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DEPARTMENT OF TOXIC SUBSTANCES CONTROL
REGION 2

I xetnz evE., sulrE 2oo
-RKELEY. CA 94710-2737

I t 'ebruary B, 1,996

Engineer ing F ie ld  Act iv i ty ,  West
A t tn  Mr .  Dav id  Song ,  Code  t -832 .3
900 Commodore Drive
San  Bruno ,  Ca l i f o rn ia  94065-5006

RESPONSE TO AGENCIES COMMEIi|:TS ON RESUIJTS OF SUBSURFACE RADIATION
ITWESTIGATION ON PARCET.S B AI{D E, HI'linTERS pOIN:r AI{NEX

Dear Mr.  Song:

The Department of Tcxic Substances Control is forwarding the
encl-osed comments f rom the Department of Heal-th Services.

Should you have any questions regarding this letter, please
c a l l  m e  a t  ( 5 1 - 0 )  5 4 0 - 3 8 2 : - .

e l y ,

rt_
Manager

o f  M i l i t a ry

Enclosure

cc:  US EPA, Region IX
At tn:  Cla i re  Trombadore lH-9-2)
75 Hawthorne Street
San  F ranc i sco ,  Ca l i f o rn ia  94105

Regional water Quality Control Board
At t ,n :  Richard Hiet t
21,0L Webster  St reet ,  Sui te  500
Oakland,  Cal i forn ia 9461-2

f a c i l i t i e s

al
l t
! 7
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Srqrs of colifornio

M e m o r o n d u m

From :

P.Z/3

Deporlment of lleolth Serviccl

January 23, 1996

Gyrus Shabahari
Department of Toxic Substances Control (DTSC)' Region 2
Office of Military Facilities
700 Heinz Avenue, Suite 200
Berkeley, Califomia 94710

Environmental Management Branch
601 North 7th Street (MS 396)
(916) 445-0498

subio6 , Department of Health Services' (DHS) review of the U.S. Navy's resPonse to DHS' June 14,

1995 comments on "Results of SubsurFace Radiation Investigation in Parcels B and E'

Enclosed are DHS' comments on the subject document. In general, these responses were not

responsive to the depth of the comments. lf unrestricied release of the parce! it q" goal, the

enclosed review may be used to assure that future reports are responsive to DHS' concerns-

This review was performed by Ms. Deirdre Dement, Associate Health Physicist, in support of

the Interagency Agreement between DHS and DTSC. lf you need additional information,
please contact me at (916) 324-2209, or Ms. Dement at (916) 324-1378.

Attachment

cc: Mr. Donn Diebert
Office of Military Facilities
Department of Toxic Substances Control, Region 1
10151 CroYdon WaY, Suite 3
Sacramento, CA 95827

o

Darice G. Bailey
Senior Health Ph
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Mr- Qnus Shsbahari
January 23, 1996
Page 2

cc: Mr. John Adams
Division of Clean Water Programs
State Water Resources Control Board
2014T Street, Suite 130
Sacramento, CA 9424+212A

Ms. Deirdre Dement
Environmental Management Branch
601 North 7th Street. MS 396
P.O. Box 942732
Sacramento. CA 9423+7 320



Deparhent of Health Services

Document: Review of Navy's Response to DHS Review of Draft Report
fitled "Results of Subsurface Radiation Investigation in
Parcels B and E", March27,1995

Facility: Hunter's Point Annex, San Francisco, CA

General Comments

The following comments are in response to the request from and subsequent
telephone conversations with \[r. Cynrs Shabahari of Department of Toxic
Substances Control to review the Navy's response to the DHS review of a draft
report of a subsurface radiation investigation of Parcels B and E at Hunter's Point
Annex. DHS submitted the original review comments on June 14, 1995 and
received the Navy's response on January L2,1996.

Since there is no d,ata presented in the reviewed. report that would meet the criteria
for release of land for unrestricted use, DHS will not make an assessment based on
this report. When evaluating the release of property that has undergone
remediation because of the presence of radioactive materials, DHS vrill use the
enclosed. DHS document "Guidance for Cleanup of Radioactivity on Closing Military
Bases for Unrestricted Public Use of Property." In addition, DHS will use for
reference US Nudear Regulatory Commission regulatory guid.es on
decommissionin g (NURE G/CR-5849, NURE G- 1 500, NURE G- 1 505, and NUREG-
1506).
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April5, 1994

GUIDANCE FOR CLEANUP OF RADIOACTIVITY ON CLOSING
MILITARY BASES FOR UNRESTRICTED PUBLIC USE OF PROPENTY

Division"tot#lll!ffi llllH?fti'#iltJ.ffiiTvr"nug"-unt
Radiological Health Branch

Division of Food, Drug and Radiation Safety

California Department of Health Services
60L North 7th Street

P.O. Box 942732
Sacramento, CA 94234-7320

1. INTRODUCTION

2. CLEANUP OF RADIOACTIVE SITES_BASIC PRINCIPLES
2.1. Documentation of the history of use, storage and disposal of radioactive

material on the site should be complete

2.1.1. A site characterization document for the site should identify all
past and curent use, storage and disposal of radioactive material.

Thi-s documentpresents guidance to assist interested parties in the evaluation
of levels of environmental radioactivity on closing military bases and
resulting r.adiation elpolures to the general population. It provides direction
on managing potential risks of cancer from radionuclides iir ttre environment
f9r purposes of site cleanup and decontamination associated with the
clea.nup gf gloqing mili,Jary bases so that the property can be utilized by the
qublic. -Reducing r-adi,ation exposure levels ana-miimizing cancer risls to
the levels set forth in this discussion will be protective agaiist other adverse
health effects of radiation (e.g., reproductive and develofmental effects) that
would be associated with environmental radioactive coniamination.

