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Christine Todd Whitman 
GOWrZ7Or 

Department of Environmental Protection Robert C. Shinn, Jr. 
Commissioner 

Ms. Susan Cange, Site Manager 
Former Sites Restoration Division 
United States Department of Energy 
Oak Ridge Operations Office 
P.O. Box 2001 
Oak Ridge, Tennessee 37831-8723 

Dear Ms. Cange: 

Re: New Jersey Sites, Cleanup Criteria, Applicable or Relevant and Appropriate 
Requirements (ARAR’s) 

Please be advised that I am in receipt of your February 1,1996 correspondence and received 
in this office, February 14, 1996. Your letter presents a number of possible interpretations 
of New Jersey statutes and this response will discuss them in the order presented. 
Additionally, I have attached a copy of a February 14, 1995 letter from Assistant 
Commissioner Richard Gimello to the United States Environmental Protection Agency 
(USEPA) Region II Director Kathy Callahan which defines site remediation requirements 
in P.L.1993, c.139 and codified as N.J.S.A. 13:1K-6 et.seq. as well s N.J.S.A. 58:10B-1 et.seo. 
. The responses are as follows: 

1) The New Jersey Department of Environmental Protection identified the 
subject legislation as an ARAR under Section 121(d) of the Comprehensive 
Environmental Response Compensation and Liability Act in a letter dated 
July 6, 1993 to the USEPA. 

2) W ith regard to the placing an “unnecessary burden on many New Jersey 
residents whose property is subject to cleanup under FUSRAP”, the proposed 
NJDEP’s site specific cleanup criteria are premised upon the one in one 
million cancer risk pursuant to N.J.S.A. 58:10B-12d, providing for the health 
and safety of New Jersey residents. This statutory “risk requirement” may 
limit options with regard to site remediation. Nevertheless, and aside from 
the statutory requirements noted above, the cost associated with this level of 
protection versus that relative to the risk range of one in ten thousand to one 
in one million as proposed by the United States Department of Energy 
(USDOE) must be viewed in a framework of protection of human health for 

New Jersey is an Equal Opporfunify Employer 
Recycled Paper 
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-. 
the very residents whose property rights the USDOE is purportedly striving 
to protect. 

- 

3) Pursuant to N.J.S.A. 58:1OB-12, NJDEP must determine cleanup criteria 
on a case by case basis in the absence of adopted minimum remediation 
standards. “The remediation standards must ensure that the potential for 
harm to the public health and safety and to the environment is minimized to 
acceptable levels, taking into consideration the location, the surroundings, the 
intended use of the property, the potential exposure to the discharge and the 
surrounding ambient conditions, whether naturally occurring or man-made.” 
N.J.S.A 58:10B-12(b) and (c) go on to list particular criteria the NJDEP must 
consider in establishing standards. 

- 

- 

4) As the NJDEP has not approved a remedial action work plan or similar 
plan utilizing the USDOE proposed cleanup criteria for the remediation of 
FUSRAP sites in New Jersey, the NJDEP has not in fact “compelled” the 
USDOE to adopt a new or different remediaition standard. The NJDEP 
developed the site specific cleanup criteria in the absence of applicable New 
Jersey State standards as described in item #3 above. These were provided 
to you in our letter of January 25, 195. As these site specific criteria have 
not met with the acceptance of the USDOE, I have enclosed a copy of the 
proposed “Draft Rule” which, when promulgated, would provide New Jersey 
State Cleanup Standards. This generic criteria is to be applied state-wide as 
N.J.A.C. 7:28-12, “Remediation Standards for Radioactive Materials. Pursuant 
to the above discussions, said statute will be considered as an ARAR by the 
State of New Jersey. 

- 

- 

L_ 

_ 
.- 

5) W ith regard to cleanup criteria agreed upon by the USEPA and the 
USDOE, as you are aware, the NJDEP has repeatedly provided cleanup 
criteria that are statutorily mandated for the State of New Jersey. The State 
of New Jersey was not involved in the cleanup criteria dispute resolution 
between the USEPA and USDOE. Consequently, the State of New Jersey is 
not a party to the agreement reached by the agencies relative to cleanup 
criteria. 

‘-- 
6) As noted in item #2 above, New Jersey State statues require soil 
remediation standards that result in a health risk of no greater than one in 
one million. Additionally, subsurface soil cleanup criteria must reflect the 
New Jersey acceptable health risk requirements. 

Based upon the above evaluation the NJDEP can not concur with the USDOE findings. 
However, the NJDEP proposes that the USDOE adopt the conservative assumptions used 
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ENCLOSURE 1 

.- OPPORTUNITIES FOR~PUBLIC COMMENT 
I 

Submit written comments by May lo,1996 to: . 

Bob Stem, Chief 
Bureau of Environmental Radiation - 
CN415 
Trenton, NJ 08625-04 I5 

Public Comments will be heard: 

April 9, 1996 
6:30 pm - 9:OO’pm 
Sommerset County Environmental Education Center 
Basking Ridge, NJ 

and 

April 22, 1996 
I:00 pm - 4:00 pm 
Burlington County College 
Technology & Engineering Center (TEC) 
Mt. Laurel, NJ 

Please call to confirm dates before attending public meetings 
(609) 984-5400 ’ 
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to develop the remedial strategies employed at Lodi during the Phase II remediation which 
included both residential and non-residential properties. 

The NJDEP is committed to protecting the health and safety of the residents of New Jersey 
and their environment. Further, we hope this resolves the issue with the USDOE and 
allows them to fulfill our common goal. Please feel free to call me at (609) 633-1495 should 
you have questions with regard to the above. 

Sincerely, 
/ 

,’ 

-- 

attachments 

c: Angela Carpenter, USEPA 
Bob Stern, ESHAP 

; !& &( -q q-\> 
Nicholas L. Marton, MPH u 
Research Scientist II/Case Manager 
Bureau of Federal Case Management 

RF’CE\PA\RADCRlT.NLM 

- 



L . 

-.- 

\.- 

L 

-. 

L 

ir 

- 

<- 

._- 

-- 

-- 

i- 

c_ 

-- 

-. 

,-. 

t 40232 

._. 
Christine Todd Whitman’ 
Governor - 

Department of Environmental Protection Robert C. Shinn, Jr. 
Commrssioner 

~REilEDIATION STANDARDS FOR RADIOACTIVE MATERIALS 

The Commission on Radiation Protection,.pursuant to its authority to promulgate rules in 
accordance with N.J.S.A. 26:2D et seq:, and to the legislative direction in the Industrial Site 
‘Recovery Act (ISRA), is proposing generic cleanup standards for sites contaminated with 
radioactive materials. 

ISR4 directed-the Department of Environmental Protection to-prepare generic standards for 
hazardous substances, which includes.radionuclides. ,The statute provides two general criteria for 
developing standards. First, to achieve less than a one in a millionlifetime risk and second, so as 
not to exceed’ normal background levels 0f.a contaminant1 Because the risks associated with 
radioactive materials even in their natural state exceed the one in a million criteria, the program has 
.utilized the background concept to develop, the standards described,below. 

.A’ 
The basic radiation dose criterion used in the draft standards is 15 millirems per year 

(mrem/yr). This was derived based on the variation in natural background radiation (exclusive of 
radon) that is expected to consistently occur in New Jersey. A similar criterion of 3 picocuries per 
liter (pCi/L) was derived for radon. 

These radiation dose and radon in air concentrations were translated, through fairly extensive 
pathway analysis into allowed radionuclide in soil concentrations. The results of this analysis UC 
embodied in Tables 1 and 2 of the proposed rule, which present the allowed concentration of the 
radionuclides of greatest interest as a function of the vertical extent of the residual contamination 
This is a technically valid and innovative approach that .permits greater flexibility in meeting the 
‘radiation dose criteria of 15 mremlyr. 

we would apprt$ateyour comments on the enclosed draft rule and the supporting techntcrl 
document b Pathwav Analvsis Anoroach for Determinin? Genetic Cleanup Standards. We bell- 
these standards will pr&k for remedial options that are both protective of the public and cod 
effective. Public comment opportunities are presented in Enclosure 1: If you have any questtom 
please call Bob Stem or Jenny Moon at (609) 984-5400. 
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N.J.A.C:7:28- 72 __ 

Remedia tiol Standards: fbr Radioactive- Materials 

: 

;” * 
/ . 

February,1996 ’ 
‘. 

New Jersey Commission on Radiation Protection 

For informatidn contact: 
New Jersey Department of Environment& Protection 
Bureau of Environmental Radiation 
Bob Stern oi Jenny Moon : 

(809) 9844400 
i .‘. 
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DIVISION OF ENVIRONMENTAL SAFETY, HEALTH, AND ANALYTICAL PROGRAMS 
BUREAU OF ENVIRONMENTAL RADIATPON 

-L : 
Notice of Pre-Proposal 
N.J.A.C. 7:28-12 6, 

jr ,Ramediation Standards for Radioactive. Materials, 

Authorized. By: The Commission on Radiation Protection 
Radiation. - Authority: Protection. Act (N.J.S.A. 26:2D) and 

Industrial Site Recovery Act (N.J.S.A. 58:lOB) ~ 
- -. 

Take ,notice that 'the New Jersey Commission on Radiation 
Protection, pursuant to its authority to promulgate rules in 
accordance with N.J.S.'A. 26:2D et seq., ,is considering proposing . 
remediation standards for radioactive materials. 

- 
Summar+ 

The Environmental Cleanup .Responsibility Act P.L. '1983, c.330 
(N.J.S.A. 13:1X-6 et.seq.) wasamended'by the legislature via bill 
S-1070 in June, 1993. The 'amendments included; among other things, 
changing the name of the act to the llIndus.trial bite Recovery Actn 

- ;-;(ISRA) and directed the Department .to, establish ,generic, soil 
@cleanup criteria' for the remediation of.contaminated 'sites. The 
'criteria for soil standards were to ,be based on 'either: 1) an 
incremental lifetime'risk of cancer of one in onemillion persons 
exposed, or 2) naturally occurring background levels that are 
consistently encountered. Under ISRA, the Department is charged 
with developing .generic soil' cleanup standards for hazardou8 

.- substances, which includes .radionuclides, 
sites can be returned to produc,tive use. 

so that contaminated 

I. The scope of,this.rule extends to: 

(1) any natural,ly occurring radionuclide.whose concentration has 
'-- 

i. 

_- 

--. 

.- 

been enhanced by.man.made physical or chemical processes, 

(2) accelerator produced radionuclides, . . . 

(3) as applicable, relevant, and appropriate,, to any remediation 
involving radioactive materials pursued'under authority of the 
federal Comprehensive .Environmental.Response, Compensation, 
and Liability Act (CERCLA), and ' . 

(4) remediations involving any radioactive materials within or 
outside the boundary of a, federally. owned, operated or 
licensed site when.:the federal government has not assumod 
responsibility for &id remediation. 

:! 
Consequently,, the,'/scope of this rule extends to the 

remediation of sites qbntamin'ated with naturally occurring or 
accelerator produced mqterial and to sites contaminated with -any 
radioactive material to be remediated under CERCLA authorities. 



_. 

General Anwrbach to Standard Setting 
$ qr.9232 .2 

The basis- for, the clean-up standards for radioactive -' 
materials is premised on the amendments to 'P.L.1983, c.330, 
hereafter referred to S-1070, which,were promulgated in June, 1993. 
This law establishes cleanup criteria for contaminated sites in New -- 
Jersey and directed the Department to promulgate generic 
remediation standards that could be consistently applied across the 
State. The intent was to move the Deqartment away from establishing I_ 
cleanup standards on a case by, case basis, while allowing the use- 
of alternative standards for significantly different site 

.circumstances.. L- 
Section 35 d.(l) of S-1070 tasks the Department' with 

establishing remediation standards that will not result in more 
than an additional cancer risk of one in'one million. Since the '-2 
risk associated with naturally, occurring background radiation 
exceeds that number, the Department has lookedto Section 35 g.(4) 
of S-1070 for legislative direction. ..That section states that __ 
'remediation shall not be required beyond the regional natural 
background levels for any particular contaminant. S-1070 further 
defines regional natural.background levels as the concentration of 

"ba contaminant consistently present in the environment of the region -_ 
of the site and which has not been influenced by localized human 
activities. 

-- 
Since naturally occurring concentrations of the radionuclides 

involved here, e.g., uranium, thorium, radium, cause lifetime risks 
substantially greater than 1 in one million, it is not possible to 
use that as a clean-up criteria: therefore, the Department has used ._- 

,natural background as the.remediation criteria for radioactive 
materials. In doing so, it has recognized that background 
radiation varies with time and from place to place, and has -I 
utilized the naturally occurring variability in radiation that 
people encounter in their day to day lives as the radiation dose 
increment to be achieved by a remediation. Further, S-1070 directs - 
that regional natural background should be defined as the levels 
ltconsistentlvtl found in the region of the site. Recognizing the 

_ statistical nature of background radiation, the Department has 
utilized a one-standard deviation, or approximation thereto, as the 

-.I 
measure of the variation that is "consistently" encountered. 

Consequently, the approach taken in this rule is to define the -- 
pne-standard deviation in naturally occurring background radiation 
doses for each of the three major sources of radiation; externaL . 
.gamma radiation, intakes of radionuclides, and inhalation of radon ..+ 
gas. The standard deviations for external gamma and intakes were 
then summed statistically to approximate a one standard deviation 
figure for both pathways.. Radon was kept separate because of its c_ 
unique character. The r.esulting one standard deviation for the-sum 
of the gamma and intake backgrounds is the allowed incremental 
radiation level. follotiing a remediation; and was used as the. 
fundamental criteria for soil standard setting. For radium 226 the - 
one standard deviation radon background concentration variation was 
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also'used as a constraining criteria. To translate those radiation. 
dose criteria into generic soil standards, the Department has made 
extensive calculations of radiation doses to individuals, for both 
unrestricted (residential) -and restricted.(non-residential) use.s, 
as a function of both the vertical extent. of the contaminated 
material: remaining after remediation .(V). .and the residual 
radionuclide in soil concentration in that material'(C). For 
diffuse materials and soils these dose relationships are first 
expressed-as the ratio of the dose received per year divided by the 
activity in the material in picocuries per gram (pCi/g) and termed 
the dose factor. These dose,factors are then divided into the 
allowed background dose criteria to determine .what contamination 
extents and,residual concentrationsare acceptable, as depicted 
below: 

The allowed soil concentration .(C) is: 

C = Background Allowance/Dose Factor; 
: 

where, the dose factor is calculated as a -function of V. For a 
given value-of V; the vertical extent of contamination .remaining, 
the value of C that does not cause any of the background variation 

.gallowances to- be exceeded is then selected as the standard. This ~ 
@method. was used for each '-radionuclide and.-its decay chain. 
z,However,.in order to accountforingrowth of progeny, the doses for 
certain decay. chains 'were combined.' An example of such -a 

.combination is the Ra-226; Pb-210 .decay chain. 

.In establishing these soil remediation standards the 
-*Department had to consider the term "contaminant". as defined in 

Section'23 of S-1070. For the purpose of this rule, 'radiation" is 
.considered the contaminant which must be controlled, and not each 
4ndividual radionuclide. This position is based on the fact that it 
,i.s the collective radiation, not the. individual radionuclide that 
causes the harmful health effect. Additionally, .radihtion from 
different sources may vary in .energy intensity and physical state 
(gamma ray vs. alpha particle), and cause different degrees of harm 
to the body. Only the use.of established measures of radiation 
dose can reduce these differences to a common measure of relevance. 
Furthermore, because "terrestrial" and "in the body" natural 
background radiation is the sum of all available ambient 
radionuclides, and because natural background is the soil 
remediation goal, it is logical to‘establish Yadiation" as the 
contaminant for this application. 

The proposed NJ cleanup standards, herein, establish an 
incremental annual total~effective dose equivalent (TEDE) .of 15 
mrem 'per year from external radiation and 'intake .for both 
unrestricted sites and. restricted sites. For. radon, a 
concentration of 3 picocdries per liter.(pCi/L) above background is 
the proposed standard';:criteria. The allowed generic soil 
radionuciide concentrations derived herein from the dose limits are 
different for each radionuclide because of their differing 
properties. 



The Department's' assumptions, equations, and detailed _ 
methodology in arriving at these generic cleanup standards is -- 
presented in A Pathwav Analvsis APP roach for Determininu Generic 
Cleanuo Standards for Radioactive Materials which is available by 

writing to the address below, by calling, (609) 984-5923, or by 
faxing the request to (609) 633-2210: .-- 

Robert Stern, Ph.D.,'Chief 
Bureau of Environmental Radiation 
CN 415 
Trenton, NJ 08625-0415 

-.. ._ 

The agency's pre-propasal follows: 
-.. 

SUBCHAPTER 12. RBMBDIATIoN STANDARDS FOR RADI~ACTIVE.,MATERIALS 

Legal Authority: Rad.iation Protection Act (N.J.S.A. 
Industrial Site Recovery Act (N.J.S.A. 58.:lOB) 

26:2D), 

,; 
7:28-12.1 

.: ,.i- * /' 
Purpose and Scope I 

The. purpose of this .Subchapter 
'1 

is to. establish minimum 
standards for the remediation of real property'including soils and 
structures contaminated by radioactive materials. .-' 
7:28-12.2 Applicability 

(a) These standards are applicable to: 

-_ 

-_ 

-- 

-.. 

(1) 

(2) 

(3) 

(4) 

re.mediation of contamination of real property by 
any naturally occurring radionuclide whose 
concentration has been 'enhanced by man made 
physical or chemical processes; -_ 

remediation of contamination of real property by 
accelerator produced radionuclides; 

any remediation involving radioactive contamination 
pursued under authority of the federal _* 
Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA), and 

remediations involving any radioactive 
contamination within or outside the boundary of a 
federally owned, operated, or licensed site, when 
the federal government has not assumed 
responsibility for said remediation. 

-.I 

-- 

(b) These.standardT are not applicable to: 
,:' 

(1) materials -containing 
radionuclides 

naturally. occurring 
whose concentrations. have not been 

enhanced by made physical or chemical man 
processes, such as coal or guarry stone. 

-. 
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(2) coal ash that has been or is being: 

(A). disposed of in landfills, or where a signed 
contract exists, for such disposal; 

i . . 
(B) recycled 'into building materials where the 

activity of the r-esulting material is within 
natural background levels for that type of 
material; or 

(C) used - as fill material -prior to the 
promulgation of this rule.. 

Definitions 

"Active engineering controls 1) means any'mechanism to contain L 
or stabilize contamination, or to ensure the effectiveness of a 
remedial action. 
limitation, 

Active engineering controls may .include, without 
'caps,: covers, dikes,. trenches, leachate collection 

systems', signs, fences and Bccesscontrols. x 

Wommitted dose equivalent" means the total dose.equivalent 
<averaged-throughout,any body-tissue in the 50 years after intake of 
a radionuclide into the body. '. L 

i‘ 
tUCommitted effective doseN'eguivalent" means the sum of the 

products of the committed dos,e equivalent multiplied' by the 
appropriate organ or tissue weighting factor in International 
Commission on 'Radiological Protection (ICRP) Publication 26, or 
subsequent revisions thereto. 

"Deep-Dose Equivalent", applied to- external whole-body 
;exposure, is the dose equivalent at a tissue depth of 1 centimeter. 

"Design features" means those features of a retiediation that 
do not. rely on additional expenditures after installation. to 
achieve their intended purpose. 

"Dose Equivalent" 
quality factor, 

means the product of the'absorbed dose, the 
and'any other modifying .factors. 

I'Institutional control" means a mechanism used,to limit human 
activities at or near a contaminated site, or' to ensure the 
effectiveness of the remedial action over time, when contaminants 
remain at a contaminated site in levels or cdncentirations above the 
applicable remediation standard that would allow unrestricted uso 
of that property. Institutional 'controls may include, without 
limitation, structure, land; and natural resource use restrictions, 
well restriction areas, ,and deed restrictions. : ! 

"Intake dose" mean&the annual radiation dose to a person. from 
'all potential 'intake ,pathways (exclusive of radon inhalation) 
including the ingestion of water, direct ingestion of soil;intake 
of foods, and the inhalation of resuspended particulate matter (In 
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committed effective dose equivalent). 

llNaturalbackgroundvariationlW means the naturally experienced 
variations in radiation dose from mean levels that are commonly and 
consistently experienced by persons in the state. ._ 

l*Natural Background Radionuclide Concentration". means the 
value of a particular radionuclide concentration in soils measured 
in areas in the vicinity of the site, not more th.an one mile from 
the site boundary‘ in an area. that has not been influenced by 
localized human activities, including the site's prior or current 
operations. 

"Radioactive contamination".means the presence of one or more 
radionuclides in matter -at. concentration levels above natural 
background.;radionuclide concentrations.' -. 

"Radionuclide" means a 'type of.atom that spontaneously under 
goes radioactive decay. .,,' , ' 

"Responsible Party" includes any person who executes or is 
.otherwise subject to an oversight document, and any person who is 
'performing the remediation, for example; _ a contractor or 
consultant, and any person who has control over the person who is 
performing the remediation, including, without limitation, an owner 
or operator who is subject to the Industrial Site Recovery Act. 

"Restricted use" means all site uses other than unrestricted 
use. 

"Total Effective Dose Equivalent" 
dose 

means the sum of the deep- 
equivalent (for external exposures) and the committed 

effective dose equivalent (for internal exposures). 
i W8Unrestricted use" 'means those lands where the existing 
buildings and/or other structures are used or are intended to be 
used as domiciles, 
humans, 

residences or other forms of habitation by 
and/or lands zoned for such uses. For the purpose of this 

rule, schools, daycare centers, nursing homes, family farms, and 
other similar uses are considered unrestricted uses. Also, the 
land on which buildings or other structures are converted from 
restricted to unrestricted use shall be considered unrestricted and 
shall comply with unrestricted use soil standards.' 

18Vertical~,extentt8 means the average depth, measured in feet, 
of the post-remediation radioactive contamination over an affected 
area not 'to exceed 50,000 square feet: The depth of the 
contamination within the area to be averaged must not differ by 
more than a factor of 3.; 

:' 

-. 

-_ 

-.. 

-. 
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7:28-12.4 General Requirements 

(a) Any site remediation undertaken pursuant to this section 
'shall- be conducted, as appropriate, in accordance with the 
reg-uirements of: 

(1) N.J.A.C,-7:26E-1.1 et-ses., Technical Requirements 
.for Site Remediation ', 

(2) N.,J;A.C. 7:26-9.10, 
facility closure and, - .. 

Financial requirements for -_ 

(3) :N.J.A.C 7:26-9.12, Financidl'~reguirements~ for 
facility post-closure:ca,re. " / 

(b) Compliance with-this-section shall not relieve any person 
from complying with more stringent cleanup standards or' provisions 
imposed by any other, applicable statute:or regulation. 

. . : ,?' 
'..7:28-12.5 sampling,'Su~eying &d.Laborat,ory Requirements 

? ,; (a) . . In'addition to the requirements in N.J.A.C. 7:263-2.1 a 
g sea. ::Quality Assurance for Sampling and Laboratory Analysis" and 
z -Appendix A of ,N.J.A.C,. 7:263-1,l et seq., 

Deliverables Format*:i 
llLaboratory, Data 

'for, .radionucz.des; analytical 
'; contained in the following publications, 

methods 
or equivalents.as approved 

by the ,Department, shall. be used for determining radionuclide 
concentrations and/or radiation levels: 

- 
(1) U;S. Environmental. Protection Agency; "Prescribed 

Procedures for Measurement of Radioactivity in Drinking Water", EPA 
600/4-80-32: 0. 

(2) U.S. Department of Energy; "Environmental 
Measurements Laboratory - Procedures Manual':, HASL-300, 27th Ed., 
Vol. 1. . 

(3) Eastern 'Environmental Radiation 
"Radiochemistry Procedures Manual", EPA 520/5-84-006.' 

Facility: 

(b) Any laboratory providing radiological analysis for soil 
must have participated in and passed a, soil intercomparison 
analysis administered by either the International Atomic Energy 
Agency or the U.S. Department of Energy's Environmental 

.Measurements Laboratory within the year preceding the radiological 
analysis. 

I 
7:28-12.6 Prelimixiary Assessment and Site Investigation 

Preliminary Assess&nt.and Site Investigations for all sitea 
contaminated with radioactive materials shall be conducted in 
accordance with the relevant portions of N.J.A.C. 7:263, Subchaptei 
3,, including any subsequent revisions thereto. 



7:28-12.7 Remedial Ihvestigations 

-. Remedial Investigations for all sites contaminated with 
radioactive materials shall be conducted in accordance with the 
relevant portions of N.J.A.C. 7:26E, Subchapter 4, and 
subsequent 'revisions thereto. 

any _ . 

7:28-12.8 Remedial.Alternative Analysis 

Remedial Alternative-Analyses for all Sites contaminated with 
radioactive material shall be in accordance -with the relevant 
portions of N.J.A.C. 7:263, Subchapter 5, and any subsequent 
revisions thereto. 

7:28-12.9 Remediai Action Requirements 

'The Remedial Action Requirements for all Sites contaminated 
with radioactive material shall be in accordance with N.J.A.C. 
7:263, Subchapter 6, and any subsequent revisi,ons thereto. 

