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DEPARTMENT OF ENERGY 

10 CFR Pert 834 

[Docket No. EH-AP31-93-8341 

Radiation Protection of the Public and 
the Environment 

AGENCY: U.S. Department of Energy. 
ACTION: Notice of proposed rulemaking 
and public hearing. 

SUMMARY: The U.S. Department of 
Energy (DOE) is proposing its primary 
standards for the protection of the 
public and environment against 
radiation. The requirements would be 
applicable to the control of radiation 
exposures to the public and to the 
environment from normal operations 
under the control of DOE and DOE 
contractor personnel. 

This proposed rule covers four basic 
areas relating to radiation protection of 
the public and the environment. It 
establishes dose limits for exposure of 
members of the public to radiation and 
requires the reporting of doses above 
specified levels, hi addition, it reqcires 
the assessment of all releases of 
radioactive material and all doses and 
potential doses to the public from DOE 
activities to ensure that they are 
managed in accordance with the 
Department's "as low as is reasonably 
achievable" (ALARA) policy. It provides 
requirements for the management of 
radioactive materials in liquid waste 
discharges, in soil columns, and in 
selected solid waste containing 
radioactive materials and requires sites 
to establish ground water protection 
prcgrams. It provides requirements for 
decontamination, survey, management, 
storage, disposal, and release of 
buildings, land, equipment,.personal 
propefty containing residual radioactive 
material. It requires an Environmental 
Radiological Protection Program (ERPP) 
for each DOE activity to set forth the 
program, plans, and other processes to 
protect the public from exposures to 
radiation. In particular, it requires 
effluent monitoring and environmental' 
surveillance programs as part of the 
ERPP. 
DATES: Written comments (10 copies) 
should be submitted to the address 
listed below by June 22, 1993. A hearing 
will be held on May 13.1993, beginning 
at 9 a.m. Requests to speak at the 
hearing must be submitted on or before 
May I O ,  1993. 
ADDRESSES: Written comments (10 
copies) and requests to speak at the 
hearing should be addressed to: Ben 
McRae, U.S. Department of Energy, 
Office of General Counsel, GC-31, 

Docket No. EH-RM-93434,1000 
Independence Avenue SW., 
Washington, DC 20585, (202) 586-3012. 

A hearing will be held at 9 a.m. on 
May 13,1993 st: U.S. Department of 
Energy, Germantown, Auditorium . 
Building, 19901 Germantown Road 
(Route 118), Germantown, MD 20874. 

Written comments and the hearing 
trcnscript may be examined between 9 
a.m. and 4 pm. ,  Monday through 
Friday, except Federal Holidays, in the 
U.S. Department of Energy, Freedom of 
Information Reading Room, room 1E- 
190,1000 Independence Avenue SW.. 
Washington, DC 20585, (202) 586-6020. 
FOR FURTHER INFORMAABTIOW CONTACT: For 
legal questions, contact: Ben McRae, 
U.S. Department of Energy, GC-31,lOOO 
Independence Avenue SW., 
Washington, DC 20585, (202) 586-6975. 

Andrew Wallo 111, or Harold T. Peterson, 
Jr., U.S. Department of Energy, EH-232 
1000 Independence Avenue SW., 
Washington, DC 20585. (202) 586-2409. 

For procedural questions concerning 
participation in the public hearing or 
submission of written comments, 
contact: Andi Kasarsky at (202) 586- 
3012. 

SUPPLEMENTARY INFORMATION: 

1. Background 
System of dose limitations 
Public dose limits 
Ground water protection and control of 

effluents 
Environmental monitoring 
Remedial activities 
11. Nature of Proposed Rule and Rationale 
A. Radiation Protection Principles and Dose 

For technical questions, contact: 

Limitation 
General 
Temporary increases 
Other limits 
Imp1emen:ation 
lntorim strategy 
Dose evaluations 
Committed dose conversion factors 
External dose conversion factors 
Derived concentration guides 
Other methods and alternatives 
Parametric considerations 
Demonstration of compliance with tho 

Supplementa! documents 
ZPA models 

B. Liquid Waste 
General 
Additional limitations 
Implementation 
Phaseout of soil columns 
Tritium 
Discharges to sanitary sewers 
Demonstration of complianceliquid 

C. Residual Radioactive Material 

dose limits 

waste 

Releases and ovaluations 
ALARA 
Limits for residual radioactive material 

Documentation 
Surface and volume activity in property 
Soil 
Indoor radon-222 
Specific numerical limits for surface 

Supplemental limits 
Unrestricted use 
Restricted use 
Justification for supplemental limits 
Documentation of need 
Reporting level 
Control of residual re'dioactive material 
Storage and disposal of residual 

D. Environmental Radiological Protection 

activity 

radioactive material 

Program 
A U R A  program 
BAT plan 
BAT selection 
Ground-water protection management plan 
Environmental monitoring plan 
Effluent monitoring 
Environmental surveillance 
Meteorological data 
Preoperational study 
Waste plan 
Quality assurance program 

Table 1 Dose and Concentration Limits and 

Table 2 Surface Contamination Goidelines 
Reporting Levels 

Ill. Procedural Requirements 
A. Review Under Executive Order 12291 
B. Review Under ths Regulatory Flexibility 

C. Review Under the Papework Reduction 

D. Review Under the National Environmental 

E. Review Under Executive Order 12612 

Act 

Act 

Policy Act 

IV. Public Ccmments 
A. Written Comments 
B. Public Hearing 
I. Background 

The DOE owns numerous facilities 
where production, research, 
development, and other operations and 
activities involving radioactive materitil 
and rsdiation are carried out. Radiation 
protection requirements for these 
facilities and operations are, for the 
most part, established through DOE 
Orders under the authority of the 
Atomic Energy Act of 1954, as amended 

Recently, the DOE has undertaken a 
thorough review of operations at its 
nuclear facilities. In particular, the DOE 
has been examining the performance of 
its contractors in achieving the goals of 
protecting the public health and safety 
and the environment. As a result of its 
review, the DOE is taking steps to 
improve its ability to enforce its nuclear 
safety and radiation protection 
re uirements. 

?t is DOE'S objective to operate its 
facilities and to conduct its activities so 
that radiation exposures to members of 
the public are maintained within 
acceptable limits and to control 

(Pub. L. 83-703). 

17:20 Mar 24.1993 VerDele 12-MAR.93 Jkl340998 PO 00000 Fnn 00002 Fmt 4701 Sfml4702 E:\FmFW25MRZ.PT2 



Federal Register I Vol. 58, No. 56 I Thursday, March 25, 1993 I Proposed Rules 16269 
r 

esposures to residual radioactive 
material through thr; management of real 
and personal property. Moreover, DOE 
strives to operate its facilities in a 
manner that limits exposures to 
members of the public so that resultant 
doses are as far below the limits as is 
reasonably achievable and that DOE 
facilities have the capabilities, 
consistent with the types of operations 
conducted, to monitor routine and non- 
routine release;, and to assess doses and 
potential health impacts to members of 
the public from such releases. 
In addition to providing protection to 

members of the public, it is DOE’S 
objective to protect the environment 
from residunl radioactive material to the 
extent practical so that ecosystems and 
national resources will be protected for 
future generations. 

On February 8. 1990. the DOE issued 
the Order DOE 5400.5, “Radiation 
Protection of the Public and the 
Environment.” Order DOE 5400.5 
superseded those portions of Order DOE 
5480.1A, “Environmental Protection, 
Safcty, and Health Program for DOE 
Operations” of 8-31-81, chapter XI, that 
addressed public and environmental 
radiation protection standards and 
control practices. The DOE is proposing 
to promulgate, through this rulemaking, 
its primary standards for protection of 
the public and the environment against 
radiation which are presently found in 
DOE 5400.5. The proposed rule differs 
from DOE 5400.5 essentially in format 
rather than substance. Certain elaments 
of Order DOE 5400.1, “General 
Environmental Protection Program,” 
applicable to radiation protection, have 
also been included in the proposed rule. 
SJrstern of Dose Limitations 

A significant element of the Order 
DOE 5400.5 is the implementation of 
the recommendations of the 
International Commission on 
Radiological Protection (ICRP) 
contained in ICRP Publications 26 and 
the recommended dosimetric models 
and data base contained in ICRP 
Publication 30. In these reports and 
related guidance, the ICRP 
recommended a system of dose 
limitations that has been adopted and 
implemented by essentially all coun!ries 
with nuclear programs. A significant 
feature of the ICRP dose limitation 
system is that compliance with the 
specified dose limits is not, by itself. 
satisfactory. The doses to workers and to 
the public must also be kept as low as 
is reasonably achievable (ALARA). 

The dose calculation method is based 
on  the recognition of two basic types of 
radiation-induced health effects-“non- 
stochastic” (or “deterministic”) and 

“stochastic” (or “probabilistic”). Non- 
stochastic health-effects do not occur 
unless a threshold dose is exceeded. 
Such health-effects include cataracts, 
ablation of the thyroid, and sterility. 
One objective of the radiation protection 
system is to prevent these health-effects 
by limiting the radiation dose to less 
than the threshold dose level associated 
with these effects. The ICRP stated in 
Publication 26: “ *  non-stcjchastic 
effects will be prevented by applying a 
dose equivalent limit of 50 rem (0.5 Sv) 
in a year to all tissues except the lens, 
for which the Commission recommends 
a limit of 30 rem (0.3 Sv) in a year.” In 
both the Order on radiation protection 
of the public and the environment (DOE 
5400.5) and this proposed rvle, there is 
no need to provide requirements for 
protection of the public from non- 
stochastic health-effects because the 
DOE has set limits for protection of the 
public against stochastic effects that are 
well below the threshold for non- 
stochastic health-effects. As long as this 
dose limit is not exceeded, there should 
be no non-stochastic health-effects. 

probabilistic: the likelihood of their 
occurrence is assumed to be 
proportional to the radiation dose, and 
the severity of the effect is not dose- 
dependent. For example, cancer is 
considered to be the predominant 
stochastic tealth-effect of radiation 
exposure, and it is assumed that the 
greater the dose, the greater the risk 
(probability) of developing cancer. 
There is considerable uncertainty in 
estimating the probability of radiation- 
induced cancer, owing to the dearth of 
information 01; the induction of health- 
effects in humans exposed to low doses 
and low dose rates. Since 
epidemiological data cannot axclude the 
existence of a threshold for stochastic 
effects, such as cancer, the possibility 
that there may be no risk at low dose 
levels cannot be ruled out. 

Notwithstanding the possibility of a 
threshold effect, in order to ensure the 
protection of the public and the 
environment and in setting the radiation 
protection standards in this proposed 
rule, the Department assumes that the 
severity of each type of stochastic 
(random) hea!th effect, e.g., cancer and 
genetic disease, is independent of dose 
and that within the range of exposures 
normally encountered by tho public. the 
relationship between dose and the 
probability of a stochastic health effect 
is without threshold (i.e.. it is assumed 
that any exposure, no matter how lew, 
can cause health effects). On the basis 
of these assumptions, DOE is requiring 
that the ALARA process be employed a! 
its hcilitics. DOE and DOE contractor 

Stochastic health-effects are 

operotians will be conducted in a 
manner that will ensure that doses to 
members of the general public and 
releases of radioactive material to the 
environment will be ALARA and do not 
exceed established dose or release 
limits. 

In recommending an annual effsctive 
dose equivalent (EDE) limit of 100 mrem 
(I mSv), the ICRP concluded that risks 
associated with this limit were within 
the public’s general “level of 
acceptance” for everyday risks which 
was in the range of 
year (ICRP 1977). The risk of stochastic 
effects to workers and to members of the 
public are fu?;hsr reduced by restricting 
doses to levels that are as low as  is 
reasonably achievable (ALARA) below 
the dose limits. Data from DOE 
operating experience verifies that the 
maximum doses to members of the 
public living near facilities which are 
operated with A U R A  considerations, 
are consistently a small fraction of the 
100 mrem (1 mSv) annual limit. 

recently revised the recommendations 
of ICRP Publication 26 and issued them 
in ICRP Publication 60. The Department 
believes it is neither prudent nor 
necessary to consider these 
recommendations in this proposal. The 
recommendations contained in ICRP 
Publication 60 for protection of the 
public are not significantly different 
from those in ICRP Publication 26. The 
recommended allowable dcse for a 
member of the public in ICRP 
Publication 60 is expressed in terms of 
a 5 year increment (Le., 500 mrem (5 
mSv) in 5 years) which is effectively 
equivalent to the 100 mrem (I mSv) in 
a year dose recommended in ICRP 
Publication 26. However, there are 
differences in the methods used to 
calculate dose. It  is anticipated that 
these recommendations will be 
considered by an interagency 
committee. It would therefore be 
premature for DOE to unilaterally 
consider them at this time. DOE intends 
to evaluate the recommendation 
contained in ICRP Publication 60 and to 
consider possible adjustmants in its 
radiation protection standards following 
the completion of the interagency 
review. 
Public Dose Limits 

include consideration of all exposure 
modes from all routine DOE activities 
(including remedial actions). The dose 
limit is expressed as an effective dose 
equivalent (EDE), a term developed by 
the ICRP for their risk-based radiation 
protection system, which requires the 
risk-based weighted summation of doses 

to i v 5  per 

DOE is aware that the ICRP has 

The primary public dose limits 

BBo$600rb 
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and dose commitments to various 
organs of the body. The dose limit and 
other limitations do not include dose 
received from background radiation or 
radiation dose received by a patient 
from diagnostic or therapy treatment. 

The DOE is not alone in its effort to 
update its radiation protection standard. 
The NRC has adopted the ICRP system 
of dose limitations and has promulgated 
revisions of its standards for protection 
against radiation (10 CFR part 20) to 
reflect the ICRP recommendations. The 
EPA utilized elements of the ICRP 
system in its Federal Guidance 
“Radiation Protection Guidance to 
Federal Agencies for Occupational 
Exposures” of January 1987. Federal 
Guidance Report No. 11 “Limiting 
Values of Radionuclide Intake and Air 
Concentration and Dose Conversion 
Factors for Inhalation, Submersion, and 
Ingestion” of September 1988. and in 
the subpart of its 40 CFR part 61 dealing 
with emissions of rsdionuclides under 
the National Air Emissions Standards 
for Hazardous Air Pollutants 
(NESHAPs) published December 1989. 
It also permitted use of the system as an 
alternative to its standards in subpart A 
of 40 CFR part 191. Thus, this proposed 
rule is consistent with DOE Orders as 
well as regulations of other Federal 
agencies in adopting and implementing 
the ICRP recommendations with respect 
to the system of dose limitations. 
Ground Water Protection and Control of 
Effluents 

The U.S. General Accountiq Office 
(GAO) issued a report titled “Nuclear 
Energy: Environmental Issues at DOE‘S 
Nuclear Defense Facilities,” GAO/ 
RCED-86-192, September 8,1386. The 
report contained a recommendation that 
the DOE “ *  * establish a ground 
tvater and soil protection strategy. Such 
a strategy should reflect DOE policy on 
the extent ground water and soil can 
become contaminated and include 
specific guidelines, to the extent 
practical, to protect ground water and 
soil around DOE facilities.” In response 
to this recommendation, Order DOE 
5400.1. November 9, 1988, required 
each DOE field organization to prepare 
a ground water protection management 
plan. and Order DOE 5400.5, February 
8.1990, included requirements for DOE 
facilities to establish Best Available 
Technology (BAT) programs for the 
treatment of waste streams prior to 
release as liquid effluents and to phase 
out the use of soil columns which retain 
suspended or dissolved radionuclides 
from radioactive liquid waste streams. 
These requirements have been retained 
in this proposed rule. 

Environmentcl Monitoring 
Ansther GAO repo.: i“hvironment, 

Safety, and Health: Cnvironrnent and 
Workers Could be Better Protected at 
Ohio Defense Plants.” GAOIRCED-86- 
61, December 13,19651 recommended 
that DOE establish “mandtltory” 
monitoring guide!ines for all DOE 
facilities. Order DOE 5400.1 provides 
general guidance for the establishment 
of environmental monitoring programs 
including effluent monitoring and 
environmental surveillance for 
radiological and non-radiological 
constituents of all media and 
meteorological monitoring. The Order 
also requires the establishment of 
quality assurance and data verification 
programs and requires each facility to 
prepare an Environmental Monitoring 
Plan by November 1991. These 
requirements, as they app!y to 
radiological monitoring, are included in 
this proposed rule. In addition, 
guidance issued January 1991, “DOE 
Environmental Regulatory Guide for 
Radiological Effluent Monitoring and 
Environmental Surveillance” 
supporting DOE 5400.5 and the similar 
requirements contained in this proposed 
rule, contains more definitive 
radiological monitoring specifications 
for the facility environmental 
radiological monitoring programs. 
Remedial Activities 

A major activity at many DOE 
facilities involves the radiological 
decontamination of facilities, property, 
and equipmsnt previously used for 
nuclear operations. DOE 5400.5 
contains general requirements for the 
radiological decontamination and the 
release of such material and property, 
and includes some specific minimum 
requirements with the primary goal 
being to reduce all exposures and 
potential exposures of the general 
public to levels that are as low as is 
reasonably achievable. This proposed 
rule contains criteria for the release of 
such materials and property, and 
includes some specific minimum 
requirements with the primary goal 
being to reduce ~ l l  exposures and 
potential exposures of the general 
public to levels that are as low as is 
reasonably achievable. 
11. Nature of Proposed Rule and 
Rationale 
A. Radiation Protection Principles an( 
Dose Limitofion 
General 

coittains requirements for a system of 
dose limitation that is consistent with 

Subpart B of the proposed rule 

the recommendtitions contained in ICRP 
Publications 26 and 30 for members of 
the general public. The proposed system 
continues the use of WE requiremexts 
for the application of the ALAR4 
process to activities involving exposures 
to radioactive material and radiation. 
The ALARA process is also a principal 
element of the ICRP dose limitation 
system. 

The proposed ru!e inchdbs the 
requirement that radiation exposures to 
individuals in the general pubiic from 
all radiation sources and exposure 
pathways combined from routine DOE 
activities would not exceed an EDE of 
100 mrem (1 mSv) in a year 
(5 834.101(a)(2)). This dose limit is 
significantly lower than the 500 mrem 
(5 mSv) in a year whole body dose 
equivalent limit contained in the 
current Federal guidance for protection 
of the public.’ Because this primary 
dose limit applies to all radiation 
sources and pathways combined (other 
than background sources) and the DOE 
ALARA process applies 
(5 834.101(a)(1)), the Department 
expects doses from its operation to be 
no more than a small fraction of the 100 
mrem (1 mSv) in a year EDE limit. 
Current monitoring programs have 
demonstrated the success of the ALARA 
process in lowering doses to levels that 
are well below the dose limit. The 
estimated maximum ELE to any 
individual member of t!ie public for 
1988. from DOE activities, was less than 
10 mrem (0.1 mSv). Furthermore, data 
indicated that for most sites (29 of 35) 
the maximum estimated doses to 
individuals were less !han 1 mrem 
(O.OlmSv). EPA also evaluated air 
emissions from DOE operations when it 
promulgated its National Air Emission 
Standards for Hazardous Air Pollutants 
(NESHAPs) for radionuclides emissions 
from DOE facilities (40 CFR part 61, 
subpart H) on December 15,1989. AAer 
reviewing data on emissions from DOE 
facilities during 1986, EPA concluded 
that DOE facilities were controlling air 
emissions to levels that limited 
maximum annual individual doses 
below 10 mrem (0.1 mSv) EDE and that 
this dose level provided an ample 
margin of safety for release to the air 
pathway. EPA rmcluded that risks of 
radiation-induced fatal cancer to 98% of 

I On May 13.1960 (25 FR 4402). and September 
26. 1961 (25 FR 9057). tho former Federal Radiatioii 
Council (FRC) guidance to Federal egencies for 
protection of tho public and workors wero issued 
New recommendations for protection of workers. 
adopting ICSP-26 recommendations. wero 
developed through EPA and approvod by tho 
President on january 27. 1987 (52 FR 28822). Tho 
FRC giiidanco for tho gcnoral piiblic has not yet 
h e n  iipdqled 

n 
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the individuals in the general public 
within 50 miles (80 km) of the sites 
were less than 1 in 1,000.000. The DOE 
believes that recent data from its 
operating facilities, such as those cited 
above, demonstrate that the dose 
limitation system in this proposed rule 
represents an effective method of 
regulating radiation exposures to the 
public and to the environment from its 
facilities. 

The public dose limits in S 834.101 
apply to doses from exposures to 
radiation sources from routine DOE 
activities, including doses that occur 
during the conduct of remedial actions. 
Radionuclides, including source, 
byproduct, and special nuclear material 
and naturaily occurring and accelerator 
prodiiced radioactive material (NARM) 
use2 . ~ t  3 0 E  facilities are subject to 
these iimitations. The dose limits also 
apply to the doses to individuals who 
are exposed to radiation or 
contamination by radionuclides at 
properties subsequent to remedial 
action and release of the property. 
Radioactive waste-handling operations, 
including disposal, storage, transport, 
and packaging, are subject to the 
requirements of the proposed rule. DOE 
facilities and operations, in some 
instances, are subject to the regulatory 
requirements of the NRC and the EPA 
(e.g., 10 CFR parts 60 [high-level waste 
repository] and 72 [spent-fuel storage] 
and 40 CFR parts 61 [all DOE facilities], 
191 [disposal of high-level waste], and 
192 [UMTRA sites]). The Waste 
Isolation Pilot Plant, for purposes of this 
part, is considered to be a disposal 
facility subject to this part and 40 CFR 
part 191. It is Departmental policy that 
DOE facilities and operations will 
comply fully with the requirements of 
those and other applicable regulatory 
rsquirements. 

In addition to the general reporting 
requirements (e.g., annual 
environmental reports), the proposed 
rule contains a requirement (5 834.7) for 
notification to DOE Headquarters, in 
particular DOE-EH, if combined annual 
releases from any facility are causing, or 
might cause, doses to individual 
members of the general public to exceed 
10,mrem (0.1 mSv) EDE in a year. This 
reporting requirement is not intended as 
a limit, but rather an action level that 
will act to alert DOE to activities that 
might cause doses that are a significant 
fraction of the overall dose limit. It will 
provide a mechanism by which DOE 
can identify and resolve potential 
problems in a timely manner to ensure 
that the dose to any member of the 
public is ALARA. Similarly, a reporting 
value for collective dose of 100 person- 
rem (1 person-Sv) is proposed to 

provide a timely notification before 
collective doses become substantial. 
Such notifications would be made in a 
timely manner, but within one month of 
determination of the occurrence. in any 
case. All reports, notifications, and 
records developed pursuant to this 
proposed rule would present data in the 
units used, or required, in the 
applicable regulation or DOE Directive. 
Conventional units would be presented, 
with appropriate Standard 
Internationale (SI) units in parentheses 
following the conventional units. 

The ALARA process is required for 
situations that have potentia1 doses 
below these reporting levels. The 
reporting level is the level at which DOE 
will take special or additional actions to 
review. The reporting level of 10 mrem 
(0.1 mSv) EDE in a year was selected 
because it represents a small fraction 
(e.g., 10%) of the primary EDE limit for 
essentially all radiation sources. 
Intrinsically, the uncertainties in dose 
estimates are high for doses an order of 
magnitude below the EDE limit. The 
uncertainties increase greatly for dose 
estimates on the order of 1 mrem (0.01 
mSv) in a year. Thus, 1 mrem (0.01 
mSv) in a year would not be appropriate 
for the reporting level because it would 
require considerably more frequent 
reporting for doses which have greater 
uncertainties and thereby diluting DOE 
oversight resources. DOE believes that 
the routine audit and oversight activity 
is adequate for doses two orders of 
magnitude below (e.g., 1% 00 the 
primary EDE limit. 

The collective dose reporting 
requirement was similarly selected. At 
annual collective dose below 100 
person-rem (1 person-Sv) in a year, DOE 
believes that routine oversight activities 
are adequate, but above 100 person-rem 
(1 person-Sv) in a year, special oversight 
might be useful. 

Neither the reporting level of 10 mrem 
(0.1 mSv) in a year for individuals, nor 
the 100 person-rem (1 person-Sv] in a 
year for collective dose, should be 
confused with “below regulatory 
concern” (BRC) considerations. DOE has 
not addressed the use of the BRC 
concept in this proposed rule. The BRC 
concept establishes levels of radiation 
that are associated with such small 
health risk that further regulatory efforts 
to reduce these levels are unwarranted 
because the diversion of associated 
resources from more critical public 
protection issues alone exceed the 
benefits to public health achieved by 
further regulation and the cost of the 
regulatory effort. In this proposed rule 
DOE requires that all releases and doses 
be reviewed and assessed under the 
ALARA process. 

For purposes of determining 
compliance with the reporting 
requirements of 40 CFR parts 302 and 
355, releases of source, by-product, and 
special nuclear material which occur 
from DOE activities are considered to be 
“Federally permitted” releases if they 
do not exceed the limits specified in 
this part and the operations and releases 
are in compliance with DOE policies. 
guidelines, and requirements specified 
in plans prepared and approved in 
accordance with this part. 

Temporary increases. Situations 
could occur that would require (for 
short periods of time) exposure of 
individual members of the general 
public in excess of the 100 mrem (1 
mSv) EDE in a year limit, but not more 
than 500 mrem (5 mSv) EDE in the year. 
Provisions for such a situation are 
contained in the proposed rule 
(fj834.101&)). If the need can be 
justified, DOE may approve a temporary 
higher limit than the 100 mrem (1 mSv1 
EDE annual limit. An example of such 
a situation would be a remedial action 
project which, in the long term, will 
benefit the general public in the area, 
but which, in the short term (during 
remedial action), might cause 
unavoidable higher doses to 
individuals. The Department expects 
requests for increases to the primary 
dose limit to be rare. The actions must 
be clearly justified and still would be 
subject to the ALARA process. 

Other limits. In addition to the 
primary dose limit and requirements for 
the ALARA process, DOE proposes 
several pathway and source-specific 
limits. These include: 10 mrem (0.1 
msv) in a year from airborne effluent 
(S 834.102(a)(Z)); 25 mrem (0.25 mSv) in 
a year from all waste handling, storage, 
and disposal activities (S 834.109(a)(2)); 
and radon flux 20 pCi (0.7 Bq]/m*-sec 
where radium-226 residues are accepted 
for storage or disposal, 3 pCi(O.1 Bql/L 
at a facility where sources of radon are 
handled, and concentration of 0.5 pCi/ 
L (0.02 Bq/L) at boundary of the site 
(5 834.102(a) (3),(4), and (5)). In general, 
these additiona1 requirements are 
consistent with other Federal 
requirements. In addition, limits for 
radon and its decay products in air are 
provided in terms of Working Levels 
(WL) and concentrations in air rather 
than dose limits and are addressed 
inde endentl . 
community drinking water standards in 
40 CFR part 141, “Interim Primary 
Drinking Water Regulations, 
Promulgation of Regulations on 
Radionuclides.” (Safe Drinking Water 
Act], for DOE drinking water systems 
(5 834.103(a) (2),(3), and (4)). It is DOE 

D& has a&pted the public 
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policy that the level of protection 
provided to persons consuming water 
from a public drinking water supply 
operated by DOE directly or through a 
contractor. be equivalent to that 
provided to the public for non-DOE 
operated systems. The proposed rule 
would require that liquid effluents from 
DOE activities be controlled to ensure 
that public or private drinking water 
systems downstream of DOE facilities 
are not caused to exceed the dose limits 
in 40 CFR part 141, as a result of DOE 
operations (S 834.103(a)(5)). 
Implmtentation 

exception of those under the 
jurisdiction of the Director of Naval 
Nuclear Propulsion Programs (who is 
also the Deputy Assistant Secretary for 
Naval Reactors within DOE), would be 
required to comply with the dose limits 
and ALARA requirements of this 
proposed rule. Section 309 of the 
Department of Energy Organization Act 
(Public Law 95-91), Executive Order 
12344, and Public Law 98-525 establish 
the responsibilities and authority of the 
Director, Naval Nuclear Propulsion 
Program over all facilities and activities 
which comprise the Program, a joint 
Navy-DOE organization solely 
responsible for military application of 
nuclear energy in connection with naval 
warship propulsion. Pursuant to the 
purpose and direction of these actions, 
the standards, regulations, and 
requirements prescribed by the Director 
continue to apply to Program facilities 
and activities in lieu of this proposed 
rule. 

DOE facilities will be designed and 
operated so that doses to members of the 
public do not exceed the dose limits and 
other requirements of the proposed rule, 
However, compliance with these limits 
is not sufficient to comply with the 
proposed rule because doses must be 
reduced as far below ihese limits as is 
practicable through the ALARA process. 
Selected limits and reporting levels in 
the proposed rule are summarized in 
Table 1 of this preamble. Compliance 
with the dose limits will be verified and 
demonstrated through a combination of 
measurements, monitoring and 
calculations to evaluate doses. The 
propozdd rule requires reporting of 
these data each year in the Annual 
Environmental Report. While the 
standards in this proposed rule are not 
intended to apply to accidents with 
regard to planning or the design of 
facilities or their control systems, doses 
from accidental releases at a subject 
facility are to be included in that 
facilities dose assessments for the 
purpose of evaluating and assessing 

All  DOE operations, with the 

compliance with this proposed rule and 
would be reported in the Annual 
Environmental Reports. 

Interim strntegy. If the DOE activity 
cannot comply with the rule within 180 
days of the effective date of the rule, an 
inkrim strategy to implement the rule 
requirements to the extent practicable 
and to provide a plan and schedule for 
achieving compliance would be 
required. These items would be 
submitted to DOE for approval and 
incorporated into the ERPP. The interim 
strategy would be required to: 

(I) Document the reasons compliance 
cannot be achieved within the 180 days: 

(2) Evaluate and alternative measures 
which mi ht be taken: 

(3) Anafyze the effects of non- 
compliance on members of the public 
and the environment; and 

(4) Provide an interim strategy and 
schedule for compliance. 

Dose evaluations. Data developed to 
demonstrate that DOE operations 
comply with applicable standards and 
requirements should be correct and 
representative. Accordingly, this 
proposed rule requires that calculations 
of dose to the public from exposures 
resulting from both routine and 
unplanned activities be performed using 
standard EPA or DOE dose conversion 
factors or analytical models prescribed 
in regulations applicable to DOE 
operations. Doses to members of the 
public in the vicinity of DOE activities 
would be evaluated and documented to 
demonstrate compliance with the dose 
limits of this r u l ~  and to assess 
exposures of the public from unplanned 
events. Collective doses to the public 
within 50 miles (80 km) of the site 
boundary would be evaluated and 
documented at laast annually. 

Analytical models used for dose 
evaluations would be appropriate for 
characteristics of emissions (e.g., gas, 
liquid, or particle; depositing or non- 
depositing; buoyant or non-buoyant); 
mode of release (e.g., stack or vent; crib 
or pond; surface water or sewer; 
continuous or intermittent); 
environmental transport medium (e.g., 
air or water); and exposure pathway 
(e+, inhalation; ingestion of food, 
water, or milk; direct radiation). 
Information on dispersion (transport 
and diffusion) in the environment, 
demography, land USB (including the 
location and number of dairy and 
slaughter animals), food supplies, and 
exposure pathways used in the dose 
calculations would be appropriate to 
evaluate actual and potential doses in 
the esvirons of DOE facilities. Such 
information would be updated as 
necessary to document significant 
changes that could affect dose 
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evaluations. Dose evaluation models 
that are codified, approved, or accepted 
by regulatory or other authorities. such 
as those codes approved for 
demonstrating compliance with 40 CFR 
part 61. subpart H, would be used where 
appropriate. 

Committed dose conversion factors. 
Radionuclides taken into the body, 
generally by exposure modes whereby 
the radionuclide is ingested or inhaled, 
will continue to irradiata the body as 
long as they exist and are retained by 
the body. The dose delivered to a body 
over the lifetime of the individual from 
a single intake of a radionuclide is the 
committed dose. Tables of committed 
dose conversion factors would be used, 
as appropriate, based upon the ICRP 
reference man model, and the 
committed dose is the dose integrated 
over an interval of 50 years. 

doses from exposure to external 
radiation from radionuclide 
concentrations in air and in water that 
result from submersion or from 
exposure to contaminated plano 
surfaces would be estimated, using the 
ICRP reference man model and 
appropriate dosimetry factors. However, 
for demonstrating compliance with DOE 
dose limits, external doses may be 
determined using data from direct 
measurements with appropriate 
instrumentatian if doses obtained with 
the direct muasuremen!s are found to be 
at least as accurate as those determined 
by analytical model evaluations. 

Derived concentration guides (DCG). 
DCG values are presented as reference 
values in appendix A for each of three 
exposure modes: inhalation of air 
containing the radionuclide: submersion 
in a semi-infinite cloud of air containing 
the radionuclide; and ingestion of water 
containing the radionuclide. The DCG 
tables may be used to evaluate only the 
three exposure modes upon which they 
are based. 

Other methods and alternatives. 
Methods and alternatives other than 
those discussed above and as prescribed 
in applicable regulations would be 
submitted to DOE for approval. DOE 
may approve the alternative method, if 
appropriate. 

limits for members of the general public, 
from routine operation of a DOE 
activity. would be expressed as a dose 
received by the individuals during the 
year (if ,  for example, the exposure is 
external to the body) or the committed 
dose received by the individual over a 
period of 50 years from radionuclides 
taken into the body during the year. The 
limits should not be interpretea as dose 

External dose conversion factors. The 

Parametric considerations. Dose 
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policy that the level of protection 
provided to persons consuming water 
from a public drinking water supply 
operated by DOE directly or through a 
contractor. be equivalent to that 
provided to the public for non-DOE 
operated systems. The proposed rule 
would require that liquid effluents from 
DOE activities be controlled to ensure 
that public or private drinking water 
systems downstream of DOE facilities 
are not caused to exceed the dose limits 
in 40 CFR part 141, as a result of DOE 
operations (5 834.103(a)(5)). 
Implementation 

exception of those under the 
jurisdiction of the Director of Naval 
Nuclear Propulsion Programs (who is 
also the Deputy Assistant Secretary for 
Naval Reactors within DOE), would be 
required to comply with the dose limits 
and ALARA requirements of this 
proposed rule. Section 309 of the 
Department of Energy Organization Act 
(Public Law 95-91), Executive Order 
12344, and Public Law 98-525 establish 
the responsibilities and authority of the 
Director, Naval Nuclear Propulsion 
Program over all facilities and activities 
which comprise the Program, a joint 
Navy-DOE organization solely 
responsible for military application of 
nuclear energy in connection with naval 
warship propulsion. Pursuant to the 
purpose anci direction of these actions, 
the standards, regulations, and 
requirements prescribed by the Director 
continue to apply to Program facilities 
and activities in lieu of this proposed 
rule. 

DOE facilities will be designed and 
operated so that doses to members of the 
public do not exceed the dose limits and 
other requirements of the proposed rule. 
However, compliance with these limits 
is not sufficient to comply with the 
proposed rule because doses must be 
reduced as far below these limits as is 
practicable through the ALARA process. 
Selected limits and reporting levels in 
the proposed rule are summarized in 
Table 1 of this preaable. Compliance 
with the dose limits will be verified and 
demonstrated through a combination of 
measuiements, monitoring and 
calculations to evaluate doses. The 
propoxd rule requires reporting of 
these data each year in the Annual 
Environmental Report. While the 
standards in this proposed rule are not 
intended to apply to accidents with 
regard to planning or the design of 
facilities or their control systems, doses 
from accidental releases at a subject 
facility are to be included in that 

A11 DOE.operations, with the 

. 

compliance with this proposed rule and 
would be reported in the Annual 
Environmental Reports. 

Interim strategy. If the DOE activity 
cannot comply with the rule within 180 
days of the effective date of the rule, an 
interim strategy to implement the rule 
requirements to the extent practicable 
and to provide a plan and schedule for 
achieving compliance would be 
required. These items would be 
submitted to DOE for approval and 
incorporated into the ERPP. The interim 
strategy would be required to: 

(1) Document the reasons compliance 
cannot be achieved within the 180 days; 

(2) Evaluate and alternative measures 
which mi ht be taken; 

(3)  Anafyze the effects of non- 
compliance on members of the public 
and the environment; and 

(4) Provide an interim strategy and 
schedule for compliance. 

Dose evaluotions. Data developed to 
demonstrate that DOE operations 
comply with applicable standards and 
requirements should be correct and 
representative. Accordingly, this 
proposed rule requires that calculations 
of dose to the public from exposures 
resulting from both routine and 
unplanned activities be performed using 
standard EPA or DOE dose conversion 
factors or analytical models prescribed 
in regulations applicable to DOE 
operations. Doses to members of the 
public in the vicinity of DOE activities 
would be evaluated and documented to 
demonstrate compliance with the dose 
limits of this rule and to assess 
exposures of the public from unplanned 
events. Coilective doses to the public 
within 50 miles (80 km) of the site 
boundary would be evaluated and 
documented at l a s t  annually. 

Analytical models used for dose 
evaluations would be appropriate for 
characteristics of emissions (e.g., gas, 
liquid, or particle; depositing or non- 
depositing; buoyant or non-buoyant); 
mode of release (e.g., stack or vent; crib 
or pond; surface water or sewer; 
continuous or intermittent); 
environmental transport medium (e.g., 
air or water); and exposure pathway 
(e.g., inhalation; ingestion of food, 
water, or milk; direct radiation). 
Information on dispersion (transport 
and diffusion) in the environment, 
demography. land use (including the 
location and number of dairy and 
slaughter animals), food supplies. and 
exposure pathways used in the dose 
calculations would be appropriate to 
evaluate actual and potential doses in 
the e:;virons of DOE facilities. Such 
information would be updated as 

facilities dose assessments for the 
' purpose of evaluating and assessing 

necessary to document significant 
changes that could affect dose 
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evaluations. Dose evaluation models 
that are codified, approved, or accepted 
by regulatory or ether authorities, such 
as those codes approved for 
demonstrating compliance with 40 CFR 
part 61, subpart H, would be used where 
appropriate. 

Committed dose conversiori factors. 
Radionuclides taken into the body, 
generally by exposure modes whereby 
the radionuclide is ingested or inhaled, 
will continue to irradiata the body as 
long as they exist and are retained by 
the body. The dose delivered to a body 
over the lifetime of the individual from 
a single intake of a radionuclide is the 
committed dose. Tables of committed 
dose conversion factors would be x e d ,  
as appropriate, based upon the ICRP 
reference man model, and the 
committed dose is the dose integrated 
over an interval of 50 years. 

doses from exposure to external 
radiation from radionuclide 
concentrations in air and in water that 
result from submersion or from 
exposure to contaminated plane 
surfaces would be estimated, using the 
ICRP reference man model and 
appropriate dosimetry factors. However, 
for demonstreding compliance with DOE 
dose limits, external doses may be 
determined using data born direct 
measuremen'is with appropriate 
instrumentation if doses obtained with 
the direct muasurements are found to bc 
at least as accurate as those determined 
by analytical model evaluations. 

Derived concentration guides (DCG). 
DCG values are presented as reference 
values in appendix A for each of three 
exposure modes: inhalation of air 
containing the radionuclide; submersion 
in a semi-infinite cloud of air containing 
the radionuclide; and ingestion of water 
containing the radionuclide. The DCG 
tables may be used to evaluate only the 
three exposure modes upon which they 
are based. 

Other methods and alternntives. 
Methods and alternatives other than 
those discussed above and as prescribed 
in applicable regulations would be 
submitted to DOE for approval. DOE 
may approve the alternative method, if 
appropriate. 

limits for members of the general public, 
from routine operation of a DOE 
activity. would be expressed as a dose 
received by the individuals during the 
year ( i f ,  for example, the exposure is 
external to the body) or the committed 
dose received by the individual over a 
period of 50 years from radionuclides 
taken into the body during the year. The 
limits should not  be interpreted as dose 

External dose conversion factors. The 

Parametric considerations. Dose 

H 
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rates per se, especially not in the sense 
Gf instantaneous dose rates. 

Supplemental documents. The dose 
conversion factors and derived 

Calculated doses should be as realistic concentrations needed to make dose 
as practicable. Consequently, the 
individuals subject to the greatest 
exposure would be identified, to the 
extent practicable, so that the highest 
dose might be determined. Dose limits 
apply to actual or committed doses to 
real individuals. Consequently, all 
factors germane to dose determination 
should be applied. Alternatively, if 
available data are not sufficient to 
evaluate these factors, the assumed 
parametric values would be sufficiently 
conservative so that it is unlikely that 
individuals would actually receive a 
dose that would exceed the dose 
calculated using the values assumed. 
Parametric values used in performing 
dose calculations would be recorded 
and included with the calculations. 

Collective public dose in the environs 
of a site with multiple emission points 
may be estimated using the assumption 
that all emissions occur from a single 
point centrally located on the site. 

The assumption of a single point of 
emission may be used to calculate 
pub.!ic dose for the maximally exposed 
individuals if the emission points can 
be combined in accordance with EPA 
guidance. This assumption may be used 
provided the procedures do not result in 
significant underestimates of doses and 
that the locations of the emission points 
are close to one another relative to the 
location of the receptor. Otherwise, the 
public dose to the maximally exposed 
individuals should be determined 
taking into consideration the actual 
locations of emissions on the site with 
respect to the offsite locations. 
Demonstration of Compliance With the 
Dose Limits 

The proposed rule would require the 
submission to and the approval by DOE 
of an Environmental Radiation 
Protection Plan (ERPP) for a DOE 
activity. DOE activities will be 
conducted in compliance with the 
specifications in these approved site- 
specific plans. These site-specific 
specifications will be used to determine 
when compliance is achieved. 
Compliance with the dose limits of the 
proposed, and concentration limits in 
specific plans. would be demonstrated 
by documentation of an appropriate 
combination of measurements and 
calculations to evaluate potential doses 
and releases. These data and results of 
evaluations would be presented in the 
Annual Environmental Report. The 
Annual Environmental Report also will 
contain the status of compliance with 
other requirements of this rule. 

- 

evaluations to meet DOE requirements 
are provided in the proposed rule and 
in three supplemental documents: EPA- 
520/1-88420, Federal Guidance Reporl 
No. 11, “Limiting Values of 
Radionuclide Intake and Air 
Concentration Factors for Inhalation, 
Submersion, and Ingestion;” WEIEH- 
0070, “External Dose-Rate Conversion 
Factors for Calculation of Dose to the 
Public” and DOE/EH-0071, “Internal 
Dose Conversion Factors for Calculation 
of Dose to the Public.” The dose 
conversion factors in these documents 
provide the primary basis for 
determining compliance with this 
proposed rule. Compared to previous 
DOE DCG tables, the table of DCGs in 
the proposed rule has been expanded 
considerably to present all classes of 
uptake and retention. 

EPA models. The use of AIRDOS/ 
RWRISK, CAP-88, or AIRDOS-PC 
models is prescribed by EPA in 40 CFR 
part 61, subpart H, to evaluate potential 
doses from airborne releases. In some 
instances, other models may be deemed 
more appropriate (e.g., predicts more 
realistic dose values) for estimating 
doses from DOE operations. Thus, two 
evaluations of doses from airborne 
pathways could be required: One to 
sztisfy 40 CFR part 61 requirements and 
one for DOE purposes using 
contemporary dosimetry and site- 
specific parameters. However, wherever 
possible, DOE elements should 
minimize such duplicative analyses. If 
an alternative model or approach is 
necessary to develop the required data 
for demonstrating compliance with 40 
CFR part 61, the operator of the DOE 
facilities should obtain EPA approval 
for use of the appropriate alternatives. 
E. Liquid Waste 
General 

system for members of the public 
esttiblished in subpsrt B of the proposed 
rule, controls on the release of liquid 
wastes are imposed in subpart C to 
reduce the potential for radiological 
contamination of natural resources such 
as land, ground and surface water, and 
ecosystems. The proposed rule would 
require that the Best Available 
Technology (BAT) be used for selected 
liquid waste discharges ( $ 5  834.201(a)(2) 
and 834.203(a)(2)). 