The Deparunent of $ealth Services (DHS) views it appropriate to maintain
consistency with existing health-based standards wheh-evdr those standards
exist. Hence, DHS believes that its drinking water standards for
radionuclides are appropriate cleanup levels for water, as are the radon
action level for indoor air, and the federal Environmental protection
Agency's @PA's) standards for cleanup of residual radium in soil.

2.1.1.1. The site characterization for radioactive material should
!.gin with a review of the general and specific licenses
from the US Nuclear Regulatory Commission (US NRC)
anq Department of Defense (DOD) permits for
radioactive material on the site, and reports required
pursuant to those licenses and permits.

1.1.

t2
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2.L.1.2. The site characterization should include reviews of
written histories and documents, and oral histories or
interviews with current and past employees-including
current and past base radiation safety officers-and
others who would have historical insights into past
aftivities using radioactive material.

2.1.1.3. The various military service branches within DOD have
organizations that need to be contacted for consultation
about chatacterization of the site, and for documentation
of the historic use, storage, and disposal of radioactive
material at the base in question. These include:

. The Air Force's Radioisotope Committee and
Armstrong Laboratory at Brooks Air Force Base in
Texas.

. The Army's Environmental Hygiene Agency at the
Aberdeen Proving Ground, Maryland.

. The Army Corps of Engineers in Omaha, Nebraska-

. The Navy's Radiological AffairS Support Offrce in
Yorkfown, Virginia-

22. Cleanup of discreteradioactive items.

2.2.1. With the exception of standard commercial smoke detectors
installed in buitdings, all discrete items that are radioactive and
known to be present should be removed. This includes, but is not
limited to, (a) radioactive sources, (b) gauges, dials, knobs and
other material painted with or containing radium or other
radionuclides, (c) radionuclides in electronic equipment and
instrumcntation, and (d) rnaterials containing deplitei uranium.
Examples of sources of radioactivity on 

-military 
bases are

presented in Table 2-1.

2.22. If radioactive items camot be removed, unrestricted public use
would not be an option for the property in question. The nature of
restrictions to be placed on thaprop"try, ai well as the fuflue use
of the site, would require deliberations by concemed parties.

23. Cleanup of diffrrse radioactive contamination.

2.3.1. Radioactive contamination on the properry that is diffuse should be
removed to levels that would minimize the cancer risk to the
exposed population, consistent with the guidance that follows in
this documenl

2.3.2. If diffuse radioactive contamination cannot be removed to levels
that would minimize the cancer risk to the exposed population,
unrestricted public use would not be an option for the property in
questron.
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Table 2-1. Examples of sources of radioactivity on military bases.

J!. *putme,nt o{ttte Almy's Corps of Engineen distributed to its regional commands a memorandrrm
(dated December 8, 1993) addressihg awareness of radioactive materi-als used at DOD facilities. That
memorandum--poiryed out that the DOD has issued over 2800 different types of instnrments and articles
containing radioactive materials, and that radioactive contamination may-eiist in marerials in base supply
warehouses, or in shops used for the manufacture, repair or maiitenance of such articles. The
memorandum also points out that "during the 1940s, 1950s, and 1960s, on-base burial, sometimes in
g4o?.ting-waste disposal cells and often in on-base landfills, was a reasonable and acceptable disposal
tgchniqug." That-memo plus other infonnation from DOD point out a number of sources of raCioachvity
that may be found on military bases:

a- Radium dials, gauges, and illuminators were used extensively in military applications, and
represent the most common and the geatest radioactive heatth and environmental hazard
found on bases. Examples include luminous dials on a variety of components used in
navigation and communication, and on warch dials, weag)ns sights, and compasses. To
illustrate this point, about half a million deck markers (each with about 20 microcuries of
tadium-226 or strontium-9O) were made for and used by the Navy in 1952. The
decommissioning of the Barleships Iowa Missouri, and New Jeney resulted in the removal
of about 1,?J0 radium-226 eompnents from each vessel. As another example, the equipment
utilized for mobile ground control approach (GCA) radar systems contained extensive
amounB of radium-226 in readily accessible components such as lnobs, dials, and gauges.
Some of this GCA equipment had a component that contained up to 5,000 microcuries of
radium-226.

b. Depleted uranium used in armor and armor piercing ordnance, as well as in shipping
containers fu use in sealed source radiography.

Tritium as a source of illumination, wpecially for exit signs.

Thorium as a component in lenses to enhance the optical quality, and in magnesium-thorium
metal used for machinery, aircraft and rocket parts, plus welding rods used in thick metal
welding.

Hoqpital and research facilities used uitium and carbon-l4 in liquid scintillation counting.
Liquid scintillation counting fluids contain xylene or toluene which are hazardous wasEs.

Washdown areas for contaminated equipment (e.g., urcraft and ships) used in association
with or in monitoring above-ground nuclearweapons tests.

Calibration sources for radiation survey insruments.

Hospital sources used in diagnostic techniques and for radiation therapy procedures, plus
sources used in research facilities.

Sources used in radiography.

