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Dear Ms. Piccone: 

Enclosed is a petition for rulemaking submitted to the Texas Department of Health by 

Waste Control Specialists, L.L.C. (WCS). WCS proposes the amendment of existing 

Texas Administrative Code (TAC) 25 TAC §289.202 (fff) concerning exemption of 

specific wastes. The amendment proposed in the petition would allow licensees to 

dispose of low activity licensed radioactive material at a RCRA Subtitle C disposal 
facility if it can be shown that the risk from transportation and disposal does not exceed 

a TEDE to an average member of the critical group of 1 mrem (0.01 mSv) per year, 
including that from groundwater sources of drinking water.  

The Texas Department of Health, Bureau of Radiation Control is requesting input from 

the U.S. Nuclear Regulatory Commission as to potential impacts of this petition for 

rulemaking, particularly the impact on the national program (i.e., ongoing efforts on the 

clearance of solids) and possible issues with compatibility.  

In accordance with Texas statutes, the Board of Health must consider this petition 

within 60 days of receipt. The Board of Health must deny or accept the petition in 

whole or in part and if accepted, will refer the petition to the appropriate program to 

initiate the rulemaking process. In this case, the Bureau of Radiation Control is the 

appropriate program. To meet the 60-day statutory requirement, the Board of Health 
will consider the petition during its September 5-6, 2002 meeting.  
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We appreciate your consideration of this issue and ask that we receive a response as 
soon as possible. If you have questions or need additional information, please contact 
Cindy Cardwell at 512-834-6688, ext. 2239 or Cindy.Cardwel ltdh.state.tx.us.  

Sincerely, 

Ruth E. McBurney, CHP, Acting Chief 
Bureau of Radiation Control
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wCs -WASTE CONTROL SPECIALISTS LLC 

P.O Box 1129, Andrews, TX 79714 (888)789-2783 e Fax (505)394-3427 

July 26,2002 

Commissioner Charles E. Bell, M.D.  
Texas Department of Health 
100 West 49th St 
Austin, TX 78756-3189 

Re: Petition for Adoption of Rules 

Dear Commissioner Bell, 

Please find enclosed a Petition for Adoption of Rules filed on behalf of Waste Control Specialists, L.L.C 
This filing is in accordance with Texas Department of Health Rule 25 TAC §1.81 (Petition for the 
Adoption of a Rule). Please direct all correspondence regarding this matter to my attention.  

Please do not hesitate to contact me should you have any questions or comments.  

Sincerely, 

William P. Dornsife 
Vice President - Nuclear Affairs 

Enclosures 

cc: Richard A. Ratliff, P,E., Chief, Bureau of Radiation Control Texas Department of Health 
w/enclosures



PETITION FOR ADOPTION OF RULES

COMES NOW Waste Control Specialist, LLC, ("WCS") and respectfully petitions the Texas 
Department of Health ('TDH') in accordance with TEX. GOV'T CODE §2001.021 and 25 T.A.C. §1.81 
[Petition for Adoption of Rules], and would show the following: 

I 
Statutory Authority 

Statutory authority for the promulgation of this rule is found at TEXAS HEALTH AND 
SAFETY CODE §401.051 which provides for the TDH to adopt rules and guidelines relating to the 
control of sources of radiation, and TEXAS HEALTH AND SAFETY CODE §401.106 which allows the 
TDH by rule to exempt a source of radiation or a kind of use or user from licensing or registration 
requirements.  

II 

Explanation of Rule and Public Benefit 

WCS proposes the amendment of existing Texas Administrative Code (TAC) 25 TAC 
§289.202(fff) (General requirements for waste management) by adding a section that would allow 
licensees to dispose of low activity licensed radioactive material at a RCRA Subtitle C disposal facility if 
it can be shown that the risk from transportation and disposal does not exceed a TEDE to an average 
member of the critical group of I mrem (0.01 mSv) per year, including that from groundwater sources of 
drinking water.  

WCS believes this rule will help fulfill an important state need, the need to provide a safe and 
cost effective disposal option for a very limited category of low activity radioactive waste that is currently 
either being stored at licensed facilities or disposed out of state at great expense to licensees in Texas. The 
essential concept that underlies the proposed rule is that hazards from certain kinds of low activity 
radioactive waste are such that the characteristics of a RCRA-permitted hazardous waste disposal facility 
and the underlying structure of the RCRA-regulatory program provide adequate protection without the 
need to deal with the waste as "radioactive" and subject to full disposal licensing provisions.  

The TDH has adopted similar exemptions for specific waste streams in 25 TAC §289.202(fff).  
This proposed rule would be an extension of and used in conjunction with 25 TAC §289.202(fff)(4-9), 
which allows discarding of short-lived radioactive material in a sanitary landfill and a RCRA disposal 
cell. The methodology and dose criteria for this proposed rulemaking is similar to that used for the 
existing rule and its supporting analysis!.  

The USNRC, in its Final Staff Technical Position regarding the Disposition of Cesium-137 
Contaminated Emission Control Dust and Other Incident-Related Material ("NRC Technical Position", 

' "Disposal of Short-lived Radionuclide Wastes in a Sanitary Landfill: Final Report", for Texas Low-Level 
Radioactive Waste Disposal Authority, Rogers and Associates Engineering Corporation, February 1987.



62 Fed. Reg. 13, 176 (March 19, 1997), has endorsed this concept for K061 waste contaminated with 
limited amounts of Cs-137 and has given the states the option to choose to regulate the disposal of this 
limited category of waste as if it were, in the particular sense described, not radioactive.  

The USEPA is also in the process of endorsing this concept and has developed a draft rulemaking 
that would allow low activity radioactive waste to be disposed at a RCRA Subtitle C disposal facility. A 
preliminary risk assessment has been performed for this draft rulemaking that is based on not exceeding a 
dose of 10 mrem per year. The USEPA is expected to issue an advanced notice of proposed rulemaking in 
the near future to formally begin the rulemaking process. The limits developed under this proposed rule 
are consistent with those developed by the USEPA in the draft rulemaking.  

Disposal of low activity radioactive waste at RCRA Subtitle C disposal facilities can be 
performed safely and provides an equivalent level of protection to public health and safety as disposal at 
licensed LLRW disposal facilities. RCRA disposal facility requirements meet or exceed 10 CFR Part 61 
requirements in the following areas related to design and institutional control: 

"* RCRA requires a minimum of 30 years active maintenance verses 5 years for Part 61.  
"* RCRA requires deed restrictions that prevent disturbing the cover after the facility has been 

closed, Part 61 has no such requirement.  
"* Many RCRA disposal facilities include a five meter engineered cover that would satisfy the Part 

61 intruder barrier requirement for Class C waste.  
"* RCRA facilities must meet prescriptive design requirements that include double liners, minimum 

permeability standards, and leachate collection and monitoring systems. Part 61 has no facility 
design requirements.  

"* There is no requirement under RCRA for long-term government ownership of the facility after 
closure, but this requirement has been waived by the NRC for the Envirocare facility.  

"* Existing RCRA disposal facility site permits and other licenses require various financial 
assurance instruments that provide for equivalent levels of funding for site decommissioning and 
closure, site maintenance and monitoring after closure, liability protection, and cleanup and 
removal of all waste stored on site under the license, if the licensee cannot perform this activity 

"* Various studies have shown that the long-lived toxicity of RCRA waste is comparable to low 
activity LLRW.2 

Various national and international radiation standard setting bodies have recommended that 1 
mrem/yr be accepted as a negligible individual dose. This dose translates to an annual risk of death of 
about 5E-07, which is considered by various experts to constitute a trivial or negligible risk. Regulatory 
agencies do not normally regulate risks that are less than an annual risk of death of IE-06. This standard 
is also used as the basis for ANSI/HPS N13.12-1999, and a more detailed discussion of its 
appropriateness can be found in that standard3. The risk based methodology proposed for use in this 
rulemaking is similar to the methodology in the short-lived disposal rule 25 TAC §289.202(fff), the 
decommissioning rule (25 TAC 289.202(ddd) and the TNRCC rules for alternate disposal (30 TAC 
336.513(c)).  

2 "A Perspective on the Relative Hazard of Low-Level Radioactive Waste Disposal", Low-Level Radioactive Waste 

Management - Proceedings of Health Physics Society Twelfth Midyear Topical Symposium, February, 1979, W. P.  
Domsife.

3 ANSI/HPS N13.12-1999, "Surface and Volume Radioactivity Standards for Clearance"



Each licensee that intends to use the provisions of this proposed rule would have to verify that 

their low activity waste meets the concentration limits for the short/long distance transportation scenario 
and humid/dry RCRA sites, and also verify that the annual activity limits per licensee is not exceeded. If 

the RCRA facility has a radioactive material license and all workers are badged as radiation workers, the 
annual curie limit would not be applicable, since the facilities radiation control program will adequately 
control any radiation exposure to the workers. Under these proposed rules a dry RCRA site is defined as 
meeting all the following requirements: (1) average rainfall less than 15 inches per year; (2) regional 
aquifer is at least 300 feet below the disposal cell; and (3) permeability of the vadose zone is less than 
1.0E-07 cm/sec. This procedure is similar and complementary to that already required for short-lived 
radionuclides exempted under 25 TAC §289.202(fff)(4-9).  

Radioactive waste toxicity studies have shown that the risk from disposal of this material is 

similar to material that is exempted from licensing in 25 TAC §25 1, and is currently being disposed at 
RCRA disposal facilities in Texas. Similar risk assessments currently need t6 be performed for disposal 
of exempt waste from NRC licensed and DOE sites.  

This proposal will primarily benefit hospitals, universities, and industries in Texas resulting in a 

significant saving of public dollars and the elimination of the risks and security concerns from indefinite 
on-site storage. The availability of cost effective disposal in Texas will also facilitate the cleanup and 
decommissioning of sites where cleanup is currently problematic and a source of significant health and 
safety risk. Since the State of Texas does not license nuclear power plants, they cannot implement the 
provisions of this proposed rule. Adoption of proposed changes to 25 TAC §289.202(fft) will provide 
benefits to the public of a health-protective, environmentally sound, and cost-effective alternative for the 
disposal of this low activity radioactive waste.  

III 

Proposed Amendments to 25 TAC §289.202 

The amendment is proposed under the Health and Safety Code, Chapter 401, which provides the 
Texas Board of Health with authority to adopt rules and guidelines relating to the control of radiation; and 

§ 12.001, which authorizes the board to adopt rules for the performance of every duty imposed by law on 
the board, the department, and the commissioner of health.  

This amendment affects Health and Safety Code, Chapter 401.  

Add a new section to 25 TAC §289.202(fff) as follows: 

(5) Any licensee may, upon agency approval of procedures required in paragraph (7) of this 
subsection, discard licensed material included in subsection (ggg)(9) of this section, provided that it 
does not exceed the concentration and total curie limits contained therein, in a permitted hazardous 

"4 "A Methodology For Evaluating the Toxicity of Radioactive Waste and Its Application to the Radioactive Waste 
Generated in Pennsylvania", Health Physics, 69(2)" 162-177 (August, 1995). W.P. Dornsife.



waste disposal facility (defined in the Industrial Solid and Municipal Hazardous Waste Regulations 
of the authorized regulatory agency - 30 Texas Administrative Code Chapter 335').  

Add a new section to 25 TAC §289.202(ggg) as follows: 

(ggg)(9) Concentration and activity limits of nuclides for disposal in a hazardous waste facility (for 
use in subsection (fft) of this section). The following table contains concentration and activity limits 
of nuclides for disposal in a hazardous waste facility.  

Allowable Allowable Total Activity Allowable 
Concentration Concentration per licensee Allowable Concentration at Concentration at drRRAst 

Radionuclide based on <50 mile based on >50 mile per year humid RCRA site dry RCRA site 
driving distance driving distance (Ci/yr) (pCi/gm) 

(pCi/gm) (pCi/gm) (a) (pCi/gm) (b) 

Ac-227+D 1667 154 0.27 
Ag-108+D 357 32 0.11 
A1-26 204 17 0.065 
Am-241 7.6 27 27 

Am243+D 1.1 27 27 

Au-195 31250 4440 82 

Ba-133 2700 2700 

Bi-207 370 33 0.12 

C-14 0.51 270000 

Ca-41 2700000 2700000 
Cd-109 416700 45450 118.3 
Cf-252 27 27 
CI-36 0.08 0.2 

Cm-242 27 27 
Cm-243 1.5 27 27 

Cm-244 27 27 
Cm-245 27 27 

Cm-246 27 27 

Cm-247 27 27 

Cm-248 2.3 27 27 
Co-60 217 20 0071 

Cs-134 364 32 0.12 

Cs-135 270000 270000 

Cs-137+D 1000 91 032 

Eu-152 500 44 0.16 

Eu-154 465 42 0.14 

Eu-155 28170 3450 7.6 

Fe-55 270000 270000 

Gd-153 41670 7690 9.7 

Gc-68+D 606 54 0 19 

H-3 19.5 2000000 
1-129 0021 2700 

lr-192 740 65 0 23 

K-40 3450 308 1.1 

Mn-54 667 61 0.22 

Na-22 253 22 0079 

Nb93m 270000 270000 

Nb-94 357 32 0.11 
Ni-59 270000 270000 

Ni-63 2700000 2700000 

Np-237+D 1 0.85 27 27



Allowable Allowable Total Activity Allowable Co atoa 
Concentration Concentration per licensee Concentration at dry at 

Radionuclide based on <50 mile based on >50 mile per year humid RCRA site dry RCRA site 
driving distance driving distance (Ci/yr) (pCi/gm) (pCi/gm) 

(pCi/gm) (pCi/gm) (a) (b) 

Pa-231 18180 1540 1.9 

Pb-210+D 270 270 

Pm-147 270000 270000 
Po-210(U8) 270 270 
Pu-238 9.7 27 27 

Pu-239 8.9 27 27 
Pu-240 8.9 27 27 

Pu-241+D 27 27 

Pu-242 9.3 27 27 

Pu-244+D 0.14 27 27 
Ra-226+D 28 0.1 80 124 

Ru-106+D 2670 235 085 

Sb-125+D 1430 125 0.43 

Se-79 270000 270000 
Sm-147 270 270 

Sm-151 270000 270000 

Sr-90+D 2700 2700 
Ta-182 444 40 0.14 

Tc-99 0.88 270000 
Te-125m 27000 27000 

Th229+D 2200 200 0.48 
Th-230 11.8 229 230 

Th-232+all D* 220 18 0.069 
Tl-204 270000 270000 
U-232 5.8 27 27 

U-233 270 270 
U-234 270 270 

U-235+D 1.3 270 270 

U-236 270 270 
U-238+D 66 270 270 

Zr-93 27000 27000 

* Includes Ra-228+D and Th-228+D 
(a) The total activity limit per generator does not apply if the RCRA facility receiving the waste has a 

radioactive material or waste license and all workers are badged as radiation workers.  

(b) A dry RCRA site is defined as meeting all the following requirements: (1) average rainfall less than 
15 inches per year; (2) regional aquifer is at least 300 feet below the disposal cell; and (3) 
permeability of the vadose zone is less than 1.01E-07 cm/sec.  

For other radionuclides not included in this Table, the maximum allowable concentrations will be the 
effluent concentrations in Table II, Column 2 of 25 TAC 289.202(ggg)(2)(F) of this section, with the 
units changed from microcuries per milliliter to microcuries per gram.  

In any case where there is a mixture in waste of more than one radionuclide, the limiting values for 
purposes of this paragraph shall be determined as follows: For each radionuclide in the mixture, calculate 

the ratio between the quantity present in the mixture and the limit established in this paragraph for the 

specific radionuclide when not in a mixture. The sum of such ratios for all the radionuclides in the 
mixture may not exceed "1" (i.e., "'unity").



WHEREFORE PREMISES CONSIDERED WCS respectfully requests that the TDH institute rulemaking 
in accordance with its rules, and thereby formally adopt proposed changes to 25 TAC §289.202(fff).  
Filed with the Commissioner of Health on July 26,2002 

Respectfully submitted, 

William P. Dornsife 
Vice President-Nuclear Affairs 
Waste Control Specialists



Disposal of Low Activity Radioactive Waste in a RCRA Subtitle C Landfill 

The purpose of this report is to determine allowable concentrations of various radionuclides that 

could be transported and disposed at a RCRA Subtitle C disposal facility in Texas without exceeding a 

dose of 1 mremlyr to any member of the public not considered to be a radiation worker. This work is in 
support of a proposed rulemaking request that is similar to a proposed rulemaking request for short-lived 
radionuclides and its supporting work' that was approved by the TDH and adopted as 25 TAC 
289.202(fff)(4)-(9). Implementation of these proposed regulations for disposal of low activity radioactive 
waste at a RCRA disposal facility would benefit hospitals, universities, and industries in Texas and result 
in a significant saving of public dollars and the elimination of the risks from indefinite on-site storage. An 
additional benefit will be the availability of cost effective disposal for the cleanup and decommissioning 
of sites where cleanup is currently problematic and a source of significant health and safety risk. Since the 
State of Texas does not license nuclear power plants and certain other large generators of radioactive 
waste, they cannot implement the provisions of this proposed rule.  

Methodology 

Dose To Non-Radiation Workers During Transport, Receipt, Processing, And Disposal 

In order to assess the impact to non-radiation workers from the transport, receipt, processing, and disposal 

of low activity radioactive waste, an analysis was performed using the TSD-DOSE model (V 2.22)2.  
TSD-DOSE is a program developed by Argonne National Laboratory for estimating doses to facility 
workers and the surrounding public at Treatment, Storage, and Disposal (TSD) facilities from shipments 
of hazardous waste that may contain small amounts of radioisotopes.  

The steps and parameters used to model the operations were chosen to be conservative yet realistic. In 
other words, engineering judgment and knowledge from several site visits was used to develop a model 
which could be applied to most TSD facilities and would produce conservative dose estimates in almost 
all cases (almost all because not every TSD facility was visited such that the conservatism of the model 
may not cover a site that has characteristics outside of the model). The default values were chosen to 
bound the TSD facilities visited.  

TSD-DOSE estimates worker and public doses from seven operations. These operations can be turned on 
or off to reflect the actual TSD facility operations. In addition, many of the parameters used to model the 
typical operations can be adjusted to fit the actual facility. A dose is calculated for each operation based 
on radionuclide activities, waste characteristics, and any site-specific information entered by the user.  
Doses to various receptors are calculated by summing the doses from those operations that would 
potentially contribute to the exposure.  

Ver 2.2 of the TSD-DOSE model was used to calculate the dose to the truck driver, the non-radiation 

worker at the TSD facility, and the public during transport and handling of the low activity material.  

The worst-case scenario that will maximize the dose to the driver and the non-radiation worker at the 
TSD facility is a load of drums on a trailer that requires RCRA treatment prior to disposal. The total 
volume of waste per shipment is assumed to be 376 ft3 or about 50 drums. In order to calculate the



maximum dose to the non-radiation worker at the TSD facility for this worst-case scenario, the following 
assumptions for the seven operations in the TSD-DOSE model will be made.  

Transport to the TSD facility.  
The steps in this operation are: Load and secure shipment prior to transport; Drive loaded truck to 
TSD facility; Rest in back of cab en route to TSD facility; Maintenance (i.e. checking tires or 
refueling) of truck en route to TSD facility.  
Since total dose to the truck driver is the critical factor for most of the radionuclides, two 
transportation distances from the generator to the TSD facility were assumed for the TSD-DOSE 

analysis; a short distance (<50 miles) and a long distance (600 miles). For both scenarios it is 

assumed that the driver spends 1 hour at a distance of three feet while the waste is being loaded. For 

the short driving distance scenario (50 miles), it is assumed that the driver is exposed for one hour 
at a distance of 7 feet from the waste with no rest and no maintenance. For the long driving distance 

scenario (600 miles), it is assumed that the driver is exposed for twelve hours at a distance of 7 feet 

from the waste, eight hours at distance of two feet while resting, and one hour at a distance of 3 feet 
during maintenance.  

Receiving and sampling.  
Weigh and survey truck and inspect manifest: 

Two non-radiation workers for fifteen minutes at the default distance of 5 feet.  

Unload drums for inspection, sampling and storage prior to treatment: 
Two non-radiation workers for default values; five minutes per drum at a distance of 3 feet.  

Inspect and sample drums.  
Two non-radiation workers for 10% of the default value of five minutes per drum(RCRA sampling 

frequency) at the default distance of 0.5 feet. Default inhalation dose from open drum is also 
assumed.  
Transfer drums to storage awaiting treatment.  
Two non-radiation workers for default values; ten minutes per drum at a distance of 3 feet.  

Pump drummed liquids to storage.  
Not applicable.  

Storage.  
Work in solid storage area.  
Five hours at a distance of 5 feet during assumed one week storage time.  
Transfer drums out of storage are for treatment.  
Default value often minutes per drums at a distance of three feet.  
Work in liquid storage area 
Not applicable.  

Incineration.  
This operation was not included.  

Treatment and on-site landfill.  
Unload waste to mixing pit.  
One non-radiation worker at the default values of fifteen minutes at a distance of 5 feet. Default 

inhalation dose from open drum is also assumed.



Mix waste in mixing pit.  
One non-radiation worker at the default values of thirty minutes at a distance of 10 feet.  
Load truck and transport to landfill.  

One non-radiation worker at the default values of fifteen minutes at a distance of 5 feet.  
Unload truck at landfill.  
One non-radiation worker at the default values of fifteen minutes at a distance of 5 feet.  

Transport to off-site landfill.  
This operation was not included.  

Incinerator maintenance.  
This operation was not included.  

This scenario will be used to calculate the critical dose to non-radiation workers from transport and each 
of the assumed operations at the TSD facility. If it is assumed that an individual driver will not make 

more than ten shipments per year from any licensee utilizing this proposed rule, the dose to the truck 
driver is the limiting factor in establishing maximum allowable concentrations for most radionuclides that 
produce significant external radiation exposure to demonstrate that a dose of 1 mrem/yr will not be 

exceeded for any non-radiation worker or the member of the public.  

Table 1 is a summary of the results for the TSD-DOSE calculations for all 85 radionuclides and their 
daughter products that are included in the TSD-DOSE model. A sample TSD-DOSE report is included as 
Attachment A.  

Table 1 sample calculations are as follows: 
Assumptions for calculating total activity per shipment: 
Volume of drums = 18.4ft x 7.3ft x 2.8 ft = 376 ft3 x 62.41b/ft3 = 234621b / 2.21b/kg = 10665kg = 

10.665E+06g x 20pCi/gm = 2.13E+08 Ci = 2.1313-04 Ci per shipment.  
Allowable concentrations to not exceed 1 mrem/yr to the truck driver based on 10 trips per year: 
I mrem/yr / (Column 4 - driver mrem/shipment) / 10 shipments per year x 20 pCi/gm = (Column. 10 
Allowable concentration pCilgm) 

Since treatment, drum handling and storage account for the most significant portion of the TSD worker 
exposure, bulk (rolloff on a truck or rail shipments) or drum shipments that do not require treatment prior 

to disposal result in a dose to the TSD worker that is about an order of magnitude lower. For bulk 

shipments the dose to the driver is significantly lower and insignificant to the railroad worker.  

Another consideration is insuring that the total exposure to any non-radiation worker at the TSD facility is 
insignificant. A total activity limit per generator has been established at non-licensed TSD facilities to 

insure that a limit of I person-rem/yr total integrated dose to all non-radiation workers will not be 

exceeded. If the TSD facility has a radioactive material license and all workers are badged as radiation 
workers, no curie limit is necessary since the facilities radiation control program will adequately control 

any radiation exposure to the workers. The 1 person-rem/yr limit was selected because it encompasses all 

exposed workers at a TSD facility and also multiple TSD facilities. Assuming that no more than 10% of 

the total waste disposed under this proposed rule comes from any one licensee, the total activity is divided 

by a factor often to add additional conservatism. The last column of Table 1 is calculated as follows:



1 person-rem/yr / (Column 7 - Worker population person-rem/shipment) / (10) x (2.133E-04 Ci/shipment) 
= (Column 11 - Total activity Ci/yr).  

An alternate method of showing that the 1 person-rem/yr limit will insure that the dose to the non.  
radiation worker at the TSD facility will be insignificant is to calculate the curie limit using the worker 
dose from the worst-case scenario. For most of the radionuclides with significant external exposure the 
average worker dose is about a factor often greater in magnitude than the workerpopulation exposure.  
For a realistic mix of RCRA/non-RCRA and drums/bulk the average dose to the TSD facility worker will 
be about an order of magnitude less than the worst case RCRA drum worst-case scenario. It is also likely 
that at least f0 different TSD facility workers could be exposed to any one shipment. This alternate 
method gives reasonable assurance that no single TSD facility non-radiation worker will be exposed to a 
dose of greater than 1 mrem/yr using the same total activity limits that were calculated based on the 1 
person-rem/yr total worker exposure method.  

