
STATE OF WASHINGTON

DEPARTMENT OF HEALTH 
DIVISION OF RADIATION PROTECTION 

7171 Cleanwater Lane, Bldg. 5 e P.O. Box 47827 * Olympia, Washington 98504-7827 
TDD Relay 1-800-833-6388 

November 5, 1999

Frederick C. Combs, Deputy Director 
Office of State Programs 
U.S. Nuclear Regulatory Commission 
Mail Stop 5E4 
Washington, DC 20555

CD 
P

Dear Mr. Combs: 

This is in response to your November 2, 1999 request for technical information regarding two of the 
questions (#42 and #43) submitted in a letter dated October 25, 1999, by the U.S. House of 
Representatives Committee on Commerce. You have also asked for additional information on our current 
program practices related to the unrestricted release of solid materials. To facilitate your need for rapid 
response, we sent the requested information via e-mail on November 4, 1999. This letter provides 
hardcopy of the several sections of our regulations referenced in the e-mail and generally duplicates the 
information provided.  

For #42 (certain Washington State definitions), the following terms are defined: byproduct material, 
disposal, low-level radioactive waste, nuclear waste, radioactive waste, and waste. The definitions and 
references are provided in the enclosure to this letter. We have enclosed hardcopy of the definitions from 
the Washington Administrative Code (WAG) and also sections of the WAC that discuss transfer of 
material and effluent concentrations. You may confirm this information or extend your research by 
visiting the web site of the Code Reviser for the state of Washington at http://slc.leg.wa.gov/ 

For #43 (current radiological criteria), the enclosure notes the regulations in effect and points to our web 
site htt'/_/_ ._do_.wa...gv/ehp...rp) where we have linked in information on a proposed rule change that 
would bring our radiological criteria into conformance with the NRC. Finally, for the six questions 
appended to your November 2, 1999 letter, our response is found on the enclosure.  

If you have any questions, please feel free to contact me at (360) 236-3210.

John L. Erickson, Director 
Division of Radiation Protection
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ENCLOSURE 
Washington state 

Ouestion #42 

WAC 246-220-010 (95) "Radioactive waste" means any radioactive material which is no longer 
of use and intended for disposal or treatment for the purposes of disposal.  

WAC 246-220-010 (14) "Byproduct material" means: (a) Any radioactive material (except 
special nuclear material) yielded in or made radioactive by exposure to the radiation incident to 
the process of producing or utilizing special nuclear material, and (b) the tailings or wastes 
produced by the extraction or concentration of uranium or thorium from any ore processed 
primarily for its source material content, including discrete surface wastes resulting from 
uranium or thorium solution extraction processes. Underground ore bodies depleted by these 
solution extraction operations do not constitute "byproduct material" within this definition.  

WAC 246-231-020 (17) "Nuclear waste" as used in WAC 246-231-140 means any quantity of 
radioactive material (not including radiography sources being returned to the manufacturer) 
required to be in Type B packaging while transported to, through, or across state boundaries to a 
disposal site, or to a collection point for transport to a disposal site. Nuclear waste, as used in 
these regulations, is a special classification of radioactive waste.  

WAC 246-249-010 (1) "Low-level radioactive waste" has the same meaning as in the Low-Level 
Radioactive Waste Policy Amendments Act of 1985, Public Law 99-240, that is, radioactive 
waste not classified as high-level radioactive waste, spent nuclear fuel, or by-product material as 
defined in section 1 le.(2) of the Atomic Energy Act.  

WAC 246-250-010 (6) "Disposal" means the isolation of wastes from the biosphere inhabited by 
man and his food chains by emplacement in a land disposal facility.  

WAC 246-250-010 (23) "Waste" means those low-level radioactive wastes that are acceptable 
for disposal in a land disposal facility. For the purposes of this definition, low-level waste has 
the same meaning as in the Low-Level Radioactive Waste Policy Amendments Act of 1985, 
Public Law 99-240, that is, radioactive waste not classified as high-level radioactive waste, spent 
nuclear fuel, or by-product material as defined in section 11 e.(2) of the Atomic Energy Act 
(uranium or thorium tailings and waste).  

"Transfer" of material is discussed in WAC 246-232-080. See attached hardcopy or visit the 
Code Reviser site at http://slc.leg.wa.gov/ and search for WAC.  