Gauges used to mqsure the level, thickness, or the density of an object of interest

Sources known as commodities which are used extensively :rs components for weapons
systems and within navigation and communication equipment

Low-level radioactive waste from reacor and primary plant maintenance and repir, weapons
processing, ald associated with some of the sources mentioned above.

c.

d.

g.

h.

l .

j.

k.
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3. CHEMICAL CARCINOGEN EXPOSURES-REGULATORY
PERSPECTIVE

3.1. Carcinogenic chemical substances that are released into the environment are
regulated for the protection of public health to strict standards in non-
occupational settings. Regulatory levels are established to limit the cancer
risk.- Cancer risk is expressed in terms of "excess" cancer cases, that is,
those that exceed the cancer cases that would normally occur in a given

. population (i.e., about 25 to30Vo).

3.1.t. The lower end of the range (one excess case of cancer in a
population of 1,000,000 people exposed for a 70-year lifetime, the
so-called *16-6" risD is the usual regulatory goal, though costs and
technical feasibility may lead to the higher end of the range (one
excess case of cancer in an exposed population of 10,000 people
exposed for a 7O-year lifetime (the "104" risk).

3.1.1.1. Human exposures to chemical carcinogens qut would
result in lifetime cancer risks below the 10-o risk are
often referred to as posing a "de minimis" risk, and are
usually do not receive much regulatory attention,
although public health agencies often seek to reduce
exposures that result in rislcs of this magnitude, as well. .

..'r'r'2'*:ff ilii#H:'"i3.:i'#ff r,'il""f :H*::,T:*t
of cancer in an population oi t00,000 people (the 1O-5
risk), if allowed by regulatory agencies, could be required
to be accompanied by warnings or notices to the exposed
population. For example, see California Elealth and
Safety Code $25249.5, et seq. or $44300, et seq.

3.1.1.3. Risks of 10-4 may be allowed by federal and state
regulatory agencies if there is an offsefing public health
benefit (e.g., the cancer risk from exposure to blproducts
of drinking water chlorination), or if the costs of cleanup
to a lower risk level are considered excessive, when
compared to the benefit

3.1.1.4. Human exposures to chemical carcinogens that would
result in cancer risks to the general population (non-
occupational exposures) greater than the 10-4 risk tevel
are generally not allowed by federal and state regulatory
agencres.

32. The US EPA's Guidance for Conducting Remedial Investigations and
Feasibility Sndies Under CERCLA,Interim Final (October 1988), has as a
step in the evaluation process, a determination as to "[w]hether the
remediation goals for all carcinogens of concern . . . provides protection
within the risk range of l0-4 to l0-7." (page +15). The lower end of this
range is a lifetime cancer risk of one excess case of cancer per 10,000,000
people.
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kr Rfst Assessment Guidance for Superfund: Volume llIuman Health
Evaluation Manual (Part B, Development of Risk-based Preliminary
Remediation Goals), Interim (December 1991), the US EPA states that
"action is generally warranted at a site when the cumulative carcinogenic
risk is greater than 10-4. . . ," and that preliminary remediation goals are
"not needed for any chemicals in a medium wifi a cumulative cancer risk of
less than 10-6." When the cancer risk for a medium is "within the range of

. 10-6 @ l0-4, a decision about whether or not to take action is a site-specific
determination." (page 15).

33. The DOD's Base Realignment and Closure (BRAC) Cleanup Plan
Guidebook (Fall, 1993) identifies "areas of contamination below action
levels" for carcinogens (page 4-52) as areas that "risk estimates completed
for contamination do not do the following:"

3.3.1.

3.32.

. Exceed 10-6 for any carcinogenic hazardous substance or
petroleum constituent detected in any medium.

. Exceed 10-6 for all carcinogenic hazardous substances and
petroleum constituents, taken together, in any exposure
pathway.

. Exceed 10-4 for all carcinogenic hazardous substances and
petroleum constinren$ accumulated across all pathways.

The DOD BRAC Cleanup Plan Guidebook states: "At present,
sites exhibiting a cancer risk of l0-4 or greater are considered
unacceptable, and require acnon to protect human health. Sites
with cancer risks below 10-o are considered acceptable, and ate
likely candidates for NFA [no further action]. Sites exhibiting
risks befween these two values require the exercise of considerable
professional judgment on a site-by-site basis. - . . The
classification of the carcinogens, and the likethood of the exposue
assumptions and the funre land use scenarios should be cortsidered
in site-specific interpretations of the risk estimate. The result will
facilitatE the identification of site-specific solutions and actions
that are appropriate for each site to protect human health and the
environmEnt 

-However, 
consistency across a given installation is

desirable and a general consistent installation-wide approach to
cost/benefit analysis of remedial alternatives will facilitate
application of risk management policies." (page 4'7 L).

The DOD continues: "Examples [of sites that require special
considerationl are sites . . . where a proven human (class A)
carcinogen is present, resulting in lower acceptable risk estimates."
(page 4-71).

3.32.1. The US EPA has designated all radionuclides to be Class
A carcinogens, "based on their property of emitting-
ionizing radiation and on the extensive weight of
epidemiological evidence of radiation-induced cancer in
humans." (US gpn, Rist Assessment Guidance for
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Superfund: Volume l-Human Health Evaluation
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4. RADIATION EXPOSURES-CANCER RISK AND EXPOSURE LIMITS

4.1. Radiation standards are established or recorlmended by a number of agencies, including
the US EPA, the NRC, the National Academy of SciencesA{ational Research Council
(NAS/I{RC), the National Council for Radiation Protection and Measurements (NCRP),
the International Council for Radiological Protection (ICRP), and the California
Department of Health Services (DHS). These groups utilize a linear dose/effect
relationship for the estimate of radiation effects, exfrapolating to low exposures from the
high exposures that are associated with human radiogenic cancer.