7:28-12.10 Radiation Dose Standards Applicable to Remediation 
of- Radioactive Contamination 'of All Real Property. 

Sites shall be remediated so that the radiation dose to any 
person, under either an unrestricted or a restricted scenario, from 
any residual radioactive contamination at the site will be less 
than natural background variations, as specified below: 

(a) For the sum of annual external gamma radiation dose (in 
millirems (mrem) per year .effective dose equivalent) and intake 
dose (in mrem per year committed effective dose equivalent): 15 
mrem per year total effective dose equivalent. 

(b) For radon inhalation: the committed effective dose 
equivalent received from inhalation of air containing 3 picocuries 
per liter (pCi/L) of radon gas. 

(c) Site remediations shall not result in exceedances of the 
New 'Jersey Groundwater Quality Standards in N.J.A.C. 7:9-6.1 et 
seq. 

7:28-12.11 Generia Remediation .standards for Radionuclido 
Contamination of Soil. 

For radioactive contamination in soils, the requirements of 
N.J.A.C. 7:28-10 shall be considered to be met for a specific 
radionuclide if: 

(a) the concentration of the radionuclide does not exceed 
the value in Table.1 or,2 below for the intended use: 
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Elementlsl 

Table 1: Allowed Concentration (C) of Individual Radionuclides in 
Soils (pCi/q); Unrestricted Use' + 

Vertical Extent (V. in feet) 
<1 .2 '3 4 5 6 7 9 

., 
65 44 27 . 21 14 12 '10 8 

625 340 231 .- 2.31 231 224 224 224 

U-238 234,0r 
235J2' 

Th-230 

Ra226 3 '3 2.8 2 :8 2.6 2.6 1.9 .1.9 
Th232 6.,8 4.0 3.i' 3.1 2.5 .' 2..1 1.7 1.7 
Pa-231 4‘.2 '. 2,.6 2.1 2'.1 2.1 2.1 2.0 2.0 

,.’ 

Tabi'e ii 
. 

Allowed Concentration (C)-of Individbal Radionuclides in 
Soils '(pCi/g) i. Restricted Use' !$ 

,. 
. . ;. : 

"Element(s) <1 w 2 

U-238,239,or 250 135 
235 

"Ra226 
4 

Th232 

9 9 

Go ‘,_ 25' 

Pa-231 50 26 

Vertical Extent IV in feet) 
3' 4 5 -. 6 7 

83 60 50 38 .-38 30 

9 9 9 9 9 

17 11 10 8 6 

19 19 19' 17 14 

9. 

9 

6 

11 

1' 
The allowed Increamtal Cwantrationo frm Table 1 or 2 are addad to the natural backgrard 

radionuclidqconc&ntration toobtainthc absolute valueof the allowad radiowclide concantraticnfollwing sitr 
padiation. 

These concentrations may be limited by chemical toxicity. 
Rmadiatfon for~chemfcaL standards for uriniun. 

Applicants shwld inqire with Slta 

;and, 

(b) a clean soil cover at least two feet deep, with the upper 
6 inches consisting of top soil, 
area,, and 

is placed ,over the remediated 

: : 
/ i 
,:’ 

/ 



(cl where more than one radionuclide remains at - 
their concentrations meet a sum of fractions constraint as 
described below: 

Sum of CA, 5 1' 
(7 

where: ._ 

CA, = the' concentration of radionuclide i at the site, 
and 

ci= the allowed concentration of radionuclide i from 
Table 1 or 2, if it were 
radionuclide at the site. 

the' a remaining 

7:28-12.12 Alternative Cleanup Standards For Radioactive 
Contamination 1 \ 

(a) In lieu of using the'generic remediation standards for 
;r.adionuclide contamination of soil found at N.J.A‘.C. 7:28-12~11; a 
person may petition the Department for an alternative soil standard 
for radioactive contamination. Such an alternate soil standard: 

(11 
total 

shall not result in doses exceeding 15 mrem per year 
effective dose equivalent: and 

(2) shall not result in doses exceeding, for radon gas, 
.the dose from 3 pCi/L of radon in indoor air in the lowest level of 
the building; and 

(3) shall not result in radionuclide in groundwater 
levels exceeding those in the New Jersey Groundwater Quality 
Standards in N.J.A.C. 7:9-6.1 et.seu. . 

(b) The Department will not consider petitions for an 
alternative soil standard for radionuclides that is supported by 
varying, in any manner, the following parameters used by the 
Department in establishing the generic soil standards as described 

' in the technical document A Pathwa V Analvsis ADDroach fQg 
Determininu Generic Cleanun Standards for Radioactive Material%: 

(1) Dose conversion factors 
(2). Breathing, soil ingestion, 

water consumption rates 
vegetation uptake and 

(3) Indoor. and outdoor 'occupancy times 
(4) Exposure duration times 
(5) .Vegetation uptake factors 
(6) Building and other shielding factors 
(7) Background dose values, and for background 

radon, concentration in air values 

-- 
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(cl The Department will consider petitions in cases where 
site specific or waste specific factors, and/or site 'design 
features are used in performing the dose assessment, and which are 
different than those used by the Department in establishing the 
so,'il concentrations in N .J.A.C. ?i28-12.11. Factors which the 
Department will consider in such a petition for an alternate soil 
standard include, but are not lim ited to: 

(1) The chemical or physical state of the radioactive 
material; 

._ 
(2) Site specific-.. soil characteristics; depth to 

groundwater' and other geological. and/or hydrogeological 
characteristics which .may substantially change the potential dose 
from  radionuclides, as compared to the dose estimates contained in 
A  Pathwav Analvsis ADoroach for Determininu Generic Cleanuo 
Standards for Radioactive Materials.' _, 

. (3) Use of caps, 
lim its ,on 

covers, sealants,geotextile membranes, 
the vertical extent of.contamination remqining. on site 

,and/or other engineering or'- institutional controls that reduces 
.potential exposures to radioactive materials. , 

g (d) The petition for an alternate soil standard shall include 
:,'an analysis demonstrating h,ow and why the difference in factors 
t;such as those in (c) ,abdve, as compared to those used by the 

,Department in A  Pathwav Analvsis AnDroach. for Detenninin 
Cleanup Standards for Radioactive Materials will 

WC 
result in 

substantially different soil standards than those in N .J.A.C. 7:28- 
.,12.11. For the purpose of this subchapter, substantially different 

soil standards means a change df 50% ok more in the allowed soil 
concentration of the radionuclide or radionuclides in question. 

(e) If the petitioner fails in the opinion of the Department 
to demonstrate that the resultant soil standard will differ from  
the established. soil standard in N .J.A.C. 7:28-12.11 by 50% or 

. greater, the Department shall not consider the request. 

(f) Regardless of the factors used by the petitioner, the 
Department shall not approve proposals where the resultant 
alternate soil radionuclide'concentration exceeds those in N .J.A.C. 
7:28-12.11 by 10 times,. 1 

(9) In the event the Department determines that sufficient 
evidence exists to support'consideration of an alternative soil 
standard, the petitioner shall.submit an analysis to demonstrate 
compliance with the dose lim its in N .J.A.C. 7:28-12 including: 

(1) The remedial action informational requirements of 
N .J.A.C. 7:263 Subchapter 6, and 

: 
(2) A  dose assessment analysis, including: 

i 
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(A) An estimate of the radiation doses received by. 
a post-remediation on-site resident for a unrestricted use - 
scenario, and by an employee for a restricted use scenario; 

-. 

(B) A presentation of all -equations or other 
mathematical techniques used, either directly or embodied in a -.' 
computer model, to predict the movement of .radionuclides and/or 
their resulting radiation dose; 

. ../ 
((3 Groundwater radibnuclide concentration 

calculations which shall be- extended.for a period of 1000 years.. 

(D), ..A PreSentatiOn Of -ail -numerical input -" 
parameters to equations or computer models, the range of values for 
those parameters,. including reference sources, the value selected 
for use and the basis for that selection. Any input parameters used' .-.s 
shall consider.those used by the‘USEPA in its CERCU documen.ts such 
as.the Human Health Evaluation Manual and document the results of 
that consideration. 2 /" _I , 

(E) A presentat,ion'of other relevant factors and 
assumptions used in the analyses, such as site-specific geology, 
land use, etc.; . ..- 

(F) An analysis of which input parameters, when 
varied, would most significantly affect radiation dose results, -- 
commonly referred to as a sensitivity analysis; and 

(G) An analysis of both continued use of existing -_ 
structures and future use scenarios. Future. use scenarios shall 
include, at a minimum, the construction of buildings for either 
unrestricted or restricted use, including excavations for basements 
and/or footings‘. ..- 

(h) Active engineering controls or institutional controls may 
be incorporated as -part of the petition for an alternative. -+ 
remediation standard provided that these controls will be durable 
and implemented for sufficiently long periods of time to achieve 
their intended purpose. I 

(i) For the purpose of this subchapter, a sufficiently lorq 
period of time means for the length of time required for c?.e 
radionuclides tc decay 10 half-lives, but not to exceed 100 years. -- 

(j) Computer models acceptable to the Department may be u?ed .-- 
by the petitioner for an alternative soil standard to,confirm that 
the requirements of N.J.A.C. 7:28-12:ll have been and will continue 
to be met. .’ 

-_ 
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. " 7:28-12.13 Requirements Pertaining to Active Engineering or 

Institutional Controls 

(a) All remediation proposals shall designate the intended 
use(s) of the'prdperty. Such uses,shall be consistent with current 
local zoning designations. 'For sites not' remedia.ted to the 
unrestricted standards in N.'J.A.C. 7:28-12.11, the Department shall 
define the nature-and duration of all appropriate engineering or 
institutional controls.necessary to meet the standards in N.J.A.C. 
7:28-12.11 or N.J.A.C. 7:2842.12(a). -. 

(b) \ ,. Engineering controls,may be either active or passive. 

(cj .Engineerinq controls may include covers or 6ther.barriers 
restricting or reducing radionuclide .releases, and/or migration 
off-site. ' 

(d) Institutional controls may include‘site use restrictions, 
site access. controls, and well. restriction ar'eas, and shall.be 
implemented in accordance with N.J.S.A. 58:1QD-13. 

.(e) For any remediation under this su'bchapter requiring 
act.ive engineerihg controls or institutional, controls to meet the 
standards in N.J.A.C. 7:28-12.11 or N.J.A.C. 7:28-12.12(a), the 
responsible party, in addition to meeting the provisions of 
N.J.S.A. 58:108-13 shall: 

(11 implement all the necessary actions, as determined 
by the Department, to assure that such active engineering or 
institutional controls are being implemented and maintained for a 
sufficiently long period of time. 

(2) establish a post-remediation funding source in 
accordance with paragraph 12,13(e)3 to reimburse the State for 
costs incurred by the State in the performance of inspections of 
the site at 5 year intervals for the purpose of assuring that the 
requisite land .uses and/or active engineered, or institutional 
controls are being maintained in a.manner that results in meeting 
their intended health and safety protection purposes. 

(3) as part of the establishment of the remediation 
funding sqqrce, provide for sufficient financial assurance, ,as 
determined by the Department, to defray the costs of implementing 
and maintaining the requisite active engineered, or institutional 
controls, including the State costs associated with paragraphs 
12.13(e)2 for a sufficiently long period of time. Such financial 
assurance shall be in the form of fundstplaced into an'accollnt 
segregated from the person's assets and outside .the person's 
administrative control,,'and employ a surety bond, performance bond. 
letter of credit, self bonding, or fully funded trust fund per. 
~~.J.A.c. 7326%6.1 et; seq., an environ!Dental insurance policy, a 
self-guarantee, or other mechanism approved by the Department. 



(f) Any subsequent proposed use of a property that is -_i 
different from the intended use described in the original 
remediation proposal, other than unrestricted use, shall require a 
review and approval by the Department. To initiate that review, the " . 
property owner proposing such use shall: h., 

(1) prepare and submit to the Department. and the 
affected municipality(ies) a brief description of the new proposed -A 
use as compared to the intended use upon tihich the original 
rcmediation was based including all planned soil excavations, and 
any additional remedial-actions to be implemented. .d . . 

(2) if the Department determines that the proposed new 
Use may cause the pose limitations of, N.J.A.C. 7:28-12.10 to be. 
exceeded, the owners sha-11 be required to: n 

(A)~ .prepare and submit to the Department a dose 
assessment analyses, containing the information required under --.I 
N.J.A.C. 7:28-12.!2(9)(2), 12(h), 12(i), and iZ(j), to ascertain 
whether the dose limitation requirements of,, N.JiA.C. 7:28-12.10 
wily be met for the proposed new use. ;,' * -- 

(B) in preparing the dose assessment analyses, the 
person may .incorporate. into the-new use plan;new remedial measures 
such as different radionucl'ide in soil concentrations, or -- 
contamination vertical extents, and/or new engineering or 
institutional controls,. prov'ided that for active engineering, or 
institutional controls, financial assurance is provided for per -- 
Paragraph 13,13(e)(3). 

(3) within 15 calendar days of a change in land use, the __ 
owner or successor of the land must notify all interested parties 
and agencies, including the Bureau of Environmental Radiation, of 
such change and the reason for the change in USei .- 
7:28-12.14 Requirements Pertaining to .the Final Status SurJey 

(a) The final.status survey and the interpretation of survey bd 
results shall be in accordance with the Nuclear Regulatory 
Commission's NUREG/CR-5849 ORAU-92/C57 Manual for Conducting 
padi'oloqical Surveys in>upport of License Termination and any 
subsequent revisions thereto. 

(b) The requirements of N.J.A.C. 7:28-12.14(a) may tu 
modified Upon written approval of the Department. v... 

_ i 
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1140232 ERRATA 

. 

page 3-6: Replace equafions for D, for Slab on Grade as follows: 

Residential Slab on Grade Excavation 
- 

D, = C x DCF s 350/365 x 16.4/24 x .3 x .l<r .54 x 1 = .0106C x DCF 

Non-Residential Slab on Grade : ” 

pu =.C x DCF x 2$0/365 x 7/24 z .3.x .l x  .6 x 1 = .0036C x DCF 
..” 
’ ‘. 

: Add to List of Preparers . 

Herbert Roy _. Reseaich Scientist ‘1 
g; . 

; _ 
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_ _ chapter 1 
c- ,'-', INTRODUCTION,AND EXECUTIVE SUMMARY 

1.1 BACKGROUND _. 
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The Radiation Protection Adt df 1958 , N.J.S.A. 26:2D-1 et 
seq.,; regulates the possession, handling,, disposal,' 
transportation and use‘-of sources of radiation within the State 
of New.Jersey. Pursuant-to the Act; New Jersey's Radiological 
Health' Program, now known as'the Radiation Protection-Program 

.' (the t'programVV)! was-established in .the Department ,of 
,.Environmental Protection (the ltdepartmentlt)i~ The Act also . 
created the Commission on.Radiatibn Protection IllCORP1'.) and 
,vested in that,body the authority to' promulgate'rules and 
regulations, as may be necessary to*prohibit andprevent 
unnecessary radiation. Additionally,.,the Act empowers the 
+department,to administer the rules promulgated by.CORP. 

(_ In-addition, ,the Environmental Cleanup- Responsibil,ity 
.P.,L. 1983, c:.3,30 (N.J.S.A. 13: lK-6 et seq.):,+wag amended by 
legislature via bill. S-1070 in June; 1993. Ihe'amendments 

1.. included,L.among,other th.ings, changing the-name of the act 
@lIndustrial Site Recovery Act** '(ISRA) and established soil -. . . 

Act 
the 

to the 

' cleanup:.criteria for the remed%ation of contaminated sites. The 
criteria for soil standards are either: 1) an incremental 
l'ifetime risk of cancer of one .in one million persons exposed, or 
2) where naturally occurring levels of a contaminant exist at 

* levels that result in incremental lifetime cancer.risks greater 
than one in one million, a return of.the site to regional 

s background'levels. Under'ISRA, the department is charged to 
$5 develop,generic soil cleanup standards for hazardous.substances, 
1' which includes radionuclides, so that contaminated sites can be 

returned.to productive use. 

The department has become aware of certain industries which 
are accumulating or have accumulated large volumes of radioactive 
waste.on their facility grounds. While the wastes normally 
involve low to moderate concentrations of radioactivity: the 
contamination often extends to tens to hundreds of thousands of 
cubic yards of material. The industries generating such wastes 

'are not primarily involved in working with radioactive materials, 
but rather' the residue from various industrial processes contains 

:.naturally occurring radionuclides which become concentrated in 
the waste as a result of processing. 

Because of the large volumes involved, there is'significant 
risk to any'persons who:'might construct residences or other 
buildings, or otherwise make use of land containing these.wastes. 
If such sites.tiere not remediated, these risks could readily 
exceed a lifetime fatal cancer rate of one in a thousand for 

.t, l-l 



concentrations frequently encountered at these sites. 
radium is present - 

Where 

even higher; 
the precursor to radon gas - the risks can be 

on the order of 1 in one hundred, or greater. Such 
risks substantially exceed the 1 in one million criteria of ISRA, 
described above. 
must be 

Consequently sites containing such materials 
remediated before they can be-returned to productive use. 

Unfortunately, again because of the large volumes involved, 
.such remediation may not be easy to accomplish. While there is a 
commercial facility in Utah that accepts such materials, the cost 
of excavating, transporting, and disposing of substantial volumes 
of material there may..be prohibitive. In this rule development, 
the department has been cognizant of such costs, arid hassought 
to .create opportunities for less costly remediation, while still 
maintaining the health and safety protection mandated under ISRA 
and the Radiation Protection Act. .A. 

1.2 SCOPE 
i 

Radioactive materials ,are generally divided into two ' 
classes: naturally occurring and accelerator-prpduced radioactive 
materials(NARM) regulated by the State, and source, by-product,. 

-and special nuclear materials regulated under-the federal Atomic 
,Energy Act (AEA). One subset of NARM, called naturally occurring 
radioactive material (NORMj wastes, 
diffuse form; i.e. 

tend to be accumulated in 
in .large volumes having relatively low 

concentrations of radioactivity. 

The radioactive materials regulated under the AEA, are under 
the jurisdiction of the federal Environmental Protection Agency 
(EPA), the Nuclear Regulatory Commission (NRC) or the Department 

:of Energy (DOE). These are source, 
,materials. 

special nuclear and by-product 
For example, pursuant to the AEA, the NRC regulates 

the private use of @'source material" which is defined at 10. 
C.F.R. 20.3(15) as "uranium or thorium, or any combination 
thereof, in any physical or chemical form; or ores which contain 
by weight-one-twentieth of one percent (0.05%) or more of (a) 
uranium, (b) thorium or (c) any combination thereof". The .05% 
concentration isequivalent to about 168 picocuries per gram 
(pCi/g) of uranium and 54 pCi/g for thorium. NRC also .regulates 
'Iby-product material", which is defined at 10 C;F.R. 30.4 as "any 
radioactive material which (except special nuclear material) is 
yielded in or made radioactive by exposure to the radiation 
incident to the.process of producing or utilizing special nuclear 
material". The final area of NRC or DOE jurisdiction is "special" 
nuclear material which is defined at 10 C.F.R. 70 as 
uranium 233, 

"plutonium,, 
uranium enriched in the isotope 233 or the isotope 

235, and any other material which the NRC, determines to be 
special nuclear material. 

Similarly the DOE regulates source, byproduct, and specia: 
nuclear materials for defense and nuclear research and 
development purposes. Also under the AEA (42 USC 2201/AEA 161: 
42 USC 2021/AEA 274 and Reorganization Plan 3), EPA is authorized 
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to develop federal guidance 'and regulations to protect public 
health and the environment from the e ffects o f radiation. 

The State is generally.preempted from regulation o f 
materials under,AEA jurisdiction. However, some sites containing 
source, byproduct, or special nuclear materials requiring 
remediation are also under the scope and procedures o f CERCLA; 
the Comprehensive, Environmental Response, Compensation, and 
Liability Act. CERCLA authorizes the President to.take response 
action whenever there is a  lelease or threat o f a  release of' 
hazardous substances, wh ich includes radionuclides.. CERCLA also 

: provides for.the,incorporation into the response action o f State 
standards that,,are, applicable,, relevant, and appropriate (ARAR) 
to the‘ situation. Because these standards herein are state-wide 
standards .based onradiation dose criteria,,which are a  common 
denominator o f- health impact; regardless o f -the, radionuclide 
involved, 'the department,believes that these,standards 
constitute an.ARAR pursuant to 40 CFR 300,: Subpart E 
-(n300.400(g))~'~and are therefore aPplicable‘toany site being 

“:remediated,under,CERCLA authority'- includinglclean.ups o f 
federal faciiities 'pursuant to Section liO*of yhe Superfund ' 

- .Amendments.ahd, Reauthorization Act o f 1986. Th is is true. 
i..' regardless,of whether the radionuclide ' involved.isNARM or 

source, byproduct, or special nuclear-material. \ .,I 
In addition, there have been situations where the federal 

government has not assumed responsibility for c leanups of AEA 
, materials,or materials deriving their radioactivity from AEA. 
; These situations include cleanups involving AEA materials 

deposited beyond the fenceline o f a  NRC licensed .facility and 
-cleanups of'materials involving former source material 

k radionuclides whose concentrations have been diluted below the 
I< .05% threshold. Pending any change in federal interpretation o f 

-. its legal responsibility, the State, 
*health and safety protection, 

in the interest o f public 
w ill apply these standards to any 

-,cleanup involving any radionuclide/materialsfor wh ich the federal 
government denies responsibility. .- 

(1) 

(2) 

(3) 

(4) 

'Therefore, the scope of this rule extends to: 

any.naturally occurring radionuciide whose concentration has 
been enhanced by man made physical or.chemical processes, 

accelerator produced radionuclides, 

'as applicable, relevant, and appropriate, to any remediation 
involving radjoactive.materials pursued under authority o f 
the federal Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), and ;.' 
remediations invol'ving any radioactive materials w ithin o" 
outside the bound&y of a  federally owned, operated or 
l icensed site when the federal government has not assumed 
responsibility for said remediation. 
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Conseguently, the scope of this rule extends to the 
remediation of sites contaminated with NARM material and to sites 

. 

contaminated with any radioactive material to be remediated under C... 
CERCLA authorities. 

Pursuant to its authorities, the-NRC is developing standards 
governing the decontamination and decommissioning of its licensed 
facilities. Pursuant to its authorities under the AEA and its 
delegated'authorities Under'CERCLA, the EPA is developing 
regulations that will set-forth reguiremen'ts for cleanup 1evel.s 
for sites contaminated with radionuclides. These regulations 
will be designed'to protect human health and the environment from 
exposure to ionizing radiation, and will be applicable to all 
sites under the authority of the Comprehensive Environmdntal 
Response, ,Compensation and Liability Act (i.e., Superfund sites), 
including but not-limited to Federal facilities. . %- 

Because the department regards these 'standards as an ARAR 
for Superfund sites, 

' 
and because at other sites AEA materials may 

involve the same elements as NARM materials and may be' -- 
- 

intermingled with NARM, the department has worked closely with 
EPA and NRC to provide for reasonable compatibility between the 
various standards. s-. 

1.3 COMPLIANCE.WITH NEW JERSEY/P.L. 1995, c.65 and EXECUTIVE 
ORDER NUMBER 27 -... 

P.L. 1995, c.65 and Executive Order No. 27 (1994), require 
that administrative agencies adopting, readopting or amending 
state regulations *I . ..under the authority of or in order to -. 
implement, comply with, or participate in any program established 
under federal law or under a state statute that incorporates or 
refers to federal law, federal standards or federal requirements" GC 
include: I'... a statement as to whether the rule or regulation in 
question contains any standards or requirements which exceed the 
standards or requirements imposed by federal law. Such statement _I 
shall include a discussion of the policy ,reasons and a cost- 
benefit analysis that supports the agency's decision to impose 
the standards or requirements and also supports the fact that the 
state standard or requirement to be imposed is achievable under .- 
current technology, not withstanding the federal government's 
determination that lesser standards or requirements are 
appr0priate.l' VI 

As discussed above, two federal agencies, the NRC and EPA, 
are currently developing cleanup standards for sites contaminated 
with radioactive materials under their jurisdiction. The NRC is 
responsible for all radioactive materials governed by the Atomic 
Energy Act (AEA), i.e source, 
material. 

byproduct and spec-ial nuclear 
The NRC does,not license naturally occurring 

radioactive materials unless it reaches "source material" 
concentrations. The NRC regulation will establish cleanup 
standards for the decommissioning and decontaminationof lands 
and facilities under NRC license. The NRC has proposed a 15 mrem 
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_ - annual total effective dose equivalent (TEDE) for release of a 
site,. with the As Low As Reasonably Achievable (ALARA) principle 
'invoked where appropriate which could reduce the annual TEDE even 
further. The standards proposed herein apply to different 
radioactive materials than those regulated by the NRC and thus 
are not imposed by federal law or under state statute referring 
to federal law. Therefore, a comparison with the NRC standard is 
not legally required. Nevertheless, it should be noted that the 
primary remediation criteria herein,is also 15 millirem (mrem) 
per year, and is thus identical with the NRC proposal. . . 