Dose to Maximum Exposed Individual After Closure of the RCRA Subtitle C Landfill 

An analysis using the RESRAD computer code (V 6.2)3 has been performed to determine the 
maximum exposure to an individual member of the public that has unrestricted use of the site 
after closure of a RCRA cell that has been used for disposal of low activity radioactive waste 
under this proposed rulemaking. RESRAD is a computer model developed by the Argonne 
National Laboratory and is designed to estimate radiation doses and risks from RESidual 
RADioactive materials. RESRAD 6 represents the sixth major version of the RESRAD code 
since it was first issued in 1989. Since this time, RESRAD has been used widely by the U.S.  
Department of Energy (DOE), its operations and area offices, and its contractors for deriving 
limits for radionuclides in soil. RESRAD has also been used by the U.S. Environmental 
Protection Agency (EPA), U.S. Army Corps of Engineers, U.S. Nuclear Regulatory Commission 
(NRC), industrial firms, universities, and foreign government agencies and institutions for 
determining allowable concentrations in soils after site decommissioning and demonstrating that 
on-site disposal meets appropriate regulatory limits.  

After closure of the landfill, it is possible that members of the public could be exposed to 
radioactive materials from unrestricted use of the landfill site in a number of ways, depending on 
potential uses of land and groundwater resources. Over the long term, assumed for this analysis 
to be 1,000 years, use of the site for residential and agricultural purposes would be the possible 
uses most likely to maximize radiation exposure. Use of groundwater containing landfill 
constituents for domestic and agricultural purposes or for irrigation is also possible. The landfill 
siting and construction requirements are designed to minimize the potential for migration of 
landfill constituents to groundwater, and the required institutional controls after closure make 
this scenario unlikely. Nevertheless, such a worst-case scenario is assumed to be possible for 
purposes of this analysis.  

Given assumed potential land and water uses, exposure of hypothetical future inhabitants of the 
landfill site to residual radioactive material in fill materials on the landfill site could 
hypothetically occur through one or more of three terrestrial pathways (water independent



pathways), depending on the location of soils containing residual radioactive material with 
respect to the ground surface. If residual radioactive material were contained within soils at or 
near the ground surface, exposure could occur from radiation emitted directly from radioactive 
material in place in the soil, from inhalation of air containing residual radioactive material (either 
resuspended from soil at the ground surface or produced from the radioactive decay of radon gas 
emitted from the soil), or from ingestion of residual radioactive material taken up from soils into 
garden products produced on the site. For significant exposure through terrestrial pathways, 
removal of the engineered cover and exposure of the fill material would be required. For the 
pathways involving groundwater use (water dependent pathways), radiation exposure could 
result from ingestion of water and from ingestion of radioactive material taken up from irrigation 
water into garden products produced on the site. Domestic animals might drink well water or eat 
vegetation irrigated by well water.  

A hypothetical landfill site inhabitant scenario that incorporates almost all possible exposure 
pathways would be a resident farmer who uses groundwater for dorniestic and agricultural 
purposes. In the resident farmer scenario, a family is assumed to move onto the site after it has 
been released for use without radiological restrictions, build a home, and raise crops and 
livestock for family consumption. Members of the family can incur a radiation dose by the 
following pathways: 

1. Ground 
-Direct radiation from material in soil 

2. Dust 
-Resuspension of surface particulate material--air--inhalation 

3. Radon (water independent) 
-Release of radon gas from radioactive material in near-surface soils to residence interior
ingrowth of airborne particulate radon daughter products--inhalation 

4. Plant (water independent) 
-Resuspension of surface particulate material--air--deposition or uptake in edible plant tissue-
ingestion 

-Uptake of material in soil through roots of edible plants--ingestion 
5. Meat or Milk (water independent) 

-Resuspension of surface particulate material--air--deposition or uptake in edible plant 
tissue--ingestion by animal--ingestion of animal product 

-Uptake of material in soil through roots of edible plants--ingestion by animal--ingestion 
of animal product 

6. Soil 
-Ingestion of soil 

7. Water 
-Release of materials in soil to infiltrating water--groundwater--ingestion 
-Release of materials in soil to infiltrating water--groundwater--transport to surface water-
ingestion 

9. Radon (water dependent) 
-Release of radon gas from groundwater brought into residence--ingrowth of airborne particulate 
radon daughter products--inhalation 

10. Plant (water dependent)



-Release of materials in soil to infiltrating water--groundwater--transport to surface as irrigation 
water--deposition or uptake in edible plant tissue--ingestion 

11. Meat or Milk (water dependent) 
-Release of materials in soil to infiltrating water-groundwater-transport to surface 
water--ingestion by animal-ingestion of animal product 

-Release of materials in soil to infiltrating water--groundwater-transport to surface as 
irrigation water-deposition or uptake in edible plant tissue--ingestion by animal-

ingestion of animal product 

These are the pathways that are included in the RESRAD model. Since this model includes almost all of 
the potential exposure pathways, it is likely to yield the most conservative results. For that reason, the 
RESRAD model has been selected as the appropriate tool for determining the maximum potential impact 

from future use of the site after closure. Use of more realistic exposure scenarios would exclude some 

these potential pathways and would result in lower calculated doses.  

The RESRAD model has be used to determine the concentrations at which low activity radioactive waste 
can be disposed at a RCRA Subtitle C disposal facility without exceeding a I mrem/yr effective dose to 

the maximum exposed individual after disposal site closure.  

RESRAD Input Data 

Since the hydogeological and climatological conditions are significantly different at an eastern Texas 
humid RCRA facility verses a western Texas dry site, it will be necessary to calculate limiting 
concentrations for both types of sites.  

The following RESRAD input data are used in the analysis of both RCRA disposal facilities: 

* The volume of the contaminated zone is assumed to be 20,000 M 3 . Since the waste will be 

periodically deposited in the RCRA cell with greater volumes of hazardous and industrial waste, 

the actual concentration could be diluted by as much as an order of magnitude. No credit is taken 
for this dilution.  

* The runoff coefficient is assumed to be 0.4 based on Reference 3, Table E. 1.  
* The various assumptions for the input parameters that affect ingestion of radionuclides have been 

changed to the values that are recommended in USNRC guidance, "Preliminary Guidelines for 

Evaluating Dose Assessments in Support of Decommissioning".  
* 1.8 meter thick compacted clay liner with a hydraulic conductivity of 0.03 m/y. This is the 

design requirement for a RCRA landfill liner.  
0 Effective porosity and b factor in unsaturated layer input data taken from Reference 3,Table E.8, 

for clay.  
* Kd for each radionulide adapted from Reference 3, Table E.1. Kd of sand was assumed for 

contaminated and saturated zone. For those radionuclides not in Table E.1, the RESRAD internal 

calculation method using plant to soil concentrations will be used.



West Texas Dry Site Input Data 

The minimum values for the definition of a dry site are used for developing input data for the RESRAD 

analysis for a dry west Texas site. Actual data from the existing RCRA disposal facility located in 

Andrews County is shown to demonstrate the conservatism of the calculations.  
"* Even though erosion analysis indicates that it is likely that the cover depth will increase over 

time, cover erosion rate was conservatively calculated using the USDA's universal soil loss 

equation: A =R*K*L,*C*P. For an established final cover; R--90 (for Western Andrews Co), K 

=0.27 (for sandy clay loam-conservative since most of cover is hard compacted clay), L,=0.4 

(for L =300 ft, s =3%), C =0.01 (for moderate, grass legume meadow), and P =1.0 (for no 

supportive practice for long term); so A =0.0972 tons/acre/yr P0.01 yd3/acre/yr = 1.83 x 16 
m/yr.  

"* The cover is assumed to be 3 m thick compacted clay with no credit taken for any engineered 
layers or barriers, which is typical for RCRA landfills. The actual design cover thickness at the 
Andrews County facility is 4.6 meters of compacted clay.  

"* The hydraulic conductivity of the unsaturated zone is assumed to be about I x 10-7 cm/sec (=3 x 

10.2 m/yr) with a thickness of 91.5 m (300 ft) This is the minimum requirements for a dry site.  

This is very conservative since the bottom of the disposal cell at the Andrews County site is 

more than 50% into the redbed clay formation, and there is a 10 foot compacted clay layer along 

the sides of the cell to the surface. The hydraulic conductivity of the Dockum has been measured 

to be between 10-9 and 10"s cm/sec, which gives a average value of about 3 x 10-9 cm/sec (Z1 x 

10-3 m/yr) for the unsaturated zone. The unsaturated zone thickness is actually about 300 m (981 

ft) since the Dockum is reported to be between 800 to 1100 ft thick.  
"* Annual rainfall is asummed to be 0.381. The actual western Andrews County rainfall is 0.355m.  
"* The irrigation rate is assumed to be 0.2. This is very conservative since irrigation has never been 

practiced in this region due to depth and non-potability of the aquifer.  
"* The aquatic pathway is turned off due to the fact that there are typically no surface water bodies 

near dry sites. For the Andrews County site there is no surface water within at least 50 miles of 
the site.  

"* An evapotranspiration coefficient of 0.95 was used to maximize the infiltration rate. This 
represents an assumed 5 % failure of the cover. Using the actual calculated infiltration rate from 
a HELP model analysis for the west Texas disposal facility, the actual evapotranspiration 

coefficient can be calculated using Equation E.4 in Reference 3 as follows: I=(-CQ)[(l-Cr)Pr+I].  
I=2.74E- 04 m/yr, Cr=0.4, Pr=0.355 m/yr and If-=0, so C,=0.9987.  

"* Other values used for the RESRAD calculations are default values.  

East Texas Humid Site Input Data 

Since an existing RCRA disposal facility is located in Nueces County, representative data from this area 

was used for developing input data for the RESRAD analysis for a humid east Texas site as follows: 

* The cover erosion rate was calculated using the USDA's universal soil loss equation: A 

=R*K*L,*C*P. For an established final cover; R=350 (for eastern Texas), K =0.27 (for sandy 

clay loam-conservative since most of cover is hard compacted clay), L,=0.4 (for L =300 ft, s 

=3%), C =0.01 (for moderate, grass legume meadow), and P =1.0 (for no supportive practice for 

long term); so A =0.378 tons/acre/yr =0.04 yd 3/acre/yr= 7.1 x 10-6 m/yr.



"* The cover is assumed to be 3 m thick compacted clay with no credit taken for any engineered 
layers or barriers, which is typical for RCRA landfills.  

"* The hydraulic conductivity of the unsaturated zone is assumed to be about 3 x 104 cm/sec (=1 x 

10-2 m/yr) with a thickness of 4 m (981 ft). This is typical hydrogeology for Nueces County.  
* Annual rainfall (0.86m) 
* Irrigation rate is asummed to be 0.2 m/yr.  
* An evapotranspiration coefficient of 0.95 was used to maximize the infiltration rate. This 

represents an assumed 5 % failure of the cover. Using the actual calculated infiltration rate from 
a HELP model analysis for the east Texas disposal facility, the actual evapotranspiration 
coefficient can be calculated using Equation E.4 in Reference 3 as follows: I=(1-Ce)[(1Cr)Pr+Ij].  
I=1.66E-02 m/yr, Cr=0.4, Pr=0.86 m/yr and 1.=0, so C,=0.9768.  

* Other values used for the RESRAD calculations are default values.  

The results of the RESRAD analysis for both the humid and dry Texas site are shown in Table 2 for all 
radionuclides that are included in the RESRAD model. The concentration limits in Table 2 are the 
maximum allowable limits such that I mrem/yr to the maximum exposed individual will not be exceeded 
in any year for 1000 years after site closure. A sample RESRAD output report for the humid site (H-3 
summary report and Ra-226 radon concentration) is included as Attachment B, and for the dry site (CI-36 
summary report and Ra-226 radon concentration) as Attachment C.  

Ra-226 and other radionuclides that include Ra-226 in their decay chain may be limited by indoor radon 
concentrations. The limiting concentrations for these radionuclides are established such that the EPA 
indoor radon remedial action level of 4 pCi/I will not be exceeded for the 1000 years after site closure.  

Final Results of the Analysis 

The integrated results of the TSD-DOSE and RESRAD analysis are shown in Table 3. Table 3 shows the 
maximum allowable concentrations and total curie limits per generator that are required to not exceed a 
dose of 1 mrem/yr to any non-radiation worker or the maximum exposed individual residing on the 
disposal site after site closure. Most of the radionuclide concentrations are limited by TSD-DOSE 
analysis and also have a corresponding curie limit for non-radiation workers. Note that if the TSD facility 
has a radioactive material license and all workers are badged as radiation workers, the annual curie limit 
is not applicable since the facilities radiation control program will adequately control any radiation 
exposure to the workers.  

The maximum allowable concentrations for those radionuclides that are not limited by the TSD-DOSE 
analysis or have no upper bound from the RESRAD analysis will be established by using the larger value 
of either the IAEA exempt concentrations or the unrestricted soil limits in 25 TAC 289.202(ggg)(8). The 

IAEA exempt concentration limits are currently used in the international arena for defining radioactive 

material for transportation purposes and have been proposed by the USNRC for use in this country and 
should be adopted by early to mid 2003. The soil limits in TDH regulations have been established as 

unrestricted release limits for purposes decommissioning sites in Texas and under the MOU between 
TDH and TNRCC can be disposed without regard to their radioactive content.



Table 4 shows the most restrictive concentration and activity limits derived from the above analysis and 
proposed for use in this rulemaking. Those radionuclides that are already exempted under the short half 
life disposal regulations are not included in Table 4. For other radionuclides not included in Table 4, the 
maximum allowable concentrations will be the effluent concentrations in Table II, Column 2 of 25 TAC 
289.202(gggX2)(F) of this section, with the units changed from microcuries per milliliter to microcuries 
per gram. This is the same methodology as used in 25 TAC 289.202(eee)(2)(B) to release soil for 
unrestricted use and exemption from regulated disposal. Also sum of the fractions less than one 
calculations apply to all concentrations and total annual activity per generator values.
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Attachment A 

TSD-DOSE Analysis Reports for Short and Long Transportation Distances



Attachment B 

RESRAD Analysis Reports for a Humid RCRA Site



Attachment C 

RESRAD Analysis Reports for a Dry RCRA Site



Table 1. Results of TSD-DOSE Analysis for Short and Long Distance transportation to RCRA site.  
Allowable Allowable 

RCRA drums RCRA drums RCRA drums Offsite Allowbe Total Activity oncentration 
Assumed Driving Driver Offsite Concentration cnetai 

Radionuclide concentration distance (mrem/ Receiving Landfill worker Worker individual (Receiving worker based on Ra(oupie cnetaionm dmistnes shimrentmol rorr/ (oeo population (trr/ population Driver-based on 10 <l peron-rem/yr) RCRA 
worker (mrems (mrem p (mreml worker (pCi/gm) (miles) shipment) shipment) shipment) (person-rem) shipment) (person-rem) shipments/yr (Ciyr) (a) (pCi/gm) 

S_____ (pCi/gm) _________)____ /gm 

Ac-227+D 20 50 1 2013-03 9.80E-03 3.40E-03 7 80E-05 2,10E-05 1.1OE-07 1,67E+03 2,7313-01 
Ac-227+D 20 600 1.30E-02 9,80E-03 3.40E-03 7 R0E-05 2.IOE-05_ 1.IOE-07 1,54E+02 2,7313-01 
Ag-108+D 20 5 60E-03 3,50E-02 4 80E-03 1,901E04 1,50E-07 7.50E-10 3,57E+02 1.12E-01 
Ag-108+D 20 600 6 20E-02 3 50E-02 4,SF.-03 1.90E-04 1,50E-07 7,50E-10 3 23E+01 1,12E-OI 

Ag-I 10m+D 20 50 9.90E-03 6.1OE-02 8 60E-03 3.30E-04 6.90E-09 3 50E.11 2.02E+02 6,453E-02 
Ag-1 IOm+D 20 600 1 IOE-01 6.1OE-02 8 60E-03 3,30E-04 6.90E-09 3,5013-1 1.82E+01 6-45E-02 

AI-26 20 50 9 80E-03 5 90E-02 8.60E-03 3.30E-04 2.80E-07 1.40E-09 2.04E+02 6,45E-02 
AI-26 20 600 1.20E-01 5 90E-02 8.60E-03 3.30E-04 2.80E,-07 1.40E-09 !,6713+01 6.45E-02 

Am-241 20 50 7 40E-06 2.20E-04 2.20E-03 2 80E-06 1.30E-06 6.30E-09 2.70E+05 7.61E+00 9.09E+03 
Am-241 20 600 3,70E-05 2,20E-04 2 20E-03 2,8913-06 1,3013-06 -6,30E-09 5,41 E+04 7.61E1+00 

Am243+D 20 50 5 OOE-04 3,60E-03 2 50E-03 2,00E-05 1.30E-06 6 80E-09 4.00E+03 1.07R+00 
Am243+D 20 600 5 40E-03 3.60E-03 2.50E-03 2 OOE-05 1,30E-06 6.80E-09 3.70E+02 1.07E+00 

Au-195 20 50 6 40E-05 5.20E-04 3.OOE-05 2 60E-06 1.80E-10 8,30E-13 3.13E+04 8,19E+00 
Au-195 20 600 4 50E-04 5 20E-04 3 OE-05 2 60E-06 18013-10 8,0E-13 4.44E+03 8,19E+00 
Bi-207 20 - 50 5,40E-03 3.30E-02 4.60E-03 1.80E-04 4.30E-10 2.20E-12 370E,+02 1.18E-0I 
Bi-207 20 600 6 OOE-02 3,30E-02 4 60E-03 1.80E-04 4,30OE- 10 2,20E-12 3.33E+01 .L8LE-OI 
C-14 20 600 1,9013-09 7.1OE-09 1.10E-08 4 301-11 5.50E-10 2 80E-12 1.05E+09 4.95E+05 
Ca-41 20 600 0 4.50E-10 6,70E-09 7,601-12 1.50E-09 7,501-12 NA 2,80•+±06 
Ca-45 20 600 0 2,20E-09 3.70E-08 4103E-11 7.40E-11 3.70E-13 NA 5.20P+0;5 

Cd-109 20 50 4.80E-06 3.50E.05 3,40E-06 1,80E-07 5 60E-10 2.90E-12 4.17E+05 1l,18E+02 
Cd-109 20 600 4.40E-05 3.50E-05 3.40E-06 1.80E-07 5.60E-10 2.9013-12 4.55E+04 1.18E+O2 
Ce-141 20 50 1,80E-04 1.20E-03 1,40E-04 640-06 5.201-11 -360E-13. ... 11E+04 3,33E+±00 
Ce-141 20 600 2.00E-03 1.20E-03 1 40E-04 6,40E-06 5j,20E-I - 3 60E-13 1.00E+03 3.33E+00 

Ce-144+D 20 ;50 1,80E-04 1.OE-03 1.50E-04 6 IOE-06 1.3013-092 6 80E-12 1,11E+04 3,49E+00 
Ce-144+D 20 600 2.00E-03 1.1OE-03 1.50E-04 6.1OE-06 1.30E-09 6.80E-12 i.001+03 3.49E+00 

Cf-252 20 600 2.1OE-07 5 30E-05 7,7013-04 8.80E-07 4 80E-07 2,40E-09 9 52E+06 2,42E+01 2.60E+04 
CI-36 20 600 1.40 -05 8 IOE-06 1.10E-06 4 40E-08 2.90E-10 1.501-12 1.43E+0,5. 4 84E+02 

Cm-242 20 600 2,1OE-07 6,00E-06 8.501-05 9.80E-08 5.301-08 2,70EI-0 9,52E+06 2.1715 +2 
Cm-243 20 50 3.40E-04 2 40E-03 1.80E-03 1.40E-05 9,703-07 4.80E-09 5.88E+03 1.52E+00 
Cm-243 20 600 3.80E-03 2,40E-03 1 80E-03 1,40E-05 9.70E-07 4.80E-09 5.26E+02 U.2E+±00 
Cm-244 20 600 0 8 30E-05 1,20E-03 1,401-06 7.60E-07 3,90E-09 NA I 1.52E+01 1.67E+04 
Cm-248 20 600 4 OOE-10 5 5OE-04 8,10E-03 9.20E-06 5 00E-06 2.60E1-08. ,OOE+09 2.32E+00 
Co-57 20 50- 2.80E-04 1,90E-03 2 00E-04 100E-05 3,40E-10 1 70E-12 7,14 +03 2 13E+00_F__



RCRA drums RCRA drums RCRA drums Offsite Allowable Total Activity Allowable 

Assumed Driving Driver Offsite Concentration 
Receiving Landfill worker Worker individual (Receiving worker based on 

Radionuclde concentration distance (mrem/ worker (mrem/ (mrem/ population (mremr/ (perone shipents/ 1<person-rem/yr) RCRA 
(pCi/gm) (miles) shipment) (person-rem) shipments/yr worker shipment) shipment) (person-rem) shipment) (pCi/gm) (Ci/yr)() (pCi/gm) 

Co-57 20 600 3 OOE-03 I 90E-03 2 00E-04 I 00E-05 3.40E-10 1.70E-12 6 67E+02 2,13E+00 
Co-60 20 50 9,20E-03 5 60E-02 7.901-03 3,00E-04 4.00E-08 2.01E+10 2,17E+02 7,1OE-02 
Co-60 20 600 I.OOE-01 5 60E-02 7 901-03 3,00E-04 4.00E-08 2 101+10 2.00E+01 7.10E -02 
Cs-134 20 50 5.50E-03 3 401.02 4.70E-03 1 80E-04 1,20E-08 5,90E-11 3 641+02 1,18E-01 
Cs-134 20 600 6 20E-02 3 40E-02 4 70E-03 1.80E-04 1 20E-08 5.90E-I I 3.23E+01 1.18E-01 
Cs-135 20 600 5 20E-08 7 10E-08 2 60E-08 3 80E-10 4 90E+10 2.5013-12 3 851+07 5,612E+04 

Cs-137+D 20 50 2 OOE-03 1.20E.02 8 30E-04 6,70E-05 3 401-08 1.70E-10 1,00E+03 3,181-01 
Cs-137+D 20 600 2.201-02 1.201.02 8.30E-04 6.701-05 3.40E.08 1,70-1. 0O 9.091+01 3.18E-01 

Eu-152 20 50 4,001-03 2.50E-02 3 50E-03 1,30E-04 4.00E-08 2 J0E-10 5,00F+02 1.64E-01 
Eu-152 20 600 4 50E-02 2 50E-02 3 50E-03 1 30E-04 4 00E-08 2 l0E-10- 4.4413+01 1,64101.  
Eu-154 20 50 4 303-03 2.70E-02 3.70E-03 I SOE-04 1,30E-08 1.60E-10 4,65E+02 1,42E-01 
Eu-154 20 600 4.80E-02 2 70E-02 3.701-03 1,50E-04 1.30E-08 1,60E-10 4.1713+01 1.4213-01 
Eu-155 20 50 7,OE-05 5 50-E04 4 OOE-05 2.8013-06 1.1OE-09 5 501-12 2,8213+04 7.61E+00 
Eu-155 20 600 5.801-04 5 50E-04 4 OOE-05 2,801-06 1.OE-09 5 501-12 3,45E+03 7.61E+00 
Fe-55 20 600 0 9 00E-10 1.302--08 1.50E-11 8 601-12 4.4013-14 NA 1,42E•+06 
Fe-59 20 50 4 3013-0 2 60E-02 3.801-03 1 40E-04 •5,501-10 2.80E-12 4 6513+02 1,52E-01 
Fe-59 20 600 4.9013-02 2.601-02 3 801-03 1.4013-04 5,.013-10 2 80E-12 4,08E+01 1.521-01 

Gd-152 20 600 0 8.20E-05 1.20E-03 1,40E-06 7.50E-07 3 80E-09 . ,NA A 1,52E+01 
Gd-153 20 50 4 801-05 4 30E-04 2,80E-05 2.201-06 3 30-1l 1,703E-12 4.17E+04 9.68E+00 
Gd-153 2 600 26E-04 4,30E-04 20E-05 2.2E- 3.30E-10 1E 2 7,691E03 9.68E+00 

Ge-68+D 20 50 3.301-03 2.IOE-02 2 801-03 1.1OE-04 2.80E-09 1.40E-1 1 6,0613+02 1.941-01 
Ge-68+D 20 600 3.70E-02 2.10E-02 2,801-03 1.10E-04 2.80E-09 1,4013E-1 5.41.E+0.I 1,94E-01 

H-3 20 600 0 1.OOE-05 3.202-10 3,601-13 IA,1E-12 5.60E-15 NA 5.9213+07 2 00E+06 

1-125 20 600 9.70E-12 8 20E-09 1 60E+07 1,801E-10 ---1.70E-10 8.701-13 2,061E+1l 1.18E+05 
1-129 20 600 7 IOE-10 6 40E.08 8.70E-07 1.00.-09 9.201-08 4 7021-0 2,82E+09 2.131+04 _ 

Ir-192 20 50 2,7013-03 1.701-02 2 30E-03 9301-05 6,9013-10 3,3501-12 7 4113+02 2,2913-01 1 
lr-192 20 600 3 10E-02 1.70E-02 2 30E-03 9 30E-05 6 90E-10 3,501-12 6.45E+01 2,29E-01 
K-40 20 50 5.802-04 3 502-03 5 10E-04 1,903-05 8.30E-08 4.201-10 3,45E+03 1.121+00 
K-40 20 600 6 50E-03 3.5013-03 5.10E-04 1.90E-05 8.3013-08 4.20E-10 3 08E±+02 1.12E+00 