4.l.L Lifetime cancer risk from radiation exposure is estimated in the
NAS/NRC's Health Effects of Exposure to Low Levels of lonizing
Radiation, BEIR V (Table 4.4,Page 176, NASA{RC, 1990) to be
520 and 600 excess cancer deaths per 100,000 for males and
females, respectively, for a continuous exposwe of 1 milligray pel
year (100 miilirads peg year). From these values, an estimated
lifetime risk of 6 x 10-) per mrad/yr results. Hence, 0.016 mrad/yr
would yield a lifetime cancet risk of 1 x 10-6, and 1.6 mradlyr
would yreld a lifetime cancer risk of 1 x 10-4.

4 . | 2 . T h e N R C , i n i t s 1 9 9 0 B e 1 o w R e g u l a t o r y C o n c e r n P o l i c y
Statement, based on reports by the United Nations Scientific
Committee on the Effects of Atomic Radiation and ICRP, cited an
annual cancer ri* of 5 x 10-7 per mrem/yr, or a lifetime (70-yr)
risk of 3.5 x 10-). From this risk, an exposure of 0.028 mrem/yr
would result in a lifetime cancer risk of 1 x 10-o, and 2.8 mrem/yr
would result in a lifetime cancer risk of 1 x 10-4. The estimates of
cancer risk per exposure are helpful for purposes of this gui{a9ge.
In 1993, NRC abandoned its Below Regulatory Concern Policy
Statements.

4.1.3. The NCRP,tnLimitation of Exposure to lonizing Radiatiou (table
7.1, Report No. 116, 1993) pitt.ntt estimates of 5 x 10-2 excess
fatal cancers per sievert (100 regland 1 x 10-2 excess non-fatal
cancers per sievert, based on NCRP and ICRP repo{ts. These can
be summed to equal6 x 10-2 per sieve-rt, or 6 x 16-2 per 100 rem,
or, with a linear assumption, 6 x 10-7 per mrem. From this, an
annual exposure of 1 mrem each year for 70 yr would result in a
lifetime risk of 4.2 x 10-) excess cases of cancer. From this, an
annual exDosure of 0.024 mrem would result in a lifetime cancer
risk of t i tO-6. and 2.4 rnrem would result in a lifetime cancer
r i s k o f l x l 0 - a .

42. Based upon the doses and risk estimates presented above, lifetime cancer
risks can be approximated for various lifetime annual radiation exposures,
as presented in Table 4-1.

4.2.1. The current radiation standard for workers is 5,000 mrem/yr .
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4.22. Current federal and state standards for members of the general
public include 100 mremlE fot members from all radiation
sources, 25 mrem/yr from nuclqtr power operations or radioactive
waste, 10 mrem/yr from airborne radionuclide emissions, 4
mrem/yr from radionuclides in drinking water.

Table tl-l. Lifetime (70-year) cancer risks and corresponding annual radiation exposures.
For purposes of conversion among risk levels, the exposure/risk relationship is
assumed to be linear.

Lifetime cancer risk

rc-2
10-3
rc-4
10-5
10-6

Annual radiation exposue
(mrem/yr)

200
20
2
0.2
0.02

4.22.1. Current standards are for federal operations (i.e.,
Department of Energy facilities), or for permitted
operations that are regulated by federal or state agencies
(i.e., US NRC, US EPA, or the California DHS).

4.2.2.1.1. As described by the NRC in l992,its qiteria for
acceptable levels of radioactive contamination
associated with cleanup are inconsistent and not
binding on NRC licensees.

4.42.2. Standards related to the cleanup of radioactive
contamination and restoration of sites are under
development by the US NRC and the US EPA. The
NRC's proposed regulations ile to be available in spring
of 1994, and EPA's,later in 1994.

4.4.2.3. Existing California law (California Health and Safety
Code 925249.5, et seq.) requires warnings for exposure to
radionuclides and may limit discharges of radioactivity to
sources of drinking water if lifetime cancer risks exceed
10-5.
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BENEFITS OF A COMMON APPROACH TO REGULATING
ENVIRONMENTAL CARCI NOG EN ICITY

5.1. A uniform, risk-based approach to dealing with radioactive materials and
with chemical.carcinogens would enabli regulators and the public to
ensure that environmental cleanup is targeting the exposures thaipose the
greatest carcinogenic risk.

52. A uniform appr-oach _would enable radioactive materials on closing
miliury bases to be addressed in the same manner as chemical carcinogens
(see Section 3.2, above).

53.

5.2.1. Such an approach allows comparisons of sites bas€d on cancerrisk,
no matter whether concerns are radiation-relate4 chemical-related,
or both.

5.22. Such an approach provides a basis prioritization of sites based on
cancer risk, for purposes ofresource utilization.

5-23. such an approach provides for consistency in dealing with
carcinogenic substances, since the focus is on the risk, and not the
sotuce of the risk (e.g., radiation vs. chemical).

52-4- In determining the overall health risk to the public from
environmental exposrues, the total cancer risk from raiioactive and
non-radioactive materials should be considered in the evaluative
process.

currently, the regulation of radiation exposures to minimize cancer risk,
when compared with the regulation of exposures to carcinogenic chemical
contaminants and expressed in terms of permitted lifEtime risk, is
generally less restrictive (see Table 5-1).

The establishment of standards to limit radiation exposures to the same
cancer risk level used in the regulation of chemical exposures would
regl$re that the standards be bEtween 0.02 millirem p-er year and 2
millirems per year.

