 8eries witl1 Ern1,hasis on Radon and its Daughters, NCRP 
Report 77, Mar. 1984. 131 pp . 

. 6 National Council on Radiation Protection and Meast1rements (NCRP). Nat11ral 
Background Radiation in the United States, NCR!' Report 4C,, Nov. 1975. 163 
pp . 

. 7 U.S. Environme11tal Protection Age11cy 1 Office of Dri11king Water a11d U.S. 
Department of Energy, Oak Ridge National Laboratory. Uranium in U.S. 
Surface, Ground a11d Domestic Waters. 3 Vols. EPA-570/9-81001 a11d 
ORNL/EIS-192. (1\vailablt, from NTIS, U.S. Dept. oi Commerce, Springfield, 
VA 22161) (Vol. 1, see IJI-D, III-B3.8) 
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2. Other Occurrence Documentation Not cited 

.1 U.S. EPA, Office of Radiation Programs. Nationwide Occurrence of Radon and 
Other Natural Radioactivity in Public Water Systems. Appendix B -
Radioactivity Results for Each Public Water System Sampled. EPA 520/5-85-
008. pp. 91-159. 



PHASE III 
ANPRM - 2 
II-C1 

C. ANALYTICAL METHODS 

1. Documents Cited· in ANPRM - 2 

.1 American Public Health Association. Standard Methods for the 
Examination of Water and Wastewater, New York, NY, 14th ed. 1975 • 

. 2 American Society for Testing and Materials. Annual Book of ASTM 
Standards, Water and Atmospheric Analysis, Part 31, Philadelphia, 
PA. 1980. PP• 1016-1021 • 

. 3 Lucas, Henry F. A Fast and Accurate Survey Technique for Both Radon-
222 and Radium-226. In: The Natural Radiation Environment, University 
of Chicago Press, Chicago, IL. 1964. pp. 315-329 • 

• 4 Lucas, Henry F. Improved Low-Level Alpha-Scintillation Counter for 
Radon, Rev. Sci. Instr., v. 28, No. 9, Sep. 1957. pp. 680-683 • 

. 5 Mccurdy, David E. and R.A. Mellor. Determination of Radium-224, 
-226 and -228 by Coincidence Spectrometry. Anal. Chem., v. 53, 
1981. PP• 2212-2216 • 

. 6 Michel, Jack, w.s. Moore and P.T. King. Gamma-Ray Spectrometry for 
Determination of Radium-228 and Radium-226 in Natural Waters. Anal. 
Chem., v. 53, 1981. PP• 1885-1889 • 

. 7 Prichard, Howard M. and T.F. Gesell. Rapid Measurements of Rn-222 
Concentrations in Water with a Commercial Scintillation Counter. 
Health Physics, V. 33, Dec. 1977. PP• 577-581 • 

. 8 u.s. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH. Method 902.1 - Determination of 
Iodine-129 in Drinking Water. Apr. 1981 • 

• 9 U.S. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH. Method 904.1 - Determination of 
Radium-228 in Drinking Water by Liquid Scintillation Counting. Oct. 
1983 • 

. 1 0 u_.s. Environmental Protection Agency, Environmental Mani taring and 
Support Laboratory, Cincinnati, OH. Method 908.2 - Determination of 
uranium in Drinking Water by Laser Induced Fluorometry. May 1984 • 

. 11 U.S. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH. Method 909.0 - Determination of 
Lead-210 in Drinking Water. Mar. 1982 • 

. 12 U.S. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH. Method 910 - Determination of 
Thorium in Drinking Water. May 1982 • 

. 13 u.s. Environmental Protection Agency, Environmental Monitoring and 
Support Laboratory, Cincinnati, OH. Method 911 - Determination of 
Plutonium in Drinking Water. June 1982. 
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.14 lJ.S. Enviror11nental Protectior1 Age11c:y, Envi1~onme11tal Moni.toring and Support 
Laboratory, Cincinnati, OH. Method 912 - Determinatio11 of Polonium-210 in 
Drinking Water by Alpha Particle Counting. Oct. 1983 . 

. 15 U.S. Enviro111ne11tal Protectio11 Agency, Environtne11tal Monitoring and Support 
Laboratory, Cincinnati, OH. Prescribed Proced1tres for ~leas11rement of 
Radioactivity in Drinking Water. EPA-600/4-80-032. Aug. 1980. 147 pp . 

. 16 U.S. Environmental Protecti.011 Age11cy, Office of Radiatio11 Progra1ns, 
Eastern EnviroirnH:~nta.l Radiation Facility, Montgorner11 , AL, East~)rn 
Environmental Radiation Facility Radiochemistry Procedures Manual. EPA 
520/r,-84-006. AucJ. 1984. (See III-D, III·Cl.11) 

.17 U.S. Environmental Protectj_on A~JPrtCYr Offic(~ o:E Rad:iatj_on Proqrams 1 

Eastern Environmental Radiation Facility, Montgo1oe1·y, AL. Methods and 
Results of EPA's Study of Radon in Drinking Water. EPA 520/5-83027. Dec. 
1983. 31 pp. 
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2, Other Analytical Methods and Monitoring Documentation Not Cited 

,1 Research Planning Institute, Inc, Final Report - Statistical Analyses 
of Analytical Methods for Radionuclides in Drinking Water, Prepared 
for the Office of Drinking Water, EPA, RPI/R/86/4/8-20, May 1986, 

58 PP• 

.2 Health Division, Oregon Dept. of Human Resources. Drinking Water 
Radiation Testing (Chernobyl Related - Summary Report), June 18, 
1986, 6 pp, 
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D. HEALTH CRITERIA 

1. Health Criteria Documents 

.A u.s. Environmental Protection Agency, Criteria and Standards Division. 
Draft for the Drinking Water Criteria Document on Man-Made Radionuclide 
Occurrence. June 1985. 161 PP• 

.B u.s. Environmental Protection Agency, Criterial and Standards Division. 
Criteria Document for Radium in Drinking Water. Apr. 1985. 167 PP• 

.c u.s. Environmental Protection Agency, Criteria and Standards Division. 
Draft for the Drinking Water Criteria Document on Radon. June 1985. 
235 pp . 