Section 301(b) of the Clean Water Act 
(CWA) states for pollutants 
identified in subparagraphs IC), (D), and 
(F) of this paragraph effluent limitations 
for categories and classes of point 

In addition to the dose limitation 

sources, other than publicly owned 
treatment works, which shall require 
application of the best available 
technology economically achievable 
(BAT) for such category or class, which 
will result in reasonable furlher progress 
toward the national goal of eliminating 
the discharge of all pollutants, as 
determined in accordance with 
regulations issued by the Administrator 
pursuant to section 304(b)(2) of this Act 
Q e Q  . This statement is the basis for 
requiring BAT under the CWA. Section 
304(b)(2) of the CWA further states that 
a discharger must identify, in terms of 
amounts of constituents and chemical, 
physical, and biological characteristics 
of ollutants, the degree of effluent 
reluction attainable through the 
application of the best control measures 
and practices achievable including 
treatment techniques, process and 
procedure innovations, opxating 
methods, and other alternatives for 
classes and categories of point sources 

, and * * * specify factors to  be 
taken into account in determining the 
best measures and practices available to 
comply 
assessment of best available technology 
shall take into acccunt the age of 
equipment and facilities invclved, the 
proccss employed, the engineering 
aspects of the application of various 
types of control techniques, process 
changes, the cost of achieving such 
effluent reduction, non-water quality 
environmental impact (including energy 
requirements), and such other factors as 
the Administrator deems appropriate 

* Q l  

* Factors relating to the 

* * *  
On the basis of section 304 of the 

CWA, the EPA established regulations 
(40 CFR part 125) which require the 
incorporation of Best Available 
Technology (BAT) control into National 
Pollutant Discharge Elimination System 
(NPDES) Permits required for a facility 
to dischar e into public waters. 

The NPbES “permitting system,” 
with its requirement of the application 
of BAT, applies to W E  facilities 
discharging nonradioactive pollutants or 
pollutants with a nonradioactive 
component into public waters. Since 
DOE has the responsibility for 
regulating the discharge of radioactive 
pollutants into public waters, DOE 
determined that it was appropriate to 
have an equivalent requirement of the 
application of BAT to the discharge of 
radioactive pollutants into public 
waters. 

Additional limitations. To protect 
aquatic animal organisms, 5 834.205 of 
the proposed rule includes a dose limit 
of 1 radlday (0.01 Graylday), based on 
recommendations of the NCRP (NCRP 
Report No. 109,1991). As an added 
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protection to ensure that discharges to 
public waters do not contain insoluble 
quantities that might settle in sediment 
in waterways, the proposed rule would 
require that concentrations of alpha and 
beta-gamma emitting radionuclides in 
settleable solids be less than 5 pCilgram 
(0.2 Bqlgraml and 50 pCilgram (2 Bql 
gram], respectively (5 834.201(a)(3] (i) 
and (ii)). The A U R A  provisions of the 
proposed rule would be applicable to all 
discharges and concentrations and 
settleable solids would be as low as is 
prar’icable. 

Implementation. Standards for liquid 
effluents are driven by the DOE A U R A  
policy and the objective to minimize 
contamination in the environment to the 
extent practicable. The proposed rule 
adopts the BAT as the appropriate level 
of treatment for liquid wastes containilig 
radioactive material and provides that 
the use of soil columns be phased out 
at the earliest practicable time 
(5 834.202(a)). Technical and economic 
considerations are included in 
determining the BAT. Radioactive waste 
streams that would otherwise contain 
radionuclide concentrations of more 
than the derived concentration guide 
(DCG] reference values at the point of 
discharge to a surface waterway are 
required to implement BAT treatment to 
further reduce the concentration. BAT 
treatment also may be required for waste 
streams with concentrations of 
radionuclides that are less than the 
DCGs, if they do not conform to other 
requirements of tho proposed rule. BAT 
treatment is provided to protect ground 
water and to prevent radionuclide 
hiiildup ii; soil. DCG values in 
Appendix A of the proposed rule are not 
necessarily considered “acceptable” 
dischsrge limits. They are provided for 
the puiposes of addressing the need to 
conduct BAi‘ analyses and to aid in 
performing dose estimates. The ALARA 
provisions of this proposed rule are 
applirable to all liquid discharges 
containing radioactive material derived 
trom DOE operations, including those 
that are less than the DCG values and 
meet BAT requirements. 

The operating organization subject to 
the rule will submit to DOE for 
app;oval, within 90 days of the effective 
daia of this rule, a plan and schedule to 
I ~ ~ t a i l  waste treatment systems in 
existing facilities, i f  justified by a BAT 
analysis, to permit compliance at the 
earliest practicable time. The plan will 
include an ALA-RA section on tritium, i f  
that isotope is a component of the 
effluent stream. DOE may make 
modifications of the proposed BAT plan 
and schedule or may direct the 
operating organization to make such 
modifications, or appropriate, updates. 

,.: 

BAT plans will be incorporated into the 
Environmental Radiological Protection 
Program (ERPP) (see 834.401). If the 
operation of the facility: 

requirements specified in 834.201(2) 
(e.g., doses to the public exceed I(! 
mrem (0.1 mSv]lyear] and the water 
pathway is a significant contibutor to 
that dose; or 

(2) Does not conform to the ground- 
water protection requirements in 
5 834.210, BAT analyses would be 
conducted. 
DCGs are used only as screening values 
[not discharge limits) for considering 
BAT requirements for these discharges. 
In all cases, the ALARA provisions of 
this part are applicable to all discharges 
and potential doses to the public. 

Phaseout of soil columns. The use of 
soil columns to retain, by sorption or 
ion exchange, suspended or dissolved 
radionuclides from liquid waste streams 
would be discontinued in favor of an 
acceptable alternative disposal means 
(5 834.202(a]]. DOE activities that 
currently discharge liquids containing 
radioactive materials to soil columns, 
would have or develop a DOE approved 
plan and schedule for implementing 
acceptable alternate disposal to allow 
phase out of the soil columns. Interim 
strategies that include continued use of 
soil columns may be approved by DOE 
if alternatives to the use of soil columns 
would, on balance, be detrimental to the 
environment or the health and safety of 
the public. The BAT selection process 
would be applied to all those processes 
that will continue, as an interim control 
measure, to discharged liquid wastes 
containing process-derived 
radionuclides to soil columns for 
indefinite periods. These requirements 
are intended to prevent the buildup of 
contamination in soils and ground water 
and to protect the environment from the 
spread of contamination from burial 
trenches and pits. 

New or increased discharges of 
radionuclides in liquid waste to inactive 
receptors would not be permitted. 
Contaminated soil columns, drainage 
systems, and ground water to which 
contaminated liquid rlischarges have 
been discontinued would be managed or 
decontaminated in accordance with the 
requirements in the proposed rule and 
other applicable regulations. Liquid 
discharges, even though 
uncontaminated, are prohibited in 
inactive release areas to prevent the 
further spread of radionuclides 
previously deposited. 

Tritium. There is no practicable 
control technology available for 
removing tritium from dilute liquid 

(1) Exceeds the reporting 

waste streams. Therefore this proposed 
rule does not require that BAT be 
applied to the control of tritium in 
liquid effluents. Rather, process 
alternatives that reduce the amount of 
tritium entering the liquid waste 
streams would be identified and 
evaluated in  accordance with the DOE 
A U R A  p o k y  (5 834.215). Tritium 
decay in transit in confined ground 
water may be an acceptable alternative 
to direct release to the atmosphere or to 
surface waters. The proposed rule 
requires operating organizations. within 
180 days of the effective date of the final 
rule. to develop a description and 
summary of the alternatives considered 
in the control of tritium releases and to 
submit it to DOE for approval. The plan 
may be incorporated into 
documentation nocessary to fulfill waste 
management planning requirements for 
the specific facility (e.g., the Ground- 
Water Protection Management Plan], 
and reevaluated annually and updated 
as necessary. 

Discharges to sanitary sewers. 
Provisions in the proposed rule for 
regulating the releases of liquid wastes 
to public sanitary sewer systems 
(5 834.203) are designed to be generally 
consistent with requirements imposed 
by the NRC on its licensees. The BAT 
selection process would be 
implemented to reduce d i s c h q e  
concentrations if liquid wastes 
discharged from DOE activitiss into 
sanitary sewerage contain radionuclides 
at concentrations which, averaged 
monthly, would otherwise be greater 
than five times the DCG values for 
liquids at the point of discharge. When 
more than one radionuclide is present, 
the total ratio (sum of the fractions) of 
the average concentrations for each 
radionuclide to its respective DCG value 
w m l d  otherwise exceed five. Neither 
the DCG concentrations in appendix A 
nor the above five-times DCG 
concentration limit noted above are 
necessarily considered acceptable 
discharge limits. All discharges would 
be evaluated in accordEnce with the 
ALARA process and meet the other 
criteria and requirements including 
those stated below. The proposed rule 
also would require operators to ensure 
that the total annual discharge of 
residual radioactive material associated 
with DOE operations to the sanitary 
sewer system will not cause exp0sure.c 
to members of the general public that 
will result in doses that exceed a small 
fraction of the basic annual dose limit 
(5 834.203(al(4)). Further, the total 
quantity of radionuclides which may be 
released in a year to a public sewer 
system. from a DOE activity, is limitec’ 
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to 5 Ci (185 GBq) oftritiu.n, 1 Ci (37 
GBq) of carbon-14, and 1 Ci (37 GBq) of 
all other radionuclides (5 834.203(a)(3)]. 
Discharges to public sewers would be 
coordinated with the operators of the 
waste water treatment works. 

government-owned sewer systems are 
not subject to the annual quantity limits 
or the cancentration limits which are 
applicable when the discharge is  to a 
public sewer system, but A U R A  
considerations still would be rsquired 
(5 834.203b)). Liquid wastes containing 
concentrations or quantities of 
radioactive materials that, when 
averaged monthly. are greater than the 
limits for discharge into public sewer 
systems may be discharged into a 
chemical or s a n i t q  sewerage system 
(e.g.. systems with drain fields 
excepted) if the system is owned by the 
Federal Government. However, ALARA 
process requirements are applicable. 
Such a sewerage system would provide 
liquid waste treatment prior to 
discharge to surface waters in 
accordance with the requirements of 
proposed 6 834.201(al. Sludge 
containing radioactive material from the 
operation of the government-owned 
sewerage system would be disposed in 
accordance with the appropriate 
requirements for solid waste 
($834.203b)(2)). 
Demonstration of Complianc-Liquid 
Waste 

The selection of the BAT treatment 
would be based on a BAT analysis 
prepared by the site operator. The 
specific plans and schedules for 
preparing BAT analyses and submitting 
t tem to DOE for approval is required 
wiil be documented in the BAT plan. 
The final analyses would be completed 
in accordance with the schedule in the 
BAT plan. To ensure that BAT analyses 
are of good quality and generally 
ronsistent in content, a “Guidance 
Manual r x  Implementing BAT 
Analyses” required under the proposed 
ruie has been prepared and is provided 
as supplementary guidance. The final 
BAT analysis and selected BAT 
alternative would require approval by 
DOE. The BAT treatment alternative 
selected as a result of the analyses 
would be designed and operated in 
accordance with approved designed 
specification and plans. 

would be incorpoiated into waste 
management plans for the site, or its 
equivalent, m d  would be part of the 
ERPP. ?‘he phaseofit should be 
coripleted at the earliest practical time, 
and the schedule would require the 
approval of Program Offices. Phaseout 

Discharges of radionuclides to 

Plans for the phaseout of soil columns 

plans would be included in the waste 
management plans prepared for the site 
and would be reviewed and updated 
annually. 

calculations comdeted to demonstrate 
Data would be collected and 

that sites are cokplying with the dose 
limit for native aquatic animal 
organisms. These data would be 
reported in the site Annual 
Environmental Reports required by the 
proposed rule. Similarly, data to 
demonstrate that the sedimentation 
concentration limits are being achieved 
would be reported in the Annual 
Environmental Reports. It is expgcted 
that the quantity of radionuclides and 
settleable solids in effluent streams at 
most DOE facilities will be very small. 
If settleable solids are SO low that the 
levels are below detection, periodic 
environmental sampling would be 
conducted to ensure that current 
operations are not contributing 
sigrtificantly to the buildup of residual 
radioactive material in sediment. 

The Department considers protection 
of the ground water an important 
element of environmental protection 
and radiation protection programs. The 
proposed rule would require each site to 
prepare a Ground Water Protection 
Management Plar. (5 834.401(e)) and to 
implement ground water protection 
programs in compliance with these 
plans. The plans should be consistent 
with applicable Federal and State 
requirements and must be approved by 
DOE. 
C. Residual Radioactive Material 
Rsleases and Evaluations 

Subpart D of the proposed rule 
contains DOE requirements for the 
release of property containing residual 
radioactive material. The proposed rule 
includes criteria that property 
containing residual radioactive material 
from DOE activities must meet if it is to 
be released from DOE control. These 
criteria are consistent with the dose 
limitation system established in the 
proposed rule. The criteria require that 
current and future use of the property be 
assesssd and evaluated; authorized 
limits be established for release actions 
or remedial actions; and any releases of 
property be documented. 

A U R A .  The proposed rule would 
require that doses to the public from 
residual radioactive material must be as 
low as is reasonably achievable below 
the primary dose limits. A remedial 
action goal should be to return the 
levels of residual radioactive material to 
near-background levels. The Department 
realize; that in ceitain cases this moy 
not be practical or even possible. The 

proposed rule would require that all 
releases of property be assessed and the 
ALARA process applied no matter how 
small the dose. DOE, as with the general 
dose limitation system, has established 
a graded level of control and ovesight 
to ensure that doses to the public are 
low. 

The proposed rule would require that 
assessments of potential doses 
associated with releases be spcific to 
the particular release being considered. 
While the proposed rule is  limited to 
regulation of radionuclides, responsible 
persons should be a w m  of coincident 
non-radioactive contaminants and their 
possible impacts. When non-radioactive 
contaminants are present coincident 
with residual radioactive material, 
decontamination or remedial measxres 
should be rational and effective 
considering the hazards of both 
materials and in  compliance with other 
applicable regulations governing such 
material. 

‘ 

Limits for Residual Radioactive Material 
Authorized limits and, where 

appropriate, supplemental limits would 
be required to be developed for the 
release of property. DOE must review 
and approve authorized limits before 
properties with residual radioactive 
material are released to members of the 
general public for unrestricted use. 
Supplementa! guidance for derivation 
and selecticn of these limits would be 
provided by DOE. The limits would be 
selected to ensure that doses to 
individuals using the property under 
“actual” and “!ikely use” scenarios2 
will be well below the primary dose 
limit specified in proposed 
834.101(a)(2) and should be on the order 
of a few mrem in a year, or less, for 
continuous exposure. To the axtent 
practicable, property to be released for 
use where close contact is likely, would 
havg no measurable contaminaiion. 

The evalcation also would consider 
the “worst plausible” use3 of the 
property over the long term. Allowable 
doses for release of the properties 
calculated under this type of scenarios 
may be a relatively large fraction of the 
general dose limit if the probability of 

zActuol and likely use scenm’os are those that 
have a fairly high probability of occurring. These 
represent expected us0 of the property. As B general 
guide, it  should include scenarios that are 
plausible, unlikely to sub;tantiaily underestimate 
the doso. and have e reasonable chance of occurring 
within at least the first 50 years. Scenarios that are 
not expected to occur for at :earl 100 years after 
release of the property normally need not be 
considered as likely use. 

The worst ylausible use represents e scenario 
that is credible over the long term. The period of 
assessmenf may extend beyond several hundrcd 
years and the probability of the scenario ever 
occiirring must be considered in the review. 
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the scenario occurring is relatively low. 
In cases where the probability of the 
worst plausible scenario is high and 
reasonably certain, potential doses 
associated with the release would be 
limited to a relatively small fraction of 
the 100 mrem (1 mSv) in a year dose 
limit. 

Specific assessments would estimate 
collective dose to the public when such 
doses are pctentially significant. In such 
situations, collective doses also would 
be considered under the A U R A  
process and in the establishment of 
authorized limits. 

Docurnentation. Persons respomible 
for the decontemination snd release of 
property with residual radioactive 
material subject to this proposed rule 
would ensure that the property to be 
released has been assessed and potential 
impacts are appropriately documented. 
The proposed rule would require 
evaluation of the historical use of 
property (including land, structures, 
equipment and recyclable material) 
prior to release to determine if it has 
been subjected tc. radiological 
contamination. The required 
documentation would include a 
description of the property; a 
description of the survey characterizing 
the property and the results. its 
radiological conditio,i; and the quantity 
end disposition of t!!e waste resulting 
from the decontamination effort. The 
documentation woalri also include the 
date of the last radiation survey; the 
identity of the organization and the 
individual who performed the 
monitoring operation; the type and 
identification number of monitoring 
instruments; the results of the 
monitoring operation; and the identity 
of the recipient of the released property. 
Documentation would be submitted to 
DOE for review and approval. DOE 
would ensure that information regarding 
the release of property is made available 
to  interested parties and archived, as 
Gppropriate. Copies of these records 
would be made available for public 
review and would be archived in 
accordance with applicable records 
management directives. 

Surface m d  volume activity in 
property Specific requirements for 
volumes and surfaces (except for soil 
contamination) are not delineated in the 
proposed rule. DOE is presently 
considering in coordination with other 
agencies, additional requirements and 
may propose such requirements in the 
future. However, the requirements in 
subpart D are applicable to such 
material. 

property, including equipment, 
structures, and recyclable material 

The proposed rule would require that 

contaminated or potentially having 
contaminated or potentially 
contaminated surfaces (e.g., 
rdioactivity per unit surface area) or 
contaminated in depth, such as 
activated material or smelted 
contaminated metals (e.g., radioactivity 
per unit volume or per unit cf mass) be 
suneyed to characterize the surface or 
mass concentration of radioactive 
material present in the material and 
evaluated in accordance with the 
ALARA criteria. Such materials may be 
released only if the auth3rized limits 
established for release of the material 
and survey techniques used to 
characterize the property are approved 
by DOE. Non-recyclable materials 
would be subject to the same 
requiremonts; however, development of 
authorized limits thrvugh the ALARA 
process would consider appropriate 
pathways based on expected fate of the 
materiai. The assessment of individual 
doses and collective doses would be 
conducted with appropriate models m d  
dose conversion factors consistent with 
the requirornsnts of this part and with 
associated uidance documents. 

Soil. AuAorized limits for 
radionuclides in soil will be developed 
by using survey data to characterize the 
site, and calculations and models will 
be used to predict potential doses to the 
users. Consistent with the general 
principles provided in proposed subpart 
D, the concentrations permitted by the 
autho;ized limits should ensure that 
doses to the general public are only a 
small fraction of the primary dose limit. 
The Department has developed a model, 
!?he computer code RESR4D), and 
guidance manual [“A Manual fcr 
Implementir, g Residual Radioactive 
Material Gui lelines,” DOE/CH/8901, 
June 1989), for deriving soil criteria, 
conducting decontamination efforts, and 
applying the ALARA process. While 
other models and appraaches are 
permitted, field elements would identify 
the differences and rationale for using 
other approaches in their analyses. The 
subject model and RESRAD code only 
consider individual dose, collective 
dose estimates must be developed using 
other procedures. 

potential doses from release of 
properties under these criteria, derived 
suthorized limits, and procedures have 
resulted in low potential doses to the 
public. Cleanup of 47 properties ill Kcw 
York State by the DOE Pormerly 
Utilized Sites Remedial Action Program 
(FUSRAP) has been reviewed. The 
procedures used in the RESRAD Code 
and associated implementation manual 
were employed to derive a soil 
concentration for depleted uranium that 

Experience to dzte h i s k a t e s  that 

would produce a worst case dose of 100 
rnrem (1 mSv) in ci year. It was 
estimated that this concentration was 
approximately 120 pCi (4.4 Bq) of 
uraniumlgram of soil. DOE worked with 
the State and EPA and determined, on 
the basis of ALARA, that an acceptable 
authorized limit would be: 
(I) Average soil concentrations over 

any 13 meter by 10 meter area should 
not exceed 35 pCi (1.3 Bq) of depleted 
uranium/g of soil; and 

(2) 100 pCi/g (4 Bqlg) should not be 
exceeded over any 1 square meter area. 

The cleanup of 47 properties 
accomplished under this standard were 
evaluated. The average maximum 
potential dose from post-remedial action 
use of the subject properties was less 
than I mrem (0.01 mSv) per year (less 
than 0.3% of the typical background 
dose received by someone living in the 
United States). 

The proposed rule would adopt the 
soil criteria for radium which is 
provided in 40 CFR part 192 as limits 
for remedial actions at properties having 
soil contaminated with these materials. 
The 40 CFR part 192 standards were 
derived for the cleanup of properties in 
the vicinity of uranium mill tailings 
piles; EPA developed them consistent 
with the ALARA process. Therefore. 
when they are applied to the cleanup of 
uranium mill tailing sites, the 
requirement for applying the A U R A  
process during planning or development 
of the authorized limit already has been 
achieved. The ALARA process has 
many site-specific elsments, so when 
these limits are applied to other uses, 
the ALARA process must be considered 
in the establishment of the authorized 
limits and during the implementation of 
the action. The Department considered 
requiring the derivation of soil limits for 
residual radium or thorium consistent 
with the process required for all other 
radionuclides, but opted to be 
consistent with the EPA guidelines and 
require an additional measure of 
protection by making the ALARA 
process applicable. DOE is requesting 
comnents on the continued use of the 
concentration limits in 40 CFR part 192 
with the added requirement for the 
ALARA process. Field verification of 
radon emanation rates would be in 
accordance with the requirements of 40 
CFR art61. 

Ingoor radon-222. The proposd rile 
would require that the objective of 
remedial actions conducted on any 
occupied or habitable structures would 
be to make a reasonable effort to reduce 
residual radioactivs material levels such 
that an annual average (or equivalent) 
radon decay product concentration 
would not exceed 0.02 WL, including 
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background, in the structure. In any 
case, the radon decay product 
concentration would not exceed 0.03 
iVL, including background, in such 
structures as a result of residual 
radioactive material. 

D apply to both DOE-owned facilities 
and ;o private properties that are being 
prepared by DOE for release. Real 
properties o w m d  by DOE are subject to 
the requirements of section 120(h) of the 
Comprehensive Environmental 
Response Compensation and Liability 
Act (CERCLA), as  amended, concerning 
hazardous substances, and to any other 
applicable Federal. State, and local 
requirements. The requirements of 40 
CFR part 192 are applicable to 
properties remediated by DOE under 
Title I of the Uranium Mill Tailings 
Radiation Control Act (UMTRA). 
Specific Numerical Limits for Surface 
Activity 

Both DOE 5400 5 ,  February 8,1990, 
and the “DOE Guidelines for Residual 
Radioactive Material.” March 1987. 
utilized the values iisted in Table 2 of 
this preamble for maximum 
contaKination levels permitted for 
release of property h a v i q  residual 
radioactive material on its surface. The 
vaiues wers used as “upper limit” 
standards for the unrestricted release of 
structures, equipment, parsonal 
property and recyclable material. These 
values were selected to be consistent 
with the requirements of the NRC 
guidance in its publications “Guidelines 
for Decontamination of Facilities and 
Equipment Prior to Release for 
Unrestricted Use or Termination of 
Licenses for Byproduct, Source or 
Special Nuclear Material,” July 1982, 
and with NRC Regulatory Guide 1.86. 
“Termination of Operating Licenses for 
Nuclear Reactors,“ June 1974. In 
addition to the requirements to meet 
these maximum Contamination levels, 
the DOE guidance required that the 
ALARA process be used to bring the 
concentrations as far below these levels 
as is practical. 

The Department has not included the 
values in Table 2 in this proposed rule. 
DOE and cther Federal agencies are 
presently investigating alternatives to 
Table 2. The Department believes that 
potential doses associated with release 
of material at these levels are low, as are 
assumed risks, especia!Iy .when the 
P.LhRA process is applied in addition 
to the contamination limits, as DOE has 
required in its existing Order, DOE 
5400.5. However. the values in Table 2 
are not internaily consisten:. They 
provide levels of protection that vary by 
orders of magnitude even among 

The requirements of proposed subpart 

radionuclides in a category. 
Consequently, DOE is seeking 
comments on the continued use of the 
values in this table or alternative 
approaches. The Department, with NRC 
and EPA, is investigating risk-based 
approaches to surface contamination 
limits. The approach in the proposed 
rule would require the derivation of 
authorized limits for the release of 
property that will ensure potential doses 
to users of the property are low. If risk- 
based levels are established, should the 
limits be provided by radionuclide or in 
categories such as those provided in 
Table 2? Should separate limits be 
provided for removable and fixed 
contamination? What time periods are 
appropriate for assessing impacts for 
exposures essociated with contaminated 
building or quip;;.ent surfxe;? 

DOE is seeking comments on mass, 
contamination limits for structures, 
equipment, and recyclable material. The 
current DOE requirements and the 
proposed rule would require reviews of 
the action, including application of the 
ALARA process to establish authorized 
limits for release. DOE is requesting 
comments on the following: Should 
DOE establish tables of maximum 
concentrations (Le., upper limits) that 
must not be exceeded or generic release 
limits that could apply to all sites? Or 
should the final rule and DOE guidance 
provide requiremects, including 
scenarios, and parameters that each 
facility must use to derive authorized 
limits similar to what is provided in the 
pro osed rule for soil contamination? 

T\e proposed rule would require that 
all sub-surface contamination, such as 
contamination in depth (Le.. mass 
contamination), be assessed and 
authorized limits be determined, 
consisterit with the principles set forth 
in proposed subpart D. Comments are 
requested on the DOE policy, in generel, 
on the release for unrestricted use of 
personal property containing residael 
radioactive material (e.g., office 
furniture, tools, and other reusable 
items]. 
SupFlementsl Limits 

Unrestricted use. If special specific 
property circumstances indicate that the 
criteria in proposed 834.305 or 
authorized limits established for a given 
propxty are not appropriate for any 
portion of that property, then a request 
may be made to apply supplemental 
limits. Any supplemental limits would 
achieve the criteria set forth in proposed 
5 834.301 for both current and potential 
unrestricted uses of a property. 
Supplemental limits may be applied to 
any portion of a property if ,  on the basis 
of a specific property analysis. it is 

demonstrated that certain aspects of the 
property were not considered in the 
development of the established 
authorized limits for the entire property; 
and as a result, the established limits 
either do not provide adequate 
protection or are unnecessarily 
restrictive and costly. 

The responsible operating 
organization would document the 
decision that the subject guidelines or 
authorized limits are not appropriate 
and that the alternative action selected 
will Frovide adeqilate protection and 
allow unrestricted use of the site giving 
dus consideration to health and safety, 
the environment, costs, and public 
policy considerations. Prior to release, 
the approve1 for specific supp1emen:al 
limits would be obtained from DOE as 
specified in proposed 5 834.310. The 
request for scpplemental limits must be 
accompanied by those materials 
required for the justification as specified 
in this section. DOE also would be 
responsible for coordination with the 
State and local government regarding 
the limits or exceptions and associated 
restrictiocs as appropriate. 

Restricted use. Supplemental limit:; 
with restrictions on the use may be 
applied to any portion of the property 
when it is established that the 
authorized limits cannot reasonably be 
achieved and that restrictions on use of 
the property are necessary. It would be 
demonstrated that tha supplemental 
limit is justified and that the restrictions 
will protect members of the public 
within the basic dose limits of the 
proposed rule and will comply with the 
requirements for control of residual 
radioactive material. Such supplemental 
limits must be approved by DOE prior 
to release. The operator and DOE would 
be responsible for implementing the 
administrative controls and the 
cognizant Federal, State, or local 
authwities should be resporrsible for 
enforcing them. The administrative 
controls include, but are not limited to, 
periodic monitoring as appropriate; 
appropriate shielding; physical barriers 
to prevent access; and appropriate 
radiological safety measures daring 
maintenance, renovation, demolition, or 
other activities that might disturb the 
residual radioactive material or cause i t  
to migrate. 
Justificatisn for Supplcmenta! Limits 

rule would permit the use of 
supplemental limits when the specific 
criteria specified in 5 834.310 are met. 
The need for supplemental limits would 
be documented by the contractor on a 
case-by-case basis using specific 
property data. Every reasonable effwt 

Documentotion of need. The proposed 
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would be made to minimize the use of 
supplemental limits. 
Reporting Level 

Approval of authorized limits, survey 
procedures. certification of radiological 
condition of released property and 
oversight of the ALARA process are the 
responsibility of DOE. DOE, through its 
audit program, will overview all of these 
activities. The proposed rule would 
require notification to DOE if any 
authorized limits will potentially cause 
an EDE to exceed 10 mrem (0.1 mSv) in 
a year or coliective dose to exceed i O O  
person-rem (1 person Sv) in a year. 
These values represent neither 
acceptable nor unacceptable doses. 
They are simply reporting limits that 
will help DOE concentrate its regulatory 
and oversight resources on activities of 
interest, and respond in a timely 
manner. 
Control of Residual Radioactive Material 

radioactive material not releasable and 
residues resulting from the 
decontamination of property would be 
managed in accordance with proposed 
subpart D and with appropriate DOE 
waste management regulation and 
directives. Additional requirements for 
disposal znd storage of remedial action 
residues, primarily those where radium- 
226 and its decay products represent the 
significant mode of exposure of the 
public, are provided below. The 
disposition of residues from remedial 
actions associated with inactive 
uranium mill tailings sites implemented 
by DOE under Public Law 95-604 is 
subject to the requirements of 40 CFR 
part 192. The reqliirements in 5834.411 
are included in the proposed rule to 
ensure that management of similar 
materials not subject to 40 CFR part 192 
provide equal or greater levels of 
protection. They include requirements 
for interim storage, interim management 
and disposal of such materials. 

Storoge and disposal of residual 
radioactive moterial. Wastes resulting 
from decontamination projects or 
containing residual radioactive material 
may be disposed or stored at existing 
DOE waste disposal and storage 
facilities. These facilities ar6 regulated 
under specific DOE requirements and, 
in some cases, by EPA or NRC 
regulations. If residual radioactive 
material from activities governed by this 
proposed rule is disposed or stored at 
such facilities, it will be regulated under 
the requirements of regulations 
applicable to the sites and any 
applicable section of this proposed rule. 

The proposed rule includes specific 
requirements for storage and disposal of 

Property containing residual 

radium and thorium residues from 
decontamination and remedial actions. 
These requirements are consistent with 
requirements in 40 CFR part 192 for the 
management of radium residues from 
remedial actions at uranium mill 
tailings sites. In addition to the radon 
flux limits contained in 40 CFR part 192 
and subpart Q of 40 CFR part 61, this 
proposed rule includes radon 
concentration limits. These limits are 
provided to be consistent with past 
practices of the Department in 
regulating radon exposures and to 
provide further assurance that doses 
associated with radon releases will be 
minimized. The proposed rule provides 
requirements for assessing potential 
effects over the long term (greater than 
1,000 years) and to provide special 
protection against intrusion for residues 
with unusually high concentrations of 
radium. Reviewers are requested to 
comment on the need for such 
additional limits considering that EPA 
has reviewed radon-220 emissions from 
DOE storage and disposal sites under 
the Clean Air Act (CAA) and has 
determined that a flux rate of 20 pCi (0.7 
Bqlmzsec provides adequate protection 
with an ample margin of safety. 
D. Environmental Radiological 
Protection Program 

All DOE activities would be managed 
in accordance with an Environmental 
Radiological Protection Program (ERPP) 
for the operation. An ERPP would be 
comprised of the plans, programs, and 
other procedures or processes by which 
the DOE activity will protect the general 
public and the environment. An ERPP 
would include: 

a. ALARA Program; 
b. BAT Plan; 
c. Ground-Water Protection 

Manag2ment Plan; 
d. Environmental Monitoring Plan, 

including: 
(1) Effluent monitoring: 
(2) Environmental surveillance; 
(3) Meteorological data; and 
(4) Preoperational study; 
e. Waste Plan; and 
f. Quality Assurance Program. 
An ERPP would be submitted to DOE 

for review a n i  approval within 90 days 
of the effective date of the final rule and 
updated annually or sooner if there is a 
change in the activity or operation. The 
rule would require that the submitted 
ERPP be approved, revised, or rejected 
by DOE within 180 days of the effective 
date of the final rule. 

A U R A  program. An ALARA program 
would address the potential radiological 
impact of the operation on the public 
and the environment and be approved 
by DOE. The approved program would 

include requirements for contractors or 
DOE personnel to im lement the 
A U R A  process for a i  DOE activities 
and facilities that cause public doses 
and releases to the environment. An 
A U R A  program would include 
requirements for documenting ALARA 
decisions as well as implementing the 
A U R A  process. A U R A  requirements 
in the proposed rule are for protection 
of the public and environment: 
application of the ALARA process for 
the limitation of occupational exposures 
at DOE operations are addressed in 
proposed 10 CFR part 835 (56 FR 
64334). 

In addition to the considerations 
discussed below, the A U R A  process 
and associated decisions conducted for 
the protection of the public m d  
environment should consider the 
impact on workers. It is not appropriate 
to ignore large increases in occupational 
doses in order to achieve small potential 
reductions in public exposures and visa 
versa. Both individual exposures and 
collective exposures over time must be 
considered. A quantitative cost-benefit 
analysis (e.g., optimization) could be 
performed, given the results of the 
considerations required by the proposed 
rule. However, the parameters needed to 
evaluate the cost-benefit analyses are 
difficult to quantify, and evaluations 
themselves can be expensive. 
Furthermore, the evaluations include 
many additional assumptions, 
judgments, and limitations that are often 
difficult to reflect as uncertainties in the 
analyses. Therefore, considering that 
most analyses for DOE operations that 
evaluate potential exposures of the 
public involve low radiation dose 
increments (i.e., levels that represent a 
small fraction of the dose limits and 
assumed small fraction of acceptable 
risks), qualitative and semi-quantitative 
analyses are often acceptable bases for 
ALARA judgments. The bases for such 
judgments would be documented in 
accordance with the requirements of the 
approved ALARA program. More 
detailed analyses should be considered 
if the decisions might result in doses 
that approach or are a significant 
fraction of the dose limit. Quantitative 
analyses also may be necessary if other 
regulations or statutes, such as the 
National Environmental Policy Act, 
require them. 

An ERPP would be required to 
contain an ALARA Program to control 
releases of radioactive materials and 
exposures to radiation at levels as low 
as is reasonably achievable. The extent 
of the ALARA efforts and evaluations 
should reflect the magnitude of the 
potential doses to the maximum dose 
exposed individual member of the 

12:28 Mar 24.1593 VerDate 12-MAR.93 Jkl340999 PO 00000 F n  ooO12 Fm4701 Shnt 4702 E : \ F W W S M R 2 . P T 2  



Federal Register I Vol. 58, No. 56 I Thursday, March 25, 1993 I Proposed Rules 16279 

public and the collective dose to all 
persons within 50 miles of the site of 
the DOE activity. An ALARA Program 
would include, as appropriate: 

(1) A statement of commitment to  use 
the ALARA process; 

(2) A description of the means to be 
used to implement the ALARA process; 

(3) A process for documefiting 
ALARA decisions; 

(4) A training program for the staff on 
implementation of the ALARA process; 
and 

(5) A listing and evaluation of specific 
factors considered in arriving at ALARA 
position, including, as appropriate: 

(i) The maximum dose to members of 
the public; 

(ii) The collective dose to the 
population; 

(iii) Applicable alternative processes, 
such as alternative treatments of 
discharge streams, operating methods, 
or controls: 

(iv) Doses for each alternative 
evaluated; 

(v) Cost for each of the alternatives 
evaluated; 

(vi) An examination of the changes in 
cost among alternatives; and 

(vi) Changes in societal impact 
associated with process alternatives, 
e.g., differential doses from various 
pathways of exposure. 
Interim guidance "DOE Guidance on the 
Procedures in Applying the ALARA 
Process for Compliance with DOE 
5400.5" was distributed March 8,1990. 
The interim guidance is equally 
applicable for the proposed rule to assist 
those who must prepare an ALARA 
Program. The guidance suggests a step- 
by-step logical procedure to arrive at 
ALARA judgments. 

BATplon. An ERPP would contain a 
BAT Plan for those activities conducted 
at a site for which the proposed rule 
requires a determination whether to use 
the BAT for processing liquid waste. A 
BAT Plan would: 

(I) Document the analysis of whether 
the BAT is required and, if required, 

(2) Document the BAT results of (or 
schedule for) the selection process; and 

(3) (Where selected) set forth the 
schedule for installing the BAT. 

BATseIection. Selection of the BAT 
for a specific application will be made 
from among candidate alternative 
treatment technologies which are 
identified by an evaluation process that 
includes factors related to technology, 
economics, and public policy 
considerations. Factors that are to be 
considered in selecting BAT, at a 
minimum. will include: The age of 
equipment and facilities involved; the 
process employed; the engineering 

aspects of the application :f various 
types of control techniques; process 
changes; the cost of achieving such 
effluent reduction; non-water quality 
environmental impact (including energy 
requirements); safety considerations; 
and policy considerations. BAT 
analyses are difficult to express 
quantitatively because the factors do not 
have a common denominator. However, 
consideration of these factors should 
permit qualitative evaluations which 
will support judgments. A report "Best 
Available Technology (BAT) Guidance 
Manual, Application af BAT for Liquid 
Effluent Releases at Department of 
Energy Facilities," is being drafted and 
will be available for those who are 
res onsible for making BAT decisions. 

plan. Each DOE operation would 
implement a ground-water protection 
program and would describe the 
program in a Ground-water Protection 
Management Plan. This proposed rule 
would require Ground Water Protection 
Management Program to be developed 
and implemented. While the 
requirements of this proposed rule are 
generally limited to the control, 
measurement, and evaluation of 
radionuclides and radioactive material, 
it is not appropriate or effective to 
separate radiological and non- 
radiological elements of the 
management programs for ground water 
protection. Therefore, to the extent 
possible, the Ground Water Protection 
Management Plan should address both. 
However, only the radiation-related 
portion of the plan is subject t o  this 
proposed rule. Each plan would be 
reviewed and approved by DOE, The 
plan must consider relevant Federal and 
State requiremerrts and must include a 
monitoiing program to characterize 
ground water at DOE sites. The 
proposed rule would require that the 
ERPP contain a Ground-Water 
Protection Management Plan that 
would: 

(1) Address the potential for 
radiological and, where appropriate, 
non-radiological contamination of the 
ground water by a DOE activity; 

(2) Document the quality and quantity 
of round water; 

(!) Identify possible sources of 
contamination: 

(4) Describe strategies for controlling 
contamination, including preventive 
and remediation measures to comply 
with applicable Federal environmental 
laws and re ulations: and 
(5) Descri%e measures for monitoring 

the grnund-water. 
En vironmen tu1 monitoring p h n  

(EMP). Demonstrations of compliance 
with requirements of this proposed rule 

&ound-water protection management 
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generally will be based upon 
calculations that make use of 
information obtained from monitoring 
and surveillance programs. Subpart E of 
the proposed rule delineates the 
requirements of the EMP. The abilities 
to detect, quantify, and adequately 
respond to unplanned releases of 
radioactive material to the environment 
also rely on in-place effluent 
monitoring, monitoring of 
environmental transport and dispersal 
conditions, and assessment capabilities. 
This will enable DOE to develop useful 
data end to collect and analyze 
pertinent information on unplanned 
releases in a timely manner. It  is the 
intent of DOE that the monitoring and 
surveillance programs for the DOE 
activities, facilities, and locations be of 
high quality. Although some differences 
result from specific site or specific 
activity conditions, uniformity in the 
methods and performance criteria used 
to obtain the information will be 
achieved to the extent practicable. 

and environmental surveillance 
programs are of good quality at all DOE 
facilities and sites, requirements and 
recommendations are provided in the 
proposed rule and in supplemental 
guidance for implementation of effluent 
and environmental monitoring 
programs. The ERPP would be required 
to contain an EMP that provides for 
effluent monitoring to obtain 
representative measurements of the 
quantities and concentrations of 
pollutants in liquid and airborne 
discharges and environmental 
surveillance to monitor the effects, if 
any, of a DOE activity on members of 
the public, the environment and natural 
resources. 

forth: 

determine compliance with the 
requirements of the proposed rule and 
other applicable Federal environmental 
laws and regulations; 

(2) The rationale and design criteria 
for each element; 

(3) The extent and frequency of 
monitoring and measurements; 

(4) Procedures for laboratory analyses; 
( 5 )  Implementation procedures; 
(6 )  Meteorological data; and 
(7) For a new facility or new activity 

at an existing facility, a preoperational 
study. 

Ejfluent monitoring, in on ERPP, 
would be required to: 

(1) Measure quantities and 
concentrations of pollutants in liquid 
and airborne discharges from a DOE 
activity; 

To ensure that the effluent monitoring 

An EMP would be required to set 

(1) The elements of the plan to 

"0 PI 
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(2) Collect samples in a manner and 
h q u e n c y  sufficient to characterize the 
effluent streams from a DOE activity; 
and 

(3) Analyze samples to the extent 
necessary. 

Environmental surveillance, in an 
ERPP. would be required to: 
(I) Establish background levels of 

pollutants; 
(2) Determine the location and 

magnitude of concentrations of 
pollutants from a DOE activity; 

(3) Evaluate the effects on the public 
and the environment of pollutants from 
a DOE activity; 

(4) Utilize monitoring stations on the 
basis of the type of emission, 
meteorology, climatology, topography, 
geography, population distribution, land 
use, and other relevant considerations; 

(5) Collect and analyze samples in a 
manner and frequency sufficient to 
characterize the emissions from a DOE 
activity and their effects; and 

(6)  Verify whether any unexpected or 
undetected releases occur. 

Meteorological data, collected in 
accordance with an EMP, would be 
required to: 

and dispersion conditions in the 
vicinity of a DOE activity; 

(1) Characterize atmospheric transport 

(2) Describe meteorological Conditions 
including precipitation, temperature, 
wind speed, wind direction, and 
atmospheric stability that are important 
to surveillance: and 

(3) Support assessment of routine and 
non-routine emissions. 

Preopemtional study. A 
preoperational study would be required 
to: 

(1) Begin at least one year prior to the 
start-up of a new activity; 

(2) Characterize existing physical, 
chemical, and biological conditions that 
could be affected; 

(3) Establish background levels of 
radioactive and, as appropriate, 
chemical components; 

(4) Characterize pertinent 
environment and ecological parameters; 
and 

(5) Identify potential pathways for 
human exposure or environmental 
impact. 

Waste plan. An ERPP would be 
required to contain a Waste Plan to 
manage, dispose, and store radioactive 
waste, including low-level waste, high- 
level waste, traqsuranic waste, spent 
nuclear fuel, and residual radioactive 
material. 

A Waste Plan for a DOE activity 
would be required by the proposed rule 
to: 

(1) Provide for controls to ensure 
compliance with this part and 
applicable Federal statutes and 
regulations; 

(2) Describe the means used to limit 
access to waste; 

(3) Describe the interim and long-term 
strategies for dealing with waste; 

(4) Describe the administrative 
safeguards; and 

(5) Describe the mechanism for 
cooperating with State and local 
officials. 

(6) Describe the process for releasing 
property contaminated or potentially 
Contaminated with residual radioactive 
material. 