The- EPA'has.jurisdiction over any radioactive.materials ., 
being 'addressed under-the.Comprehensive Enviro,nmental Response, 
Compensation and Liability Act (CERCLA). Because the Department 
is proposing that these standards be an ARAR standard under '. 
CERCLA requirements, a comparison with EPA.e,fforts,is-., 
appropriate. An EPA draft of,.its rule, dated May 11, 1994, 
included an incremental 15 mrem annual TEDE.as' it's primary iimit 
for remediations. The EPA also limits.r&idual soil .radionucli.de . 

>condentrations: so that the dose from drinking;groundwater does 
'not'exceed the-standards in 40CFR Part 141,the, National Primary 

, 

Drinking Water Regulations. 
i?‘ 

The proposed NJ cleanup'standards,' herein, also establish an 
': incremental annual total effective dose equivalent TEDE of 15 *. 

mrem from external radiation and intake for both residential 
.: sites and non-residential sites. For radon, a concentration of 3 

pCi/l above background is the proposed.standard. The allowed 
generic soil radionuclide concentrations derived herein as 
required by ISRAfrom the dose limits are different for each 
radionuclide because of their differing properties. These 

i. concentrations presented herein cannot be compared to EPA soil 
. concentration. numbers because EPA. is leaving that analysis to 

case-by-case site review. 

As.proposed, these-cleanup standards meet the requirements 
legislated in S-iO70, and the primary cleanup criteria of 15 mrem 
per year is consistent with developing federal regulations. 
These standards will also allow remedial options that.may reduce 
the financial-impacts associated with site cleanup. The 
standards provide a clear target to assist responsible parties in 
their planning efforts, and allow for an expedited review by the 
department thus conserving department resources. The proposed 
standards are protective of public health and safety, are 

.consistent with developing federal initiatives, are a cost 
' effective approach for departmental oversight, and,will likely 

result in less expensive ,remediations. 

Furthermore, the proposed regulation requires certain 
financial assurance ins,truments to ensure that sufficient funds 
are available to complete the remediation. Also, the propose3 
cleanup standards cons'ider,the National Primary Drinking Water 
regulations when establishing residual soil radionuclide 
concentrations. The financial assurance requirements and 
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groundwater.:,standards are, to date, consistent with the 
developing federal regulations discussed above. 

The proposed soil standards facilitate compliance by ’ 
increasing the likelihood that remediations are technically and 
financially feasible.. This results because the rule allows the 

-- 

-.,- 
responsible party latitude, depending on site characteristics 
contaminant concentrations, in selecting remedies for meeting 
incremental 15 mrem standard. Examples are: 1) rather than 
removing all contaminated-soil to an authorized disposal 
facility, the allowed dose may be attainable by removing part 
the'contamination and placing clean cover material over-the 

and 
the -i 

of 
-I 

residual contamination; 2).dispersing contaminated soil(provided 
the soil was, contaminated with naturally occurring radionuclides) 
over,uncontaminated portions of.the site, or 3) removing the most 
contaminated soil.and- covering,- or dispersing, the remainder. 
Such.options encourage reme.diation.by reducing the overall costs 
while maintainin,g public health and safety to within the-,limits 
imposed by' S-1070'. Depending on the radionuclide involved, the 
initial concentrati.on of the contaminated soil' and its vertical I. extent, cost.savings on the order of up to 70% relative to the 

.cost of full removal and off-site disposal may be realized if 
.,these options-are implemented. 

_- 

-- 

1.4 GENERAL APPROACH. TO STANDARD SETTING -- 

The basis for-the clean-up standards for radioactive 
materials is premised on the amendments to P.L.1983, c.330, 
hereafter referred to S-1070, which were promulgated in June, 
1993. This law establishes cleanup criteria for contaminated 

*sites in New Jersey and directed the department to promulgate 
generic remediation standards that could be consistently applied 
across the State. The intent was to move the department away from 
establishing cleanup. standards on a case by case basis, while ' 
allowing the use of alternative standards for significantly 
different site circumstances. 

-- 

_- 

Section 35 d.(l) of S-1070 tasks the Department with 
establishing remediation standards that will not result in more 

.__ 
than an additional cancer risk of one in one million. Since the 
risk associated with naturally occurring background radiation 
exceeds that number, the department has looked to Section 35 LI 
g.(4) of S-1070 for legislative direction. That section states. 

.that remediation shall not be required beyond the regional 
natural background.levels for any particular contaminant. s-1070 -' 
further defines regional natural background- levels as the 
concentration of .a contaminant consistently present in'the 
environment oi.the region: of the site and which has not been 
influenced by localizedfhuman activities. 

i.+ 
i . 

Since. naturally occurring concentrations of the 
radionuclides involved here, e.g., uranium, thorium, radium, 
cause lifetime risks substantially greater than 1 in a million, 

-_ 
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it is not possible to.use that as a clean-up criteria; therefore, 
the department has'used natural background as the remediation 
criteria for radioactive materials. In doing so,.it has 
recognized that background radiation varies with time and from 
place to place, and,has utilized the naturally occurring 
variability in radiation that people -encounter in their day to 
day lives as the'radiation dose increment to be'achieved by a 
remediation. Further, S-1070 directs that regional natural 
background should'be defined as the levels'*lconsistentlv'l found ' 
in‘the region of the site-. Recognizing the statistical nature of 
background radiation,.the department has utilized a one-standard 
deviation, or approximation thereto, as the measure of the 
variation that is "consistentlyl' encountered. 

._ 
:* ,. 

Consequently, the approach taken inthis ‘rule isto define " c 
the one-standard deviation in naturally.occurring background 
radiation.doses for each of the three major 'sources'of radiation; 
external gamma radiation,-intakes of radionuclides, and: 
inhalation of radon gas. The standard'deviations for external _ 
gamma and intakes were then summed statistically to‘approximate a 
one standard deviation.figure for.both pathways.. .Radon was kept 
separate because of its 'unique,~character. - The,re'sulting one 
standard deviation for'the sum of the gamma and intake 
backgrounds is the allowed.incremental radiation level following 
a remediation; and was used as the fundamental criteria for soil 
standard setting. For Ra226 the one standard deviation radon 
background concentration variationwas also used as a . 
constraining criteria. To translate those radiation dose 
criteria into generic soil standards, the department has made 
extensive calculations of radiation doses to individuals, for 
both residential and non-residential uses, as a function of both 
the,vertical extent of the contaminated.material remaining after 
remediation (V) and the residual radionuclide in soil 
concentration in that material (C). For diffuse materials and 
soils these doses are.expressed as the ratio of the dose received 
per year divided by the activity in the material in pCi/gm and 
termed the dose factor (DF). These dose estimates are then .' 
divided into the allowed background dose criteria to determine 
what contamination extents and residual concentrations are 
acceptable, as. depicted below; 

The allowed.soil concentration (C) is: 

C = Background Allowance/Dose Factor; 

where the dose factor is calculated as a function of V. For a 
given value of V, the vertical'extent of contamination remaining, 
the value of C, that doesnot cause any of the background var‘iation 
allowances to be exceeded is then selected as the standard. This 
method was used for ieach radionuclide and its decay cha:n 
However, in order to account for ingrowth of progeny, the doses for 
certain decay chains were combined. An example of such a 
combination is the Ra-226, Pb-210 decay chain. 
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1.5 SITE USE SCENARIOS 1 4 cl 2 $2 ” -- 
In performing its generic. dose calculations the department 

considered both residential'and non-residential &es of the site. 
For each use it considered future slab 'on grade and basement 
excavations for buildings - which results in contaminated material 
being brought to the surface - 
derive generic-soil standards. 

as the scenarios upon which to 

depicted in Figures l-l and l-2. 
These construction.scenarios are 

Other scenario's are of course 
possible and can be dealt with in the alternate-standards section 
of the.rule. 

For residential construction, a house-':of'25' 
size of 50' x 100' was assumed: 

x 40' and a plot 

of.408 x 60' 
for non-residential use &building 

and a plot size of one-quarter acre was assumed. 
slab on grade -construction, 

For 
a footing~~excav&t$qrS,.: around the 

perimeter of the house 4*'deep and 1' wide',was 'assumed; 
basement contitrirction, 

For 
a- 7t depth 'of excavatirjn:'was&sumed over 

-.. 

the full area of the structure. 
-- 

,' In derivi&th&lgeneric standards 
.herein the dos.e calculation results for slab on grade and basement 
excavation',were compared .and the more restrictive concentration was 
used..\Thus,. adherence to that concentration would allow any type -- 
of construction on site, in essence unrestricted use of the site. 
If an applicant wishes,to restrict the type of construction on 
site, the alternate standard approach can be used.' Such an I.- 
approach can be either be based on the generic analysis done by the 
Department for slab on grade and basement-excavations or the 
applicants own analysis pursuant to N.J.A.C. 7:28-12.12. 

S-1070 also allows an applicant or licensee to propose' 
alternatives to the generically derived soil concentrations based 

A-on unique site or waste characteristics. Any such alternative soil 
remediation standards shall be based on a department approved dose 
assessment and be as protective of human health and the environment -.- 
as the generic standards established-in this rule. 'The alternative 
reinediation standard shall be based solely on physical site 
characteristics that may vary from those used by the department in 
developing the soil remediation standards. .Alternative risk 

-_* 

assessment methodologies shall be consistent with those developed 
by the U.S. Environmental Protection Agency pursuant to the 
"Comprehensive Environmental Response, Compensation and Liability II 
Act," 42 U.S.C. 59601 et seq. 
applicable. 

and other statutory authorities as 

In establishing these soil remediation standards 
Department had to consider the term %ontaminantl' as. defined?; 
Section 23 of S-1070. For,'the purpose of this rule, "radiation" is 
considered the contaminant which must be controlled, and n&t e&3 
individual radionuclide.' This position is based on the fact that it 
is the collective radiation, not the individual'radionuclide that 

.causes the harmful health effect. Additionally, radiation from 

kc 
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different sources may vary in energy intensity and physical state 
(gamma ray vs. alpha particle), 
to-,the body. 

and cause different deg,rees of harm 
Only the use of established measures of radiation 

dose can reduce these differences to a common measure of relevance. 
Furthermore, because "terrestrialN8 .and 
background radiation is 

"in the body" natural 
the sum of 

radionuclides, 
all available ambient 

and because natural background is. the 
remediation goal, 

soil 
it is.logical to establish "radiation" .as the 

contaminant for this application. -_ 

: 
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Chapter 2 

ALLOWABLE BACKGROUND RADIATION LEVELS 

In response to the provisions in Silo70 regarding the 
establishment of a regional natural background level, the 
department has analyzed the radiation from  "natural background" 
sources.of relevance. The natural background levels for three 
pathways have been considered : 
'indoor radon, 

1) external gam m a- radiation, 2) 
and 3) internally.deposited radionuclides. The 

derivation of allowed background derived,radiation-levels for sum  
of the external gam m a and intake, and for the radon paths are 
described below.-These.pathways are depicted in Figure 2-1. 

2.1 EXTERNAL GAMMA. ..' . L ,' ~ 

used 
For 'external terrestrial gam m a background; .the department 
terrestrial background'radiation data,,as reported in the: 

National Council of Radiation Protection, (NCR?) ',ReportNumber 94. 
sTerrestrial background was the most appropriate criterionbecause 
rcontam inated.so.il'is certainly part of.the 18terrestrial88 
component. National data was used.because (1) itwas readily 

.available; (2) there is a iim ited amount of New Jersey-specific. 
data on terrestrial radiation, and (3) it is difficult to measure 
terrestrial radiation separate from  cosm ic radiation. 

Because natural background varies from  place to place, a 
statistical approach was needed to determ ine what levels are 

,iconsistently present in the environment of the region. To 
,accom m odate such variation, natural background for terrestrial 
gam m a radiation is being defined as one standard deviation from  
the national mean value of 23 m illirad/year (mrad/yr)., Based on 
the distribution of the NCRP data, one standard deviation is 
approximately 21 m rad/yr; One standard deviation was used '. 
because it represents a variation that many people encounter 
simply by differing physical locations. A  greater variation was 
not used because significantly fewer people are exposed to the 
higher levels of terrestrial radiation and therefore these levels 
cannot be considered to be "consistently present in the 
environment". 

Since dose conversion factors are presented,as effective 
dose equivalent (millirem /year) per nuclide concentration 
(picocuries per gram ), a!'conversion from  absorbed dose to'dose 
equivalent is necessary. A  body-.shielding factor of .7 is used 

'to convert from  m rad/yr.to m illirem /year (mrem/yr). 'In order to 
determ ine the background/gam m a dose variation, the following 
formula is used: 

lo x BSF x [(21.6/24 x;SF x AF) + (21.6/24 x SF  x AF) + (2.4/24 x 
SF  x AF)] = ,AGD 

i-1 



Where 
14 = 21.2 mrad/yg 

_, BSF = Body Shielding Factor 
SF = Shielding Factor 
AF = Area Factor 
AGD = Allowed Gamma Dose Increment, 

and the first term in parenthesis represents the 
contribution from material under the house while the person 
is indoors, the second term from material outside the house 

_perimeter, while the person is indoors, and the third term 
from material outside the house perimeter while the person 
isoutdoors. 

-- 

-- 

Assumptions: 

Total time spent-inside = 21.6 hours/da;' 
Total time spent outside = 2.4 hours/day 
Shielding Factor ,.' -- Basement = 0.3 
Walls = 0.85 
House is 25I x 40' 

: 
Area factor for under house = .54 
Area factor for side contribution = .46 
One standard,deviation of gamma dose distribution = 21.2 
mrad/yr 
Body Shielding Fact& = .7 

-- 

-- 

21.2 mrad/yr x.7[(21.6/24 x .3 x .54)+(21.6/24 x -85 x .46) + 
(2.4/24 x 1 x l)] = 8.9 mrem/yr 

-- 

Therefore, the background gamma dose variation is equal to'9 
mrem/yr. 

-- 

3 
4 Obtained from NCRP Report No. 94 

Assumes the same gamma dose off-site indoors as on-site 
indoors -_ 

5 Obtained fpom NRC Policy and Guidance Directive PG-8-08 
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2.2 INTAKE z40232 
-For the internally deposited component o f,dose, the one 

standard deviation was determined as follows: 

Human Intake of radionuclides occurs from three ma in 
sources; drinking water consumption, food intake, and air 
inhalation. The average radiation dose (effective dose 
equivalent) from such intakes'in the U.S. 
per year (NCRP 94; pg. 148).. 

is estimated at 40 mrem 
Most 'of that dose comes from, 

potassium 40 (K-40), and the Pb'210 - PO 210 chain, each 
contributing about 20 mrem,per year (NCRP 94; pg. 142). 

Data on variations o f intake dose is m&&limited than that 
for external gamma radiation. However'fOr.K-40, NCRP 94; F ig. 26 
illustrates the variations in K-40 concentration as functions o f 
sex.and age. It can be seen from F igure ,26 that the extreme 

:variations about a  mean age of' 40 years and mean concentrations 
o f 1 .7 gms potassium per kg o f body weight are'about';5/1.7 'or 
about 30% of the mean. Assuming these extremes are represented 
by about 3 . standard deviations: the one.sigma veriation for the ' 
K-40 component alone is .lO %  x 26 mrem/year or about 2  mrem/year. 

The variation for the Pb2ld .- po210 component is greater.. 
According to F isenne (1993) .Table 9 ; pg..-241; the'standard 
deviation o f Pb210 and Po210 in human bone ash is about 50% of. 
the mean based on New York area data. The dose corresponding to 
a  one standard deviation variation is therefore about .5 x 20 
mrem/year or 10 mrem/year. 

The one-sigma variation for both components is given by the 
square root o f the sum of the variances for each component: 

* 
u  intake = ((2)2 + (10)') H  

m  10 mrem/year 

Therefore lO'mrem/year has been taken as the one standard 
deviation value for intake dose variation. 

2 .3 SUM OF GAMMA AND INTAKE VARIATIONS 

The al lowed background radiation dose for the sum of the 
gamma and intake pathways was derived as follows. Assuming the 
individual distributions.are statistically - independent the 
standard deviation o f their sum would be: 

u  combined = ((9*) + ,(lO )*) ' =I 13.5 mrem/year 

If the two dose distributions (terrestrial gamma and intake) 
were fully correlated, ,i:.e ., the, same radionuclides -were. 
contributing proportionally to each dose distribution, thentha 
standard deviation o f the combined distribution would be 10 + 9  =- 
19.mrem per year. 
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The primary radionuclides contributing to each dose, and its 
variations, are illustrated below: 

_  
-- 

Percentase of Dose Contribution 

Radionuclide Terrestrial Gamma Radiation Intake .-F  
(Source: NCRP 94) fSource:Fisenne. 

U.S. DOE EML. 1993) 

K-40 

Th series 

Uranium series 
' Ra226-PO214 
' Pb210-PO210 

-L 
-36% .- 30% 

47% --- ..- 

17% 6% 
0 50% 

It can be seen that, aside from K-40, wh ich contributes 
about one-third o f the gamma and intake doses,,/there is not 
strong correlation o f the radionuclides contributing to the two -- 

. dose ddstributions.' Therefore, considering the \correlations 'a 
better estimate o f the combined distribution.standard'deviation 
would.be 13.5,mremjyear plus one-third o f the difference between -- 
19 mrem/year and 13.5 mrem/year, or about 15.3 mrem/year. 

The NRC and,the EPA have-initially proposed lim its for 
remediations o f 15 mrem/year from all pathways, exclusive o f 
radon. Radon is treated separately because it is only a  problem 
for Ra226 presence and the dose generally a ttributed to it is 
much greater than 15 mrem/year. As discussed previously, it 
would be desirable to achieve consistency w ith  federal standards 
to facilitate remediations. o f,sites where both federal and state 
regulated materials are present. Therefore, because the value o f 
15.3 mrem/year is very close to 15 mrem/year, the Department has 
adopted a dose lim it o f 15 mrem/year as its basic criteria for' 
remediations o f soils and structures. 

-- 

_ . 

-.- 

-- 

2.4 RADON 

The approach used in deriving an al lowed incremental radon 
level is presented below. 

._- 

Radon levels tend to be distributed log-normally. In o ther 
words,there are a  large number o f low activity samples and a 
small number o f high activity samples. 

The department ma intains a  database of radon test results 
since‘the start o f the mandatory certification regulations 
N.J.A.C. 7 :28?27 (Certification o f Radon Testers and M itigators) 
on May 13, 1991. These,regulations require certified radon 
measurement businesses to submit monthly reports containing the 
county and incorporated'municipality in wh ich the radon test was 
deployed: the measurement device used (charcoal canister, alpha 
track, electret, e tc.); building level tested: testing purpose 

-... 

-. 
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(real estate;! screening, 'follow-up, pre-mitigation, post- . - mitigation, diagnostic, blank or duplicate): dates and times the . measurement device was deployed; and the radon/radon progeny test 
result. 

New Jersey has six distinct geo-provinciai regions; Valley 
and Ridge, Highlands, Innercoastal Plain, Outercoastal Plain, 
Southern Piedmont and Northern Piedmont. All 567 incorporated 

-_ .municipalities in New Jersey were classified according to the 
geo-province in which they are affiliated. ._ 

: 
For-this.study, the department analyzed radon tests deployed .._ on the lowest house level .or (in the absence of lowest-level 

readings) the next level; and real estate and non-real estate 
screening tests. When these'radon.test results were.,analyzed 

- according to geo-province, the following geometric'means and 
standard deviations were obtained: . 

Geological Province 

1- 

-- 

'- 

..'-, Valley and Ridge 
Highlands 

Innercoastal Plain 
Outercoastal Plain 
Southern Piedmont 
Northern Piedmont 
Statewide Average 

c As seen in'the above 

Geometric kean- ,' Geometric.Standard 
(PWL) ,,Deviation (pCi/L) 

2.25 3.21' 
2.00 3.13. 
1.17 3.01 .I 
0.80 2.52 
1.88. 3.12' 
1.07 2.50 
1.35 2.95 I 

table, the geometric mean varies from 
However; the geometric standard 0.8 pCi/L to 2.25.,pCi/L. 

deviation in all provinces tends to be close.to 3.0 pCi/L. This 
value was selected as the allowed increment. 

-- 

I- 
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Dose contribution from  sides while inside (D,) 

D, = C x DCF x 250 days/365 days x T I/24 hrs x SF  x CF x AF  
x M F  x DF , 
Dose contribution from  outside (D) . 

D , = C x DCF x 250 days/365 aays'x TO/24 hrs x SF  x CF x AF 
x M F  x DF 

Where . . 

C  = concentration of buried material (pCi/g) 
DCF =- Dose Conversion Factor from  EPA Federal Guidance No. 
12 (mrem/yr per pCi/o) 
SF= Shielding Factor: 0.3 through slab, 0.85 through walls 
CF = Cover factor, 
soil 

which accounts for shielding from  clean 

AFq Area Factor 
MF= m ixing factor = V /De 
where V  = vertical extent of contam inated zone 
ODe = depth of excavation 
DF= Depth Factor 

Total gam m a dose equivalent 

I 

D  = D, + D; + D, 

Exolanation of terms 

Shielding Factor - Used to account for the shielding from  an 
assumed 4 inch concrete slab from  contam inated soil underneath a 
house (0.3). This value was chosen based on a literature search 
~which included NUREG/CR-5512 PNL-7994 Volume 1 Residual 
Radioactive Contam ination F rom  Decommissioninq a DOE analysis 
for the Maywood 'site using the M icroshield combuter model, and. an 
art,icle in Health*Phvsics, Vol. 33, No..4, ~~2'87 "Structure' 
Shielding.in Reactor Accident'!, by Z . Burson and'A.E. P rofio. 
The shielding factor for the sides of the structure (0.85) is 
from  a DOE analysis for the Maywood site using the computer model 
M icrosbield. 

Cover Factor - Used to.account for the shielding from  clean soil. 
A  generic value is .l,for every 1 foot of clean soil. In other 
.words, 1, foot of clean soil reduces the gam m a exposure by,90% . 
This value was obtained from  a personnel conversption with Alan 
Richardson of the US EPA. .' 
A rea 'Factor - A  correction iactor used to take into account that 
the dose conversion factors given in Federal Guidance,Report No. 
12 assume an infinite lateral extent. The area factors are taken 
from  Table A .2 of Manual.for Imolementina Residual Radioactive 
Material Guidelines Usina RESRAD. Version 5.0, ANL/EAD/LD-2,. 
September 1993. Linear interpretation of the table was used for 
the assumed ,dimensions of the buildings. 
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Mixing Factor - Defined as the vertical extent of contamination 
divided by the depth of excavation. For slab on grade 
construction, we assume the depth of excavation is 4 feet. For 
basement construction, we assume the depth of excavation is 7 
feet. If the vertical extent of contaminated material were 3 
feet, then for slab on grade construction'the mixing factpr would 
be 3/4 or 0.75. For basement construction the mixing factor 
would be 3/7 or 0.43. We assume that the clean material on the 
surface will get mixed with the contaminated layer below to 
dilute the concentration of the material that is brought to the 
surface from construction activities on the remediated site. 

Depth Factor' - Used to account for the depth of contaminated 
material. The depth of contaminated material is determined in 
the following way: For basement construction, determine the 
volume of material that will be excavated. Divide this number by 
the area of the lot minus the area of the constructed house. For 
residential areas we assume a lot is 50' by 100'. 

For Residential Basement Excavation: 
24' x 40' x 7' = 6720 ft= 

50' x 100' lot = 5000 ft2 
- 24' x 40' 960 

4040 ft2 

6720 ft'/4040 ft2 = 1.7 ft = .5 meters 
For Non-residential basement construction, the same procedure is 
followed. We assume the lot size is l/4 acre. 

For Non-Residential Basement Excavation: 
40' x 60* x 7' = 16,800 ft3 

l/4 acre lot = 10,890 ft2 
- 4Ol x 66' : 2.400 ft? 

/ 8,490 ft' 

16,800 ft=/8,490 ft= = 1.9 ft = .6 meters. 

For Slab on Grade construction, we assume a perimeter excavation 
of 4 feet deep and 2 feet wide., Therefore, 
For Residential Slab on Grade Excavation: 

2't x 4' x128'=1024ft= 
5Of x.100' = 5000 ftz = .2 ft or 6 cm 

For Non-Res.idential Slab on Grade Excavation 

2t x 4' x 200' = 1600 ft3 
l/4 acre lot = 10,890 ft' = .147 ft or 4.5 cm 

Federal Guidance No. 12 has tables of dose conversion factors --for 
ground surface, and soil contaminated to a depth of 1 cm, 5 cm, 
15cm, and an infinite depth. For slab on grade construction, 
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_ _ both residential and non-residential, we used the 5 cm dose 
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conversion factors. Because these numbers already account for 
shielding and scatter due to material thickness, the depth factor 
is eliminated in these equations. ,,I 

For depths between 15cm and infinite (we:assume infinite to be 
anything beyond 1.0 meter),' the Manual :for Immlementins Residual 
Radioactive Material Guidelines Usina RESRAD. Version 5.0 has a 
table of values for depth factors of O.l5m, 0.5 m and 1.0 m. To 
obtain values between these depths,. tne procedure outlined in 
section A.2.1 of 'the RESRAD Manual was used. 
To determine Depth Factors for values .other than those listed in 
Table A.3 of the RESRAD Manual: 

, '1) Interpolate Table A.3 
s/cm31 
2) Determine ki 

ki = -lnfl-DF,,.15ml 
.15m (1600 kg/m3) 

for appropriate density (we assume i.6 

"3) . Determine Depth Factor for specific depth (.5 and .6 meters) 

DFi = '1 _ e-ki0n2/kg) x 1600(kg/m3) x depth (m). '.. 