. o u.s. Environmental Protection Agency, Criteria and Standards Division. 
Criteria Document for Uranium in Drinking Water. Apr. 1985. 194 PP• 
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2. Other Health References Cited in ANPRM - 2 

.1 Bunger, Byron M., ,J.R. Cook 
Evaluating Radiation Risk: 
Exposures. Health Physics, 

and M.K. Barrick. Life Table Methodology 
An Application Based on Occupational 
\I, 40, Apr. 1981. pp. 439-455 . 

. 2 Federal Radiation Council. Background Material for the Development of 
Radiation Protection Standards. Report #2, Sep. 1961. 22 pp . 

for 

. J National Academy of Sciences. Drinking Water and Health, Vol. V, 1983 . 

. 4 United Nation's Scientific Committee on the Effect of Atomic Radiation 
(UNSCEAR). Ionizing Radiation: Sources and B:iological Etfects, New York. 
1982. (See III-D, III-B2d.8) 

.5 U.S. Department of Energy, Oak Ridge National Laboratory. Estimates of 
Health Risk from Exposure to Radioactive Pollutants. ORNL/TM7745, Nov. 
1981. G6 pp . 

. 6 U.S. Department of Energy, Oak Ridge National Laboratory. Internal 
Dosimetry Data and Methods of ICRP - Part 2, Vol. 1: Committed Dose 
Equivalent and Secondary Limits, ORNL/NUREG/TM-433/VI. Feb. 1981. 140 
pp. 
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3. Other Health Documentation Not Cited 

Cothern, c. Richard. 
Water. Research and 
158 • 

Estimating the Health Risks of Radon in Drinking 
Technology (Journal AWWA). Apr. 1987. pp. 153-

. 2 Cothern, c. Richard, William L. Lappenbusch and Joseph A. Cotruvo. 
Health Effects Guidance for Uranium in Drinking Water. Health 
Physics. Vol. 44, Supplement No. 1. 1983. PP• 377-384. 



PHASE III 
ANPRM - 2 
II-E1 

E. TREATMENT TECHNOLOGY AND COSTS 

1. Treatment Technology and Costs Documents 

.1 U.S. Environmental Protection Agency, Criteria and Standards Division. 
Technologies and Costs for the Removal of Radium from Potable Water 
Supplies. July 31, 1984. 110 PP• 

.2 U.S. Environmental Protection Agency, Criterial and Standards Division. 
Technologies and Costs for the Removal of Uranium from Potable Water 
Supplies. Oct. 30, 1985. 99 pp. 
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A. RKf'ERENCE CITED IN RAD JU,! TREATMENT TECHNOLOGY AND COST DOCUMENT 

1. Sorg, T. J., and Logsdon, G.S. Treatment Technology to Meet the Interim 
Primary Drinking Water Regulations for Ino1·yanics: Part 5. Journal AWWA 
72(7) :411-22, 1980. 

2. Drinking Water and Health. Volrnnes l and 2. U.S. National Acadc'll1Y oE 
Science~;, 1977. 

3, Mattl1ess 1 G, The Properties of Ground Water. J.C. Harvey, translator. 
1.lolln Wile11 & Sons, 1982. 

4. Dem, J.D. Study and Interpretation of the Chemical Characteristics of 
Natural Water. 2nd ed. U.S. Geological Survey, Geological Water-Supply 
Paper 1473, 1970. 

5. Singley, J.E., Beaudet, B. A., et al. Costs of Radium Removal from 
Potable Water Supplies. U.S. Environmental Protection Agency, EPA-600/2-
77-073, 1977. (Not available in the docket.) 

G. H11rsh, J. B. Radium Content of Public Water Supplies. Journal AWWA 
1]6(1) :43-54, 19 1i4. 

7. Manual of Treatment Techniques for Meeting the Interi1a Prirnary Drinking 
Water Regulations. U.S. Environmental Protection Agency. EPA-600/8-77-
005, 1977. 

8. Occurrence of Radiurn Isotopes in Public Drinking Water. U.S. E~vironrnental 
Protection Agency, Office of Drinking Water, September 1983 (In press). 

9. G:ilkeson 1 R.H., Spc~cltt, 8.A., et al. Geologic Studi<?S to Identify tlu? 
Source for High Levels of Radium and Barium in llli11ois Ground-Water 
Supplies, OTLU-WRC-78-0135. University of Illinois at Urbana-Champaign 
Water Resources Center, 1978. (See II-D, III-E2b.6) 

10. Watson, I.C., Spano, S.J., et al. Monograph of the Effectiveness and Cost 
of Water Treatment Processes for the Removal of Specific Contarninants. 
Volume I: Technical Man11al. U.S. Environmental Protection Agency, 1974. 

11. National Interim Prirnary Drinking Water Regulations. U.S. Environ,nental 
Protection Agency, EPA-570/9-76-003, 1976. 

12. Report of the Joint Program of Studier; on the Decontamination of 
Radioa,,tive Waters. 14th edition. Health Physics Division, Oak Ridge 
National Laboratory and Robert A Taft Sanitary Engineering Center, U.S. 
Public Health Service, ORNL-2557/TID-4500, 1959. 

13. Environ1aental Protection Agency Interim Prirnary Drinking Wate1· 
Regula Lions: l'ronmlgation oJ Rregulationr; on HaclioIJuclideH. Federal 
Register 41 (133) :28402-409, 1976. 
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14. Statement of Basis a11d Purpone for the National Interim Primary Drinking 
Water Regulations. U.S. Environmental Protection Agency, 1975. 

15. Radi11m-226 and Gross Alpha Particle Activity Compliance Data for Drinking 
Water Supplies i11 tl1e United ~tates. U.S. Environ1ne11tal Protection 
Age11cy, Office of Drinking Water, 1982. 