Quality assurunce prugmrn. An ERPP 
would be required by the proposed rule 
to contain a Quality Assurance Program 
that includes: 
(I) Organizational responsibility; 
(2) Program design; 
(3) Procedures; 
(4) Field quality design; 
(5) Laboratory quality control; 
(6 )  Human factors; 
(7) Recordkeeping; 
(8) Chain-of-custody procedures; 
(9) Audits; 
(10) Performance reporting; and 
(11) Independent data verification. 

TABLE 1 .-DOSE AND CONCENTRATION LIMITS AND REPORTING LEVELS 

Reference 

834.101(b) Primary dose (EDE) 
limit. 

834.7 Reporting requirement ........ 

834.101(b) Temporary exemption, 
maximum ED€. 

834.102(a)(2) Air pathway only 

834.1 02(a) Radon limits ................ 
EDE limit. 

834.103(a) Drinking water EDE 
limit. 

834.1 lO(a) Waste management 
EDE limits. 

Limiting value 

100 mrem in a year ...................... 
10 mrem in a year ........................ 

100 person-rem in a year ............. 

500 mrem in a year ...................... 

10 mrem in a year ........................ 
20 pCi m-Zsec-' ......................... 

3 pCi I -  ! ....................................... 

0.5 pCi I-' .................................... 

4 rnrern in a year .......................... 

Ra-226 and Ra-228 5 ~ 1 O - ~ p C i  
ml-1 and gross alpha, exclud- 
ing uranium, 1.5xlO-*pCi rn1-l. 

25 mrem in a year ........................ 

Exposure mode 

Exposed individual, all sources 

Exposed individual, all DOE 

All DOE sources, pathways, and 
exposures to persons within 80. 
km. 

Exposed ixtividual, all DOE 
sources and pathways. 

and pathways. 

sources and pathways. 

Exposed individual, DOE scurces 

Average flux rate over area of dis- 
only through air pathway. 

posal or storage site. 

Maximum concentrati0,i at any 

Average concentration at site 

From drinking water at the tap. 

point on boundary. 

boundary or beyond. 

Exposed individual, all pathways 
associated with waste manage- 
ment. 
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Comment 

Excludes background and medical 
exposures. 

Doses and collective doses ex- 
ceeding these value must be re- 
ported to DOE-EH. 

Exemption from primary limit only 
permitted under special cir- 
cumstances, justified, and ap- 
proved by DOE-EH. 

Excludes radon. 

4s an alternative, compliance may 
be demonstrated by showing 
EDE 510 mrem in a year EDE 

'to the exposed individual. 

?adon regulated separately, see 
834.102, 834.306. and 834.31 1. 
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TABLE 1 .-DOSE AND CONCENTRATION LIMITS ‘ AND REPORTING LEvELs-Continued 

Reference 

834.201(a) Liquid waste controls .. 

834.201(a)(3) Settleable solids ..... 
834.203(a) Sanitary sewerage lim- 

834.205 Aquatic animal organisms 

its. 

Limiting value 

All discharges controlled by 
ALARA and if >DCGs. must be 
reduced by BAT. 

5 pCi y-’ alpha, 50 pCi y- ’  beta- 
gamma. 

5xDCG and annual total of 5 Ci 
H3. 1 Ci C14, 1 Ci others 
combined. 

1 rad day-’ .................................. 

Exposure mode 

Liquid discharges at release point. 

Settleable solids In effluent at dis- 

Discharges to sewer ..................... 
charge point. 

Limit applies to water on-site as 
well as water off-site. 

‘All doses must be as far below the applicable limits as is reasonably achievable. 

TABLE 2.-sURFACE CONTAMINATION GUIDELINES 

Comment 

Potential doses must be a small 
fraction of the primary EDE 
limit. 

Allowable total residual surface contamination 
(dpmll00 cm *) 

Average” I Maxirnum4~ I Removable's 
Radionuclides 

Transuranics, 1-125, 1-129, Ra-22!?, Ac-227. Ra-228, Th-228. Th-230. Pa-231 ....................... 
Th-Natural. Sr-90, 1-126, 1-131, 1-133, Ra-223, Ra-224. U-232, Th-232 ................................ 
U-Natural, U-235, U-238, and associated decay product, alpha emitters ................................ 
Beta-gamma emitters (radionuclides with decay modes other than alpha emission or sponta- 

neous fission) except 3-90  and others noted above.7 .......................................................... 

100 
1,000 
5,000 

5,000 

300 
3,000 

15,000 

15,000 

20 
200 

1,000 

As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as  determined by correcting the 
counts per minute measured by an appropriate detector for background, efficiency, and geometric factors associated with the Instrumentation. 

Where surface contaminabon by both alpha- and beta-gamma-emitting radionuclides exists, the limits established for alpha- and beta- 
gamma-emitting radionuclides should apply independentJy. 

3Measurements of average contaminabon should not be averaged over an area of more than 1 m2. For objects of less surface area, the 
average should be derived for each such object. 

4The avera e and maximum dose rates associated with surface contamination resulting from beta-gamma emitters should not exceed 0.2 
mradh and 1.8 mradh, respectively, at 1 cm. 

5The maximum contan’nation level applies to an area of not more than 100 crr?. 
EThe amount of rem 3ble material per 100 cm2 of surfas area should be determined by wipinaan a!ea of that size with dry filter or soft 

absorbent.qaper, a lyin:, moderate pressure, and measuring the amount of radioactive material on t e wipin with an appropriate instrument of 
known efficiency. &[en removable contamination on objects of surface area less than 100 cm2 is determine8 the activity per unit area, should 
be based on the actual area and the entire surface should be wiped. It is not necessary to use wiping techniques to measure removable 
contamination levels if direc: scan surveys indicate that the total residual surface contamination levels are within the limits for removable 
contamination. 

’This category of radionuclides includes mixed fission products, includin the Sr-90 which is present in them. It does not apply to Sr-90 which 
has been separated from the other fission products or mixtures where the 8r-90 has been enriched. 

111. Procedural Requiwments 
A. Review Under Executive Order 12291 

“Federal Regulation,” requires that rules 
be reviewed to.c!etermine whether they 
are “major rules.” DOE has determined 
that this notice does not involve a major 
rule and does not require a Regulatory 
Impact Analysis statement because its 
promulgation will not resuit in: 

(1) An annual effect on the economy 
of $100 million or more; 

(2) A major increase in the costs or 
prices for consumers, individual 
industries, Federal, State, or local 
government agencies or geographic 
regions; or 

(3) A significant, adverse effect on 
competition, employment, investment, 
productivity, innovation, or ability of 
US.-based enterprises to compete in 
domestic or export markets. 

Although not a major rule. DOE has 
considered the benefits and costs 
associated with the proposed rule. The 
proposed rule provides a base for the 

Executive Order 12291, entitled 

establishment of radiation protection 
programs for the public and the 
environment. The proposed rule is a 
regulatory base upon which DOE will 
build a program of compliance, 
inspection, and enforcement. DOE 
believes it will greatly enhance the 
Department’s ability to carry out tho 
mandate of t!e Price-Anderson 
Ammendments Act of 1988 (PAAA) snd 
the Atomic Energy Act of 1954 (AEA), 
as amended. It will provide a set of 
requirements that have been 
promulgated by law, thereby permitting 
er.forcement under Federal statutes. 

Most of the requirements contained in 
this proposed rule are the same as those 
contained in Department Orders, 
including DOE 5400.5 and DOE 5400.1. 
which were issued February 1990 and 
Novemher 1988, respectively. 
Contractors already are required to 
comply with most of the requiremonts 
of this proposed rule under those 
Orders. Therefore, compliance with the 
proposed rule is not expected to have 

any significant incremental cost over 
current costs. 

The promulgation of the proposed 
rule does have implicit additional costs 
for the establishment of a radiation 
protection enforcement program. It is 
expected that costs, as associated with 
this proposed rule, will represent only 
marginal additional overall cost to the 
current oversight and inspection 
pro rams. 

T i e  Depafiment was unable to arrive 
at any alternatives to this action that 
could achieve the same regulatory goal 
at lower cost. Therefore, no alternatives 
were considered. 

Pursuant :o section 3(c) of E.O. 12291, 
this nile was submitted to the Director 
of the Office of Management and 
Budget. Tivc Director has concluded his 
review under tiidt Executive Order. 
B. Review Under the Regulatory 
Flexibility Act 

under the “Regulatory Flexibility Act of 
1980,’‘ Public Law 96-354, which 

This proposed nile was reviewed 

I 
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requires a regulatory flexibility analysis 
for any rule that is likely to have 
significmt economic impact on a 
substantial number of small entities. 
DOE certifies that this proposed rule 
will nqt have a significant economic 
impact on a substantial number of small 
entities. Therefore, no analysis has been 
prepared. 
C. Review Under the Paperwork 
Reduction Act 

The proposed information and 
reporting requirements in part 834 ars 
not substantially different from existing 
reporting requirements contained in 
DOE directives and required by DOE 
contracts with prime contractors 
covered by this proposed rule. DOE will 
submit the collection of any new 
information requests concerning the 
proposed rule to the Office of 
Management and Budget for approval in 
accordancg with the Paperwork 
Reduction Act of 1980,44 1J.S.C. 3501 
et seq., and the procedures 
implementing that Act, 5 CFR part 1320 
et seq. 
D. Review Under the National 
Environmental Policy Act 

The DOE has reviewed the 
promulgation of 10 CFR part 384 under 
the National Environmental Policy Act 
(NEPA) of 1969 (42 U.S.C. 4321 et seq.) 
and the Council on Environmental 
Quality regulations for implementing 
NEPA. The Department has completed 
an Environmental Assessment and, on 
the basis of that information, has made 
a finding of no significant impact for 
this proposed rule. Copies of the 
Environmental Assessment are available 
for review at the DOE Freedom of 
Information Reading Room, the location 
of which is given in the ADDRESSES 
section of this notice. Comments on this 
finding of no significant impact should 
be provided to DOE at &e address 
above. 
E. Review Under Executive Order 12612 

Executive Order 12612,52 FR 41685 
(October 30, 1987) requires that 
regulations, rules, legislation, and any 
other policy actions be reviewed for any 
substantial direct effects on States, on 
the relationship between the Federal 
government and the States, or in the 
distribution of power and 
responsibilities among the various 
levels of government. If there are any 
substantial direct effects, then the 
Executive Order requires the 
preparation of a federalism assessment. 
This proposed d e .  when promulgated, 
will not have a substantial direct effect 
on the institutional interests or 
traditional functions of States. 

IV. Public Comment Procedures 
A. Written Comments 

Interested persons are invited to 
participate by submitting data, views, or 
arguments with respect to all or any 
portion of this proposed rule. 'ien 
copies of written comments should be 
submitted to the address indicated in 
the "ADDRESSES" section of this notice. 
All public comments received will be 
available for inspection in the DOE 
Freedom of Information Reading Room, 
room 1E-190,1000 Independence 
Avenue SW., Washington, Dc 20585, 
between the hours of 9 a.m. and 4 p.m., 
Monday through Friday, except on 
Federal holidays. All written comments 
received by June 22.1993 will be 
considered prior to publication of the 
final rule. Any information considered 
to be confidential must be so identified 
and submitted in writing, one copy 
only. DOE reserves the right to 
determine the confidential status of the 
information and to treat it according to 
its determination. 

DOE is interested in comments 
concerning the potential costs and 
benefits of this regulation, either to the 
general public, DOE contractors, or 
DOE. DOE is particularly interested in  
comments that discuss whether or not 
DOE may be subjecting its contractors to 
additional costs that are not 
contemplated by existing contractual 
relations or the P A M .  Comments 
concerning this subject should address 
the specific nature and scope of 
additional costs to which contractors 
will be subjected and explain why these 
concerns are not already addressed in 
the current contractual relationship or 
PAAA. Furthermore, DOE is interested 
in any comments which address the 
overall cost-effectiveness of the 
measures mandated in this proposal. 
B. Public Hearing 

1. Requests to speak at the hearing 
(May 13,1993) must be submitted to the 
address or phone number indicated in 
the ADDRESSES section of this notice and 
received by DOE by May 10,1993. 
Requests for oral presentations should 
contain a telephone number where the 
.-equestor may be contacted prior to the 
hearing. Speakers are requested to bring 
10 copies of their statement to the DOE 
hearing. 

2. Oral comments presented at the 
hearing will be limited to 10 minutes. A 
longer statement m x j  be submitted for 
inclusion in the record. To the extent 
practicable, an oral presentation should 
summarize the views anticipated to be 
set forth in the written comments on the 
proposed rule and, in particular, should 
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indicate what, if any, changes should be 
made in the proposed rule. 

reserves the right to select the persons 
to be heard at the hearing (in the event 
there are more requests to be heard than 
time allows), to schedule their 
respective presentations, and to 
establish the procedures govorning the 
conduct of the hearing. The length of 
each presentation is limited to 10 
minutes. The hearing begins at 9 a.m. 

A DOE official will be designated to 
preside at the hearing. This will not be 
a judicial-type hearing. Questions may 
be asked only by those conducting the 
hearing. 

Any additional procedural rules will 
be announced at the hearing. The entire 
record of the rulemaking, including the 
transcript, will be retained by DOE and 
made available for inspection in the 
DOE Freedom of Information Reading 
Room, 1E-190,1000 Independence 
Avenue SW., Washington, DC 20585, 
between the hours of 9 a.m. and 4 p.m., 
Monday through Friday, except Federal 
holidays. Transcripts may be purchased 
from the court reporter. 
List ofsubjects in 10 CFRPart 834 

3. Conduct of the hearing. DOE 

Radiation protection, Nuclear safety, 
Health and safety, Radioactive material, 
Reporting and recordkeeping 
requirements. 

For the reasons set forth in the 
preamble, titlo 10, chapter 111, of tho 
Code of Federal Regulations is proposed 
to be amended by adding a new part 834 
as set forth below. 

Issued in Washington, DC, on March 10, 
1993.  
Peter N. Brush, 
Acting Assistant Secretary, Environment, 
Safety, and Health. 

PART 834-RADIATION PROTECTION 
OF THE PUBLIC AND THE 
ENVIRONMENT 

Subpart A-General Provisions 

SeC. 
834.1  Scopa. 
834.2  Definitions. 
8 3 4 . 3  General rule. 
834.4  Enforcement. 
834.5  Environmental Radiological 

Protection Program. 
834.6  Interim strategy. 
834.7  Reporting. 
834.8  Records. 
834.9  Accidents. 
834.10  Dose evaluations. 
834.11  ALARA compliance. 
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Subpart R-Radiation Do- and 
Concentration Limits and Reporting Levels 
for Protection of the Public and the 
Environment 
834.101 Public dose and concentration 

limits. 
834.102 Airborne emissions only, all DOE 

sources of radionuclides. 
634.103 Drinking water. 
834.104 [Reserved] 
834.105 [Reserved] 
834.106 [Reserved) 
834.107 [Reserved] 
834.108 [Reserved] 
834.109 Radioactive waste. 
Subpart C o n t r o l  of Liquid Diseherges 
Containing Rad1oactb.e Material 
834.701 Liquid discharge. 
834.202 Discharges of liquid waste to 

aquifers and phaseout of sail columns. 
834.203 Discharges to sanitary sewerage. 
834.204 [Reserved] 
834.205 Native aquatic animal organisms. 
834.206 [Reserved] 
834.207 [Reserved] 
834.208 [Reserved] 
834.209 [Reserved] 
834.210 Ground water protection. 
831.211 [Reserved] 
834.212 [Reserved) 
834.213 [Reservedl 
834.214 [Reserved] 
834.215 Tritium. 
Subpart M e l e a s e  of Proporty Having 
Reslduai Radioactive Material 
834.301 Release of property containing 

834.302 Authorized limits. 
834.303 [Reserved] 
834.304 [Reserved] 
834.305 Soil. 
834.306 Radon. 
834.307 [Reserved] 
834.308 [Reserved] 
834.309 [Reserved] 
834.310 Supplementa! h i t s .  
834.311 Control of residual radioactive 

Subpart E-Environmntai  Radiological 
Protection Program 
834.401 Composition of the Environmental 

Radiological Protection Program [ERPP). 
Appendix A to Part B34--Derlved 
Concentration Guides for Air end Water 
Table A-la Derived Concentration Guides 

(DCGs) for Members of the Public from 
Ingested Water and Inhalation Resulting 
in an EDE of 100 mremlyr. IpCi] 

Table A-lh Derived Concentrstion Guides 
(DCGsJ for Members of the Public from 
Ingested Water and Inhalation Resulting 
in an EDE of 1 mSvlyr. [Bql 

Table A-2 Alternative Absorption Factors 
and Lung Retention Classes for Specific 
Compounds. 

Table A-3 Derived Concentration Guides 
(M3cs) for Members of the Public for 
External Exposure During Immersion in 
an Infinite Hemispherical Cloud of 
uniform Concentration Resulting in an 
EDE of 100 mdyr. ICi and Bql 

residual radioactive material. 

material. 

Authority: 42 U.S.C. 2201, 7191. 

Subpart A-General Provisions 

5834.1 scope. 
(a) Ceneml. The requirements in this 

part govern activities conducted by, or 
for, DOE that might result in the release 
of radioactive material, the exposure of 
members of the public to radiation, or 
contamination of the environment with 
radionuclides from DOE activities. 

(b) Exclusions. The requirements in 
this part do not apply to: 

(1) Activities that am regulated 
through a license by the U.S. Nuclear 
Regulatory Commission (NRC), or by a 
State under an Agreement with the 
NRC; or 

(2) Activities conducted under the 
authority of the Director, Office of Naval 
Reactors, as described in Public Law 
96-525. 

5634.2 Definitions. 
(a) As used in this part: 
Act means the Atomic Energy Act, as 

amended. 
A U R A  means “As Low As is 

Reasonably Achievable” which is an 
approach to radiation protection to 
manage and control exposures (both 
individual and collective) to the work 
force and to the general public, and 
releases of radioactive material to the 
environment at levels as low as is 
practicable, taking into account social, 
technical, economic, prsctical, and 
public policy considerations. As used in 
this part, ALARA is not a dose limit, but 
rather a process which has the objective 
of attaining doses as far below the 
applicable limit of this part as is 
reasonably achievable. 

ALARA Process means a logical 
procedure for evaluating alternative 
operations, processes, and other 
measures, taking into account factors 
that relate to societal, technological, 
economic, practical, and public policy 
considerations in order to make a 
judgment with respect to what 
constitutes ALARA. 

Backgroun d means: 
(1) Naturally occurring radioactive 

materials: 
(2) Cosmic and natural terrestrial 

radiation; 
(3) Global fallout; 
(4) Radon in concentrations or levels 

commonly found in buildings or the 
environment, independent of regulated 
activities; and 
(5) Radiation from consumer products 

containing nominal amounts of 
radioactive material. 

Best Available Technology (BAT1 
means the preferred technology for a 
particular activity, selected from among 
others after taking into account factors 
related to technology, economics, public 

policy, and other parameters. As used in 
this part, the BAT is not a specific level 
of treatment, but is the conclusion of a 
selection process that includes several 
alternatives. 

BAT Selection Process means the 
evaluation of candidate alternative 
technologies in order to select the BAT 
after considering: technology; 
economics; the age of equipment and 
facilities involved; the process 
employed: the engineering aspects of 
the application of various types of 
control techniques; process changes; 
other quality environmental impact 
(including energy requirements); safety 
considerations; and policy 
considerations. 

Derived Concentrotion Guide (DCG) 
means the concentration of a 
radionuclide in air or water that, under 
conditions of continuous exposure ior 
one year by one exposure mode ( i a ,  
ingestion of water, submersion in air, or 
inhalation), would result in an effective 
dose equivalent of 100 mrem, 0.1 rem (I 
mSv) to reference man. DCGs do not 
consider decay products when the 
parent radionuclide is the cause of the 
eXpOSUi0. 
DOE Activity means an activity taken 

for. or by, DOE that has the potential to 
release radioactive material to the 
environment and result in the exposure 
of members of the public or the 
environment to radiation or radioactive 
matsrial. The activity may be, but is not 
limited to, design, construction, 
operation, or decommissioning. To the 
extent appropriate, the activity may 
involve a single DOE facility, or a 
combination of facilities and operations, 
possibly including an entire site. 

Effluent Monitoring means the 
collection and analysis of samples or 
measurements of liquid and gaseous 
effluent for purposes of characterizing 
and qtiantifying contaminants, assessing 
radiation exposures of members of the 
public, and demonstrating compliance 
with applicable standards. 

Environmental Surveillance means 
the collection and analysis of samples of 
air, water, soil, foodstuffs, biota, and 
other media &om DOE sites and their 
environs and the me;surement of 
external radiation for purposes of 
demonstrating compliance with 
applicable standards, assessing 
radiation exposures to members of the 
public, and assessing effects, if any, on 
the local environment. 

Members of tbe Public means persons 
who are not occupationally associated 
with a DOE activity. 

Nonstochastic (or deterministic] 
Effects means biological effects, the 
severity of which, in affected - 

000QZi9 16:ll Mar 24.1993 VerOate 12-MAR-93 JM 340699 PO 00000 Frm OW17 FniI4701 Shnt 4702 E:\FfWM\P25MRZ.PT2 



individuals, varies with the magnitude 
of the dose above a threshold value. 

Person means any individual; 
corporation; partnership; firm; 
asscciation; trust; estate; public or 
private institution; group; Government 
Agency; any State or political 
subdivision of, or any political entity 
within a State; any  foreign government 
or nation or other entity and any legal 
successor, representative, agent or 
agency of the foregoing; provided that 
person does not include the Department 
of Energy. 

Protective Action Guides (PAG) means 
projected numerical dose values 
established by EPA, DOE, or States for 
individuals in the population. These 
values may trigger protective actions 
that would reduce or avoid the 
projected dose. 

Radiouctivity means the property or 
characteristic of radioactive material to 
spontaneously "disintegrate" with the 
emission of energy in the form of 
radiation. The unit of radioactivity is 
the curie (or becquerel). 

Reference Man means a hypothetical 
aggregation of human (male and female) 
physical and physiological 
characteristics arrived at by 
international consensus (ICRP 
Publication 23). These characteristics 
may be used by researchers and public 
health workers to standardize results of 
experiments and to relate biological 
insult from ionizing radiation to a 
common base. The "reference man" is 
assumed to inhale 8400 cubic meters of 
air in a year and to ingest 730 liters of 
water in a year for the derivation of 
DCGs. 

consistent with a permanent remedy 
taken instead of, or in addition to, 
removal action in the event of a release 
or threatened release of a hazardous 
substance into the environment, to 
prevent or minimize the release of 
hazardous substances. 

Residual Radioactive Muterial means 
any radioactive material which is in or 
on soil, air, water, equipment, or 
structures as a consequence of past 
operations or activities. 

suspended in waste water that are 
determined to be settleable using 
standard methods for examination of 
water ar.d waste water. 

Sewoge means waste matter that 
passes through sewers. 

Sewer means an artificial conduit, 
usually underground, for carrying off 
waste water and refuse. 

Remedial Action means those actions 

Settleable Solids means those solids 

Sewerage means a system of sewers. 
soil Column means an in situ volume 

of soil do.:;n throxgh which liquid. 

wastes percolate from ponds, cribs, 
see age basins, or trenches. 

Jochostic Effects means biological 
effects, the probability, rather than tho 
severity, of which is a function of the 
magnitude of the radiation dose without 
threshold; i.e.. stochastic effects are 
random in nature. 

(b) As used in this part to describe 
various aspects of radiation dose: 

Absorbed Dose means the energy 
imparted to matter by ionizing radiation 
per unit mass of irradiated material at 
the place of interest in that material. 
The absorbed dose is expressed in units 
of rad (or gra 1. (1 rad+01 gray.) 

Collective gose Equivalent and 
Collective Effective Dose Equivalent 
mean the sums of the dose equivalents 
or effective dose equivalents of all 
individuals in a specified population. 
Collective dose equivalent and 
collective effective dose equivalent are 
expressed in units of person-rem (or 
person-sievert). For purposes of this 
part, the collective dose equivalent and 
collective effective dose equivalent refer 
to the population within 50 miles (80 
km) of the site boundary. 

Committed Dose Equivalent means 
the predicted dose equivalent to a tissue 
or organ ovar a So-year period after an 
intake of a radionuclide into the body. 
It does not include dose contributions 
from radiation sources external to the 
body. Committed dose equivalent is 
expressed in units of rem (or sievert). (1 
rem=0.01 Sv.) 

Committed Eflective Dose Equivalent 
means the sum of the committed dose 
equivalents to various organs or tissues 
in the body from an intake of a 
radionuclide into the body, each 
multiplied by the appropriate weighting 
factor. Committed effective dose 
equivalent is expressed in units of rem 
(or sievert). 

Deep Dose Equivalent means the dose 
equivalent at a depth of 1 cm, in tissue. 
from external exposure. 

Dose Equivalent means the product of 
absorbed dose in rad (or gray) in tissce, 
a quality factor, and all other modifying 
factors at  the location of interest. Dose 
equivalent is expressed in units of rem 
(or sievert). 

Effective Dose Equivalent (EDE) 
means the sum of the products of the 
dose equivalent received by specified 
tissues of the body and a tissue-specific 
weighting factor. The total EDE is the 
sum of the EDE (or deep dose 
equivalent, if dosimeter data are used) 
from exposures to radiation sources 
external to the body during the year 
plus the committed EDE from 
radionuclides taken into the body 
during the year.,For purposes of this 
rule, a 50-year time interval may be 

essumed for determining committed 
dose. Effective dose equivalent is 
expressed in  units of rem (or sievert). 

Public Dose means the dose received 
by member(s) of the public from 
exposure to radiation and to radioactive 
material released by a DOE facility or 
operation, whether the exposure is 
within a DOE site boundary or offsite. 
It does not include doses received from 
occupational exposures. doses received 
from "background" radiation, doses 
received as a patient from medical 
practices, or doses received from 
consumer products. 

Quality Factor means the principal 
modibing factor used to calculate the 
dose equivalent from the absorbed dose 
(the absorbed dose is multiplied by the 
appropriate quality factor). Typical 
quality factors for various types of 
radiation are: 

Qualitv fac- 
Radiation type tor 

X-rays, gamma rays, beta par- 
ticles, positrons., ,and elec- 

Neutrons, 4 0  keV ................... 
Neutrons, >lo keV ................... 
Protons and other single- 

charged particles of unknown 
energy with rest-mass z one 
atomic mass unit ................... 

Alpha particles and other mul- 
tiple-charged particles (and 
particles of unknown charge) 
of unknown energy ............... 

trons (including tnltum) ......... 1 
3 

10 

,10 

20 

Weighting Foctor means tissue- 
specific factor representing the fraction 
of the total health risk resulting from 
uniform, whole-body irradiation 
attributable to that particular tissue. 
Weighting factors are given below by 
organ or tissue type: 

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

"Remainder" means the five other or ans 
with the highest dose (e.g., liver, ki&e 
spleen, thymus, adrenal, pancreas, stomact 
small intestine, or upper and lower large 
intestine. but excluding skin, lens of the eye, 
and efiremities). The weighting factor for each 
of these organs is 0.06. A weighting factor of 
0.01 shall be used for skin. 

potential alpha energy concentrations of 
radon decay products in 1 liter of air, 
without regard to the degree of 
equiiibrium, that will result in the 

Working Level (WL) means the 

- 
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eventual emission of 1.3 x los  MeV of 
alpha particle energy. 

(c) Terms defined in the Act and not 
defined jn this pert are used consistent 
with the meanings given in the Act. 

(d) As used in this part, words in the 
singular also include the plural and 
words in the masculine gender also 
include the feminine and vice versa, as 
the case may be. 
5834.3 General rule. 

(a) No person or DOE personnel shall 
take, or cause to be taken, any fiction 
inconsistent with the requirements of: 
(1) This part; 
(2) Any program, plan, schedule, or 

other process established by this part; or 
(3) Any applicable Federal statute or 

regulation concerning the exposure of 
members of the public to radiation or 
contaminating the environment with 
radioactive material. 

activity, the person in charge of the 
activity shall be responsible for 
implementation of, and compliance 
with, the requirements of this part. 

(c] Where there is no contractor in 
charge of a DOE activity, DOE shall act 
to ensure implementation of, and 
compliance with, the requirements of 
this part. 

(d) Nothing in this part shall be 
construed as limiting actions that may 
he necessary to protect health and 
safety. 
5 834.4 Enforcement. 

subject to enforcement by all 
appropriate means, including the 
imposition of civil and criminal 
penalties in accordance with the 
provisions of proposed rule 10 CFR part 
820. 

5 834.5 Environmental Radiological 
Protectior: Program. 

A DOE activity shall be conducted in 
accordance with the Environmental 
Radiological Protection Program (ERPP) 
for the activity, as prepared and 
approved pursuant to subpart E of this 
part, including any modifications made 
or directed by DOE. 
5834.6 Interim strategy. 

activity crcnnot comply with a 
requirement of this part within [I80 
DAYS OF THE EFFECTIVE DATE OF 
THE FINAL RULE], the person shall 
submit to DOE an interim strategy for 
impjernenting the requirement to the 
extent practicable and a plan and 
schedule for achieving compliance with 
the requirement. 

(b) An interim strategy shall: 

(b) With respect to a particular DOE 

The requirements in this part are 

[ a )  If the person in charge of a DOE 

(1) Document the reasons compliance 

(2) Evaluate any alternative interim 

(3) Analyze the effects of non- 

cannot be achieved; 

measures; and 

compliance on members of the public 
and the environment. 

(c) An interim strategy, plan, and 
schedule for complying with a 
requirement shall: 
(1) Be submitted to DOE within (90 

DAYS OF THE EFFECTIVE DATE OF 
THE FINAL RULE]; 

(2) Be considered approved 120 days 
after its submission unless approved or 
rejected by DOE at an earlier date; and 

directed by DOE. 
5 834.7 Reporting. 

(a) A person in charge of a DOE 
activity shall submit to DOE: 

(1) An annual environmental report 
that sets forth actual levels of releases of 
radioactive materials and exposures to 
radiation for which this part establishas 
requirements; 

(2) A report that sets forth any release 
of radioactive materials or exposure to 
radiation that exceeds or potentially 
exceeds the limits establishod by this 
part, within one month of determination 
of the occurrence; and 

(3) A report that sets forth any 
occilrrence (including the release of 
property) that contributes, or potentially 
contributes, an annual EDE greater than 
10 mrem or a collective EDE greater 
than 100 person-rem, within one month 
of ietermination of the occurrence; and 

(b) The person in charge of a DOE 
activity shall identify potential sources 
of man-made radiation other than the 
DOE activity and shall report to DOE if 
the annual combined EDE from the DOE 
activity and other sources does, or could 
exceed 100 mrem (1 mSv). 

(3) Include any modification. made or 

5 834.6 Records. 

Complete and accurate records as 
necessary to substantiate compliance 
with the requirements of this part shall 
be maintained for each DOE activity. 

5834.9 Accidents. 

(a) Actual releases and associated 
doses due to accidents, or other 
unanticipated causes, from a DOE 
activity shall be included in dose 
assessments to eveluate and 
demonstrate compliance of that activity 
with this part. 

(b) Dose limits in this par! 3 x 1  not 
applicable to planning and :!csign 
activities related to accident conditions, 
where controls of exposures cannot be 
maintained. 

5834.10 Dose evaluatbnr. 
(a) In calculating dose to the public 

from exposures resulting kom both 
routine and unplanned activities: 

(1) Standard EPA or DOE dose 
conversion factors or analytical models 
prescribed in  statutes or regulations 
applicable to a DOE activity or direct 
measurements shall be used; 

(2) Estimates of doses to members of 
the public in  the vicinity of DOE 
activities shall be evaluated and 
dociumented to demonstrate compliance 
with the dose limits of this part and to 
assess exposures of the public from 
unplanned events; 

public within 50 miles (80 km) of the 
site boundary shall be evaluated and 
documented at least annually; 

(4) Analytical models used for dose 
evaluations shall be appropriate for 
characteristics of emissions (e.g., gas, 
liquid, or particle; depositing or non- 
depositing; buoyant or non-buoyant); 
mode of release {e.g., stack or vent; crib 
or pond; surface water or sewer; 
continuous or intermittent); 
environmental transpcrt medium (e+, 
air or water); and exposure pathway 
(e.g., inhalation; ingestion of food, 
water, or milk; direct radiation); 

(5) Information on dispersion 
(transport and diffusion) in the 
environment, demography, land use 
(including the location and number of 
dairy and slaughter animals), food 
supplies, and exposure pathways usad 
in the dose calculations shall be 
appropriate to evaluate actual and 
potential doses in the environs of DOE 
facilities: and 

(6 )  Information shall be updated as 
necessary to document significant 
changes that could affect dose 
evaluations. 

(b] In determining compliance with 
dose limits for members of the general 
public from routine operation of a DOE 
activity: 

(1) Dose shall be expressed as an EDE 
received by the individuals during the 
year for external exposures and as the 
committed dose (EDE) received by the 
individual over a period of 50 years 
from radionuclides taken into the body 
during the year; 

(2) Dose estimates shall be as realistic 
as practicable; 

(3) To the extent practicable, 
individuals subject to the greatest 
exposure shall be identified so that the 
maximum dose might be evaluated: and 

determination shall be applied. 

to evaluate the factors important to 
performing dose estimates: 

(3) Estimates of collective doses to the 

(4 )  All factors germane to dose 

(c) If available data are not sufficient 
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5834.103 &inking water. 

DOE activity shall be managed in a 
manner that: 

(1) The assumed parametric values 
shall be sufficiently conservative so that 
it is unlikely that individuals would 
actually receive a dose that would 
exceed the dose calculated using the 
values assumed: and 

(2) Parametric values used in 
performing dose calculations shall be 
recorded and included with the other sources--excluding dose from Year: 
calculations. 

(dl(1) To demoistrate compliance 
with the requirements of this part: 

(i) Tables of committed dose 
conversion factors shall be used, as 
appropriate, based upon the reference 
man model, and the committed dose is 
the dose integrated over an interval of (b) Higher hits* DOE may authorize 
50 years: 

(ii) Doses from exposure to external the public in excess of (EDE) 100 mrem 
radiation from radionuclide (1 mSv) in a year, but not in excess of 
concentrations in air and in water that (EDE) 500 mrem (5  msv). A request for 
result from submersion or from a temporary authorization shall: 
exposure to contaminated plane (1) Be submitted as soon as 
surfaces shall be estimated, using the practicable when the need is recognized 5834.104 [Reserved] 
reference man model and appropriate and, where possible, before the dose 

5834.105 [Reserved] dosimetry factors: limit is exceeded: 
(iii) External doses may be (2) Document the need, discuss the 5834.106 [Reserved] 

determined using data &om direct 
measurements with appropriate ALARA evaluation, and demonstrate a 5834.107 [Reserved] 
instrumentation if doses obtaimd with 5834.108 [Resewed] the direct measurements are found to be 
C !  least as accurate as those determined 5 834.1 09 Radioactive waste. 
by analytical model evaluations; 

(iv) Derived Concentration Guides in a manner such that exposure of any (DCG) values in aPPendixA of this Part member of the public to radiation or 
for each of three exposure modes radioactive waste from the handling, 
(inhalation of air containing the disposal, storage, transport, and radionuclide: submersion in a semi- packaging of low-level waste, hign-level 
infinite cloud of air containing the waste, transuranic waste, spent nuclear 
radionuclide: and ingestion of water fuel, naturally occurring or activated 
containing the radionuclide) shall be radioactive material (NARM), and 
used to evaluate only the three exposure residual radioactive material: 

(1) Complies with ALARA: and modes upon which they are based. 
(2) Methods and alternatives other (2) Does not exceed an EDE of 25 

than those discussed in Paragraph (d)( l )  mrem (0.25 msv) in a year from all 
of this section or prescribed in pathways. applicable statutes or regulations shall (b) Reserved. be submitted to DOE for approval. 

Subpart CControl of Liquid 
Discharges Containing Radioactive 5834.1 1 ALARA compliance. 

Exposure to radiation, release of Materid radioactive material, and other 
radiological contamination from a DOE 5834.201 Liquid discharge. 
activity shall be deemed to comply with (a) A DOE activity shall be managed 
ALARA if the activity is: in a manner such that liquid release of 

(a) Evaluated pursuant to an ALARA (3) Not cause average radon-222 flux radioactive materials from the activity 
program: and rates to exceed 20 pci (0.7 Bq)/m*/sec shall: 

(b) Conducted in accordance with the where radium-226 residues are accepted 
ALARA program for the activity, as for storage or disposal: 
approved and modified by DOE. 

concentrations of radon to exceed 3 pCi 
(0.1 Bq)!L above background at a facility Subpart &Radiation Dose and 

Levels for Protection of the Public and handled; and 
the Environment 
5834.101 Public dose end concentration concentration at outdoor boundary of a this part; or 
limits. 

shall be conducted in a manner s x h  

that the exposure of members of the 
public to radiation shal!: 

(1) Comply with ALARA; and 
(2) Not cause an effective dose 

(a) The drinking water system for a 

equivalent (EDE) greater than 100 mrem 
(I mSv) from all sources and pathways 
of the activity and in combination with 
reasonably expected exposures from all 

radon and its decay products, dose 
received by a patient from 
sources of radiation used for diagnostic 
or therapeutic purposes, dose from 

products* and dose 
background radiation‘ 

(I) Com lies with AURA; 
(2) Shal not cause a Person P 

consuming the water to receive an EDE 
greater than 4 mrem (0.04 mSv) in a 

(3) Shall iiot cause comkined radium- 
226 and radium-228 to exceed 
5X10-9Vci (1*5x10-4Bq)lmL; 

(4) Shall not cause gross alpha activity 
(including rsdium-226 but excluding 
radon and uranium) to exceed 
1 . 5 ~ 1 0  -8pCi ( 5 . 6 ~ 1 0  -“Bq)lmL: and 

drinking water systems downstream Of 
the facility discharge to exceed the 
drinking water radiological limits in 40 
CFR part 141. 

temporary dose limits for members of (5) Shall not cause private or public 

(b) Reserved. 

alternatives considered, provide an 

reasonable assurance the increase will 
be short-term in nature; and 

(3) Show that the annual average 
lifetime exposure to any member of the 
public will be less than 100 mrem (1 
mSv), evaluated under reasonable 
exposure scenarios-excluding dose 
from radon and its decay products, dose 
received by a patient from medical 
sources of radiation used for diagnostic 
or therapeutic purposes, dose from 
background radiation. 

5834.102 Airborne emissions only, all 
DOE sources of radionuclides. 

(a) A DOE activity shall be conducted 
in a manner such that the release to the 
atmosphere of radioactive materials 
from the activity or in combination with 
other DOE activities shall: 

(a) A DOE activity shall be conducted 

(1) Comply with ALAKA: and 
(2) Not cause an EDE in excess of 10 

mrem (O.1 mSv) in a Year--excluding 

and from background: 
from radon and its decay products 

(1) comply with AURA; and 
(2) Be treated by the BAT i f  
(i! The surface waters otherwise (4) Not cause octdoor boundary 

would contain. at the point of discharge 
to surface waters and prior to dilution, 

radioactive material greater than the 
DCG values in liquids in appendix A to 

Concentration Limits and Reporting where significant sources of radon are annual average concentrations of 

(5) Not cause average radon 

facility or any offsite location to exceed 
0.5 pCi (0.02 Bq)/L above background. 

(ii) The total annual EDE to the public 
(a) prjmory dose limit. A DOE activity would otherwise exceed 10 mrem (0.1 

mSv) and the liquid discharge (b) Reserved. - 
12 28 Mar 24.1993 VerDale 12.MAR-93 Jki 340999 PO 00000 Fm OW20 Frnl4701 Sfml4702 E lFWW25MR2.PTZ OOQBOZ~ 



contributes a significant portion of that 
dose; or 

(iii) The activity does not operate in 
conformance with the ground-water 
protection plan for the activity. 

settleable solids to natural waterways if 
the concentration of radioactive material 
in the solids in the waste stream 
exceeds: 

( i )  5 pCi (0.2 Bq) per grorn of settleable 
solids for alpha-emitting radionuclides; 
or 

(ii) 50 pCi (2 Bq) per gram of 
settleable solids for beta-gamma- 
emitting radionuclides. 

(b) For purposes of this section, if 
more than one type of radionuclide A, 
B. ... N are present in concentrations CA, 
CHI ... CN, and if the applicable DCG's are 
DCGA, DCGR, ... DC& respectively, then 
the concentration shall be limited SO 
that the following relationship exists: 
(CA /DCGA)+ (CH /DCGR) +. . .+(CN 
/DC&)Il 
where: DCGi is the derived 
concentration guide value for 

(3) Not result in the release of 

radionuclide i.- 

implemented in accordance with the 
ap roved schedules in the BAT Plan. 

the design and construction of new 
facilities and activities. 
5834.202 Discharges of liquid waste to 
aquifers and phaseout of soil columns. 

(a) The use of soil columns in 
connection with a DOE activity to 
retain, by absorption or ion exchange, 
suspended or dissolved radionuclides 
from liquid waste streams shall be 
discontinued as soon as practicable and 
no new or increased discharges to active 
or virgin soil columns shall be 
permitted. 

(b) Soil columns, drainage systems, 
ground water, and any other areas to 
which releases of radioactive material in 
liquids from a DOE activity has been 
discontinued, shall be managed or 
decontaminated in a manner that: 
(I) Complies with ALARA; and 
(2) Prohibits any liquid discharges. 

including uncontaminated liquids, that 
could further spread previously 
deposited radioactive material through 
the soil column or directly impact 
ground water. 

5 834.203 Discharge8 to sanitary 
sewerage. 

(a) A DOE activity shall be conducted 
in a manner such that the concentration 
of radionuclides in liquid wastes 
discharged from the activity into 
sanitary sewerage shall: 

(1) Comply with ALARA; 
(2) Be treated by the BAT to reduce 

the concentration level to less than five 

(c) Selected BAT alternatives shall be 

6)  The BAT process shall be used in 

. 

times the DCG values for liquids 
(appendix A to this part) if the average 
month!y level otherwise would be 
greater than five times the DCG value at 
the point of discharge; and 

(3) Not result in an annual discharge 
(above background) into public sewers 
in excess of 

(i) 5 Ci (200 GBq) of hydrogen-3; 
(ii) 1 Ci (37 GBq) of carbon-14; and 
(iii] 1 Ci (37 GBq) of all other 

radionuclides. 
(4) Be evaluated through pathway 

analyses or environmental surveillance 
to verify that the total annual discharge 
of radioactive material to the sanitary 
sewer system will not cause members of 
the public to receive incremental doses 
from that source more than a few mrem 
in a year. 

(b] The discharge liquid wastes from 
a DOE activity into a chemical or 
sanitary sewerage system owned by the 
Federal Government shall not be subject 
to the requirements or 5 834.203(a) (2) 
and (3) of this part i f  

accordance with an approved interim 
strategy prior to discharge of liquid 
wastes to surface waters; and 

(2) Sludge from the system is 
disposed in accordance with all 
applicable Federal regulations. 

(c) A discharge from a DOE activity to 
a public sewer shall be coordinated with 
the operators of the waste water 
treatment works. 

(1) The system provides treatment in 

5 834.204 [Reserved] 

5834.205 Native aquatic anlmal 
organisms. 

A DOE activity shall be conducted in 
such a manner that the absorbed dose to 
a native aquatic animal organism (e.g., 
fish, crustaceans, mollusks, and benthic 
invertebrates) shall not exceed 1 rad 
(0.01 gray) per day from exposure to 
radioactive material in liquid wastes 
discharged to natural waterways. 

