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Ms. Susan Cange, Site Manager
Former Sites Restoration Division
United States Department of Energy
Oak Ridge Operations Office MAR 13 xg8

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 Env1ronmental 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.seq.
. 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) With regard to the placing an "unnecessary burden on many New Jersey
residents whose property is subject to cleanup under FUSRAP", the proposed
NIDEP'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 Opportunity Employer
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the very residents whose property rights the USDOE is purportedly striving
to protect.

3) Pursuant to N.J.S.A, 58:10B-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 standatrd. 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, 1995, 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.

5) With 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



, Public Cominénts will be heard:

' ENCLOSURE 1

, OPPORTUNITIES FOR PUBLIC COMMENT

| Submit written comments by May 10, 1996 to:

: Bob Stern, Chief

Bureau of Environmental Radlatlon

'CN 415

Trenton, NJ 08625-0415 -

April 9, 1996 .
6:30 pm - 9:00 pm .

. Sommerset County Envu'onmental Education Center

Basking Ridge, NJ

Cand

April 22, 1996
1:00 pm ~ 4:00 pm
Burlington County College

 Technology & Engineering Center (TEC)

Mt. Laurel, NJ

Please call to conﬁrm date‘.é, 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,

,-'/
Ve
." /
LA S

Nicholas L. Marton, MPH
Research Scientist II/Case Manager
Bureau of Federal Case Management

attachments

c:.  Angela Carpenter, USEPA
Bob Stern, ESHAP

RPCE\PA\RADCRIT.NLM
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State of ﬁeﬁ: Jersey

Christine Todd Whitman' : Department of Environmental Protection : Robert C. Shinn, Jr.
- Governor . : ’

: 'REMEDIATION STANBARDS FOR RADIOACTIVE MATERIALS

‘The Commission on Radiation Protectron, pursuant to its authority to promulgate rules in-

‘accordance with N.J.S.A. 26: 2D et seq., and to the Ieglslatlve direction in the Industrial Site
‘Recovery Act (ISRA), is proposmg genenc “cleanup standards for sites contammated with'
' radioactrve materials. . ‘ :

ISRA directed the Department of Envrronmenta] Protection to prepare genenc 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 milfion lifetime risk and second, so as
not to exceed normal background levels of a contaminant. Because the risks associated with -

radioactive materials even in their natural state exceed the one in.a million criteria, the program has
-utrhzed the background concept to develop the standards described below.

‘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 (pC/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 are
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 permlts greater flexibility in meeting the -

‘radiation dose criteria of 15 mrem/yr.

We would apprecrate your comments on the encIosed draft rule and the supportmg technical

' document A Pathway Analysis Approach for Determining Qengng Cleanup Standards. We beheve

these standards will provide for remedial options that are both protective of the public and cost
effective. Public comment opportunities are presented in Enclosure 1, If you have any questions
please call Bob Stern or Jenny Moon at (609) 984-5400.

S-incere}/y;""

New Jersey is an Equal Opportunity Employer
' Recycled Paper

Commissioner
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NJAC.7:28-12

" Remediation Standards for Radioactive Materials

February 1996 . '
g, A
New Jersey Commission on Radiati_dn Protection
For information contact, .

. New Jersey Department of Environmental Protection
Bureau of Environmental Radiation '
Bob Stern or Jenny Moon

(609) 984-5400
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DIVISION OF ENVIRONMENTAL SAPETY, HEALTH, AND ANALYTICAL PROGRAMS
BUREAU OF ENVIRONMENTAL RADIATION .

Notlce of Pre-Proposal o :
N.J.A.C. 7:28-12 ' SR
\Remediation Standards for Radioactive Haterials\

Authorized By: The CommlsSLOn on Radiation Protectlon

Authority: Radiation Protection. Act (N.J.S.A. 26:2D) and
Industrlal Site: Recovery Act (N J.S. A. 58:10B) , _

Take notice that the New' Jersey chm1551on on Radiation
Protection, pursuant to its . authorlty' to jpromulgate rules in
‘accordance with N.J.S.A. 26:2D et seq., is COn31der1ng prop051ng,
remedlatlon standards for radloactlve materlals. -

Summary - o
The Env1ronmenta1 Cleanup Respon51b111ty Act P L. 1983, c.330

(N.J.S.A. 13: 1K-6 et seq.) was amended by the leglslature via bill

S$-1070 in June, 1993. The amendments 1nc1uded among other things,
_changlng the name of the act to the "Industrlal site Recovery Act"®
“(ISRA) .and directed the Department  to: establlsh -generic’ soil

i ﬁcleanup criteéria for the remediation of contaminated sites. Tha

‘criteria for soil standards ‘were to be -based on either: 1)
incremental lifetime risk of cancer of one in one million 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 hazardous
substances, which includes radionuclides, so that contaminated
sites can be returned to productive use.

The scope of-this_rule extends to:

(1) any naturally occurring radionuclide whose concentration has
been enhanced by man made phy51ca1 or chemlcal processes,

(2) accelerator produced radionuclides,

{3) as applicable, releVant, and appropriate, to any remediation
involving radiocactive materlals'pursued'under'authority'of‘tho,_
federal Comprehensive Environmental. Response, Compensation,
and Liablllty Act (CERCLA), and ' '

(4) remediatlons involving any. radloactlve materials within or
outside the boundary of 'a- federally. owned operated or
licensed site when '/ the federal government has not assumed
responsibility for sald remediation.

Consequently, the, scope of - thlS rule extends to the
remediation of sites contam.nated with naturally .occurring or
accelerator produced materlal and to sites contaminated with any
radiocactive material to be remediated under CERCLA authorities.
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General Approach to Standard Setting

The basis for the clean-up standards for radioactive
materials- is premised on the amendments to P.L.1983, <¢.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 establlshlng

cleanup standards on a case by case basis, while ‘allowing the use-

of alternative standards . for significantly different site
-circumstances. . ‘ : ' S

Section 35 d.(1) of §-1070 tasks the Department' with
establlshlng remediation standards that w111 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 g. (4)

"of S-1070 for 1legislative 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 of the region

. of the site and which has not been 1nfluenced by lecalized human
act1v1t1es.

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 radiocactive
‘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
"consistently" 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 "consistently" encountered.

Consequently, the approach taken in this rule is to define 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 reésulting 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 radium 226 the
one standard deviation radon background concentration variation was

f—
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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 (re31dent1al) and restricted (non-residential) uses,
as a function of both the vertical extent.of the contaminated

. material- remalnlng after remedlatlon (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 determlne -what contamination

extents and re51dua1 concentratlons are acceptable, as depicted
below; "

The allowed SOil'conceﬁtration (C) is: -
C = Background Allowance/Dose Factor,

'where the dose factor is. calculated as a functlon of V. For a

7'g1ven value of V, the vertical: extent of contamination remaining,

the value of C that does not cause any of the background variation

zallowances to be exceeded is then selected as ‘the standard. This
wmethod was used for edch radionuclide and .its decay chain.
However, .in order to account for 1ngrowth of progeny, the doses for
-certain decay chains "were combined.”  Aan example of such a
.combination is the Ra-226, Pb—-210 decay chain.

- In establishing- these soil"remediation etandards .the

- Department had to consider the term "contaminant" as defined in
Section 23 of 5-1070. For the purpose of this rule, "radiation" is
considered the contaminant which must be controlled, and not each

~individual radionuclide. This position is based on the fact that it

is” the collective radiation, not the individual radicnuclide that
causes the harmful health effect. Additionally, radiation 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 "radlation" as the

contamlnant for this appllcatlon.

The proposed ,NJ cleanup standards, herein, establish an
incremental annual total effective dose equivalent (TEDE) of 15
mrem - per year from extéernal radiation ‘and ‘intake for both
unrestricted - sites and. restricted sites. For. raden, a

. concentration of 3;p1cocur1es per liter (pCi/L) above background is
- the ©proposed standard /criteria. The allowed generic soil

radionuclide concentrat;ons derived herein from the dose limits are
different for each radionuclide because of their differing
properties.
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The Department's assumptions, equations, and detailed
methodology in arriving at these generic cleanup standards is
presented in A Pathway Analysis Approach for Determlnlnq Generic
Cleanup Standards for Radioactive Materials which is available. by
" writing to the address below, by calllng (609) 984-5923, or by
faxing the request to (609) 633-2210. -

Robert Stern, Ph.D., Cnief ‘
Bureau of Environmental’Radiation
CN 415

Trenton, NJ 08625-0415

The‘agency's pre-proposal foilows:
SUBCHAPTER 12. REMEDIATION. STANDARDS FOR RADIOACTIVE MATERIALS

Legal Author1ty° Radlatlon Protection Act (N.J{S.A. 26:2D),
Industrial site Recovery Act (N.J.S.A. 58: loB) '
'7:28-12.1 Purpose and Scope h fI ’
\ _
The purpose of thls ~ Subchapter is to; establlsh minimum
standards for the remedlatlon of real property'lncluding soils and
structures contamlnated by radloactlve materlals.

7 28 12.2 AppIicability
(a) These standards are applicable to:

(1) remediation of contamination of real property by
any naturally occurrlng radionuclide whose
concentration has been' ‘enhanced by man made
physical or chemical processes;

(2) remediation of contamlnatlon of real property by
- accelerator produced radlonuclldes,

(3) any remediation 1nvolv1ng radioactive contamination
pursued = under authority of the federal
Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), and

(4) remediations 1nvolv1ng 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. :

(b) These standards are not appllcable to'

(1) materlals scontaining naturally occurring
radionuclides whose concentrations: have not been
enhanced by wman made physical or chemical
processes, such as coal or quarry stone.

—

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

- : (A). disposed of in landfills, or where aesigned
- . ‘ contract exists- for such disposal;

' (B) recycled into building materials where the
activity of the resulting material is within
natural background levels for that type of
materlal. or ’

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

7 28 12.3 Definitions
“Actlve englneerlng controls" means any mechanism to contalnof

orrstablli;e contamination or to ensure the effectiveness of a
remedial action. Actlve engineering controls may -include, without

' limitatlon, caps,: covers, dikes, trenches, - leachate collectlon

systems, 51gns, fences and access. controls.

'-“Commltted dose equxvalent“ means the’ total dose. equlvalent-

wa&eraged throughout: any body‘tzssue in the 50 years after 1ntake of
ua radlonucllde into the body. Y T

“Comm1tted effective dose equlvalent" means the sum of the

products of the committed dose equivalent multlplled by the

approprlate 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 remediation that

‘do not - rely -on additional expenditures- after installation. to

achleve their intended purpose.

"Dose Equivalent" means the product of the ‘absorbed dose, the
quallty factor, and- any - other modlfylng factors.

"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 céncentrations above the
applicable remediation standard that would allow unrestricted use
of that property. Institutional controls may include, without
limitation, structure, land, and natural resource use restrlctlons
well restriction areas, and deed restrictions.

"Intake dose" means'the annual radiation dose to a person froa

‘all potential intake pathways (exclusive of radon inhalation)

including the 1ngestlon of water, direct ingestion of soil, intake
of foods, and the inhalation of resuspended particulate matter (in



1%0232

committed effective dose equivalent)

"Natural background‘varlatlon" means the naturally experlenced
variations in radiation dose from mean levels that are commonly and
con51stently experlenced by persons in the state.

"Natural Background Radlonucllde Concentration". means the
value of a particular radionuclide concentration in soils measured
in areas in the vzc1n1ty of the site, not more than one mile from
the site boundary in an area.that has not been influenced by
localized human activities,. lncludlng 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’ radlonuclide concentratlons.

"Radlonucllde" means a type of atom that spontaneously under
goes radloactlve decay T» :
"Respon51ble 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 remedlatlon, 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 Effectlve Dose Equlvalent" means the sum of the. deep-
dose equivalent (for external exposures) and the committed
effective dose equivalent (for internal exposures) .

: "Unrestricted use" means those lands where the existing
bulldlngs and/or other structures are used or are intended to be
used as domiciles, residences or other forms of habitation by
humans, 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.

"Vertical “extent" 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.;



140232

7:28-12.4 General Requirements

'(a) Any site remedlatlon undertaken pursuant to this section

"shall’ be conducted, ~as appropriate, in accordance with the .

- requirements of:

' fac111ty post-closure care."

(1) N. J.A. C.‘7 26E -1, l et g y Techn1cal Requlrements
‘for Slte Remedlatlon ‘ o 4

(2) - N.J. A c. 7:26—9;10,~ Financial requirements for
fac111ty closure and o R , - o
(3) N J.A.C. 7 26 -9 . 12 Financ1al requirements for

_ {b) Compliance‘with this section shall not relieve any'person'
from complying with more strlngent cleanup standards or provisions
1mposed by any other applioable statute’ or regulatlon.

©.7:28-12.5 .“ sampling, Surveying and Laboratory Requirements

N %2 F o

(a) In addition to the requlrements in N. J A.C. 7:26E-2. 1 et

" seq. "Quallty Assurance for Sampling and Laboratory Analysis" and.
-Appendix. A of N.J.A. c. 7 26E-1.1 et seg., "Laboratory Data
" Deliverables Format"; 'for :radionuclides, . analytical methods
_contained in the follow1ng publications, or equivalents. as ‘approved

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

(1) U.S. Environmental Protectlon Agency, "Prescribed

' Procedures for'Measurement of Radioactivity in Drinking Water", EPA

' 600/4-80-32;

(2) U.S. Department of _Energy; = "Environmental

vol. 1.

"Measurements Laboratory - Procedures Manual“, 'HASL-300, 27th EAQ.,

' (3)' Eastern, -fEnvironmental Radiation = Facility:
"Radiochemistry Procedures Manual", EPA 520/5-84-006. -

(b) Any laboratory prov1ding radiological analysis for soil

"must have participated in and passed a soil intercomparison

analysis administered by either the Internatlonal Atomic Energy
Agency or the U.S. Department of Energy's Environmental

"Measurements Laboratory w1th1n the year preceding the radlologlcal

5analy51s.

/.

7:28-12.6 Preliminary Assessment and gite Investigation

Pre11m1nary Assessment and Site Investxgatlons for all sites
contaminated with radloactive materials shall be conducted in
accordance with the relevant,portions of N.J.A.C. 7:26E, Subchapter
3, including any subsequent revisions thereto.



7:28-12.7 " Remedial Investigations ‘ EAQZEZ

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

7:28-12.8 Remedial Altérnative Analysis

Remedial Alternative Analyses for all sites contaminated with
radicactive material shall be in accordance -with the relevant
portions of N.J.A.C. 7:26E, Subchapter 5, and any subsequent
revisions thereto. ‘ : ‘ : ’

7:28-12.9 . Remedial Action Requirements

" The Remedial'Action-Requirements for all sites contaminated
with radiocactive material shall be in accordance with N.J.A.C.
7:26E, Subchapter 6, and any subsequent revisions thereto.
7:28-12.10 Radiation Dose Standards Applicable to Remediation

o of. Radioactive COntamination bt-hll Real Property.

Sites shall be remediated so that the radlatlon dose to any
person, under either an unrestricted or a restricted scenario, from
any residual radicactive contamination at the site will be less
than natural background varlatlons, 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 plcccuries
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
sed.

7:28-12,11 Generic Remediation standards for Radionuclide
Contamination of Soil. :

For radicactive contamination in soils, the requlrements'of
N.J.A.C. 7:28-10 shall be considered to be met for a specific
radionuclide 1f.

(a) the concentratlon of the radionuclide does not exceed
the value in Table 1 or 2 below for the intended use:
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Table 1: Allowed Concentration (C) of Individual Radionuclides in
' Soils (pCi/g); Unrestricted Use' ' '

o , o .'_Vertical Extent (V, in feet)
Element (s) <1 _2 3 4 5 6 7 9

U-238 234;or 65 44 27 51 14 12 10 8
235 , : : _ _
Th-230 625 340 231 231 231 " 224 224 224
Ra226 -~ 3 5.‘ 2.8 2.8 2.6 2.6 1.9 ‘1.9
Th232 o 6.8 4.0 3.1 3.1 2.5 ;,1 1.7 1.7
Pa-231 o 4.2"fi2;6;'1‘ziiq 2.1 2.1 2.1 2.0 2.0

Soils (pCi/g); Restricted Use' \

_Tabié 2: Allowed ConCentratiqh (C)rof'Individﬁél RadionUclides-inr

.. Vertical Extent (V in feet)

“Element (s) <1l 2 = _3 4 5_ 6 7 9

U-238,239,or 250 135 83 60 50 38 38 30
235 : : :

“Ra226 9 9 9 9 9. 9 g 9

" Th232 | 0. 25 17. 11 10 8 6 6
‘Pa-231 50 26 19 19 - 19 - 17 14 11

! The allowed Incremental Concentrations from Table 1 or 2 are added to the notural backgrouns

semediation. ‘ ' , .
These concentrations may be limited by chemical toxicity. - Applicants should inquire with Site
Remediation for chemical standards for uranium. : :

radionuclide concentration to obtain the absolute value of the allowed radionuclide concentration following site

sand, -’ :

: (b) a clean soil cover at least two feet deep,»with the ﬁpper
6 inches consisting of top soil, is placed over the remediated
area, and . ' S S ' R -
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(c) where more than one radionuclide remains at tge site,
their concentrations meet a sum of fractions constraint as
described below:

Sum of cA. < 1

c.
where: ' ‘ -
CA, = the concentratlon of radionuclide i at the site,
and
¢, = the allowed concentration_of radionuclide i from
. Table 1 or 2, if it were the only remaining
radionuclide at the site. :
7:28-12.12 -Alternative Cleanup Standards For Radioactive

-Contamination .
i)

. - . (a) In lieu of using the’ generic remediation standards for

-radionuclide contamination of soil found at N.J.A.C. 7:28-12. 11, a

person may petition the Department for an alternative scil standard
for radiocactive contamination. Such an alternate soil standard:

(1) shall not result in doses exceeding 15 mrem per year
total effective dose equivalent; and

_ (2) shall not result in doses: exceedlng, 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 radlonucllde in groundwater
levels exceedlng those in the New .Jersey' Groundwater Quallty
Standards in N.J.A.C. 7:9-6.1 et.seq.

(b) The Department w111 not consider petltlons for an
alternative soil standard for radionuclides that is supported by
varying, in any manner, the follow1ng parameters used by the
Department in establishing the generic soil .standards as described

in the technical document A Pathway Analysis Approach for

Determining Generic Cleanup Standards for Radioactive Materialg:

(1) Dose conversion factors o
(2). Breathing, soil ingestion, vegetation uptake and
" water consumption rates :
(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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(c¢) 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 establlshlng the
soil concentrations in N.J.A.C. 7:28-12.11, Factors which the
Department will consider in such a petition for an alternate soil
standard 1nclude, but are not 11m1ted.to'

(1) The chemlcal.or phys1cal state of the radioactive
(2) - site spédifid?"soil”'characteristics,f 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 Pathway Analysis Approach for Determlnlng Generic Cleanup |

ﬂStandards for Radloactlve Materlals.'

: ot {3) Use of caps, covers, sealants, .geotextlle membranes,'
llmlts on the vertical extent of contamination remaining on site

'*and/or other englneerlng or” 1nst1tutlonal controls ‘that reducef
,.potentlal exposures to radioactive materlals. 4 - g

~?*. (d) The petltlon for an. alternate soil standard shall include

“an ana1y51s demonstratlng how and why the difference in factors

*such as. those in (¢) . . above, as compared - to those used by the

.‘Department in A Pathway Analysis Approach. for Determining Gene;ig

: Cleanug Standards for Radioactive Materials will 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 of 50% or 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.

(£) Regardless of the factors used by the petitioner, the
Department shall not approve proposals where the resultant
alternate soil radionuclide concentration exceeds those inN.J.A.C.

© 7:28-12.11 by 10 times.

- (g) 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 limits in N.J.A.C. 7:28-12 including:

- Y .
- (1) The remedial action informational requirements of
N.J.A.C. 7:26E Subchapter 6, and : : '

(2) A dose assessment ana1y51s, 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
© sceénario, and by an employee for a restricted use scenario;

_ " {(B) A ‘presentation of all -equations or other
mathematical techniques used, either directly or enbodied in -a

computer model, to predict the movement of ‘radionuclides and/or

their resulting radiation dose;

(C} Groundwater - radionuclide concentration
calculatlons which shall be- extended for a perlod of 1000 years. .

(D). presentatlon of all numerlcal input
parameters to- eauatlons 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

shall consider those used by the USEPA in its CERCLA documents such
as. the Human Health Evaluatlon Manual and ‘document the results of
that con51derat10n. ' - -

(E) A presentation of other relevant factors and
assumptions used in the analyses, such as si{e spec1fic 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 bu1ldinqs for either
unrestricted or restricted use, including excavations for basements
© and/or footings.

(h) Active engineering controls or 1nstitut1ona1 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 tlme to achieve
their intended purpose.

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

(j) Computer models acceptable to the Department may be used
by the petitioner for an alternative soil standard to confirm that
the requ1rements of N J.A.C. 7:28-12.11 have been and will contlnuo
to be met.

~
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7:28-12.13 Requirements Pertaining to Active Engineering or
‘ Instituticnal Controls

o (a)y All remedlatlon proposals shall d951gnate the 1ntended
use(s) of the property Such uses,shall be consistent with current
local  zoning d951gnat10ns " "For sites ‘not remediated to the
unrestricted standards in N.J.A.C. 7:28-12.11, the Department shall
define the nature-and duration of all approprlate englneerlng or
institutional controls necessary to meet the standards in N.J.A.C.
7:28-12.11 or N.J.A.C. 7128-1 2 12(a) }

(5)7 Englneerlng controls may be elther active or passxve..'

(¢) En91neer1ng controls may include covers or other barriers
restricting or reducxng radlonucllde releases, and/or mlgratlon

'Toff—51te.‘

(d) Instltutlonal controls may 1nclude 51te use restrlctlons,

‘site access controls, and well restricticon areas,’and shall be
1mp1emented 1n accordance wlth N.J. S. A. 58: 1QB 13,

(e) For any remediation under this subchapter requiring'

"~ active englneerlng 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 addltkon to’ meetlng the - prov151ons of
N.J.S.A. 58: 108-13 shall: ‘ -

(1) implement all the necessary actions, as determined
by the Department, to assure that such active engineering or
institutional contreols 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 1nspections ot
the site at § 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 protectlon purposes.

" (3)  as part of the establishment of the remediation
funding source, 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 suff1c1ent1y long period of time. Such financial
assurance shall be in the form of funds placed into an account
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-

N.J.A.C. 7:26B-6. 1 et. seq., an environmental insurance policy, a
self-guarantee, or other mechanism approved by the Department.
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(£) Any subsequent proposed use of a property that is

different from the intended use described in . the orlgxnal-

renediation proposal, other than unrestricted use, shall requlre a
review and approval by the Department. To initiate that review, the
" property owner proposing such use shall:

(1) prepare and submit to the Department- and the
affected municipality(ies) a brief description of the new proposed
use as compared to the  intended use upon which the original
remediation ‘was based 1nclud1nq all planned soil excavations, and
any additional remedial_ actions to be 1mp1emented

(2) if the Department determines that the proposed new

use may cause the dose limitations ‘of N.J.A.C. 7:28-12.10 to be .

exceeded the owners shall be required to:

(A). prepare and submit to the Department a dose'_
assessnent analyses, containing the information required under -

N.J.A.C., 7:28-12. 12(g)(2), 12(h), 12(i), and 12(]), to ascertain
whether the .dose limitation requirements of N.J. A.C. 7:28-12.10
will be met for the proposed new use. s . L A

(B) 1n preparlng the dose asséssment analyses, the
person may incorporate into the new use plan new remedial measures

such as different radionoclide in soil concentrations, or’

contamination vertical extents, rand/or new engxneerlng or
institutional controls, provided 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 use.

7:28-12.14  Requirements Pertaining to the Final Status Survoy

(a) The final'status survey and the interpretation of survey

results shall be in accordance with the Nuclear Regulatory

- Commission's NUREG/CR-5849 ORAU-92/C57 Manual for_ Conducting

Radiological Surveys in_ Support of License Termination and any
subsequent revisions thereto.

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

—

S



140232 ERRATA

- ‘ bag;, 3-6: Replace equaﬁons for.‘l‘) fé:" Slab O;I Grade é's follows:
Res:dentlal Slab on Grade Excavatnon | |

j D, CxDCFx350/365x 16. 4/24x 3x Iix 54x 1 = 0106CxDCF

: Non—Resxdentlal Slab on Grade

.D CxDCFx250/365x7124x 3x dx 6x1‘- 0036CxDCF |

o Add t_o List‘bl‘ Préjna_rers -

—

. Herbert Roy Reseai'ch' Sciéhtist |



3. PATHWAY ANALYSIS

140232 | cmwmm§

Llst of Preparers cessereseseeaa teetteseseacssessssssseiaa 1
. Llst of Flgures - ' - I ® B4 @ T 0 B S S S SR eSO R R E BN PO .S S EE S P A s - & . ii
Llst of Tables - 5 & O I I * 8 8 8 8 0 & . ' . * & & I - l * » l S & 5 & & $ 6 S B S 8 S b e e lll

1. NTRODUCTION AND EXECUTIVE SUMMARY

.1‘,Background...................................... 1-1
.2‘Sqope‘.'.......—‘.'......".l.'l..."--....o..'l' 1_2
.3‘ .