16, PetE,rsen, N,,L, Samuels, L,.D., et aL An Epiclemiologic Approach to Low
l.evel Radium 226 Exposure,, Public Health Report,s 81 (9) :805··14, l9GG. 

17' LucaE:, H.F.1 ar. 
i\nnua l Hee ting, 
cluly, 1982. 

Radium-226 and Radium-228 in Drinldng Water (abs.), 27th 
Heal th Phys:LctJ Society, Las Vegas, Nevada 1 27 June 1 

18. Hickey, J.L.S. and Campbell, S.D. High Raclium-226 Concentrations in 
Public Water Supplies. Public Health Reports 83(7) :551-57, 1968. 

19. Sorg, T.;r., Forbes, R.W., et al. Removal ot Radinm-226 from Sarasota 
County, Fla., Drinking Water by Reverse Osmosis. Journal /\WW/\ 72(4) :230-
37, 1980. 

20. Hiller, J.c., Hackenherry, P.S., et al. Ground-Water Pollution Problems 
in the Southeastern United States. U.S. Environmental Protection Agency, 
El'l\-600/.1-77-012, 1977. 

21. Ground-Water Pollution Problems in the Northwestern United Staten. U.S. 

?? 
.L.., /_J • 

23. 

24. 

Environmental Protection Agency, EPA-660/3-75-0218, 1975. 

Michel, J. and Moore, W.S. Ra-228 and Ra-226 Content of Groundwater in 
Fall Line Aquifers. HE,alth Physics 38(4) :663-71, J.980. 

Ben11ett, D.L., Bell, C.R., et al. Determination of Radium Removal 
Efficie11cies in Illinois Water Supply Treatment Processes. U.S. 
Env i ronrnen tal Protection Agency, ORI' /'l'AD-76--2, 197 6. 

Schliekelman, R.J. Determination of Radium Removal Efficiencies in Iowa 
Water S11pply Treatment Processes. U.S. Environmental Protection Agency, 
ORP/'l'AD-76-1. 1976, Selected pages. 

Brinck, W.L., Schliekelman, R.J., et al. 
Efficiencies in Water Treatment Processes. 
Agency, ORP/Tl\D-76-5. 1976. 

Determination of Radium Removal 
U.S. Environmental Protection 

26. Bi-:Lnck, W.L., Schliekeltnan, R.J., et al. Radium-Removal Efficiencies i.n 
Water-Treatment Proces,H'>S. ,Journal AWWA 70 (:L): J.l-35, 1978. 

27. Personal communication. Dr. Ervin Bellack, U.S. Environmental Protection 
Agency, Office of Drlnking Water, February, 1982. 

28. Drinking Water and Health. Volume J. U.S. National Academy of Sciences, 
1980. 

29, HcCarronr lLA., Mo.rris 1 C.D. 1 et. al. Blood Pressure ancl Nutrient Intake 
in tlie United State,':, Science 224(4656) :1392-98, 1984. 
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30. Removal of Barium and Radium from Groundwater. University 
Cooperative Agreement No. CR 80891.2-01-1, no date. 

of Illiuois 

31. Sin(Jley, ,J.E., Beaudet, B.A., (,t aI. Treatment guide for Radionuclide 
Removal "f.rom Pnblic Water Supplies, Env:ironrnental Science and 
Engineeri11g, In<~., Gainesville, Florida, 1981. 

32. Bott.led Water: Part 103 - Quality Standards for Foods w:lth No Identity 
Stan<la1:ds; Part 129 - Processing and Bottling of Bottled Drinlciny Water. 
Food and Drug Ad1ninistration/HEW. Federal Re9ister 44(45) :12169-75, 1979. 

33. Ba11man, D.D., and Dworki11, D.M. Consumer Perception a11<l Choice of 
Drinking Water Quality. In: Safe Drinking Water; Current and Future 
Problems, C.S. Rirnsell, eel. Resources for the Future, 1978. 

34. Mccurdy, D.E., and Mellor, R.S. 1~e Concentration of Ra-226 and Ra-228 in 
Domestic ancl Imported Bottled Wal·.ern. Heealth Physics. 40(;>,) :250··53, 1981. 

35. Deb., A.K., et al. Alternative Technologies for Small Water System 
Management. Supported by National Sc~ience Fo11ndation, Grant No: 1 SP 80-
15075. R.F. Weston, Inc., 1982. 

36. Results of Monitoring of Arsenic Removal Equipurnnt in Hudson, New 
Hampshire. U.S. Envirornnental Protection i\gency, Region I, 1982. 

37. Defluoridation Stndy for the Arizona Department of Health Services. PRC 
(Planning Research Cornpany) Toups Corp., 1979. 

38, Elyanow, D., Sieveka, E.H., et al. Tl1e Determination of Supersaturation 
Limits in an EDR Unit with Aliphatic Anion Membranes. Ninth Annual 
Conference. National Water Supply Irnprovement Association, 1981. 

39. Culp, R.L., Wesner, G.M., et al. Handbook of Advanced Wastewater 
Treatment, 2nd ed. Van Nostrand Reinhold Co., 1978. 

40. Probstein, R.F. and Goldstein, D . .J. Desalting Technologies for Wastewater 
Treatment. Desalination 19:525-32, 1976. 

41. McRae, W.A., and Parsi, E.H. Removal of Trace Heavy Metal Ions from Water 
by Electrodialysis. In: Traces of Heavy Metals in Water Removal Processes 
and Monitoring. Proceedings of a symposium conducted by the Water 
Resot,rc!es Progra,n, Princeton University. Sabadell, J.E., ed. U.S. 
Environmental Protection Agency, EPA-902/9-74-001, 1974. 

42. Clifford, n. Processes for Removal of Inorganic Contarninants from Water. 
Water/Engineering and Management, Reference Handbook, R31-R38, 1982. 