0834.206 [Reserved] 

5834.207 [Resewed] 

5834.208 [Reserved] 

5834.209 [Reserved] 

5834.210 Ground water protection. 

in a manner that: 

ground water compliss with ALARA; 
and 

(2) Protects the ground water from 
radiological and non-radiological 
contamination in accordance with the 
Ground Water Protection Management 
Plan applicable to the activity. 

(a) A DOE activity shall be conducted 

(1) Radiological contamination of the 

(b) Reserved. 

Subpart D-Release of Property 
Having Residual Radioactive Material 

5834.301 Release of property containing 
resldual radioactive materiel. 

(a) No property contaminated, or 
potentially contaminated, with residual 
radioactive material shall be relewed 
from a DOE facility unless: 
(1) The property is  assessed to 

demonstrate that doses to the public 
from use of the property will comply 
with ALARA; 

to the property will not exceed the 
primary or supplemental limits 
authorized by DOE pursuant to this 

(2) Doses to the public from exposures 

subpart; 

determine mass contamination. 
(3) The property is surveyed to 

removable surface radioactive material, 
and total surface radioactive material 
(including contamination present on 
and under any coating); and 

(4) DOE approves documentation that: 
(i) Describes the item; 
(ii) Describes its radiological history; 
(iii) States the DOE-approved criteria 

(iv) Describes J e  survey of the item, 
for release of the roperty; 

including the date, the identity of the 
surveyor, the type and identification 
number of the instruments used, and the 
results oi iiie survey; 

(v) Indicates the radiological 
condition of the property; 

(vi) Indicates the quantity and 
disposition of the waste resulting from 
any decontamination effort; and 

(vii) Identifies the recipient of the 
property. 

(b) Reserved. 

0834.302 Authorized Iimita. 
(a) DOE may authorize limits for the 

release of property containing residual 
radioac!ive material. 

(b)'In evaluating and approving 
authorized limits, DOE shall consider: 

(1) The nature ofthe property and its 
potential use; 
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(2) The potential dose to an 

(i) The actual and likely usa scenario 
individual in: 

to ensure that potential doses are not 
likely to exceed a small fraction of the 
applicable dose limits in this part: and 

(ii) The worst plausible use scenario 
to ensure that potential doses are not 
likely to exceed the applicable dose 
limits in this part; 

(3) The collective dose to the affected 
population: and 

(4) Where close contact is likely, the 
ability and need to decontsminate the 
property to ensure that there is no 
measurable contamination. 
J 834.303 [Resewed] 

5834.304 [Resewed] 

5834.305 Soil. 
(a) Authorized limits for radium-226 

and radium-228 shall be less than 5 pC!/ 
gram (0.2 Bqlgram) in the first 15 cm of 
the surface layer and 15 pCilgram (0.56 
Bqlgram) in any subsequent 15 cm 
subsurface layer. 

(b) Authorized limits for all other 
radionuclides in soil shall be derived 
using approved models in accordance 
with the requirements of this subpart. 

J 834.306 Radon. 

conducted on habitable and occupied 
structures with the objective to reduce 
iesidual radioactive material levels such 
that an annual average radon-222 decay 
piodiict concentration will not exceed 
0.02 WL. including background, in the 
structure. 

(b) In any case, the radon decay 
product shail not bxceed 0.03 WL, 
including background, in such 
structures as a result of residual 
iadioactive material. 

J 834.307 [Resewed] 

5 834.308 [Resewed] 

5 834.309 [Reserjed] 

5834.310 Supplemental limits. 
(a) DOE may authorize, for a 

particular DOE activity, supplemental 
limits for the release of property 
containing residual radioactive material 
in iieu of any general limits authorized 
under this subpart. i f  

(1) Remedial action consistent with 
authorized limits would pose a clear 
and present risk of injury to workers or 
members of the public, notwithstanding 
reasonable measures to avoid or reduce 
risk; 

(2) Remedial action consistent with 
authorized limits, even after all 
reasonable mitigative measures have 
been taken, would produce 

(a] Remedial actions shall be 

environmental harm that is clearly 
excessive compared to the health 
benefits to persons living on or near 
affected properties, now or in the future; 

(3) It is Cetermined that the scenarios 
or assumptions used to establish the 
authorized limits do not apply to the 
property or portion of the property 
identified, or where more appropriate 
scenarios or assumptions indicate that 
other limits are applicable or 
appropriate for protection of the public 
and the environment; 

(4) The cost of remedial action for 
contaminated soil is unreasonably high 
relative to long-term benefits and where 
the residual niaterial does not pose a 
clear present or future risk after taking 
necessary control measures; or 

(5) There is no feasible remedial 
action that can achieve the authorized 
limits. 

(b) A supplemental limit shall achieve 
the dose and A U R A  requirements of 
this part for any current or future use of 
the properiy and shall contain any 
restriction necessary to achieve the 
objectives of this part. 

5834.311 Control o! residual radioactive 
material. 

(a) Control and stabilization features 
for the interim storage of residual 
radioactive material shall be designed to 
meet the applicable dose limits for an 
effective life of 25 years at a minimum 
and, to the extent practicable, 50 years. 
Where applicable, the control shall limit 
radon-222 concentrations in the 
atmosphere above facility surfaces or 
openings to levels that will not exceed: 

(1) An annual average concentration 
of 30 pCi(1 Bq)/L over the facility or 
site; 

(2) An annual average concentration 
of 0.5 pCi(o.02 Bq)/L above background 
at or beyond the boundary of the facility 
or site: 3 pCi(O.1 Bq)/L at or above any 
single Iocatio~i accessible by the oublic. 
as a result of material stored on the site; 
and 

(3) Flux rates from the storege of 
radon-producing wastes of 20 pCi(O.7 
Bq)/mz/sec, averaged over the storage 
unit. 
6) A property may be maintained 

under an interim management 
arrangement when the residual 
radioactive material exceeds authorized 
limits developed for unrestricted release 
i f  
(1) The residual radioactive material 

is in ir?accessible locations; 
(2) The residual contamination would 

be uiireasonably costly to remove; and 
(3) When needed, administrative 

controls are instituted by the operating 
organiwtion to protect members of the 
public. 
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(cJ(1) Appropriate administretive and 
physical controls for the management of 
storage or disposal activities shall be 
devslnped and implemented to limit 
access and use of onsite material 
contaminated by residusl radioactive 
material. Requirements for iilch cc~fi?rols 
shall be appropriately documented. 

(2) Controls shall be designed such 
that concentrations of radionuclides in 
the groundwater and quantities of 
residual radioactive material wiil not 
cause the requirements of this part to be 
exceeded. 

(d)(l) Long-term management of 
residual radioactive material residue 
from a DOE activity shall be in 
accordance with this section and DOE 
approvod plans. 

(2) Control and stabilization features 
for uranium, thorium, and their decay 
products shall be designed, to the exten: 
reasonably achievable, to: 

(i) Provide an effective life of 1,000 
years with a minimum life of at least 
200 years; 

(ii) Limit radon-222 emanation to the 
atmosphere from the wastes to less than 
an annual average release rate of 20 
pCi(3.7 Bq]/m2/sec; and 

(iii) Prevent increases in the annual 
average radon-222 concentration at or 
above any location outside the boundary 
of the controlled area by more than 0.5 
pCi(O.02 Bq)/L. 

(3) In the development of contro!s and 
waste management plans, the impacts of 
various disposal modes should be 
addressed beyond the 1,000-year period 
design requirement. 

(4) For wastes containing significant 
concentrations of radium and thorium, 
special considerations must be given to 
intruder prevention. 

(5) Before any potentially bio- 
degradable contaminated wastes are 
placed in a long-iorm management 
facility, such wastos shall be properly 
conditioned so that the generation and 
escape of biogenic gases will not cause 
the emission or dose limits to be 
exceeded and that bio-degradation 
within the facility will not result in 
premature structural failure. 

Subpart E-Environmental 
Radiological Protection P m g r a m  

J 834.401 Composition of the 
Environmental Radiologlcal Protection 
Program (ERPP). 

commensurate with the nature of the 
DOE activity and the potential risk to 
the public 0nd the environment from 
the DOE activity. 

in this part relating to the permissible 
1eve:s for reklses of radioactive 

(a) The contents of an ERPP sholl bo 

(b) With respect to each requirement 

. a  
. . -  .. . ..,. 
. .  . 
'c- 



Sldk 
[I) Address the patential kr 

radiolGgical and. where appropriate. 
non-radiological contamination of the 
groundwaterbyaDOEadivity; 

ofgroundwater; 

contamination; 

(2) Document the quality and quantity 

(3) Ih t i fy  possible ~ o u r c z ~  of 



illitiatkul ofthe activity. An lrpaate of 
anl?xktiqERppmapbesnbmittedif 
the new activity can be integrates into 
the-gERPP. 

(31 An update of an ERPP shall be 
submitted to DOE 

(il Am*. 
[ii) \Vhenevexthere is a change or 

addition to h ERPP; 
[iii) Within 30 dap of the e-ve 

date of any modification to this part that 
should be mflected in the ERPP; or 

(iv) Prior to the modification of a DOE 
activity that is not reflected in the ERPP 
for that activity. 

(4) The initid ERPP or an update shall 
be considered approved 180 days after 
its submission, including any 
modifications made or directed by DOE. 
unless approved or rejected by DOE at 
an earlier date. 
Appendix A to Part 834--Derived 
CoQU?lltX& -on Guides ik Air and 
Water 
1. Purpose. The Derived Concentration 

Guide (DCG) values listed in this appendix 
are pmvided as refierence values for 
mnductiug radinlogial environmental 
p r o t e c t i o n ~ a t o p e r a t i o n a l D o E  
i i l i l ikandsiter~Da3valm5inthls 
appendixarenotamoentra&mlimitsar 
levels of acceplable amcentrations far release 
to the environment Rather. the concentration 
values are pmvidedasatool for estimating 
potentialdoseandfordetemnini~ 
Compliance with other n?ql-lts of 10 
cFRpart831. 

eachof three expoane modesr (1) rogestinn 
of- (2) inhahon - afakand(3 )  
immersianinasemi-iufiniteckmdof 
unifonnurnoentration.The~values for 
internalerposurearelisted.inthespecial 
units of pCL'mL, in Table A-la (Derived 
Comentxa t ionGi l idesnxxs ] to r~of  
the rpbl ich Ingested Water and 
Inhalation Resulting in an EDEof1oomreml 
yr). The Lxx;s values are also given in Table 

for Members of the Public 6mm hgested 
Water and Inhalation Resuiting in an EDE of 
1 mSv/yr) in the SI unik of Bqn for 
ingestianofwaterdBq/Ir96minbahtion 
a f a i r . ~ l d u f s m t L t ! z s 3 t a o ~ a r e  
baaedcrma -'-deE&isedose 
eq-m Qfloopiran (1 use f n r t h g  

tahen into the-bdybf iDggtlm 
c9illhahm - cimiD.g~orpegw. 

A b  '-gastromtestinalbad(-) 
absorptian fadms (f,) and lmg retention 

C m o p l a n g M o d e i U s e d t o ~ t h e  
inha?ation dse fachxsrepted in I c w  
pI&kaxm 30) ne liztgd Borspcilic 