Compliance with NJ P.L. 1995, c. 65

I
1
1
1
' and Executive Order Number. 27.....;............. 1-4
General Approach to Standard Settlng............ 1-6 -
:Slte Use: Scenarios.............................. 1-8

o b

1

1

ALLOWABLE BACKGROUND RADIATION LEVELS .

,2 1 | External Gamma.................................. 2
a2 Intake.............,............................ 2

~:2 3 Sum of, Gamma and Intake Variations.....i.oceuiee. 2-

2. 4 Radon...;..........................;............ 2

3
i

3.1 External Gamma Pathway.......................... 3-1.
7342_ Radon Pathwax..........;........................ 3-12
3.2.1 *®Ra:®Ra Ratioc..evseiereneeeansnnnnnnans 3712
3.2.2 Radon Dose Equation..isvteeeevceceseseseecss 3-15
ntake Pathways................................. 3-25
1 Soil Ingestion Pathway.....cceeveeveeease. 3=25
2 Inhalation Pathway.....cceevesecescenccass 3-28
3
4

3.3

Drinking Water Pathway........ceeceeeeee.. 3-44

Int
3.3.
3.3.
3.3.
3.3. Crop Ingestlon Pathway......:.............‘3-54

%4, DERIVATION OF ALLOWED CONCENTRATIONS

4.1 Pathway Sums.......’l....‘.ll.‘.‘..."“l..l.l..l.l 4_1
4.2 Allowed Soil Concentrations...........c.c00000.. 4-10

APPENDICES

.A. - ECONOMIC IM‘PACT...I...O...;.l........‘.ll'...‘.'.. A—l



Robert J. Stern, Ph.D.
Jennifer Moon

Tonalee Key

Tom Ami&on

Fred Sickels
John_Feeney
JéqnnévDenéé

Diéne Wyéocki

Nancy Stanley

Adrienne ILewis-Smith

LIST OF PREPARERS

Chief, Bureau of EnvironﬁéntalvRadiation

_Reseafch'Scientist

Research Scientist

”Envifbnmental Scientist

Research Scientist
Radiation Physicist
Reseéfch Séienﬁist
Seé;gtarial Assistan#/

Radiation Physicist

Principal Clerk Typist

y -

A

1 #0232

[—;



Number

140232 '

FIGURES

Disruptive Scenario
Construction Scenarios

Pathways

" Allowed Thor1um—232 Concentratlon vs. Vertical.Extenﬁ'

of Contamlnatlon. Re51dent1al Use

Allowed Radium-226 Concentratlon vs. Verpical Ekﬁent-ofl

L‘_Contamlnatlon' Res1dent1al Use

Allowed Thorium=232 Concentratlon vs. Vertical Exfent'

'of Contamlnatlon' Non-Re51dent1a1 Use

'Allowed Rad1um-226 Concentration vs Vert1ca1 Extent of
Contamlnatlon. Non-ReSLdentlal Use o _

Allowed U=238 and U-235 Concentratlon vs. Vertical

iExtent of Contam;natlon' Residential Use -



Number

TABLES

140232

Formulas for Determining External Gamma Doses Per Unit
Radionuclide in Soil Concentration
Assuming 1 foot of clean cover

Formulas for Determining External Gamma Dose Per Unlt
Radlonucllde in Soil Concentration
Assunming no clean cover

i

Gamma Dose per Soil Concentratlon (pCi/qg): Residential
Slab on Grade and Basement , . ' '

Gamma Dose per 8011 Concentration (pC1/g) Non-
Re51dent1a1 Slab on Grade and Basement ‘ v

RAETRAD Input Values o

Inhalatlon Respirable, Ingestion Comblnatlon Pathway
- Dose- Factors for Seil Resuspen51on. Re51dent1al

Scenarlo

'Inhalatlon Re51rab1e,,Ingest10n and Comblnatlon Pathway
Dose Factors for Soil Resuspen51on' Commercial Scenario

Calculated Ratios

Dose (mrem/yr) to Soil (pCi/g) Ratios for Varlous
Vertical Extents of Contamlnatlon

Maximun Soil Concentrations for Interlm Drlnklng Water
Standards

Maximum Soil Concentrations for Proposed Drinking Water

Standards

‘Ingestion Dose Conversion Factors (mrem/pCi)

Vegetative Intake

Soil to Vegetable Transfer Factor;’B.

v

Ingestion Pathway Doses Crop Ingestion R951dent1al Use:

Dose as a Functlon of C Vv, and d

‘Ingestion Pathway Doses Crop Ingestion Non-Residential

Use; Dose as a Function of C, V, and 4,

Dose Intakes per Unit Soil Concentration: Residential
Use

Dose Intakes per Unit Soil Concentration: Non-
Residential Use

i-iii

—

e



U $40232 | Tables
Allowed Soil Radionuclide Concentrations (pCl/g)
Considering All Pathways: Re31dent1al Use

'Allowed 80117Rad10nucl;de Concentrations (pci/g)-
'ConSidering'All Pathways: Residential Use

Remediation Cost as a Percentage of Remediation Cost
for Full Excavatlon and Disposal at_Envirocare: Non-

' Residential Th-232 S

!

' Remediation: Cost as a Percentage'oerehediation Cost

for Full Excavation and Dlsposal at Envirocare: Non-

_ Re51dent1al Ra-226



' 1‘2&.023.2 : Chaptelr‘ 11

- 'INTRODUCTION AND EXECUTIVE SUMHARY

1.1 BACKGROUND
The Radiation Protection Act &f 1958 , N.J.S.A. 26:2D-1 et

seq., regulates the possession, handling, disposal,’ o
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 "program"), was established in the Department of - -
-Environmental Protection (the "department”).. -The Act also
created the Commission on Radiation Protection ("CORP") and
vested in that body the authority to promulgate rules and
regulations, as may be necessary to-prohibit and prevent
unnecessary radiation. Additionally, the Act empowers the
-department-to administer the rules promulgated by. CORP.

..In-addition, the Environmental Cleanup. Responsibility Act

“;PgL.71983,;c:330‘(N.J;S.A. 13:1K-6 et seq.)was amended by the

. legislature via bill S$-1070 in June, 1993. The amendments
. included, among other things, changing.the-name of the act to the

"Industrial Site Recovery Act® (ISRA) and established soil

~ cleanup.criteria for the remediation of contaminated sites. The

>0 e
R T

criteria for soil standards are either: 1) an incremental
lifetime risk of cancer of one in one million persons exposed, or
2) where haturally 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 '
background levels. Under ISRA, the department is charged to
develop ‘generic soil cleanup standards for hazardous substances,
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

E 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,

- ‘put rather the residue from various industrial processes contains

- .naturally occurring radionuclides which become concentrated in
. the waste as a result of processing. ' L ‘

/ .

Because of the large volumes involved, there is significant

- risk to any persons who might construct residences or other

‘buildings, or_otherWis§ make use of land containing these wastes. -
1f such sites were not remediated, these risks could readily
_exceed a lifetime fatal cancer rate of one in a thousand for

wf . ’ 1-1
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concentrations frequently encountered at these sites. Where

radium is present - the precursor to radon gas - the risks can be

even higher; on the order of 1 in one hundred, or greater. Such
risks substantially exceed the 1 in one million criteria of ISRA,
described above. Consequently sites containing such materials

must be 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. 1In this’ rule development,
the department has been cognizant of such costs, and has -sought
to create opportunities for less costly remediation, while still
maintaining the health and safety protection mandated under ISRA
and the Radiation Protection Act. _ : - BN

1.2 SCOPE
Radioactive materials are generally divided into two

classes: naturally occurring and accelerator-produced radioactive
materials(NARM) regulated by the State, and SQUfce,.byrproduct,

.and special nuclear materials regulated under the federal Atomic

-Energy Act (AEA). One subset of NARM, called naturally occurring

radiocactive material (NORM) wastes, tend to be accumulated in
diffuse form; i.e. in large volumes having relatively low
concentrations of radioactivity. :

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

.0f Energy (DOE). These are source, special nuclear and by-product
materials. 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 (¢) any combination thereof". The .05%
concentration is equivalent to about 168 picocuries per gram 7
(pCi/g) of uranium and 54 pCi/g for thorium. NRC also .regulates
"by-product material", which is defined at 10 C.F.R. 30.4 as "any
radiocactive 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 "plutonium,
uranium 233, 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

1-2
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to develop-federal_guidancevand regulations teo protect public
health and the environment from the effects of radiation.

_ The State is generally.. preempted from regulatlon of
materials under AEA jurisdiction. However, some sites containing

-source, byproduct or special nuclear materials requiring

remediation are also under the scope and procedures of CERCLA
the Comprehen51ve Environmental Response, Compensatlon, ahd
Liability Act. CERCLA authorizes the President to take response
action whenever there is a release or threat of a release of’
hazardous’ substances, which. 1ncludes radionuclides.. CERCLA also

:Jprov1des for the “incorporation into the response action of State

standards. that-are’ applicable, relevant, and appropriate (ARAR)
to the situation. Because these standards herein are state-wide
standards based on . radiation dose criteria, which are. . a common -

*denomlnator of health -impact,: regardless of the radionuclide

involved, :the department believes that these- standardsf

;constltute ‘an’ ARAR pursuant to 40 CFR 300, Subpart E »

- .(n300.400(g)) 'and are therefore appllcable to ,any site belng
~remediated: under CERCLA authority - 1nclud1ngsclean ups of
. federal facilities pursuant to Section 120 -of qbe Superfund
. Amendments and Reauthorization Act of 1986. This is true .
1+ regardless. of: whether the radionuclide involved. is NARM or

source, byproduct or spec1al nuclear materlal.-

In addltlon, there have been 51tuatlons where the federal
government has not assumed responsibility for cleanups of AEA

. materials or materials deriving their radioactivity from AEA.
- These situations include cleanups involving AEA materials
deposited beyond the fenceline of a NRC licensed facility and
+ cleanups of materials involving former source material
» radionuclides whose concentrations have been diluted below the
w,.os% threshold. Pending any change in federal interpretation of
. .its legal responsibility, the State, in the interest of public

- health and safety protection, will apply these standards to any

. cleanup involving. any radlonuclxde/materlal for which the federal

government denies responsibility. .
'Therefore, the scope of‘thls rule extends to:

(1) any naturally oCCurring radionuclide whose concentration has
- been enhanced by man made physical or.chemical processes,

(2) ‘accelerator produced radionuclides,

‘(3). as applicable, relevant and. approprlate, to any remediation

involving radiocactive materlals pursued under authority ot
the federal Comprehen51ve Environmental Response,
. Compensation, and L1ab111ty Act (CERCLA), and
(4) remediations 1nvolv1ng any radloactlve materlals within o-
: outside the boundary of a federally owned, operated or
licensed site when the federal government has not assumed
respons;blllty for said remediation.

1-3
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Consequently, the scope of this rule extends to the
remediation of sites contaminated with NARM material and to sites
contaminated with any radloactlve mater1al to be remediated under
CERCLA authorltles. :

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 requlrements for ctleanup levels
for sites contaminated with radionuclides. These regulations -
will be de51gned 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 Environmental
Response, Compensation and Liability Act (i.e., Superfund 51tes),
including but not llmltEd to Federal fac111t1es.-~f T '

Because the department regards these standards as. an ARAR
for Superfund sites, and because at other sites AEA materlals may
involve the same elements as NARM materials and may be e
intermingled with NARM, the department has worked closely with
. EPA and NRC to provide for reasonable compatlblllty between the
varlous standards.

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 admlnlstratlve agencies adopting, readoptlng or amending
state regulations "...under the authorlty 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®
include: "... 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
shall include a discussion of the policy reasons and a cost-
benefit analysis that supports the agency’s decision to impose
the standards .or requlrements 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 reguirements are
appropriate.™ : .

As discussed above, two federal agenc1es, the NRC and EPA,
are currently developing cleanup standards for sites contamlnatcd
with radiocactive materials under their jurisdiction. The NRC is
responsible for all radiocactive materials governed by the Atomic
Energy Act (AEA), i.e source, byproduct and special nuclear
material. 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 decontamination of lands
and facilities under NRC license. The NRC has proposed a 15 mrem

et
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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

radicactive 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’ comparlson with- the NRC standard is
not legally required. Nevertheless, it should be noted that the
prlmary remediation criteria herein is. also 15 millirem (mrem)

' per year, and is thus 1dent1ca1 with the NRC proposal. S

The EPA has jurlsdlctlon over any radloactlve materlals

.being ‘addressed under -the Comprehensive Environmental Response,

Compensatlon and Llablllty Act (CERCLIA). Because the Department

. is proposing that these- standards be an ARAR standard under

CERCLA requirements, a comparison with EPA. efforts is-
appropriate. - An EPA draft of -its rule dated May 11, 1994,

- included an incremental 15 mrem annual TEDE :as’ its primary ‘limit
. for remediations. The EPA also. limits.reésidual soil radionuclide
~ coricentrations so that the dose from drlnklng'groundwater does.
‘not’ exceed the: standards in 40CFR Part 141, the Natlonal Pr1ﬁary
_-Drlnklng Water Regulatlons.__. ' : .

' The proposed NJ c¢leanup standards, hereln, also establlsh an

f;rlneremental annual total effective dose equivalent TEDE of 15
. mrem from external radiation and intake for both residential
- sites and non-re51dent1al 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 ISRA from the dose limits are different for each
radionuclide because of their differing properties.. These
. concentrations presented herein cannot be compared to EPA soil
. .-concentration numbers because EPA 1s leav1ng that analy51s to

case-by-case 51te review.

‘As proposed these cleanup standards meet the requlrements

leglslated in $-1070, and the primary cleanup criteria of 15 mrem

per year is consistent with developing federal regulations.
These standards will also allow remedial optlons that may reduce
the financial impacts associated with site cleanup. The
standards provide a clear target to assist respon51b1e parties in-
their planning efforts, and allow for an expedited review by the

‘department thus conserving department resources. The proposed

standards are protectlve 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 regulatlon requlres certain
financial assurance instruments to ensure that sufficient funds
are available to compleéte the remediation. ' Also, the proposed

' cleanup standards consider the National Primary Drinking Water

regulations when establishing residual soil radionuclide
concentrations. The financial assurance requlrements and

- 1-5
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groundwater.standards are, to date, consistent with the
developlng federal regulatlons discussed above.

The proposed 5011 standards facilitate compliance by
lncrea51ng the. llkellhood ‘that remediations are technically and
financially feasible. 'This results because the rule allows the
responsible party latitude, dependlng on site characteristics and
contaminant concentrations, in selecting remedies for meeting the
incremental 15 mrem standard. - Examples are: 1) rather than
remov;ng all contaminated soil to an authorized dlsposal
facility, the allowed dose may be attainable by removing part of
“the contamination and placing clean cover material over . the
‘residual contamination, 2). dlsper51ng contaminated 5011(prov1ded
the soil was contaminated with naturally occurring radlonuclldes)
over . uncontaminated portlons of the site, or 3) removing the most
contam;nated soil. and covering, or dispersing, the remainder.
Such. options encourage remediation by reducing the overall costs
while malntalnlng public health and safety to within the limits
‘imposed by S=1070. Depending:on the radionuclide involved, the

.initial concentration of the contaminated soil and its Vertlcal

extent, : cost-savings on the order of up to 70% relative to the
_cost of full removal and off-site disposal may be. reallzed if
.these options- are 1mplemented. :

1. 4 GENERAL APPROACH TO STANDARD SETTING

The bas;s 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
generlc remediation standards that could be consistently applied
across the State. The intent was to move the department away from
establlshlng cleanup standards on a case by case basis, while
allowing the use of alternative standards for significantly
different site circumstances.

Sectlan 35 d.(1) 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
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 conslstently present in the
environment of the region/ of the site and which has not been
1nfluenced by localized: human act1V1t1es.

Since naturally occurrlng concentrations of the

#adionuclxdes involved here, e.g., uranium, thorium, radium,
cause lifetime risks substantially greater than 1 in a million,

- 1-6
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it is not p0551ble to use that as a clean-up criteria:; therefore,
the department has used natural background as the remediation

‘criteria for radioactive materials. 1In d01ng so, .it has
recognized that background radiation varies with time and from

place to. place, and has utilized the naturally occurrlng

- variability in radiation that people ‘encounter in their day to

day lives as the radiation dose increment to be achieved by a
remediation. Further, $-1070 directs that regional natural

',background should be defined as the levels "consistently" found

in the region of the 51te.v Recognizing the statistical nature of

‘.background radiation, the department has utilized a one-standard

deviation, or approx1mat10n ‘thereto, as the measure of the
varlatlon that ‘is "con51stently" encountered. P

. - Consequently, the approach taken in this rule is to define °
the one-standard deviation in naturally. occurrlng background
radiation doses for each of the three major sources'of radlatlon,,
external gamma radlatlon, intakes of radlonuclldes, and .

~inhalation of radon gas. The standard deviations for external

- gamma and ‘intakes were then summed statistically to" approx1mate a
..one standard deviation. flgure for both pathways. Radon was kept
3 separate:because -of its. unique character. - The resulting one

. standard deviation for the sum of the -gamma and intake :

. backgrounds is the allowed incrémental 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 variation was 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 remalnlng 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 concentratlons 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 does; not cause any of the background variation
allowances to be exceeded is then selected as the standard. This
method was used for jeach 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 chaln.

1-7



1.5 SITE USE SCENARIOS o | , 140232

. In performing its generic dose calculations, the department
considered both residential and non-residential uses 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 - as the scenarios upon which to
derive generic. soil standards. These construction scenarios are
depicted in Figures 1-1 and 1-2. Other scenarics are of course
possible and can be dealt with in the alternate standards section

"of the rule. o ' R : v "

For residential construction, a housefoflzs' X 40’jaﬁd a plot
size of 50’ x 100’ was assumed; for non-residential use a“building
of .40’ x 60’ and a plot size of one-quarter acre was assumed. For

slab - on grade .construction, a footingexcavatioi: around the

_1periméter_oﬁ the house 4’ deep and 1’ wide 'was ‘assumed.  For
‘basement .construction, a 7/ depth of excavation: was dssumed over

the full area of the structure. In deriving thé' generic standards

~herein the dose calculation results for slab on grade and basenent

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
approach can be either be based on the generic analysis done by the
Department for slab on grade and basementrexcavations or the
applicants own analysis pursuant to N.J.A.C. 7:28-12.12.

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

~

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
remediation standard shall be based solely on physical site
characteristics that may vary from those used by the department in
developing the so0il 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
Act," 42 U.S.C. §9601 et seq. and other statutory authorities as
applicable.

In establishing these soil remediation  standards the
Department had to consider the term "contaminant" as defined in
Section 23 of $-1070. For/the purpose of this rule, "radiation" is
considered the contaminant which must be controlled, and not ezz-
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. Additicnally, radiation from

1-8
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dlfferent sources may vary in energy 1nten51ty and physical state

T

‘(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 dlfferences to a common measure of relevance.
Furthermore, because "terrestrlal" -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 "radiation" as the
contamznant for this applacatlon. ' ' '

1-9
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FIGURE 1-2 '
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Chapter 2
ALLOWABLE 'BACKGROUND RADIATION LEVELS

. In response to the prov151ons in s-1070 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 : ‘1) external gamma radiation, 2)
‘'indoor radon, and 3) internally deposited radionuclides. The
derivation of allowed background derived. radiation levels for sum
of the external gamma and intake, and for the radon paths are
described below. These. pathways are depicted in Figure 2-1.

2.1 EXTERNAL GAMMA -

: For external terrestrial gamma background ‘the department
used terrestrial background radiation data as reported in the’

' ‘National Council of Radiation Protection (NCRP) Report Number 94.'

s Terrestrial background was the most appropriate criterion. because
,contamlnated soil is certainly part of the "terrestrial"
component. National data was used because (1) it was readily
.available; (2) there is a limited amount of New Jersey-specific
data on terrestrial radiation, and (3) it is difficult to measure
- terrestrial radiation separate from cosmic radiation.

Because natural background varies from place to place, a
_statistical approach was needed to determine what levels are
.consistently present in the environment of the region. To
\accommodate such variation, natural background for terrestrial
. gamma radiation is being defined as one standard deviation from
the national mean value of 23 millirad/year (mrad/yr).. Based on
the distribution of the NCRP data, one standard deviation is
approximately 21 mrad/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 "con51stent1y present in the
env1ronment" -

Since dose conversion factors are presented as effectlve
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 mrad/yr .to millirem/year (mrem/yr) ‘In order to
determine the background gamma dose varlatlon, the follow1ng
formula is used: :

10 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



Where

1 = 21.2 mrad/yr

.. BSF = Body Shielding Factor , .
SF = Shielding Factor ' ' 2
AF = Area Factor ' : 3\ 40 273
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 ocutside the house
. perimeter, while the person is indoors, and the thlrd term
from material outs;de the house perimeter while the person
is. outdoors.

Assumptions:

Total time spent inside
Total time spent outside
Shielding Factor
"Basement = 0.3 _ '
'Walls = 0.85 ' S
House is 25’ 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 Factor = .7

21.6 hours/day
2.4 hours/day

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 1)} = 8.9 mrem/yr

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

Obtained from NCRP Report No. 94

Assumes the same gamma dose off-site indoors as on-51te
indoors
Obtained from NRC Policy and Guidance Directive PG-8-08

.
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- For the internally deposited component of dose, the one
-standard dev1atlon was determined as follows: .

,Human Intake of radlonuclldes occurs from three main
sources; drinking water consumption, food intake, and air
inhalation. The average radiation dose (effectlve dose-
equivalent) from such 1ntakes ‘in the U.S. is estimated at 40 mrem
per year (NCRP 94; pg. 148). Most of that dose comes from
potassium 40 (K-40), and the Pb 210 = Po 210 chain, each
contrlbutlng about 20 mrem, per year (NCRP 94, pg. 142).

Data on varlatlons of 1ntake dose is more llmlted than that
for external gamma radiation. ' However for K-40, NCRP 94; Fig. 26
illustrates the variations in K-40 concentratlon as functions of
sex and age. ‘It can be seen. ‘from Flgure 26 that the extreme

‘variations -about a mean age of 40 years and mean concentratlons
0of 1.7 gms pota551um per kg of body weight are’ ‘about..5/1.7 ‘or"
-~ about- 30% of the mean. Assuming these extremes are represented

by about 3 standard dev1atlons. the one sigma variation for the
K-40- component alone is 10% x 20 mrem/year or about 2 mrem/year.

The variation for the Pb210 - P0210 component is greater.
Accordlng to Fisenne (1993) Table 9; pg. 241; the standard
deviation of 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 lS therefore about .5 x 20
mrem/year or 10 mrem/year. ‘ :

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

o 1ntake = ((2)2 + (10)?) *
= 10 mrem/year

Therefore 10 mrem/year has been taken as the one standard
deviation value for intake dose variation.

2.3 SUM OF GAMMA AND INTAKE VARIATIONS

The allowed‘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 of their sum would be:

‘o combined = ((9%) + (10)%) * = 13.5 mrem/year

If the two dose dlstrlbutlons (terrestr1a1 gamma. and intake)
were fully correlated, i.e., the same radionuclides were.
contributing proportlonally to each dose distribution, then the
standard deviation of the combined dlstr1butlon would be 10 + 9 =
19 mrem per vyear. :

223
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The primary radionuclides contributing to each dose, and its
variations, are illustrated below:

Percentage of Dose Contribution

Radionuclide Terrestrial Gamma Radiation + Intake
(Source; NCRP 94) (Source:Fisenne,
‘ U.S. DOE EML, 1993)
K-40 .. . T36% , ~30%
'Th series . . 47 ——-

-Uranium series o
° Ra226-Po2l4 17% 6%
° Pb210*P0210' . 0 ) . . 50%

It can be seen that, aside from K-40, which contributes
~about one-third of the gamma and intake doses, -there is not
strong correlation of the radionuclides contributing to the two
dose distributions.- Therefore, considering the icorrelations, ‘a
better estimate of the combined distribution standard deviation
would be 13.5 nrem/year plus one-third of 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 limits for
remediations of 15 mrem/year from all pathways, exclusive of
radon. Radon. is treated separately because it is only a problem
for Ra226 presence and the dose generally attributed to it is

‘much greater than 15 mrem/year. As discussed previously, it
would be desirable to achieve consistency with federal standards
‘to facilitate remediations of sites where both federal and state
‘regulated materials are present. Therefore, Because the value of
15.3 mrem/year is very close to 15 mrem/year, the Department has
- adopted a dose limit of 15 mrem/year as its basic criteria for -

g

remediations of soils and structures.
2.4 RADON

The approach used in deriving an allowed incremental radon
level is presented below. '

- Radon levels tend to be distributed log-normally. In other
words there are a large number of low activity samples and a
.small number of high activity samples.