SUBCBAIN Residential Non-Residential 
(.5m) (.W 

U-238 + D 1.0 1.0 
-Ra-226‘+ D .98 .998 
U-235 + D 1.0 1.0 
Pa-231 140 i.0 
AC-227 + D '. 992 .', .998 
*Ra:228'+ D .992 .998 
Th-228 +‘D .985 ?993,.' 

: 
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The following equations were used to calculate the "Formulas for 
Determining Allowed Concentration” (Tables 3-l and 3-2). The Dose 

_ I __ 

Conversion Factors are obtained from Federal Guidance No.12. 

Residential - Basement Excavation : 
D, = c x DCF x 350/365 x TI/24 hrs x SF x CF x AF x MF x DF 
D, = C x DCF x 350/365 x 16.4/24 x .3 x 1 x .54 x 1 x 1 = .106C x 
DCF ._ 

_- 

_.- 

D, = C x DCF x 350/365 x TI/24 hrs x SF x CF x AF x MF x DF 
D, = C x DCF x 350/365 x 16.4/24 x .85 x 1 x .46 x V/7 x DF = 
. 037CV x DCF x DF 

-- 

D, = C x DCF x 350/365 x TO/24 hrs x SF x CF x AF x MF x DF 
D, = C x DCF x 350/365 x 2.4/24 x 1 x 1 x 1 x V/7 x DF = .0137CV x 
DCF x DF 

-.- 

Non-Residential - Basement Excavation -.e 

D, = C x DCF x 250/365 x 7/24 x .3 x 1 x .6 x 1 x 1 = .036C x DCF 
- 

D, = C x DCF x 250/365 x 7/24 x .85 x 1 x .4 x V/7 x DF = . 
DCF x DF 

OlCV x 

D, = C x DCF x 250/365 x 1.75/24 x .1 x 1 x 1 x V/7 x DF = . 
-- 

DCF x DF 
007cv x 

Residential - Slab on Grade Excavation 

D, = C x DCF x 350/365 x 16.4/24 x .3 x 1 x .54 x 1 = .106C x DCF 

D, = C x DCF' x 350/365 x 16.4/24 x .85 x 1 x .4.6 x V/4 = . 
DCF 

064CV x 

: 

-- 

.D, = C x DCF"x 350/365 x 2.4/24 x 1 x 1 x 1 x V/4 = .024CV x DCF 
-- 

: 
Non-Residential - Slab on Grade . 

-_ 

D, = C x DCF x 250/365 x 7/24 x .3 x 1 x .6 x.1 = .036C x.DCF 

D = C x DCF' x 250/365 x 7;24 x .85 x 1 x..4 x V/4 = s .017CV x DCF -- 

D, = C x DCF' x 250/365-x 1.75/24 x 1 x 1 x 1 x V/4 = .012CV x DCF 

' DCF's for 5 cm were readily available from Federal Guidance 
No.12, eliminating the need for a depth factor calculation. -_ 

Based on these formulas, Tables of Dose in mrem per year pey pCi/g were created. .Subchains-wnt 
combined to account for ingrowth of radionuclides. Values were calculated for Basement and S!$ 
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on Grade construction, various vertical extents of the buried contaminated layer, and assuming 1) there 
is 1 foot of cover remaining under the slab after grading and construction (meaning the site would have 
to be let? with at least two feet of clean cover after remediation) (See Table 3-1, and 3-2) and 2) there 
is no cover remaining under the slab after grading and construction (meaning the site would be left 
with one foot of clean cover after remediation)(See Table 3-2)’ It was assumed that one foot of cover 
wouId be removed during construction grading. 
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Table 3-1 140232 . ___ 

Formulas for Determining External Gamma Doses Per Unit Radionuclide in Soil Concentration 
(Dose in mrem/year/pCi/gm) 

Assuming 1 foot of clean cover remaining after; grading and construction1 

suBcI-L4IN Residential Residential Non-Residential 
Slab on Grade* Basement3 Slab on Grade’ 0. 

I’wmunderIlab I’cnwrlbnderalab 

U-238 + D ,001 + .007v ,014 + .007v 0 + .002v 

U-234 ov ov ov 

Total . .001+ .007v .014 + .007v o+ .002v 

Th-230 dV ov ov 

Ra-226 + D .I2 + .52v 1.2 + ..56V .04 + ,171 v 
Pb-210,+ D ov ov ov- 

Total .12 + s2v. 1.2 + .56V .04 + .171v 

U-235 + D .008 + .047V .0X + .038V .003 + .OlSV 

,Pa-23 1 ,002 + .Oll v .02 + .OlV o+ .003 v 

AC-227, + D .021 + .113v .212 + .lOlV,, ,007 + .037v 

rota1 .023 + .124V’ .232 + .lllV .007 + .04V 
\ 

Th-232 ’ ov. ov ov 

Ra-228 + D .063 + .284V ” .633 +.3V ‘ ,021 + .094v’ 

Th-228 + D .I08 + .442V 1.08 + .51V .!I37 + .146V 

Total .171+ .726V 1.713 + .SlV .058 + .24V 

Non-Residential 

.005 + .oozv 

ov 

.402 + .19V 

.072 + .034V II 

’ Must leave site with at least 2 feet of clean cover. 
* For vertical extent greater than 3 feet, V is always equal to 3. 
3 For vertical extent less than or equal to & feet, the first term is 0. 

~Z 
For vertical extent greater than.6 feet. L’. :s 1. -‘lb c 

equal to 6. 
-- 

-.. 
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Table 3-2 
-- - Formulas for Determining Gamma Dose/pCi/gm in Soil 

140232 Assuming no clean cover remaining after grading and construction’ 

.L 

. . 

L 
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- 

-suBcm Residential Residential Non-Residential Non-Residential 
Slab on Grade* Basement’ Slab on Grade’ Basement3 

,.I : 
U-238 + D .014+ .007v .014+.007v .oos +.002v . .oos + .002v 
U-234 ov ov ,. OV’ ov 

-_ 
ibtal .014 + .007v .014 + .007v .005 + .002v .005 + .002v 

Th-230 ov ov ov .ov 

Ra-226 + D 1.2 + s2v 1.2 + S6V .403 + .171v .402 + .19V 
Pb-210+D ‘OV ov ov ov 

Total ‘1.2,+ s2v 1.2 + .56V .403 +..171v .402 + .19V 

.08 + .047V .08 + .O;SV U-235 + D .03 + .OlW .027 + .013V 

Pa-23 1’ .02+.011v .02 + .OlV ,007 .+ .003v .007 + .003v 
AC-227 + D .212+ .113v .212+ .lOlV .072 + .03jV .072 + .034V 

Total .232 + .124+ ‘. .232 + .lllV .079 + .04v .079 + .037v 

Th-232 .. ov ov /’ ov ov 
Ra-22P;f+D .633 + .284V .633 + .3i .215 + .094v .215 + .lOlV 
Th-228 + D 1.08 + .442V\, l.O8+.51V .37+.146V .37 + .172+ 

.726V. 1 1.713+.81V 1 ,585 + .24V 1 .585 + .273V 
’ Site left with at least 1. foot of clean cover after remediation. 

.’ For vertical‘extent greater than 4 feet, V is always equal to 4: 
3 For vertical extent less than or equal to 7 feet, the first term is 0. For vertical extent > 7 feet, V is always equrl 
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Table 3-j 

1’ COVER 
GAMMA DOSE PER pCi/g 

GAMMA RADIATION PATHWAY ONLY 
RESIDENTIAL 

SLAB ON GRADE’ 

RESIDENTIAL 
BASEMENT 

Th-232 
Ra-228 + D 
Th-228 + D 

iI1 1.62 2.47. 4.05 4.94 6.4 6.4 

- 

’ Assumes 1 foot of clean cover remaining under the slab after grading and construction 
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Table 3-4 \ 
1’ , - 

- 1’ COVER 
GAMMA DOSE PER pCi/g 

GAMh4A RADIATION PATHWAY ONLY 
1’40232 NON-RESIDENTIAL 

Lo. . SLAB ON GRADE’ 

‘-- 

-- 

- 

L 

.- 

. 

- 

r Th-232 .27 ..55 .82 1.37 .1.65 2.23 2.23 
RF+-228 +D 
Th-228 + D : . - .: 

’ Assumes 1 foot of clean coier remaining under the slab after grading and con&u&on , 

Ra-228 + D 

NON-RESIDENTIAL 
BASEMENT 

c 

: 
-. 
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3.2 RADON PATHWM 1 ~O"z,3~- 
As discussed in Section 2.4, the one-standard deviation in the 

background level of radon found in New,,Jersey was derived as 3 
p.Ci/l, and used as the allowed radon increment. With a natural -- 
background of 1 f 3 pCi/l in structures; 'the total allowable 222Rn 
level in a structure is 4 pCi/l. 

Since "'Rn is a progeny of 226Ra, the important question 
associated with the 
pCi/l of 

radonpathwa 
'2uRn,. but rather,.what 22 & 

is not, what is--the dose from 3 
a soil concentration will result 

in 3 pCi/l-of "'Rn in a structure. 

-- 

-- 

3.2.1 226Ra:222Rn Ratio 

The relationship between the radium content in soil and 
potential radon levels in a structure which is built on the soil is 
not a simple correlation. A first approximation -to this 
relationship would be to compare the average New Jersey soil radium -- 
content-to the average New Jersey indoor radon concentration. 
Limited data on New Jersey's soil radium content suggests an 
average soil radium concentration of about .9 pCi/g"'. 

-.discussion presented above, 
From the -- 

the statewide average geometric mean 
.222Rn concentration in New Jersey homes is about 1.3 pCi 1 
information therefore results in about a 1:1.4 ratio for 

This 

O f course, integrated 
'66RH:222Rn. 

in this approach for determining the 
-- 

2%?a:z2Rn ratio are all the various soil types and water contents 
housing and foundation tykes, variations in soil radium content and 
any other factors which effect the environmental relationship 
between 226Ra and "'Rn. 
conditions at 

This ratio can vary depending on the 
a particular site, therefore, .the Department 

investigated another approximation for this ratio which could allow -- 
"for consideration of more site specific conditions, and determine 
whether additional conservatism, i.e., 
mean needs to be\used. 

a number higher than the 
-- 

A review of recent literature seems. to show that-interest in 
the. generation, transport and flux in radon -in.,environmental 
systems,began inthe 1970's with the modeling of the migration of -_ 
radionuclide gases through soils overlying uranium ore. deposits. 
Over the past 20 years the models have evolved not only in 
dimensions.examined but in complexity of systems studied. Most of -_ 
,the papers read are related to radon models developed by Rogers & 
Associates Engineering Corporation. Based on,the frequent usage or 
reference of models in the literature it appears that such modeling 
would be a generally accepted method by which. to set a radium __- 
clean-up standard based on the radon inhalation exposure pathway. 
More specifically, the use of the RAETRAD model and some of the 
qonclusions reached in the paper "Foundation Soil Cleanup Depths -- 
and Radium Limits for Avoiding Elevated Indoor Radon" (foundation 
paper) , which take into consideration various soil conditions se?m 
directly applicable for establishing a radium/radon relationship .- 
for the purposes herein. 
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The model runs examined in the foundation paper were 
calculated under the condition that an indoor radon concentration 
of 4 pCi/l be met in a hypothetical reference house located on the 
surface of a contaminated site. Three types of soils,. under three 
water content conditions were analyzedi.,and one replacement soil 
type with varying radium concentrations of 1, 2 or 4 pCi/g was 
analyzed. A summary of the results of the model runs are: 

- -_ 
"Radium concentrations exceeding about 4 pCi/g required 
remediation for any of the soils. Radium'concentrations 
of hundreds of pCi/g could be remediated with several' 
meters of replacement soil under wet conditions, but 
drier soils (at -15 bar matric potential) required deeper 
excavation and replacement, particularly if the 
replacement soils contained slightly elevated (4 pCi/g) 
radium concentrations.. . . . The water contents of the. 
replacement soil also were important in determining the 
required excavation depths, but water contents in the 
contaminated.soil,had relatively. little effect." 

Althou h the model is designed to estimate, for various soil 
types and 8bRa contamination levels the amount of remediation 
(depth of) necessary to ensure that an'average indoor "'Rn level of 
4 pCi/l is not exceeded, the foundation paper does discuss some 
unexcavated scenarios: 

"For the' coarsest'soil (loamy sand), approximately 4 
pCi/g radium may cause 4 pCi/l of indoor radon regardless 
of the moisture content.,,... 'For the intermediate- 
textured soil (sandy clay loam) without excavation, the 
radium causing 4pCi/l indoor radon varied from 4 pCi/g 
for the dry case to nearly 6 pCi/g for the wet case. . . . 
For. the fine-textured soil (clay 'loam) without 
excavation, the radium causing 4 pCi/l indoor radon 
varied from.&bout 5.pCi/g for the dry case to 13 pCi/g 
for the ,wet case." 

Based on the foundation,paper model runs for an unexcavated 
scenario, the'Z2%a pCi/g: ***Rn pCi/l ratio vary by a factor of 13 
with contaminated soil type and contaminated soil moisture content. 
Examination of .only'$he dry (soil) ratios shows ,that they vary from 
1 - 1.25. This ,information seems.to substantiate the information 
ascertained,.in the first approximation, and therefore lends a 
general validation to this mode.1. 

One of the authors, V.C. Rogers; was asked if based on the 
parameters used in the modeling run conducted for the foundati-? 
paper whether 'the ratio of about 226Ra 1 pCi/g: 222Rn 1 @i/l 
represented a scientifically valid mean value? His response was: 

‘:: 
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11 . . 1 pCi/g "'Ra * 
based 

1 pCi/l "'Rn ratio is a good 
scientifically value only for certain soil 
conditions (assuming dwelling propert$es similar to those 
of the reference house) such as intermediate to coarse- 
textured soils with .about 20% emahation. For fine- 
textured soils, this ratio is conservative, since the 
ratio can be 2:l or even as high as 3':l. In some regions 
(e.g. Florida), we find that emanation can reach 50% or 
higher; potentially making your 1:l ratio non- 
conservative by a factor of 2-3.".' -. 

_ -- 

__ 

that 
The department agrees that Mr. Roger's points are correct and 
a ratio greater than one would be required to encompass many 

NJ soils. . 

In light of the above and assuming that New Jersey's pervasive 
and higher than average radon levels stem from higher than 20% 
emanation .Levels, .it appears that some additional conservatism 
beyond a 1:l ratio iS appropriate. This observation correlates 
with the measured ratio discussed above, and therefore, 
department proposes to use 1:1.4 as the 226Ra:222Rn ratio. 

the 

-- 

-- 

-- 

-_ 

’ Rogm, V.C., 1994, witlen pamal munition. 
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3.2.2 Radon Dose Equation 

F&lowing in the same format as for the other pathways 
discussed in this document, a dose equation will be developed for 
radon. The allowed dose equation fd? 'radon based qn an indoor 
radon 1 6 value of 3 pCi/l is: 

Dose, ( PBR(-& 
. . 

(1) 

where: Dose, is the dose from 3 pCi/l of radon 

C r(n is the radon concentration (3 pCi/l) 

TotInD is the total time spent indbors (il.6 hours) 

BR iS the breathing rate (.83 m3/h or 13.8 l/min) 

DCF is the dose conversion factor (5.5 x10-' 
mrem/pCi)a 

Solving equation (1) results in an allowable dos@ of: 

Dose,( y 1 =3~21.6~13.8~60~365*5.5~10~ 
," (2) 

=1077 

\ 
The following equation is used to determine the dose 'due to 

i radon &xposure;hased on a certain 226Ra.soil.concentration: 

?clkuwal dnda dcce c&ivasicn factm~ 

..J(e& *20(3 *looo(m~) * .12( =iti~oi=lg-f;ctorj = 720 (z) 

~.14oo"*“u*r~~(rClj60- 

convert IO mud& (urnmbg 50% qabd-‘): 

1560( E!?z).( la )*( H 1.1 
20&G 17Ohours 

1 
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The following equation is used to,'determine the dose due to 
radon exposure based on a certain 226Ra,:'soil.concentration: -_ . 

pci 

) *RF{ -& -.Rb-& . 
PC1 
-7 

(- 
6Omin ) 
hours 

. Tot-nOS @ -!$?); OCDO~(+&) . i=(z) 

where: c,, is the radium concentration 

RF is the radium to radon correlation factor 
pCi/l 222Rn)3 

-- 
._ (3) 

-- 

Wi/g) 

(1, pCi/g 226Ra: 1.4 
-- 

TotInOs is total time spent indoors at a remediated site 
16.4 hours for residential -._ 
7 hours for non-residential 

OCDOS is number of occupancy days at a remediated site 
350 days for residential 
250 days for non-residential 

To find the "'Ra concentration which will result in the 
incremental increase equal to the variability in the indoor value 
of "'Rn, C,, can be solved for-by equating equations (1) and (3): 

CR4 1 RF. BR. 60 .\TotInOs * OcDOs *DCF = C; TotInD.6 

54 -RF - TotInOs. OcDos = Cti * TotInD *3 (4) 

=l!n - TotInD-365 
c, = RF. TotInOs -0cLSs 

-- 

._ 

-_ 

-- 

Asdiscussedabovc,carrktionfadaisbasadonmeanrrtdNJra~tndndonkvels,and~~by.~~~ 
provided in: Rogm, V..KK Nielson and V.C.Rogm, 1992. Talxxlatial soil cleanup Depth and Rdillm Lilluu b 
Avoiding Elevated III&XL Radon’, W&894%/18-2. 
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Inputing the necessary values and solving equation (4) for the 
residential and nonresidential categories results in the following 
incremental "%a soil concentration values in order to meet the 
incremental Zz2Rn va1u.e of jpci/l.: 

3 * 21.6 * 365 
C = Ra-residential 1.4 -16.4 * 356 

= 3‘PCi 
4 

c = 3.21.6.365 
Ra-nonresidential 1.4 -7. 250 

,' 

\ '. 
= g-3 $4 

, ', i. 

The values used. for, RAETRAD modeling runs are summarized in Tablo 
3-5. 
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3.3 INTAKE PATHWAYS 

The intake dose is actually the sum,'of 4 elements; direct 
soil ingestion, inhalation of resuspended particles, drinking 
water,intake and vegetative consumption;' .Each component is 
calculated as a function of the allowed radionuclide in soil 
concentration' (C) and the vertical extent of the,remaining 
contamination (V). Then.the results are summed and added to'the 

'gamma doses previously -derived. The sum of the intake and gamma 
doses are then set equal to the.allowed dose level of .15 mrem per 
year to derive a value for C for a given vertical contamination 
extent (V). 

. The component of the intake dose from direct soil ingestion 
is derived below. 

3.3.1 SOIL INGESTION 

A component of the dose from internally.deposited- 
radionuclides arises through the ingestion of contaminated soil. 
Soil ingestion, especially among children, is an exposure pathway 
to consider when assessing the potential health risks associated 

i.with radioactive contaminated sites. Numerous attempts have been 
-,made to estimate the soil ingestion rates for both children and 

adults (Lepow et al, 1975, Binder et al, 198'6, Kimbraugh 1984, 
Calabrese 1989, 1990, 1991 and Hixson et al, 1992). Initially, 

,soil ingestion studies were based on observations of mouthing 
behaviors in children. There were orders of magnitude variation 

,bin the results derived from these qualitative evaluations and the 
:risk assessment community showed little confidence inthe 
.;findings. Attempting to reduce the subjectivity in the findings, 
$+tudies were later designed to track'the movement of various 
:elements (aluminum, silicon and titanium), through the digestive: 
tracts of test sbbjects. These elements are found,in varying -, 

<abundance in soil,iand.mak,e good.tracers because they .are not 
-readily absorbed&y .the human digestive tract. By establishing 
the concentrations of theselii'ements in soils and .then.,measuring 
.their levels in feces, a quantitative:.analysis ii,made thatmore 
closely.reflects-the actual soil ingestion-rate. However, even 

b these ,methods have shortoomings such.as small sample groups and 
: 

/the difficulty in determining the contribution of these elements 
<from foodstuffs consumed during the, study. Although ingestion 
rates as high as 10,000 milligrams~'(mg)- per,day have been ' 
reported for.children exhibiting..p.ica, the consumption of 
abnormally high amounts of non-foodstuffs, the mean soil intakes:, 
for children are reported to be between i80-250 mg per day. The 
USEPA recommends a daily ingestion rate of 200 mg per day 'for 
children. The data for adults is- somewhat limited,with values in 
.the 50 to 100 mg per day range.. The.USEPA'uses 100 mg per day in 
its.risk assessments for adults (USEPA 1991). 

-I 
In this proposal, soil standards'for internally deposited, ~ 

radionuclidesare based on one standard deviation of the mean 

3-25 
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natural background dose determined from national data (NCRP 94). - --" 
Th is approach differs from that o f the USEPA (USEPA 1991), wh ich 
uses a life time excess cancer risk based:,analysis for determining 
allowable incremental soil concentrations. Such an approach -_ 
requires that a  time weighted average for soil.ingestion be taken 
in account. EPA uses a thirty year average in its calculation o f 
soil.ingestion rates, acknowledging that soil intakes vary over -. 
the age of the individual. In addition, EPA has developed a Soil 
Ingestion Factor that takes into account the body weights o f 
individuals over time to establish the soil ingestion input. The 
purpose is to account for the higher body burden that children, -" 
due to their lower body weights, experience when they consume . 
toxic materials. The proposed soil ingestion pathway analysis 
herein does not consider the life time risk, but the.annual dose, -- 
therefore negating the need to calculate soil ingestion rates for 
a  life time. In this instance, because children are a t the 
greatest risk from soil ingestion, and to insure that DEP -1 
considers the reasonable maximally exposed individual, the soil 
rate used in this analysis is 200 mg per day for the residential 
scenario. For non-residential scenarios, the USEPA recommended 
value o f 50 mg per day is used. -. 

The equation to calculate the annual dose from soil 
ingestion is as follows: 

Dose = C x V/DE% x ED x SI x DCF 

Dose = committed dose equivalent per year'in m illirems per year 
W -em/w) .' 

C  = concentration o f.radionuclide in soil in picocuries per gram 
(pci/g) 

-. 

vertical ext&+ of contamination in soil in feet (ft) 
c. 

' v= 

DEX = depth o f excavation : basement construction - 7  ft 
slab on grade construction - 4  ft 

' -. 

'ED = days on site per year residential -- 350 
days on site per year non-residential - ‘250 - 

SI = soil ingestion rate,in.grams per day residential.- 0 .2 
: soil ingestion rate in grams per day non-residential .- 0 .05 k 

'DCF = dose conversion factors from Tab le 2 .2 in "Limiting Values 
o f Radionuclide Intake and Air Concentration and Dose 

Conversion Factors for Inhalation, Submersion, and 
Ingestion", Federal Gu idance Report Number 11, 

EPA-520/l-88-D2.0, September 1988. 
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The V/DEX ,factor provides the ratiol'of Soil m ixing that 
would be expected if the site was disrupted by the construction 
o f h&sing or o ther structures. : 
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3.3.2 INHALATION PATHWAY 

Evaluating the impact of inhaled resuspended contaminated 
soil (IRCS) involves several factors which can vary significantly - 
depending on the circumstances. In ord,er to determine the impact 
of the IRCS pathway; it was necessary to account for all the 
parameters involved and then use parameter values that are - 
reasonably representative of situations commonly encountered. 
After reviewing the various models for determining resuspension 
of deposited contaminated soil, it was determined that the Mass 

- Loadinq (ML) model was the.most appropriate; The ML approach, in 
which an average value of the airborne dust concentration is 
specified on the basis of empirical data, eliminates the need to 
evaluate in detail the resuspension mechanism or the effective -. 
depth of the distribution layer. For this rule, the outdoor ML 
values for the residential and commercial scenario were 100 pg/m3 
and 200 fig/m3 respectively as per the RESRAD default values, -1 
listed in ANL/ES-160, DDE/CH/8901,."A Manual'for Implementing 
Residual Radioactive Material Guidelines". This reference.also 
provided values for indoor dust levels which were equal to 40% of 
the outdoor values. 

_. 

The adult breathing rates used for the residential and 
commercial scenarios were taken from the EPA report on Risk 
Assessment Guidance For Superfund Value I: Human Health 
Evaluation Manual Sunnlemental Guidance "Standard Default 
Exposure Factors" Interim Final, March 25, 1991. According to 
the Project Manager and Technical Coordinator for EPA's Office of 
Emergency and Remedial Response Toxics Integration Branch, the 
breathing rates for an adult, 
commercial setting, 

whether in a residential or 
were basically the same, = 18m3/day. 

value was rounded,out to 20m3/day or 0.83 m3/hour. 
This 

Of,the total 

-. 