2BadrTheDa3pahresarepresentedh 

A-lb (Derived Concentration Guides DCfAl 

dasses (noted as D. W. a r Y  in the Task 

- -  
/-&&-QT&A-Z 

. 
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4.E-08 
3.E-11 

2.E - 07 

6.E-08 
1.E-11 

5.E - 08 
2.E - 09 
3.E-08 
6.E-10 
7.E-09 
BE -09 
1.E-07 
l.E-11 
?.E - 08 

2E-OS 

LE-07 

LE-08 

;.E-09 

;.E - 10 

LE-09 

!.E-07 

m 

D W 
~~~~~ ~ ~ 

................. -... 

............ I ........ 
5.E-03 ..-.... 
5.E-03 
..----..--.-.- 
.._---_-_. 

(-1) ............... 
...................... 

l.E-07 ' ..... 
2.E-02 ..... 
5.E-08 ...... 
4.E - 10 --.- 
7.E-06 _-_I 

2E-03 ........ 
l.E-03 ........ 
3.E-05 -..-.. 
1 s - c 2  I--- 

..................... H-3 (Water) .............................................................................. 
H-3 I€lem%ntaIl .......................................................................... 
Be-7 ................ ........................................................................... 
Be-10 ___._-I.___- ^_^ .....-----.....--..----.----..-.---..---. -- 
C-11 (org) ...._______.___ ......................................... 
C-11 (CO) ..________ ~ ____._I._____._.I________I___ 
C-11 (m ........................................................ 
C-14 (org) ................................................................................... 
C-14 (CO) ................................................................................... 
C-14 (Cod ................................................................................. 

8E-06 ..--I. 
2.E-06 .-..... .....-.....-.. I... 

6.E-09 ....... 7.E-05 ........ 
4.E-06 ....... : 
5.E-07 ........ 
2.E-07 ........ 
2E-09. .... .... 
1.E-08 -- 
4.E-09 .--- 
1.E-10 -.-- 
6.E-08 ....".. 
6.E-10 ........ 
2 E - 0 9  ........ 
2.E-08 ........ 
4.E-08 ........ 

...................... 
...................... 
1 . E a  .......... 
1 .E40 .--..... 
1.E- i..- 
5.E-01 - 
l.E-02 .-.._. 
l.E-02 ........ 
1.E-02 ........ 
B.E-01 ........ 
B.E-01 ........ 
B.E-01 ........ 
1.E-01 ._-. 

...................... 
l.E-03 ........ 
l.E-05 ........ 
1.E-04 --. 
2E-05 -- 
1.E-05 -...... 
3.E-04 ........ 
8.E-05 ........ 
2E-05 ........ 
2.E-04 ........ 
3.E-04 ........ 
2E-04 ---- 

2.E-07 ....... ..................... 
-..--I---- 

8E-09 ..._.. 
2E-10 .-_- 
7.E-08 ....... 
3.E-10 ....... 
9.E-10 ....... 
6.E-09 ....... 
5.E-09 ....... 
...........-..-... 

. ~. 
F-i a ............................................................................................ 
Na-22 ........................................................................ .̂.I 

si-31 ........................ .-. .............................................................. 
si-32 ........................................................................................... 
P-32 ............................................................................................ 
P-33 ............................................................................................ 
535 . .......................................................... ................................ 

3.E-08 .- 
6L-09 __ 
1.E-07 __-- 
1.E-07 --.-I 
9.E-10 ........ 
l.E-08 ........ 
2.E-08 ........ 
2E-07 ........ 
3.E-07 ...-._. 

-- (Gas) 
Qs6-- 
a38 _________-___-I__^.-I_____ ~ ---- L 

a-39 ...... ........................................... ................. 
K-40 ............................................................................................ 
K-42 ............................................................................................ 
K-43 ............................................................................................ 
K-44 ......................................................................................... 
K-45 ._____.._1__-__1_.__....----..--._--._--------..------.. 
(2-41 ___-_-l_l_^--l-l___.I------.-.-.---.------ ~ ---------.-- -- 
ca-45 .................. -..-..... ........................................ 
ca-47 ......................................................................................... 
sc-43 .......................................................................................... 
s c m  ......................................................................... ; ............. 
sc-44 .......................................................................................... 
9-46 .......................................................................................... 
sc-47 ____ ̂ _.__.__.-I_.__---------...I.._____.-----..------..-- 

-- 
1 + a  - 
1.Eioo -- 
1 . E a  ____._ 
1 . E 4  .__..... 
1 . E a  .......... 
1 .E& .......... 
1.E& .......... 
l.E+OO .-__... 
3.E-01 __ 
3.E-01 ...__. 
3.E-01 ........ 
l.E-04 ........ 
l.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
l.E-04 .---. 
LE-04 - 
1.E-04 - 
1.E-02 - 
1.E-02 .___... 
1.E-02 _...-. 
l.E-02 _._._.. 
1.E-02 __.- 
I€-01 - 
I€-W - 
I€-01 - 
I€-a? - 
IE-ol - 
I€-W - 
IE-ol - 
1.E-01 - 
1.E-01 _-__ 
1.E-01 __ 
1.E-01 .___ 
1.E-01 ._.._. 
1.E-01 ........ 
1.E-01 ........ 
1.E-01 ........ 
1.E-01 ........ 
LE-02 ........ 
LE-01 ........ 
LE-02 .___. 
LE-01 - 
;.E-W _. 

LE-01 ._- 
LE-02 . ....-. 

~~ 

5.E-05 - 
7.E-04 ___ 
l.E-03 -.I-. 
7.E-06 ........ 
l.E-04 ........ 
2.E-04 ........ 
9.E-04 ........ 
2E-03 _-_... 
l.E-04 _-. 
6.E-05 _-.... 
2E-05 ........ 
2.E-04 ........ 
l.E-05 ........ 
l.E-04 ........ 
2E-05 ........ 
7.E-05 ..__- 
2E-05 -- 
6L-04 _. 

7-E-= - 
2E-04 ____ 
9.E-04 ........ 
2E-05 ...._- 
2E-03 ..___ 
2E-04 - 
2E-04 - 
BE-04 - 
BE-04 - 
1.E-a3 - 
1E-03 - 
5-E-04 - 
9.E-04 __ 
2E-05 ___ 
1.E-03 ..-.-. 
5.E-05 ---- 
l.E-04 _...-.. 
3.E-05 ........ 
2 E - 0 4  ........ 
2.E-05 ........ 
9.E-07 ........ 
3.E-05 ........ 
4.E-05 ........ 
l.E-05 ___-.. 
1L-05 -- 
2E-94 _._ 
1.E-04 _..__ 
2.E-03 _...... 

6€-10 I 
1.E-07 - 
l.E-07 _-..- 
..................... 

9.E-09 .__ 
2E-09 ____ 
2E-09 ....... 

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

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

...._............ .... ......... _- .... -.. 
sc4 - 
T i  -.-_ -- --- 
v-47 ..: ............................ .....-. ................................. - .................. 
v-48 ...... ..- ...................... ........... .............................................. 
v - 4  . . . . . . . . . . . . . . . . . . . .  ~ __-_--- ~ --..----. 
0-48 

r i  ...-_ ....._.._.. .....______... ..___.. . __._l..l__._l___l-...-.I 
9E-11 Î  
6.E-08 .__._ 
2E-07 ........ 
3.E-09 ...-... 
8.E-08 _.__... 
3E-08 - 

7.E-11 - 
8.E-08 __._ 
2E-07 ....... 
2E-09 ___.. 
4.E-m --- 
2E-08 _. 

2E-07 - 2E-07 - 049 

6€-08 _. 

1.E-07 - 
?.E-07 __ 
i E - 0 9  -__- 
3.E-08 -.-. 
2E-09 ___- 
5.E-08 ....._. 
6.E-09 ........ 
1.E-08 ........ 
1.E-09 ........ 
4.E-11 ........ 
7.E-09 ........ 

1.E-07 - 0-51 

1L-07 - 
2E-07 ---_ 
3.E-09 _-_ 
6.E-08 -.._- 
2E-09 _--_.. 
4.E-08 .-_ .._. 
7.E-09 ........ 
5.E-09 ........ 
8.E-10 ........ 
2.E-11 ........ 

Wl------ 
Mn-52m _____-____---_------________.__ 

w I_____--_-_--.----I--------- --- 
wl-!3 ___-__-_._---___----I____^______^_ 
M I 5 4  .-_._. . ....-_ .. .-...-_-- : .--- . -----..--.----------_-^..-..- _--- 
m56 ._ ................................... ................................................ 
Fe-52 .......................................................................................... 
Fe-55 ...... 1 ................................................................................... 
Fa-59 .......................................................................................... 
Fe-60 ............................................................. i.. .......................... 
CQ-55 ............. ; ........................................................................... ...................... 

..-.__........ ..... 
-_I_- 

...................... 
7.E-10 ...-_. 
7.E-09 __ 

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

.................... LE-07 ..-I_ co58m ...._....... ^ .._....._____.__.......-.... . ..-....-...__......... .... ....-..-... 
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TABLE A-1a.aERIVED CoNCENTRAnON GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
lNHAlATlON RESULTING IN AN EDE OF 100 M R E M & R . ~ n t i n U e d  I- Wr] 

1, value Radionuclide 

02-56 ........................................................................................ 
Co-6Om ..................................................................................... 
Co-60 ........................................................................................ 
Co-6 1 ........................................................................................ 
Co-62m ..................................................................................... 
Ni-56 .......................................................................................... 
Ni-56 (Vapor) ............................................................................. 
Ni-57 .......................................................................................... 
Ni-57 (Vapor) .............................................................................. 
Ni-59 .......................................................................................... 
Ni-63 .......................................................................................... 
Ni-65 .......................................................................................... 
Ni-65 (Vapor) ............................................................................. 
Ni-66 .......................................................................................... 
Ni-66 (Vapor) ............................................ : ................................ 
CU-60 ........................................................................................ 
CU-61 ........................................................................................ 
c u m  ........................................................................................ 
Cu-67 ........................................................................................ 
Zn-62 .......................................... 
Zn-63 ......................................................................................... 
Zfl-65 .......................................... ........................ 
Zn-69m ...................... :... ............................................................ 
Zn-69 ......................................................................................... 
ZnJ lm ...................................................................................... 
Zn-72 ......................................................................................... 
Ga-65 ........................................................................................ 
Ga-66 ........................................................................................ 
Ga-67 ........................................................................................ 
Ga-68 ........................................................................................ 
Ga-72 ........................................................................................ 

Ni-59 (Vapor) ............................................................................. 
Ni-63 (Vapor) ............................................................................. 

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

................................................................................... 
Ge-66 ........................................................................................ 
Ge-67 ........................................... ............................................ 
Ge-68 ........................................................................................ 
Ge-69 ......................................................................................... 
Ge-71 ......................................................................................... 
Ge-75 ........................ ; ................................................................ 
G e - n  ......................................................................................... 
Ge-78 ......................................................................................... 
As-69 .......................................................................................... 
As-70 .......................................................................................... 
As.71 .......................................................................................... 
As-72 .......................................................................................... 
As.73 .......................................................................................... 
As-74 .......................................................................................... 
As-76 .......... : ............................................................................... 

W Y 
~~ 

3.E-01 ....... 
5.E-02 ....... 
3.E-01 ....... 
5.E-02 ....... 
3.E-01 ....... 
5.E-02 ....... 
3.E-01 ....... 
5.E-02 ....... 
3.E-01 ....... 
5.E-02 ....... 
3.E-01 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 

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

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

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

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

2.E-03 ........ 
5.E-05 ....... 
4.E-05 ....... 
4.E-02 ....... 
4.E-02 ....... 
l.E-05 ....... 
5.E-06 ....... 
5.E-04 ....... 
&E-04 ....... 
l.E-03 ....... 
l.E-03 ........ 
4.E-05 ....... 
4.E-05 ....... 
7.E-04 ....... 

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

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

..................... ..................... 
3.E-09 ....... 2.E - 09 

6.E-06 

8.E-11 

l.E-07 

4.E - 07 

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

..................... 
9.E-06 ....... 
4.E-10 ....... 
..................... 

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

..................... 
2.E-07 ....... 
4.E-07 ....... 
3.E-09 ....... 

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

..................... 
5.E-09 ....... 
3.E-09 ....... 
l.E-08 ....... 
l.E-08 ....... 
9.E-09 ....... 
4.E-09 ....... 
4.E-09 ....... 
2.E-09 ....... 
6.E-08 ....... 
4.E-08 ....... 
4.E-09 ....... 
7.E-09 ....... 
2.E-07 ....... 
7.E-08 ....... 
7.E-08 ....... 
2.E-08 ....... 

7.E-09 ....... 
2.E-08 ....... 
..................... 

3.E-04 ....... 
2.E-04 ........ 
...................... 

6.E-09 ....... 
7.E-08 ....... 
..................... 

5.E-02 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
5.E-01 ....... 
l.E-03 ....... 
l.E-03 ....... 
l.E-03 ....... 
1.E-03 ....... 
l.E-03 ....... 
l.E-03 ....... 
l.E-03 ....... 
1 .E+W ......... 
I.E+00 ......... 
l.E+00 ......... 
1 .E+OO ......... 
1 .E+W ......... 
1 .E+00 ......... 
l.E+00 ......... 
1 .E+OO ......... 

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

5.E-01 ....... 
5.E-01 ....... 
5.E-01 ......., 
5.E-01 ......., 
5.E-01 ........ 
5.E-01 .... ..., 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ...... :. 
3.E-01 ........ 
LE-02 ........ 
3.E-01 ........ 
LE-02 ........ 
LE-01 ........ 
LE-02 ........ 

l.E-05 ....... 
8.E-04 ........ 
3.E-04 ....... 
3.E-04 ........ 
l.E-04 ........ 
4.E-05 ........ 
7.E-04 ........ 
9.E-06 ........ 
1.E-04 ........ 
2.E-03 ........ 
2.E-04 ........ 
3.E-05 ........ 
2.E-03 ........ 
3.E-05 ........ 
2.E-04 ........ 
4.E-04 ........ 
2.E-03 ........ 
3.E-05 ........ 
l.E-04 ........ 
7.E-04 ........ 
l.E-03 ........ 
l.E-04 ........ 
4.E-04 ........ 
l.E-02 ........ 
2.E-03 ........ 
2.E-04 ........ 
7.E-04 ........ 
l.E-03 ........ 
4.E-04 ........ 
l.E-04 ........ 
2.E-05 ........ 
2.E-04 ........ 
4.E-05 ........ 
3.E-05 ........ 
I.E-.04 ........ 
2.E-04 ........ 
4.E-04 ........ 
3.E-W ........ 
LE-03 ........ 
3.E-04 ........ 
2.E-04 ........ 
).E-05 ........ 
2.E-05 ........ 
3.E-05 ........ 
!.E-05 ........ 
1.E-04 ........ 

...................... 
2.E-09 ....... 
3.E-07 ....... 
l.E-07 ....... 
6.E-08 ....... 
l.E-08 ....... 

..................... 
2.E - 07 
8.E - 08 
5.E-08 
l.E-08 
?.E - 09 
2.E - 07 
6.E- 10 
2.E-08 
3.E - 07 
4.E - 08 
LE-09 

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

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

..................... 
LE-07 ....... 
9.E-09 ....... 
3.E -08 ........ 
!.E-07 ........ 
l.E-07 ........ 
3.E-09 ........ 
#.E-08 ........ 
;.E-08 ........ 
!.E-07 ........ 
3.E-09 ........ 
LE-08 ........ 
1.E-06 ........ 
!.E-07 ........ 
!.E-08 ........ 
LE-08 ........ 

..................... 
5.E-07 ....... 
7.E-09 ....... 
3.E-08 ....... 
l.E-07 ....... 
5.E-07 ....... 
7.E-09 ....... 
4.E-08 ....... 
5.E-08 ....... 
2.E-07 ....... 
2.E-IO ....... 
2.E-08 ....... 
I.€-07 ....... 
2.E-07 ....... 
1.E-08 ....... 
5.E-08 ....... 
3.E - 07 ....... 
1.E-07 ....... 
1.E-08 ........ 
3.E-09 ........ 
LE-09 ........ 
!.E-09 ........ 
1.E-09 ........ 
1.E-08 ........ 
LE-08 ........ 
1.E-07 ........ 
1.E-07 ........ 
...................... 

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

...................... 
A s - n  ..................... : .................................................................... 
As-78 .......................................................................................... 
Se-70 .......................................................................................... 
Se-73m. ....................................................................................... 
Se-73 .......................................................................................... 
Se-75 .......................................................................................... 
Se-79 .......................................................................................... 

).E-08 ........ 
l.E-07 ........ 
...................... 

LE-08 ........ 
!.E-09 ........ 
..................... 

1.E-08 ........ 
.E-09 ........ 
...................... 

'.E-09 ........ 
..................... 

.E-09 ........ 
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I TABLE A-la.-DERmo CONCENTRATION GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
lNHAlATlON RESULTING IN AN EDE OF 100 MREM&R.-tinUed 

Radionuclide 

Se8lm ....................................................................................... 
Se-81 .......................................................................................... 
Se-83 .......................................................................................... 
Br-74m ....................................................................................... 
01-74 .......................................................................................... 
0r-75 .......................................................................................... 
Br-76 .................................................................... ..................... 
0r-77 .......................................................................................... 
Br-80m ....................................................................................... 
Br-80 .......................... i ............................................................... 
Br-82 .......................................................................................... 
0r-83 .......................................................................................... 
Br-84 .......................................................................................... 
Rb-79 ......................................................................................... 
Rb-81 rn ....................................................................................... 
Rb-81 ......................................................................................... 
Rb-82m ...................................................................................... 
Rb-83 ................................. i ....................................................... 
Rb-84 ......................................................................................... 
Rb-86 ......................................................................................... 
Rb-87 ......................................................................................... 
Rb-88 ....................................................... : ................................. 
Rb-89 ~ ........................................................................................ 
Sr-80 .......................................................................................... 
Sr-81 .......................................................................................... 
Sr-82 .......................................................................................... 

.Sr-83 .......................................................................................... 
Sr-85m ....................................................................................... 
Sr-85 .......................................................................................... 
Sr-87m ....................................................................................... 
Sr-89 ................. : ........................................................................ 
Sr-90 .......................................................................................... 
Sr-91 .... : ..................................................................................... 
Sr-92 .......................................................................................... 
Y-86m ......................................................................................... 
Y-86 ............................................................................................ 
Y-87 ............................................................................................ 
.Y-88 ............................................................................................ 
Y-90m ......................................................................................... 
Y-90 ............................................................................................ 
Y-91rn ......................................................................................... 
Y-91 ............................................................................................ 
Y-92 ............................................................................................ 
Y-93 ............................................................................................. 
Y-94 ............................................................................................ 
Y-95 ............................................................................................ 
Zr-86 ........................................................................................... 
Zr-88 ........................................................................................... 
Zr-89 ............................ ; .............................................................. 
Zr-93 ........................................................................................... 
Zr-95 ............................................................................ : .............. 
Zr-97 ............................. 1 ............................................................. 
Nb-88 ......................................................................................... 
Nb-89 (66 min) ........................................................................... 

1, value 

8.E-01 ....... 
5.E-02 ....... 
8.E-01 ....... 
5.E-!X? ....... 
8.E-01 ....... 
5.E-02 ....... 
1 .E& ......... 
1.E& ......... 
1 .E& ......... 
1 .E& ......... 
1 .E& ........ 
1 .E& ........ 
1 .E& ........ 
l.E+00 ......... 
1 . E 4  ........ 
l.E& ........ 
1.E& ........ 
1 .E+OO ........ 
1 .E40 ........ 
l.E+OO ........ 
1 .E& ........ 
1 .E& ......... 
1 .E& ......... 
1 .E& ......... 
l.E& .: ....... 
1.E40 ......... 
3.E-01 ....... 
l.E-02 ....... 
3.E-01 ....... 
l.E-02 ....... 
3.E-01 ....... 
l.E-02 ....... 
3.E-01 ....... 
l.E-02 ......., 
3.E-01 ....... 
l.E-02 ....... 
3.E-01 ........ 
l.E-02 ....... 
3.E-01 ....... 
!.E-02 ........ 
3.E-01 ........ 
l.E-02 ....... 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
1.E-04 ........ 
LE-03 ........ 
'.E-03 ........ 
.E-03 ........ 
.E-03 ........ 
'.E-03 ........ 
.E-03 ........ 
.E-02 ........ 
.E-02 ........ 

l.E-03 ........ 2.E-07 ...... 
7.E-04 
2.E-03 ........ 5.E-07 ...... 
2.E-03 ............................ 
l.E-03 ........ 3.E-07 ...... 
9.E-04 ............................ 
6.E-04 ........ 9.E-08 ...... 
l.E-03 ........ 2.E-07 ...... 
1.E-03 ........ l.E-07 ...... 
l.E-04 ........ l.E-08 ...... 
4.E-04 ........ 6.E-08 ...... 
6.E-04 ........ 4.E-08 ...... 
2.E-03 ........ 4.E-G7 ...... 
8.E-05 ........ l.E-08 ...... 
2.E-03 ........ 2.E-07 ...... 
9.E-04 ........ 1.E-07 ...... 
2.E-03 ........ 3.E-07 ...... 
7.E-03 ........ 8.E-C7 ...... 
l.E-03 ........ l.E-07 ...... 
3.E-04 ........ 4.E-08 ...... 
2.E-05 ........ 2.E-09 ...... 
l.E-05 ....... 2.E-09 ....... 
l.E-05 ....... 2.E-09 ....... 
3.E-05 ....... 
8.E-04 ....... 
2.E-03 ....... 
l.E-04 ....... 
l.E-04 ....... 
7.E-04 ....... 
6.E-04 ....... 
7.E-06 ....... 
6.E-06 ....... 
&E-% ....... 
6.E-05 ....... 
6.E-03 ....... 
6.E-03 ....... 
7.E-05 ....... 
l.E-04 ....... 
l.E-03 ....... 
l.E-03 ....... 
2.E-05 ....... 
2.E-05 ....... 
l.E-06 ....... 
l.E-05 ....... 
6.E-05 ....... 
5.E-05 ....... 
9.E-05 ....... 
7.E-05 ....... 
6.E-04 ....... 
3.E-05 ....... 
6.E-05 ....... 
3.E-05 ....... 
2.E-04 ........ 
l.E-05 ....... 
4.E-03 ....... 
l.E-05 ........ 
7.E -05 .. :. .... 
3.E-05 ........ 
9.E-04 ........ 
l.E-03 ........ 
4.E-05 ........ 
.E-04 ........ 
LE-05 ........ 
1.E-05 ........ 
LE-05 ........ 
!.E-05 ........ 
!.E-03 ........ 
LE-04 ........ 

4.E-09 ....... 
2.E-07 ....... 
3.E-07 ....... 
3.E-08 ....... 
2.E-07 ....... 
7.E-10 ..; .... 
2.E-08 ....... 
2.E-06 ....... 
6.E-09 ....... 
3.E - 07 ....... 
2.E-09 ....... 
5.E-11 ....... 
l.E-08 ....... 

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

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

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

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

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

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

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

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

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

..................... 
~ 2.E-08 ....... 
..................... 

~ ..................... 
..................... 
..................... , ..................... 
..................... 
..................... 

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

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

..................... 
9.E-09 ....... 
5.E-10 ........ 
8.E-09 ........ 
4.E-11 ........ 
6.E-10 ........ 
5.E-09 ........ 

- 
W 

2.E-07 ........ 
6.E -07 ........ 
...................... 

3.E-07 ........ 
l.E-07 ........ 
2.E-07 ........ 
l.E-07 ........ 
l.E-08 ....... 
5.E-08 ........ 
3.E-08 ....... , 
5.E-07 ....... 
9.E-39 ....... 
2.E-07 ....... 
2.E-07 ....... 

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

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

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

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

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

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

...................... 
1.E-07 ........ 
LE-09 ........ 
LE-09 ........ 
LE-10 ........ 
LE-08 ........ 
!.E-09 ........ 
LE-07 ........ 
LE-10 ........ 
!.E-08 ........ 
'.E-09 ........ 
?.E-07 ........ 
LE-07 ........ 
LE-09 ........ 
.E-09 ........ 
.E-09 ........ 

l.E-10 ........ 
9.E-10 ........ 
3.E-09 ........ 
5.E-07 ........ 
l.E-07 ........ 

7.E-09 
7.E - 09 
6.E-10 
3 E-08 
l.E-09 
4.E -07 



Radionuclide 

Nb-E9 (122 rnin) ......................................................................... 
Nb-90 ........................................................................................ 
Nb-93m ...................................................................................... 
Nb-94 ........................................................................................ 
Nb-95m ..................................................................................... 
Nb-95 ........................................................................................ 
Nb-96 ........................................................................................ 
Nb-97 ........................................................................................ 
Nb-98 ......................................... : .............................................. 
Mo-90 ........................................................................................ 
Mo-93m ..................................................................................... 
Me93 ........................................................................................ 
Mo-99 ........................................................................................ 
Mo-101 ...................................................................................... 
Tc-93m ...................................................................................... 
Tc-93 ......................................................................................... 
Tc-94m ....... .: ............................................................................. 
Tc-94 ......................................................................................... 

.................................................................... 
Tc-95 ......................................................................................... 
Tc-96 ......................................................................................... 
Tc-97 ......................................................................................... 
TC-98 ......................................................................................... 
Tc-99 ......................................................................................... 
Tc-101 ........................................................................................ 
Tc-104 ........................................................................................ 
Ru-97 ......................................................................................... 
Ru-105 ....................................................................................... 
Ru-106 ....................................................................................... 
Rh-99 ......................................................................................... 
Rh-100 ...................... ;.... ............................................................ 
Ah-lOlm .................................................................................... 

.................................... : .................................... 
Rh-l02m .................................................................................... 
Rh-102 ....................................................................................... 

Tc-96m ...................................................................................... 
Tc-97m ................................... ~ .................................................. 

Tc-99m ...................................................................................... 

Ru-94 ........................................................................................ 
Ru-103 ....................................................................................... 

Rh-99m ............ : ......................................................................... 

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

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

................................ 
Pd-100 ........................................................................................ 
Pd-101 ........................................................................................ 
Pd-103 ........................................................................................ 
Pd-107 ........................................................................................ 
Pd-109 ........................................................................................ 
Ag-102 ......................................................... < .............................. 
Ag.103 ........................................................................................ 
Ag-104 .............................. ..................................................... 
Ag-104m ..................................................................................... 
Ag-105 .............................. ..................................................... 
Ag-106m ........................... ..................................................... 
Ag108m ..................................................................................... 
Ag-1 10m ...................................... ~ .............................................. 
Ag-1 12 ........................................................................................ 
A g l  15 .............................................................. 
Cd-104 ... : ................................................................................... 

Ag-106 ........................................................................................ 

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

1, value 

l.E-02 ....... 
l.E-02 ....... 
l.E-02 ....... 
l.E-02 ....... 
1.E-02 ....... 
l.E-02 ....... 
l.E-02 ....... 
l.E-02 ....... 
l.E-02. ....... 
8.E-Of ....... 
5.E-02 ....... 
8.E-01 ....... 
5.E-02 ....... 
8.E-01 ....... 
5.E-02 ....... 
8.E-01 ....... 
5.E-02 ....... 
8.E-01 ....... 
5.E-02 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 .... i.. 
8.E-01 ....... 
8.E-01 ....... 
6.E-01 ....... 
6.E-01 ....... 
8.E-01 ....... 
BE-01 ....... 
6.E-01 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ........ 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-03 ........ 
5.E-03 ........ 
LE-03 ........ 
5.E-03 ........ 
5.E-03 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
;.E-02 ......... 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
LE-02. ........ 
LE-02 ........ 

Ingested 
water DCG 
6lWW 

1.E-04 ........ 
3.E-05 ......... 
5.E-03 ........ 
3.E-05 ...... L. 
7.E-05 ........ 
RE-OS ........ 
3.E-OS ........ 
6.E-04 ........ 
4.E-04 ........ 
l.E-04 ........ 
6.E-05 ........ 
3.E-.04 ........ 
1.E-04 ........ 
l.E-04 ........ 
6.E-04 ........ 
5.E-05 ........ 
3.E-05 ..... :.. 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
9.E-04 ........ 
5.E-04 ........ 
2.E-04 ........ 
1.E-04 ........ 
3.E-04 ........ 
4.E-03 ........ 
5.E-05 ........ 
l.E-04 ........ 
9.E-04 ........ 
3.E-05 ........ 
2.E -03 ........ 
l.E-04 ........ 
4.E-03 ........ 
8.E-04 ........ 
4.E-04 ........ 
2.E-04 ........ 
5.E-05 ........ 
l.E-04 ........ 
6.E-06 ........ 
5.E-04 ........ 
7.E-05 ........ 
5.E-05 ........ 
2.E-04 ........ 
6.E-05 ........ 
4.E-05 ......... 
2.E-05 ........ 
l.E-02 ........ 
l.E-04 ........ 
2.E-04 ........ 
2.E-03 ........ 
LE-04 ........ 
2.E-04 ........ 
1.E-03 ........ 
6.E-05 ........ 
2.E-03 ........ 
1.E-03 ........ 
3.E-04 ........ 
?.E-04 ........ 
7.E - 05 ........ 
2.E-05 ........ 
2.E-03 ........ 
2.E-05 ........ 
I.€-05 ........ 
3.E-05 ........ 
>.E-05 ........ 
E-04 ; ....... 
5.E-04 ........ 

4 .~-05  ........ 

D 

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

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

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

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

..................... 
2.E-08 ......., 
4.E-08 ....... 
l.E-08 ....... 
6.E-09 ....... 
..................... 

3.E-07 ....... 
4.E-07 ....... 
2.E-07 ....... 
l.E-07 ....... 
4.E-08 ....... 
l.E-08 ....... 
5.E-08 ....... 
7.E-07 ....... 
7.E-09 ....... 
2.E-08 ....... 
l.E-07 ....... 
4.E-09 ........ 
4.E-07 ......., 
l.E-08 ....... 
8.E-07 ........ 
2.E-07 ........ 
l.E-07 ........ 

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

5.E-08 ........ 
4.E-09 ........ 
3.E-08 ........ 
2.E-10 ........ 
l.E-07 ........ 
7.E-09 ........ 
1.E-08 ........ 
3.E -08 ........ 
1 .E - 09 ........ 
l.E-09 ........ 
2.E-10 ........ 
3.E-06 ........ 
3.E-08 ........ 
6.E-08 ........ 
6.E-07 ........ 
4.E-09 ........ 
7.E-08 ........ 
l.E-08 ........ 
5.E-08 ........ 
l.E-08 ........ 
4.E-07 ........ 
2.E-07 ........ 
2.E-07 ........ 
2.E-07 ........ 
2.E-09 ........ 
2.E-09 ........ 
4.E-07 ........ 
4.E-10 ........ 
3.E-10 ........ 
$.E-09 ........ 
2.E - 08 ........ 
2.E - 07 ........ 
2.E -07 ........ 

W 

4.E-08 ....... 
6.E-09 ....... 
3.E-08 ....... 
5.E-10 ....... 
6.E-09 ....... 
3.E-09 ....... 
6.E-09 ....... 
2.E-07 ....... 
l.E-07 ....... 

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

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

..................... 
7.E - 07 ....... 
2.E-07 ....... 
l.E-07 ....... 
6.E-08 ....... 
5.E-09 ....... 
5.E-08 ....... 
6.E-07 ....... 
5.E-09 ....... 
3.E-09 ....... 
l.E-08 ....... 
7.E- 10 ....... 
6.E-07 ....... 
2.E-09 ....... 
9.E-07 ....... 
2.E-07 ....... 
2.E-07 ....... 
3.E-08 ....... 
2.E-09 ....... 
3.E-08 ....... 
1.E-10 ....... 
2.E-07 ....... 
5.E-09 ....... 
3.E-09 ....... 
2.E-08 ....... 
2.E-09 ....... 
3.E-10 ....... 
4.E-10 ....... 
3.E-06 ........ 
1.E-08 ........ 
>.E-08 ........ 
5.E-07 ........ 
3.E-09 ........ 
3.E-08 ........ 
1.E-08 ........ 
LE-08 ........ 
1.E-08 ........ 
LE-07 ........ 
LE-07 ........ 
).E-07 ........ 
l.E-09 ........ 
?.E-09 ........ 
LE-07 ........ 
;.E-10 ........ 
1.E- 10 ........ 
!.E-09 ........ 
!.E-08 ........ 
!.E-07 ........ 
LE-07 ........ 

LE-07 ........ 
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TABLE A-la.-DERnEo CoNCENlRATlON GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 

bCrl 

- 
INHALATION RESULTING IN Ah' EDE OF 100 M R E M f v R . x O n t i n U e d  

Radionuclide 

Cd-107 ....................................................................................... 
Cd-109 ....................................................................................... 
Cd-ll3m .................................................................................... 
Cd-113 ....................................................................................... 
Cd-l l5m .................................................................................... 
Cd-115 ....................................................................................... 
Cd-l17m .................................................................................... 
Cd-117 ....................................................................................... 
In-109 ....................................................................................... :. 
In-1 10 (5 h) ................................................................................ 
In-1 11 ......................................................................................... 
In-1 12 ......................................................................................... 
In-1 14m ...................................................................................... 
In-1 15m ...................................................................................... 
In-1 15 ......................................................................................... 
In-1 16m ...................................................................................... 
In-1 17m ....................................................................................... 
In-1 17 ......................................................................................... 
In-119m ...................................................................................... 
Sn-110 ........................................................................................ 
9 - 1 1  1 ........................................................................................ 
Sn-113 ........................................................................................ 
Sn-117m ..................................................................................... 
Sn-119m ..................................................................................... 
Sn-121 m ..................................................................................... 
Sn-121 ........................................................................................ 
Sn-12311-1 ..................................................................................... 
Sn-123 ........................................................................................ 
Sn-125 ........................................................................................ 
Sn-126 ........................................................................................ 
Sn-127 ........................................................................................ 
Sn-128 ........................................................................................ 

In-110 (69 min) .... ;....~. ................................................................ 

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

Sb-115 ........................................................................................ 
Sb-116m ..................................................................................... 

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

......................................................................... 
Sb-1 18m ..................................................................................... 
Sb-119 ...................................................... 
Sb-120 (16 rnin) ......................................................................... 
Sb-120 (6 d) ....................... ;.. ............................ ............. 
Sb-122 ........................................................................................ 

........................................................................ 
Sb-124 ........................................................................................ 
Sb-125 ........................................................................................ 
Sb-l26m ..................................................................................... 
Sb-126 ........................................................................................ 
Sb-127 ................................................................ i ....................... 
Sb-128 (9 h) ............................................................................... 
Sb-128 (10 min) ......................................................................... 

1, value 

5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E - 02 ... : .... 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E- 02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
I.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E -02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 

Ingested 
water DCG 

6lCLhnL) 

6.E-04 ........ 
l.E-05 ........ 
g.E-07 ........ 
8.E-07 ........ 
g.E-06 ........ 
3.E-05 ........ 
l.E-04 ........ 
l.E-04 ........ 
5.E-04 ........ 
4.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
&E-03 ........ 
l.E-03 ........ 
9.E-06 ........ 
4.E-04 ........ 
l.E-06 ........ 
7.E-04 ........ 
3.E-04 ........ 
2.E-03 ........ 
l.E-03 ........ 
9.E-05 ........ 
2.E-03 ........ 
5.E-05 ........ 
5.E-05 ........ 
l.E-04 ........ 
l.E-04 ........ 
2.E-04 ........ 
l.E-03 ........ 
2.E-05 ........ 
l.E-05 ........ 
8.E-06 ........ 
2.E-04 ........ 
3.E-04 ........ 
2.E-03 ........ 
2.E-03 ........ 
6.E-04 ........ 
6.E-04 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-04 ........ 
2.E-04 ........ 
4.E-04 ........ 
4.E-04 ........ 
5.E-03 ........ 
5.E-03 ........ 
3.E-05 ........ 
2.E-05 ........ 
2.E-05 ........ 
2.E-05 ........ 
7.E-03 ........ 
7.E-03 ........ 
2.E-05 ........ 
l.E-05 ........ 
6.E-05 ........ 
5.E-05 ........ 
2.E - 03 ........ 
2.E-03 ........ 
l.E-05 ........ 
l.E-05 ........ 
2.E-05 ........ 
2.E-05 ........ 
3.E-05 ........ 
3.E-05 ........ 
3.E-03 ........ 
3.E-03 ........ 

D 

l.E-07 ........ 
l.E-10 ........ 
8.E-12 ........ 
8.E-12 ........ 
2.E-10 ........ 
3.E-09 ........ 
3.E-08 ........ 
3.E-08 ........ 
l.E-07 ........ 
1 .E -07 ........ 
4.E-08 ........ 
1.E- 08 ........ 
2.E-06 ........ 
3.E-07 ........ 
l.E-10 ........ 
l.E-07- ........ 
3.E-12 ........ 
2.E-07 ........ 
8.E-08 ....... 
4.E-07 ....... 
3.E-07 ....... 
3.E-08 ....... 
5.E-07 ....... 
3.E-09 ......., 
5.E-09 ....... 
6.E-09 ....... 
2.E-09 ....... 
4.E-08 ....... 
3.E-07 ....... 
2.E-09 ....... 
2.E-09 ....... 
l.E-10 ........ 
5.E-08 ........ 
6.E-08 ........ 
6.E-07 ........ 
...................... 
2.E-07 ........ 
7.E-07 .... i... 
5.E-07 ........ 
5.E-08 ........ 
l.E-07 ........ 
l.E-06 ........ 
5.E-09 ........ 
5.E-09 ........ 
2.E-06 ........ 
2.E-09 ........ 

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

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

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

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

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

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

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

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

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

...................... 
5.E-09 ........ 
...................... 
$.E-07 ........ 
3.E-09 ........ 
...................... 
...................... 
LE-09 ........ 
l.E-08 ........ 
3.E-07 ........ 

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

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

W 

1.E-07 ........ 
LE-10 ........ 
3.E-11 ........ 
3.E-11 ........ 
3.E-10 ........ 
3.E-39 ........ 
l.E-08 ......., 
$.E-08 ........ 
2.E-07 ....... , 
l.E-07 ....... 
5.E-08 ....... , 
2.E-08 ....... 
2.E-06 ....... 
5.E-07 ....... 
2.E-10 ....... 
1.E-07 ....... 
1.E-11 ....... 
3.E-07 ....... 
l.E-07 ....... 
5.E-07 ....... 
3.E-07 ....... 
3.E-08 ....... 
6.E-07 ....... 
l.E-09 ....... 
3.E-09 ....... 
2.E-09 ....... 
l.E-09 ....... 
3.E-08 ....... 
3.E-07 .... <.. 
4.E- 10 ....... 
8.E-10 ....... 
!.E-10 ........ 
LE-08 ........ 
).E-08 ........ 
?.E-07 ........ 
LE-07 ........ 
).E-07 ........ 

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

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

'.E-07 ........ 
LE-08 ........ 
...................... 

;.E-08 ........ 
1.E-06 ........ 
...................... 

LE-09 ........ 
!.E-09 ........ 
....................... 

1.E-06 ........ 
;.E-10 ........ 
...................... 

1.E-09 ........ 
LE-07 ........ 
...................... 
'.E-09 ........ 
!.E-09 ........ 
...................... 

LE-09 ........ 
.E-06 ........ 
...................... 

Y 

l.E-07 
3.E-10 
3.E-11 
3.E-11 
3.E-10 
3.E-09 
3.E - 08 
3.E-08 
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TABLE A- la .qERIVED CoNCENlRATlON GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 100 MREMlvR.-Continued 

Radionuclide 

Sb-129 .................. ..................................................................... 
Sb-130 ........................................................................................ 
Sb-131 ........................................................................................ 
Te-1 1 6 ........................................................................................ 
Te-12lm ..................................................................................... 
Te-121 ............... : ........................................................................ 
Te-123m ..................................................................................... 
Te-123 ........................................................................................ 
Te-l25m ..................................................................................... 
Te-l27m ..................................................................................... 
Te-129m :... 
Te-129 ........... ................................................................... 
Te-13lm ..................................................................................... 
Te-131 ....................................................................... 
Te-132 ..................................... 

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

................................................... 
Te-134 ........................................................................................ 
1-120 ........................................................................................... 
1-121 ........................................................................................... 
1-123 ........................................................................................... 
1-124 ........................................................................................... 

. 1-125 ........................................................................................... 
1-126 ........................................................................................... 
1-128 ........................................................................................... 

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

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

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

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

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

1-133 ........................................................................................... 
1-1353 ........................................................................................ 
CS-1 25 ....................................................................................... 
CS-127 ....................................................................................... 
cs-128 .................................. ............................................. 
CS-1 31 ....................................................................................... 

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

........................................... 
........................................................ 
........................................................ 
........................................................ . ...................... ; ................................. 

cs-135 ..................................................................... 
CS-136 ..................................................................... 
CS-137 .................................................. 
cs- 138 ....................................................................................... 
Ba-126 .................................................. .................................... 
Ea-126 ..................... ; ................................................................. 
Ba-131 m ..................................................................................... 
Ba-131 ....................................................................................... 
Ba-133m .................................................................................... 
Ba-133 ...... ; ................................................................................ 
Ba-135m .................................................................................... 
Ba-139 ....................................................................................... 
Ba-140 ........................................................................................ 

........................................................................................ 
Ba-141 ....................................................................................... 
Ba-142 ....................................................................................... 

............................................................. 
La-135 ....................................................................................... 
La-137 ....................................................................................... 
La-138 ............................................ : .......................................... 
La-140 ....................................................................................... 

1, value 

1.E-01 ........ 
1.E-02 ........ 
1.E-01 ........ 
1.E-02 ........ 
1.E-01 ........ 
1.E-02 ........ 
!.E-Ql ........ 
!.E-01 ........ 
!.E-01 ........ 
!.E-01 ........ 
!.E-01 ........ 
2.E-01 ........ 
LE-01 ........ 
!.E-01 ........ 
!.E-01 ........ 
2.E-01 ........ 
!.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
l.E+00 .......... 
l.E+00 .......... 
l.E+00 .......... 
l.E+W .......... 
1 .E+OO .......... 
l.E+00 .......... 
1 .E+W .......... 
l.E+00 .......... 
l.E+00 .......... 
l.E+00 .......... 
l.E+W .......... 
l.E+00 .......... 
l.E+OO .......... 
l.E+00 .......... 
l.E+00 .......... 
1 .E+W ........... 
1 .E+M .......... 
l.E+00 .......... 
l.E+00 .......... 
l.E+00 .......... 
1 .E+W .......... 
l.E+00 .......... 
l.E+00 .......... 
1 .E+OO .......... 
l.E+00 .......... 
l.E+00 .......... 
1 .E+00 .......... 
l.E+00 .......... 
l.E+00 .......... 
l.E-01 ........ 
l.E-01 ..;. .... 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-03 ........ 
l.E-03 ..: ..... 
1 .E- 03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 

Ingested 
water DCG 
6 m L )  

8.E - 05 ........ 
8.E-05 ........ 
5.E-04 ........ 
5.E-04 ........ 
5.E-04 ........ 
5.E-04 ........ 
2.E-04 ........ 
2.E-05. ........ 
9.E-05 ........ 
3.E-05 ........ 
3.E -05 ........ 
4.E - 05 ........ 
2.E-05 ........ 
2.E-04 ........ 
l.E-05 ........ 
7.E - 04 ........ 
2.E-05 ........ 
2.E -04 ........ 
2.E-05 ........ 
2.E-04 ........ 
9.E-04 ........ 
7.E-04 ........ 
3.E-04 ........ 
2.E-04- ........ 
8.E-04 ........ 
3.E-04 ........ 
4.E-06 ........ 
4.E-06 ........ 
2.E-06 ........ 
2.E- 03 ........ 
5.E-07 ........ 
3.E-05 ........ 
3.E-06 ........ 
3.E-04 ........ 
2.E-04' ........ 
1 .E - 05 ........ 
7.E-04 ........ 
7.E-05 ........ 
2.E-03 ........ 
2.E-03 ........ 
6.E-04 ........ 
3.E-03 ........ 
6.E-04 ........ 
7.E-05 ........ 
3.E-03 ........ 
2.E-06 ........ 
3.E-03 ........ 
2.E-05 ........ 
l.E-05 ........ 
3.E-06 ........ 
9.E-04 ........ 
2.E-04 ........ 
l.E-05 ........ 
l.E-02 ........ 
8.E-05 ........ 
7.E-05 ........ 
4.E-05 ........ 
9.E-05 ........ 
3.E-04 ........ 
2.E-05 ........ 
7.E-04 ........ 
l.E-03 ........ 
l.E-03 ........ 
9.E-05 ........ 
l.E-03 ........ 
3.E - 04 ........ 
2.E-05 ........ 
2.E-05 ........ 

Inhaled alr DCG CcVmL) 

D 

!.E-08 ........ 
2.E-07 ........ 
...................... 

3.E-08 ........ 
...................... 
j.E-08 ........ 
3.E-10 ........ 
l.E-08 ........ 
l.E-09 ........ 
l.E-09 ........ 
2.E-09 ........ 
l.E-09 ........ 
5.E-08 ........ 
2.E-09 ........ 
2.E - 07 ........ 
3.E-09 ........ 
3.E-08 ........ 
2.E-09 ........ 
3.E-08 ........ 
l.E-07 ........ 
l.E-07 ........ 
5.E-08 ........ 
3.E-08 ........ 
l.E-07 ........ 
4.E-08 ........ 
6.E-10 ........ 
5.E-10 ........ 
3.E-10 ........ 
3.E-07 ........ 
7.E-11 ........ 
5.E-09 ........ 
4.E-10 ........ 
5.E-08 ........ 
4.E-00 ........ 
2.E-09 ........ 
l.E-07 ........ 
l.E-08 ........ 
3.E-07 ........ 
2.E -07 ........ 
8.E-08 ........ 
4.E-07 ........ 
7.E - 08 ........ 
9.E-09 ........ 
3.E -07 ........ 
2.E-10 ........ 
5.E-07 ........ 
3.E-09 ........ 
2.E-09 ........ 
4.E-10 ........ 
l.E-07 ........ 
4.E-08 ........ 
4.E-09 ........ 
3.E-06 ........ 
2.E - 08 ........ 
2.E-08 ........ 
2.E-09 ........ 
3.E-08 ........ 
7.E-08 ........ 
3.E-09 ........ 
2.E - 07 ........ 
3.E - 07 ........ 
3.E-07. ........ 
2.E-08 ........ 
2.E-07 ........ 
2.E-10 ........ 
8.E-12 ........ 
4.E-09 ........ 

W 

!.E-08 ........ 
!.E-07 ........ 
...................... 

1.E-07 ........ 
'.E-08 ........ 
1.E-09 ........ 
r.E-09 ........ 
1.E-09 ........ 
LE-09 ........ 
!.E-09 ........ 
LE-10 ........ 
I.E-08 ........ 
j.E-10 ........ 
!.E-07 ........ 
2.E-09 ........ 
3.E-08 ........ 
2.E-09 ........ 
3.E-08 ....... 
1.E-07 ....... 
1.E-07 ....... 

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

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

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

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

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

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

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

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

Y 

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

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

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

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

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

..................... 
4.E-07 ....... 
3.E-08 ....... 
2.E-07 ....... 
6.E-10 ....... 
3.E- <1 ....... 
3.E-09 ....... 
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1, value 

1.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 .: ...... 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E,-04 ........ 
3.E-04. ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 

l.E-04 ........ 
2.E-04 ........ 
l.E-03 ........ 
l.E-05 ........ 
4.E-05 ........ 
7.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
5.E-05 ........ 
3.E-05 ........ 
7.E-06 ........ 
2.E-03 ........ 
l.E-03 ........ 
3.E-04 ........ 
1.E-03 ........ 
2.E-03 ........ 
3.E-05 ........ 
3.E-05 ........ 
l.E-03 ........ 
9.E-05 ........ 
2.E-03 ........ 
4.E-04 ........ 
5.E-05 ........ 
l.E-04 ........ 
2.E-03 ........ 
4.E-03 ........ 
4.E-05 ........ 
3.E-04 ........ 
2.E-03 ........ 
2.E-03 ........ 
l.E-04 ........ 
4.E-05 ........ 
3.E-04 ........ 
4.E-05 ........ 
l.E-04 ........ 
2.E-05 ........ 
l.E-05 ........ 
4.E-05 ........ 
l.E-W ........ 
5.E-05 ........ 
8.E-04 ........ 
2.E-03 ........ 
2.E-04 ........ 
2.E-04 ........ 
7.E-07 ........ 
8.E-07 ........ 
4.E-04 ........ 
5.E-05 ........ 
2.E-03. ........ 
l.E-04 ........ 
4.E-05 ........ 
3.E-05 ........ 
8.E-05 ........ 
3.E -05 ........ 
3.E-04 ........ 
9.E-05 ........ 
!.E-05 ........ 
'.E-05 ........ 
?.E-O5 ........ 
l.E-05 ........ 
1.E-04 ........ 
!.E-O5 ........ 
LE-05 ........ 
LE-04 ........ 
1.E-03 ........ 
LE-05 ........ 
;.E-05 ........ 
'.E-07 ........ 

D 
~- ~ 

2.E-08 ........ 
5.E-08 ........ 
2.E-07 ....... 

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

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

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

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

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

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

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

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

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

TABLE A-la.-DERm CONCENTRATON GUIDES (DCGS) FOR MEMSERS OF THE PUBLIC FROM INQESTED WATER AND 
lNHAUTlON RESULTlNG IN AN EDE OF 100 MREMkR.4hl6noed 

Inhaled slr Dco (pcvml) 
Redknuclide 

La-141 ....................................................................................... 
La-142 .............................................................. 1 ........................ 
La-143 ....................................................................................... 
-134 ...................................................................................... 
Ce-135 ...................................................................................... 
Ce-137rn ................................................................................... 
-137 ...................................................................................... -139 2.E-09 
Ce-141 l.E-09 
Ce-143 4.E-09 
ce-144 3.E-11 

5.E - 07 Pr-138 ....................................................................................... 
Pr-137 3.E - 07 
Pr-1% l.E-07 
Pr-139 2.E - 07 

3.E - 07 Pr-142rn .................................................................................... 
4.E - 09 PI-1 42 ....................................................................................... 

Pr-143 2.E-09 
Pr-144 3.E - 07 ................................................................................... 1 .... 
Pr-145 2.E - 08 

4.E-07 Pr-147, ........................................................................................ 
Nd-136 l.E-07 
Nd-138 l.E-08 

3.E - 08 Nd-139m .................................................................................... 
Nd-139 7.E -07 
Nd-141 ....................................................................................... Nd-147 2.E-09 

6.E - 08 Nd- 1 49 ....................................................................................... 
Nd-151 4.E - 07 
Pm-141 4.E - 07 
Pm-143 2.E-09 
Pm-144 3.E-10 
Pm-145 ....................................................................................... 
Pm-146 ....................................................................................... 
Pm-148m .................................................................................... 
pm-148 ....................................................................................... 
Pm-149 4.E-09 
Pm-150 4.E-08 
Pm-151 7.E - 09 
Sm-141 m .................................................................................... 
Sm-141 ....................................................................................... 
Sm-142 ....................................................................................... 
Sm-145 ....................................................................................... 
Srn-146 ....................................................................................... 
Sm-147 ..... !. ............................................................................... 
sm-151 ....................................................................................... 
sm-153 ....................................................................................... 
sm-155 ....................................................................................... 
sm-1% ....................................................................................... 
Eu-145 ........................................................................................ 
EU-146 ........................................................................................ 
Ev-147 ........................................................................................ 
Eu-148 ........................................................................................ 
Eu-149 ........................................................................................ 
Eu-150 (12 h) ............................................................................. 
Eu-150 (34 yr) ......... i .................................................................. 
Eu-152 ......................................................................................... 
Eu-1.54 ............... ..; ...................................................................... 
Eu-155 ........................................................................................ 
Eu-158 ........................................................................................ 
Eu-157 ........................................................................................ 

. Eu-158 ........................................................................................ 
Gd-145 ....................................................................................... 
Gd-146 ....................................................................................... 

. Gd-147 ....................................................................................... 
Gd-148 ....................................................................................... 

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

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

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

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

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

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

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

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

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

Eu-l52m ..................................................................................... 
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...................... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.E-07 ........ 

.E-10 ........ 

.E-00 ........ 

.E-14 ........ 

3.E-08 ....... 
8.E-08 ....... 
2.E-07 ....... 
2.E-09 ....... 
9;E - 08 ....... 
l.E-08 ....... 
3.E-07 ....... 
2.E-09 ....... 
2.E-09 ....... 
4.E-09 ....... 
6.E-11 ....... 
6.E-07 ....... 
4.E - 07 ....... 
l.E-07 ....... 
3.E-07 ....... 
4.E-07 ....... 
5.E-09 ....... 
2.E-09 ....... 
3.E-07 ........ 
2.E-08 ........ 
5.E-07 ........ 
l.E-07 ........ 
l.E-08 ........ 
4.E-08 ........ 
8.E-07 ....... 
2.E-06 ........ 
2.E-09 ....... 
6.E-08 ....... 
5.E-07 ....... 
4.E-07 ....... 
l.E-09 ........ 
3.E-10 ........ 
5.E-10 ....... 
l.E-10 ....... 
5.E-10 ....... 
7.E-10 ....... 
l.E-09 ....... 
5.E-09 ....... 
5.E-08 ........ 
&E-09 ....... 
2.E-07 ....... 
4.E- 07 ........ 
6.E-08 ......., 
l.E-09 ........ 
l.E-13 ........ 
2.E- 13 ....... 
4.E-10 .i....., 

7.E-09 ....... 
5.E-07 ........ 
2.E-08 ........ 
5.E-09 ........ 
3.E-09 ........ 
4.E-09 ......... 
8.E-10 ........ 
7.E-09 ........ 
2.E-08 ........ 
LE-11 ........ 
!.E-08 ........ 
5.E-11 ........ 
LE-11 ........ 
LE-10 ........ 
1.E-09 ........ 
1.E-08 ........ 
1.E-07 ........ 
LE-07 ........ 
?.E - 10 ........ 
3.E-09 ........ 
1.E-13 ........ 
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lNHPUTI0N RESULTING IN AN EDE OF 100 MREM!YR.-cOlltinued 

rn 

RadkjrllJcIide 

Gd-149 ....................................................................................... 
Gd-151 ....................................................................................... 
Gd-152 ....................................................................................... 
Gd-153 ....................................................................................... 
Gd-159 ....................................................................................... 
Tb-147 ........................................................................................ 
Tb-149 ......................................................................................... 
Tb-150 ........................................................................................ 
Tb-151 ........................................................................................ 
Tb-153 ................. ; ....................................................................... 
Tb-154 ....................................................................................... 
Tb-155 ....................................................................................... 
Tb-156m (24 h) ......................................................................... 
Tb-156m (5 h) ........................................................................... 
-156 ....................................................................................... 
Tb-157 .................... i .................................................................. 
Tb-158 ....................................................................................... 
Tb-160 ....................................................................................... 
Tb-161 ....................................................................................... 
Dy-155 ....................................................................... : ............... 

Dy-165 ....... ; ............................................................................... 
Dy-166 ....................................................................................... 

Dy-157 ....................................................................................... 
Dy-159 ....................................................................................... 

Ho-155 ...................................................................................... 
Ho-159 ........................................................................................ 
Ho-161 ...................................................................................... 
Ho-l62m ................................................................................... 
He1 62 ....................................................................................... 
He164n: ................................................ .................................... 
Ho-164 ............................................................ : ......................... 
Ho-l66m .................................................................................... 
Ho-166 ....................................................................................... 
He1 67 ....................................................................................... 
Er-161 ........................................................................................ 
Er-165 ........................................................................................ 
Er-169 ...................... ! ................................................................. 

b 1 5 7  ....................................................................................... 

Er-171 ........................................................................................ 
Er-172 ........................................................................................ 
Tm162 ....................................................................................... 
Tm166 ....................................................................................... 
Tml67  ....................................................................................... 
Tm170 ....................................................................................... 
Tp171 ....................................................................................... 
Tml72 ....................................................................................... 
Tm173 ....................................................................................... 
Tml75 ....................................................................................... 
Yb-162 ........................................................................................ 
Yb-166 ........................................................................................ 
Yb-167 ........................................................................................ 
Yb-169 ............... ......................................................................... 
Yb-175 ..................... : .................................................................. 
~b.1 n ........................................................................................ 
Yb-178 ........................................................................................ 
Lu-169 ........................................................................................ 
Lu-170 ... ; ..................................................................................... 
LU-171 ........................................................................................ 
Lu-172 ........................................................................................ 
LU-173 ........................................................................................ 
Lu-174m ..................................................................................... 
Lu-1 74 ......................................................... : .............................. 
Lw176m ..................................................................................... 
Lu-1 76 ........................................................................................ 
Lwl77m ..................................................................................... 
LIJ-177 ........................................................................................ 
Lu-178m ..................................................................................... 
Lu-178 ........................................................................................ 

1, value 

3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04' ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ...... ;. 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 

E.E-05 .... i.. 
2.E-04 ....... 
9.E-07 ....... 
l.E-04 ....... 
7.E-05- ....... 
2.E-04 ... ;... 
1.E-04 ....... 
l.E-04 ....... 
l.E-04 ....... 
l.E-04 ....... 
5.E-05 ....... 
2.E-04 ....... 
2.E-04 ....... 
4.E-04 ....... 
3.E-05 ....... 
l.E-03 ....... 
3.E-05 ....... 
2.E-05 ....... 
5.E-05 ....... 
2.E-04 ....... 
5.E-04 ....... 
3.E-04 ....... 
4.E-04 ....... 
2.E-05 ....... 
l.E-03 ....... 
7.E-03 ....... 
6.E-03 ....... 
3.E-03 ....... 
2.E-03 ....... 
2.E-02 ....... 
3.E-03 ....... 
6.E-03 ....... 
2.E-05 ....... 
2.E-05 ....... 
4.E-04 ....... 
4.E-04 ....... 
2.E-03 ....... 
l.E-04 ....... 
l.E-04 ....... 
4.E-05 ....... 
2.E-03 ....... 
l.E-04 ....... 
7.E-05 ....... 
3.E-05 ....... 
3.E-04 ....... 
2.E-05 ....... 
l.E-04 ....... 
2.E-03 ....... 
2.E-03 ....... 
4.E - 05 ....... 
&E-03 ....... 
5.E-05 ....... 
9.E-05 ....... 
4.E-04 ....... 
3.E-04 ....... 
'.E-05 ........ 
LE-05 ........ 
LE-05 ........ 
1.E-04 ........ 
LE-05 ........ 
.E-04 ........ 
!.E-04 ........ 
!.E-05 ........ 
!.E-05 ........ 
'.E-05 ........ 
!.E-03 ........ 
.E-03 ........ 

i.E-05 ........ 

Inhaled alr DCG (pCi/mL) 

D 

5.E-09 ........ 
2.E-09 ........ 
5.E-14 ........ 
8.E-10 ........ 
2.E-08 ........ 
...................... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

W 

6.E-09 ....... 
3.E-09 ....... 
2.E-13 ....... 
l.E-09 ....... 
l.E-08 ....... 
8.E-08 ......, 
2.E-09 ....... 
5.E-08 ......, 
2.E-08 ......, 
2.E-08 ....;. 
1.E-08 ......, 
2.E-08 ...... 
2.E-08 ...... 
6.E-08 ...... 
3.E-09 ...... 
l.E-09 ....... 
5.E-11 ...... 
5.E-10 ...... 
4.E-09 ...... 
6.E-08 ...... 
2.E-07 ...... 
6.E-09 ...... 
l.E-07 ...... 
2.E-OB ...... 
4.E-07 ...... 
3.E-06 ...... 
2.E-06 ...... 
l.E-06 ...... 
6.E-07 ...... 
6.E-06 ...... 
7.E-07 ...... 
2.E-06 ...... 
2.E-11 ...... 
4.E-09 ...... 
l.E-07 ...... 
2.E-07 ...... 
4.E-07 ...... 
6.E-09 ...... 
2.E-08 ...... 
3.E-09 ...... 
7.E-07 ...... 
3.E-08 ...... 
5.E-09 ...... 
5.E-10 ...... 
l.E-09 ...... 
3.E-09 ...... 
3.E-08 ...... 
6.E-07 ...... 
7.E-07 ....... 
5.E-G9 ....... 
2.E-06 ....... 
2.E-09 ..: .... 
8.E-09 ....... 
l.E-07 ....... 
9.E-08 ....... 
l.E-08 ........ 
LE-09 ........ 
$.E-09 ........ 
LE-09 ........ 
1.E-09 ........ 
LE-10 ........ 
LE-10 ........ 
LE-08 ........ 
LE-11 ...... ;. 
#.E-10 ........ 
;.E-09 ........ 
LE-07 ........ 
#.E-07 ........ 

Y 

7.E-07 
4.E-09 
2.E - 06 
2.E - 09 
&E-09 
l.E-07 
9.E - 08 
'.E-08 
;.E-09 
;.E - 09 
LE-09 
LE-10 
;.E-10 
*.E-10 
1.E-08 
!.E-11 
'.E-10 
'LE-09 
.E - 07 
1.E - 07 



Redlonuclide 

Lu-1 79 ........................................................................................ 
Hf-170 .............. ......................................................................... 
Hf-172 ........................................................................................ 
Hf-173 ......................................................... 1 .............................. 
Hf-175 ........................................................................................ 
Hf-178m ..................................................................................... 
Hf-179m ................ i .................................................................... 
Hf-1 Born ..................................................................................... 
Hf-181 ........................................................................................ 
Hf-1 8 h  ..................................................................................... 
Hf-182 ........................................................................................ 
Hf-183 ........................................................................................ 
Hf- 184 ........................................................................................ 
Ta-172 ........................................................... :. ........................... 

Hf-177m ...................... : .............................................................. 

Ta-173 ........................................................................................ 
Ta-174 ........................................................................................ 
Ta-175 ........................................................................................ 
Ta-176 ........................................................................................ 
T a - i n  ........................................................................................ 
Ta-178 ........................................................................................ 
?a-1 79 ........................................................................................ 
rTa-180m ..................................................................................... 
Ta-180 ........................................................................................ 
Ta-l82m ................................................. : ................................... 
Ta-182 ........................................................................................ 
Ta-183 ........................................................................................ 
Ta-184 ........................................................................................ 
Ta-185 ........................................................................................ 
Ta-186 ............... : ........................................................................ 
W-176 ......................................................................................... 
w-177 ......................................................................................... 
W-178 ........................................................................................ 
W-179 ......................................................................................... 
w-181 ......................................................................................... 
w-185 ......................................................................................... 
W-187 ......................................................................................... 
w-188 ......................................................................................... 
Re-177 ....................................................................................... 
Re-178 ....................................................................................... 
Re-181 ....................................................................................... 
Re-182 (12 h) ............................................................................. 
R&l&Qm .................................................................................... 
Re-1 84 ....................................................................................... 
Re-186m- ........................................................ : ........................... 
Re-186 ....................................................................................... 
Re-I 87 ....................................................................................... 
Re-188m I ................................................................................... 
Re-188 ....................................................................................... 
Re-189 ...................... : ................................................................ 
08-180 ....................................................................................... 
09-181 ....................................................................................... 
08-1 82 ....................................................................................... 

. 08-185 ....................................................................................... 
Os-1 89m ....... : ............................................................................ 
Os-191 m ............................ : ....................................................... 
09-191 .................... : .................................................................. 
09-193 ....................................................................................... 
08-194 ....................................................................................... 

Re-182 (64 h) ............................................................................. 

1, value 
~ 

3.E-04 ........ 
2.E-03 ........ 
2.E-03 .: ...... 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
25 -03  ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
13.E-02 ...... 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
1.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
l.E-02 ........ 
l.E-02 ........ 
1.E-02 ........ 
l.E-02 ........ 
1.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02- ........ 

2.E-04 ........ 
7.E-05 ....... 
3.E-05 ....... 
l.E-04 ....... 
8.E-05 ....... 
5.E-04 ....... 
7.E-06 ....... 
3.E-05 ....... 
2.E-04 ....... 
3.E-05 ....... 
l.E-03 ....... 
l.E-05 ....... 
5.E-04 ....... 
7.E-05 ....... 
l.E-03 ....... 
2.E-04 ....... 
7.E-04 ....... 
2.E-04 ....... 
l.E-04 ....... 
3.E-04 ....... 
5.E-04 ....... 
6.E-04 ....... 
6.E-04 ....... 
4.E -05 ....... 
6.E-03 ....... 
2.E-05 ....... 
3.E-05 ..: .... 
5.E-05 ....... 
7.E-04 ....... 
2.E-03 ....... 
3.E-04 ....... 
4.E-04 ....... 
6.E-04 ....... 
7.E-04 ....... 
2.E-04 ....... 
2.E-04 ....... 
l.E-02 ....... 
2.E-02 ....... 
4.E-04 ....... 
5.E-04 ....... 
7.E-05 ....... 
l.E-04 ....... 
5.E-05 ....... 
7.E-05 ........ 
l.E-05 ....... 
2.E - 05 ....... 
3.E-03 ....... 
3.E-03 ........ 
l.E-04 ........ 
4.E-05 ........ 
2.E-04 ........ 
6.E-05 ........ 
6.E-05 ........ 
4.E-05 ........ 
5.E-05 ........ 
2.E-02 ........ 
2.E-03 ........ 
5.E-05 ........ 
9.E.-05 ........ 
3.E-03 ........ 
4.E-04 ........ 
6.E-05 ........ 
7.E-05 ........ 
2.E-03 ........ 
4.E-04 ........ 
7.E-05 .: ...... 
4.E-05 ........ 
l.E-05 ........ 

D 

1.E-08 ........ 
4.E-11 ........ 
3.E-08 ........ 
2.E-09 ........ 
I.€-07 ........ 
6.E-12 ........ 
15-09 ........ 
5.E-08 ........ 
9.E-10 ........ 
2.E-07 ........ 
4.E-12 ........ 
l.E-07 ........ 
2.E-08 ........ 

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

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

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

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

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

...................... 
l.E-07 ........ 
...................... 

2.E-07 ........ 
5.E-08 ........ 
4.E-06 ........ 
8.E-08 ........ 

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

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

2.E-08 ........ 
...................... 

2.E-08 ........ 
3.E-09 ........ 
6.E-07 ........ 
6.E-07 ........ 
2.E-08 ........ 
6.E-09 ........ 
3.E-08 ........ 
7.E-09 ........ 
8.E-09 ........ 
5.E-09 ........ 
7.E-09 ........ 
2.E,-06 ........ 
3.E -07 ........ 
7.E-09 ........ 
l.E-08 ........ 
9.E-07 ........ 
l.E-07 ........ 
1.E-08 ........ 
l.E-09 ........ 
5.E-07 ........ 
7.E-08 ........ 
5.E-09 ........ 
l.E-08 ........ 
l.E-10 ........ 

W 

4.E-08 ........ 
l.E-08 ........ 
l.E-10 ........ 
3.E-08 ........ 
3.E-09 ........ 
2.E-07 ........ 
-2.E-11 ........ 
1.E-’X ........ 
6.E-08 ........ 
l.E-09 ........ 
3.E-07 ........ 
2.E-11 ........ 
l.E-07 ........ 
l.E-08 ........ 
3.E-07 ........ 
5.E-08 ........ 
2.E-07 ........ 
4.E-08 ........ 
3.E-08 ........ 
5.E-08 ........ 
2.E-07 ........ 
l.E-08 ........ 
2.E-07 ........ 
1.E-09 ........ 
l.E-06 ......., 
8.E-10 ....... 
3.E-09 ....... 
1.E-08 ........ 
2.E-07 ....... 
5.E-07 ....... 

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

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

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

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

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

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

8.E-07 ........ 
7.E-07 ........ 
2.E-08 ........ 
5.E-09 ........ 
4.E-08 ........ 
1.E-09 ........ 
3.E-09 ........ 
4.E-10 ........ 
4.E-09 ........ 
2.E - 07 ........ 
3.E-07 ........ 
7.E-09 ........ 
l.E-08 ........ 
l.E-06 ........ 
1.E-07 ........ 
1.E-08 ........ 
2.E-09 ........ 
5.E-07 ........ 
5.€-.08 ........ 
4.E-09 ........ 
7.E-09 ........ 
l.E-10 ........ 
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wl 

Radbtludide 1, value 

lr-182 .......................................................................................... l.E-02 ........ 
lr-184 .......................................................................................... l.E-02 ........ 
lr-185 .......................................................................................... l.E-02 ........ 
lr-186 .......................................................................................... l.E-02 ........ 
lr-187 .......................................................................................... l.E-02 ........ 
lr-188 .......................................................................................... l.E-02 ........ 
lr-189 .......................................................................................... l.E-02 ........ 
Ir-1BOm ....................................................................................... l.E-02 ........ 
lr-190 .......................................................................................... l.E-02 ........ 
lr-192m .................... : ................................................................ ;. l.E-02 ........ 
lr-192 .......................................................................................... l.E-02 ........ 
lr-194m ........................................................ ; .............................. 1.E-02 ........ 
Ir-194 .............................. : ........................................................... l.E-02 ........ 
lr-195m .................................................................. : .................... l.E-02 ........ 
lr-195 .......................................................................................... l.E-02 ........ 
Pt-186 ........ ; ................................................................................ l.E-02 ........ 
Pt-188 ......................................................................................... l.E-02.. ...... 
Pt-189 ......................................................................................... l.E-02 ........ 
Pt-191 ......................................................................................... l.E-02 ........ 
Pt-193m ...................................................................................... l.E-02 ........ 
Pt-193 ......................................................................................... l.E-02 ........ 
Pti195m ...................................................................................... l.E-02 ........ 
Pt-197m ...................................................................................... l.E-02 ........ 
Pt-197 ......................................................................................... l.E-02 ........ 
Pt-199 ......................................................................................... l.E-02 ........ 
Pt-200 ......................................................................................... l.E-02 ........ 
Au-193 .............. : ......................................................................... l.E-01 ........ 
AU-194 ........................................................................................ l.E - 01 ........ 
Au-195 ........................................................................................ 1.E-01 ........ 
Au-198rn ..................................................................................... l.E-01 ........ 
Au-198 ........................................................................................ 1.E-01 ........ 
Au-199 ........................................................................................ 1 .E -01 ........ 
Au-200rn ..................................................................................... l.E-01 ........ 
Au-200 ........................................................................................ l.E-01 ........ 
Au-201 ........................................................................................ 1 .E-Ol ........ ~~ 

Hg193m (Org) ........................................................................... l.E+00 .......... 
4.E - 01 ........ 

Hg-193m .................................................................................... 2.E-02 ........ 
Hg-193m (Vepo~) ............................................................................................. 
Hg-193 (Org) .............................................................................. l.E+00 .......... 

Hg-193 (Vapor) ................................................................................................ 
4.E-01 ........ 

He-193 ....................................................................................... 2.E-02 ........ 
Hg-194 (Org) .............................................................................. l.E+00 .......... 

4.E-01 ........ 
Hg-194 ....................................................................................... 2.E-02 ........ 
Hg-194 (Vapor) ................................................................................................ 
Hg195m (Org) ........................................................................... l.E+OO .......... 
Hg-l95m .................................................................................... 2.E-02 ........ 

4.E-01 ........ 
Hg-195m (Vapor) ............................................................................................. 
Hg-195 (Org) .............................................................................. l.E+00 .......... 

Hg-195 (Vapor) ................................................................................................ 
4.E-01 ........ 

Hg-195 ....................................................................................... 2.E-02 ........ 
Hg-197rn (Org) ............................................................................ l.E+00 .......... 
Hgl97m .................................................................................... 2.E-02 ........ 
Hg-lB7 (Ore) .............................................................................. l.E+00 .......... 

4.E - 01 ........ 
Hg-l97m (Vapor) ............................................................................................. 

4.E-01 ........ 
Hg-107 ....................................................................................... 2.E-02 ........ 
Hg-197 (Vapor) ................................................................................................ 
Hg-199m (Org) ........................................................................... 1.€+00 .......... 
Hg-lgSm .................................................................................... 2.E-02 ........ 
Hg-199m (Vapor) ............................................................................................. 
Hg-203 (Org) .............................................................................. l.E+00 .......... 

4.E-01 ........ 

l.E-a3 ........ 
2.E-04 ........ 
l.E-04 ........ 
7.E-05 ........ 
3.E-04 ........ 
5.E-05 ........ 
2.E-04 ........ 
5.E-03 ........ 
3.E-05 ........ 
9.E-05 ........ 
3.E-05 ..... ;,, 
2.E-05 ........ 
3.E-05 ........ 
2.E-04 ....... 
4.E-04 ........ 
4.E-04 ....... 
5.E-05 ....... 
3.E-04 ........ 
l.E-04 ......., 
8.E-05 ....... 
l.E-03 ....... 
6.E-05 ........ 
4.E-04 ....... 
9.E-05 ....... 
l.E-03 ....... 
3.E-05 ....... 
3.E-04 ....... 
8.E-05 ....... 
l.E-04 ....... 
3.E-05 ....... 
3.E-05 ....... 
9.E-05 ....... 
3.E-05 ....... 
7.E-04 ....... 
2.E-03 ......., 
3.E-04 ....... 
l.E-04 ....... 
9.E-05 ........ 
1.E-03 ....... 
5.E-04 ........ 
4.E-04 ....... 
5.E-07 ....... 
l.E-06 ........ 
2.E-05 ........ 
l.E-04 ........ 
8.E-05 ........ 
6.E-05 ........ 
l.E-03 ........ 
5.E-04 ........ 
4.E-04 ........ 
2.E-09 ........ 
l.E-04 ........ 
8.E-05 ........ 
3.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
3.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
1;E-05 ........ 

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

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

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

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

D 

3.E-07 ........ 
6.E-08 ........ 
3.E-08 ........ 
2.E-08 ........ 
7.E-08 ........ 
l.E-08 ........ 
l.E-08 ........ 
5.E-07 ........ 
2.E-09 ........ 
2.E-10 ........ 
6.E-10 ........ 
2.E-10 ........ 
7.E-09 ........ 
6.E-08 ........ 
l.E-07 ........ 
9.E-08 ........ 
4.E-09 ........ 
7.E-08 ........ 
2.E-08 ........ 
l.E-08 ........ 
6.E-08 ........ 
l.E-08 ........ 
l.E-07 ........ 
2.E-08 ........ 
3.E-07 ........ 
8.E-09 ........ 
6.E-08 ........ 
2.E-08 ........ 
3.E-08 ........ 
6.E-09 ........ 
9.E-09 ........ 
2.E-08 ........ 
8.E-09 ........ 
2.E-07 ........ 
5.E-07 ........ 
3.E-08 ........ 
2.E-08 ........ 
2.E-08 ........ 
2.E-07 ........ 
l.E-07 ........ 
7.E-08 ........ 
7.E-11 ........ 
l.E-10 ........ 
7.E-11 ........ 
l.E-08 ........ 

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

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

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

...................... 
l.E-08 ........ 
9.E-09 ........ 
l.E-07 ........ 
8.E-08 ........ 
7.E-08 ........ 
2.E-08 ........ 

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

2.E-08 ........ 
l.E-08 ........ 
3.E-08 ........ 
3.E-08 ........ 
2.E-08 ........ 
4.E-07 ........ 
3.E-07 ........ 
2.E-07 .; ...... 
2.E-09 ........ 

W 

4.E-07 ........ 
B.E-08 ........ 
3.E-08 ........ 
1.E-08 ........ 
7.E-08 ........ 
8.E-09 ........ 
B.E-09 ........ 
5.E-07 ........ 
2.E-09 ........ 
5.E-10 ........ 
9.E-10 ........ 
4.E-10 ........ 
5.E-09 ........ 
7.E-08 ........ 
1.E-07 ........ 
...................... 

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

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

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

...................... 
5.E-08 ........ 
l.E-08 ........ 
3.E-09 ........ 
3.E-09 ........ 
4.E-09 ........ 
9.E-09 ........ 
7.E-09 ........ 
2.E-07 ........ 
6.E-07 ........ 
...................... 

2.E-08 ........ 

...................... 
l.E-07 ........ 
...................... 
...................... 
3.E-10 ........ 

...................... 
9.E-09 ........ 

...................... 
B.E-08 ........ 
...................... 
1.E-08 ........ 
...................... 

LE-08 ........ 
...................... 

6.E-07 ........ 
...................... 



- I  TABLE A-1 B.qERIVED CONCENTRATION GUIDES ( X G S )  FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
INMIATION RESULTING IN AN EDE OF 100 MRm.-tinlJed 

-- 
Inhaled alr DCG IucVrnL) 

Y 
RediiUClide 

H g M 3  ...................................................................................... 
Hg-203 (Vapor) ......................................................................... 
TI-194 ........................................................................................ 
TI-1% ........................................................................................ 
TI-1 98m ...................................................................................... 
TI-1 98 ......................................................................................... 
TI-199 ......................................................................................... 
TI-200 ......................................................................................... 
TI-201 ......................................................................................... 
TI-202 ................................ : ........................................................ 
TI-204 ........................................................................................ 
Pb-1 sill ..................................................................................... 
Pb-198 .......... ; ............................................................................ 
Pb-199 ....................................................................................... 

. Pb-200 ...................................................................................... 
Pb-201 ....................................................................................... 
Pb-202m .................................................................................... 
Pb-282 ..................................................................... : ................. 
Pb-203 ....................................................................................... 
Pb-205 ....................................................................................... 
Pb-209 ..... : ................................................................................. 
Pb-210 ....................................................................................... 
Pb-211 ........................................................................................ 
w.212 ....................................................................................... 
Pb-214 ....................................................................................... 
Ei-200 ........................................................................................ 
81-201 ........................................................................................ 
83.202 ........................................................................................ 
Bi-203 ........................................................................................ 
Bi-205 ........................................................................................ 
8-206 ........................................................................................ 
Bi-207 ........................................................................................ 
Bi-21om ...................................................................................... 
81-210 ......................................................................................... 
Ei-212 ......................................................................................... 
Bi-2 13 ......................................................................................... 

. Bi-214 ......................................................................................... 
Po-203 ........................................................................................ 
Po-205 ........................................................................................ 
Po-207 ........................................................................................ 
Po-210 ........................................................................................ 
At-207 ......................................................................................... 
At-21 1 ....................................................................... 1 ................. 
Rn-220 ....................................................................................... 
Rn-222 ....................................................................................... 
Fr-222 ................................................. : ....................................... 
Fr-223 ......................................................................................... 
Ra-223 ....................................................................................... 
Ra-224 ....................................... ; ............................................... 
Ra-225 ....................................................................................... 
Ra-226 ....................................................................................... 
Ra-227 ....................................................................................... 
Ra-228 ....................................................................................... 
Ac-224 ......................................................................................... 
Ac-225 ........................................................................................ 
Ac-226 ........................................................................................ 
Ac-227 ......................................................................................... 
Ac-228 ............ .:. ......................................................................... 
Th-226 ......................................................................................... 
Th-227 ............................................................................... ; ........ 
Th-228 ........................................................................................ 
Th-229 ........................................................................................ 
Th-230 ........................................................................................ 
Th-231 ........................................................................................ 
Th-232 ........................................................................................ 

n-ism ..................................................................................... 

TI-197 ........................................................................................ 

1, value 

4.E-01 ........ 
2.E - 02 ........ 
...................... 
1 .E& .......... 
1.E& .......... 
1 .E& .......... 
1 .E& .......... 
1 .E& .......... 
1 .E& .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 . E 4  .......... 
1 .E& .......... 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ; ....... 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
l.E-01 ........ 
1.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
1 .E+OO .......... 
l.E+00 .......... 

l.E+OO .......... 
l.E+W .......... 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
l.E-03 ........ 
l.E-C3 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E.-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 

2.E-05 ........ 
7.E-05 ....... 
2.E-03 ....... 
7.E-03 ....... 
2.E-03 ....... 
2.E-03 ....... 
8.E-04 ........ 
5.E-04 ........ 
2.E-03 ........ 
2.E-04 ........ 
5.E-04 ........ 
9.E-05 ........ 
4.E-05 ........ 
2.E-03 ........ 
9.E-04 ........ 
6.E-04 ........ 
9.E-05 ........ 
2.E-04 ........ 
3.E-04 ........ 
4.E-06 ........ 
l.E-04 ........ 
S.E-05 ........ 
7.E-04 ........ 
3.E - 08 ........ 
3.E-04 ........ 
3.E-OG ........ 
2.E-04 ........ 
8.E-04 ........ 
3.E-04 ........ 
4.E-04 ........ 
7.E-05 ..... .., 
4.E-05 ........ 
2.E-05 ........ 
3.E-05 ........ 
2.E-06 ........ 
2.E-05 ........ 
l.E-04 ........ 
2.E-04 ........ 
6.E-04 ........ 
7.E-04 ........ 
6.E-04 ........ 
2.E-04 ........ 
8.E-08 ........ 
2.E-04 ........ 
3.E-06 ........ 
(3) ................. 
(4) ................. 
8.E-05 ........ 
2.E-05 ........ 
2.E-07 ........ 
4.E-07 ........ 
4.E - 07 ........ 
l.E-07 ........ 
6.E-04 ........ 
1.E-07 ........ 
5.E-05 ........ 
l.E-OB ........ 
4.E-06 ........ 
l.E--08 ........ 
6.E-05 ........ 
2.E-04 ........ 
4.E-06 ..... :.. 
4.E-07 ........ 
$.E-08 ........ 
3.E - 07 ........ 
l.E-04 ........ 
5.E-08 ........ 

D 

...................... 
3.E-09 ........ 
2.E-09 ........ 
4.E - 07 ........ 
1.E-06 ........ 
3.E-07 ........ 
3.E - 07 ........ 
1 .E - 07 ........ 
7.E-08 ........ 
2.E-07 ........ 
3.E-08 ........ 
5.E-08 ........ 
l.E-08 ........ 
5.E-09 ........ 
5.E-07 ........ 
2.E-07 ........ 
2.E-07 ........ 
l.E-08 ........ 
5.E-08 ........ 
7.E-08 ........ 
l.E-10 ........ 
2.E-08 ........ 
3.E-09 ........ 
l.E-07 ........ 
9.E- 13 ........ 
2.E-09 ........ 
8.E-11 ........ 
2.E-09 ........ 
2.E-07 ........ 
7.E-08 ........ 
9.E-08 ........ 
2.E-08 ........ 
6.E-09 ........ 
3.E-09 ........ 
4.E-09 ........ 
1.E-11 ........ 
9.E-10 ........ 
6.E-10 .; ...... 
7.E-10 ........ 
2.E-09 ........ 
2.E-07 ........ 
9.E-08 ........ 
6.E-08 ........ 
l.E-12 ........ 
6.E-09 ........ 
2.E-10 ........ 
(3) ................. 
(4) ................. 
l.E-09 ........ 
2.E-09 ........ 

...................... 
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9.E-11 ........ 
l.E-12 ........ 
9.E-12 ........ 
2.E-15 ........ 
4.E-11 ........ 
...................... ...................... I ...................... I ...................... 
...................... 
...................... 
...................... I 

W 

...................... 
3.E-09 ........ 
...................... 
...................... 
...................... 
...................... ...................... ...................... 
...................... ...................... ...................... ...................... 
...................... 
...................... 
...................... 
...................... 
...................... 
...................... 
...................... ...................... ...................... 
...................... ...................... ...................... 
...................... 
...................... 
...................... 
...................... 
2.E-07 ........ 
9.E-08 ........ 
2.E-07 ........ 
l.E-08 ........ 
3.E-09 ........ 
2.E-09 ........ 
8.E-10 ........ 
?.E-12 ........ 
LE-11 ........ 
?.E-10 ........ 
LE-10 ........ 
!.E-09 ........ 
!.E-07 ........ 
!.E-07' ........ 
?.E-08 ........ 
1.E-12 ........ 
LE-09 ........ 
1.E-10 ........ 
3) ................. 
4) ................. 
...................... ...................... 
!.E-12 ........ 
LE- 12 ........ 
!.E-12 ........ 
1.E-12 ........ 
LE-08 ........ 
LE-12 ........ 
1.E-10 ........ 
!.E-12 ........ 
1.E-11 ........ 
r.E-15 ........ 
1.E-10 ........ 
LE-10 ........ 
-.E-13 ........ 
.E-14 ........ 
.E-J5 ........ 
.E-14 ........ 
.E-08 ........ 
.E- 15 ........ 
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TABLE A-la.4ERIVED CoNCENTRAllON GUIDES (DCGS) FOR MEMBERS OF THE PUWC FROM INGESTED WATER AND 
INHAlAllON RESULTING IN AN EDE OF 100 MREkclvR.-cOtltinued 

Redlonuclide 