The department maintains a database of radon test results
since’ the start of the mandatory certification regulations
N.J.A.C. 7:28-27 (Certification of Radon Testers and Mitigators)
on May 13, 1991. These regulations require certified radon.
measurement businesses to submit monthly reports containing the
county and incorporated municipality in which the radon test was
deployed; the measurement device used (charcoal canister, alpha
track, electret, etc.); building level tested; testing purpose

C2-4
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(real estatey screening, follow-up, pre—m1t1gatlon,.pdst4

- mitigation, diagnostic, blank or duplicate): dates and times the

measurement device was deployed, and the radon/radon progeny test
result.

New Jersey has six dlstlnct geo-prov1n01a1 regions; Valley
and Ridge, Highlands, Innercoastal Plain, Outercoastal Plain,
Southern Piedmont and Northern Piedmont. All 567 incorporated

,munlclpalltles in New Jersey were classified accordlng to the
'geo-prov1nce in whlch they. are affiliated.

For thls study, the department analyzed radon tests deployed
on the lowest house level or (in the absence .of lowest . level

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

according to geo-province,: the follow1ng geometrlc means and

*standard deV1atlons were obtalned'

Geolog1cal Prov1nce o Geometrlc Mean N Geometrlc'standard
L ' (pCl/L) : Dev1atlon (pCl/L)
e valley and Ridge L o 2 25 - 3.21

Highlands . 2,00 o 3.13
Innercoastal Plain : 1.17 B ©3.01
Outercoastal Plain - " 0.80 | o 2.52
Southern Piedmont 1.88 | 3.12°
NbrtherniPiedmont 1.07 ; 2.50
Statewide Average _ 1.35 ‘ 2. 95

As seen in the above table, the geometrlc mean varies from

0.8 pCi/L to 2.25 pC1/L. However, the geometric standard

deviation in all provinces tends to be close to 3.0 pCi/L. Thls
value was selected as the allowed increment.
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Dose contribution from sides while inside (D)

D, = € x DCF x 250 days/365 days x TI/24 hrs x SF x CF x AF
X MF x DF : . '

Dose contribution from outside (D) . - ;
b,=2¢C X DCF x 250 days/365 3ays b 4 TO/24 hrs x SF X CF x AF
X MF x DF

Where

c concentratlon of buried material (pCi/g)
DCF = Dose COnver51on Factor from EPA Federal Guldance No.
12 (mrem/yr per pCi/g)
SF= Shielding Factor:; 0.3 through slab, 0.85 through walls
CF = Cover factor, which accounts for shleldlng from clean
- soil
AF= Area Factor
MF= mixing factor = V/De
. where V = vertical extent of contamlnated zone
0D, = depth- of excavation
DF= Depth Factor

Total gamma dose equivelent

D =D, + D + D,

Explanation of terms

" Shielding Factor - Used to account for the shleldlng from an
‘assumed 4 inch concrete slab from contaminated soil underneath a

house (0.3). This value was chosen based on a 11teraturersearch

“Wwhich included NUREG/CR-5512 PNL-7994 Volume 1 Residual

Radioactive Contamlnatlon From Decommlss;onlng, a DOE analysis

for the Maywood‘51te u51ng the Microshield computer model, and-an
article in Health  Physics, Vol. 33, No.4, p<287 , “Structure _
Shleldlng in Reactor Accident", by Z. Burson and A. E..Proflo.

. The shielding factor for the sides of the structure (0.85) is

from a DOE: analysxs for the Maywood 51te u51ng the computer model
Mlcroshleld.r _

'Cover Factor - Used to -account for the shleldlng from clean soil.

A generic value is .1 for every 1 foot of clean soil. In other

words, 1. foot of clean soil reduces the gamma exposure by '920%.

This value was obtained from a personnel conversation with Alan

'Rlchardson of the US EPA.

Area'Factor - A correction factor 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 Implementing Residual Radioactive

. Material Guidelines Using RESRAD, Version_ 5.0, ANL/EAD/LD-2,

September 1993. Linear interpretation of the table was used fer
the assumed dlmen51ons of the buildings. _
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Mixing Facter - 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 factor 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 6f 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 S0’ by 100’.

1
For Residential Basement Excavation:

247 x 40’ x 7' = 6720 ft3

50¢ x 100’ lot = 5000 ft?
- 247 x 40 960
4040 ft?

6720 ft3/4040 ft? = 1.7 ft = .5 meters _
For Non-residential basement construction, the same procedure is
followed. We assume the lot size is 1/4 acre.

For Non-Residential Basement Excavation:
40’ x 607 x 7’ = 16,800 ft3

1/4 acre lot = 10,890 ft2
- 40’ x 60’ .\ _2,400 ft?
/ . 8,490 ft?

16,800 £t3/8,490 ftZ = 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:

1024 ft3

27 x 4’ x 1287 .
5000 ft? = .2 ft or 6 cm

507 x 1007

For Non-Residential Slab on Grade Excavation

2/ x 4/ x 200’ = 1600 ft3
1/4 acre lot = 10,890 ft? = .147 ft or 4.5 cm

Federal Guidanée_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
conversion factors. Because these numbers already account for
shleldlng and scatter due to material thlckness, the depth factor
is ellmlnated in these equatlons.

For depths between 15cm and infinite (we assume 1nf1n1te to be

anything beyond 1.0 meter), the Manual for Implementing Residual

Radioactive Material Guidelines U51ng RESRAD, Version 5.0 has a
table of values for depth factors of 0.15m, 0.5 m and 1.0 m. To

obtain values between thetse depths,. the procedure outllned 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 for approprlate density (we assume 1.6

g/cm’)
2) Determine K;

]

-1n[1-DF,,.15m}
.15m (1sqo kg/m>)

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

, Df‘,. = 1 - e-kitm/ke) x _-woomg/nm x depth (m) -
SUBCHAIN Residential Non-Residential
. (.5m) -] (.6m)
. U-238 + D 1.0 1.0
‘Ra-226 + D | .98 .998
U-235 + D 1.0 1.0
Pa-231 1.0 1.0
Ac-227 + D | .992 .998
Ra-228 + D |..992 .998
i»Th-228l+ e .985 1993

3-5
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The following equations were used to calculate the "Formulas for
Determining Allowed Concentration™ (Tables 3-1 and 3=2}). The Docse
Conversion Factors are obtained from‘Federgl Guidance No.12.

Residential -~ Basement Exﬁavation

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 ¥ .3 X 1 X .54 ¥ 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 % V/7 x DF = .0137CV x
DCF x DF ' , )

Non-Residential - Basement Excavation
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 % .85 x 1 X .4 x V/7 x DF = .01CV x
DCF x DF

D, = C x DCF x 250/365 x 1.75/24 x 1 X 1 X 1 ¥ V/7 x DF = .007CV x
DCF x DF

Residential - Slab>on Grade Excavation
= C x DCF x 350/365 x 16.4/24 x,,g X 1x .54 x1=.,106C x DCF

D
D, = C x DCF' x 350/365 X 16.4/24 X .85 x 1 x .46 X V/4 = .064CV x

. .

= ¢ x DCF' x 3567;65 X 2.4/24 X 1 X 1‘x.1 x V/4 = .024CV x DCF
NénﬁResidenﬁial‘; Slab on Grade |

D, = C x DCF x 250/365 X 7/24 x .3 X1x.6x1= .036C x- DCF

D, = C x DCF' x 250/355 x 7/24:x -85 x 1 x .4 x V/4 = .017CV x DCF

D, = € 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 per pCi/g were created. -Subchains-were
combined to account for ingrowth of radionuclides. Values were calculated for Basement and Stat

3-6
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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 left with at least two feet of clean cover after remedlanon) (See Table 3-1, and 3-2) and 2) there

is no cover remaining under the slab after grading and construction (meamng 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

- would be removed durmg construction grading.



(Dose in mrem/year/pCi/gm)

Table 3-1
Formulas for Determining External Gamma Doses Per Unit Radlonuchde in Soil Concentration

140232

Assummg 1 foot of clean cover remaining after gradmg and constructlon'

.Residential

Th-230

SUBCHAIN Residential Non-Residential Non-Residential
' : Slab on Grade® Basement® Slab on Grade? Basement?
1’ cover under slab l'coycrmd:nhb -
U-238+D .001 + .007V | 014+ 007V 0 +.002V 005 + 002V -
U-234 oV ov oV oV
Total 001+ .007V 014 + 007V 0+.002V 005 + .OOZV
oV oV oV oV

402 + 19V

U-235+D

Ra-226 + D 12 + .52V 1.2 + .56V 04+.171V
Pb-210+D |- 0V ov ov. oV
Total 12 +.52V 1.2 +.56V 04 +.171V I 402 +.19V
e B e " .
.008 +.047V .08 + 038V 003 +.015V I 027 + 013V

Pa-231 _l.oo2+.011v 02+ .01V 0+ 003 V 007 +.003V
Ac-227+D 021+ .113V 212+ 101V~ 007 + 037V 072 +.034V
Total 023 +.124V 232+.111V 007 + .04V {l .079+.037v

oV

Th-232 oV, 0\ , ov._
Ra-228 +D 063 +.284V 633 + 3V [.021+.094V 215 +.101V
Th-228 +D  |..108+ .442V 1.08 +.51V 037+.146V | 37+.172V

| Total 171 +.726V 1.713 + .81V 585 +.273V

058 +.24V -

' 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 6 feet, the first term is O For vertical extent greater than 6 feet, Veis 4w

- equal to 6




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

Total

014 +.007V

ov

014 + 007V

|| Th230 ov fov . oV | ov -
T Ra-226+D 1.2+ .52V 1.2 +.56V 403 +.171V 402 + .19V

oV’

.005 +.002V

140232 -.Assuming no clean cover remaining after grading and c?nstruction‘
SUBVCI_-IAIN Residential Residential Non-Residential Non-Residential
| Slab on Grade? ' Basement® Slab ¢n Grade? Basement®
U-238+D .014+.007V .014+.007V .005 & .OOZV .005 + 002V
I U234 oV ov

005+ .002V

Pb-210+D

ov

oV

oV ov
Total 1.2+.52V. 1.2 +.56V 403+.171V | .402 + .19V
~| U235+D .08 +.047V .08 +.038V 03 +.015V 027 +.013V
Pa-231 02+.011V 02+ .01V 007 + 003V . 007 + .003V .
| Ac227+D | 212+ .113V 212+.101V 072+ .037V 072 +.034V
_|| Total 232+.124V | 232+.a11v | .079+.04V. 079 + 037V
1 Th232 oV , oV oV o
| Ra:228+D | 633+284v . | 633+3V | 215+.094V 215 +.101V
| Th-228+D  [1.08+ 442V} 1.08+.51V ' | 37+.146V 37+.172V
Total ° 1713+.726V. [ 1.713+.81V " | .585+ 24v 585+ 273V

-~ TSite left with at least 1 foot of clean cover after remedlatlon :
~2 For vertical extent greater than 4 feet, V is always equalto 4. ' _
-3 For vemca] extent less than or equal to 7 feet, the first term is 0. F or vertical extent > 7 feet, V is always equal o7

[—



" Table 3-3 :

—

GAMMA DOSE PER pCi/g
1' COVER GAMMA RADIATION PATHWAY ONLY
' RESIDENTIAL
1
SLAB ON GRADE @;&0232‘

Venical Extent ' 1 2' 3 5 &' 7' 9’

U-238 +D 01 015 022 022 | 022 022 022

U-234 |

Ra-226 + D 64 1.15 -1.68 168 | 1.68 1.68 1.68

Pb-210+ D . = | -

U-235+D .05 10 15 15 15 15 15

Pa-231 15 217 | a4 4 4 4 4

Ac-227 +D - |

Th-232 89 162 | 23 2.3 2.3 23 2.3
Ra-228 +D

Th-228 + D )

RESIDENTIAL
BASEMENT
Vertical Extent 1 2 | 3 5 & 7 o
U-238+D 007 | .014 02 035 042 056 056
U-234 - \ E | |
Ra-226+D .56 L1 | 168 2.78 3.42 445 4:45
Pb-210+D. - | - L
. R '\ ] o .

U-235+D | 038. | 076 . | 114 | 19 23 31 31
Pa-231 , 5t 2 |33 | s | es 89 .89
Ac-227+D : : " )

Th-232 81 162 | 247 | 405 | 494 | 64 64
'Ra-228+D |

| Th-228 +D

' Assumes 1 foot of clean cover remaining under the slab after grading and construction



Table 3-4

! Assumes 1 foot of ¢lean cover remaining under

C GAMMA DOSE PER pCi/g
"' COVER | GAMMA RADIATION PATHWAY ONLY !
| 140232 NON-RESIDENTIAL
, SLAB ON GRADE!
Vertical Extent | 1" 2 3 s /| 6 7 9
U-238+D | .002 004 006 006 /7 | 006 .006 006
U-234
Ra-226 + D 21 38 _56 .56 56 56 56
Pb210+D - ‘ |
U-235+D 02 | 03 05 05 05 .05 05
Pa-231 05 09 13 13 13 13 13,
‘Ac-227+D | |
{ Th-232 S 54 78 78 78 78 1 .78
Ra-228 +D - -
Th-228+D _
NON-RESIDENTIAL
- BASEMENT
‘Vertical Extent | 1" o 3 5 6 7. ¥
U-238 +D 002 004 006 | .01 0l 02 . - 02
U-234 S - ' ' ' ‘
Ra-226 + D 19 | 38 57 | e |14 | 153 |1sso
Pb-210 + D . | ‘
U-235 +D o1 ] 3 04 | 06 . 08 20 | o
| pa-231 04 |07 1 19 122 | 3 3
Ac-227+D - o : | U ‘
I Th-232- 27 55 82 137 165 | 223 . | 23
Ra-228+D = , » N . o -
" Th-228 + D

t'_he slab after gfadihg and con’strﬁction




3.2 RADON PATHWAY | 14022

As discussed in Section 2.4, the one-standard deviation in the
background level of radon found in New Jetrsey was derived as 3
pCi/l, and used as the allowed radon increment. With a natural
background of 1 * 3 pCi/l in structures, the total allowable 2%2Rp
level in a structure is 4 pCi/l. ; :

since #2Rn is a progeny of %%Ra, the important question
associated with the radon pathway is not, what is the dose from 3
pCi/1 of ?2Rn, but rather, what ®Ra soil concentration will result
in 3 pCi/l of #2Rn in a structure.

3.2.1 2%pa: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‘"’. ~ From the
-discussion presented above, the statewide average geometric mean
‘222pRn concentration in New Jersey homes is about 1.3 pCi/l. This
information therefore results in about a 1:1.4 ratio for 2%Ra:22?Rp,
‘Of course, integrated in this approach for determining the
%%Ra:%%Rn ratio are all the various soil types and water contents,
housing and foundation types, variations in soil radium content and
any other factors_ which effect the environmental relationship
betweéen **Ra and ??Rn. This ratio can vary depending on the
conditions. at a particular site, theréfore, the Department

investigated another approximation for this ratio which could allow

“for consideration of more site specific conditiorns, and determine

whether additional conservatism, i.e., a number higher than the
mean needs to be'used. S

A review‘of recent literature seems. to shdw that‘interest'in
the  generation, transport and flux in. radon -in -environmental
systems began in the 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
conclusions 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 relationshigp
for the purposes herein. ,



140232

The model runs examined in the :foundation paper were
calculated under the condition that an 1ndoor radon concentration
of 4 pCi/l be met in a hypothetical referénce house located on the
surface of a contaminated site. Three types of soils, under three
water content conditions were analyzed; 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 1if the
-replacement soils contained slightly elevated (4 pCi/g)
radium concentratlons., ... The water contents of the-
‘replacement soil also were 1mportant in determlnlng the
- required excavation depths, but water contents in the
contamlnated soil had relatively little effect."

Althoggh the model is de51gned to estimate, for various soil
types and a contamination levels, the amount of remedlatlon
-(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 radlum may cause 4 pCi/l of indoor radon regardless
of the moisture content. PR '"For the intermediate-
‘textured soil (sandy clay locam) without excavation, the

- radium caus1ng 4pCi/1l 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 caus:.ng 4 pCJ./l indoor radocn
varied fromfabout 5. pC1/g for the dry case to 13 pCl/g

for the wet case."

‘Based on the foundatlon paper model runs for an unexcavated

vfscenarlo, the ?%Ra pCl/g‘ 2Rn pCi/l ratio vary by a factor of 13

with contaminated soil type and ‘contaminated soil moisture content.

' Examination of only: the dry (soil) ratios shows that they vary from
1 - 1.25. This lnformatlon seems to substantiate the information
‘ascertained, in the first approximation, and therefore lends a

. general valldat;on,to this model. . . ‘

_ One of the authors, V. C. Rogers, was asked if based on the
parameters used in the modeling run conducted for the foundaticon
paper whether the ratio of about %*Ra 1 pCi/g: #Rn 1 pCi/l.
represented a sc1ent1f1ca11y valld mean value’ His response was:

3-13
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m,. 1 pCi/g **%Ra : 1 pci/l *®*Rn ratio is a good
scientifically based value only for certain soil
conditions (assuming dwelling properties similar to those
of the reference house) such as intetrmediate to coarse-
textured socils with .about 20% emanation. For fine-
textured soils, this ratio is conservatlve, since the .
ratio can be 2:1 or even as high as 3:1. In some regions
(e.g. Florida), we find that emanation can reach 50% or
higher, potentially making your 1:1 ratio non-
conservative by a factor of 2-3.v.1 ' T '

The department agrees that Mr. Roger points are correct and

l
~11 T A a1t asd dra Ao e s ms
J.Q\,.J.u i | =94 LilQll Wiice Wuwdwu u AGWUWMLLEW LW Tl umpa:b llld.“y

a P e ﬂvnatasﬂ +harm Ara Ly
oils. -

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 1:1 ratio is appropriate. This observation correlates
with the measured ratio discussed above, _and therefore, the
department proposes to use 1:1.4 as the ?*Ra:%?Rn ratio.

' Rogers, V.C., 1994, written personal communication.
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3.2.2 Radon Dose Equation

Follow1ng in the same format as for the other pathways
discussed in this document, a dose equatlon will be developed for
radon. The allowed dose equatlon for radon based on an indoor

radon 1 § value of 3 pCi/l is:

Dose, ’"’e‘”) = ¢, (Eﬂ- . Totznp ( BOUES, . pr (L)
- day . min
| (1)
, 60min | (365deys) DCF ‘mrem)
hours year pci
where: Dose, is the dose from 3 pCi/l of radon
C,, is the radon concentration (3 pCi/l)’
TotInD is the total time spent indoors (21.6 hours)
BR is fl’;e breathing. rate (.83 m’°/h or 13.8 l/min)
' DCF is the dose conversion factor (5.5 x10°°
mr:em/pr)'l - : . :

Solv:mg equation (1) results in an allowable dose of:

Dose,(BES®) -3.21.6-13.8- 60" 365 5. 5x105
yr. ' , .
o ' (2)
-=1071
] \. : .
The followlng equation is used to determine the dose due to
radon- exposure based on a certaln 22%Ra soil concentratlon.

2 Calculation of radoo dose conversion fmor

Dose estimate from BEIR IV: 3.1 d/WLM

weighting factor, nrem

.3("—“—) 20(—-) 1000(mmm) * .12¢ for lung ) =130 U5mg)

T T20- zmmwu{mhammonssowumx

Contvert to nnmlp(] (assuming 50'/. equilibrium):

. mrem, WL M min hour - mrem,
. . . . =5 5x10
1?60( ,WLM) ( 200 pPCi ’ o f 170hours, ‘( 13.8 1) (GOnu. ) per pC...

. 3-15
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The following equation is used to /determine the dose due to
radon exposure based on a certain #‘Ra /soil.concentration: _

pci _
pose (BB o (BSL) . re () -BR(—) -
‘year : pci min -
B _9 ‘ - : (3}
60min | . o rnos ( BOUIS) . oepos (22X . pep ZIEE, . -
hours d , year pCi -
where: c, is the radium concentration (pCi/g) B

RF is the radium to radon correlation factor (1 pCi/g %°Ra: 1.4
pCi/l 222Rn)3
' TotInOs is total time spent indoors at a remediated site

16.4 hours for residential -
7 hours for non-residential :

0cDOs is number of occupancy days at a remediated site
350 days for residential
250 days for non-residential

To find the 2®Ra concentration which will result in the -
incremental increase equal to the variability in the indoor value
of 22Rn, C,, can be solved for by equating equations (1) and (3):

an « TotInD ' B

- ¢, RF* BR" 60 TotInOs - OcDOs - DCF

Can - TotInD -3

"

C. - RF *TotInOs*: OcDOS
2a {(4)

c ¢,, * TotInD - 365
% ~ RF - TotInOs - OcDOs.

.- As discussed above, correlation factor is based on measured NJ radh.ﬁn and radon levels, and confinmed by .informstom
provided in: Rogers, V., KK Niclson and V.C. Rogers, 1992, “Foundation Soil Cleanup Depths and Radium Limuts for
Avoiding Elevated Indoc. Radon®, RAE-8964/18-2. '
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Inputing the necessary values and solving equation (4) for the
residential and nonresidential categories results in the following
incremental 2%Ra soil concentration values in order to meet the
incremental 22Rn value of 3pCi/l:

- 3-+-21.6 " 3865
CRa-residential B 1.4 - 16.4 - 350

\pCi
g

1]
w

| _3-21.6- 365
' CRa-nonresidencial . 1.4 7+ 250

. o . z9.3 B2
| g

The values5used'fof;RAETRAD modeling runs are summarized in Table



Table 3-5 - RAETRAD Input Values

0.035 A% Q
Cp = e

Ay h lh

Indoor radon concentration
(2-9)
Radon entry rate into the dwelling (2-8)Q =F, A_ + F,(A;-A,)

Fluxes between different soil layers-or regions and at.
the top surface or interface (2-5)

e

F=-Df, VC, + V[p(1-S)V.C,]

Steady-state radon generation and transport equation

5C, |
(2-3) - =V£ (DVCYE) - Vp(1-8) (V,Cy/£) - A C, + RpAE
ot , o

T Ref. Model Conditions\
% Pg. Term UnitsDefinition Equation/Value Ranges Examined Comments

2-3 A, i arcaofa pcrim;tcr : nr? -.(rc - W'l Ry,

_shrinkage crack
2-1 A, \ ft! area of a house - 7 .lt‘rm’ Ry 1433m’ (3-3)

Unless noted, equations and Information come from: Rogers, V. K.K. Nielson and V.C. Rogers, 1992,

Cameaait e aben Wake | rory INmgh trabe m N ata e (e (PR VLE) Plarada | patnnes

R L Lol A0 VUV P

of Cormnueaty Aflairs, (tober 1990

The area used for the reference house is 10% above the U:S. person
(rectangular house transiated weighted averag
remain
to ellipse of equal areajconstant, increases in area would have minimal effeet on the indoor
radon concentration level. This is because the radon entering through the crack is
generally the dominant contributor ta the overall indoor radon concentration. In practice,

¢! If house volusiie and crack arca were to

-however, a change in the floor area of a house would cause a resulting change in volume
" and perimeter crack ares.?

**Foundation Soil Cieanup Depths and Radium Limits for Avolding Elevated Indoor Radon", RAE-8964/18-2.

AXALR
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2-3

2-9

2.6

3-3

Term

Units

kg/m,

B/,

Bg/m’

Bgfm*

pCin

om

K]

. . Model. Conditions\\
Definition Equation/Value ~ Ranges Examined Comments

adsorption moisture ) . Generally lie between 10-15 but cén be

) N '_ ' correlauon constant parameter was not used in this model run since k, was defined

as zero.!

R concentration in air- CJf,

~ filled pore space

. ®Rq concentration iz - Cp-Cp

Ry concentration. in the

slab

1
jotal buik '_s;m_ce_

mRn concentration il the -
bottom of the slab

indoor ’"Rn concentration CLT

RN conccnlratmn at thc
top of the slab

arithimetic menn soil particle
dunmeter; excluding >#4 mesh

'

acpth of footing T © 6] em Depth of footing mainly affects the advective lransport of radon into
' , ‘ , ‘ ' the dwelling. If advection is the” major contributor to indoor radon
. ‘ . . ‘ generally in cases with high pressure delmnu:s such as -10 Pa),
' : : an increascd footing depth will reduce adveclwe transport and the
resulting indoor radon. However, some footings are formed from
_ . porous blocks instead of pourcd concrete. In these cases, the advection-

o _ ~ driven radon generally lows through the blocks instead of around

i . , ’ ‘ them. creating little change in indoor radon with increases in fooling

depth.? This depth is typical- construcuon practice.

THogem VG md AR Napben, 199 Thbehyhase Radon (encistion sed Transpen Poruus Matcnals®, Health Physics, 60(5), 807.815.

Il BN

Mot o8 1298 pupanansl o (VI B8R

v

much higher.?