Mn-54 20 50 3,003-03 1.802-02 2 502-03 9,90E-05 2 602-09 1.301-11 6 67E+02 2.15E-01 
Mn-54 20 600 3.30E-02 1 80E-02 2.5013-03 9 90E-05 2 60E-09 1,3013-11 6 061+01 2,13E-01 
Na-22 20 150 _7.90-0 4,901-02 6.90E-03 2.70E-04 1.801-08 9.30E2-1. 2,53E+02 7.82E-02 
Na-22 20 600 9 00E-02 4 902-02 6 90E-03 2,701-04 1 802-08 9.3013-j1 2.221+01 7 8913-02 
Nb-94 20 50 5 601-03 3 502-02 4,80E-03 1.902-04 1,702-07 8,702-10 +02 -01



Asue Diig rvr CAd f ~Allowable Aiv Allowable RCRA drums RCRA drums RCRAdrums Msite TotalActivity oncentratiol 
Assumed Driving Driver Mifste Concentrationcoenrtn 

Rddionuclide concentration distance (mrem/ Receiving Landfill worker Worker individual (Receiving worker based on 
worker (trem/ (mrem/ population (torem/ (person shipents/yr <Iperson-rem/yr) RCRA 

(pCi/gm) (miles) shipment) shipment) shipment) (person-rem) shipment) (person-rem) shipments/yr worker 
(pCC)gm) (pCi/gm) 

Nb-94 20 600 6 30E-02 3 50E-02 4 8013-03 1.90E-04 1,70E-07 8.70E-10 3.17E+01 1.12E-01 
Nb-95 20 50 2.7013-03 1.70E-02 2 30E-03 9 lQ•E-05 2.80E-10 1.40E-12 7.41 E+02 2.341E-01 
Nb-95 20 600 3.OOE-02 1.7013-02 2.30E-03 9.,10E-05 2.80E-10 1.40E-12 6,671E+01 2,34E-01 
Ni-59 20 600 0 9 IOE-10 I 30E-08 1.5013-I1 2,70E-11 1,4013-13 NA 1 42E+06 
Ni.63 20 600 0 2 10E-09 3.1013-08 3.50E-11 600E1-11 3.0013E-i NA 6 09E+05 

Np-237+D 20 50 6 40E-04 4.30E-03 3 20E-03 2.50E-05 I 70E-06 8,70E-09 3.13E+03 8 .52E-01 
Np-237+D 20 600 7 OOE-03 4 3013-03 3 20E-03 2 50E-05 1.70E-06 _170E-02 2,8613+02 S,52_- 01 

Pa-231 - 20 50 . 1 OE-04 1.201-03 6 4013-03 1. 1 OE-05 _.00E-06 2 I 0E-08 1.8213+04 1.94E+00 
Pa-231 20 600 1 30E-03 I 206-03 6,40E•-03 1.1013-05 4 OOE-06 2.10E-08 I,154E+03 i,94E+00 

Pb-210+D 20 600 6 4013-07 7.20E-06 6 90E-05 9 OOE-08 I 60E-07 8,1013-10 3.131E+06 2.317E+02 
Pm-147 20 600 1 70E-07 1,50E-07 2 00E-07 9 40E-10 1,20E3-10 6 20E-13 1.18E+07 2 27E+04 
Po-210 20 600 340oE-07 3.30E-06 4 50E-05 5,40E-08 2 90E-08 1.50E-10 5 88E+06 3,94E3+02 
Pu-238 20 600 2.2013-08 1,3013-04 1 90E-03 2.2013-06 1.2013-06 6.10E-09 9.09E+07 9.681E+00 1.0513+04 
Pu-239 20 600 1,60E-06 1.50E-04 2.10E-03 2.40E-06 1.3013-06 6,80E-09 1,2513+06 8.88E+00 9.5213+03 
Pu-240 20 600 2.20E-08 1 40E-04 2.1013-03 2 40E.06 1.,0E-0_. 6 80E-09 9.0913+07 8 881E+00 9.5213+03 

Pu-241+D 20 600 1.1013-07 2.8013-06 4 IOE-05 4,7013-08 2 60E-08 1,3013-10 1.8213+07 4,53E+02 4.88E+05 
Pu-242 20 600 3,00E-08 1 4013-04 2,0013-03 2.3013-06 1,20E-06 6 20E-09 -- 6,67E+07 9 26E+00 1.0013+04 

Pu-244+D 20 .50. 4.5013-03 2 80E-02 5 80E-03 1.5013-04 1 30E-06 6,80E-09 4 44E3+02 1.42E-01 
Pu-244+D 20 600 5.1013-02 2.8013-02 5 80E-03 1.5013-04 1,3013-06 6,80E-09 3.92E+01 1,42E-01 
Ra-226+D 20 50 6.401E-03 3,9013-02 5 60E-03 2. 10OE-04 2.50E-07 1.20E-09 3.13E+02 1.01E-01 
Ra-226+D 20 600 7.10E-02 319013-02 5 601E-03 2,10E-04 2 50E-07 1.2013-09 2.82E+01 LE1.Ol.-1 
Ru-106+D 20 ;50 7.50E-04 4.70E-03 6 4013-04 2.501-05 2.30E-09 1.2013-11 2 67E+03 8.5213-01 
Ru-106+D 20 600 8.50E-03 4.70E-03 6 40E-04 2.50E-05 2.3013-09 1.20E- II 2,35E+02 a.521-01 

S-35 20 600 2.20E-09 8 2013-09 1,3013-08 5,0013-1 2 6013-11 1.30E-13 9.09E+08 4,26E+05 
Sb-124 20 50 6.70E-03 4.101E-02 5 80E-03 2.20E-04 1.10E-09 5.7013-12 2.99E+02 9,60-02 
Sh-124 20 600 7.50E-021 4.101-02 5 80E-03 2 2013-04 1.10E-09 5.7 E- 2 2,67E+01 9.68E-02 

Sb-125+D3 20 50 1.4013-03 9 00E-03 12013-03 4 90E-05 4,00E-09 2.101E-11 1.43E1+03 4.35E-01 
Sb-125+D 20 600 1,60E-02 9 00E-03 1 2013-03 4.90E-05 4,00E-09 2.10E-11 1,25E+02 4,35E-01 

Sc-46 20 0 7.20E-03 4,401-02 6,3013-03 2.4013-04 1,70E-09 8.701E12 2.78E+02 8,881-02 
Sc-46 20 600 8.101-02 4.40E-02. 6,30E-03 2.4013-04 1.70E-09 8.70E-12 2,47E+01 8.88E-02 
Se-75 20 50 1,203-03 7,6013-03 9 4013-04 4 00E-05 4.9013-10 2.50E-12 1,67E-+03 5.333E-01 
Se-75 20 600 1.3013-02 --- 7 60E-03 9 40E-04 4,00E-05 4.90E-10 2.50E-12 1.54E+02 5 33E-01 

Sm-147 20 600 0 2 5013-05 3.70E-04 4.2013-07 2.3013-07 _1,0E-09 NA 5.07E+.1 5.41+04 
SM-151 20 600 0 1 OOE-08 I1,50E-07 1.7013-10 9 60E1-11 4.90E-13 NA 1.. 251+05



Asue rvn rvrRR ~ tAllowable ctv Allowable 
RCRA drums RCRA drums RCRA drums Offsite AllowaCle TotalActivity oncentrati 

Assumed Driving Driver Woeite Concentrationi 

Radionuclde concentration dstance (re/ Receiving Landfillworker Worker individual on 10 (Receiving worker based on 
worker (mrem/ (mrem/ population (mrem/ person shipents/yr 1 C<Iperson-rem/yr) RCRA 

(pCi/gm) (miles) shipment) (person-rem) shipments/yr worker shipment) shipment) (person-rem) shipment) (pCi/gm) (Ci/yr) (a) (pCi/gm) 

Sn-1 13+D 20 so 8 60E-04 5 40E-03 7.1OE-04 2 90E-05 3.60E-10 1 80E-12 2.33E+03 7.34E-01 
Sn-I 13+D 20 600 9 70E-03 5,40E-03 7 1OE-04 2,90E-05 3.60E-10 1.801-12 2 061+02 7.34 E-01 

Sr-85 20 j0 1,7013-03 1.1OE-02 I SOE-03 5.90E-05 3 60E-10 1.80E-12 1,18E+03 3 6113-01 
Sr-85 20 600 2001E-02 1.1OE-02 I 50E-03 5.90E-05 3 60E-10 1,80E-12 1.00E+02 3.61E-0 
Sr-89 20 600 5. 1OE-05 2 901-05 4,00E-06 1 60E-07 1,501-10 7 50E-13 3.92E+04 1.33E+02 

Sr-90+D 20 600 0 4,40E-07 1 OOE-05 I 10E-08 4.80E-08 2 40E-10 NA 1,94E+03 
Ta-182 20 50 4.50E-03 2 80E-02 3,90E-03 1.50E-04 1.601-09 8.10E-12 4.44E+02 1,42E-01 
Ta-I182 20 600 50L0E-02 2.80E-02 .9E-03 1.50E-04 1 6013-09 - 8.101E-12 4,00E+01 1,42E1-01 
Tc-99 20 600 5 30E-07 3 80E-07 7 40E-08 2.00E-09 2 OOE-09 1.00E- 11 3 77E1+06 1 07E+04 

Te- 125m 20 600 1.1 OE-05 6 90E-06 6 60E-07 3,60E-08 4 90E-1I 2.50E- 13 1,8213+05 5 92E+02 
Th-232/Ra-228+D 20 50 9.10E-03 5 60E-02 1.80E-02 3.1OE-04 6.1OE-06 3.IOE-08 2.20E+02 6 87E-02 

/Th-228+D 
F'h-232/Ra-228+D 20 600 L.IOE-01 5 60E-02 1.80E-02 3.10E-04 6.1OE-06 3 IOE-08 1.82E+01 6 87E-02 

/Th-228+D 

Th229+D 20 50 9 10E-04 6 6013-03 1.1OE-02 4.40E-05 6 60E-06 3 40E-08 2.20E+03 4,84E-0l 
Th229+D 20 600 1.00E-02 7 80E-04 3 60E-04 1,20E-05 6 60E-06 3,40E-08 2.00F,+02 1.,78E+00 
Th-230 20 600 4.601-06 1.1OE-04 I 60E-03 1 80-06- 1.00E-06 S 1OE-09 4,535E+05 1,181+0L 1.25E+04 
TI-204 20 600 9 70E-06 I 10E-05 7 OOE-07 5.40E-08 5,9013- 1 3.OOE-13 2 061+05 3.94E+02 
U-232 20 600 3,101-06 2.20E-04 3 30E-03 3.70E-06 2.1OE-06 .I013-08 6.45E+05 5.76E+00 6.06E+03 

U-233 20 600 8,701-06 5 OOE-05 6 70E-04 7803E-07 4,201-07 2.10E-09 2,301+05 2.73E+01 2.99E+04 

U-234 20 600 7.7013-07 4.50E-05 6 50E-04 7,4013-07 4,00E-07 2,10E-09 2.60E+06 2.88E+01 3.08E+04 

U-235+D 20 1 50 4.403E-04 3.00E-03 9 5013-04 1,601E-0 3,901-07 2 OOE-09 4.55E+03 1.33E+00 
U-235+D 20 600 4.90E-03 Q3,0QE-03Q 9.50E-04 16013-05 3.90E-07 2 OOE-09 4.08E+02 1.33E+00 

U-236 20 600 2,001-07 4.20E-05 6.20E-04 7.001E-07 3 07 1903-09 1.OOE+07 _104"+01 3.23E+04 
U-238+D 20 50 7 303-05 5.1OE-04 6,40E-04 3 20E-06 3,7013-07 1.90E-09 2,74E+04 6 66E+00 
Q-238+D 20 600 7.80E-04 5. 1OE-04 6 40E-04 .2013-06 3.70E-07 1.90E1-09 2.56E+03 6.66E-+00 

Zn-65 20 50 2.1OE-03 1 30E-02 1 80E-03 7 OOE-05 1 6013-09 8.IOE-12 9 5213+02 3 04E-O0 
Zn-65 20 600 2 40E-02 1 30E-02 1,80E-03 7,OOE-05 16013-09 8.10E-12 8.33E+01 3 04E-01 

Zr-95+D 20 50 2 60E-03 1.60E-02 2.20E-03 8,80E-05 5.40E-10 2,70E-12O2 7 2,421-01 
Zr-95+D 20 600 2,90E,02 1,60E-02 2.20E-03 8 80ER-05 1540E.l0 2.70E-12 6.9013,01 1.52E+01 
(a) The total activity limit per generator does not apply if the RCRA facility receiving the waste has a radioactive material or waste license and all workers are badged as radiation 

workers



Table 2. Results of RESRAD Analysis for Humid and Dry RCRA Sites.  

Wet Site Indoor Concentration Indoor Concentration 

Radionuclid concentraton Radon to not exceed Dry Site Radon to not exceed 
limit (pCiad) 4 pCi/I (pCi/gm) 4 pCi 

(pCi/gm) (pCi/gm) g (pCI) (pCi/gm) 

Ac-227+D NI NL 

Ag-108+D NL NL 
Ag-IOm+D SL SL 

AI-26 NL NL 

Am-241 NL NL 

Am.243+D NL NL 
Au-195 NL NL 
Ba-133 NL NL 

Bi-207 NL NL 

C-14 5. 1E-01 NL 

Ca-41 NL NL 

Cd-109 NL NL 

Ce-144+D SL SL 

Cf-252 NL NL 
CI-36 8.30E-02 2.10E-01 

Cm-243 NL NL 
Cm-244 NL NL 

Cm-245 NL NL 

Cm-246 NL NL 
Cm-247 NL NL 

Cm-248 NL NL 

Co-57 SL SL 
Co-60 2 63E+11 2.63E+11 

C5-134 9 85E+13 9 85E+13 

Cs-135 NL NL 

Cs-137+D NL NL 
Eu-152 4.63E+12 4.63E+12 

Eu-154 2.12E+12 2.12E+12 

Eu-155 NL NL 
Fe-55 NL NL 

Gd-152 NL NL 
Gd-153 NL NL 

Ge-68+D NL NL 

H-3 1.95E+01 4 67E+15 

1-129 2.10E-02 NL 

K-40 NL NL 

Mn-54 3.75E+13 3 75E+13 

Na-22 7.61E+12 7.61E+12 

Nb93m NL NL 
Nb-94 NL NL 

Ni-59 NL NL 

Ni-63 NL NL 

Np-237+D NL NL 

Pa-231 NL NL



Wet Site Indoor Concentration Indoor Concentration 

Radionuclide concentration to not exceed Dry Site Radon to not exceed 
limit Radon 4 pCt/I (pCi/gm) (pCoI) 4 pCiIl 

(pCi/gm) (pCi/I) (pCi/gm) (pil) (pCi/gm) 
Pb-210+D NL NL 

Pm-147 NI NL 

Pu-238 NI 2.25E-06 1.78E+08 NL 2.30E-06 1.74E+08 

Pu-239 NL NL 

Pu-240 NL NL 

Pu-241+1D NL NL 

Pu-242 NL NL 

Pu-244+D NL NL 

Ra-226+D NI 4 99E+00 8 02E+O1 NL 3.22E+00 1.24E+02 

Ra-228 2.05E+ 1I 2.05E+11 

Ru-106+D 2.5013+15 2.50E+15 

Sb-125+D NL NL 

Se-79 NL NL 

Sm-147 NL NL 

Sm-151 NL NL 

Sr-90+D NL Nb 

Tc-99 8.80E-01 NL 

Th-228+D 1.42E+11 1.42E+11 

Th229+D NL NL 

Th-230 NL 1.75E+00 2.29E+02 NL 1.74E+00 2.30E+02 

Th-232 NL Nb 

TI-204 NL NL 

U-232 1.32E+11 1.32E+11 

U-233 NL NL 
U-234 NI 8 06E-03 4 96E+04 NL 8 12E-03 4 93E+04 

U-235+D NL NL 

U-236 NL NL 

U-238+D NL 7.76E-06 5.15E+07 NL 8 01E-06 4.99E+07 

Zn-65 SL SL 

Zr-93 NI Nb



Table 3 Integrated results of RCRA and TSD-DOSE Analysis 

Allowable Allowable Total Activity Allowable Allowable Concentration Allowable Concentration Allowable Allowable 
Concentration Concentration (Receiving concentration Concentration tonotexceed Concentration tonotexcee concentration concentration 

Radionuclide based on <50 mile based on >50 mile worker based on at humid t not exe d ra to n ecee based on IAEA based on TDH 
driving distance driving distance <lmem/yr) RCRA worker RCRA site 4 pCi/i at dry RCRA 4 pCi/ e 

(pCi/gm) (pCi/gm) (Ci/yr) (pCi/gm) (pCi/gm) (pCi/gm) site (pCi/gmi/gm) /gm) exempt transport unrestricted soil limits (pCi/gm) limits (pCi/gm) 

Ac-227+D I 67E+03 1.541+02 2 73E-01 NL NL 
Ag-108+D 3.57E+02 3 23E+01 1.121-01 NL NL 
Ag-I lOm+D 2.02E+02 1.82E+01 6.451-02 SL SL 
Al-26 2 04E+02 I 67E+01 6 45E-02 NL NL 
Ain-241 7 61 E+00 9.09E+03 NL NL 2.70E+01 6.00E+00 

Am243+D I 07E+00 NL NL 2.70E+01 

Au-195 3 13E+04 4.44E+03 8.19E+00 NL NL 

Ila-133 NL NL 2.70E+03 
lli-207 3.701+02 3 33E+01 1.18E-01 NL NL 
C- 14 5.1013-01 NL 2.701+05 8.00E+02 

Ca-41 NL NL 2.701+06 

Ca-45 SL 

Cd-109 4.17E+05 4.55E+04 1.181+02 NL NL 
Ce-141 1.11E+04 1.00E+03 3,33E+00 SL 
Ce-144+D I. 11E+04 1.00E+03 3.491+00 SL SL 
Cf-252 2.42E+01 2.60E+04 NL NL 2.70E+01 

CI-36 8.301-02 2.10E-01 2.701+05 

Cm-242 2.17E+02 2.70E+01 

Cm-243 5.88E+03 5.26E+02 1.52E+00 NL NL 2.70E+01 
Cm-244 1.52E+01 1.67E+04 NL NL 2.701+01 

Cm-245 NL NL 2.70E+01 

Cm-246 NL NL 2.70E+01 

Cm-247 NL NL 2.70E+01 

Cm-248 2.32E+00 NL NL 2.70E+01 

Co-57 7.14E+03 6.67E+02 2.13E+00 SL SL 

Co-60 2.17E+02 2.00E+01 7.10E-02 2 6323+11 2.63 E+ 11 
Cs-134 3 64E+02 3.23E+01 1.1813-01 9.85E+13 9.85E+13 
Cs- 135 NL NL 2.70E+05



Cs-137+D .1.OOE+03 9 09E+O1 3.18E-01 NL NL 

Eu-152 5 00E+02 4.44E+01 1.64E-01 4 63E+12 4.63E+12 

Euu-154 4 65E+02 4.17E+01 1.42E-01 2.12E+12 2.12E+12 

1u-155 2.82E+04 3.45E+03 7.61E+00 NL NL 

Fe-55 NL NL 2.70E+05 2 00E+03 

Fe-59 4.65E+02 4 08E+01 1.52E-01 SL 

Gd-152 1.52E+01 NL NL 

Gd- 153 4.17E+04 7.69E+03 9.68E+00 NL NL 

Ge-68+D 6 06E+02 5.41E+O1 1.94E-01 NL NL 

11-3 2 OOE+06 1.95E+01 4 67E+15 2.70E+07 3 00E1+03 

1-125 SL 

1-129 2.10E-02 NL 2.70E+03 2.00E+00 

Ir-192 7 41E+02 6.45E+01 2 29E-01 

K-40 3 45E1+03 3 08E+02 1.12E+00 NL NL 

Mn-54 6 67E+02 6 06E+01 2.15E-01 3.75 E+ 13 3.751E+13 

Na-22 2.53E+02 2.22E+01 7.89E-02 7 61E+12 7.61E+12 

Nb93m NL NL 2.70E+05 

Nb-94 3.57E+02 3.1713+01 1.12E-01 NL NL 

Nb-95 7.41E+02 6.67E+01 2.34E-01 SL 

Ni-59 NL NL 2.70E+05 

Ni-63 NL NL 2.70E+06 7.0013+02 

Np-237+D 3.13 E+03 2.86E+02 8.521E-01 NL NL 2.70E+01 

Pa-231 1.82E+04 1.54E+03 1.94E+00 NL NL 

Pb-210+D 2.37E+02 NL NL 2.70E+02 

Pm- 147 NL NL 2.70E+05 2.00E+02 

Po-210 3.94E+02 2.70E+02 

Pu-238 9 68E+00 1.05E+04 NL 1.78E+08 NL 1.74E+08 2.7013+01 6.00E+00 

Pu-239 8 8813+00 9.52E+03 NL NL 2.70E+01 6.0013+00 

Pu-240 8.88E+00 9.52E+03 NL NL 2.70E+01 6.00E+00 

Pu-241+D 4.53E+02 4.88E+05 NL NL 2.7013+01 

'u-242 9.26E+00 1.0013+04 NL NL 2.70E+01 

Pu-244+D 4.44E+02 3.92E+01 1.42E-01 NL NL 2.70E+01 

Ra-226+D 3.1313+02 2.821E+01 1.0113-01 NL 8.0213+01 NL 1.2413+02 

Ra-228+D Included under Th-232 2.0513+11 2.05E+1 I



Ru-106+D 2 67E+03 2 35E+02 8 52E-01 2 50E+15 2 50E+15 

S-35 SL 

Sb-124 2 99E+02 2 67E+01 9.68E-02 SL 

Sb-125+D 1.43E+03 1.25E+02 4.351-01 NL NL 

Sc-46 2.78E+02 2.47E+01 8.881-02 SL 

Se-75 I 67E+03 1.54E+02 5 33E-01 SL 

Se-79 NL NL 2.70E+05 

Sm-147 5 07E+01 5 41E+04 NL NL 2.70E+02 

Sm- 151 NL NL 2.70E+05 

Sn-I 13+D 2 33E+03 2.06E+02 7.34E-01 SL 

Sr-85 1. 18E+03 1.00E+02 3.6113-01 SL 

Sr-89 3 922+04 1.33E+02 SL 

Sr-90+1D 1.94E+03 NL NL 2.70E+03 4.00E+01 

I'a-182 4.44E+02 4.0013+01 I 42E-01 

I'c-99 8.80E-01 NL 2.70E+05 2.00E+02 
Te-125m 5.92E+02 2.70E+04 

Th-228+D Included under Th-232 1.42E+1 I 14213+11 

Th229+D 2 20E+03 2.00E+02 4 84E-01 NL NL 
Th-230 1.18E+01 1.2513+04 NL 2.29E+02 NL 2.30E+02 2.70E+01 

Th-232+all D 2.20E+02 1.82E+01 6 87E-02 NL NL 

TI'-204 3.94E+02 NL NL 2.70E+05 6 00E+01 
U-232 5.761+00 6 06E+03 1 32E+11 1.32E+1 1 2.701+01 

U-233 2.73E+01 2.99E+04 NL NL 2.70E+02 

U-234 2.88E+01 3.08E+04 NL 4.96E+04 NL 4.93E+04 2.70E+02 6.0013+00 

U-235+D 4.55E+03 4.08E+02 1.33E+00 NL NL 2.70E+02 

U-236 3 04E+01 3.23E+04 NL NL 2,70E+02 

U-238+D 2.74E+04 2.56E+03 6 66E+00 NL 5.15E+07 NL 4.99E+07 2.70E+02 8 002+00 

Zn-65 9 5213+02 8.33E+01 3 04E-01 SL SL 
Zr-93 I I I NL NL 2.70E+04 

Zr-95+D 7.69E+02 6.90E+01 2.4213-01 1 [



Table 4. Final Summary of Concentration and Activity Limits 

Allowable Allowable Total Activity Allowable Allowable 
Concentration Concentration per licensee Concentration at 

Radionuclide based on <50 mile based on >50 mile per year Concentration at dry RCRA site 
driving distance driving distance (Cilyr) humid RCRA site (pCi/gm) 

(pCI/gm) (pCI/gm) (a) (pCigm) (b) 

Ac-227+D 1667 154 027 
Ag-108+D 357 32 0.11 

AI-26 204 17 0.065 

Am-241 7.6 27 27 

Am243+D 1.1 27 27 

Au-195 31250 4440 8.2 
Ba-133 2700 2700 

Bi-207 370 33 0.12 
C-1 4 0.51 270000 

Ca-41 2700000 2700000 

Cd-109 416700 45450 1183 

Cf-252 27 27 
CI-36 008 0.2 
Cm-242 27 27 
Cm-243 1.5 27 27 

Cm-244 27 27 

Cm-245 27 27 
Cm-246 27 27 

Cm-247 27 27 

Cm-248 2.3 27 27 

Co-60 217 20 0071 

Cs-134 364 32 0 12 
Cs-135 270000 270000 

Cs-137+D 1000 91 0.32 

Eu-152 500 44 0 16 
Eu-154 465 42 0 14 
Eu-155 28170 3450 7.6 
Fe-55 270000 270000 

Gd-153 41670 7690 9.7 
Ge-68÷D 606 54 0.19 

H-3 19.5 2000000 

1-129 0021 2700 

Ir-192 740 65 0.23 

K-40 3450 308 1.1 
Mn-54 667 61 0.22 

Na-22 253 22 0079 

Nb93m 270000 270000 

Nb-94 357 32 011 
Ni-59 270000 270000 

Ni-63 2700000 2700000 

Np-237+D 0 85 27 27



Pa-231 18180 1540 I 9 

Pb-210+D 270 270 
Pm- 147 270000 270000 

'Po-210(U8) 270 270 

Pu-238 9.7 27 27 

Pu-239 8.9 27 27 

iPu-240 8.9 27 27 

!Pu-241+D 27 27 

iPu-242 93 27 27 
Pu-244+D 0.14 27 27 

Ra-226+D 28 0 1 80 124 

Ru-106+D" 2670 235 0.85 

Sb-125+D 1430 125 043 

Se-79 270000 270000 

Sm-147 270 270 

SM-151 270000 270000 

Sr-90+D 2700 2700 

,Ta-182 444 40 0.14 

Tc-99 0 88 270000 

Te-125m 27000 27000 

Th229+D 2200 200 048 

Th-230 1 1.8 229 230 

Ih-232+ali D* 220 18 0.069 

I-204 270000 270000 

U-232 5.8 27 27 

U-233 270 270 

U-234 270 270 

U-235+D 1.3 270 270 
U-236 270 270 

U-238+D 1 6.6 270 270 

kr-93 1 27000 27000 

* Includes Ra-228+D and Th-228+D 
(a) The total activity limit per generator does not apply if the RCRA facility receiving the waste has a 

radioactive material or waste license and all workers are badged as radiation workers.  
(b) A dry RCRA site is defined as meeting all the following requirements: (1) average rainfall less than 

15 inches per year; (2) regional aquifer is at least 300 feet below the disposal cell; and (3) 
permeability of the vadose zone is less than 1.01E-07 cm/sec.  