5.4.1. These limits would be applied to environmental contamination that
results in radioactivity ingested or inhaled by a person and from
external irradiation from that contamination (e.g., air, water, and
ingested soil, and external exposures from contaminated soil).

5.42. Exposures would be in excess of background levels of radioactivity
in water, soil, and afu, as discussed in below.

5.4.
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Table 5'1. Comparison of tifetime qancer risks and annual radiation exposures, with notes
on selected standards.l

Chemical standard
LIFETIME CANCER RISK oT

ANNUAL RADIATION E)(POST]RE Radiation stan'dard

. 10,000 mrem/yr

l0'1 Workplace limit (5,000 nneny'yr)

Cancer risk u occupational linit-vinyl homide 11000 mrem/yr

Cancer risk at occnpational limit-ptoluidine L0-2

Cancer risk u occupational limit for several
chemicals (acrylamide, amitrob, cabon tetrachloride,
chloroform, o-toluidine)

Upper limit-aublic (non-occupational) ex1nsures
o chemical carcinogens (e.g aihalometbmes
as byproducts of drinking werdisinfecrion)

"De minimis" level for exposures !o chemical
cucinogens-usually not regulated below
this level (e.g., Califomia Recommended Public
I{ealttr Levels for drinking wm)

I\RCIDOE limit-all sources (100 mremfirr)
EPA action level forradon in indoor air (  pc/l)
EPA limit-It{uclear Power Operations (25 mreml
NRC limit-Radioactive Waste 125 mem/fr)
EPA limit-Air (10 mem/yr)
EPA limit-Drinking Water (4 mrem/yr)

NCRP Negligible individual dose (1 mrem/yr)

CaliforniaPrroposition 65 ffidffd4 l0-5
Air "Toxic Hot Spon" notification requirement

lfi) mrem/yr

10-3

10 mrem/yr

l0-4

l mrem/yr

0.1mrem/yr

10-6

0.01mrem/yr

n-7
llifetime cancer risk for radiation exposures is estimated to be 4.2 x l0-5 excess cases of cancer for an annual
exposure of 1 mrem each yea for 70 years. For chemical carcinogens, cancer risk is estimaed by methods urilized
by the US EPA and other fe&al regulalory agencies, and by State of California regulaory ageniies. The methods
are generally consistent, tltough for certain chemicals, the specific risk may differ among ititrerent federal and state
agencies. Radiation standat* ftom US EPA, /ssues P aperbn Radiation Site Clearup Rigulations,EPA 402-R-93-
.0_8a,-,September 1993. Canccr risls from occupational exposures are taken from th-e US Occupational Safety and
Health Adminisuation's Final Rule on Air Contaminants 29 CFR Part 1910, Section 15, "sribsunces for which
limits are based on avoidance of cance4- Federal Register s4:2668 (19g9).

2ln.lud"s radionuclides
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BACKGROUND RADIATION CONSIDERATIONS

6.1. Radiation from natural sources in the environment results in external and
internal radiatior-r- expo-sures to people. This is usually around 300
greryy_r. Lon-g-lived fission pro-ducls deposited as world-wide fallout
from historic above-ground testing of nucl6ar weapons also contribute to
the.global environmental radioacdvity burden and to ambient background
radiation

6.2. Recommended -cleanup.levels are exclusive of location-specifi.c arnbient
background radioactivity. For purposes of this docunient" "ambient"
includes radioactivity from global fillout associated with above-ground
nuclear weapol! testing, and radioactivity from natural origins within (1)
building materials such as bricks and aggregate, and (2) fertnizers.

63. Resulting_cagcer risks are those that result from radiation exposures in
excess of background exposures.

6.4. Cleanup of a particular radionuclide need not be to levels below its
background concentration for a glven site or medium.

65. Determinationof lackground radiation levels is an important paxt of the
site char-acterizatio-n process, when embarking ori a clednup of a
radionuclide contaminafed site.

DETERMINATION OF RADIONUCLIDE CONCENTRATION
LIMITS AND EXTERNAL RADIATION EXPOSURES

Page 10

The following dgfault, assumptions should be used in determining
exposures to radionuclide contaminated soil, water, or air, unlesi
scientifically more appropriate values can be justified:

7.1.1. Drinking warsr consumption: 2liters per day.

7.1.2. Air inhatation: 20 cubic meters per day.

7.13. Soil ingestion: 0.1 gram per day.

7.1.4,. Lifespan: 70 years (25,500 days).

7.15. Residence time on soil: 70 years.

I-n determining 13di4tion exposures, the dosimetric monitoring,
documentation and calculations-should be clearlv shown and referencJs
sh-ould- be appropriately identified. Any meth6d or methods that are
utilized in the determination of radiation exposue and dose calculation
should follow the hierarchy of methods set forth in Section 8.

Dose calculations and risk should be based on the tissue or organ of
concern-that is, the tissue or organ that received the greatest committed
dose equivalentper unit of radioa-tivity intake. whereltrere is no specific
target tissue or organ, the total body should be the tissue or organ of
concern, and the otal effective dose equivalent should be used.

7.

7.1.

72.

73.



April 5,1994

8.s.

Page 11

8. METHODS OF ANALYSIS FOR RADIONUCLIDES IN
ENVIRONMENTAL MEDIA AND EXTERNAL RADIATION
EXPOSURES

E.1. "Method of analysis" or "methods of analysis" refer to the method or
methods of deteciion of radiation exposure oi detection and calculation of
radiation-ex-polue or of a radionriclide in a particular environmental
medium, including but not timited to, water, air, 3oil, or food.