IAT4 LA
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2.4

. Model Conditions\\

Term Units Definition

' EquationNalﬁc Ranges Examined Comments

D mls diffusion cocflicient for D, p exp(-65p-65'*)1.3x10 - 7.3x10" mYs

"Rn in soil pores (2-6) for threc types of soils

' .and 3 moisture confents
(3:5)

D, mYs. diffusion coefficient for S 06 ems (3-3) [reference The value of .06 cm2/s is typical of dry, sandy material and was chosen

"R through crack value from sensitivity 1o represent dry loosely-packed floor dirt and debris that

study]\.01-.] (6-5) accumulates in floor cracks.’

D, cms gravel diffusion coefficient L6emVs Typical vaiue dry, porous medium \
D, m¥s diffusion cocfficient for Lt x 10?

MRn in air
D, m'/s diffusion cocfficient for 8x10™ cm'/s (3-4) mean of measured values (3-4)

- "Rn through slab

E total **Ra cmanation 2 (3-4) best default value of nominal soils’

coellicient (air + water)
!‘_. cllective porosity in which p(l-8 18k,

R is distributed, including (2-49)

gas and liquid phise cemponents .

-{809)
f, cffcctive porosity in which P(l1-S+8k)+pk,

MRa is distributed, including  (2-4)
&a3 and liquid phase components:

and cquivalent pore volume

for ™Rn adsorbed on solid pore
surfaces (809)

"M AV sd R A Swhon 19xE “Radim | manat

and Transport e Potous Media®, Pro.cadigs of the 1988 Symposium on Radon and Rad

zg20n ]}

on_Technolugy, Denver, CO.; additional note

Tl g sl card bw b @ hased mn S wadely Hetrne emil sosie hat gove b vahees ranging Jrom 08- 13 with ono outlier

Y P T S Y Y'Y L R Y

B evistem b Preduting Aw Frrnseshilnoes and PRo I Mlusion Coetlicnts of Soils”

at .48, the mean value was .22 ¢

07

. Health Physics, 61(2), 225-230.
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Rel. -
Pg.

2-5

28
2-8

29

2-4

24

26

3.3

33

Yerm Unils
F - Bgw's

_ pCitm's

F, pCi/m’s

hf

ko owkg
Ko
k, w'hkg

Delinition
bulk flux of **Rn

Mpn ﬂux.ﬂl‘rdugh _

foundation crack

Ry Nux tirough

the coricreté slab

height of indoor living area -

Rq surface adsorption

coefTicient

. dlly surféce adsorption
coetlicient for *'Rn

- radivm distribution

© . coeflicient

Ck,  (Bg/m'ag/

(Bg/m'air
K o
K, o
K‘ cm!
K, em”

el Ve oM 19

"M ogem v

MR distribution
“coellicient from -
licnry*s luw ut 20° C

bulk soil air pcmwablllly
(2-6) ' '

air permeahility'of floor
crack opening

air permenbility of gravel

© concrete slab perméability

| r—. o —————tis

PP Newa oamd NA s P9

_ EquahonN.zlue B

Model Conditions\

: -D f VC + V[p(l-S)V C,]

-pqr,vc. + le(l-S)V,_C-.l( )

DLVe.

RN
hS

ke exp (-bS)

@4

.

(plSOO) 4" exp(-128")1 2%107 - 6.9x10™*

10" cm?

Chndlen ¢l Buirinh AQgregiie Fermaabbdy on MMV Performance”

0 ém’lg (34)

"10* cm® {reference
. value from sensitivity

zmges Examined Comments
g Nl : The vatue of 8 t. is typical of most U.S. housing.?

assume ﬁegligible adsorption (3-4) .

RA AR 4!

500 cm’/g (3-4) assume negligible solubility (3-4)

26 (3-3)

for 3 types of soils

. and 3 moisture contents
_{3-5)

The value used is an intermediate value, as shown in the sensitivity
analyses and is higher than any soil values, but may be typlcal of
the loose debris actumulated in I'loor cracks.®

nominal value measured by LIL’

study |\ 10 - 107 (6-6)
2x 10" em®.

mean of measured value® -

. 1 awrence Bcrik.y Lasboratory report |.131.-31160. ‘

‘i Nk | nder Vit & ot 1ete B oundstene”, RAE-912715-1.-
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Py

24

2:1

24

2-7

2-4

24

3-3

2-4

Py

Tenn Units
A 51

A 8!

L N

1 Pas
M,

P

Pa
VP Pam
P, Pa

Q pCil4
el kg/m’

1efinition

R0 decay constant 7

housc air vcﬁh‘la!ion rite

length of house
dynamic viscosily of air

soil water content (dry
weight percent)

soil porosity

porosity of perimeter floor crack

slab porosity
air pressure gradicm

indoor air pressure

total ¥'Ra entry rate

soiy bulk density (dry basis)

sab Jumwly

Model Conditions\\

: Eq’uali(‘mfvlz'lluc-‘ Ranges Examined

2.1 x10*.
.35/ (3-3)

1.8 x 10°
.106-.780 for natural
and backfill soils, for
three types of soils and
three moisture contents
(3-5)

I - plo, (2-7) 41 (34)

.7 [reference
value from sensitivity
study \\.25-1

22 (3-4)

-2.4 Pa [reference value
[rom sensitivity study |\
0-40 (6-10)

F A, +F (A -A,)

1.6 glem® (3-4)

11 gicm')

Comments

US Energy Efficiency Goal (3-3), The indoor radon concentration
is inversely proportional to the house ventilation rate. For,
example, doubling the ventilation raté results in an indoor radon
concentration that is one-half of the original tevel !

The value of .7 is approximately the value that is obtained when

carthen materials accumulate in a crevice, but are not mechenically
compacted.? :

mean of measured values (3-4)

A value of -2.4 Pa is typical of I.ong-tét1n>avcragcs of wind-induced
and thermially-induced indoor pressures across the floor slab (based
on Florida Residential Data).? .

The bulk density of the contaminated soil is directly associated with

the amount of radium per unit volume of soil. In addition, the soil

porosity is inversely proportional to the soil density.? ,

Thus is a typical density of concrete.?

2geonl



e

Retl
Pe.

2:7

2-1

T 27

2-4

2-1

KR

24

33

33

33

Tent Units -

¥

n

kg/m’

kg/m’

Bq/kg

pCilg

Delinition

- soil water saturation ltaction

T oo

- Equation/Value
crack location as &’ _

minor radius from the center

soil specific gravity '

N
e

cllipse minor radius

VAKT R.)

density of water /-

soil *Ra concentration

ellipse aspect ratio

concrete slab **Ra’concentration

: [eMA(o.p))/100
S o o
' ﬂui_ckncss of slab
. 4

fill soil thickness .

gravel thickness

house volume _

' ;'g:r vcioi;ity in»_:nrf-f‘lll_cd -7,'K/[|.lp(l-S‘)]VP,

study, (6-9)]N0-15 (6-9)

‘Model Conditions\\

2.7 glem’(})

30 ‘om

C10 em\0-30

N - - oo

2£e0n 1

Ranges Examined Comments.

at pcrifni:!ér (3-3){referenceBecause of concrete shrinkage, cracks devélop at weakest points, which
_value from seniiiivuy

are typically at the cold joint between the slab and the footing walls.?

This is a typical specific gravity for siliceous

The paper gives a full range of radium concentrations calculated
‘based on differing soil types. :

I 9 (3-3) [reference. value This is the lengthlmdlh ratio of the house choscn lo represent a pIausuhlc

~ from sensitivity study (6- l4)]\\reclangular house sltapc
1-4.2 (6-14)

building materials as a
give results from the

O'p(.‘i/‘g run  excludes
' ‘ the paper

source\\The .
contnmmated soil

runs
only.

soils.

considered  1:
llowc\u

‘ ac.c.ordmg to (RAL9!) concrete usually contains a 0.1:1 pCalg conccnlrauon of radium.?

‘The moistures used for the dlchnng soil clusstﬁcahons were

calculated

based on Soil Conservation Service parametess and -0.1, -0.3 and 15.0 bar suclion pressures.

typical construction practice {3-4)\A valuc of 19 cm is the minirﬁum
slab thickness required by most US residentiat building codes:?

10 cm (3-4)

typical construction practice
typical construction practice

350 typical, 10% above US perthwcighted average



A"

B . : ’ . ' A
Rell ‘

, ‘ Model Conditions\\

Pg  Term Units Definition Equation/Value  Ranges Examined Comments

223 won crack width - * 2cm (3-3)|reference According to ("), on average, concrele can be expected 1o shrink

' . value from sensitivity 500x10-*inches for every inch in fength. Therefore, .for the reference ‘
study (6-8))\ aspect ratio and house area, the width of 3 typical shrinkage crack along the length of the house
-01-10 (6-8) would be 0.22 ¢m, while the typical crack width along the width of the house would be 0.41 cn.

Combining these in a length-weighted average gives a shrinkage crack width of 0.28 cmi’.
21 W n width of house R ‘ |
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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 vert1ca1 ‘contamination

extent (V)

The component of the intake dose from dlrect soil’ 1ngestlon
is derived below.

3. 3 1 SOIL INGESTION

: A component of the dose from 1nternally deposited - - .
‘radionuclides arises through the ingestion of contamlnated soil.

- Soil ingestion,- espec1a11y among children, is an exposure pathway
to consider when assessing the potential health risks associated

- +with radiocactive 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, 1986, Kimbraugh 1984,
_Calabrese 1989, 1990, 1991 and Hixson et al, 1992) Initially,
.soil 1ngestlon studies were based on observatlons of mouthlng
behaviors in children. There were orders of magnltude variation
.in the results derived from these qualitative evaluations and the
. risk assessment community showed little confidence in .the

. findings. Attemptlng to reduce the subjectivity in the . flndlngs,

 wstudies were later designed’ ‘to track the movement of various

7elements (aluminum, silicon and titanium)- through the dlgestlve
tracts of test subjects. These elements are found in varying

- .abundance in soil-and:make good .tracers because they are not

-readily absorbed by ‘the human dlgestlve tract. By establlshlng
the concentratlons of these.eléments in 'soils and then: .measuring
their levels in feces, a° quantltatlve ‘analysis is made that .more
-closely reflects ‘the actual soil ingestion.rate, However, even:

' these methods have shortcomings such.as small sample groups and

sthe difficulty in determining the contribution of these elements
from foodstuffs consumed during the study. Although 1ngestlon
rates as high as 10,000 m1111grams (mg) per .day have been o
reported for chlldren exhlbltlng pica, the consumption of
abnormally high amounts of non-foodstuffs, the mean soil intakes:
for children are reported to be between 180-250 mg per day. The
USEPA recommends a daily. 1ngestlon ‘rate of 200 mg per day for
children. The data for adults is somewhat llmlted with values in

the 50 to 100 mg per day range. The USEPA uses 100 mg per day in
its rlsk assessments for adults (USEPA 1991)

In this proposal ‘soil standards for 1nterna11y dep051ted '
radionuclides are based on one standard deviation of the mean
5
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natural background dose determined from national data (NCRP 94).
This approach differs from that of the USEPA (USEPA 1991), which
uses a lifetime excess cancer risk based analysis for determining ,
allowable incremental soil concentratlons. Such an approach -
requlres that a time weighted average for soil ingestion be taken

in account. EPA uses a thirty year average in its calculation of

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 of
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 lifetime risk, but the annual dose, -
therefore negating the need to calculate 5011 ingestion rates for
a lifetime. In this instance, because children are at the
greatest risk from soil ingestion, and to insure that DEP
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 of 50 ng per day is used.

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

it

Dose = C x V/DEX x ED x SI x DCF

Dose = committed dose equ1valent per year in millirems per year’

(mrem/yr)

C = concentratlon of radlonucllde in soil in picocuries per gram
(pCi/g) o o

1\ : _
'~V = vertical extent of contamlnatlon in soil in feet (ft)

DEX = depth of excavatlon : basement constructlon - 7 ft
'slab on grade construction - 4 ft -

. ED

days on site per year residential ~ 350 o . :
‘days on site per year‘non-residential - 250 BT -

SI = soil ingestlon rate in grams per day re51dent1a1 - 0.2
5011 ingestion rate in grams per day non-re51dent1al ~ 0.05 —_

DCF = dose conversion factors from Table 2.2 in "Limiting Values
_ of Radionuclide Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion, and
Ingestion", Federal Guidance Report Number 11,
- EPA-520/1-88-020, September 1988.
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The V/DEX .factor provides the ratio‘of soil mixing that
would be expected if the site was disrupted by the construction
of housing or other structures. . ' ‘
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3.3.2 INHALATION PATHWAY :

Evaluatlng the impact of inhaled resuspended contaminated
soil (IRCS) involves several factors which can vary 51gnlflcantly
depending on the circumstances. In order 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 representatlve of situations commonly encountered.
After reviewing the various models for determining resuspension
of deposited contaminated soil, it was determinéd that the Mass
Loading (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 emplrlcal 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 ug/m’
and 200 pg/m’ respectively as per the RESRAD default values
listed in ANL/ES-160, DDE/CH/8901, "“A Manual for Implementlng
Residual Radioactive Material Guidelines®. This reference also
provided values for 1ndoor dust levels which were equal to 40% of
. the outdoor values. ,

The adult breathlng rates used for the residential and
commercial scenarios were taken from the EPA report on Risk
Assessment Guidarice For Superfund Value I: Human Health
Evaluation Manual Supplemental Guidance "Standard Default
Exposure Factors" Interim Final, March 25, 1991. According to
the Project Manager and. Technlcal Coordinator for EPA’s Office of
Emergency and Remedial Response Toxics Integration Branch, the
breathing rates for an adult, whether in a re51dent1al or -
commercial setting, were ba51cally the same, = 18n1/day. ‘This
value was rounded out to 20m’/day or 0.83 m’/hour. Of the: total -
quantlty of dust partlcles inhaled, only about 30% are actually"
‘respired. according tc Cowherd, et. al. (C. Cowherd G. Mulesk1,~

. P. Englehart and G, Gillette. Rapid Assessment of Exposnre to -

Particulate EmlSSLODS from Surface Contamination Sites. * EPA .
Control No. 68-01~6861. U.S. Environmental Protectlon Adgency,
WaShlngton, DC, 1968). Of the material not respired, a portion
. is swallowed: and ingested according to Dennis J, Paustenbach,

- about 25% of the total quantity.of dust- partlcles inhaled is .
eventually ingested. (Dennis J. Paustenbach, "A Comprehensive
Methodology for Assessing the Risks to Humans and Wildlife Posed
by Contamlnated Soils: A Case study Involv1ng DlOXln") ~

The quantity of materxal lnhaled or ingested is a function:
of the time individuals spend in . a given environment. According
to "USNRC Policy and Guidance Directive PG-0-08" 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
Handbook" reports that people spend 7.0 hours/day indoors on the
job and 16.4 hours/day indoors while at their residence. Also,
according to the Risk Assessment Guidance for Superfund: Volume
1, "Human Health Evaluatlon Manual" (Part B, Development of Risk
.= Based on Preliminary Remediation Goals) Interim: EPA/540/R-
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92/003, December 1991, pecple 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 quantlty of radioactive material inhaled and ingested by
the approprlate dose conversion factors./listed in Federal
Guidance 11. The values described above have been plugged 1nto
the following formulas to arrive at the tables of dose conversion
factors for the. commer01a1 and residential scenarios.
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Inhalation (Respirable) Pqéhway Doses
Resulting from Scil Resuspension
Residential Scenario

~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 10 g/ug

DR = 0.0784 DCR x V. x C
CE

Where the terms in the equation are defined as follows:

DR - Respirable Inhalation Dose (mrem/yr)

V = 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 contamlnated 5011 =
(pCi/g)\
BA - Breathing rate of adult (upper bound) (0.83 m’/hr)
: [ref. 1]

‘RP - Respirable portlon of material 1nha1ed (30%) [ref. 2]
RY - Residence days per year = (350 days/yr) (ref. 3]

‘MO - Outdoor Mass Loading = (100 ug/m?) [ref. 4]

TO - Outdoor Time per day = (2.4 hr/day) (ref. 5]

TI Indoor Time per day = (16.4 hr/day) [ref. 6]

ID - Indoor Dust Level as a percent of outdoor level = (40%)

[ref. 7]

DCR - Dose Conversion Factor for 1nha1ed(mrem/pC1) [ref. 8)
. AF - Area Factor, this has not been experlmentally tested;
the © accuracy and range of the values in this factor are
.not known, therefore = (1.0) [ref. 9].
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Inhalation (Not Respired, but Ingested) Pathway Dosz 40232
Resulting from Soil Resuspension
Residential Scenarlo

Equation:

DI =V x __ 1 X ¢ X [BA x IP x RY]

x [TO + TI x ID]

x DCI X AF x 10 g/ug

DI = 0. 0653 DCI X V X C
" DE

~Where the terms in the eqﬁagion'are defined as follows:

DI Ingestlble Inhalatlon Dose (mrem/yr) : :
, V= Vertical depth of contaminated soil (in ft.)
' DE - Excavation depth during constructlon (7 ft. for
. basement, 4’ for slab on grade) :
- C - Concentratlon of radlonucllde in contamlnated soil =
~ (pci/q) - ‘
BA: - Breathing rate of adult (upper bound) (0.83 nF/hr)
: {ref. 1}
IP -~ Ingested portlon of materlal inhaled, not resplred
(25%) [ref. 231
RY -,Re51dence days per year = " (350 days/yr) [ref. 3]
- MO - Outdoor Mass Loading = (100 ug/m’) [ref. 4] ‘
TO - Cutdoor Time per day = (2.4 hr/day) [ref. 5]
TI - Indoor Time per day = (16.4 hr/day) [ref. 6]
ID - Indoor Dust Level as a percent of outdoor level = (40%)
: [ref. 7]
DCI - Dose Conversion Factor for 1ngested(mrem/pC1) [ref ‘8]
AF - Area Factor, this has not been experlmentally tested:

the - accuracy and range of the values .in this factor
are not known, therefore = (1.0) [ref 9].
22
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ahalation Respirable, Ingestion and Combination Pathway Dose Pactors (DF) f«
Boil Resuspension Residential Bcenario

Decay Chain U-238

(mrem/yr per pCi/gm)

XXXUHKXXXXXTX DOSE FACTOREXXKXKXXANXR
Respirable + Ingestion = Combinati-

- A W T T A T W Y D G D W e T e S D T A T W S e D T T D - - o e o o b - A L b e T - ————— - - "

Subchain:

Radionuclides

U=-238

U-238

Ra-226

Pb-210

Ra-226
Th-230
U-234

U-238

D

+ U-234

1

’

U-238
Th-234
Pa-234

U-234

Th-230

Ra-226
Rn-222
Po-218
Pb-214

. Bl-214

Po-214

Pb~210
Bl-210
Po-210

Pb-206

+ Pb~210 + D

‘Pb-210 + D

Pb-210 + D

Pb-210 + D

0.00925

.0.00925

0.0103
0.0196
0.0256

0.000673

-
-
-
-

0.000674
0.00107

0.000737
o.ooIsz'
0.00249
0.0281
0.0384

6.0477

0.00035

0.000124 -
0.000474

0.000$GO

0.000596

0.000632

0.000649

0.009274

0.00927

0.01032
0.0196
0.0256

0.000759

0.000001

0.000001

0.000760Q
0.00142

0.000861

-0.00210

0.00306

' 0.0287

0.03%0

0.048)
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Tabla 3-6(cont.)

nhalation Respirahle, Inqestion and COmbination'Pathway Dose Pactors (DF) £
: ' 80i1 Resuspension Residential Scenarice

(mrem/yr per pCl/gm)

Decay Chain U-23S

Suhchain: - T
7 _radionuclides
U-235"

S Th-231
U-235 + D |

Pa-231

Ac-227
Th-227

" Ra=223 -
" Rn=-219.

Po-215
Pb-211

Bi-211 -
T1-207

. Pb-207
Ac~227 + D ‘

Pa-231 + Ac-227 + D

. U=235 + D= Ac-227 #.D .

1 B ' \\

0.00964

0.00964
0.100°

0.525
0.00127

0.000615

0.527

0.627

0.637

3-35

10.000692

0.00004

0.000967.

0.00166

. 0.00168

0.00966
0.00966
0.101
0.526

0.00127
0.000658

0.528
0.629

.pisss
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Table 3-6 (cont.) o
nhalation Respirable, Ingestion and Combination Pathway Dose Factor (DF) fo1
80il Resuspension Residential Bcenario

(mrem/yr per pCl/gm) : , ' —

Decay Chain Th-232 XAXXXKXXXXXXXXX DOSE FACTORS XXXXXXXXXXX

Respirable + 1Ingestion = Combination -
Subchain: ‘
Radionuclides
Th-232 0.129 0.000178 0.129 —
Ra-228 0.000374 - 0.000467
, Ac-228 - - , - )
Ra-228 + D _ 0.000398 - 0.000491
Th-228 0.0268 - . 0.0268
Ra-224 0.000248 . - 0.000272 —
Rn-220 . : _ C '
Po-216 _ _ B
Pb-212 : - - - -
Bi-212 - - -
Po-212 - - -
T1-208 ‘ - . - -
Pb-208 - - - -
Th-228 + D . .0.0271 - 0.0271
Th=-232 - Th-228 + D~ ‘ 0.156 ‘ 0.000324- - 0.157

\
\.
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Inhalation (Respirable) Pathway Doses
Resulting from Scil Resuspension
Non-Residential Scenario

Equation:

'dDose‘(mreh/yr) =V x 1 x C—xr[BA X RP X WY]

DE
% MO
% [WO + WI x ID]

. x DCR x AF x 10" g/ug

Dose (mrem/yr) = 0.0569 DR X V x C

DE

Where the terms ln the equatlon are deflned as follows:
v - Vertlcal depth of contamlnated 5011 (1n ft.)
" DE - Excavation depth durlng constructlon = (7 ft. for basement, 4 ft.
' slab on grade)
¢ - Concentration bf radlonucllde in contamlnated soil = (pCi/qg) .
BA. -'Breathlng rate of average adult performlng moderate activities =
(0.83 w’/hr) [ref. 1]
"RP - Respirable portion of mater1a1 1nhaled (30%) [ref. 2}
. WY - Work days per year = (250 days{yr) [ref. 3] -
‘MO - Outdoor-Mass Loading = (200 ug/m")- [ref. 4]
WO .= Outdoor Work per day = (1.75 hr/day) [ref. 5]
. .WI = Indoor Work per day (7.0 hr/day) [ref. 6]
ID -~ Indoor Dust Level as a percent of outdcor level = (40%) [ref 7
'DCR -~ Dose Conversion Factor for: 1nha1ed(mrem/pC1) [ref. 8)

for
e

'AF - Area Factor, this has not been. experlmentally tested; the. accuracy

and range of the values 1n this factor are not known, thereFore = (1
[ref..9] : ' :
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Raferences:

l.

- c. Cowherd, G. Muleski, P. Englehart and G. Gillette. Rabid

NCRP Report 76 and RESRAD default value, see ref. 4 above,

Risk Assessment Guidance for Superfund: Volume 1, "Human Health L

Evaluation Manual (Part A). SUPPLEMENTAL GUIDANCE "STANDARD DEFAULT
EXPOSURE FACTORS" INTERIM FINAL

Assessment of Exposure to Particulate Emissions from Surface
Contamination Sites. EPA Control No. 68-01-6861. U.S. Environmental
Protection Agency, Washington, DC, 1968. ' —

' Risk Assessment Guidance for Superfund: Volume 1, "Human Health
. Evaluation Manual" (Part B, Development of Risk - Based on

Preliminary Remedlatlon Goals) Interim; EPA/540/R-92/003, December
i991. .

[[] ARIT /DO _ 1 £5Nn 5 TVAD /ST JOonMT

t value "“"A Manual for Implementlng R951dua1 Radioactive ™
elines" ANL/ES5-16C, DOE/CH/8501.

DOE Analysis at Maywood, New Jersey. _

"DOE Analysis at Maywood, New Jersey.

Federal Guidance 11.

See ref. 4 above,
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‘ Inhalation (Not Resplred, but Ingested) Pathway Doses
— Resulting from Soil Resuspension
: - Non~Residential 8cenario

~

~ Equation:
Dose (mrem/yr) = V x 1 % C-x [BA x IP x WY]
- N - . : DE -» . ’ B . N . .