"Effluent" is discussed in the introduction to WAC 246-221-290. See attached hardcopy or visit 
the Code Reviser site at http://slc.leg.wa.gov/ and search for WAC.
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Question #43

The following regulations pertain to the unrestricted release of "solid materials": 

WAC 246-221-270 Vacating Premises and Release of Equipment 
WAC 246-232-060 Termination of Licenses 
WAC 246-232-140 Schedule D (Acceptable Surface Contamination Levels) 
WAC 246-221-220 Disposal of Specific Wastes (animal carcasses!) 
WAC 246-239-055 Release of Individuals Containing Radiopharmaceuticals (representing a 
direct exposure and a contamination hazard) 
WAC 246-240-025 Release of Individuals Containing Permanent Implants (e.g., representing an 
indirect exposure hazard from "passed" seeds) 

These regulations can be found at the Code Reviser web site. Soon to be proposed changes to 
the regulations related to the "Radiological Criteria for License Termination" (NRC's 25 mrem 
rule) can be found through our homepage (http://wNNNv.doh.wa.gov/ehp/rP/) As for guidance, we use 
NRC NUREGs and other NRC documents. Any license authorizations not tied directly to the 
existing Washington regulations would be based on NRC guidance or NRC standard license 
condition.  

Additional Information on Program Practices 

1. How were WA radiological criteria derived? The directly applicable regulation is WAC 246
232-140, which was derived from Reg. Guide 1.86 and applies to all "radioactively 
contaminated" surfaces in facilities and on equipment.  

2. How are WA radiological criteria applied? The surface contamination criteria is in 
regulation. Any other criteria would be based on NRC guidance and applied through license 
condition.  

3. What surveying/monitoring methodologies are used? MARSSIM 

4. Selection criteria for instrument type, sensitivity values? MARSSIM is used.  

5. Zero release criterion? Not applicable.  

6. Any State licensees currently with volumetric release authorization? None (although over 
the years several sites, both uranium mills and materials licensees, have been released with 
residual soil contamination criteria in picocuries per gram established for each site).
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(13) "Bioassay" means the determination of kinds, quantities or 
concentrations, and, in some cases, the locations of radioactive 
material in the human body, whether by direct measurement, in vivo 
counting, or by analysis and evaluation of materials excreted or 
removed from the human body. For purposes of these regulations, 
"radiobioassay" is an equivalent term.  
(14) "Byproduct material" means: (a) Any radioactive material (except 
special nuclear material) yielded in or made radioactive by exposure to 
the radiation incident to the process of producing or utilizing special 
nuclear material, and (b) the tailings or wastes produced by the 
extraction or concentration of uranium or thorium from any ore 
processed primarily for its source material content, including discrete 
surface wastes resulting from uranium or thorium solution extraction 
processes. Underground ore bodies depleted by these solution 
extraction operations do not constitute "byproduct material" within 
this definition.  
(15) "Calendar quarter" means not less than twelve consecutive weeks 
nor more than fourteen consecutive weeks. The first calendar quarter 
of each year shall begin in January and subsequent calendar quarters 
shall be so arranged such that no day is included in more than one 
calendar quarter and no day in any one year is omitted from inclusion 
within a calendar quarter. No licensee or registrant shall change the 
method of determining calendar quarters for purposes of these 
regulations except at the beginning of a calendar year.  
(16) "Calibration" means the determination of (a) the response or 
reading of an instrument relative to a series of known radiation values 
over the range of the instrument, or (b) the strength of a source of 
radiation relative to a standard.  
(17) "CFR" means Code of Federal Regulations.  
(18) "Class" means a classification scheme for inhaled material 
according to its rate of clearance from the pulmonary region of the 
lung. Materials are classified as D, W, or Y, which applies to a range 
of clearance half-times: For Class D, Days, of less than ten days, for 
Class W, Weeks, from ten to one hundred days, and for Class Y, Years, 
of greater than one hundred days. For purposes of these regulations, 
"lung class" and "inhalation class" are equivalent terms. For "class 
of waste" see WAC 246-249-040.  
(19) "Collective dose" means the sum of the individual doses received 
in a given period of time by a specified population from exposure to a 
specified source of radiation.  
(20) "Committed dose equivalent" (HT,50) means the dose equivalent to 

organs or tissues of reference (T) that will be received from an intake 
of radioactive material by an individual during the fifty-year period 
following the intake.  
(21) "Committed effective dose equivalent" (HE,50) is the sum of the 

products of the weighting factors applicable to each of the body organs 
or tissues that are irradiated and the committed dose equivalent to 
each of these organs or tissues (HE, 50= &Sgr; wT,HT,50).  