43. Garling, R.A. Evaluation of Electrodialysis for Process Water Treatment 
for In-Situ Mining. 5th Annual In-Situ Uranium Seminar, Albuquerque, New 
Mexico, September 20<]3, 1981. 

44. Curran, U.M., Dykstra, D., et al. State-of-the Art of Membrane and Ion 
Exchange Desalti11g Processes. U.S. Department of the I11terio1~, 197G. 
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45. Moorer \'{.S., and Cook, L.M. Radinm Rernovo1 .from Drinking Water. Nature 
253(5489) :262 63, 1975. 

46. Cook, L.N., Advanced Technology for Radium Removal from Drinking Water: 
the Flatonia Water Trec1tment Project. Final Report: for U.S. Environmental 
Protecti.on Agency. Texan Departnwnt of Heal th, Division of Occnpatioual 
Health and Radiation Control, Austin, Texas, no date. 

47. LaBsovr,zky, P. and Hathaway, s., Treatment Technologices to Remove 
Radionuclides from Drinking Water. National Workshop on Radioactivity in 
Drinking Water, 24-26 May 1983. 

48. Moore, W.S. Sampling 228-Ra in the Deep Ocean. Deep-Sea Research 23:647-
'.,1, 1976. 

49. Moore, W.S. Feely, H.W. et al,, Radium Isotopes in Sub-Arctic Waters. 
Earth and Planetary Science Letters 49:329-40, 1980. 

50. Moore, W.S. The Thorium Isotope Content of Ocean Water. Earth and 
Planetary Science Letters 53:419-26, 1981. 

51. 

52. 

Moore, W.S., and Reid, D.F. 
Using Manganese-Impregnated 
78 (36): 8880-86. 1973. 

Michel, J .. , Moore 1 w.s .. , 
Determination of Radium-228 
Chemical 53:1885-89, 1981. 

Extraction of Radium from Natural Waters 
Acrylic Fibers. J, of Geophysical Res. 

et al. Garnrna-Ray Spectrometry for 
and Radium-226 in Natural Waters. Analytical 

53. Moore, W.S. Radium Extraction Erom Drinking Water Using Mn01 Coated 
Fibers. Submitted to Journal AWWA for publication, 1983. 

54, Rozelle, R.E., and King Way Na. A New Potable Water Radium/Radon Removal 
Syste1n. Dow Cl1e1nical Company, no date. 

55. Boyce, T.D., et al. 
Selective Complexer. 
February, 1982. 

Removal of Radium from Uranium Minewaters hy a 
SMEW-AIME Annual Meeting, Dallas, Texas, 14-18 

56. Rozell, R.E. and King Way Ma. A New Potable Water Radinm/Radou Removal 
System. Jn: Proceedings AWWA Seminar on Control of Inorganic ContarninantEJ. 
American Water Works Association, 1983. 

57. Fritz, J.B., and Schenk, G.H, Quantitative Analytical Chemistry. 3rd 
Edition. Ally and Bacon, Tnc., 1974. 

58. Kolthoff, J.M., Elving, P.J., et al. Treatise on Analytical Chemistry, 
Part II Analytical Chemistry of Inorganic and Organic Compounds, Vol. 4. 
Interscience Publishers, 1966. 

59. Gordon, L., and Rowely, K. Coprecipilation of Radium with Barinr11 Sulfate. 
Analytical Che111ir,try 29 (l): 34-7, 1957. 
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60. Disposal ot Radium-Barium Sulfate Sludge tram a Water Treatme11t Plant in 
Midland, Sout.h Dakota. A teclrnical assistance, program report prepared for 
U.S. Euvironmental Protection Agency, Denver, Colorado. Fred C. Hart 
Associates, Tnc., December 1982. 

Gl. Preliminary En(Jineering R(aport for Proprn1c,cl l·lat,jr Treatment Plant. and 
Water Distribution s.yslelll Reconstruction for Town of Midland, South 
Dakota. A report prepared for the Board of Trustees, Town of Midland. 
Banner Associates, Inc., October 1979. 

62. Evaluatio11 of Barium~Radium Coprecipitation as a Treatment Procesf; for a 
Domestic Water Supply for Midland, Sooth Dakota. A report prepared for the 
Board of Trustees, Town o:f Midland. Banner l\ssociat~~s, Inc., lTanuary 1981. 

G3. Private communication. South Dakota School of Mines and Technology, 7 
July 1983. 

64. Private communication. South Dakota !Jepi!rt of Water and Natural 
Resources, 12 July 1983. 

65. Clark, R.N. and Dorsey, P. A Model of Costs for Treating Drinking Water. 
Journal AWWA. 74(12) :618-27, 1982. 

66. Gmnennan, R.C., Culp 1 R.L., (~t al.' gHtimating Wat~r Treatm~nt Cosl.H: 
Volurne 1; Summary. U.S. Environmental Protection Agency, EPA-600/2-79-
1G2a, 1979. 

67. Gumerman, R.C., Culp, R.L., et al. Estimating Water Treatment Coste: 
Volume 2; Cost curves Applicable to 1 to 200 mgd Treatment Plants. U.S. 
Environrnen tal Proti,ction Agency, EP/\--600/2-79-162b, 1979. 

68. Hansen, S.P., Gumer1nan, R.C., et al, Estimating Water Treat1nent Costs: 
Val11rne 3; Cost Curves Applicable to 2,500 mgd to 1 mgd Treatment 
l'lant:s,U.S. Environmental Protection Agency, EPA-600/2-79-lGZc, 1979. 

69. Market trends. Engineedng News-Record 208(9) :50, 1982. 

AU, REFERENCES 1'0 APPENDIX A WERE PREVIOUSLY CITED IN THE RADIUM DOCUMENT 

ALL REFERENCES FOR APPENDIX C CAN BE FOUND A'!' II-D, III-E2B (Barium) 
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B. REFERENCES CITED IN THE TREAT'NENT TECHNOLOGY AND COST DOCUMENT ON URANIUM 

1 . Drinking WR ter and lheRJ th. 
Sciences, 1983. 