-. 

- 

quantity of dust particles inhaled, only about,30% ayd actually' 
respired.accordiqg to Cowherd, et. al. -- 
P.,Englehart and .G. Gillette. 

(C. Cowherd, G.- Muleski, 
Rapid Assessment'of Exposure'to. 

Particulate Emissions from Surface Contamination Sites. EPA .. ", 
'. 

Control No. 68-OlA.6861. 
Washington, DC,, 1968). 

U.S. Environmentai Protection.Agency, ~, _ 
Of the material not respired, a portion 

is swallowed and ingested according to Dennis J, Paustenbach, 
about 25% 'of the total quantity.of dust-particles inhaled is 
eventually ingested. (Dennis J. Paustenbach, "A.Comprehensive .__ 
Methodology for Assessing the Risks to Humans and Wildlife Posed 
by Contaminated Soils: A Case'Study.Involving Dioxin”). _ ’ ,,, 

, -_ 
The quantity of material inhaled or ingested is a 'function 

of the time individuals spend in a given environment. According ' 
to "USNRC Policy and Guidance-Directive PG-O-08" people spend -. 
1.75 hours/day out of doors on the job and 2.4 hours/day out of 
doors while at their residence and, the "USEPA .Exposure Factor 
Handbookt' reports that people spend 7.0 hours/day indoors on the 
job and 16.4 hours/day indoors while at their residence. Als,~, - 
according to the Risk Assessment Guidance for Superfund: Volume 
1, "Human Health Evaluation Manual" (Part B, Development of Risk 

.- Based on Preliminary'Remediation Goals) Interim: EPA/540/R- 
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92/003) December 1991, people spend 350 days per year at their 
residence and 250 days per year on the job. 

The dose a person receives is calculated by multiplying the 
total quantity qf radioactive material inhaled and ingested by 
the appropriate dose conversion factors.!l:isted 'in Federal 
Guidance 11. The values described above'have been plugged into 
the followina formulas to arrive at the tables of dose conversion 
factors for the. commercial and residential 

; 
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Inhalation (Respjrable) Pathway Doses 
Resulting from Soil Resuspension 

Residential 'scenkio 

-. 

-.. 

Equation: 
- . . 

- 

DR=V x 1  x C x [BA x RP x RY] 
DE -.. 

x MO 

x [TO + IT x ID] -. 

x DCR'x AF x lo+ g /pg 

DR = 0.0784 DCR x V x C 
DE -. 

Where the terms in the eguation.are defined as follows: 

DR - 
V 

Respirable Inhalation Dose (mrem/yr) 
- Vertical depth o f contaminated soil (in ft.) 

DE - Excavation depth during construction = (7 ft. for 
basement; 4‘ for slab on grade) 

C - Concentration o f radionuclide in contaminated soil = 
W W G .): 

BA - Breathing rate o f adult (upper bound) = (0.83 m3/hr) 
[ref. 11. 

RP - 
RY - 

Respirable portion o f material inhaled = (30%) [ref. 

MO - 
Residence days per year = (350 days/yr) [ref. 31 

21 

TO - 
Ou tdoor Mass Loading = (100 pg/m3) [ref. 41 

T I - 
Ou tdoor T ime per day = (2.4 hr/day) [ref. 51 

ID - 
Indoor T ime per day = (16.4 hr/day).[ref. 61 
Indoor Dust Level as a  percent o f outdoor level = (40%) 
[ref. 71 

DCR - Dose Conversion Factor for inhaled(mrem/pCi) [ref. 81 
AF -.Area Factor, 
the ' 

this has not been experimentally tested: 
accuracy and range of the values in this factor are 

.not known, therefore = (1.0) [ref. 91. 

-. 

-. 

-. 

-. 
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Inhalation (Not Respired, but Ingested) Pathway DOS s 
ig 4 0 2 3 2 - - ‘-- 

Resulting from Soil Resuspension 
Residential Scenario _ 

/ 
-- 

-. 

-_ 

-_ 

-- 

-. 

-_ 

.- 

-_ 

- 

-- 

-I 

Equation: 

DI=V x 1 x C x [iA x IP x RY] 
DE 

x MO 

x '[TO + TI, x ID] 

x DC1 X AF x IO+' g/fig 

DI = 0.0653,DCI X V X C 
DE 

Where the terms in the equation are defined as follows: 

DI - 
V 

Ingestib'le Inhalation Dose (mrem/yr) 
I' - Vertical depth of contaminated soil (in ft.) 

DE - Excavation depth during construction.= (7 ft. for 
basement; 4"for slab on grade) 

C - Concentration of radionuclide in contaminated soil 7 
: - Breathing rate of adult (upper bound) = (0.83 m3/hr) 

(ref. 1) 
IP - Ingested portion of material inhaled, not respired = 

,(25%) [ref. .2] 
RY - 
MO - 

,Residence days per year = (350 days/yr) [ref. 31 

TO - 
Outdoor Mass Loading '= (100 fig/m3) [ref. 41 

TI - 
Outdoor Time per day = (2.4 hr/day) [ref. 51 

ID - 
Indoor Time per day = (16.4 hr/day) [ref. 63 
Indoor Dust Level as a percent of outdoor level = (40%) 
[ref. 7], -_ 

DCI - Dose,Conversion Factor for ingested(mrem/pCi) [ref.81 
AF - Area Factor, 
the 

this has not been experimentally tested: 
accuracy and range of the values in this factor 

are not known, therefore,= (1.0) [ref. 91. ' 
- 
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Table 3-6 -_ 
Jhalation Respirable, Ingestion and Combination Pathway Dose Factors (~6) -it 

8011 Resuspension Residential Bcenario 

Decay Chain U-238 
(mrem/Yr per Wi/gm) 

y DCBR PACTORBxxxxxxx~ 
Respirable + IngeStiOn = Combinatj 

-. ______________,__P__---------------------------------------------------------- 

subchain: 
Radionuclides 

U-238 + D 

U-238 
Th-234 
Pa-234 

U-234 0.0103 

U-238 + D + U-234 0.0196 

Th-230 0.0256 

Ra-226 + D 

Ra-226 
Rn-222 
PO-218 
Pb-214 
Bl-214 
PO-214 

0.000673 

Pb-210 
Bl-210 
Po-210 
Pb-206 

Pb-210 + D : / 
/: 

Ra-226 + D + Pb-218 + D 
. Th-230 - \Pb-210 + D 

\ - 
0.000674 

O.OOlO7 

0.000737 

0.00182 

0.00249 

0.0281 

0.0384 U-234 - Pb-210 + il ,0:000632 

U-238 - Pb-210 + D 0.0477 0 :000649 

0.00925 

0.00925 

0.00035 

0.000124 

OWOOO474 

0.080560 0.00104 

0.000596 

0.009274 

0.00927 -I 

0.01032 -_ 
0.0196 

0.0256 _. 

0.000759 
-., 

0.‘600001 
0.000001 

-. 
0.000769 

0.001~42 _ 

0.000061 
- 

.0.0021,0 -. 

0;02r7 -. 

0.0390 __ 

0.0183 
-. 
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,X40232 Table 3-6(cont.) e 
.-. 1 'nhalation Respirable, Ingestion and Combination Pathway Dose Factors (DP) f 

6011 Resuspension Residential Bcenario 
(mrem/Yr per pC://gm) 

.._ 
Decay chain U-235 

.“. : 

==+=-== DCBE PACTORBxzxxxxxxxa 
Respif'abie ,+ Ingestion, = Combinatic 

.- 

\- ( 

- 

..- 

., 

-_ 

. 

.~_ 

-. 

- 

i. 

slibchainr 

U-235 + D 

Radionuclideq 

U-235' 
Th-231 _ 

Pa-231 

AC-227 
Th-227 
Ra-223 
Rn-219 
PO-215 I 
Pb-211 
Bi-211 
Tl-207 
Pb-207 

AC-227 + D 

.Pa-2.31 + AC-227 + D 

.U-2-35 +.D -+' AC-227 ;+.D 

,’ '0.627 / 
0.637 
~ _ 

: 
. . . .-. 

0’. 00964 

0.0.;964 

0.100' 0.000692 

0.525 
0.00'127 
0.006615 

o - 

0.00004 

0.527 0.000967 0.528 

t 
\ . 

I 

., ., 
': 

.: 
, 

3-35 

0.00166 0.629 

0.00168 0;639 

0.00966 

0.00966 

0.101 

0.526 
0.00127 
0.000658 



Table 3-6 (cont.) . -'. 
nhalation Respirable, Ingestion and Combination Pathway Dose Factor (DF) fo, 

Boil Resuspension Residential scenario 
(mrem/yr PeT PW9-m) -.. 

. 

Decay Chain Th-232 xxxxxxxxxxxxxx DOSE FACTORS xxxxxxxxxxx 
Respirable + Ingestion = Combination '__ 

-____-----_-----------------------------------------------------------------, 
m&chain: 

Radionuclides 

Ra-228 + D’ 

Th-232 

Ra-228 
AC-228 

0.129 

0.000374 

0.000398 

Th-228 + D 

Th-228 
Ra-224 
Rn-220 
PO-216 
Pb-212 
Bi-212 
PO-212 
Tl-208 
Pb-208 

0.0268 
0.000248 

0.0271 

Th-232 + Th-228 + D 0.156 0.000324, 

_’ 

0.000178 0.129 -_ 

- 

0..000467 

0.000491'- 

0.0268 
0.000272 _ 

-. 

-. 

0.0271 
- 

o/157 , 

-- 

- 
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Inhalation (Respitable) Pathway Doses 
_ . Resulting from Soil Resuspension 

Non-Residential scenario ,:' 
- ,,,' i \ I, 

Equation: 
- 

.i 
Dose (mrem/yr) = V x x C-x [BA x RP x WF] -_ 

.-- 

-._ xM0 

'- 
x [WO + WI 'x ID]" 

x DCR x AF x lo+ g/pg 

.- 
Dose (mremjyr) = 0.0569 'DCR‘x V x C 

DE I 
.- 

. Where the terms in the equation are defined as follows: 
.- V - Vertical depth of contaminated soil (in ft.) 

DE - Excavatidn.depth during construction = (7 ft; .for basement: 4 ft. ?zr 
slab.on grade), 

C -- . -Concentration bf radionuclide in contaminated soil = (pCi/g) 
BA.-- Breathing rate'of average adult-performing moderate activitie8 r 

(0,83 m3/hr) [ref; ,1] 
RP - .Respirable portion of,material .inhaled = (30%) [ref. 21 . v-. WY - Work days per year = (250 days yr) [ref. ,3] 
;MO. - l 0utdoor:Mass Loading = (200 pg/m) [ref. 41 

.. ' .wo .- 
WI' 

Outdoor Work',per day = (1.75 hr/day) [ref..51 
L - Indoor Work per day (7.‘0.hr/day) [ref. 61 

ID - Indoor Dust Level,as a percent of outdoor level =. (40%) [ref, 7: 
DCR - Dose Conversion Factor .for .inhaled(mrem/pCi) [ref. 81 

L. AF - Area Factor, this has not been.experimentally tested; the:accuracy . and range of,the values in this factor are not .known; therefore = (1. _ 
[refd,9]. 

- 
_ .' 
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-_ _ 
Inhalation (Not Respired, but Ingested) Pathway Doses 

Resulting from Soil Resuspension 
Non-Residential scenario 

- 

Equation: 
..: . 

- 
Dose (mrem/yr) .= V x 1 x C-x [BA x TP x WY] , < DE 

.- x MO 

.-. x [WO + WI x ID] 

x DC1 x AF x .1O-6 g/pg 

‘nose (mrem/yr) = 0.0474 DC1 x V x C 
DE 

/- 

-- 

-. 

Where the terms in the equation are defined as follows: 

V - Vertical-depth of contaminated,soil (in ft.) 
DE - Excavation depth-during construction = (7 ft. for basement: 

slab on‘grade) ..- 
'4 ft. for 

C - Concentration of radionuclide in contaminated soil- = (p&/g) 
BA - Breathing ratejof average adult performing .moderate activities = 

(0.83 m'/br) [ref. l] : 
IP - 
WY - 

Ingested portion of materialX:ihhaled;not respired = (25%) [ref.. 2] 
.Work days per ye,ar = (250 days yr) [ref. 33 

ii: 
4 .- outdoor Mass,Loading.P (200.gg/m) [ref..41 

- outdoor Work per day ='(1;75'hr/'day) .[rgf. 51 
WI - Indoor Work per day (7.0 hr/day)' [ref. 63 
ID - Indoor Dust Level as a percent of outdoor level k (40%) [ref. 7) 
DC1 .- Dose Cqnve,rsion Factor.for ingested(mrem/pCi), [ref. 81 
AF Y Area Facijor,,this -has not been experimentally tested; the accuracy ' 

and,range of the:values in this factor are not known; therefore'=' (1.3) 
[ref. 91. : 

. 

- 
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c_- , $. 40232 Table 3-7 
Inhalation Respirable, Ingestion and combination Pathway Dose Factors. (DF) for 

Soil Resuspension Non-Residential Scenario .- _ - (mrem/yr per pCi/gm) 

Decay Chai,n U-238 ~~mnmmmxxxx,bCSE FACTORS xxxxxxxxxxx 
TV Respirable:' + Ingestion = Combination 

,,---,,,,,,,,,--,------------- ----------------,~-------------------~----------- 
Subchain: 

Radionuclides - 

0.00672 
0.000003 

0.00671 
0 

'0.00671 

U-238 ,- Th-234 
Pa-23$4 

U-238 + D 
- 

U-234 

U-238 Y D + U-234 

Th-230 

-: 

0;00672 

0.00751 0.00752 

0.0142 .0.0142 

0.0185 0.0185 

' Ra-226 0.000488 
- 

0.000551 

0.000552 

-’ 

0.000489. 0.000063 

Rn-222 
PO-218 
Pb-214 
Bi-214 
PO-214 

+D . L-- ,Ra-i26 

Pb-210 
Bi-210 
Po-210 
Pb-206 

+ D, I 

0.000254 0.000774. 
/ 
0.000535 i 
0.00132 

0.00181 

0.0203' 

O-.0278 

0.00103 
0.000012 
0.000625 

- 
O.dOl67 

.  2. 

.-. 

. , I  

Pb-il0 
.-. 

Ra-226 + D'+ Pb-210 >+ SD 

Th-230. “4 "Pb-210 + D _.~ 
U-234 - Pb-210 + D'. 

~0.0'00407 0.00222 

0.0207 0.000433: 

0.000446 

0.000460 U-i38 + Pb-il0 + D 

- - 

-- 
.- 

- 

0.0345 

: 
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Inhaldtion Respirable 
Table 3-7 (cont.) 

, Ingestion and Combination Pathway Dose Factors (DF) fo: 
Soil Resuspinsion Non-Residential Scenario -_ 

(mrem/yr per pci/gm) 

Decay Chain U-235 
I. 

m+xxxx DOSE FACTORS xxxxxxxxxxx 
Respirabie + Ingestion .= Combination 

-, ________________________________________-------------------------------------- 
Subchain: 

Radionuclides 

0.0.00013 

0.000~13 

U-235 
Th-231 

0.00700 

0.00700 
0.00701 

0.00701 -- U-235 + D 

Pa-231 0.0728 0.000502 0.0733 -- 
0.382 
0.000923 
0.000477 -.- 

-- 

AC-227 
Th-227 
Ra-223 
Rn-219 
PO-215 
Pb-211 
Bi-211 
Tl-207 
Pb-207 

0.381 
0.000921 
0.00044'6 

0.000668 
0.000002 
0.000031 

0.000701 0.382 AC-227 + D 

Pa-231 + AC-227 + D 0.4548 

0.383 ..' 

0.00120 0.456 

0.462 0.00121 0.463 --.* U-235 + AC-227 + D 

i 

,’ 

/ 

-., 

-. 
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_ - 
-. Inhalation Respirable, 

Soil ._- 

Decay Chain Th-232 -DOSE FACTORS xxxxxxxxxxx 
Respirable + Ingestion = Combination I .-- 

;- 

0. 
--I-,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,-----~------------------------------ 

Subchain: : ,' 

Table 3-7 (cont.) 
InpStiOn an8 Combination Pathway Dose Factors (DF) fox 
Resuspension Non-Residential Scenario 

(mrem/yr per pCi/gm) 

‘+Y. Radionudlides :, 
. - .- -_ 

, Th-232 0.0933 .' 0.000129~ , 0.0934 
.' 

Ra-228. 0.000271 0.000068 0.000339 
AC-228. 0.0000,18 0.000018 

Ra-228 + D 0.000289 0.000068 0.000357 

Th-228' 
Ra-224 - Rrl-220 

;Po-216 
Pb-212 
Bi-212 
PO-212 
Tl-208 
Pb-208 ..- 

Th-228 + D 

0.0195 0.000019 0.0195 .' 
O..OOOlSO 0.000017 : 0.000197 

- - 

0.00~~10 o.ooo?io2 0.00001z 
0.000001 0.000001 

T 

0.0197 0.000038 0.0197 
.> Ra-228 + D +. Th-228 t D 0.0200 0.000106 L.. . 

Th-232 -, + Th-228 *-D 0.113 
/ 

0.000235 

0.0201 

0.113 



3.3.3 DRINKING WATER PATHWAY 

The drinking water component of the ingestion dose was evaluated by 
.assuming the groundwater pathway is the primary route by which radioactive' 

_I 

contaminants can potentially reach drinking water. SUrfaCe water pathways 
result in greater dilution than the groundwater pathway. Therefore, it is 
conservative to assume that all residual contamination is susceptible to -.- 
processes involved in the groundwater pathway. Conceptually, the 
groundwater pathway refers to the following scenario: I 

1.1 contaminants in the soil leach into water as it percolates 
through the contamination'zone; ._ 

2.1 contaminants travel through the unsaturated zone-to an aquifer, __ 

3.1 
where they are susceptible to saturated transport processes: 
a well is eventually placed in the aquifer directly under the 
residual contamination, 
water. 

providing a primary source of drinking -., 

The expectation under S-1070 is that generic cleanup standards be 
developed for .application to any site.in New Jersey. Furthermore, while 
the standards are specific to each radionuclide subchain,. they are expected-' 
under S-1070.to be applied to any chemical form in which the radionuclides 
may be found; 
since leach 

The expectations.of generic standards pose some difficulty, _- 
and transport rates are strongly influenced by the 

physicochemical properties of both the contamination and the so.il. 

In order to overcome the difficulties inherent in developing generic -- 
cleanup standards, a conservative bounding approach was used to assess the 
groundwater pathway. The approach estimated the maximum groundwater 
contamination that could reasonably,be expected over a wide range of s.ite ~, 
characteristics and chemical forms of contamination. 
development of these standards to avoid 

Care was taken An the 
"redundant conservatism.1t 

Groundwater concentration to soil concentration ratios, 
soil concentration ratios, 

as well as doso to 
were developed for each radionuclide subchaln. -.- 

Given current knowledge regarding leach and transport processes for'near 
surface contamination, it is expected that groundwater contamin&ion.and 
resultant doses for most sites in New Jersey would not exceed the ratloe -. 
developed for this .application. While a quantitative modeling tool was 
used to derive groundwater to.soil.concentration ratios as well as dose. to 
soil concentration ratios, professional judgment also played a.criticat 
role .in assessing thegroundwater pathway. 

__ 

Recfulatorv As&&s 

_ Dose to soil radionuclide concentration ratios for.the groundwater 
pathway may.be used to est.imate whether the concentrations of residual 
radionuclides in the soil will result in exposure that exceeds the alloved 
background dose variation-for gamma and intake. New Jersey 
Criteria also require that such concentrations not cause the 

Groundwater 
groundwater 

to,exceed the Maximum Contaminant Levels (MCLs) specified in the U.S. 
Drinking Water Act. 

.;t:r 
Therefore, the groundwater pathway was assessed 

relative to both the currently--applicable. Interim Drinking Water Standat 
(40CFR141.15-16) and the Proposed Drinking Water Standards. The foll-.i.-q 
table compares the MCLs from the Interim and Proposed-Standards:,_.. 

- 
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I IN T E R IM  V S . P R O P O S E D  M A X IM U M  C O N T A M IN A N T  L E V E L S  ~ 1  

,,;.In te r im j P r o p o s e d  

R a 2 2 6  1 . 2 0  p C i/l 

I 
R a 2 2 8  ( 2 0  p C i/l 

* R a 2 2 6 + R a 2 2 8  I'S ,p C i/l j' ,,' R n 2 2 2  <  3 0 0  p C i/l 

t U r a n i u m  5  3 0  p C i/l ( 20  m g /l) 
m a n - m a d e  b e ta /p h o to n  e m itters  ( b e ta /p h o to n  e m itters  (excl. 

4  .m tierir lyr. - R a 2 2 8 )  1 4  m r e m /yr. 
g ross  a l p h a  (incl. R a 2 2 6 ;' excl-.  g ross  a l p h a  (excl. R a 2 2 6 , U , 

R n , u )  5 .1 5  p C i/&  R n 2 2 2 )  s 1 5  p C i/l 
.' 

'The  b e ta /p h o to n  a n d  gross  a l p h a  g roups  a re  d e fin e d  d i ffe r e n tly‘in  th e  
p r o p o s e d  M C L S  th a n  in  th e  in te r im M C L s . W h i le,mO S t o f th e  N C R M  M C L s  w ill 
b e  h ighe r  if th e  p r o p o s e d  sta n d a r d s  a re  p r o m u l g a te d , w r a n i u m  a n d  r a d o n  w ill 
h a v e  n e w  M C L s .. In te r im sta n d a r d s  O n ly regu la te  U r a n i u m  i nasmuch  as  u 2 3 8  
p roduces  R a 2 2 6  as  a  d is ta n t p r o g e n y . -'E a c h  M C L  w a s  eva lua te d  sepa ra te ly  fo r  
e a c h  subcha in  to , o b ta in  max imum~perm iss ib le  S o il c o n c e n tra tio n s . T h e  m o s t 
lim itin g  soi l  c o n a e n tra tio n  fo r :e a c h  subcha in  w a s  i d e n tifie d . 

_ -  
M e th o d o l o o v  : ._ . 1 , 

&  semi -ana ly tica l  m o d e l,, G W S C R E E N  V e r tiio n  2 .0 3  ( R o o d , 1 9 9 4 ) , w a s  u s e d  
to  es tim a te 'th e  g r o u n d w a te r  ac tivity c o n c e n tra tio n s  a n d  inges tio n  doses  
resu l tin g ,fro m  n e a r ,su r fa c e  c o n ta m ina tio n . G W S C R E E N  w a s  d e v e l o p e d  to  
assess.th e ,g r o u n d w a td r  p a th w a y  fro m  leach ing  o f rad ioac tive  a n d  n o n -  
rad ioac tive  subs tances  fro m  sur fa c e ‘or  bu r i ed  sources . T h e  m o d e l m a k e s  
severa l 'sim p lifyfn g  a s s u m p tio n s  th a t a re  d e s i g n e d  to  assess th e  g r o u n d w a te r  
p a th w a y  w h e n  fie ,ld .d a ta  'a re l im ite d ,." A  mass  b a l a n c e  a p p r o a c h  w a s  u s e d  to  
m o d e l th r e e  p rocesses :,. c o n ta m i n a n t.re l ease  fro m  a  source  v o l u m e , 

.,co n ta m i n a n t tra r ispor tcin 'th e  u n s a tu ra te d  z o n e , a n d .'co n ta m i n a n t transpo r t in  
' 'th e  sa tu ra te d  z o n e . \'C o n ta m i n a n t transpo r t in  th e .sa tu ra te d  z o n e  w a s  

t.- .m in imized .by  p lac ing !th e .d r ink ing  w a te r  w e ll u n d e r  th e ; source  m a ter ia l  a t 
th e 'p o i n t ,o f d ischakg  ' fro m 'th e ? u n s a tu ra te d  z o n e 'to  th e  a q u i fe r . 'co m m itte d  
E ffec tive .D o s e :E q u iv l en t w & then-ca lcu la te d  fro m  th e  resu l ta n t w e ll va te r  %  

-- c o n c e n tra tio fis~ ; .: .' .:,: I" C \ -1 , I .,r, \ ; \' 
, ,'.' 
.R e lease  .& & th e  source  v o l u m e 'w a s 'm o d e led  as 'a  'first-o rde r  l each ing  

p rocess  th a t,a c c o u n ts fo r  decay  a n d  so rp tio n  (d ist r ibut ion b e tw e e n ' so l13  -- a n d .liq u i d  m e d ia): S o lubil i ty:l im i+ e d :re l ease  w a s  a s s u m e d  to  b e  
neg l i g ib le~ . Th is . a s s u m p tion is . accura te  fo r  d i ffu s e  w a s te  a n d  C o n s e N a tlve  
fo r ~ 'm o r e " c o n c e n tra te d  sou rces& '-S it& ~ - p a r a m e ters  i m p o .rta n t to . th e  l each lnq  

_ .- m o d e l i nc lude  n e t w a te r  pe rco la tio n ,% te  (m /yr),, v o l u m e tric m o istu re  
c o n te n t a n d  bu lk  dens i ty o f source  v o l u m e ,‘th ickness. o f source 'vo lumr , rr.~  
c o n ta m i n a n t-ha l f-life  (years) . A .so rp tio n  c o e fficie n t (a lso  ca l led  

-- d is trib u tio n  c o e fficie n t, m l/g )  w a s  a s s u m e d  fo r  e a c h  subcha in . 