~~~~ ~ 

m234 ........................................................................................ 
Pa-227 ........................................................................................ 
Pa-228 ........................................................................................ 
Pa-230 ........................................................................................ 
Pa-231 ........................................................................................ 
Pa-232 ........................................................................................ 
Pa-233 ........................................................................................ 
Pa-234 ........................................................................................ 
u-230 .............................. : .......................................................... 
U-231 ......................................................................................... 
u-232 ......................................................................................... 
u-233 ......................................................................................... 
u-234 ......................................................................................... 
u-235 ......................................................................................... 
u-236 ......................................................................................... 
u-237 ......................................................................................... 
u-238 ......................................................................................... 
u-239 ........................................................................................ 
u-240 ......................................................................................... 
U-Natural .................................................................................... 
Np-232 ....................................................................................... 
Np-233 ....................................................................................... 
Np-234 ....................................................................................... 
Np-236 (l.E+5 yr) ...................................................................... 
Np-235 ................................ : ...................................................... 
Np-236 (22 h) ............................................................................. 
Np-237 ....................................................................................... 
Np-238 ....................................................................................... 
Np-239 ....................................................................................... 
Np-240 .................................................................................... ;.. 
Pu-234 ........................................................................................ 

Pu-235 ........................................................................................ 

Pu-236 ......................................................................................... 

Pu-237 ........................................................................................ 

Pu-238 ........................................................................................ 

PU-239 ........................................................................................ 

Pu-240 ........................................................................................ 

pu-241 ......................................................................................... 

pu-242 ........................................................................................ 

WI 

1, value 

2.5-04 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-C3 ........ 
l.E-03 ........ 
1.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E- 05 ........ 
l.E-03 ........ 
l.E-04 ........ 
1.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
1.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-34 ........ 
l.E-05 ........ 
l.E-03 ........ 
1.E-04 ........ 

~~ 

l.E-05 ........ 
l.E-04 ........ 
3.E-05 ........ 
2.E-05 ........ 
l.E-08 ........ 
4.E-05 ........ 
4.E-05 ........ 
7.E-05 ........ 
2.E-07 ........ 
l.E-06 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-07 ........ 
2.E-06 ........ 
5.E-07 ........ 
5.E-06 ........ 
5.E-07 ........ 
6.E-06 ........ 
5.E-07 ........ 
5.E-06 ........ 
5.E-07 ........ 
6.E-06 ........ 
5.E-05 ........ 
5.E-05 ........ 
6.E-07 ........ 
6.E-06 ........ 
2.E-03 ........ 
2.E-03 ........ 
4.E-05 ........ 
3.E-05 ........ 
6.E-07 ........ 
6.E-05 ........ 
4.E-03 ........ 
2.E-02 ........ 
6.E-05 ........ 
7.E-04 ........ 
2.E-07 ........ 
l.E-04 ........ 
3.E-08 ........ 
4.E-05 ........ 
5.E-05 ........ 
6.E-04 ........ 
2.E-04 ........ 
3.E-04 ......... 
3.E-04 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
l.E-07 ........ 
l.E-06 ........ 
5.E-06 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ... : .... 
4.E-08 ........ 
4.E-07 ........ 
5.E-06 ........ 
4.E-08 ........ 
4.E-07 ........ 
4.E-06 ........ 
4.E-08' ...... 
4.E-07 ........ 
4.E-06 ........ 
2.E-06 ........ 
2.E-.05 ........ 
2.E-04 ........ 
4.E-08 ........ 
4.E-07 ........ 

Inhaled air DCG @CUmL) 
~ 

D W 

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

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

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

...................... 
l.E-12 ........ 
2.E-08 ........ 
l.E-12 ........ 
4.E-!2 ........ 

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

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

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

...................... 
4.E-12 ........ 
...................... 
5.E-12 ........ 
5.E- 12 ........ 
...................... 

5.E-10 ........ 
3.E-10 ........ 
5.E-11 ........ 
1.E-11 ........ 
9.E-15 ........ 
l.E-10 ........ 
2.E-09 ........ 
2.E-08 ........ 
8.E-13 ........ 
l.E-08 ........ 
D.E- 13 ....... 
2.E-12 ....... 

..................... , 

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

2.E-12 ....... 
2.E-12 ....... 
2.E-12 ....... 

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

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

6.E-09 ........ 
5.E-12 ........ 
...................... 

4.E-09 ....... 
2.E- 12 ....... 
..................... 

4.E -07 ........ 
3.E-09 ........ 
...................... 

4.E-07 ....... 
7.E-09 ........ 
...................... 

5.E-12 ........ 
...................... 

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

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

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

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

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

2.E-12 ........ 
l.E-08 ........ 
?.E-06 ........ 
6.E-09 ........ 
3.E-09 ........ 
l.E-13 ........ 
2.E-10 ........ 
2.E-14 ........ 
4.E- 10 ........ 
5.E-09 ........ 
2.E-07 ........ 
5.E- 10 ........ 

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

...................... ...................... 
7.E-06 ........ ...................... 
8.E-14 ........ 
...................... 
...................... 
8.E-09 ........ 

...................... 
3.E- 14 ........ 

3.E-14 ........ 
...................... 
...................... 
3.E-14 ........ 
...................... ...................... 
l.E- 12 ........ 
...................... 

...................... 3.E-14 ........ 

Y 

4.E-10 
2.E-10 
3.E-11 
8.E-12 
1.E-14 
2.E-10 
l.E-09 
2.E-08 

6.E-13 

l.E-08 

2.E-14 

9.E-14 

Q.E-14 

9.E-14 

9.E-14 

4.E - 09 

l.E-13 

4.E - 07 

6.E - 09 

l.E-13 

4.E-10 

6.E-06 

l.E-13 

7.E-09 

4.E-14 

4.E - 14 

4.E-14 

2.E-12 
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Redionudii 

Pu-243 ........................................................................................ 

Pu-244 ........................................................................................ 

Pu-245 ........................................................................................ 

Pu-246 ........................................................................................ 

Am-237 ....................................................................................... 
Am-238 ....................................................................................... 
Am-= ............................................. .). ....................................... 
Am-240 ....................................................................................... 
,Am241 ....................................................................................... 
Am-242m ................. : .................................................................. 
Am-242 ....................................................................................... 
-243 ....................................................................................... 
Am-244m .................................................................................... 
Am-244 ....................................................................................... 
Am-245 ....................................................................................... 
Am-246m .................................................................................... 
Am246 ....................................................................................... 
cn-238 ....................................................................................... 
cm-240 ...................................................................................... 
Cn,~241 ...................................................................................... 
Cm-242 ....................................................................................... 
cm-243 ................................................. : .................................... 
-244 ................................................................................... .:. 
cm-245 ...................................................................................... 
Cm-247 ...................................................................................... 
cm-248 ...................................................................................... 
Cm-249 ...................................................................................... 
cm-250 ..................................................... I ................................ 
Bk-245 ........................................................................................ 
Bk-246 ...................................................................... .;.. .............. 
Bk-247 ........................................................................................ 
Bk-249 ........................................................................................ 
Bk-250 ........................................................................................ 
(3-244 ........................................................................................ 
a-246 ........................................................................................ 

cm-246 ....................................................................................... 

a-248 ........................................................................................ ~ ~~ 

a-249 ........................................................................................ 
a-250 ........................................................................................ 
a-251 .... ..................................................................................... 
(3-252 ............................................ : ........................................... 
a-253 ........................................................................................ 
a-254 ........................................................................................ 
Es-250 .................................. ..: ...................................... ;. ........... 
Es-251 ........................................... ; ............................................ 
Es-253 ........................................................................................ 
Es-254m ... i.. ............................................................................... 
Es-254 ........................................................................................ 
Fm-252 .............................. : ........................................................ 
Fm-253 ....................................................................................... 
Fm-254 ....................................................................................... 
Fm-255 ....................................................................................... 
Fm257 ....................................................................................... 
Md-257 ....................................................................................... 

‘Md-258 .......................................................................... / ............ 

f, value 

l.E-05 ........ 
l.E-03 ...... ;. 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
1;E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-G;: ........ 
l.E-03 ........ 

l.E-03 ........ 

5.E-OB ........ 
4.E-04 ........ 
4.E-04 ........ 
4.E-04 ........ 
4.E-08 ........ 
4.E-07 ........ 
3.E-06 ........ 
6.E-05 ........ 
6.E-05 ........ 
6.E-05 ........ 
l.E-05 ........ 
l.E-05 ........ 
l.E-05 ........ 
2.E-03 ........ 
l.E-03 ........ 
l.E-04 ........ 
6.E-05 ........ 
4.E-08 ........ 
4.E-08 ........ 
l.E-04 ........ 
4.E-08 ........ 
2.E-03 ........ 
7.E-05 ........ 
8.E-04 ........ 
2.E-03 ........ 
9.E-04 ........ 
4.E-04 ........ 
2.E-06 ........ 
3.E-05 ........ 
l.E-06 ........ 
6.E-08 ........ 
7.E-08 ........ 
4.E-08 ........ 
4.E-08 ........ 
4.E-08 ........ 
l.E-08 ........ 
1.E-03 ........ 
2.E-09 ........ 
6.E-05 ........ 
7.E-05 ........ 
3.E-08 ........ 
l.E-05 ........ 
2.E-04 ........ 
8.E-04 ........ 
1.E-05 ........ 
5.E-07 !..; .... 
3.E-08 ........ 
7.E-.08 ........ 
3.E-08 ........ 
l.E-07 ........ 
l.E-05 ........ 
6.E-08 ........ 
l.E-03 ........ 
2.E-04 ........ 
4.E-06 ........ 
9.E-06 ..; ..... 
5.E-07 ........ 
l.E-05 ........ 
3.E-05 ........ 
&E-05 ........ 
1;E-E ........ 
l.E-06 ......... 
2.E -04 ........ 
l.E-06 ........ 

D 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

W 

...................... 
9.E-08 ........ 

3.E-14 ........ 
...................... 
l.E-08 ........ ...................... 
...................... 
6.E-10 ........ 
...................... ...................... 
7.E-07 ........ 
l.E-08 ........ 
3.E-08 ........ 
7.E-OB ........ 
3.E-14 ........ 
3.E-14 ........ 
2.E-10 ........ 
3.E-14 ........ 
2.E-08 ........ 
7.E-10 ........ 
2.E-07 ........ 
5.E-07 ........ 
2.E-07 ........ 
3.E-09 ........ 
l.E-12 ........ 
&E-11 ........ 
7.E-13 ........ 
4.E-14 ........ 
5.E-14 ........ 
3.E-14 ........ 
3.E-14 ........ 
3.E-14 ........ 
7.E-15 ........ 
6.E-08 ........ 
l.E-15 ........ 
3.E-09 ........ 
7.E-09 ........ 
2.E-14 ........ 
9.E-12 ........ 
2.E-09 ........ 
l.E-09 ........ 
2.E-11 ........ 
3.E-13 ........ 
2.E-14 ........ 
5.E-14 ........ 
2.E-14 ........ 
9.E-14 ........ 
5.E-12 ........ 
5.E-14 ........ 
3.E-09 ........ 
3.E-09 ........ 
3.E-12 ........ 
2.E-11 ........ 
3.E-13 ........ 
3.E-11 ........ 
2.E-11 ........ 
2.E- 10 ........ 
5.E-11 ........ 
5.E-13 ........ 
2.E-10 ........ 
7.E-13 ........ 

I 
1 A dash Indicates no values given for this data cat 
2The InhaleW DCG values albw for an a d d i a  .absorption through the skln, as described in ICRP Publication No. 30: “Urnits for 

intakes of Radionudides by Workers, Part 1. For elemental tntlum, the lung dose equivalent Is used as the basis for the DCG value shorm. 
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DCGs for Rn-220 are being assessed by DOE. Una the revkw hae been completed erd new values issued, the value of 3.E - 09 pCVmL 

‘ - a s  for Rn-222 are belng assessed b DOE. Until the revlew has been completed end new values issued. the vekre d 3.E-09 pcVmL 
given In Rn*:r:, A-3 shall be used. 
given in Figure ~ - 3  shall be used for Rn-drdeases from WE WIW. 

TABLE A-1 b.4ERiVED CoNCENTRATlON GUIDES ( W S )  FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 @V/YR. 

[esl 

Radbnuclii 

.H-3 (Water) ......................... : ...................................................... 
H-3 (Elemental) ......................................................................... 
Be-7 ....................................................................... ; ................... 
Be-10 ...................................................... ; .................................. 
c-11 (04) ................................................................................. 
c-11 (CO) .................................................................................. 
C-11 (COj) ................................................................................ 
C14 (Org) .......... : ...................................................................... 
C-14 (CO) .................................................................................. 
G14 ( C O 2 )  ...................................... : ......................................... 
F-18 ........................................................................................... 
Na-22 ............................................................. .:. ........................ 
Na-24 ........................................................................................ 
Mg-28 ........................................................................................ 
AI-26 .......................................................................................... 
Si-31 ................... : ...................................................................... 
Si-32 .......................................................................................... 
P-32 ........................................................................................... 
P-33 ........................................................................................... 
s-35 ........................................................................................... 
s-35 (Gas) ................................................................................ u-36 ........................................................................................... 
a-38 ........................................................................................... 
u.39 ........................................................................................... 
K-40 ............................................................................................ 
K-42 ............................................................................................ 
K-43 ............................................................................................ 
K-44 ............................................................................................ 
K-45 ............................................................................................ 
ca-41 ......................................................................................... 
ca-45 ......................................................................................... 
ca-47 ................. .: ...................................................................... 
sc-43 .......................................................................................... 
sc44m ....................................................................................... 
sc44 .......................................................................................... 
sc-46 : ......................................................................................... 
sc-47 .......................................................................................... 
sc-48 .......................................................................................... 
sc-49 .......................................................................................... 
Ti44 ........................................................................................... 
Ti45 ........................................................................................... 
v.47 ............................................................................................ 
v-48 ............................................................................................ 
v-49 ............................................................................................ 
(3-48. ........................................................................................... 
Cr-49 .......................................................................................... 
Cr-51 ................................. : ...................................... ; ................. 
Mn-51 ......................................................................................... 
Mn-52rn ...................................................................................... 
Mn-52 ......................................................................................... 
Mn-53 ............................ ; ............................................................ 
Mn-54 ......................................................................................... 
Mn-56 ......................................................................................... 
Fe-52 ........................................................................................... 
Fe-59 .......................................................................................... 
Fern ........................................................................................... 
c.0-55 ............................................................. i ..................... : ..... 

Fe-55 ........................................................................................... 

1, value 

..................... 
5.E-03 ....... 
5.E-03 ....... 
..................... 
..................... 

..................... 
1 . E a  ......... 
1 . E a  ......... 
1 . E m  ......... 
5.E-01 ....... 
l.E -02 ....... 
l.E-02 ....... 
l.E-02 ....... 
8.E-01 ....... 
8.E-01 ....... 
8.E-01 ....... 
l.E-01 ..... :. 
1 . E m  ...:...... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
1 .E- .......... 
1 . E a  .......... 
1 .E- .......... 
1.E- .......... 
3.E-01 ........ 
3.E-01 ........ 
3.E -01 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
1;E-04 ........ 
l.E-04 ...: .... 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 

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

B.E+04 .......... 
5.E+04 .......... 
1 .E& .......... 
4.E- .......... 

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

...................... ...................... 
3.E& .......... 

5.E+04 .......... 
4.E42 .......... 
4.E& .......... 
7.E& .......... 
4.E& .......... 
1 .E& .......... 
3.E& .......... 
7.€& .......... 
6.E- .......... 
1 . E a  .......... 
&E& .......... 
...................... 

2.E& .......... 
3.€+04 .......... 
4 . E a  .......... 
3.E& .......... 
5.E& .......... 
7.E& .......... 
4.E+04 ..... 1 .... 
6 . E 4  .......... 
4.E& .......... 
2.E& .......... 
E.€& .......... 
7.E& .......... 
5.E& .......... 
4.E& .......... 
9.E42 .......... 
3.E& .......... 
8.E& .......... 
2.E+04 .......... 
3.E& .......... 
9.E& ........!. 
3.E+04 .......... 
7.E42 .......... 
1 .E& .......... 
6.E& .......... 
6.E& .......... 
3.E+04 .......... 
3.E& .......... 
4.E+04 .......... 
4.E+04 ... ; ...... 
2.E+04 ..: ....... 
4.E+04 .......... 
8.E& .......... 
5.E+04 .......... 
2 . E d  .......... 
5.E& .......... 
1 .E& .......... 
9.E& ........... 
8.E& .......... 
3.E41 .......... 
1 .E& .......... 
2.E& .......... 

D 

(1) ................. 
...................... ...................... 

1.E& ....... ;.. 
6.E+04 .......... 
2.E& .......... 
2 . E 4  .......... 
6.E& .......... 
6.E41 .......... 
5.E42 .......... 
1.E42 .......... 
6 . E a  .......... 
2.E& .......... 
2.E41 .......... 
8.E41 .......... 
7.E42 .......... 
2.E& .......... 
1 .E43 .......... 
2.E& .......... 
4.E+03 .......... 
5.E- .......... 
L E 4 1  .......... 
5.E42 .......... 
B.E+02 ........... 
6.E- .......... 
1 .E& .......... 

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

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

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

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

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

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

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

...................... 
1 . E m  .......... 
2.E& .....: .... 
7.E& .......... 
1 . E 4 2  .......... 
3.E- .......... 
1 .E& .......... 
?.E& .......... 
4.E& .......... 
4.E& .......... 
8.E- .......... 
1.E42 .......... 
2.E- : ......... 
& E 4 1  .......... 
1.E- .......... 
3.E- .......... 
2.E& .......... 
3.E41 .......... 

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

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

6.E-01 ........ 

W 

4 . E a 2  ........ 
7.E+0E2 .... ;... 
2.E& ......... 
l.E+Ol ......... 
4 . E 4  ......... 
..................... 

2.E& ......... 
..................... ..................... 
8.E+03 ......... 
..................... 
..................... 
1 .E& ......... 
8.E- ......... 
3.E- ......... 
1.E41 ......... 
3.E41 ......... 
2.E& ......... 
2.E& ......... 
..................... 
..................... 

2.E41 ......... 
4.E& .......... 
5.E& .......... 
...................... 
...................... 

3.E42 .......... 
7.E41 .......... 
& E 4 1  .......... 

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

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

...................... 
3.E- .......... 
3.E& .......... 
8.E+03 ....... :.. 
6.E41 .......... 
2.E- .......... 
7. E& .......... 
9.E- .......... 
2.E& .......... 

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

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

5.E+03 .......... 
9.E& .......... 
& E 4 1  .......... 
1 . E m  .......... 
7.E41 .......... 
2.E- .......... 
2.E42 .......... 
4.E42 : ......... 
5.E41 .......... 
2 . E m  .......... 
3.E42 .......... 

Y 

2.E- 
l.E+00 

7.E- 

2.E& 
4.E -01 

2.E- 
6.E41 
1 . E m  
2.E41 
3.E- 
1 .E- 
5.E- 

3.E- 
5.E-01 

L E 4 2  

B.E& 

2.E- 

LE& ...................... 



co-56 .................................. : ...................................................... 
co-57 ......................................................................................... 
co-58m .............. : ....................................................................... 
CQ-58 ......................................................... ................................ 
c€4olll ...................................................................................... 
co-60 ......................................................................................... 
co-61 ......................................................................................... 
co-62rn : ..................................................................................... . .  

Ni-56 ............................................................ .............................. 
Ni-56 (Vw) .............................................................................. 
Ni-57 ........................................................................................... 
Ni-57 (Vapor) ........................................................................ ..... 
Ni-59 (Vapor) ............................................................................... 
Ni-63 ........................................................................................... 
Ni-63 (Vapor) .............................................................................. 
Ni-65 ........................................................................................... 
Ni-65 (Vapor) .............................................................................. 
Ni-66 ........................................................................................... 
Ni-66 (Vapor) .............................................................................. 
cu.60 ......................................................................................... 
cu-61 ......................................................................................... 
cu-64 ......................................................................................... 
cu-67 ......................................................................................... 
zn-62 .......................................................................................... 
zn-63 .......................................................................................... 
Zn65 .......................................................................................... 
zn-69m ....................................................................................... 
zn-69 .......................................................................................... 
-71 m ....................................................................................... 
3 - 7 2  ................................ ; ................................................. ..: ..... 
Ga-65 ......................................................................................... 
Ga-66 .................................................................... .:.. ................. 
Ga67 ......................................................................................... 
Gam ......................................................................................... 
Ga-70 ......................................................................................... 
Ga-72 ......................................................................................... 
Ga-73 ......................................................................................... 
Ge-66 ......................................................................................... 
Ge67 ......................................................................................... 
Ge-68 ......................................................................................... 
Ge69 ......................................................................................... 
Ge-71 ......................................................................................... 
Ge75 ......................................................................................... 
Ge-77 ......................................................................................... 
Ge-78 ................................... :.... ................................................. 
As-69 .......................................................................................... 
As-70 .......................................................................................... 
As-71 .......................................................................................... 
As-72 .......................................................................................... 
As-73 ........................ ..:. .............................................................. 
As-74 .......................................................................................... 
As-76 .......................................................................................... 
As-77 .......................................................................................... 
As-78 .......................................................................................... 
9 - 7 0  .......................................................................................... 
9-73m ....................................................................................... 
9 - 7 3  .......................................................................................... 

Ni-59 ........................................................................................... 

tes) 

1, value 

5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
3.E-01 ........ 
5.E-02 ........ 
5.E-02 ........ 
...................... 

5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ...... i. 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 : ....... 
l.E-03 ........ 
l.E-03 ........ 

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

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

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

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

1.E- .......... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
1 . E m  .......... 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
5.E-01 ........ 
&E-01 ........ 
5.E-02 ........ 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ........ 

Ingested 
water DCG 

S.E& .......... 
4.E+02 ......... 
8.E- ......... 
5.E- ......... 
6.E- ......... 
7 . E a  ......... 
2.E- ......... 
2.E- ......... 
2.E& ......... 
2.E+06 ......... 
5.E- ......... 
2.E- ......... 
2 . E 4  ......... 
2 . E 4  ......... 
5.E- ......... 
5.E- ......... 
2.E- ......... 
2.E- ......... 
..................... 

3 . E 4  ......... 
1 .E& ......... 
..................... 

9.E- ......... 
5.E- ......... 
..................... 

3 . E m  ......... 
1 .E& ......... 
1 . E a  ......... 
5.E- ......... 
2.E- ......... 
3 . E 4  ......... 
4.E- ......... 
4.E- .......... 
6.E- .......... 
6.E- .......... 
1.E- .......... 
1 .E- .......... 
7.E- .......... 
2.E- .......... 
7.E- .......... 
1 .E- .......... 
5.E- .......... 
3 . E 4  ..: ....... 
5.E+04 .......... 
5.E- .......... 
1 . E a  .......... 
5.E45 .......... 
7 . E 4  .......... 
9.E- .......... 
3.E- .......... 
5.E- .......... 
2 . E a  .......... 
4.E- .......... 
9.E42 .......... 
9.E- .......... 
2.E- .......... 
1 .E- .......... 
5.E- .......... 
8.E- .......... 
2.E+34 .......... 
1 .E& .......... 
7.E- .......... 
4 . E 4  .......... 
7.E- .......... 

7.E- ..... ;.... 

Inhaled alr DCQ (BI 
D 

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

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

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

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

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

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

2.E42 .......... 
1.E- .......... 
4.E42 .......... 
6.E- .......... 
3.E42 .......... 
2.E42 .......... 
1.E42 .......... 
7.E41 .......... 
2.E- .......... 
2.E- .......... 
1 .E42  .......... 
3.E- .......... 
8.E- ......... 
3.E- .......... 
3.E- .......... 
7.E- .......... 
..................... 
...................... 
...................... 
...................... 
...................... 
2.E- .......... 
).E42 .......... 
1.E- .......... 
$.E- .......... 
2.E- ........ :. 
3.E- .......... 
!.E43 .......... 
2.E- .......... 
3.E+03 .......... 
3.E- .......... 
1.E- .......... 
$.E- .......... 
7.E- .......... 
).E42 .......... 
2.E- .......... 
...................... 

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

...................... 
3.E- .......... 
I . E 4  .......... 
1.E- .......... 
...................... 

W 

3.E41 .......... 
2.E42 .......... 
8.E+03 .......... 

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

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

...................... 
1 .E& .......... ...................... 
3.E- .......... 
...................... 

2.E41 .......... ...................... 
6.E- .......... 
2.E- ......... 
..................... 
..................... 
1 .E42  ......... 
..................... 
3.E42 ......... ..................... 
6.E- ......... 
..................... 

2.E- ......... 
..................... 

3.E- ......... 
..................... 

& E 4 1  ......... 
..................... 
1 .E- ......... 
4.E- ......... 
2.E- ......... 
5.E- ......... 
..................... 
..................... 
...................... 
...................... 
...................... 
2.E- .......... 
3.E- .......... 
9.E& .......... 
5.E- .......... 
2.E- .......... 
3.E- .......... 
1 .E- .......... 
2.E- .......... 
9.E- .......... 
9 . E m  .......... 
7.E- .......... 
4.E- .......... 
7.E- .......... 
2.E- .......... 
1.E- .......... 
5.E- .......... 
4.E& .......... 
1.E- .......... 
1.E- .......... 
7.E41 .......... 
1 .E42 .......... 
5.E42 .......... 
2.E- .......... 
4.E- .......... 
1 .E& .......... 
1.E- .......... 

5.E+02 ........... 

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

...................... 
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TABLE A-1 b . q E R I V E 0  CONCEHTRAEON GUIDES (WGS)  FOR MEMBERS OF THE PUBUC FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 U S V / Y R . ~ ! h u e d  

rw 

1, value 

5.E-02 ........ 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ...l .... 
5.E-02 ........ 
1 .E& .......... 
1 .E& .......... 
1.E& .......... 
1:E& .......... 
1 .E& .......... 
l.E+00 .......... 
1 . E 4  .......... 
1 .E& .......... 
1 . E 4  .......... 
1 . E 4 -  .......... 
1 . E 4  .......... 
1.E& .......... 
1 . E 4  .......... 
1 .E+OO .......... 
1.E& .......... 
1 .E& .......... 
1 .E& .......... 
l.E& .......... 
1 .E& .......... 
1 .E& .......... 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-Q4 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
l.E-04 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 

D W Y 

3.E+03 .......... 
6.E& .......... 
3.E+03 .......... 
6.E+02 .......... 
5.E+03 .......... 
4.E& .......... 
3.E& .......... 
9 . E d  .......... 
9.E& .......... 
5.E+04 .......... 
3.E+04 .......... 
2.E+04 .......... 
4 . E 4  .......... 
4.E+04 .......... 
1.E+03 .......... 
2.E+04 .......... 
2.E+04 .......... 
9.E+04 .......... 
3.E+03 .......... 
7 . E 4  .......... 
3.E+04 .......... 
6.E+04 .......... 
3.E+05 .......... 
4.E+04 .......... 
l.E+04 .......... 
7.E- .......... 
5.E+02 .......... 
6.E+02 .......... 
1 .E& .......... 
3.E+04 .......... 
7.E+04 .......... 
5.E+03 .......... 
4.E+03 .......... 
3.E+04 .......... 
2 . E 4  .......... 
3.E+02 .......... 
2.E+02 .......... 
3.E+03 .......... 
2.E+03 .......... 
2.E+05 .......... 
2.E+05 .......... 
3.E+03 .......... 
4.E+03 .......... 
S.E+04 ...... ;... 
4.E+04 .......... 
6.E+02 .......... 
6.E+02 .......... 
4.E+01 .......... 
S.E+02 .......... 
2.E+03 .......... 
2.E+03 .......... 
3.E+03 .......... 
3.E+03 .......... 
2.E+04 .......... 
l.E+03 .......... 
2.E+03 .......... 
l.E+03 .......... 
8.E+03 .......... 
5.E+02 .......... 
1 .E45 .......... 
6.E+02 .......... 
3.E+03 .......... 
l.E+03 .......... 
3 . E 4  .......... 
5.E+04 .......... 
2.E+03 .......... 
4.E+03 .......... 
2.E+03 .......... 

...................... 
5.E41 ...... :... 5.E+01 .......... 

5.E+01 .......... 
6.E& .......... 

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

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

Se-75 .: ........................................................................................ 
3 - 7 9  .......................................................................................... 
Se-Elm ....................................................................................... 
sea1 .......................................................................................... 
sea3 .......................................................................................... 
Br-74m ....................................................................................... 
Br-74 .................... 
Br-75 ..................... 
Br-76 .................... 
Br-77 ......... ............................... 
Br-Born ...... 
B r a  ......................... ......................................... 
Br-82 .......................................................................................... 
Br-83 .... : ..................................................................................... 
Br-84 ......................................................................... 
Rb-79 ......................................................................................... 
Rb-Elm ............................................. ........................................ 
Rb-81 ........................................................................................ 
Ab-82m ...................................................................................... 
R b-83 ............... i .......................................................................... 
Rb-84 ......................................................................................... 
Rb-86 ......................................................................... 
Rb-87 ......................................................................... 
Rb-88 ......................................................................... 
Sr-80 .......................................................................................... 
Sr-81 .......................................................................................... 

Rb-89 ......................................................................................... 

?.E+01 .......... 
S.E+03 .......... 
...................... 

2.E+04 .......... 
1 .E+04 .......... 
...................... 

2 . E 4  .......... 
1 . E 4  .......... 
4.E- .......... 
7.E+03 .......... 
4.E+03 .......... 
4.E- .......... 
2 . E d  .......... 
1 . E m  .......... 
2.E+04 .......... 
3.E+02 .......... 
6.E+03 .......... 
6.E- .......... 

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

...................... 
3.E+03 .......... 
5.E+03 .......... 
Q.E& .......... 
4.E+02 .......... 
2.E+03 .......... 
2.E+03 .......... 
2.E+04 .......... 
& E 4 2  .......... 
5.E+03 .......... 
5.E+03 .......... 
1,E+04 .......... 
3.E+04 .......... 
4.E+03 .......... 
2.E- .......... 
9.E+O1 .......... 
7.E+01 .......... 
7.E+01 .......... 
1 .E& .......... 
6.E- .......... 
1 .E& .......... 
1 . E m  .......... 

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

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

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

...................... 1 .E+03 

7.E+03 

B.E+OO 

3.E42 

B.E+04 

1 .E+02 

1 .E& 

1 .E+O1 

3.E-01 

3.E+02 

5.E+02 
5.E+03 
3.E+02 
3.E+02 
2.E+Ol 
1 . E m  
5.E+01 
l.E+04 
l.E+01 
?.E42 
2.E+02 
?.E& 
1 .E+04 
2.E+02 
).E41 
-'.E+02 

...................... 
7.E+03 .......... 

Sr-82 .......................................................................................... 
Sr-83 ....... : .................................................................................. 
S r + m  ....................................................................................... 
Sr-85 ........................................................................................... 

3.Ed)l .......... 
6.E+02 .......... 
5 . E 4  .......... 

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

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

...................... 
2.E+02 .......... 
1 .E+O4 .......... 
...................... ...................... 

Sr-87m ..................... .................................... 
.................................... 

Sr-90 .......................................................................................... 
.................................... 

9-92 .................................. ....................................... 

Y - r n  ............................................. ............................ 

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

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

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

Zr-89 ........................................................................................... 

B.E+0l .......... 
2.E+W .......... 
...................... 

5.E+02 .......... 
B.E+02 .......... 
...................... 

5.E+03 .......... 
3.E+02 .......... 
3.E+02 .......... 
2.E+01 .......... 
l.E+03 .......... 
6.E+01 .......... 
2.E+04 .......... 
2.E+01 .......... 
7.E+02 .......... 
3.E+02 .......... 
7.E+03 .......... 
l.E+04 .......... 
2.E+02 .......... 
4.E+01 .......... 
2.E+02 .......... 

Q.E+02 .......... 
2.E+01 .......... 
).E+02 ....;..... 
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TABLE A-1 b . 4 E R I V E D  CONCENTRATlON GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC~FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 MsV&R.-COIItklWd 

Radionuclide 

Zr-93 .......................................................................................... 
Zr.95 .......................................................................................... 
Zr-97 .......................................................................................... 
Nb-88 .................................................. : ..................................... 
Nb-89 (66 min) .......................................................................... 
N W  (122 min)- ........................................................................ 
Nb-90 ........................................................................................ 
Nb-93m ..................................................................................... 
Nb-94 ........................................................................................ 
Nb-95m ..................................................................................... 
Nb-95 ............................................. 
Nb-96 ........................................................................................ 
Nb-97 ......... ......................................................... 
Nb-98 ......................................... .......... ... 
Mo-90 .......................................................................... ... 

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

.............................................................. 
Me99 ........................................................................................ 
&lo1 ...................................................................................... 

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

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

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

Tc-96m ...................................................................................... 
Tc-96 ........................ : ................................................................ 

Ru-94 ....................................... ........................... 

Ru-103 ......................................................... 

...................................... 
Rh-100 ................................................................................. 

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

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

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

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

................................ 
Pd-109 ....................................... ......................... 

Ag-103 .............................................. .................. 
.................................................................... 

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

1, value 

2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
1.E-02 ........ 
l.E-C.2 ........ 
1.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
8.E-01 ........ 
5.E-02 ...... 1 
8.E-01 ........ 
5.E-02 ........ 
8.E-01 ....... 
5.E-02 ........ 
8.E-01 ....... 
5.E-02 ........ 
8.E-01 ........ 
5.E-02 ....... 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
.8.E - 01 ....... 
5.E-02 .; ..... 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 . 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-03 ........ 
5.E-03 ........ 
5.E-03 ......... 
5.E-03 ........ 
5.E-03 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ... 
5.E-02 ........ 
5.E - 02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 

~~ ~ 

3.E& .......... 
2.E& .......... 
7.E+02 ......... 
7.E& .......... 
1.E& ......... 
5.E& .......... 
1 .E& ......... 
2.E& ......... 
l.E+03 ......... 
3.E& ......... 
2.E& ......... 
1 .E& ......... 
2.E& ......... 
2.E& ......... 
5.E& ......... 
2.E& ......... 
1 .E& ......... 
5.E& ......... 
4.E& ......... 
2.E& ......... 
2 . E G  ......... 
l.E+03 ......... 
6.E& ......... 
6 . E 4  ......... 
7.E+04 ......... 
3.E& ......... 
2.E+04 ......... 
9.E+03 ......... 
4.E& ......... 
1 .E+04 ......... 
2.E+05 ......... 
2.E& ......... 
5.E& ..... ;... 
4.E+04 ......... 
l.E+03 ......... 
9.E& ......... 
4.E& ......... 
l.E+05 ......... 
3.E& ......... 
2.E+04 ......... 
8.€+03 ......... 
2.E+03 .......... 
5.E& .......... 
2.E+02 .......... 
2.E+04 .......... 
3.E& .......... 
2.Et03 .......... 
6.E- .......... 
2.E+03 .......... 
2.E+03 .......... 
S.E+G2 .......... 
5.E+05 .......... 
4.E+03 .......... 
9.E+03 .......... 
1 .E+05 .......... 

