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Current Federal Policy and Guidance

The current guidance for Federal decisions affecting the exposure of
members of the public in the U.S. remains that recommended by the Federal
Radjation Council (FRC) and issued by the Presidéntrin 1960. This guidance
defines tne Radiation Protection Guide as “the radiation dose which should
not be exceeded without careful consideration qf reasons for doing so; every
etfort should pe mace to encourage the maihténahce'of-radiation dose as far
below this guide as practicable.”

"

For members of the public the FRC guidance is: “. . . it is our pasic
recommendation that the yearly radiation e*posure to the whole body of
individuals in the general population (exclusiie of natural background
and the deliberate exposures of patients by practitioners of the healing
arts) should not exceed U.5 rem." In a paragraph particularly suited to our
proplem, the FRC states “Under certain conditions, such as widespread contami-
nation of tne environment, the only data avdilable may be related to average
contamination or expoﬁure levels. Under these circumstances, it is necessary
to make assumptions concerning the relationship between average and maximum
doses. The Federal Radiation Counci} suggests‘the use of the arbitrary}
assumption that tne majority of individuals do not vary from the average by a
factor greater than three. Thus, we Eecommend the use of U.17 rem for yearly
whole-body exposure of average population groups.” There is urging of the
use of reason and juagement and an admonition that tnhe average figure should
pe applied only when there is a probability of éppreciaole homegeneity
concerning the distribution of dose within the population considered in the
average.

These numbers are for whole-body dose and give little guidance for
internal organs. However, in applying these guides, the FRC used 1.5 rem/y

for the thyroid and U.5 rem/y for bone marrow. For bone they give an
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alternate guide of 0.UL03 Ci for 226 g3 in the adult skeleton, that corresponds
to about 1 rem/y. In the derivation of limits for D&D 0.5 rem/y has been.useg
to apply ﬁo any organ although one could argue that a limit of 1.5 rems/y was
intended for organs such as bone or lung.

The FRC was abolisned when the U.S. Environﬁental Protection'Agency‘(EPA)
was created §nd the responsibilities weré‘assumed by the EPA. The guiaance
geveloped bxjtne FRC is still applicable athohgh the EPA has proposed much
more restrié}ive guiagance for specific situations based upon what is considgrec
Dy tnem as tgcnnica]ly and economically practicaple for the situation. The
proposed drinking water limits and transuranics in sdi] limits, as well as the
pasis for Uranium Fuel Cycle Standard, consider ;he costs of implementation
compared to tne benefits derived from tne use of tne standard. The dose
equivalfnt limits proposed or recommended for ‘these specific sources of
exposure are included in Table 1.

Recent ICRP Guidance

The International Commission on Radiological Protection (ICRP) receht1y
published révisec guidance in ICRP Publicatién.zs, “Recommengations of the
International Commission on Radiological Protection." For individual mempers
of the puolic,-tney recbmmeﬁc a 1imit of 50U mrem to the whole body or the
equivalent risk if the dose is aistriputed non-uniformly. They recognize¢
that this limit when applied to an individuai‘norma]ly reshlts in an average
annual dose equivalent to the population of less than 10U mrem or an 1ndividuaf
risk in the range of 10"6 - 10;5 per year; The limit of 500 mrem i§ also
considered ;dequate to assure that no oné or group of individuals will pe

expected to pear an undue portion of the health related cost. The ICRP goes



TABLE 1 - ENVIRONMENTAL STANDARDS

General Environmental Standards

Organization
FRC-EPA
FRC-EPA

-

ICRP

Annual Limit

500
170

500

Specific Environmental Standards

EPA Fuel Cycle Stangard

(Effective Decemper L93U)

EPA Drinking Water Standard

EPA Proposed Guidance for

Transuranics

*This is equivalent to approximately 20 mrem
**Tnis is equivalent to approximately 150 mrem

75
25

mrem

mrem

‘mrem

mrem
mrem

mrem/y

pCi/l
pLi/l

mrag*
mrad=*

Comments
whole body, bone marrow
whole body, pone marrow
(exposure to average
population groups)

whole body or equivalent
risk from organ doses

~ tnhyroid

whole body Or other
organ {Rn ana gaugnters -
excluged)

manmade beta-gamma
jtting joactivity

E§°Ra or EigRa

gross alpha measurement

lung
bone



on to further state tnat any manmade contribﬁtion to the radiation exposure
of a population must be justified by 1ts benefits.

For e%posure to radiation such that the organs receive different doses,
the ICRP recommenas ihat the “dose limitation be based-on the principle that
the risk should be eéua1 whether tne whole pody is irradiated uniformly or
whether there is non-uniform irradiation.“i'TniS»is achieved by converting
the partial body dose equivalents to whole-body dose equivalents by multiplying
the organ dose equivalents by weighting factors (Wt) that express comparative
risk factors, provided in Table 2, for each organ, and comparing the sum with

- the wnhole-body dose eguivalent limit.