(22) "Constraint" or dose constraint means a value above which 
specified licensee actions are required.  
(23) "Controlled area." See "Restricted area." 
(24) "Curie" means a unit of quantity of radioactivity. One curie (Ci) 
is that quantity of radioactive material which decays at the rate of
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(89) "Radiation" means alpha particles, beta particles, gamma rays, 
x-rays, neutrons, high-speed electrons, high-speed protons, and other 
particles capable of producing ions. For purposes of these 
regulations, ionizing radiation is an equivalent term. Radiation, as 
used in these regulations, does not include magnetic fields or 
nonionizing radiation, such as radiowaves or microwaves, visible, 
infrared, or ultraviolet light.  
(90) "Radiation area" means any area, accessible to individuals, in 

which radiation levels could result in an individual receiving a dose 
equivalent in excess of 0.05 mSv (0.005 rem) in one hour at thirty 
centimeters from the source of radiation or from any surface that the 
radiation penetrates.  
(91) "Radiation machine" means any device capable of producing ionizing 
radiation except those devices with radioactive materials as the only 
source of radiation.  
(92) "Radiation safety officer" means an individual who has the 
knowledge and responsibility to apply appropriate radiation protection 
regulations and has been assigned such responsibility by the licensee 
or registrant.  
(93) "Radiation source." See "Source of radiation." 
(94) "Radioactive material" means any material (solid, liquid, or gas) 

which emits radiation spontaneously.  
(95) "Radioactive waste" means any radioactive material which is no 
longer of use and intended for disposal or treatment for the purposes 
of disposal.  
(96) "Radioactivity" means the transformation of unstable atomic nuclei 
by the emission of radiation.  
(97) "Reference man" means a hypothetical aggregation of human physical 
and physiological characteristics determined by international 
consensus. These characteristics may be used by researchers and public 
health workers to standardize results of experiments and to relate 
biological insult to a common base.  
(98) "Registrable item" means any radiation machine except those 
exempted by RCW 70.98.180 or exempted by the department pursuant to the 
authority of RCW 70.98.080.  
(99) "Registrant" means any person who is registered by the department 
or is legally obligated to register with the department in accordance 
with these regulations and the act.  
(100) "Registration" means registration with the department in 
accordance with the regulations adopted by the department.  
(101) "Regulations of the United States Department of Transportation" 
means the regulations in 49 CFR Parts 170-189, 14 CFR Part 103, and 46 
CFR Part 146.  
(102) "Rem" means the special unit of any of the quantities expressed 
as dose equivalent. The dose equivalent in rem is equal to the 
absorbed dose in rad multiplied by the quality factor (I rem= 0.01 Sv).  
(103) "Research and development" means: (a) Theoretical analysis, 
exploration, or experimentation; or (b) the extension of investigative 
findings and theories of a scientific or technical nature into 
practical application for experimental and demonstration purposes, 
including the experimental production and testing of models, devices, 
equipment, materials, and processes. Research and development does not 
include the internal or external administration of radiation or 
radioactive material to human beings.
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WAC 246-249-010 
Definitions.  

As used in this chapter, the following definitions apply: 
(1) "Low-level radioactive waste" has the same meaning as in the 
Low-Level Radioactive Waste Policy Amendments Act of 1985, Public Law 
99-240, that is, radioactive waste not classified as high-level 
radioactive waste, spent nuclear fuel, or by-product material as 
defined in section lle.(2) of the Atomic Energy Act.  
(2) "Broker" means a person who performs one or more of the following 
functions for a low-level radioactive waste generator: 
(a) Arranges for transportation of the low-level radioactive waste; 
(b) Collects and/or consolidates shipments of such low-level 
radioactive waste (waste collector); 
(c) Processes such low-level radioactive waste in some manner; provided 
it shall not mean a carrier whose sole function is to transport such 
low-level radioactive waste (waste processor).  
(3) "Chelating agent" means amine polycarboxylic acids (e.g., EDTA, 