B.E& .......... 
4.E& .......... 
2.E& .......... 
7.E& .......... 
4.E& .......... 
3.E& .......... 
2.E& .......... 
3.E+03 ..... 
B.E+02 ..... 
7.E+04 ........... 
7.E+02 .......... 
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l.E+00 .......... 6 . E 4  .......... 
2.E+01 .......... 3.E+01 .......... 
2.E+02 .......... l.E+02 .......... 
...................... 2.E+04 .......... 
...................... 4.E& .......... 
...................... 2 . E G  .......... 
...................... 2.E+02 .......... 
...................... 1.E- .......... 
...................... 2.E41 .......... 
...................... 2.E+02 .......... 
...................... 1 .E42 .......... 
...................... 2.E42.. ........ 
...................... 7.E& .......... 
...................... S.E& .......... 
6.E+02 ................................ 
2.E+03 ................................ 
5.E+02 .......... : .................... 
?.E+02 ............................... 
1 .E+04 ................................ 
1.E+04 .......... 3.E& .......... 
6.E& .......... 9.E& ......... 
4.E+03 .......... 5.E& ......... 
2.E& .......... 2.E+03 .......... 
5.E+02 .......... 2.E& ......... 
2.E& .......... 2.E& ......... 
3.E+04 .......... 2.E+04 .......... 
3.E+02 .......... 2.E+02 ......... 
6.€+02 .......... 1.€+02 .......... 
4.E& .......... 5.E+02 .......... 
l.E+02 .......... 3.E+OI ......... 
l.E+04 .......... 2.E& .......... 
5.E42 .......... 6.E+01 .......... 
3.E+04 .......... 3.E& ......... 
7.E+03 .......... 8.E& ......... 
4.E& .......... 6.E& ......... 
2.E+03 .......... 1 . E 4  ......... 
?.E+02 .......... 9.E+O1 .......... 
I.E& .......... l.E+OIQ ...... ;... 
) . E m  ........... 5.E+00 .......... 
;.E& .......... 7.E& .......... 
3.E+02 .......... 2.E+02 .......... 
i.E+02 .......... 4.E+02 .......... 
I .E& ...... _... 7.E+02 .......... 
I.E+Ol .......... 7.E+01 .......... 
1.E+01 .......... 4.E+01 .......... 
) . E a  .......... 2.E+01 .......... 
l.E+05 .......... l.E+05 .......... 
I.E+03 .......... 6.E+02 .......... 
!.E& .......... 3.E+03 .......... 
!.E+04 .......... 2 . E 4  .......... 
I.E+02 .......... l.E+02 .......... 
LE43  .......... 3.E+03 .......... 
i.E+02 .......... 4.E+02 .......... 
!.E& .......... 7.E+02 .......... 
i.E+02 .......... 5.E+02 .......... 
! . E 4  .......... 2.E& .......... 
).E+03 .......... l.E+04 .......... 
).E& .......... 1.E& .......... 
i.E+03 .......... 1.€+04 .......... 
).E+01.. ......... 2.€+02 .......... 
i.E+Ol .......... 8.E+O1 .......... 
!.E+04 .......... Z.E+04.: ........ 
!.E+Ol .......... 2.E+01 .......... 

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

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

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

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

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

Y 

j.E+OO 
2.E41 
1 .E+02 
2.E& 
3.E& 
1 .E& 
Z.E+02 
1 .E& 
1 . E 4  
2.E& 
1 . E a  
2.E+02 
B.E& 
4.E& 

4.E+02 

1 .E& 

2.E41 

1 .E& 

1 .E& 

5.E& 
1.E& 
?.E41 
I .E& 
I .E& 
;.E& 
!.E42 
).E& 
'.E+02 
1 .E+O1 
.E+O1 
i.E+OO 
.E& 
i.E& 
).E& 
!.E& 
.E& 
L E 4  
).E42 
I.E+Ol 
LE& 
! . E 4  
.E& 
.E& 
.E& 
.E+O2 
I.E+Ol 
'.E& 
'. E 4  
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TABLE A-1 b.4ERIVED CONCENTRATlON GUIDES (DCGS) FOR MEMBERS OF M E  PUBLIC FROM INGESTED WATER AND 
INHAUT’ON RESULTING IN AN EDE OF 1 MSV/YR.ant inued 

Inhaled Jr  DCG (BI ’1 
Y 

#.E+(#) 
L E 4 1  
$.E& 
,.E& 
I.E& 
LE& 
I .E41 
I . E a  
I . E a  
I.E+Ol 
I .E& 
I .E& 
I .E+03 

Radionuclide 
D W 

~~ ~ 

5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-G2 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
2.E-02 ........ 
1.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 

l.E-02 ........ 
1.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
1.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 

L E 4 1  ......... 
L E 4 1  ......... 
B.E& ......... 
7.E+03 ......... 
1 .E& ......... 
5.E+03 ......... 
1.E41 ......... 
1 . E d  ......... 
9.E-01 ....... 
1 .E4 l  ......... 
l.E+02 ......... 
2.E- ......... 
2.E+03 ......... 
6.E- ......... 
5 . E 4  ......... 
2.E& ......... 
6.EtO2 ......... 
6 . E 4  ......... 
2.E+04 ......... 
9.E+00 ......... 
4.E+03 ......... 
1 . E 4  ......... 
4.E+03 ......... 
2.E+04 ......... 
l.E+04 ......... 
l.E+03 .......... 
2.E& ......... 
5.E41 ......... 
1 .E42 ......... 
8.E41 ......... 
5.E41 ......... 
1 .E& ......... 
1.EtO4 ......... 
2.E+01 ......... 
3.E41 ......... 
6.E+00 ......... 
2.E+03 ......... 
3.E+03 ......... 
3.E+04 ......... 

5.E-01 ....... 

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

1 .E41 .......... 
1 . E 4 2  .......... 
7.E+02 .......... 
8.E+03 .......... 
6.E+03 .......... 
5.E+03 .......... 
4 . E 4  .......... 
3.E-01 ........ 
3.E-01 ........ 
7.E+00 .......... 
l.E+02 .......... 
1 .E+03 .......... 
l.E+03 .......... 
4.E- .......... 
4.E+03 .......... 
2.E+03 .......... 
6.E+02 .......... 
l.E+04 .......... 
6.E+00 .......... 
4.E+03 .......... 
l.E-01 ........ 
7.E+03 .......... 
3.E+03 .......... 
2.E+04 .......... 
l.E+04 .......... 
l.E+03 .......... 
2.E+04 .......... 

2.E+02 .......... 
B.E+Ol .......... 
1 .E+03 .......... 
1 .E+04 .......... 
6.E+01 .......... 
B.E+Ol .......... 
5.E+00 .......... 
2.E+03 .......... 
2.E+04 .......... 
6.E+03 .......... 
2.E+04 .......... 
2.E+04 .......... 

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

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

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

5.E& .......... 
1 .E- .......... 
3.E& .......... 
3.E& .......... 
2.E+04 .......... 
2.E& .......... 
4.E- .......... 
4.E+01 .......... 
3.E41 .......... 
3.E42 .......... 
1.E& .......... 
5.E- ......... 
5.E+03 .......... 
2 . E 4  .......... 
2.E& ......... 
5.E+03 ......... 
4.E+03 ......... 
2.E+05 ......... 
5.E+04 ......... 
4.E+02 ......... 
2.E+04 ......... 
4.E41 ......... 
3.E+04 ......... 
1 .E+04 ......... 
6.E+04 ......... 
5.E+04 ......... 
4.E+03 ......... 
8.E+04 ......... 
2.E+03 ......... 
2.E- ......... 
4.E+03 ......... 
4.E+03 ......... 
6.E+03 ......... 
5.E+04 ......... 
7.E+02 ......... 
5.E+02 ......... 
3.E+02 ......... 
7.E+03 ......... 
l.E+04 ......... 
8.E+04 ......... 
8.E+04 ......... 
2.E+04 ......... 
2.E+04 ......... 
9.E+04 ......... 
9.E+04 ......... 
7.E+04 ......... 
7.E+04 ......... 
6.E+03 .......... 
6.E+03 .......... 
2.E+04 .......... 
E.E+04 .......... 
2.E+05 .......... 
2.E+05 .......... 

1 .E+03 .......... 
9.E+02 .......... 
B.E+02 .......... 
3.E45 .......... 
3.E+05 .......... 
6.E+02 .......... 
6.E+02 .......... 
2.E+03 .......... 
Z.E+03 .......... 
7.E+04 .......... 
7.E+04 .......... 
6.E+02 .......... 
5.E+02 .......... 
9.E+02 .......... 

Ag-llOm ..................................................................................... 
Ag-11 1 .......... ............................................................................. 
Ag-112 ........................................................................................ 
Ag115 ................................ 
Cd-?o4 ............................... 
Cd-107 ......................................... 
Cd-109 ....................................................................................... 
Cd-113m .................................................................................... 
(3-113 ................................................................................. : ..... 
Cd-1 15m .................................................................................... 
Cd-115 ............ ............................................................... 
Cd-ll7m .................................................................................... 
Cd-117 ..................................... ................................................. 

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

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

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

...................... 
In-1 15m ................................. ...................................... 

.................. 
Sn-111 ............... 
Sn-113 ............... 

Sn-l lsm ..................................................................................... 
Sn-12lm ..................................................................................... 
Sn-121 ........................................................................................ 

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

Sn-126 ............. .................................................. 
Sn-127 ................................................................ 
Sn-128 ........................... 

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

Sb-120 (6 d) .................... ............................................... 

Sb-122 ............................... ....................................... 

l.E+04 ....... ;. 
3.E+04 ......... 
..................... 

3.E+04 ......... 
! . E a  .......... 
..................... 2.€+03 .......... 

4.E+03 .......... 
!.E+03 .......... 
LE+04 .......... 
...................... 4.E+04 .......... 

2.E+02 .......... 
2.E+02 .......... 
...................... I .E+02 .......... 

l.E+02 .......... 
...................... 

7.E+04 .......... 
B.E+Ol .......... 
...................... 5.E& .......... 

2.E41 .......... 
...................... 

2.E102 .......... 
...................... 
2.E+04 .: ........ 

5.E+01 .......... 
2.E+04 .......... 
...................... .............................................. 

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

Sb-127 ........................................................................................ 

l.E+02 .......... 
2.E+02 .......... 
...................... 4.E+01 .......... 

129EMnr24.1@93 VerOale 12-MAR-93 Jldsu)9BB POOOOOO Fmoo6(2 Fml4701 Sfmi4702 E:FR\FM\P2WR2,PT2 



0 . "  =i - 

TABCE 8-1 b . 4 E R I V E D  CONCENTRAllON GUIDES (w&) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
INHAUITK)N RESULTING IN AN EDE OF 1 uSvhR.--Continogd 

tw 

Radionuslide 

Sb-128 (9 h) ............................................................................... 
Sb-128 (1 0 min) ......................................................................... 
Sb-129 ................................................ 

. . .  Sb-130 ........................................................................................ 
Sb-131 ...................................................................................... i. 

Te-116 ........................................................................................ 
Te-12lm : ........ .................................................... 

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

Te-127m ............................................................... 

Te-134 ............................................................... 

1-128 ............ ; ....... : ...................................................................... 
1-129 ........................................................................................... 

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

cs-136 ................................ ........................................ 

cs-138 ................................. 
Ba-126 ................. .................................................. 

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

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

........................................... 
Ba-140 .................................................................... 
Ba-142 ........................................................................... 

1, vaiue 

l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
1.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
l.E-01 ........ 
l.E-02 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 

2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
1 .E+OO .......... 
1 .E+OO .......... 
l.E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 . E m  .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
l.E+OO .......... 
1 .E+OO .......... 
1 .E+M) .......... 
1 .E+OO .......... 
1 . E m  .......... 
1 .E+OO .......... 
1 . E m  .......... 
1 .E+OO .......... 
l.E+OO .......... 
l.E+OO .......... 
l.E+OO .......... 
1 .E+OO .......... 
.1 .E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
1 .E+OO .......... 
l.E+00 .......... 
l.E+OO .......... 
1 .E+OO .......... 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 .... :... 
l.E-01 ........ 
l.E-01 ... 
1.E-01 ........ 
l.E-03 ........ 

Ingested 
water DCG 
(W) 

B.E& .......... 
l.E+03 .......... 
1 .E& .......... 
1 .E& .......... 
1.E& .......... 
3.E& .......... 
3.E& .......... 
2.E& .......... 
2.E- .......... 
2.E& .......... 
2 . E a  .......... 
& E 4 3  .......... 
3.E+03 .......... 
l.E+03 .......... 
l.E+03 .......... 
2.E+03 .......... 
7.E+02 .......... 
5.E+02 .......... 
3.E& .......... 
6.E+02 .......... 
6.E& .......... 
7.E+02 .......... 
7.€+03 .......... 
3.E& .......... 
3 . E 4  .......... 
1 .E& .......... 
8.E+03 .......... 
3.E& .......... 
l.E+04 .......... 
2.E+02 .......... 
l.E+02 .......... 
7.E+01 .......... 
6.Ei04 .......... 
2.E+01 .......... 
1 .E+03 .......... 
1 .E+02 .......... 
1 . E 4  .......... 
9.E+03 .......... 
5.E+02 .......... 
3.E+04 .......... 
3.E+03 .......... 
9.E+04 .......... 
7.E+04 .......... 
2.E+04 .......... 
1 .E+05 .......... 
2.E& .......... 
3.E+03 .......: .. 
l.E+05 .......... 
7.E+01 .......... 
1 .E+05 .......... 
7.E+02 .......... 
5.E+02 .......... 
l.E+02 .......... 

e.E+02 .......... 

8.E+03 ..... i .... 

5.E+02 .......... 
5.E+05 .......... 
3.E+03 .......... 
3.E+03 .......... 
2.E+03 .......... 
3.E+03 .......... 

Inhaled air DCG @@") 

D 

...................... 
L.E+02 .......... 
3.E+04 .......... 
3.E& .......... 
...................... 

5.E& .......... 
$.E& .......... 
...................... 
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2.E& .......... 
3.E+01 .......... 
4.E+32 .......... 
5.E+01 .......... 
d.E+Ol .......... 
3.E+01 .......... 
b.E+01 .......... 
2.E+03 .......... 
6.E+01 .......... 
6 . E 4  .......... 
l.E+02 .......... 
1 .E+03 .......... 
7.E+01 .......... 
1 . E 4  .......... 
5.E& .......... 
4.E+03 .......... 
Z.E+03 .......... 
1 .E+03 .......... 
2.E+03 .......... 
2.E+01 .......... 
Z.E+01 .......... 
l.E+Ol .......... 
1 .E+04 .......... 
3.E+OO .......... 
2.E+02 .......... 
l.E+Ol .......... 
Z.E+03 .......... 
1 .E+03 .......... 
B.E+Ol .......... 
b.E+03 .......... 
4.E+02 .......... 
l.E+04 .......... 
9.E+03 .......... 
3.E+03 .......... 
2.E+04 .......... 
3.E+03 .......... 
4.E+02 .......... 
l.E+04 .......... 
9.E+OO .......... 
2.E+04 .......... 
l.E+02 .......... 
6.E+01 .......... 
l.E+Ol .......... 
5.E+03 .......... 
1 .E+03 .......... 
2.E+02 .......... 
1 .E45 .......... 
7.E+02 .......... 
% E 4 2  .......... 
7.€+01 .......... 
l.E+03 .......... 
1.Et02 .......... 
6.E+03 .......... 
1 .E+04 .......... 
1 .E+04 .......... 

3.E+03. .......... 

~ 

W 

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

3.E+02 .......... 
4.E& .......... 
&E& .......... 
...................... 

7.E& .......... 
4.E- .......... 
3.E& .......... 
4.E+01 .......... 
3.E+02 .......... 
5,E+01 .......... 
l.E+02 .......... 
7.E+01 .......... 
2.E+01 .......... 
2.E+03 .......... 
2.E+01 .......... 
7.E& .......... 
8.E+O1 .......... 
1 .E& .......... 
6.E+01 .......... 
1 .E& .......... 
5.E+03 .......... 
5.E& .......... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

...................... 
2.E+04 .......... 

Y 
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TABLE 8-1 b . q E R I V E D  CoNCENTRATlON GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 MSv/YR.-&ntinued 

La-132 ........................................................................................ l.E-03 ........ 
La-135 ........................................................................................ 1.E-03 ........ 
La-137 .................................................. ..................................... l.E-03 ........ 
La-1% ..................................................................................... :.. l.E-03 ........ 
La-140 ........................................................................................ l.E-03 ........ 
La-141 ........................................................................................ l.E-03 ........ 
La-142 ........................................................................................ l.E-03 ........ 
Ce-134 .................................. .................................................... 3.E-04 ........ 
Ce-137m .................................................................................... 3.E-04 ........ 
Ce-137 ....................................................................................... 3.E-04 ........ 

La-143 ........................................................................................ l.E-03 ........ 
Ce-135 ....................................................................................... 3.E-04 ........ 

Pr-137 ..................................................................... ..... 3.E-04 ........ 

Pr-139 ........... 

............... 3.E-04 ........ 
.................................................................. 3.E-04 ........ 

Nd-139m ............................................ 

................................... 
... 3.E-04 ........ 

Prn-144 .......... ... 3.E-04 ........ 
Prn-145 .......... 
Prn-146 ................................................. 3.E-04 ........ 

........ 3.E-0j ........ 

........ 3.E-04 ........ 

........ 3.E-04 ........ 

Eu-145 ...................................... .......................... l.E-03 ........ 
.......................................................... l.E-03 ........ 

...... l.E-03 ........ 

.......................................................... 1.E-03 ........ 
........................................................ l.E-03 ........ 

Ingested 
water DCG 
(W) 

4.E+03 .......... 
4.E+W .......... 
1 .E& .......... 
9.E& .......... 
7.E& .......... 
4.E+03 .......... 
&E& .......... 
4.€& .......... 
6.E- .......... 
2.t& ......... 
3.E+03 .......... 
5.E+04 ......... 
5 . E 4  .......... 
2.E+03 .......... 
l.E+03 ......... 
3.E+02 ......... 
B.E+04 ......... 
4.E+04 .......... 
1.€+04 ......... 
4.E+04 .......... 
B.E+04 ......... 
1.€+03 ......... 
1 .E+03 .......... 
5.E+04 ......... 
9.E+04 ......... 
2.E+04 ......... 
2.E+03 .......... 
5.E+03 .......... 
9.E+04 .......... 
2.E+05 .......... 
1 .E& .......... 
1.€+04 .......... 
7.E+04 .. 
6.E+04 .. 
5.E+03 .. 
1 .E+03 .......... 
1 .E+04 .......... 
2.E+03 .......... 
5.E+03 .......... 
7.E+02 .......... 

9.E+03 .......... 
6.E+03 .......... 
3.E+01 .......... 

2.E+03 .......... 

2.E+03 .......... 
I.E+03 .......... 
3.E+03 .......... 
I .E+03 
I .E+04 
O.E+03 .......... 
3.E+02 .......... 
3.E+03 .......... 
X + 0 2  .......... 
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Inhaled alr DCG 

D 

3.E- ......... 
9.E+03 ......... 
6.E- ......... 
3.E-01 ....... 
1.E- .: ....... 
B.E+02 ......... 
2.E& ......... 
9.E- ......... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

... .... 

W 

' 1.E& .......... 
I 2% :::::i:::: 

l.E+UO .......... 
1 .E& .......... 
1.E& .......... 
3.E& .......... 
B.E+03 .......... 
7.E+01 .......... 
4.E& .......... 
4.E+02 ..: ....... 
1 .E& .......... 
7.E+01 .......... 
6.E+01 .......... 
2.E+02 .......... 
2.E+00 .......... 
2.E+04 .......... 
1 . E a  .......... 
5.E+03 .......... 
l.E+04 .... ;..... 
1.E- .......... 
2.E+02 .......... 
7.E+01 .......... 
1 .E+W .......... 
8 . E m  .......... 
2.E- .......... 
5.E+W .......... 
6.E+02 .......... 
2.E+03 .......... 
3.E- .......... 
6.E+04 .......... 
2.E+03 .......... 
2.E+04 .......... 
2.E- .......... 
5.E+01 .......... 
l.E+Gl .......... 
2.E+01 .......... 
4.E+00 .......... 
2.E+01 ......... 
3.E+01 .......... 
5.E+01 .......... 
2.E+02 .......... 
2.E+03 .......... 
3.E+02 .......... 
9.E+03 .......... 
2.E+04 .......... 
2.E+03 .......... 
5.€+01 .......... 
6.E-03 ........ 

.......... 

3.E+02 .......... 
' 2.E+04 .......... 
B.E+02 .......... 
2.E+02 .......... 
l.E+02 .......... 
2.E+02 .......... 
3.E+01 .......... 

2.E+00 .......... 

2.E+00 .......... 
2.E+00 .......... 
I.E+Ol .......... 
4.E+O: .......... 
4.E+02 .......... 

Y 

6.E+01 
3.E+02 
3.E+02 
1 .E& 
6.E+01 
5.€+01 
1 .E& 
1 .E+M 
2 . E 4  
1 . E 4  
4.E& 
1 .E& 
1 .E& 
2.E+02 
6.E+01 
l.E+04 
7.E+02 
2.E& 
5.E- 
5.E+02 
1 . E a  
3.E& 
5.E- 
7.Ed)l 
2.E+03 
2.E& 
2.E+04 
6.E+01 
1 .E+01 
2.Ed)l 
4 . E m  
1 . E 4 1  
3.E+01 
4.E+01 
2.E42 
2.E- 
3.E& 
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TABLE A-1 b.--&RIVED CoNCENTRAllW GUIDES (DCGS) FOR MEMEERS OF THE P U i C  FROM INGESED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 MSv/YR.--Continued 

Redlonuclide 
~ 

Eu-158 ........................................................................ :...... ......... 
........................................................................... 

Gd-146 ....................................................................................... 
Go'-147 ............................... ....................................................... 
Gd-148 ...................................................... 
Gd-149 ...................................................... 
Gd-151 ....................................................................................... 
Gd-152 ....................................................................................... 
Gd-153 ............................................. ...................................... 
Gd-159 ............................................ ................................. : .... 
Tb- 149 ........................................................................................ 
Tb-150 ........................................................................................ 
Tb-151 ......... ............ ........................ 
Tb-153 ........................................................................................ 
Tb-154 ................................................................................. 
Tb-155 ................ .............................. 

Tb-147 ........................................................................................ 

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

Tb-157 ............... ............................. 

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

Ho-157 ....................................................................................... 
Ho-159 ...................... 
Ho-161. .......... 

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

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

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

Ho-167 ....................................................................................... 
Er-161 .... 1 ................................................................................... 
Er-165 ................................................................................. 
Er-171 ........................................................................................ 
Er-172 ............................. ..................................... 
Tm-162 ....................................................................................... 
Tm-166 ............................ 
Tm-167 ....................................................................................... 

E!-1 69 .......................................................... :. ............................ 

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

Yb-162 ............................... 

Yb-175 ........................................................................................ 

LU-171 ........................................................................................ 
LU-172 ........................................................................................ 
Lu-I 73 .............................. 

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

Lu-l76m ................... 

IW 

1, value 

l.E-03 ........ 
3.E-04 ........ 
3.E-04 ....... 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ....... 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ....... 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ......., 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-G4 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
LE-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
:.E-04 ........ 

2 . E 4  .......... 
5 . E 4  ......... 
1.E& ......... 
2.E& ......... 
3.E41 ......... 
3.E& ......... 
7.E& ......... 
3.E41 ......... 
5.E& ......... 
3.E& ......... 
9.E& ......... 
5.E& ......... 
5.E+03 ......... 
4.E& ......... 
5.E& ......... 
2.E+03 ......... 
6.E+03 ......... 
7.E+03 ......... 
2.E+04 ......... 
1 .E+03 ......... 
5.E+04 ......... 
1 .E+03 ......... 
8.E+02 ......... 
2.E& ......... 
9.E+03 ......... 
2.E+04 ......... 
I.E+W ......... 
l.E+W ......... 
8.E+02 ......... 
4.E+04 ......... 
3.E+05 ......... 
2.E+05 ......... 
l.E+05 ......... 
6.E+04 ......... 
8.E+05 ......... 
l.E+05 ......... 
2.E+05 .: ....... 
7.E+02 .......... 
9.E+02 .......... 
2.E+W ......... 
2.E+04 .......... 
7.E+04 .......... 
4.E+03 .......... 
4.E+03 .......... 
l.E+03 .......... 
7.E+04 .......... 
4.E+03 .......... 
3.E+03 .......... 
l.E+03 .......... 
1 .E+04 .......... 
9.E+02 .......... 
4.E+03 .......... 
l.E+05 .......... 
7.E+04 .......... 
l.E+03 .......... 
3.E+05 .......... 
2.E+03 .......... 
3.E+03 .......... 
2.E+04 .......... 
l.E+04 .......... 
3.E+03 .......... 
l.E+03 .......... 
2.E+03 .......... 
l.E+03 .......... 
5.E+03 .......... 
3.E+03 .......... 
5.E+03 .......... 
8.E+03 .......... 

Inhaled alr  DCG (Eqhn') 

0 W 

1 . E 4  .......... 
1.E41 .......... 
4.E+02 .......... 
l.E-03 ........ 
2.E42 ..: ....... 
6.E+01 .......... 
2.E-03 ........ 
2.E+01 .......... 
7.E+02 .......... 
...................... 

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

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

...................... 
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5.E- .......... 
2.E+04 .......... 
3.E41 .......... 
3.E& .......... 
5.E-03 ........ 
2.E& .......... 
1.E& .......... 
7.E-03 ........ 
5.E41 .......... 
5.E& .......... 
3.E& .......... 
7.E41 .......... 
2.E+03 .......... 
6.E+02 .......... 
4.E+02 .......... 
7.E+02 .......... 
7.E+02 .......... 
2.E+03 ......... 
1.E+C2 ......... 
5.E+01 ......... 
2.E+00 ......... 
2.E+01 ......... 
l.E+02 .......... 
2.E+03 .......... 
6.E+03 ......... 
2.E+02 .......... 
4.E+03 .......... 
7.E+01 ........., 
l.E+04 .......... 
l.E+05 .......... 
9.E+04 .......... 
4.E+04 .......... 
2.E+04 .......... 
2.E+05 .......... 
3 . E 4  .......... 
6.E+04 .......... 
6.E-01 ........ 
2.€+02 .......... 
5.E+03 .......... 
6.E+03 .......... 
2.E+04 .......... 
2.E+02 .......... 
9.E+02 .......... 
l.E+02 .......... 
2.E+04 .......... 
I.E+03 .......... 
2.E+02 .......... 
2.E+01 .......... 
5.E+01 .......... 
l.E+02 .......... 
1 .E& .......... 
2.E+04 .......... 
3.E+04 .......... 
2.E+02 .......... 
7.E+04 .......... 
7.E+01 .......... 
3.E+02 .......... 
4.E+03 .......... 
4.E+03 .......... 
4. €+02 .......... 
Z.E+02 .......... 
2.E+02 .......... 
l.E+02 .......... 
4.E+01 .......... 
3.E+01 .......... 
Z.E+01 .......... 
Z.E+03 .......... 

.......... 

Y 

!.E+04 
!.E42 
3.E+04 
L E 4 1  
L E 4 2  
1.E+03 
3.E+03 
i.E+02 
!.E+02 
!.E+02 
I .E+02 
!.E+Ol 
!.E+O1 
I .E+Ol 
!.E+03 
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Inhaled alr DCG (Bdd) 
Radionuclide 

Lu-1 76 ........................................................................................ 
L u - l n m  ..................................................................................... 
Lu-177 ....................... : ................................................................ 
Lu-178m ...... ; ........................................ i ..................................... 
Lu-178 ........................................................................................ 
Lu-1 79 .............................. ..:.. ..................................................... 
Hf-170 ................................................................................... .... 
Hf-172 ........................................................................................ 
Hf-173 ........................................................................................ 
Hf-175 ........................................................................................ 
H f - 1 7 h  .............................................................................. i ....... 
Hf-179m ......................................... ........................................ 

................................................................... : ...... 
Hf-181 ........................................................................................ 

Hf-177m ..................................................................................... 

Hf-182m ..................................................................................... 
.................................................................................. 
.................................................................................. 

Hf-184 ........................................................................................ 
Ta-172 ........................................................................................ 
Ta-173 ........................................................................................ 
Ta-174 ........................................................................................ 
Ta-175 ........................................................................................ 
T a l  76 ........................................................................................ 
Ta l77  ....................................... ......................................... 
Ta-179 ........................................................................................ 
Ta-I 80m .................................................................. 
Ta-180 ........................................................................................ 

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

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

.................................................................. 
Ta l83  ....................................... ............................................ 
Ta-185 ....................................... ............................................. 
T6-186 ........................................................................................ 
W-176 ......................................................................................... 
w.177 ......................................................................... 
w-178 ......................................................................................... 

Ta-184 ........................................ ............................................. 

W-179 ............................................................................ 
w-181 ......................................................................................... 

...................... 
w-1 09 ................ ........................................ 

Re-177 ......................... 

Re-1Mm .................................. .................. 

Re-1 86 ......................... .................................... 
Re-188m ........................ .............................................. 
Re-188 ................................................. ...................... 

os-1 82 ....................................... 

1, value 

3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
3.E-04 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
2.E-03 ........ 
1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E - 02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
l.E-02 ........ 
3.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
9.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
8.E-01 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 

8.E- .......... 
8.E- .......... 
3.E- .......... 
6.E& .......... 
4 . E 4  .......... 
6.E- .......... 
3.E- .......... 
1 .E& .......... 
5.E- .......... 
3.E& .......... 
2 . E 4  .......... 
3.E& .......... 
1.E- .......... 
8.E- .......... 
1.E- .......... 
4.E+04 .......... 
4.E+02 .......... 
2.E+04 .......... 
3.E+03 .......... 
4.E+04 .......... 
7 . E a  .......... 
3.E+04 .......... 
6.E- .......... 
4.E+03 .......... 
1 .E+M .......... 
2.E+04 .......... 
2.E+04 .......... 
2.E+04 .......... 
2.E+03 .......... 
2.E+05 .......... 
9.E+02 .......... 
l.E+03 .......... 
2.E+03 .......... 
3 . E 4  .......... 
8.E+04 .......... 
1 .E+04 .......... 
1 .E+04 .......... 
2.E+04. .......... 
3.E+04 .......... 
6.E+03 .......... 
8.E+03 .......... 
6.E+05 .......... 
6.E+05 .......... 
2.E+04 .......... 
2.E+04 .......... 
3.E+03 .......... 
4.E+03 .......... 
2.E+03 .......;.. 
3.E+03 .......... 
6.E+02 .......... 
B.E+02 .......... 

5.E+03 .......... 
2.E+03 .......... 
7.E+03 .......... 
2.E+03 .......... 
2.E+03 .......... 
2.E+03 .......... 
2.E+03 .......... 
6.E+05 .......... 
8.E+04 .......... 
2.E+03 .......... 

2.E+03 .......... 
3.E+03 .......... 

D 

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

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

...................... 
5.E+02 .......... 
2.E+00 ........... 
1 .E& .......... 
9.E41 .......... 
5.E& .......... 
2.E-01 ........ 
5.E+01 .......... 
2.E- .......... 
4.E+01 .......... 
8.E+03 ......... 
4.E+03 ......... 
7.E+02 ......... 
2.E-01 ....... 

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

5.E403. .......... 
8.E+03 .......... 
...................... 

2.E+03 .......... 
2.E& .......... 
...................... 

3.E+03 .......... 
6.E+02 .......... 
...................... 

8.E+02 .......... 
l.E+02 .......... 
2.E+04 .......... 
2.E+04 .......... 
8.E+02 .......... 
2.E+02 .......... 
l.E+03 .......... 
3.E+02 .......... 
3.E+02 .......... 
2.E+02 .......... 
3.E+02 .......... 
8.E+04 .......... 
1 .E+04 .......... 
3.E+02 .......... 
5.E+02 .......... 
3.E+04 .......... 
4.E+03 .......... 
5.E+@2 .......... 
I.E+Ol .......... 

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

W 

1 . E a  .......... 
1.E41 .......... 
2.E- .......... 
2.E- .......... 
1 . E m  .......... 
2.E- .......... 
4.E- .......... 
5.E+00 .......... 
1.E- ........ :. 
1 .E- .......... 
8.E- .......... 
8.E-01 ........ 
5.E+Ol .......... 
2.E+03 .......... 
4.E+01 .......... 
1 . E M  .......... 
5.E- .......... 
6.E+02 .......... 
l.E+04 .......... 
2.E+03 .......... 
8.E+03 .......... 
1 .E+03 .......... 
l.E+03 .......... 
2.E+03 .......... 
8.E+03 .......... 
5.E+02 .......... 
6.E+03 .......... 
4.E+01 .......... 
5 . E 4  .......... 
3.E+01 .......... 
1 .E+02 .......... 
5.E+02 .......... 
7.E+03 .......... 
2 . E d  .......... 

6.E-01 ........ 

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

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

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

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

...................... 
3.E+04 .......... 
3.E+04 .......... 
8.EtC2 .......... 
2.E+M .......... 
1 .E+03 .......... 
4.€+01 .......... 
l.E+02 .......... 
l.E+01 .......... 
2.E+02 .......... 
9.E+03 .......... 
l.E+04 .......... 
2.E+02 .......... 
4.E+02 .......... 
4.E+04 .......... 
4.€+03 .......... 
4.E+02 .......... 
7.€+01 .......... 



W 

2 . E 4  .......... 
2.E- .......... 
l.E+02 .......... 
3.E& .......... 
5 . E 4  .......... 
l.E+04 .......... 
3.E& .......... 
l.E& ........... 
6.E+02 .......... 
3.E+03 .......... 
3.E+02 .......... 
L E 4 2  .......... 
2.E+04 .......... 
9.E41 .......... 
L E 4 1  .......... 
4.E+01 .......... 
2.E+01 .......... 
2.E+02 .......... 
3.E+03 .......... 
5.E43 .......... 

Y 

2.E- 
2.E- 
l.E+02 
2 . E 4  
7.E-01 
1.E- 
2.E- 
9.E- 
S.E+02 
2.E- 
3.E- 
3.E+02 
2 . E 4  
B.E+Ol . 
l.E+00 
2.E+01 
9.E- 
2.E+02 
2.E- 
4.E- 

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

...................... 
2.E+03 .......... 
5.E- .......... 
l.E+02 .......... 
l.E+02 .......... 
2.E+02 .......... 
4.E+02 .......... 
3.E42 .......... 
7.E+03 .......... 
2.E- .......... 

2.E+03 
5.E& 
4.E+Ot 
l.E+02 
2.E+02 
3.E+02 
2.E+02 
6.E+03 
2.E+04 
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T A ~ L E  A- lb .aERIVED CONCENTRATION GUIDES (DCGS) FOR MEM8ERS OF ME PUBllC FROM INGESTED W A E R  AND 
INHALATION RESULTING IN AN EDE OF 1 M S v / Y R . ~ t i n u e d  

Inhaled air DCG (BBhnJ) 
RediUClide 

1.E-02 ........ 
l.E-02 ........ 
1.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
1.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
I.€-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-02 ........ 
l.E-01 ........ 
1.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
1.E-01 ........ 
l.E+00 .......... 
4.E- 01 ........ 
2.E-02 ........ 
l.E+00 .......... 
4.E-01 ........ 
2.E-02 ........ 

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

2.E+04 .... : ..... 
3.E& .......... 
2.E+02 .......... 
4.E+% .......... 
4.E+00 .......... 
l.E+04 .......... 
2.E& .......... 
1 .E& .......... 
7.E+02 : ......... 
3.E- .......... 
4.E+02 .......... 
4.E& .......... 
2 . E 4  .......... 
B.E+Ol .......... 
8.E+00 .......... 
2.E+01 .......... 
B.E+OO .......... 
3.E+02 .......... 
2.E+03 .......... 
4.E+03 .......... 
3.E+03 .......... 
2.E+02 .......... 
3.E+03 .......... 
7.E+02 .......... 
5.E+02 .......... 
2.E+03 .......... 
4.E+02 .......... 
4.E+03 .......... 
9.E+02 .......... 
1 .E+04 .......... 
3.E+02 .......... 
2.E+03 .......... 
7.E+02 .......... 
l.E+03 .......... 
2.E+02 .......... 
3.E+02 .......... 
8.E+02 .......... 
3.E- .......... 
6.E+03 .......... 
2.E+04 .......... 
1 .E+03 .......... 

8.E+04 .......... 
1 .E& .......... 
3.E- .......... 
2.E& .......... 
6.E+02 .......... 
4.E+04 .......... 
8.E+03 .......... 
5.E- .......... 
2.E- .......... 
1 .E& .......... 
2.E+03 .......... 
6.E+03 .......... 
2.E- .......... 
1 .E+03 .......... 
3.E- .......... 
I.E+03 .......... 
6.E+02 .......... 
l.E+03 .......... 
8.E+03 .......... 
2.E+04 .......... 
I.E+04 .......... 
2.E+03 .......... 
1 . E 4  .......... 
4.E+03 .......... 
3.E+03 .......... 
5.E+04 .......... 
2.E+03 .......... 
2.E+04 .......... 
3.E+03 .......... 
5.E+04 .......... 
1 .E+03 .......... 
l.E+04 .......... 
3.E- .......... 
5.E+03 .......... 
1 .E+03 .......... 
1 .E& .......... 
3.E+03 .......... 
I.E+03 .......... 
3.E+04 .......... 
9.E+04 .......... 

...................... 
5.E+04 .......... 
2.E+04 .......... 
2.E+04 .......... 

9.E+02 ....... :.. 

os-1 89m .......... .............................................................. 
Os-1 91 m ...................... :. .......................................... 
os-191 ....................................................................................... 
OS-193 ........................................... .................... ; ................. 
OS-194 ....................................................................................... 
lr-182 .......................................................................................... 
lr-184 .......................................................................................... 
lr-185 .......................................................................................... 

.............. : ................................................... 

.................................................................. 
lr-188 .......................................... ............................. 
lr-189 .......................................... ............................. 
lr-19om ....................................... ............................. 
lr-190 .................................. ..................................... 
lr-192m ....................................................................................... 

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

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

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

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

Hg-193m (Ore) ........................................................................... 
............................................................ 

Hg-193 .......................... .............................. 

Hg-194 (Org) ............. : ............... .................... 

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

...................... I ...................... ....................... 

...................... I ...................... ....................... 

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

...................... I ...................... 

S.E+02 .......... 
8.E+02 .......... 
6.E+03 .......... 

7.E+02 .......... 

4.E+03 .......... 
3.E+03 .......... 
3.E- .......... 

I.E+03 .......... 
l.E+00 .......... 
4.E-01 ........ 
2.E- 32 ........ 4.E+00 .......... 

3.€+00 .......... 
5.E+02 .......... 
5.E+02 .......... 
4.E+02 .......... 
4.E+03 .......... 
3.E+03 .......... 
3.€+03 .......... 
8.€+02 .......... 
7.E+02 .......... 
5.E+02 .......... 
l.E+03 .......... 
1 .E+03 .......... 
8.E+02 .......... 

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

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

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

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

l.E+01 .......... 
1 .E+OO .......... 
4.5-01 ........ 
2.E-02 ........ 

5.E+03 .......... 
3.E+03 .......... 
2.E- .......... 

...................... 
3.E+02 .......... 

1 .E+W .......... 
4.E-01 ........ 
2.E-02 ........ 

4.E+04 .......... 
2.E+04 .......... 
I.E+04 .......... 

...................... 
3.E+03 .......... Hg-195 ....................... 

Hg-I95 ....................... 
Hg-197 ......................................................... 

Hgl97m ...................... .......................... 
Hg-197m (Vapor) ......... .......................... 

Hg-197 ........................... .................................. 
Hg-197 (Org) .......................................................... 

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

1 .E+OO .......... 
4.E-01 ........ 
2.E-02 ........ 

7.E+03 .......... 
4.E+03 .......... 
3.E+03 .......... 

...................... 
t.E+02 .......... 

l.E+00 .......... 
4.E-01 ........ 
2.E-02 ........ 

1 .E+04 .......... 
7.E903 .......... 
6.E+03 .......... 

...................... 
3.E+02 .......... 
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TAEU 8-1 b.aEF.IVED CONCENTRAllON GUIOES (DCGS) FOR fflEMBERS OF THE P U W C  FROM INGESTED WATER AND 
INHALATION HESULTlNG IN AN EDE OF 1 MSV/YR.--ContmUed 

repl 

Redianuciide 

H g l 9 m l  (org) ........................................................................... 
Hg-198111 .................................................................................... 
Hg199m (Vapor) ....................................................................... 
Hg-203 (Org) .............................................................................. 
Hg-203 ............................................. 
Hg-203 (Vapor) ................................ 
TI-1W-n ...................................................................................... 
TI-194 ............................................... 

.................................................................................. 
TI-197 ............................. ..................................................... 
TI-198m ..................................................... 

Pb-19- ...... ; .......................... 

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

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

.............................. 
Bi-205 ..................................................................... 

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

PO-205 ........................................................ 
Po-210 ............................................. .................. 

Ab2 1 1 ................................... 

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

.................... 
Ra-226 ......... ................................................. 

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

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

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

f, value 

1.E- .......... 
4.E - 01 ........ 
2.E-02 ........ 
1 .E- .......... 
4.E - 01 ........ 
2.E-02 ........ 
1 .E& .......... 
1.E& .......... 
1 .E& .......... 
1.E- .......... 
1. E& .......... 
1 . E 4  .......... 
1 .E+W .......... 
l.E+00 .......... 
l.E+00 .......... 
1 .E+OO .......... 
l.E+00 .......... 
2.E-01 ........ 
2.E-01 .... .;.. 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
l.E-01 ........ 
1 .E+OO .......... 
l.E+00 .......... 

1.Et00 .......... 
l.E+00 .......... 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
2.E-01 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l .E-03 ........ 
2.E-04 ........ 
2.E-04 ........ 

lngestsd 
water DCG 
(W) 

1 .E& .......... 
G . E 4  .......... 
6.E- .......... 
5.E- .......... 
9.E+O2 .......... 
3.E- .......... 
7.E- .......... 
3.E& .......... 
7,E+04 .......... 
8 . E 4  .......... 
3.E- ........ :. 
2 . E 4  .......... 
6.E+04 .......... 
S.E+03 .......... 
2.E+04 .......... 
4.E+03 .......... 
2 . E 4  .......... 
6.E- .......... 
3.E+04 .......... 
2.E+04 .......... 
3.E+03 .......... 
8.E+03 ...... :... 
9.E+03 .......... 
l.E+02 .......... 
5.E+03 .......... 
4.E+03 .......... 
3.E+04 .......... 
1 .E+W .......... 
1 .E+04 .......... 
l.E+02 .......... 
9.E+03 .......... 
3.E+04 .......... 
1 .E+04 .......... 
2.E+04 .......... 
3.E+03 .......... 
l.E+03 .......... 
7.E+02 .......... 
1 .E+03 .......... 
6.E+01 .......... 
9.E+02 .......... 
5.E+03 .......... 
8.E+03 .......... 
2.E+04 .......... 
3.E+04 .......... 
2.E+04 .......... 
3.E+03 .......... 
3.E+00 .: ........ 
5.E+03 .......... 
l.E+02 .......... 

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

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

P) ................. 
[4) ................. 
2.E+03 .......... 
5.E+02 .......... 
l.E+Ol .......... 
2.E+01 .......... 
2.E+O1 .......... 
5.E+00 .......... 
2.E+04 .......... 
4.E+OO .......... 
2.€+03 .......... 
6.E+01 .......... 
l.E+02 .......... 
4.E-01 ........ 
2.E+03 .......... 
6.E+03 .......... 
1.€+02 .......... 