D ispers ion  in  th e  u n s a tu ra te d  z o n e  \w a s  a s s u m e d  to  b e  neg l ig ib le , 
L . l eav ing  a  sim p le  p lug - flo w  m o d e l, A s l o n g  as  th e  transpo r t tim e  in  h e  

.u n s a tu ra te d  z o n e  is less th a n  te n .tim e s  .th e 'ha l f-life .o f th e  c o n t'a m ina tit. 
d ispers ion  w ill h a v e  th e  e ffec t o f l ower ing  th e  p e a k  c o n c e n tra tio n  
s l ightly. T h e r e fo re , it is conserva tive  to  cons ider  d ispers ion  n e g 1 ;J.r.e  

i- T h e  th ickness :o f"th e  u n s a tu ra te d  z o n e  w a s  r e d u c e d  w h e n  necessary  to  f..!.. 
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the condition o f the transit time being less than ten times the half-life - 
o f the contaminant. Contaminant flux to the aquifer was obtained by 
calculating the'fraction o f activity that remains a fter transit through the- 
unsaturated zone. Site parameters important to the unsaturated transport - 
mode l include thickness o f unsaturated zone (distance from base of source 
volume to top o f aquifer, m), percolation rate (m/yr), volumetric mo isture 
content, and bulk density in the unsaturated',zone. Sorption coefficients __ 
were assumed to be the same as in the sour&volume for each ,subchain. 

Assuming uniform steady,flow in homogeneous isotropic med ia the -.. 
advection-dispersion equation for Contaminant transport in saturited soil 
was approximated using an analytical solution. The activity concentration 
in the aquifer a t some point downgradient from the center o f the area 
source was solved in terms .of G reen's functions and vertically averaged 

-- 

over the well screen thickness. 
saturated transport mode l 

Aquifer parameters important to the 
include groundwater pore veiocity (m/yr), 

dispersivity (-m),effective porosity (m'/m'),well screh thickness 
density. 

and bulk* 
Sorption coefficients for each subchain were assumed to'be the 

same.in  the aquifer as in the source volume,and unsaturated zone. 

The concentration o f individual progeny in a  decay chain was 
calculated as a  function o f the parent concentration. Partitioning 
differences (as reflected in the sorption coefficients)' among progeny were_ 
taken into account. Decay-ingrowth factors were calculated based on the 
decay constants o f the parent and progeny. 

Assumotions -. 

A number o f simplifying assumptions are implicit in the code 
(GWSCREEN) used to make calculations for the groundwater pathway analyses. -_ 
For.inst$nce, 
finite volume, 

the contaminant is assumed to be homogeneously m ixed in a  

the code is 
and a constant infiltration rate is assumed. 

not a  predictive tool, 
Recall that 

but is intended to provide bounding 
calculations when field data are lim ited. For more information on the uses*- 

.and.limi'tations. o f GWSCREEN, refer.to Rood (1994). 

.The peak concen rations:calculated to occur'between l-1,000 years vere- 1  
used for'all analyses;' Rven;conservative bounding calculations become 
tenuous when carried {out over long,periods o f time. 
decided to lim it the calculatjons to 1 ,000 years. 

Therefore it was 

decision .affected results for four subchains. 
Practically,‘this 

The Thorium subchains (Th23d- 
'and Th232) were calculated to take over 5 ,000 years.to-move through + meter 
o f unsaturated,soil. Consequently, none of,the Thorium had reached the 
aquifer a fter the l,,OOO year calculations. 
reached their peak concentrations, 

Also, Ra226+D and Pa231 had 

800 and 909 years, respectively. 
having transit times calculated'to. be 

no<” 

'The long'transit ,times.of.'these four 
contaminants reflects their strong tendency to sorb,onto soil instead of -- 
desorbing into.water. O ther pathways w ill remove the residual 
contamination from these subchains substantially over the course o f a  
m illennium. To  calculate peak concentration from the groundwater pathvay - 
over long periods o f time w ithout considering o ther removal processes VOU:~ 
unreasonably overestimate the-.&inking water component. Since 

-uncertainties preclude quantifying such loss mechanisms, it is reacxabiy 
conservative to 'calculate peak concentrations from l-1,000 years, - 

Though the simplifying assumptions in GWSCREEN are intended to y1r:3 
conservative bounding approximations, the degree of conservatism depends ." 
great part on the input parameters used in the analyses. The table he. d  
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c- 1 . - lists the generic site input parameters. The unsaturated zone was assumed 
to extend only .$ meter below the contaminated soil. The combination of 
relatively slow.pore velocity in the aquifer and small well screen L . -thickness ensures conservatism for most New Jersey sites. The drinking 
water well was assumed to be placed in the aquifer directly under the 
contaminated soil. 
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GENERIC SITE INPUT PLTERS I 

Dimensions of contaminated zone, LxWxD looxIoox 
(ml 1 - 
Percolation rate (vertical Darcy 
velocity, m/yr) oi5 

Volumetric water content-in 
contaminated zone (m3/m3) 0.35 

Volumetric water content in 
unsaturated zone (m3/m3) I 0.2 I 
Bulk density of contaminated zone 
tWcm3) : I 1.6 1 
Bulk density of unsaturated 'zone 
(g/cm31 : 
Bulk-density of saturated zone (g/cm3) 

1.6' 

1.6 
Unsaturated zone thickness (distance 
from bottom of source to aquifer, m) 1 0.51 

Porosity of aquifer 0.45 
Longitudinal dispersivity in aquifer ? ?E 
.(-ml 

&.&J 
/’ 

Transverse dispersivity in, aquifer (m) :I , 
Pore velocity i'n aquifer (m/yr) _ 4 
Well: screen thickness <(mixing depth, 
m) ,i. _ : :" lo- 

Hor&ontap,distance t&Gel1 (m) .: ..o:- h '. 
% :< 

'. -Subchains in each-of the three naturally occurring radioactive. 
material (NORM).decay serges were evaluated psif they decayed directly 
-into.one anotheti:... For. instance; the,.Uranium decay‘series'was simplified as 
‘follows:' 'U23S'+D-U234-Th230rRa226~D-Pb2lO+D-Pb2.06.~ Progeny'of each 
subchain.parent:yere assumed--to be inkecular equilibrium with the ,pkreni* 
subchain. 
belbw: 

-Assumptions specific to,each subchain‘are listed ,in the table 
Sorption coefficients (also called distribution coefficients) were 

taken from,the, geometric mean of typical sorption coefficients in sand, as 
found in ,Table 32'.1 of the Pata~Collection Handbook to SuDnort Model- 
ImDacts .of Radioactive Material in Soil (Yu et ax, 1993, pp.10.5-1061, 
Sorption coefficients represent the.tendency,of a contaminant to re'ma,n 
bound .(sorbed) in the soil:' the lower the sorption coefficient, the greater 
tendency has the contaminant to leach (desorb) into the groundwater. 
Sorption coefficients vary. greatly with chemical form and-site 
characteristics such as.soil type. Using the geometric mean for sand 
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;f‘400;35-- 
provides a conservative Sorption Coefficient relative to the range observed 
over many soil types and conditions. Dose conversion factors, taken from 
Federal Guidance 11, were summed for all progeny in'each subchain. 
approach is consistent with the assumption of:secular equilibrium. 

This. .-I 

I SUBCHAIN SPECIFIC INPUT --I 

Subchain 

Sorption 
coefficients 

(ml/g) 

Dose 
Conversion 

Factor 
(mrem/pCi) 

:i liose 
Conversion 
FaFtor for 

Beta/Photon 
(mrem/pCi) 

Interim 
Alpha 

Multipli 
-~. er 

U238+D 35' 2.703-04 1.58E-05 0 
U234 35 2.833-04 O.OOE+OO 0 -4-i 

1 I 
2 I 
1 I 
0 I 

+I 
1 I 
0 1 
5 I 

-In order to evaluate each subchain relative-to the.Interim and 
Proposed Drinking Water standards,, .tbree.new inputs were developed. 
While the interim MCL for beta/photon ‘emitters ex~lude~:hll.NOEM, ‘the 
proposed MCL for beta/photon' emitters 'excludes only'Rai28. Beta/photon 
dose conversion factors fdr each subchain were obtained by adding the 

,dose conversion factors of beta]photon,emitting progeny (except Ra228). 
Similarly, alpha multipliers were developed'to calculate the gross alpha 
based on;the qoncentration.of each subcha,in',parent.~ .Assuming ,&ecular- 
equilibrium with each subchain;.th6,~Ygross.,alpha -may be <obtained by 
multiplying each,subchain ,parent concentration'by the number of alpha 
emitters .in the subchain. When multiplied by‘the-groundwater 
concentration for each subchain‘, the alpha multipliers provide the gr:o's 

., alpha concentration as defined by' the interimtand proposed standards. 
For insta,nce,. the gross alpha~frpm~:Ra226+D is;thiee.times'the Ra226 
concentration for the interim statid&&.and twb 'times the Ra226 " 
concentration for the proposed statid?&.,' The interim.standard for gross 
alpha includes Ra226, Po218,,and Po214; the propdsed standard for gross 
alpha includes only Po218,and-Pp214. 
another within a'series; 

Since subchains &ecay into one 
an alpha multiplier of zero does not necessarliy 

mean a subchain does not contribute to gross alpha.- .For instance, \jn,;o 
the interim alpha multiplier for U235+D is zero , U235iD will contribute 
to the interim gross alpha because it decays'intb Pa231; Gross +.pni 
concentration to soil concentration ratios were calculated by multipl,.?q 
the concentration. of the parent subchainand subsequent subchain 
concentrations by their respective alpha multipliers, and then addirq 
alpha concentrations together. 
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* A ccord ing  to  N e w  Jersey G r o u n d w a te r  Cr i te r ia , M C L s  a re  app l i ed  as  
fixe d  lim its ra the r  th a n  i nc remen ts. .In  o the r  wo rds , th e  res idua l  
c o n ta m ina tio n  m u s t n o t l each  in to  th e  g r o u n d w a te r  td  such  a n  ex te n t th a t 

-exist ing g r o u n d w a te r  c o n ta m i n a n t levels  a re  p u s h e d  over  th e  M C L s . In  
o rde r  to  ca lcu la te  lim itin g  soi l  c o n c e n tra t.io n s , b a c k g r o u n d  g r o u n d w a te r  
c o n ta m i n a n t levels  h a d  to  b e  a s s u m e d . T h e  ta b l e  b e l o w  lists th e  
b a c k g r o u n d  g r o u n d w a te r  c o n ta m i n a n t levels  a s s u m e d  fo r  c o n ta m i n a n ts fo r  
w h ich M C L s  w e r e  spec i fie d  in  th e  in te r im o r ;p r o p o s e d  sta n d a r d s . : ‘,' 

. I  

.  

I ;  

I 

U 2 3 4  7 .2 0 E - 0 1  p C i/l 
R a 2 2 6 + D  4 .0 0 E - 0 1  p C i/l %  
U 2 3 5 + D  O .O O E + O O  p C i/l 

I I 

R a 2 2 8 + D  7 .0 0 E - 0 1 . p C i/l 
In te r im gross . 

a l p h a  I 3 .1 0 E + O O  Ip C i/ll s 

P r o p o s e d  gross  
a l p h a . I 

2 .7 0 E + O O  Ip C i/ll 

p r o p o s e d  
b e ta /p h o to n  4 .0 0 E - 0 1  m r;;' 

D o s e  ca lcu la tio n s  w e r e  pe r fo r m e d  by  p lac ing  a  h y p o th e tica l  d r ink ing  
w a te r  w e ll d i rec tly u n d e r  th e  a r e a  o f res idua l  c o n ta m ina tio n . 
R e s i d e n tia l  scenar io  ca lcu la tio n s  a s s u m e d  2  lite rs /d a y  in ta k e  -fo r  3 5 0  
days /yea r , w h i le non - res iden tia l  scenar io  ca lcu la tio n s  a s s u m e d  1  
lit$ r /d a y  in ,ta k e  fo r  2 5 0  days /yea r . ,' 

.' 
R L u its > , 

'Resu l ts in  tb e ~  *Tab le ',3 -8  a re .exp ressed  as  g r c u n d w a te r  to  soi l  
c o n c e n tra tio n  ra tios 'b n d  d o s e  to  so i l concen tra tio n  ra tios , th e  la tte r  
b e i n g  g i ven  fo r  b o th 'res iden tia l  a n d  ,conqerc ia l~scenar i .qs . 'It shou ld  b e  
n o te d .th a t e v e n  us in*  a  conserva tiye 'gener i c  m e th o d o l o g y ., ,fou r  o f th e  
subcha ins  ( P b 2 1 0 + D , A c 2 2 7 + D , 'R a 2 2 8 + D ,,a n d  T h 2 2 8 + D )  w e r e  es tim a te d  to  
decay  to .sta b l e  fo rms  b e fo re .th e y  reach 'th e  g r o u n d w a te r . .Tab le  3 -9  
p resen ts d o s e  to  soi l  c o n c e n tra tio n  ra tios  fo r  var ious  ver tica l  ex te n ts 
o f c o n ta m ina tio n .' N o tice  th a tY ver$ ica l ,ex te n t o f c o n ta m ina tio n  a ffec ts 
d o s e  to  soi l  c o n c e n tra tio n  ra tios  d i ffe r e n tly fo r  d i ffe r e n t subcha ins . 

.,.. 

.-' 
-- 
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able 3-8: CALCULATED RATIOS* I 

, 

‘. 

~Groundwaterl, 
years, mximm dose between l-l.000 years is used 

[Soill = gromdueter concentration, soil concentretim 

. 

able 3-9:' DOSE (mrem/yr) to SOIL (pci;/g) RATIOS, 
for VARIOUS VERTICAL EXTENTS of 

01 01 01 0 0 0 
Pa231 2.17E- 2.35E- 2.38;~ 2.39E- 2.39E- 2.40E- 

01 01 01 01 01 01 
Ac227+D DECAYS OUT 

Th232. NONE I-N AQUIFER AFTER 1000 YEARS 
Ra228+D . DECAYS OUT 
Th228+D DECAYS OUT 

-_ 

-- 

-_ 

.- 

-I 

-_ 

Nubers given are for residential scenario: ccmmrcial = residentielx0.357 
.., 
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Using the same generic approach, maximum.soil concentrations were 
'developod such that Interim (Table 3710) and Proposed (Table 3-11) 
Drinking Water Standards would not reasonably be expected to be'exceeded. 

"Mean background contaminant levels in the groundwater were .assumed in 
order to estimate maximum soil concentrations that would not contaminate 
groundwater above.the Maximum Contaminant Levels specified in the U.S. 
Safe Drinking Water Act. i i' f 
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able 3-10: MAXIMLM SOIL CONCENTRATIONS FOR INTERIM DRINKING WATER STANDARDS 
I Limiting [Soil1 Limiting Limiting [Soil1 -- 

tRa226+Ra2281 (pCi/g) to meet 5 tALLhI [Soill~ +3/g) (pcilg) to meet 4 nest 
(pCi/lI to pCi/l CGroundueterl (Will) to to fheec 15 mram/yr Dose limit 

Subchain [Soil1 (pCi/g) 
Limiting 

limit for ISoill (pCi/gI pi/L CAlphal for man-made CSoi\l 
Ratio Ra226+Ra228 Ratio Limit beta/photon emitters '(pcif9) -- 

, 
U238+D 1.48e-07 3.11ero7 .9.15e-07 1.3oe+o7 WA 1.30e+o7 . . 

u234 1.97e-D4 2.34e+O4 l.l4e-03 l.D5e+O4 N/A l.O5e+OC -_ 
Th230 NDNE IN AQUIFER AFTER 1000 YEARS N/A NO LlUlT 

Ra226+D 1.51e-02 1 3.05e+O2 1 7.37e-02 1 1.61~02 N/A 1.61e+O2 
1 I 8 8 

Pb2lO+D N/A I N/A I DECAYS CUT I N/A NO LIMIT' __, 

U235+D 

Pa231 

Ac227+D 

Th232 

N/A 

WA 

WA 

N/A 1.43e-02 8.21~02 N/A 8.21e+O2 

NIA 6.9le-02 l.Re+OZ NiA 1.72~02 -_ 

N/A DECAYS CUT" N/A NO LIMIT 

NCINE IN AQUIFER AFTER 1000 YEARS N/A 1 NO LIMIT 
I I 

Re228+D i DECAYS OUT I N/A I NO Llt4lT 
-_ 

Th228+0 W/A I WA ' DECAYS CUT I N/A NO LIMIT 

Table 3-11: MAX1Ml.M SOIL CDNCENTRATIONS FDR PROPOSED DRINKING WTER STANDARDS 1 
-_ 

. 

*Rn222 backgrowd is assunad to be 0 since actual mean.backgroud exceeds 300 pCi/l standard 

Most 
Limiting _-- 

[SoilI 
OXi&) 

4 -_A 

1.02rQ1 

1.03e+Ol 
-1 

-. 

2.55~01 3 NO LIMlf -_ 

NO LlMIT 

-. 
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3.3.4 CROP INGESTION PATHWAY ' 140232 

In order to determine the dose an individual will receive from 
eating vegetation.which has been contaminated with radionuclides, 
something has +.a be known about the foll$?ing: the concentration of 
the radionuclide in the, soil in‘which the vegetation is grown, how 
much of the radionuclide is taken up by the vegetation and how much 
of the vegetation an individual eats. This particular pathway is 
not dependent on time spent on location but is based on the amount 
of vegetation which is grown at the location hnd consumed by 
individuals at the location. An example of a nonresidential 
scenario which would be appropriate for this pathway is a farm. 
The basic equation for calculating the dose an individual will 
receive from a unit intake of vegetation is: 

,, -* 

-- 

DCF- 44.2 * Biv - C,, - & * (.283 + 1) - 1000 
. 

(1) 
DCF * Biv * Czz, - v : 19555 

-_ 

- 

-. 

where: DCF is the dose conversion factor 

I is the amount of vegetation an individual consumes 

Bi, is the amount of radionuclide which is 
transferred from the soil to the vegetation by root 

uptake 
, 

C, is the radionuclide soil concentration. \ 
. 

This basic eguatibn can'be found in several publications.2*3 The 
input values selected. for each of these variables is discussed 
below. 

SELECTION OF INPUTS 

Dose Conversion Factor 

Seven publications, dating 1979-1993, which contain dose 

-. 

-, 

- 

' Till, J.E. and R.E. Moore, 1988, "A Pathway Approach foi Determining Accqtable Levels of Coniamination <II 
Radionuclides in Soil”,Health Phvsics, 55 (3). 541-548. 
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convers ion  fac tors  w e r e  rev iewed .2 V 3 '4 *s16*71a  T h e s e  repo r ts in  tu rn  
cite  six fu r the r  re fe rences  pub l i shed  over  th e  pe r i od  1 9 7 7 -  
1g88~9, 'o ,11, .12,13,14 Tab le  3 - 1 2  shows  th a t th e  d o s e  convers ion  fac to r  

,va lues 'p resen te d  in  th e  rev iewed  pub l i ca tio n s  a re  essen tia l ly  th e  
s a m e  excep t fo r  th o s e  va lues  repo r te d ,'in  K e n n e d y  a n d  P e loqu in  
( 1990 ) .. T h e  a u tho r  o f th is  pub l i ca tio n  w a s  c o n tac te d  a n d  sta te d  
th a t th e y  rece ived  m a n y  c o m m e n ts o n  th e  d o s e  convers ion  fac tors  
w h ich w e r e  p resen te d  in  th e  repo r t. M r. K e n n e d y  sta te d  th a t th e  
c & m e n tors  p o i n te d  o u t th a t th e  d o s e  fac tors  p resen te d  in  th e  p a p e r  
w e r e  n o t p resen te d  in  the -no rma l  m a n n e r  in  w h ich .d o s e  .fac tors  a re  
usua l ly  p resen te d , i.e . d o s e  convers ion  fac tors  a re  norma l l y  g i ven  
in  m il l i rem  (mrem)  pe r  p icocur ie  (pci); K e n n e d y  a n d  P e loqu in  1 9 9 0 , 

.p resen ts'th e  'd o s e  convers ion  fac tors  in  m r e m  pe r  year  pe r  p C i pe r  
g r a m  o f soil.  T h e r e fo re , it w a s  d e c i d e d ,th a t th e s e  va lues  w e r e  
i napp rop r ia te  fo r  u s e  as  i n p u ts. It shou ld  b e  n o te d  th a t 

'su b s e q u e n t to  th e  ini t ial  lite ra tu re  rev iew fo r  d o s e  convers ion  

’ In te r n a tio n a l  C o m m ission o n  Rad io log ica l  P r o tect ion,  1 9 7 9 , Lintifs@  In fakes  o f Rud ionuc l i des  by  Iliorkers.  ICRP 
Pub l ica t ion  3 0 , Fait  1 ; A n n . ICRF.2(3/4) .  

’ E c k e m ta n , K .F., A .B . W o lbarst  a n d  A .C.B . R ichardson ,  1 9 8 8 , L imi t ing V a lues  o f Rad ionuc l i de  In !a k e .a n d  A n  
C o n c e n tra l ion a n d  D o s e  Conve rs ion  Focfors&r  In h a l a tio n . S u b m e r s i o n , a n d  In g e s tio n , F & d e n 4  G u idance  R e p o r t N o . I I. 
2 2 5 ~ . 

’ G ilbert, T.L., C . Y u , Y .C. Y u a n , A .J. Z i d e n , M .J. Jusko a n d  A . W a l l0 III, 1 9 8 9 , A  A lanuu l fo r  Im p l e m e n tin g  R e s i d e d  
R a d i o a c five  M a ter ia l  G u idel ines,  U C - 5  1 1 . 

6 K e n n e d y , W .E . a n d  R .A . P e loqu in .  1 9 9 0 . Res idua l  R a d i o o c u v e  c o n fa m inaf ion  f rom Decommiss ion ing  Techn ica l  Bas is  
fo r  T rans la t ing  C o n n n n i n a tio n  Leve ls  IO  A n n u a l  -  D r a /l R e p o r t fo r  C o m m e n t, N U R E G /CR-55  1 2 /A + J L . -72 1 2 . 

’ W a n g , Y .-Y ..B .M  B iwei  a n d  C . Y u , 1 9 9 3 , A  Comp i l okn  o f Rod ionuc l i de  Trans fer  Factors  fo r  th e  P lanr ,  h & e a r . .\III&  
*,a n d A q u a tic F o o d  P a th w q s  a n d l h e  S u g g e s te d  D e f+ h  V a lues  fo r  th e  R E S R A D  C o d e , ‘A N L /E A K fTM - 1 0 3 . 

’ 
s,K e n n e d y , W .E . a n d  J.L . Skye,  1 9 9 3 , Res iduo l  Rod ioocke  C o n l a m i n a tio n  F r o m  Decommiss ion ing -Techn ica l  Ba rs  

$ r  T rans la t ing  C o n m m i n a tio n ’Leve ls  to  A n n u a l  T o ta l  E ficfive  D o s e  E q u i v O l e n t, m G /CR-SSlZ / /PN&-7994.  
.’ 

9  I& m a ti& a l ,c 
./ .’ 

o & i& m ‘&  Rad io log ica l  P & & o n , 1 9 7 7 , R e c o m m e n d a tio n s  o f th e  In te r n a tio n a l  C o m m ission o n  ’ 
Rad io log ica l  Pro iect ion,  f& F ’ P tib l icat ion 2 6 ; A tin . ICRP l(4).  . . 

C o  U .S . N & & r  R e g tla to ry  @ m m issi& 1 9 7 7 , Coku la t ion  o fA n n u a l  Doses  lo  M a n  f rom R o u tin e ‘R e feases  o f Reoccu r  
E fflu e n ts fo r  th e  P u r p o s e .o f E v a l u a tin g  C o m p l i a n c e  wi ih  IO  C E R  5 0 , A p p e n d &  2 , R e g u l a to ry  G u ide  1 .1 0 9 , O flid  .d  
S ta h d a r d s D e v e l o p m e n f R w . l,W a sh ing to n L D .C .,@ % . '. ,- 

” O ztuna l i  0 1  C C . R e ; P .M . Moskowitz, lE.D. P icazo a n 4  C .J. P itt, .1 9 8 i , D & u  B a s e  fo r  Rud iouc i i ve  l ihtv 
M m o g e m e n t: Im & ~ A ,na lyses M e th o d o l o g y  R e p o r t, V o l. 3 ; N U R E G l C R - 4 3 7 0 . 

‘2 J o h n s o n , J .R,andD.W. W o r d , 1 9 8 3 . D o s e  Conve rs ion’Foctors fo r  In & e s  o f S e lecfed Rad ionuc l i des  b -v  h tfm u s  ~r l  
A d u l ts, A to m ic E n e r g y  o f C a n a d a  L imi ted  R e p o r t, A E C L - 7 9  1 9 . 