For other radionuclides not included in Table 3, the maximum allowable concentrations will be the 
effluent concentrations in Table II, Column 2 of 25 TAC 289.202(ggg)(2)(F) of this section, with the 
units changed from microcuries per milliliter to microcuries per gram.  

In any case where there is a mixture in waste of more than one radionuclide, the limiting values for 
purposes of this paragraph shall be determined as follows: For each radionuclide in the mixture, calculate 
the ratio between the quantity present in the mixture and the limit established in this paragraph for the 
specific radionuclide when not in a mixture. The sum of such ratios for all the radionuclides in the 
mixture may not exceed "1" (i.e., "unity").



Attachment A 

TSD-DOSE Analysis Reports for Short and Long Transportation Distances



TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998

WCS 
Short distance (50 miles) transport and disposal of low act"ty waste at a RCRA facility 
wpd

TOTAL EXTERNAL INTERNAL

Dose to: 

Driver: 

Receiving worker: 

Incineration worker: 

Landfill worker: 

Offsite individual: 

Offsite population: 

Worker Population: 

Dose from: 

Transport to TSD facility: 

Receiving and sampling waste: 
Storage before processing: 

Incineration of waste: 
Burial at onsite landfill: 

Transport to offsite landfill: 
Incinerator maintenance:

9.2E-03 mrem 

5.6E-02 mrem 

2.9E-02 mrem 

7.9E-03 mrem 

4.OE-08 mrem 

2.1 E-10 p-rem 

3.QE-04 p-rem 

9.2E-03 mrem 

2.6E-02 mrem 

2.9E-02 mrem 
not applicable 

7.9E-03 mrem 

not applicable 

not applicable

9.2E-03 mrem 

5.6E-02 mrem 

2.9E-02 mrem 

7.9E-03 mrem 

3.OE-04 p-rem 

9.2E-03 mrem 

2.6E-02 mrem 

2.9E-02 mrem 

not applicable 

7.9E-03 mrem 

not applicable 

not applicable

0.OE+00 mrem 
7.4E-08 mrem 
O.OE+00 mrem 
1.1 E-06 mrem 

12E-09 p-rem 

not applicable 

7.4E-08 mrem 
not applicable 

not applicable 

1.1E-06 mrem 
not applicable 

not applicable

Doses due to each Isotope (mrern - population dose In p-rem).  

Isotope Co6O 

Activity 21E-04 Ci 

Release Fraction 1.00E-02

Driver 9.2 E-03 

Receiving worker 5.6 E-02 

Incineration worker not applicable 

Landfill worker 7.9 E-03 

Offslte Individual 4 0 E-08 

Offslte population 2.1 E-1 0 

Worker populatio 3 0 E-04

Site: 
Shipment: 
User:



Site Description

Operations included: Operations excluded: 
Transport to TSD facility Incineration of waste 
Receiving and sampling waste Transport to offsfte landfill 
Storage before processing Incinerator maintenance 
Burial at onsite landfill 

Parameters 
The following are the adjustable parameters used to model each operation.  
A (D) after a value indicates the default value was used 

Fraction solid waste = 1.000 
Fraction liquid waste = 0.000 
Pre-processed waste density = 1.0 E+00 g/cc 
Post-processed waste density = 1.4 E+00 g/cc 

Transport to TSD facility (4 steps) 
Number of Workers- 1.0E+00 (D) 
Truck bed dimensions (for all steps) 
length- 1 84E+01 feet (D) 
width: 7.30E+00 feet (D) 
height: 2.80E+00 feet (D) 

Step A: Load and secure shipment 
average distance: 3.00E+00 feet (D) 
duration: 1.OOE+00 hours 
shielding thickness: 6 25E-02 inches (D) 

Stop B: Drive 
average distance 7.00E+00 feet (D) 
duration: 1 00E+00 hours 
shielding thickness 1 25E-01 inches (D) 

Step C: Rest 
average distance 2 00E+00 feet (D) 
duration- 0 00E+00 hours 
shielding thickness: 1.25E-01 inches (D) 

Step D: Maintenance in transit 
average distance: 3 001+00 feet (D) 
duration: 0 00E+00 hours 
shielding thickness- 6 25E-02 inches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers: 2.0E+00 (D) 

Step A: Weight truck, inspect manifest 
average distance 5 002+00 feet (D) 
duration- 2 50E-01 hours

2



Receiving and sampling waste (contd)

Step B: Unload drums 
average distance: 3 00E+00 feet (D) 
time per drum or pallet. 8 33E-02 hours (D) 

Step C: Inspect and sample drums 
average distance: 5 00E-01 feet (D) 
time per drum 8 332-03 hours 
airborne respirable dust concentration: 1 0E+01 mg/m3 (D) 
respiratory protection factor: 1.OE+01 (D) 

Step D: Transfer solids to storage 
average distance. 3 00E+00 feet (D) 
time per drum or pallet- 1.67E-01 hours (D) 

Step E: Pump drummed oil to storage tank 
average distance: 5 00E-01 feet (D) 
time per drum. 0 OOE+00 hours 

Storage before processing (3 steps) 

Step A: Workers In solid waste storage area 
average distance 5 00E+00 feet 
duration- 5.00E+00 hours 

Step B: Transfer solids out 
average distance. 3 00E+00 feet (D) 
time per drum or pallet 8 33E-02 hours (D) 

Step C: Workers In liquid waste storage area 
average distance: 3 00E+00 feet (D) 
duration 0 00E+00 hours 
shielding thickness, 1.25E-01 inches (D) 
Storage tank dimensions: 
length: 7.OOE+00 feet (D) 
width: 7.OOE+00 feet (D) 
height: 1.20E+01 feet (D) 

Burial at onsite landfill (4 steps) 
Number of Workers, 1 OE+00 (D) 
Dump truck bed dimensions for steps A, C, and D): 
length: 2.50E+01 feet (D) 
width: 6.00E+00 feet (D) 
height: 3 00E+00 feet (D) 

Step A: Unload waste to mixing pit 
average distance, 5.00E+00 feet (D) 
duration- 2 50E-01 hours (D) 
shielding thickness. 1.25E-01 inches (D) 
airborne respirable dust concentration: 1 0E+00 raglm3 (D) 
respiratory protection factor: I OE+00 (D) 

Step B: Mix waste In mixing pit 
average distance. 1.00E+01 feet (D) 
duration: 5 00E-01 hours (D) 
cover thickness 2.00E+00 inches (D) 
Mixing pit dimensions: 
length: 1 00E+01 feet (D) 
width: 1 OOE+01 feet (D) 
depth 1 00E+01 feet (D) 
cover thickness 2 00E+00 inches (D)
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Burial at onsite landfill (cont'd)

Step C: Load truck and transport to landfill 
average distance: 5 OOE+0O feet (D) 
duration- 2.50E-01 hours (D) 
shielding thckness" 1 25E-01 inches (D) 

Step D: Unload truck at landfill 
average distance: 5-00E+O0 feet (D) 
duration: 250E-01 hours (D) 
shielding thickness- 1 25E-01 inches (D)
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998

WCS 
Long distance (600 miles) transport and disposal of low activity waste at a RCRA facility 
wpd

TOTAL EXTERNAL INTERNAL

Dose to: 

Driver: 

Receiving worker: 

Incineration worker: 

Landfill worker: 

Offsite individual: 

Offsite population: 
Worker Population: 

Dose from: 

Transport to TSD facility: 

Receiving and sampling waste: 
Storage before processing: 

Incineration of waste: 
Burial at onsite landfill: 

Transport to offsite landfill: 
Incinerator maintenance:

I.OE-01 mrem 
5.6E-02 mrem 

2.9E-02 mrem 

7.9E-03 mrem 

4.OE-08 mrem 
2.1E-10 p-rem 
4.OE-04 p-rem 

1.OE-01 mrem 
2.6E-02 mrem 

2.9E-02 mrem 
not applicable 

7.9E-03 mrem 

not applicable 

not applicable

1.OE-01 mrem 
5.6E-02 mrem 

2.9E-02 mrem 

7.9E-03 mrem 

4.OE-04 p-rem 

1.OE-01 mrem 

2.6E-02 mrem 

2.9E-02 mrem 

not applicable 
7.9E-03 mrem 

not applicable 

not applicable

O.OE+00 mrem 
7.4E-08 mrem 
O.OE+00 mrem 
1.1 E-06 m rem 

1.2E-09 p-rem 

not applicable 
7.4E-08 mrem 
not applicable 
not applicable 
1.1E-06 mrem 
not applicable 
not applicable

Doses due to each Isotope (mrern - population dose In p-rern).  

Isotope Co60 

Activity 2.1 E-04 C0 

Release Fraction 1 OOE-02

Driver 1 0 E-01 

Receiving worker 5 6 E-02 

Incineration worker niot applicable 

Landfill worker 7.9 E-03 

Offsite Indivdual 4 0 E-0)8 

Ofislte population 2.1 E-10 

Worker population 4 0 E-04

Site: 
Shipment: 
User



Site Description

Operations included: Operations excluded: 
Transport to TSD facility Incineration of waste 
Receiving and sampling waste Transport to offsite landfill 
Storage before processing Incinerator maintenance 
Burial at onsite landfill 

Parameters 
The following are the adjustable parameters used to model each operation.  
A (D) after a value indicates the default value was used 

Fraction solid waste = 1.000 
Fraction liquid waste = 0.000 
Pre-processed waste density = 1.0 E+00 g/cc 
Post-processed waste density = 1.4 E+00 g/cc 

Transport to TSD facility (4 steps) 
Number of Workers: 1 OE+OO (D) 
Truck bed dimensions (for all steps) 
length- 1.84E+01 feet (D) 
width. 7.30E+00 feet (D) 
height 2 80E+00 feet (D) 

Step A: Load and secure shipment 
average distance, 3.00E1+O0 feet (0) 
duration 1.00E+00 hours 
shielding thickness- 6 25E-02 inches (D) 

Step B: Drive 
average distance: 7 OOE+00 feet (D) 
duration- 1.20E+01 hours 
shielding thickness: 1 25E-01 inches (0) 

Step C: Rest 
average distance: 2 OOE+00 feet (D) 
duration: 8 OOE+00 hours 
shielding thickness: 1.25E-01 inches (D) 

Step D: Maintenance In transit 
average distance: 3 00E+00 feet (D) 
duration: 1 00E+00 hours 
shielding thickness: 6 25E-02 inches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers. 2 OE+00 (D) 

Step A: Weight truck, Inspect manifest 
average distance. 5 00E+00 feet (D) 
duration- 2 50E-01 hours
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Receiving and sampling waste (cont'd)

Step B: Unload drums 
average distance- 3 OOE+00 feet (D) 
time per drum or pallet 8 33E-02 hours (D) 

Step C: Inspect and sample drums 
average distance: 5.00E-01 feet (D) 
time per drum 8.33E-03 hours 
airborne respirable dust concentration. 1.01E+01 rgtm3 (D) 
respiratory protection factor. I OE+01 (D) 

Step D: Transfer solids to storage 
average distance: 3 OOE+00 feet (D) 
time per drum or pallet 1 67E-01 hours (D) 

Step E: Pump drummed oil to storage tank 
average distance: 5 O0E-01 feet (D) 
time per drum 0 OOE+00 hours 

Storage before processing (3 steps) 

Step A: Workers In solid waste storage area 
average distance: 5 OOE+O0 feet 
duration: 5 00E+00 hours 

Step B: Transfer solids out 
average distance- 3 O0E+00 feet (D) 
time per drum or pallet. 8 33E-02 hours (D) 

Step C: Workers In liquid waste storage area 
average distance. 3 DOE+00 feet (D) 
duration 0.OOE+O0 hours 
shielding thickness. 1.25E-01 inches (D) 
Storage tank dimensions: 
length: 7.00E4.O0 feet (D) 
width- 7.00E+00 feet (D) 
height: 1 20E+01 feet (D) 

Burial at onsite landfill (4 steps) 
Number of Workers- 1 OE+00 (D) 
Dump truck bed dimensions for steps A, C, and D): 
"length: 2.50E+01 feet (D) 
width- 6 OOE+00 feet (D) 
height. 3.00E+00 feet (D) 

Step A: Unload waste to mixing pit 
average distance 5 00E+O0 feet (D) 
duration: 2 50E-01 hours (0) 
shielding thickness: I 25E-01 inches (D) 
airborne respirable dust concentration: 1.OE+00 mg/m3 (D) 
resp4ratory protection factor. 1 OE+00 (D) 

Step B: Mix waste In mixing pit 
average distance- 1 OOE+01 feet (D) 
duration: 5 OOE-01 hours (D) 
cover thickness. 2 OOE+00 inches (D) 
Mixing pit dimensions: 
length I OOE+01 feet (D) 
width 1 00E+01 feet (D) 
depth- 1.00E+01 feet (D) 
cover thickness- 2 OOE+00 inches (D)
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Burial at onsite landfill (cont'd)

Step C: Load truck and transport to landfill 
average distance: 5 OOE+0O feet (0) 
duration: 2.50E-01 hours (D) 
shielding thickness: 1 25E-01 inches (D) 

Step D: Unload truck at landfill 
average distance: 5 OOE+0O feet (D) 
duration: 2.50E-01 hours (D) 
shielding thickness- 1 25E-01 inches (D)
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Attachment B 

RESRAD Analysis Reports for a Humid RCRA Site
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*ýISRAD, Version b.2 

Summary : RCRA Net Site

T3, Limit = 0.5 year 07/22/2002 18:03 Page 2 

File: PTc.wetl.rad

Dose Conversion Factor (and Related) Parameter Summary 

File: hEAST 1995 Morbidity

Menu Parameter

B-I 

B-I 

D-i 
0-I

D-34 

D-34 

D-34 

D-34

Dose conversion factors for inhalation, mrem/pCi: 

H-3 

Dose conversion factors for ingestion, mrem/pCi: 
H-I 

Food transfer factors: 

H-I , plant/soil concentration ratio, dimensionless 
H-3 , beef/livestock-intake rati6, (pCa/kg)/(pCi/d) 

H-3 , milk/livestock-intake ratio, (pCi/L)/(pCi/d)

D-5 Bioaccumulation factors, fresh water, L/kg: 

D-5 H-3 , fi3h 

D-5 H-3 , crustacea and mollusks

Current 

Va,•ue 

I I 

6.400E-00 

6.400E-n8 

4.6noE+On 

1.200E-02 

1.O00E-02 

1.OOOEO0 

I.OO0E+00

Parameter 
Na-meDefault I

6.400E-08 DCF2( 1) 

6.400E-08 DCF3( 1) 

4.800E+00 RTF( 1,1) 

1.200E-02 RTF( 1,2) 

1.000E-02 RTF( 1,3) 

1.000E+00 BIOFAC( 1,1) 

1.000£+00 BIOFAC( 1,2)

i i I



kESRAD, Version 6.2 

Swunary : PRRA Wet Site

Tn Limit - 0.5 year 07/22/2002 18:03 Page 3 

File: RCRPwetl.red 

Site-Specific Parameter Summary

Parai'eter 

Area of contaminated zone (r**2) 

Thickness of contaminated zone (m) 

Length parallel to aquifer flow (m) 

Basic radiation dose limit (mrem/yr) 

Time since placement of material (sr)

Menu 

ROll 

ROll 
Roll 

R011 

ROll 

ROll 

ROll 

ROll1 
Rnll 

P011 

P011 

Roll 

R011 

R012 

R012 
R013 

RO13 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

R013 

ROl 3 

R013 

RO14 

R014 

R014 

R014 

R014 

R014 

R014 

R014 

R014 

P014 

R014

+

Times for calculations 

Times for calculations 

Times for calculations 

Times for calculations 

Times for calculations

Times for calculations (yr) 

Timee for calrcilatins tyr) 

Times for calculations (yr) 

Times for calculations (sr)

Initial principal radionuclide (pCi/g): 

Concentration in groundwater (pCi/L):

H-3 

H-3

Cover depth (m) 

Density of cover material (g/cm**3) 

Cover depth erosion rate Cm/yr) 

Density of contaminated zone (g/cm**3) 

Contaminated zone erosion rate (m/yr) 

Contaminated zone total porosity 

Contaminated zone field capacity 

Contaminated zone hydraulic conductivity (m/yr) 

Contaminated zone b parameter 

Average annual wind speed (m/sec) 

Humidity in air (g/m+*3) 

Evapotranspiration coefficient 

Precipitation (m/yr) 

Irrigation (mfyr) 

Irrigation mode 

Runoff coefficient 

watershed area for nearby stream or pond (m**2) 
Accuracy for water/soil computations

Density of saturated zone (g/cm**3) 

Saturated zone total porosity 

Saturated zone effective porosity 

Saturated zone field capacity 

Saturated zone hydraulic conductivity (m/yr) 

Saturated zone hydraulic gradient 

Saturated zone b parameter 

Water table drop rate (m/yr) 

Well pump intake depth (m below water table) 

Model: Nondtsperslon IND) or Mass-BaLance (MB)

Well pumping rate (m**3/yr)

X015 Number of unsaturated zone strata

(yr) 

(yr) 

Iyr) 

(yr? 
(yr)

-t

Used 

(If differen

User 

Input 

5.OOOE+03 

4.OOOE+00 

1.000E+02 

1.000E+00 

3.200E+01 

1.OOOE+00 

3.OOOE+01 

5.OOOE+01 

1.OOOE+02 

3.000E402 

5.00CE+02 

1.000F+03 

3.000E+03 
1.000E+05 

l.OOOE+02 

not used 

3.OOOE+00 

1.200E+00 

7.100E-06 

1.400E+00 

1.000E-03 

4.OOOE-0O 

2.000E-01 

1.000E+01 

5.300E+00 

2.OOOE+00 

8.000E+O0 

9.500E-01 

8.600E-01 

2.O0OE-01 

overhead 

4.OOOE-01 

1.000E+06 

1.OOOE-03 

1.400E+00 

4.OOOE-01 

2.000E-O0 

2.000E-01 

1.000E+02 

2.OOOE-02 

"t.I0')E+Ou 
1.O00E-03 

l.OOOE+01 

ND 

1.180E+02 

2

eter 

e

I I I
Default 

l.GOOE+04 

2.O00E+00 

1.OOOE.02 

2.500E+01 

O.OOOE+00 

1. 0OE+00 

3.000E+00 

l.O00EOI-0 
3.OOOE+01 1.000Ef02 

3.000E+02 
1.U00F402 l.OOOE+O2 

0.000E+00 
O.OOOE+O0 

O.000E+00 

0.000E+OO 

O.000E+00 

1.500E+00 

1.000E-03 

1.500E+00 

1.000E-03 

4.000E-01 

2.000E-01 

1.000E+01 

5.300E+00 

2.OOOE+00 

8.OOOE+00 

5.000E-01 

1.000E+00 

2.000E-01 

overhead 

2.000E-01I 

1.000E+06 

1.000E-03 

1.500E+00 

4.000E-01 

2.000E-01 

2.000E-01 

1.000E+02 

2.000E-02 

,. 300E+100 

I.O00E-03 

1.000E+01 

ND 

2.500E+02 

I

by RESRAD Param( 

t from user input) I Nam 

-- AREA 

THICKO 

-- LCZPAQ 

-BRDL 

TI 

- -T( 2) 

- -T( 3) 

-- T( 4) 

T( 5) 

-TT( 6) 

-TT( 7) 

- -T( 9) 

T(10) 

-I- 1) 

--- Wl( 1) 

-- COVERO 

-- DENSCV 

-VCV 

-- DENSCZ 

-VCZ 

-TPCZ 

-- I FcCZ 

-HCCZ 
--- BCZ 

-- WIND 

-- HUMID 

EVAPTR 

PRECIP 

RI 

IDITCH 

-- RUNOFF 

- REA 

-EPS 

-DENSAQ 

-TPSZ 

-EPSZ 
--- rCSZ 

- -H C S Z 
--- HGWT 

-BSZ 

-VWT 

-- MODEL 

NS



;ESRAD, Version 6.2 

S=u~ur, :RCPA Wet Site

Tn Limit - 0.5 year 07/22/2002 18:03 Page 4 

File: RCRPwet1.rad

Site-Specific Parameter Summary (continueC)

Parameter

Unsat.  

Unsat.  

Unsat.  

Unsat.  

Unsat.  

'Insat.  

Unsat.  

t
Unsat.  

Unsat.  

Un3at.  

lln at.  

Unsat.  

Unsat.  

Unsat.

zone 1, thickness (m) 

zone 1, soil density (g/cm**3) 

zone 1, total porosity 

zone 1, effective porosity 

zone 1, field capacity 

zone 1, soil-specific b parameter 

zone 1, hydraulic conductivity (m/yr) 

zone 2, thickness (n) 

zone 2, soil density (g/cm**3) 

zone 2, total porosity 

70ne 2, Pffpý"rivp porogity 

zone 2, field capacity 

zone 2, soil-specific b parameter 

zone 2, hydraulic conductivity (m/yr)

1015 

1015 
•015 
i01 5 

1015 

1015 

1015 

%nl15 
-015 

%01 5 1015 

1015 

;015 

;015 

ý016 

1016 

1016 

•016 

-016 
%01 6 

q016 

:017 

4017 

l017 

1017 

R017 

:017 

:017 

k017 
1017 

1017 

:W17 

:017 

:017 

R017 

-017 

R017 
1017 

1017 
"ý017 
k017 

1017

Outer annular radius 

Outer annular radius

Wm), 

(W),

1.  

1.  

4.  

2.  

2.  

1.  

3.

-1):

ring 11: 

ring 12:

User 

Input I 

.800E+00 

.200E400 

lOOE-01 

300E-01I 

OOOE-OI 

14nE+01 

O.OE-02 

000E+O0 

200E+00 

lOOE-01 

300F-01 

OOOE-01 

140E+01 

OOOE-02

0. 000E+00 

0.OOOE+00 

O.OOOE+00 
0.000E400 
0.000E+00 

O.OOOE+00 

1.169E+04 

3.140E-06 

3.000E÷01 

4.OOOE-01 

5.512E-01 

6.571E-01 

1.101E-01 

1.000E+00 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not us(e 

not used

Default I

4.OOOE+00 

1.500E+00 

4. OOOE-01 

2.OOOE-01 

2.000E-01 

S. 300E+00 

1.000E+01 

0.000E+00 

1.500E+00 

4.OOOE-01 

2. OOOF-01 

2.OOOE-01 

5.300E+00 

1. O00E+01 

0.OOOE+00 

0.0OOE+00 

O.OOE+00 

0.000oE00 

o.OOOE+00 
O.OOOE+00 

8.400E+03 

1.00OE-04 

3.O0OE+01 

4.000E-01 

7.OOOE-01 

5.OOOE-01 

2.500E-01 

I.OOOE+00 

5.000EfO0 

7.071E+01 

O.000E+00 

0.000E+00 

0.000r+00 

0.O00E+00 

0.000E+00 

0.O00E+00 

O.OOOE+00 

0.000E+00 

O.|000E+00 

0.00E+00

Used by RESRAD 

1:f different from user input)

3.386E-02 

not used 

>0 shows circular AREA.