— x MO

T x [WO + WI x ID)
'x DCI x AF x 107 g/ug

;bose (mreﬁ/yr) = 0.0474 DC; X VxcC
e _ o =

b Where the terms in the equation are defined as follows:
v = Vertlcal depth of contamlnated 5011 (1n ft. ) ‘ T
DE - Excavation depth durlng constructlon = (7 ft. for basement. 4 ft. for
~ slab on‘'grade) : :
~C - Concéntration of radionucllde in contamlnated soil. = (pCl/g) ‘
BA. - Breathlng rate\of average adult performlng moderate act1v1t1es =
'~ (0.83 m’/hr) [ref.. 1] -
IP - Ingested portion of materlal inhaled ‘not. resplred (25%) [ref } ,
1 WY - Work days per year = (250 days{yr) [ref. 3] o
— .MO" - outdoor. Mass Loading: = (200: ug/m’) [ref..4]
'« WO - Outdoor. Work per day = (1.75 hr/day) ‘[ref. 5]
WI - Indoor Work ‘per day (7.0 hr/day) [ref. 6] '
ar ID - Indoor Dust Level as a percent of outdoor level = (40%) {ref.,?;
DCI ~ Dose Conversion Factor for ingested(mrem/pCi). (ref. 8]
AF - Area Factor, this ‘has not. been experimentally tested; the. accuracy"
and range of the values in thls factor are not known, therefore (1.2}
[ref. 9]. : _ o
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3

‘Risk Assessment Guidance_forféuperfund: Volume 1, "Human
Health Evaluation Manual (Part A). SUPPLEMENTAL_GUIDANCE
"STANDARD DEFAULT EXPOSURE ;‘F_‘ACTORS_" "INTERIM FINAL
Dennis J. Paustenbach, "A cémprehensive-Methodoloqy for
Assessing the Risks to Humans and Wildlife Posed by
Contaminated Soils: ‘A Case Study Involving Dioxin".

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-92/003, December 1991.

RESRAD default value "A Manual for Implementing Residual
Radioactive Material Guidelines" ANL/ES-160,DOE/CH/8901.

USNRC Policy -and Guidance Directive PG-0-08.
USEPA Exposure Factors Handbook.

RESRAD default vélue, see ref. 4 above.
Federal Guidance 1ll.

See réf. 4 abové.
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. Table 3=-7

Inhalatzon Respirable, Ingestion and Combination Pathway Dose Factors (DF) for
8011 Resuspension Non-Residential Scenario

(mrem/yxr per pCi/gm)

Decay Chain U=-238 KERXXXXKAXXXXXYE 'DOSE FACTORS XXXXXXXXKXX

Pb=-210 + D

1 0.0345

3-41

1 0.000460

Respirable + 1Ingestion = Combination
- Bubchain: '
' ' Radionuclides
U-238 10.00671 - - 0.00672
Th-234 » 0 : - 0.000003
: Pa-234 - - -
- U-238 + D .~ '0.00671 - - 0.00672
U-234 ‘ 0.00751 S - 0.00752
U-238 + D + U=-234 0.0142 - .0.0142
Th-230 0.0185 - - 0.0185
"'Ra-226 . 0.000488 - 0.000551
'Rn-222 | - , - -
Po-218 - . - = -
Pb-214 - ' - ‘ -
Bi-214 = - -
S Po-214 - | - -
. Ra-226 + D 0.000489, 0.000063 0.000552
.. ~ Pb-210 0.000774 .  0.000254 0.00103
. Bi-210 o= : - - 0.000012
Po-210 . 0.000535 - 0.000625
, ~ Pb=-206 - \ - e
Pb- 210 + D o 0.00132 . 0.000344 0.00167
Ra-226 + D+ Pb-210 + D ~0.00181 - 0.000407 0.00222
Th-230. DE Pb-210 iD 0.0203 0.000433 . 0.0207
U-234 = -+ Pb-210 + D’ 0.0278  0.000446 .  0.0282
U-238 = 0.0350



Table 3-7 (cont.)
Inhalatlon Respirable, Ingestzon and Combination Pathwa

Soil Resuspension Non-Residential Scenario

Decay Chain U=-235

--——--——-—-—---————-———--———--———-———————---——--.—————-—u----———-——-———————--

Subchain:

Radionuclides

U-235 + D

Ac=227 + D
Pa=231 + Ac-227 + D

U=-235 -+ Ac=-227 + D

(mrem/yr per pCi/gm)

U=-235

Th-231

Pa-231

Ac=-227

. Th=-227

Ra-223
Rn-219
Po-215
Pb-211
Bi-211
Tl-207

Pb-207

140235

Y Dose Factors (DF) fo

mxxxxxxmzx DOSE FACTORS XXXXXXXXXXX

Resplrable + Ingestion

0.00700

0.00700
0.0728
0.381

0.000921
0.00044s6

0.382

'0.4543

0.462

3-42

0.000013
0.000013
0.000502
0.0Q0668

0.000002
0.000031

0.000701

0.00120

0.00121

.= Combination

0.00701

0.00701
0.0733
0.382

0.000923
0.000477

0.383
0.456

0.463



f—

D

'Decay
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' Table 3-7 (cont )
Inhalatlon Resp1rable, Ingestion and Combination Pathway Dose Factors {DF)

..80il Resuspension Non-Residential Scenario

(mren/yr per pCl/gm)

EXXXKXXLXXLRKK DOSE FACTORS xxxxxxxxxxx
Respirable + Ingestion =

.0.,000180

1 0.0933

0.000271

0.000018
0.000289

0.0195

. .0.000010

‘0.000001

0.0197

. 0.0200 °

Chain Th-232
Subchain°4w
Radionp¢lidesli
. Th-232
Ra-228 .
: Ac-228.
Ra-228 + D :
Th-228
Ra-224
'Rn=220
_ Po-216.
 Pb-212.
- 'Bi-212
Po-212
T1-208
Pb-208"
Th-228 + D ~
'Ra-228 + D + Th-228 + D
Th-232 - + Th-228 +.D

0.113 .

. -3-43

0.000129

0.000068 "

0.000068

0.000019

- 0.000017

0.000002

0.000038

0.000106

0.000235

COmbznatlon

0.0934

0.000339
0.000018
0.000357

0.0195
"0.000197

0.000012
0.000001

. 0.0197

0.0201

0.113

fox
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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-
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:

1.) contaminants in the soil leach into water as it percolates
through the contamination ‘zone; - .
2.) contaninants travel through the unsaturated zone to an aquifer, _.
- where they are susceptible to saturated transport processes;
3.) a well is eventually placed in the aquifer directly under the
residual contamination, providing a primary source of drinking
water. :

The expectation under $-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. The expectations-of generic standards pose some difficulty,
since leach and transport rates are strongly influenced by the
physicochemical properties of both the contamination and the soil.

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 site
characteristics and chemical forms of contamination. Care was taken in he
development of these standards to aveoid "redundant conservatism." T
Groundwater concentration'to-soil concentration ratios, as well as dose to
soil concentration ratios, were developed for each radionuclide subchain.
Given current knowledge regarding leach and transport processes for near
surface contamination, it is expected that groundwater contamination and
resultant doses for most sites in New Jersey would not exceed the ratiocs —
developed for this application. While a quantitative modeling tool was
used to derive groundwater to soil cohcentration ratios as well as dose to
soil concentration ratios, professional judgment also played a critical - _

role in assessingvthe.groundwater pathway.

Reguléto;x Asgéétsf : T 1" R o ' ' | |

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

Lo exceed the Maximum Contaminant Levels (MCLs) specified in the U.S. . ale __
Drinking Water Act. Therefore, the groundwater pathway was assessed

relative to both the currently-applicable Interim Drinking Water Standar ss
(40CFR141.15-16) and the Proposed Drinking Water Standards. . The foell=a.y
table compares the MCLs from the Interim and Proposed Standards: .. '
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INTERIM VS. PROPOSED MAXIMUM CONTAMINANT LEVELS

‘U;Interlm o : ~ Proposed
- I | Ra226 < 20 pCi/l |

Ra228 < 20 pcCi/l
.. Rn222 < 300 pCi/l
o Uranium < 30 pCi/l (20 mg/1)
man-made beta/photon emltters < . beta/photon emitters (excl

' Ra226+Ra228 < 5 pCi/l

. 4 mrem/yr. ' o . o Ra228) x 4 mrem/yr.
gross alpha (incl. Ra226; excl. | gross alpha (excl. Ra226, U,
" Rn, U) <.15 pCl/l e anzz) < 15 pCi/l

’ The beta/photon and gross alpha groups are defined dlfferently in the

‘proposed MCLs than in the interim MCLs. While most of the NORM MCLs will
. be higher if the proposed standards are promulgated, uranium and radon will

have new MCLs. Interim standards only regulate uranium inasmuch as U238

'produces Ra226 as a distant progeny.. "Each- MCL was evaluated separately for
" each subchain to obtain maximum permissible soil concentrations. The most
‘llmltlng soil concentratlon for’ each subchain was 1dent1f1ed.

Methodologx

A semi- analytxcal model GWSCREEN Version 2.03 (Rood, 1994), was used

to estimate the groundwater act1v1ty concentrations and ingestion doses

resultlng from near surface contamination. GWSCREEN was developed to

faSSeSs«the=groundWater‘pathway from leaching of radiocactive and non-

radioactive substances from surface 'or buried sources. The model makes

- several simplifying assumptions that are designed to assess the groundwater
pathway when field data are llmlted:? A mass balance approach was used to

model three processe5°- contamlnant release from a source volume,

- contaminant- transport in the unsaturated zone, and contaminant transport in
‘the saturated zone. | Contaminant transport in the saturated zone was
- minimized by . plac1ng the .drinking water well under the source material at
" the‘point of" dlscharg ‘from’ ‘the. unsaturated zoneto the aquifer.. Committed
. “Effective Dose: Equlv lent was then calculated from the resultant well uatcr
.'_concentratlons. g ]mr q;~ o L :

i A :-"’ :

Release from the ‘source’ volume was modeled as‘a first-order 1each1nq

‘l process that - accounts for decay and sorption (distribution between solid

and ligquid media)i: Solubility-limxted release was assumed to be
negllglble.“ This- assumptlon is.-accurate for diffise waste and conservatxvg

-_for ‘more 'concentrated sources.  Site- parameters important to. the leaching
~model include net water percolatlon rate (m/yr), volumetric moisture

content and bulk den51ty of. source volume, ‘thickness of source volumo,vaﬁd

-contaminant half-life (years). A ‘'sorption coefficient (also called

dlstrlbutlon coefflclent ml/g) ‘was. assumed for each subchaln.

DlSp&tSlon 1n the unsaturated zone was assumed to be negllglble.
1eav1ng a simple plug-flow model., As long as the transport time in  he

.unsaturated zone is less than ten times the half-life of the contaminart.

dlsper51on will have the effect of lowering the peak concentration
sllghtly. Therefore, 1t is conservatlve to consider dispersion negl.j.
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the condition of the transit time being less than ten times the half-life -
of the contaminant. Contaminant flux to the aquifer was obtained by
calculating the fraction of activity that remains after transit through the-
unsaturated zone. Site parameters important to the unsaturated transport -
model include thickness of unsaturated zone (distance from base of source
volume to top of aquifer, m), percolation rate (m/yr), volumetric moisture
content, and bulk density in the unsaturated zone. Sorption ccefficients
were assumed to be the same as in the source volume for each subchain.

Assuming uniform steady flow in homogeneous isotropic media, the
advection-dispersion equation for contaminant transport in saturated soil
'was approximated using an analytical solution. The ‘activity concentration
in the aquifer at some point downgradient from the center of the area - —
source was solved in terms of Green’s functions and vertically averaged
over the well screen thickness. Aquifer parameters important to the
saturated transport model include groundwater pore velocity (m/yr),
dispersivity (m),effective porosity (m®/m’),well screen thickness, and bulk
density. Sorption coefficients for each subchain were assumed to be the
same in theé aquifer as in the source volume -and unsaturated zone.

The concentration of individual progeny in a decay chain was
calculated as a function of 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 of the parent and progeny.

Assumptions

.. . A number of simplifying assumptions are implicit in the code

(GWSCREEN) used to make calculations for the groundwater pathway analyses. -.
For-instance, the contaminant is assumed to be homogeneously mixed in a
finite volume, and a constant infiltration rate is assumed. Recall that

the code is not a predictive tool, but is intended to provide bounding -
calculations when field data are limited. For more information on the uses
.and .limitations. of GWSCREEN, refer to Rood (1994). .. .

~ The peak concen&rations;calculated to occur. between 1-1,000 years were—
- used- for-all analyses, ' Even .conservative boundihg calculations become
tenudus when carried out over long periods of time. Therefore it was
- decided to limit the calculations to 1,000 years. Practically, this - -
. decision affected results for four subchains. The Thorium subchains (Th230
‘and Th232) were calculated to .take over $;000 years. to move through % mete:
of unsaturated soil. Consequently, none of the Thorium had reached the
aquifer after the 1,000 year calculations. Also, Ra226+D and Pa231 had not

\'_reachedjtheir peak concentrations, having transit times calculated to be

- 800 and 900 years, respectively.' The long transit times. of these four -
contaminants reflects their strong tendency to sorb onto soil instead of —
‘desorbing into water. Other pathways will remove the residual : '
contamination from these subchains substantially over the course of a _
millennium. To calculate peak concentration from the groundwater pathway _.
over long periods of time without considering other removal processes would
unreasonably overestimate the.drinking water component. Since
‘uncertainties preclude quantifying such loss mechanisms, it is reacznabiy
conservative to calculate peak concentrations from 1-1, 000 years.. -
Though the simplifying assumptions in GWSCREEN are intended to yle.d
‘conservative bounding approximations, the degree of conservatism depenis .-
great part on the input parametiers used in the analyses. The table te. «

347 R ' -
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'¥lists the generlc site input parameters. The unsaturated zone was assumed

- to extend only % meter below the contaminated £o0il. The combination of
relatively slow: pore velocity in the aquifer and small well screen

- thickness ensures conservatism for most New Jersey sites. The drinking
water well was assumed to be placed in the aqulfer dlrectly under the
contamlnated soil.

Y

: GENERIC SITE INPUT PARAMETERS
o _ , ‘
- . | Dimensions of contamlnated zone, LxXWxD 100x100x
(m) - . , ' 1
| Percolation rate (vertlcal Darcy 0.5
! _ve1001ty, m/yr) ' . *
Volumetric water content’ in 0.35
contaminated zone (m3/m3) *)
Volumetric water content in 0.2
unsaturated zone (m3/m3) -
Bulk density of contamlnated zone 1.6.
{g/cm3)” _ B
Bulk density of " unsaturated 'zZone 1.6
(g/cm3) _ : )
Bulk .density of saturated zone (g/cm3)_ 1.6
Unsaturated zone thickness (distance 0.5
from bottom of source to aquifer, m) ‘
Porosity of aquifer , . : 0.45
- _Long1tud1na1 dlsper51v1ty in aqulfer
. Jm o o , 2.25
A v';;jTransverse dlsper51vity in aqulfer (m) - .
' - | Pore veloc1ty in -aquifer (m/yr). '-. ' 4
SRV Well screen thlckness (mlxlng depth 10 -
aq»Horlzontal dlstance to well (m) d'f 0

Subchalns in. each of the three naturally occurrlng radloactlve-
materlal (NORM) decay series were evaluated as if they decayed dlrectly

‘into .one anothers:..: For: 1nstance, the Uranium. decay Series was simplified as

‘follows: Uz38+D-Uz34—Th230-Ra226+D-Pb210+D-Pb206., Progeny of each

- subchain parent were assumed- to be in‘secular equilibrium with the parent

subchain. -Assumptions specific to each subchain are listed .in the table
‘below. Sorption coefficients (also. called distribution coeff1c1ents) vere
taken from the geometrxc mean of typical sorption coefficients in sand, as
found in Table 32.1 of the Data ¢C dbook _to Support Mode

Impacts of Radioactive ‘Material in Soil (Yu et al, 1993, PP.105-106Y.

‘ SOrptlon coefficients represent the  tendency of a contaminant to rema.n

bound (sorbed) in the soil; the lower the sorptlon coefficient, the greater
tendenty 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 geometrlc mean for sand
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Dose conversion factors,

1&023r
provides a conservative sorptlon coefficient relative to the range observed
over many soil types and conditions.

taken from

Federal Guidance 11, were summed for all progeny in each subchain. This.
approach is consistent with the assumption offsecular equilibrium.
SUBCHAIN SPECI?IC.IQPUTV
' "/ Dose
Sorption | conversion | Sonversion | Interin | Propesed
subehain -°°ef£i?;?“ts (m£:$;;gi). Beta/Photon | Multipli | Multipli
o , (mrem/pCi) [-.. er er
U238+D 35 2.70E-04 1.58E-05 0 0
U234 35 2.83E-04 0.00E+00 0 0
Th230 3,200 5.48E-04" 0.00E+00 1 1
Ra226+D 500 1.32E~03 9.08E-07 3 2
 Pb210+D 270 7.27E-03 5.37E-0 1 1
U235+D 35 2. 67E-04 1.35E-06 - ) o
Pa231 550 1.06E-02 0.00E+00 1 1
- AC227+D 250 ‘ ~ 1.48E-02 1.41E-02 4.01 5,01
Th232 3,200 2.73E-03 0. 00E+00 1 1
Ra228+D 500 1.43E-03 | * 2.16E-06 o
Th228+D ‘3,200 . 8.09E-04 4.66E-05 4 5

-In order to evaluate each subchaln relative .to the Interim ahd
Proposed Drlnklng Water standards, tﬁree new 1nputs were developed. .
While the interim MCL for. beta/photon emitters excludes: ‘all ‘NORM, the

‘proposed MCL for beta/photon emitters excludes only ‘Ra228."

Beta/photon

dose conver51on factors for each subchain were obtained by adding the
‘dose conversion factors of. beta/photon emlttlng progeny - (except Ra228).
Slmllarly, alpha multlpllers were developed'to calculate the- gross- alpha
based on the concentration of each: subchaln parent. .
equilibrium with each’ subchain, the ‘gross’ alpha may be obtained by
multlplylng each' subchain parent concentration by the number of alpha

emitters in the subchain.

concentration for each subchain, the alpha multipliers provide the gr: =3 3

Assumlng secular -

- When multiplied by the- groundwater

' alpha concentration as defined by the interim-and proposed standards.
For instance,. the gross alpha from ‘Ra226+D “is; three ‘times the Ra226

" concentration for the interim standard-and two times the’ Ra226
‘'The interim standard for gross
alpha includes Ra226, Po218, and Po2l4: the proposed standard for gross
alpha includes: only P0218 and Po214.

~concentration for the proposed standard. '

mean a subchain does not contribute to- gross alpha.. -
the interim alpha multiplier for U235+D is zero, U235+D will contribute

to the interim gross alpha because it decays into Pa231.
~concentration to soil concentration ratios were calculated by multipl, .ng
the concentration of the parent subchain and subsequent subchain

Since subchains decay into one
"another within a series, an alpha multiplier of zero does not necessarx;y

‘'For instance, whi.e

Gross alpnc

concentrations by their respective alpha multlpllers, and then adding
alpha concentratlons together.
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» " According to New Jersey Groundwater Criteria, MCLs are applied as

fixed limits rather than increments. In other words, the residual
contamination must not leach into the groundwater t¢ such an extent that
-existing groundwater contaminant levels are pushed over the MCLs. 1In
order to calculate limiting soil concentrations, background groundwater
contaminant levels had to be assumed. The table below lists the
background groundwater contaminant levels aséumed for contaminants for
"which MCLs were specified ln the 1nter1m or proposed standards.

BACKGROUND‘CONTAMINAN? LEVELS

Contaminant |Background|Units |
_

U238+D " 2.70E-01 |pci/l
U234 7.20E-01 |pCi/l]|
Ra226+D | 4.00E-01 |pCi/l|
U235+D - 0.00E+00 |[pCi/1
Ra228+D - 7.00E-01 |pCi/1
Interim gross. | . N
“alpha 3.10E+00 [pCi/l1
Proposed ¢gross j ne .
) alpha 2.70E+oq pci/1
proposed . 4.00E-01 | mrem/

' ' beta/photon ) yr

Dose calculations were performed by placing a hypothetical drinking
water well dlrectly under. the area of residual contamination.
Residential scenario calculatlons assumed 2 liters/day intake for 350
days/year, while non-residential scenario calculatlons assumed 1
llter/day 1ntake for 250 days/year. '

Y

Results R

Results in the Table 3-8 are expressed as groundwater to soil

‘aconcentratlon ratios’ and dose to soil" concentration’ ratlos, the latter
‘being given for both’ resident1a1 ‘and commercial scenarios. It should be
- noted.that even using a conservative ‘generic methodology, four of the.

_subchalns (Pb210+D, Ac227+D, Ra228+D, and Th228+D) were estlmated to
decay to stable forms before.they reach the groundwater. ‘Table 3-9 -

- presents dose to soil concentration ratlos for various vertical extents
" of contamination. ‘Notice that vert1ca1 extent of contamination affects

dose to soil concentration ratios dlfferently for dlfferent subchains.
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able 3-8: CALCULATED RATIOQOS*
. | [Groundwater] Dose (mrem/yr) to
(pCé/}i to [Seil] (pCi/g) Ratio Peak Time

Subchain (pcg>;?-ﬁgﬁio Residential{ Commercial (yr)
U238+D 2.83E+00 5.35E-01 [/.1.91E~01 759

U234 - 2.82E+00 . 5.61E-01 .JZ,OOE—OI 752
Th230 | NONE IN AQUIFER AFTER 1000 YEARS 30,500%%
Ra226+D | ~ 1.51E-02 - | 1.58E-01 | 5.66E-02- | 2,230%%
Pb210+D ' DECAYS oOUT , n/a
U235+D 2.83E+00 5.78E-01 2.06E-01 .759
Pa231 1,17E—02 2.35E-01 8.39E-02 6,980**
AC227+D DECAYS OUT - : A " n/a
Th232 NONE IN AQUIFER AFTER 1000 YEARS 68,900%**
Ra228+D DECAYS OUT _ n/a
Th228+D . DECAYS OUT n/a

*Vertical extent of contsmination = 1m; Depth to saturated zone £ 0.5m
**For peak times greater than 1,000 years, maximum dose between 1-1,000 years is used
[Groundwater], [Scill = groundwater concentration, soil concentration .

able 3-9:° DOSE (mrem/yr) to SOIL (pci/g) RATIOS:
_ for VARIOUS VERTICAL EXTENTS of
~ CONTAMINATION (v)* _
Subchain| V=1 |Vv=3]|V=5|V=6|V=7]V=o
' ft. | ft. ft. . ft. ft.
U238+D | 1.64E~| 4.90E- | 8.08E-| 9.61E- [1.11E+0|1.39E+0
01 01 01 | 01 0 0
U234 [1.71E-|S5.13E-|8.46E-|1.01E+0{1.16E+0]1.46E+0
e oo ol - 01 o 0 0
Th230 - NONE IN AQUIFER AFTER 1000 YEARS
‘Ra226+D | 1.38E- 1.57E<[1.62E-| 1.63E~- 1.64E-| 1.65E~-
; 01 01 01 -~ 01 01 01
| Pb210+D | _ DECAYS OUT ‘
U235+D | 1.72E-|5.27E-|8.83E-[1.06E+0 1.22E+0|1.55E+0
AR 01 01 01 o | 0 o
Pa231 [2.17E-|2.35E-|2.38E~| 2.39E- [ 2.39E~| 2.40E-
_ 01 01 01 01 01 01l
Ac227+D ] DECAYS OUT o
Th232 NONE IN AQUIFER AFTER -1000 YEARS
Ra228+D , : . DECAYS oUT
Th228+D \ _ DECAYS oOUT

*Nutbers given are for resident{al scenario: commercial = residentialx0.357
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-Safe Drinking Water Act , ' : o /

' Using the same generlc approach maxlmum ‘soil concentratlons were

‘developbd such that Interim (Table 3- 10) 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 thHe Maximum Contaminant Levels spec1f1ed in the u. s. :

)
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able 3-10; MAXIMUM SOIL CONCENTRATIONS FOR INTERIM DRINKING WATER STANDARDS
Limiting {Soil] Limiting Limiting [Soill
[Ra226+Ra228] | (pCi/g) to meet 5 [Alpha) [Soil), (pCi/g)| (pCi/g) to meet & Most
(pCiZl) to | pCisl (Groundwater] (pCisl) to to theet 15 mrem/yr Dose limit Limiting
Subchain{[Soill (pCi/g) limit for (Soil) (pCisg)| pCi/st [Alpha) for man-made {Soil}
Ratio R8226+Ra228 Ratio Limit beta/photon emitters | ‘(pCi/g)
U238+D 1.48e-07 3.11e+07 9.15e-07 1.30e+07 _N/A 1.30e+07
uZ34 1.97e-04 2.34e404 1.14e-03 1.05e+04 N/A 1.05e+04
Th230 NOWE IN AQUIFER AFTER 1000 YEARS N/A NO LIMIT
Ra226+D 1.51e-02 3.05e+02 7.37e-02 I 1.61e+02 N/A 1.61e+02
Pb210+D N/A N/A DECAYS OUT N/A NO LIMIT'
U235+ N/A N/A 1.45e-02 8.21e+02 NN 8.21e+02
Pa23t N/A N/A 6.91e-02 1.72e+02 " N/A 1.72e+02
Ac227+D N/A N/A DECAYS OUT" N/A NO LIMIT
Th232 NONE IN AQUIFER AFTER 1000 YEARS N/A NO LIMIT
R&228+D DECAYS OUT NZA NO LIMIT
Th228+0 7R WA DECAYS OUT N/A NO LIMIT
Table 3-1%: MAXIMUM SOIL CONCENTRATIONS FOR PROPOSED DRINKING WATER STANDARDS
Limiting Limiting Limiting [Alpha] Limiting . Dose Limiting
Isoill 1soill (pCi/g) [Soill (pCi/l) [Soill . | (mrem/yr) [soil) Most
(pCi/g) to to meet 20 (pCi/g) to to {pCi/@) to | to ESoill | (pCi/g) to | Limiting
meet 30 pCi/g meet 300 {Soill meet 15 - {pLifg) meet & [Soil)
Subchain| pCi/g [U) [ [Ra2260rRa228] pCi/g (pCi/g) pCisl Ratio for mrem/yr (pCi/g)
. limit timit (Rn222] Ratio [Alpha) beta/photon! Dose limit
Limit* - Limit o |
U238+D | 1.02e+01 1.32e+08 | 2.03e+09 '|7.67e-07] 1.60e+07 | 3.13e-02 | 1.15e+02 | 1.02e+01
U234 | . 1.03e+01 9.95e+04 1.52e406  [9.41e-04f 1.31e+04- | 1.27e-03 | 2.83e+03 | 1.03e+01
Th230 v NONE IN AQUIFER AFTER 1000 YEARS NO LIMIT
Ra226+D N/A 1.30e+03 1.99e+04  |5.86e-02 2.10e+02 | 1.07e-01 | 3.37e+01 [3.37ev01.
Pb210+D “N/A N YR | ' DECAYS OUT N o | wo Lk
U235+0 | 1,03e+01 N N\A~ [1.75e-02] 7.04e+02 | 3.21e-02 1.12e+02 | 1.03e+01
Pazs1 |- NA | N NA- [8.34e-02| 1.47€+02. | 1.4%e-01 | . 2.55e+01 | 2.55e+01
AC2274D N/A NVA N\A ‘ DECAYS OUT HO LINIT
Th232 _ . NONE IN AQUIFER AFTER 1000 YEARS _ NO LIM|Y
Ra228+0 N/A . DECAYS out . NVA DECAYS QUT NO LIMIT
| Th228+p N/A -~ R\A NA . DECAYS OUT NG LIMIY

*Rn222 background is assumed to be D since actusl mean background exceeds 300 pCi/l standard
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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 *o be known about the following: 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 and 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 vegetatien is:

DCF-44.2 B, - C, - === (.283 +1) - 1000

(1)
DCF- B, - C, - v- 19555

z2.