8.1.1. Included herein are methods and procedures concerning the
numberof samples and the frequency and site of sampling that are
appppriate for the monitoring of radioactivity in environmental
media or external radiation exposures.

8.1.2. The calculations of dose, dose equivalence, or other expressions of
absorption of de,posited energy associated with the in-teraction of
ionizing radiation with biological cells, tissues, organs, etc., are
also considered to be within th-e realm of 'method of Inalysis.',

8.2. In performing p anal-ysis to determine external radiation exposues of a
contaminated site, or background external radiation exposurds, generally
accepte{ standards and practice, including, but not liririted tq;adiatio;
monitoring, loc-ation_andfrequency of samltng, equipment, coilection of
data,,statisdqut qqlysis, interprdtation o? reiulti, inodeling and dose
calculations should be observed.

In.performinq an analysis to determine the concentration of a given
radionuclide in a given environmental medium, or the backgr-ound
concentration of that radionuclide in that medium, genera[y accepted
standards and practice, including, but not limited to, loiation 

-and

frequency of sampling. sample collection, numbers of samples , sample
storage, and pre^paration, radiochemical analysis, statistibal analysis,
interpretation of results, modeling and dose calculations should be
observed.

9omp.lete-wntten 4ocumentation should be maintained for all procedures,
Tcl.oding but not limited to, frequency and location of sampling, types of
do simeters and instru-mentation used, 

- 
sample collection, sainplE hanoting

and chain of custody, storage, and preparation, analyseS, and dosE
calculations.

The. following iq ttr-e hie-rarchy that is to be utitzed in establishing the
method or methods of analysis to be used for the evaluatio-n of
environmental radioactivity, for purposes of describing radioactive
contamination and for establishing background radiation levels.

8.5.1. If the California DHS has adopted or employs a method of analysis
for external radiation exposurbs or for a radionuclide in a speiific
medium, that method is the appropriate method of analyiis. If
more than one method of analysis has been adopted or is employed
by DHS, each may be used as a method of analysis.

83

8.4.
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8.5.1.1 The DHS's Radiologic Health Branch's policy
Memorandum "Clearance Inspection and Suwey'n, policy
No. IPM-88-2, effective Sepiember 15, 1991,identifies
the procedure to verify thaia facility in which licensed
materials were used has been decontaminated to
acceptable levels and to assure that the facility will not
present a radiation hazud to future occupants.

If DHS-has not adopted or does not employ a method of analysis, a
method _of analysis for external radiation exposures or'for'a
radionuclide-rn a qpecific medium adopted or emiloyed by another
state or local agency (e.9., the Department of Toxic Substances
Control, the Air Resources Board-, a local air pollution control
{istricg the State Water Resources Control noid or a Regional
V/ater. Qq{ity Control Board) is the appropriate meth6d of
palysr-s. If-more than one method of analys-i3 hds been adopted or
is employed by,another state or local agericy, each may be ised as
a method of analysis.

If no state or local agency has adopted or employs a method of
lnalysis-,- a method of analysis for eiternal radiati6n exposnres or
for a radionuclide in a speCific medium adopted or empioyed by a
f.ederal regulatory agency (e.g., the US EpA, or the OS lVnCi is
the appropriate method of analysis. If more than one method of
analysis has been adopqed or is employed by a federal regulatory
agency, each may be utilized as a method of analysis.

8.53.1. The DOD BRAC Cleanup Guide (page 4-55) directs
BRAC Cleanup Teams to rbview data-in accordance with
the outline glven in section 5 of the US EPA guidance
document Guidance for Data (Isability 

-in 
Risk

Assessment.

8.53.2. The document Residual Radioactive Contamination from
Decommissigniryg, Technical Basis for Translating
Contamination Levels to Annual fotdl Effective DosZ
Equivalent, Final Report, by W. E. Kennedy, Jr., and D.
L. Strange, NUREG/CR-5512, PNL-7994, Vol. 1,
October 1992 (reprinted January Lgg3),provides generic
and site-qpecific estimates of radiation dose for exposures
to residual radioactivity after facilities decommissioning.
I.t w-1s prepared for the NRC's Office of Regulatory
Applications.

8.5.2.

8.53.

E.5.4. If no gegulatory agency has adopted or employs a method of
analysis,-a method of analysis for-external radiation exposures or
for a radionuclide in a specific medium that is genera[] accepted
by the-scientific community-as evidenced by its publicatioh in
compilations by professional and scientific associations or
societies, in peer-rwiewed technical journals published by such
associations or societies, or in technical documents prepared for
gov,ernment regulatory agencies-is the appropriate method of
analysis. -If more than one method of analyiis has been generally
accepted !y tne scientific community, each may be utili-zed as L
method of analysis
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9. USE OF DRINKING WATER STANDARDS AS LIMITS OF HADTATION
EXPOSURE

g.l. Whenever a source of drinking water is contaminated with a radionuclide,
cleanup ofan area should be io a concentration resulting in a cancer risk
level lower than 10{ to 10-4, except as noted below.

9.1.1. Whenever a soluce of drinking water is contaminated with a
radionuclide for which a spe-ific drinking water maximum
contaminant level (MCL) exists, cleanup need not be more
restrictive than the MCL for that radionuclide for purposes of
protecting public health.