Vol. 5. U.S. National Academy of 

Scottr 
Ground 
Survey 
1962. 

R. C. ancl Baker I F. C. Data on Urani urn and Radiurn in 
Wat(?.r in the United States, 1954 to 1957. U.S. Geolo9ical 
Professional Paper 426, U.S. Government Printing Office, 

GuideJ.ines for Surface Water Quality. 
ChemicRl Substances, Uranium. InlRnd Waters 
Quality Branch, Ottawa, C~nada, 1982. 

Vol. l, Inorganic 
Directorate, Water 

4. Kaufman, R.P., Eadie, G.G., et al. Effects of Uranium Mining 
and Millinq on Ground Water in the Grants Mineral Belt, New 
Mexico. Ground Water 14(5) :296-308, 1976. 

5. Water Quality Impacts of Uranium Mining and Milling Activities 
in the Grants Mineral Belt, New Mexico. Environmental 
Protection Agency, EPA-906/9-75-002, 1975. 

6. Dreesen, D.R., Williams, J·.M., et al. Mobility and 
Biouvailability of Uranium Mill 1railings Contaminant!::: 0 

Environmental Science & Technoloqy 16(10) :702-09, 1982. 

7. Draft Generic Environm,mtal Impact Statement on Uranium Milling. 
U.S. Nuclear Regulatory Commission, NU-REG-0511, 1979. 

g. Drury, iJ. S., Michelson r D. 1 et al. Mc➔ thods of Removing Uranium 
from Drinkinq Water. I. A Literature Survey. Oak Ridge National 
Laboratory, ORNL/EIS-194, EPA-570/9-82-003, 1982. 

9.. White, S.K. and Bondietti, E.A. Removinq Uranium by Currc,mt 
Municipal Water Treatment Processes. Journal AWWA 75(7) :374-79, 
1983. 

J_O, Lee, S.Y., White, S.K., et al. Methods of Removing Uranj_um fron1 
Drinking Wat.er: II. Municipal Water Treatment and Potential 
Treatment Methods. Oalz Ridge National Laboratory, ORNL/EIS-194, 
EPA-570/9-82-003, 1982. 

11. Proj<::ict Progress Reports. U.S. Envi ronrnental l?rotQction Agency 1 

Aqreement 81-0453. New Mexico State University, 1984. 

12. Hf1nnah1 ~J.A. ancl Printz, A.C. An Evaluation of the~~ 
Effectiveness of Polyelectrolyte Coagulant Aids for the Removal 
of Radioactive Isotopes ]Jy Wate1:· T1~eatmenl Processes. Office c>f 
Civil and Defense Mobilizati.on and University of Florida, 1961. 

13° Lee:;, S.Y. ancl l3ond_i_etti, E"A" Removing Uranium from .Drinking 
Water by Metal Hydroxides and Anion-Exchange Resin. Journal AWWA 
75(10) :536-,JO, 1983. 
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14. Progre::-iB R(-)port 1 Drinking Water Res(2)arch. U.S. EnvironmE~ntal 
Protection Agency, Cincinnati, Ohio, 1982. 

15. Hathaway I S. W., Proce!..1S 
Water. A paper presented 

for Removing Uranium from Drinking 
at the 1983 AWWA Annual Convention, 

Las Vegas/ Nevada, 1983. 

Proposal for Removing Uranium from Drinking Water 
Demonstration of Selected Ion Exchange and 
Clarification. New Mexico State U11iversity 1 1982. 

Suppliec:: 
Chemical 

17. ProgreBs Repor·t, Drir1}cin9 Wa.ter ReBearch. U.S. Environmental 
Protection Agency, Cincinnati, Ohio, April 1 to June 30, 1983. 

18. L,rnsovFJzky, P. T'reatrnent of Wat.er Containing Uranium .. U.S. 

19. 

Environmental Protection Agency, Office of: Drinking Water (A 
Working Paper), not date. 

Progress Report. Drinl<ing Water Research. U. S. 
Protection Agency, Cincinnati, Ohio, ~Janua.ry l 
1982. 

Environmental 
to March 31, 

20. Sastri, V.S. a11d Ashbrook, A.W. Reverse Osmosis Performance of 
Cellulose Acetate Membranes in the Separation of Uranium from 
Dilnte Solutions. Separation Science 11(4) :361-76, 1976. 

21. Bottled Water: Part 103 - Quality Standards for Food 1dth No 
Ickntity Standards; Part 129 - Proc('>Si,ing and BottiincJ of 
Bottled Drinking Water. Food and Drug Administration?HEW, 
Federal Regif;t·.er, ,J4(,l5) ::l2169··75, 1979. 

22, Ballentine, C.L. and Herndon, M.L. The Water That Goes into 
Bol: t](')S. FDA Consumer 1 7 ( 5) : 1'>--7, 1983. 

23. Bauman, D.D. and Dworkin, D.M. Consumer Perception and Choice 
of Drinking Water Quality in Safe Drinking Water; Current and 
Future ProlJlems. Russell, c.s., ed., Resources tor the Future, 
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24. DrinkincJ Water and Health. Vol. 1. U.S. National Academy of 
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25. Drinking Water and Health. Vol. 2. U.S. Nat:Lonal Academy of 
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26. D(:!b 1 A.K. 1 et a_L. Alternative 1Technolo9ies for Smal1 Wal~er 
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27. Progress Report. 
Protection Agency, 

Drinking Water Research. U.S. Enviro11mental 
Cincinnati, Ohio, April 1 to June 30, 1982. 
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Study for the: Arizona Departrncent ot 
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Hcsa1t:h 
1979. 

30. Re,1ults of Monitoring of Ar,,:cmic Removal Equipment in Hudson, 
New Hampshire. U.8. Envj_ronn1ental Protectic,11 Agency, Region I, 
19 8 2. 
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Evaluatio11 C)f Electrodialysis for Process Water 
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32. Elyanow, D. and Sievelza, E.H, The Det(➔rmination of: 

33. 