K-C v

z2

where: DCF is the dose conversion factor
I is the amount of vegetatidn an individual consumes
B., is the amount of radionuclide which is
transferred from the soil to the vegetatlon by root
‘ uptake :

c,ls the radionuclide so0il concentration.
\

This basic equation can be found in several publlcafions.23 The

input values selected for each of these varlables 1s dlscussed_

_below.

_SELECTION OF INPUTS
Dose Cdnversioh‘Factor

Seven publications, dating '1979-1993, which contain dose

2 Till, J.E. and R.E. Moore, 1988, "A Pathway Approach for Detcnninihg Acceptable Levels of Contamination 4
Radionuclides in Soil”, Health Physics, 55 (3), 541-548.
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conversion factors were reviewed.?3%367.8 1phese reports in turn
cite six further references published over the period - 1977-
1988,9.10.11,12,13,1%  qapje 3-12 shows that the dose conversion factor
.values presented in the reviewed publlcatlons are essentially the
same except for those. values reported 'in Kennedy and Pelocguin
(1990) The author of this publlcatlon was contacted. and stated
that they received many comments on the dose conversion factors
which were presented in the report. Mr. Kennedy stated that the
commentors pointed out that the dose factors presented in the paper
were not presented in the-normal manner in which dose factors are
usually presented, i.e. dose conversion factors are normally given
in millirem (mrem) per p1COCur1e (pCl), Kennedy and Peloquin 1990,

.presents the ‘dose conversion factors in mrem per year per pCi per.

gram of soil. Therefore, it was decided that these values were
1nappropr1ate for use as inputs. It should be. noted that
subsequent to the 1n1t1al literature review for dose conversion

3 International Commission on Radxologlcal Protectlon, 1979 Limits for Intakes of Radionuclides bv ! Vorkers ICRP.

. Publication 30, Pat 1; Ann. ICRP 2(3/4).

'* Eckerman, KF,, A B Wolbarst and A.C.B. Richardson, 1988, memg Values of Rad:anucltde Intake. and Air

: Concenlral:on and Dase Canverszon Faclors jbr Inhala!ton Submers:on and Ingestion, Federal Guidance Report No. 11,

225p.

* Gilbert, TL., C. Yu, Y.C. Yuan, A.J. Zielen, M. J Jusko and A. Wallo 11, 1989, A Manual for Implemenrmg Residual
Rad:oacrwe Matrerial Gmdelmes UC-S 11.

¢Kennedy, WE. and R.A. Peloqum 1990 Residual Radioactive contamination from Decommissioning T echmca[ Basis

for Translating Conlammanon Levels to Annual Drafi Report for Comment, NUREGICR-SS lZ//PNL-'.’ZlZ

" Wang, Y. -Y B. M Blwer and C. Yu, 1993 A Comp:lauon of Radionticlide Tran.sfer Factors far the Plant, Meat, Afulk

~and Aquanc Food Pallmays and the Suggested Default Values for the RESRAD Code, ANUEAIS/M 103.

8 Kennedy W, E and J.L. Sﬁ'enge 1993, Residual Radmacnve Con!ammattan From Decomm:ss:omng-Teclm:cal Basus

. for Trmslatmg Comammauon chels fo Ammal Total Eﬁeclrve Dose Equwalenl NUREG/CR-SSIZI/PNL-7994

¢ Intemauonal Commlssmn on Radxologxcal Protecuon, 1971, Recommendatmns of the Intemattonal Comm:ss:on on
Radtalogtcal Pralecuon, ICRP Pubhcatxon 26 Ann. ICRP 1(4) R . ; ,

ey S. Nuclear Regulatory Commlssmn 1977, Ca[culanon of Annual .Doses to Man from Routme Releases of Reactor

Efﬂuents Jor the Purpose.of Eva!ualmg Compliance wiih 10 CFR 50, Appendix 2, Regulatory Guide 1.109, omc: ol

- Standards Development, Rev Lt Washmgton DC Oct

o Oztunall, OI GC: Re PM Moskomtz,‘ED Plcazo and C.J. Piw, 1981, Data- Base for Radroacuve 1 am‘ '

'-Managemem ImpaclsAnaIysesMethodology Reporr Vol. 3, NUREG/CR-4370

“ Johnson, J. R. -and D. W Dunford, 1983, Dose Conversion Factors for Intakes of Selected Rad:onucl:des by Infams ared

| -Adults, Atomic Energy of Canada Lumted Report, AECL-7919

» Corley, J P. {(ed.), 1986 "Comnutted Dose Eqmvalent Tables for U.S. De-partment of Energy Populatxon Dume

: Calculahons AppendGC

M U S. Department ofEnergy, 1988 Inlemal Dose Conversmn Factors for Calculation af Dose to the Pub,’:c DOE‘i H
0071.
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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 1listed in the other  six primary
publlcatlons. The values in Kennedy ‘and Strenge (1993) are
included in Table 3-12 for comparison. , o
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Table 3-12 -
I‘nge'sti_'oh Dbrs'e CofnvlersiOn Factors (inrém/pCﬂ
Radioﬁug~ ICRP ‘.Ec‘kéfman | Till Gilbert, |- Ken’ne’dy'1 Zach_ Kennedy
lide 1979 1988 1988 1989 1990 1991 1993
L : Wang, :
| o] 1993 ‘
Th 2284D -4 x 0™ 7.5 x 10 |1 x 100 | 4 x 107
Th 229+D | 3.5 x.107|3.5 % 107 14.3 x 10| 4.3 x 107 {8.9 x 10° x 107
Th 230 - |s.5:% 107 5.3 x 10| 4.2 x 10| o x 107
‘Th. 232% | 12.7 x 107 |2.8 x 10°]2.8 x 10 2.2 1 2.7 % 107
Ra 226+D | 1.2 x 107?|1.3 x 10°] -  f1.1'x 103|826 x 10 [1.2 x 10°]1.3 x 10
Ra 228+D | ~ 1.4 % 10%] 1.2 2 10| 1.2 x 10| 3.4 x 10 1. ¥ 10
Pb 210+4D | 15.4 x 10 | 6.7 x 10| 1.7 B x 107
U 238+D . [2.3 x 107 {2.5 x 10 x 10| 2.5 x 10*[7.3 x 10 2.8 x 10| 2.5 x 10
U 234 | 2.8 x 107 x 10]2.6 x 107 [1.3 x 102 | 2:87% 10
U 235+D - 2.7 x 107 x 10| 2.5 x 107 |7 x 107 2.7 x 107

' These values are reportemrem/yr.

pCi/qg of soil
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Vegetative Intake

Eight publications, dating fromJ1987-1993d which contain
values for vegetative intake were reviewed,2:6.7.8.16,17,18,19  qp. ..
reports in turn cite eight further references published over the
period 1974-1989,11.20.21,22,23,24,25,26,21  Taple 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
focods, they vary greatly on their estimates of the percentage of
foed consumed that is grown on contaminated soil. It seems
unlikely that 100% of a persons diet 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 publiéation which attempts to provide

' Center for Disease Control, 1987, "Health Assessment for Montclair, Glen Ridge and West Orange, N.J.".
e

"7 1.S. Environmental Protection Agency, 1989a, Risk Assessment Methodology: Environmental Impaér Statement
NESHAPS for Radionuclides: Background Information Document - Volume I, EPA 520 1-89-005.

1® U.S. Environmental Protection Agency, 1991a, Risk Assessment Guidance Jor Superfund: Volume 1: Human Heaith
Evaluation Maral Supplemental Guidance: Standard Default Exposure Factors: Interim Final, OSWER Directive: 9285 6-
03, :

_ ' U.S. Environmental Protection Agency, 1991b, Risk Assessment Guidance Jor Superfund: Volume 1: Humean Heaits.
Evaluation AManual (Part B, Development of Risk-based Preliminary Remediation Goals, EPA/540/R-92/003.

- ®ys, Department of Agriculture, 1974, Food Consumption, Prices and Expenditures, AER-138.
" Rupp, EM,, 1979, "Dietaty Intake and Inhalation Rates, U,,", in Hoffman, F.O. and C.F, Baes III (eds.), A Statiscic
- Analysis of Selected" Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides
ORNL/NUREGfIM-Z_SZ. RV - . A :

' U, Department of Agriculture, 1980, Food and Nutrient Intakes of Individuals in One Day in the United States: Sprim
- 1977: Nationwide Food Consumption Survey 1977-1978: Preliminary Report No. 2. :

? Pao, EM,, etal,, 1982', Foods Commonly Eaten by Individuals: Amount Per Day and Per Eating Occasion, Home
Economics Report No. 44, U.S. Department of Agpicultum, Washington, D.C.* -

* Brodsky, A., 1982, CRC Handbook of Environmental Radiation, 475 p. .

B U.S. Department of Agﬁculturc, 1983, Food Consumption: Households in the United States, Seasons, and Year 19°°
1978, Government Printing Office, Washington, D.C. ‘

. ¥ .. Environmental Protection Agency, 1989b, Exposure Factors Handbook, EPA/600/8-89-043.

# Yy, C., C. Loureiro, J.-J. Cheng, L.G. Jones, Y.Y. Wang, Y.P. Chia and E. Faillace, 1993, "Data Collection Handt~uw
to Support Modeling the Impacts of Radioactive Material in Soil", ANL/EAIS-8. ‘ ‘
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a logical justification 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
consumed on any one day. ;
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Table 3-13

RS Vegetative Intake
Vegetation ¢pe Till Gilbert, |  EPA 'EPA Kennedy
- Type - - 19817 1988 19869 ‘ 1989a 1991a,b 1990
‘ P , o Wang, 1993

Fruits, 56 kg/yr | 176 kg/yr | 160 kg/yr | 176 kg/yr |15 kg/yr 47.5 kg/yr
Vegetables X '
and Grains s TN . _
Leafy' _ 18 kg/yr 14 kg/yr 18 kg/yr 29.2 kg/yr
Vegetable o ‘
Meat ‘and 94 kg/yr 63 kg/yr | 19.2 kg/yr
Poultry ' : .
Milk 112 1/yr 192 1/yr 27.5 1/yr
Fish ’ 5.4 kg/yr
Crustaceans .9 kg/yr
and Mollusks

sczon
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It is not known how representative these estimates are of
consumptlon'durlng the entire year: It is Kknown that consumptlon

.rates vary by region. Then information from USDA . (1983) on.the.

"; welght 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
. populatlons. 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 analytical 1nformat10n the authors "judged

 -what* -a. reasonable worst-case!portion would be” and arrlved at 0 4

for vegetables and 0 3 for frult.

The value for total hOmegrown food consumed given 1n 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. -

S prov1ded . It should also:be pointed out that the intake numbers in
" . the EPA (1989b) publication are those ‘used. in EPA (1991a) which is
.. ‘a’ supplemental risk. assessment guldance document for SUPERFUND.
+ ISRA directs the Department to* make use of the ‘'guidance and’

' regulations for - exposure assessment deVeloped by the federal].
‘Env1ronmenta1 Protectlon Agency. S \

5011 to Vegetable Transfer Factor

Nlne publications, datlng 1982 1993 which contain soil’ to

vegetable transfer factors were reviewed,23:6.7,8,17,28,29,30 These
publications in turn cite at.least two additional refererices

‘published over the period 1977-1987.'"-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
fpresented in the reviewed publications vary by approximately two
. orders of magnitude depending on the radionuclide and whether it is
‘a comp051te value or a value for a particular type of vegetation,
Li.e. vegetable transfer. factor versus a fruit transfer factor.

In 1993, Wang et. al publlshed a review document on the soil

“to vegetable transfer factor. This report _dlscusses three

2 International Atomic Energy Agency 1982, Generrc Models and Parameters for Assessing the Envzronmenlai Trams for
of. Radionuclides from Routine Releases; Exposure of Critical Groups, Safety Series No. 57.

* Baes, C.F., R.D. Sharp, AL. Sjoreen and R. W.. Shot, 1984 "A Review and Analys:s of Parameters for Asscssm.
Transport of Envu'onmentally Released Radlonuclldes through Agriculture”, DESS-OOOZS?IORNL 5786.

. % National Council on Rad:atmn Protection and Measurements, 1991, unpublished data. (referenced in Wang etal, 1991,

» ng, CM.,W. L Marter, B.B. Looney and 1.B. Pickett, 1987, Methodology and Parameters Jor Assessing Human
Health Effects for Waste Sites at the Savannah River Plant, DPST-86298, E.1. DuPont de Nemours and Co., Savannah Rin
Plant Aiken, SC 29408. i
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parameters to consider when reviewing soil teo 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. The transfer factor can be reported as the-
ratio: 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.
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! vot plant weight to dry soil b{eight

S, p At

we , JHt T i,

1l weight

i o | o ( f | , ! ‘
- | Table 3-14° \
| - - o Soil to Vegetable 'Tran‘sf_"er, Faqtqr‘,_',B;g,' ' ,
Radionuciide ' . IAEA! Baes? 'I:ill - MEP!-\
" © 1982 1984 1988 1989a
o Compasite Vegetahle | Fmuit Edible' | Paswee? Produce' | Pasiure?
Th 5x10%_ 8.5x10" 8.5x10° | 36x10% | -85x10° 3.6x10° 8.5x10"
Ra 4x10? 1.5x10° 1.5%10° 6x10° Lisaor . | saxior 1.5x10%
Pb 1x10% 4.5x10? 9x10? : E 3.9x10° 4.5x10*
“ Po - 2x10% 2.5%10° 4x10* | _ 17x10° " 2.5x10?
Lu 2x10° 8.5x10° ax10° L0 | ssaie® | 1w 85510
Ac 1x10% 1| 3.5x10° IS0t " L | 1.5x10 3.5x10°
Pa 4107 2.5x10° 2510 . {Ltxiot 2.5xi0°%
Bi 1x 10" 3.5%]07 5x10° | {21000 | 3sa0t
u T — "4 3xlod |_4x30 11 -;;m-4 \Avm'--'
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-Table 3-14 (continued) -

Soilto Vegetable Transfer Factor, B,,,

Radionuclide Gilbert’ Kennedy' NCRPi ~ Zach™ Wang"
1989 1990 1991 1991 1993
Leafy Root Composite Composite
Vegetable | Vegetable
Th 42x10° 42x10%  § 1.7x102 | 1x10° 21x10% . I x10°
Ra_ 14x10° 1.4x10" | 56x10% | 4x 107 33%10° 4x10?
Ph 6.8 x 10?2 4x107 1.6x10? | 4x10° o I x 10?
Po 9x10* 1102 | 1x10? 1x10% Lx 10
u 25% 10 25010 | 1x10* | 2x10° 21x10° 1 25x10°
Ac 25x10° 1x10? 1x10? 1x10? o 1 25%10°"
Pa 25% 10 sx10? | sxi07 | 1x10? 1%10?
Bi L5 x10° L5 6x10 | ixjot N Lixio!
I _ 41 90x10¢ _

! '.‘a‘per does not state but assume the factor is for both leafy andf"non—leafy “vegetables

Y hspetg

i lets these values dre tor ftood and feed crops
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_ A second consideration associated with transfer factors is
that ~comprehensive data in the 1literature is available for
relatlvely few nuclides in different crops grown on various soils.

the soil=-plant environment? Relatlonshlps .between transfer

- factors for an element and: those for other elements of the same or

adjacent. perlods or: groups were established. and examined for

A thlrd con51deratlon for transfer factors is whether ‘the

_ value represents a composite value from various ‘food and feed crops
) 4 separate -values for forage vegetation .and: edible. ‘portions of .
..‘varlous vegetables’ and produce.' .If doses were’ bexng ‘calculated. for
.a partlcular vegetatlon type it mlght be - advantageous to use . the
. factor for that vegetation type.: .
- .data.on which, .any of: these factors are’ -based,/’and - that we do .not
* know what kind of vegetatlon might be grown on a- reclalmated Slte,.
it seems reasonable to use a compos;te factor.‘“ ;

Wang et al’s (1993) compos;te transfer'factors were chosen-as
’_1nput values . because of “the thorough ;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 thelr choice.
~In fact, a cursory look at the range of values by food class leads

one to belleve 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 referenoes.°283°

\
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mHowever, -given ‘the sparsxty of

‘Data ' for Tradionuclides for which 1little or no_ experlmental‘-
~information exists have been customarrly estimated on the basis of
- the assumption that chemlcally ‘similar elements act similarly in -

i p0551b1e trends. Investlgators often extrapolate such trends to
Athe element in quest1on.54>' o e SR U ,
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Site Parameters

- As directed by S5-1070, this rule is prop051ng 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 dlsruptlon to the site e.g., excavation
for house constructlon, on the doses whlch will be recelved by the
public. :

. The thickness of the layer of contamlnated soil that will be
brought to the surface as a result of 5011 _excavation to construct
~a. particular- bUlldlng foundation is based on the site and
structural dimensions.  In the case of a slab-o n-grade foundation
a perimeter will be excavated, concrete blocks or other suitable
material will be placed in the perlmeter and finally a slab will be
poured within the. boundaries of the perimeter. . The follow1ng‘ R
assumptions are made in this discussion: calculations for the

" . residential scenario are based on-a lot size of 1004 x 50’ and a

house size of 40’ .x 25';. ‘calculations : for the .nonresidential
scenario will be based on a lot size of % acre and a’ structure size

of 60’/ x 40’; all the soil removed for the perimeter will be evenly
redistributed on the surface of the 1lot. The thickness of

- contaminated soil which will be brought to the:- surface (Tﬂ) can be -
calculated using the follow1ng equatlon'

Volume ofﬂMaterial Excavated

T =
zl Area of Plot - Area of Slab
(2)
= 2(Lh * Wﬁ)' E&B' d;
(Lp* W) = (Lg * Wy ‘
where: Im 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 L
structure (1n feet)

L, is the. 1ength of the plot

(residential: 100 feet)
(nonresidential: 104 feet)
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W, is the width of the plot
(residential: 50 feet)
(nonre51dent1al. 104 feet)

-IfInsertlng the numbers and solv1ng equatlon (2) in: terms of d, glves'

the follow1ng.

yT;?HF'd-twf V " T (3)

.0325 (res;dentlal)

 where H?
: , .024 (nonre51dent;a1)_,
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Concentration '

Equatlon (1) holds true for the original undeveloped,
reclaimed site which is assumed to have a ‘clean’ surface soil
layer of thickness T_, followed by an, at. depth uniform layer of
contaminated scil. 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. (For purposes - of this
discussion, 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

: concentratlon 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 mathemat1ca1 representatlon of the m1x1ng factor (MF) is:,
v . \\ :
MF = — ' T ,
_ d S k o (4)

! e

where: v is the thicknees of the at depth contaminated
.layer (in feet)

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 partlcular layer
and the depth of the vegetatlon 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 (Flgure 1-1). 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 Czz And, assuming that the.at depth
“contamination layer is not infinite in thlckness, the fourth layer
is the in situ soil of the location (assumed in this discussion to
have no radionuclide concentration). The depth factor (D;) - 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 1lie.

There are three references which discuss what will be referred
to as depth factors.®27 Gilbert et al. (1989) uses a simple factor
which accounts for the percentage 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
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contaminated scil in' a surface layer by olow1ng or other

- disturbance-of the soil close to the ground surface is not taken

into account. Gilbert’s general 'depth factor' equatlon, in the
varlables used in thls dlscuss1on, 1s. ‘ _ .

= 1. ‘ ‘ : .
Dp= —= ' ‘ e
where. d 1s the max1mum root depth (2 9 ft) 6 - 3{

Recently, 1nvest1gators and modelers have begun to 1ncorporate

',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- smmple and reasonable first. approach at: taklng the root

_depth  and’ layers of SOll through. whlch the root passes into

account.. o B . o . oy

' There'sare" three cases' for the concentratlon 'of ‘the
radlonucllde avallable for uptake by vegetatlon. Case 1l is where

the " thlckness4of the surface contamlnated layer (T,): and the

thickness of the. clean layer (T, ;) are. greater than the sstandard’
root  depth (T1 + T, 2 d) (Flgure 2a). In this case only the

‘radionclide in the “surface layer is available for ‘uptake by

vegetatxon. The concentration of radionuclide in the surface - layer
can be written in terms of C whlch has been modlfled by the MF. .
i pass through the surface layer and
into the subsurface clean layer, 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=C, MF: DF, _ | : (6)

Substituting equatlon {3) and (4) into equatlon (6) results in the
followxng.
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v HF-d, :
= C — & (7)
z2 de'- d ‘ .
v - HF
= CzZ d

In Case 2 the thickness of the surface contamlnated layer and
' the thickness of the clean layer areless than the ‘standard’ root
depth (T, + T < d) and the thickness 'of the surface contaminated

layer plus the ‘thickness of the clean layer: plus the thicknéss of

‘the at depth contaminated layer are greater than the ’standard’
root depth (T, +T; + v >4d), ‘the contribution of radionclides in

- the at depth contamlnated layer . must - alsd be taken into
consideration (Flgure 2b) .- ‘In this case," the total concentratlon
of radlonucllde ‘available for ‘uptake. is the same ‘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:

: N 7 . (d- (T_,-+ T )
. \ s zl . : zl cz
C=C_|—" + C
22 de_ d} z2 d
T - 'l
- c v HF - d . (d-HF'de—T&z)
z2 de. d z2 d
(8)
[ . -HF-d_ - T
= C v « HF + (d HF e cz)
z2 i d ] d
| sz i
: =-———[V'HF+ G HF+d_-T ]
d e [od-4
where: T., is the thickness of the clean layer (I foot).

In Case 3, the- thlckness of the at depth contaminated layer
is ‘limited and the root system passes through the at depth
contamlnated layer (T_’-+ T,+ v £ 4d) (Figure 2c), the total

3271



$40232
concentration of radionuclide available for uptaké is the'séme 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 -Jayer - is- modified. to -account for the

percentage4 of the root that will’ grow through that layer.