DTPA), hydroxy-carboxylic acids, and polycarboxylic acids (e.g., citric 
acid, carbolic acid, and glucinic acid).  
(4) "Chemical description" means a description of the principal 
chemical characteristics of a low-level radioactive waste.  
(5) "Computer-readable medium" means that the regulatory agency's 
computer can transfer the information from the medium into its memory.  
(6) "Consignee" means the designated receiver of the shipment of 
low-level radioactive waste.  
(7) "Decontamination facility" means a facility operating under a 
commission or agreement state license whose principal purpose is 
decontamination of equipment or materials to accomplish recycle, reuse, 
or other waste management objectives, and, for purposes of this 
section, is not considered to be a consignee for LLW shipments.  
(8) "Disposal container" means a container principally used to confine 
low-level radioactive waste during disposal operations at a land 
disposal facility (also see "high integrity container"). Note that for 
some shipments, the disposal container may be the transport package.  
(9) "EPA identification number" means the number received by a 
transporter following application to the administrator of EPA as 
required by 40 CFR Part 263.  
(10) "Generator" means a licensee operating under a commission or 
agreement state license who: 
(a) Is a waste generator as defined in this part; or 
(b) Is the licensee to whom waste can be attributed within the context 
of the Low-Level Radioactive Waste Policy Amendments Act of 1985 (e.g., 
waste generated as a result of decontamination or recycle activities).  
(11) "High integrity container (HIC)" means a container commonly 
designed to meet the structural stability requirements of this chapter, 
and to meet department of transportation requirements for a Type A 
package.  
(12) "Land disposal facility" means the land, buildings, and equipment 
which are intended to be used for the disposal of radioactive wastes.  
For the purposes of this chapter, a land disposal facility does not 

include a geologic repository.  
(13) "Motor vehicle" means any vehicle, truck, tractor, semi-trailer,
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WAC 246-250-010 
Definitions.  

As used in this chapter, the following definitions apply: 
(1) "Active maintenance" means any significant activity needed during 
the period of institutional control to maintain a reasonable assurance 
that the performance objectives of WAC 246-250-170 and 246-250-180 are 
met. Such active maintenance includes ongoing activities such as the 
pumping and treatment of water from a disposal unit or one-time 
measures such as replacement of a disposal unit cover. Active 
maintenance does not include custodial activities such as repair of 
fencing, repair or replacement of monitoring equipment, revegetation, 
minor additions to soil cover, minor repair of disposal unit covers, 
and general disposal site upkeep such as mowing grass.  
(2) "Buffer zone" means a portion of the disposal site that is 
controlled by the licensee or by the United States Department of Energy 
and that lies under the disposal units and between the disposal units 
and the boundary of the site.  
(3) "Chelating agent" means amine polycarboxylic acids, 
hydroxy-carboxylic acids, gluconic acid, and polycarboxylic acids.  
(4) "Commencement of construction" means any clearing of land, 
excavation, or other substantial action that would adversely affect the 
environment of a land disposal facility. The term does not mean 
disposal site exploration, necessary roads for disposal site 
exploration, borings to determine foundation conditions, or other 
preconstruction monitoring or testing to establish background 
information related to the suitability of the disposal site or the 
protection of environmental values.  
(5) "Custodial agency" means an agency of the government designated to 
act on behalf of the government owner of the disposal site.  
(6) "Disposal" means the isolation of wastes from the biosphere 
inhabited by man and his food chains by emplacement in a land disposal 
facility.  
(7) "Disposal site" means that portion of a land disposal facility 

which is used for disposal of waste. It consists of disposal units and 
a buffer zone.  
(8) "Disposal unit" means a discrete portion of the disposal site into 
which waste is placed for disposal. For near-surface disposal, the 
unit is usually a trench.  
(9) "Engineered barrier" means a man-made structure or device that is 
intended to improve the land disposal facility's ability to meet the 
performance objectives in this chapter.  
(10) "Explosive material" means any chemical compound, mixture, or 
device which produces a substantial instantaneous release of gas and 
heat spontaneously or by contact with sparks or flame.  
(11) "Hazardous waste" means those wastes designated as hazardous by 