TABLE 2 - ORGAN WEIGKTING FACTORS USED BY THE ICRP
IN RELATING ORGAN DOSES TO WHOLE BODY DOSE

Gonads ' 0.25
Bteast 0.15
Red Bone Marrow 0.12
Lupg | : 0.12
Bone Surfaces . ¢.03

Remainder : 0.30



Rat{onale for Cleanup Limits and Sampling Methodology for Soils at the
Kellex Site ' -

In proposing Timits for soil contamination, it is important to jgentify
the principal pathways of radiation exposure to man and provide soil limits
and measurement methodologies which are appropriate for limiting exposure
via those particular pathways. The most recent -analysis of tne hazards
associated with soils contaminated with uranium has been done by J. W. Healy,
J. C. Roagers, and C. L. Wienke, "Interim Soi) Limits tor D& Projects,” Draft
LA-UR~79-1865-Rev. (September 1974). In tne{r analysis they estimated, on a
conservative pasis, the soil contamination levels necessary to deliver 2 dose
equivalent of 50U mrem/y to the organ receiving the highest annual dose of tne
maximum exposed individual. Their analysis demonstrates that the significant
patnway to man is from ingestion. Since surface waters are not cbnsumed,-

a home gardener living on the site all of nis life who grew all of the fruit
and vegetables which ne ate would be considered the most severely exposed
indivigual. For this extreme situation, the study predicts that a garden with
an average concentration of 1¥ pCi/g of 238U would produce a bone dose
¢ 234

equivalent of less than 50U mrem/y. In the ana}ysis,'tne effects © Y- were

23¥

included in with the U since they are normally in secular equiliorium, i.e.,

the disintegration rates per soil mass are equal for ZJ4U and 238U. The next

most restrictive pathway was shown to be inhalation wnere continuous occupancy

238

of a large site having a soil concentration of 750 pCi/g of U woula

correspond to a maximum lung dose of less than SUU mrem.

238 is pasea upon a very conservative estimate of

The 18 pCi/g limit for
a quantity that leads to a dose of 50U mrem/year to the highest organ at any
time during the lifetime of an individual who has the highest intake of

uranium from the contaminated area. Because the inhalation is a minor problem
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cumpared to ingestion of foods from the area, the lung is only sligntly involvea
ang the bone-surtace becomes the critical organ. 1f we consider only the pone
as irraaiaﬁed, the new ICRP‘formulation Qould 1ndi;ate that this would pe
equivalent to a wnole-body dose of 15 mrem/y. However, because Other organs
such as kidney and liver are uncoubtedly irragiated élso,,a more realistic
value is on the order of 2U-5U mfem/y. |

Since the patnway analysis oemonstrates'tnét nome garaéning is Dy tar the
most significant concern when using lana contaminated with yraniun, the soil
sampling methoaology and limits are being selectea aﬁcorcing]y. Barden crops

‘normally extract most of tneir nutrients trom the uppermest ¢v cm of soil so
that sampling must assure tnat a garden capaple of producing a significant
fraction of & person's vegetables will not have an average contamination level
in the top 2u cm of 's0i) greater than the proposed limit. The size of a
garden plot wnich coula supply tnis quantfty of food is assumed, for purposes
of the cleanup, toO oe_4uu square meters. Tnis size is based upon an-estimate
proviaea by personnel at the U.S. Department df-Agriculture. Dr. Ray webp of

, 2)

tnat Department stated that a fertile garden of 1/4 acres ( l,uuu m~) could

supply all the vegetaples for a family ot four. A11ow1ng an aggitional 5u m°
for each of several fruit trees and assuming only one person per nousehold, the
minimum size of concern would De approximately 4uUU mz.

Tne Kellex site (Pierpont Property) is not suitapble tor home garaehing or
other agr{cu1tura1 uses at present. Tne site has been used tO deposit waste
soils, cinaders, ana otner rubdble for manj }ears, These materials woula have
to be removed or replaced witn more fertile top soilADefore a large fraction
of a man's giet could be grown on a 4uu m2 blot.'The effect of pringing in

top so0il would be to reduce the contamination in the root zone to a small

fraction of the initial concentration. Tnis dilution factor should be
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consigered yhen establisning a maximum allowadble limit for this site as described
pelow. One might argue that the plot size could be enlarged and thus the most
conservative limit should be retainea. we believe that enlarging the garden
plot size in this case would also reduce the averaée uranium concentration,
for tne contamination has been found in sma11isolatéd areas and enlarging the
area would have a net res&lt of 1owering'thé avérage uranium concentration.