Therefore, in Case 3, the.concentration of radionuclide available"
- for uptake is:: ' - L , : ‘ -

FT

.".C= sz

2l

v A
z2 de d | d

‘;(9) 

. _ v
= C e - .‘__._,..____.i + — h
22 g" " T4 =
| e - .
’ ,\‘
o v- HF v
TG |TE " E] y

z2

3-72



Q

-—

7% Surface Contaminatd Zone/

. vy ean Zone

z': .'/.t,_l _t;;,_l,l ERL AL A t’: t’t; //lll, X4 4;;" IJJ
X AL AX AL AY A rA ) ’ .0 Y XY
AT IS t}’/, w2, 4, 1, /, 22 u_r, /}' 7 .4,_1, XX
XAV XY A AL
P XS ‘I,l ”, 74,
YNy
(TR ANOY
,..‘l;‘:'}"’;.' LA
AR A A P R TP

PR X Y g 'y
70 l’l}l'l;/;nhuu:ft,l,/,i;at;”t,/,/,n//nut,/ i

D e e e s U S e i
CALe ’I ll /1 lr h If XL ’l l/ lﬂh LI LILI LI, If_lr_l’_lp,ﬂ, 7,
XX 'l; A ”l 4 ey, A ’;, Ir_"l,u’l/ AR I; %
O A P DI Iek

t_‘_n_f

nlallf&l: Ilf: 2o leds
pefeay




40232

Figure 2c N

»

Surface Corrtam:natd Zon

‘ Clean Zone. ‘

le<olei'>

Contammated Zone / / :

AR

| lnSitu'Laygf -

/ \




T50232

DEVELOPHENT OF EQUATIONS FOR CALCULATION OF RADIONUCLIDE DOSE FOR
THE VEGETATIVE PhTHWAY-Slab on Grade Scenario

" To determlne the dose received from vegetation it is necessary
to solve equation' (1) for each ‘scenario and case. Substltutlng

equation (7) 1nto equation (1) gives the solution for Case 1, T,
+ T,z a: _
vEE 1000 (10)

Dose =DCF-I-B, *C,, "

Solv1ng equatlon (10) for the residential scenario and 1n terms of"'

Cl2 and Vv gives:

0325 . 1500 .~ R

Dose = DCF+ 44.2:- B, - C,, " —5—— 1000 .

(339

1}

DCF- B;, - C,, " v - 495

I
=
)
<



-«'of C., and v glves°

140232 o
where: K, = DCF -+ B, * 495 (for éach‘radionuclide)

Solv:mg equatmn (10) for the nonresidential scenario and in ‘terms -

095e = Dcs -:44.2_ "Byt G “;2‘:%2—4»-'-'1990 -
DCF By, " Cp " v-r‘stéé_' | 22)
wﬁéi;é;' l_(z = Dcf‘ .‘f Bi -._.'35_5"(fof éa,ch ~ra\c1i6nug'iide)l

Substltutmg equat:.on (8) 1nto equatlon (1) qzves the solutmn

’rforCasez,Tz‘-l-'r <dand z,-i-'l' +v>d..

Dose = DCF : I+ B, " [v HF+ d- HF - d, ] (13)

Solving eqﬁatidn (13) for the residential s_cenari'b' and in terms of
C,, and v gives: B ’

o - _ |
= DCF - 44.2" B+ = [0325v+ 2.9 - .032%d, - -1
2.9 - . :

e oCF - B - - 0125 14
= DCF * B, C,,* 15241 [0325v .0325d, +1.9] (14)

. X -'sz [-0325v - . 03254, ' 1.'9,]

where: - K; = DCF -'.B“F 15241 (fbr each radionqclide)

.~ Solving. equation (13) for the ncnresidential scenario and in terms
~of C,, and Vv gives:
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: | c _
Dose = DCF - 442 8, ELQZ [0325v » 2.9 - 0325, - 1]- 1000

= DCF - B, - G,, - 15241 [0325v - .0325d, + 18] . (15)

- K - C, [0325v - 03254, + 1.9]

where: K, = DCF - Biv- + 15241 (for each radlonucllde)

Substituting equatlon (9) into equation (1) glves the solution
for Case 3, ,
Ty + T, + VvV = a:

‘Dose = DCF- I B, " C, -lc;[HF.-* 1]+ 1000 - - S (1)

i
A

Solving equatlon (16) for the res:Ldential scenario and in terms of
C,, and v gJ.ves- ) :

' Dose = DCF-44.2 - B, C _2% (.0325 + 1) + 1000

(17)

DCF+ B, - C,,* v+ 15737
v z2 .

i
=
0
<

22 )
iv

where: K, = DCF - B;, - 15737 (fér each radionuclide)

Solv:.ng equation (16) for the nonresidential scenario and in terms
of C,, and v gives:

‘V :
Dose = DCF-44.2 * B, - C,* 5 [.024 + 1] 1000

(161

DCF-B _-C,- Vf 15607

]
=
O
<

22
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1 1&023 N _ Residential and Nénraside_ntialj Use

-'Disrup‘t‘ive gcenario: Basement

 In ‘the scenario of .a basement foundation, a hole will be

" excavated, concrete blocks. or -other suitable material will be

placed on the sides.and finally a slab will be poured at the bottom |

'of the hole. The default values introduced for the slab-on-grade

scenario will apply in thig scenario, as needed.” The thickness of

. contaminated soil which will be brought to:the surface (T,,) for the

‘basement scenario can be. calculated. using thé following equation:

Inserting the appropriate numbers' given with equation (2) and

solving equation (19) in terms of 4, -gives - the following:

. volime of Material Excavated "
2! Area of Plot - Area of Basement Slab Lot
. V .I"l .- ;’ '-‘ _: ' (19, )
o L, WE .de o
(L, W) - (L W) ;
T, =HF-d, = I (20

zl L

C where: ~ HF is the housing factor,which is a combination of
the values inserted into’ E S ’
: ‘ equation (2) (unitless)
. (residential: .25) -
 (nonresidential: .283) .

DEVELOPMENT OF EQUATIONS FOR CALCULATION OF RADIONUCLIDE DOSE POR

THE VEGETATIVE PATHWAY-Basement Scepario -

The development of 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 HF
values for the basement scenario are now used in the equations

" . instead of the slab-on-grade HF values.

For Case ‘1 'whe:"‘o_;' Ty + T 2 4, the dose equatioh for the
residential scenario 'is: L ' ' : _

;
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Dose = DCF-44.2 B, " C,, " ."_é.éi £ 1000
: ‘ . (21)
= DCF - B, C, ' v* 3810
=K'sz'.V 7' ‘ »
where: K, = DCF - B“r + 3810 (for each fadionuciidéj
For the ;nonre,sidentié.l \scenarip' the équa,ticn is:
Dose = DCF - 44.2 B, C,, * tl"_';_‘ﬁ £1000
. . b\\ (22’
= DCF: B, " C, " v-4313 \ R _ :
=‘K ’ C22 "V
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where: . Ky = DCF - B;, ° 43‘1;3' (for each radiofmclide)
. For Case 2 where T,  + 'r <-d and Ty + T, +.V > 4, the dose

equatlon for the residential scenario ‘is:.

ose = DCF- 442 B, ‘2[25v+29- .25d, ~1] 100'
y ='.z‘>‘ér-' ;;,-,-'\c,‘z 3‘41524»1. [25v- .r;z‘sq‘r-o;_.s']" (23) ..
ke C. [25v- ..2_5d;?l 1 9.]:' |
where. K, = DCF Biv 15241(foreach radlonucllde)
For >the z;onz'b'esidential svcena-:ciorthe equa'tlon 15._‘,-
se: pcz-f . 4'4‘.‘:2 "By, " l 283v + 2.9 -. 283d - 1] 10 \
¥ocr HBI,} i52.41‘ [zﬂaa-v-. Z;t;d 0.1‘9] v (24) |

K-, [283v+ .233d',_+ 1.’9]
where: K,, = DCF + By, - 15241 (for each radionuclide)

For Case 3 T,, + T, + V < 4 the residential scenario eguation

is:
pose = DCF - 44.2 B, " Cia* .iig ©(.25+ 1) + 1000
=DCF - B;," Cp "V 19052 (23)

SK-Cp v

377 - Cs



150232

where: K,, = DCF - B,, + 19052 (for each radionuclide)

fF.or the n_onresidentia_.l 'scenario the equation is:

Dose = DCF+ 44.2‘- B - st 2—"'9. {.283 + 1) - 1000

= DCF- B;,~C,,* v* 19555 = L (26)
=K 'ng ‘v
where: K,, = DCF - B, - 19555 (for each radionuclide)

CALCULATION OF RADIONUCLIbE DOSB FOR THE VEGETATION PATEWAY

Table 3-15 and Table 3~16 prov1des the solutlon of the K
. values for each radionuclide for res:.dent;al and nonresidential
use, the slab-on-grade and basement scenarios’ and for each case.
Inserting these values into their approprlate 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 4,.
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.. Table 3-15

zgeon T

) Ingeétion Pathway Doses }
; Crop.Ihgestion.k, |
‘ Residential}U#ef
Dose as a _Fuﬁction of 'C, v and d,
Radionuclide/Chain T, + T, 2.d T, + T, <dand T, + T, +v>d
Tl | Slab Basement ' .. Slab . - i _Basement
" |k, to use in | K, to use in |k, to usein | l‘iixg.io use in’
equation (11) | equation (21) | = equation (14) = | ~:equatiom (23) -
oy o ..000314 " | .00242 .00968 .. . .00968 .
s |.o0000673 | .oo00s18 . |.000207 - |.000207
.:21pa ~ [.0000107  |.0000823 | .000320 . - | .000329
R . |.000331 | .00255 0102 . > - |.,0102
o S 00035 l.0027 ~ |.0108  °  [.ow08.
100 (4p) + U | .o00681 . | ooses j.o21 - |.o21 |
23, | .000271 .00209 | .o0835 - . |.oo083s
aegy - | .o0261 - .201 {.805. . | .gos .
“T’pr 1 .o00000309 | .0000238 .0000952. | .0000952

' ainissumns hoond mn Bw huilowing honse eranarary flouse dimcnens 40 1 23 feet, bot saze 100 x 50 fect, slab piling width: 1.foot




-“ Radionuclide/Chain

Tzl + Tcz 2 d

‘T, +T,<dand T,, +#' T, + v > d

Slab

Basement

‘Slab

. ‘Basement

K to use in
equation (11)

K; to use in
-equatign (21)

'Ky to use .in-

'equation-(iq)

. .Ky to use in

[equation (23)

By

.000014 .000108 .000431 .000431
-~ 226R4 (+D) .0261" 201 .805 .805
D L0265 .204 817 .817. -
& ﬂ 210g§ .000317 .00244 .00975 .00975
° 1 oo .00094 .00724 .029 .029.

1. 29pp (+D) .0278 ;213 .856 .856 |
24Ra (+D) + ’"éb(+D)\ .0539 .414 - 1.66 1.66 \
22pp .00135 .0104 .0416 .0416
20p 5 .0283 .218 872 .872

| 22ne .00000267 .0000206 .0000823 - .0000823
28R (+D) .0283 218 872 872"

20 .000196 .00151 00604 .00604
224Ra .00725 .0558 .223 .223
212py, .000225 .00173 .00693 .00693

| 22py .0000525 .000404 .00162 . .00162

1 e .00772 0594 .238 .238

: z£26w1
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T, + T, <dand T, + T, +v>d

Slab

Basement

Slab

‘Basement

K, to use in
equation (11)

K, to use in

equation (21) .

K, to use in

equation. {(14) -

Ky to use in'.

1~ equation (23)

(B 4 9Ra(4D) .0374 .288 |1i1s 1.15
+ MTh(+D) - . - ' o L
a8y - .000329 00253 .0101 L0101 .
21y 000000668 .00000514 ©.0000206 0000206
3% (+D) .000329 *,00253 ,0101 0101
| 2pa 0525 .404 1.62 1.62
2pc .0174 .134 .537 .537
2217p .0000188 .000145 .000581 . 000581
23R4 013" 1 | | .a05 | | 402
211pp, ©.0000026. .00002 00008 00008~
2pc (+D) .0304 2234 J939 939 ¢
oo29 |68 [2.56 2.56_

2gzon




28-¢

~ Dose as a Function of C, v and d,

Table 3-15-(cohtinﬁéd) 

Ingestion Pathway Doses
Crop ingestion

Residential‘USe

[-,Radionuclide/Chain

T,y + T, + v s d
Slab ' Basement
Ky to use in Kﬁ.tc,use in
equation (17) { equation
' (25)
H’“U .00999 .0121
ﬂ 23 .000214 .000259
I 2pa .00034 .000412
u 2%y (+D) L0105 .0127
|'"u L0111 .0135

z¢20ont



Radionucli’dé/'dhéin . T,y ¥ T, + v s d ' _ ,
L o Slab ‘_:‘>Base:‘nen't‘ ‘, “ o
Ksto use in K,, to use in “
~equation (17) equation -
. (25)
g +p) % | 0216 1 .0262
230, - .| .o0862 | .0o104
- f 2*ra el B B | o
P capy, | .0000984 = | .o000119 s
s T | - !.000445 ] .000539
| H aegaqep) - |.e31 1
) 2n0py, . - . 9‘445 _ . 1.02 | :
| 2081 | X | .o101 .0122
ll 210pq . .0299 ] .0362
{ 2oppe+py - = |.sB4 - 1.07
““‘m(m) + Mphep) | 1.72 ~ |2.07
s N .043 .052
20py . 1.9 ~ |1.09
20n¢ L .000085 1 .000103
- 220Ra (4D) '. .9 1.09
l ey | .00623 .00754
tiep g » .23 279

zgzont.
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'Radionuclide/Chain | T, + T., + v < d
‘ Slab Basemenf
K, to use in |K,, to use in
equation (17) || equation
(25)
e .00716 .00867
- 22mg ..00167 .00202
_2207h (+D) .245 .297
21y, 4 39Ra (+D) 1.19 1.44
+ 2%Th (4D) '
2%y .0105 L0127
gy .0000212 .0000257
13%5 (4D) .0105 0127
'frmpa 1.67 2.02
210 .555 672
'{ 227Th .0006 .000726
I #Ra 1 .415 .502
211pp .0000826 .0001
| 22797 (+D) .97 1.17
Bipy 4+ MIAG(+D) 2.64 3.19

"

i
1Y
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'Tabielsflsl(contihded)ﬁ_ o TN
Ingéstion-Pathwéy Doses
Crop Ingeétioh ‘

Nonresidential Use? .

o

Dose ‘as a Function Of C,‘V and d, .

=

93-¢

'(.muqumwm mm 60 u 40 fout, lot sue. %pd_‘c(l’O.Bé()sqiure fe;l);xlubpiling width: I foot .. ‘

Radionuclide/Chain A"l‘,!l + T, 24d T, + T, < d and T;_+ Tﬂj+'v > d
g ~ 8lab Basement . ‘Siab~';:”' 1 ‘Baéeﬁent‘
K, to use in K, to use in - K,. touseln ] 7 Kyg 't .Iuse“» in -
equation (12) | equation (22) _\_equagloq.(1$)  - :ggugtionf(24);
238, 000232 .00274 .00968 " 1 .00968
By, .00000498 ©.0000586 .000207 .000207
Bipg . 00000791 .0000932 1000329 .000329
B8y (+D) .000244 .00289 L0102 -~ .0102
Bhy .000259 -00305 | .o108 ;0108
By 4p) + By .000503 - .00594 .021 | .o21
Zopy, .0002 .00236 .00835 .00835
26p, .0193 .228 .805° :805
2¥pp .oooooézgi | .000027 | .0000952 | 0000952

2czoH T




Radionuclide/Chain

Tzll+‘ Tcz Z d

Ty + T, <dand T,, +. T, + v > d

Slab

- Basement

.. Slab

. Basement

K, to use in
‘equation (12)

K¢ to use in
equation (22)

Ky to use in -

equation (15)

Ky, to use in
-equation (24)

2teg; ‘ .0000104 .000122 ,000431 000431
A 226p5 (4p) .0193 .228 .805 805
2105, .0196 .231 .817 817
¢ L2 .000234 .00276 .00975 .00975
S JESS .000695 .00819 1,029 | 029
-2iopp, (4 ) .0205 .242 .856 856
-ﬂ’“&a(4n) + *1ph (+D) .0398 .47 1.66 , 1.66
B .000999 .0118 .0416 | '.0416
‘aep, 0209 ,247 872 - .872
ampe .00000198 .0000233 .0000823 | .0000823
~ 228p5 (4D) .0209 | .247 872 872
220y, .000145 00171 .00604 .00604
2p, .00536 .0631 .223 223
- 21z2pp, .000166 .00196 .00693 .00693 -
22y .0000388 .000457 00162 .00162
,i OTh (4D .00571 L0672 .238" .238

—

%1

rAXAY

¥
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<
Ty .

gdionuciide/Chain-

“Tzl +

T, 2 d

*mm.

- '
AR NI

‘T, + T; < d and _T,','I' + T;, + v'__> d -

Siab

Basement

~ ~Slab. -

- . Basement .

K,‘to use in
equation (12)

K¢ to use in -
equation (22}

<) R o
. K, to use .in

‘equation (15)

equation (24)

I 22mn 4+ 22%Ra (4p)
+ MOTH(4D)-.

.0276

.326

l1.15

|1.18

2357y

| 000243

.00287

0101

‘ _-“.'0101,

AL 21

| .000000494

.00000582"

| .oo00206 - .7

| .oooo206

ny (+D)

| 000243

.,00287 -

N
-.0101

|.o101

'ﬁlpa

.0388

.457

11.62

1162

i AC
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Table 3-16 (contiﬁuéd)
Ingestion Pathwéy Ddses
Crop Ingestion'’
Nonresidential

Dose as a Function of c, v and d,

2 — o T
Radionuclide/Chain T,, + T, +vsd
o Slab Basement
K, to use in |K,, to use in
"equation (18) equation
(26)
2385; | .00901 0124
i W : .000212 . | .000266 -
2*pa { .000337 .000422 N P
235 (4D) | .0104 1 .0131
I - 011 .0138
| = (+p) + Py .0214 .0269
" A¥0Th ©|..00855 - .0107
| 22¢ra ‘ .824 ]1.03
[ e | 0000975 .000122

2¢20% T
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gRadionuciide/Chain

Tzl + Té: +.v £ d

rﬁ_ |

Slab

Basement

K; to use in

K,, to use in’

|

"equation (18) | equation
o - 1 (26)
gy e .000442 .000553 I
~.226Ra (+D) .824 1.03
210pp, | .836 1.05 1
mopy 00999 o125
210pg ,0296 .0372
2pp(4p) . . | .B76 1.1
R (+D) + 21°Pb (+D) 1.7 2,13,
It #2Th - .0426° .0534
2205, .893 1.12
¢ 0000843 .000106
22983 (+D) .893 11.12
2zepy .00618 .00774
2Ry | .228 .286
212py, .0071 .0089
| nipy .00165 .00207
| .24) .305
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Radionuclide/Chain T, + T, + vsd
- Slab Basement
K; to use in |K,, to use in
equation (18) | equation
{26)
B2pn 4 Ry (4D) 1.18 1.48
+ MO (4D)
v 0104 .013
217h .0000211 .0000264
2335 (+D) .0104 - .013
Npy 1.65 2.07
¥ne .55 .689
My .000595 .000745
"SRa 411 .515
ek .0000819 .000103 |
"’Ac (+D) .961 1.2
2.61 3.27

I T ﬂ



Chapter 4

1 4 02 3 2 DERIVATION OF ALLOWED concnm'nn'rxons

: U51ng the above equatlons, 1ntake doses per un1t

'concentratlon of radionuclide (pCi/gm) were calculated for each

dose component as a function of the vertical extent of
contamination (V) and summed.¢ These results are provided for
both slab on grade and basement excavatlons in Tables 4-1 and 4-2
for re51dent1al and non-re51dent1al s¢enarios respectively. The.

ta‘gamma doses’ per . pcl/gm prev1ous1y ‘derived are then .added. to the

intake dose. The allowed soil radionuclide: concentratlon'(C) for
a given' V is then found by dividing the allowed dose, 15

,mrem/year, by the gamma and 1ntake dose sum per pCl/gm

The resultlng allowed concentratlons are prOV1ded in Tables

'74 3 and 4-4 for the re51dent1al and non-re51dent1al use - scenarlos;-

respectxvely in terms of V. - the vertical extent of the .’

'*contamlnatlon remalnlng. For Ra226 the: results: for the sum of the
gamma and intake pathways, and the radon ‘pathway were ‘compared

and the least value selected, i.e., the value that will allow

" both radlonucllde background constralnts to-be met. These least
‘values then become the radlonucllde in s011 concentratlons 1n the'

rule. ' - : o -

It should be emphas;zed that the allowed concentratlons 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 pCl/gm. :

. It can be seen from Tables 4-1 and- 4-~2 that. the pathway

,domlnatlng 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,

__espec1a11y at higher values of vertical extent of contamlnatlon.

For uranium, lngestlon of groundwater ‘is the domlnant dose

‘component.

The allowed concentrations as a function of V are

-1l1ustrated graphically in Figures 4-1 through 4-5, For most
. radionuclides the allowed .concentration is derived from the 15

mrem/year constraint on ‘the gamma and intake pathway. ~For Ra226

-the radon pathway constralnt is shown also, and the radon

background constraint can be limiting for certain V, especially

for the non-re51dent1al case. The dependence of allowed
concentration on verticdal extent reflects the fact that overall
radiation dose for diffuse radiocactive materials depends on both

Vthe volume and the concentration of radiocactive materials at a

4-1



{40232
site. This becomes especially important in the econonic:impact
analyses, because it indicates, that within certain ranges, 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. '

Flgures 4-1 through 4- -5 111ustrate the relatlonshlps between
‘the slab on grade and basement. excavation scenarios. For Th232
and Ra226 allowed concentrations decrease with 'V until. 11m1t1ng
‘depths are reached and then. stay constant because no additional
contamlnation ‘is. ‘excavated as V- increases’ “further. For slab on
grade excavation, .the’ 11m1t1ng depth is four feet (1 foot of
cover assumed to remaln after grading for construction plus 3
feet of contamlnatlon) ‘For basement .excavation, the llmltlng
depth is 8 feet." For: uranium, the allowed concentration
- continues to decrease because the results are dominated by the

groundwater pathway which is‘dependent on:the: degree of leachlng
throughout the entlre depth of" contamlnation.' e
- ., :

It can be seen from the flgures that thére are- "cross over"
~ values of V where the. basement excavation scenario becomes more
restrictive than-the slab.on: grade“scenarlo..,Thls is due to the
combination of greater volumes excavated, as’ compared to the slab
on grade scenario, and the diminished effect of mixing as V
increases. 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.