United States Environmental Protection Agency regulations in 40 CFR 
Part 261.  
(12) "Hydrogeologic unit" means any soil or rock unit or zone which by 
virtue of its porosity or permeability, or lack thereof, has a distinct 
influence on the storage or movement of groundwater.  
(13) "Inadvertent intruder" means a person who might occupy the 
disposal site after closure and engage in normal activities, such as
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agriculture, dwelling construction, or other pursuits in which an 
individual might be unknowingly exposed to radiation from the waste.  
(14) "Intruder barrier" means a sufficient depth of cover over the 

waste that inhibits contact with waste and helps to ensure that 
radiation exposures to an inadvertent intruder will meet the 
performance objectives set forth in this chapter, or engineered 
structures that provide equivalent protection to the inadvertent 
intruder.  
(15) "Land disposal facility" means the land, buildings, and equipment 

which are intended to be used for the disposal of wastes into the 
subsurface of the land. For purposes of this chapter, a land disposal 
facility does not include a geologic repository.  
(16) "Monitoring" means observing and making measurements to provide 
data to evaluate the performance and characteristics of the disposal 
site.  
(17) "Near-surface disposal facility" means a land disposal facility in 
which waste is disposed within approximately the upper thirty meters of 
the earth's surface.  
(18) "Pyrophoric liquid" means any liquid that ignites spontaneously in 
dry or moist air at or below 130OF (54.40C).  
(19) "Pyrophoric solid" means any solid material, other than one 
classed as an explosive, which under normal conditions, is liable to 
cause fires through friction, retained heat from manufacturing or 
processing, or which can be ignited readily and, when ignited, burns so 
vigorously and persistently as to create a serious transportation, 
handling, or disposal hazard. Included are spontaneously combustible 
and water-reactive materials.  
(20) "Site closure and stabilization" means those actions that are 
taken upon completion of operations that prepare the disposal site for 
custodial care and that assure that the disposal site will remain 
stable and will not need ongoing active maintenance.  
(21) "Stability" means structural stability.  
(22) "Surveillance" means monitoring and observation of the disposal 
site for purposes of visual detection of need for maintenance, 
custodial care, evidence of intrusion, and compliance with other 
license and regulatory requirements.  
(23) "Waste" means those low-level radioactive wastes that are 
acceptable for disposal in a land disposal facility. For the purposes 
of this definition, low-level waste has the same meaning as in the 
Low-Level Radioactive Waste Policy Amendments Act of 1985, Public Law 
99-240, that is, radioactive waste not classified as high-level 
radioactive waste, spent nuclear fuel, or by-product material as 
defined in section 11 e.(2) of the Atomic Energy Act (uranium or 
thorium tailings and waste).  

[Statutory Authority: RCW 70.98.050 and 70.98.080. 97-02-014, § 246-250-010, filed 
12/20/96, effective 1/20/97; 91-16-109 (Order 187), § 246-250-010, filed 8/7/91, 
effective 9/7/91. Statutory Authority: RCW 43.70.040. 91-02-049 (Order 121), 
recodified as § 246-250-010, filed 12/27/90, effective 1/31/91. Statutory Authority: 
RCW 70.98.080. 87-01-031 (Order 2450), § 402-61-020, filed 12/11/86.1
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WAC 246-232-080 
Transfer of material.  