After considering the physical properties of the land, andg the unlikelihood
that a family would desire to eat only fruits and vegetables grown on that
plot, we estimate that a residual limit of 40 pCi/g of 238U (rather than 18

2 would correspond to less than 50U mrem/y to tne

pCi/g) averaged over 4U0 m
pone of the maximum exposed individual. Tnis site specific adjustment factor
. of approximately 2 is still considered very conservative.

Throughout the cleanup, tne principle of As Low As Reasonably Achievaple
(ALARA) will be applied. Tne degree and costs of decontaminatioﬁ depend to a
great extent upon the abpility to detect the contaminant witn field instruments.
It is normally impractical to assure tnat decontamination to levels below the
detection limit of tne field instruments will be achieved. The practical
getection 1imit for presently available field instfuments is about 20 pCi/g
for uraniun-238. Therefore, soils sampled and found to exceed 2U pCi/g will
pe removed from the top 20 cm layer during remedial action. Since the contami-

nation on this site is expected to occur in small areas compared to 4UU mz,

2 will pe a small

we anticipate that the average contamination for any 400 m
fraction of the 4¢ ﬁCi/g limit.

Supsurface exploration will be made in.suspected contaminated areas by
trenching or other methods. Considering tne past uses of the site, exploring
to a deptn of about 3' will pe adequate unle;s indications of purial of | |

radioactive material are found, and then it will be necessary to go geeper.



Care will be taken to expiore enough of tne subshrface in areas of Euspectea
contamination such that a high degree of assurance is provided that significant
guantities of contaminatea soils have been‘locéted ang removed. (A "signﬁficant
quantity” in tnis context {s defined as a quantity of activity capable of
exceeding the soi)l limits (4u pCi/g) if prought to the surface and mixed with
the top soil.) Furthermore, supbsurface soil be]owAZU cm depth identified as
contaminatea above the sensitivity of the f1é1d instruments (20 pCi/g) will pe
removed to the extent it {s practical.

Uranium-238 Soil Limits and Cleanup Criteria*

Soil Limit
4 pCi/g

27 area

* Average concentrétion in tne top 2U cm of soil averaged over a 400 m
as specifiea in tne implementation section. Tne limit of 4U pCi/g 'has been
jncreased from 15 pCi/g because of site specific considerations (see text).

Implementation

1. A gamme-ray survéy or combination of gammxa-'réy and alpha survey will pe ‘
made to locate contaminated areas exceeding 2V pCf/g uranium-238 to a
depth of 2U cm. All contaminated soil witnin tnis aeptn founa to exceed
20 pCi/g will be removed from these areas.

2. In areas where subsurface deposits are suspected, a plan for subsurface
sampling shal) pe followed which will identify and remove quantities of
contamination capable of exceeding tne soil limit (4u pCi/g) for the
Kellex site, if under any possible future land use, this contaminated soil
were to be brought to the surface. |

3. After decontamination of the site, the excavated areas will be backfilled

with clean soil or leveled.



4, A final survey Qi\\ pe performea to describe the condition of the site
atter cleanup. Tne following procedufe will be followed unless an alter-
native procedure is agreed to by the DOE and tne State of ﬁew Jersey. All
gecontaminated arees will pbe diviaed 1ﬁto gria systems gescripeg Dy

perpenaicular lines 4 m apart, thus forming ingiviaual gria plocks of 18

m2 eacn. Decontaminated areas larger than 4uy mZ will pe supaiviced into

2 or more abproximate\y equal supareas of less than or equal to 4uu md

gacn. Soil samples from each lo m‘ area will De taken 10 a ageptn of 2u cm.

A composite sample will pe .maae from sample aliquots from eacn 1o m2

grig plock ana analyzed, representing tne average concentration Of tne 4uv

mé, or less, area. If the average concentration exceeds 2v pCi/g

2 area will

uranijum-238, the analyses of tne soil samples from tne lé m
pe used to guige further remedial action.

Certificatien

buring cleanup operations, tne remedial action radiological suppori
contractor will collect ana document radiological data from analyses of soi}
samples ana portable radiation detection instruments to aetermine tne adequacy
of aecontamination. ConcurrentIy'anc'1ndEpenaent1y, tne DOEL Otfice of
Environment's survey contractor will collect anc analyze spot soil samples ang
make in situ ragiological measurements.

After completion of the remeaial actions, tnhe Orfice of the Environment's
survey contractor will conguct an onsite surQey toveStaol{sn tne final ragio-
logical condaition. Using tne gata documented Dy the remedial action contractor
ang tne inaependently collectea radiological gata, tne Orrice oT Environment

will determine tne status of certification.