S11perf:~aturation Liimitfl in an EDR Unit with Aliphatic Anic)n 
Membranes. Ninth Annual Conference, National Water Supply 
Improvement Association, 1981. 

C'.u]p, R.J., Wesner, 
Wastewater Treatment. 

G.M., et al. Handbook of Advanced 
2nd eel. Van Nostrand Reinhold Co., 1978. 

34. Probst.ein, R.F. and Goldstei11, D.J. Desalting Tech11ologies for 
Wastewater Treat1nent. Desalinatior1 19:525-32, 1976. 

35. Finke, J. and Reynolds, G.L. Report on Brackish Water Desalting 
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36. Curran, H.M., Dykstr·a, D., et al. State-of-the-Art c>f Membrar1e 
and Ion Exchange Des al ting Procef:~scs. U.S. Department of the 
Interior, 1976. 

37. PrJ_vate Commt1nication. Steven W. Hathaway, U.S. E11vironrnenta] 
Protection Agency, 2 October 1984. 

38. Clark, R.M. and Dorsey, P. A Model of Costs fur Treating 
Drinking Water. Journal AWWA 74(12) :618-27, 1982. 

39. Gunierman, R.C. 1 Culp, R.L., et al. Estimatj_ng Water Treatment 
Costs: Volume 1; Suminary. U.S. Enviro11mental Protection Agency 1 

EPA-600/2-79-162a, 1979. 

40. Gumerma11, R.C., CuJ.p, R.L., et al. Estimating Water Treatment 
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41. Hansen, S.P., Gumerman, R.C., et al. Estimating Water 11reatment 
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r['real~ment Plant.so U.S. Environmental l?rotect:ion Ag(-~ncy, EPA--
600/2-79-162c, 1979. 
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REFERENCES TO APPENDIX A (Not previonsly cited) 

2. Progress Report I Drinkin9 1111at<?:r:· Rr::search. U.S. Environ111enti::1l 
Protection A.gt~ncy, Cincinnati I Ohio, October 1 to December 31 1 

1982. 

9 . P roqre::)/3 Report, Drinking Wa t,er Research, U.S. 
Protect ion A9ency I C:Lnci nna ti, Ohio, LTanuary 1 
193,J. 

Environment a] 
to Marcl1 Jl; 

ALL REFERENCES TO APPENDIX C Can be found at II-D; III-E2b (Barium) 
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3. Other Treatment Technology and Cost References Cited in ANPRM - 2 

.1 Lassovszky, Peter and Steven Hathaway. Treatment Technologies to 
Remove Radionuclides from Drinking Water. {Preconference report for 
National Workshop on Radioactivity in Drinking Water, Easton, MD., 
May 24-26, 1983), U.S. EPA, Washington, DC. 36 pp . 

. 2 Lowry, Jerry D. and J.E. Brandow. Removal of Radon from Groundwater 
Supplies Using Granular Activated Carbon or Diffused Aeration. 
Univ. of Maine, Dept. of Civil Engineering, Orono, Maine. July 
1981. 87 pp • 

. 3 u.s. Environmental Protection Agency, Criteria and Standards Division. 
Technologies and Costs for the Removal of Volatile Organic Chemicals 
from Potable Water Supplies. 1985. 219 pp. 
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F. OTHER TECHNICAL REPORTS 

1. References Cited in ANPRM - 2 

.1 Lappenbusch, W.L. and C.R. Cothern. Application of standard Setting 
Philosophies to Natural Radioactivity in U.S. Drinking Water. Paper 
presented at the mid-year symposium of the Heal th Physics Society, 
Colorado Springs, co, Jan. 6-10, 1985. 8 pp . 

. 2 Radioactivity in Drinking Water. Proceedings of the National Workshop 
on Radioactivity in Drinking Water, held May 24-26, 1983 at the 
Tidewater Inn, Easton, MD, published as a special issue on Health 
Physics, V. 48, No. 5, May 1985. pp. 535-693 . 

• 3 U.S. Environmental Protection Agency, Criteria and standards Division. 
Radioactivity in Drinking Water. EPA-570/9-81-002. Jan. 1981. 76 pp . 

• 4 U.S. Environmental Protection Agency, Office of Radiation Programs. 
Radionuclides - Background Information Document for Final Rules 
(NESHAP) Vol. 1, EPA 520/1-84-022-1. Oct. 1984. (not available in the 
docket) 

.5 U.S. Environmental Protection Agency, Office of Water Supply. Primary 
Drinking Water Regulations, EPA 570/9-76-003. 1976. (available in the 
EPA Library) . 
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G, LETTERS 

.1 Apr. 30, 1985. From U.S. Rep, John E. Grotberg, Illinois, To 
Lee M. Thomas, EPA. Forwarding materials to EPA and encouraging 
that they be considered in EPA's review of its radium standard. 
1 p. [58 pp. attached: (1) 7 newspaper articles; (2) maps of 
Illinois and Radium MAC Report; (3) petition for variance to the 
Illinois Pollution Control Board by the villages of Hanna City and 
Gardner. Apr. 18, 1985; (4) Radiation in Public Water Supplies. 
Publication by the Illinois EPA; (5) correspondence to/from the 
Illinois EPA; (6) statement of support by AWWA and report on radio
activity in drinking water.] 

.2 June 11, 1985. From Suzanne L. Duechler, State Representative, 
State of Illinois. To Joseph Cotruvo, ODW, EPA. Forwarding Illinois 
House Res. 98 Asking EPA to consider drinking water standards for 
radium. p. + 1 p. attachment (EPA's response dated June 19, 1985 
attached). 

,3 Sep. 18, 1985, From Joseph A, Cotruvo, ODW, EPA, To Dr, Vernon 
Houk, Director, Center for Environmental Health, CDC, Atlanta. 
Forwarding for his review draft regulations for Phases I, II, and III. 