(1) No licensee shall transfer radioactive material except as 
authorized pursuant to this section.  
(2) Except as otherwise provided in the license and subject to the 
provisions of this section, any licensee may transfer radioactive 
material: 
(a) To the department. A licensee may transfer material to the 
department only after receiving prior approval from the department; 
(b) To the United States Department of Energy; 
(c) To any person exempt from the regulations in this part to the 
extent permitted under such exemption; 
(d) To any person authorized to receive such material under terms of a 
general license or its equivalent, or a specific license or equivalent 
licensing document, issued by the department, the United States Nuclear 
Regulatory Commission, any agreement state or any licensing state, or 
to any person otherwise authorized to receive such material by the 
federal government or any agency thereof, the department, any agreement 
state or any licensing state; or 
(e) As otherwise authorized by the department in writing.  
(3) Before transferring radioactive material to a specific licensee of 
the department, the United States Nuclear Regulatory Commission, an 
agreement state or a licensing state, or to a general licensee who is 
required to register with the department, the United States Nuclear 
Regulatory Commission, an agreement state or a licensing state prior to 
receipt of the radioactive material, the licensee transferring the 
material shall verify that the transferee's license authorizes the 
receipt of the type, form, and quantity of radioactive material to be 
transferred.  
(4) The following methods for the verification required by subsection 
(3) of this section are acceptable: 
(a) The transferor may obtain for possession, and read, a current copy 
of the transferee's specific license or registration certificate; 
(b) The transferor may obtain for possession a written certification 
from the transferee that the transferee is authorized by license or 
registration certificate to receive the type, form, and quantity of 
radioactive material to be transferred, specifying the license or 
registration certificate number, issuing agency, and expiration date; 
(c) For emergency shipments the transferor may accept oral 
certification by the transferee that the transferee is authorized by 
license or registration certificate to receive the type, form, and 
quantity of radioactive material to be transferred, specifying the 
license or registration certificate number, issuing agency, and 
expiration date: Provided, That the oral certification is confirmed in 
writing within ten days; 
(d) The transferor may obtain other sources of information compiled by 
a reporting service from official records of the department, the United 
States Nuclear Regulatory Commission, the licensing agency of an 
agreement state or a licensing state as to the identity of licensees 
and the scope and expiration dates of licenses and registration; or 
(e) When none of the methods of verification described in subsection 
(4) of this section are readily available or when a transferor desires
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to verify that information received by one of such methods is correct 
or up-to-date, the transferor may obtain and record confirmation from 
the department, the United States Nuclear Regulatory Commission, or the 
licensing agency of an agreement state or a licensing state that the 
transferee is licensed to receive the radioactive material.  
(5) Preparation for shipment and transport of radioactive material 
shall be in accordance with the provisions of WAC 246-232-090.  
(6) The requirements of subsection (4) of this section notwithstanding, 
no verification is required when returning used, unused or decayed 
sources of radiation to the original manufacturer, (e.g., industrial 
radiography sources, teletherapy sources, portablemoisture/density 
gauge sources, fixed gauge sources, and Mo-99/Tc-99m generators).  

[Statutory Authority: RCW 70.98.050 and 70.98.080. 91-15-112 (order 184), § 
246-232-080, filed 7/24/91, effective 8/24/91. Statutory Authority: RCW 43.70.040.  
91-02-049 (Order 121), recodified as § 246-232-080, filed 12/27/90, effective 

1/31/91. Statutory Authority: RCW 70.98.080. 87-01-031 (Order 2450), § 402-19-400, 
filed 12/11/86. Statutory Authority: RCW 70.98,050. 81-01-011 (Order 1570), § 
402-19-400, filed 12/8/80. Statutory Authority: RCW 70.98.080. 79-12-073 (Order 
1459), § 402-19-400, filed 11/30/79, effective 1/1/80. Formerly WAC 402-20-170.]
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WAC 246-221-290 
Appendix A--Annual limits on intake (ALI) and derived air 
concentrations (DAC) of radionuclides for occupational exposure; 
effluent concentrations; concentrations for release to sanitary 
sewerage.  

For each radionuclide, Table I indicates the chemical form which is to 
be used for selecting the appropriate ALI or DAC value. The ALIs and 
DACs for inhalation are given for an aerosol with an activity median 
aerodynamic diameter (AMAD) of 1 pim (micron) and for three classes 
(D,W,Y) of radioactive material, which refer to their retention 
(approximately days, weeks or years) in the pulmonary region of the 
lung. This classification applies to a range of clearance half-times 
for D if less than ten days, for W from ten to one hundred days, and 
for Y greater than one hundred days. Table II provides concentration 
limits for airborne and liquid effluents released to the general 
environment. Table III provides concentration limits for discharges to 
sanitary sewerage.  

Note: The vaue in Tables I, 1, and III ae presented in te computer "E" notation. In tis notation a vaue of 6E-02 repreents a vaue of 6 x 10-2 or 0.06, 

6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 100 or 6.  

Table I "Occupational Values" 

Note that the columns in Table I of this appendix captioned "Oral 
Ingestion ALI," "Inhalation ALI," and "DAC," are applicable to 
occupational exposure to radioactive material.  