9.1.1.1. California drinking water MCLs exist for the following
radionuclides:

. Hydrogen-3 (The California MCL is 20,000 pcr'l)

. Strontium-gO (8 pcr/l)

. Radium-226 andradtam-228, combined (5 pc/l)

. Natural uranium Q0 pCr/l-based on chemical toxicity)

9.1.2. Discharges -or retqases of radioactivity into sources of drinking
watel ryay, be subject to other regulation and enforcement and
should be limited accordingly

USE OF CURRENT ACTION LEVEL FOR RADON IN INDOOR
AIR

10.1 The action level of 4 picocuries of radon per liter of air applies to
residential indoor air, consistent with State andhderal law.

USE OF FEDERAL STANDARDS FOR RADIUM IN SOILS

11.1 The uranium Mill railings Radiation control Act (UMTRCA) and
regulations in 40 cFR 192 provide guidance for the cleanup of
Deparunent of Energy uranium rnill tailing sites for unrestricted use. They
state that a site must achieve a concenhadon of less than 5 pCi of radiurir
per- gram above the tpical background level for the top 15 centimeters of
soil. At depths greater than 15 cm, however, the maxiinum concentration
of radium can be up to 15 pC/g.

11.1.1. These standards are appropriate for use in situations involving
radium contaminated soils, in the absence of other federal
guidance. However, they do not apply to soil contaminated by
qpills or disposal of radium paint, oito radium-containing diali,
knobs and gauges that are pr-sent in soil.

ll2 Section l1.l nonxdthstanding, the NRC and EPA are developing guidance
documents for-the cleanup of residual radioactivity for property 

-intended

for unrestricted use.

10.

1.1.

efellars
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12. HEALTH RISKS FROM URANIUM

tL-l In waluating the human health concerns from ruanium exposures, the risks
associated with uranium's chemical toxicity (principally to-the kidneys) may
exceed the risks related to its radioaaivity. Hence,-eaih endpoint stroifa UL
evaluated as cleanup options are being coirsidered

13. CALCULATIONS OF RADIATION EXPOSURES THAT RESULT
FROM SELECTED RADIONUCLIDES IN WATER, AlR AND
INGESTED SOIL

13.1. Comparison of concentrations of selected radionuclides in water, air and
soil with various cancer risk levels (10-6, t9-5, or 10-4 tfetime cancer
risk).

13.1.1. Table 13-1.1 presents various intake levels of selected
radionuclides and the corresponding lifetime cancer risk from
ingested-contaminated water. IntaFes from water to yield the
various lifetime cancerrisks are calculated from us Ep,{s Healttr
Effects Assessment Summary (January lggZ). The risk per pCi
from US EPA is c_onverred tb pCi ing-ested for a qpecifiicari,:er
risk, divi4sd.by (365 day/yr i 70 yr=y 25,550 dals, for a daily
intake. This value is divided by 2 liters per 

-day 
to yield

corresponding radionuclide concennations in inlested water.

Table 13'1.1. Concentrations of specific radionuclides in drinking water that would yield
various lifetime cancer risks. The drinking water coniumption rate is two liters
per day for 70 ye.us.

Radionuclide

Hydrogen-3
Carbon-14
Coblt-60
Snontium-90
Iodine-13l
Cesium-137
Radium-2Zi
Uranium-238
Pluonium-239

370
,n

1.3
6
0.55
0.7
0.16
1.3
0.085

l0-5
(r,C/l)

3,700
220
t3
60
5.5
7
1.6

13
0.85

104
(pc/l)

37,000
2200

130
600
55
70
16

130
8.5

Lifetime CancerRisk: 106
(pc/l)
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13.1.2- Table 13-1.2 presents various intake levels of selected
radionuclides and fte corresponding lifetime cancer risk from
*t 4ire contaminated air. rritates 6o- air to yiria trt" various
lifetime cancer risks are calculated from us EpA s Hruttrt Effects
Assessment Summary (January L9g2). The risk p", pdi from US
EPA is converted to_pci inhalA for a specifir ruti"rt'tiik, airiaio
by, (365.day.s/n r ZQ yt _=) 25,550 dafs, for a daily intake. firis
value is divided by vlO cubicmeters_p9i {ay to yield coneqponding
radionuclide concentations in inhalid air.-

Table 13'1.2- Co-lTlr_llrions.of specific radionuclides in air that woutd yietd variouslifetime cancer risks.- The inhalation rate is 20 cubic ilt" ;i rit"fia.y f;t0years.

Radionuclide

Hydrogen-3
Cabon-14
Cobalt{0
Strontium-9O
Iodine-131
Cesium-137
Radium-226
Uranium-238
Plubnium-239

26
320

0.01
0.04
0.08
0.11
0.00065
0.00008
0.00005

?-600
32,000

L
4
8

l l
0.065-0.008

0.00s

Lifetime CancerRisk 10-5
@Cilm3)

260
3200

0.1
0.4
0.8
1.1
0.0065
0.0008
0.0005

104
(pcVm3)

10{
(ncr/m31

13.13. Table 13-1.3 presents various intake levels of selected
radionuctdgt ald the corresponding lifetime cancer risk from
ingested -soil. Intnkes from-soil to- yield the variod-tifrd;;
cancer risks are calculated from us EpA's Health Effects
Assessment summary (Jqutry 1992). The risk p"t pci fr;; us
EPA is con-v_erted to pci inlested'for a specific'cancer risk,
div.ided.by (36.5 q?ys./)'r x^lp Vt =) 25,550 dafs, for a aaUintafe.
This value is dividid by 0.l.grarri per-day, to yield ro'.Jponaing
radionuclide concenrations in ingeited s6il.

efellars
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Table 13'1.3. Concent-rations of specific radionuclides in ingested soil that would yield
various lifetime cancer risks. The ingestion ra6 is 0.1 gram of soil ingbsted
per day for 70 years.