1 P• 

,4 May 9, 1986. From Gayle J. Smith, Chairman, National Drinking"Water 
Advisory Council. To Lee M. Thomas, EPA. Expressing concern that 
the proposal for radionuclides move forward in a timely fashion. 

1 P• 
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H. PUBLIC HEARING (Nov. 13, 1986) 

.1 Public Hearing on Regulation of Radionuclides, Nov, 13, 1986 --
A Summary. Prepared by Susan Goldhaber, Craig Vogt and Rick Cothern. 
Dec. 2, 1986. 4 pp. [plus (1) attachment from Jack Sullivan, AWWA, 
1 p., and (2) list of attendees, 2 pp.] 
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I, NDWAC 

1. Minutes 

. 1 Minutes of Meeting: 
Aug. 8 and 9, 1985. 

National Drinking Water Advisory Council . 
Washington, DC, 

,2 Minutes of Meeting: National Drinking Water Advisory Council, 
Nov. 20 and 21, 1985. Washington, DC, 

,3 Minutes of Meeting: National Drinking Water Advisory Council, 
Apr. 24 and 25, 1986. Austin, TX. 

,4 Minutes of Meeting: National Drinking Water Advisory Council, 
Nov, 19 and 20, 1986, Washington, DC, 2. 

I 
/\ 
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2. Transcripts 

.1 Transcript of the Meeting: U.S. EPA, NDWAC -- Aug. 8-9, 1985 . 

• 2 Transcript of the Meeting: u.s. EPA, NDWAC -- Nov. 20-21, 1985. 
PP• 117-138 . 

• 3 Transcript of the Meeting: u.s. EPA, NDWAC -- Apr. 24, 1986 -
Morning Session; Apr. 24, 1986 - Afternoon Session; and Apr. 25, 
1986 - Morning Session . 

• 4 Transcript of the Meeting: u.s. EPA, NDWAC -- Nov. 19, 1986. 
PP• 143-144, 147-148. 



PHl\SE III 
ANPRM 
II-ell 

,l. PUBLIC COMMENTS 

1. Comme11ts Submitted in Response to the Proposal 

.1 Erik Jansson, Coordi11ator 
National Network to Prevent Birth Defects 
Washin<rton, DC 
Nov. 13, 198G. 2 pp. + 126 pp . 

. 2 not a comment 

.3 not a comment 

.4 Jerry A. FoelJ1ni 
General Engineering Co., Inc. 
Portag-e 1 WI 
Oct. 16, 1986. 2 pp . 

. 5 Gloria C. Ra:ins, Chairman 
Manasota-88 
Pal111et to, FL 
Nov. 13, 1986. 4 pp. + 12 pp . 

. 6 A Concerned Citizen 
Wisconsin 
Dec. 16, 1986. 1 11. 

.7 Timothy K. Tully, Mayor 
N(>W Berlin, WI 
Dec. 16, 1986. l p . 

. 8 not a cownent 

.9 Stephen P. Morzenti 
Casper, WY 
Dec. 19, 1986. 1 p . 

. 10 Mark Pelizza 
Environmental Manager 
Uranium Resou1~ces, Inc. 
Dec. 15, 1986. 3 pp . 

. 11 not. a comm en 1-. 

. 12 J.,ynn Adelwan 
State Senator 
Madison, WI 
Dec. 10, 1986. 1 p . 

. 13 not a comment 
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.14 Harold E. Klotz 
Vice President, Engi11eering 
Ruelgers-Nease 
State Colleg(,~ 1 PA 
DN•. 9, 1987, 3 pp . 

. 15 not a comment 

.lG Roy M. Harsch 
Law Office of Martin, Craig, Chester & Sonnenschein 
Chicago, IL 
Dec. 5, 1986. 3 pp . 

. 16a Dec. 10, 1986, From Joseph A. Cotruvo, EPA. To Ray M. 
Darsch. Letter response to Dec. 5 requeot for extension of 
comment period. 1 p, 

.17 Bernard Shleien 
Nucleon Lecter11 Assocj_ates, Inc. 
Olney, MD 
Dec. 2, 1986. 2 pp . 

. 18 not a cornrne11t 

.19 Fred C. Hahne, Pres. 
Malapai RPsource~: Company 
Phoen:ix, AZ 
Dec. 211, 1986. 15 pp . 

. 20 Timothy C. Smith 
Ma11ager of Environmental Affairs 
Cotter Corporation 
Lakewood, CO 
Dec. 24, 1986. B pp, + 17 pp, 

.21 Gregory E. Bolin, P.E. 
Ruekert & Mielke, Inc. 
Wank(~Sha, WI 
Dec. 15, 1986. 6 pp . 

. 22 Joe Glicker, P.E. 
Engineering Supervisor - Water Quality 
Bureau of Water Works 
City of Portland 
Portland, OR 
Dec. 16, 1986, 2 pp. 

Gayle J, Srni th, Presiclen t 
Association of State Drinking Water Administrators 
Arlington, VA 
Dec. 29, 1986, 3 pp. 
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.24 Margaret A. Malone 
Assista11t Attorney General 
Stat.e of Ohio 
Columbus, OH 
Dec. 23, 1986. 7 pp . 

. 25 David K. bicker, Chief 
Bureau of Radiation Control 
Texas Dept. of Health 
Aim tin, TX 
Dec. 22, 1986. 2 pp . 

. 26 Kristy A. Niehaus 
Hunton and Williams 
Counsel for Utility Water Act Group (UWAG) 
Washington, DC 
Dec. 29, 1986. 11 pp, 

.21 J. F. Ratchye 
Executive Vice President 
Cheyenne, WY 
Dec. 17, 1986. 2 pp . 

. 28 E. David Harward 
Environmental Projects Manager 
Atomic Industrial Forum, Inc. 
Bethesda, MD 
Dec. 24, 1986. 1 p . 

. 29 Robert K. Mooney, Head 
Environmental Protection Section 
Office of Radiation Protection 
State of Washington 
Dept. of Social and Health Services 
Olympia I Wl\ 
Dec. 23, 1986. 3 pp . 