Distzibution coefficients for H-3 

Contaminated zone (cmln3/g) 

Unsaturated zone I (cml*3/g) 

Unsaturated zone 2 (cm**3/g) 

Saturated zone (cm-n3/g) 

Leach rate (/yr) 

Solubility constant 

Inhalation rate (m**3/yr) 

Mass loading for inhalation (g/mk*3) 

Exposure duration 

Shielding factor, inhalation 

Shielding factor, external gamma 

Fraction of time spent indoors 

Fraction of time spent outdoors (on site) 

Shape factor flag, external gamma 

Radii of shape factor array (used if FS 
Outer annular radius (m), ring 1: 

Outer annular radius 1m), ring 2: 

Outer annular radius (m), ring 3: 

Outer annular radius (m), ring 4: 

Outer annular radius (m), ring 5: 

Outer annular radius (m), rinq 6: 

Outer annular radius (m), ring 7: 

Outer annular radius (m), ring 8: 
Outer annular radius (m), rino 9: 

Outer annular radius (m), ring 10:

I Parameter 

I Name 

H(1) 

DENSUZ(i) 

TPUZ(1) 

EPUZC1) 

FCUZCI) 

BUIZ (1] 

HCUZ(I) 

H(2) 

DENSUZ(2) 

TPUZ(2) 

FP117 ((2) 

FCUZ(2) 

BUZ(2) 

HCUZ(2) 

DCNUCC( 1) 

DCNUCU( 1,1 

DOCJCU ( 1,2 

DCJUCS( 1) 

ALEACH( 1) 

SOLUBK( 1) 

INHALR 

MLINH 

ED 

SHF3 

SHFl 

FIND 

FOTD 

FS 

RPD _SHAPE( 

PAD SR-tPE 
RADSHAPE 

RADSHAPEC 

RAD SHAPE( 

R AD ~sHAPE 
R AD SHAPE C 

RAD_SPAPEC 

RPD SHAPE (11 

RADSHAPEVI 

RADSHAPE CI:

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

0) 

I) 

2)

I

4.  

1.  

4.  

2.  

1.  

1.



RESRAD, Version 6.2 T4 Limit - 0.5 year 
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Site-Specific Parameter Summary (continued)

ParameterMenu 

R017 

z017 
-017 

R017 

R017 

R017 
R017 

R017 

R017 

R017 

R017 
R017 

R017

annular areas within AREA:

Fruits, vegetables and grain consumption (kg/yr) 

Leafy .egetable consumption (kg/yr) 

Milk ccnsumption (L/yr) 

Meat and poultry consumption (kg/yr) 

Fish consumption (kg/yr) 

Other seafood consumption (kg/yr) 

Soil ingestion rate (g/yr) 

Drinking water intake (L/yr) 

Contamination fraction of drinking water 

Contamination fraction of household water 

Contamination fraction of livestock water 

Contamination fraction of irrigation water 

Contamination fraction of aquatic food 

Contamination fraction of plant food

Contamination fraction 

Contamination fraction

of meat 

of milk

R018 

R018 
R018 

R018 

RO18 
R018 

ROI 8 R018 
ROl 8 

ROI 8 

R018 

R018 

R018 

R018 

R018 

R019 

R019 

R019 

R019 

R019 

ROl 8 

R019 

R019 

RD19 

R019 

R019 

R019 

R019 

R19B 

R19B 

R19B 
R19B 

R19B 

R19b 

R19B

Fractions of 

Rina I 

Ring 2 

Ring 3 

Ring 4 

Ring 5 

Ring 6 

Ring 7 

Ring 8 

Ring 9 

Ring 10 

Ring 11 

Ring 12

User 

Input 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not 11.p 

not use 

1.120E+ 

2.140E+ 

2.330E+ 

6.510E+ 

2.060E+ 

9.0002E

1.826E2+ 

4.785E+ 

1.000E+ 

not use 

1.0001E+ 

1.000E+1 

I1.000E+ 
1.OOOE+÷ 

1.0001E÷ 

1.000E+( 

2.710E+1 

6.325E+1 

5.0002E+ 

6.000E+( 

5.000E-C 

1.000E-C 

1.500E-C 

9.000E-C 

1.000E+C 

not usec 

I.000E+( 
1.000E+( 

7.000E-C 

1.500+EC 

I.. IoE+o 

2.500E-C 

1.230E-C 

i1.500.-0 
1.000E-0

02 

01 

02 

01 

01 

01 

01 

02 
Do0 

d 
00 

00 

00 

00 

00 

00 

01 

01 

01 

01 

01 

04 
01 

01 

00 

10 

10

D1 

01 

01 

)I

d 

d 

d 

d 

ri 

d 

d 

d 

d 

d 

d 

d

Used by RESRAD 

(If different from user inF

i

Livestock fodder intake for meat (kg/day) 

Livestock fodder intake for milk (kg/day) 

Livestock water intake for meat CL/day) 

Livestock water intake for milk (L/day) 

Livestock soil intake (kq/day) 

Mass loading for follar deposition (g/m**3) 

Depth of soil mixing layer (m) 

Depth of roots (mW 

Drinking water fraction from ground water 

Household water fraction from ground water 

Livestock water fraction from ground water 

Irrigation fraction from ground water 

Wet weight crop yield for Non-Leafy (kg/m**21 

Wet weight crop yield for Leafy (kg/ma*2) 

Wet weLght crop yield tor Forner (kg/m**2) 

Growing Season for Non-Leafy (years) 

Growing Season for Leafy (years) 

Crowing Season for kodder (years) 

Translocation Factor for Non-Leafy

I Default 

I1.000E+00 

2.732E-01 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E400 

0.000E+00 

0.n00F+00 

0.000E+00 

I1.600E+02 
1.400E+01 

9.200E+01 

6.300E+01 

5.400E+00 

9.000E-01 

3.650E+01 

5.100E+02 

1.000E+00 

I2.O000+O00 
1.000E+00 

1.000E+00 

5.000E-01 

I-i 
I-I 

I-1 

6.800E+01 

5.500E+01 

5.000E+01 

1.600E+02 

5.000E-01 

1.000E-04 

1.500E-01 

9.000E-01 

1.000E+00 

1.000E+00 

1.000E+00 

I1.000E+00 

7.000E-01 

1.500E+00 

I1.1002+o0 
1.700E-01 

2.500E-01 

B.000t.-02 

1.000E-01

I I I Parameter 

put) Name 

FRACAC [1) 

FRACA ( 2) 

FRAC, A( 3) 

FRACA( 4) 

FRACA (5) 

FRACA( 6) 

FRACAC 7) 

FRACA 18) 

FRACAC 9) 

FRACA(10) 

rRACA(11) 

FRACA(12) 

DIET(11 

DIET(2) 

DIET(3) 

DIET(4) 

DIET(5) 

DIETT(6) 

SOIL 

DWI 

FDW 

FHHW 

FLW 

FIPW 

FR9 

FPLANT 

IFMEAT 
FMILK 

LFI5 

LFI6 

ILWI 5 
LWI6 

LSI 

MLFD 

DM 

DROOT 

FGWDW 

FGMW 

FGWIR 

"YV(1) 
YV(2) 

YV(3) 

TE(I) 

TE2(2) 

I.. (13) 
ITIVC1)
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File: PCRAwetl.rad

Site-Specific Parameter Summary (continued)

User 

InputParameterMenu 

RI9B 

R19B 

R19B 

R19B 

R19B 

R19B 

R19B 

C14 

C14

I.O00E+O0 

1.000E+00 

2.500E-01 

2.500E-01 

2.500E-01 

2. SOOE-O1 

2.500E-01 

2.500E-01 

2. 000E+0

Translocation Factor for Leafy 

Translocation Factor for Fodder 

Dry Foliar Interception Fraction for Non-Leafy 

Dry Foliar Interception Fraction for Leafy 

Dry Follar Interception Fraction for Fodder 

Wet Foliar Interception Fraction for Non-Leafy 

Wet Foliar Interception Fraction for Leafy 

Wet Foliar Interception Fraction for Fodder 

Weathering Removal Constant for Vegetation 

C-12 concentration in water (g/cm+*3) 

C-17 roncnntratinn in rontaminat-ed soi1 (g
1
g) 

Fraction of vegetation carbon from soil 

Fraction of vegetation carbon from air 

C-14 evasion layer thickness in soil (m) 

C-14 evasion flux rate from soil (l/secj 

C-12 evasion flux rate from soil (C/sec) 

Fraction of grain in beef cattle feed 

Fraction of grain in milk cow feed 

DCF correction factor for gaseous forms of C14 

Storage times of contaminated foodstuffs (days): 

Fruits, non-leafy vegetables, and grain 

Leafy vegetables 

Milk 

Neat and poultry 

Fish 

Crustacea and mollusks 

Well water 

Surface water 

Livestock fodder 

Thickness of building foundation (m) 

Bulk density of building foundation (g/cm**3) 

Total porosity of the cover material 

Total porosity of the building foundation 

Volumetric water content of the cover material 

Volumetric water content of the foundation 

Diffusion coefficient for radon qas (m/sec): 

in cover material 

in foundation material 

in contaminated zone soil 

Radon vertical dimension of mixing (m) 

Average building aLr exchange rate (l/hr) 

Height of the building (room) (re) 

Building interior area factor 

BULidLng depth below ground surtace (m) 

Emanating power of Rn-222 gas 

Emanating power of Rn-220 gas 

Number of qraphical time points 

Maximum number of integration points for dose

used 

used 

used 

used 

used 

used 

used 

used 

u sed

1.400E+01 

1.000E400 

1.000E+0O 

2.OOOE+01 

7.OOOE+O0 

7.OOOE+O0 

1.0OOE+00 

1.OOOE+00 

0.OOOE+00

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not 

not

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used 

used

Default

1.OOOE+00 

1.0OOE+O0 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.000E+01 

2.OOOE-05 

3.00OF-07 

2.OOOE-02 

9.BOOE-01 

3.OO0E-01 

7.OOOE-07 

1.000E-I1 

8.000E-01 

2.OOOE-01 

8.894E+01 

1.400E+01 

I.O00E+00 
I.OOOE+00 

2.OOOE+01 

7.000E+00 

7.OOOE+O0 

I .OOOE+00 

I.O00E+00 
4.SOOE-Ol 

1.500E-01 

2.400E+00 

4.OO0E-01 

1.O00E-01 

5.000E-02 

3.-ODE-02 

2.OOOE-06 

3.000E-07 

2.OOOE-06 

2.000E÷00 

,.DOOE-Ol 

2.500E+00 

O.OOOE+0O 

-I. 0)oE+Uo 

2.500E-01 

1.500E-01

Used by RESRAD 

(If different from user input)

32 

17

Parameter 

Name

not 

not 

not 

not 

not 

not 

not 

not 

not 

not

C14 

C14 

C14 

C14 

C14 

C14 

C14 

C14

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

ROZI 

R021 

R021 

R021 

R021 

R021

TIV(2) 

TIV(3) 

RDRY (1) 

RDRY (2) 

RDRY (3) 

RWET (1) 

RWET (2) 

RWET (3) 

WLAM 

C12WTR 

C12?C 

CSOIL 

CAIR 

DMC 

EVSN 

REVSN 

AVFG4 

AVFG5 

CO2 F 

STOR_ Tr( 

STOR_T(: 

STOR_TC; 

STORT(' 

STORTC 

STORT ( 

STORT" 

s TOR_T( 

STOR_T( 

FLOORI 

DENSFL 

TPCV 

TPFL 

PH2OCV 

PH2OFL 

DIFCV 

DI FFL 

DIFCZ 

}HMIX 

REXG 

•PM 

FAI 

DMFL 

IEMNA(1)A1 
EMANA (2) 

NPTS 

LYMAX

1) 
2) 

3) 

4) 
5) 

7) 

8) 

9)

5 

5
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Site-Specific Parameter Summary (continued)

Parameter

User I I Used by RESRAD I Parameter 

Input I Default I (If different from user input) I Name

I I I I I 
TITL I Maximum number of integration points for risk j 1 --- I -- KYMAX

Summary of Pathway Selections

Pathway User Selection 

I -- external gamma j active 

2 -- inhalation (w/o radon)I active 

3 -- plant ingP-tlinn aractlVP 

4 -- meat ingestion active 

5 -- milk ingestion active 

6 -- aquatic foods active 

7 -- drinking water active 

8 -- soil ingestion active 

9 -- radon suppressed 

Find peak pathway doses active

Menu
I I
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File: RCRAwetl.rad

Contaminated Zone Dimensions

5000.00 square meters 

4.00 meters 

3.00 meters

Initial Soil Concentrations, pCi/g 

F-3 1.000E+02

Total Dose TDOSE(t), nrem/yr 

Basic Radiation Dose Limit = 1.000E÷00 mrem/yr 

Total Mixture Sum M(t) - Fraction of Basic Dose Limit Received at Time (t) 

t (years): 0.000E+00 1.000E+00 3.000E+01 5.000E+01 1.0002E02 3.O00E+02 5.000E+02 1.000E+03 3.O00E+03 I.C000E05 

TDOSE(t]: 0.000E÷-00 O.000E+00 1.327E+00 2.199E-01 2.458E-03 3.838E-11 5.994E-19 0.OOOE*00 O.000E200 O.000+E00 
M(t): O.000+E00 O.C0OE+0O 1.327E+00 2.199E-01 2.458E-03 3.838E-11 5.994E-19 0.000E+00 O.O00E+00 O.000E+00 

Maximum TDOSECt): 5.137E+00 mrem/yr at t - 14.56 ± 0.03 years 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.456E+01 years 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat 

Radio

Nuclide mrem/yr fract, mrem/yr fract. mrem/yr fract. nrem/yr fract. mrem/yr fract.  

Nuclide 

H-3 O.0002E00 0.0000 0.000E+00 0.0000 O.000400 0.0000 0.0002E00 0.0000 O.000400 0.0000 

Total O.000E+00 0.0000 0.000E+00 0.0000 O.002E+00 0.0000 0.000+00 0.0000 0.000E+00 0.0000

Milk 

mrem/yr fract.  

0.000E+00 0.0000 

O.000E+00 0.0000

Soil 

mrem/yr fract.  

O.000+00 0.0000 

O.O00E+00 0.0000

Total Dose Contrioutions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.456E+01 years 

Water Dependent Pathways

Water Fish Radon Plant Meat 

Radio

Nuclide mrem/yr fract. mtem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

Nuclide 

H-3 3.0502E00 0.5937 3.823E-03 0.0007 0.000E+00 0.0000 7.295E-01 0.1420 2.254E-01 0.0439 

Total 3.050E+00 0.5937 3.823E-03 0.0007 O.O00E+00 0.0000 7.295E-01 0.1420 2.254E-01 0.0439

Milk 

mrem/yr fract.  

1.128E400 0.2197 

1.128E200 0.2197

All Pathways* 

mrem/yr fract.  

5.137E200 1.0000 

5.137E200 1.0000

*Sum of all water independent and dependent pathways.

Area: 

ThLickness: 

Cov~r P',pth:
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File: RCRAwetl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

An mrpm/yr and Frartinn of ToI-al Don- At t - O.OO0F+00 1,•ars 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon 

Radio

Nuclide rrem/yr fract. mrem/yr fract. arem/yr fract.  

H-3 '.OOOE+00 0.0000 O.OoOE+00 0.0000 O.OOOE+00 0.0000 

Total 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000

Plant Meat Milk Soil 

arem/yr fract. nrea/yr fract. mrem/yr fract. aren/yr fract.  

0.000E+00 0.0000 0.O00E+00 0.0000 O.O00E+00 0.0000 0.000E+00 O.0000 

O.OOOE+00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(a.p,t) for Individual Radionuclides {i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - O.O00E+00 years 

Water Dependent Pathways

Water Fish 

Radio

Nuclide mrem/yr fract. nrem/yr fract.  

H-3 Z.OOOE+00 0.0000 0.000E+00 0.0000 

Total 3.000E+00 0.0000 0.000E+00 0.0000

Radon 

nrem/yr fract.  

O.000E+00 0.0000 

o.OooE+O0 0.0000

Plant Meat 

mrem/yr fract. mrem/yr fract.  

O.O00E+00 0.0000 0.O00E+00 0.0000 

0.000E400 0.0000 0.O00E+00 0.0000

Milk 

mrem/yr fract.  

O.O00E+00 0.0000 

O.O00E+00 0.0000

All Pathways

mrem/yr fract.  

0.000E+00 0.0000 

O.O00E+00 0.0000

*Sum of all water independent and dependent pathways.
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File: CRCAwetl.rad

Total Dose Contributions TDOSEL(,p,t) for Inuividual Radionuclides (I) and Pathways (p) 
A- mrpm/yr and Fraction of Total Do-w At t - 1.000F+00 years 

Water Independent Pathways tInhalation excludes radon)

Ground 

Radio

Iluclide mrem/yr fract.  

H-3 0.OOOE+00 0.0000 

Total O.O00E+00 0.0000

Inhalation Radon Plant 

mrem/yr fract. mrem/yr fract. aremlyr fract.  

O.OOOE+O0 0.0000 O.O00E+00 0.0000 O.OOOE+00 0.0000 

O.OOOE+00 0.0000 0.000E+00 0.0000 0.O00E+00 0.0000

Meat Milk 

mrem/yr fract. mrem/yr fract.  

O.O00E+00 0.0000 O.OOOE+00 0.0000 

O.O00E+00 0.0000 .00O0E+00 0.0000

Soil 

mrem/yr fract.  

O.0OOE+00 0.0000 

O.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (1) and Pathways (p, 
As mrem/yr and Fraction of Total Dose At t = 1.OOOE*00 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

H-3 0.OOOE+00 0.0000 

Total 0.000E+00 0.0000

Fish 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.OOOE400 0.0000

Radon Plant 

mrem/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 0.000E+00 0.0000 

0.O00E+00 0.0000 O.OOOE+00 0.0000

Meat Milk 

arem/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 0.0OOE÷00 0.0000 

O.O00E400 0.0000 0.OOO+00 0.0000

All Pathways* 

mrem/yr fract.  

O.OOOE+00 0.0000 

O.O00E+00 0.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (id and Pathways (p) 

Aý mrem/yr and Fraction of Total Dnmo At t- - A.OOOF+01 yaars 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant 

Radio

Nuclide mrer/yr fract. nrem/yr fract. mrem/yr fract. mrem/yr fract.  

H-3 O.OOOE+00 0.0000 0.000E+00 0.0000 0.000E+OO 0.0000 0.000E+00 0.0000 

Total O.OOOE+00 0.0000 O.OOOE+00 0.0000 O.000E+00 0.0000 0.OOOE+00 0.0000

Meat Milk Soil 

rrem/yr fract. mrern/yr fract. n'remlyr fract.  

O.0OOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 

O.OOOE+00 0.0000 O.O00EOO 0.0000 O.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.000E401 years 

Water Dependent Pathways

Water Fish Radon Plant 

Radio

Nuclide mrem/yr fract. mremyr fract. mrem/yr fract. mrem/yr fract.  

H-3 7.871E-01 0.5932 9.884E-04 0.0007 O.OOOE+00 0.0000 1.890E-01 0.1425 

Total 7.871E-01 0.5932 9.884E-04 0.0007 O.OOOE+00 0.0000 1.890E-01 0.1425

Meat 

mrem/yr fract.  

5.652E-02 0.0441 

5.852E-02 0.0441

Milk 

mrem/yr fract.  

2.913E-01 0.2195 

2.913E-01 0.2195

All Pathways* 

mreem/yr fract.  

1.327E+00 1.0000 

1.327E+00 1.0000

*Sum of all water independent ana dependent pathways.
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File: PC.Rqwetl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total D:5o At t - 5.O00F÷01 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

H-3 0.ODE+00 0.0000 

Total 0.000E+00 0.0000

Inhalation Radon Plant 

mrem/yr fract. mrenm/yr fract. mrem/yr fract.  

0.OOOE+00 0.0000 0.O00E-+00 0.0000 O.OOOE+00 0.0000 

0O000E+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000

Meat 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.000E+00 0.0000

Milk 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.0OOE+00 0.0000

Soil 

nremfyr fract.  

0.OOOE400 0.0000 

0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 5.00OE+01 years 

Water Dependent Pathways

Water 

Radio

Nuclice mrem/yr fract.  

H-3 1.304E-01 0.5932 

Total 1.304E-01 0.5932

Fish 

mrem/yr fract.  

1.638E-04 0.0007 

1.638E-04 0.0007

Radon Plant 

mrem/yr fract. mrem/yr fract.  

0.OOOE+00 0.0000 3.132E-02 0.1425 

O.000E+00 0.0000 3.132E-02 0.2425

Meat 

mrem/yr fract.  

9.698E-03 0.0441 

9.698E-03 0.0441

Milk 

mrem/yr fract.  

4.827E-02 0.2195 

4.827E-02 0.2195

Al Pathways* 

mrem/yr fract.  

2.199E-01 1.0000 

2.199E-01 1.0000

*Sum of all water independent and dependent pathways.
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File: RCRAwetl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

Ai mrem/yr and Frai-lon oF Total Dosp At t - 1.000E+02 yaars 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide rre-/yr fract.  

H-3 0.00CE+00 0.0000 

Total O.000E+00 0.0000

Inhalation Radon Plant 

mrem/yr fract. mrem/yr fract. r'rem/yr fract.  

O.000E+00 0.0000 O.000E+00 0.0000 O.000E200 0.0000 

0.000E+00 0.0000 0.002E+00 0.0000 O.000E+00 0.0000

Meat 

mrem/yr fract.  

O.0002+00 0.0000 

O.OOOE+00 0.0000

Milk SoiI 

mrem/yr fract. mrem/yr fract.  

0.000E+00 0.0000 O.OOOE00 0.0000 

0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.0002E02 years 

Water Dependent Pathways

KIter 

Radio

Nuclide mremtvr fract.  

H-3 1.458E-03 0.5932 

Total 1.458E-03 0.5932

Fish Radon Plant 

mrem/yr fract. mrem/yr fract. mrem/yr fract.  

1.831E-06 0.0007 0.000E+00 0.0000 3.501E-04 0.1425 

1.831E-06 0.0007 O.0002+00 0.0000 3.501E-04 0.1425

Meat 

mrem/yr fract.  

1.084E-04 0.0441 

1.084E-04 0.0441

Milk 

mrem/yr fract.  

5.396E-04 0.2195 

5.396E-04 0.2195

All Pathways, 

mrem/yr fract.  

2.458E-03 1.0000 

2.458E-03 1.0000

*Sum of all water independent and dependent pathways.
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File: RCSLwetl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and 

Aý mrem/yr and Frariion of Total Zose At t - 3.OOOE+02 years

Pathways (p)

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant 

Radio

NIuclide nrem/yr fract. mrem/yr fract. erem/yr fract. mnren /yr fract.  

11-3 0.O00E+00 0.0000 O.OOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 

Total O.OOOE*00 0.0000 O.O00E400 0.0000 0.OOOE+00 0.0000 0.O00E+00 0.0000

Meat 

mrer/yr fract.  

0.O00E+00 0.0000 

0.O00E+00 0.0000

Milk Soil 

mrem/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 O.O00E400 0.0000 

0.O00E+00 0.0000 O.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.000E+02 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

11-3 2.277E-11 0.5932 

Total 2.277E-11 0.5932

Fish Radon Plant 

mrem/yr fract. mrrem/yr fract. mrem/yr fract.  

2.859E-14 0.0007 O.000E+00 0.0000 5.468E-12 0.1425 

2.859E-14 0.0007 O.OOOE+00 0.0000 5.468E-12 0.1425

Meat 

mrem/yr fract.  

1.693E-12 0.0441 

1.693E-12 0.0441

Milk 

mrem/yr fract.  

8.427E-12 0.2195 

8.427E-12 0.2195

All Pathways

msrem/yr fract.  

3.838E-11 1.0000 

3.838E-11 1.0000

*Sum of all water independent and dependent pathways.
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File: RCRAwetl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.OOOE+02 years 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation 

inrem/yr fract. nrrem/yr fract.  

O.OOOE+00 0.0000 0.000E+O0 0.0000 

0.OOOE+00 0.0000 0.OOOE+00 0.0000

Radon 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.OOOE+00 0.0000

Plant Meat 

re-m/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 O.OOOE+00 0.0000 

0.OOOE+00 0.0000 0.000E+00 0.0000

Milk Soil 

xrem/yr fract. mrem/yr fract.  