” Cor ley,  J.P . led.),  1 9 8 6 , “C o m m itte d  lX e  Equ i va l en t Tab les  fo r  U .S . D e p a r tm e n t o f E n e r g y  P o p u l a tio n  a r r  
Calcu la t ions”,A p p e n d i x % : . 

. 
” U .S . D e p a r tm e n t o f E n e r g y , 1 9 8 8 , In te rna l  D o s e  Conve rs ion  Factors  fo r  Ca lcu la t ion  o f D o s e  to  th e  Publ ic ,  & F ,1  i I 

0 0 7 1 . 
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factors, Kennedy and Strenge (1993) was published. The dose . .--- 
conversion factors appearing in this publication are in good 
agreement with the values listed in ,the other. six primary 
publications. The values in Kennedy :and Strenge 
included in Table 3-12 for comparison. /I, 

(1993) are ___ 
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-- 

-- 

3-57 
- 



0 
0 

0 
h 

f 
*: 

7 
b 

0 
0 

T 
T 

T 
0.b 

b 
0 

a, 
‘7 

l-lddr+ddd 
C 

Q
)m

 
s 

c 
0 

zrn 
‘rixxxxxx 

x 
;x 

: 
al” 
z 

x 
m

 
~3 

II 
m

 
rr 

-=r 
IS-~& 

r 
. 

. 
. . 

. 
. 

. 
-3 

m
 

u-i 
w

 
t-4 

rl 
In 

n;’ 
. 

.‘cJ 
c 

7 
‘7 

-7 
0 

- 
0 

0 

4Ez 
t-4 

d.‘ 
‘.-I 

N
”2 

X 
x. 

x 

a 
C

A 
w

 
. 

. 
. 

w
 

l-4 
(v 

“s-4 
7 

7 
7 

7 
‘: 

hl 
0 

0 
0 

0 
0 

b 
.YQ

o 
$,, 

r-4 
t-4 

.-II-l-(: 

2: 
4xX 

C
 

x 
x 

x 
x 

r 

i2 
XC

TPJcJW
-3P 

c7.m
 

> 
. 

. 
. 

. 
. 

. 
. 

. 
d-c~h1oom

dt-r(r 

3-58 



Veaetative Intake 

Eight publications, dating from 1987-1993 which contain 
values for vegetative intake were rev'iewed. * 1 11 2 6 7 d 16,17,18,19 ThP,z.E. 

period 1974-1989.11,20,21,2~,23,24,25.26,21 
reports in turn cite ei ht further references published over thp_ 

Table 3-13 shows that the 
vegetative intake values presented in the reviewed publications 
vary considerably. Although the primary publications report 
similar values for total consumption of a particular group of 
foods, they vary greatly on their estimates of the percentage of 
food consumed that is grown on contaminated soil. It seems 
unlikely that 100% of a persons d'iet would be homegrown (grown on 
contaminated soil), therefore a reasonable assumption of the 
percentage of consumed'homegrown food must be ascertained. 

-.- 

-.- 

-- 

__ 

EPA ('1989a) is,the only publication which attempts to provide -- 

‘6 Center for Disease Control. 1987, “Health Assessment for Montclair, Glen Ridge and West Orange, NJ.* , 

” U.S. Environmental Protection Agency, 1989a, Risk Assessment Methodology: Environntentol Inrpacf S~a~crt~nl 
NESHAPSfor Radionuciides: Background Information Document - Volume I, EPA 520 1-89405. -. 

‘* U.S. Environmental Protection Agency, 1991a. Risk Assessment Guidance for Superfind: Volume I: Human Heolrh 
Evokra~ionMomro(sUpp~emen~Gu~~e: Standard De@& Exposure Factors: Interim Final, OSWER Directive: 9285 h- 
03. 

I9 U 8 Environme&l F%%ction Agency 199 lb Risk Assessment Guidoncefir Superfind: Volume I: Humm, He&#< 
Evaluoiioi d4anuoI (Pari B, Development o;Risk-b&ed Preliminq Remedialion Go&, EPA/540/R-92/003, 

2o U.S. Department ofAgriculture, 1974. FoodConsumption. Prices OndExpendtures, ~~~-138. 

",Rupp,E.M., 1979,"DiedtyIntakeandInhalationRates,U,",inHomnan, F.O.and C.F. Baes III(eds.),A Stofrst~~. 
Analysis of Selected. Parameters for Predicting Food Chain Transport mtd Internal’ Dose of &&ionucl&r 
ORNUMIREGfl-M-282. .,/I 

I  
‘. 

n U.S. Dqrtment of Agriculhxrc, 1980. F&a&Nutrient Intakes of Individuals in One Day in fhe United States: Sprrry 
1977: Natiomvide FoodConsumption Survey 1977-1978: Preliminary Report No. 2. 

” Pao. EM., et al.. 1982, Foods Common& Eaten by Individuals: Amounf Per Day and Per Eating Occasion, H~KW 
EconomicsReportNo.44,U.S.,DepertmentofAgriculture,Washington,D.C.~ 

” BrodsLy, A., 1982. CRC Handbook of Enviromnenfal Rrdiotion, 475 p. 

u v.8. Department of Agriculturr, 1983, Food Consumpfion: Households in the Unired Stales,. &arons, mold yeor 19 - * 
1978,GovemmentPrintingOtfice,Washingtdn,D.C. 

I6 U S Environmental Protection Agency, 19894 Exposure Factors Handbook, EPAl600/8-89-043. 

nY~C.,C. Loureiro,J.-J. Cheng,L.G. Jones, Y.Y. Wang, Y.P. Chia andE.Faillace,1993, “Data Collection Han&*.* 
tosupport ModelingtheImpactsofRadioactiveMaterialin Soil”.ANLXAIS%. 

-. 

-_ 

-. 
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140232 

a logical jtistification for a particular vegetative intake value. 
This publication utilizes national survey data reported in USDA 
(1980) on the average amounts of total fruits and vegetables 
donsumed on any one day. 
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It is not known how representative .these estimates are of 
consumption 'during the entire year; It is known that consumption 

.ra.tes vary'by region. Then, information from USDA (1983) on the 
weight ratio of homegrown to total fruits,and vegetables consumed 
was; examined. These ratios vary from 0.1 to 0.7'for various types 
of, vegetables .and fruits and, for the rural, city and suburban 
populations. The authors, of,EPA (1989b), determined that the 
over-all average homegrown fraction for vegetables was 0.25 and for 
fruits 0.2. From this antilytical information the- authors "judged 

-what-a reasonable worst-case portion would be'! and arrived at 0.4 
for vegetables and 0.3 for fruit. :' 

I  ’ 
__ 

:  

j: The value .for total homegrown -food consumed given in EPA 
(1989b), '44.2 kg/yr, was selected as the,intake,.input value'because 

-_' .' 'it was the only value. for which'. information and explanation is. 
provided. It should also be pointed outthat the intake-numbers-in 

I the EPA (,l989b) publication are those used in EPA (1991a) which is 
: . . a' supplemental risk assessmenf:guidance document for SUPERFUND. 

.-._ , ISRA directs the., Department ,to:.make use of the 'guidance and' 
regulat.ions for. exposuye, assessment developed, by the federal 
Environmental Protection Agency. '1 

-. ‘.I .' j .'. Soil to Vesetable Tiransfer Factor J':, 

Nine publications, dating"'I982-1993, which contain soil ,to 
vegetable transfer factors were reviewed.~2~3~6~7~8~17~28~29~30 These 
publications in, turn cite at.least two additional references 
published over the period 1977-1987.'11*3' [Please note that Baes 

,~ (1984) references a rather lengthy list of publications on which 
his paper is based; those references are not included here.] 
Table 3-14 shows that the soil to vegetable transfer factor values 
presented in the reviewed publications vary by approximately two 

,orders of magnitude depending on the radionuclide and whether it is 
a composite value or a value for a particular type of vegetation, 

_ i.e. vegetable transfer factor versus a fruit transfer factor. 

al published 'a review document on the soil In 1993, Wang et. 
to vegetable transfer factor. This report discusses three 

_.. 

_- 

f k~temational Atanic Jkrgy Agency, 1982, Generic Models and Parameters for Assessing the Environmental Trmt~+ 
of Rrdionuciidesfiom Routine teleares; Exposure of Critical Groups, Safety Series No. 57. . 

s Baes. C.F., RD. Sharp. A.L. Sjoreen and R.W. Sh&, 1984, “A Review and Analys& of Parameters for Assess~ 
Transport of Environm entally Released Radionuclides through Agricultut~", DE85400287/ORN&-5786. 

_’ 
8'NatimlC~onRadiation Protection ri;ldMeasurements,l991,unpublished data.(referencedinWangetal.. IVil. 

" King CM. W.L. . . Matier B B. . . Loon&:Qnd J.B. Picken, 1987. Methodology and Parameters for Assessing Huma 
Health Effects/or Wate Sites at the Savann&;kiver Plant, DPST;S6298, E.I. DuPont de Nemo& and Co., Savannah R, * 
Plant, Aiken,SC 29408. :' /' 
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parameters to consider when reviewing soil to vegetable transfer 
factors from various sources. .First, it is difficult to compare 

. _ 
__ 

the soil to vegetable factors for root uptake used in the various 
publications because this factor can be reported in one of‘two 
different formats. 
ratio: 

The transfer factor can be reported as the 
pci per gram plant (wet)/pCi'per gram soil (dry) or pCi per -. ." 

gram plant (dry)/pCi per gram soil (dry). The Wang et al. .(1993) 
document uses the wet,plant factors since vegetation consumed by 
humans is most frequently reported in fresh .weight. - -_ 

__ 

-- 

. 
\ 

.,’ 

,’ 
-_ 

I 

: 

’ 
., 

,’ 

-_ 

-.- 
, 

-_ 

-.. 

-.. 

-_ 
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. A  second consideration associated with transfer factors is 
that --comprehensive data in the literature is available for 
relatively few nuclides in different.crops grown -on various soils. 
Data 'for radionuclides for which little or no experimental 
information exists have been customarily-estimated on the basis of 
the assumption that chem ically sim ilar eiements. act sim ilarly in 
the soil-plant environment29. Relationships ,between transfer 
factors for an element and those for other'elements of the same or 
adjacent periods or\ groups were established- and, exam ined for 
possible trends.. "Investigators'often extrapolate such trends. to 
the element in question-.' : ;. ::. A :.- :%. : ., . . ,. 

A , third consideration .for transfer fa&ors is whether the 
value represents a composite-value from  various .food and feed crops 
or separate- values for forage vegetation.,.and, edible :portions of 

', variousvegetables'Tand.produce; .If: doses‘were.being calculated- for 
'a particular vec&tation',tyPe'it;.m ight~:',be.,advanta~eous to .use,:the 
fa'ctor .for that ,vegetation type'.,:,: However, biyen -the sparsity of' 

.data,-onwhich many-'06 tfiis&'facto%  are"based,[;and ,thatwe do not 
'. know what kind of vegetation m ight'.be grown on.q.'reclaimated s,ite, 

it seems reasonable to use a composite factor:: ,: ;: : " ,:,: -' Wang et,al's (1993) ,comp.osite.transfe.r:fa&ors.were .chosen.as 
input values. because'of .the t,horough,: recent literature review 
which the authors conducted'and. the reasonable assumptions'they 
made in proposing.their values.. A  review of 'the range of values 
for each food class (which make up the composite class) shows that 

,normally forage plant transfer factors are higher than those of 
either the. root vegetable, fruits and, grain class or the leafy 
vegetable class. It is uncertain how Wang et al. (1993) arrived at 
the exact composite transfer factor values they selected,.but the 
forage values do not seem  to,have greatly influenced their choice. 
In fact, a cursorylook at the range of valuesby food class leads 
one to believe that the root vegetables,~ fruits and grains had a 
greater influence on their choice of composite transfer factor 
values and the selected.values are at the higher end of the range 
of the root vegetable, fruits and ‘grain food class. It should be 
noted that Wang et al's(1993) values are in good .-agreement with 
the 'composite' values published in other references.6n28*30 

I 

; 
j’ 

./ 
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Site Parameters 

As directed. by S-1010, this rule is proposing soil cleanup 
standards for residential or nonresidential site use. Since 
remediated sites could be used .for any purpose, this rule is 
addressing the effects of disruption to the site e.g., excavation 
for house construction, 
public. 

on ,the doses which will be received by the 

The thickness of the layer of contaminated soil that will be 
brought to the,surface as a result of soil excavation to construct 
a particulas' building foundation is 'based on the site and 
structural dimensions. Inthe case of a slab-on-grade foundation 
a perimeter will be excavated, concrete blocks or other suitable 
material will be placed in the perimeter and finally a'slab will be 
poured within the boundaries of- the perimeter. 
assumptions are made in this discussion: 

The following 
calculations for the 

residential .scenario are based on a lot‘size of 100' x 50' and a 
house size of 40'. x 25'; .calculations 'for the nonresidential 

\. scenario'will be based on a lot size of ?r acre and a'structure size 
of-60' x 40*; all the soil- removed for the perimeter will be eve'nly 
redistributed on the surface of the lot. The thickness of 
contaminated soil which will be brought to the'-surface.(T,,) can be 
calcul.ated using the following equation: 

.a' 

-.+ 

T = Volume ofMaterial Excavated 
Zl Area-of Plot -Area of Slab 

(2) 

2(LEI+ Wx, * Wm. d 
= (Lp* 

where: L,, is the length of the structure -- 
(residential.: 40 feet) 
(nonresidential: 60 feet) 

W, is the width of the structure 
(residential: 25 feet) 
(nonresidential: 40 feet) 

W,, is the width of the foundation blocks (1 foot) 

d, is the excavation depth of the perimeter of a 
structure (in feet) 

h is the length of the plot 
(residential: 100 feet) 
(nonresidential: 104 feet) 

__ 

-._ 
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W, is the width of the plot, 
_ ' (residential: 50 feet) 

(nonresidential: 104 feet) ,._. 
Inserting thd numbers and soitiing,e&ation (2) in.terms 
the following: ._ 

.- 
‘I .’ 

_- 
.T 

.Ti1 =.HF* de ,.,,_. -' 
' .; ', . . . 

where HF = .b325 '(residential)> 
= .024 (nonresidential) 

.I 
.. 

‘, 

., I,t.‘II 

/ :., 

: 
.. ” 

, ‘.. 

./ 

. . 
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Concentration 

Equation (1) holds true for the original undeveloped, 
reclaimed site which is assumed to'have a 'clean' surface soil 
layer of thickness T,, 
contaminated soil. 

followed by an at depth uniform layer of 
However, the -radionuclide concentration 

available for plant uptake can be modified in two ways. First, in 
order to develop the site for residential or nonresidential use the 
surface will need to be graded, at which time some of the 'clean' 
surface soil layer will- be removed. 
discussion, 

(For purposes of this 
it is assumed that -1 foot of clean soil remains at the 

-- 

-.. 

-- 

surface.after the site has been.graded.) Next the ground will need 
to be prepared for the foundation type, slab-on-grade, basement or -_ 
crawlspace, that will be constructed. It is assumed that during 
the preparation phase, the site will be excavated to a depth. that 
will. bring, contaminated' -soil :to the surface.' However, the -+ 
concentration-of the radionuclide in the surface layer will not be 
the same as 'that at depth because' it will -have been mixed ‘with 
'clean soil which is also being disturbed during the excavation. 
The mathematical representation of, the mixing factor (MF) is:. -._ 

MF= 5 (4) e 

where: 
layer (in feet) 

v is the thickness of the at depth contaminated -" 

Second, not all the radionuclide at a site will be available 
for uptake by a plant. The amount of radionuclide available will 
depend on the type of soil layers (clean versus contaminated 
layers), the concentration of a radionuclide in a particular layer 
and the depth of the vegetation root system. As in the case 
outlined above for the mixing factor, there are four soil layers 
which develop once a site has been disturbed (Figure l-l). The 
first -is a surface contamination layer that has .a radionulide 
concentration which is modified by the MF. The second layer is the 
clean layer which is assumed to have no radionuclide concentration. 
The third layer is the at depth contamination layer which has a 
radionuclide concentration of Cd. And, assuming that the.at depth 
contamination layer is not infinite in thickness, the fourth layer 
is the in situ soil of the'location (assumed in this discussion to 
have no radionuclide concentration). The depth factor (DF) takes 
into account the depth of the roots of crops and the layers or type 
of soil through which the roots pass or in which they lie. 

There are three references which discuss what will be referred -_ 
to as depth factors.6*2*7 Gilbert et al. (1989) uses a simple factor 
which accounts for the pe,rcentage of the root within a particular 
layer. Gilbert's factor is based on the assumption of a sharp -.- 
boundary between the bottom of any uncontaminated cover and the t?" 
of the contaminated zone. The effect of mixing uncontaminated ana 

3-69 

-. 



- 

contaminated soil in. a surface layer by plowing or other 
disturbance-of the soil close to the ground surface is not taken 
into a-ccount. Gilbert's general 'depth factor' equation, in the 
vdf'iables used in this discussi.on, is: 

.~ 

_ ._ 

_~ 

.- 

- 

- 

- 

- 

_ 
T q=“l (51 d 

, I' ._ 
d isthe maximum.root depth (2.9 ft).6 , ' where: 

.Recently, investigators and modelers have begun .to incorporate 
factors to account for the soil layers from which plants can uptake 
contaminants. However, a standard methodology for,this factor has 
not yet- evolved: At this.time Gilbert et al‘s (1989) methodology 
seems a-simple and reasonable first.approach at.taking the root 

,depth and' layers of.,soil, through.which, the .root; passes into 
yount. ,' ,.I . '_ 

There tire' three " cases for the concentration. 'of .the 
radionuclide available for uptake by vegetation;, Case 1 is where 
the'.thicknessof the' surface contaminated layer (Tz,)' and the 
thickness,of the .clean layer (T,,) are'greater than the 'standard' 
root, depth (Tz,. '+ TcZ 1 d) (FLgure 2a)., In this case only the 
radionclide in the surface layer is available for uptake by 
vegetation. The concentration of radionuclide in the surface-layer 
can be written .in terms of C 

Y 
which has been modified by the tiF. 

-Since the vegetation roots wil pass through the surface layer and 
into the 'subsurface clean laye.r, only a certain percentage of the 
root will be in the contaminated surface layer. This percentage of 
the root is DF. Therefore, in Case 1 the total concentration of 
radionuclide available for uptake (C) is: 

c = cz2 'MF'DF (6) 

Substituting equation (3) and (4) into equation (6) results in the 
followi.ng: 

; 
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-- 

= CL2 - v * HF. de 
d, d 

(7) 

. . 

= %2 
v- HF -- 

d. 

In Case 2, the thickness of the surface contaminated layer and 
the thickness of the clean layer.are ti than the,'standard' root 
depth (T,, +-,Tcz c d) and the ,thickness,of .the surface contaminated 
layer plusrthethickness of the clean layer,plus the thickness. of 
the at depth contaminated layer are sreater than the 'standard' 
root depth (T' + T + v ? d), the contribution of radionclides in 
the at depth c&aminated layer must also be taken into 
consideration (Figure 2b). In this case;the total concentration 
of radionuclide,available for uptake is the s’imG :as .in the first 
case plus the concentration'of the radionuclide in the at depth 
contaminated layer. The.concenfration of the radionuclide in the 
at depth contaminated. layer is modified to account for the 
percentage of the root that grows into that layer. In this case 
the concentration of radionuclide available for uptake is: 

-- 

-- 

-_ 

(8) 

= CL2 v* HF (d- HF. de - To) 
d + d I 

c 
=+v*HF+&HF*d -T e cz I 

where: T Ct is the thickness of the clean layer,(i foot). 
,,' 

In Case 3, the-thickness of the at depth contaminated layer 
is .limited and the root system passes through the at dey?h 
contaminated layer (Tz{ + Tcz + v I d) (Figure 2c), the totai _- 

1. ~ .-... _ . . 
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concentration of radionuclide available for uptake is the same as 
the first case plus the concentration of the radionuclide in the at 
depth-contaminated layer. The concentration of,the radionuclide in, 
the at depth contaminated layer,.&-modified to ‘account for the 
percentage of the root that will. grow through that. layer. 
Therefore, in Case.3, the concentration of radionuclide available' 
for.uptake is:, ‘ v + cz* * - 

d -_ 

v. +=I ‘V d+-. , 
de d' d 

L- .:‘a 
” \ .’ \ 

1 

,.' (9) 

: 
-;z2[v-JF+$] ,, .9 ‘, ..- , i 

= CL2 * ,vf+F+l] 

, ,’ 

;’ 
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DEP_EtiPMENT' OF EQUATIONS FOR CALCULATION OF RADIONUCLIDE DOSE FOR 
THE VEGETATIVE PATHWAY-Slab on Grade Scenario 

j' To determine the dose received from vegetation it is necessary - 
to solve equation (1) for each scenario and case. Substituting 
equation (7) into equation (1) giv$s the solution for Case 1, T,, 
+ T,, 2 d: -- 

-_ 
Dose = DCF- I- Biv- Cz2 -, v'HF .lOOO (10) 

d -. 

Solving equation (10) for the residential scenario and in terms~ of 
C,,, and v gives: 

Dose = DdF- 44'.2.* Bi; Cz, - v' *0325 - *. 
2.9 lb-00 ;/' ' j 

1 

-- 

-_ 

= DCF- ESiv* Cz2- v* 495 (11) -_ 

/ 
= K- Czz* v 

_- 

,-- 



-’ 

. . 

-_ 

‘. 

_- .. 

~- 

- 

- 

-- 

- 
. 

- 

- 

- 

_- 

- 

-- 

- 

where: K, = DCF * Bi, * 495 (for each radionuclide) 

Solving -equation (10) for the nonresidential 
.-mf czz and v gives: 

“Dose = DCF- 44.2 * Bi; C,i : v* .024 2 g ._ - 1000 
. 

= DCF * Bi, - .C,, - v-* ?66 

= K: C,,” v 

. scenario and In terms 

where: Kz = DCl yBiV *,366' (for each rahionuciide) 
. 

Substituting equation' (8). i&o equation :(l) gives the.sblution 
: for case 2, T,, + T, < d and T,, + T, + v > d:; 

Dose = l)cF * Je Bi; %p*HF+ d-HF*de:Tc,] .,- ‘, , ._ (,i, 

.,’ 

Solving equation (13) for the residential scenario and in terms of . . 
C z2 and v gives: 

e=DCF* 44.2-B. . q. 0325v+ 2.9 - 
IV 2.9 

.0325d. - l]-, 1 

= DCF * B,; Czl' 15241 10325~ - .0325d, + 1.91 

= K. C,, 10325~ - .0325d, - 1.91 

\' 
(10 

where: I(3 = DCF *. B,,- 15241 (for each radionuclide) 

Solving equation (13) for the nonresident&al scenario and in term 
of c, and v gives: 

'. I ' 
/ 
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-Dose 5DCF.44.2. B;. 2 1032% l 2.9 - .'i3254, - 11. 1000 

= DCF . B, . C, . 15241 [.0325v - .032W, ; l.91 

= K . C, [0325v - .0325d,-• 1.91 -. 
:- 

where: % = DCF * B,, - 15241 (for each radionuclide) 

Substituting equation (9) into equatioti (1) iives the solution 

140232 _-. 

( 1.5 ) -. 

for Case 38 
T,, + T,, + V 5 

.Dose = DCF. 

d: -.. 

I * Bi, * c,, . ; [HF + 11. ,I& ' ' .' (16) 
/' . ~ if 

\ 

Solving equation (16) for the residential scekario and in terms of 
C rZ and v gives: ,' 

Pose = DCF. 44.2 * B,"* C,; fi (.!325 + 1) * 1000 . 
- 

= DCF. Bly* Cz2* v' 15737 (17) 

-- 

where: 58 = DCF - Bi, + 15737 (fbr each radionuclide) 
-^ 

Solving equation (16) for the nonresidential scenario and in terms of C& and v gives: 

Dose= DCi?-44.2 *Bi; Cz2* &[.024 +lj-1000 . 
-- 

= DCF. B,; C; v. 15607 (18) 

-- 

= K - cz, - v 
-- 
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: I- 
Residential an'd Nonresidential Use I 

D isruptive Scenario:’ Basement 
- i . In the scenario o f .a basement 'foundation; a  hole w ill be 

excavated, contrite blocks ,or‘ o ther suitable material w ill be 
placed on the sides.and finally a  slab w ill be poured at the bottom -- 'F. I - o f the hole. The default,values,introduced for the slab-on-grade 

- scenario w ill apply in-this scenario, as needed.'- The-thickness o f '. 
-contaminated soil wh ich w ill ‘be.brought to'the;sUrfaCe; (Tr,) for the 

.' basement scenario .can be ciiculatid'~using.the'fo,~lowl?g equation: .- 
In&rting the ,appropriafe'ntier% gi;ven wrfh equat.zon (2) and 
solving equation (19) in terms of d , gives the following: , - ', (" - '. 

( 
T  i Vol&ne ofhaterial Eic$ated~". '1. I,... ' 1 , 

- 
21 - Area of plat.: Area t$Baqqnent~$lab ' ., : ; .: ._ 

. '1. / '. 
I.. ,. ;w 

\ i ’ 
L. 

; LB * W ;- d , .,c_, .:. j 
= (Lp' tip) - ,(LH J w,J . . 