The ALIs in this appendix are the annual intakes of given radionuclide 
by "Reference Man" which would result in either: A committed effective 
dose equivalent of 0.05 Sv (5 rem), stochastic ALI; or a committed dose 
equivalent of 0.5 Sv (50 rem) to an organ or tissue, nonstochastic ALI.  

The stochastic ALIs were derived to result in a risk, due to 
irradiation of organs and tissues, comparable to the risk associated 
with deep dose equivalent to the whole body of 0.05 Sv (5 rem). The 
derivation includes multiplying the committed dose equivalent to an 
organ or tissue by a weighting factor, wT. This weighting factor is 
the proportion of the risk of stochastic effects resulting from 
irradiation of the organ or tissue, T, to the total risk of stochastic 
effects when the whole body is irradiated uniformly. The values of wT 
are listed under the definition of weighting factor in WAC 246-221-005.  

The nonstochastic ALIs were derived to avoid nonstochastic effects, 
such as prompt damage to tissue or reduction in organ function.  

A value of wT= 0.06 is applicable to each of the five organs or tissues 
in the "remainder" category receiving the highest dose equivalents, and 
the dose equivalents of all other remaining tissues may be disregarded.  

The following portions of the GI tract -- stomach, small intestine, 
upper large intestine, and lower large intestine -- are to be treated 
as four separate organs.  

Note that the dose equivalents for an extremity, elbows, arms below the
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elbows, feet and lower legs, knees, and legs below the knees, skin, and 
lens of the eye are not considered in computing the committed effective 
dose equivalent, but are subject to limits that must be met separately.  

When an ALI is defined by the stochastic dose limit, this value alone 
is given. When an ALI is determined by the non-stochastic dose limit 
to an organ, the organ or tissue to which the limit applies is shown, 
and the ALI for the stochastic limit is shown in parentheses.  
Abbreviated organ or tissue designations are used: 

LLI wall = lower large intestine wall; 

St. wall = stomach wall; 

Blad wall = bladder wall; and 

Bone surf = bone surface.  

The use of the ALIs listed first, the more limiting of the stochastic 
and nonstochastic ALIs, will ensure that nonstochastic effects are 
avoided and that the risk of stochastic effects is limited to an 
acceptably low value. If, in a particular situation involving a 
radionuclide for which the nonstochastic ALI is limiting, use of that 
nonstochastic ALI is considered unduly conservative, the licensee may 
use the stochastic ALI to determine the committed effective dose 
equivalent. However, the licensee shall also ensure that the 0.5 Sv 
(50 rem) dose equivalent limit for any organ or tissue is not exceeded 
by the sum of the external deep dose equivalent plus the internal 
committed dose equivalent to that organ, not the effective dose. For 
the case where there is no external dose contribution, this would be 
demonstrated if the sum of the fractions of the nonstochastic ALIs 
(ALIns) that contribute to the committed dose equivalent to the organ 
receiving the highest dose does not exceed unity, that is, &sum; 
(intake (in pCi) of each radionuclide/ALIns) &le; 1.0. If there is an 
external deep dose equivalent contribution of Hd, then this sum must be 
less than 1 - (Hd/50), instead of &le; 1.0.  

The derived air concentration (DAC) values are derived limits intended 
to control chronic occupational exposures. The relationship between 
the DAC and the ALI is given by: 

DAC= ALl (in pCi)/(2000 hours per working year x 60 minutesfhour x 2 

x 104 ml per minute)= [ALII2.4 x 109] PCi/ml, 

where 2 x 104 ml per minute is the volume of ar breathed per minute at 
work by Reference Man under working conditions of light work.  

The DAC values relate to one of two modes of exposure: Either external 
submersion or the internal committed dose equivalents resulting from 
inhalation of radioactive materials. DACs based upon submersion are 
for immersion in a semi-infinite cloud of uniform concentration and 
apply to each radionuclide separately.  

The ALI and DAC values include contributions to exposure by the single
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radionuclide named and any in-growth of daughter radionuclides produced 
in the body by decay of the parent. However, intakes that include both 
the parent and daughter radionuclides should be treated by the general 
method appropriate for mixtures.  