0.O00E+00 0.0000 0.OOoE400 0.OOOO 

0.O00E+00 0.0000 O.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.00OE+02 years 

Water Dependent Pathways

Water Fish Radon 

Radio

Nuclide mrem/yr fract. mrem/yr fract. nrem/yr fract.  

H-3 3.555E-19 0.5932 4.465E-:: 0.0007 O.OOOE+00 0.0000 

Total 3.555E-19 0.5932 4.465E-22! 0.0007 O.000E400 0.0000 

*Sum of all water independent and oependent pathways.

Plant 

mrem/yr fract.  

8.539E-20 0.1425 

8.539E-20 0.1425

Meat 

mrem/yr fract.  

2.644E-20 0.0441 

2.644E-20 0.0441

Milk 

mrem/yr fract.  

1.316E-19 0.2195 

1.316E-19 0.2195

All Pathways* 

mrem/yr fract.  

5.994E-19 1.0000 

5.994E-19 1.0000
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File: RCRAwetl.rad

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.OOOE+03 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclicde nremr/yr fract.  

H-3 O.OOOE+00 0.0000 

Total 0.000E+00 0.0000

Inhalation 

erem/yr fract.  

0.000E+00 0.0000 

O.000E+00 0.0000

Radon Plant Meat Milk Soil 

rlrem/yr fract. rre'/yr fract. nrem/yr fract. mrermnyr fract. mrem/yr fract.  

0.000E+00 0.0000 0.o0oE+00 0.0000 0.000E+00 0.0000 O.000+E00 0.0000 0.000E+00 0.0000 

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dome At t - 1.000E+03 years 

Water Dependent Pathways

Water 

mrem/yr fract.  

0.000E+00 0.0000 

O.000.E00 0.0000

Fish 

mrem/yr fract.  

O.000E+00 0.0000 

0.O00E+00 0.0000

Radon 

mrem/yr fract.  

0.OOOE+00 0.0000 

0.0005.00 0.0000

Plant 

mrem/yr fract.  

0.000E+00 0.0000 

0.000.E00 0.0000

Meat 

mrem/yr fract.  

0.000E+00 0.0000 

0.000+E00 0.0000

Milk 

mrem/yr fract.  

0.000E+00 0.0000 

0.0OOE+00 0.0000

All Pathways

mrem/yr fract.  

0.000E+00 0.0000 

0.0005400 0.0000

*Sum of all water independent and dependent pathways.

Padio

Nuclide 

H-3 

Total
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File: RCPAwetl.'rad

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) ard Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.00OE403 years 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon 

Radio

Nuclide 're-/yr fract. mrea/yr fract. mrem/yr fract.  

H-3 0.000E+00 0.0000 O.000E+00 0.0000 O.0000E+0 0.0000 

Total 0.000E+00 0.0000 0.O00E+00 0.0000 0.000E÷00 0.0000

Plant 

nrem/yr fract.  

O.O00E+00 0.0000 

0.O00E+O0 0.0000

Meat Milk Soil 

nrem/yr fract. mrem/yr fract. - rem/yr fract.  

O.O00E+00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000 

O.002E+00 0.0000 O.000E+00 0.0000 .O000E+00 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (I) and Pathways (p) 

As arem/yr and Fraction of Total Dose At t - 3.000E+03 years 

Water Dependent Pathways

Water Fish Radon 

Padio

Nuclide mrem/yr fract. mrem/yr fract. mren/yr fract.  

.t-3 O.O00E400 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 

Total 0.000.E00 0.0000 0.000+E00 0.0000 0.0002E00 0.0000 

*Sum of all water independent and dependent pathways.

Plant 

mrem/yr fract.  

0.000E+00 0.0000 

0.O000+00 0.0000

Meat Milk 

mrem/yr fract. mrem/yr fract.  

0.OOOE+00 0.0000 0.000E+00 0.0000 

0.0002+00 0.0000 0.000E400 0.0000

All Pathways* 

mrem/yr fract.  

0.000E+00 0.0000 

0.000E+00 0.0000
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File: RCRzwetl.rad

Total Dose Contributions TDOSE(i,p,t) for 1-±Lvidual RadLonuclides (1) and Pathways (p) 

As mxem/yr and Fraction of Total Dose Pt t - 1.OOOE+05 years 

Water Independent Pathways iinhalation excludes radon)

Ground 

Radio

Nuclide rrem/yr fract.  

H-3 O.O0OE*00 0.0000 

Total 0.000E+00 0.0000

Inhalation 

mren/yr fract.  

0.OOOE+00 0.0000 

O.O00E+O0 0.0000

Radon Plant 

mre".yr fract. rren/yr fract.  

0.000E+00 0.0000 0.OOCE+00 0.0000 

b.O00E+00 0.0000 0.OOOE÷00 0.0000

Meat 

mr-eniyr fract, 

O.O00E+00 0.0000 

O.000E+00 0.0000

Milk 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.OOOE+00 0.0000

Soil 

nrem/yr fract.  

O.O0OE+O0 0.0000 

C.000+E00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 

As mrem/yr and Fraction of Total Dose At t - l.000E+05 years 

Water Dependent Pathways

Water 

Padio

Nuclide mrem/yr fract.  

H-3 0.OOOE+00 0.0000 

Total 0.COOE400 0.0000

Fish 

mrem/yr frast.  

O.OOOE+00 0.0000 

O.OOOE*00 0.0000

Radon Plant 

mrenlyr fract. rrem/yr fract.  

0.CGCE+00 0.0000 0.COOE+00 0.0000 

0.000E400 0.0000 0.OOOE+00 0.0000

Meat 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.OOOE400 0.0000

Milk 

mrern/yr fract.  

O.O00E+00 0.0000 

O.O00E400 0.0000

All Pathways

mrem/yr fract.  

O.OOOE+00 0.0000 

0.000O400 0.0000

*Sum of dll water independent and dependent pathways.

Pathways (p)
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File: RCRAwetl.rad

Dose/Source Ratios Summed Over All Pathways 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSR{J,t) (mremlyr)/(pCllg) 

Ci) (j) Fraction* t- O.OOOE+00 1.000E+00 3.000E+01 5.OOOE+0 1.0004E+02 3.000E+02 5.000E+02 1.000E+03 3.000E+03 1.000E+05 

H-3 H-3 1.000E+00 O.000E400 .O000E+00 1.327E-02 2.199E-03 2.458E-05 3.830E-13 5.994E-21 1.827E-40 O.O00E*+O 0.000E+00 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(J) - BRF(1}*BRF(2)* ... BRF(J).  

The DSR includes contributions from associated (half-life '- 0.5 yr) daughters.  

Single Radionuclide Soil Guidelines G~i,t) in pCi/g 

Basic Radiation Dose Limit - 1.000E400 mrem/yr

Nuclide 

Wi) t- 0.000E+00 1.000E+00 

H-3 9.594E415 "9.594E+15 

*At specific activity limit

3. 000E÷01 

7.536E+01

5.000E+01 

4.548E402

1.000E+02 

4.068E+04

3.000E402 

2.605E412

5.000E+02 1.0001+03 3.000:E03 1.000E405 

-9.594E-15 *9.594E415 19.594E415 *9.594E÷15

Summed Dose/Source Ratios DSR(it] in (mrem/yr)/CpCi/g) 

and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmnin - time of minimum single radionuclide soil guideline 

and at tmax - time of maximum total dose - 14.56 1 0.03 years

Nuclide Initial 

Mi) (pCi9g) 

H-3 1.000E+02

tmin DSR(i,tmin) G(i,tmin) DSR(l,tmax) G(i,tmax) 

(years) (pCi/g) (pCi/g) 

14.56 ± 0.03 5.137E-02 1.947E+01 5.137E-02 1.947E+01
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Summary : RCPA Wt Site File: RCRAwetl.rad 

Individual Nuclide Dose Summed Over Al1 Pathways 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent BRF(i) DOSE(j,t), arem/yr 

(J) (i) t- 0.OOOE+00 1.000E+00 3.OOOE+01 5.0O0E0lE 1.000E+02 3.OOOE+02 5.00oE+02 1.000E+03 3.000E+03 1.O00E+05 

H-3 H-3 1.000E+00 0.O00E+0O O.O00E+00 1.327E+00 2.199E-01 2.458E-03 3.838E-11 5.994E-19 O.OOOE+00 .O000E+00 0.000E÷00 

BRF(i) is the branch fraction of the parent nuclide.  

Individual Nuclide Soil Concentration 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent BRFli) S(J,t), pCi/g 

) (01 t- 0.O00E+00 1.000E+00 3.O00E+01 5.000E+01 1.000E+02 3.000E+02 5.OOOE+02 1.OOOE+03 3.000E+03 1.000E+05 

H-3 H-3 1.0OE+0O0 1.000E402 9.139E+01 6.724E400 1.312E400 1.237E-02 1.891E-10 2.891E-18 8.35CE-38 0.OOOE*00 O.O00E400 

BRF(i) Is the branch fraction of the parent nuclide.

RESCALC.EXE execution time - 0.38 second,
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File: RCRb4etl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p) 

As m-rem/yr and Fraction of Total Dose At t - l.O00E+05 years 

Water Independent Pathways tinhalation excludes radon)

Ground Inhalation Radon 

Radio

Nuclide i-rem/yr fract. mrem/yr fract. rnren/yr fract.  

H-3 0.O00E+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 

Total 0.O00E+00 0.0000 O.OOOE+00 0.0000 U.O.OE+00 0.0000

Plant Meat Milk 

rre--/yr fract. mrem/yr fract, mrem/yr fract.  

O.0OCE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 

O.O000E00 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000

Soil 

mremiyr fract.  

O.OOOE+00 0.0000 

O.O00E+00 0.0000

Total Dose Contributions TDOSE(ip,t) for Irdividual Radionuclides (i) and Pathways (p) 

As mrem/yr ahd Fraction of Total Dose At t - 1.O0OE+05 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

H-3 0.OOOE+00 0.0000 

Total 0.000E+00 0.0000

Fish Radon 

mrem/yr fract. mren/vr fract.  

0.OOOE+00 0.0000 O.OOCE+00 0.0000 

O.OOOE+00 0.0000 O.OOOE+00 0.0000

Plant 

srem/yr fract.  

O.COOE+00 0.0000 

O.0OOE400 0.0000

Meat 1ilk 

mrem/yr fract. mremn/yr fract.  

0.OOOEO00 0.0000 O.OOOE+00 0.0000 

0.OOOE+00 0.0000 O.OOOE*00 0.0000

All Pathways* 

mrem/yr fract.  

o.oooE+O0 0.0000 

0.OOOE.00 0.0000

*Sum of all water independent and dependent pathways.



RESRAD, Version 6.2 

Summary : RCRA Wet Site

T4 Limit - 0.5 year 07/22/2002 18:03 Page 19 

File: RCRAwetl.rad

Dose/Source Ratios Summed Over All Pathways 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSR(j,t) (mrem/yrl/(pCi/g) 

(i) (J) Fraction* t- O.000E+00 1.000E+00 3.OOOE+01 5.OOOE+01 1.000E+02 3.OOOE+02 5.000E+02 l.OOOE+03 3.OOOE+03 1.000E+05 

H-3 H-3 1.000E+00 0.OOOE÷00 O.OOOE+00 1.327E-02 2.199E-03 2.458E-05 3.838E-13 5.994E-21 1.827E-40 O.000E00 0.000E+00 

*Branch Fraction is the cumulative factor for the 3"t principal radionuclide daughter: CUMBRF[J) - BRF(1)*BRF(2)* ... BRF(J).  

The DSR includes contributions from associated (half-life ! 0.5 yr) daughters.  

Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit - 1.O00E+00 mrem/yr

Nuclide 

(iM t- .0000E+00 2OO00E+O0 3.000E+O1 5.OOOE+01 iOO00E+O2 3.GOOE+02 5.000E+02 1.OOOE03 

H-3 *9.534E415 *9.594E+15 7.536E+01 4.548E+02 4.068E404 2.605E+12 *9.594E+15 49.594E+15 

4
At specific activity limit 

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 

and Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

at tmin - time of minimum single radionuclide soil guideline 

and at tmax - time of maximum total dose - 14.56 1 0.03 years

Nuclide Initial 

Ci) (pCi/g) 

H-3 l.OOOE+02

3.000E+03 1.000E+05 

*9.594E415 *9.594E415

tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax) 

(years) (pCI/g) (pCi/g) 

14.56 ± 0.03 5.137E-02 1.947E+01 5.137E-02 1.947E+01
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Summary : RCRA Wet Site File: RCRAwetl.rad 

Individual Nuclide Dose Summed Over All Pathways 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent BRF(i) DOSE(],t), mrem/yr 

(j) Mi) t- 0.000E+00 1.0O0E+00 3.000E+01 5.000E2-01 1.000E+02 3.000E+02 5.0002E02 1.000+E03 3.000+E03 1.000E+05 

H-3 H-3 1.000E+00 0.OOOE+00 O.O00E+00 1.327E+00 2.199E-01 2.458E-03 3.B38E-11 5.994E-19 O.OOOE+00 .0000E+00 O.OOOE+O0 

BRFCi) is the branch fraction of the parent nuclide.  

Individual Nuclide Soil Concentration 

Parent Nuclide and Branch FractLon Indicated 

Nuclide Parent BRF(i) SCJ,t), pCI/g 

Cj) [if t- 0.000F+00 1.000E+00 3.000E+01 5.000+E01 1.000E+02 3.000E+02 5.000E+02 1.000E+03 3.000+E03 I.000E+05 

H-3 H-3 1.600E0*0 1.0004E02 9.139E+01 6.724E+00 1.112E÷OO 1.237E-02 1.891E-10 2.891E-18 8.356E-38 O.0OOE200 0.000÷+00 

BRF(i) is the branch fraction of the paient nuclide.

RESCALC.EXE execution time - 0.38 seconds
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)-tailed: RCRA Wet Site File: RCRAwetl.rad 
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File: RCPAwetl.rad

Parameters Used for Calculating Indoor and Outdoor Radon Flux

Radon Diffusion Coefficient (m**2/s) 

Total Porosity 

Volumetric Water Content 

Bulk Density (g/cm**3) 

Rn-222 Emanation Coefficient 

Initial Thickness (m)

*Floor 

Material 

3. OOOE-07 

1.OOOE-O0 

3.OOOE-02 

2.400E+00 

2.500E-01 

1.SOOE-01

Cover 

Material 

2.OOOE-06 

4.OOOE-01 

5.OOOE-02 

1.200E+00 

2.500E-01 

3.O00E+00

Contaminated 

Zone 

2.OOOE-06 

4.OOOE-01 

2.644E-01 

1.400E+00 

2.500E-01 

4.OOOE+00

Building Depth Below Ground Surface *(LMFL): -l.000E+00 (m) 

Negative DE*FL shows building depth adjusted (if necessary) for no penetration 

of contaminated zone. Actual values used *(DFLACT), m: 

t- 0.OOOOE+00 1.0000E+00 3.0000E401 5.00OOE401 .o00OOE402 3.OOOOE+02 5.0000E402 1.0000E+03 3.OOOOE+03 1.0000E405 

DMFLACT- 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 1.0000E+00 l.O000E+O0 I.0000E400 

Building indoor area factor *(FAI): 0.000E+00 

FAI <- 0.0 shows calculated time-dependent value based on amount of wall area 

extending into the contaminated zone. Actual values used I(FAIACT): 

t- O.OOOOE+O0 1.O000E+O 3.0000E+00 5.0000E÷OI l.O000E ÷02 3.0000E+02 5.0000EE÷02 5.00 0E+03 3.0000EEO3 21.00OOE405 

FAIACT - I.0000E400 .00000 .OOOOE+00 1.0000E+00 1.000E400 ].O000E+00 1.OOOOE+O0 I.0000E400 3.0000E+00 1.O00OEO0 1.0000E400 

- Parameters are used only for indoor radon flux 

Time Dependence of Outdoor Radon Flux [FLUXO(i,t)]

FLUXO(1,t) (pCitm**2/s) 

O.OOOE+00 1.000E+O0 3.OOOE+01 5.OOOE+01 1.000E+02 3.OOOEf02 5.000E+02 

3.3169E400 3.3154E+00 3.2735E+00 3.2449Ea00 3.1745E+00 2.9079E+00 2.6636E+00

l.000E403 3.OOOE+03 1.000E+05 

2.1389E400 8.8944E-01 2.9316E-19

Time Dependence of Indoor Radon Flux [FLUXI(i,t)]

FLUXI(I,t) (pCi./m**2/s) 

0.OOOE.00 1.000E+00 3.OOOE+01 5.OOOE01 1.000E+02 3.000E+02 5.000E+02 

1.7484E+00 1.7477E+00 1.7256E+00 1.7105E+00 1.6734E+00 1.5328E+00 1.4040E+00

1.O00E+03 3.OOOE+03 1.000E+05 

1.1275E+00 4.6884E-01 1.5463E-19

Nuclide 

(W) t

Ra-226

Nuclide 

Mi) t

Ra-226
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File: RCRAwetl.rad

Parameters Used for Calculating Indoor and Outdoor Radon Concentration

Radon Vertical Dimension of Mixing (HMIX): 

Average Annual Wind Speed (WIND): 

Building Room Height (HPM): 

Building Air Exchange Rate (REXG):

2. OOOE+00 

2.OOOE+00 

2.500E+00 

5. OOOE-01

Time Dependence of Outdoor Radon Concentration [CRNO(i,t))

t- 0.000+E00 1.000E+00 

2.9317E201 2.9304E+01

3.000+01 

2.8934E+01

5.000E+01 

2.8681E+01

CRNO(i,t) (pCi/m**3) 

1.000E+02 3.000E+02 5.000E+02 1.OOOE+03 3.000E+03 1.000E+05 

2.8059E+01 2.5702E+01 2.3542E401 1.8905E+01 7.8615E+00 2.5912E-18

Time Dependence of Indoor Radon Concentration [HCONC(ir)]

Nuclide 

(i) t

Ra-226

HCONC(i,t) (pCi/m**3) 

0.OOOE400 1.000E+00 3.000E+01 5.000E+01 1.000E+02 3.OOOE+02 5.000+E02 1.OOOE+03 3.000E+03 1.O00E+05 

4.9893E403 4.9872E+03 4.9241E+03 4.8811E+03 4.7752E403 4.3740E+03 4.0066E+03 3.2174E+03 1.3379E+03 4.4125E-16

(in) 

(m/sec) 

(on) 
(I/hr)

Nuclide 

(M) 

Ra-226



RESRAD, Version 6.2 

Detailed: RCRA Wet Site

Tn Limit - 0.5 year 07/22/2002 18:20 Page 9 

File: RCRAwetl.rad

Outdoor Working Levels of Radon [WLOTD(i,t)]

Nuclide 

(iM t= 0.O00E+00 l.O00E+00 3.OOOE+01 5.000E+01 

Ra-226 1.0012E-06 1.0007E-06 9.8808E-07 9.7945E-07

WLOTD (i, t) (WL) 

1.000E+02 3.OOOE+02 5.O00E+02 1.O00E+03 3.O0OE+03 l.OOOE+05 

9.5819E-07 8.7770E-07 8.0396E-07 6.4561E-07 2.6847E-07 8.8488E-26

Indoor Working Levels of Radon [WLIND(i,t}l

Nuclide 

(i) t- O.OOOE+00 l.OOOE+00 3.OOOE+01 5.000E+01 

Ra-226 3.4405E-02 3.4390E-02 3.3955E-02 3.3658E-02

WLIND(i, t) (WL) 

1.000E+02 3.000E+02 5.000E+02 1.OOOE+03 3.OOOE÷03 1.000E+05 

3.2928E-02 3.0162E-02 2.7628E-02 2.2186E-02 9.2256E-03 3.0427E-21

Fraction of Time Spent Outdoors (FOTD): 1.1O1E-01 

Fraction of Tirme Spent Indoors (FIND): 6.571E-01
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Dose/Source Ratios for Radon Pathway (p-9) 

Subpathway: Outdoor and Indoor Pad'-n Flux.  

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSR(J,9,t) - VSPJ{JW j,t) (mrem/yr)/(pCi/g) 

(iW Mj) Fraction* t- O.OOE+00 1.000E+00 3.OOOE.01 5.OOOE+01 1.000E402 3.000E+02 5.00OE402 1.OOOE+03 3.OOOE.03 1.000E+05 

Ra-226 Ra-226 1.000E+00 8.730E400 8.727E+00 8.616E+00 8.541E+00 8.356E400 7.654E400 7.011E+00 5.630E÷00 2.341E-+00 7.721E-19 

Ra-226 Pb-210 1.0O0E+00 O.OOOE+00 0.OOOE+O00 .O00E+00 0.O00E+00 .OOOE+00 0.000E+0 .OOOE00E00 .OOOE+00 O.OOOE+00 

Ra-226 EDSR(J) 8.730E+00 8.727E+00 8.616E+00 8.541E+00 8.356E+00 7.654E+00 7.011E+00 5.630E+00 2.341E+00 7.721E-19 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) - BRF(1)*BRF(2)* ... BRF(J).  

The DSR includes contributions from associated (half-life L 0.5 yr) daughters.  

Dose/Source Ratios for Radon Pathway (p-9) 

Sibpathway: Tndoor Radon from Wat4fr UIage 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSRRNW(jt) (mrem/yr)/(pCi/g) 

(i) (j) Fraction* t- 0.000*E00 1.000E+00 3.000+E01 5.000E+01 1.000*E02 3.000+E02 5.000E+02 1.000E+03 3.000+E03 1.000+E05 

Ra-226 Ra-226 1.0002+00 0.000*E00 O.O00E+00 0.000E+00 0.000÷+00 0.000E+00 O.O00E+00 0.000*E00 0.000E+00 0.000E+00 0.OOOE*00 

Ra-226 Pb-210 1.000E+00 0.000+E00 0.000E+00 0.000E+00 0.000+00 0.000E-00 0.0002E00 0.000E+00 0.000E+00 O.000+E00 0.O00E+00 

Ra-226 ZDSR~j) O.000E+00 0.000+E00 0.000+E00 0.O000E00 O.OOOE+00 0.000E+00 0.000E+00 O.000E+00 0.000E+00 0.O00E+00 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) - BRF(I)*BRF(2)* ... BRF(]).  

The DSR includes contributions from associated (half-life K 0.5 yr) daughters.
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Dose Conversion Factor (and Related) Parameter Summary 

File: HEAST 1995 Morbidity

Parameter I+
Dose conversion factors 

CI-36 

Dose conversion factors 

CI-36

for inhalation, mrem/pCi: 

for ingestion, mrem/pCi:

Food transfer factors: 

CI-36 aton ratio, dimensionless 

CI-36 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 

CI-36 , idilk/livestock-intake ratio, (pCi/L)/(pCi/d) 

Bioaccumulation factors, fresh water, L/kg: 

CI-36 , fish 

CI-36 crustacea and mollusks

Menu I
Current 

Value Default 

2.190E-05 2.190E-05 

3.030E-06 3.030E-06 

2.000E+01 2.000I+01 

6.000E-02' 6.0005-02 

2.000E-02 2.000E-02 

1.005OE03 I1.000E+03 
1.900E+02 1.900E+02

D-34 

D-34 

D-:34 
D-34 

D-5 

D- 5 

D- 5

Paramete.  

N bame 

DCF2( 1) 

DCF3( 1) 

RTF( 1,1) 

RTF( 1,2) 

RTF( 1,3) 

BIOFAC( 1, 

BIOFAC( 1,

r

,1) 

.2)
!