: ./ 

- 

- 

- 

-- 

T 21 = HF. d , (20) ‘. 

where: ' HP is the.housing factor,which is a  combination o f 
the values 'inserted ,in to' 

equation (2) (unitless) 
(residential: .25) 
(nonresidential: .283) 

DEVELOPMENT OF EQUATIONS FOR CALCULATION OF  RADIONUCLIDE DOSE FOR 
THE VEGETATIVE PATHWAY-Basement SCenariO 

The development o f equations for the basement-scenario is,the 
same as' it was for the'slab-on-grade scenario. The same input 
values are also used except for the housing ,factor (HF). The lit . 
values .for the basement scenario are now used in the equations 
instead of the slab-onygrade HF values. 

- For Case 1 whet&;' T ,, + .TcL L 6, the dose equation for the 
residential scenario !is:. - T  ,,I i 

3-75,' , 
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.- 

Dose = DCF. 44.2. By,. C:, . v' *25 - 1000 
.- 2.9. 

l.ht,232 _ 
-, 

= DCF. .Bjv * Cz, * v.. 3810 
(21) _ 

-_ 
= K*C,;v - 

\ b 

-. 
where: R, = DCF * B.iv + 3810 (for'each radionuclide) 

For: the,nonresidentik,scenario'the equation is: 
-.. 

DCF. 44.i * Biv* Czt * v- 1283 el;oo ~ -I : 
Dose = ,, ,' -.. d 

= DCF. Bjya Cz2. v. 4313 (22) - 

,, 
= K- cz; v -.. 

-_ 

-_ 
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-. 

‘- 

in 
i 

. 

- 

where: K, = DCF * Bi, * 4313 (for each radiokclide) 

._ 
For 

equation 
Case 2 where T,, + T,, .x .d and. T,, + T, +,v s ,d, the dose 
for the residential S~enariO.1~: _ 

44.2 - Bi,'* c,z [.2%,+‘2.9 - .25de - 11. 100 
2.9 

-_ 
B ,I*, * c,, : 15241 [.25v - .-25d, + 1.9]- 

(2,3) 

., 

,.se= DCF. 

= bCF. 

= K’ C,, 125 v - . 25d, + li9.j 

where: I$ '; DCF -:.B;" : 15241'(fok.each:radic+uclide) 
: ., 

F&k the nonresidential, scenario: the.equafiOni,iS: ; 
‘C 

se 1 DtiF * 44.2 - Bi, - 2 . 283~ + 2.9 - 291 
.;8kf..- l] *, 10 1, 

. '. : . ,_' * (24) 
= DCF '.BI, - Czr ' 1524; 1283+- .28~..+~1.9] 

= K.C,,[.283v; .283d, + 1.9) . 

where: 50 = DCb * Bi; - 15241' (fo.r each rddionuclide) 

+ v I d,the residential Scenario equation For Case 3 Tz; + T,* 
is: 

D&e = DCF * 44.2 * BIT . Ci,. $J * (e 25 l 1) * 1000 

= DCF * Bi, * C,, * + - 19052 

‘=K ‘C,,. v 

: ,: 

: ; 
: 

.!’ . 

3-77 ‘. 
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where: K 11 = DCF * Bi, * 19052 (for each radionuclide) 

For the nonresidential scenario the equation is: 

Dose = DCF' 44.2 * Bi; Czt- Y- 
2.9 

f.283 + 1) . 1000 

I-. 

-. 

- 

= DCF- Bi;-Clt- v' 19555 ._ (26) -- 

_" 
= K' CsI. v -. 

where: 52 = DCF . Bi, . 19555 (for each radionuclide) -_ 
. : 

CALCULATION OF RADIORUCLIDE DOSS FOR THR VEGETATION PATRWAY -_ 
I' 

Table 3-15 and Table 3-16 provides the solution of the K 
values for e'ach radionuclide for residential and nonresidential 
use, the: slab-on-grade-and basement,sdenarios‘&nd for each case. -' 
Inserting these values into.their qppropriate equation allows one 
to solve the dose equation for'c given the ingestion limiting dose 
value (which was discussed in the background section of this -' 
discussion) and a variety of combinations for v and d,. 

-_ 

-_ 
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Chapter 4 ' 

,._. DERIVATION OR'ALLOURD CONCENTRATIONS 
.' 

Using. the above ,ec&ations, intake doses per unit 
concentration of radionuclide (pCi/gm) were calculated for each 
dose component as a functionof the vertical extent of . 
contamination'(V) and summed. These results are provided for 
both slab on-grade and basementexcavations in Tables 4;-1 and 4-2 
for residential and non-residential'scenarios,respectively. The 
gamma'doses.per pCi/gm previously'derived are then.added, to the 
intake dose> The allotied soil radionuclide concentration (C) for 

'a,given V is then found by ,dividing the allowed dose, 15 
I mrem/year, by..the gamma'.and intake dose sum,,per pCi/gm. 

,. .^ .j 
ihe resulting allowed,concentrations are provided in Tables 

4-3'and.4-4 for the residential and non-residentiai use scenarios. 
respectively in,,terms .of V -;the.vertfcal extent of the 

,,cohtaminatioq remaining; For,.Ra226 the.resultsifor the sum,of the 1 
gamma and intake pathways; and the radon'pathway were compared 
and the least.value selected, i-e., the value .that. will allow 

".both radionuclide background-constraints ,to--.be met. These least 
values'then 'become the radionuclide in soil concentrations in the 
rule. / 

It should be emphasized that the allowed concentrations in 
Tables 4-3 and 4-4 are incremental to the natural background 
radionuclide concentration. For example, if the mean natural 
background concentration of a particular radionuclide is 0.9 
pCi/gm, and the allowed incremental concentration from Table 4-3 
or. Table 4-4 were 3.0 pCi/gm for that radionuclide, then the 
allowed concentration of that radionuclide following site 
remediation would be 3.9 pCi/gm. 

It can be seen from Tables 4-l and.4-2 that the pathway 
dominating the result varies considerably from radionuclide to 
radionuclide. For example, for Ra226 both the vegetative intake 
and gamma doses are major and comparable contributors to the 
total dose. For Th232, the gamma dose component is dominant, 
especially at higher values of vertical extent of contamination. 
For uranium, ingestion of groundwater is the dominant'dose 
component. 

The allowed concentrations as a function of V are 
illustrated graphically in Figures 4-l through 4-5. For most 
radionuclides the allowedconcentration is derived from the 15 
mrem/year constraint on,the gamma and intake pathway; 'For Ra226 

-the radon pathway constraint is shown.also; and-the radon 
background constraint can be limiting for certain V, especially 
for the non-residential'case. The'dependence, of allowed 
concentration on vertic'al extent reflects the fact that overall 
radiation dose for diffuse radioactive materials depends on both 
the volume and the concentration of radioactive materials at a 

4-1 
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site. This'becomes especially important in the economic,impact 
analyses,.because it indicates, that within certain rapges, some 
contaminated materials can be left behind at a site and S-1070 

- '._- 

standards still met. This will be useful in cost reduction, as 
described in the Economic Impact Analyses. _. 

Figures 4-l through 4-5 illustrate the‘ relationships betweeh 
the slab on grade and basementexcavation scenarios. For Th232 -- 
and Ra226 allowed‘concentfations decrease withV until limiting 

-depths are reached and then.stay constant because no additional 
contamination is.'excavated as-Vincreases'further. For slab on 
grade excavation, .the limifing.depth is four feet-(1 foot of -- 
cover assumed to remain after grading for construction plus 3 
feet of contamination). 
depth is a'feet? 

For basement:excavation,'the limiting 
For.uranium,: the allowed concentration -- 

continues to decrease because the results are dominated by the / 
groundwater pathway which is depen,dent on.the,,degrei. of .leaching 
throughout ,thd.entire depth of.contamination.' G 

2 *, " -- 
It c&n be seen from the figures that there\are-.Wcross over11 

values of V where the basem.ent excavation scenario becomes more 
restrictive than the. slab.on.gra.deLsdenario.---.XThis is due to the 
combination of greater volumes excavated, as. compared to the slab 
on grade scenario', 
increases. 

and the'diminished effect of mixing as V 
If both slab on grade and basement excavation is to 

be allowed at the site, ,then the lesser of the concentrations for . a particular value of V, must be used as the soil concentration 
limit. 

-- 
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. . . 
Table 4-3" 

Allowed Soil Radionuclide Concentrations" 
Residential Use; 

(pCi/g) Considering All PaThways 
2 feet of cover after remediation, slab on grade and 

basement construction permitted 

Vertical Extent of Contamination Remaining (V, in feet) ~402:3 
_. 

1 '2 3 4 5. 6 7 9 
U238, 234, 65 44 27 21 .14 12 10 8 
or 235 

<' values are for each nuclide.if present alone. If more'than one-nuclide is 
present a sum of fractions calculation employing the 'relative ratios of the 
nuclides present, should be performed; 

c2 The concentrations shown are to be added to the natural background 
radionuclide concentration to obtain the absolute value of the allowed 
radionuclide concentration following site remediation. 

.-. 

, 

I 

-I 

-._ 

-.- 

,.I 

-_ 
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- Table 4-4" 
LAllcxJed Soil Radionuclide Concentrations'2‘ n Non-Residential Use: 

(pCi/g) Considering All Pathways 
L .. 2 feet of cover after remediation, slab on grade 

and'basement construction permitted 
I a 11 4023’2 . - 
L Ver'tical Extent of Contamination Remaining,-(V; in feet) 

I 
1 2 3 '4 5 5 '7 9 1 I I I I 

- II U238,234, I 250 ..- I 135 83 ‘6b ,50 735. I I I. 38 38 ,30 I 

, ‘_ . I. 
_ :’ 

. . 

" values ,are .for each nuclide if, present alone. If. more than one nuclide is 
-present a 'sum..of, .fractions calculation 'employing the-'relative ratios of the 

nuclidespresent, should be performed. ,, 

" The concentrations shown are.to be'added to the natural background radionuclide 
-concentration to obtain the absolute value of the allowed radionuclide 

concentration following site reinediation. 
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APPENDIX A : 
,.-, 

ECoNomc IMPACT. 
. .-... 

.The kconomic impact of the proposed cleanup standards for 
radioactive materials will fall primarily on those.agencies, 

.businesseS and individuals responsible for the discharge of such 
material onto the lands and into waters of the State. Because the 
approximately 35 known and/or,suspected sites contaminated with 
radioactive materials generally .involve large'volumes of material 
and because options for'rem,ediation, other than .full.removal, 
have not previously beenfwell defined, the remediation of these 
,sites could be-very costly. This,rule creates several options 
for.remediat~ion that could' significantly reduce, those costs. 

C' 
‘For example; by developing?the proposed soil cleanup' 

standards as a function of-the.vertical extent of the remaining 
.cont&ination remediations can be achieved in many,cases without 

. full removal of all contaminated material froti,the site. 
Additionally,- onsite dispersion is permittedlas long as it 
'achieves a desired combination on V-and C as-specified in Tables 
1 or 2 of ,the rule. /' 

To illustrate the potential cost savings for remediating -' 
radioactive contamination, six remediation scenarios 'atie compared 
for non-residential use sites contaminated with thorium-232 
(Table A-l) and radium-2.26 contaminated sites that are expected 
to be, used for residential development (Table 'A-2). The 
,remediation options evaluated range from full removal of all 
contamination to an off-site radioactive,waste disposal facility 
to soil washing and backfilling Q ith the resultant material. The 
Tables are presented by normalizing the cost of Option A to one 
and presenting the costs of.the other options as a fraction of 
the cost of Option A. 

To make these comparisons, .several cost assumptions were 
made: Although the department reviewed numerous documents to 
ascertain the costs associated with previou-s remediations, it is 
cognizant that the figures used in this analysis may not, due to 
site.specific characteristics and market conditions, reflect 
actual'site remediation costs. The intent of this analysis is to 
illustrate how the standard s.etting methodology developed allows 
for options that may reduce overall.remediation costs. The 
options cohtained herein may not represent all potential. 
remediation options and are not, intended to limit those planning 

: remediations of contaminated sites.. 

Cost assumptions&e based on reviews of "Generic 
Environmental Impact Statement in Support of Rulemaking on 
Radiological Criteria for Decommissioning of NRC Licensed Nuclear 
Facilities" (NUREG-1496), I'Technical Background Information 
Report forthe Soil Blending Program" (DEP, June 1987), 

A-l 
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l4w23-2 _ p 

contaminated .site files, and, discussions with disposal 
facilities, DOE, and DEP Site Remediation personnel. Costs used 
in. our analysis were estimated to be: $350/yd3 for off-site 
disposal at a radioactive material disposal facility (including 
loading and transportation), $95/yd3 for disposal at an ID-27 
landfill, .$180/yd for excavation (which includes excavation 
backfilling and gradin?), $190/yd3 for soil washing, $145/yd* for 
soil blending, $120/yd for soil-dispersal and $3/yd3 for clean 
soil to, be used as backfill.. ._ I- . . 

To compute'the amount of: soil requiring excavationto 

-- 

-- 

-.- 

achieve' the dose standard, the curves plotting the allowable -- 
.radionuclide in soil concentration-versus the vertical extent of 
contamination were utilized ,(Figures 4-l through 4-5). In Figure 
4-3; for example, for Thy232, if the soil radionuclide 
concentration for an 8 foot depth of contamination-before 
remediation is.less/than 6 pCi/g, the'incremental:dose' standard 
can be-met without any soil excavationassumipg at least .2 feet 

-- of cleancover is applied over the contaminated, soil. If the soil 
radionuclide.concentration'prior to remediation is twice the'soil 
concentration needed to meet the incremental dose standard 
without any excavation, (i.e. i2 pCi/lg), then,according to Figure -- 
6j the vertical extent of the remaining contamination cannot 
exceed 4.3 feet. Therefore, the incremental dose standard can be 
met by'removing about 3.7 feet of the contaminated material, or -- 
about 46%, thus resulting in a significant cost savings. A 
somewhat more complex relationship, due to the effects of the 
radon gas constraint shown in Figure 5, is also presented below 
for the residential scenario for Ra-226. -. 

Row A of Tables A-l and A-2 depicts the cost for removal of 
all contaminated soil to Envirocare in Utah as follows: 

Excavation Cost 180.00/yd3 
Disposal 350.00/yd3 
Backfill -i 3.0 O/yd3 

. Total .$ 533. OO/yd5 

The ratio across the top of the tables represents the 
radionuclide in soil concentrations before.'remediation relative 
to the allowed concentration for the preremediation d.epth of 
contamination. For example, column 2 indicates.that soil 
concentrations are twice the standard, 4 indicates soil 
contamination concentrations are. 4 times the, standard etc. 

For remediation scenarios B through F, cost savings as a 
fraction of the cost'fol: total contaminated soil removal to an 
off-site disposal facility are presented. For the non-residential -- 
Th-232 scenario, the 1,&rgest potential co& savings are realit** 
if the minimum amount of soil is excavated and removed to either 
an ID-27 landfill or is dispersed on site, assuming enough clean -- 
soil exists on site. In both instances a cost savings greater 

-.. 
A-2 

-- 
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than 50% is realized relative to.the costs of full excavation of 
all contaminated soil and disposal off-site at a radioactive 
w,a.ste disposal facility. Excavation ,of. the,,entire volume of 
contaminated soil and then blending with clean soil show minimal 
potential cost savings at fairly low radionuclide concentrations, 
but actually'increases costs over total removal .at higher 
concentrations (115% to 251%). No cost savings over totalsremoval . 
-are expected for soil washing techniques, 

The cost savings for the residential Ra-226- scenario, are 
similar to those for Th-232 for.di.sposal in an,ID-27 landfill or ' 

' dispersal on site (=50%);.However, the use df partial removals is 
limited by the radon constraint at lower values of v (See Figure 

.4-2). -Other remediation options, appear.to provide little cost ~ 
savings over,total excavation and off-site disposal. d, .' . . , _. 

While the actual.costs may fluctuate, a strong;case .is.made 
that the proposed cleanup standards provide remedlatlon options 
that can resuit in s'ignificant cost reductions,, Due to the large ,. 
volumes of contaminated material.on,the sites ,expected to be' 
encountered, these savings are likely .to be on the order of-tens 
'of millions of dollars per site; '. '. 

.z 

. 

~ .a 

; 
i' 

.I' 
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.Economic Imoact Calculations 

Some sample economic impact calculations are 
reader to review how the factors in Table A-l and 

-- 
presented below to allow the 
A-2 were derived. 

Non-residential: Th-232 -. 

Option A. Full Removal of Volume 
to Utah - -4 

._ 

‘$ lab. yd3 Excavation 

t 350 ydz 

,:-Backfilling, Grading 
.DisposaS at Enviro'care 

3 yd. 'Clean Fill 
-- 

,'. 
$, ‘533' yd3 

Option.B:-Excavation of Just :' -_ 
Enough Material to Meet 
the Allowed Dose, With Disposal \ 
At Envirocare .- -_ 

R(Ratio of Fraction of 
Pre- to Post Material to be. I_ 
Remediation Removed -- 
Concentration) 
2 (8 - 4.3)/8 = .46 

3 (8 - 2.7)/a =. .66 
4 (8 -.2.1)/a = .74 

5 .'# (8 - 1.8)/8 = .78 

6. (8 - 1.5)/8 = .a2 -_ 

7 (8 - 1.2)/8 = .85 

a (8 - 1.05)/8= .87 

C. Same as B, But Disposal 
at ID-27 Landfill -_ 

times the 

$ 180 yd3 

t 
95 yd3 

Excavation, Backfilling, Grading 

3 yd3 
Disposal at ID-27 Landfill 

Clean Fill 

$ 278 yd3 

For the scenario when R=2 the cost of remediation is equal K:C‘ 270 
fraction of material that must be removeb (.46 from Option B 

analysis). The cost relative to option A is the:l; (278 x .46)/533 = .24. 
Similar factors are derived for R=2,3,4 and so on. 

-.. 

.- 

..- 

-. 

A-4 



,,Th-232 cont. 
L 

0ption.D.., Excavation of Full ' 
Volume and Blending/ 

- Backfilling ..- 
$ Ii0 yd3 Excavating, Backfilling,'Grading 
$ 145 yd' Blending 

L.. 

- 

'... 
,.'For-the scenario when R=2, the relative cost is: ., _- {18O + (145 x 2))/533 =.,.88 

For the scenario whenR=3, the relative cost is: 
(180 + (145 x 3))/533 = 1.15 

The factors.multihlying the,$145 per-yd3 blending cost are derived.by 
finding'the volume of clean material.necessary to-blend down.to the reguire.d 
concentrations, .and .adding that volume.to the volume of contaminated 'soil,. 

-- For example:whenR=2, .l yd30f'clean.material .must beblended with 1 yd3 of 
contaminated material to reduce the concentration by one-half. Thus twice as 
much soil volume is processed, as compared to the contaminated volume. 

+ Option E. 
i \ .! 

'Sameas B, But : 
Disperse Material 
On Site / 

L _ 
$ 180 yd; Excavating, Backfilling, Grading 

.._ 
$ 5;; ;$ Spreading 

For.the scenario when R=2, the relative cost is: 
((180 + 120) >! .46)/533 = .26 

\ , 
Option E. Soil Washing and 

Backfilling 

$ 180 yd3 
$ 190,yd3 

Excavation, Backfilling, Grading 

$ 350 yd3 
Soil Washing with 40%. of Volume Remaining 
Disposal at Envirocare 

For the scenario when R?2, the relative ,cost is; 
(180 + 190 + (.40 X 350))/533 = .96 

The same cost fraction is obtained for other values of R because in. 
_- -each case the full. amount of contaminated material-on site must be processed. 

3 

, , :  A-5 . . 
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Economic ImDact Calculations(cont) 

Residential Ra-226 

Option A. Full Removal of Volume 
to Utah 

Excavation,. ,Backfilling, Grading 
Disposal at Envirocare 
Clean Fill _ 

$ 533 yd3 

0ption.B. Excavation of Just 
Enough Material to Meet 
the,Allowed Dose, With Disposal 
At Envirocare 

23 Fraction of Material 
to be Remediated 

; " . -- 

: 
-_ 

2 (8 - *)/a = 1.0 In this/case, i.e., residential Ra226, 
-- 

3 (8 - 0)/8 = 1.0 
partial excavation can't be used'for R equal 
or greater than two. .From Figure 4-2, the 
required concentration,for 8 -feet of 

4 (8 - 0)/8 = 1.0 contamination is 1.9 pCi/g. Because of ._ 
The limit on the allowed concentration of 

5 (8 - *)/a = 1.0 of 3 pCi/g at any value of vertical extent 

6. (8 - 
imposed by the radon background criteria, 

*)/a = 1.0 there is no value of vertical extent that can --- 
accept a ratio of R=2 or greater. Therefore 

7 (8 - *l/8 = 1.0 Option B costs are identical to Option A costs. -_ 
a (8 - *l/8 = l.'O 

-. 
Option C. Same as B, But Disposal 

at ID-27 Landfill 

$ 180 yd3 
-- 

I 
95 yd3 

Excavation, Backfilling, Grading 

3 yd3 
Disposal at ID-27 Landfill 
Clean Fill 

$278 

-_ 
For the scenarios when R=2 through 8, the cost ratio is; 
(277.9) /533 = .52. The factor is the same for all R again .ecausa 
partial excavation can't be used for R=2 or greater 

A-6 
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Residential Ra-226 cont. 
.- 

i- 

_- 

, 

-- 

_ 

i -. 

I 

_. 
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c 

/ 

Option .D. Excavation of'.Full 
Volume and Biending/ 
Backfilling,, 

$ 180 yd3, Excavating, Backfilling, Grading : 
$ 145 yd= Blending 

- ._ 
For th.& scenario when R=Z;'the cost ratio is; 

(180 .--.- +. (2 x,'145))/533' = .aa 
For the scenario when.R=3, the cost ratio iSi 

(180 +. (3-x 145.))/533 =1.15 ,. " 

Option Et Same as B, But' I . . Disperse Material' : 
On Site ' 
-.~ $. 180 yd; ' Excavating, Backfilling, Grading 

z 5;; ;$ Spreading i, 
: 

For the scenarios when R=2 through 8, the cost ratio is: 
-(180.+ 120) /533 = .56 l 

Option F.' Soil Washing and 
Backfilling 

$ 180 yd3 Excavation, 'Backfilling, Grading 
$ 190 yd3 
$, 350 yd' 

Soil Washing with 40% of Volume Remaining 
Djsposal at Envirocare 

For the scenarios where R=2 through 8, the cost ratio is; 
(180 + 190 + (.40 X 350))/533 = -96 
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Table A-l 
REMEDLATION COST AS A FRACTION OF R!%EDlATION COST FOR FULL EXCAVATION AND DISPOSAL AT ENVIROCiRl 

NON-RESJJIENTIAL -- Th-232 -- 

RmwJl*uoll 
c.zmmia 

(.4) Pvll removal of 
ro,mw Lo Ubh Q 

(3) Exont,e”‘oTJurt 
rnou6h material (0 mat 
Ihe auowed v.tilh 
dlspoul In Utah 

(CjSsmcuBbut 
diqcal InlDZ7 lmdflll 

(D) EsanUoa or full 
vdume l d 
MmdlnglbKfdU1 

(E)SS-M~BbA 
‘dlrpne matiri~l on-&a 

(F) soil Wuhlng md 
BXkllU 

R - Rdb erclu Pm.Rmledldka ConcentnUon lo the Post-RemedLtlon CoilncmlnUoa stmvhd (c!) rmm lwe 4.4 4 

.% .% 
I 

.% .% 
I ’ 

.sp- 
I I 

* - 

,, 

Table A-2 
-- 

REMEDIATION COST AS A FRACTION OF R!34EDIATlON CQST FOR FULL EXCAVATION AND DISPOSAL. AT ENVlRt KAJU 
RESIDENTIAL -- Ra-226 

R - Ratb .,l& Pm-Rrmedi.tioll Conc,w(n”on la the Pml-Rdblbn Conrrntm+km Stand4 (C) hm T&k 44 -=l 
I 2 3 4 3 6 7 8 

(*) Pull mmonl or 
volume 10 Ulah Q 

1.0 1.0 1.0 1.0 - 

(B) Exnnlhn .I Just 
enough mstrdd In mrd 
uu dwmd v, dlh 
dlspoad in UIA 

1.0 1.0 1.0 1.0 - 

(C)Sam~Btut 
dlqaal )a ID27 bdnn 

31 .32 52 .32 - 

(D) Exanlbrl l f rdl (D) Exanlbrl l f rdl .cc .cc 1.15 1.15 I.43 1.70 I.97 1.24 
vehmrand vehmrand 
bkndl~ bkndl~ -- 

(lZ)~UltUBbtll (lZ)~UltUBbtll 
dlsprv makrlsl malie dlsprv makrlsl malie 

(P)SOUWUhIngud 
Baddul 

- - 

- 

26 26 24 24 .m .% 36 .% . 

.% / .% .% .% .% 96 * -- 

: : 
~1 For an 8 A. Depth of contamination assumed in &se examples 
4 Assumes cud of excavation, disposal, backfill = f.533 pet cubic yard 

-- 
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