4-2
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Table 4-1: Dose Intakes per unlt Soil Concentratlon
(Dosé/C; mrem/yr per pCl/gm)
Residential Use. = .
(2' clean cover after remedlatlon)*r
—=-—““‘___—_-—=—"_

£

V=1 - 3 - T S - 1 7 9
foot - 'S B S B} s8~~B. s B s B
, S B L S
3011 Ingest(SI) .005 .003 .015 .008. .015° ,014 .015 .016 .015 .016 | .015 .0l6
"Resuspension (RS) .002 .001 .007 .004 - .007  ,007 .007-.,008 .007 .008 .007 .008
Vegetative (V) .01 .004 .019 .009.| ..019 .014 |- .0%9 .017 | . .019 .017 |.019 .017 :
Water (W) .16 .16 .49 .49 .81 .81 296,-.96 | 1.111.112 1,39 1.39
Intake Sum .18 .17 .53 .51 .85 .84 |- 1.0 1.0 1,15 1.15 .| 1.43 1.43
Gamma .01 .007 .022 - .02 .022  ,035 .022 .042 | .022 .056 | .022 .056
C . 78.9 84.7 27.3 -~ 28.3 17.2° 17.0 |14.7 14.4 | 12,5 -12.5 {10.0 10.0
U234 . N T .
ST L.005 .003 | .015 .008 .015 .014 .015 ,017 .015..017 | .015 .017
RS - ' .003 .001 .008 .004 -.008 007 .008 .009 4008 .009 | .008 .009 .
v .| . -.011 .004 .020 .009 .020..015 .020-.018 |- ..020 .018 | .020 .018
W o 217 .17 .51 .51 .85 .85 "1.011.01 | 1.16 -1.16 [1.46 1.46
Intake Sum .19 .18 .55 .53 . .89 .89 -} -1.051.05 |l.2~ 1.2 1.50 1.50
Gamma .01 .007 .022 .02 .022 ,035 1,022 .042 [ .022 .056..[.022 .056
C = 75.0 79.0 26.0 27.0 16.5 16.7 - | 13.6 13.6 [12.5 11.5° |10.0 9.4 -
Do
o
0
N
W
o

‘Slab on grade excavation
Basement excavation g ‘ ‘
Assumes. 1' remaining after site gradlng for foundatlon excavatlon

Key:

hn

e mw




[ Th-230 . - R ) :
B SI ' .01 .005 [ .03 .o01s .03 ,027 - .03 .033. .03 .033 | .03 .033
RS , .006 .004 019 011 | .02 .o018 .02° .02 - 02 .02 .02 .02
v , .008 ,003 .016 .007 .016 .007 .016 .014 .0l6 .014 .016 .014
W 0 0 0_ _0 00 10 0. | o 0}’ 0 _0
Intake Sum- .024 .012 .065 .034 .065 .034 | .066 .067 ..066 ,067 .066 .067
Gamma - -— - - - = L= = : - = -—  —--
C ] 625. 1250, 230.8 441.2 230.8 441.2‘ 22?;3 223,9,_227.3“223.9 $227.3 223.9
]
'P
1
~
=t
=
<o
. ' n
Key: S = Slab on grade excavation ;S
B = Basement excavation

Assumes 1' remaining after site grading for foUndation excavation
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i Assumes

l L

remaining atter

site grading for foundation excavation:

1 ! a [ [ ! { S P B j“’ [
‘Table 4-1 Continuéd V=1 3 .- 5 -6 7 9
o : S B S B S . B S - B S B S B
Ra226+D ' - ' ' X
Pb210+D L . T ;s_ R EE , X o
ST .15 .086 .45 .26 .45 .43 5..52 | .45 .51 | .45 .51
RS .001 "~ - .002 .001 .003 .002: - 003 2003 | ..003 .003 . |".003 .003
LA 1.72 .66 3.10 1.49 3.1 2.32 31074 | 301 2.74  [3.1 2.74
W 214 .14 | .16 16 =16 .16 .16 -.16 | .16 .16 | .17 .17
Intake Sum 2.0 ..89 |[|3.71 1.91 3.71 2.91 - [3.71:3.42 |3.71 3.42 3,72 3.42
Gamma - .64 .56 |1.68 -1.68 1.68 -2.78 ~ {1.68  .3.42 |1.68 4.45 -~ |1.68 4.45
C 5.7 10.3 - |2.8 4.2 2.8 2.6 2.8 2.2 [2.8 1.9 2.8 1.9
TH232+ ,
Raz228+D
+ThZ28+D - | o -
) .087 .05 .26 .15 26 .25 ’“;26~~{3’.- 26 .3 26 .3
RS .04 .02 12 .07 12 .11 .12 .13 .12 .13 | .12 .13
\' 1.15 .45 {2.14 1.03 2.1 1.60 2.14 1.89 2.14 1.89. [.2.14 1.89
W 0. 0 ~Q 0 0 .0 o o .0 o 0 _9 -
Intake Sum {1.28. .52 |2.32 1.25 - ]2.52 1.96 2.52 .2.32 [ 2.52.2.32 ° | 2.52 2.32
Gamma .89 .81 | 2.3 2.47 12.3 ° 4,05 2:3° 4,94 2.3 6.4 2.3 6.4
- C 6.8. 11.5 [3.1 4.1 3.1 2.5 3. 1 2.1 3.1 1.7 3.1 1.7
U-235 - : . o - U ,
SI .005 .003 | .014 .01 .014 .013- 014 oz .014 .02 .014 .02
RS .002 .001 | .007 .004 .007 ..007 . | .007 .008 .007 .008 007 .00
vV .010 .016 | .019 .009 .019 ..014 |- .019 .017. | .019 .017 ].019 .017
W 17 .17 .53 _.53 .88 .88 _|1:061.06 1,22 ilgg_ i;gg i gg
. .19 .18 .57 .55 .42 .914 |1.1 ‘1.1 11.26 1.26 .
éZéﬁZe o .05 .038 | .15 .114 .75 .19 - | .15 .23 | .15 .31 - <15 .31
C 65.2. 69. 20.8 22.4 12.8 13. 6 12 511 3 10.6 9.5 8.6 7 9.
Key: S = Slab on grade excavation
B = Basement excavation




9=

‘Table 4-1 Continued V=1 3 5 -6 7 9
S B S B s B S- B S B S B
Pa231
+Ac227+D , ‘ I 1
SI .44 .25 1.3 .76 1.3 1.29 1.3. 1.5 1.3 1.5 1.3 1.5
RS .16 .09 .47 .27 .47 .45 .47 .54 .47 .54 .47 .54
\' 2.64 1.02 4.8 2.3 4.8 4.2 4.8 4.2 4.8 4.2 4.8 4.2
w 22 .22 24 _ .24 .24 .24 .24 .24 .24 .24 .24 .24
Intake Sum 3.96 1,58 16.01 3,57 6.81 6.48 6.8 6.48 6.81 6.48 6.81 6.48
Gamma .15 .11 .4 .33 .4 .56 - .4 .68 .4 .89 .1 .4 .89
C 3.6 8.9 2.3 3.8 2.1 2.1 2,1 2.1 2.1 2.0 2.1 2.0
Notes; (1) water ingestion dose modeling carried out to 1000 years.,
i
[
B
' [
Key: S = Slab on grade excavation - N
B = Basement excavation _ = o SR Wi
* Assumes 1' remaining after site grading for foundation excavation 2%
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: ‘ : Table 4-2: Dose Intakes Per Unlt Soil Concentratlon ' = ! .
(Dose/C; mrem/yr per pCi/gm) =
S Non-Residential Use*
(2! clean cover after remedlatlon)*

Vertlcal Extent of .- Contamlnatlon (V ft )

v=t 3 e T T
_ 'S . B. S B S B.. 1 s .B S . B ’ ‘S B’
U-238+D - A - T “-. ' - ' .
* Soil Ingest (SI) | ==  --. .003 ..001 |.003 .002 ..| .003 ,003 | ' .003 .003 |.003 .003
'Resuspension (RS) .002 -- | .005 .003 |.005 .005 ' |'.005 .006 .005 .006 | .005 .006
Vegetative (V) - - L= - _—— B — - - =
Water (W) | - .06 .06 17 .17 | Loze .20 | 34 .34 | a0 a0 | .50 .50
Intake Sum .062 .06 |.178 .174 .298 .297 | 7348 .349 ' |.408 .409 | 7508 .509
Gamma ' .002 ,002 | .006 .006 ~.006 .0l | 006 .01 | .006 .02 .006 .02
) 234, 242 83.3 83.3 50. 50.  |37.5 34.9 | 36.5 36.5 |29. 28.
‘U234 el b o DT R P
sI | A .003 .001 .,003 002 | .003.003.| .003.003 .|.003 .003
RS - 002 .001 .006 .003 | .006 .005 | 006"006'} -006 .006 | .006 .006
v - - - | . ]
W ' .06 .06 | 1115 175- | 30 30 | .36 .36 | .40 .40 |.s0 .50
Intake Sum .062 .061 |.184 .179 | .309 507 .369 .369 | .%09 .409  }509 .509
Gamma ' "} .002 .002 |.006 .006 | .006 .01 |:006 .01 ].006- .02 |.006 .02
C : - 234. 245 | 79. 75. s0. 47, | a0 - 40 |37.5 37.5 |30. 30.
Th-230 N - o I EEE T A
SI - , 002 -- .005.003 .005 .005 .005 006 | .005 .006 : ;;005 .006 -
RS ' .005 .003 ' | .014 .008 .014 .013 ,014 ,016- | .014 .016 |.014 .016
v | B B B T it e Bt Bt
W ' S R 1) {10 o0 - 0 .9 . F. 0 0 _0__0 1 -0 _0
‘Intake Sum .007 T.003 |T019.7011 | .0T9 .018 - _|.019 .022 * |.019 .022 | .019 022
Gamma .- - -— - === L -~ T e
C 2142.9 5000 | 789.5 1363.6 | 789.5 833.3 [789.5°681.8 789 ‘5 681 8 | 789.5 681.8

Ll e e avalt ldn
e



Table 4-2 Continued

5 - 7 9
S B S B S B S .B S B S B
Raz226+D ’
Pb210+D , o : _
SI 03 .015 .08 .046 .08 .077 .08 .092 .08 .,092 | .08 .092
55 -— - .002 .001 .002 .002 .002 .002 .002 .002° |.002.002
W -05 .05 206 .06 206 .06 =06 .06 .06 .06 .06 .06
Intake Sum .08 .065 | .142 .107 .142  ,139 .142 .154 .142 ,154 .142 ,154
Gamma .21 .19 .78 .57 .78 .95 .78 1.14 .78 1.53 .78 1.53
C. 50.  50. 16.7 21.4 16.7 13.6° _ ['16.7 11.6 16.7 8.9 16.7 8.9
TH232+
Ra228+D
+Th228+D : ' : o
SI .015 .009 .047 ,027 .047 .053 - .047 ,053 .097 .053 .047 .053
RS .028 .016 ..084 .048 .084 .081 .084 .097 .084 ,097 .084 .097
-V - - L - —_— - - C—— L= —_— - -
W L0 0 0__0 9 _0 —0  _0 0 _0 00
Intake Sum .043  .025 .131 .075 .131 .134 .131 .15 .181. .15 .131 .15
Gamma .3 .27 .78 .82 .78 1.37 .78 " 1.65 .78 2.23 .18 2.23
C 50. 50. 16.7 16.7 16.7 10, 116.7. 8.3 16.7 6.3 16.7 6.3
U-235 o , S :
SI -—  -- .003 ,001 .003 .002 .003 .003 .003.003 .003 .003
RS .002 .001 .005 .003 .005 ,005 - .005-,006 2005 .006 .005 ,006
\¥4 - - —_— - —_ - L= = - - - -
W =06 .06 219 ;19 232 .32 |.38 .38 244 .44 223 .55
.Intake Sum .062 .061 .198 .194 .328 .327 .388..389 .448 L 449 .558 ,559
Gamma | .02 .01 .05 .04 .05, .06 ' |05 .08 .05, .10 .05 .10
C 150.150 60. 75. 37.5 37.5 -18.8 "~ 30. 30.  30. 25, 21.4
bt
g
=)
n
u.
o

—

e
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L {
-} Table 4-

(g
2 Continued -

¢ -

1

S

S

1
. B

—

Pa231 -
+Ac227+D
SI

" RS
v
W
Intake
Gamma
C

Sum

.079 .045

.11

.08

27

.05
47.

.065

-08
.19

.04

65.2

.238 .136
.34 .195

—

.67
.13

.42
.11

=09 .09

18,75 30. -

.238
.34

| -09

- 6'7
.13

.33

.09 :‘:l'
.65 -
.19 :

18.75_;13;75

227

.67
.13 »
18.75 16.7.

.238 .272
1347 .39

.15 .
.22

.34

.09

67

1:13 -
18.75 13.6

2720

.39

.09
E
-.30

| .09

J238
.34

.67
Ql3

18.75 " 11.5

.272
.59

.09
.05

.30

"f Non-agricultural

B Notes; (1) water ingestion dose modeling carried out to 1000 Qéars.

6=

2204 1




_ Table 4-3°<
Allowed Soil Radionuclide Concentrations® (pCi/g) Considering All Pathways
Residential Use; 2 feet of cover after remediation, slab on grade and = "
' - basement construction permitted

- Vertical Ext_en‘i: of Contamination Remaining (V, in feet) i ;‘02‘3'__
1 2 3 4 5 . 16 7 9
U238, 65 44 27 21 14 12 10 8 -
or 235 : )
Th230. 625 340 231 231 231 224 224 224
R3226 3.0 . 3.0 ) 2-8 l 208 12-6- . 2-6 109 1.9
Pa231 452 2.6 2.1 |2.1 2.1 2. 2.0 2.0
Th232 6.8 |4.0 3.1 {3.1 2.5 2.1 1.7 |17 |
I = w\r

<

nuclides present, should be performed.

! 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

2 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.

4-10



‘ fable 4-4°
cAllcwed 8011 Radlonucllde Concentrations® (pci/qg) Con51der1ng All Pathways

— " 'Non—ReSIdentlal Use; 2 feet of cover after remedlatlon,.slab cn grade
K and’ basement construction permltted ‘
Lo A 140232

Vertical Extent of Contamlnatlon Remalnlng (V in feet)

N R R R L e e T e
~ | v23s,234, | 250 © | 135 83 |eo T |so |38 38 |30
235 " I N ~ R :
Ra226 - |9.. . |eo o te 7 e fe 0 e |
Pa231 |so0 |26 = |19 19 |19 . |17 |14 11
Th232  Jso. |25 |17 |1 10 . fs e 7 e
; »<1“

‘ values are for each nucllde 1f present alone._ If MOre than one nucllde is
— present a sum. of fractions calculatlon employlng the relatlve ratlos of the
nuclldes present should be performed.sh
< The concentratlons shown are to be’ added to the natural background radionuclide
~ concentration to obtain. the -absolute value of the allowed radionuclide
concentratlon follow1ng s;te remediation. '

4=11



Concentration (pCi/g)

Allowed Th-232 Concentration vs.

Vertical Extent of Contamination

Residential Use
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o
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Figure 4-2
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Eigure 43
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B Allowed . Th-232 Concentration vs.
o ~Vertical Extent of Contamination
3 Non-Residential Use .
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Figure 4-4

. f ’AIIOWéd 'Ra'-226 Concentration vs'
Vertical Extent of Contamlnatlon
Non-Resudentlal Use
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kigure 4-5
Allowed U-235 & U-238 Concentrations vs.
- Vertical Extent of Contamination
- Residential Use; Slab or Basement
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140232 _
R - APPENDIX A -
' 'ECONOMIC IMPACT

The économic‘iﬁpact Of'thejpGCcséd cieanup 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
approgimately'35'known,and/orGSQSPected~sites contaminated with
radioactive materials generally involve large volumes of material

" and because options for remediation, other than full-removal,

. have not previously been.well defined, the remediation of these

. 'sites could be very costly. This rule creates several options
:forvremediatidn’thatﬁcould‘significantly'reduqe~thbse costs.

© . For example, by developing:the proposed soil cleanup _
standards as a function of the vertical extent of the remaining
contamination remediations can be" achieved 'inh many cases without

- full removal of all contaminated material from the site.
_Additionally, onsite dispersion is permitted as long as it _
‘achieves a desired combination on V and C.as’specified in Tables

1 or 2 of the rule.

o

To illustrate the potential cost savings for remediating

- radioactive contamination, six remediation scenarios are compared

for non-residential use sites ¢ontaminated with thorium-232
(Table A-1) and radium-226 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 with 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. - : a

To make these comparisons, several cost assumptions were
made. Although the department reviewed numerous documents to
ascertain the costs associated with previous 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 setting methodology developed allows
for options that may reduce overall remediation costs. The -
options contained herein may not represent all potential -
remediation options and are not intended to limit those planning
remediations of contaminated sites. . : . ' '

' Cost assumptions are based on. reviews of "Generic
Environnental Impact Statement in Support of Rulemaking on :
Radiological Criteria for Decommissioning of NRC Licensed Nuclear
Facilities" (NUREG-1496), "Technical Background Information
Report for ‘the Soil Blending Program" (DEP; June 1987),
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contaminated site files, .and, discussions with disposal
fa0111t1es, DOE, and DEP Slte Remediation personnel. Costs used
-in. our analysis were estimated to be: $350/yd for off-site
disposdl at a radiocactive material- dlsposal facility (including
loading and t= ans?ortatlon), $95/yd. for disposal -at an ID-27
landfill, $180/yd” for excavation _ (whlch includes excavation
backfilling and,gradln?), $190/yd for soil washlng, $145/yd£ for
soil blending, $120/yd® for soil dispersal and $3/yd for clean
5011 to be used as backflll.

3 - To compute”theVamount,of”5011,requirihg”ékcavation‘to
achieve ' the dose_standard,?the curveS[plotting,the’allowable
radionuclide in soil concentration versus the vertical extent of
. contamination were utilized .(Figures 4-1 through 4-5). In Flgure
4-3, for example, for Th=232, if the soil radionuclide
concentration for an 8 foot. depth of contamination: before
‘remediation is less. than 6 pCi/g, the. 1ncremental dose .standard
can be -met without any ‘soil excavation: assuming ‘at least 2 feet

of clean cover is applied over the contaminated soil. If the soil

. radionuclide concentration prior to remediation is twice the soil
. concentration needed to meet the 1ncrementa1 dose standard
without any: excavatlon,:(l e.‘12 pC1/g) .then’ accordlng to Figure
6, the vertical extent of the remalnlng 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 relatlonshlp, 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-1 and A-2 depicts the cost for removal of
all contaminated soil to Envirocare in Utah as follows:

Excavation Cost 8 180.00/yd>
Disposal . ‘ $ 350. 00/yd3'
Backfill 8 3.00/yd?

o Totel | $  533.00/%F

. The ratio across the top of the tables represents the
radionuclide in soil concentrations before remediation relative
. to the allowed concentration for the preremediation depth 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 for total contaminated soil removal to an
off~-site dlsposal facility are presented. For the non-residential
Th-232 scenarlo, the largest potent1a1 cost savings are reali.:t
if the minimum amount of scil 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
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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
waste disposal facility. Excavation of the.entire volume of
contaminated soil and then blending with cléan 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 total removal

-are expected for soil washing techniques. -

The cost savings-fof'theiresidential-Ra-zzs-séenario;-aré

_ simi1ar to those for Th-232 for disposal in an ID-27 landfill or
‘ dispersal’onfsiter(zso%):,quever,wthé-usefof.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.. ‘

‘while‘the actualicosﬁsimay f1uctuate, histfongjcaSe-is made

. that the proposed clednup standa¥ds provide remediation options = -
that can result in significant cost reductions, Due to the large -

volumes of contaminated material .on the sites gxpected to be’

- encountered, these savings are likely to be on the order of- tens
. of millions of dollars per site. - T :

.-/ ’



Economic Impact Calculations

Sdmevsaﬁple economic impact calculations are presented below to allow the
reader to review how the factors in Table A-1 and A-2 were derived.

Non-residential; Th-232

Option A; Full Removal of Volume
to Utah B T _

.»: $ 180 ya? ‘Excav&tion,iéackfilling, Gradingl L

- $ 350 yd&® Disposal at Envirocare L , | S

$ 3 ya®  Clean Fill ‘ : :

$ 533 ya® - ' - S o S

Option B. Excavation of Just oo LT o’ —
" Enough Material to Meet o s
the Allowed Dose, With Disposal T

- At Envirocare - :

R(Ratio of . . Fraction of

Pre- to Post Material to be-

Remediation Removed : —
Concentration)

2 (8 - 4.3)/8 = .46

3 (8 - 2.7)/8 = .66 -
4 _ ‘ (8 -.2.1)/8 = .74 ]
5 . (8 - 1.8)/8 = .78

7 (8 - 1.2)/8 = .85

8 (8 - 1.05)/8= .87 i

C. Same as B, But‘DispOSal
" at ID-27 Landfill

$ 180 ya®  Excavation, Backfilling, Grading :
$ 95 yd3 Disposal at ID-27 Landfill : -
$ 3 yd® cClean Fill :

$ 278 yd® o | : .

For the scenario when R=2 the cost of remediation is equal te 278
times the fraction of material that must be remove: (.46 from Option B
analysis). The cost relative to option A is theu; (278 x .46) /533 = ,24.

Similar factors are derived for R=2,3,4 and sr on.

A-4



_o%h—232‘cont.

14023é

option D+ Excavatlon of Full
o " - Volume and Blendlng/
Backfllllng

~$° 180 yd3 Excavatlng, Backfllllng, Grading
. 8§ 145 yd3 _ Blendlng

- .'FPor- the scenarlo when R—2 the relatlve cost 1s,-

{180 + (145 X 2)}/533 —._.88

"For the scenario when R=3, the relatlve cost 1s,'

{130 + (145 X 3)}/533 = 1.15

The factors multzplylng the $145 . per yd? blendlng cost are derived by
flndlng the volume of clean material necessary to-blend down to the required
concentratlons, and addlng that volume to the volume of ¢ontaminated 5011.
For example when R=2, 1 yd® of clean material must be blended with 1 yad® of
contaminated material to reduce the concentration by one-half. Thus twice as
much 5011 volume is processed as compared to the contamlnated volume.

3

Optlon E. Same ‘as B, But o
Disperse Material .-
- On Slte

$ 180" yd3 Excavatlng,,Backfllllng, Grading

$ 120 ya Spreading
300 yd

For the scenario when R=2, the relative cost is;
((180. + 120) x .46}/533 = .26 '

option F. Soil Washing and
Backfilling

$' 180 yd3 ' Excavation, Backfilling, Gradlng

$ 190. yd Soil wWashing with 40% of Volume Remalnlng

S 350 yd Disposal at Envirocare

For the scenario when R—2, the relatlve cost is;
{180 + 190 + (.40 X 350)}/533 = .96

The same cost fraction is obtained for other values

‘each case the full amount of contaminated material- on site

A-5
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S Economic Impact Calculations(cont) .1%023 |

'Residential Ra-226

Option A. Full Removal of Volume
to Utah

$ 180 yd3 Excavation, .Backfilling, Grading
$ 350 yd Disposal at Envirocare o _
S 3 yd® Clean Fill R : : Y

$ 533 yal

Option B. Excavation of Just :
. Enough Material to Meet Co. - : -
the Allowed Dose, With Dlsposal N L ' —
At Envirocare ' > :

R Fraction of Material
to be Remediated ‘ -
2 (8 - 0)/8 = 1.0 - In this case, i.e., residential Ra226,
. _ ' partial excavation can't be used’ for R equal -
3 (8 - 0)/8 =1.0 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 -
' o The limit on the allowed concentration of
‘5 (8 - 0)/8 =1.0 of 3 pCi/g at any value of vertical extent
' 1mposed by the radon background criteria,
6 - (8 - 0)/8 = 1.0 there is no value of vertical extent that can
accept a ratio of R=2 or greater. Therefore
7 (8 - 0)/8 = 1.0 Option B costs are identical to Option A costs.

8 (8 - 0)/8

i
=
.

Option C. Same as B, But Disposal
at ID-27 Landfill

$ 180 ya® Excavation, Backfiiling, Grading
$ 95 yd@® Disposal at ID-27 Landfill

$ 3 yd® Clean Fill

$

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 »ecause
partial excavation can't be used for R=2 or greater
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éesidential Ra-226 cont.

Option D Excavatlon of Full
" Volume and Blendlng/
Backfllllng

$ 180 ya Excavatlng, Backfllllng, Gradlng
$ 145 ya® Blendlng _ _ ,

For the scenarlo when R—2 the cost ratlo is;
{180 + (2 X 145)}/533 =..88 : o
.For the scenario when R=3, the cost ratlo is:
{180 + (3 b4 145)}/533 =1,15 S o

' Optlon E. Same as B, ‘But
, Dlsperse Materlal
. On Site- ‘ ‘ o \
- $f 180 yd’f Excavatlng, Backfllllng, Gradlng N
$ 120 xd Spreading ‘ _ \
$ 300 yd® o T
For the scenarlos when R—2 through 8, the cost ratio is:

(180 + 120) /533 = .56

.thion_F. Soil Washing and

Backfilling
$ 180 yd3 Excavation, 'Backfilling, Grading
- $ 190 yd Soil Washing with 40% of Volume Remaining

$ 350 yd - Disposal 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-1

1&0232

-~

REMEDLATION COST AS A FRACTION OF REMEDIAT]ON COSTFOR FULL EXCAVA TION AND DISPOSAL AT ENVIROCARI

NON—RESIDENTIA.L -- Th—232

" Remediation R = Ratio of the Pre-Remedisticn Concentration to the Post-Remedlation C&ncentrallou Standard (C’)‘ from Table 44 <t
Scenarios i . -
: 1 2 3 4 ] 6 7
(A) Full removal of . 10 10 1.0 10 10 1.0 1.0
volume to Utsh <2 .
® Exunuon'orjun _ Tl 66 .74 ;| " m 35 7
enough material to meet o : -
the allowed V, with
disposal in Utah ___‘
(C) Same 23 B but _ u, 3 39 4 . ) 4
disposal ir ID-27 Landfil - .
(D) Excavation of full '_ .8 g s - 143 Lo 197 224 25 .
velume and o ‘ ’ ’
blending/backfil . - ‘
| (&) same as Bbut _ T % I a2 44 A5 48 50
- disperse material on-site ' —_
(F) Soil Washing and _ 96 96 96 .96 - 96 96 %
Backnll ‘ ’ . s :
Table A-2 o

REMEDIATION COST AS A FRACTION OF REMEDIA"‘ION COST FOR FULL EXCAVA .TION AND DISPOSAL AT ENVIROCARF

RESIDENTIAL -- Ra-226

Remediation R = Ratio of the Pre-Remediation Concentration to the Post-Remediation Concentration Standard (C) from Table 4-3 <1
Scenarios ]

1 2 3 4 5 6 .7
(A) Fuil remaval of _ 1.0 10 10 10 1.0 15 ’
volume to Utah <2 .
(B) Excsvaion of just - 10 1.0 1.0 10 1.0 1.0 L
enough material to meel ’
the sliowed V, with
disposad in Utah
{C) Same a3 B but . 5. 52 .52 52 52 52 P I
disposal in ID-27 landfill : '
(D) Excavation of full - 38 1.18 143 1.7 197 224
volume and *
blending/backfiit . ) —
(E) Ssme 3 B but _ 36 56 56 6 36 5 -
disperse nuurhl on-aite )
(F) Soll Washing snd - 9% 9 96 % 56 9 .- —

<] For an 8 ft. Depth of contamination assumed in thesc examplcs . ‘ v _
<2 Assumes cost of excavation, disposal, backfill = $‘533 per cubic yard :

2.
[
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