Parameter
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Site-Specific Parameter Summary

ParameterMenu 

ROll 

ROll 

R011 

ROll 

ROll 

ROll 

Roll 

Roll 

Roll 

R011 

Roll 

R011 

Roll 

R011 

R012 

R012

Area of contaminated zone [m**2) 

Thickness of contaminated zone (m) 

Length parallel to aquifer flow (m) 

Basic radiation dose limit (mrem/yr) 

Time since placement of material (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

Times for calculations [yr) 

Times for calculations (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

T mes for ali]iulatinnn (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

Initial principal radionuclide (pCi/g): CI-36 

Concentration in groundwater (pCi/L): CI-36

Cover depth (m) 

Density of cover material (g/cm**3) 

Cover depth erosion rate (m/yr) 

Density of contaminated zone (g/cm**3) 

Contaminated zone erosion rate (m/yr) 

Contaminated zone total porosity 

Contaminated zone field capacity 

Contaminated zone hydraulic conductivity (m/yr) 

Contaminated zone b parameter 

Average annual wind speed (m/sec) 

Humidity in air (g/m**3) 

Evapotranspiration coefficient 

Precipitation (m/yr) 

Irrigation (m/yr) 

Irrigation mode 

Runoff coefficient 

Watershed area for nearby stream or pond (m**2) 

Accuracy for water/soil computations 

Density of saturated zone (g/cm**3) 

Saturated zone total porosity 

Saturated zone effective porosity 

Saturated zone field capacity 

Saturated zone hydraulic conductivity (m/yr) 

Saturated zone hydraulic gradient 

Saturated zone b parameter 

Water table drop rate (m/yr) 

Well pump intake depth (m below water table) 

Model: tNondispersion (ND) or Mass-Balance (MB) 

Well pumping rate (%**3/yr)

R015 I Number of unsaturated zone strata

Used by RESRAD 

(If different from user input)

eter 

e

R013 
R013 

R013 

R013 
R013 

R013 

R013 

R013 

R013 
R013 

R013 
R013 

R01 3 

R013 

R013 
RO13 

R013 
R013 

R014 

R014 

R014 

R014 

R014 

R014 

R014 

R014 
ROI4 

R014 

ROI4

H-

User 

Input 

5.OOOE+03 

4.OOOE+00 

1.000E+02 
1.000E+00 
3.OOOE+01 

1.OOOE+00 

3.OOOE+01 

5.000E+01 

1.000E+02 

3.000E402 

5.OE402 

1.000F+03 

3.000E403 

1.000E405 

1.OOOE+02 

not used 

3.OOOE+00 

1.200E+00 

1.800E-06 

1.400E+00 

1.0OOE-03 

4.000E-01I 

2.000E-01 

1.000E+01 

5.300E+00 

2.000E+00 

not used 

9.500E-01 

3.710E-01 

2.0000E-1 

overhead 

4.000E-01 

1.000+E06 

1.000E-03 

1.400E+00 

4.000E-01 

2.000E-01 

2.000E-01 
1.000E402 
2.OOOE*02 2.0005-02 

5.3005E+O0 

1.000E-03 

1.000E+01 

ND 

1.180E+02 

2

Default 

1.000E404 

2.000+E00 

1.0005E02 

2.500E+01 

0.000E÷00 

1.000+E00 

3.000E+00 

1.0004E01 

3.000+E01 

1.000E+02 

3.0005E02 
1.000F+03 
1.OOOF+00 
O.000+E00 

O.000E+00 

0.OOOE+00 

0.000E+00 

O.O000+O00 

1.500E+00 

1.000E-03 

1.500E+00 

1.000E-03 

4.000E-01 

2.000E-01 

1.000+01 

5.300E+00 

2.000E+00 

8.000E+00 

5.000E-01 

1.000O+00 

2.000E-01 

overhead 

2.OOOE-01 

1.000E+06 

1.000E-03 

1.500E+00 

4.000E-01 

2.000E-01 

2.000E-01 

1.000E+02 

2.OOOE-02 

b.300E+400 

1.000E-03 

1.000E+01 

ND 

2.500E+02 

I

Param• 

Nam( 

AREA 

THICKO 

LCZPAQ 

BRDL 

TI 

T( 2) 

T( 3) 

T( 4) 

T( 5) 

T( 6) 

T( 7) 

T ~ 8) 

T( 9) 

T (10) 

Sl( 1) 

W1 WI 1) 

COVERO 

DENSCV 

VCV 

DENSCZ 

VCZ 

TPCZ 

FCCZ 

HCCZ 

BCZ 

WIND 

HUMID 

EVAPTR 

PRECIP 

RI 

IDITCH 

RUNOFF 

WAREA 

EPS 

DENSAQ 

TPSZ 

EPSZ 

FCSZ 

iHCSZ 
HGWT 

BSZ 

VWT 

DWIBWT 

MODEL 

NS
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Site-Specific Parameter Summary (continued)

Unsat. zone 1,

Unsat.  

Unsat.  

Unsat.  

Unsat.

zone 1, 

zone 1, 

zone 1, 

zone I,

Unsat. zone 1, 

Unsat. zone 1,

R015 
R015 

R015 

R015 

R015 

R015 

R015 

R015 

R015 

RGl 5 

ROl 5 

R015 R015 

R015 

R015 

R015 

R016 

R016 

R016 ROI5 

R016 

ROI S 

R015 

R016 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017 R017 

RO17 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017

zone 2, 

zone 2, 

zone 2, 

7onp 2, 

zone 2, 

zone 2, 

zone 2,

Parameter

thickness (m) 

soil density (g/cm**3) 

total porosity 

effective porosity 

field capacity 

soil-specific b parameter 

hydraulic conductivity (m/yr) 

thickness (m) 

soil density (g/cm4*3) 

total porosity 

Pffprtivp poroqity 

field capacity 

soil-specific b parameter 

hydraulic conductivity (m/yr)

Distribution coefficients for CI-36 

Contaminated zone (cm4*3/g) 

Unsaturated zone 1 (cm**3/g) 

Unsaturated zone 2 (cm**3/g) 

Saturated zone (cm**3/g) 

Leach rate (/yr) 

Solubility constant 

Inhalation rate Cm**3/yr) 

Mass loading for inhalation (g/m**3) 

Exposure duration 

Shielding factor, inhalation 

Shielding factor, external gamma 

Fraction of time spent indoors 

Fraction of time spent outdoors Con site> 

Shape factor flag, external gamma 

Radii of shape factor array (used if FS - -1>: 

Outer annular radius (m), ring 1: 

Outer annular radius (m), ring 2: 

Outer annular radius (m), ring 3: 

Outer annular radius (m), ring 4: 

Outer annular radius (m), ring 5: 

Outer annular radius (m), rinq 6: 

Outer annular radius (m), ring 7: 

Outer annular radius (m), ring 8: 

Outer annular radius (m), rinq 9: 

Outer annular radius (m), ring 10: 

Outer annular radLuS (m), ring I1: 

Outer annular radius (m), ring 12:

Menu I
User 

Input 

1.800E+C 

1.200E+2 

4.200E-0 

1.400E-C 

2.OOOE-C 

1.140E+( 

3.000E-C 

9.100E+( 

1.200E+C 

4.200E-( 
1.400F'-C 

2.000E-C 

1.140E+C 

3.000E-(

01 

21 
>1 

01 

01 

02

1.000E-01 

1.000E-01 

1.000E-01 

1.000E-01 

O.O00E+00 

O.000E+00 

1.169E+04 

3.140E-06 

3.000E+01 

4.000E-01 

5.512E-01 

6.571E-01 

1.101E-01 

1.000E+00 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used

Default 

4.000E400 

1.500E+00 

4.000E-01 

2.000E-01 

2.000E-01 

5.300E+00 

1.000E+01 

O.000E+00 

1.500E+00 

4.000E-01 

2.000R-01 

2.000E-01 

5.3002E00 

1.000E+01

1.000E-01 

1.000E-01 

1.000E-01 

1.000E-01 

O.000E+00 

O.000E+00 

8.400E+03 

1.000E-04 

3.000E+01 

4.000E-01 

7.000E-01 

5.000E-01 

2.500E-01 

1.000E+00 

5.000E+01 

7.071E+01 

0. 000E+00 

0.002E+00 

0.000E+00 

O.O00E+00 

0.000E+00 

0.000E+00 

0.000E+00 

O.O00E400 

0.000E+00 

O.OOOE+00

Used by RESRAD 

(If different from user input)

1.340E-02 

not used 

>0 shows circular AREA.

Parameter 

Name 

HIl) 

DWNSUZ {l) 

TPUZC1) 

EPUZ(I) 

FCUZC(1) 

BUZ(1) 

I }CUZ(1) 

H(2) 

DENSUZ(2) 

TIPUZ(2) 

FPUZ (2) 

FCcUZ(2) 

BUZ(2) 

HCUZ(2)

DCNUCC ( 

DCNUCU( 

DCNUCU ( 

DCNUCS ( 

ALEACH ( 

SOLUBK(

1) 

1,2) 

1) 

1) 

1)

INHAL.P 

MLINH 

ED 

SHF3 

SHFI 

FIND 

FOTD 

FS 

RADSHAPE( 1) 

RAD_SHAPEC 2) 

RADSHAPE C3) 
RAD SHAPEC 4) 

RAD _SHAPE C5) 

PADSHAPE C 6) 

RADSHAPE C7) 

RADSHAPEC 8) 

PADSHAPE( 9) 

RAD_SHAPE (IO) 

RADSHAPE CII) 

PADSHAPE-12)

>0 

0 

21 

O1 

D1 

01 

02

Unsat.  

Unsat.  

Unsat.  

ineat 

Unsat.  

Unsat.  

Unsat.



RESRAD, Version 6.2 T Limit - 0.5 year 

Summary : RCRA dry site

07/22/2002 19:41 Page 5 

File; RCRAdryl.rad

Site-Specific Parameter Summary (continued)

Menu Parameter

Fractions of annular areas within AREA:

Ring 

Ring 

Ring 

Ring

1 

2 

3 

4

Ring 5

Ring 

Ring 

Ring 

Ring

6 

7 

8 

9

R017 

R0 17 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R017 

R01 7 

R017 

R018 

R018 

R018 

R018 

R018 

R018 

P018 

R018 

RO018 

P018 

P018 

P018 

P018 

Role

ROI9 Livestock fodder intake for meat (kg/day) 

R019 Livestock fodder intake for milk (kg/day) 

R019 Livestock water intake for meat (L/day) 

R019 Livestock water intake for milk (L/day) 

R019 Livestock soil intake (kg/day) 

R019 Mass loading for foliar deposition (g/m**3) 

R019 Depth of soil mixing layer (m) 

R019 Depth of roots (i) 

R019 Drinking water fraction from ground water 

R019 Household water fraction from ground water 

R019 Livestock water fraction from qround water 

R019 Irrigation fraction from ground water

Wet weight crop yield for Non-Leafy (kg/m*2) 

Wet weight crop yield for Leafy (kg/m**2) 

Wet weight crop yieid tor Fodder (kg/m**2) 

Growing Season for Non-Leafy (years) 

Growing Season for Leafy (years) 

Growing Season for todder (years) 

Translocation Factor for Non-Leafy

Used by RESRAD 

(If different from use]

R19B 

R19B 

RI9B 

R1 9B 

RI9B 

R19B

User 

Input 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

not i•red 

not used 

1.120E+02 

2.140E+01 

2.330E+02 

6.510E+01 

not used 

not used 

1.826E+01 

4.785E+02 

1.000E+00 

not used 

1.OOOE+00 

1.0OOE+00 

not used 

1.000E+00 

l.O00E+00 

I1.O00E+00 

2.710E+01 

6.325E+01 

5.000E+01 

6.000E*01 

5.000E-01 

1.000E-04 

1.500E-01 

9.OOOE-0I 

1.000E+00 

not used 

1.000E400 

1.000E+00 

7.000E-ol 

1.500E+00 

l.100ElO÷( 

2.500E-01 

1.230E-01 

1.500E-01 

1.OOOE-01

Default 

1.000E+00 

2.732E-01 
0.000E+00 
O.OOOE+0O 

0.000E+00 

0.000E+00 

O.OOOE+O0 

0.O00EOO00 

O.OOOE+00 

0.OOOE+00 

0. 000F+ 00 O.O00E÷O0 
0.O00EO00 

i. 600E+02 

1.400E+01 

9.200E+01 

6.300E+01 

5.400E+00 

9.OOOE-01 

3. 650E+01 

5.100E+02 

1.000E400 

1.000E400 

1.000E+00 

I1.OOOE+00 
5.OOOE-01 

I-1 
I-I 
I-1 

6.800E401 
5. 500E+01 

5.000E+01 

1.600E+02 

5.OOOE-01 

1.OOOE-04 

1.500E-0l 

9. 000E-01 

1.000E+00 

I1.00E+00 
1.000+00 

1.000E+00 

7.000E-01 

1.500E+00 
I. 100F,+0O 

1.700E-01 

2.500E-01 

8.000.-02 

1.000g-01

Parameter 

r input) Name 

FRACAC 1) 

FRACAC 2) 

FRACA[ 3) 

FRACAC 4) 

FRACA[ 5) 

FRACA( 6) 

FRACA( 7) 

FRACA( 8) 

FRACA[ 9) 

FRACAIO) 

FRACA (11) 

IFACA(12) 

DIET(l) 

DIET(2) 

DIET(3) 

DIET(4) 

DIET(5] 

DIET(6) 

SOIL 

DWI 

FDW 
FHH.q 

FLW 

FIRW 

FR9 

FPLANT 

FMEAT 

FMILK 

LFI5 

LFI6 

LWI5 
LW16 

Isi 

MLFD 
DAM 

DROOT 

FGWDW 

FOWNE 

FGWLW 

FGW1R 

Y'V(2) 

YV(3) 

TE(l) 

TE(2) 

Jfh (3) 

TIV(1)

Ring 10 

Ring 11 

Ring 12 

Fruits, vegetables and grain consumption (kg/yr) 

Leafy vegetable consumption (kglyr) 

Milk consumption (L/yr) 

Meat and poultry consumption (kg/yr) 

Fish consumption (kg/yr) 

Other seafood consumption (kg/yr) 

Soil ingestion rate (g/yr) 

DrinkiLng water intake (L/yr) 

Contamination fraction of drinking water 

Contamination fraction of household water 

Contamination fraction of livestock water 

Contamination fraction of irrigation water 

Contamination fraction of aquatic food 

Contamination fraction of plant food 

Contamination fraction of meat 

Contamination fraction of milk
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Site-Specific Parameter Summary (continued)

Menu Parameter

R19B 

R19B 

R19B 
R19B 

R19B 

RI9B 

R19B 

R19B 
RI9B 

ig4 

r14 

C14 

C14 

C14 
C14 

C14 

C14 

C14 

C14 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

STOR 

R021 

R02 1 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

R021 

ROZI 

R021 
R021 

P021 

R021 

R021

TITL Number of graphical time points 

TITL Maximum number of integration points for dose

Translocation Factor for Leafy 

Translocation Factor for Fodder 

Dry Foliar Interception Fraction for Non-Leafy 

Dry Foliar Interception Fraction for Leafy 

Dry Foliar Interception Fraction for Fodder 

Wet Foliar Interception Fraction for Non-Leafy 

Wet Foliar Interception Fraction for Leafy 

Wet Foliar Interception Fraction for Fodder 

Weathering Removal Constant for Vegetation 

C-12 concentration In water (g/cm+*3) 

C-12 roncentration in rontaminatpd -oil (gig) 

Fraction of vegetation carbon from soil 

Fraction of vegetation carbon from air 

C-14 evasion layer thickness in soil (m) 

C-14 evasion flux rate from soil (1/sec) 

C-12 evasion flux rate from soil (1/sec) 

Fraction of grain in beef cattle feed 

Fraction of grain in milk cow feed 

DCF correction factor for gaseous forms of C14 

Storage times of contaminated foodstuffs (days): 

Fruits, non-leafy vegetables, and grain 

Leafy vegetables 

Milk 

Meat and poultry 

Fish 

Crustacea and mollusks 

Well water 

Surface water 

Livestock fodder 

Thickness of building foundation (m) 

Bulk density of building foundation (g/cm**3) 

Total porosity of the cover material 

Total porosity of the building foundation 

Volumetric water content of the cover material 

Volumetric water content of the foundation 

Diffusion coefficient for radon qas (m/sec): 

in cover material 

in foundation material 

in contaminated zone soil 

Radon vertical dimension of mixing (m) 

Average building air exchange rate (1/hr) 

Height of the building (room) (m) 

Building interior area factor 

BuLiding depth below ground surtace (m) 

Emanating power of Rn-222 gas 

Emanating power of Pn-220 gas

User 

Input 

1.000E+ 

1.O000E+ 

2. 500E-i 
2.500E-I 

2.500E-i 

2.500E-' 

2.500E-' 

2.500E-i 

2.000E+ 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

1.400E+ 

1.000E4 

1.000E+ 

2.000E+ 

7.000E+ 

7.000E+ 

1.000E+ 

1.000E+ 

0.000E+ 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

not use 

32 

17

d 
d 

d 

d 

d 

d 

d 

d 

d 

z-d 

-d 

-d 

.d

20 

200 

21 

21 

01 

01 

01 

01 

01 

d 

d 

d 

d 

d 

d 

d 

01 

O0 

00 

•d 

d 

d 

01 

00 

00 

01 

00 

00 

00 00 

00

Default 

1.000E+00 

I1.000E+00 
2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.500E-01 

2.000E+01 

2.000E-05 

3.OOOF-02 

2.000E-02 

9.800E-01 

3.000E-01 

7.000E-07 

1.000E-10 

8.000E-01 

2.000E-01 

8.894E+01 

1.400E+01 

1.0002E00 

I1.000E+00 
2.000E+01 
7.OOOE+00 

7.000E+00 

1.000E+00 

1.O00E+00 

4.500E+01 

1.500E-01 
2.400E+00 

4.000E-01 

1.000E-01 

5.000E-02 

3.000E-02 

2.000E-06 

3.000E-07 

2.000E-06 

2.000÷+00 

b.OtO)-Ol 

2.500E+00 

O.000E+00 

-I.OOOE+Ot 

2.500E-01 

1.500E-01

Used by IESPAD 

different from user input)I(if
Parameter 

Name 

TIV(2) 

TIV(3) 

RDRY CI) 

RDRY (2) 

RDRYI[3) 

RWET(1) 

RWET (2) 

RWET(3) 

WLAM 

C12WTR 

cirz 

CSOIL 

CAIR 

VMC 

EVSN 

REVSN 

AVFG4 

AVFG5 

CO2F 

STOR_7T() 

STORT(2) 

STOR_T(3) 

STORT(4) 

STORT(5) 

STOR_T(6) 

STOR_T(7) 

STORT(8) 

STORT(9) 

FLOORP 

DENSFL 

TPCV 

TPFL 

PH2OCV 

lP12OFL 

DIFCV 

DIFFL 

DIFCZ 

HMIX 

REXG 

HRM 

FAI 

DMFL 

EMANA(I) 

EMANA(2) 

NPTS 
LYMAX
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Site-Specific Parameter Summary (continued)

I I 
Menu I Parameter I

User 

Input

I Used by RESRAD 

Default I (If different from user input)

TIT M n I 
TITL I •ximim numbr of integration points for risk I I --- I -- J YMAX

Summary of Pathway Selections

Pathway User Selection 

I -- external gamma active 

2 -- inhalation (w/o radon) active 

3-- plant ingestion actlvp 

4 -- meat ingestion active 

5 -- milk ingestion active 

6 -- aquatic foods suppressed 

7 -- drinking water active 

8 -- soil ingestion active 

9 -- radon suppressed 

Find peak pathway doses active

Parameter 

Name
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Contaminated Zone Dimensions

5000.00 square meters 

4.00 meters 

3.00 meters-

Initial Soil Concentrations, pCi/g 

Cl-36 1.000E+02

Total Dose TDOSE(t), 3prem/yr 

Basic Radiation Dose Limit - I.O00E+00 mrem/yr 

Total Mixture Sum M(t) - Fraction of Basic Dose Limit Received at Time (t) 

t (years): 0.000E+00 l.000*E00 3.OOOE+01 5.OOOE+01 l.000E+02 3.OOOE+02 5.OOOE+02 1.OOOE+03 3.OOOE+03 1.000E+05 

TDOSE(t): 1.602E-22 1.580E-22 1.072E-22 8.208SE-23 4.206E-23 2.901E-24 2.0OXE-25 2.316E+01 6.669E-11 O.OOOE.O00 

MNt): 1.602E-22 1.580E-22 1.072E-22 8.208E-23 4.206E-23 2.901E-24 2.001E-25 2.316E+01 6.669E-11 O.OOOE+00

Maximum TDOSE(t): 4.763E+02 mrem/yr at t - 772 1 2 years

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 7.724E+02 years 

Water Independent Pathways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Meat Milk Soil 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

Nuclide 

CI-36 5.239E-27 0.0000 0.OOOE+00 0.0000 0.000E400 0.0000 0.O000E00 0.0000 0.OOOE400 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 

Total 5.239E-27 0.0000 O.OOOE+00 0.0000 O.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 O.OOOE+00 0.0000 O.OOOE400 0.0000 

Total Dose Contributions TDOSE(i,p,t) for Individual P.adionuclides (I) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 7.724E+02 years 

Water Dependent Pathways

Water Fish Radon Plant Meat Milk 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

Nuclide 

CI-36 7.353E401 0.1544 0.000E+00 0.0000 O.000*E00 0.0000 7.381E+01 0.1550 9.771E+01 0.2051 2.313E+02 0.4855 

Total 7.353E401 0.1544 0.0OOE+00 0.0000 0.00E0-OO 0.0000 7.381E+01 0.1550 9.771E÷01 0.2051 2.313E+02 0.4855

All Pathways* 

mrem/yr fract.  

4.763E÷02 1.0000 

4.763E+02 1.0000

*Sum of all water independent and dependent pathways.

Area: 

Thickness: 

Cover Depth:
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (I) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 0.QQOE+00 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

CI-36 1.602E-22 1.0000 

Total 1.602E-22 1.0000

Inhalation 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.OOOE+00 0.0000

Radon 

nrem!yr fract.  

0.OOOE+00 0.0000 

0.OOOE+00 0.0000

Plant 

mrem/yr fract.  

0.OOOE+00 0.0000 

0.OOOE+00 0.0000

Meat 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.OOOE+00 0.0000

Milk 

mrem/yr fract.  

0.000E+00 0.0000 

0.OOOE+00 0.0000

Soil 

mrem/yr fract.  

0.000E+00 0.0000 

0.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 0.OOOE+00 years 

Water Dependent Pathways

Water 

Radio- • 

Nuclide mrem/yr fract.  

Cl-36 0.OOOE+00 0.0000 

Total 0.OOOE+00 0.0000

Fish 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.000E400 0.0000

Radon 

mrem/yr fract.  

0.O0OE+00 0.0000 

0.OOOE+00 0.0000

Plant 

mrem/yr fract.  

0.OOOE+00 0.0000 

0.000E+00 0.0000

Meat 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.000E400 0.0000

Milk 

mremfyr fract.  

0.OOOE+00 0.0000 

0.OOOE+00 0.0000

All Pathways* 

mrem/yr fract.  

1.602E-22 1.0000 

1.602E-22 1.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - l.OOOE+00 years 

water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

Cl-36 1.580E-22 1.0000 

Total 1.580E-22 1.0000

Inhalation 

mrem/yr fract.  

O.000E+00 0.0000 

0.000E+00 0.0000

Radon 

mrem/yr fract.  

0.000+E00 0.0000 

O.OOOE+00 0.0000

Plant Meat Milk Soil 

srem/yr fract. xrem/yr fract. mremlyr fract. mrem/yr fract.  

O.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000 

o.OOOE+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p) 

As arem/yr and Fraction of Total Dose At t - 1.00OE400 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

CI-36 0.000+E00 0.0000 

Total 0.000*E00 0.0000

Fish 

mrem/yr fract.  

O.O00E+00 0.0000 

0.000+E00 0.0000

Radon 

mrem/yr fract.  

0.000E+00 0.0000 

O.O000+00 0.0000

Plant Meat Milk All Pathways* 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

O.OOOE0.00 0.0000 0.000E+00 0.0000 0.O00E+00 0.0000 1.580E-22 1.0000 

0.000+E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.580E-22 1.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Done At t - 3.OOOE+01 yearn 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat 

Radio

Nuclide nrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrrem/yr fract.  

CI-36 1.072E-22 1.0000 O.OOOE+00 0.0000 0.000E+00 0.0000 0.O00E+00 0.0000 O.000E+00 0.0000 

Total 1.072E-22 1.0000 0.000E+00 0.0000 O.OOOE+00 0.0000 0.000E400 0.0000 0.000E+00 0.0000

Milk 

nremlyr fract.  

0.OOOE+00 0.0000 

O.OOOE+00 0.0000

Soil 

mremfyr fract.  

O.000+00 0.0000 

0.000E+O0 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.000E401 years 

Water Dependent Pathways

Water Fish Radon Plant 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

CI-36 0.OOOE+00 0.0000 O.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 

Total 0.000E+00 0.0000 0.OOOE+00 0.0000 0.000E400 0.0000 O.000E400 0.0000

Meat 

mrem/yr fract.  

0.000E+00 0.0000 

0.000E400 0.0000

Milk 

mrem/yr fract.  

0.000E+00 0.0000 

0.000E+00 0.0000

All Pathways* 

mrem/yr fract.  

1.072E-22 1.0000 

1.072E-22 1.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE~i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.00E+01 years 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon 

Radio

Nuclide rhrem/yr fract. mrem/yr fract. mrem/yr fract.  

Cl-36 8.208E-23 1.0000 0.O00E+00 0.0000 O.O00E+00 0.0000 

Total 8.208E-23 1.0000 O.000E+00 0.0000 O.O00E+00 0.0000

Plant 

erem/yr fract.  

0.O00E+00 0.0000 

0.O000E00 0.0000

Meat 

mrem/yr fract.  

0.OOOE+00 0.0000 

0.OOOE+00 0.0000

Milk Soil 

mrem/yr fract. mrem/yr fract.  

0.000E+00 0.0000 0.000E+O0 0.0090 

0.000E+00 0.0000 O.O00E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.000E+01 years 

Water Dependent Pathways

Water Fish Radon 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract.  

CI-36 0.000E+00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000 

Total O.O00E+00 0.0000 0.000E+00 0.0000 O.O00E400 0.0000 

*Surn of all water independent and dependent pathways.

Plant 

mrem/yr fract.  

0.000E+00 0.0000 

0.0004E00 0.0000

Meat 

mrem/yr fract.  