The values of ALI and DAC do not apply directly when the individual 
both ingests and inhales a radionuclide, when the individual is exposed 
to a mixture of radionuclides by either inhalation or ingestion or 
both, or when the individual is exposed to both internal and external 
irradiation. See WAC 246-221-015. When an individual is exposed to 
radioactive materials which fall under several of the translocation 
classifications of the same radionuclide, such as, Class D, Class W, or 
Class Y, the exposure may be evaluated as if it were a mixture of 
different radionuclides.  

It should be noted that the classification of a compound as Class D, W, 
or Y is based on the chemical form of the compound and does not take 
into account the radiological half-life of different radionuclides.  
For this reason, values are given for Class D, W, and Y compounds, 

even for very short-lived radionuclides.  

Table II "Effluent Concentrations" 

The columns in Table II of this appendix captioned "Effluents," "Air" 
and "Water" are applicable to the assessment and control of dose to the 
public, particularly in the implementation of the provisions of WAC 
246-221-070. The concentration values given in Columns 1 and 2 of 
Table II are equivalent to the radionuclide concentrations which, if 
inhaled or ingested continuously over the course of a year, would 
produce a total effective dose equivalent of 0.50 mSv (0.05 rem).  

Consideration of nonstochastic limits has not been included in deriving 
the air and water effluent concentration limits because nonstochastic 
effects are presumed not to occur at or below the dose levels 
established for individual members of the public. For radionuclides, 
where the nonstochastic limit was governing in deriving the 
occupational DAC, the stochastic ALI was used in deriving the 
corresponding airborne effluent limit in Table II. For this reason, 
the DAC and airborne effluent limits are not always proportional as was 
the case in the previous Appendix A of this chapter.  

The air concentration values listed in Table II, Column 1 were derived 
by one of two methods. For those radionuclides for which the 
stochastic limit is governing, the occupational stochastic inhalation 
ALI was divided by 2.4 x 10 9 , relating the inhalation ALI to the DAC, 
as explained above, and then divided by a factor of three hundred. The 
factor of three hundred includes the following components: A factor of 
fifty to relate the 0.05 Sv (5 rem) annual occupational dose limit to 
the 1 mSv (0.1 rem) limit for members of the public, a factor of three 
to adjust for the difference in exposure time and the inhalation rate 
for a worker and that for members of the public; and a factor of two to 
adjust the occupational values, derived for adults, so that they are 
applicable to other age groups.
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For those radionuclides for which submersion, that is external dose, is 
limiting, the occupational DAC in Table I, Column 3 was divided by two 
hundred nineteen. The factor of two hundred nineteen is composed of a 
factor of fifty, as described above, and a factor of 4.38 relating 
occupational exposure for two thousand hours per year to full-time 
exposure (eight thousand seven hundred sixty hours per year). Note 
that an additional factor of two for age considerations is not 
warranted in the submersion case.  

The water concentrations were derived by taking the most restrictive 
occupational stochastic oral ingestion ALI and dividing by 7.3 x 107.  

The factor of 7.3 x 107 (ml) includes the following components: The 
factors of fifty and two described above and a factor of 7.3 x 105 (ml) 
which is the annual water intake of Reference Man.  

Note 2 of this appendix provides groupings of radionuclides which are 
applicable to unknown mixtures of radionuclides. These groupings, 
including occupational inhalation ALIs and DACs, air and water effluent 
concentrations and releases to sewer, require demonstrating that the 
most limiting radionuclides in successive classes are absent. The 
limit for the unknown mixture is defined when the presence of one of 
the listed radionuclides cannot be definitely excluded as being present 
either from knowledge of the radionuclide composition of the source or 
from actual measurements.  

Table III "Releases to Sewers" 

The monthly average concentrations for release to sanitary sewerage are 
applicable to the provisions in WAC 246-221-190. The concentration 
values were derived by taking the most restrictive occupational 
stochastic oral ingestion ALI and dividing by 7.3 x 106 (ml). The 
factor of 7.3 x 106 (ml) is composed of a factor of 7.3 x 105 (ml), the 
annual water intake by Reference Man, and a factor of ten, such that 
the concentrations, if the sewage released by the licensee were the 
only source of water ingested by a Reference Man during a year, would 
result in a committed effective dose equivalent of 5 mSv (0.5 rem).
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