Radionuclide

Hydrogen-3
Carbon-14
Cobalt-60
Strontium-90
Iodine-131
Cesium-137
Radium-Zi
Radium-22{l
Uranium-238
Pluonium-239

10-5
(pCVg of soil)

74,W0
4,3W

260
r200

110
t40
32
39

250
IJ

104
(pCi/g of soil)

740,000
43,000
2,ffi

la000
1,1.00
1/00

320
390

es00
t7

14. CALCULATIONS OF EXTERNAL RADIATION EXPOSURES
RESULTING FROM RADIONUCLIDES IN SOIL

14.1. Radionuclides-in soil, besides presenting an opportunity for human
exposur€ via the pathway of soil ingestion, can- 

-also 
resirlt in human " "

exposnres from external radiation, oudng to emissions related to their
radiologic decay. Table 14-l presents vaiious concentrations ofselected
radionuclides and the corresponding lifetime cancer risk from external
exposures (10-6, 10-5, or t04 Ufetirie cancerrisk).

Lifetime Cancer Risk 106
(pCi/g of soil)

7100
434
26

r20
11
14
3.2
3.9

25
0.t7

Table 14-1. Lifetime cancer risks from external exposures to radionuclides in soil.
Lifetime cancer risks from radionuclides in-soil are calculated from US EPA's
Health Effects Assessment Sqryq*y (January 1992). The annual risk per pCVg
from US EPA is converted to lifetimb risk by aiviain! the annual risk by 70 y"*rl

Radionuclide
Lifetime CancerRisk lO6

(pCi/g of soil)
lo-5 rc4

(pCVg of soil) (pCVg of soil)

Hydrogen-3
Carbon-14
Cobalt60
Srontium-9O
Iodine-131
Cesium-137*
Radium-22Ii*
Radium-228*
Uranium-238*
Plutonium-239

*includes risks from radioactive decay chain products

0.20.020.002

0.01
0.007
0.002
0.005
0.4

840

ot
0.07
0.02
0.0s
4

8300

i-
0.7
0.2
0.5

40
84,000
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15. SUMMARY

15.1. For closing military bases, the following should occun

l5.l-1. A .complete histo-ry- of- $e use, storage, and disposal of
radioactive material should be documenteii. where infbrmation
is-lacking, the discussion should identify the extent in
uuorTnanon gaps.

15.1.2. Known discret€ radioactive items should beremoved-

f5.L3. Diffuse radioactive contamination should be removed to a level
that minimizes the risk of exposure to people.

152. Cleanqp levels can rely upon appropriate existing standards for water, air,
and soil.

15.2.1 Cleanup of radioactivity in water need not be more restrictive
than drinking water MCLs for radionuclides.

153.

t5.2.2 Radon in indoor air need not be considered of concern at
concentrations below the federal and state radon action levels of
4 pCi radon per liter of air.

t5.2.3. In the absence of federal regulation, cleanup of radium in soil
need not be more restrictive than 5 pcvg foi ttre top 15 crn of
soil, consistent with EpA rules fof cleinup of urinium mill
tailings.

For areas that are intended to have unrestricted use upon release to the
public, exposures from radionuclide contaminatiori associutrd *ith
radionuclides other than those identified rn 15.2, should not result in a
cancer risk in excess of 10-6 to 10-4, and should be consistent with the
cancer risks resulting from residual chemical carcinogens.

15.3.1. The corresponding limit on the cancer risk for areas that are
intended to be.unrestrigted upon release to the public corresponds
to the annual radiation eiposures of from about a.Ot to 2
millirems per ye:r.

15.3.2. The annual radiation gxposue of from 0.02 to 2 millirems per
year for.areas that are iniended to be unrestricted upon releasd to
the public is in excess of background radiation exposures.

15.3.3. Pursuant to existing california law, exposures thar result in
cancer risks greater ttran to-5 may require the prope -v owner to
provide warnings to the public.

The method or methods of analysis for external radiation exposures and
for external ambient background radiation exposures 

-should 
be

scientifically appropriate, and consistent with exiiting regulations or
guidelines.

15.4.
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I

155- The method or methods of analysis for a radionuclide in a specific
medium and for the ambient background concentration of a radioiuclide
in ttrat medium should be scientifi.cally appropriate, and consistent with
existing regulations or guidelines.

15-6- For exposures from radionuclide contamination associated with
radionuclides other than those identified n 15.2, the following applies: If
the 10-6 to 10-4 cancer risk limit corresponds to a radiation eiposure ttrat
is below background radiation exposures, cleanup should be to ihe level of
non-detecti on (i.e., to background levels).

15.6.1. If the cancer risk limit corresponds to a radiation exposure that is
below background radiation exposures, then an exte;nal radiation
gxposure from radioactive contamination that is greater than
baclcground,,usiqg appropriate radiation monitoring and
statistical methodologies, exceeds the limir This finding itroun
prompt furttrer -cleanup and reevaluation of whether the property
T to be released for unrestricted use.

15.62. If the cancer risk limit corresponds to a concentration of
radionuclide contamination in a gfiven medium that is below the
background concentration of that radionuclide in that medium,
then a concentration of the radionuctde in a medium that is
greater than lts background concentration in that medium, using
the. apprgpriate method of analysis including appropriatE - - ..,
statistical methods, exceeds the limit. This fi-ndihg should
proqnt furttrer 9leanup and reevaluation of whether the property
is to be released for unrestricted use.
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