0.O00E+00 0.0000 

O.O00E+00 0.0000

Milk 

mrem/yr fract.  

0.002E+00 0.0000 

O.00E2+00 0.0000

All Pathways* 

inrem/yr fract.  

8.208E-23 1.0000 

8.208E-23 1.0000
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.OOOE+02 years 

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mremlyr fract. mrem/yr fract. mrem/yr fract.  

Cl-36 4.206E-23 1.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 O.OOOE+00 0.0000 0.0OOE+00 0.0000 

Total 4.206E-23 1.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

Milk 

mrem/yr fract.  

O.O00OE+00 0.0000 

O.O00E+00 0.0000

Soil 

mrern/yr fract.  

O.O00E+00 0.0000 

0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.000E402 years 

Water Dependent Pathways

Water Fish Radon 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mree/yr fract.  

CI-36 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 

Total 0.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE400 0.0000 

"Sum of all water independent and dependent pathways.

Plant 

mrem/yr fract.  

O.000E+00 0.0000 

0.OOOE.00 0.0000

Meat 

mrem/yr fract.  

O.OOOE+00 0.0000 

O.OOOE400 0.0000

Milk 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.0004E00 0.0000

All Pathways* 

mrem/yr fract.  

4.206E-23 1.0000 

4.206E-23 1.0000
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

Az mrem/yr and Fraction of Total Doze At t - 3.OOOE+02 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

Ci-36 2.901E-24 1.0000 

Total 2.901E-24 1.0000

Inhalation 

mrem/yr fract.  

0.O00E+00 0.0000 

O.OOOE+00 0.0000

Radon 

mrem/yr fract.  

O.OOOE+00 0.0000 

0.OOOE+00 0.0000

Plant 

mrem/yr fract.  

O.O00E+00 0.0000 

O.000+00 0.0000

Meat 

mrem/yr fract.  

O.OOOE+00 0.0000 

O.O00E+00 0.0000

Milk 

mrem/yr fract.  

O.000E+00 0.0000 

O.000E+00 O.O00O

Soil 

mrem/yr fract.  

0.O000O00 0.0000 

O.O00E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.000+E02 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

CI-36 O.O00E+00 0.0000 

Total 0.000*E00 0.0000

Fish 

mrem/yr fract.  

0.OOOE+00 0.0000 

O.OOOE+00 0.0000

Radon 

mrem/yr fract.  

O.O00E+00 0.0000 

O.OOOE+00 0.0000

Plant 

mrem/yr fract.  

O.000E+00 0.0000 

O.O00E+00 0.0000

Meat 

mrem/yr fract.  

0.000+E00 0.0000 

0.000+E00 0.0000

Milk 

mrem/yr fract.  

O.O00E+00 0.0000 

0.000+00 0.0000

All Pathways* 

mrem/yr fract.  

2.901E-24 1.0000 

2.901E-24 1.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.OO0E+02 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide isrem/yr fract.  

CI-36 2.001E-25 1.0000 

Total 2.001E-25 1.0000

Inhalation 

mrem/yr fract.  

O.000E+00 0.0000 

0.000E+00 0.0000

Radon Plant Meat 

rnrem/yr fract. mrem/yr fract. mrem/yr fract.  

0.000E+00 0.0000 O.000+E00 0.0000 0.000E+00 0.00OO 

0.000+E00 0.0000 0.000+E00 0.0000 0.O00E+00 0.0000

Milk 

mrem/yr fract.  

O.O00E+00 0.0000 

0.000E+00 0.0000

Soil 

mrem/yr fract.  

0.000E+00 0.0000 

O.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 5.000+E02 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

CI-36 0.000E+00 0.0000 

Total 0.000E+00 0.0000

Fish 

mrem/yr fract.  

0.000E+00 0.0000 

0.0004E00 0.0000

Radon Plant 

mrem/yr fract. mrem/yr fract.  

0.000E+00 0.0000 0.000E+00 0.0000 

O.000E+00 0.0000 0.O000E00 0.0000

Meat 

mrem/yr fract.  

0. 000+00 0.0000 

0.000+E00 0.0000

Milk 

mrem/yr fract.  

0.000+E00 0.0000 

0.000E+00 0.0000

All Pathways4 

mrem/yr fract.  

2.001E-25 1.0000 

2.001E-25 1.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and 

As mzem/yr and Fraction of Total Dose At t - 1.OO0E+Ol years

Pathways (p)

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat 

Radio

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. nrem/yr fract. mrem/yr fract.  

CI-36 2.500E-28 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 O.OOOE+00 0.0000 0.OOOE+00 0.0000 

Total 2.500E-28 0.0000 O.OOOE+00 0.0000 O.OOOE÷00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

Milk Soil 

area/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 O.OOOE+00 0.0000 

0.O00E+00 0.0000 O.OOOEO00 0.0000

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 1.000E÷03 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

CI-36 3.576E+00 0.1544 

Total 3.576E+00 0.1544

Fish Radon Plant Meat Milk 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  

O.OOOE+00 0.0000 O.O00E+00 0.0000 3.589E+00 0.1550 4.751E+00 0.2051 1.125E+01 0.4855 

0.OOOE+00 0.0000 O.OOOE+00 0.0000 3.589E÷00 0.1550 4.751E+00 0.2051 1.125E401 0.4855

All Pathways4 

mrem/yr fract.  

2.316E+01 1.0000 

2.316E+01 1.0000

*Sum of all water independent and dependent pathways.
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File: RCRAdryl.rad

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t - 3.000E+03 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

Cl-36 O.O00E+00 0.0000 

Total O.000E+00 0.0000

Inhalation 

mrem/yr fract.  

0.O00E+00 0.0000 

0.000E+00 0.0000

Radon 

mrem/yr fract.  

O.000E+00 0.0000 

O.O00E+00 0.0000

Plant 

mrem/yr fract.  

0.000E+00 0.0000 

0.000E+00 0.0000

Meat 

mrem/yr fract.  

0.000E+00 0.0000 

0.000E+00 0.0000

Milk Soil 

arem/yr fract. mrem/yr fract.  

O.000E+00 0.0000 0.000E+00 0.0000 

0.000E+00 0.0000 O.000+E00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 3.0002E03 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

Cl-36 1.030E-11 0.1544 

Total 1.030E-11 0.1544

mrem/yr fract.  

O.O00E+00 0.0000 

0.000E+00 0.0000

Radon 

mrem/yr fract.  

O.000E+00 0.0000 

O.O000E00 0.0000

Plant 

mrem/yr fract.  

1.033E-11 0.1550 

1.033E-11 0.1550

Meat 

mrem/yr fract.  

1.368E-11 0.2051 

1.368E-11 0.2051

Milk 

mrem/yr fract.  

3.238&-11 0.4855 

3.238E-11 0.4855

All Pathways* 

nrem/yr fract.  

6.669E-11 1.0000 

6.669E-11 1.0000

*Sum of all water independent and dependent pathways.
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File: RCPAdryl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fractlon of Total Dose At t - !.QOOE+05 years 

Water Independent Pathways (Inhalation excludes radon)

Ground 

Radio

Nuclide mrem/yr fract.  

CI-36 0.000+E00 0.0000 

Total O.O00E+00 0.0000

Inhalation 

mrem/yr fract.  

O.000E+00 0.0000 

0.000+E00 0.0000

Radon Plant Meat Milk Soil 

mrem/yr fract. inrem/yr fract. mrem/yr fract. inrem/yr fract. mrern/yr fract.  

O.OOOE+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 O.OOOE+00 0.0000 

0.000E+00 0.0000 O.000+E00 0.0000 0.00OE+00 0.0000 O.000+E00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t] for Individual Radionuclides (i) and Pathways (p) 

A3 mrem/yr and Fraction of Total Dose At t - 1.O00E+05 years 

Water Dependent Pathways

Water 

Radio

Nuclide mrem/yr fract.  

CI-36 0.000E+00 0.0000 

Total O.O00E400 0.0000

Fish 

mrem/yr fract.  

O.000E+00 0.0000 

O.O00E+00 0.0000

Radon 

mremn/yr fract.  

O.OOOE+00 0.0000 

O.OOOE+00 0.0000

Plant Meat 

mrem/yr fract. mrem/yr fract.  

0.000E+00 0.0000 0.OOOE+00 0.0000 

0.000+E00 0.0000 0.000E400 0.0000

Milk 

mrem/yr fract.  

O.000E+00 0.0000 

0.000E+00 0.0000

All Pathways* 

mrem/yr fract.  

O.OOOE+00 0.0000 

O.O00O400 0.0000

*Sum of all water independent and dependent pathways.
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Sussnary : RCRA dry site File: RCRAdryl.rad 

Dose/Source Ratios Summed Over All Pathways 

Parent and Progeny Principal Radionuclide Contributiona Indicated 

Parent Product Branch DSR(J,t) (mrem/yr)/(pCi/g) 

(1) Mi) Fraction* t- 0.000E500 1.QOOE+00 3.000E+01 5.OQOE0l 1.0OO÷E+02 3.0QOE+02 5.000E+02 l.000E+03 3.OQOE+03 1.0O0E+05 

Cl-36 CI-36 l.OOOE400 1.602E-24 1.580E-24 1.072E-24 8.208E-25 4.206E-25 2.901E-26 2.001E-27 2.316E-01 6.669E-13 O.O0OE+00 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(J) - BRF(1)*BRF(2)} ... BRF(J).  

The DSR includes contributions from associated (half-life '_ 0.5 yr) daughters.  

Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit - 1.000E+00 mrem/yr 

Nuclide 

(0) t-= n.aOF+00 i.O00r+00 3.000F+01 5.000CA01 1.00WF+02 3.000F+0? 5.000F+07 1.OOOF+03 3.000F403 1.a00F+05 

CI-36 +3.301E+10 *3.301E410 *3.301E+10 *3.301E410 *3.301E410 *3.301E÷I0 *3.301E410 4.317E÷00 *3.301E+10 *3.301E÷10 

*At specific activity limit 

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g) 

and Single Radionuclide Soil Guidelines G(i,t) in pC'/g 

at tmin - time of minimum single radionuclide soil guideline 

and at tmax - time of maximum total dose - 772 ± 2 years 

Nuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) Gli,tmax) 

(i) (pci/g) (years) (pCI/g) (pCi/g) 

CI-36 1.OOOE+02 772 ± 2 4.763E÷00 2.099E-01 4.763E-00 2.099E-01
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Summary : RCRA dry site File: RCRAdryl.rad 

Individual Nuclide Dose Summed Over A-1 Pathways 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent DRF(i) DXSE{(,t), mrem/yr 

(j) (U) t- 0.OOOE+00 l.O00E+00 3.OOOE+01 5.00OE-01 1.0OE+02 3.OOE+02 5.OOOE+02 1.OOOE+03 3.OOOE+03 1.000E+05 

Cl-36 CI-36 1.OOOE+O0 1.602E-22 1.580E-22 1.072E-22 8.208E-23 4.206E-23 2.901E-24 2.0O1E-25 2.316E+01 6.669E-11 O.O00E+O0 

BRF(i) is the branch fraction of the parent nuclide.  

Individual Nuclide Soil Concentration 

Parent Nuclide and Branch Fraction Indicated 

Nuclide Parent BRF(i) S(j,t), pCi/g 

(j) (M) t- O.00OF+00 1.O00F+O0 3.0009+01 5.0OF+01 1.OnOF+02 3.O00R+02 5.O00E+02 1.Of0F+03 3.000F+03 1.000€05 

Cl-36 CI-36 1.000E+00 1.000E402 9.867E+01 6.690E401 5.117E401 2.619E401 1.796E+00 1.231E-01 1.516E-04 3.487E-16 O.OOOE÷00 

BRF(i) is the branch fraction of the parent nuclide.

RESCALC.EXE execution time - 0.44 seconds
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File: RCPAdryl.rad

Parameters Used for Calculating Indoor and Outdoor Radon Flux

Radon Diffusion Coefficient (m+*2/s) 

Total Porosity 

Volumetric Water Content 

Bulk Density (g/cn**3) 

Rn-222 Emanation Coefficient 

Initial Thickness (m)

*Floor 

Material 

3. OOOE-07 

1. 0O0E-01 

3.0OOE-02 

2.400E-00 

2.500E-01 

1. 500E-0l

Cover 

Material 

2.000E-06 

4.000E-O0 

5. 000E-02 

1.200E+00 

2.500E-01 

3. 000E+00

Contaminated 

Zone 

2.O00E-06 

4.OD0E-01 

2.543E-01 

1.400E400 

2.500E-01 

4.00E+00

Building Depth Below Ground Surface *(D*MfL): -I.O00E+00 (m) 

Negative DMFL shows building depth adjusted (if necessary) for no penetration 

of contaminated zone. Actual values used *(DHFLACT), m: 

t- O.OD00E00 1.0000E400 3.0000E-01 5.00O0E4O1 1.0000E402 3.0000E402 5.0000E+02 1.OD00E+03 3.00OOE403 1.0000E405 

DMFLACT- 1.0000ED00 1.0000ED00 1.00DDE+00 1.0000E400 1.0000E+00 1.O000E+00 1.0000E400 1.00DOE4O0 1.000DE400 1.00DDE400 

Bdilding indoor area factor *(FAI): 0.000E÷00 

FAI <- 0.0 shows calculated time-dependent value based on amount of wall area 

extending into the contaminated zone. Actual values used *(FAIACT)= 

t D 0.000D ED00 1.00ODE+00 3.0000E÷Ol 5.DDDE+D01 1.0000E+02 3.O000ED02 5.0000E+02 1.000DE+03 3.0000E+03 1.00DDE405 

FAIACT - 1.0000E+00 1.000DED00 1.ODDDED00 1.0000ED00 1.00O0E4O0 1.0000E+00 1.0000E+00 1.000DE+O0 1.0000ED00 1.000DE400 

- Parameters are used only for indoor radon flux 

Time Dependence of Outdoor Radon Flux [FLUXO(i,t)]

Nuclide FLUXO[i,t) (pCi/m**2/s) 

(i) t- O.DDDE÷O0 1.000E+O0 3.000ED01 5.000E+0i 1.000E+02 3.000E+02 5.000E+02 

Ra-2Z6 3.3169E400 3.3154E+00 3.2735E+00 3.2449E400 3.1745E400 2.9077E+00 2.6633E+00 

Time Dependence of Indoor Radon Flux [FLUXI(i,t)] 

Nuclide FLUXI(i,t) (pCI/m**2/s) 

Ui) t= O.OD0E+D0 1.000EO00 3.000E+01 5.000ED01 1.000E+02 3.000E+02 5.000E+02 

Ra-226 1.7484E+00 1.7476E400 1.7255E+00 1.7105E+00 1.6733E+00 1.5327ED00 1.4039E+00

1.000E+03 3.O0DE+03 1.000ED05 

2.1385ED00 8.8894E-01 2.8779E-19

1.000ED03 3.000E-03 1.000ED05 

1.1273E+00 4.6858E-01 1.5202E-19
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File: RCRAdryl.rad

Parameters Used for Calculating Indoor and Outdoor Radon Concentration

Radon Vertical Dimension of Mixing (HMIX): 

Average Annual Wind Speed (WIND): 

Building Room Height (HPM): 

Building Air Exchange Rate (REXG):

2.OOOE+O0 

2.OOOE+00 

2. 500E+00 
5.OOOE-0O

Time Dependence of Outdoor Radon Concentration [CRNO(i,t)]

Nuclide 

(i) t- O.000E*00 1.O00E÷00 

Ra-226 2.9317E+01 2.9304E+01

3.000E+01 

2.8934E+01

5.000E÷01 

2.8681E+01

CRNO~i,t) (pCi/m+*3) 

1.O00E+02 3.OOOE+02 

2.8058E+01 2.5700E+01

Time Dependence of Indoor Radon Concentration [HCONC(irr)1

t= 0.OOOE+00 1.000E+00 

4.9893E+03 4.9871E+03

HCONC(i,t) CpC1/m**3) 

3.OOOE+01 5. OOOE+01 1.000E+02 3. OOOE+02 5.OOOE+02 1.OOOE+03 3.OOOE+03 I.OOOE+05 

4.9241E+03 4.8810E+03 4.7751E+03 4.3738E+03 4.0062E+03 3.2168E÷03 1.3372E+03 4.3380E-16

(m) 

(m/sec) 

(m) 
(1/hr)

5.000E+02 

2.3540E+01

1.00E+03 

1.8902E+01

3.000E+03 

7.8571E+00

Nuclide 

Ui) 

Ra-226

1.OOOE+05 

2.5437E-18
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Outdoor Working Levels of Radon [WLOTD(i,t)]

Nuclide 

(i) t- 0.000E+00 1.000E+00 3.000E+01 

Ra-226 1.0012E-06 1.0007E-06 9.8807E-07

WLOTD(i,t) (WL) 

5.000E+01 1.OOOE+02 3.000E+02 5.000+E02 1.000E+03 3.OOOE+03 1.000E+O5 

9.7943E-07 9.5818E-07 8.7765E-07 8.0389E-07 6.4549E-07 2.6832E-07 8.6866E-26

Indoor Working Levels of Radon [WLIND(i,t)]

t= 0.OOOE+00 1.OOOE+00 3.000E+01 

3.4405E-02 3.4389E-02 3.3955E-02

WLINDfi,t) (WL) 

5.000E+01 1.000E+02 3.000E+02 5.000E+02 1.000E+03 3.OOOE+03 1.000E÷05 

3.3658E-02 3.2927E-02 3.0160E-02 2.7625E-02 2.2182E-02 9.2205E-03 2.9913E-21

Fraction of Time Spent Outdoors (FOTD): 1.101E-01 

Fraction of Tiwe Spent Indoors (FIND): 6.571E-01

Nuclide 

(iM 

Ra-226
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Detailed: RCRA dry site File: RCRAdryl.rad 

Dose/Source Ratios for Radon Pathway (p- 9
) 

Subpathway: Outdoor and Indoor Radon Flux 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSR(J,9,t) - DSRPNW(J,t) (mrerdyr)/(pCi/g) 
Mi) (j) Fraction4 t- 0.OO0E+00 1.000E+00 3.000E÷01 5.OOOE+01 1.000E+02 3.OOOE+02 5.OOOE+02 1.000E+03 3.000E403 1.000E+05 

Ra-226 Ra-226 1.OOOE+00 8.730E400 8.727E+00 8.61CE400 8.541E+00 8.355E+00 7.653E+00 7.010E400 5.629E+00 2.340E+00 7.591E-19 

Ra-226 Pb-210 1.000E+00 0.OOOE00 O.OOOE+00 O..00+00 O.OOOE+00 O.OOOE+00 0.OOOE+O0 0.O00E.00 0.000E+00 0.OOOE+00 0.000E400 

Ra-226 EDSR(j) 8.730E+00 8.727E+00 8.616E+00 8.541E+00 8.355E+00 7.653E+00 7.O1OE+00 5.629E+00 2.340E+00 7.591E-19 

+Branch Fraction is the cumulative factor for the )'t principal radionuclide daughter: CUMBRF(J) - BRFI)*BRF(2)* ... BRF(]).  

The DSR includes contributions from associated (half-life ! 0.5 yr) daughters.  

Dose/Source Ratios for Radon Pathway (p-9) 

Suibpathway: Tndoor Radon from Water [lbigp 

Parent and Progeny Principal Radionuclide Contributions Indicated 

Parent Product Branch DSRRNW(j, t) (mrem/yr)/(pCi/g) 

Ci) (j) Fraction* t- O.000÷+00 1.000E+00 3.000E+01 5.000E+01 1.000E+02 3.000E+02 5.000E+02 1.000E+03 3.O00E+03 1.000+E05 

Ra-226 Ra-226 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.OOOE+00 0.000E+00 0.000E+00 0.OOOE+00 O.000E+00 O.O00E+00 O.000E+00 

Ra-226 Pb-210 1.000÷+00 0.0005E+00 0.000+00 0.000E+00 O0.000E00 O.000+E00 O.0OOE+00 0.000+E00 O.000E+00 0.O00E+00 0.000E+00 

Ra-226 ZDSR(J) 0.000E+00 .O000O+00 0.O00E+00 O.000O+00 O.O00E+00 O.0OOE+00 0.000+00 O.O00E+00 0.000E+00 O.O00E+00 

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF(j) - BRFI)*BRF(2)* ... BRF(J).  

The DSR includes contributions from associated (half-life : 0.5 yr) daughters.



§289.202(eee)(2)(A)

(A) subsection (ggg)(8) of this section; or 

(B) the effluent concentrations in Table II;, Column '2 of subsection 
(ggg)(2)(F) of this section, with the units changed from microcuries per milliliter to microcuries 
per gram, for radionuclides not specified in subsection (ggg)(8) of this section or paragraph (4) 
of this subsection.  

(3) Where combinations of radionuclides are involved, the sum of the ratios 
between the concentrations present and the limits specified in paragraph (2) of this subsection shall 
not exceed one.  

(4) Notwithstanding the limits specified in paragraph (2) of this subsection, no 
licensee shall cause the concentration of radium-226 or radium-228 in soil in unrestricted areas, 
averaged over any 100 square meters (min),!t exceed the background level by more than: 

(A) 5 picocuries per gram (pCi/g) (0.185 becquerel per gram (Bq/g)), 
averaged over the first 15 cm of soil below the surface; and 

(B) 15 pCi/g (0.555 Bq/g), averaged over 15 cm thick layers of soil 
more than 15 cm below the surface.  

(5) No :licefisee shall p~ss~ss, receive;;use,,, or transfer radi6ýictive material in 
such a-manner as~to'cause contaminimation if vegetation in-unrestricted deras to exceed 5 pCi/g 
(0.185 Bq/g), based on dry weight, for radium-226 or radium-228.  

(6) Notwithstanding the limits'specified in paragraph (2) of this subsection, no 
licensee shall cause the concentration of natufal uranium'with rio daughters present,;based on dry 
weight and averaged over any -100 rn2 of area; to exceed the following limits: 

(A) 30 pCi/g (1.11 Bq/g), averaged over the top 15 cm of soil below the 
surface; and 

(B) 150 pCi/g (5.55 Bq/g), average concentration at depths greater than 

15 centimeters below the surface so that no individual member of the public will receive an 
effective dose equivalent in excess of 100 mrem (1 mSv) per year.  

(fff) Exemption of specific wastes.  

(1) A licensee may discard the following licensed material without regard to its 
radioactivity:
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§289.202(fff)(1)(A)

(A) 0.05 microcurie (uCi) (1.85 kilobecquerels (kBq)), or less, of 
hydrogen-3, carbon-14, or iodine-125 per gram of medium used for liquid scintillation counting 
or in vitro clinical or in vitro laboratory testing; and 

(B) 0.05 kuCi (1.85 kBq), or less, of hydrogen-3, carbon-14, or iodine
125, per gram of animal tissue, averaged over the weight of the entire animal.  

(2) A licensee shall not discard tissue in accordance with paragraph (1)(B) of 
this subsection in a manner that would permit its use either as food for humans or as animal feed.  

(3) The licensee shall maintain records in accordance with subsection (tt) of this 
section.  

(4) Any licensee may, upon agency approval of procedures required in 
paragraph (6) of this subsection, discard licensed material included in subsection (ggg)(7) of this 
section, provided that it does not exceed the concentration and total curie limits contained therein, 
in a Type I municipal solid waste site as defined in the Municipal Solid Waste Regulations of the 
authorized regulatory agency (31 Texas AdministratiVeCode Chapter 330), unless such licensed 
material also contains hazardous waste, as defined in Section 3(15) of the Solid Waste Disposal 
Act, Health and Safety Code, Chapter 361. Any licensed material included in subsection (ggg)(7) 
of this section and which is a hazardous waste as defined in the Solid Waste Disposal Act may be 
discarded at a facility authorized to manage hazardous waste by the authorized regulatory agency.  

(5) Each licensee who discards material described in paragraphs (1) or (4) of 
this subsection shall: 

(A) make surveys adequate to assure that the limits of paragraphs (1) or 
(4) of this subsection are not exceeded; and 

(B) remove or otherwise obliterate or obscure all labels, tags, or other 
markings that would indicate that the material or its contents is radioactive.  

(6) Prior to authorizations in accordance with paragraph (4) of this subsection, 
a licensee shall submit procedures to the agency for: 

(A) the physical delivery of the material to the disposal site; 

(B) surveys to be performed for compliance with paragraph (5)(A) of 
this subsection; 

(C) maintaining secure packaging during transportation to the site; and
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§289.202(fff)(6)(D)

(D) maintaining records of any discards made under paragraph (4) of this
subsection.

(7) Nothing in this section relieves the licensee of maintaining records showing 
the receipt, transfer, and discard of such radioactive material as specified in §289.201(d) of this 
title.  

(8) Nothing in this section relieves the licensee from complying with other 
applicable federal, state, and local regulations governing any other toxic or hazardous property 
of these materials.  

(9) Licensed material discarded under this section is exempt from the 
requirements of §289.252(t) of this title.  

(ggg) Appendices.  

(1) Protection factors for respirators. The following table contains protection 
factors for respiratorsa:
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