. 30 not a coHunent 

.31 not a comment 

.32 Michael H. Mobley, Director 
Division of Radiological Health 
Tennessee Dept. of Health and Environment 
Na,d1ville, TN 
Dec. 23, 1986. 5 pp, 

.33 J. R. Thorpe, Director 
Licensi11y an,l Regulatory Affairs 
GPU Nuclear 
Parsippany, Nil 
Dec. 21±, 1986. 4 pp. 



PHASE III 
i\NPRM 
II-,ll (Cont'd) 

'34 not a corn1!'1ent 

Richa1·d H. Moser 
America11 Wate1· Works Service Cornpany, Inc. 
Marlton, NJ 
Dec. 29, 1986. 6 pr, . 

. 36 Audrey S. Murphy, Chairperson 
Wisconsin Coalition for Radium Eval11ation 
Green Bay, WI 
Received Jan. 1987. 3 pp. + 15 pp . 

. 37 Richard Holland 
Acting Director 
Environmental Improvement Di vi.r;:lou 
State of New Mexico 
Santa Fe, NM 
Dec. 29, 1987. 3 pp . 

. 38 Mark E. Miazga, Mayor 
City of Franklin 
Franklin, WI 
Dec. 23, 1986. 2 pp. 

,39 Raymond Jarema, P.E. 
Water Supply Section 
Hari Rao 
Toxic Hazards Section 
State of Connecticut 
Dept. of Health Services 
I-Iartford, CT 
Dec. 24, 198 6. 2 pp . 

. •JO Tirnothy C. Smith 
Cotter Corporation 
J.,a kr,woocl, CO 
Dec. 31, 1986. 10 pp . 

. 41 E.T. Still, DVM 
Kerr-McGee Corporation 
Oklahorna City, OK 
Dec. 31, 1986. G pp . 

. 4?, D.L. Farrar 
Director of Nuclear Licerising 
Commonwealth Edison 
Chicago, IL 
Dec. 18, 1986. 3 pp. 
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,43 Da11iel J, Askenaizer 
Waler Qnality Specialist 
The Metropolitan Water District of Southern California 
Los An9eles, CA 
Dec. ;n, 19B6. 5 pp, + 37 pp . 

. 44 Melinda Kasse11 
Staff Attonwy 
Environmental Defens(::' runcl 
Boulder, CO 
Dec. 23, 1986. 3 pp . 

. 45 not a comment 

.46 not a comment 

.47 John fl. Sullivan 
Deputy Executive Director 
Government Affairs Office 
American Water Wroks Associatio11 
Washington, DC 
Feb. 20, 1987. 6 pp, 

,48 not a con~ent 

.49 Seymour Abrahamson, Chairman 
Radiation Protection Council 
Madison, WI 
Feb. 18, 1987. 2 pp . 

. 50 Martin E. Rivers, Director 
Environmental Qllality 
Tennessee Valley Authority 
Knoxville, TN 
Dec. 31, 1986. 2 pp . 

. 51 Robert Szalay, Vice President 
l\torn:ic Industrial Fonw1 1 Inc. 
War<hington, DC 
Jan. 20, 1987. 4 pp . 

. 52 not a comrnent 

.53 not a cornrnent 

. 54 not a conunen t. 

.55 Michael R. Neumann 
Environme11tal Coordinator 
Broomfield, CO 
<Jan. 26, 1987. 11 pp. 
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.56 Patil G. Vralcas, ~layor 
City of Wa11kesha 
Waukesha, WI 
Jan. 6, 1987. l p . 

. 57 not a comment 

.58 Carleton Rutledge, Jr. 
Manaqet·, Environmental & Reg11latory Programs 
Westinghouse Electric Corporation 
Pittsbnrcrh, PA 
Dc,c. 2G, 1986. 2 pp . 

. 59 Donna Cirolia 
Director of Government Affairs 
Water Quality Association 
Washington, DC 
Jan. 12, 1987. 20 pp . 

. GO Jerry C. Bibersti11e 
Water Q11ality Control Division 
State of Colorado 
Denvc,r, CO 
,Tan. 15, 1987. 2 pp. + 11 pp . 

. 61 Steven A. Book, Acting Chief 
Office of Environmental Health Hazard Assessment 
Dept. of Health Services 
State of California 
Sacramento, CA 
Dec. 31, 1986. 2 pp. + 31 pp . 

. 62 Raymond P. Berube, Director 
OUice of Envi.ronr,w111-.a1 Guidance and Cornpliance 
Department of Energy 
Washington, DC 
,Tan. 16, 1987. 5 pp . 

. 63 not a comment 

.64 Lyn1a11 F. Wible, Ad1ninistrator 
Divisio11 of Environ1oental Standards 
State of Wisconsin 
Dept. of Natural Resources 
Maclirwn, III 
Dec. 29, 1986. 5 pp. 
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.G5 Cathy S. Ze11ske, State Represe11tatj_ve 
liynn Adelwan I Stat.e Senator 
et al. 
Wisconsin Legislat11re AssemhJ_y Chamber 
Madison, WI 
Mar. 25, 1987. 3 pp . 

. 66 Harold J. Gorman, Ex. Dir. 
Sewage & Water Iloard of New Orleans 
New Orlf::~ans, LiA 
Apr. 9, 1987. 2 pp . 

. 67 S.R. Wright, Director 
Environmental Division 
Dept. of En,,rgy 
Savannah River Operations Office 
Aikc~n, SC 
Jan. 30, 1987. 3 pp. ,. 2 pp. 
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K. SUMMARIES OF MEETINGS AND TELEPHONE CALLS WITH PARTIES OUTSIDE EPA 

.1 May 15, 1987. From Craig Vogt, Deputy Director, CSD, ODW, EPA. 
To Phase III Docket. Regarding a May 14th meeting with people from 
Illinois discussing Phase III and requesting a public hearing in or 
near Chicago. 1 P• 