Inhaled alr DCG (Wd) 
D 

1 . E 4  .......... 
1 . E 4  .......... 
7.E& .......... 
7.E+01 .......... 
1 .E- .......... 
7.€+01 .......... 
1 . E 4  .......... 
5.E+04 .......... 
l.E+04 .......... 
1 . E 4  .......... 
5.E+03 .......... 
3.E& .......... 
7.E+03 .......... 
l.E+03 .......... 
2.E+03 .......... 
5.E+02 .......... 
2.E+02 .......... 
2.E+04, .......... 
6.E+03 .......... 
6.E+03 .......... 
6.E+02 .......... 
2.E+03 .......... 
3.E+03 .......... 
5.E+00 .......... 
9.E+02 .......... 
l.E+02 .......... 
5.E+03 .......... 
6.E+01 .......... 
3.E+00 .......... 
7.E+01 .......... 
7.E+03 .......... 
3.E+03 .......... 
4.E+03 .......... 
6.E+02 .......... 
2.E+02 .......... 
l.E+02 .......... 
2.E+02 .......... 
6.E-01 ........ 
3.E+01 .......... 
2.E+01 .......... 
3.E+01 ........... 
?.E+01 .......... 
6.E+03 .......... 
3.E+03 ...... ;... 
2.E+03 .......... 
5.E-02 ........ 
2.E+02 .......... 
7.E+00 .......... 

4.E-02 ........ 

(3) ................. 
[4) ................. 
4.E+01 .......... 
7.E+01 .......... 

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

3.E& .......... 
4.E-02 ........ 
3.E-01 ........ 
7.E - 05 ........ 
2.E+00 .......... 
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W 
~~ 

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

...................... 
? . E 4  ......... 
..................... 
..................... 
1 . E a  ......... 
..................... 
..................... 
..................... 

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

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

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

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

..................... 
9.E+03 ......... 
3.E+03 ......... 
7.E+03 ......... 
5.E42 ......... 
l.E+02 ......... 
8.E+O1 ......... 
3.E+01 ......... 
6.E-02 ....... 
2.E+00 ......... 
3.E+01 ......... 
3.E+01 ......... 
8.E+O1 ......... 
8.E- ......... 
6.E+03 ........ : 
3.E+03 .......... 
;.E-02 ........ 
!.E+02 .......... 
j.E+OO .......... 
3) ................. 
4) ................. 
...................... 
LE-02 ........ 
LE-02 ........ 
LE-02 ........ 
?.E+03 .......... 
1.E-01 ........ 
l.E+OO .......... 
;.E-02 ........ 
l.E-01 ........ 
LE-04 ........ 

?.E-01 ........ 

;.E+OO .......... 
I.E+Ol .......... 
LE-02 ........ 

Y 

.E& 
#.E-02 
,.E -01 
..E - 04 
.E+DO 
.E+Ol 
1.E-02 



8 
6 

0 

I 
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TABLE A-1 b . 4 E R l V E D  CONCENTRATION GUIDES (DCGS) FOR MEMBERS OF M E  PUBLIC FROM INGESTED WATER AND 
INHALATION RESULTING IN AN EDE OF 1 M S v I Y R . 4 n t i n u e d  

IW 

Th-228 ........................................................................................ 
Th-229 ......................................................................................... 
Th-23 1 ........................................................................................ 

.............................................................. :. 
Th-234 ..................................................................................... :.. 
Pa-227 ........................................................................................ 
Pa-228 ........................................................................................ 
Pa-230 ........................................................................................ 
Pa-231 ................................................ ...................... 

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

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

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

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

U-231 ......................................................................................... 
U-232 ......................................................................................... 

u-233 ......................................................................................... 
u-234 .......................................................................................... 
u-235 ......................................................................................... 
u-236 ......................................................................................... 
U-237 ......................................................................................... 

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

U-Natural ........ .......................................................... 
Np-232 .;... .................... ...:.. 
Np-233 ............................... 
Np-235 ....................................................................................... 
Np-234 ............................... ........................... 
Np-236 (l.E+5 yr) .............. ........................... 

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

pu-234 ............................................... 

pu-235 ................. 1 ...................................................................... 

pu-236 ........................................................................................ 

Pu-237 ........................................................................................ 

Pu-238 ........................................................................................ 

Pu.239 ........................................................................................ 

1, value 

2.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E-04 ........ 
2.E-G4 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
5.E-02 ....... 
2.E-03 ........ 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... : 
2.E-03 ....... 
5.E-02 ....... 
2.E-03 ........ 
5.E-02 ........ 
2.E-03 ........ 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... 
2.E - 03 ....... 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... 
2.E-03 ....... 
5.E-02 ....... 
2.E-03 ....... 
l.E-03 ........ 
l.E-03 ....... 
l.E-03 ....... 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ....... 
l.E-03 ....... 
l.E-03 ........ 
l.E - 04 ........ 
l.E-05 ....... 
1.E-03 ........ 
l.E-04 ........ 
l.E-05 ....... 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
1.E-04 ........ 
l.E-05 ........ 
l.E-,03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 

l.E+Ol ................................ 
2.E& ................................ 
l.E+Ol ................................ 
4.E& ................................ 
2.E& ................................. 
4.E+02 ................................ 
4.E& ....................... ; ........ 
1 .E& ................................ 
9.E+o2 ................................ 
5.E-01 .............................. 
2 . E 4  ................................ 
2.E+0'3 ................................ 
3.E+03 ................................ 
6 . E m  ........... 5.E-02 ........ 
4.E+01 ................................ 
5.E+03 .......... 7.E+02 .......... 
5.E+03 ................................ 
4.€+00 .......... 4.E-02 ........ 

W 

2.E-03 ....... 
2.E-04 ....... 
l.E-03 ....... 
3.E-04 ....... 
6.E+02 ......... 
2.E+01 ......... 
l.E+Ol ......... 
2 . E 4  ......... 
4.E-01 ....... 
3.E-04 ....... 
5 . E m  ......... 
6.E+O1 ......... 
7.E+O2 .: ....... 
3.E-02 ....... 
..................... 
5.E+02 ......... 
3.E-02 ....... 
6.E-02 ....... ..................... 

6.E-02 ..: .... 
7.E-02 ...... 
7.E - 02 ....... 

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

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

2.€+02 ........ 
7.E-02 ...... 
.................... 

2 . E 4  ........ 
3.E+02 ........ 
.................... 

7.E-02 ...... 
4.€+02 ......... 
3.E+05 ......... 
2.E+02 ......... 
l.E+02 ......... 
5.E-03 ....... 
6.E+00 ......... 
9.E-04 ..... ;, 
l.E+Ol ......... 
2.E+02 ......... 
7.E+03 ......... 
2.E+01 ......... 
..................... 

3.E+05 ......... 

3.E-03 ....... 

3.E+02 .......... 

1.E-03 ........ 

1.E-03 ........ 
...................... 
1.E-03 ........ 
...................... 

Y 

1.E-03 
3.E-04 
2.E - 03 
6.E+02 
LE - 04 
1 .E41 
D.E& 
1.E& 
3.E-01 
5.E-04 
7.E& 
5.E41 
6.E+02 

2.E-02 

4.E+02 

7.E-04 

3.E-03 

3.E-03 

4.E - 03 

4.E - 03 

1 .E+02 

4.E-03 

1 .E+W 

2:E+02 

4.E-03 

2.E+01 

2.E+05 

4.E-03 

I.E+02 

'.E - 03 

'.E-036 

.E - 03 
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TABLE A-1 b . q E R I V E D  CoNCENlRATloFl GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM lNGESTED WATER AND 
INHALATION RESULTlNG IN AN EDE OF 1 MSv/YR.-Continued 

lepl 

Rediormdide 1, value 

~~~ 

Pu-241 ........................................................................................ 

Pu-242 ........................................................................................ 

Pu-243 ........................................................................................ 

Pu-244 ........................................................................................ 

Pu-245 ........................................................................................ 

Pu-246 ........................................................................................ 

Am-237 ....................................................................................... 
Am-238 ....................................................................................... 

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

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

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

.................................................... 
Am-242 ..................... .................................................... 

Am-244 .............. ............................................................ 
Am-245 ............................................... ...................... 
Am-246m ......... ................................................................ 

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

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

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

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

................................................. 
Es-250 .............................................. ............................. 
Es-251 .............. ....................... 

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

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

Md-257 ....................................................................................... 

l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E- 04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-04 ........ 
l.E-05 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-Xi ........ 
l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
l.E-03 ......... 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
1:E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ....... : 
l.E-03 ........ 

1.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 
l.E-03 ........ 

lngestsd 
water DCG 
(W) 

8.E+01 .......... 
8.E+02 .......... 
7.E& .......... 
2 . E m  .......... 
2.E+01 .......... 
2.E& .......... 
2 . E d  .......... 
2.E+04 .......... 
2.E+04 .......... 
2 . E d  .......... 
2.E41 .......... 
1 .E& .......... 
2.E- .......... 
2.E& .......... 
2.E- .......... 
4.E+02 .......... 
4.E+02 .......... 
4.E+02 .......... 
8.E+04 .......... 
4.E+04 .......... 
5.E+03 .......... 
2.E+03 .......... 
1 .E+W .......... 
2.E+00 .......... 
4.E+03 .......... 
l.E+00 .......... 
8.E+04 .......... 
3.E+03 .......... 

3.E+04 .......... 
2.E+04 .......... 
B.E+Ol .......... 
1 .E+03 .......... 
5 .Ef l l  .......... 
2.E& .......... 
3.E+00 .......... 
1 .E+W .......... 
l.E+00 .......... 
2.E+00 .......... 
6.E+04 .......... 
2.E+03 .......... 
3.E+03 .......... 
1.E& .......... 
5.E+02 .......... 
9.E43 .......... 
3.E+04 .......... 
4.E+02 .......... 
Z.E+01 .......... 
l.E+M ...... :.). 
3.E+00 .......... 
1 .E+M .......... 
S.E+OO .......... 
4.E+02 .......... 
2.E+00 .......... 
4.E+04 .... 
8.E+03 .......... 
2.E+02 .......... 
3.E+02 .......... 
2.Ed)l .......... 
5.E+02 .......... 
1 .E+03 .......... 
3.E+03 .......... 
5.E+02 .......... 
4.E+01 .......... 
7.E+03 .......... 

4.E-01 ........ 
7.E-02 ........ 
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D W l Y  

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

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

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

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

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

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

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

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

........ 5.E-02 . .  ...................... 
...................... 9.E-02 
l.E-03 ........ 
...................... 
...................... 2.E-03 
3.E& .......... I ...................... 
...................... 3 . E 4  
l.E-03 ........ 
...................... 2.E-03 
4.E+02 .......... 
...................... 4.E+02 
2.E+01 .......... 

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

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

...................... I ...................... 
2 . E d  .......... 
6.E+02 .......... 
1 .E+03 .......... 
3.E+02 .......... 
l.E-03 ........ 
l.E-03 ........ 
8.E& .......... 
l.E-03 ........ 
6.E42 .......... 
3.E+01 .......... 
7.E& .......... 
2 . E 4  .......... 
9.E& .......... 
1.E& .......... 
6.E-02 ........ 
3 . E m  .......... 
3.E-02 ........ 
2.E-03 ........ 
2.E-03 ........ 
l.E-03 ........ 
l.E-03 ...... :. 
l.E-03 ........ 
3.E-04 ........ 
5.E-05 ........ 
2.E- .......... 
1 .E+02 .......... 
3.E+02 .......... 
8.E-04 ........ 

2.E+01 

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

5.E+01 .......... I S.E+01 

3.E-01 
7.501 

8.E-01 ........ 8.E-01 
l.E-02 ........ 9.E-03 
8.E-04 ........ l.E-03 
2.E-03 ........ 2.E-03 
8.E-04 ........ l.E-03 
3.E-03 ........ 3.E-03 
2.E-01 ........ 2.E-01 
2.E-03 ........ 2.E-03 
1 .E+02 .......... 
l.E+02 .......... 
l.E-01 ........ 
9.E-01 ........ 
l.E-02 ........ 
1 .E& .......... 
9.E-01 ........ 
6.E+00 .......... 
2.E+00 .......... 
LE+W .......... 
2.E-02 ........ 
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TA8LE A-1 b . a E R l V E D  CONCENTRATION GUIDES (DCGS) FOR MEMBERS OF THE PUBLIC FROM INGESTEO WATER AND 
INHALATloN RESULTING IN AN EDE OF 1 M s V / Y R . ~ h J d  

lW 

IngeStSd Inhaled air DCG (Wnf') 
1, value water DCG (W) D W Y RadiOndd 

....................................................................................... ........ ................................ ........ Md-258 1.E-03 5.E41 3.E-02 

1 A desh i nd i tes  no values given for this data cat 
2m inhalation values allow for rn additmr3% absorption thw the d n .  as described in ICRP pu~lcation NO. 30: "urnits for 

Intakes of Fladionudides b Workers, Part 1 ." For elemental tritium. the lung dose equivalent Is used as the basis for the DCG value shown. 
'DCGs for Rn-220 are Lng assassed by WE. Until the review has been completed and new values issued. the valw d 1.E& e4rm3 

given in Fi ure A 4  shall be e. 
'DCGs kr Rn-222 are betog assessed by WE. Until the review has been completed and new values issued. th8 vakre of l.E+02 W m 3  

given in Rgure A 4  shall be used for Rn-222 releases from W E  fadlitieS. 

TABLE A-2.-&TERNATE ABSORPTION FACTORS AND LUNG RETENTION CLASSES FOR SPECIFIC COWOUNDS 

ElemenVsymbol 

ActiniWAc ..................... 

AluminudAl .................... 

AmeriaudAm ................. 
Antimony/Sb .................... 

ArsenidAs ....................... 
AstatindAt ....................... 
BariurrdBa ........................ 
BerkeiiumlBk ................... 
BerylliudBe .................... 

Bismuth/Bi ....................... 
Bromine/Br ...................... 

CadmiudCd ................... 

calciudca ...................... 
CalifomiudCi .................. 

Carbodc ......................... 

CeriUnJce ....................... 

CsSiudCs ....................... 
Chlon'ne/CI ....................... 

ChrmiudCr ................... 

CobalVcO ........................ 

Copper/Cu ...I ................... 

CuriudCm ...................... 
DysprosiumlDy ................ 
EinstelniumlEs ................. 
ErbiurrJEr ........................ 
Europiufi-u .................... 
FemiunJFm .................... 

Atomic 
nwnber 

89 

13 

95 
51 

33 
85 

56 
97 
4 

83 

35 

48 

20 
90 

6 

58 

55 
17 

24 

27 

29 

96 
66 
99 
68 
63 

100 

Compound 

Oxides, hydroxides ......... 
Halides, nitrates . 

....................................... 
elemental form. 

All others ....................... ..:.. ................................... 
All fm ................................................... 
Oxides, h s. halides. sulphides. sulphates 

narates. 
Allothers .. ............................................... 
All forms ................................................................ 
All (as a halide) ..................................................... 

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

.............................................. 
Bromides ............................................................... 
Oxides, hydroxides ................................................ 
Sulphata. halides ................................................. 
All others ........ : ...................................................... 
All forms ............................................... 

All others ............................................................... 
Oxides ................................................................... 
Organic ( I 1  C) .... 
Organic ("C) ........................................................ 

All others . 
Aii forms ................................................................ 
Chloride ............................................................... ;. 

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

Oxides, hydroxides, fluorides ................................ 

Oxides, hydroxides ................................................ 
Halides, nitrates ..................................................... 
All others ................ ;.. 
Ingestion2 .................. 
Trivalent .................................................... 
Hexavalent ............................................................. 
Oxides. hydroxides, halides. nitrates 
411 others ..... .............................. 
ngostion only ......................................................... 

l.E-03 ........ 
l.E-03 ........ 
1.E-03 ........ 
1.E-02 ........ 
1.E-02 ........ 
l.E-03 ........ 
l.E-01 ........ 

1.E-02 ........ 
5.E -01 ........ 
1 .E+W .......... 
l.E-01 ........ 
5.E-04 ........ 
5.E-03 ........ 
5.E-03 ........ 
5;E - 02 ........ 
5.E-02 ........ 
l.E+00 .......... 

5.E-02 ........ 
5.E-02 ........ 
5.E-02 ........ 
3.E-01 ........ 
l.E-03 ........ 
l.E-03 ........ 
( I )  ................. 
l.E-02 ........ 
?.E - 05 ........ 
3.E-04 ........ 
3.E-04 ........ 
l.E+00 .......... 
l.E+00 .......... 

l.E-01 ........ 
l.E-01 ........ 
1.E-01 ........ 

l.E-02 ........ 
l.E-01 ........ 
5.E-02 ........ 
;.E-02 ........ 
).E-01 ........ 
;.E - 01 ........ 
;.E-01 ......... 
;.E-01 ........ 
1.E-03 ........ 
).E-04 ........ 
;.E-04 ........ 
).E-04 ........ 
l.E-03 ........ 
5.E-04 ........ 
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Lung retmtlon clefs 

Y .  
W. 
D. 
W. 

D. 
W. 
D. 

W. 
W. 
W or D; aependent upon associ- 

D. 
W. 
Y .  
W. 
W. 
D. 
W or D; dependent upon Bssoci- 

Y. 
W. 
D. 
W. 
Y.  
W. 
D. 
W. 
W. 
Y. 
W. 
D. 
W or D; dependent upon Bssoci- 

Y .  
W. 
D. 

ated element. 

ated element. 

ated element. 

Y .  
N. 

i .  
N. 
I. 
N. 
N. 
N.  
N. 
N. 
N. 



16318 Federal Register I Vol. 58, No. 56 I Thursday, March 25, 1993 I Proposed Rules 

'TABLE 8-2.-hTERNATE ABSORFTnCN FACTORS AND LUNG RETENTON CUSSES FOR SPECIFIC C o M P O L J N D e n t i n U d  

Fluo;inelF ........................ 

FranciumlFr ..................... 
GaddiniudGd ................ 

GalliumlGa ...................... 
~ e n n a & r J G e  ................ 
G W A u  ........................... 

HafniudGa ..................... 
HdmivmMo ..................... 
H)drogen/H ..................... 
lndiudn .......................... 
lodindl ............................. 
lr idiudr .......................... 

IrodFe ............................. 
LanthanuW ................. 
Lead/Pb ........................... 
LutetiunvLu ...................... 
MagnesiumlMg ............... 

ManganeseNn ............... 

Mendelevium/Md ............ 
MercuryMg ..................... 

MdybdeniJWk40 ............. 

NeodymilimRJd ............... 
NeptuniumMp ................ 
NickeVNi ......................... 
NiobiumMb ..................... 
OsmiudOs ................... 

PalladiumlPd ................. 

phosphorus/P ...... .; ........ 
PlatinudnlPt .................... 
PlutoniudPu ................. 

Poloniumlpo .................. 
PotassiumM ................. 
PraesodymiumPr ......... 

PromethiumlPm ............ 

ProtactinldPa ............ 

\mic 
umber 

9 

87 
64 

31 

32 

79 

72 

67 
1 

49 

52 
77 

2t 

5 i  

8: 
71 

1: 

2: 

10' 
8( 

4: 

61 

9 
2 

4 

7 

46 

15 

7 f  
94 

gr 

1: 
5: 

6' 

9 

Compound 

luai& ................................................................... 
JI focms ................................................................. 
JI OtwS ................................................................ 
)x&s, hydroxides. FluotkkS ................................ 

MW, hydroxides. car~des, halides, nitrates ...... 
)xides, sulphides. h a l i i  ....................................... 
JI O t w S  ................................................................ 
dI others ................................................................ 
)x'kjes, hydro- ................................................. 
( a l i i ,  nitrates ...................................................... 
JI others ................................................................ 
JI others ................................................................ 
UI fomrs ................................................................. 
Vater (+I) .............................................................. 
)xides, hydroxides, halides ................................... 
UI others ................................................................ 
UI fomw ................................................................ 
>rides, hydroxides ................................................ 
ialkjes, nitrates. metallic form .............................. 
UI others ............................................................... 
mes, hydroxides, halides .................................. 
UI others ............................................................... 

)xides. hydroxides, halides. carbkk9, nltrates ...... 

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

.................................... 
UI forms ................................................................ 
)xides, hydroxides. fluorides ................................ 
411 others ............................................................... 
411 others ............................................................... 
3xides, hydroxides. halides, nitrates .................... 
411 others ............................................................... 
411 f o m  ................................................................ 
sulphates. elemental form .................................... 

Ixides. hydroxides, cahiies, halides, nitrates ..... 

Dxides, hydroxides, halides, nbates. dphites .... 
........................................................ 

................................................. 
Dxides, hydroxides, MS2 ..................................... 
All others ............................................................... 
ingestion2 .............................................................. 
All others ..................... ........................................ 
Oxides, hydroxides. carbides, ;iuOcidS ............... 
All others .............................................................. 
All forms ............................................................... 
Oxides, hydroxides ............................................... 
All others (vapor) .................................................. 
Oxides, hydroxides ........................... 1 ................... 

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

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

Oxides, hydroxides ................ .................... 

f1 

1 .E& .......... 
l.E+00 .......... 
3.E-04 ....... i 

E-04. 

E-03 ........ 
E-03 ........ 
E 4 0  .......... 
E+OO .......... 
E-01 ........ 
E-01 ........ 
E-01 ........ 
.E-03  ........ 
.E-03 ........ 
.E-04 ........ 
.E-02 ........ 
.E-02 ........ 
. E 4  .......... 

.E& .......... 

.E-02 ........ 

.E-02 ........ 

.E-02 ........ 

.E-01 ........ 

.E-01 ........ 

.E-03 ........ 

.E-03 ........ 

.E-01 ........ 

.E-04 ........ 
,.E-04 ........ 
#.E-01 ........ 
#.E-01 ........ 
.E-01 ........ 
.E-01 ........ 
,.E-04 ........ 
!.E-02 ....... 
!.E-02 ....... 
.E+OO ......... 
..................... 
;.E-02 ....... 
).E-01 ....... 
;.E-02 ....... 
).E-01 ....... 
LE-04 ....... 
LE-04 ....... 
1.E-03 ....... 
LE-02 ....... 
1.E-02 ....... 
1.E-02 ....... 
1.E-02 ....... 
1.E-02 ....... 
1.E-02 ....... 
5.E-03 ....... 
5.E-03 ....... 
5.E-03 ...... 
9.E-01 ...... 
l.E-02 ...... 
l.E-05 ...... 
l.E-04 ...... 
l.E-03 ...... 
l.E-01 ...... 
l.E-01 ...... 
1 .E+OO ........ 
3.E-04 ...... 
3.E-04 ...... 
3.E-04 ...... 
3.E-04 ...... 
l.E-03 ...... 

12:26 kc, 24.1983 VerOde 12-MAR-63 JH 34C999 PO 00000 F m  COO52 Fmt 4701 Slmt 4702 E:\FR\FM\P25MA2.PT2 

Lung relefltion dess 

Y, W, or D: dependent Upon asse 
ciated eiemant 

I. 
J. 

V. 
). 
V. 
). 

V. 
1. 
V. 
1. 
Y. 

N. 
I. 
I. 
1. 
N. 
I. 
N. 
I. 
N. 
I. 
3. 
Y .  
N. 
N. 
D. 
W. 
D. 
W. 
W. 
D. 
D. 
D. 
Y .  
D. 

, 

Y .  
W. 
W. 
W. 
D. 
Y .  
W. 
Y .  
W. 
D. 
Y .  
W. 
D. 
W. or D; dependent upon Bssoci- 

D. 
ated element 

Y .  
W. 
W. 
W. 
D. 
D. 
Y .  
W. 
Y .  
W. 
Y .  



Fedsrd Register I Vol. 58, No. 56 I Thursday, March 25, 1993 / Proposed Rdes 16319 
1 

TABLE A-2.-ALT€RNAE ABSORPTK)N FACTORS AND LUNG RETENTON CLASSES FOR SPECIFIC C O M P O U N D ~ ~ n U e d  

ElemVsymM 

n 
RadiunvRa ...................... 
RhenlumlRe .................... 

R h o d i d h  .................... 

RubidiumlRb .................... 
RutheniurrdF(i~ ................. 

%&rium6rn .................. 
scandludsc ................... 
SelenlumlSe .................... 

Silicwrlsl .......................... 

Silver/Ag .......................... 

SodiumNa ....................... 
StrontiwnlSr .................... 

Sutfur/S ............................ 

TantaluMa .................... 

TechnetiuMc ................. 

TelluriuMe .................... 

T e r M m  ...................... 
Thalliudrl ....................... 
ThoriuMh ...................... 

Thuliunvlm ..................... 
TidSn .............................. 

T i tan iuM ....................... 

TungsteW ..................... 

UraniunJu ....................... 

VanadiumN ..................... 

YHerbiunJYb .................... 

YttdunJY .......................... 

Z i M n  ............................ 
ZirconiuMr .................... 

number A- I Compound 

88 
75 

45 

37 
44 

62 
21 
34 

14 

47 

11 
38 

16 

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

................................................... 
oxldss. hydroxides, halidas. nitrates ..................... 
All others ................................................................ 
oxides. hydro- .......... : ...................................... 
Hat!dm .................................................................... 
All others ................................................................ 
All fwms ................................................................. 
OxWes. hydroxides ................................................. 
Halides ..................................................................... 
All others ................................................................ 
All tonns ................................................................. 
All fom ................................................................. 
Oxldes, hydroxides. cattddm ..... 
All others ................................................................ 
Ceramic forme ........................................................ 
Oxides, hydroxides, carbides, nitrates ................... 
All others ................................................................ 

!ngestion ordy ......................................................... 

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

All others. elemental form ............... 
All focms ............... : ................................................. 

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

All inorganic .......... ........................................ 
Elemental form ....................................................... 
Gases ......................................... 

73 Oxides, hydroxides, halides. ca~des, nitrates, 

All others ................................................................ 
nitrides. 

43 Oxides, hydroxides, halides. nitrates ..................... 

52 O M S ,  hydroxldes, nitrates ................................... 
All others ................................. 

65 All fonns .................................. 
81 All fm ................................................................. 
90 Oxides. hydroxides ......................................... 

All others .............................. 
69 All forms ..................................................... 
50 Oxides, hydroxides, halides, nitrates, sulphides. 

All'others ............................................... ; ................ 
22 SrTi03 ..................................................................... 

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

Sn3(PO.)r .  

Oxides. hydroxides, carbides. halides, nitrates ...... 
.................... 

92 U O 2 ,  UiOs .............................................................. 
U03. tetravalent compwnds .................................. 
UF6. uranyl compounds ................... 

23 Oxides, hydroxides. carbides, halid 
All others ................................................................ 

70 ................................. I Oxidos. hydroxides, fluorides 
............... 

:I 
All others ................................................................ 
Oxides, hydroxides ................................................. 
1.E-04 ................................................................... 

All forms ................................................................. 
Carbides ................................................................. 

All others ................................................................ 
Oxides, hydroxides, halides. nitrates ..................... 

' A  dash indicates no data for the value shown. 
2 For Ingestion. no lung retention classes are listed. 

f1 

l.E-03 ....... 
2.E-01 ....... 
&E-01 ....... 
B.E-01 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
5.E-02 ....... 
3.E-04 ....... 
l.E-04 ....... 
8.E-01 ....... 
8.E-01 ....... 
5.E-02 ....... 
l.E-02 ....... 
l.E-02 ....... 
1.E-02 ....... 

1 . E a  ......... 

tE-02 ........ 
1.E& ......... 
1.E-02 ....... 
3.E-01 ....... 
l.E-01 ....... 

8.E-01 .. 
1.E-01 ........ 
I.E+OO .......... 
1.E-03 ........ 

1.E-03 ........ 
3.E-01 ........ 
3.E-01 ........ 
!.E-01 ........ 
!.E-01 ........ 

I .E& .......... 
!.E-04 ........ 
!.E-04 ........ 
3.E _- 04 
!.E - 02 

!.E-02 ........ 
I.€-02 ........ 
I.€-02 ........ 
1.E-02 ........ 
1.E-02 ........ 

LE-02 ........ 
LE-02 ........ 
1.E-02 ........ 

1.E-04 ........ 
N.. 

LE-01 
?.E - 03 
!.E - 03 
!.E - 03 

1228 Mar 24.1893 VerDale 12-MAR-93 JH 340999 PO 00000 Frm ooo55 Fml4701 Shn( 4702 E:WR\FMR?SMRZ.PTZ 

Lung retention class 
~~ 

W. 
W. 
W. 
D. 
Y. 
W. 
D. 
D. 
Y. 
W. 
D. 
W. 
Y. 
W. 
D. 

Y. 
W. 
0. 
Y. 
W. 
D. 
0. 
Y. 
D. 
W OT D; dependent upon 8BBod- 

ated element 

W. 
0. 
Y. 

W. 
W. 
D. 
W. 
D. 
W. 
D. 
y. . 
W. 
W. 
W. 

D. 
Y. 
W. 
D. 

Y. 
W. 
D. 
W. 
D. 
Y. 
W. 
Y. 

Y. 
Y. 
W. 
D. 
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TABLE A-~.--DERIvED CONCENTRATION GUIDES (WGS) K)R MEMBERS OF THE PUBLIC FOR EXTERNAL EXPOSURE DURING 
IMMER~ION IN AN INFINITE HEMISPHERICAL CLOUD OF UNIFORM CONCENTRATION RESULTING IN AN EDE Of 100 
MREWR (1 MSVIYR) 

c-11 ...................................................................................... 
N-13 ...................................................................................... 
N-16 ...................................................................................... 
0-1 5 
F-18 ' .................................................................................... 
Ne-24 ................................................................................. 
Mg-27 ................................................................................. 
AI-282 ................................................................................... 
CI-381 l ................................................................................. 
Ar-37 ..................................................................................... 
Ar-39 ..................................................................................... 
Ar-41 ..................................................................................... 
K-43 ' ..................................................................................... 
ca-492 ............... : ............ ; .................................................... 
sc.44 1 .................................................................................. 
S c a m  ............................................................................... 
Ti-45 ................................................................................... 

.......... ; . ........................................................................ 

Ti-51 ..................................... I ............................................. 
V-52' .................................................................................... 
Cr-49 ................................................................................. : 
Mn-52m l .............................................................................. 
Mn-56 ' ........ 

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

....................... 
Ga-66 ...................................... ....................... 
Ga-72 ................................................................................. 
se-73 l .... ........................................................... 
Br-77 ................. i ................................................................ 

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

................. : ................... 

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

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

..................................... 
Kr-83m ........................................................................ ; ......... 
Kr-85 ................................................................. : ................... 
Kr-85m : .................................................................................. 
Kr-87 ................................................................... 
Kr-88 ..................................................................................... 

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

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

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

HaH-Gfe 

20.48 min ............................................................................. 
9.97 mln ............................................................................... 
7.13 8 ................................................................................... 
122.24 8 ............................................................................... 
109.74 m n  ........................................................................... 
15.00 h ................................................................................. 
9.458 min ............................................................................. 
2.240 mln ..................................................... : ....................... 
37.21 min ............................................................ 
35.02 d ................................................................ 
1.827 h ................................. 1 ............................................... 
22.6 h .............................................................. 
8.719 min ............................................................................. 
3.927 h ................................................................................. 
18.72 s ................................................................................. 
5.752 rnin ............................................................................. 
3.75 min ................................................................................ 
42.09 min ............................................................................. 
21.4 min ............................................................................... 
2.5785 h ............................................. 
1.47 rnin ....................... 
10.47 min ..................... 
36.08 h ......................... 
2.530 h ................................................................................. 
9.74 min ............................................................................... 
9.40 h ................................................................................... 
68.0 min ............................................................................... 
14.1 h ................................................................................... 
7.15 h ............. : ........................... ..................................... 
57.04 h ................................................... 
17.4 min ......................... 
35.30 h ........................... 
31.80 rnin ....................... 
172 s ...................................................... 
35.04 h ................................................... 
2.1 E+05 yr ................................ 
1.83 h ................................................................................... 
10.72 yr ............................................................................... 
4.48 h .................................................................................. 
76.8 min .............................................................................. 
2.84 h .................................................................. : ............ L., 
3.16 min .............................................................................. 

269 ... : ............................................................................... 
.......... 

3.08 h ................................................................................... 

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

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

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

.................................................................... 
2.71 h ................................................................................... 
7.3 min ................................................................................. 
14.74 h .................................................. 
3.19 h ............ .............................................. 
49.71 min ........ 
14.60 h ............ ..................... 

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

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

..................... 60 8 ..................... 
15.49 min 
14.61 ...................... 
20.0 h ............................................................................ 
51.5 mln ........ : .......................... 

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

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

Air immersion DCG 

2.E-08 .. 
2.E-08 .. 
3.E-09 .. 
2.E-08 .. 
2.E-08 .. 
4.E-09 .. 
2.E-08 .. 
l.E-08 .. 
l.E-08 .. 
1.E-02 .. 
4.E-06' 
l.E-08 .. 
2.E-08 .. 
5.E-09 .. 
9.E-09 .. 
2.E-07 .. 
2.E-08 .. 
5.E-08 .. 
l.E-08 .. 
2.E-08 .. 
8.E-09 .. 
l.E-08 .. 
2.E-07 .. 
4.E-06 .. 
l.E-08 .. 
3.E-08 .. 
2.E-08 .. 
2.E-08 .. 
7.E-09 .. 
2.E-08 .. 
7.E-09 .. 
2.E-08 .. 
6.E-08" 
2.E-07 .. 
7.E-09 .. 
l.E-08 .. 
2.E-07 .. 
8.E-08 .. 
2.E-06 .. 
2.E-04 .. 
3.E-063 
l.E-07 .. 
2.E-08 .. 
9.E-09 .. 
l.E-00 .. 
l.E-08 .. 
3.E-08 .. 
2.E-08 .. 
3.E-08 .. 
9.E-09 .. 
8.E-09 .. 
5.E-09 .. 
9.E-08 .. 
6.E-08 .. 
l.E-08 .. 
8.E-09 .. 
5.E-09 .. 
3.E-08" 
4.E-08 .. 
4.E-OS .. 
4.E . 06 .. 
3.E-08 .. 
3.E-08 .. 
2.E-08 .. 
l.E-08 .. 
2.E-08 .. 
5.E-07 .. 

7.E& 
7.E& 
1 .E& 
7.E& 
7.E42 
1 .E& 
7.E42 
4.E& 
4.E42 
4.E& 
1. E+05 
4.E& 
2.E42 
2.E42 
3.E42 
7.E& 
7.E42 
2.E& 
4.E42 
7.E+02 
3.E42 
4.E42 
7.E& 
1 . E 4 5  
4.E& 
1.1E+03 
7.E42 
7.E42 
3.E42 
7.E& 
3.E42 
7.E& 
2.E& 
7.E& 
3.E& 
4.E42 
7.E+03 
3.E& 
4.E+04 
7.E& 
1 . E 4 5  
4.E& 
7.E42 
3.E42 
4.E42 
4.E& 
1 .E& 
7.E42 
1 . E+03 
3.E+02 
3.E42 
2.E42 
3.E& 
2.E& 
4.E+02 
3.E42 
2.E42 
1.E& 
1 .E& 
1 . E 4 2  
1 . E 4 5  
1.E& 
1.E& 
7.E42 
4.E42 
7.E42 
3.E+04 

\ 



P and W 

Federal Register / Vol. 58. No. 56 / Thursday, March 25, 1993 / Proposed Rules 16321 

TABLE A - ~ . ~ E R I V E D  CONCENTRATION GUIDES (DCGS) FOR MEMBERS OF ME PUBLIC FOR EXTERNAL EXPOSURE DURING 
IMMERSION IN AN INFINITE HEMISPHERICAL CLOUD OF UNIFORM CONCENTRATION RESULTING IN AN EDE OF 100 

AirknneIakmDCG -- 
(Bglm 3, 

4.E- 

I 
Radionuclide 

Tc-Sam,' ............................................................................... 
TC-101 ................................................................................ 
Ru-105 ' ............................................................................... 
Rh-10- ' ............................................................................. 
Rh-108 .................................................................................. 
Ag-108 ................................................................................ 
Ag-109m' ............................................................................. 
Ag-1 10.' ................................................................................ 
Cd-1 1 l m 2  ............................................................................ 
Cd-117 ' ............................................................................... 
Cd-l17m ..................................................... 
In-113m' .............................................................................. 
In-1 14' ................................................................................. 
In-116m' .............................................................................. 
111-117' ................................................................................. 
Sb-1 17 ' ................................................................................ 
Sb-126m ...................... .......................................... 
Sb-129' .................................................... ............. 
Te-133 .................................................... 
Te-133 ........................................................ : ....................... 
Te-134' ................................................................................ 
1-1222 ................................................................................... 
1-128' ................................................................................... 
1-132 ' .... : .............................................................................. 
1-134' ................................................................................... 
1-1 ................................................................................. 
1-1362 ................................................................................... 
Xe-122 .................................................................................. 
Xe-123 ................................................... 
Xe-125 ................................................... 
Xe-127 ............................... ; ................... 
Xe-129m ................................................ .................... 

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

Xe-135 .................................................................................. 
Xe-1% ................ : .............................................................. 
Xe-137 .................................................................................. 
Xe-138 ..... : ............................................................................ 
CS-1 26 ................................................................................ 
CS-1 29 ' ................................................................................ 
'CS-138' ............................... ............................. 

Ba-141 ' .................. ............................. 
.............................. 

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

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

lr-190m ' ...................................... .......................... 
Au-195m2 ............ ...................................................... 

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

. TI-210' .................................... ................... 

Th-2332 ................................................................................ 

Half-life 

6.02 h ................................................................................... 
14.2 min ............................................................................... 
4.44 h ................................................................................... 
45s ...................................................................................... 
29.92 8 ......................... ; ....................................................... 
2.37 mln ............................................................................... 
39.6 s .............................................. .................................... 
24.57 S ...................................................... : .......................... 
48.7 mln ............................................................................... 
2.49 h ................................................................................... 
3.36 h ................................................................................... 
1.658 h ................................................................................. 
71.9 8 ................................................................................... 
54.15 mh ............................................................................. 
43.8 mln ............................................................................... 
2.80 h ................................................................................... 
19.0 min ............................................................................... 
4.40 h ................................................................................... 
12.45 min ............................................................................. 
55.4 min ............................................................................... 
42.8 rnin ............................................................................... 
3.62 min ............................................................................... 
24.99 min ............. ; ............................................................... 
2.30 h ................................................................................... 
52.6 min ............................................................................... 
6.6.1 h .................................................................................. 
83s ...................................................................................... 
20.1 h ................................................................................... 
2.4 h ..................................................................................... 
16.8 h ................................................................................... 
36.406 d ............................................................................... 

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

........................................................................... 
5.245 d ................................................................................. 
2.19 d ................................................................................... 
9.11 h ................................................................................... 
15.36 min ............................... : ............................................. 
3.83 min .............................. ................................................ 
14.13 rnin ............................................................................. 
1.64 min ............................................................................... 
32.06 h ............................................................. 
32.2 min ........................................................... 
9.40 min ........................................................... 
2.552 min ............................................................................. 
18.27 rnin ............................................................................. 
10.70 rnin ............................................................................. 
95.4 min ......................................... : ..................................... 
7.2 min ................... .......................................... 
1.73 h ....................... ; ........................................................... 

....................... : .......................................... 
8.06 h ........................................................................... 
12.7 h ................................ ..................................... 

....... ......... 9.7 min ............................................................... : ! 

2.20 min ........ ; ...................................................................... 

3.82 d, ............................................ 

Fm 4701 Sfml4701 E:FR\FM\P25MR2.PT2 

(II C V W  

l.E-07 .. 
6.E-08 .. 
2.E-08 .. 
7.E-07 .. 
8.E-08 .. 
7.E-07 .. 
4.E-06 .. 
4.E-07 .. 
7.E-08 .. 
2.E-08 .. 
9.E-09 .. 
8.E-08 .. 
5.E-07 .. 
8.E-OB .. 
3.E - 08 .. 
l.E-07 .. 
l.E-08 .. 
l.E-08 .. 
2.E-08 .. 
8.E-09 .. 
2.E-08 .. 
2.E-08 .. 
2.E-07 .. 
8.E-09 .. 
7.E-09 .. 
l.E-08' 
7.E-09 .. 
3.E-07 .. 
3.E-08 .. 
8.E-08 .. 
7.E-08 .. 
8.E-07 .. 
2.E-06 .. 
5.E-07 .. 
6.E-07 .. 
8.E-08 .. 
5.E-08 .. 
9.E-08 .. 
2.E-08 .. 
2.E-08 .. 
8.E-08' 
8.E-09 .. 
5.E-08 .. 
3.E-08 .. 
2.E-08 .. 
2.E-08 .. 
6.E-09 .. 
4.E-06 .. 
5.E-08 .. 
5.E-08 .. 
2.E-08 .. 
6.E-08 .. 
2.E-08 .. 
l.E-08 .. 
5.E-07' 
l.E-07 .. 
l.E-08 .. 
l.E-06 .. 
5.E-09 .. 
9.E-09 .. 
7.E-09 .. 
9.E-09 .. 
4.E -07 .. 
2.E-06 .. 
3.E-* .. 
3.E-09 .. 
5.E -07 .. 

3 . E d  I 

1 . E d  
3.E- 

2.E+04 

3.E42 

3.E& 

3.E42 
1 .E& 

3 . m  

2.E+04 

2 . E 4  

3.E+03 

7.E42 
7.E42 

2 . E 4  

2.E+03 

2.E- 
4.E+03) 

3.E+02 I 



_ _  -~ .. 

IMMERSION IN AN INFINITE HEMISPHERICAL CLOUD OF UNIFORM CONCENTRATION RESULTING IN AN tut w IW 

MRE&R (1 MSV/vR)--ContinUed 
tu and w 

Ak lmnerskn DCG 

01WmL) (Bqhn3) 
Half-life Radionudlde 

.................................................................. 6.70h ................................................................................... 1.E-08..  4.E+02 
............................................... 1.17min ............................................................................... 8.E-07' 3 . E d  

1 . E d  

: ........................ 65 min .................................................................................. 21-08 .. 7.E+M 
............ i ............ 7.4 d n  .................................................................................. 6.E-08 .. 2.E+03 7.E+02 

........................... B.40min ............................................................................. 4.E-076 

Am-2461 ............................................................................... 25.0min ............................................................................... 2.E-08..  

LJ-239 l ........................................... 
Np-240 1 ......................................... 
Np-24om2 ........................ : ............. 

Committed effective dose equivalent from inhalation Is 'calculated In ICRP Publication 30. but the DCG value for external e w e  to a 

2cOmmitted effective dose equivalent from Inhalatjm is rot cakulat?d In ICRP Publicam 30, but DCG value for external e m r e  to 

3DCG value is determined by limit on M n d  dose equivalent to skin, rather than limit on annual effective dose equivalent. 

contaminated atmospheric cloud is more restrictive than the DCG value for Inhaletion. 

contaminated doud should be mqre restrichve than DCG value for Inhalabon due to relabvdy short half-life of radnonucllde. 

DCG value applies to radionodlde In vapor form only; DCG value for inhalation Is m e  rastrictive for radionuclide In Inorganic fonn. 
DCG value applies to radionudie in inorganic or v a p  form. 

value for exposure to contaminated atmospheric cloud is the same as DCG value for inhalation. 

[FR Doc. 9 3 - 6 3 7 9  Filed 3-24-93; 8:45 am] 
BlLWO coo€ 64so4l-P 
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